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Introduction

The handbook “Actual Challenges in Logistics and Maintenance of Industrial Systems” is
realized in the frame of Lifelong Learning Programme (LLP), ERASMUS Intensive Programme
(IP), intended to support the activities which will be carry out during the programme.

The IP programme want to create a frame for internationally teaching and learning in the IP topic
bringing together 35 student from 5 different countries and 7 universities, and 9 professors which
will teach/work and learn together for two weeks in an internationally environment.

The project and the handbook presents a strong multidisciplinary approach due to the modern
issue of support function that consist of related and strong connected topics of internal and
external logistics (every resources used by the companies to make products and/or services that
are requested by the customers, activities such as transports, manipulation, flow of
materials/products, stocks, inventory, production control, forecasting, planning and scheduling,
supply chain management) and maintenance (referring at products/equipments availability,
maintainability, reliability, accessibility, service, continuous improvement).

The “logistics and maintenance” problems are critical in a globalised environment, where
competition is fierce, clients’ needs/exigencies has risen very much. Cost reduction in every
activity is a must now for industrial system (see current global crises), there is a need for shorter
cycle times, due times, terms and deadlines. The function of logistics and maintenance can fulfill
these needs more easily than as separate functions.

The IP project allows the exchange of good practices in teaching and learning activities at
European level, with different innovative practices in education and training, with different
teaching materials and educational tools, different approaches to this interdisciplinary topic of
the IP project. Each staff/student will bring to their home university the new/different teaching
and learning approaches that is not available in a single institution.

The IP will develop activities in cooperation between universities and industry as follows: three
enterprises visits (that have an object of activity related to the topic of IP) with presentation of
the current situation and problems from the key personnel in charge of logistics and
maintenance, and with comparative case analysis and possible solutions given by the students;
one key speakers session with invited experts in the field of logistics and maintenance that will
present also the current problems and with debates on the theme, brainstorming session for
ideas/solutions finding. In this way, both the enterprises key personnel and student/teachers can
gain experience from the dialog, ideas exchanges, and best practice sharing in the field.

The handbook is organise in concordance with the IP work activities, in 12 modules, which will
take place during the two weeks of the programme. The topics/modules are mutually agreed
among partner’s lecturers. The aim is to give the students a tool for their lifelong education, for
their future possible career in the domain of logistics and maintenance.

05.05.2011 IP Team



Module M01

Company simulation — Turbix game

Pascal DUVAL
D’Artois University, IUT of Béthune - France

Learning objectives:

According to a daily order book ( duration : 8 heur
- meet the customers' requirements regarding dgltuae ( >90 % )
- reduce the volume of stocks ( valuation of staikaulated twice a
month )

Description of the module:

Scenario through a business game where each parttdias a role to play in this virtual enterprise
(8 hours).

The simulation of this company aims to sensitizelsnhts to the problem:
- Inventory Management

- Organizing, scheduling and control workshop

- The transmission of information between functions

- The sales forecast

This is a company that assembles and sells 8 refesadifferent finished products
- From 8 components manufactured in another comphay
- From 5 components purchased from outside

The company manufactures:
- 2 references on stock (Production Plan)
- The other 6 are launched on order (Order Managme

This assembly plant is composed of:

- 3 assembly stations (Collection of various fimghproducts)
- A testing station (Lab)

- Three stores (2 of raw materials and 1 for fiatslproducts).

Students aim to:

According to a daily backlog (duration: 6:00)

- Satisfy the customer in terms of time (> 90%)

- Reduce the volume of stock (inventory valuationudated 2 times per month)



COMPANY PROFILE I

ACTIVITIES : Production and marketing of mechanical partsaforgh voltage hydroelectric

NAME : TURBIX

power station.

STAFF: 50
TURNOVER : 24 000 000 €
CATALOGUE : 8 finished products

PRODUCTION : Assembling and testing of components

DESCRIPTION OF THE PRODUCTS I

The structure of a finished product is The TURBIX catalogue includes 8 finished products

as follows : named R1 to R8.

R The sale prices are as follows (in thousands ob&ur

.+ |E P L RT [R2| R3 |R4| R5 | R6 | R7 | R8
o o 30 | 40 80 | 40 | 100 | 60 | 50 | 50
Machined component : E1, E2, E3, E4, E5, E6, E7, E8
They are made from forgings in another workshofhefTURBIX group.
Purchased components P1, P2, P3, P4, P5
COMPOSITION OF PRODUCTS
E1 E2 E3 E4 E5 E6 E7 E8 P1 P2 P3 P4 P5
R1 1 1 2 1
R2 1 1
R3 1 2 3 1
R4 1 1
R5 1 2 1 1
R6 1 3
R7 1 1 2
R8 1 1 1 1




PATTERN OF PRODUCTION
During the simulation, players will be in chargetioé assembly workshop as well as the
components and finished products stores (the mimghworkshop is considered as an
external supplier).
The assembly workshop consists of : - 3 assemibdgIL1, L2, L3

- 1 line for testing named L4.

Each assembly line specializes in the assemblpexdiic products.
The testing line is versatile. However it shouldnogéed that R1 does not require testing.

R1
L1
> > » >
COMPONENTS ASSEMBLY TESTING FINISHED
PRODUCTS
STOCK

THE OBJECTIVES OF THE COMPANY

1-TO MEET CUSTOMERS'REQUIREMENTS (deadlines and quality)

Meeting deadlines has not been a priority for TURBIX so far. Last year, one order in fen or
average has not been delivered in time.

Mr Dessange, the Marketing Director, receives many complaints regarding this problgm. He
fears that the most loyal customers turn away from TURBIX despite the undeniable te¢hnica
gualities of the products.

2 - TO MANAGE ITS RESOURCES EFFECTIVELY
(Using the lowest inventory level and avoiding wastes)

On January 1, the company holds an inventory which amounts to 1 033 000 € regarding pnly tr
stocks of components for assembly and finished products.

The CFO, Mr. Bourgeois, required that efforts be undertaken to reduce inventory.
According to him, a reduction in stocks would reduce cash flow and increase the company’
investment capacities.




10

INVENTORY VALUE

FINISHED PRODUCTS

01/01 10/01 20/01

NAME UNIT QTYIN | COSTOF | QTYIN | COSTOF | QTYIN | COSTOF

COST | STOCK | STOCK | STOCK | STOCK | STOCK | STOCK
R1 19 10 190
R2 17 8 136
R3 37 0 0
R4 20 0 0
R5 48 1 48
R6 32 0 0
R7 19 0 0
R8 18 0 0
TOTAL (K€) ; 374

The quantities to be recorded in the "STOCK" coluimeiude components, products in progress

and finished goods.

The values in the "UNIT COST" column are the staddapsts of products in thousands of Euros

(K€), as reflected in the calculation of cost psice

To simplify the calculation of inventory:

- Products in the process of being assembled dnedat the cost of their respective components.

- Products in the process of being tested are datighe cost of finished products.

COMPONENTS AND RAW MATERIALS

01/01 10/01 20/01

NAME UNIT QTYIN | COST OF | QTYIN | COSTOF | QTYIN | COSTOF

COST | STOCK | STOCK | STOCK | STOCK | STOCK | STOCK
E1 3 30 90
E2 6 5 30
E3 9 8 72
E4 5 12 60
E5 6 20 120
E6 6 12 72
E7 9 4 36
E8 9 6 54
P1 2 40 80
P2 1 20 20
P3 1 5 5
P4 3 4 12
P5 0.3 27 8
TOTAL (K€) : 659
GENERAL TOTAL (K€) 1033




Module M02

1. Kanban simulation — Redix game

Pascal DUVAL
D’Artois University, IUT of Béthune - France

Learning objectives:

-to familiarise the students with the Pull Flow t&ys
-to compare the Pull Flow System to the Push Flgsie3n

This simulationwill be followed by practical sessions allowing et up
the management parameters of the system.

Description of the module:

Flow simulation from using the Kanban game (8 hpurs

Since the beginning of last century, many workingtimods have been implemented as Taylorism,
Fordism: first methods that used the line work.

Then, with the Toyotism, we used methods from tlents request, so we had to use tools such as
Kanban to run these methods.

Kanban considers thavtaking prematurely is as bad as making late. All stocks are enemies for
financial reasons and adaptation to demand.” In a workshop production, this means that an
upstream station must produce what is requesteis lipwnstream position itself must produce
what is asked by his own position and so downstneenre ... the position as far downstream as not
to produce to meet customer demand.

In this context, the production is pulled downstnelgom controls.

KANBAN is a mechanism to enslave the productiosupply of a component to the consumer that
is made.

This step aims to:
- Educate students to "pull” flow
- To compare the pull flow and the push flow

This simulation will be followed by tutorials foatculating the parameters of system management.

11



THE REDIX COMPANY I

The company was founded around 1936, with the ioraf a small mechanical subcontracting
workshop by a production worker.

But it really began expanding in 1952, when thenfer's son filed a patent on a sun gear drive.
The company took at that time the name of REDIXd amce then has specialized in the
manufacture and the sale of speed reduction mesrnaniised in the handling, construction and
public works industries.

Today REDIX employs 120 people in its plant sitdateVilleneuve (Aveyron), France.
Its turnover amounts to 12 000 000 € and has bieaality growing by 10% per year.

The only workshop of the factory involved in protion is the one which produces the low power
gear drives.

Note To make it simpler, only 6 finished products hénesn considered. The production process
has also been simplified.

Sales The market on which REDIX is evolving concerniog power gear drives is a standard
market. Sales are made from stock for spare padsnaade to order for gear drives.
Production is determined according to sales fotsaawd / or firm orders.

1 -PRODUCTS
All the finished products have the same structtepresented by the nomenclature below.

GEAR DRIVE
I l
MACHINED MACHINED MACHINED
GEAR HOUSING PINION GEAR
PHASE B
MACHINED
PINION GEAR
PHASE A
GEAR HOUSING PINION GEAR

AS FORGED AS FORGED AS FORGED

12



The products are available in 6 references, eacthah resulting from the assembly of different
components. Each reference corresponds to a ditfgear drive.

Gear : Yellow or White
Housing : Red or Blue
Pinion gear  : White, Green or Red

The way the components are combined to form thed firoducts is shown in the table below.

MACHINED GEAR DRIVES

R1 R2 R3 R4 R5 R6
GEAR YELLOW YELLOW YELLOW WHITE WHITE WHITE
HOUSING RED RED RED RED BLUE BLUE
PINION GEAR WHITE GREEN RED WHITE GREEN RED

SPARE PARTS
Only WHITE PINION GEARS IN PHASE A

The three types of components are representedkensoof different shapes whose colours show the
different alternatives.

Costs of the products Sales prices of products

Machined gear :3.80€ Each productis sold :23€
Machined housing :8.40 € Spare part :4.60 €
Machined pinion gear phase A 1140 €

Machined pinion gear phase B :1.50 €

Gear drive 115 €

2 —THE MANUFACTURING PROCESS

The workshop consists of 1 assembly and 4 machinoggstations.

Once the parts have been machined, they are placedtore which is located near the assembly
area.

The machined pinion gears (phase A) are also staraiting to be taken into phase B.
The finished goods inventory is held in a storeriea assembly line.

Each component is first machined from in-stock raaterials and then assembled into the finished
product.

Semi-finished parts which are intended for the spaarket are also sold.

The only component concerned by this sale is theitevpinion gear-phase A ».

MACHINING OF

GEARS STOCK OF STOCK OF
MACHINED FINISHED
PARTS PRODUCTS
MACHINING OF ASSEMBLY
HOUSING
STOCK OF
RAW MATERIALS
STOCK
SALES
MACHINING OF MACHINING OF FINISHED PRODUCTS
PINION GEARS PINION GEARS SPARE PARTS
PHASE A PHASE B

13
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PRODUCTION LABOURFORCE AND MACHINES

A total of 20 people work 8 hours a day and 5 daygeek at the 5 workstations in the
workshop.
The 5 workstations are : - Gears

- Housings

- Pinion gears (phase A)

- Pinion gears (phase B)

- Assembly

The machine organization is designed to comply vatlsatisfactory balance between the
installed capacity and the sales.

The average production rate over a period of timag differ from the instantaneous rate.

We need to take into account new run set ups, madhieakdowns and other incidents that
could slow down production.

Producing a new reference makes it necessary éamtchines to be set up for the new run.



2. PRODUCTION ACTIVITY CONTROL
THE KANBAN METHOD

Pascal DUVAL
D’Artois University, IUT of Béthune - France

HISTORY

A JAPANESE METHOD DEVELOPED BY M. OHNO FROM THE TOYOTA
MOTOR COMPANY AFTER THE SECOND WORLD WAR.

FROM THE FOLLOWING FACT :

HE TRIED TO FIND A WAY TO PRODUCE :

IT BEGAN TO BE OPERATIONAL IN 1958.

Principle - Problem
PRINCIPLE

PROBLEM

!

15



HOW THE SYSTEM OPERATES

Flow of Flow of
y 4 goods y 4 goods y 4
work oy Vo oumely Vok gy
station station station
1 2 3
| A | A |l A
. | [
v I Flow of y l Flow of y |
= 7 Kanban = TKanban - T
cards cards

HOW THE SYSTEM OPERATES

FLOW OF 6O0DS

| > | PRODUCTS |
e 18 ie

< |

FLOW OF INFORMATION

DEMAND




HOW THE SYSTEM OPERATES

HOW THE SYSTEM OPERATES

THE FLOW IS MORE OR LESS TENSE ACCORDING TO THE NUMBER
OF KANBAN CARDS IN THE SYSTEM

NO CONTAINER CAN BE PRODUCED WITHOUT A KANBAN CARD

THE NUMBER OF CONTAINERS OF A REFERENCE WAITING AT A
WORKSTATION CAN'T EXCEED THE NUMBER OF KANBAN CARDS

THE VOLUME OF THE FLOW IS GOVERNED BY THE NUMBER OF KANBAN
CARDS

REDUCING THE NUMBER OF KANBAN CARDS AUTOMATICALLY REDUCES THE
MAXIMUM LEVEL OF IN-PROCESS ITEMS OF THE REFERENCE

17
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HOW THE SYSTEM OPERATES

IF THE KANBAN METHOD IS CONSIDERED AS A METHOD FOR MANAGING THE
STOCK WAITING AT THE DOWNSTREAM WORKSTATION, THEN THE KANBAN
METHOD IS AN INVENTORY MANAGEMENT ORDER POINT METHOD.

CONCERNING THE KANBAN METHOD, EFFICIENCY IS ACHIEVED THANKS TO
THE SPECIFIC QUALITIES OF THE (RE)ORDER POINT PRINCIPLE.

SHORT REPLENISHMENT LEAD TIMES

THE STOCK SUPPLIER (UPSTREAM WORKSTATION) PERMANENTLY
KNOWS ITS CUSTOMER STOCK (DOWNSTREAM), AND THEREFORE CAN
CHOOSE ITS PRIORITIES IN ORDER TO ANTICIPATE THE NEEDS.

HOW THE SYSTEM OPERATES

STOCK AT
DOWNSTREAM
WORKSTATION

SHINANANANAN

NN N

> TIME

MANUFACTURING AT THE
UPSTREAM WORKSTATION



HOW THE SYSTEM OPERATES

THE UPSTREAM WORKSTATION LAUNCHES A MANUFACTURING
ORDER WHEN THE DOWNSTREAM STOCK-THAT IT SUPPLIES-
DECREASES BELOW A CERTAIN THRESHOLD.

THAT MANUFACTURING ORDER IS AT THE MOST EQUAL TO THE
QUANTITY NECESSARY TO REPLENISH THE STOCK UP TO A
DETERMINED LEVEL.

CONTROL SYSTEM

CALCULATION
PLAN

ORDERS

ALS

SUPPLIES SHIPPIN

SCHE DULING

7

Y e |

In Stock

FP

>

Proceqs

PRODUCTION
PUSH FLOW - MRP

CONTROL SYSTEM

DIMENSIONING
OPTIMIZATION

SIGNIALS ORDERS

STENTEN

CUSTOMERS

1

[
X_ Stock

\V4 L _S'rock
RM [ A rocess$ A FP A\
N
PRODUCTION
PULL FLOW (by downstream) - KANBAN
CUSTOMERSY

19



20

CONTROL SYSTEM

(2

KANBAN SCHEDULE

— =

=

K3 K3 K3 | K2 K2

¥

K1
\
L]

C_JC JC ]

@FORMAHON FLOW

THE KANBAN SCHEDULE

PHYSICAL FLOW

THE PRODUCTION UNIT IS THE CONTAINER
EACH FULL CONTAINER IS ACCOMPANIED WITH A KANBAN CARD

EACH KANBAN CARD ON THE SCHEDULE CORRESPONDS TO AN EMPTY

CONTAINER

THE KANBAN CARDS ON THE SCHEDULE GIVE INFORMATION ABOUT :

CONCEPT :



PART NUMBERS
4 b [k
BLACK INDEX
RED INDEX

K3
z -

GREEN INDEX
= — 4
K3 K2

EXAMPLE OF A KANBAN CARD

COMPANY XyZ FX 02 33 Al4
ANY XY PART NUMBER
PART NAME
CAMSHAFT
SHIPPING WORKSTATION | RECEIVING WORKSTATION
(UPSTREAM) (DOWNSTREAM)
TURNING TU 12 MILLING ML 11
TYPE OF SPECIFIC
QTY PARTS/CONT | ~oNTAINER TOoOLS
50 BOX 45 Its TO X23

21
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IMPROVEMENTS BROUGHT IN BY ITS IMPLEMENTATION

R

e
h
®

LEVEL OF
STOCKS
VISIBLE REAL FLOW
FLOW
DISRUPTIVE
ELEMENTS
* Setup time

* Irregularity of customer’'s demand

ELIMINATION OF - Failures
« ANTI - FLOWS » - Quality

h

DECREASE OF STOCKS, LINE-
SIDE STOCKS AND COSTS

*Human problems



SINGLE MINUTE
EXCHANGE OF DIES

O DEFECT

EFFICIENT
KANBAN
SYSTEM

A R R T A N Aa v

v

(P

REGULARITY LINE OF
O FAILUREl | 5F THE DEMAND PRODUCTS
THE BENEFITS OF THE KANBAN METHOD
QUALITY DYNAMICS EASIER MANAGEMENT
RELTABILITY FEWER
—>\  FLEXIBILITY TRANSACTIONZ
QUALITY DECISIONS
DECENTRALIZED
SYSTEM OF VALUES VISUAL
CONTROL >
C
. :::;E]?ON ASH FLOW
ADMINISTRATION

CYCLE REDUCED
e STORES

FASTER REACTION

NEEDS ALWAYS —

TECHNICAL |/ ¢NowN STORAGE AGAINST INCIDENTS
EVOLUTIONS
FLEXIBILITY STOCKS

REGARDING DEMAND
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HUMAN TECHNICAL GENERAL
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DIRECTORS
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Module M0O3

Scheduling Methods and Techniques

llie Mihai T AUCEAN
“Politehnica” University of Timi soara - Romania

Learning objectives:

= to identify the different steps of production atticontrol

= to identify the scheduling issues in manufactuengironments
= to identify the queue management issues

= to get familiar with splitting and overlapping mets

= to know and use the different scheduling methods

1. PRODUCTION ACTIVITY CONTROL

1.1. MANAGING UNCERTAINTY

Prevision, planning, control,there are management functions from Henri Fayo#1181925), a
French engineer, from Frederick Taylortse Principles of Scientific Management (1911).
We used to consider these functions indispensablieusiness running.

“The only thing we do know for sure is that in ndature we don’t know anything for sure!”
(Business manager)

In this crisis time, planning became almost impassiand the illusion of planning very dangerous.
If the only certainty is uncertainty, what should do?

First, planning for shorter time range (or very shange) is a must. But we shouldn’t neglect

strategic time horizon.
We do know further that we have to be more flexiblee have to take decisions when it's needed,

to have the power and authority to act when sibmadisk for it.

25



1.2. PRODUCTION PLANNING

Product positioning strategies amake-to-stock assemble-to-order andmake-to-order.

Production processes are classifiefl@as shop, job shop, andfixed site.

Product positioning strategies and production mscdesign are both influenced Ipyoduct
volume. Products with high volume and standard desigd terbe make-to-stock and are usually
made in flow shops. Products with low volume andhigh customization tend to be make-to-order
and usually are made in job shops or batch flonpshtdost organizations have some variety in
both the product positioning and production proadissension. The most common situation is an
organization that fabricates components in a joipséirea and assembles finished products in a
final assembly area. The organization makes itst pogular products to stock and assembles less
popular alternatives to order.

There are critical technological choices all compamust make. Your company must lay out a
clear plan for where it wants to be in 5 yearsafsgic time horizon) and look at the space, people,
and equipment required getting there. Systems rbasevaluated after an understanding and
agreement is reached about what company’s needl ite over the next 5 years.

The specific actions common to all manufactureesfarecasting, long-range planning to manage
plant and major equipment matters, medium-ranganpt@ to manage staffing and materials
management matters, short-range planning to schgulatiuction activities, and production control
activities to ensure that the plans are met.

The MOST approach

This approach involves statement of the missiomntjfication of the goals to be achieved in a
strategic time span (let's say five years) andriorpize the issues addressed in order to forneulat
optimal strategies.

Mission
Obiectives
Strategies | How the company will achiev
Tactics the mission and objectives.

What company wants to do.

D

Figure 1. MOST Model
Planning

For every action there was a planned intent. Thityako clearly establish a plan the results in
cohesive action is an art, not a science. Planisitige first step in the management of any process.
When done correctly, it consists of selecting mestde objectives (think of SMART model) and
deciding how to achieve them. Planning is a Pras#iguor action and control. Without plans there
is no basis for action and no basis for evaluatirgresults achieved. Planning not only provides
the path for action, it also enables managemeneualuate the probability of successfully
completing the journey.

Action is the carrying out (Performance) of pla@sntrol is comparing actual results with desired
results and deciding whether to revise objectivemethods of action (see in figure 2 the PDCA
model).

Planning, action, and control are iterative proessthat should occur continuously. Initiation of
control does not require that plans actually becetesl — only that their results be simulated and
evaluated. Thus, at times it is difficult to iddéntan activity as uniquely planning or uniquely
control. However, describing planning, action, aodtrol separately leads to a better understanding
of these activities.

26



Figure 2. PDCA model

Length of the Planning Horizon

Plans can bdong range medium range or short range depending on the time required to
complete the action. The time spans of these difterranges depend on the operational
environment of the organization.

The long range planning horizon should exceed the time required to acqoée facilities and
equipment. This may require 10 years or longefganizations involved in the extraction process
where new mines must be developed. It may be a$ a8dd. 8 months for the machine shop where
facilities and equipment are catalog items.

Medium-range planning is the development of the aggregate productiors ratel aggregate levels
of inventory for product groups within the consitai of a given facility. Expansion of capacity
within the medium range planning period is limitedincreasing personnel or shifts, scheduling
overtime, acquiring more efficient tooling, subaating, and perhaps adding some types of
equipment that can be obtained on short notice.ibdedange planning usually covers a period
beginning 1 to 2 months in the future and endingal28 months in the future. Its exact boundaries
depend on the time constraints for changing lee¢lproduction in a particular situation. The
planning horizon for medium-range planning is uuat least as long as the longest product lead
time. In this context, we define lead time as tineetfrom recognizing that an order for material
must be placed until that material is present iim&shed good. If medium-term planning uses a
horizon shorter than this, material planning carproperly be performed.

There is no precise definition for the length a# sinort term planning horizon. Although detailed
schedules and assignments of people and machirtask® usually do not occur until well within
the short-range period, the development of the ymtion schedule frequently bridges the medium
and short-range planning periods. Planning is aimoous activity, and refinement of medium
range forecasts and plans to the detail requirgui@paring the first draft of a short range versabn
the production schedule may take place graduaky avnumber of weeks.

1.3. PRODUCTION ACTIVITY CONTROL

PAC, Production Activity Control, is concerned witlonverting plans into action, reporting the
results achieved, and revising plans and action®@sired achieving desired results. Thus, PAC
converts plans into action by providing the requiickrection. This requires the appropriate prior
master planning of orders, work force personnelenels, and capacity requirements.

While there are better methods available via JId @iher strategies, PAC is an essential system for
managing in relation to specific orders that mustpooperly launched, when material and labor
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resources, and equipment are properly timed tcebeedled or allocated for the completion of those
orders.

Order release, dispatching, and progress repaati@ghe three primary functions of PAC.

The function of order sequencing is to determinat he sequence in which tasks are to be
performed is consistent with their relative prigriSequencing decisions arc executed by order
releases and the dispatch list. The dispatch tgs includes jobs in or soon to arrive in a
department and their relative priorities, is themtecommonly used to identify the report used to
transmit priorities to the production unit.

Dispatching is the activation of orders per origiplans. Dispatching decisions are affected by
gueue management, 1/O control, and priority conprahciples and techniques that are intertwined
and mutually supportive. They are useful in the aggmment of lead-time, queue length, work
center idle time, and scheduled order completion.

Reports on the status of orders, materials, quaaekng, and work center utilization are essential
for control. Many report types with various infornoas are possible. Examining a given situation
will reveal which reports and information are regdi Reports of actual departmental output,
which reveal actual capacity and anticipated la@metion of specific jobs, provide the feedback
that “closes the loop”. This enables managemenéxercise control by taking the necessary
corrective action.

The time arrive when plans must be executed, whatemal requirements planning and capacity
requirements planning have been completed and etesl gpurchasing and production schedules
must be determined and released for execution fdrmion of production activity control (PAC) -
often called Shop Floor Control (SFC) - is to hagativities performed as planned, to report on
operating results, and to revise plans as requwedchieve desired results. Figure 3 shows the
sequence of the various planning and control dsui

Production Activity Control Schematic

Material Capacity
—— Requirements Requirements
Planning Planning

!

Order Release
Planning

PRODUCTION ACTIVITY
CONTROI

Priority Control
Queue Management
l Input/Output Planning

Order Release

and Control
Order Sequencing
Dispatching Order Assignment

l

Production
Process
(Activity)

Production
Reporting

Figure 3. The sequence of the various planningcantrol activities
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Input/Output Planning and Control : Completion of the MPS, MRP, and CRP processel aiit
schedule of requirements within capacity constsaieads to order release planning. Order release
controls the work in process and lead times byrodiintg the flow of work into the shop.

Just-In-Time Manufacturing: The term “Just-in-Time” was introduced in connestiwith high-
volume, repetitive manufacturing. Just-in-Time s approach to manufacturing that involves
eliminating all waste and making the production kesran important part of the decision-making
process. Just-in-Time involves not only the promuctand inventory management function, but
many other aspects of a business. Manufacturetsatbanot high-volume, repetitive manufacturers
are finding that the philosophy of continually gtng to eliminate waste has much to offer their
operations as well.

Total Quality Control and Preventive Maintenance For Just-in-Time manufacturing to function,
machines must not break down at critical times, ceor they produce defective parts. Thus, total
quality control and preventive maintenance arequu@isites to Just-in-Time system success.

1.4. SCHEDULING IN MANUFACTURING ENVIRONMENTS

Scheduling for Batch Flow Lines

Batch flow lines exist in beverage companies, i manufacturers, soap powder packaging
facilities, and pharmaceutical plants. Typicallyg@up of similar items is manufactured on the
batch line. A family of items may be produced intdhaquantities on the same line with some
changes in the setup, a cleaning of the equipraeuitchanges in incoming materials. (If no time is
required for switching from one item in the famityanother, then the different items can be mixed
in the same run and a mixed model line exists.)sThAuprimary production management objective
is to reduce and eventually eliminate the time megufor changing between items in a group. The
smaller the changeover time, the greater the sdimngdtlexibility and the smaller will be the
scheduling problem.

The quantity of an item produced depends on teat's production rate and the length of time it is
run. Deciding the item to be run next and the gityatd be run depends on the following factors:

A. The on-hand (available) quantity of each item

B. The demand rate of each item

C. The times required to change between diffetents
D. The production rate of each item

F. The sequence, if any, in which items shouldupe r

When the setup (changeover) times are relativelgllsamd independent of the sequence in which
the items are produced, the decision is relatigatyple: the item with the smallest run-out time is
run first.

Run-out time is the period where existing inventerl} last given forecast usage. For example, if a
company uses (or sells) 20 printed circuits, eashahd has 80 of them in stock, the run-out time is
four days. Run-out time (R) is calculated as foBow

_ Units__in__Inventory
~ Demand (Usage) Rate
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If the setup times for the items in a group aratreély short and the production lot quantities are
small due to relatively low demand rates and lowpe&osts, there is no problem. Sufficient time
usually will exist to manufacture all items on sdtke.
The purpose of this example is to point out that:

A. Manufacturing engineering should reduce the efimes and, thus, improve the
production run quantities and time. (How?)

B. Proper timing of order releases is as imporéarhe quantity decision.

When sufficient inventory is available, personnelynbe used for preventive maintenance, methods
analysis, and setup time reduction to reduce lead &nd improve quality rather than to produce
unneeded parts.

Job Shop Scheduling

The physical layout of a job shop usually groupsigaent performing similar functions in the
same area. Typically, there are many different irtde@ing processed in the plant at the same time
and relatively few have the same routing (the depamt-by-department path through the plant).
Scheduling is the assigning of starting and conguieimes to orders (jobs) and frequently includes
the times when orders are to arrive and leave dapartment. Sequencing is the assigning of the
sequence in which orders are to be processedx&mn@e, do Order C first, then B, followed by D,
and so on. However, in practice and in the litegtscheduling frequently refers to both the time
schedule and the sequence of orders or jobs. Tketisa of a scheduling system, approach, or
technique depends on the objectives of the schemhdethe criteria by which its results will be
measured.

Management mission, policies and objectives arebidm@s for scheduling decisions. However,
production management may define multiple and adinf scheduling objectives in different
ways, such as: minimize average lateness of ordemimize maximum lateness, minimize
manufacturing lead time (minimum average flow timm)nimize work in process, and maximize
utilization of bottleneck work centers. Fortunatatyany of the objectives are mutually supportive.
For example, reducing manufacturing lead time reduwork in process and increases the
probability of meeting due dates.

Achievement of these scheduling objectives depemrsthe flexibility of the manufacturing
equipment and personnel. The importance of achgeflexibility through methods improvement,
facility layout, setup reduction, worker cross miag, and the development of manufacturing cells
cannot be overemphasized.

Priority Control

Many methods (sometimes called priority rules) ekis establishing the priority of orders. The
priority, often expressed numerically, is used ébedmine the sequence in which the orders should
be processed. The rules described in the follovdrgy probably the most common, but many
variations and combinations of these methods ekist. list below provides a good overview of the
basic rules and their objectives.

To show how these rules are used to determine tiogitp of orders, let's consider a specific
example. Say we have a table that shows data agongeiour orders in a manufacturing plant. All
orders were in the same department, which we cefjaitment 7. The simplest priority rule to
implement is earliest due date. For this example,mhanufacturing sequence would be A, B, C, D.
These jobs have due dates of 130, 132, 136, anddS&ctively (see table 1).
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Table 1. Scheduling Priority

Scheduling Priority, Department 7, Day 125
(All times are in days.)

A 130 1.5 3.0 6.0 3 2.0 0.83
B 132 1.0 4.5 9.5 S 2.5 0.74
C 136 2.0 4.0 8.0 4 7.0 1.38
D 138 3.5 7.0 9.0 2 6.0 1.44

*Includes planned queue time

Slack time (ST) is found by subtracting the prestate (say, Day 125) and the total operation time
remaining from the due date. That is:

ST = Due Date - Present Date - Total Operation TRamaining
For Order A: ST =130-125-3.0=2.0

The critical ratio (CR) equals the difference beswéhe due date and the present date divided by
the manufacturing lead time remaining:

Due Date - Present Date
Manufacturing Lead Time Remaining

CR=

Table 2. Priority Rules

Rule Objective
FCFS - First Run the orders in the sequence in which they aaivéhe work centey.
Come, First This "fairness" rule is especially appropriate s@rvice organizations

Served ofFIFO — |[where most customers often either need or desgedmpletion of thg
First In First Out ||service as soon as possible

174

SPT, SOT - Run the orders in the inverse order of the timaiireg to process theimn
Shortest (smallest time first) in the department. This ruigually results in the
Processing lowest work in process, the lowest average job detign

Uy

(Operation) Time||(manufacturing lead time), and average job latendatess this rule
combined with a due date or slack time rule, jobsl€rs) with long
processing times can be extremely late.

STPT — ShortegtRun the orders in the inverse order of the totatessing time remainin\g.
Total ProcessingThe rationale of this rule is similar to the preicgdone. It accomplishes
Time Remaining [|similar objectives when most jobs follow a commaoagess.

EDD - EarliesfRun orders with the earliest due date first. Thike works well wher
Due Date processing times are approximately the same.

FO - FewestRun first the orders with the fewest operationsainng. The logic q
Operations this rule is that fewer operations involve lessugiéme and, as a resu
the rule reduces average work in process, manufagtiead time, an
average lateness. However, jobs with a relativelsgd number 9

t,
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operations can take excessively long if anothes isiinot combined wiﬂh
this one.

ST — Slack Time || Run first the order with the sntliack time and continue the sequehce
in the ascending order of their slack times. Skatle equals the due date
minus the remaining processing time (setup plugtiras). This rule supr
ports the achievement of due date objectives. Tdek dime remaining
per operation is a variation of this rule.

CR - Critical|For orders not already late (overdue), run firsasth orders with the
Ratio lowest critical ratio. The critical ratio equalsetldue date minus the
present date divided by the normal manufacturiag Eme remaining.

For Order D,

138 - 125
9.0

A CR of 1.0 indicates that the order is right ohextule; a CR greater than 1.0 indicates that the
order is ahead of schedule; and a CR smaller th@amndlicates that the order is behind schedule.
The smaller the CR, the higher is the priorityloé brder. The CR index - as most priority criteria
should be used in conjunction with one or more 1othieria.

For example, Order X has 2 days left to delivergt &day of manufacturing lead time remaining;
thus, its CR is 2.0(2 + 1). Suppose Order Y hada CR: it has 10 days left until its due date @nd
days of manufacturing lead time remaining. On tasidof CR's, Order Y has the higher priority.
Both have the same slack time, one day. Howeverndarer due date of Order X argues strongly
for giving it first priority. In addition, the CRsinot a good priority index for orders whose duie da
has passed.

Applying each of the priority rules from our lisbave, (except FCFS) to the four orders in our
earlier example, gives the following processingussges:

CR= =1.44

EDD (Earliest Due Date): A, B, C, D

SOT (Shortest Operation Time): B, A, C, D

STPT (Shortest Total Processing Time RemainingCAB, D
PO (Fewest Operations): D, A, C, B

ST (Stack Time Remaining): A, B, D, C

CR (Critical Ratio): B, A, C, D

Although applying priority rules to any four ordeas a given time in a specific department will
produce different results, the above results are umusual. Different rules produce different
sequences, but certain patterns tend to appeaosh for example, Orders A and B are scheduled
first or second by most rules. One factor that @lsould be considered is the status of the work
center to which each order goes next. There woaldttle point in scheduling Order A first if its
next operation was in a work center overloaded Wigfiner priority orders.

An advantage of the SOT rule is that the data reduio use it is readily available to the immediate
supervisor, as should be the due date data. Operatid order due dates are very popular for
establishing order priorities because of their gioty, ease of understanding, and direct
relationship to a primary objective of managememtiome delivery. The other rules require
calculations and considerably more data. Thus, tmyally require a computerized shop floor
control system that performs all calculations areppres daily lists showing job priority.

Planning (determining) the priority of orders ispeerequisite to effective production activity
control. Priorities must reflect actual needs amrdcbnsistent among items going into the same
assembly. Changing order priorities frequently wéktroy their credibility.
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Overdue Orders and Priority Indices:. Overdue orders are of special interest becausagement

is interested in minimizing the cost of late orde3pecial priority indices are often used to manage
overdue orders because, among other reasons, thecBRque gives confusing information when
applied to overdue orders.

Table 3. Critical Ratio for overdue orders
(Present date is Day 35.)

Are 40

5 2 2.5 +3
B 35 0 10 0.0 —10
I 35 0 8 0.0 -8
D 25 ~18 4 =1 —14
E 25 —10 8 ~1.25 —18

*Includes planned queue time
**Not overdue

The concept of slack time, the time ahead of oirleebchedule, can be used to aid in determining
priority for overdue orders. Slack time may be cobegd by different methods; manufacturing lead-
time and processing time remaining are the two madgly used. Managers may wish to minimize
the number of late orders and decide to have obevery late. In this case, jobs that can be
delivered on time are not delayed to process dhabalready is late.

The manufacturing lead-time remaining (MLTR) methafdcomputing slack time computes the
number of days ahead of or behind schedule by actbig the manufacturing lead time from the
actual lead time remaining. The priority is thenimpmuted based on the number of days behind or
ahead of schedule.

The processing time remaining (PTR) method of cdimpguslack time computes the number of
days behind or ahead of schedule by subtractingrbeessing time remaining from the actual time
remaining.

Foroverdue orders two priority rules are:

1. Run those orders first that have the greataat td days behind schedule plus manufacturing
lead time remaining.

2. Run those orders first that have the greateat &b days behind schedule plus processing time
remaining.

Orders for safety stock and made-to-stock itemsulshbave lower priority than items being
manufactured to fill a customer order with the satue date. This is in keeping with the philosophy
that the customer always comes first. In additieafety stock and finished goods stock are
manufactured to meet probable but uncertain demavtdke an actual order is a certainty.

Performance Measures
Criteria for evaluating a priority control systemncinclude the following:

1. Percentage of on time orders to a) customeniebassembly line

2. Average tardiness

3. Work in process

4. Idle time

5. Minimizing setup time
One or two of the foregoing may be dominant oveshart period. The planner must be able to
recognize shifting criteria, or even different eria in different parts of the plant, and to organi
dispatch lists accordingly. Mispatch list is a document that lists the jobs in a work cemaied
indicates the priority of each.
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1.5. QUEUE LENGTH MANAGEMENT

Queues consist of those items waiting to be pra@ckas a work center. They usually are measured
in hours of work required in the work center, tlgtthe length or size of the queue. The lengths of
gueues directly affect the value of work-in-proceasgentory and manufacturing lead times. In an
ideal situation there are no queues and also re tidie: an item arrives exactly at the time
scheduled for its processing and the work centerjust become available to perform the operation.
However, ideal conditions rarely exist in job sh@ml queues are planned to compensate for the
uneven flow of incoming work and the variationsnark center processing times.

The objective of queue length management is torobletad time and work in process and to obtain
full utilization of bottleneck work centers. Matariqueues of only an hour's work or so may be
planned in a flow line process to avoid downtime.al job shop environment, determining the
nature of queues at the critical work centers ghbel the first step. Meaningful queue length goals
then can be established.

We will investigate operation overlapping and opierasplitting, two methods of managing queues
and lead times.

Operation Overlapping (Transfer Batches)

Operation overlapping, is a technigue used to redbe total lead time of a production order by
dividing the lot into two or more batches and limiat least two successive operations directly (one
is performed immediately after the other). Operatioverlapping is a common practice in
manufacturing cells when setup is required.

Operation overlapping consists of the following:

1. A lot of parts is divided into at least two dags (transfer batches).

2. As soon as the first batch completes operationt A moved to operation B for immediate
processing.

3. While A is being performed on the second baicls being performed on the first batch.

4. When A has been completed on the second baishnioved immediately to B.

If operation B requires substantially shorter tipex piece than operation A, the first batch should
be sufficiently large to avoid idle time at opeoatiB. Calculation of this minimum batch size is
straightforward:

Q=Q1+Q2

Q1xPB+TAB+SB>o0r=Q2xPA+TAB
(assuming Q2 is to be at operation B before opmrddiis completed on Q1)

where Q = total lot size
Q1 = minimum size of first batch
Q2 = maximum size of second batch
SB = setup time of Operation B
PA = processing time per unit, Operation A
PB = processing time per unit, Operation B
TAB = transit time between Operations A and B

Solving the above equations for Q1, gives:

01> QXPA-SB
=  PB+PA

For example, if:
Q =100 units
PA = 10 minutes
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PB =5 minutes

SB = 40 minutes

TAB = 30 minutes
then:

> 100x10-40 _ 960 _
Ql 10+5 15 - 64

The result is checked easily. The time requiregrticess 64 units in operation B is 320 (64 x 5)
minutes of run time plus 40 minutes for setup, @ltof 360 minutes. This is exactly the time
required to process the second batch of 36 unigaak Center A. Move time is the same for both.
If fewer than 64 units were in the first batch, Wdenter B would be idle awaiting arrival of
second batch.

If operation B can be set up prior to the arriviaparts, consideration of setup time drops outhef t
equation defining the minimum size of the firstdhatFor example:

> 100 x 10
QL 10+5

Reduction of total manufacturing lead time by teduction of the throughput time for operations A
and B is thébenefit of operation overlapping, as illustrated in figdre

= 66.7 = 67 units

A. Lead Time Without Overlapping and No Queue

-n—I |<— Transit

* [ Operation A * | Operation B

B. Lead Time With Overlapping
2 1
L 0}
|
Operation A > |- > 1= Tap
* o 9}
Operation B
——
Lead Time
Savings

*Setup time

Figure 4. Comparison of lead time without and vatterlapping

The disadvantagesare the added cost of increased planning and aamtquired by doubling the
number of batches and material movements, plusdfgeirements that the first batch be moved
immediately upon completion and that capacity igilable at Work Center B when the first batch
arrives. Time lost by not meeting these latter tequirements decreases the savings in lead time.
The manufacturing lead time (MLT) without overlapgiand no queue equals the total time for

operation A (setup and run) plus transit time phes total time for operation B (setup and run).
Thus:

MLT =80 + 100 x 10 + 30 + 40 + 100 x 5 = 1,650 min
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The MLT with overlapping and prior setup of opevatB equals the time for operation A on Batch
1 (setup and run) plus transit time from opera#oto operation B plus the total time for operation
B (run only) on Batches 1 and 2. Batch 2 complefe=ration A and is moved to operation B while
Batch 1 is being processed in B. Thus:

MLT =80 + 67 x 10 + 30 + 100 x 5 = 1,280 min

The difference between the two conditions in leades is 370 minutes (1,650- 1,280),
approximately a 22 percent reduction.

The actual savings depend on whether parts arereelgio set up the machine as well as the normal
time an order would wait between processes. Usuhflymajor savings from overlapping come
from the elimination of queue time between operajdrequently several times greater than total
processing time.

When the processing time of operation B is greidu@n that of operation A, similar calculations can
be performed to determine the batch sizes requiechaximize lead time savings under the
constraint of only one additional movement (diviglihe lot into no more than two batches).

Operation Splitting

Operation splitting reduces total lead time by @dg the run time component. A production lot is
divided into two or more batches and the same diper& then performed simultaneously on each
of these sub-lots. Operation splitting reducespifeeessing (run time) component of manufacturing
lead time at the cost of an additional setup. CioomeB conducive to lot splitting include a relative
high ratio of total run time to setup time, idlepticgate equipment or work force personnel, and the
feasibility of an operator running more than onechiae. These conditions frequently exist. For
example, in the cutting of large diameter ring ge#ne setup time is small in comparison with the
run time of a lot of 20 or more.

A. Single Machine Processing

SuU Run

B. Operation Splitting Savings in
Lead Time

SuU Run

SU Run e e e e
C. Operation Splitting With Setup Offsel

SuU Run s 0 o e e -

SuU Run

Figure 5. Operation splitting impact on manufactgriead time
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Lots also may be split in a “setup offset” manrigter the first machine is set up and running, the
operator sets up the second machine. For this appro be feasible, the time required to unload
one part and load the following part must be shdtan the run time per part. In addition, shop
practices (and the labor contract) must allow atividual to run more than one machine. This
approach reduces lead time and increases labougrody. The appropriate mix of parts to
equalize runout or to meet cycle assembly requirgsnis committed as a group. Both overlapping
and lot splitting are normal procedures in manufiacy cells.

1.6. INPUT/OUTPUT CONTROL

Input/output (I/O) planning and control is an im&gd process that includes (1) planning the
acceptable input and output performance rangesirperperiod in each work center, (2) measuring
and reporting actual inputs and outputs (feedbamiq, (3) correcting out-of-control situations.
Input/output control is an effective technique foontrolling queues, work in process, and
manufacturing lead time (the time from the releaten order to its completion). This section
analyses actual inputs, outputs, and work in psaockgput/output control enables the planner to
determine what action is necessary to achieve tbsiratl output, work in process, and
manufacturing lead time objectives. We will examine case of a single processing center and then
the more complicated case of multiple work cengert many orders with different routings.

Single Work Center Processes

Some manufacturing processes have only one worteiGenthers have a dominant (bottleneck)
work center that is the focal point for controllingput and output to the entire process. In adaljtio
gateway work centers, continuous and repetitivetblibes, and a uniform routing through a group
of work centers frequently may be treated as alesipgocessing work center for input/output
analysis purposes.

Input/output is a short-range control techniqueusually is performed using daily rather than
weekly time buckets. Input/output analysis compahes scheduled order (or task) inputs to the
process and the scheduled outputs to the actuatsirgnd the actual outputs. This information
comes from production schedules and reports ofahcider releases, arrivals of orders in a work
center, and completions of orders in a work certke basic concept of I/O planning and control is
that ending work in process equals beginning worgrocess plus input minus output, as illustrated
by figure 7. Further computations can provide thmuglative input deviation, the cumulative output
deviation, and the planned and actual work in Es¢&VIP).

Work in Process
Output Rate

Lead Time

Input —-|  Queue Process = Qutput

Work in Process

Figure 6. Input/Output relationship of a continu@uscess or single operation process
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Management must develop various measures of prpegggmances, including an acceptable level
of input and output deviation and the acceptabkellef WIP. The following examples illustrate
three different situations:

(1) a process in control,

(2) the use of input/output to control and reduceknn process and lead time, and

(3) input/output controls under out-of-control cdiahs.

Typical out-of-control situations, possible causesnd corrective actions include the following:

1. Queues exceed upper limits. Possible causesdaaquipment failure, inefficient processing,
and excessive input. Decreasing input or increagirggess output is necessary to correct the
situation.

2. Output is below the lower limit. Possible causetude equipment failure, inefficient processing,
inadequate input, or the wrong input at assemblskwenters.

Equipment failure and inefficient processing arenafacturing engineering problems. Inadequate,
excessive, or the wrong inputs are 1/0O problems shauld be rectified by dispatching. I1/0O control
is essential at critical (bottleneck) work centetsether they are gateway, intermediate, or thd fina
work centers.

The principles of input/output control are:

1. The planned output should be realistic and shoepresent labor and equipment capacity.

2. A planned or actual input greater than the séaloutput wilt increase WIP, hinder production,
and increase manufacturing lead time.

3. All significant deviations from planned inputcaplanned output indicate operational problems
that must be identified and solved.

Multiple Work Centers

Work flow through multiple work centers is oftenpresented schematically. Two formats are
commonly used, the flow-by-order format and thee-@itflow format. Figure 7 is a schematic

representation of four possible order flow patteimsa job shop with ten work centers. Work

Centers Al and A2 are gateway work centers. Tret Gperation is performed in one of these two
work centers. Work Centers B1, B2, B3, Cl, C2, @&%dare intermediate work centers, and DI and
D2 are the finishing or final work centers. (All vkocenters in which processing is performed
following processing in a given work center arelezhldownstream work centers. Those work
centers in which processing is performed prior @iveen work center are upstream work centers.)
We wilt examine I/O control at each type of worktze.

Bl t——| CI

4
Al § pt |
-------- — I !'D"
e > B2 ) -3 | Shipping
i i !---—;.- ____i
A2 D2

Bermmneees | B3 C3

Figure 7. Flow Patterns in a job shop
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Gateway Work Center Control: Management of the release of orders controldrpet, queues,
and WIP at gateway work centers. If the work cergeunning smoothly, output also is controlled.
The input to the gateway work centers also infl@snoputs to downstream work centers. There is
little reason to have a long queue at a gatewak wenter. Keeping gateway queues at a minimum
enables the dispatcher to use the latest availafdemation when establishing order priorities. It
also reduces WIP and expediting.

Downstream Work Center Control: The input and queues at downstream work centes a
controlled by dispatching (order sequencing) attrepsn work centers in the process flow. For
example, if Work Center C3 in figure 7, is runnisigort of work, while there is a relatively large
gueue at Work Center C2, priority in Work Center 8®uld be given to orders going to C3 next.
This requires that order release decisions receghie needs of downstream work centers as welt
as gateway work centers. Of course, other factoch sis due dates and manufacturing inventory
not required must also be considered.

Final Work Center Control: The output of final work centers influences shgms, due date
commitments, billings, accounts receivable, andhciiew, Final output usually is one of the
dominant measures of production management perfareaaontrolling final work center input is
necessary to achieve the desired output. This wegotoordinating the flow of parts, items, and
sub-assemblies required in final assemblies. Di$yprag is concerned with achieving control of the
volume and specific items entering the final woeniers. In some complex job shops, large-scale
computer simulations are used to provide completwiented priority control that extends
backward from the final work center to gateway afiens (Lankford 1978).

Bottleneck Work Centers When the capacity required exceeds the capac#jadle, a bottleneck
exists. Often this condition either is short livedcan be solved by using the flexibility of the ko
force and the equipment to increase capacity. Batmg bottlenecks with flexible capacity is one
of the primary objectives of the JIT approach asdnecessary to compete in world markets.
Chronic bottlenecks can occur even with the bestphg and, therefore, should receive the special
attention of planners. A bottleneck work centertinoutput, and an hour lost at such a work center
is an hour of output lost. Thus, the schedulingvofk in bottleneck work centers is critical to
achieving production objectives. As a result, measwshould be taken to provide flexible and
sufficient capacity to eliminate bottlenecks whessigning and developing production facilities.
The objective of the theory of constraints is tanange bottlenecks.

Load Order Manufacturing Control : This is an input/output control method develodthe
University of Hannover and implemented successfatlynore than 20 manufacturing companies in
Europe. It uses statistical analysis of the timaggll relationships of order releases, manufacturing
process work center requirements, and loads at stoeam work centers to develop order release
priority rules and guidelines for specific enviroamts. It has had noteworthy success in reducing
gueues, work in process, and manufacturing lea@ timan orderly, practical, and systematic
manner (Bechte 1988, Wiendahi 1987).

Order Release

Order release initiates the execution phase of ymtmh; it authorizes production and/or
purchasing. The planned order becomes a releapet)(order. Placement of a purchase order or
the initiation of manufacturing follows shortly. @ar release planning may take place until the
moment of order release. Authorization of ordeeask is based on the planned orders in the MRP
output, the current priority, the availability ofaterials and tooling, and the loads specified by I/
planning. Release of an order triggers the releasi®e following:
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1. Requisitions for material and components regubg the order. If some of these items are not
required immediately and have not been allocatedipusly, they are allocated now.

2. Production order documentation to the plant.sTéhbcumentation may include a set of both
engineering drawings and manufacturing specificatiand a manufacturing routing sheet.

3. Requisitions for tools required in the first Wes so of production. Tooling, including tapes for
numerically controlled machines, required in ladperations is reserved for the appropriate period.
Tooling can be included in the master productidmesile and the bill of material. Its availability i
thus coordinated with material and equipment atadity.

The time required to deliver production order doeutation, tooling, and materials to the first
operation is included in the normal planned leatktfor the order. An order is released by adding it
to the dispatch list.

Production Reporting

Reports describing actual production status areessagy for control. Dynamic response to
changing conditions is possible only if timely, actte, and adequate information is available. The
information must enable management to take meaulirogirrective action concerning production
schedules.
The production environment influences the desigthefproduction reporting system. Reporting in
a line flow environment with long production runsay take place on an exception basis with
feedback occurring only when the output rate felidow an acceptable level. In a custom design
and manufacturing environment, that has project agament and fixed site manufacturing,
emphasis is on reporting the status of activitiesthe critical path. All reporting systems should
have an exception reporting capability to informnagement whenever machine failure, material
shortages, or similar events threaten planned éutpu
Parts fabrication in a job shop environment requiraore data collection for control than
continuous processes or repetitive manufacturingisifrete parts. Once a flow process is initiated,
it will continue smoothly unless machine failurey@oyee absenteeism, scrap, a materials shortage,
or production inefficiencies occur. Exception repay usually works well in these circumstances.
Flow in a job shop is more complex, and order stastimates are less certain. Thus, the processing
and movement of orders does not automatically folleeir release into the production stream as do
orders in a flow process. Control in a job shopallgurequires information concerning the
following:

1. The release of orders

2. The beginning and completion of operations

3. The movement of orders

4. The availability of processing information, tog, and material

5. The queues in each work center

Exception reporting is frequently adequate for oalfihg the availability of information required
for processing, tooling, and material. Reportinghbthe beginning and completion of operations is
appropriate when the total operation times aretivelly long. For example, if the estimated
completion time of processing a lot of parts thtowgparticular operation is four days, reporting
initiation of the operation makes sense. On therltland, if an operation requires only an hour and
a half, reporting its completion should be suffintie
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1.7. SCHEDULING

Master Scheduling

Figure 8 illustrates how master scheduling and Inotigt capacity planning relate to the corporate
and operations planning.

Distribution Production Resource
Requirements Plan - Requirements
Planning Planning
(DRP) ¢ (RRP)
Final Assembly Master Rough Cut |
Scheduling D Scheduling < Capacity Planning
(FAS) (MS) (RCCP)
—I ‘t
Material Capacity
Order Entry Requirements o Requirements
and Planning " Planning
Promise (MRP) (CRP)
b
Production
Activity Control
(PAQC)

Figure 8. Relationship of Master Scheduling to othanufacturing planning and control activities

Master Scheduling & the MPS

The master schedule (MS) is a presentation of émeathd, including the forecast and the backlog
(customer orders received), the master productbedule (the supply plan), the projected on hand
(POH) inventory, and the available-to-promise (ATfRjantity. The master production schedule
(MPS) is the primary output of the master scheduprocess. The MPS specifies the end items the
organization anticipates manufacturing each peitodl items are either final products or the items
from which final assemblies (products) are madeusTtihe MPS is the plan for providing the
supply to meet the demand.

Make-to-Stock

The competitive strategy of make-to-stock emphasizenediate delivery of reasonably priced off-
the-shelf standard items. In this environment tHeéSMs the anticipated build schedule of the items
required to maintain the finished goods at therdddievel. Quantities on the schedule are based on
manufacturing economics and the forecast demandedisas desired safety stock levels. An end
item bill of material (BOM) is used in this envinment. Items may be produced either on a mass
production (continuous or repetitive) line or intdaproduction. Case | in figure 9 represents this
situation. Note that the MPS is the same as tta issembly schedule (FAS) in this case.
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Case | Case I Case 1]

Make-to-Stock Assemble-to-Order Make-to-Order
End Product End Product End Product
MPS/FAS FAS FAS
e E—
MPS i
—_—
Subassembly
Level
MPS
Raw Materials/ Raw Materials/ Raw Materials/
Components Components Components
MPS/FAS—Builds MPS-—Builds com- FAS—Builds only
finished ponents and to customer
items to subassemblies orders
forecast FAS—TFinal assembly
of exact

configurations

Figure 9. Make-to-stock, Assemble-to-order and Miakerder cases
Assemble-, Finish-, or Package-to-Order

In this environment, options, subassemblies andpom@nts are either produced or purchased to
stock. The competitive strategy is to be able fmpbua large variety of final product configuratgon
from standard components and subassemblies withéfatively short lead time. For example, an
automobile may be ordered with or without air cadiediing, an option, and a fast-food restaurant
will deliver your hamburger with or without lettuc€his environment requires a forecast of options
as well as of total demand. Thus, there is an M&Sttie options, accessories, and common
components as well as final assembly schedule (FRS83 is Case Il in figure 9.

The advantage of this approach is that many diftefenal products can be produced from
relatively few subassemblies and components. Buaaaes inventory substantially.

Custom Design & Make-to-Order

In many situations the final design of an item &tpof what is purchased. The final product is
usually a combination of standard items and iteastan designed to meet the special needs of the
customer. Combined material handling and manufauprocessing systems are an example,
special trucks for off-the-road work on utility s and facilities are another. Thus, there is one
MPS for the raw material and the standard itemsatapurchased, fabricated, or built to stock and
another MPS for the custom engineering, fabricatimmd final assembly. Case Il in figure 9
represents this situation.

Scheduling
In manufacturing systems with a wide variety of quots, processes, and production levels,

production schedules can enable better coordinatmrincrease productivity and minimize
operating costs. A production schedule can idem&gpource conflicts, control the release of jobs to
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the shop, and ensure that required raw materiagloatered in time. A production schedule can
determine whether delivery promises can be metidewtify time periods available for preventive
maintenance. A production schedule gives shop fl@osonnel an explicit statement of what should
be done so that supervisors and managers can raghsurperformance.

Production scheduling can be difficult and timeaming. In dynamic, stochastic manufacturing
environments, managers, production planners, apdrgisors must not only generate high-quality
schedules but also react quickly to unexpected tevand revise schedules in a cost-effective
manner. These events, generally difficult to taki® iconsideration while generating a schedule,
disturb the system, generating considerable difisgs between the predetermined schedule and its
actual realization on the shop floor. Reschedulimgthen practically mandatory in order to
minimize the effect of such disturbances in thdqrarance of the system.

Because production scheduling activities are comion complex, there exist many different
views and perspectives of production scheduling:hBaerspective has a particular scope and its
own set of assumptions. Different perspectives leadrally to different approaches to improving
production scheduling.

Scheduling is an important tool for manufacturing and engriteg where it can have a major
impact on the productivity of a process. In mantufeng, the purpose of scheduling is to minimize
the production time and costs, by telling a proaurctacility what to make, when, with which staff,
and on which equipment. Production scheduling aimmaximize the efficiency of the operation
and reduce costs.

Production scheduling tools greatly outperform oldenual scheduling methods. These provide
the production scheduler with powerful graphicaerfaces which can be used to visually optimize
real-time work loads in various stages of product@nd pattern recognition allows the software to
automatically create scheduling opportunities whigght not be apparent.

Companies use backward and forward schedulingléocae plant and machinery resources, plan
human resources, plan production processes anchgaecmaterialsForward scheduling is
planning the tasks from the date resources becoaitable to determine the shipping date or the
due dateBackward schedulingis planning the tasks from the due date or requig date to
determine the start date and/or any changes ircitgpaquired.

Thebenefits of production scheduling include:

» Increased production efficiency

» A production schedule can determine whether defiy@omises can be met and identify
time periods available for preventive maintenance.

« A production schedule gives shop floor personneksplicit statement of what should be
done so that supervisors and managers can measirpdrformance.

« Minimize WIP inventory, inventory, leveling

+ Minimize average flow time through the system

« Maximize machine and/or worker utilization

+ Minimize setup times

« A production schedule can identify resource cotdJicontrol the release of jobs to the shop,
and ensure that required raw materials are ordargche.

« Better coordination to increase productivity anchimizing operating costs.

Because of complexity of production scheduling ¢heere different views of it.
Problem Solving Perspectiveviews the scheduling as an optimization problemn.isl the

formulation of scheduling as a combinatorial opgation problem isolated form the manufacturing
planning and control system place.
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Decision making Perspectives the view where scheduling is a decision thatiaan must make.
Schedulers perform a variety of tasks and use faothal and informal information to accomplish
these. Schedulers must address uncertainty, maatenecks, and anticipate the problems that
people cause

Organizational Perspective:is a systems-level view that scheduling is pathefcomplex flow of
information and decision-making that forms the nfaotwring planning and control system. Such
systems are typically divided into modules thatfgren different functions such as aggregate
planning and material requirements planning

Production scheduling can be classified accordinfpe following criteria:
1. Flow patterns
(a) Flow shop: All the jobs have identical procéiesvs and require the same sequence of
operations.
(b) Job shop: Jobs have different process flows, @ay require significantly different
sequence of operations.
2. Processing mode
(a) Unit processing: Jobs are processed one by one.
(b) Batch processing: A number of jobs are proakssgether as a batch.
3. Job release pattern (job release time is tHeesttime at which processing can start)
(a) Static: Jobs are (or assumed to be) releasthe tshop floor at time zero.
(b) Dynamic: Jobs are (or assumed to be) releastwetshop floor over time.
4. Work center configuration
(@) Single machine.
(b) Identical parallel machines.
(c) Uniform parallel machines.
(d) Unrelated parallel machines.

Difference between production planning and productn scheduling

The main difference is in the resolution of theufesg plan or schedule. While the industrial
planning deals with the task of finding “rough” p&afor longer period of time where activities are
assigned to departments etc., the industrial sdimgddieals with the task of finding detail schedule
for individual machines for shorter period of tinkeom this point of view, scheduling can be seen
as a high-resolution short-term planning.

MARKETING p| PRODUCTION p PRODUCTION ]_ >
PLANNING PLANNING | SCHEDULING
Marketing Plan = wha Production Plan = what Schedule = how the
should be produced activities ane necessary actvities are allocated
{custom orders plus to satsfy the marketing o resources over time
expecied stock) plan o

Figure 10. Production planning and production salied
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Figure 11 show the planning and scheduling in ibgus

Production planning ,
— R = ~==—{rders, demands, forecasts
. _ master scheduling '
Capacity
status VQuantities, due dates
— | Material requirement, planning

Scheduling capacity planning —= Material requirements
constraints J’Shou orders, release dates

—=| Scheduling and rescheduling
Schedule

performance .Sdmd“l“

Detailed Scheduling

— Dispatching

o
Shopstatus | | Shopfloor management
Darta collection ’ L Job loading
Shopfloor

Figure 11. Hierarchical Planning

The gap between theory and practice

Wiers presented applicability of operations redeaued artificial intelligence techniques and their
shortcomings in practice:

1. Robustness. Robustness refers to the extent to which a sd¢bedll remain unchanged when the
information on which a schedule is based changebu&ness avoids nervousness in scheduling in
situations with uncertainty. Most authors recogrilza nervousness should be avoided as much as
possible.

2. Complexity. In this context, complexity refers to the numloérreal world elements that are
relevant for the scheduling problem, and the retethips between these elements.

3. Performance measurement. The optimization criteria of many scheduling teicfues do not meet
the criteria used in practice. In practice, perfance is often a matter of judgment by the human
scheduler, and can be subject to negotiation.

4. Fixed vs. changeable input. Most scheduling technigques assume that informatiput is a given
and cannot be changed. However, in practice, tivatgn is often not taken for granted: inputs,
such as available capacity, might be changed ggddchecessary.

5. Organizational embedding. The relationship of scheduling decision makingtoer parts of an
organization is generally not considered in schiedukchniques.

6. Availability and accuracy of data. The scheduling process predominantly dependshen t
availability of accurate data. If this conditionnist met, the schedule will be incorrect and cannot
be executed properly.

7. Interaction with human scheduler. It is recognized by many authors that the hunwreduler
will remain an indispensable factor in the schauulprocess. However, many techniques do not
account for interaction with the human scheduler.

8. Learning from experience (artificial intelligence techniques). The intelligge that is built into
artificial intelligence scheduling techniques iseof not stable in practice. Therefore, these system
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should learn from experience to keep their intelige base up to date. However, most artificial
intelligence scheduling techniques are not ableam from experience, and therefore may become
outdated.

9. Availability and reliability of human experts (artificial intelligence techniques). The intelligee

of Al based scheduling systems sometimes compespsertise that must be elicited from human

experts. However, in many cases, this expertiseatdre adequately acquired.

2. Exercises — resolved and proposed

2.1. Capacity Planning vs. Finite Scheduling

Imagine you have 5 jobs to do before this time tooe:

Products | Hours| Due-time
A 7 24
B 12 24
C 4 24
D 5 24
E 8 24
Total 36

You have work totaling an estimated 36 hours toglete in a day (24 hours). You have a problem.
Capacity planning tells you that you have a problem by saying that e (36+24) 150% loaded
for the day, and leaves you to resolve the prolldgradding more resources or negotiating
alternative due dates.

Finite scheduling on the other hand, recognizes that the capatityearesource is finite, and tells
you that some of the jobs are going to be late,itacah also tell you:

- which jobs are going to be late

- how late they are going to be

- are they important jobs, or for important custosne

- what revised delivery dates can be promised

- how all these would change if the Jobs were ua#len in a different sequence

Compared with capacity planning, finite schedulyinges you richer management information.

Products | Hours | Due-time T_otal R/D
time
A 7 24 7 17
B 12 24 19 5
C 4 24 23 1
D 5 24 28 -4
E 8 24 36 -12
Total 36

We can see that only three of the five jobs willdpetime.
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Let’s see what happens when we do them in a diffesequence, applying a priority rule — SPT
(Shortest Processing Time).

Total

Products | Hours | Due-time . R/D
time

C 4 24 4 20
D 5 24 9 15
A 7 24 16 8
E 8 24 24 0
B 12 24 36 -12
Total 36

Four out of the five jobs will be on time.

2.2. Multiple Machines or Work Centers

So far we have only considered one work centreo(@ worker, or one machine). For multiple

work centers we could create a separate scheduéabd.

Work Products | Hours | Due-time T_otal R/D
centers time
1 A 7 24 7 17
1 B 12 24 19 5
1 C 4 24 23 1
2 D 5 24 5 19
2 E 8 24 13 11
Total 36

All products will be on time.

2.3. Repetitive Production and Setups

So far we have accepted that a job has durati@ayf7 hours, and we haven't worried about how
the 7 hours has been estimated. Let's say thejdbsis to set up a work centre and then produce
450 of Product A. Work Centre 1 is an old machirr@cl runs slowly, but is quick to set up, and

Work Centre 2 is a new high speed machine, busétaips take a long time. We would describe
this in tables like this:

Set up

W/C | hours

1 1.25

2 3.00
WI/C | Units per hour
Produc W/C1 | WIC?2
A 80 140
B 55 105
C 72 135
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| D

| 65

110 |

The schedule would look like this:

Setup | Units per | Run Total

W/C | Seq.| Product | Qty | hours hour hours Hours
1 1 A 550 1.25 80 5.63 6.88
1 2 B 350 1.25 55 6.36 7.61
2 2 C 750 3.00 135 5.55 8.55
2 2 D 600 3.00 110 5.45 8.45

A Set-up Matrix

Often the time it takes to set up a work centrdépendant on the previous job. For example to
clean out a mixer to make white paint, after it basn used to make black paint, will take a long
time, but to change to grey paint after making whiton't take as long. Similar examples exist in
printing and food processing and with the shut hiea§ presses. In these industries the sequence of
the jobs will affect the amount of time the workntexs are being set up, and therefore the
productivity of the work centers.

The set-up times between products, or product grapxpressed in a matrix as follows:

Work Centre 1 Work Centre 2

A B C D A B C D
A - 0.50| 0.50| 1.25 A - 1.25| 1.25| 2.75
B |200f - |0.75|1.00 B |4.25 - |1.75| 250
C | 2.00|2.00| - 0.75 C | 4.25|4.25| - 1.75
D |210|1.75| 1.50| - D | 5.00/4.50| 3.50| -
Set-up Units Run | Total
WIC | Seq.| Product | Qty hours | per hour | hours | Hours
1 1 D 200 0.00 65 3.08 3.08
1 2 B 350 1.75 55 6.36 8.11
1 3 A 450 2.00 80 563 7.63
1 4 B 300 0.50 55 5.45 5.9%
Total | 22.16| 26.41
2 1 C 1500 0.00 135 11,11 11.11
2 2 D 1100 1.75 110 10.00 11.75
Total | 21.11| 22.86

Try changing the sequence numbers and sortingetd yeu can reduce the total set-up hours.

2.4. Jobs That Pass Through Multiple Work Centers

So far we have considered jobs assigned to Workr€&ror Work Centre 2, and now we shall look
at jobs that pass through Work Centre 1 and themkVZ@ntre 2. To avoid confusion lets have
Work Centre 6 doing the 1st operation on the jolo, &ork Centre 7 the 2nd operation.
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For the sake of simplicity our example will noteefto a calendar (the work centers operate 24
hours a day, 7 days a week) and we will not allomskt-up times.

Repetitive Production that Passes Through MultipleNork Centers

In the example in a section before, the 1st opmnaii a job had to be complete before the second
operation could start. However if the job is to mf@acture 5000 units, then often you don’t have to
wait for all of them to have gone through the Jstration before you start the 2nd operation. When
the first transfer batch (pallet load or bin fudf)the product has come off the 1st work centreait

be passed to the second work centre for the semp@chtion to start while the product is still going
through the 1st work centre.

A similar principle will apply at the end of theqatuction run, when the last transfer batch (or part
batch) of product comes off the first operatiowiit join a queue at the second operation. However
if the second operation is faster (as in this eXamphen the first operation will stop, the tragrsf
batch will be passed to the second operation, wiwilithen stop after the transfer batch has been
completed.

The rule that defines how long after the 1st openahe 2nd operation can start and stop, should be

stated as the number of units in the transfer hdtohfor the sake of simplicity, we will define it
here as the time which the start and stop, of #x¢ aperation, lags behind the previous operation.
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2.5. Pull and Push schedule

A Pull Schedule

Let's go back to the very simple schedule. It says:
"If | start now (at hour zero), when will the Igsb stop?"

To turn it into a pull schedule, it should say:

“If all the jobs are required in 2 days (at hou),48hen do | need to start?”

Jobs required at hour: 48
Jobs Hours | Start | Stop
A 7 12 19
B 5 19 24
C 4 24 28
D 12 28 40
E 8 40 48

You can see that each job is dependant on thefterataand time cascades upwards.

What if we now changed the question to:
“If all the jobs are required in 1 day (at hour 24hen do | need to start?”

Change the "Jobs required at hour" from 48 to 24, you will see that we would need to have

started at hour -12, half a day ago. In this chsentture of the question changes, and reverts back

to the push question:
"If | start now (at hour zero), when will the Igeb stop?"

What is needed is a schedule that will handle Ipotsh and pull logic, and apply the appropriate

one.

Push and Pull Schedule

Here is the push logic from before section alomtg she pull logic. By testing the 1st start of the
pull, it decides which of the two to apply:

Jobs required at hour:

A

Push

Pull Apply
Job Hours Start Stop Start Stop Start Stop
A 7 0 7 -4 3 0 7
B 5 7 12 3 8 7 12
C 4 12 16 8 12 12 16
D 12 16 28 12 24 16 28
E 8 28 36 24 32 28 36

You will notice that the push logic adds the hotogyet the stop, whereas the pull logic works
backwards, and subtracts the hours to get the start
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Push Pull Push - 3 Pass Logic

In previous section we had a series of jobs thaeved required at the same time, but here we
consider jobs with different required times. Welwsthrt with a simple example of job A required in

24 hours, and job B required 48 hours from now. ®hgective is to try and meet the due date of
each job, but to start each job just in time. Togid works in 3 passes, and “shuffles” the jobs
taking into consideration the following:

- the start of the schedule (hour zero)
- the length of the job in hours

- when the job is due

- the stop of the previous job

- the start of the next job

Push 1 Pull Push 2 Day 1 Day 2
| Jobs | Hours| Due | Start | Stop | Start | Stop | Start | Stop| 0 | 8] 16] 24| 32| 40] 48

In the first pass job A starts now, and job B starimediately after that:

A 32 24 0 32
B 8 48 | 32 40

In the second pass each job stops when it is duepsA would need to have started 8 h ago:

A 32 24 0 32| -8 24
B 8 48 32 40| 40 48

The third pass pushes job A later so that it s&trtsour zero:
A 32 24 0 32 -8 24| 0 32
B 8 48 32 40 40 48| 40 48

2.6. Johnson algorithm

Exercise 01

In one unit of an enterprise it is made 7 produ&% to P7) on 2 machines (M1 and M2).
Manufacturing times are presented in table 1.

Find the dispatching order of products that assuremum of total manufacturing time.

Table 1.
—Product o) |\ po | p3| Pa| P5| P6| P7
Machines
M1 7 20 6 25 7 14 13
M2 14 15 8 4 8 20 15
Solution:

Johnson algorithm:
1. From all available operation time, pick the minimuththe minimum corresponding to
Pmin belongs to M1 line, add Pmin to end of list.
If minimum belongs to M2 line, add Pmin to begirgof list.
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2. Repeat step 1 until all product are add in optins@guence
For our case the minimum time is 4 for P4 prodoctrhachine M2, Thus product P4 will be the
last to do in our sequence. Next minimum is 6 f8rfBr M1, thus P3 will be the first in our
sequence. In this way the optimum sequence wilPBeP1, P5, P7, P6, P2, P4.

Table 2.

) Product b3 | p1 | p5| pP7| Pe| P2| P4
Machines
M1 13 14 20 25
M2 8 14 8 15 20 15 4
Manufacturing time 14 21 15 28 34 35 29

(e}
\‘
\‘

Exercise 02

In one unit of an enterprise it is made 7 prodfts to P7) on 3 machines (M1, M2 and M3).
Manufacturing times are presented in table 4.

Find the dispatching order of products that assuremum of total manufacturing time.

Table 3.
—Product o, | b5 | p3| pal ps| Pe| P7
Machines
M1 17 | 19 | 20| 22| 18| 19| 20
M2 15 | 17 | 11| 14 9 7 13
M3 17 | 14 | 18| 12| 21| 21| 15
Solution:

Add the times corresponding to M1 and M2 in onee liigo we will have a fictive machine
“M1+M2”) and the times corresponding to M2 and M3 ather line (second fictive machine
“M2+M3"), like in table 4, and apply Johnson algbm as.

Table 4.

—Productl 51 | pp | p3| pPa| P5| P&l P7
Machines

M1 + M2 32 36 31 36 27 26 33
M2 + M3 32 31 29 26 30 28 28

The optimum sequence will be: P6, P5, P1, P2, P3PR.

Proposed exercise Q3

In one unit of an enterprise it is made 5 prodyets to P5) on 3 machines (M1, M2 and M3).
Manufacturing times are presented in table 5.

Find the dispatching order of products that assuremum of total manufacturing time.

Table 5.
—Product) o1 | po | p3 | psa| P
Machines
M1 6 8 4 3 5
M2 5 3 2 2 5
M3 5 7 8 | 11| 9
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2.7. Forward and Backward algorithm

Exercise 04

In one unit of an enterprise it is made 4 produ@®& to P4) on 5 machines (M1 to M5).
Manufacturing times, liberation time for machineperations succession, deadline for products and
the cost of the products are presented in table 6.

Schedule the product execution so they meet thdlideawith efficient machines utilization.

Table 6
Liberation P1 P2 P3 P4
time |SuccessiofDuration|SuccessiofDuration |SuccessiofDuration |SuccessiofDuration
M1 15 2 5 2 15 3 10 - -
M2 7 1 10 4 20 2 20 2 5
M3 20 5 15 - - 1 30 1 10
M4 24 3 12 1 5 5 15 3 15
M5 3 4 20 3 15 4 10 4 20
Total product 62 55 85 50
time
Deadline 237 182 160 160
Cost 1.200 905 900 1.300
Solution:

a) Downward algorithm
The earliest level 1 is for P1 thus we will staithaAP1.
We recalculate the machines liberation time:
Tip,=7+10=17
T11= max (15; 17) + 5= 22
T1a=max (24; 22) + 12 = 36
T1s=max (3; 36) + 20 = 56
Ti3=max (20; 56) + 15=71

Next, the liberation time for P2 is 36, for P3 lsahd for P4 is 71, thus we continue with P2:
Tos=max (36;0) +5=41
To1=max (22; 41) + 15=56
T25=max (56; 56) + 15 =71
To2=max (17; 71) + 20 = 91

Next we have P3 and P4 with the same liberatioe twnt we continue with P4 considering the next
criterion: biggest product cost (1300 vs. 900):

Ts3=max (71; 0) + 10 = 81

Ts2 = max (91; 81) + 5 =96

Tas=max (41; 96) + 15 =111

Tss=max (71; 111) + 20 = 131

The last it came P3.

Tsz3=max (71; 0) + 10 = 81
Tzo=max (71; 0) + 10 =81
T3 = max (91, 81) +5=96

55



Tas = max (41; 96) + 15 = 111
Tas = max (71; 111) + 20 = 131

The sequencB1-P2-P4-P3ead to the following time reserves:
P1:237-71=166

P2:182-91=91

P3: 160 — 166 = —6

P4: 160 - 131 =29

For product P3 we have a delay so the sequencet ifavorable and can’t be accepted. We can
propose a hew sequence based on reserves in adiescerderP3-P4-P2-P1

Tas = max (20; 0) + 30 = 50
Ts2 = max (7; 50) + 20 = 70
Ta1 = max (15; 70) + 10 = 80
Tas = max (3; 80) + 10 = 90
Taa = max (24; 90) + 15 = 105

T43=max (50; 0) + 10 = 60
T4, =max (60; 70) +5=75
Ta4=max (105; 75) + 15 =120
T45 = max (90; 120) + 20 = 140

Toa=max (120; 0) + 5 = 125
To1 = max (80; 125) + 15 = 140
Tas = max (140; 240) + 15 = 155
T2 = max (75; 155) + 20 = 175

T12=max (175; 0) + 10 = 185
T11 = max (140, 185) +5=190
T14=max (125; 190) + 12 = 202
T15 = max (155; 202) + 20 = 222
T13=max (60; 222) + 15 = 237
In this sequence there is no delay, but there isngaime for the machines.

b) Upward algorithm

The sequence is proposed so that we have the di#sgender of liberation time:
P1(237) —-P2(182) —P4 (160) —P3 (160)
(P4 is before P3 because of the higher produc) cost
We recalculate the machines liberation time in ngash:
T13 =237-15=22
T15=222 - 20 = 202
T14=202-12 =190
T11=190-5=185
T12,=185-10=175

T2 =min (120; 0) + 5 =125

T25 = max (80; 125) + 15 = 140
T21 = max (140; 240) + 15 = 155
To4=max (75; 155) + 20 = 175
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T4s=max (50; 0) + 10 = 60
Ta4=max (60; 70) +5=75
T42 = max (105; 75) + 15 =120
T43=max (90; 120) + 20 = 140

T34 =max (20; 0) + 30 =50
Tss = max (7, 50) +20=70
T3 =max (15; 70) + 10 =80
T3, = max (3; 80) + 10 =90
Ts3 = max (24; 90) + 15 =105

The launching time for P3 is the same with therhltien time for M3 which is possible.

Proposed exercise 05
In one unit of an enterprise it is made 2 prodPts and P2) on 5 machines (A, B, C, D and E).
Manufacturing times and operations succession aesepted in table 7. Schedule the product

execution for a minimum total time. What are thatimg time for machines and waiting time for
products?

Table 7
P1 P2
SuccessioDuratiorfSuccessiofDuration
A A 4 A 2
B B 3 D 2
C C 1 C 4
D D 3 B 2
E E 2 E 2

2.8. Next-Best (NB) Algorithm

Exercise 05

In one unit of an enterprise it is made 7 prodPts to P7) on one machine. The machine setup
times for the products passing through the saménima@re presented in table 8 (P1 is first product
to process). What is the production launching ofdea minimum total setup time?

Table 8.
Productf o1 | po | P3| PpPa| Ps| P6| P7
Product

P1 T [ 168| 147| 162 139 156 156
P2 i - | 152 1.76| 123 154 171
P3 C [ 145 - | 1.73| 141 146 1,83
P4 ~ [ 163| 151 - | 138 161 1,75
P5 - [ 159 141 185 - | 163 186
P6 T 172 143| 157 121  -| 189
P7 T [ 142 136| 158 1,32 147 -
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Solution:

a)

b)

Basic NB —the next product is the one with the shortest sétap after the production of
precedent product.

From the table 6 we see that P1 have the shoatgt §me (1,39). We reduce the table 6 by
eliminating the column of P1 and seek again forgtoaluct with shortest setup time until all
products are finally in the specific ord&1-P5-P3-P2-P6-P4-P7

We have for this sequence the total setup t@r@9

NB with variable origin — analyze n-1 sequences with the any second produc

S;: P1-P2-P5-P3-P6-P4-P7 = 9,10 (total setup time)
S;: P1-P3-P5-P2-P6-P4-P7 = 9,31
S;: P1-P4-P5-P3-P2-P6-P7 = 9,27
S;: P1-P5-P3-P2-P6-P4-P7 = 9,09
Ss: P1-P6-P5-P2-P3-P4-P7 = 9,41
Ss: P1-P7-P5-P3-P2-P6-P4 = 8,93

The shortest total setup time is 8,93 for the seqe&s.
NB with columns reduction — that means finding the shortest setup time ¥eryecolumn

and subtracting it from each element of that coland then applying basic NB algorithm
on this table. In table 9 we have the reduced cofum

Table 9
Productl o1 | po | p3| Pa| Ps| P6| P7
Product
P1 ~ [ 026 011] 005 0,168 009 0
P2 - - 1 016| 019] o0 | o008 015
P3 ~ [ 003 - | 016] 018 0| 0,27
P4 ~ [ 021 015] - | 0415 018 0,19
P5 - [ 017 005] 028 -| 019 0,30
P6 - [ 030 007] 0| 004 -| 033
P7 - 0 0 | 001] 009 o001 -

We will have 2 sequences (because of two minimuontest values in one line):

S;: P1-P7-P2-P5-P3-P6-P4 = 8,75
Sy: P1-P7-P3-P6-P4-P5-P2 = 9,00

2.9. Sequential programming algorithm

Exercise 06

In one unit of an enterprise it is made 3 prod(ets, P2 and P3) on 4 machines (M1 to M4). The
products processing times and liberation time lierrhachines are presented in table 10.

What is the order of launching in production fanaimum total time?
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Table 10.

Solution:

Product
Product M1 M2 M3 M4
P1 2 7 4 9
P2 4 8 4 11
P3 5 4 7 6
Liberationtime | 2 3 6 12
Table 11.
Product
Product M1 M2 M3 M4
P1 2 7 4 9
P2 4 8 4 11
P3 5 4 7 6
Liberation time 2 3 6 12
Start time 1 2 4 11 15
Waiting time 1 0 1 5 3
Total waiting time 1 9
Start time 2 2 6 14 18
Waiting time 2 0 3 8 6
Total waiting time 2 17
Start time 3 2 7 11 18
Waiting time 3 0 3 8 6
Total waiting time 3 15
Min Total waiting time 9 — P1
Table 12.
Product
Product M1 M2 M3 M4
P1 0 0 0 0
P2 4 8 4 11
P3 5 4 7 6
Liberation time’ 4 11 15 24
Start time 2 4 11 19 24
Waiting time 2 0 0 4 0
Total waiting time 2 4
Start time 3 4 11 15 24
Waiting time 3 0 0 0 0
Total waiting time 3 0
Min Total waiting time 0 — P3

The sequence will b&21-P3-P2
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2.10. Priority rules used in scheduling

Proposed exercise 07

In one unit of an enterprise it is made 5 prod{etsto P5). The products processing times and due-
time for the machines are presented in table 13.

What is the order of launching in production usmmgrity rules?

Table 13.
Time| Processing :

Product time Due-time

P1 3 5

P2 4 6

P3 2 7

P4 6 9

P5 1 2

Solution:

We will calculate the following quality indicatoos sequences:

Tt — total time for all products in process
Tmed— total medium time for one product
R/D - total reserve/delay

NDP — Number of Delayed Product
Dmed— medium delay per product

5.1. FIFO (First In First Out)

Table 14.

Time Propessmg Due-time T_otal R/D
Product time time
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Table 15.

5.2. SPT (Shortest Processing Time)

Time
Product

Processing
time

Due-time

Total
time

R/D

T tot

Tmed

NDP

R/D

Dmed

Table 16.

5.3. EDD (Earliest Due-Date)

Time
Product

Processing
time

Due-time

Total
time

R/D

T tot

Tmed

NDP

R/D

Dmed

5.4. LIFO (Latest

Table 17.

In First Out)

Time
Product

Processing
time

Due-time

Total
time

R/D

T tot

Tmed
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NDP

R/D

Dmed

5.5. LSF (Latest Start First)

Second productis P____ .

Table 18.
Time| Processing| o . ..o | Latest Total R/D
Product time start time
Ttot
Tmed
NDP
R/D
Dmed
5.6. STR (Slack Time Remaining)
Table 19Step I TR =0
Time| Processing| 5\ i | Slack
Product time time
P1 3 5
P2 4 6
P3 2 7
P4 6 9
P5 1 2
First productis P___.
Table 19Step2 TR, =0+t =0+ __ =
Time| Processing| 5\ i | Slack
Product time time




Table 19Step3 TR, = +t =

Time
Product

Processing
time

Due-time

Slack
time

Third productis P___.

Table 19Step4Th,=__ +t =

Time
Product

Processing
time

Due-time

Slack
time

The fourth product is P____ and the last produBtis .

First productis P___.

Table 20.
Time Propessmg Due-time T_otal R/D
Product time time
Ttot
Tmed
NDP
R/D
Dmed
5.7. STR/T (Slack Time Remaining/Task)
Table 21Step 1 TH.; =0
Time| Processing| pe.time| STR/T
Product time
P1 3 5
P2 4 6
P3 2 7
P4 6 9
P5 1 2
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Table 21Step2 TR, =0+t =0+

Time
Product

Processing
time

Due-time

STR/IT

Second productis P___.

Table 21Step3 TR, =__ +t =

Time
Product

Processing
time

Due-time

STR/IT

Third productis P___.

Table 21Step4TFR.1=4+bt=4+4=38

Time
Product

Processing
time

Due-time

STR/T

The fourth product is P____ and the last produgt is .

Table 22.

Time
Product

Processing
time

Due-time

Total
time

R/D

T tot

Tmed

NDP

R/D

Dmed




5.8. CR (Critical Ratio)

Table 23Step I TH.; =0

Time
Product

Processing
time

Due-time

CR

P1

3

P2

P3

P4

PS5

R|ON|»~

NO| N O

First productis P____

Table 23Step2 TRy =0+t =0+ _

Time
Product

Processing
time

Due-time

CR

Second productis P___.
Table 23Step3 TR, =+t =

Time
Product

Processing
time

Due-time

CR

Third productis P___.

Table 23Step4 TR, = +t =

Time
Product

Processing
time

Due-time

CR

The fourth product is P____ and the last produBtis .

Table 24.

Time
Product

Processing
time

Due-time

Total
time

R/D
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T tot

Tmed

NDP

R/D

Dmed

5.9. RANDOM

Table 25.

Time

Product

Processing
time

Due-time

Total
time

R/D

P4

6

P3

P1

P5

P2

AP IWIN

OIN|OT N

T tot

Tmed

NDP

R/D

Dmed

Table 26. All algorithm rules

Rules

ndicators

Ttot

T med

NDP

R/D

Dmed

1. FIFO

. SPT

. EDD

. LIFO

. LSF

. STR

. STRIT

.CR

O N0 WD

. RANDOM

Conclusions ?
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Questions:

1
2
3
4.
5
6

Which are the steps of production activity cortrol
. What is scheduling in industrial systems?

. What is queue management?

What are splitting and overlapping methods?

. What scheduling methods do you know?

. When you can use a specific priority rule?
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Module M04

Inventory Management

Juozas MERKEVICIUS
Vilnius Gediminas Technical University - Lithuania

Learning objectives:

= to understand basic principles of inventory managgm
= to get familiar with economic order quantity model

= to understand the principles of using safety stocks
= to know how to estimate the time of new order

= to get familiar purchasing management

= to know how to organize purchasing

1. INVENTORY MANAGEMENT

1.1. BASIC PRINCIPLES
Inventory - Stock of items held to meet future demand

v Inventory management answers two guestions
v" How much to order
v" When to order

Reasonsto Hold I nventory

Meet unexpected demand;

Smooth seasonal or cyclical demand;
Meet variations in customer demand,;
Take advantage of price discounts;
Hedge against price increases;
Quantity discounts.

NANENENE NN
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I nventory Costs
v Carrying Cost
v' Cost of holding an item in inventory
v Ordering Cost
v' Cost of replenishing inventory
v" Shortage Cost
v" Temporary or permanent loss of sales when demamtbtée met

Example
* A company carries an average annual inventory 604300. If they estimate the cost of
capital is 10%, storage cost of 7%, and risk cas6%, what does it cost per year to carry
inventory.
» Total cost of carrying inventory =
* Annual cost of carrying inventory =

I nventory Control Systems
v' Continuous system (fixed-order-quantity)
v' Constant amount ordered when inventory declingsddetermined level
v Periodic system (fixed-time-period)
v" Order placed for variable amount after fixed passafgime

Discussion
THE MARKS &SPENCER APPROACH

A special case of the 'how much to order?' decigianventory control is the 'Should we order any
more at all?' decision. Retailers especially nemdinually to review the stocked lines they keep on
the shelves. One company known for its ruthlessagmh to the restocking decision is Marks &
Spencer (M & S), which is one of the most succédsiige retailers in Europe in terms of the
profitability of its operations. M & S has a simpbhilosophy: if it sells, restock it quickly and
avoid stock-outs; if it doesn't sell, get it ofetshelves quickly and replace it with somethingalhi
will sell. The M & S approach is purely pragmatibased on trial-and-error, and very
unsentimental. This often means putting a new tinethe shelves of a pilot store and watching
customer reaction very closely. The store mostoiteed for these trials is the company's Marble
Arch store in London - said to have the fastestkstarnover of any store in the world. Sometimes
it is possible to make a restocking decision withifew hours - not surprising when the time frame
for stock rotation can be as little as a week.

For more routine stock control decisions the compases an automatic stock-ordering system
which it calls ASR (Assisted Stock Replenishmeift)is helps always to have the right stock of
textile products in the store at the right timeeT$ystem, which is now installed in its flagship
Marble Arch store, takes into account all goodsdiat the till through the electronic point-ofeal
(EPOS) system and automatically generates an ¢wdeplenish that item. The system anticipates
orders for each item based on the previous weales sind delivers in advance. The current day's
sales are continually reviewed and any extra itmysaired are delivered the next day. Orders arrive
at the store from the local distribution centréNaasden in North London. New orders are usually
placed before 8.30 am and 85 per cent of theseawilve before close of business that day. The
remainder arrives the following morning before apgntime. The number of deliveries each day
varies between 14 and 24 depending on the levalisihess.

On the sales floor the main stock control taskstarensure that all the clothing rails are fully
stocked, that the stock tickets reflect the salésrination on display and that everything is neatly
and correctly arranged. During the day the arearsigor watches the stock levels and the flow of
customers around the displays in case any changaedk location need to be made. The store has
a policy of not bringing stock out on to the floduring opening hours; but in the case of fast-
moving items, this can at times be unavoidable.
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Questions

1.Why is it particularly important for retail operatis such as Marks & Spencer to make judgments
quickly about how well a product is likely to sell?

2.What do you see as the major advantages of usmgléttronic point-of-sale (EPOS) system?

3.What kind of inventory policy seems to operate iarké & Spencer's stores?

1.2. ECONOMIC ORDER QUANTITY (EOQ) MODEL

Economic order quantity is the level of inventomatt minimizes the total inventory holding costs
and ordering costs. The framework used to deterithiiseorder quantity is also known as Wilson
EOQ Model. The model was developed by F. W. Harri§913. But still R. H. Wilson is given
credit for his early in-depth analysis of the model

Assumptions of Basic EOQ Model
v" Demand is known with certainty and is constant divee
v" No shortages are allowed
v Lead time for the receipt of orders is constant
v' The order quantity is received all at once

Order quantity, Q

Inventory Level

Reorder point, R

0 I Lead ILead Time

time time
Order Order Order Order
placed receipt placed receipt

Fig. 1.1.The Inventory Order Cycle
EOQ Cost Modd
Total Cost = purchase cost + ordering cost + carryig cost

- Purchase cost: This is the variable cost of gopdschase unit price x annual demand quantity.
This is PxD

- Ordering cost: This is the cost of placing ordegch order has a fixed cost C, and we need to
order D/Q times per year. This is C x D/Q

- Carrying cost: the average quantity in stock\eetn fully replenished and empty) is Q/2, so this
costis H x Q/2
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]

Annual ordering cost

Q
_ c.Q
Annual carrying cost = >
Total t= ¢ + caQ
otal cost = ) 2
Co - cost of placing order D - annual demand
Cc - annual per-unit carrying cost  Q - order qugnti
Deriving Qo Proving equality of
co caQ costs at optimal point
eEe T
cD _cCQ
atc _GP ., C I
2Q Q? 2
2C,D
0= 22 4+ & ¥ =
Q? 2 ‘

Annual

cost (€) Total Cost

_ c.Q
Minimum Carrying Cost = -

total cost

cD
Ordering Cost = Gl

Optimal order Order Quantity, Q
Qopt

Fig. 1.2.EOQ Cost Model
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Example

C.=€0.75perm C,=€150 D=10,000m
_ [|2C,D Cc,D c.Q
Qe =4 2 =" * 72
Q = [2(150){10,000} _ (150)(10,000) = (0.75)(2,000)
opt — 4 (0.75) min ~ 2,000 * 2
Qopt =2,000m TC.,;n=€750+€750=%€1,500
Orders per year = D/IQ, Order cycle time = 311 days/(D/Q,,)
= 10,000/2,000 =311/5
= 5 orders/year = 62.2 store days

1.3. EOQ WITH NONINSTANTANEOUS RECEIPT

Inventory
level

Maximum
v inventory
level

Q(1-dip)

Average
inventory

< (1-dp)
level

0

l_.,_.' Begin End Time

Order order order
receipt period receipt receipt

Fig.1.3. EOQ with noninstantaneous receipt

p = production rate d = demand rate

Maximum inventory level = % d
d

=Q1-=

(-]

Average inventory level = %[1 %]
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Example

C.=€0.75 perm C,=€150 D=10,000 m
d =10,000/311 = 32.2 m per day p =150 m per day
2(150)(10,000)

Qi = = =2,256.8 m

o - _] 0.75 [1 - %]

p
cD CcQ d) _

TC= a + T[ -F] =€1,329
Production run = % = % = 15.05 days per order

. _ D _ 10,000 _
Number of production runs = T ~775%8 4.43 runs/year

Maximum inventory level = Q[1 - %] =2,256.8 [1 - %g]

=1,772 m

1.4. QUANTITY DISCOUNTS

v Price per unit decreases as order quantity increase

cD cCQ
= + +

TC Q

PD

P = per unit price of the item
D = annual demand

ORDER SIZE PRICE
0-99 € 10
100-199 € 8dl)
200+ €642
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,TC=(€10)
7
r —_
» s TC(d,=€8)
~ - /
. - ," ,TC{d2=€6)

Inventory cost (€ )

Carrying cost

Ordering cost

Qd,)=100 Q,, Q(d,) =200
Fig. 1.4.Quantity Discount Model

QUANTITY  PRICE

C,=€2,500
1-49 € 1,400 C. = €190 per computer
50 - 89 1,100 D= 200
00+ 900
,20 D 2(2500)(200)
- oF = [ ALDVUNEYY) =725 PCs
Qopt C.: 190
For @Q=72.5 CD C.Quu
TC= —— + —= + PD =€ 233,784
Qopt 2
For @ =90

cD c¢€Q
TC= —2—+—5— + PD=€194,105 Il

1.5. WHEN TO ORDER

Definition: Reorder Point is the minimum level of inventoryditich a new order is placed. The
reorder point considers the time delay in receiview inventory, the typical rate of inventory
consumption, and the Stockout cost.

R=dL
where

d = demand rate per period
L =lead time
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Example
Demand = 10,000 m/year

Store open 311 days/year
Daily demand = 10,000 / 311 = 32.154 m/day
Lead time = L = 10 days

R=dL = (32.154)(10) 32154 m

Discussion
INTENTORY MANAGEMENT AT FLAME ELECTRICAL

Inventory management in some operations is mone junst a part of their responsibility; it is their
very reason for being in business. Flame Electrigalth Africa's largest independent supplier and
distributor of lamps, is such a business. It stamksr 2900 different types of lamp which vary in
value from 25 cents to over 7000 rand (€1100). [@ngps, which are sourced from 14 countries
including South Africa, are stored in a 5000 squaeter warehouse, and distributed to customers
throughout the country.
'In effect our customers are using us to managi ghecks of lighting sources for theradys Jeff
Schaffer, the Managing Director of Flame Electri€Bhey could, if they wanted to, hold their own
stock but might not want to devote the time, spammey or effort to doing so. Using us they get
the widest range of products to choose from, andamirate, fast and dependable service.'
Central to the company's ability to provide thevsmr which its customers expect is its
computerized stock management system. The systeliols hoformation on all of Flame's
customers, the type of lamps they may order, tladitguand brand of lamps they prefer, the price
to be charged, the internal product codes whicimElases to identify each item it stocks, and the
location of each item in the warehouse. When aotnst phones in to order, the computer system
immediately accesses all this information, whicbhasfirmed to the customer. This only leaves the
guantity of each lamp required by the customer éokbyed in. The system then generates an
instruction to the warehouse to pick and dispateh drder. This instruction includes the shelf
location of each item. The system even calculdteddcation of each item in the warehouse which
will minimize the movement of stock for warehousaffs

Orders for the replenishment of stocks in the wausk are triggered by a re-order point system.
The reorder point is set for each stocked item déjpg on the likely demand for the product
during the order lead time (forecast from the egl@nt period's orders the previous year), the order
lead time for the item (which varies from 24 hotodour months) and the variability of the lead
time (from previous experience). The size of thgleeishment order depends on the lamp being
ordered. Flame prefers most orders to be for a@vhomber of container loads (the shipping costs
for part-container loads being more expensive). elmw, lower order quantities of small or
expensive lamps may be used. The order quantitgdoh lamp is based on its demand, its value
and the cost of transportation from the suppliétewever, all this can be overridden in an
emergency. If a customer, such as a hospital, tlggeeeds a particular lamp which is not in stock,
the company will even use a fast courier to fly itean in from overseas - all for the sake of
maintaining its reputation for high service levels.
'We have to get the balance righgdys Jeff SchaffefExcellent service is the foundation of our
success. But we could not survive if we did notrobstocks tightly. After all we are carrying the
cost of every lamp in our warehouse until the coioeventually pays for it. If stock levels were
too high we just could not operate profitably. $t for that reason that we go as far as to pay
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incentives to the relevant staff based on how thely keep our working capital and stocks under
control. m

Questions

1.Define what you think the five performance objeesi\(quality, speed, dependability, flexibility
and cost) mean for an operation such as Flamerlekzet

2.What are the most important of these performangectibes for Flame Electrical?

3.What seems to influence the stock replenishmemtyof Flame Electrical?

4.How does this differ from conventional economicearduantity theory?

1.6. SAFETY STOCKS

Definitions. Safety stocks a term used to describe a level of extra stbhek is maintained below
the cycle stock to buffer againstibckouts Safety Stock (also called Buffer Stock) existedonter
uncertainties in supply and demand. Safety stodkefsned as extra units of inventory carried as
protection against possiblstockouts(shortfall in raw material or packaging). By hayiran
adequate amount of safety stock on hand, a compamyneet a sales demand which exceeds the
demand they forecasted without altering their pobidm plan. It is held when an organization
cannot accurately predict demand and/or lead tonéhie product. It serves as an insurance against
stockouts.

Service levelthe desired probability that a chosen level oésastock will not lead to stock-out.
Naturally, when the desired service level is insegh the required safety stock increases as well.

v’ Safety stock
v buffer added to on hand inventory during lead time
v Stockout
v'an inventory shortage
v Service level
v’ probability that the inventory available during éme will meet demand

The amount of safety stock an organization chotsé®ep on hand can dramatically affect their
business. Too much safety stock can result in hatling costs of inventory. In addition, products

which are stored for too long a time can spoil,iexpor break during the warehousing process. Too
little safety stock can result in lost sales amdist a higher rate of customer turnover. As a tesul

finding the right balance between too much anditde safety stock is essential.

Q
o
>
o
o
S
c
g
I= Reorder
point, R ‘-"\-'1-
0 H
LT

Time
Fig. 1.5.Variable Demand with a Reorder Point

76



Reorder
]

Inventory level

n
)
9,
=
-~
D

t]

(]
——
-

Safety Stocki

LT

Time

LT

Fig. 1.6.Reorder Point with a Safety Stock

Reorder Point With Variable Demand

where

R=dL+zo,4L

d = average daily demand
L = lead time
04 = the standard deviation of daily demand
zZ = number of standard deviations

corresponding to the service level

probability

zodﬁ= safety stock

Example
Period Forecast |Actual demand Deviation Deviation
demand Squared
1 1000 1200 200 40000
2 1000 1000 0 0
3 1000 800 -200 40000
4 1000 900 -100 10000
5 1000 1400 400 160000
6 1000 1100 100 10000
7 1000 1100 100 10000
8 1000 700 -300 90000
9 1000 1000 0 0
10 1000 800 -200 40000
Total 10000 10000 0 400000
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Average of the squares of the deviation = 400,000 # 40,000
Sigma 6) = Square root of 40,000 = 200 quantity of Sa&tbck, for 1o

Probability of
meeting demand during
lead time = service level

Probability of
a stockout

Safety stock

dL R
Demand
Fig. 1.7. Reorder Point for a Service Level

Example

Reorder Point for Variable Demand

The carpet store wants a reorder point with a
95% service level and a 5% stockout probability

d=30m per day
L =10 days
oy =5 m per day

For a 95% service level, z=1.65

R=dL+za,L safety stock =z o, YL
= 30(10) + (1.65)(5)(4/10) = (1.65)(5)(v/10)
=326.1m =26.1m

Order Quantity for a Periodic I nventory System

Q=d(t,+ L)+ zo,Vt,+ L -1

where

d = average demand rate

t, = the fixed time between orders
L =lead time
o4 = standard deviation of demand

zoy V1, + L = safety stock

I =inventory level
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Fixed-Period Modd with Variable Demand

d = 6 bottles per day
oy = 1.2 bottles

t, = 60 days
L =5 days
I = 8 bottles

Z = 1.65 (for a 95% service level)

Q=E(I’b+f_}+z(5dﬂ,‘tb+j_ -1
= (6)(60 + 5) + (1.65)(1.2) /60 + 5 -8
= 397.96 bottles

Discussion
THE NATIONAL BLOOD SERVICE

In September 1994 a plea was transmitted on thenatews in the UK for blood donors to give
blood urgently. The empty racks in the blood steré@nk on the television screens graphically
portrayed the urgency of the request. Momentarilg National Blood Service had lost its
continuing battle to balance the supply of bloothvdemand.

Blood and by-products need to be stored underetyarf conditions. Red blood cells, used for stadi
procedures and to correct anemia, have to be stwrétlC and have a shelf life of 35 days. Platelets
extracted from donated blood and used to treaehaigkand bone marrow transplants, have to be stbred
20-24°C and have a shelf life of only five daystirmty which time they have to be constantly agitated
Frozen fresh plasma is used for liver transplamtisfar massive transfusion operations. It has tsttred
at between -30 and -40°C and has a shelf lifexainginths. In addition, blood can be categorizetinmy
main systems or groups. The ABO group includes AAB, and O. The rhesus group includes Rh-
positive and Rh-negative. In addition there are yrlass common and more complex types of blood,
often relating to ethnic groups. Giving a patiém wrong type of blood can be fatal. However, grGup
negative can be given to emergency patients bbfooel tests have been made. Because of this, &lgspit
like to stock O negative. However, O negative regmés only eight per cent of the population whet@as
per cent of blood issued is of this type.

Demand is affected significantly by accidents. @egous accident involving a cyclist used 750
units of blood, which completely exhausted the lade supply (miraculously, he survived).
Large-scale accidents usually generate a surgdéfesdrom donors wishing to make immediate
donations. There is also a more predictable selgotmthe donating of blood, however, with a
low period during the summer vacation period.

Unless blood is controlled carefully, it can eagjtypast its 'use-by date' and be wasted. For some
patients the control of the age of stored blooctiiscal. For example, new-born babies, the elderly
and patients whose immune systems have been sapgdrss that they do not reject transplanted
organs, are all prone to infection. Very fresh bla®therefore kept 'on hold' for these patients.

Questions

1.What are the factors which constitute inventorydimay costs, order costs, and stock-out costs in
a National Blood Service?

2.What makes this particular inventory planning aodtml example so complex?

3.How might the efficiency with which a National Bld&ervice controls its inventory affect its
ability to collect blood?
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4.What suggestions do you have which would helpkimd of operation to manage its inventory?

1.7. REDUCING SAFETY STOCK

Safety stock is used as a buffer to protect orgaiors from stockouts caused by inaccurate
planning or poor schedule adherence by suppliess.sAch, its cost (in both material and

management) is often seen as a drain on finaresalurces which results in reduction initiatives. In

addition, time sensitive goods such as food, dramd other perishable items could spoil and go to
waste if held as safety stock for too long. Varionsthods exist to reduce safety stock, these
includes better use of technology, increased cotktipn with suppliers, and more accurate
forecasting. In a lean supply environment, leaceimare reduced which can help minimize safety
stock levels thus reducing the likelihood and inpdcstockouts.

Discussion
IT PAYS CUT OUT WASTE: THE CASA OF BUCK KNIVES

When Hoyt Buck started making hunting knives in daly years of the twentieth century, his
competitors were other Kansas blacksmiths. One fiegngears later, Buck Knives is up against
companies from across the world, many of them baseduntries where labour, utility and other
costs are substantially below those in the US. Mostpanies in these circumstances send their
manufacturing offshore. But Hoyt Buck's descendavese reluctant. Instead of exporting jobs to
Asia, three years ago they started to import ara\sdea-the 'lean’ manufacturing methods
pioneered by Toyota.

The story shows, first, that the doctrines of tlogdta production system have spread far beyond
the automotive sector. Fifteen years after theipatibn of The Machine That Changed the World,
the book that popularized Toyota's management rdethihe war against muda - Japanese for
waste - is being fought across swaths of manufexgiundustry and increasingly in services, too.
Second, the experience of Buck Knives underlinas lfan thinking can be a powerful weapon in
the fight to keep manufacturing and other jobsamedoped countries.

Lean thinking teaches managers to eradicate amgyfham the production process that does not
add value for customers, including inventory. lasteof stockpiling goods in warehouses and
praying that demand forecasts turn out to be atewahe conventional ‘push’ model - lean
manufacturers aim to produce only in response nm forders. When an order is placed, raw
materials are 'pulled' from the supply chain andmdhe production line as fast as possible. The
result: high speed, no waste, low cost and a happtomer.

Irrespective of whether this ideal is achieved riactice, lean thinkers tend to be skeptical about
the supposed benefits of sending jobs to low-waga@mies. It is hard to run a low inventory, JIT
supply chain when you are sourcing components femmoss the globe. What if the widgets
required for tomorrow's production run are delaygda typhoon or stuck for three days at the
border? Besides, there is nothing lean about sijpgieel, shoes or electronic components halfway
around the world by container ship. Think of aktthhudain time, capital and diesel fuel.

Another strand of lean thinking is the notion tfrantline workers - whether on the production
line or in customer service - are best placed émtifly and solve problems. But they can do this
only if they are very familiar with the productsdacan talk directly to the engineers and managers
who are likely to be at the root cause of any poblWith this view, sending jobs offshore will
result in fewer problems solved and unhappier custs in the long run.

Similarly, lean thinkers tend to be skeptical abth& value of outsourcing jobs to contractors,
even if the workers stay close by. Overheads mayebeiced in the short-term, but learning
opportunities are likely to be lost. At Buck Knivgsu can see these ideas in action. The old
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production line has been redesigned into a sefiesrailar 'cells' that build knives from start to
finish. The new layout minimizes the distance ttagldoy each product (lessudg and encourages
communication among employees, allowing them to teeeentire manufacturing process. This
way of working makes it more likely that productidmottlenecks or product defects will be
recognized early and dealt with on the spot, says Buck, Chief Executive and great-grandson of
the founder. There is less need for expensive ¢antetimes oppressive) supervision.

In true Toyota style, Buck Knives last month stagedymposium for its suppliers to explore
ways of improving co-operation. Running a JIT sypghain requires a higher degree of
collaboration - and trust - than is usual among ufecturers used to carrying weeks or months of
surplus inventory. 'Much of what we are doing todaynaking the company more like it was when
my grandfather was running the business and eviag/thas done on a handshake', says Mr Buck.

To be sure, lean thinking is no panacea. It is hartearn and even harder to sustain. It has
limits. Going lean was not sufficient to get Buckites' unit costs down to competitive levels.
After more than 50 years in California, where H8ytck moved in 1947, the company last year
relocated to Idaho in search of lower overheadsiléAthany of its products still carry a 'Made in
the USA' stamp, its less expensive models are nadenm Taiwan. And as every Chief Executive
knows, a world-class cost structure and commitntentontinuous improvement is only table
stakes these days.

If Buck Knives wants to be around for another decakkt alone another century - it will have to
come up with products that are consistently morgrdele than the domestic and international
competition. Innovation and inspiration must algodnm the cutting edge.

Questions
1. What benefits in field of inventory management wiit Buck Knives using lean manufacturing
system?
2. Buck Knives sells most of its products through itettores. What problems might this create for
its lean manufacturing system?
3.Buck Knives manufactures a large number of differenknives  (visit
http://www.buckknives.com). What challenges does thresent for a lean manufacturing
system?
4. What challenges would you envisage that Buck Knikas in ensuring a JIT supply of raw
materials?

1.8. INVENTORY INFORMATION SYSTEMS

Most inventories of any significant size are mamhdy computerized systems. The many
relatively routine calculations involved in stockntrol lend themselves to computerized support.
This is especially so since data capture has beste more convenient through the use of bar-code
readers and the point-of-sale recording of salasstactions. Many commercial systems of stock
control are available, although they tend to shaadain common functions. These include the
following:

Updating stock records

Every time a transaction takes place (such asdledf an item, or the movement of an item
from a warehouse into a truck, or the delivery mitam into a warehouse) the position, status, and
possibly value of the stock will have changed. Tihfsrmation needs recording so that operations
managers can determine their current inventorystat any time.
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Generating orders

The two major decisions we have described prewouslmely how much to order and when to
order, can both be made by a computerized stockalosystem. The first decision, setting the
value of how much to order (Q), is likely to be eakonly at relatively infrequent intervals. The
system will hold all the information which goesdrihe economic order quantity formula but might
periodically check to see if demand or order leiate$, or any of the other parameters, have
changed significantly and recalculate Q accordinglye decision on when to order, on the other
hand, is a far more routine affair which computgstems make according to whatever decision
rules operations managers have chosen to adopereibntinuous review or periodic review.
Furthermore, the systems can automatically genevatgever documentation is required, or even
transmit the re-ordering information electronicallyough an electronic data interchange (EDI)
system.

Generating inventory reports

Inventory control systems can generate regularrtepaf stock value for the different items
stored, which can help management monitor its itorgrcontrol performance. Similarly, customer
service performance, such as the number of stotk-authe number of incomplete orders, can be
regularly monitored. Some reports may be generatedn exception basis. That is, the report is
only generated if some performance measure deviia@sacceptable limits.

Forecasting

All inventory decisions are based on forecast fitdemand. The inventory control system can
compare actual demand against forecast and adjastotecast in the light of actual levels of
demand.
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2. PURCHASING MANAGEMENT

Purchasing is the function of management which fotire interface between supplier and
manufacturer.

It is also called supply management, materials mament or procurement. In a large
organization there is likely to be a separate pastig department, in a smaller organization it
will form part of the manufacturing planning furani

2.1. IMPORTANCE OF PURCHASING

A purchasing department buys not only the raw meteused directly in the manufacture but also
all of the indirect and consumable items.

These include lubricants, cleaning fluids, cuttiagls, office stationery, computers and all other
goods and services purchased by the organization.

In all of these cases an analysis is needed aridechade been alternative suppliers.

The purchasing department does not pay for thesitemlered; that is the function of the finance or
accounts department.

Why hag profit declined?

|
| |

Ha= revenue fallen? Hawve coste rizen?
Hurnber =old Met Price Wariahle costz Ficed costs
Changes in Ch;mges it lah_nti Productivity
di t ook and raw materia
1zcount policy —

Fig. 2.1. Example for decision-making by the segnatess

Example
Euro Percent of sales

Revenue (Sales) €1,000,000 100
Cost of Goods Sold

Direct material €500,000 50

Direct Labor €200,000 20

Factory Overhead €200,000 20
Total Cost of Goods Sold €900,000 90
Gross Profit €100,000 10
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P/L After a 10% reduction in materials and 5% iredi labor

Euro Percent of sales

Revenue (Sales) €1,000,000 100
Cost of Goods Sold

Direct material €450,000 45

Direct Labor €190,000 19

Factory Overhead €200,000 20
Total Cost of Goods Sold €840,000 84
Gross Profit €160,000 16

60% increase in profit

2.2 FUNCTIONS OF PURCHASING DEPARTMENT

The purchasing department does not pay for thesiterdered; that is the function of the finance or
accounts department.

In the case of investment in new machinery, theocghof equipment is made by manufacturing
department

However the purchasing department may be involvedhe search for possible suppliers and
managing the tendering process.

The role of the purchasing departmentis to have the knowledge about sources and potes
supply of the raw materials and components thatrganization buys.

The objectives of purchasing management:
» to purchase thaght quality of material,
e delivered at theight time;

* in theright quantity;

» from theright source;

» at theright price.

The Purchasing System

Source of
Supply

P

Furchasing
System
MWaterials for

Manufacturing

Cluantity Quality

Delivery Frice

1GPachazhg 2 COVENTRY UNIWEFRS MY

Fig. 2.2. Purchasing system
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2.3. PURCHASING STRATEGY

The purchasing function must interact closely wité manufacturing planning function.
A lot of money can be made or lost by good or batipasing.

A small difference in the cost of materials candavarge effect on profit

It is necessary therefore for an organization teetigp a purchasing strategy

Information Technology in purchasing

The basic activity of purchasing involves the ptacof orders for materials and other items, the
receipt of goods ordered and the payment for tgesds, all at different dates.

These transactions need to be recorded, processepragressed (checked to ensure that intended
actions have occurred).

This data involves purchasing, stores, manufaajuaimd finance.

Databases are suitable for processing such dataugh specific purchase-order processing
packages are available.

Such systems are modular and can be integratédsystems in manufacturing and finance to form
an integrated management information system.

2.4. ORGANIZATION OF PURCHASING MANAGEMENT

The head of the purchasing function must have Kilés sand authority to act effectively if the
organization is to operate effectively.

This requires that the head of the purchasing fanateports at a sufficiently high position in the
organization structure

The purchasing department must be seen as a p#re efdustrial system that includes but goes
beyond the boundary of the manufacturing orgaromati

It manages a part of the supply or demand chain.

Because of its links with the world outside theasmgation it must be involved right from the start
of innovation projects, searching for ideas, newemals, possible suppliers and prices.

The purchasing department should be constantly toramg prices and price trends and have a
major input to the budget making process.

Supply Contract

Tender

Power

t Negotiation -= w
Quantity
Price

Duration

16 PAChazhg 3 COWENTRY UNI ERZITY

Fig. 2.3. Supply contract
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2.5. PRICE

When the purchasing department wishes to buy songethe buyer will usually send out a letter
inviting potential suppliers to quote or tender tloe business.

Although it may be tempting to accept the lowedterthe buyer must consider other factors
including quality, reliability, experience etc.

The cheapest items may turn out to cost more imgeof reject work, consequential damage,
guarantee or product liability claims and dissasttustomers.

One of the most difficult things for the buyer tosere is that 'like is being compared with like'.
One example would be Hi-Fi systems.

There must be hundreds of different models availadl with slightly different attributes and
prices. The buyer must decide which are the imporfactors and compare price against
specification, remembering the intended use. has worth paying extra for a sound frequency
range that can only be heard by bats

Industrial buyers need to use the same approach.

The buyer will often be offered a discount for quiign

The total costs and benefits must be analyzed &édfaying far more than needed to save 5% off
the purchase price.

Another possibility is the chance to stockpile miate as an insurance against inflation and to save
on possible price rises..

The money spent to buy the stock must either bewed or could have been invested. Either way the
total effect of these costs must be consideredderdo assess the benefit of buying now or later.

2.6. SOURCE OF SUPPLY

A buyer must identify or develop suitable sourcesupply.

Before placing an order the financial backgroundtlod potential supplier is investigated by
examining balance sheets, company reports andtsepade by independent analysts.

If the contract is to be long term, it is worthding out if the supplier is about to go bankrupt.

Help for suppliers

In order to benefit themselves, manufacturing oizgtions sometimes assist suppliers.

They are helping them in order to help themselves.

Companies can provide the finance to help potestgpliers to improve quality, develop new
processes, install compatible systems to help hgtstics etc.

Location of supplier

The geographical location of a supplier is impdrt@nreducing costs, lead times and delays and
ensuring reliability of supply.

Suppliers in the same town or district can usudéiiver quickly and at a lower price because of
reduced transport costs.

Using overseas sources can introduce extra castsaftsport and excise duties but for some items
this can be cheaper than buying from a suppliengis own country.

Discussion
OLIVETTI PROVIDES SINGLE-SOURCE SUPPORT
Like most retail banks, Barclays Bank has thousahdsparate branch and office headquarters'asits

hundreds of thousands of individual pieces of cdemeguipment. These range from personal computers
and work stations to computer peripherals and gbpiers. All of this equipment needs servicing and
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repair support. Rather than buy in this supporhfsgveral companies, Barclays decided to singlessou
these services from Olivetti, the computer andceffiequipment company. This simplified the
administrative procedures and brought substamtslsavings.

Olivetti claims that single-sourcing services pd®s significant benefits for its clients. Contradtu
relationships together with invoicing procedures i@tionalized and the quality of service becomes
more easily measurable. Consistency-of-service quoes are also easier to achieve. These
advantages of single-sourcing have also persuadaay mther organizations, such as Swiss
Railways and the German network of McDonald's restats, to conentrate on one supplier.

Questions

1. What do you think are the main operations objestioe a company such as Olivetti's computer
support operation?

2. What do you see as being the major advantagesisadvdntages of having a single-source
agreement for computer equipment and computer swnpservicing?

2.7. POLITICS AND SUPPLY

Political changes overseas can cause unexpectlipcreases or a sudden withdrawal of supply.
When the Suez Canal was closed in 1967 as thd mésuér, supplies between Europe and Asia,
previously using the canal, had to go around Saidriica instead. This not only cost a lot more but
also took much longer resulting in a gap in suglgeveral months.

EU products

For a product to be sold within the European Urand be identified as being of European origin,
the percentage by value of components in the ptaafuton-European origin must not exceed a
certain level.

Otherwise the product would be defined as foregyen if it is part-made and assembled within a
country in the Union.

Many overseas companies, especially the Japanmesseting upfactories in Britain as a means of
their products being described as British for saless Europe.

Example

Cars and electrical products made in East Asiadbe in Europe are subject to quotas and import
duties. Cars and other products made in BritairEhgt Asian companies and using designs and
some components from East Asia can be sold in thhedean Union as 'European made' even if
they contain a proportion of parts made in Eurdpethis way import taxes are avoided so East
Asian companies can sell in Europe and supportgolisprofit in their own country.

2.8. MAKE-OR-BUY DECISIONS

When an operation decides to purchase productsreices from a supplier it is implicitly
making the decision not to create those productseovices itself. This may not always be a
straightforward decision. In some cases the omeratiay be able to produce parts or services in-
house at a lower cost or at a higher quality theam suppliers. Yet in other cases suppliers may be
able to specialize in the production of certaingar services and produce them more cheaply or at
higher quality than can the operation itself. Ip&t of the responsibility of the purchasing fuowt
to investigate whether the operation is betteresktyuying in products or services, or choosing to
create them itself. This is called the 'make-or-lui@gision.
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Often the major criterion used to decide whethematke or buy is financial. If a company
can make a part or service in-house more cheaglyittcan buy it, it is likely to do so, unlessrihe
are other overriding reasons for not doing so. Hmwrethe financial analysis involved is not
always straightforward. The decision often needgddbased on the marginal cost of producing
something in-house. The marginal cost is the egtst which is incurred by the operation in
creating the product or service. For example, ibparation already has the equipment and staff in
place to make a particular product and there isespapacity within the part of the operation which
could make that product, then the extra, or matgowst of making the products in-house will be
the variable costs associated with their manufactur other cases, an operation might decide on
grounds other than cost. An increasingly populéionale for buying in services, for example, is
that they are not 'core' to the operation's mativiac Many companies are increasingly 'out-
sourcing' such services as transportation, clearamputing, catering and maintenance. Putting
these services out to specialists allows an operati concentrate on what directly wins it business
in the market place (see discussion on KLM CateHagices).

Discussion
KLM CATERING SERVICES

KLM Catering Services is the largest provider ateift catering and supply at Schiphol Airport
near Amsterdam. The company, which employs 120@lpe@very day prepares around 30 000
meals and 'services' 200 flights for KLM and ab®uitfor other operators. It is now far more than
just a food-preparation operation; most of its\aés involve organizing all on-board services,
equipment, food and drinks, newspapers, towelpheses, and so on.

KLM Catering Services places considerable emplmsisorking in unison with cleaning staff, baggage
handlers and maintenance crews to ensure thatcthefteare prepared quickly for departure (fastgss).
Normally, no more than 40 minutes is allowed fotrase activities, so complete preparation anela w
ordered sequence of working is essential. Theséreatents for speed and total dependability woeld b
difficult enough to achieve in a stable environmdnit there is a wide range of uncertainties to be
managed. Although KLM Catering Services is adviskttie likely numbers of passengers for each flight
(forecasts are given 11 days, 4 days and 24 hoadviance), the actual minimum number of passengers
for each class is only fixed six hours before taftg¢though numbers can still be increased aftis; thue

to late sales). The agreed menus are normally foresix-month periods, but the actual requiremémts
each flight depend on the destination, the typgrofaft and the mix of passengers by ticket classlly,
flight arrivals are sometimes delayed, putting gues on everyone to reduce the turn-around tinek, an
upsetting work schedules.

An additional problem is that, although KLM usesrstardized items (such as food trolleys,
cutlery, trays and disposables), other airlinesehaympletely different requirements. The inventory
of all this equipment is moved around with the planSome gets damaged or lost, and it can easily
accumulate at a remote airport. If an aircraftvasiwithout a full inventory of equipment and other
items, the company is obliged to fill the gaps fritsnlocal inventory which amounts to over 15 000
different items.

Questions
1. Why would an airline use KLM Catering Services &atthan organize its own on-board
services?
2.What are the main operations objectives which KLMeZing Services must achieve in
order to satisfy its customers?
3. Why is it important for airlines to reduce turn-ana time when an aircraft lands?
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Questions:

What are reasons to hold inventory?
From what consit inventory costs?
What are assumptions of EOQ model?
When and why safety stocks are used?

What main objectives of purchasing management?

S A

How purchasing process is organized?
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Module M0O5

Logistics Approaches in Technological Preparationfo
Manufacturing

Jozef NOVAK-MARCIN CIN
Technical University of KoSice - Slovakia

Learning objectives:

to know the basic logistic approaches in technalalgbreparation of

U

manufacturing
to identify the basic parts of technical preparaid manufacturing
to identify the construction preparation of mantdiaiog

to identify the methods of construction work

y v 4y

to identify the methods of technological prepamatd manufacturing

Content:

. Introduction to logistics in technical prepapatiof manufacturing (TPM)

. Introduction and definition of TPM

. Construction preparation of manufacturing. Higtaf construction

. Methodical steps in realisation of constructwablem, stages of solution
. Methods of construction work. Computer aidedgtes

. Steps of construction task realisation

. Technological preparation of manufacturing

. Logistics approaches in TPM
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1. Introduction to logistics in technical preparaton of manufacturing

In company management the concept of logisticssedun wider extent and with stronger effect.
Literature significantly points to growing need system treatment and formation of logistic
processes and functions in integration and stratagpects, what can be seen in development and
evolution of logistics in the sense of integrateahialgement concept.

Idea of logistics and development and applicatidnlagistic concepts have relatively reach
genealogy and tradition over the world. We talk wtbsource of origin and formation of term
Jlogistics”.

One source of logistics term is presented in Greetds:

» logos(wisdom, minyl
» logistike (art of wisdom, calculations).

90



Semantically close to this Greek word is Latin atlje
— logisticus, that means: clear, rational, capabfdogical thinking.

Prefect of Roman legion wagkgistate” — administrator responsible for securing and prepam
of legion for war.

In studies and proposals of company processedéirate of goods distribution) the term logistic
was ,borrowed” from army and first time used iretature in USA at the end of 50’s of twentieth
century. Modern sources point to the French origih the term, where ,Llogis” means

accommodation and ,logistique" related with movetnar of army troops, provisions transport,
territorial planning of military operations. Forethfirst time this term was used for theoretical
concept in work ,Art of War Draft” from french gers¢ A. H. Jomini, published in Paris in 1837.

Historical role was taken by work of American admhiH. E. Eccles ,Logistics in National
Defense" published in 1959. This and other workBlOE. Eccles cause that logistics together with
strategy and tactics became one of three areasfehsive doctrine of NATO. Through army
administration logistics got to civil rights androently it presents the standard of modernity and
efficiency for complex security of war operatioraditlevels of command.

o

gr. LOGOS- wisdom, mind
gr. LOGISTIKE- art of calculation

LOGISTATE- prefect of Roman legions

MILITARY fr. LOGIS- accommodation
ORIGIN OF fr. LOGISTIQUE- army troops movement
LOGISTICS A.H. Jomini ,Art of War Draft”

H.E. Eccles- Logistics in National Defense” (1959 r.)

W.Stankiewicz ,Logistics” (1968 r.)

Figure 1. Histy of Logistics

Amount of modern logistic conceptions shows, that basic periods have to be accepted in history
of logistics:

» Antiquity period
» Modern period

Logistics of antiquity period is characteristic by high organization level ofmgrforces of

individual countries. It was followed by high — ftrat time — level of knowledge concerning the
accumulation and distribution of provisions at ledild.
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Logistics development is connect to the economaspects of military operations, including
planning and realization of movement and accommaaaif army troops, as well as securing of
their needs, weapons, food, uniforms etc.

Logistics of modern period— is the logistics of changes and transformatidisfirst stage the
logistic operations are focused mainly to the aadation of provisions and securing of army on
the battlefield. At second half of XVIII. centuriidre are some studies that start to create the very
basics of logistics itself.

Immediate reason for bringing the logistics inte #ttonomy was experience from the time of Il.
world war. Military logistics used during the wams one of main cause of success for alliance
troops. Since that time there is no doubt aboutfalee that logistics presents the bridge between
production and market that are distant from thevp@nt of time and location.

During II. world war it comes to dynamic developrhehlogistics in the frame of interdisciplinary
operational research, that supported the efficievicyealized military actions with use of strict
discipline and scientific methods.

Understanding of logistics term was often alterath wuantitative methods and proceedings used
in so called Research Operations, which similaslyhie logistics comes from military exploitation
of mathematics to the optimal solution of complerhpems in the frame of logistic securing of
military operations.

Operation research provides management bodiessaiémtific methods for accepting of optimal
decisions strictly in the sense of quantitativeéecia. Theory and praxis of operation research was
intensively developed in Il. world war, where it sveeally used for strengthening of potential of
army strength of allies in military operations aalivas for general provisions.

Attitude based on universal mathematical system wagery effective way implemented on the
base of system analysis, including close coordinatif time-space complex processes of material
provisions supporting the military activities. Timgof operational research has developed few very
useful algorithms and techniques used for solvirgggractical problems of military an economics
concerning mainly the optimization of complex tisgace systems.

Quality Practical

categories problem

7
{

Theory and

praxis of
operational
. research

Solution Quantity

variant category

Figure 2. Scheme of using the theory and prax@pefational research
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1.1. DIFFERENCES IN PRODUCTION AND NON-PRODUCTION AREA

Real interest of developed market economy of westeuntries in practical solutions of logistics
can be observed in late 70’s, where there was qdédtease of earnings at micro and macro
economical level. That led to considerations abbooking for reserves in non-production area that
closely relates with whole market environment.

Increasing level of systematization and extentubmnation of production processes became the
reasons for deeper differences between time of g@oeation and their sale (distribution). Real
production time of goods in complex and automatestipction systems gets shorter and markets
that are more demanding and more wide cause distiibchannels to extend.

At the same time there is the fact of excess thptess the domination of offer over the demand.

As the result the interest of managers was mowed fsroduction area and creation to the problems
of rational distribution and client services.

PRODUCTION AREA

Automation of production Time
increase
Increasing of production
High service standards
Generation of over-products
Searching for new markets

Time

Extension of distribution channels
decrease

DISTRIBUTION AREA

Figure 3. Time differences between production asttidution area

1.2. MARKET CONTEXT OF LOGISTICS PROCESSES

Necessary presumption for optimization of logistbains of physical flows is their global

incorporation into market economy, regarding alemgors working in that market environment,
with special respect to marketing principles. Iis tattitude the main role is played by client, his
requirements and expected standards of services.

One way to reduce the sharp differences betweeduption area and non-production sphere of
distribution and sales is logistic attitude thatswesed primarily in army, strategy for solving the

time-space problems, where primary function is guened by transport and warehouse systems,
with intensive support of modern technics and teblsomputer technology.
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Increasing of range of
goods and services

Differences between Decreasing of
production and flow resources volume

CAUSES
OF LOGISTIC
DEVELOPNENT

Globalization of
transport market

Increasing of
transport costs

Reserves in
non-production
Computer support area
of management

Increasing of

information flows

Figure 4. Causes of dynamic development of logistic

1.3. CAUSES OF LOGISTICS DEVELOPMENT

1. Persistent differences between efficiency ofgmrhigh-performance production systems and
forgotten area of flow of goods, products and s&wi

2. As a result of great technical progress ther@ass moral aging of products, what significantly
shortens their market life and makes the developiperduction cycle run faster in the field of
products with high quality.

3. Fast increment of range of goods and servicasishcaused by marketing strategies focused
on conquering of market and reaching of clientagsiifferent moves.

4. Lowering of kept stocks, especially directlyshops, their removing to the side of producers
and wholesalers.

5. Dynamic increasing of transportation costs, eiglg in distribution phase, with civil
transport there are challenging transport compaises.

6. Growing globalization of market increased thetipa of transport and warehouse economy in
goods ratio, economy became more dynamic.

7. Change-over to market that is controlled throbgler makes the subjects of economy to do
deep analysis of requirements and needs of clientarning offered goods and services in
organization of supplying chain.

8. Development of new technics and computer tedgyolresults in increasing of flow and
transformation of huge information streams thatvit big boom of world’s economy.
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9. Expansion of computers causes that most of aarep are considering effective tools of
management and control, what points on reservésnumn-production area of flow of goods,
products and services.

Renaissance discovery of civil logistics in 80’sanditioned with three basic facts:

- first, high productivity of concerned objects and hifficeency of economic processes,

- second increasing of user-demanding market at the lonadf dominant producer and need for
application of different marketing strategies,

- third, mass computation of all spheres of social-econdif@ and radical increment of control
efficiency by economic processes.

CONDITION CATEGORIES

High efficiency of economic processes High productivity
L 7
Formation of user market Mlarket position of producent
o P
Mass compltation of economics Increasing of operation efficiency
- —

Figure 5. Main categories of conditions impacting tlevelopment of logistics

1.4. LOGISTIC IN EUROPE

These terms were brought to civil economy in 70Pdast century, when in highly developed
countries as a result of all automated mass-pragtu¢che need has risen for new organization
especially for supplying processes and provisiorraad materials, materials and semi-finished
products and also for new organization of distidruprocess for final products.

Processes of provision and distribution run in cetitiye market environment, where minimax
criterion for minimization of logistic costs with arimal satisfaction of client needs is main
requirement of effective management.

Globalization of logistic problems led on Europemaarket to the creation of so callEdrologistics

as a standard of managing through logistic proseisseountries of European Union. Eurologistics
presents one entry of the logistic pyramid, where @an find micrologistics (logistics of
companies), mezologistics (logistics of brancheas iadustrial sectors), macrologistics (logistics of
national economy) and eurologistics and global (gveide) logistics.

Stable user-oriented market that has monopoly ipositon the location of former market of
producer called the change in yet working pringpd production processes — ,Create the product
and find the buyer for it” to strictly contrary won — ,Find the buyer and then create according to
his requirements.”
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Global logistics

Eurologistics

Macrologistics

Mezologistics

Micrologistics

Figure 6. Pyramid of logistics

S

f— f
Monopoly market of producer

7 | PAST
,Create the product and find the buyer for it”

| ¥

Logistic attitude

»Find the buyer and create according fo his

requirements”
PRESENCE | P

Demanding user-oriented market

Figure 7. New logistic attitude

These changes are expressed through creationisfitoggansport-distribution chains that work on
principle Just in Time. From this point of view thagistics as an interdisciplinary science about
management of supplying chains not only organiagsatso changes actual rules of moving the

materials and products and included informationisiec making processes.

In widest sense we can accept the understandidggadtics as organized system of planning,
realization and control of processes of physicalwflof products and services together with
information streams that belong to them, whichosuked to maximal possible satisfaction of the

client while keeping minimal possible costs of kigi processes.
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Such attitude of logistics on one hand gets usi¢osphere of general economy, where it can stand
as macrologistics, on the other hand every company creates its ovatesy in the sense of
micrologistics. Micro and macro economical view to the logisticakes the scale for mentioned
processes and flows. Both terms are in mutual d¥grery and they both use the same philosophy
of integration of physical flows of goods and

relevant information.

_— P —
3 o

- T

o : Maximal satisfaction of users requirements
Company
' level y N . - Overall
[T b ' i economy
| -planing | level
- ‘ Orgenized  mmul  ofprusicel -
= ~ S -realization |and information | = B
( MICRC- \ | - . flows { MACRO-
\ LOGISTICE control | \ LOGISTICS /
. Ay 0090 BE= e |
— -
N Minimal logistic costs R

Figure 8. System relationship between micro andranlagistics

Global economic \

N processes SUBJECT OF MACROLOGISTICS
T
( 1. ) Legislation for economical activities
T
H _2 4 Logistic infrastructure of the country
.-"'__J__\_""n.
r'-ui__,»--" Standardization and codification of procedures and processes
|
"-.'.1__4- _____,f.i’ International agreements and contracts
1
International integration of economic activity

Figure 9. Area of interest of macrologistics

97



T W,

-7 Maximal <
satisfaction of ) SUBJECT OF MICROLOGISTICS
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'

Provision and distribution of raw materials and materials

Warehousing

Production, services and cooperation

Sale and distribution of goods and products

Minimization of costs of logistic processes

Figure 10. Area of interest of micrologistics

On the beginning o 90’s there are global and alsmfean strong tendencies for integration of
national economic systems with transnational ozgions, even in global extent. Perfect example
is creation of European Union in 1992 and its dyicadevelopment. In 2004 Poland joined its
structures as well. Economic integration of différeountries is particularly intensive in the diel
of logistics, in the field of physical flows of presses and information.

On the one hand it selects the development teneedithe economy, on the other hand it obliges
to the acceptance of standards and requiremengsasfomy, with respect to the generally valid
rules of given society — starting at legal standattirough qualitative standards, transportation
standards all the way to the information systemagpples of coding and indexing.

Physical Information
Legal standards Coding and indexing
Qualitative standards INTEGRATION Paperless systems

TENDENCIES OF
Transportation standards LOGISTICS Information systems

Standards for client services

Computer networks

streams

Figure 11. Integration tendencies of logistics
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With respect to the open, market character of tagisrocesses, the integration matters concern
both micro and macro logistics, thus particuladiag companies, sometimes even whole branch,
or whole economy of the country.

Main course and development tendencies of logisticamost developed countries concern
following problems:

Figure 12. Main development courses of currentshocg

Rising integration of economies of countries of &pgan Union gives the reason for global
increment of economy intensity, which is realizedimly in the sphere of physical flows and
concerns following aspects of logistic processes:

Figure 13. Basic development areas of eurologistics

Main stimulator that makes logistic processes niotensive, especially on the field of provision-
transportation chains, is strongly developing cotimgu technics, telecomunications and
informatics, that made revolution in the processndérmation creation and also in processes of
physical movement of materials.

Fully accessibility calls for creation of fast aactual logistic subjects. Scientific prognoses thay

main development courses of logistics are set tiitodevelopment of computing technics,
information logistic systems, that mostly affedidwing areas:
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N

Optimization of
processes

Information
accessibility

Simulation of logistic strategies __| Support for transportation control

Paperless management —1— Warehousing support

Computer integration of logistics
by the company

Figure 14. Courses of application of informatiostsyns in logistics

1.5. COMPUTER SIMULATION OF LOGISTIC STRATEGIES

With use of special computer applications, evengisien in company level should first be verified
and globally evaluated for assumption of efficiemggde. Technical tools of computer simulation
are used for these purposes, what requires prétitmiiof simulation model of process that is to be
tested on the base of mathematical categories. Myxirtant variable of simulation model is time
and subjects for simulation are particular proctates.

SIMULATION OF LOGISTIC PROCESSES

Simulation model

Analysis of buying strategies Optimization of transport systems

Simulation time

Process states

rmmww

Efficiency of distribution channels ——+—— Optimization of warehouse stocks

Investments rentability

Figure 15. Computer simulation of logistic processe

Newest technology of computer network allow exclengfinformation from all documents using
so called electronic mail, that in connection widutomatic system of classification and
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identification of subjects and economic operatiand also materials, goods and services eliminates
the necessity of paper documents and other busamessdments. All transactional problems can be
solved using the email either in the frame of tbmpany or in wider macrologistic structures.

Codification and
indexing

CLIENT 2
Electronic mail

CLIENT 1 e J
Transactional N
operations

Figure 16. Concept of paperless management oftlogisocesses

Novelty determinant of management is sensibilitithte paperless managing with exploitation of
physical processes of flows using different tecbgws of computer networks and internet.

One of first advanced applications of logistics w#bzation of some of its methods and techniques
for qualitative support of transportation contregpecially in the field of car transportation. Tdes

matters are included in special class of so calladsportation methods with theory of linear
programming.

-

Support of fransportation control

Functional criterion Model of problem’ Border condiions

Optimization of transport routes | signalization in roads net

Planning of routes schedule ~ ———— Economic analysis of transportation

Monitoring of vehicles
Figure 17. Areas of computer utilization in trangption control
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This area uses computers for selection and opttraizaf car routes, detailed planning of usage
schedule of vehicles, and also for control of dctnations of vehicles in route net, monitoring of
usage level and transmission of actual dispositirmation.

Computer support of warehousing can be observésadrareas:
- Support of management processes of warehousing,
- Controlling of warehouse processes and manipuiati

Computer support of warehousing concerns such tiperas: evidence about actual situation and
transactional state of stocks, determination ofnagit level of stock provisions, optimization of
warehouse facilities use, resolving of personndl\aarehouse devices, analysis of warehouse costs
etc.

Current warehouse systems, especially those runnirlgrge warehouse mode, are completely
driven by computer automatics with use of contmapwortional systems and implementation of

manipulating principles. Robotic rack manipulataliew access and searching for chosen products,
generation of reports about their location and aisaintenance realization, completing and

packaging of packages.

—_— Completing and packaging of packages —_—
Searching and keeping of products
(Checks 6f warefiouse devices

vianaging through control-propertional systems

Warehouse

SUPPORT OF WAREHOUSING processes
management

Warehouse

EREREH

5
—
—i
-
[ 5

Evidence of states and situation of materials

Optimization of warehouse stock provisions
Optimization of facilities use

Resolving of personnel and warehouse devices.
Analyses of warehouse costs.

Figure 18. Areas of computer utilization in warebiog

Requirements for management efficiency force thepamy to maximal possible integration of
information base, that determines physical intégnatof logistic processes. Efficiency of
management also requires that that is unified @aw@bworking in the company that would
guarantee selective access to relevant cells ftaide and actual operations.

Only then all the concepts of integrated logisties be realized, including (on the principle of
connected containers) all kinds of logistical pss=s and all participating bodies in mutual
interconnections in the area of information creatidarket competitiveness forces companies to
look for sources of strategic advantages. For phigpose there is huge volume of information
processed, concerning own company activities asasahformation from the market.
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From the viewpoint of evolution and developmentlagistic conceptions there is remarkable
change in apprehension of basic components oftiodigeory, reaching to the area of management
concept.

Logistics is not only the opportunity, but it algwesents the time demand, where processes
connected to the exchange of products became noonplex and where necessity to adapt to the
requirements of buyers goes hand in hand with giteno lower the operation costs, in order to
assure the competitiveness of the company on thkem&olution of such problems presents main
goals of logistics. They are and they will be tleykto the future success of the company on the
market.

2. INTRODUCTION AND DEFINITION OF TECHNICAL
PREPARATION OF MANUFACTURING

2.1. DEFINITION OF TECHNICAL PREPARATION OF MANUFAC TURING

Technical Preparation of Manufacturing:

- a set of activities and technico-organisatianalasures that are necessary to be carried out in a
company before the start of the manufacturing pfaaluct.

- these activities are focused mainly on the arafoon and processing of the technical (design,
technological and project) documentation and docuat®n for securing the material and
technical equipment of the manufacturing process.

TPM has to use such design, technological and grggrsions of the solution that will ensure the
maximum achievable work productivity and effectigea of manufacturing processes.

Important elements of newly proposed manufacturingprocesses:

- design and technological concept of the product;

- materials and input semi-finished products;

- machine parts manufacturing and assembly teclggplo

- manufacturing equipment, tools and jigs;

- individual types of energies;

- quality management system, organisation and neanmagt of manufacturing;
- activity of the workforce.

The quality, speed of preparation, accuracy and metenessof the design, technological and
project documentation depends on the level of TR jn particular on:

- personnel and content structure of individuats, activities and stages of TPM;
- quality and quantity of information data seexessary for TPM;

- creation of conditions for the use of scieat#nd technical knowledge in TPM;
- material and technical equipment of individGi&M units;

- prevailing type of manufacturing (in piecestial, mass);

- complexity and size of products;

- mechanisation and automation level of the rfeaturing process, etc.

Technical Preparation of Manufacturing— one of the elements of the ,science — technology —
manufacturing” system
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Research, development

Preparation of production

Ilﬁpltmmtﬂﬂ'ﬂn

techmical material
design | technological design
basic applied | design | material i wanufacture
research research H preparatiml; support of ‘ 7| and agsembly
I mafacture
perspective operational technological
manufacturing| ¥, o yfacturing " preparation (tools,
plan plan i machines,
I v models, maufacnag
project | materials, || forgiisation sud
preparation | etc.) B i ﬁlmlﬂsemeut

Figure 19. Technical Preparation of Manufacturing

Classification of the Technical Preparation of Mé&acturing (three relatively independent stages -

modules):

1. Design preparation of manufacturing,
2. Technological preparation of manufacturing,
3. Project preparation of manufacturing.

Technical preparation of mnufacturing

!

!

Design preparation
of manufacturing

Technological preparation
of manufacturing

Project preparation
of manufactwring

- product concept and
design draft
— conducting of calculation worles

— drawing and development
of design documentation

— dezign of special tools, jgs
and meazures

— creaction of technological
documentation (manufactiring
procedures)

— programs for NC machines

— programs for robots and
manipulators, automated
worlplaces

designing of classic
mamufactwing umnits
designign of automated
workplaces, AVS, PVS

development of project
documentation

L zecuring of necessary
tools, jige and measures

Figure 20. Contents of individual stages of thdtecal preparation of manufacturing

Designing of manufacturing processes:
— increasing of the degree of integration of indial activities and elements (technological,

handling, control, etc.),
— close link between the TPM and the manufacturimgcess itself;

— larger cooperation between individual TPM units.

A model of manufacturing preparatio81 through S3 — nodes of mutual cooperation af/iddal
modules - KPM, TigPM, PPM
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Planning and management

of manufacturing
When? What?

Product

Figure 21. A model of manufacturing preparation

Technological designing the manufacturing preparation process is divided two relatively
independent phases:
Phase 1 solves the relation between the ,matedat! ,process” aspect of the manufacturing
process, i.e.:

+ What is to be manufactured?

+ How will it be manufactured?
Phase 2 of the preparation of manufacturing sollesrelation between the ,time* and ,spatial
structure of the manufacturing process:

+ How much of what shall we manufacture?

+ When shell we manufacture it?

+ Where will it be manufactured?

In this phase of TPM, data of Phase 1 are analfdesign and technological) in terms of criteria,
e.g.:
- maximum time and performance use of individnachines and equipment
used in the manufacturing process,
- minimising of lead times,
- increasing of the degree of flexibility oktimanufacturing process as a whole, etc.

Task of the Design Preparation of Manufacturing

- propose a suitable function, shape, dimensioistlae product’s design in terms of the needs of
future users while taking into consideration safétygienic, fire protection and environmental
regulations and current technical standards

Design Preparation of Manufacturing is implemented at design departments of the emy@and
its main role is to develop the design documentattvawings and technical reports).

2.2. HISTORY OF DESIGNING

Origins of the development of the maneffort to gain control of the nature — importavds the
development of tools, at the beginning made for o@eds and later also for exchange. They were
made by handy craftsmen on the basis of #gderience and own ideas

Medieval Times- the idea of a product was transferredketches

The best knowrgenius artist and technician Leonardo da Vincb@l41519)

His main inventions include: a centrifugal pump,extavator for deepening canals, a gun loaded
from behind, firearms with spiral grooved barretplier bearing, etc.
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And also:

- ideas and experience captured on sketches datbeaame  drawings containing the main
dimensions

- Requirements to achieve ever higher precisioproflucts and replaceability of parts forced the
setting of more precise conditions and requireméatsthe manufacturing, in particular of
housings. Thus thieasics of tolerances, measuring gauges,\eéere created.

Knowledge ofbasic strength calculations a new quality in designing (little consideratiosas
given to e.g. cyclical stresses and strains duernperature, etc.).
Frequent faults of parts and engines forced mahufs totest designed equipmesntd to remove
occurring defects.
Three main rulesfor ensuring successful designirng

1. theoretical calculations, derived from naltiaevs;

2. respecting of previous experience, in pakdictechnological;

3. verification and modifications after testsoperation.

At the end of the 19th and start of the 20th ceesuthowever, there was still too little theorettica
knowledge that could be applied in designing. Tfoeeethe designing methods were based mostly
on the designer’s experience and feeliftarts, however, were made too strong and prodaots
heavy.

After World War ] theoretical and practical knowledge quickly acolated. The designing

becomes ever more complex, which lednrrow specialisationand to the spreading of work
sharing in designs and research. The growing thieat&knowledge in individual scientific fields

e.g. strength and flexibility, was reflected in mtter certainty in dimensioning, especially of
critical parts of machines. But it did not influenthe style of designing work, so the designini sti
remained exclusively a matteriotuition.

After World War llthere was a boom idesigning methodsA summary of methods designing
methodology will acquire the character gtientific designing.

istorica Designin Characteristics of creation Progress
fnng 2
period methods (designing method) in designing
Ancient . manual manmufacturing . .
g . = manufacturing experience
Times trial without a model e < €5
Medieval . . - — . o
Time ; feeling and trial | pictures drawn by hand | mprovement of visuality
: I E _
18th - 19¢h feeling and orthogonal projection, begin- mprovement of the
centuries mtuition -nings of strength calculations strength solution
I
i : "‘LIJ" 1 mprovement of reliability,
. g " ol " o " . [
1890 - 1920 intuition ¢ 11‘311:510'11:1,, to IEI fl'lnc_e*~ 2004 1| increasing the precision
. 0 - o .
et Sl of manufacturing data
1020 - 1960 mtuition and clagsic designing with basic good strength =olution,
’ ’ verification scientific knowledee mprovement of look
desiening p == - automation of a part of the
- > = " 210 i o 8 o
1960 - 1990 thodoloey | |1 ent designing with the use | | ¢opytion, calculations by
methodology | of methodology and computing computer
. - L . :
After 1990 scw_uh:!ic scientific designing with conputers| | ICI€ASIZ of the share of
) N designing and progressive methods creative work, complexity

Figure 22. Historical development and prognosidesigning
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In the previous historical development, until abd960, the human designed alone. A need to
automate the designing process appeared. The laofivequipment for processing information
allowed topartially or completely automate designing.

2.3. MAIN RULES OF DESIGNING

Designer’s main task

- create the most competitive design, which will grthe highest economic effect, has the highest
technico-economic and operational parameters figstithe needs of world producers and achieves
high application on the market.

Main indicators:

high productivity, strength and reliability, low wét, low material consumption, small dimensions,
low energy consumption, low extent and cost of isp&ow workforce costs, long interval between
repairs, high durability and high degree of autoomgt simplicity and safety of operation,
comfortable control, easy disassembly and assehibggallation and removal.

Importance of factors —they depend on the purpose and usfehe designed machine:

1. For machines generating and transforming endrgymost important is the efficiency, which
determines the perfection of the transformationafsumed energy into useful one.

2. For working machines productivity, machining precision, range of eadrout operations.

3. Manufacturing of instrumentssensitivity, precision, stability of readings.

4. Transport equipmei@nainly aviation and rocket) — low weight of thestgn, high efficiency of
the engine (important due to low on-board fuel rese

When designing equipment it is essential

- to observe the requirementstethnical aestheticGocus on the design),

- think about theeconomy(when designing, focus on increasing the usefupwiuof the machine
and increasing its durability and also on decr@asin costs and shortening times required for
its manufacturing).

Significance of the designer’s work
a) The designer influences:
- the costs of materials at 80 %
- unit (piece) wages at 60 %
- overhead costs at more than 20 %
- overall own costs at 55 %
- quality at more than 60 %
b) The designer, together with the researcher adanblogist, ensures the turnaround of products,
in which the decisive thing is the ability to conge

The designeris a person who is involved in designing, i.e. stife creative activity, whose
objective is to achieve the required final effeftin€tion) through the optimal combination of
technical elements of various degrees of complexityile observing other required or necessary
conditions and properties, and to express the iofedéhe solution in the form of technical
documentation according to which it is possiblenanufacture and use technical objects.

Designer’s activities
1. repeatable — it is possible to algorithntiesm,
2. non-repeatable — related with methods etive work.
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Methodology of designing- a set of work methods and developed special rdstifiar optimal
proceeding and work managed methodologically.

Strengths of work managed methodologically

- Allows purposeful discovering of new technicaligmns

- Allows to assess all suitable solutions for tretenialisation of a certain function

- Rationalises the process of solving a problentherbasis of a specified procedure (saves time)
- Makes the selection of an optimal solution easier

- Creates a possibility for algorithmising tasksl &or the use of computing equipment.

A good designer should be able talesign actively

That means:

1. Should not copy existing models, but designugimfully and choose the most purposeful
solution out of a multitude of current design smln$ for given conditions;

2. Know how to combine various solutions and fimelv, more perfect ones, i.e. design with
creative initiative and the discoverer’s imaginatio

3. Constantly improve the parameters of machimesraanage development in the given field of
the mechanical engineering industry in line with tachnical progress.

4. Keep in mind the dynamism of the developmenhefindustry and create lasting and flexible
structures, which correspond with the growing neefl€ustomers and safeguard machines
against becoming obsolete.

Technique of Design According to Prof. ¥gerbauer

Prof. Wogerbauer of Munich University of Technology, in higrks dated to 1943, made a
distinction between the technique of design, he. @rt of designing, and designing as a separate
activity, i.e. creating and designing of products.

Prof. Wégerbauer.

1. Defined the relation between the time neces$arydesigning and the worker’s designing
capabilities, expressed in percentage.

2. He also expressed the functional dependeneesbatthe quality of the product, consumption of
materials and manufacturing costs, and the pergerdgadesigning skills.

Significance and Content of Activities of a Desidgrepartment

Early 20th century:

- replacement of old products with new ones waw slo

- a product could be manufactured, with small modifons, for 20 to 30 years,

- the designer could get experience from operaiwhprepare a new product.

Nowadays:

- a major mechanical engineering product is obse@ed impossible to sell in 6 to 8 years.
- in the case of consumer goods it is even mudiegdre. in 2 to 3 years.

Conclusion:

- the requirement to shorten product replacemegeies and to increase user value and complexity
of products also forces changes in the way of déasig

- anindividual is not able to solve large tasksa in a short time;

- there is an apparent transition to a higheresbawork;

- tasks are mostly solved by a group of designers;

- an ever increasing number of progressive methodsspecial equipment are used.
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2.4. ORGANISATION SCHEME OF A DESIGN DEPARTMENT

Design unitsin companies (if they exist in a company), in teref organisation, are mostly
included into the structure of the technical wiithe company.

The location of the design unit within a compartgshnical unit:

Technical Director

b 4

v v v v v v
Technico-organisation- Design Technological preparation Technical support
al development development of marufacturing Metallurgy LSkl of manufacturing
planning and analyses |- developrnent marmfacturing metallurg, tool manage- machines and equipment
tech-org. development | design technology development| ment energy
techrical services I production technological r;letallurg. tool shep maintenance
i e e design documentation n? ;tlgflfggl , - tool handout safety officer
of manufacturing - prototype technico-economic desi i and sharpening
: workshop tardard, gt
inwvestments " SLailans laboratory
I prototype - -
testing Facility tool and jig designing model warehouse
L archive

Figure 23. Location of the design unit within a gany’s technical unit

Technical development — continual process, in whioh results of research are used for the
development and mastering of the manufacturingeef technical means.

Solution of technical development taskstwo phases:
1. Product development — the core of the work ihédesigning activities,
2. Mastering of the manufacturing of the produtihe-core is in the technological activities.

The biggest part of the work on the new productségured in the development design in
cooperation with other departments.

Department of development design — included indimign development unit.

Chief Designer

* v v
Design Manager A Design Manager B Design MManager C
Secretariat ¢ Design work planning
+ v + + + y
Development design | | Research | | Calculations | | Production design | | Standardization | | Archive

Figure 24. Basic organisational scheme of a dedggrartment

The role of the technical development ends by tlaaufacturing and successful tests of the zero
(verification) series. Then the normal producti@m start. The technical section of the company is
responsible for that. The manufacturing of the piids provided by the production section of the
company.
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Specialisation at Design Departments

Occupation of positions at design departments:
- large design departmentsis also possible to occupy special posts

- small design departments single worker covers more functions simultarsg&ou

Main professionsat a design department of a large company:

o
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Chief Designer — for the coordination of more diffiet fields, e.g. machine tool, gearbox
and tool fields.

Design Manager — e.g. in the machine tools field.

Deputy Design Manager — performs the functiohimabsence of the Manager.
Correspondent — deals with sending, receptionreocarding of correspondence.

Design Planner — plans all types of work in desigits.

Archivist — makes records, ordering and lendindrafvings.

Change Request Officer — ensures the implementafidesign changes.

Improvement Proposals and Inventions Officer

Standardiser — cares for the observation of stalsdend deals with new standards.

Officer for Scientific-Technico-Economic Informati — searches for and processes
information.

Value Analysis Technician — manages value anatgsiss for decreasing costs.

Materials Technician — ensures economical useaténals.

Welding Technician — secures economical designfrwgedded parts.

Packaging Technician — secures the attachment afaehine and its packaging for
transport.

Climato-Technologist — approves design drawingsegquipment supplied to areas with
more difficult climatic conditions.

Designer — solves the main tasks of the desigerms of aesthetics and ergonomics.
Spare Parts Designer (Officer)

Documentation Technician — secures the processaang delivery especially of
manufacturing and accompanying documentation.

Designer for Quotations and Queries — secures pheparation, processing and supply.
Development Designer — solves new difficult tagkat are part of the technology
development plan.

Researcher — conducts applied research on modedalgroducts in order to get necessary
information for ensuring higher reliability of thgroduct and verification of new design
principles.

Calculation Specialist — makes demanding calcuhati usually with the use of a computer
and a suitable software.

Designer — makes routine calculations and progasad develops design documentation.
Drafter — re-drafts drawings on tracing paperpecsal canvases or plastic films.

Besides the above, other specialists may also atdesign departments of large companies.
In the design departments of small companies, an&ev covers simultaneously several functions,
in very small companies s/he also may cover thestaTPM.

2.4. CLASSIFICATION OF DESIGN TASKS

Design tasks are classified:

1. By specification
a) tasks whose specification is compiled bydirgtomer,
b) tasks whose specification is compiled bydbasigner himself,
c) tasks specified inside a design
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2. By purpose
a) Development tasks — they are solved on diseshof outlooks into the future;
b) Manufacturing tasks — for a specific custonmaostly repeated tasks or tasks with small
changes;
c) Standardisation tasks — e.g. unificationepleated similar components;
d) Tasks without material deliveries — the oo®r is delivered only drawings;
e) Offers — development of a simple draft desigr the customer before entering into an
economic contract;
f) Overhead tasks — e.g. for own workshop;
3. By the use of earlier drawn design documentation
a) Repeated,;
b) Modified;
c) New.

Designing— one of creative technical activities (includegeinting — solution of technical issues,
projection, designing — creation of designs, ralmation — improving the use of technology).

Designing stages:
Stage 1formation of ideas into drawings and documentgtio
Stage 2making a design, e.g. manufacture of parts, alskesn assembly and testing.

By demand on designers’ capabilities:

1. Plain designing — includes designing of simgégails or a simple assembly from specified
details.

2. Reproductive designing — drawing of detailsaofiven assembly, with copying of drawings,
with making drawings according to templates (pmheiof design is known).

3. Productive designing — designing of new detaiesv assemblies and machines on the basis of
known equipment (uses known principles of equipnemew conditions, looks for analogies —
it is not copying of already made things).

4. Creative designing — it is closely connectethvimventing. At this level, new principles are
looked for, new designs and inventions are madmtiste work methods are most often used.

The engineer should apply his skills in partic@athe fourth designing level (creative one).

Thinking operations in designing

By a thorough analysis of creative designing wevkether it is a solution of the whole design or
just of a part, or a complex task, or a simple avecan find out that the whole thinking procedure
in designing consists of just a small number afikinig operations.

In designing, in particular the following thinkirgperations come to the fore:

. Understand the requirements of the specifinatio

. Set the conditions and criteria for decisiorkimg.

. Look for possible solutions.

. Unify solutions by criteria.

. Make a decision over a suitable solution onget requirements.

. Verify selected solutions.

These operations are sometimes called analysisyntiesis. The above basic thinking operations
are done by the designer many times a day. Sometihey relate to the whole task (then the
second operation was made by the person speciftfiagdesign task), sometimes to its part, a
component, or the smallest element of a comporeegt {hread on a bolt). Once the designer draws
any line, by that he has completed, either constyoar subconsciously, all five operations in
relation to that line, or has skipped them due i®iggnorance of basic thinking operations and
therefore has done them less well than he could.

OO~ WNE
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Basic thinking operations

The basic thinking operation is understood to be@eration that is created by dividing individual
partial thinking processes that are very diverde gver smaller parts, until, at a certain division
depth, the number of various types decreases tmiaom, an that is thbasic thinking operation.
A specific course of designing is a complex indiatithinking process. All designing processes,
however, consist of a small number of basic thigkiperations. The basic thinking operations of
designing are:

1. Specification of the task.

2. Looking for a solution.

3. Making a decision.
These basic thinking operations run at variousl$&ve.g. at the machine level or a machinery
complex level, an assembly or a component, bupiteethat, they are formally identical by the type
of their input and output information.
The basic thinking operations, however, are notdimallest elements of the thinking process of
designing. They include smaller processes, such sasting of information, calculations,
verification, intuitive considerations, etc. Tharficance of basic operations is in the fact that
there is a minimal number of them and, because #reyidentical by their input and output
operations, it is possible to set generally applieaules for them.

Elementary chain of basic thinking operations

All basic thinking operations in the order: tasktisg, looking for a solution, decision making,
create the basic chain of the thinking procedurgesigning (see the picture).

{

Task specification

Search for a solution

R

Making a decision

|

Figure 25. Elementary chain of basic thinking ofieres

The elementary chain is a building unit of indivédidesigning procedures. The picture implies that
the input information of the task specification ogi@n is the specification of the design task. The
output information of that operation is the destgek, which is also the input information of the
basic thinking operation of the searching for ausoh. Likewise, the output information of that
basic operation is the solution options, whichase the input information of the basic operatién o
making a decision.

The output information of that basic operation tkbould be the optimal solution (option).
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2.5. METHODOLOGICAL PROCEDURE IN SOLUTION OF DESIGN TASK
Intuition and methodological procedure

Intuition:

— a sequence of thinking in which the designeesetin the right solution to come to his mind.

— designing based on intuition has been widely usegractice until now, because the use of
methodological principles had not been known earlie

— it has its own justification especially where st#l do not know the methods, sometimes it is also
the only possible method of designing.

— ideas obtained by intuition may sometimes be vsugcessful, but sometimes they may
disappoint, since an immediate idea may not beesstal.

Methodology of designing — the total of all thinginogical and organisational rules that usually
allow to obtain a faster, more optimal solutioraalesign issue.

Relation between the intuition and methodology ekigning: We use both for getting and
evaluation of ideas when solving a design issuee @ethod always complements the other, it is
therefore not possible to turn down the first @ econd method.

With the gradual development of the designing madhmgy, more partial methods, which are
gradually interconnected into ever larger systemsluding suitable methods for computing
equipment, are being added. That allows to changarof creative tasks into routine ones, by
which more room is created for the solution of re@eative tasks.

Methodology of designing work

The decisive factor for the ever more successfsigiéng is the use and continual improvement of
the designing methodology, in which the proper suénd methods are brought together and
generalised.

The methodology of the designing work itself inasdhree basic components:
1. Methodology of task specification.
2. Methodology of solving designing tasks.
3. Methodology of the selection of options andrtegaluation.

All these three components are not, however, iddi& time phases of the designing work, which
would follow one another in a time sequence, bezdisy overlap. In terms of the methodology it
is very difficult specify a precise boundary betwdbe basic elements. On the other hand, each
design task has to go through all these components.

2.6. METHODOLOGY OF DESIGN TASK SPECIFICATION

Design task:

— specification that contains requirements, dathamments necessary for the solution.

— it should be given by a certain number of elemeafitthe specification, so that it is specified
sufficiently, but not overspecified.

— it specifies the requirements for a new produgtsomprovement.

Phases of design task specification:
1. Task specified for the designer.
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2. Analysis and review of the task (including ecmnoaspects).

3. Study (of literature, own existing products, e8i products, research reports, inventions,
standards).

4. Final report on the study.

5. More detailed specification of the task.

6. Approval of the task.

The task specification can be defined as a basikitlg operation, by which the external or internal
specification changes into a task, which means taoSeclearly formulated requirements and
conditions essential and also sufficient for itsotation.

The input information of the basic thinking opeoatiof task specification is the specification.

Formulation of a technical specification

Specification:
— starts from the perception of the subject of gl@sig as a material technical object,
— represents a total of properties the technicgabishould have.

A design task is mostly preceded by the requirerte@oteate a technical object. It is caused by the
need to create a technical object either becawsestfuired product does not exist, or it exista in
non-satisfactory quality.

Designer— has to check the specification in terms of acoyraompleteness and consistency.

The significance of the correct specification isu@tterised by a bit exaggerating statement:
“The correct and complete specifation is a half-resolved task”

Depending on who compiles the specification for tthesigner, we know three types of
specifications:

- specification compiled by the customer;

- specification compiled by the designer;

- specification of tasks within a design.

Specification compiled by the customer

Customer:

— compiles the specification of a design task ferdonditions,

— concentrates in particular on the main paramgepeice and deadline,

— does not have detailed knowledge of the propegegpment as a designer.

The designer is morally obliged to review the spea&iion in particular from the following aspects:

1. The designer will secure the required effect whenshlves functions, the specification
should not contain a requirement for a functioe, diesigner would be limited in solving.

2. Completeness of the specification (e.g. is @sichble to exceed the parameters?),
inconsistency of the specification (e.g. is a ndru@asion required or an abnormally low
noisiness?)

3. Completeness of the conditions of the spedifioa e.g.: climatic conditions specified as
between +50°C and -50°C, but the relative air ldityiis not specified, etc.

4. Conditions with technical parameters will be triteria for the fulfilment of the task after it
is resolved..

5. Possibility to use standardised or earlier lvesbissues.

6. Requirements for spare parts, guarantees oamtgs, etc.
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The designer acts here as the opponent of thefigagion.

By disregarding these rules the designer runskaafiglifferent interpretations of the specification

and negative impacts, e.g. additional modificattndesigning of the equipment exactly in line

with the specification, but the equipment would rimg satisfactory in practice because the
specifying party compiled the specification incathg, which is the worst possible case.

Specification compiled by the designer

In this case the whole technical and economic §ipation is compiled by the designer in
cooperation with workers from other departments.

The designer cannot act here as a critic. Therdtoreew development tasks, the specification is
assessed at an opponent session by a group otexper

The designer usually compiles the specificatiortiierwhole power or dimension range of products
or for a kit version.

In tems of the thoroughness of the compilation @pacification, the same rules as those for the
compilation of the specification by the customeplgip

Specification of tasks within a design department

The above rules apply likewise also for the speatfon of partial tasks within the design, e.g. for
assemblies or components, but the specifying paetg is always the designer and the task is
received by other designer.

Most such tasks are currently specified orallythia case of large tasks it is no longer possitie, |
for example, in the case of nuclear power plamtd,tasks have to be specified in writing.

In the case of not complete specifications, thegies should always complete the data in order to
avoid the possibility of not respecting some reguients.

Setting of conditions and specification of criteriagfor a design task

Setting of conditions and specification of criteriane of the thinking operations of designing, not
just for the design task as a whole, but also &whepart, assembly and component of a designed
object and the smallest element of a single compone

The following rule applies to the designer: Likesthiser of the object is the opponent of its
properties, the designer should be the opponetiteofonditions of the design task in terms of their
error-free state.

The designer should never accept a task unlesentitions are OK.

Main rules:

1. Insufficiently specified work and operationalnditions of the object of the design, e.g. the
equipment works in a sheltered machine room, bigtribt specified whether it works in a dusty
environment with coal dust, which requires a noplesive modification.

2. Conditions that contradict each other, e.g.eipgipment has to meet the STN standards and the
standards of other state (if the standards comtradich other, it is necessary to specify them in
more detail, e.g. the equipment has to meet inqudat the STN standards).

3. Inaccurately specified conditions, which are possible to interpret unambiguously, e.g. the
diameters of two input necks are 100 mm and theanke between them is 300 mm, it is
necessary to specify in more detail to: the dimamsiof the to input necks 100 £ 1 mm and the
distance between them 300 + 0,5 mm.

Similar deficiencies in the conditions of the tés#d to a failure of the design.
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Though other deficiencies of the conditions may leatd to the failure of design works, they

unnecessarily limit the freedom of the solution gmmdvent the designer from achieving the best
result.

Typical example: confusion of the required effedtwa function, operation, or intrinsic properties

of the object. They usually are, e.g. the way oplementation, dimensions or material, which,

however, should be left for the designer to bedkstiupon.

Correct

The part has to be resiztant to
corrogion in the environment
with dripping process water
The skan has to withstand an

Incorrect Methodological lesson

The part has to be made of
stamless steel

Frevent the confusion of
the effect with the finction

The skin has to be 2 mm Prevent the confusion of

thiclk

mpact of a round weight
with the effect of 100 Nm

the effect with the finction

The cutting edge has to have
hardness of HRC = 5§

The cutting edge has to last
at the full power output of
10%cuts

Prevent the confusion of
the effect with the fimction

The dium of the belt

The belt conveyor has to

Prevent the confusion of

conveyor hag to turn at the effect with the function

30 RPM
Secure the distribution piping
with stop cocks

provide an output of at least
0.5 nof sand per minute

Prevent the confusion of
the effect with the fimction

Secure independent manual
closing of both branches of
the distribution piping

Figure 26. Examples of incorrectly and correctlymnditions

Requirements for the machine should be specified gt of utility properties. Dimensions, speeds,
etc. should only be specified by the conditions,théy are connecting dimensions to other
equipment. This method of specification is more deding for the specifying party.

The specifying party should always set the condgifor:

1. Effect — type and quality of utility value;

2. Performance — quantity of utility value;

3. Operational and working conditions;

4. Quantities and deadlines;

5. Economic effectiveness;
A special attention is deserved by the so-callectried (oppositely-specified) conditions, which
state what the product does not have to meet. Thspecting may make the manufacturing or
operation of the designed product much more ecocedmi

Condition Possibility of savings

The design golution just for one turning direction. A
device for changing the turning direction iz elininated.

The machine doeg not have to
have reverse 1.

The component does not have
to be demounted.

Use grooved pms mstead of bolts.

The pull-puszh rod transfers only
pull

Uge a cable a tape mstead of a rod.

Figure 27. Examples of oppositely specified coodisi (inverted conditions)
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The whole set of conditions also includes all typésregulations (safety, construction, health,
quality, standards, patents, etc.), furthermorg #iso include limiting influences (condition ofeth
manufacturing base, availability and price of mater transport possibilities). These conditiors ar
not specified by the party specifying the taskha design task solution provider, but the designer
always obliged to respect them.

The main criterion for the fulfilment of a desigrsk is the meeting of its conditions.

The criterion by means of which the final solutisrchosen, however, in most cases also includes
the possibility to improve such conditions of theesification, especially where it means the
achievement of better results against the requinésne

The above overview of methodological rules aboetdbnditions of the design task also similarly
applies to the conditions of each part of the maehThe difference is that these conditions are set
by the designer himself. A part of the machinénentin the same relation to the higher-level usit a
the machine is to the specifying party. To keep lighest freedom of design, also here it is
necessary to set the requirements for the effecthef part, not for its function, design or
modification (general expression of the specifypagty’s requirements is necessary, i.e. without a
proposal of the design solution, the designer ssctire effect by solving a specific function).

When designing, the requirements should be chaséhds best as possible in terms of the effect
of the part. The conditions and criteria of a @ag usually more simple. The criterion is oftenyver
simple. In most cases it is the achieving of tHeatfat the lowest production costs or at the ldwes
weight.

2.7. METHODOLOGY OF SOLVING DESIGN TASK

The most important activity of the designer is sloéution of technical tasks and issues.
That implies the designer’s contribution to theigeseam and development of the company.

Main rules for solving design tasks:

1. Although the designing work is distinctive by itise of exact sciences, its core (drafting,
inventing, creation of technical means) largelygseits character of an intuitive activity.

2. Designing work may be rationalised by complemmgntintuitive thinking procedures with
procedures based on conscious exact thinking.

3. The use of exact methods in designing is dickttevards the use of computers for not just
numerical calculations (e.g. strength ones), bgb dor logical operations in the field of
synthesising technical solutions and their selectio

4. Even during the replacement of the intuitivavaigt with methodological one, its significance in
designing work will not decrease. The creative watik be freed of activities in which it is
replaceable, towards activities in which it is pieceable.

5. The knowledge and the use of exact methodsikitig work may, besides its own application,
act positively on the increasing of the level dtiitive thinking.

6. It is necessary to strive to make sure the vabré&xcellent designers does not leave just perfect
designs, but also everything that is possible yoadmut the methods they were made with.

Individual solutions of design tasks may be achiewemultiple ways (methods). This stage of the
designer’s work is often called the searching fteraatives.
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When looking for alternatives, the designer shdaaddyoverned by the following rules:

1. For a given specification it is usually possitddind more alternative solutions and therefdre t
very first idea should not be drawn into detailsriediately, it just should be noted.

2. When looking for other alternatives use suitapecial methods.

3. Try to generalise the issue and first find thsib principles, and only then, after the selegtion
solve partial issues.

4. Do not copy models blindly, but try to find atfee solution alone and justify it.

5. When proposing alternative solutions, own prappsintertwines with the calculation and
decision making according suitable criteria.
It is not important what way new ideas are obtdjivehether there is reliance on the capabilities
of the brain, or whether also some special methdossed on the support in obtaining
proposals, are also used. There are several methv@dsist in searching for alternative solutions.

Methodology of design tasks
The most important activity of the designer - sioltof technical tasks and issues.
That implies the designer’s contribution to theigedeam and development of the company.

Designer’'s main tasks:

1. Although the designing work is distinctive by uise of exact sciences, its core, which is in the
drafting, inventing and creation of technical medasgely keeps its character of an intuitive
activity.

2. Designing work may be rationalised by complenmgntintuitive thinking procedures with
procedures based on conscious exact thinking.

3. The use of exact methods in designing will beaded towards the use of computers to the ever
larger extent for not just numerical calculatiomst also for logical operations in the field of
synthesising technical solutions and their sebecti

4. Even during the replacement of the intuitive\éigt with methodological one, its significance in
designing work will not decrease. The creative watik be freed of activities in which it is
replaceable, towards activities in which it is piaceable.

5. The knowledge and the use of exact methodsikitig work may, besides its own application,
act positively on the increasing of the level dliitive thinking.

6. It is necessary to strive to make sure the vabexcellent designers does not leave just perfect
designs, but also everything that is possible yoakmut the methods they were made with.

Individual solutions of design tasks may be achiewemultiple ways (methods). This stage of the
designer’s work is often called the searching fteraatives.

When looking for alternatives, the designer shdaddjoverned by the following rules:

1. For a given specification it is usually possitadind more alternative solutions, and therefibve
very first idea should not be drawn into detailsrigdiately, it just should be noted.

2. When looking for other alternatives use suitagecial methods.

3. Try to generalise the issue and first find tlsib principles, and only then, after the selegtion
solve partial issues.

4. Do not copy models blindly, but try to find atfee solution alone and justify it.

5. When proposing alternative solutions, own prappsntertwines with the calculation and
decision making according suitable criteria.

It is not important what way new ideas are obtajiwaakether there is reliance on the capabilities of

the brain, or whether also some special methodsiséx on the support in obtaining proposals, are
also used. There are several methods to assisaiolgng for alternative solutions.
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Method of setting relations

The setting of relations follows the setting of ditions and often intertwines with the search for
possible solutions. It is advantageous to depidualuelations graphically.

Relations between components or a group of comgsnaan existing product can be shown
graphically relatively easily. This allows to ussimilar diagram also for a new product. Instead of
specific components or groups of components, welatof a generally specified internal mechanics
are marked out graphically.

Example Marking out of relations between assemblies désigned product — sporting vessel — is
shown in fig. 28. The generalised diagram of exdkerelations of the sporting vessel is in fig. 29.

Figure 28. Main design assemblies of the vessel Fig. 29. Diagram of vessel’s external relasion
(1.0 drive, 1.1. engine, 1.2. clutch, 1.3. transioiss,

2.0. transmission of movement, 3.0. change of toec

4.0. frame, 5.0. control)

The advantage of the depiction of external relation a diagram is in the fact that it is more
successful in detaching from the existing solutidm. the diagram we can look for many
alternatives.

Systematic methods

Systematic methods in the field of creative thigkistart from the current state of scientific
knowledge of phenomena and logic of the laws ofettgyment. Their common methodological
basis is the scientific methods of knowledge, swsh analysis, synthesis, abstraction and
generalisation, specification, induction, deductieit.

In methods of systematic thinking it is always thatter of a logical, scientifically orientated and
often complex thinking process of gradual creatbmypotheses and prediction of effects. Based
on these principles is further procedure of systentihainking and solving of issues.

The percentage of probability of finding a suitabtdution with such methods is definitely higher
than in the case of methods based on the intuiicfenique of creative thinking.

Methods based on adopting models from the nature

On the basis of these methods of the so-calleddmmciple we examine how a required effect is

materialised in the living nature.

Bionics — science about original technical systeand technological procedures the man has
developed on the basis of ideas taken from thadiviature. Along the diversity and perfection of

natural designs, the nature knows just one devedopnmethod, i.e. gradual small, almost

continuous changes. In a certain period of time éw®y, by our measures immensely long,

guantitative changes will grow into a qualitativeaoge. Thus, by a long development, created
were, e.g. fins out of body wrinkles, legs fromsfiand wings from fins. Abstract thinking allows to

speed up this long-term development and thus obtgimalitatively new solution.
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Methods of evoked (provoked) intuition

The basis of generated ideas is the process ohplgical thinking irritation and the provoking of
sensual and thinking processes. The informationcgoof the stimulated intuition, based mostly on
association processes, is:

- information on the historical and presdates of science and technology;

- knowledge learned from the solution of sas phenomena in the nature;

- general knowledge of physical and chenlmak and phenomena,;

- life experiences from various fields otlietc.
There are several proved methods of evoking ansgheye full of original ideas:
brainstorming, brainwriting, metaplan, synectic hoet,126 method, prompt word analysis,
window-viewing (look through a window).
It is possible to used them at every workplaceiarttle solution of any issues.

1. Brainstorming

| literally means “storming (attacking) the brain".

Essence of the method: - 5 to 12 people get togé&ha@bout 1/2 to 3/4 of an hour to think up the

maximum number of possible solutions to a spedBae:

- itis suitable for the solution of not too spdised issues;

- each participant should mention about 6 to &scle

- between 50 and 100 ideas should be generatételyrainstorming;

- participants in the group should not know eattten they should not be workers who's job is to
develop the task or who know it;

- the solution providers will get proposals in #ed, they will assess their viability and develop
them; the ideas are considered to be the produbeajroup;

- everybody may think freely, say anything; le¢ag flow freely; they do not have to be thought
over or justified in advance;

- the brain gets into a tempo, barriers in thigkame overcome;

- rules have to be followed: senseless ideas aleome, only then the original ideas are delivered;
criticism is forbidden, nobody should be afraidadfat they say;

- quantity is more than quality, it is better madeas are accumulated rather than a few perfectly
thought ones;

- all ideas have to be assessed additionally;

2. Brainwriting

It is actually a written form of brainstorming, whi has one advantage: Also those who otherwise
do not speak very much get their “turn to spealhelin which each person writes down on a card
his/her own idea about how to solve a specificassnd passes it on clockwise has to be specified
in advance. Each new idea is written on a new eard passed on around, so that everybody
comments on it. At the end, all cards are colledehs are written on a large board and assessed.
3. Metaplan

The procedure is similar to that of the brainwgtitach participant, however, remains anonymous,
SO no teaser or critic may disrupt the creativecpss of the team. Nobody speaks, everybody
spontaneously writes on cards ideas how to sobpeaific issue.

4. Synectic method

Synectics (Greek) means the connection of variapgarently not related elements.
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It is more systematic when compared with brainstognThe spontaneousness is replaced by

conscious evoking of associations and an effomitoic a creative process artificially.

The group has between 2 and 6 persons who shoulegtlbacquainted with the use of the method.

The method requires a suitable subject of discassml the team leader’s talent.

Rules for the use:

1. An unknown task becomes known by a detailedyaigl a precise definition, or by new
formulation of issues;

2. Participants are deliberately presented theecigsta way to gradually get away from the usual
view of it as they learn about it.

3. The issue is assessed from new perspectives poesibilities for solutions appear, which are
assessed by not engaged specialists.

5. 126 method

A solution providing team (6 members) is preseraedssue. Each of them writes 3 proposals for
the solution. After about five minutes he/she padss/her sheet to the neighbour. When the sheet
makes a turn, after each member adds his/her oapopals, the initial member adds 3 proposals to
it.

On each sheet there are 7 x 3 = 21 proposals lati@us.

On 6 sheets there are 6 x 21 = 126 proposals foticos.

6. Prompting word analysis

It often happens that the solution of a burninguéssppears in a completely different field.
Example: A proposal for a new stall at a trade failprompting’ word from the lexicon is chosen.

It must not have anything in common with the isbeég solved. Write everything that is related
with the word, whatever comes to anybody’s mind {calaws, whiskers, paws, back, etc.). Then a
relation between those words and the original gqoess sought (claws may lead to an idea to equip
the stall with bright colour information, sensitiwiskers to protect expensive displayed machines
by sensors).

7. Window-viewing (look through a window)

This modern method for increasing creativity regsiin particular an agreement with the manager
or the colleagues:

The worker gets a permission to disengage fronewesyday work. Thus he has an opportunity to
dream, being freed from stresses. In this way afleabnstructive ideas are born.

In Japan: The best paid collaborators of advegisigencies are called window-viewers. They do
not have any deadlines or document files, theyrmtedisturbed by a telephone. They, alone,
dreaming, in peace, look ‘into nowhere’, dream areite.

Elementary methods for obtaining new solutions
For normal practice, and in particular for solvisigall assemblies and parts of machines, suitable
are so-called elementary methods, which allow to qgeckly many optional solutions. They

include:

a) Analogy method

New topics for the solutions of issues can be oethifrom the analogy of similar situations for
other issues in the nature or in the technology.example, the knowledge of the working of the
nervous system is used in the technological fidldnformation processing (artificial neuron
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networks). Example: A maple seed falls from the @ead is spinned up by the air drag, the rotation
of the rotor of a helicopter is an analogy.

b) Method of the application of a manufacturingtéac

It is the transfer of solutions into a differerglfl or industry. The designer, who knows the sofuti

to an issue in one field, uses his knowledge irdiésgning of new equipment.

Example: A car designer has moved on to design madbols and when designing a lathe, he used
a gearbox and a clutch from a car. The design eflathe was very successul and the lathe was
made for a long time under the SUR brand.

c¢) Function comparison method

The essence of the method is the search for oljjeatavould fulfil the same or a similar function
more economically than the given object.

Example: Instead of using a combustion engine dtiieepossible to use an electric motor drive or
a pneumatic drive.

d) Similarity comparison method

It is based on searching for products or activitthat are similar by shape, arrangement,
dimensions, weight, operations or movements withdbmpared product (not a similarity of the
utility substance of the object).

e) Aggregation method

The essence of the principle is the connectiontoeast two known, so far individually used
elements. 3
Example: In the Skoda 100 car, the differential #redgearbox are merged into a single box.

f) Inversion method

The principle of the kinematic inversion methodhs swapping of elements of a solution.
Example: A gear pump delivers pressure oil antdigf fed with pressure oll, it works as a motor.

g) Adaptation methods transformation of a solution for new conditions.

2.8. METHODOLOGY OF SELECTION OF OPTIMAL OPTION

The selection of the optimal option (deciding) dols after finding solutions to a design task. The
result must be a decision on the best solution timap option, or the rejection of the evaluated
optional solutions and a recommendation to continith searching for a more advantageous
solution.

Designer’s deciding— a specified measure (criterion) is applied tavidial alternatives, out of
which the resulting alternative (optimal option)tie one for which the criterion has showed the
highest value (e.g. efficiency), the lowest valeey( the friction coefficient for a bearing), or a
satisfactory value of a measured property.
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Criteria for deciding

The main criterion for the fulfilment of a desigask is basically the meeting of its conditions and

the proving of the product at the customer.

The method of searching for the highest or lowedtie of a measured property of a criterion is

used by the designer, if he has an exact critesizth measurable properties of alternatives (e.g.
precision, loading capacity, own costs, etc.).

He proceeds in the same way, if he uses his semsassesses in his imagination e.g. the level of
reliability, safety or controllability.

In most cases it is the matter of expressing a betiween the required effect and the incurregcost

A criterion should include the main required effetthe object and the resources that are used for
ensuring the effect. For most simple objects anmtspais possible to assume that their utilityuel

or effect is the same and that, as the criterioeret only remains the measure of the incurred costs
e.g. the price, own costs, weight or labour intgnsi the part.

A criterion may not only be met but also exceedn8omes the value of a criterion should be as
high as possible (e.g. loading capacity, outpumetimes we require a criterion to be as low as
possible (e.g. consumption of fuel per 1 km).

A complex situation occurs in particular when inescessary to compare alternatives whose utility
values cannot be described by a single parameter.

Methods for comparing complex alternatives

If it is he matter of a simple design, the decidisgsimple. According to the evaluation of
advantages and disadvantages of individual altemablutions, it is possible to select the optimal
solution properly. If more complex alternative d@uas are evaluated, where the number of used
parts reaches hundreds or even thousands, thdi@itua more complex. The designer must
compare and decide on individual alternatives whasiey values cannot be described by a single
parameter. In that it is usually not possible tovat one parameter into another, or to transform
both into savings or other common parameter. I ases the designer must use one of the special
methods for the comparison of more complex altéraat

a) Point method

The essence is in the evaluation of individualrabk&ves on the basis of selected criteria. The
optimal solution is declared to be the one thaainistthe best evaluation. The following operations
are repeated in the evaluation:
- proposal and selection of criteria;
- selection of measures of criteria,;
- specification of partial values of criteria;
- processing of partial values into the overalue;
- deciding on the optimal option.
The selection of criteria is difficult, the evaligat uses a simple or complex indicators. The
problem may also be the possibility to determireevthlues of specified criteria.
The evaluation of the criteria may not always bgdive and unambiguous. It is not useful to
choose as criteria such properties whose values@r@ossible to determine in the given stage.
From the physics, mechanics and other technicgéstgwe know units by which some properties
can be measured. The evaluation of a criterion lehobharacterise its suitability for the given
requirements and should move between ‘meets veltyamel ‘does not meet at all’.
In the designing practice it is possible to allegabint evaluation of quality, e.g. by grades:
-meets Very Well .........iiiiiiiiiiiiees e e eeeeeeeens 4 points,
SMEEIS WEIL v e 3 points,
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- meets satisfactorily..........cccceeviiiii e, 2 points,
- SUFFICIENT .o 1 point,
- dOES NOL MEEL.......uuiiiiiiiiiiiiiiiiiet e e e e 0 points.

It is possible to use a multipoint evaluation sclat without a guarantee of objectiveness. IEit i
necessary to make the evaluation finer, it can diéesed by the expression of the weights of
individual criteria. The evaluation is then a mplki of the evaluation points and the weight points.
To allow some objects to be evaluated objectivelyerms of quality, it is necessary to mutually
allocate the selected quality points to the acldexsdues of properties.

The determination of values of criteria in the desig stage is difficult, as many indirectly shown
properties are only possible to determine on thasbaf thinking models and the corresponding
methods of experiments. Here the designer’s expegiand honesty are the most important factors.
The last operation of the evaluation is the praogssf point evaluations of individual selected
criteria into the overall value. There are sevkralwn ways, from simple summing up of the points
up to extremely complex processing methods. A singnid easy-to-read overall processing in a
tabular way is in the form of an evaluation table:

Criteria

\ % | & | B | wem | m | B
Altermative

A

B

C

Where: I - measgrmum number
- of evaluated alternatives
n - maxmum number of critena

Figure 30. Evaluation table

After the summing up of point values of individudternatives, the alternative with the maximum
number of points is specified as the optimal aléwe, suitable for further development.

b) Final effect method

Initial consideration: Each proposed alternativiitson consists of a certain number of elements,
performs certain functions, or meets certain remnénts. By the performance of the required
function by the proposed equipment, or by the parémce of the function by its subassembly —
mechanism, a transformation process occurs, whashlts in certain effects. Each element or
function may have:

1. positive effect — marked by value +1, +2, £3+m

2. no effect — marked by value 0

3. negative effect — marked by value -1, -2, .-3;n

where: m, n — size of the evaluation of thectffe
This value is usually chosen from the range betwgand 10. It depends on the required precision
of evaluation. The higher is the effort to evaludie effect more precisely, the bigger is the size
the evaluation of the effect. The equation m = ngsally applied. The evaluation of elements and
functions of an alternative solution is followed the evaluation stage. The final positive effect,
negative effect and overall negative effect aremheined for each solution.
Final positive effect:

k
FPE=>"m,

i=l
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where: m - individual values of positive effects,
k - maximum number of positivéeets.

Final negative effect:

J
FNE=3n,
i=l
where: p - individual values of negative effects,
j - maximum number of negativéeefs.

Overall final effect:

OFE = PFE + NFE
All proposed alternatives are evaluated in this vy the comparison of the calculated values of
the overall final effects of individual alternatigelutions we will find out the optimal solutionsA
the optimal solution we select the option with tiadculated maximum positive overall final effect.

Optimal option:
OO = max (+ OFE)

If the calculation produces an optimal option watinegative value of the overall final effect, the
proposed alternative solutions do not meet theipécriteria and it is necessary to continue with
searching for other more suitable solutions.

A disadvantage of this method is that after thed@&n of the optimal option, where also negative
effects are taken into consideration, we cannatrdehe with certainty whether the positive effects
are substantially suppressed by negative effectxatr The advantage is the possibility to
algorithmise the evaluation with the use of a P@ ahorten the time necessary for making a
decision.

c) Final effect method

It is a graphic method, based on a simple condideravhether the final effect will be positive or
negative. Besides the new product, also the ravemaht materials, technology and other factors
participate on the final effect. Each such effealyrbe solved in different ways, so it may influence
the final effect:

- positive (+),

- does not bring effect (=),

- negative (-).
Effects of solutions of individual factors are detpd graphically in a decision-making triangle
(decision-making tree).
posihive

+ effect

e I

—
*-__‘H

/A

- effect

TrEc,

negative
1 2 3 M s

factors ——
Figure 31. Decision-making triangle (decision-makiree).
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A disadvantage of the method is that the effectdandividual factors, 1, 2, 3 ...N, are not
sufficiently evaluated by three values (+, =, -)g.Et is possible to state about option | that it
definitely brings a positive effect. In the caseaption 1l we do not know whether the positive
effects of some factors are suppressed by neggaftieets of other factors.

d) Histogram method

It belongs to graphic methods for the assessmemiutifple alternative solutions.

In the overall evaluation stage, a histogram —moluiagram — expressing the number of units in
individual groups into which the units were clagsif is suitably used here. The philosophy of the
method is similar to that of the point method -tesia are specified gradually, suitable measures ar
chosen for them and the sizes of individual criterie specified.

The difference is in the processing of individualues into the required overall value and in the
specification of the optimal option. The evaluatismone graphically in the form of a histogram. In
it, on the horizontal axis there are individualess®d alternatives and on the vertical axis trere i
the number of evaluation points.

From the histogram it is clear that the most adagebus alternative is the one with the maximum
height of the column. That is then developed furtire the form of a complete technical
documentation, which will be the source for thecpical materialisation of the technological
system.

g I
L)
£, f—
[
O —
b
rg 40
= 30 4
20 4
Olal |l [c]| .. |
Alternatives

Figure 32. Evaluation histogram

2.9. STAGES OF THE SOLUTION OF A DESIGN TASK
When solving a design task, the designer goes gifwsaveral stages:

Stage 1 — Study of the task
For the study of the task, the designer usuallydsdechnical and economic information with the
focus on the conceptual solution. The main typmfwirmation is literature and patent searches.

Stage 2 - Draft or project
A wide range of information from researches is eatdd. It is found out whether others’ industrial
and/or patent rights are infringed or not.

Stage 3 - Design (making drawings)

During the development of the design manufactudogumentation, information for the solution of
assemblies and complex parts is required most @ty Then a new solution is checked whether
it infringes the protected field of industrial righor not. At the same time, patent applicationrs fo
key new solutions are prepared. In this stage,-ealied intermediate opposing procedure takes
place.
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Stage 4 — Manufacturing of a prototype
During the manufacturing of a prototype, the desigasually compiles draft regulations for the
operation of the designed equipment, etc.

Stage 5 — Tests of a prototype

For the preparation of the tests and for the tdmmselves, information is necessary in particular
for tests carried out by a testing institution gram authorised testing centre.

The designer compiles a list of patent applications

Stage 6 — Modification of documentation

The designer requires information necessary forctmepilation of the final design documentation,
manufacturing, original, etc. Also compiled is thrdormation for the preparation of the final

opposing session. The modifications of the desigruthentation are followed by the approval of
the product for serial production.

If the period from the start of the designing uptke introduction of the machine into the
production is to be described in more detail, greatod consists of the following stages:
. designing;

. manufacturing of a prototype;

. factory modification and completion of the tespgototype;

. industrial tests of the prototype;

. re-working of the prototype on the basis of tbgults found by tests;

. State tests and acceptance of the prototype;

. development of the technical documentation efz#ro series;

. manufacturing of the zero series and its indaldests;

. development of the documentation for the s@ratiuction;

10. preparation of the operation for the seriabpiction;

11. start of the serial production.

OCOoO~NOOOTPE,WNPE

During those stages the designer is forced to catpewith other units of the company. He
cooperates with the technical department unitsckviare responsible for the materialisation of the
task, and with the manufacturing department umitsch secure the manufacturing of the product.

A diagram of units that materialise the companytécal development process:

Development —» Prototype [—» Prototype [#Manufactwing|-% Technological [ Manufactming
design < workshop M testing centre|¥] design L umnits #— operations
l
i
i
1

Technological
preparation of

manufacturmg

Design and Tests of Developtnent of
building of Wanufacture ests o
prototypes

MMamifacture
of zero series

manufacturing

documentation

of prototypes prototypes

1. Development of the product 2. Mastenng the production —=

Figure 33. Units implementing the technical deveiept in the company
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Questions:

What is the history of the logistics?

What are diferences between macrologistics andatoigistics?

What are three basic modules of technical preparati manufacturing?
What are main specialisations at design departrents

What are formulations of technical specifications?

I

. What are methods of selection of optimal option?
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Modern Approach to Machines Operation Maintenance

Abstract: New trends in machines operation maintenance have been presented in the paper. Three methods
and three periods of machines operation maintenance have been characterized. Among the concepts which
have appeared, the most important ones are RCM (Reliability Centred Maintenance) — reliability oriented
operation maintenance and TPM (Total Productive Maintenance) - general productivity oriented operation
maintenance or operation maintenance integrated with production. Other contemporary concepts of operation
maintenance as the 5S method and operator’s own technical inspection have been presented too. At the end
of the paper interrelationship of the quality of technological machines operation maintenance and the quality
of products has been shown.

Keywords: machines operation, maintenance, RCM, TPM

1. CONCEPT DEVELOPMENT, THE IDEA OF SYSTEMATIC AND SYSTEMIC
APPROACH TO OPERATION MAINTENANCE

The increasing contribution of direct operation maintenance costs to the variable costs of an
enterprise, as well as competition, necessitate intensive search for the possibility to reduce those
costs. Many indices show that not only the importance of machine operation maintenance increases,
but so do the absolute and relative costs of that maintenance (it has been known for many years).
The ratio of the operation maintenance costs to the turnover, depending on the branch, is 4 — 13 %
(Werner G.W., 1998).
An analysis of the approaches to operation maintenance in time perspective allows for the
distinction of three periods (Jasiulewicz - Kaczmarek M., 2005; Moubray J., 1996; Piersiala S.,
Trzcielinski S., 2005) which evolve one into another (Fig. 1):
| — the period of reactive maintenance — repairs when a failure appears,
Il — the period of preventive maintenance — planned and preventive repairs,
Il - the period of predictive-proactive maintenance — preventive inspections, technical condition
monitoring, participation of the machine operators in the operation maintenance, RCM,
TPM, 58S, operator’s own inspections.
The first period, from the beginning of the use of machines and devices to approximately the
beginning of the Second World War, was characterized by immediate reactions to failures, i.e.
reactive operation maintenance dominated. At that time, due to relatively low level of
mechanization, failures had not significant influence on production continuity. Therefore, with
some simplification, it can be stated that preventive actions were not necessary except cleaning and
lubrication. Machines and devices were simple in their design and the service of them did not
require high qualifications. Major service actions, such as machine overhaul, units’ repairs or
regeneration of parts were performed as a reaction to failures. Enterprises were oriented for the
product and manufacturing, considering operation maintenance as an auxiliary activity, which
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cannot be planned, and the cost of which is hardly predictable. That opinion was a consequence of
the conviction that the intensity of failures of technical objects depends on their age and is related to
their growing physically old.
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Fig.1. Three periods of development (1, 11, I11) and three methods (1, 2, 3)
of machines operation maintenance

During the Second World War the availability of labour decreased while the demand for industrial
products, particularly those for the military forces, grew. This necessitated a higher level of
mechanization of the stock of machines. Since the fifties many technological machine types were
already numerically controlled and their design was increasingly complicated. The influence of a
failing device on the production continuity has also grown. The question whether a failure can be
prevented and how this should be effected have become important. The concept of a system of
planned preventive repairs has appeared. Its essence is servicing machines and devices at
predetermined time intervals or after a predetermined work is performed (strategy acc. to
operational potential).

At that time, the change in thinking about operation maintenance has resulted in:

e the concept of failure prevention (preventive operation maintenance), because the manufacturing
processes have become more dependent on the condition of machines and devices and the opinion
on the failure intensity has changed,

e increase of the importance of the systems of planning and control of operation maintenance due to
the increase of operation maintenance costs as compared to other operation costs,

e interest of enterprise management in the extension of technical object life due to the increase of
the capital engaged in the machines and devices.

The application of the strategy acc. to operational potential (the system of planned and preventive
repairs) is a start of new thinking in terms of a system as regards operation maintenance. From that
moment one can speak about systems of operation maintenance of machines and devices.

The strategy of preventive operation maintenance is not successful when a significant number of
failures occur at an early stage of utilization. This fact and the further development of industrial
production (increasing number of utilized machines and devices of growing value have changed the
attitude to the methods of operation maintenance. According to Moubray (Moubray J., 1996) in the
middle of the nineteen seventies the new approach to the operation maintenance has begun
(beginning of the Il period of the development of operation maintenance methods — compare Fig.
1), the most important element of which was the assurance of trouble free operation of machines
and devices in the whole period of their exploitation. At that time, the characteristic features of
industrial production, influencing the way of thinking of operation maintenance were (Jasiulewicz -
Kaczmarek M., 2005):

e significant changes in industry — increase of the number, variety and complexity of technical
objects as well as automation and robot utilization in manufacturing processes;
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e new possibilities of performing operation maintenance works resulting from the development of
technical diagnostic tools;

e new concepts of enterprise organisation and management, particularly the world-wide tendency to
manage the inventories according to the Just-In-Time principle (JIT) and improvement of product
quality by the method of Total Quality Management (TQM);

e increase of the operation maintenance costs; in some branches of industry it is the highest or the
second highest element of operation costs and, as a result, in 30 years operation maintenance costs
have become a priority in the cost control,

e constant raising of the standards of industrial safety and the questions of environment protection:
the number of legal requirements to be observed with proofs of the observance;

¢ new understanding of the relationship between the physical age of machines and devices and the
intensity of failures.

A consequence of the above changes was new concepts of operation maintenance of machines and
devices. In the classical approaches, the importance of inspections was emphasized, in the new ones
the attention has also been drawn to:

e auxiliary tools for decision making, such as: risk assessment, models of failure intensity and
analysis of failure results, expert systems,

¢ new techniques of operation maintenance, e.g. condition monitoring,

¢ modified understanding of organisation leading to participation and team work.

Among the concepts which have appeared then, the most important ones are RCM (Reliability
Centered Maintenance — reliability oriented operation maintenance (strategy according to
reliability) and TPM (Total Productive Maintenance) - general productivity oriented operation
maintenance or operation maintenance integrated with production).

2. RELIABILITY ORIENTED OPERATION MAINTENANCE

Publishing of the RCM concept at the turn of the nineteen seventies and eighties was, in many
aspects, a milestone in the way of improving the operation maintenance methods. According to
Moubray (Moubray J., 1996) RCM is a procedure of determining the actions necessary to maintain
machine’s or device’s efficiency considering the conditions of utilization. Their importance for the
production process and for the product quality is taken into consideration. Furthermore,
consideration is also given to the working conditions, technical condition and the history of the
machine utilization. Reliability oriented operation maintenance is particularly recommended in the
cases of public health and safety hazard.

The essence of the RCM approach is illustrated by the seven basic questions formulated by the
International Society of Automotive Engineers (acc. to Jasiulewicz - Kaczmarek M., 2005):

1. What functions does the technical object fulfil and what performance standards correspond
to it (e.g. productivity, product quality class, service cost, safety) as related to the current
production assignments?

In what way can the object fail to fulfil its functions (in what way do failures arise)?

What can be the reason of each functional failure?

What can be the results of each of those failures (what happens when a failure occurs)?
What is the significance of each of the failure results?

What can be done in order to predict or prevent each of the failures?

What should be done if an adequate “proactive — preventive” action cannot be found?

The key notion in the concept under discussion is failure. Two kinds of failures can be
distinguished: a so-called functional failure is inability of the whole machine or its unit to perform
its function, i.e. to meet the predetermined conditions or standards of operation; a potential failure
is understood as physically identifiable symptoms indicating that a functional failure is about to take
place.

Nooakswd
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In the RCM procedure, monitoring is largely used for the prediction of potential failure points. Due
to that each part can realize its whole service period. The measurements of failure resistance
decrease and illustration of the tendency in their results allow for the prediction of the point of
failure.

The RCM procedure is used for the creation of the system of operation maintenance. The working
schedule is significantly shorter than in the traditional methods. Less routine work means that the
other tasks can be performed better. Combined with the elimination of unproductive tasks, this leads
to more effective operation maintenance. A general layout of the RCM method can be seen in Fig.
2.

Select the machine to be The next machine to be analysed

A

analysed

Identify the functions of| _
the selected machine

\i

Identify the  machine
failures influencing the
! functions to be performed

Identify the reasons of New failures
failures and their results [

\i

Select the adequate
operation maintenance |
> actions and determine their
™ frequency

Document the analysis and
start monitoring your

> operation maintenance

program

Fig. 2. General layout of the procedure in the RCM method
(acc. to Jasiulewicz - Kaczmarek M., 2005)

Correct understanding of the RCM implementation steps contributes to the improvement of
operation maintenance effectivity. Success, however, is reached only if much attention is devoted to
planning, to the determination of how and who performs the analyses, to audits and team work.

In the implementation of the RCM, special importance is attributed to team work. This is because,
in practice, the operation maintenance specialists cannot answer the seven RCM questions on their
own, particularly when the questions concerning the functions, their fulfilment, effects and results
of failures. That is why the requirements concerning operation maintenance should be checked by
small teams, the members of which are operators of the machines and devices. Team work allows
one to learn the knowledge and opinions of each member, but also to acquire vast knowledge
concerning the functioning of machines and devices.

3. PRODUCTIVITY ORIENTED OPERATION MAINTENANCE (OPERATION
MAINTENANCE INTEGRATED WITH PRODUCTION)
The TPM concept is characteristic of the third period of operation maintenance development.

According to Nakajima (Nakajima S., 1988) operation maintenance of machines and devices is
keeping them in proper “health condition”. He defines TPM as an action performed by each
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employee, being a member of a small team, in order to ensure increase of the productivity of
machines and devices.

The TPM concept includes operation maintenance in the whole enterprise and its implementation
involves, among others:

e identification and elimination of the basic losses occurring on the work stand: loss of
availability (machine failures, adjustment and tool exchange), losses of performance (idling,
decreased operation speed) and quality loss (rejects and modifications, losses due to test
batches),

e preparation of a program ensuring autonomous realisation of the operation maintenance
works,

¢ planning of the activity for the organization unit responsible for the operation maintenance
works,

e improvement of the skills of the staff responsible for operation maintenance,

e preparation of a program oriented for optimization of the work of new machines and
devices.

An important feature of the TPM is the introduction of autonomous keeping of machines and
devices by their operators, i.e. integration of many basic service actions with the production
process. The incorporation of the operators in the works for operation maintenance and the transfer
of responsibility to them allows for a better utilization of the knowledge they possess, reinforces
their sense of their own value and makes them aware of their participation in the achievement of the
enterprise’s objectives.

In the Japanese model of the TPM, four phases and seven steps of the system are assumed (Fig. 3).

Phase 1 Phase 2 Phase 3 Phase 4

Reduction of the|Extension of the|Execution of actions|Determination of the
exploitation  period | exploitation period conditioned by the|future exploitation
range scattering ] occurring period

U Step 4: disturbances U

Step 1: General inspection | Step 6:

Ordering (gradual incorporation | Step5: Awareness of quality
Step 2: of machine element|Conservation and|and attempting at
Determination of the | groups) inspection performed | cleanness

trouble reasons by the device user Step 7:

Step 3: Maintenance of
Elaboration of operation  efficiency
cleaning and by the device user
lubrication plans

Fig. 3. TPM steps and phases (Werner G.W., 1998)

When the seventh — final - step is executed, the machine or device operator takes over:
e conservation;
e inspection activities meaning initially “having a look” without tools and “listening” — the user
should be adequately trained to enable him to apply measurement tools;
e simple repairs, such as exchange of worn parts, the operator also co-operates with the
operation maintenance staff during the machine shutdown.
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The TPM concept is not a universal solution for all enterprises. Nakajima (Nakajima S., 1988) says:
“The mode and details of the TPM system utilization for maximum increase of the effectivity of
machines should be adapted in practice to the individual possibilities of each enterprise. Each
company must elaborate its own plan of activity considering the specific requirements characteristic
of the plant, branch, production methods and the condition of the machines and devices in its
possession”.

When combined TPM and RCM concepts are applied, synergetic effect arises in operation
maintenance (Jasiulewicz - Kaczmarek M., 2005). The effect is possible due to the fact that the work
of operation maintenance engineers (RCM) and that of machine and device operators (TPM) is
combined. An example of successful implementation of both those concepts has been recorded in an
automotive enterprise. Due to skilful combination of TPM and RCM, the enterprise has found the
areas, in which the operators could avoid failures, prevent them or detect them sufficiently early. This
has resulted in reduction of repairs and made it possible to engage the operation maintenance staff in
problems requiring expert knowledge. As a result of the undertaken actions the availability of the
technical objects has risen by as much as 50%.

4. OTHER CONTEMPORARY CONCEPTS OF OPERATION MAINTENANCE

In the TPM system, some elements of other, previously formulated concepts of work stand
organization and observation of machines when performing their normal work have been used. One of
them is the 5S method known also as the 5S practices, assuming good discipline, order and careful
management. The name of 5S comes from Japanese words:
e seiri — selection (get rid of unnecessary things),
e seiso — tidying (tidy your working place),
e seiton — systematics (a place for everything and everything in its place),
e seiketsu — nattiness (establish standards),
o shitseke — self-discipline (keep the standards).
The 5S practice is an organized program engaging all the employees in keeping clean, tidy and safe
working stands. This is one of the ways leading to full engagement of the employees in the quality and
reliability of machines. Although the practice is often defined as “thriftiness”, the true meaning of 5S
is much broader than what is generally understood under thriftiness. It is a method of systematic
teaching discipline, standardization and attempting at perfection.
The 5S method allows for creation of an environment that is of significant importance during
implementation of other so called best practices:
e it is the first step towards the sense of property and pride of the place of work,
e it is an important step towards better care for the devices and their maintenance by preventive
actions and early detection of defects,
e it allows for shortening of machine preparation due to reduction of time necessary to find
adequate parts and tools,
e it facilitates problem solution by showing incorrectness,
e it boosts quality control by eliminating contaminated products and operator mistakes.

Operator’s own technical inspections (OTI) are procedure based on the same assumptions as TPM
(Materiaty, 2001). Initially, all the observations of machine and device functioning are performed by
the operators during their normal works as, for example, watching the instrumentation, or day-to-day
checking of predetermined elements with the use of physical effects such as smell, sounds, vibration,
temperature, sight observation, changes of appearance, necessity to apply force etc. Then, after
training, the operators perform inspections on their own, take full responsibility for the inspections,
maintenance, cleaning, adjustments and small repairs; they also permanently attempt at improvements.
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The difference between the 5S principles and the operator’s own inspections are often described in the
following way (tab. 1): 5S concern the place of work, but operator’s own inspections — machines and
devices.

Tab. 1. A comparison of operator’s own technical inspections and the 5S (Materiaty, 2001)

Operator’s own technical inspections 5S
Stage 1. Initial cleaning esorting — action related to removal of
unnecessary objects

ecleaning — initial cleaning

Stage 2. Elimination of contamination sources | ecleaning — facilitation of cleaning
and inaccessible areas
Stage 3. Establishment of cleaning, | ecleaning

lubrication and checking standards estandardization
Stage 4. General inspection of the device e“cleaning and thinking”
Stage 5. Operator’s own inspection e‘“cleaning and thinking”

estandardization

Stage 6. Working stand control and|eorganization with the use of visual aids
management estandardization

Stage 7. Fully autonomous inspections ekeeping discipline

Operator’s own inspections are the so called best practice used by operators who take the
responsibility for the equipment and the basic maintenance by their correct service, keeping clean,
lubrication and regular checks. If a problem is detected as a result of inspection, the operator performs
small repairs himself and notifies the servicing staff about serious failures. Advantages of operator’s
own inspections are as follows:

e lower machine failure frequency,

e higher machine efficiency,

e longer machine utilization period,

e better sense of property and responsibility,

e the operation maintenance staff have more time for more advanced operation maintenance,

and analysis of failure reasons,

e better utilization of the operator’s potential skills,

e less time for operation maintenance.

5. COMPARISON AND ASSESSMENT OF THE VARIOUS MACHINES AND DEVICES
OPERATION MAINTENANCE CONCEPTS

The method of operation maintenance of specific machines and devices depends on their design
characteristics and the role they play in the production process.

Complicated, expensive devices working in automated technological lines should be maintained very
carefully as their failure causes shutdown of the whole line. Therefore, the exploitation strategy should
be adapted to the specific machines and devices and to the working conditions. Consequently, in
workshop practice, one can find each of the approaches shown in Fig.1.

When analysing the contemporary concepts of operation maintenance (those of period 111 — Fig. 1) one
can observe different identification and solution of problems and different perception of the role of
operation maintenance in an enterprise as compared to periods | and Il (Jasiulewicz - Kaczmarek M.,
2005). The new approach to operation maintenance is characterized by (Jasiulewicz - Kaczmarek M.,
2005); Moubray J.,1996):
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e avoidance, reduction or elimination of failures, not only preventing them;

e incorporation of people’s safety and natural environment protection, product quality and the
level of customer service, and not only costs, into the operation maintenance;

¢ abandoning of the opinion relating the age of the machines with the intensity of their failures;
edetermination of the frequency of operation maintenance actions basing on failure symptoms,
not on the failure frequency indices;

e elaboration of common operation maintenance methods only for identical machines whose
exploitation principles, functions and expected execution standards are identical

e elaboration of operation maintenance programs by the enterprise itself with reasonable
consideration of the manufacturer’s, not treating him as the only one authorized to elaborate
recommendations;

e elaboration of programs of operation maintenance by the operation maintenance staff and the
operators, not only by the operation maintenance staff;

e recognition of the engagement of the employees of all management levels, not only the
technical actions of the operation maintenance staff as the key factor of success;

e recognition of operation maintenance as a strategic area of the enterprise, not only as an
auxiliary service.
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Fig. 4. The dependence of the product quality circle on the operation maintenance circle
(based on Werner G.W., 1998)

6. INTERRELATIONSHIP OF THE QUALITY OF TECHNOLOGICAL MACHINES
OPERATION MAINTENANCE AND THE QUALITY OF PRODUCTS

Operation maintenance is involved in the production enterprise’s attempts at manufacturing high

quality product. It is so because the quality of the means of production (i.e. machines and devices), to
a large extent determining product quality, depends on the quality of operation maintenance (Fig. 4).
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Abstract: The paper deals with the subject of the functioning of logistics in a modern enterprise
with a large production potential. Logistics of characteristic cutting tools has been analyzed. A
value analysis has been performed and maps of logistic processes have been made for the tools
under consideration by describing the present state and the proposed one. An assessment of the
expected modification results has been attempted. In the summary, conclusions concerning the
management of logistics in the enterprise structure have been stated.

Key words: logistics, strategic — special tools

1. INTRODUCTION

Enterprises which want to acquire and maintain the status of modern organizations face
continuous challenges. In order to meet the requirements of broadly understood customer, the
organization, as an open social and technical system [4], should maintain management
standards. Those are quality standards, of constant improvement, in the spheres of technology,
production, logistics and controlling — to list only the basic categories.

Flow management in an enterprise includes, among others, two important streams: the one
of production and the one of necessary tooling supply to the working stands [1, 3]. The tasks
of the Tooling Department are: planning, realization, monitoring and withdrawal of adequate
tools to and from the proper places while providing for the supply of them [2]. We are
describing an enterprise in which strictly defined cutting tools have a special position, very
important for the maintenance of continuous production and, consequently, for fulfilling the
customers’ requirements. The use of those tools is required by the technological processes
approved by the customers and they usually have no substitutes. Their importance is
determined by the difficult design process, very high specific cost and long term of supply,
application of detailed procedures involved in the reception to the store, working tests or
wedge wear monitoring and discarding. In the long years of experience, the enterprise has
selected a group of so-called strategic tools which meet the above mentioned criteria. Due to
the specific character of the firm, those are special tools, designed by the experts of the Tool
Design department. The group includes: gear-shaper cutters of the thimble type and mandrel
type, module hobbing cutters of the mandrel type, involute broaches and groove broaches (flat
ones).

The logistics of the strategic tools in the enterprise under consideration shows some
discontinuities and inadequate couplings. Due to the enterprise’s change to the new computer
system, too, the process requires redesign and adaptation to higher requirements. The quickly
modified organization diagram of the enterprise also necessitates changes. In the scope of the
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insufficient system of ordering in the technical production preparation (TPP), long period of
offering and reoffering of purchases, long time of waiting for supplies and imprecise criteria
of supply acceptance, unclear internal transfers, those factors result in that we tend to assume
a system approach to solve the said problems.

In the logistic chain of supplies, shortening the delivery times is now understood as a
source of competitive superiority [1]. It allows for a stock reduction, storage costs and
increases the added value of the whole chain. The complex added of the chain is made of
economical utilities: possession, form, place and time. Two of them belong to logistics. In this
case one can speak about the utility of place and time. The utility of place is the logistic
reaction to geographically variable demand. Satisfying of that demand creates the added
value. An equally strategic scope is that of the utility of time an expression of which is the
delivery of a product or service in the strictly defined time. Such action also creates the added
value and makes the customer satisfied. Creation of the added value is much dependent on the
management of logistics including the logistics of supplies.

2. MAP OF THE PRESENT-DAY STATE OF STRATEGIC TOOLS LOGISTICS

Mapping of the material and information transfer serves for presentation of the present and
the future state of processes in selected functional areas. The analysis of the strategic tool
logistic processes in the whole enterprise made it necessary to create a map of the flow of
value streams in order to make the material for assessment and improvement.

The map consists of:
the basic plane horizontally divided into cells participating in the process,
circles describing actions,

line connections to the arrow heads defining the flow direction,
rectangles symbolizing the records in the enterprise computer system,
symbols of sheets type document and check,

small rectangles containing digits and numbers, symbolizing the problem.

In Figure 1 one can see a map of the present state of strategic tools logistics with detailed
consideration of the subsequent stages of the circulation of tools in the enterprise, as well as
information and documentation related to the circulation. The indicated relations have pointed
out critical points creating problems. Such a map is an effect of the work of an
interdisciplinary team of experts.

The critical points indicated in the map can be characterized as follows:
1. Problems related to strategic tools, located in the Technical Department:

e description of the tools in the computer system for proper selection,

e insufficient competence related to the knowledge of the design,

e problems with the assessment of tools delivery time, particularly for the realization of

new implementations.
2. Problems concerning the Design Section:

o difficulties in the acquisition of quantitative data of the existing tools from the

computer data base,

o lack of precisely specified tool offer path.

3. Problems concerning the Tool Room Planning Section:

e lack of information on the quantity of available tools due to the utilization by many

users and no records of the quantity in the computer system of the enterprise,

o lack of information feedback from the Purchase Department on the offer of tools,
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lack of computer software for planning of demands and maintaining the standard

states.

=
/ \ AN / 2
| ipaenuaddr. | yopeordso ,,, L oasod | MM uopride | m
2.0 ooy, /N \ 100, | rous £
nst 9, P
! ;
- ~—
| | i
; ; , i
[ pavd [ \ 73
| s | { v | it
, , \ / Ew
5 i1
- ﬁ ~ 2]
iv y J s §
\ / — woos H
e J0j | | uoponposd ,7 WED | 1003 2y 0) | §
uoprandarg | | oposepy | | uondadax ! m
oremgosoas | oy, /9] z
B —— i =
— — 4] Vﬁuscﬁxu.:o_ci\
|
/ :
[ woowge | £
| uondovay | k]
N 3
Er —
Bupmeap ) m
/ \ sonddns [ g
” uonpnIINY |=——= o moqe { .C_=—:.._ ap .m
L wer ponnsuos \, ohde H
g H
w A | suawg | %
k g
1apa0 ) \ m £
soomst J | o Eg
7 £2
3 Aambuy 50 ; .
- — ; -
=1 = s , «
g
T , \ :
Adod puwop ssfppue | [ . | . | sisjeue oams | &
s Joouss »go | | esimpo | \ " Sy | H
Annbuy | [/ hn.
. . o] E
Al L &
(&
Buymeap / \ \
oo\ [ uoprsoqu Za1qedoddE ooy \ £
apnoqe | I A I ! 2
poyusuod | ¢ g o H
GG woyEaIpow ‘spre R &
o = o ysy aordwmo)y ﬁ\ spre
L} 1081
— Ta_,__.su @
T wom £
P uopsops puw 2
7 gy | A3ojouysa £
N R o | 4
kL - | uopeoqury S m
s
2P0 | [uonwompory nm.

i

Fig. 1. Map of the present-day state of strategic tools logistics
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4. Problems concerning the Purchase Department:
e too long process of demand approval,
e incomplete information on the tools being offered,
e due to the above, too long offer cycle and too late signal to start the purchase
5. Problems concerning the Main Store:
e tools given with the omission of the tool room store,
e tools delivered without invoices.
6. Problems concerning the Tool Room Store:
e incomplete store documents with the tools delivered,
e lack of tools returns despite their wear,
e no documentation taken for trials or, if taken, not returned in due time,
e 5o small number of tools taken for trials.
7. Problems concerning the Tool Room Control:
e no input check of new strategic tools, ones after trials and ones after sharpening.
8. Problems concerning Production Department:
e lack of records and systematics in the assessment of strategic tools wear on the
operators’ side.
Basing on the problem identification performed, the following summary can be
formulated:
e at almost any stage of the process, the problem is lack of information on the
condition of the tools being used,
e making a demand for a new tool when it can be no longer used is too late,
o late signal of demand for a new tool results in quick decision making without
detailed analysis,
e short time for the realization of an order results in limitation of the number of
suppliers and the suppliers take advantage of the enterprise’s situation,
o delay in tool delivery influences the extension of the production cycle,
o tool operation trials are not obligatory, new tools are not returned after trials or are
kept in the store without being tried.
While the logistic system of workshop technological tooling functions well, that of
strategic tools requires improvement. A proposal of systemic modifications is the map of
future state of logistics presented in the next section.

3. ASSUMPTIONS FOR THE DESIGN OF THE MAP OF THE FUTURE STATE

Complex analysis of the process of strategic tools logistics leads to the conclusion that the
computer system of the enterprise, comprising all logistic actions, is not fully integrated. It
does not force the users to perform the necessary actions and does not possess adequate data
bases serving for broadly understood management, from the design of a tool to its physical
wear and utilization. The enterprise is at the stage of implementation of a modern computer
system SAP, which supports managing of the enterprise. It is assumed that the previous
computer system will be given up completely. The possibilities of the new computer system
will allow for better circulation of the strategic tools in the enterprise. Nevertheless, all the
above mentioned shortcomings must be eliminated because the system will not function
properly without purposeful activity of the employees of various services, operators,
supervision and control.
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4. MAP OF THE FUTURE STATE OF STRATEGIC TOOLS LOGISTICS

Improvement of a process is not always its shortening. Some areas can be reduced while
others should be brought to the state of full usability. The criterion adopted when designing
the map was purposefulness of action for the achievement of the final effect - integrated
transfers of all the components in a way free from the possibility of collision (Fig. 2).

The following modifications have been introduced:

e the process of the selection of tools and the relevant analysis has been relocated from
the scope of the Technical Department’s activity to that of the Design Section,

o the process of elaborating offers has been simplified by postulating, after the tool
design is made and the demand is approved, placing an order at well proven, qualified
suppliers; feedback in the case of not conforming offer drawing of the supplier,

e the task of design wear limit determination for all the strategic tools has been
imposed on the designer,

e input check of the strategic tools has been introduced,

e an obligatory system of tool operation test execution with adequate couplings has
been introduced; operation tests are the subject of the new issue of the adequate instruction,

o the task of recording the design determined tool wedge wear has in the computer
system has been imposed on the operators,

e new principles of sharpening the strategic tools combined with the wedge wear
analysis and quantitative tool wear analysis have been introduced,

e absolute obligation of records, adequate to the activity of the individual
organizational units, to be done in the SAP computer system of the enterprise has been
introduced; this is to improve the discipline of documentation circulation and ensure its
completeness.

The present day knowledge concerning the SAP system allows us to state that the value
map designed in this way can be transposed to the system modules. This requires the
participation of all the services involved in logistics of the strategic tools, including the
experts of the Computer Science Department.

5. EVALUATION OF THE PROPOSED SOLUTION RESULTS

The results of the presented solution will be evaluated basing on the changes seen from the
map of the future state:

e The simplified actions in the Technical Department, consisting in ordering the
necessary tool in the Design Section without additional analysis is expected to shorten the
time of works involved in the technology elaboration. Additionally, the effect of clear
distribution of tasks eliminates their double execution and precisely defines competences.

e Introduction of design wedge wear measures, combined with tool monitoring in
the production departments, will result in better discipline of orders and deliveries on time.

e The enterprise has qualified suppliers, subjected to point assessment every year.
Directing the orders directly to the selected supplier will significantly shorten offer
elaboration and manufacturing of tools.
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Fig. 2. Map of the future state of strategic tools logistics
e The created loop of the supplier’s drawing approval by the designer will minimize

the number of executions based on inadequate drawings. Data exchange is affected by the
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electronic way and the whole process is affected within not more than 8 hours. The time is
incomparable to the time necessary for repeated execution of a tool.

o Introduction of the input tool check brings two kinds of effects. On the one hand, it
forces the introduction of an expensive organizational unit into the structure of the enterprise;
on the other hand, it makes sure that a not conforming tool, with high specific cost, will not be
accepted. If a tool is accepted and entered on the list without check, no claim of it will be
accepted. The cost of creation and functioning of the input check will be balanced by the
quality of the tools delivered; the quality requirements in relation to a supplier can be
extended by ascribing some check activities to him.

e Tool operation tests are a continuation of the input check and the same principles
are to be observed in them. They generate additional costs of sample execution and
performing the tests in production departments. That is why one circumscribes these strategic
tools (broaches, gear-shaper cutters of the mandrel type and some of the thimble type ones, as
well as mandrel type hobbing cutters) which absolutely require tests. Assigning the execution
of the tests to the supplier is generally useless.

e Completely new approach to strategic tools sharpening also creates new quality.
The principle of tool sharpening by the manufacturer as the one who possesses adequate
means for the purpose, has been introduced. The costs of issuing orders for the service,
transport, time of the process are born. What is obtained is a qualitatively well prepared tool,
ensuring repeatability of application. The costs of sharpening by the manufacturer can be
balanced by the value of product made by such a tool.

Some of the above mentioned estimated assessments are based on shortening of the time of
specific activities. This, of course, can be recalculated into financial values, but expression of
any assessments in hours is standard in many technical actions (offer elaboration, load
planning).

6. CONCLUSIONS RELEVANT TO THE PROBLEM UNDER DISCUSSION

Logistic activities in the enterprise are scattered with the possibility of double execution by
the individual organizational units. Therefore, it is necessary to meet the requirements as
regards logistics by clear statement of its functioning. The analysis of the state of logistics in
the enterprise makes us propose a systemic solution of the process. In other words, a position
of Logistics Coordinator, adequately fixed in the structure of the enterprise subjected directly
to the Operational Director or to the General Director, is necessary. The Coordinator should
manage the network of units, practically established, in each vertical section of the
organizational scheme. The introduction of the Logistics Coordinator as proposed above
should bring order the activities in the scope of:

e review and assessment of the enterprise’s internal processes in respect of logistics,

e review of external processes in which the enterprise participates,

e creation of a record of the Coordinator’s activity in the Book of Processes in the
category of the Main Process,

e mapping of the value stream of the logistic activities in the whole enterprise and in
the outer environment,

e creation (formalization) of the subjected structure on elastic principles reacting to
the changes in managing,

e concentration on the creation of internal value for the enterprise itself and external
one for the customers.

Creation of the added value is one of the important postulates helping to acquire
competitive prevalence. It is also important to establish criteria for the measurement of

145



logistic activities, to check its effectiveness. All the activities should be well represented in
the enterprise’s SAP computer system.

The basic activities of the Logistics coordinator have been listed. In the areas located
lower, a review of the processes like the one performed in the present work is postulated. The
method renders excellent results in problem identification, thus creating premises for their
solutions.

In each case, an interdisciplinary team of employees should be established to solve the
specific problem, which would make it possible to see the problem in many aspects
simultaneously.

The most important conclusion is based on the utilization of the possibilities of the SAP
computer system. The stage of the system implementation is about to close and the integration
of the enterprise’s activity in any field should be based on that system.

7. CONCLUSIONS CONCERNING FURTHER WORKS

The activity of any enterprise should be improved. Below, one can find a number of
proposals, variously detailed concerning strategic tools; in the authors’ opinion the proposals
should be considered in respect of the enterprise under discussion:

e As regards purchases, it is suggested that the activities involved in quality acceptance
of the deliveries should be done by the supplier.

e Signing long term agreements with qualified suppliers is suggested as well as
simplification of the procedure of supplies down to those to the working stand; this is a form
of delivery management by the supplier.

e There is a statement saying that enterprises know better what they buy than what they
use; inventory control of strategic tools should be performed, the percentage being beyond
control should be assessed, as well as how much the enterprise loses due to shortage of tools.

e Electronic identification (coding) of strategic tools is postulated to be effected by the
application of adequate memory carriers to locate in them all the significant data, such as the
current wear state, place of utilization (identifiability), ordinal number of the tool etc.

e Advantage should be taken of the “scale profits” in the purchase of a large amount at a
time, which enables lower specific price to be obtained.

¢ Due attention should be devoted to the packing of strategic tools to facilitate transport,
handling, storage and utilization of them.

Fulfilment of the whole set of proposals listed here will bring measurable advantages.
Nevertheless, any rationalization will contribute to the improvement of the functioning of the
strategic tool logistics.
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Module M07

Planning and Scheduling of Maintenance

Nicolae UNGUREANU
North University of Baia Mare, Romania

Learning objectives:

= to understand the concepts of reliability and maintenance

= to understand the indicators of reliability

= to understand the importance of design of reliability from the
maintenance point view

= to get familiar with planning and scheduling of maintenance

= to know and use the different scheduling methods

1. Introduction

As far back as most old times the human tried to lighten the existence through the invention,
the realization and the utilization of tools and products. Likely with the problems with the
invention, the realization and the utilization of tools and products appeared the problems with these
qualities.

With the increase of technical level and default the level of complexity of products we can
observe the increase of influences on our life: the material welfare, the health, the safety, etc. More,
the social and economic implications of some features of products succeed about the peoples who
made it. We talk about reliability, maintainability, availability, assurance of environment,
efficiency, cost-price and many others.

More, in the last time to be in a good position in business the companies must, beside the
main targets (high-volume manufacturer of commercial products or a low-volume, high-value-
added producer), to develop the RELIABILITY targets. The justification it’s simple: the demands
of commercial market for better products and product with constant qualities in all functioning life
period.

We can easily justify the importance of reliability as science. The specialty literature [12]
evaluate that a single defect can easily cost 100 units in diagnosis and repair if it is detected early in
production whereas the same defect in the active life may well cost tens times more to rectify. If the
failure is a design error then the cost of the re-design, documentations, re-test and eventually the
cost of replace the damages products can increase at hundreds or thousands times. Compared with
such losses the cost of reliability and maintainability activities is easily justified.

Another example [1]: in 1948 the radiolocation equipment of USA was in non-operating
condition 84% from total time, the hydro-acoustic equipment was in the same condition 48% and
for the radio-telecommunications equipment the failure percent was 14%.In a riskful period the
situation was unallowable and after 10 years of research for increase of reliability and
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maintainability, including the activities for implementation the results, the time for non-operating
condition was 2,9% for radiolocation equipment, 6,7% for hydro-acoustic equipment and 7,7% for
radio-telecommunications equipment.
Likewise can be presented the situation of person involved in maintenance
activities[1][2][10]:
e 20% from the total number of re-enlist personal and 15% from total number of US Army
works in these activities;
e before the ravel of Soviet Union more than one million persons works for remove the
failures and for keep in function the machines and equipments.
The domains in which the reliability was involved with good results are multitudinous (with
permanent increasing) and the most important are in figure 1.

Construction and exploitation of electric, -‘
electronic and micro-electronic equipments ;_"":—..—___f_ )

A

Telecommunication systems

Priority directions
for implementation
of reliability concepts

A 4

Air navigation systems

>  Space equipments

Atomic power plants

> Military technique

Fig. 1 Priority directions for implementation of reliability concepts [15]

The reliability objectives can be structured as in figure 2.
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Appreciation, qualitative and quantitative, of
comportment of products in time function by
some pre-establish criterions and by solicitations
factors (intemal and external)

Establish the procedures for determining, or
confirmation, the reliability of products

Objectives of reliability

Study and physic analyze of failures of products
(manner of symptoms, apparition causes, control
methods)

Fig. 2. The objectives of reliability

Reliability as science developed in the second part of XX century has many new basic
concepts. In many countries this basic concepts were standardized [16][19][20][21] so that we can
define:

e Functional unit — an entity of hardware or software, or both, capable of

accomplishing a specific purpose

e Product assurance — provisions and activities for ensuring that the prescribed
requirements have been taken into account starting with the design stage and that
the final product holds the corresponding qualities throughout its life

e Reliability — the ability of a functional unit to perform a required function under given
conditions for a given time interval.

¢ Durability — the ability of a functional unit to perform a required function under given
conditions of use and maintenance, until limiting state is reached. A limiting state of
a functional unit may be characterized by the end of the useful life, unsuitable for
any economic or technological reasons or other relevant factors.

e Maintenance — a set of activities intended to keep a functional unit in, or to restore it
to, a state in which it can perform a required function. Maintenance includes
activities such as monitoring, measurements, replacements, adjustments, repairs,
and in some cases administrative actions

e Maintainability — the ability of a functional unit, under given conditions of use, to be
retained in, or restored to, a state it can perform a required function when
maintenance is performed under given conditions and using stated procedures and
resources

e Availability — the ability of a functional unit to be in a state to perform a required
function under given conditions at a given instant of time or over a given time

interval, assuming that the required external resources are provided.

e Error — a discrepancy between a computed, observed or measured value or condition
and the true, specified or theoretically correct value or condition.
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e Mistake (human error) a human action or inaction that can produce an unintended
result.

e Fault — an abnormal condition that may cause a reduction in, or lose of, the capability
of a functional unit to perform a required function.

e Failure — the termination of the ability of a functional unit to perform a required
function.

¢ Redundancy (in reliability, maintainability and availability) - the existence of a means
in addition to the means which would be sufficient for a functional unit to perform a
required function or for data to represent information.

The arguments presented lead to idea that the reliability and maintainability theory, born from
practical necessities, are now in position to be compulsory present in the design, in fabrication
process and in utilization of machines.

All this demands a strong mathematic support, especially the probability theory and statistic
mathematic, and some more knowledge’s.

2. BASIC CONCEPTS OF RELIABILITY

This section introduces the most important concepts used in reliability engineering and shows
the relationship between them.

Reliability is, from qualitative point of view, the ability of a functional unit to

perform a required function under given conditions for a given time interval.

From guantitative point of view the reliability is the probability that the

functional unit to perform a required function under given conditions for a given

time interval

The definition, qualitative or quantitative, is constituted by three distinct elements (fig. 3):

Required function
(functions)

RELIABILITY

Given conditions
(internal and external)

Given time interval
(Mission time)

Fig. 3 Constitutive elements of reliability definition [14]
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So for have a full characterization of reliability for a product is necessary to be specified:

e required function or functions, in acceptations of preservation of performances, qualities
ascertained or mentioned at the moment of buying of product;

e given time interval in which the performances are preserved. The given time interval
have also the name “mission time”.

e given condition, internal and external. We talking about a complex of factors results
from functioning of product (forces, movements, temperatures, pressures, et.) and from
the environment (temperatures, humidity, dust, etc.).

The quantitative definition of reliability can be written under mathematic form:

p(t)=Prob(t>T) (1)
Where:

¢ p(t) is the good function probability or reliability;

e t — time variable;

e T — maximum limit of mission time.

As any probability the quantitative expression of reliability have theoretic values in [0, 1]
interval. Practically the interval is [0, 1). In functioning time the quantitative expression of
reliability have variations depending by many factors but the general tendencies is to decrease. This
dependencies between quantitative expression of reliability and time is called reliability function,
generally designed by R(?). The particular values of R(t) at particular moments is called shorten
reliability.

On the subject of reliability function in practice can encounter some terms:

e Observed reliability
0 For non-reparable products is the ratio between the number of products in
functioning condition at the moment t=T (end of mission time) and initial
number of products at the moment t=0.
0 For a reparable product is the ratio between the number of cases in which the
product accomplish his required function and total number of requests
¢ Estimated reliability
0 Reliability for a product determined through observed reliability values for
products selfsame.
Prolusion:
1. The source of data must be ascertainable;
2. Results can be cumulated only in identical conditions;
e Extrapolated reliability
O Reliability obtained through a definite extrapolate of observed or estimated
reliability at differed mission time or differed given conditions against the
observed or estimated reliability values.
¢ Predicted reliability
0 Calculated reliability of a product, starting from observed, estimated or
extrapolated reliability of components of products. It’s obligatory to indicate
the given condition and some assumptions technical, statistical or some data
bases.
¢ Preliminary reliability
0 Is the reliability established on base of some analogy’s, generalizations or
particularizations.
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Between the terms is the correlation presented in figure 4.

S ]
v

< Observed reliability

V

< Estimated reliability

V

( Extrapolated reliability > >
—»
v i

< Predicted reliability >7 v

v Report

( Preliminary reliability )

Fig. 4 General relations between reliability terms
2.1. Reliability indicators

Reliability indicators are measures expressive (quantitative or qualitative) of reliability. The
most used are [1][10][15]:
e good functioning probability, R(t);
failure probability , F(t);
function of frequency (density of distribution), f(t);
failure rate, z(t);
mean time between failure, MTBF;
dispersion, o”.

2.1.1. Good functioning probability

The definition of good functioning probability was given previous. For his numerical
computation is necessary to analyze a statistic population N, over a time ¢. At the end of this time a
number N of product are in good condition and » products are damaged.

The numerical computation relation for good functioning probability is (with these
assumptions):

R(y="0" Y @
NO NO
2.1.2. Failure probability
Failure probability can be defined hereby:
F(t)=Prob(t<T) 3)
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Failure probability is a complementary concept to good functioning probability and between
these two notions is the relation:

R+ F()=1 4)
The numerical computation relation for Failure probability is (with assumptions presented at
2.1.1):
A A N n
FO)=1-R(t)=1-—=— 5
(0 (0) NN, (5)

Time ¢ for that a product functioning with certain probability:
Prob(t<t,.)=F (6)

is called fractile of functioning time.
Relation (4) can be reinterpret graphic (figure 5).

R(E)
F(D) | s ———————————————————2 -
R(E) F(O
o s N
F(t) R(D)

Fig. 5 Relation between R(t) and F(t)
2.1.3. Function of frequency (density of distribution)

Function of frequency or density of distribution f{z) is the indicator expressive of relative
frequencies of failures 4n; in a time interval A¢;:

An, = N(t)— N(t+At) @)
) An,
@) =g (8)

If An; is expressive of absolute frequencies f;, product 41;Ny=T is total number of tests in
considering time interval and the relation (IV-8) become:

ra=4 ©
Between the indicators R(t), F(t) and f(t) we can write the next relations:

F()=[ f(t)di (10)

R(t)=1-[ f(t)dt = [ f(o)dt (11)
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(1)

Fig. 6 Possible variations of function of frequency
2.1.4. Failure rate

Failure rate or intensity of breakdown is defined through relation:

z(t) = AU (12)
R(1)
Experimental determination of failure rate for a time interval Az function by absolute

frequencies 4n; is:

An,
)= 5y (13)
The measure unit for z(t) is h™.
The graphic variation of failure rate is known in specialty literature under the name “bath tube”
(fig. 7).
zZ(OA
zone 111

zone 1 zone 11

\ 4

Fig. 7 Typical variation of failure rate

The significances for the notation in figure 7 are:

e Zone I is running in period. In this period the failures are numerous but small and easy to
repair (many without intervention of specialists). In the running in period is possible to
detect the failures due to hidden defects of material or some mistake in design. The
increase of rate of failure is quick with a maximum in middle of interval fallow with a
same quick decrease.

e Zone Il is the active life period of product. This period is characterized by aleatory failures
with a small increase, in time, of failure rate.

e Zone III is the take out period. In this period the number of failures is in continuous
increase. Another aspect is the amplitude of failure who is the same in increase. The
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reasons are the aqueing, the fatigue of material, the wear of product. Usual in this period
the product are used just in extreme cases.

The link relation between good functioning probability and failure rate are:

-J'z(z)dz
R()=e"® (14)

1V.2.1.5. Mean time between failure

Mean time between failure (MTBF) or mean time until the next failure is the mean of good
functioning periods of elements or products from statistic population under surveillance.

For each element from the Ny‘s elements of statistic population corresponding a own time of
good functioning. For non-reparable products the situation can be graphic illustrated (fig. 8):

/\Number of element
Fig. 8. Mean time between failures
N Tty
N-1 tn-1
i tri
The relation for MTBF is:
4 Tra
Ny 3 tr3
O O UL P SIRE Y ;t" 2 s
MTBF= - - L0 = = 1 tr1 -
N, N, >
(15)

If the axis of time it’s divided in equal time intervals with Az, in interval t=(t, ;-t;) we have k;
elements and in the last interval At=(..;, t.) we have k. products we can write:

Zti'ki Zti'ki

MTBF == = _ T (16)
z k. N, Ny
i=l
The unit measure for MTBF it’s hour.
In specialty literature is used also the notation m for MTBF.
The link relation with others indicators is:
m=MTBF = [t f(t)dt = [ F(t)dt (17)
0 0

IV.2.1.6. Dispersion

Dispersion (¢” or D) is expressive of deflection of good functioning times from the mean of
this. The measure unit is h?.
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aZ:D:T(t—m)2~f(t)-dt (18)

Square mean deflection (o) formulate the level of dispersal of good functioning times. For
experimental data:

1 & )
a—\/No_lg(ri—m> =D (19)

IV.2.1.7. Relations between the indicators

In practice is enough to determine one of reliability indicators, for determine the others are the
connections related in table 1.

2.2. Reliability of systems

2.2.1. General concepts

Nr. Function by:
Crt | Indicator
F(t) f(t) z(t) R (t)
1 R(¢) = % 1- F(7) I:Of(u)du eXp|— Ioz(u)du] _
1-
2 | F(2) = NLO -- J.;f(u)du exp|— I;z( u)du] 1-R(¢)
An, z(t)
f)=—= dF (1) : dR(1)
3 AtLN, 0l -- exp|— _[02( u)du] — 7
An, 1 dF(s) f() 1 dR(1)
4 | z(1) = p - [
AN | 1-F(¢) dt IO f(u)du R(t) dt
5 2 [l-r0]ar | [ (o)t J, exp|- ], g [ R(1)dt
m= 0 0 0
Ny
Table 1. Relation between the reliability indicators
IV-18.

For obtain of a certain function or for obtain a multiple different functions elements are
jointly in blocks (subassembly). At their round the blocks are assemble in systems. All the
connections among elements and block are functional.
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The reliability of the system depends so the reliability of the elements and in the same
measure by the connections between the elements and blocks. Also the reliability of the system
depends by his interaction with the environment.

The cessation of the ability of achieves the function or functions of system can dress else
many appearances:

e minor failure, without influences to the normal operation of system (example: burning of
blinker lamp, scratch of paint, etc.). This type of failure is not considered for calculus of
reliability indicators.

e major failure with influences to the normal operation of system but the attributions of
damaged subassembly are take by another subassembly funded in reserve. This type of
failure is considered for calculus of reliability indicators.

e major failure that lead to the non-operating status of system. This type of failure is
considered too for calculus of reliability indicators.

As in the case of elements the reliability must be quantified with the help of reliability
indicators. The most used are good functioning probability, R(t), failure probability , F(t), function
of frequency (density of distribution), f(t),failure rate, z(t), mean time between failure, MTBF, and
dispersion, ¢°.

1V.2.3.2. Determination of reliability of systems

For the determination of reliability of systems is necessary to make some assumptions: the
failures of elements have independent character and for each element it’s know the value of
reliability. The starting point in determination of reliability of systems is the function (controller)
construction diagram. The function diagram shows the position of each element in the frame of
structure, the technologic function and the technical conditions (internal and external) for function.
(example fig. 19)

1
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Fig. 19 Function diagram for a braking system for mining hoisting machine
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The next step is the construction of logical reliability diagram (structural model). In the
frame of this diagram the elements loss the personality (technical characteristic, size, weight, etc.)
turn into elements characterized by only own value of reliability and the links with flank on
elements. (figure 20)
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Fig. 20. Logical reliability diagram (structural model) for a braking system for mining hoisting
machine

The individual values of reliability of elements and links with flank on elements have direct
influences on entire system reliability. For correct determination of reliability of systems is
necessary beside the cognition of value of reliability of element the cognition of influences of
failures states over the system. Important mention: function by the complexity of system the logical
reliability diagram can or cannot to correspond with function diagram.

For elaborate the logical reliability diagram consider that the signal (electrical, mechanical,
etc.) will circulate trough the entire system so:

e for the elements serial connected the signal have just one way for propagation;

e for the elements parallel connected the signal have for propagation a number of ways

equal with the number of elements connected.

As primary assumption we consider that all elements are in perfect function condition.

The next step is the elaboration of logical reliability formula. So if a system has » elements,
each element has a number » of possible state (functioning or failure state). Because in the
reliability studies it’s using binary logics (0 for failure state, 1 for operating state) the system can
have 2" state, some operating state, some failure state.. The system of n elements can be called
system by order n with the operating state define by a n-dimensional vector:

X = f(X,X,5 50000y X, (36)
For each x;, for each value of i from the interval [1,n] can exist just two values. So from the

total of 2" vector who define state of system some are vectors who define operating state and others
are vectors who define the failure state.

2" =m=m, +m, (37)
The system can be at one moment in just one state from the 2" total number state. If note

down with E; the event with significance of operating state of element E;, (i=1,....,n) from
combination by order j, (j=1, 2, 3,....,2") we can obtain the logical reliability formula:

E=f(E,E,,.E)) :O(ﬁE;’”j (38)
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Note: h=1 if the element E; is in operating state and h=0 if the element E; is in failure state.

The formula IV-38 is recommended to be use in the case of n<6. For n>5 the number of
possible state overgrow and is necessary the using strong PC.

The main logical reliability diagram (structural model) uses in practice are:

e serial diagram
e parallel diagram
e mixed diagram

2.2.3. Calculus of reliability for systems with serial diagram

Considering a system with n elements, each element with his own good functioning
probability and with the elements connected as in logical reliability diagram presented in figure 21,
the reliability of system can be calculate with the relation 39.

The notations from figure 21 :

|
—> 1 2 > 3 ------- > [ it > n —>
| |
| Rs () |
Fig. 21 Serial diagram
I — inputs of system;
e E —outputs of system:
e Rj(t) — good function probability of element i;
e Ry (t) — good function probability of system.
R()=R ()R () - Ry(t) eccc.. . R(2) - ... ‘R ()= HRl. (1) (39)
i=l1

In figure 22 was presented the variations of reliability for different systems with the
assumption of equal good function probability of elements.

f(x)
XK
fI(x1)
++
f(x2)
_e_
3(x3)

7

S

YOO RARALK A

0 12.5 25 37.5 50 62.5 75 87.5 100
A, n 97,

1.424413-10

[ ] [ ]
XXX fiabilitate 0.95
+++ fiabilitate 0,90
—9— fiabilitate 0.85
— fiabilitate 0,99

Fig. 22 Variations of serial system reliability with increase of number of elements
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1V.2.3.4. Calculus of reliability for systems with parallel diagram

For the systems with the elements connected as in logical reliability diagram presented in
figure IV-23 the failure probability can be calculate with relation:

Fo=T1F0 @0

| R: () |

where: i 1 i

e F; failure probability for system; ! Rz (t) i

e F; — failure probability for element i 2 i

i | |

| Ra (1) |

Using the relation between the : :

good function probability and failure ': : 8 b

probability (IV-4) we can write the o Lo

relation for calculus of good function Lo R () E i

probability: Lo o

B B e I

R()=1-F@)=1-] [A-R () @1) I T

i=1 E sl n » i

It’s possible to present the i Rs (t) E

variations of reliability for different Pemmmoomooooooooooo oo '

systems with the assumption of equal Fig. 23 Parallel diagram
good function probability of elements.

(fig. 24)

0.01 D | | | | | | | |

4 ) ) ) ) ) ) ) 1

0 12.5 25 37.5 50 62.5 75 87.5 100
Lo m I,
probabilitate de buna functionare a elementelor 0.01
XXX probabilitate de buna functionare a elementelor 0.05
T+t probabilitate de buna functionare a elementelor 0.1
—&— probabilitate de buna functionare a elementelor 0.2

Fig. 24 Variations of parallel system reliability with increase of number of elements
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2.2.5. Calculus of reliability for systems with mixed diagram

The system with the elements connected in mixed diagram can have the structure presented
in figure 25.

f———————

Fig. 25. Mixed diagram

The resolve of this type of diagram can be made splitting the main diagram in serial and
parallel diagrams. For the diagram presented in figure 25 the solution is:

R =R, ‘R,-R,-..-R, 42)
where:
R, =R ‘R,
Ry, =1-(1-R)(1-R,) (43)
R,=R,R, (44)
R,=1-(1-R)-....-(1-R) (45)

2.3. Conclusions connected by the reliability assurance

For reliability assurance of systems in the design phase is necessary to conceive the function
diagram (and implicitly the logic reliability diagram) prosperously. The diagram must have the
advantages of serial and parallel diagram and must eliminate the disadvantages. The most used
ways for increase the reliability of systems are:

e utilization of a small number of elements connected in diagrams with low complexity

(avoid the big number of elements and high complexity if the required functions don’t
ask):

e for the elements the recommendation is to have a higher reliability, in concordance with

the technical and economical objectives;

e utilization of parallel diagram, especially in case of elements with small reliability;

e assurance of joint technologies with high performances for avoid the advent of possible
“weakly points”;
detection of possible ways of failure in the frame of tests and experiences;
elaboration of books and technical instructions for employs.
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3. DESIGN OF RELIABILITY

A designer usually uses a deterministic method to design a product. Standards prescribe
discrete values of the loads on the product and of the allowable material stresses in the product. The
standards guarantee, that the product will not fail, if the loads on the product do not exceed the
allowable stresses. More precisely: the probability that a product will fail is acceptably small, if the
designer follows the standards. In many cases this method was satisfactory, but now in the
condition of growing of complexity this design method is not adequate. It appears that when a large
number of reliable components are combined into a large product, the result is not necessarily a
reliable structure. The effect of failure of these products can be extremely large. Failure can lead to
loss of human lives, or large economic damage. Because of these effects, it is very important to
analyze each phase of design of products and secure the reliability of these products.[41][3][8][11]
In the most cases the cycle of life of product can be
Ideas illustrated by figure 33.

Each phase in the life cycle is characterized by specific

L criteria:
) e Phase 1, Ideas, have as principal task understanding customer
Choose the idea requirements;
e Phase 2, choose the idea, have as principal task the selection
of the best idea (fig. 34).
Choose the design
solution )
¢ Generate ideas
Design Costs aspects Material base
i Analysis of
ideas
Fabrication
Human aspects Reliability
i aspects
After care Choose the idea

Fig. 34 Choose the idea
e Phase 3, choose the design solution, have as principal task the
optimization of design process function by (fig. 35):
. static analysis;
o dynamic analysis;
e  reliability influence factors;
. cost analysis.

Fig. 33 Life cycle
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For each product we must establish some reliability and maintainability objectives.

— | Generate |q——
design
| solutions [

Reliability
influence
factors

Choose the

design solution

Fig. 35 Choose the design solution

Reliability and maintainability objectives need to be set with due regard to the customer’s
design and operating requirements and financial constraints. After establish of the reliability and
maintainability objectives it’s to find the engineering design specification. It should specify the
engineering requirements in full: functions factors, human factors, environment, standards, life
factors, ergonomic restrictions, etc. These factors are presented in figure 36.
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Fig. 36 Influence factors to reliability and quality



Phase 4, design. In the design phase the chosen variant is developed further. A designer
determines the dimensions of the details of the chosen solution. He validates these dimensions
with a static analysis, and optimizes the structure to reduce the costs. For some structures, a risk
analysis expert executes a fault tree analysis, after the designer has determined all the details.
The result of this phase is a detailed (set of) drawings, a detailed static analysis report, an
accurate cost estimate, and sometimes a fault tree analysis report.

Phase 5, fabrication. In the construction phase a contractor is chosen. During the construction
phase, the contractor works on further detailing of the design, and builds the infrastructural
work. The contractor submits the detailed drawings and calculations for the approval of the
project team. At the end of this phase, the contractor delivers the structure to the project
manager, and the project manager delivers the structure to the principal. Separate for parts of
product and for complete products are made reliability tests. (figure 37).

[ Laboratory tests ] [Operatin g observationJ ﬂu

3 j 5 i

— [ By test place ] Informative test
i A (for determining the reliability)
RONS)
ey [ By goal
A Conformity test
(for verify the reliability)
Classification of
reliability tests

Test in real conditions

->| Fatigue test
[ By restrictions J 0 —»[ Multistage test

| \ 4

]

[ 5 : ) 4>[ Endurance test J
y character

J

]

5N

[ By type of solicitation J
Censorated test ] [ Split out test J

i | !

[ Real test ] [ Accelerate test ]

Fig. 37 Reliability tests

OBSERVATION For a good reliability of product it’s not enough to establish the influence factors
to reliability. It’s necessary to have a program for surveillance the design process, the production
and the active life of product, of course from the reliability and maintainability point of view.

This program can have the form presented in figure 38
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Fig. 38 Surveillance of reliability and maintainability targets

Phase 6, after care. In the after care phase the project team composes a maintenance plan. This
plan advises the principal about maintenance and replacement intervals of components, and a
conservation schedule for steel parts. In this phase in important to study the variation of
reliability of product. Along the life cycle of products (marketing, design, fabrication,
utilization) the reliability of products have variations due to different factors. The general
tendency it’s decreasing. The reason is simple: the fatigue of materials conjunct with the wear.

The theoretic curve of variation of reliability is presented in figure 39. [6][7]
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Fig. 39 The theoretic curve of variation of reliability

However in practice it’s possible to have periods with increasing of reliability:
modernization of products, current operations of maintenance, repair periods, etc. (figure 40). The
variation of reliability in real situations is presented in two situations:

e Maintenance system with technical revision, mender type 1 (RC 1), mender type 2 (RC 2) and
capital repair (RK), (fig. 41);

e Maintenance system with periodical verification (Vp), periodical repair (Rp) and general repair
(Rg), (fig 42);
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The figures 41 and 42 represent just the active life of products.
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Fig. 41 Variations of reliability for specific maintenance system (Rt, RC1, RC2, RK)
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Fig. 42 Variations of reliability for specific maintenance system (Vp, Rp, Rg)

3. Planning and Scheduling of Maintenance

Planning and scheduling are two of decision-making processes that are used in
manufacturing and service industries on a regular basis. These forms of decision-making play an
important role in procurement and production, in transportation and distribution, and in information
processing and communication. The planning and scheduling functions in a company are based on
mathematical techniques and heuristic methods to allocate limited resources to the activities that
have to be done. This allocation of resources has to be done in such a way that the company
optimizes its objectives and achieves its goals. Resources may be machines, materials and
specialised work-team in industrial factories. Another example of resources is the knowledge in
some special field. Activities may be operations in a workshop, stages in a mechanical project, or
computer programs that have to be executed. Each activity may have a priority level, an earliest
possible starting time and a due date. Objectives can take many different forms, such as minimizing
the time to complete all activities, minimizing the number of activities that are completed after the
committed due dates, and so on.

Planning and scheduling in either a manufacturing or a service organization must interact

with the other functions of industrial organisation. These interactions are typically system-
dependent and may differ substantially from one setting to another; they often take place within a
computer network. For this reason is not so easy to apply the examples from one factory to another.
Sometime if only one of influence factors are different is not possible to apply the model.
The purpose of scheduling is to provide a ‘‘roadmap’’ that represents how and when the project will
deliver the products defined in the project scope and by the project team. The dynamic nature of a
project’s execution is best served by a tool that allows for modeling of the plan and analysis due to
the impact of progress and unforeseen developments.
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4.1. Planning and Scheduling in Manufacturing.

One of the most important field where planning and scheduling have a important position is
manufacturing of machines. Orders that are released in a manufacturing setting have to be translated
into jobs with associated due dates. These jobs often have to be processed on the machines in a
work center in a given order or sequence. The processing of jobs may sometimes be delayed if
certain machines are busy. Pre-emption’s may occur when high priority jobs are released which
have to be processed at once. Unexpected events on the shop floor, such as machine breakdowns or
longer-than-expected processing times, also have to be taken into account, since they may have a
major impact on the schedules.
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Supply planning
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Production planning
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Material requirement
Existent stocks
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> Scheduling

Correction

Dispatching

Distribution of production
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Figure 43. Diagram of the information flow in a manufacturing system

Developing, in such an environment, a detailed schedule of the tasks to be performed helps
maintain efficiency and control of operations. The shop floor is not the only part of the organization
that impacts the scheduling process. The scheduling process also interacts with the production
planning process, which handles medium- to long-term planning for the entire organization. This
process intends to optimize the firm’s overall product mix and long-term resource allocation based
on inventory levels, demand forecasts and resource requirements. Decisions made at this higher
planning level may impact the more detailed scheduling process directly.
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In manufacturing, planning and scheduling has to interact with other decision making
functions in the plant. One popular system that is widely used is the Material Requirements
Planning (MRP) system. After a schedule has been set up it is necessary that all the raw materials
and resources are available at specified times. The ready dates of the jobs have to be determined by
the production planning and scheduling system in conjunction with the MRP system. MRP systems
are normally fairly elaborate. Each job has a Bill Of Materials (BOM) itemizing the parts required
for production. The MRP system keeps track of the inventory of each part. Furthermore, it
determines the timing of the purchases of each one of the materials. In doing so, it uses techniques
such as lot sizing and lot scheduling that are similar to those used in planning and scheduling
systems. There are many commercial MRP software packages available. As a result, many
manufacturing facilities rely on MRP systems. In the cases where the facility does not have a
planning or scheduling system, the MRP system may be used for production planning purposes.
However, in a complex setting it is not easy for an MRP system to do the detailed planning and
scheduling satisfactorily. Modern factories often employ elaborate manufacturing information
systems involving a computer network and various databases. Local area networks of personal
computers, workstations and data entry terminals are connected to a central server, and may be used
either to retrieve data from the various databases or to enter new data. Planning and scheduling is
usually done on one of these personal computers or workstations. Terminals at key locations may
often be connected to the scheduling computer in order to give departments access to current
scheduling information. These departments, in turn, may provide the scheduling system with
relevant information, such as changes in job status, machine status, or inventory levels. Companies
nowadays rely often on elaborate Enterprise Resource Planning (ERP) systems, that control and
coordinate the information in all its divisions and sometimes also at its suppliers and customers.
Decision support systems of various different types may be linked to such an ERP system, enabling
the company to do long range planning, medium term planning as well as short term scheduling.

4.2. Planning and Scheduling in Services.

Describing a generic service organization and its planning and scheduling systems is not as easy as
describing a generic manufacturing system. The planning and scheduling functions in a service
organization may often face many different problems. They may have to deal with the reservation
of resources (e.g., machines, workers, workshops or other resources), the allocation, assignment,
and scheduling of equipment (e.g., planes) or the allocation and scheduling of the workforce (e.g.,
the assignment of shifts in call centers). The algorithms tend to be completely different from those
used in manufacturing settings. Planning and scheduling in a service environment also have to
interact with other decision making functions, usually within elaborate information systems, much
in the same way as the scheduling function in a manufacturing setting. These information systems
typically rely on extensive databases that contain all the relevant information regarding the
availability of resources as well as the characteristics of current and potential customers.
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Figure 44 The information flow in a scheduling of maintenance of systems.

A planning and scheduling system may interact with a forecasting module; it may also
interact with a yield management module (which is a type of module that is not very common in
manufacturing settings). On the other hand, in a service environment there is usually no MRP
system.

Scheduling models

Manufacturing systems can be characterized by a variety of factors: the number of resources
or machines, their characteristics and configuration, the level of automation, the type of material
handling system, and so on. The differences in all these characteristics give rise to a large number
of different planning and scheduling models. In a manufacturing model, a resource is usually
referred to as a “machine”; a task that has to be done on a machine is typically referred to as a
“job”. In a production process, a job may be a single operation or a collection of operations that
have to be done on various different machines. Considering the complexity of manufacturing
process that must be planned and scheduled is possible to obtain five class of models:

a). the first class of models are the project planning and scheduling models. Project planning
and scheduling is important whenever a large project, that consists of many stages, has to be carried
out. A project, such as the construction of an large industrial equipment or a factory, typically
consists of a number of activities or jobs that may be subject to precedence constraints. A job that is
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subject to precedence constraints cannot be started until certain other jobs have been completed. In
project scheduling, it is often assumed that there are an unlimited number of machines or resources,
so that a job can start as soon as all its predecessors have been completed. The objective is to
minimize the completion time of the last job, commonly referred to as the make span. It is also
important to find the set of jobs that determines the make span, as these jobs are critical and cannot
be delayed without delaying the completion of the entire project. Project scheduling models are also
important in the planning and scheduling of services. Consider, for example, the planning and
scheduling of a large consulting project.

b). the second class of models include single machine, parallel machine and job shop
models. In a single machine or parallel machine environment, a job consists of one operation that
can be done on any one of the machines available. In a full-fledged job shop, a job typically consists
of a number of operations that have to be performed on different machines. Each job has its own
route that it has to follow through the system. The operations of the jobs in a job shop have to be
scheduled to minimize one or more objectives, such as the make span or the number of late jobs.
Job shops are prevalent in industries that make customized industrial hardware. However, they also
appear in service industries (e.g., maintenance). A special case of a job shop is a setting where each
one of the jobs has to follow the same route through the system. In industrial environment this type
of models can be retrieve under the name technological datasheet.

c). the third class of models focuses on production systems with automated material
handling. In these settings a job also consists of a number of operations. A material handling or
conveyor system controls the movement of the jobs as well as the timing of their processing on the
various machines. Examples of such environments are flexible manufacturing systems, flexible
assembly systems, and paced assembly lines. The objective is typically to maximize throughput.
Such settings are prevalent in the automotive industry and in the consumer electronics industry.

d).the fourth class of models are known as lot scheduling models. These models are used for
medium term and long term production planning. In contrast to the first three classes, the
production and demand processes are now continuous. In this class, there are a variety of different
products. When a machine switches from one product to another, a changeover cost is incurred. The
goal is usually to minimize total inventory and changeover costs. These models are important in the
process industries, such as oil refineries and paper mills.

e). the fifth class of models consists of supply chain planning and scheduling models. These
models tend to be hierarchical and are often based on an integration of the lot scheduling models
(the fourth class of models) and the job shop scheduling models (the second class of models). The
objective functions in supply chain planning and scheduling take into account inventory holding
costs at the various stages in the chain as well as costs of transportation between the stages. There
are restrictions and constraints on the production quantities as well as on the quantities that have to
be transported from one stage to another. The manufacturing models described above can be
classified as either discrete or continuous. Some of the models are discrete, whereas others are
continuous. The project scheduling models, job shop models, and flexible assembly systems are
discrete models. The lot scheduling models are continuous. The models for supply chain planning
and scheduling can be continuous or discrete. A discrete model can usually be formulated as an
integer program or disjunctive program, whereas a continuous model can be formulated as a linear
or nonlinear program.

From another point of view the schedule development process includes selecting a
scheduling method and scheduling tool, followed by incorporating project specific data within that
scheduling tool to develop a project specific schedule model. The general project schedule model is
used to generate project schedule(s). This process results in a model for project execution which
reacts predictably to progress and changes. Once developed, the schedule model is regularly
updated to reflect progress and changes, such as scope or schedule logic.
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During project planning, a process to develop a schedule model that meets the needs of the
project and its stakeholders begins. Activities must be described uniquely, including a verb, at least
one object, and any useful, clarifying adjectives. The resources required to complete each activity
should be considered to determine the duration of each activity. Constraints must not be used in the
schedule model to replace schedule logic. When the schedule model is complete, a baseline must be
established to permit comparison of progress against the original plan. For this is necessary to make
some definitions and hypothesis:

e All information relating to time management of the project must be reviewed and serves as
the basis for defining each activity.

e FEach element of the project scope, must be supported by an activity, or activities, that will
result in the completion of that part of the project scope. Activities must be described
uniquely, including a verb, at least one object, and any useful clarifying adjectives.

e Once the activity list is defined, the order in which the activities will be performed must be
determined and recorded.

e To avoid creating artificial or incorrect activity relationships, initial activity sequencing
should be determined independent of resource availability. After initial activity sequencing
is complete, discretionary dependencies, inserted to address resource availabilities, may be
used during the Schedule Development process.

The logical diagram of process can looks as in the next figure:
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The Scheduling Method
Scheduling methods provide the framework within which schedule models are developed. One of

the most common is the critical path method (CPM) The first step in the Schedule Development
process is the selection of an appropriate method. Some organizations have chosen to standardize
on a specific software tool. In this case, the scheduling method decision has already been made and
does not need to be made again. Since it is the most commonly used method, this practice standard
focuses on CPM.

The Critical Path Method (CPM) is a schedule network analysis technique used to determine
the minimum total project duration and the earliest possible finish date of the project as well as the
amount of scheduling flexibility (the amount of float) in the schedule network. Early start and finish
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dates are calculated by means of a forward pass, using a specified start date. Late start and finish
dates are determined by means of a backward pass, starting from a specified completion date. This
date may be the project early finish date determined during the forward pass calculation or a target
date. To be practical, users should utilize the CPM calculation algorithms provided by their project
management scheduling software. These tools automate the calculation of the mathematical forward
pass and backward pass during the critical path analysis,

generally using either the Precedence Diagramming Method (PDM), the Arrow Diagramming
Method (ADM), or the Critical Chain Method.

To establish a meaningful critical path, it is necessary to develop a logic-based network of
activities with empirically derived durations for execution in a realistic and practical manner.
Therefore, there must not be any open ends other than the project start and finish milestones.
Constraints must be restricted to those that represent external or internal conditions that cannot be
feasibly accomplished with activity logic. If overall resources and their availability are not
considered, the critical path method calculation can sometimes produce unachievable schedules. To
prevent this, resources should be identified and assigned, and resource leveling methods employed.
Resource lag defines a fixed period of time that will occur between the start of the activity and the
use of the resource.

The Scheduling Tool
The scheduling tool contains schedule components and the rules for relating and using the
components to represent the process for completing a project. This is easily visualized by running a
scheduling program and, before the addition of any activities or other project specific data,
observing the various components in that tool which are available to build the schedule model. The
scheduling tool is used to assemble the schedule model and provide the means of adjusting various
parameters and components that are typical in a modeling process.
Typically, it includes the capability to:
e Select the type of relationship (such as finish-to-start or finish-to-finish)
e Add lags and leads between activities
e Apply resources and use that information along with resource availability to adjust the
scheduling of activities
e Add constraints where logic (precedence relationships with other activities) alone is not
adequate to meet the project requirements
e Capture a specific schedule as a baseline or target schedule
e Change various parameters within the schedule model such as imposing a different project
completion date in an attempt to shorten the overall project duration to analyze the impact
that these changes would have on the project schedule
e Compare the most recent schedule against the previous one or against a target or baseline to
identify and quantify trends or variances.

The Schedule Model

The introduction of project-specific data, such as the activities, durations, and resources, into
the scheduling tool creates a schedule model that is specific to a particular project. This schedule
model, in turn, is used to generate various sets of dates, depending on the intent of a specific
modeling iteration. Thus the schedule model produces a project schedule, which contains the
planned dates for completing project activities.

The schedule model provides a tool for analyzing alternatives. The project team utilizes the
schedule model to predict outcomes and to compare changes in the model with the project team’s
expectations of the consequences of variation such as progress or scope. The schedule model can be
used to produce critical paths and instances of schedules, as well as other outputs such as resource
profiles, task assignments, and records of accomplishment. It will provide time-based forecasts,
reacting to inputs and adjustments made throughout the project’s life cycle.
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4.3. Relation between elements of scheduling

Connecting the activities of project is the base of any schedule model. The method of
connection is defined as a relationship. Every activity and milestone except the first and last must
be connected to at least one predecessor and one successor. With the exception of the start
milestone, something must occur prior to an activity starting, and in turn, that activity must be
totally or partially completed to allow another activity to start. Ensuring compliance with this
practice will prevent the schedule from containing open ends, where activities or milestones are
missing predecessors or successors. For most instances, each activity would finish prior to the start
of its successor activity (or activities) (known as a finish-to-start (FS) relationship), but that is not
always possible. If it is necessary to overlap activities, the scheduler may elect to use start-to-start
(SS), finish-to-finish (FF) or start-to-finish (SF) relationships.

Activity x ——>
START ACTIVITY / STOP ACTIVITY
only one connection with another activities Activity y
FINISH, to ST,A,R,T (FS) Activity x > Activity y
serial activities
Activity x
FINISH to FINISH (FF)
parallel activities with simultaneous end Activity y
START to START
parallel activities with simultaneous start Activity x
- Activity y
Activity x
START to FINISH
interaction between the start and finish
of different activities
> Activity y
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4.4. Scheduling concepts

In the scheduling process are used many concepts. For each is necessary to define some

elements:

e Component Name
Definition
Required or Optional Use
Manual or Calculated
Data Format
Conditional Note/Associated Component

The most important concepts was selected in the next table:

Name Definition Required | Data format
/Optional

Activity Calendar | The work periods and non-work periods in | R Date/time
calendar format regarding the activities of
projects

Project Calendar | A calendar of working days or shifts that | R Date/time
establishes those dates on which schedule
activities are worked and nonworking days
that determine those dates on which
schedule activities are idle. Typically
defines holidays, weekends, and shift
hours. The calendar initially assigned to
schedule activities and resources.

Resource A calendar of working days and|O Date/time
Calendar nonworking days that determines those
dates on which each specific resource is
idle or can be active. Typically defines
resource specific holidays and resource
availability periods.

As Late As A constraint placed on an activity that will | O Alphanumeric
Possible cause it to be scheduled to finish on the
last date before the project finish date and
without delaying successor activities.

As Soon As A constraint placed on an activity that will | O Alphanumeric
Possible cause it to be scheduled to finish on the
earliest date after the project start date
after any predecessor activities and
without delaying successor activities.

Expected Finish A date constraint placed on both the | R Date/time
activity early and late finish dates of an in-
progress schedule activity that affects
when the schedule activity can be
scheduled for completion and is usually in
the form of a fixed imposed date. This
constraint requires the activity remaining
duration to be set equal to the difference
between the activity expected finish date
and the data date to force the schedule
activity to be scheduled to finish upon the
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imposed date.

Finish Not Earlier
Than

A schedule constraint placed on the
schedule activity that affects when a
schedule activity can be scheduled and is
usually in the form of a fixed imposed
date. A Finish Not Earlier Than constraint
prevents the activity from being scheduled
to finish earlier than the imposed date.

Date/time

Finish Not Later
Than

A schedule constraint placed on the
schedule activity that affects when a
schedule activity can be scheduled and is
usually in the form of a fixed imposed
date. A Finish Not Later Than constraint
prevents the activity from being scheduled
to finish later than the imposed date.

Date/time

Finish On

A schedule constraint placed on the
schedule activity that affects when a
schedule activity can be scheduled and is
usually in the form of a fixed imposed
date. A Finish On constraint prevents the
activity from being scheduled to finish
earlier as well as later than the imposed
date. Finish On constraints are a
combination of a Not Earlier Than and Not
Later Than constraints. These impact both
the forward and the backward pass
calculation and hence both early and late
dates.

Date/time

Project Start
Constraint

A limitation or restraint placed on the
project early start date that affects when
the project must start and is usually in the
form of a fixed imposed date.

Date/time

Project Finish
Constraint

A limitation or restraint placed on the
project late finish date that affects when
the project must finish and is usually in the
form of a fixed imposed date.

Date/time

Start Not Earlier

A schedule constraint placed on the
schedule activity that affects when a
schedule activity can be scheduled and is
usually in the form of a fixed imposed
date. A Start Not Earlier Than constraint
prevents the schedule activity from being
scheduled to start earlier than the imposed
date.

Date/time

Start Not Later
Than

A schedule constraint placed on the
schedule activity that affects when a
schedule activity can be scheduled and is
usually in the form of a fixed imposed
date. A Start Not Later Than constraint
prevents the schedule activity from being
scheduled to start later than the imposed
date.

Date/time
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Activity Actual
Duration

The total number of work periods in
calendar units between the activity actual
start date of the schedule activity and
either the data date of the project schedule,
if the schedule activity is in progress, or
the activity actual finish date, if the
schedule activity is complete.

Numeric

Activity Baseline

The total number of work periods in
calendar units between the activity
baseline start date and activity baseline
finish date of a schedule activity as
determined by its approved project
schedule baseline.

Numeric

Activity Original
Duration

The activity duration originally assigned
to a schedule activity and not updated as
progress is reported on the activity.
Typically used for comparison with
activity actual duration and activity
remaining  duration when reporting
schedule progress. The activity original
duration is normally developed with a
reliance on historic data, specialists,
resource availability, financial
considerations, and volume of work to be
performed. May also be called ‘‘planned
duration.”’

Numeric

Activity
Remaining
Duration

The total number of work periods in
calendar units, (a) equal to the Original
Duration for an activity that has not started
or (b) between the data date of the project
schedule and the early finish date of a
schedule activity that has an activity actual
start date. This represents the time needed
to complete a schedule activity where the
work is in progress.

Numeric

Activity Total
Duration

The total number of work periods in
calendar units to complete a schedule
activity. For schedule activities in
progress, it includes the activity actual
duration plus the activity remaining
duration.

Numeric

Project Actual
Duration

The total number of work periods in
calendar units between the project actual
start date of the project and either the data
date of the project schedule, if the project
is in progress or the project actual finish
date if the project is complete

Numeric

Project Baseline
Duration

The total number of work periods in
calendar units needed to execute the
approved project schedule baseline* for
the project.

Numeric

Project Original

The initial estimate of the total number of

Numeric
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Duration

work periods in calendar units needed to
complete a project. The Project Original
Duration is typically determined from the
initial longest network path though the
project.

Project Remaining | The total number of work periods in Numeric
Duration calendar units, between the data date of the

project schedule and the project early

finish date of a project that has at least one

activity actual start date. This represents

the time needed to complete a project

where the work is in progress.
Activity  Actual | The point in time work actually ended on Date
Finish Date the schedule activity.
Activity Baseline | The point in time associated with the Date
Finish Date completion of the schedule activity in an

approved project schedule baseline.
Activity Early | The earliest possible point in time when Date
Finish Date the uncompleted portion of the schedule

activity can be completed.
Activity Late | The latest possible point in time when the Date
Finish Date schedule activity can be completed without

violating a schedule constraint or delaying

the project end date.
Project Actual | The point in time associated with the Date
Finish Date activity actual finish date of the last

schedule activity in the project.
Project Baseline | The point in time associated with the Date
Finish Date completion of the last schedule activity in

an approved project schedule baseline.
Project Early | The earliest possible point in time Date
Finish Date associated with the completion of the last

schedule activity of the project.
Project Late | The latest possible point in time Date
Finish Date associated with the completion of the last

schedule activity of the project.
Free Float The amount of time that a schedule Numeric

activity can be delayed without delaying

the early start of any immediately

following schedule activities.
Total Float The total amount of time that a schedule Numeric

activity may be delayed from its activity early
start date or activity early finish date
without delaying the project end date, or
violating a schedule constraint. Calculated
using the critical path method technique and
by subtracting the activity early finish date
from the activity late finish date, with that
difference expressed in calendar units. A total
float value less than zero indicates that the
activity late finish date is scheduled prior to
the activity early finish date and the
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calculated critical path is not feasible. A total
float value of zero or greater indicates the
calculated critical path may be feasible and
some schedule activities may be able to be
delayed.

Activity Duration | An estimate, expressed as the percentage Numeric
Percent Complete | that the activity actual duration represents,
of the activity total duration for a schedule
activity that has work in progress.
Project  Physical | An estimate, expressed as a percent, of the Numeric
Percent Complete | amount of work that has been completed
on the project, measured in terms of
physical work progress.
Resource The linkage of one or more resources to a Alphanumeric
Assignment schedule activity and identification of the
amount of each resource that is needed to
accomplish the work on that schedule
activity.
Resource The dates and number of work periods in Alphanumeric
Availability calendar units that a given resource is
available according to the appropriate
resource calendar.
Resource A phrase that describes a resource by type, Alphanumeric
Description role, or individual.
Resource ID A short wunique numeric or text Alphanumeric
identification assigned to each specific
resource to differentiate that resource from
other resources. The Resource ID is
typically unique within any one project.
Resource A documented tabulation containing the Alphanumeric
Library/Dictionary | complete list, including resource attributes,
of all resources that can be assigned to
project activities. Also known as a
resource dictionary.
Resource The unit cost rate assigned to a specific Numeric
Rates/Prices resource, including known rate escalations.
Resource Type A unique designation that differentiates a Alphanumeric
resource by skills, capabilities or other
attributes.
Activity Most | The total number of work periods in Numeric
Likely Duration calendar units assigned to perform the
schedule activity, considering all of the
variables that could affect performance,
and is determined to be the most probable
activity duration.
Activity  Actual | The point in time at which work actually Date
Start Date began on the schedule activity.
Activity Baseline | The point in time associated with the Date
Start Date beginning of the schedule activity in an
approved project schedule baseline
Activity Early | The earliest possible point in time when Date

Start Date

the schedule activity can begin.
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Activity Late Start
Date

The latest possible point in time when the
schedule activity can begin without
violating a schedule constraint or delaying
the project end date.

Date

Project Actual

Start Date

The point in time associated with the
activity actual start date of the first
schedule activity in the project.

Date

Project Baseline

Start Date

The point in time associated with the start
of the first task in an approved project
schedule.

Date

Project Early Start
Date

The earliest possible point in time
associated with the beginning of the first
schedule activity of the project.

Date

Project Late Start
Date

The latest possible point in time associated
with the beginning of the first schedule
activity of the project.

Date

Activity Code

One or more numerical or text values that
identify characteristics of the work or in
some way categorize the schedule activity
that allows filtering and ordering of
activities within reports.

Alphanumeric

Activity ID

A short wunique numeric or text
identification assigned to each schedule
activity to differentiate that project activity
from other activities. The Activity ID is
typically unique within any one project
schedule network diagram.

Alphanumeric

Activity Label

A short phrase or label for each schedule
activity used in conjunction with an
activity identifier to differentiate that
project schedule activity from other
schedule  activities. The  activity
description normally describes the scope
of work of the schedule activity.

Alphanumeric

Critical Path

The longest path through the project.

Alphanumeric

Milestone

A significant point or event in the project.

Graphical

Project Manager

The person assigned by the performing
organization to achieve the project
objectives.

o|\m|=

Alphanumeric

Project Name

A short phrase or label for each project,
used in conjunction with the project
identifier to differentiate a particular
project from other projects in a program.
Sometimes also known as project title.

Alphanumeric

Project Schedule

ID

A short wunique numeric or text
identification assigned to each schedule
model to differentiate that schedule model
from others. Also known as project
identifier.

Alphanumeric

Unit of Measure

A designation of the type of quantity
being measured, such as work-hours, cubic
yards, or lines of code.

Alphanumeric
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Update Cycle The regular interval at which the project | R Dates

activities have their status reported to the
current known state.

Questions:

1. Which are the reliability indicators?

2. What is design of reliability?

3. Explain the importance of reliability in maintenance process?
4. What is the difference between planning and scheduling?

5. Show some examples of planning in maintenance?
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Module MO8

Prevision and Forecast for Logistics and Maintenane
Activities

Juozas MERKEVICIUS
Vilnius Gediminas Technical University - Lithuania

Learning objectives:

= to understand importance of forecasting and planppmcess
= to understand hierarchy of planning

= to understand factors affecting capacity decisions

= to get familiar with aggregate planning techniques

= to know principles and to use them for master pcado scheduling

1. PLANNING AS RESULT OF FORCASTING PROCESS

1.1. DEFINITIONS

Planning in organizations and public policy is both the amigational process of creating and

maintaining a plan; and the psychological procddhioking about the activities required to create
a desired goal on some scale. As such, it is adimeatal property of intelligent behavior. This

thought process is essential to the creation afimeraent of a plan, or integration of it with other

plans, that is, it combines forecasting of develepta with the preparation of scenarios of how to
react to them. (Wikipedia.org)

The term is also used to describe the formal pneeesdused in such an endeavor, such as the
creation of documents diagrams, or meetings touds¢he important issues to be addressed, the
objectives to be met, and the strategy to be falbvwBeyond this, planning has a different meaning

depending on the political or economic context hiah it is used.
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1.2. IMPORTANCE OF THE PLANNING PROCESS:

A plan can play a vital role in helping to avoid staikes or recognize hidden opportunities.
Preparing a satisfactory plan of the organizatiesnegssential. The planning process enables
management to understand more clearly what they twaschieve, and how and when they can do
it.

A well-prepared business plan demonstrates thandregers know the business and that they have
thought through its development in terms of produstanagement, finances, and most importantly,
markets and competition.

Planning helps in forecasting the future, makeduhae visible to some extent. It bridges between
where we are and where we want to go. Planningpisihg ahead.

Two attitudes to planning need to be held in temsan the one hand we need to be prepared for
what may lie ahead, which may mean contingencidsflarible processes. On the other hand, our
future is shaped by consequences of our own plgrama actions.

* A good planning system must answer four questidqsiority andcapacity.
— What are we going to make?
— What does it take to make it?
— What do we have?
— What do we need?

» Priority- as established by the marketplace
» Capacity -is the capability of manufacturing to produce goadd services

Major levels of Planning

2-10 years Strategic
Business Plan
6 — 18 months Production .
Plan Planning phase
Master
3 — 18 months Production
Schedule
3 - 18 months Materials Req
Plan
Production
1 day to 1 month Activity Control Execution Control

Fig. 1. Major levels of planning
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1.3. PRODUCTION PLANNING DECISIONS

e Strategic Planning
— Top Management
— Long-Range Planning Horizon:
>18 months — 10 years
— Long-Range Planning Activities:

Business Forecasting

Sales & Operations Planning

Production Planning

Manufacturing Resource Requirements Planning
Financial Planning

» Tactical Planning
— Middle Management
— Medium-Range Planning Horizon:

1-18 months

— Medium-Range Planning Activities:

Distribution Requirements Planning (DRP)
Demand Management

Master Production Scheduling (MPS)
Rough Cut Capacity Planning (RCCP)
Material Requirements Planning (MRP)
Capacity Requirements Planning (CRP)

» Operational Planning
— Short-Range Planning Horizoh:day — 1 month

— Involve priorities (i.e., determining and meetingeddates) and capacities

— Short-Range Planning Activities:

Input/Output Planning & Control
Production Activity Control
Purchase Planning & Control
Project Management

Total Quality Control (TQC) and Preventive Maintana

1.4. TYPES OF PLANNING:
» Sales and Operations PlanningSOP) — is a process for continually revising ttnategic
business plan
» Manufacturing Resource Planning(MRP Il) — The manufacturing planning and control
system described here, is a master game planlfdedrtments in the company and works
from the top down with feedback from the bottom up
» Enterprise Resource Planning[ERP) — is an accounting oriented information etysfor
identifying and planning the enterprise---wide r@ses needed to make, ship, and account
for customer orders

1.5. PRODUCTION PLANNING (PP):

* Matches market demand to company resources
» Plans production 6 months to 12 months in advance
» Expresses demand, resources, and capacity in ¢ésrena
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* Develops a strategy for economically meeting demand
» Establishes a companywide game plan for allocaBsgurces

Production Planning Stages
» Defining objectives
» Setting priorities to attain objectives
« Examining internal & external environments of pladrsystem
» Determining achievable targets
» Determining inputs needed to achieve targets

STEF 5
EXEC p CECISOAS
S503 authceized game pian
EETBG
STEP 4 1
pR=Sicn  |—e recommendalions and agenda
Rty et i
MEETRIG fior Executive SROP

STEF 3 |
SUPPLY capacity constrainls
i = nid_ = s hienis
PLAMKING £ 4pa5s SFI‘?Ju.r...A
FHASE
F 1
>TEP 2 1
ki management forecast
BEN " i
1%-0055 5pnRacshess
PLAMNING 3
PHASE
ry
STEP T |
REIN |- Stafstical focecasls
SALES field saes workshesls
FORECAST
REPDATS
| end of mend

Fig. 2. The Monthly Sales & Operations Planning Process

Objectives
» Effectiveness: goods to fulfill customers’ needs

* Maximising output: maximum output with minimum irtpu

» Quality control: Product/service quality meets plad quality specifications
* Minimise throughput time: conversion of raw matkri@ finished goods in minimum time
» Capacity: full utilisation of men & machines

* Minimise cost: minimum cost of production

* Maintaining inventory: optimal inventory

» Flexibility: flexibility in production operations

» Coordination: between men & machines

» Capacity: plan for current & future needs

* Reduce bottlenecks: solve production problemg/earl

» Maximise profit: minimise cost

* Production schedules: as per plan

* Routes & schedules: to optimise use of men, mai&maachinery

* Maintain performance: maintain standards
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1.6. FUNCTIONS OF PRODUCTION PLANNING

Product selection & design

Process selection & planning

Facility location

Facility layout & materials handling

Capacity planning

Systems & procedures

Estimating quantity/costs of production, men
Routing operation sequence

Job scheduling & loading

Benefits of Production Planning

Higher quality

Better resource utilization
Reduced inventory
Reduced manufacturing cycle time
Faster delivery

Better customer services
Lower production costs
Lower capital investment
Improved sales turnover
Improved market share
Improved profitability
Competitive advantage
Flexibility

Dependability

Lower prices

Inputs and Outputs to Production

Planning
Capacity Strategic
Constraints Objectives

N~ |

Demand
Forecasts

Size of / / \ \

Workforce .
Production Inventory
per month Levels
(inunits or €)

Company
Policies

-

Financial
Constraints

Units or Euro
subcontracted,
backordered, or

lost

Fig. 3. Inputs and outputs of production planning
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1.7. REQUIREMENTS FOR EFFECTIVE PRODUCTION PLANNING

Sound organisational structure

Delegation of authority

Reliable, up-to-date feedback

Standardisation

Trained people

Flexibility to adapt

Appropriate management policies

Accurate assessment of manufacturing/procuremedttimes
Adequate plant capacity

Limitations of Production Planning

Based on assumptions

Resistance to change

Time consuming

Difficult due to rapid environment changes

2. HHERARCHICAL PRODUCTION PLANNING

2.1. DIFFERENCES OF PP AND HPP

* Production Planning
— A set of decisions that aim to minimize costs aratipction time while maximizing
efficiency and customer satisfaction
» Hierarchical Production Planning (HPP)
— A practice within production planning that matcleagh planning decision to the
appropriate level in the organization
Production Planning refers to manufacturing plagnttecisions in aggregate. These decisions
include ERP systems, scheduling, spreadsheet moi@el®ry specific plans, etc. Hierarchical
Production Planning is simply a philosophy arguihgt not all decisions should be made by top
management. Rather, each decisions should be nmyatles lappropriate organizational entity. For
example, a specific factory plan should be madagnrily by the managers of the factory, not solely
the corporate officers located hundreds of mileayaw

Nuts and Bolts
» Decisions are disaggregated (broken up) sub-prabberd assigned to the appropriate level
in the organization
» Higher —level restrictions impose constraints ufmwer-level decisions
* Detail increases the further decisions move dowrhibrarchy
e Communication breakdowns between levels is comnmoigpendent committees are useful
in monitoring progress
According to Vollman, Berry, Whybark, and Jacobse @f the biggest problems facing production
planning is understand how the overall productitan pelates to the day-to-day detail of specific
product production. One approach to solving thisbfgm is disaggregation: breaking up the
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planning process into smaller pieces an assigtaget pieces to the right level in the organization.
This processes helps the day-to-day productiombdeé with the aggregate production plan. At
each stage of disaggregation, detail increaseewifluence decreases. For example, at the highest
level, a lawn-mowing company could assign severadipction lines at multiple factories assigned.
At the lowest level, specific detail and schedualbsut how a specific model will be produced could
be given. The challenge is to maintain constantrnamication between lines so that the detailed
plans fit within g the framework given by the hiexaical structure.

2.2. MAJOR BENEFITS OF HIERARCHICAL PRODUCTION PLAN NING

» Decreased Data Collection Costs

* Increased Data Accuracy

» Easier to implement planning decisions at eachl leve

» Lower-level planning decisions provide valuablediegck to upper management

» Widely adaptable to different organizations
Briton and Tirupati from the MIT Sloan School of Negement argue that HPP decreases data
collection costs because those collecting and sieadlata up the chain already have access to it;
thus, top management does not have to go searfdriitgIn addition, if decisions are made at each
level, then it is easier for companies to implentéeir overall production plans because each level
has already “bought in” to their piece of it, sintbey made the decisions about their part. Finally,
HPP naturally provides an excellent forum for femdband adjustments to the overall production
plan can be made if needed.

Organizational Planning
Level Detail
EEEE— ———
Top Corporate fAss!ign productt
Management aln; ygrqups °
actories
Ne— Ne—
e EEEEE—
Plant and division Aggregate plan for
management each factory
— N
N N
el Schedule family
|— Department oupings
Management grouping
Ne— Ne—
N EEEEE——  EEEEEEEE—
Department
= Managementand | Schedule items
master scheduler
—
ey

MRP planners and
— purchasing
personnel

Component-part
scheduling

| S ——

Fig. 4. HPP: A Conceptual View
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2.3. HOW IT WORKS

Step 1
* Top Management decides which products will be pceduat which factories
— Products are combined into family groupings
— Primary considerations in factory assignment i ogsimization
In this step, products are “assigned into familyugings to facilitate aggregation, assignment to
factories, and modeling processes. Assignmentctofigs is based on minimizing capital
investment cost, manufacturing cost, and transpont@ost.”
Step 2
» Division Management specifies production plan faclefactory
— Includes inventory levels, overtime, production aeity, etc.
This step is constrained by the specific volumédbgdop corporate management, but provides
more detail regarding inventory and production Iever each factory.
Step 3
» Plant Management schedules product family groupatdgise factory
— Constrained by aggregate plan created by highet lev
The primary purpose of this stage is to achieve ausimizing by grouping product families
together during production. This step can ofterskipped if no economies of scale are achieved.
Plant management is constrained in this step byntrentory levels and production levels set by the
previous step, but lays out the schedule for eachlyzt family, not getting into detail about
specific products
Step 4
* Department Management schedules individual products
— Schedules usually based on mathematical models
— Constrained by the previously scheduled family giogs
This step is similar to making a master productohedule for a factory. This step may cover a
shorter planning horizon that the previous stepsnyvtimes, mathematical models are used to
develop this master schedule, but that subjeatti®@bthe scope of this training.
Step 5
* Purchasing Personal completes component-part stohgdu
— Completed through inventory systems or mathematnaleling
This is the most detailed portion of the decisioocgss. Specific detail about inventory purchasing
and assembly is given

2.4. A PRACTICAL EXAMPLE

Smlack and Becker produces and sells tools. Theaagnis currently evaluating the best
production planning method to decrease costs axihmeze efficiency. It has decided to implement
a hierarchical production planning model and veike the following steps
Smlack and Becker—Step 1
» The corporate officers in Bethesda, MD assign pcotamilies to its 10 different factories
around the country.
— Example: saws will be produced in one factory, agators in another, and drills in
another
— This step requires the least amount of detail
Smlack and Becker—Step 2
» Division Managers will develop and aggregate plameiach factory
— Production and inventory levels for each familgsablished
— These managers are constrained to plan withindh@ocate officers limitations. (for
example, they cannot assign saws to be made dtithiactory)
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Smlack and Becker—Step 3
Factory Managers schedule how family groups wilh@nufactured

— Focus will be on generating cost savings by comigimhanufacturing processes
with similar products (families)

Smlack and Becker—Step 4
Department Managers will schedule each item fodpection

— Production of specific tool models will be planned
Smlack and Becker—Step 5

Procurement with plan product components
— Purchase and assembly of product parts will bengdn

— This step requires the most amount of detail
Smlack and Becker—Step 6

All Feedback is submitted to Smlack and Becker lqeaders in Bethesda to feed into the
aggregate production plan.

Committees evaluate communication stream to matesistormation is being passed up the
chain

Exercise

You work for a Fertilizer Company and are respolesibr implementing a hierarchical production
plan by July ‘09. You have been given the apprderiavels within your organization and the

necessary planning steps. Your job on the nexe skdto connect the planning detail with the
correct level within the organization:

Fig. 5. For exercise: Connect the Boxes

References

Vollmann, Berry, and Whybark. Manufacturing Plarqnand Control Systems for Supply
Chain ManagemenkcGraw-Hill 2005, Fifth Edition
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3. PREVISION AND FORECAST OF CAPACITY

3.1. CAPACITY DEFINED

® The amount of work that can be done in a periotihoe.

* The capability of a worker, machine, work cenpan, or organization to produce output per
period of time

Kinds of Capacity

* Capacity available — the capacity of a systensduece to produce a quantity of output in a given
period of time.

¢ Capacity required- the capacity needed to produgesired output in a given period of time.

— Load — closely related to Capacity requirementse-amount of work assigned to a center /
facility for a period of time.

3.2. CAPACITY FORCAST

— Determining which level of capacity to operatecaineet customer demand in a cost efficient
manner.

— Forecast sales for each product line.

— Forecast sales for individual products within eké.

— Calculate labor and equipment requirements to im@etuct line forecasts.

— Project labor and equipment availabilities over ptanning horizon.

Other definitions
*Capacity managementBDetermining the capacitgeeded to achieve the plan.

*Capacity control — the process of monitoring outpotnparing it to capacity plans and taking
corrective action when needed.

3.3. FACTORS AFFECTING CAPACITY DECISIONS

» External Factors
— Government regulations
— Union agreements
— Supplier capabilities

* Internal Factors
— Product and service design
— Personnel and jobs
— Plant layout and process flow
— Equipment capabilities and maintenance
— Materials management
— Quality control systems
— Management capabilities
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Capacity Decisions

*Production System Capacity Affects:
— Response rate to market changes
— Overall product cost structure
— Composition of the workforce
— Level of production technology utilized
— Extent of management and staff support
— General inventory strategy

Capacity Utilization and Service Level

* Balancing Capacity and Demand
— Demand exceeds capacity, customers are turned away
— Demand exceeds optimum capacity, customers repeiveservice.
— Demand equals optimum capacity, customers arécsgpvoperly.
— Demand is less than optimum capacity, there escgdpacity.

« Too much capacity—costs rise.

« Too little capacity—customers are lost.

Capacity can be increased through introducing re@hrtiques, equipment and materials, increasing
the number of workers or machines, increasing thmber of shifts, or acquiring additional
production facilities.

Demand
customers turned away

.E 1007 ) — — — — — — — — — — — — — ——- Maximum Capacity
E poor service poor service
S S R SR Optimal Capacity
> Utilization
= excess
Q o
@ idle
8 capacity
Lowr————————————————
0% , , >
Breakfast Midmorning Lunch
Time

Fig. 6. Comparing Capacity and Demand for a Food Servacalify

3.4. IMPORTANT CAPACITY CONCEPTS

® Best Operating Level
— The capacity (production volume) for which the rage unit cost of output is at a minimum.

® Economies of Scales
— The output range in which average units costsedser as unit production volumes increase.
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® Diseconomies of Scale

— The output range in which average unit costsdiseto added costs incurred at operating levels
exceeding the best operating level.

A .
Economies of scale

E. Diseconomies of scale
3 Plant A (
B
E Plant B Plant D
B \.—/
=
o Plant C
on
o
2
=4
Best operating level 4
| | | | >
Va Va Ve Vp Volume

Fig. 7. Economies of Scale

* Capacity Flexibility
— Ability to provide a wider range of products armlumes with short lead times.

- Flexible plants * Flexible processes
« Flexible workers ¢ Use of External Capacity
« Subcontracting » Sharing capacity

Agile Manufacturing
— The capability of a manufacturing process to respguickly to marketplace changes.

¢ Capacity Balance
— Balanced internal operational capacities

3.5. CAPACITY STRATEGIES

* Proactive
— Anticipating future growth and building a facilisp that it is up and running when the demand is

there.
A

K\___
Plant capacity Demand

Volume

Excess capacity

/

Time’
Fig. 8. Proactive Capacity Strategy
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* Neutral
— Additional capacity becomes available when demaradbout 50 percent of planned added
capacity. The issue is how best to satisfy demafioré the plant is up and operating.

A
Y~ Demand
Plant capacity
Volume l
e —
P >
Time

Fig. 9. Neutral Capacity Strategy

* Reactive
— plant capacity is not added until all of the pladroutput from the facility can be sold.

A
~— Demand
Unfilled demand
-
Volume
/ <—— Plant capacity
Timer
Fig. 10.Reactive Capacity Strategy
Discussion

FENNER: EXPANDING CAPACITY TO MEET GLOBAL DEMAND

Fenner is the world's largest manufacturer of itrilsconveyor belts. In 2005 it produced over
five million metres of conveyor belting in its twel manufacturing facilities on five continents. Its
belts are used material handling operations insa remge of industries, including underground and
hardrock mining aggregates, power generation, gfamestry, package handling, food processing,
baggage handling moving walkways, paper handlinggmputer peripherals, copiers,
electrical/mechanical equipment agricultural maehyn heating, ventilating and air conditioning,
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truck/bus, pharmaceuticals, machine too mobile dwiirs, off-highway machines, mechanical
handling, construction equipment, process industoé, gas and aerospace.

Currently business is booming for the company whgteadquartered in Yorkshire, England.
Announcing its half-year results to 28 February €0€he company announced a more than
doubling of its pre-tax profits up to £11.9 millidmom £4.2 million a year earlier. As the Financial
Times (FT) reported on 11 May 2006 'buoyant enengykets helped the company to produce a
very strong set of interim results'. Revenues juiln@@ per cent to £182 million from £137 million
and earnings per share rose to 5.34p from 2.58p.

The FT commented:

'‘Demand for conveyor belts, which account for albmua-thirds of (Fenner's) turnover, is booming
with the order flow more than double that of two ttree years ago. These results clearly
demonstrate the operational gearing of Fenner'snéss and, with the coal sector seemingly
entering a super-cycle with oil prices so high, phespects look very good'.

The FT went on to note that Fenner was the latgsgpleer to benefit from the booming oil and
mining sectors. This was patrticularly the case in@, where coal consumption to feed its power
stations had doubled in the past few years to abduition tonnes of coal a year - twice that o th
USA. The high oil price was also driving more caahing projects elsewhere in Asia and North
America. The company was also supplying the largsamds projects in Canada.

Mark Abrahams, Fenners' Chief Executive said, viehlaeen with the group for 16 years now and
this is the best [trading] | have seen." Mr AbraBaannounced that Fenner planned to expand its
manufacturing capacity by as much as a third okerrtext three years. The company would be
making capital investments of about £18 millioneayon expanding its factories and building at
least one new factory in China. He said a thirdhef investment would be targeted at China, the
world's fastest growing economy. The company alydes one plant near Shanghai with a second
due to come on stream towards the end of 2006adtvow planning a third factory for China.

Questions

1. What are the most important factors influendtegner's growth?

2. How might Fenner set about forecasting demanddgroducts over the next 5 years?
3. What capacity strategy is using Fenner?

3.6. CAPACITY MEASURES

® Capacity

— The output of a process or facility over a giviemet period.

— By units of output ( litres of beer , # of cars)

— Standard time — time to produce a product by difteéaoperator at a normal pace
® Capacity Utilization

— The percentage of the available capacity thattisadly being used.

All these different times?

* Move time — time normally needed to move material from on@ W another.

* Wait time — time a job waits at a WC after completion anfibteeit’'s been moved.
® Queue time— time a job waits at a work center before beiagdied.

® | ead time— sum of queue, setup, run, wait and move times.
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Work center 1 Work center 2

Setup & RUn " Setup & Fun

Move fime

Lead time

Fig. 11.Lead time

ltems Production Planning Capacity Planning  Resource level
Product lines Aggregate - Resource
or families Production Plan Requirements Plan | Plants
Individual Master Production | Rough-Cut Critical work
products Schedule Capacity Plan centers
Material . Capacity All work
Components Requirements Plan Requirements Plan| centers
Manufacturing Shop Floor Input/Output Individual
operations Schedule R Control machines

Fig. 12.Hierarchical Planning Process

Levels of Capacity

® Must be measured at these three levels
— Machine or individual worker
— Work center
— Plant

Determining Capacity Available
* Measurement
— Demonstrated capacity comes from historical data

® Calculation
— Calculated or rated capacity is based on availiie , utilization and efficiency.

® Available time - # hours a work center can be usadaximum terms.

* Utilization - % of time the the work station istae compared to available time.
— Utilization = hours actually worked/available hewxr 100%.
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* Efficiency — actual rate / standard rate

—Can be higher than 100%

* Rated Capacity — is based on available timeizatibn and efficiency.
= available time X utilization X efficiency.

Example problem

4 machines X 8 hours daily X 5 days = 160 days
RC =160 X .85 x 1.10 = 149.6 standards hours

Demonstrated Capacity
® Historical in nature

— 4 weeks of 120, 130, 150 & 140 Standard hours
— DC =120+130+150+140/4 = 135 standard hours
— Notice it's and average not maximum

Capacity Requirement

® | oad determination

— Determine time needed for each order at eachicente
— Sum the CR for individual orders to obtain a load.

- Time needed for order

-Sum of Setup and Run times

-Example 150 gear shafts with a setup of 1.5 hoodsran time of 0.2 hours
-Standard time = 1.5 + ( 150 x 0.2)
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Order Quantity Setup Time Run Times Total Time
thours)  (hours/piece)  (hours)

Released Orders

242 100 a 0.z
333 150 1.5 0.z

Planned Orders

444 200 3 0.25
555 300 25 0.15
222 O+ (100 =029 20
333 16+ (1680 x 0.2) 31.5
444 3+ (200 %025 a3
555 25300 x015) 47 5

Total 152

Fig. 13.Example



Week 20 21 22 23 24 Total

Released Load 51.5 45 30 30 25 181.5
Planned Load 100.5 120 100 an 100 510.5
Total Load 152 165 130 120 125 5392
Rated Capacity 140 140 140 140 140 700
{Over)f Under Capacity -1z 25 10 20 15 =
-Ianned Load

Released Load

200

150

100

a0

20 21 22 23 24

Fig. 14.Example

3.7. SCHEDULING CAPACITY

® According the ninth edition of the APICS Dictiogascheduling is : “a timetable for planned
occurrences”

Back Scheduling

® Back Scheduling — starting with the due date anckwackwards to find the start date for each
operation.

® |tems needed
— Quantity and dates
— Sequence of operations
— Setup ,run times, queue, wait and move
— Work center capacity available

® Information needed is obtained from
— Order file
— Route file
— Work center file
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All inDays

Operation Waork Arrival Operation Finish Move
humber Center Date  Queue time Wait Date time

10 12 95 4 4 1 103 104
20 14 105 3 5 1 113 114
30 17 115 5 1 1 121 122
40 3 123 8 2 1 133 134
50 Stores 135

Fig. 15.Example

Balancing Capacity
* Alter the load
— Shifting orders ahead or back in the plan

® Change capacity
— Schedule overtime
— Hiring or Firing
— Shift workforce to more overloaded centers
— Alternate routings
— Subcontract , outsource or farm-out

Discussion
CAPACITY HITS THE BUFFERS FOR US RAILWAYS

Surging freight volumes have been causing seriongestion across the US rail network in the last
few /ears. The country's ageing system has beaggiiing to cope with surging freight volumes
generated by robust economic growth and has beematipg close to full capacity.

Railroads remain the backbone of North Americag&ght transportation network. In the US,
railroads account for more than 40 per cent ofralght transportation, more than from any other
single mode of transportation. The country's véstdces mean that any bulky cargoes (cars, steel,
coal, grain, lumber, cement, etc.) are moved most effectively by rail. US freight railroads are
the world's busiest, moving more freight than aay system in any other country. US railroads
move more than four times as much freight as doo&lWestern Europe's freight railroads
combined.

The four years between 2002 and 2006 have seewsdx@lgrowth for US railway companies.
Industry executives say they see no signs of addem, with all the big operators predicting
continuing volume growth. As the US economy ha®uslded from recession, a range of factors
have pushed more freight on to the rails. Rail canms have been benefiting from surging energy
prices because freight trains are three times rhumleefficient than trucks. A nationwide shortage
of truck drivers and worsening road congestion halge spurred the shift in freight from road to
rail. The resurgence of coal as a source of etdgtrmeans that railroads are carrying record
amounts of coal. Rising volumes and limited capyab#dve also enabled the railroads to up their
prices to reinforce their profit margins. Union Biac the biggest operator more than doubled its
net profits during 2005 to $311 million. Norfolk &bern revealed a 57 per cent increase in net
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earnings to $305 million and BNSF increased itsprefits by 28 per cent to $410 million during
the same period. Underlying profits at CSX rosgé6cent.

In response to the capacity constraints, rail cangsahave sharply increased their investments in
infrastructure. According to industry body the Asistion of American Railroads, the biggest US
freight railroads plan to spend more than $8.2idmillin 2006 laying new track, buying new
equipment and improving infrastructure. This wotddse the industry's capital expenditure 21 per
cent from the previous year and shatter the previeaord for infrastructure spending in one year.
Freight railroads are capital intensive businesBesween 1995 and 2004, they put an average of
17.8 per cent of their revenues into capital exganes. This compares with an average of 3.5 per
cent for manufacturing. In addition, railroads spe#10 billion to $12 billion each year to repair
and maintain their infrastructure and equipmerigtal spending of nearly $360 billion since 1980.
The $15 billion to $17 billion railroads typicallgpend each year on their infrastructure and
equipment is equal, on average, to approximatelgetxent of their operating revenue.

However, many customers believe the industry Isrstt doing enough to tackle congestion on the
railroads. Entergy, a large electricity generat®rsuing Union Pacific for coal supply disruptions.
Others see the railroads' record profits as prbaft tapacity shortages are being used to inflate
prices. Pointing to the near-monopoly enjoyed adire regions of North America by the biggest
six operators (Union Pacific, CSX, Norfolk Southe®NSF, Canadian Pacific and Canadian
National), many have been lobbying Congress foislatjon to force the industry to behave more
competitively.

Rail industry executives argue that the only wagxpand capacity is to make sure the companies
are making enough money to invest. Investment leas held back in the past by the industry's
traditionally low return on capital. Improvementoomised include double tracking of bottleneck
sections of the line and investments in new teayplike satellite tracking to allow trains to tedv
closer together safely, thereby increasing tradkation by up to 20 per cent.

Unclogging US railways will be a slow process sajroad executives. They promise that services
will eventually improve but customers must accéptdays of unlimited rail capacity are gone. One
said, This industry used to be like a light switlflyou needed more railroad cars you just flipped
switch and they were available. That switch iso@ler working'.

Questions
1. What capacity management strategy do US freahbads use, and why?
2. What other actions are open to the railroadedoage capacity?

4. AGGREGATE PLANNING

Managerial Issues

* Translating long-range strategic plans into daibrkvschedules for the shop floor.

* Using aggregate planning to develop intermediateye plans that link the long-range strategic
plan and the short-range operational plan.

» Developing aggregate plans that match the demamatdducts with the firm’s ability to supply
the products and to do so at minimum cost.

» Coordinating marketing management and operatmigvelop an aggregate plan that is both
effective and efficient.
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4.1. OVERVIEW OF OPERATIONAL PLANNING ACTIVITIES

*Long-Range Planning

—Focuses on strategic issues relation to capacibgess, selection, and plant location.
*Intermediate-Range Planning

—Focuses on tactical issues pertaining to aggregatiforce and material requirements for the
coming year.

*Short-Range Planning

—Addresses day-to-day issues of scheduling workejgslts at assigned work stations.

r
Business _ Cct)r;orqte Financial
forecasting | “| planning
planning
Long range I
Product and < Resource
market (capacity)
planning | » planning
1 A
-y Vb
A
y
ltem o Aggregate
forecasting ” p&ﬁﬁﬁ;ﬂ b
Intermediate range ’

Master Rough-cut
production capacity
scheduling |~ planning

(MPS) (RCP)

‘ // I
- —-+H L——_iae di.,itin
Final Materials Capacity
assembly requirements| _ _ |requirements
scheduling planning | planning
(FAS) (MRP) (CRP)
Short range (== Y === 1,—————-}
i .
| | Production Purchase '
! o lanning and :
! control P 9 | |
: (PAC) control :
1
. | Input/output planning and control Jl

Fig. 16.Overview of Manufacturing Planning Activities

Intermediate-Range Planning

*Aggregate Production Planning

—The process for determining the most cost effectvagy to match supply and demand over the
next 12—18 months.

*[tem Forecasting

—Estimating specific products (and replacement pavikich, when integrated with the aggregate
production plan, becomes the output requirementhi@master production schedule (MPS).
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—The process of monitoring and integrating this infation is termedlemand management
*Master Production Scheduling (MPS)

—Short-term scheduling of specific end product regjaents for the next several quarters.
*Rough-Cut or Resource Capacity Planning

—Determining that adequate production capacity aacthousing are available to meet demand.

Aqggregate Production Planning

*Production Rate

—The capacity of output per unit of time (such agsuper day or units per week.
*Workforce Level

—Number of workers required to provide a specifiexel of production.

*Inventory on Hand

—The surplus of units that results when productixeceeds demand in a given time period.
*Backlog (or Stockout)

—The deficit in units that results when demand edsdbhe number of units produced in a given
time period.

Competitors’ Raw material Market
behavior availability demand
l External
" o firm
ca;ixéﬁ;r}il g _ (Planning for{ Economic
subcontractors) w conditions
Chugﬁzr;tl Current Inventory reAcl}il:ét(lje%r Internal
sl workforce levels i o " to firm
gapacity production

Fig. 17.Required Inputs to the Production Planning System

Strategies for Meeting Demand

Use inventory to absorb fluctuations in deméadel production)
Hire and fire workers to match demand (chasaaled)

Maintain resources for high demand levels

Increase or decrease working hours (over & urighee)
Subcontract work to other firms

Use part-time workers

Provide the service or product at a later tipeziod (backordering)

NoosrwbE

4.2. PRODUCTION PLANNING STRATEGIES

*Chase Strategy
—Matching the production rate to exactly meet thdeorate by hiring and laying off workers as the
order rate varies.
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—Maintaining resources for high demand levels - ezshigh levels of customer service
—Overtime & undertime - common when demand flucturzgiare not extreme

*Stable Workforce—Variable Work Hours
—Varying output by varying the number of hours watkkrough flexible schedules or overtime.

*Level Strategy

—produce at constant rate & use inventory as netmetet demand

—Maintain a stable workforce working at constantpotitrate; absorb demand variations with
inventory, backlogs, or lost sales.

Strategy Details
» Subcontracting- useful if supplier meets quality & time requiremis
e Part-time workers- feasible for unskilled jobs or if labor pool sts
e Backordering- only works if customer is willing to wait forquuct/services
e Hybrid Strategy— a mixture of any of the basic strategies.

*Pure Strategy
—Either a chase strategy when product exactly matdeenand or a level strategy when production
remains constant over a specified number of periods

*Mixed Strategy
—A combination of chase and level strategies to matpply and demand

A. Pure Chase Strategy B. Pure Level Strategy

Demand Demand

Units Units

-~ Production

Y
Y

Time Time
Fig. 18.Chase Demand and Level strategies

*Relevant Costs

—Basic production costs (fixed and variable)

—Costs associated with changes in the producti@n(eat)., labor costs)
—Inventory holding costs

—Backlog (stockout) costs

*Budgets

—Aggregate planning helps justify

requests for organizational

resources.
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4.3. AGGREGATE PLANNING TECHNIQUES

*Trial and Error

—Costing out the production alternatives and chap#ie one with the lowest cost.

sLinear Programming
el inear Decision Rule
*\/arious Heuristic Methods

eFull Costs

— All of the actual, out-of-pocket costs associatetth\& particular aggregate plan.

— Used for developing a labor and material budget.

*Marginal (Incremental) Costs

— Unique costs attributable to a particular aggregéda that are above and beyond

those required to build the product by its mostecoical means

Examples

Quarter Sales Forecast (kg)
Spring 80,000

Summer 50,000

Autumn 120,000

Winter 150,000

Hiring cost = €100 per worker

Firing cost = € 500 per worker

Inventory carrying cost = € 0.50 kg per quarter
Production per employee = 1,000 kg per quarter
Beginning work force = 100 workers

Level Production Strategy

Sales Production
Quarter Forecast Plan Inventory
Spring 80,000 100,000 20,000
Summer 50,000 100,000 70,000

Autumn 120,000 100,000 50,000
Winter 150,000 100,000 0
400,000 140,000

Cost = 140,000 kg x 0.50 per kg€¥0,000

Chase Demand Strategy

Sales Production Workers Workers Workers
Quarter Forecast Plan NeededHired Fired
Spring 80,000 80,000 80 - 20
Summer 50,000 50,000 50 - 30
Autumn 120,000 120,000 120 70 -
Winter 150,000 150,000 150 30 -

100 50



Cost = (100 workers hired x €100) + (50 workdrsd x € 500)
=€ 10,000 + 25,000 £ 35,000

Level Production Plan Procedure

Total Production = total forecast + back orders fding inventory — opening inventory

Total Production = What do they want + BO + What want to have — What we currently have

Period 1 2 3 4

5

Total

Forecast 110 120 130 120
Cases

120

600

Opening inventory = 100
Back orders (BO) = 80
Ending inventory= 0

a. How much should be produced each period?

Planned production =total forecast + back orders — opening inventory
= + - = [/ =

b. What is the ending inventory for each period?

1 period =opening inventory + planned production — forecast
2 period =
3 period =
4 period =
5 period =

Period 1 2 3 4

Total

Planned
Production

Ending
inventory

Example
Opening inventory = 600

Back orders (BO) = 200
Ending inventory= 0
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Period Jan Feb Mar Apr May Jun Total

Working 20 22 20 20 18 19
Days

Forecast 1200 1300 800 700 700 900

Planned
Production

Planned
Inv 600

Planned production =
Each working day should be produced =
Planned production:
Jan =

Feb =

Mar =

Apr =

May =

Jun =

Planned inventory:
Jan =

Feb =

Mar =

Apr =

May =

Jun =

Discussion

Britvic soft drinks

The Britvic Soft Drinks canning operation at Rugbgntral England, is one of the highest capacity
and most automated factories of its type in Eurcgogplying the market with a range of Britvic
drinks such as Tango, and also canning and disitndpuPepsi Cola. The factory is linked by
underground conveyor to Continental Can's can-nggkijperation on an adjacent site, which also
supplies vast quantities of cans every day to alhieks manufacturers.

The operations manager, Bob Pursley, emphasizemntirenous potential output of the plant.
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'We have four state-of-the-art high-speed cannings| each producing 1500 cans per minute,
giving a combined output of 6000 cans per minuta:. heoretical capacity over a 24-hour period,
with no change-overs or downtime, would equatertanaredible 8.5 million cans, which would
then occupy 1000 square metres of warehouse spacdeight of 4.5 metres. These products are
bulky and have a limited shelf life. We have onhpagh space for five days' output, so we need to
respond rapidly in production to fluctuation in ceamd.

“In Northern Europe, the consumption of canned ldriis always seasonal, especially in the UK
where the biggest problem is the unpredictabilitghe weather! A few very hot and sunny days
have a dramatic effect on demand and we must relspdhout delay or we would run out of stock
of many of our products within days. The way tha& mun the factory addresses both seasonality
and the shorter-term weather-related fluctuatidee canning lines are normally run 24 hours a
day, as adjacent pairs, a system we call 'baclkatd:pso that a crew of employees can operate one
line (in periods of predicted low demand) or almpstantly two, to meet peak demand. In hot
weather we can also boost production by up to 4@epe for a period with no change in the
numbers of employees. This is achieved by chanfgorg five to seven days a week, thanks to the
co-operation of our employees. This arrangementbwarst capacity to around 40 million cans a
week, but there are obviously limits to the lengthime that is possible, as everyone needs a break
eventually. In periods of lower demand, particylar winter, staff are switched into training and
development activities. We don't need the maximampacity, so we utilize some of the time to
train, develop and prepare employees to cope mibeetigely in the following summer peak.
Employees are also encouraged to take some ofaheual leave in the winter. Major maintenance
projects are planned for completion during theseetqperiods and smaller more routine
maintenance in short blocks of time is carried outhe summer to minimize the impact on
productive time”.

Figure 19 indicates how production volumes andssaiehe Britvic plant vary throughout the year.
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B Froduction  Ez] Sales

Fig. 19. Britvic drinks- sales and production (ird# 100 = previous year’s average sales)

212



Questions

1. What are the factors which seem to influencedimeand fluctuation for this operation?

2. How does the company vary its output levels?

3. The company “chases demand” rather than usffeyal capacity” strategy or a “change
demand” strategy. Why do you think this is?

Example

New England Shirt Company

: ch13-agg-plan-prob._xis

A

Bs New England Shirt Company
| 2
| 3  Chase Strategy:

4
| & | danuary February
| 6
| T | Demand: 2400 1,200
6

8 | Aqgregate Plan:
10
| 11 Production; 2400 1,200
| 12 ]
| 13 Mumber of
| 14 Warkers: 0 15
| 15
| 16 | Mo Hired: 0 0
| 17 Mes, Fired: 0 15
18

19
% Marginal Costs: =F16*200
|21
| 22 Hiring: ] (i
| 23 | Firing: i 4,500
(24
| 25 | Total: o 4500
28

March
2500
2,800

35

4,000
i}

4,000/

April May | June Total
3500 3,200 3500 16,800
3600, 3,200 3600
I =GT*2(E*20)
10 0 5 ———  —H14-G14
1] 5 1]
2000 o 1,000 7,000
1] 1,500 1] E,000
2000 1500 1,000 12,000

27
W] 4| »| [\ Sheet1 {Sheel2 / Sheeld  Sheetd [ Sheets [ Shestt / Sheet7 /5 | 4|

& ch13-agg-plan-prob.xls

A B c D E G H 1 J K ot
; |
31 Mew England _Shlrt Company
32
| 33 | Level Strategy:
34
35 Januany February = March April | May Jume | Total Ayerage
36
37 Demand: 2400 1.200] 2,800 2600 3200 EDD 6,500 2800
38
39 | Aggregate Plan: | |
40 | Production: | 2800 2,800, 2,200 2,200 2,800 2,800
41 _ i
42 Mumber of |
43 Workers: ki 5 i .1 5 35
- e =(39-336
45 Ne. Hired: | 5 0 0 0|
46 Mo, Fired: | 0 1] 0 0 a 0
[ | . . .
48 Invenitony: 400 1.600 o -G -400 300
493 Cum I 400 2,000 2,000 1,200 00 0
50 R e .
81 | Marginal Costs: | | | |
52 Hiring: | 1,000 1] ] ] 1} ] 1,000
53 Firing: | 0 0! 0 0 1] 0 1] =34R*] S
= ‘/
55 Inentai: E00 3,000 3,000 1,800 1200 o 4800
5 | -
57 Total: 1,600 3,000 3,000 1,300 1,200 0 10,600 s
W[ 4] »| ]\ Sheett [ ShesiZ / Sheetd [ Sheetd ] Sheeis [ Sheeib [ Gheet? /5|4 P

Discussion
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4.4, WORKING BY THE YEAR

One method of fluctuating capacity as demand vdhieighout the year without many of the costs
associated with overtime or hiring temporary siaficalled the Annual Hours Work Plan. This
involves staff contracting to work a set numbehofirs per year rather than a set number of hours
per week. The advantage of this is that the amotstaff time available to an organization can be
varied throughout the year to reflect the realestdtdemand. For example, figure 20 shows the total
number of hours worked by staff in a photo-proaggsiompany throughout the year.

Weekly working hours (thousands)

08 - o Throughput
0.6 [~ --- Modular hours
0.4 —

5 10 15 20 25 30 35 a0 45 50
Calendar weeks

Fig. 20.The use of annualized hours to reflect seasomahdd at a photo-processing company

Annual hours plans can also be useful when supglies throughout the year. For example, a UK
cheese factory of Express Foods, like all cheesterias, must cope with processing very different
guantities of milk at different times of the ye&r.spring and during early summer cows produce
large quantities of milk, but in late summer antbawn the supply of milk slows to a trickle. Before
the introduction of annualized hours, the factoad hrelied on overtime and hiring temporary
workers during the busy season. Now the staff argracted to work a set number of hours a year
with rotas agreed more than a year in advance f@dc@nsultation with the union. This means that
at the end of July staff broadly know exactly whays and hours they will be working until the
September of the next year. If an emergency shanise, the company can call in from a group of
'super crew' who work more flexible hours in rettonhigher pay but can do any job in the factory.
However, not all experiments with annualized hobeve been as successful. Especially when
demand is very unpredictable, staff can be askembmoe in to work at very short notice. This can
cause considerable disruption to social and farifly. For example, at ITN, a UK news-
broadcasting company, the scheme caused somé mdldems. Some journalists and camera crew
who went to cover the Gulf War found that they aatked so many hours that they were asked to
take the whole of one month off to compensate. &they had no holiday plans, many would have
preferred to work.

Question

1. What do you see as being the major advantagesisadvdntages both to the company and
to the staff of adopting the Annual Hours Work Plan
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Forecast Demand and Workdays for the D&H Company

Demand forecast (units) 2,200 1,500 1,100 900 1,100 1,600 8,400
Working days (per month) 22 19 21 21 22 20 125

Material cost $200/unit
[nventory holding cost $2.00/unit-month
Stockout cost $5/unit/month
Subcontracting cost $375/unit

Hiring and training cost $200/worker
Layoff cost $250/worker
Labor required per unit 5 hours

Labor cost (first 8 hours each day) $12/hour
Overtime cost (time and a half) $18/hour

Beginning inventory 400 units

Number of workers currently employed 30
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First Alternative: Pure Chase Strategy

A B | ] E_ | F | 6 | H [ 1
1 January | February March Apnil | Way June | TOTAL
| 2 [Deménd Forecast (unis) 2200 | 1,500 1,100 a0 1,10 1800 8400
| 3 “Working Day= (per morth) 22| 19 21 2 | z 20 | 125
| 4 ‘Workng Hours [per day) 8| ) ] -] g B| g8
S
E Costs I
| 7_|Msatenal Cost 300  per unit |
| B |Inventory holding cost 2 per unit-momh |
| 9 Stockout co=t 5  per unit per mondh |
| 10 |Subcontracting cost 375 per unit |
| 11 |Hiring and training cost 200  par vmrker |
| 12 |Layofi cost 250  per worker |
| 13 Labor requrred per unit S hours |
| 14 Labor cost, regular 12 | per hour |
| 15 Labor cost, ovedime 18  per howur |
16 .
| 17 Baginning rrantory 400  units ,
18
| Workers currently '
| 19 lemployed @ workers |
%’. =(EE"O8FBI/ECHT) |
ZPuu Chase Stiategy | |
| 23 | January | February PMarch Apiil | WMay June | TOTAL
| 24 Demsnd Forecast [unis) 2200 | 1500 1,100 90 | 1,10 1810 B.400
| 25 |Initial Imentory 400 | | |
| %6 Production Requrrernents 1800 | 1500 1,100 o | 1,100 1500 | B,000
2 .
ZAgguguo Plan |
2 Morkers required 51 49 3 r4 31 50
| 20 Workers hired 21 - - =1 4 19| =+ICHLFI26C313
| 31 MWorkers fired - | 27 16 6 -
| 32 Units produced 1/00 | 1500 1,100 00 | -
Ed . .
| 34 Costs - Full | ,
| 35 |Regular production 108 000 | 0000 65 poo 54000 |
| 35 Matenal costs S4000 450000 000 270000 X000 4B0 000 | 2.400,000
| 37 |Hiring costs 4 200 | - . -_| 3Mo | 6,600
| 38 Firng costs - 500 4 000 | - | E,000
| 39| Total full costs 652200 |  S40,500 400 000 | 579000 | 2,894,600
40
Ecm-hcﬂmeml | : |
| 42 Hinng costs 4200 | - - , 3800 | 8,000
| 43 Firng costs - 500 4000 | - 5,000
|44 | Tetal incremental costs 4200 | 500 4000 3/00 | 14,800
45
| 46 -
B =GI3CH |
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Second Alternative: Pure Level Strategy

A | B | G D E | F | G H |
21
| 22 [Pure Level Strateqy
| 23 | January Fehmary March April hilay Jure TOTAL
| 24 |Demand Forecast (units) 2200 1,500 1,100 00 1,100 1,600 5,400
25 [Iritial Invertary 400
| 26 |Production Regquirements 1,200 1,600 1,100 900 1,100 1,600 2,000
&
26 |Agqregate Plan
| 28 [Workers required 40 40 40 40 40 40
| 30 |WWorkers hired =+B3+B25-624 | 10 = = = =
| 31 |\vorkers fired - - - - - -
32 [Units produced \.1 A0a 1,216 1344 1,344 1408 1,260 g,000
| 33 [Manthly ireentory [IE.2)] 224 244 444 02 (320}
34 |Cumulative invento 2 5 43 12 3 s
E ry (@) EE @32 - eatieas
| 35 [Costs — Full
| 37 |Reqular production a4 420 72,5950 20 F40 a0 40 B4 420 7R ,800 430,000
| 35 |Maternial costs 422,400 364,500 403200 403 200 422 400 384000 | 2400000
35 |Hiring costs 2,000 - - - - - 2,000
| 40 [Firing costs 5 & . . s 5
| 41 [lmventary carrying costs - - - 18 420 A998
| 4.2 |Stockout costs 1,560 3307 2780 - - . £.a00
43| Total full costs 510,840 441140 486 000 433 A5A 507 380 460 800 | 2,889,990
4
E Coste — incremental _—I:|FI:D34?|:|,E|,D34*$C$9:I:I
| 46 |Hiring costs 2000 - - - 2,000
47 |Firing costs - - - - - -
| 45 [Inventory carrying costs - - - 13 420 498
| 459 [Stockout costs 1,560 3,330 2160 S S Z.A00
| 50 | Total incremental costs 3,560 3,330 2160 15 450 9,998
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Third Alternative: Minimum Workforce with Subcontra cting Strategy

A | B | c_ | o | E ] F G H

Minimum Workforce
22 |with Subcontracting
23 Jdanuary Febmary March April bz June TOTAL
24 |Demand Forecast [units) 2,200 1,500 1,100 300 1,100 1,600 @ 400
25 [Iritial lnvertary 400
26 [Production Reguirements 1,800 1,800 1,100 500 1100 1,600 2,000
P
25 [Aggregate Plan
28 [Woarkers reguired 27 27 27 e r x
30 [Woarkers hired - - - - -
31 |WWorkers fired 3 = = = = :
32 |Unils produced a0 a21 07 907 250 ila%) 5,355
33 [Maonthly inventory . . . 7 . :
34 [Unilz subcontracted a0 B9 193 S 143 T3 2 601
35
36 |Costs - Full
37 |Reqular production 57,000 48 2=0 4 420 =4 4320 E7.000 51,840 323940
38 |Material casts 285,000 246300 72100 27200 285,000 209200 1/19.700
35 [Hiring costs - - - - - - -
40 |Firing costs fi=l] & . . & #a0
41 [lrweniory camrying costs - - - 11 - - 11
42 |Suhcontracting costs 318,750 284 B4 72375 . 53R 27e,000 Ira 375
43| Total full costs G61,500 500,185 390325 226 531 395 625 587 040 1 2,919,776
44
45 |Coste — incremental _ I .I
46 [Hiring costs - =B340 - - -
47 [Firing costs a0 - - - 750
48 [Irvemiory carrying costs - - - 11 - - 11
49 |Subcontracting costs 12750 10,184 2 A95 - 2145 11,040 38,015
a0 [ Total incremental costs 13,800 10,155 2 395 11 2145 11,040 39,776
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Fourth Alternative: Constant Workforce with Overtim e Strategy

A | B C oD | E | F | G | H |
20
21 -
LS = 30 = )

Constant Workfarce with e
22 |Overtime
23 Jarary February ET June TATAL
24 |Demand Foracast (units) 2,200 1,500 1,100 1,600 3,400
25 [Imitial Inventary 400
26 |Production Requirements 1,300 1,500 1,100 1,600 o0
27
25 |Aggragate Plan
29 [WWorkers reguired 35 35 ) 35
30 |\Workers hired ] - - -
31 [Warkers fired - - - -
32 |Units produced -regular 1,232 1,064 1,232 1,120 700
33 |Unils produced - overtime 550 436 e 72 1076
34 [Monthly inventary & & 132 (408}
35 |Cumulative Inventory - - 403 -
& =+EIF RIS RCR1 S
37 |Costs - Full
38 |Reqular production 73,920 E3540 705D 70 550 71820 E7 200 /’420,[00
39 |Dwertirme production a1,120 28 240 S S 5 &, 420 9 240
40 |Maternial costs 540,000 490,000 352,800 352 800 363 k0D 357 kOO 2 4.2 500
41 |Hiring costs 1,000 & & . 5 5 I 1,000 _I
42 [Firing costs S S . . : - i
43 |lrweniory carrying coste - - - 414 F12 - 1,26
44 | Total full costs GAF, 040 553,060 4235 360 423774 414 132 431,280 2,941,666
45
45 [Coste — incremental
47 [Cwertime production 17.040 13.080 - - - 2,160 32480
45 |Hiring costs 1,000 - - - - - 1,000
49 |Fiting costs - - - - - - -
50 |lrvardary camying casts s s s 414 612 . 1,026
51| Total incremental costs 1,000 - - 414 G12 - 34,306

Summary of Costs for Alternative Aggregate Plans

Alternative Full Costs Marginal Costs
Pure chase $2,894,800 $14,800
Pure level $2,889,998 $ 9,998
Minimum workforce with subcontracting $2,919,776 $39,776
Constant workforce with overtime $2,941,666 $34,306

Discussion
MANAGING QUEUES AT MADAME TUSSAUD'S SCENERAMA, AMST ERDAM

A short holiday in Amsterdam would not be completthout a visit to Madame Tussaud's Scenerama,
located on four upper floors of the city's mostpireent department store in Dam Square. With 600 000
visitors each year, this is the third most poptdarist attraction in Amsterdam, after the flowearket

and canal trips. On busy days in the summer, thieecean just manage to handle 5000 visitors. @ata
day in January, however, there may only be 30@visthroughout the whole day. The centre is open f
admission, seven days a week, from 10 hto 17.30 h.

In the streets outside, orderly queues of expettanists snake along the pavement, looking in at
the displays in the store windows. In this publpzo space, Tussaud's can do little to entertain the
visitors, but entrepreneurial buskers and straedta@re quick to capitalize on a captive mariet.
reaching the entrance lobby, individuals, famibesl groups purchase their admissions tickets. The
lobby is in the shape of a large horseshoe, wightitket sales booth in the centre. On winter days
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or at quiet spells, there will only be one salesstant, but on busier days, visitors can paytaeei
side of the ticket booth, to speed up the procdssing paid, the visitors assemble in the lobby
outside the two lifts. While waiting in this arem,photographer wanders around offering to take
photos of the visitors standing next to life-sizeax figures of famous people. They may also be
entertained by living look-alikes of famous perddrmes who act as guides to groups of visitors in
batches of around 25 customers (the capacity df eathe two lifts which takes visitors up to the
facility). The lifts arrive every four minutes amdistomers simultaneously disembark forming one
group of about 50, customers who stay togetheutiirout the Scenerama section.

Questions

1. Generally, what could Madame Tussaud's do te @ath its demand fluctuations?
2. What does the operation do to make queueingvelapainless? What else could it do?

Example Parks and Recreation Department

Actual Demand Requirement for Full-Time Direct Eoy#es and Full-Time-Equivalent (FTE)
Part-Time Employees

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Total

Days 22 20 21 22 21 20 21 21 21 23 18 22 252
Full-time employees 66 28 130 90 195 290 325 92 45 32 20 60
Full-time days" 1452 560 2,730 1980 4,095 5800 6,825 1932 945 736 522 1320 28,897
Full-time-equivalent

part-time employees 41 75 72 68 72 302 576 2 0 68 84 27

FTE days 902 1,500 1,512 1496 1,512 6,040 12,006 1,512 0 1,564 1512 594 30,240

Note:Some workweeks are staggered to include weekdayshis does not affect the number of
workdays per employee.

*Full-time days are derived by multiplying the nuemlof days in each month by the number of
workers.

Three Possible Plans for the Parks and Recreationdpartment

Alternative 1: Maintain 116 full-time regular direct workers. Schedule work during off seasons to level workload throughout the year. Continue to use 120 full-time-equivalent (FTE)
part-time employees to meet high demand periods.

Wages Fringe Benefits Administrative Cost
Days per Year Hours (employees (full-time, $8.90; (full-time, 17%; {full-time, 20%;
Costs (Exhibit 13.10) x days x 8 hours) part-time, $8.06) part-time, 11%) part-time, 25%)
116 full-time regular employees 252 233,856 $2,081,318 $353,824 $416,264
120 part-time smployees 252 241,920 1,949,875 214,486 487,469
Total cost = $5,503,236 $4,031,193 £568,310 $903,733

Alternative 2: Maintain 50 full-time regular direct workers and the present 120 FTE part-time employees. Subcontract jobs, releasing 66 full-time regular employees. Subcontract
cost, $2,200,000.

Administrative
Wages Fringe Benefits Cost

Days per Year Hours (employees (full-time, $8.90; (full-time, 17%; (full-time, 20%; Subcontract
Costs (Exhibit 13.10) x days x 8 hours) part-time, $8.06) part-time, 11%) part-time, 25%) Cost
50 full-time smployees 252 100,800 $ 897,120 $152,510 3179424
120 FTE part-time employees 252 241,920 1,949,875 214 486 487 469 $2,200,000
Subcontracting cost

Total cost = $6,080,884 $2 846,995 $366,996 3666803 $2,200,000

Alternative 3: Subcontract all jobs previously performed by 116 full-time regular employees. Subcontract cost, $3,200,000. Subcontract all jobs previously performed by 120 full-
time-equivalent part-time employees. Subcontract cost, $3,700,000.

Cost Subcontract Cost

0 full-time employees
0 part-time employees

Subcontrac! full-time jobs $3,200,000
Subcontract part-time jobs 3,700,000
Total cost $6,900,000
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Yield Management

*Yield (Revenue) Management

—The concept used in service operations with higheficosts and low-variable costs that attempts
to match supply and demand (a chase strategy) xomizee capacity utilization.

*Yield Management Requires:

—The ability to segment the market

—High-fixed and low-variable costs where additiosales create more profits

—Product perishability (cannot be inventoried)

—Lower-priced capacity that can be presold

Comparison of Costs for All Three Alternatives

Alternative 1: Alternative 2: Alternative 3:
116 Full-time 50 Full-Time Direct Subecontracting Jobs Formerly
Direct Labor Labor Employees, Performed by 116 Direct Labor
Employees, 120 FTE 120 FTE Part-Time Full-time Employees and
Part-Time Employees Employees, Subcontracting 120 FTE Part-Time Employees
Wages $4,031,193 $2,846,995 -
Fringe benefits 568,310 366,996 o
Administrative costs 903,733 666,893 -
Subcontracting,
full-time jobs 2,200,000 $3,200,000
Subcontracting,
part-time jobs 3,700,000
Total $5,503,236 $6,080,884 $6,900,000
Discussion

Getting the message

Companies which traditionally operate in seasonatkets can demonstrate some considerable
ingenuity in their attempts to develop counter-eeat products. One of the most successful
industries in this respect has been the greetirsgd industry. Mother's Day, Father's Day,
Hallowe'en, Valentine's Day, and other occasione fal been promoted as times to send (and buy)
appropriately designed cards. Now, having run oltoccasions to promote, greetings card
manufacturers have moved on to 'non-occasion' cardich can be sent at any time. These have
the considerable advantage of being less seastimed, making the companies' seasonality less
marked.

Hallmark Cards, the market leader in North Ameritas been the pioneer in developing non-
occasion cards. Their cards include those intertddee sent from parent to child with messages
such as, 'Would a hug help?' or, "Sorry | made fgali bad', and 'You're perfectly wonderful - it's
your room that's a mess'. Other cards deal withensa@rious adult themes such as friendship
('You're more than a friend, you're just like fayhilor even alcoholism ('This is hard to say, but |
think you're a much neater person when you're nokitg'). Whatever else these products may be,
they are not seasonal!

Questions

1. What seem to be the advantages and disadvarghtesstrategy adopted by Hallmark Cards?
2. What else could it do to cope with demand flattins?
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5. MASTER PRODUCTION SCHEDULING

After the production plan is established, the ret&p in manufacturing planning is to prepare the
master production schedule (MPS).

The master schedule (MS) is a presentation of @meathd, including the forecast and the backlog
(customer orders received), the master producttbedule (the supply plan), the projected on hand
(POH) inventory, and the available-to-promise (ATdRjantity. The master production schedule

(MPS) is the primary output of the master scheduprocess. The MPS specifies the end items the
organization anticipates manufacturing each peiodl items are either final products or the items

from which final assemblies (products) are madejescribed later in this section. Thus, the MPS
is the plan for providing the supply to meet thended

The MPS will focus on scheduling end items by @até quantity. Objectives to balance the

demand with available resources

Master Production Scheduling (MPS)

—It is the link between production planning and wimanufacturing will actually build.
—Forms the basis for calculating the capacity asdueces needed.

—Drives the material requirements plan.

—It is a priority plan for manufacturing.

B The MPS forms a link between sales and production
— It makes possible valid order promises
— Itis a plan of what is to be produced and when
— ltis an agreed upon plan between marketing andufaaturing.

B Information needed to develop a MPS
— The production plan
— Forecasts for individual end items
— Actual orders received and for stock
— Inventory levels of end items
— Capacity restraints

B Objectives in Developing a MPS
— To maintain the desired level of customer service
* Maintain finished goods inventory levels
* Scheduling to meet customer delivery needs
— To make the best use of resources
— To maintain inventory investment at the requirectle

Example
Demand

Week 1 2 3 4 5 6
Prod A 70 70 70 70 70 80
Prod B 40 40 40 40 95 120
Prod C 50 50 50 50 50 50
Total 160 160 160 160 215 250
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Opening inventory
Product A 350
Product B 100
Product C 50
Total 500

Master Schedule

Week 1 2 3 4 5 6
Prod A 205
Prod B 205 205| 205

Prod C 205 205

Total 205 205 | 205 205 205 205
Planned

Inventory

Week 1 2 3 4 5 6
Prod A 280 210 140 70 0 125
Prod B 265 430 595 555 460 340
Prod C 0 -50 -100 55 210 160
Total 545 640 735 680 670 625
Planned

1 Week

Prod A =350+ 0-70 =280
Prod B =100 + 205 — 40 =265
ProdC=50+0-50=0

2 Week

Prod A=280+0-70=210
Prod B = 265 + 205 — 40 =430
Prod C=0+0-50=-50

5.1. STEPS TO PREPARE THE MPS

— Develop a preliminary MPS

— Check the preliminary MPS against capacity
* Rough-cut capacity planning

— Resolve differences between the preliminary MPScamécity availability
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Example

Task: to create MPS

Period 1 2 3 4 5 6

Forecast 60 60 60 60 60 60

Production
Planned inv.
80

MPS

Example MPS

The Wicked Witch Wisk Company manufacturers a bheroomsticks. The most popular is the
92 cm model, and the sales department has prepdoedcast for six weeks. The opening

inventory is 30. As a master scheduler, you meegpgre an MPS. The brooms are manufactured
in lots of 100.

Week 1121314 |5](6
Forecast Sales 10{50125|50(10]15
Projected Available |30
MPS

B Rough Cut Capacity Planning
— Checks whether critical resources are availabBipport the preliminary MPS

— Critical resources may include:
* Bottleneck operations
* Labor
* Critical materials

5.2. EVALUATING THE MPS

— Resource Use

* Is the MPS within capacity restraints in each p#?io
— Customer Service

* Will due dates be met?

* Will delivery performance be acceptable?
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— Cost

* Is the plan economical?
* Will excess costs be incurred?

— OT, subcontracting, expediting, transportation, etc

B Dealing With a Complex Assemble to Order System
— Possibility of many options exists

— MPS is established at the component level
 Treated as a make to stock situation

— Afinal assembly schedule (FAS) may be used to déhlassemblies.

» Schedules customer orders as they are received
» Based on the components in the MPS

B Planning Horizons

— Time span for which plans are made.

— It must cover a period at least equal to the tieguired to accomplish the plan.

— For the MPS, the minimum planning horizon is thegest cumulative or end-to-end
lead time in the product structure

— Longer horizons provide better “visibility”

— Increases ability to anticipate future events

 Problems

* Opportunities

— The horizon for the FAS must include time to asdemlcustomer’s order

» Does not include time to manufacture components

B Product Structure & Lead Time

A

(LT =1}

B |(LT=¢)

(LT=5) | D | (LT=2)

E F | (tT=3)

G (LT = 6)

Longest cumulative lead-time = a+d+f+g=1+2+3+6=12
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5.3. FORECASTS AND PLANNING

The production plan reconciles forecast demand awtilable resources.

The production plan uses information from the sgat plan and market forecasts to
establish an overall plan for manufacturing.

The production planning goal is to satisfy foreanand within the limits of
capacity.
The MPS is derived from forecasts and actual denfi@michdividual end items.

The MPS is concerned with what items will actuéléybuilt, in what quantities, and
when, to meet expected demand.

While based on forecast information, the MPS isanfuirecast
» Itis what production will accomplish

Sales Production
Forecast Plan

|

Master
Production
Schedule

Material
Requirements
Plan

Figure. Forecast and planning

B Orders and Capacity

Units

In general, demand may be satisfied from inventorycheduled receipts.
As orders are received, they use available capacity

Production Capacity or Inventory

Booked Available to
Orders Promise

I"I
\
\

Time

B Available to Promise (ATP)
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ATP is that portion of the firm’s inventory and ptaed production that is not already
committed and is available to the customer.

» Allows delivery promises to be made
ATP is calculated by adding scheduled receiptiédoeginning inventory and then
subtracting actual orders scheduled before thesahdaduled receipt.



Example: A company has 100 units on hand. Customer sehaseeceived 80 orders for the
month. What is the ATP?

ATP = qgty. on hand - orders =

ATP = units

Projected Available Balance (PAB)

Before demand time fence

PAB = prior period PAB or on-hand + MPS — Customerreosd
After demand time fence

PAB = prior period PAB or on-hand + MPS — greater aftomer orders or forecast

Example

\Week 1 2 3 4 5
|Forecast 40 40 40 40 40
Cust Orders 39 42 39 33 23
\Week 1 2 3 4 5
IPAB 40

IMPS

PAB before the time fence consider only customders after the fence consider the higher
number between the forecast and customer orders

1 week =

2 week =

3 week =

4 week =

5 week =
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5.5. CHANGES TO THE MPS

— Customers cancel or change orders

— Machines break down or machines are added
— Suppliers have problems

— Processes create more scrap than expected

B Changes Result In:

— Costincreases
— Decreased customer service
— Loss of credibility of the MPS and the overall plarg process

B Changes and Timing

— Changes occurring in the distant future may be mocodated with little cost or

disruption.

— Near term changes become more costly to make.
— How to determine when changes may be accommodated

B Time Fences

— Established by dividing the planning horizon intmes.

0 2 Weeks 20 Weeks
Frozen Slushy Liquid
Due Demand Planning
Date Time Time Fence
Fence

Figure. Planning zones

Questions:

1.
2.
3.

. What are main factors affecting capacity decisions?
5. What are main production planning strategies?

. What are main principles preparing MPS?

What are major levels of planning?
What are main requirements for the effective pradaglanning?
What are main differences between Hierarchical pectidn planning

and Production planning?
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Module M09

Global Supply Chain Management and Stocks

Optimisation of transportation and allotment problems

Olga loana AMARIEI, Monica RO SU
“Eftimie Murgu” University Re sita — Romania

Learning objectives:
= using a specifical method to solve the main sotutiba transport

problem
= using an optimisaton method for transport problems
= degeneration identification for transport problems
= modelling as transport problem of repartition peot

= using the Network Modeling module of WinQSB softear

1. THE CLASSIC TRANSPORTATION PROBLEM

The economic development of a country, the worldnemy in general, cannot be conceived
without transportations. They assure the good gepémt of production in industry and agriculture,
the circulation of material goods and of people.

Transports represent for most countries of the dvarldistinct branch of economy, assuring the
movement of products and persons through spacdh@&ndonnections between diverse sectors of
activity in the manufacture process, contributiogt$ good operation.

Transport or transportation, coming from the Lédtiransport means displacement in spa¢ea(s

— spaceport — to move). The transportation of merchandise sepres the distribution of loads with
motor vehicle from the loading point to the dediima point based on the transportation contracts.
Transportation is a production branch, with a comuiaé character, assuring the vital necessity of
society in the transport of merchandise and voyager

The method of transportation bears this name as used for solving the problems of linear
programming related to displacements of loads énttAnsport networks.

By extension, the method of transportation is auplin the problems of trans-boarding and
assignment.
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This problem occurs frequently in the planning lbé tdistribution of goods and services from
certain supply units to certain addresses.

In general, the quantity of goods stored at esagbply unit(origin, supplier, manufacture centre,
factories, supply) is fixed or limited.

At eachreceiving unit(or destination, beneficiary, distribution centdemand) there is a quantity
of goods specified by order or demand.

Because of the great variety of transportation esutr of different costs for these routes, the
objective is to establish how many merchandisesurain be transported from each origin to each
destination so that all demands be satisfied, hadransportation costs be diminished

1.1. THE MATHEMATICAL MODEL OF THE TRANSPORTATION
PROBLEM

The transportation problem is a particular probt#rinear programming frequently encountered in
economic applications enounced by the followingnepke:

One considers a number wfsuppliers (supply centres, warehouses) of a cepiaduct as well as

n consumers (stores, factories etc.) for this prodlibe product considered is available in the

quantitya;, (1 i <m), at the supplier, being demanded in the quantigyby the consumey, (1 <]

< n).If x5, (1 i <m, 1<j <n)is the quantity of the product considered thatsineplieri puts at

the disposal of consumey the unitary transportation cost from supplieto consumelj being

marked ag;;. The available amount of suppliecan be distributed to all consumers, according to:
X+ X, +o 4 X+ X, =a, 1<i<n

whereas consumegican receive products form all suppliers, accordinthe relation:

X; X+ 0%+ X =D, 1<j<m

The total available quantity of the m suppliere(dupply) is given by the relation:
m
D= Zai )
i=1

and the necessary of all consumers (the demaneluisl to:
n
N=Yh
j=1

The total expenditure for the transportation attiaf the considered product from thesuppliers
to then mentioned consumers are given by:

Cllxll + C12X12 Tt Clnxln + CZlX21 + C22)(22 .. 'C2nx2n t..
-t lexml + szxmz ot Cmnxmn

which represents the sum of all expenditure incLime the occasion of transporting the quantity
from supplien to consumey, equal tacijx; (1 <i sm; 1<j <n).

The transportation problem consists in determinting optimum variant (the least expensive).
Mathematically, it means minimising the function::
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in the conditions:

X, 20.

If instead of transportation costg, @n the objective function above one uses theitgrefarned by
the transport firm by moving one merchandise uaoitrf point i to point j, then the objective
function will be a function of maximum, under thanse restrictions regarding the available
quantity O , the necessary quantity &hd the non-negativity of variables.

The mathematical model of the balanced transportatin problemis the following:

m
[min, max]f = Z

n
gjxij —~ the objective function (1)
i=1 j=1

ZX” =a ,i =1 m - restrictions related to sources (2)
j=1

m

inj =b;,j= 1,n - restrictions related to destinations 3)
i=1

X; 20, i =1,m, J =1n - conditions on non-negativity of decisional varebl

The equilibrium condition) " a =>'b, =T
i=1

i=1

We suppose a problem of balanced transportatics wyfh m=2, n=3.
Under the form of table we have:

Table 1
B B, B3 Available
C11 C12 C13
A 2
X11 X12 X13
Co1 C22 C23
Az &
X21 X22 X23
Necessary by b, bs Total (T)

where:
Ai (A, A2 - suppliers (producers)
D (a,a&) — available amount (supply)
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B; (B,,B2,B3) - consumers
N (b,b,,bs) — necessary amount (demand)
T = a+a=btb+hs

The mathematical model results, of the form:
[Min]f = C11 X11+C12X12+C13 X13+C21 X1+C22 Xoo+C23 Xo3

Xt X, + X3 =
X1t X ¥ X3 =&
X+ X = by

Xpp + X5, = b,

Xi3+ X5 = by

% 20;i=12; =123

The linear transportation problem generally corgamn-1 independent linear equations and a
higher number of unknown terms, iren.

Remark: One of the situations frequently occurring iatttvhen the total supply is not equal to the
total demand (total available different form tatalcessary):

» if the total supply is higher than the total demanikere is no need of any modification the
model of linear programming, we interpret as unusegply or quantity of merchandise not
transported from the origin

.az)b
= =1

The difference between total available and totaleseary is absolved byf&titious beneficiary
introduced in the problem only to balance it, ahd transportation costs associated to the routes
involving this beneficiary are considered null.

» If the total supply is lower than the total demand
2.asyb
i= =1

the model of linear programming will not have agbi@al solution, as the conditions of demand
cannot be fulfilled. In this case we need to operat modification in the model of linear
programming to reach the desired solution, moreipety, we use £ctitious supplierto absorb the
difference to the total of demand and one assigpnsra cost to the transported unit on any routs,
starting from this fictitious factory.

1.2. THE ECONOMIC MODEL OF THE TRANSPORTATION PROBL EM

One transports from m supplying centfesF,,...,F, representing the place of merchandise

loading on t transport means, a type of mercharaftseanded by certain destination points, which
can be n retail centres, consumption centres (mae¢s)B ,B,,...,B,, where the merchandise is

unloaded and thus the transportation process ipleted.

We know:
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The matrix of the unitary transportation costs:
C= (Cij )i

j=1n
The quantities available at each supplier:

()i =1m

The quantities necessary at each beneficiary:
(bj )n ,J=1n

The matrix of the transported quantities:

X = (Xii )F_E"
j=Ln

Delivery is made by direct transportation withaainis-boarding points.

We must determine the optimum transportation pkm,that the total transportation costs be
minimum.

Remarks:

1. The transportation problem is a problem that lbka modelled mathematically as a problem of
linear programming, aiming at minimising the tramgation costs and thus for the transportation
problems there are also optimisation algorithmsa@mdputer software.

2. A problem of linear programming associated traasportation problem becomes of problem of
maximum if instead of transportation cosfs in the objective function (1) one uses the psofit

earned by the transport firm by moving one merclksndnit from point i to point j under the same
restrictions regarding the available, the necesaadythe non-negativity of solutions.

1.3. DETERMINING THE INITIAL BASIC SOLUTION FOR TH E
TRANSPORTATION PROBLEM

As for any problem of linear programming, findintgetoptimum solution means passing through
two main stages:

Stage 1 Generating a basic admissible solution.

Stage 2 Verifying the optimality of the solution found @nf need be its improvement until the
finding the finite optimum solution.

As the application of the simplex algorithm for tipeoblem of linear programming of the
transportation type leads to a very large amountai€ulation, for solving this problem one
elaborated specific methods , as below.

The method of the northwest corner (N-W)is based on the introduction of the element it

the NW corner / the cell from the table, its vaheing subtracted from the row available and until
the satisfaction of the necessary on the columreémh consumption centre. The method of the
NW corner does not take into account the unitastsiz.

The method of the row minimum costOn the line one starts form the minimum cost dmeht
gradually until the row saturation, i.e. until teehaustion of the available amount.
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The economic support of the method takes into atcthe fact that transportation is paid by the
supplier.

The method of column minimum cost: One starts from the column minimum cost and then
gradually until the saturation of the column uritie covering of the necessary. One takes in
account the fact that transportation is paid byefierary (consumer).

The method of the matrix / table minimum cost:one chooses from the table the cell containing
the minimum cost and the entire available amoumlistibuted to satisfy the necessary, and then
one chooses the next minimum cost and the procexfurevering the necessary is repeated within
the limit if the available amount. If the minimushinultiple, one chooses a random cell.

The method of maximum differences One calculates the absolute difference betweernotest
row or column cost, and the next low cost. One iglates the row or column with the highest
difference, one redoes the table and the proceduigplied until the satisfaction of the last
demand.

Exercise 01
Find a basic solution to the problem in the takdéow by applying the method of the northwest

corner, the methods of row and column minimum aost the method of matrix / overall minimum
cost.

Table 2
B| B: B, Bs B4 ,
A Available
A, 2 3 1 4 140
A 3 1 4 3 160
As 4 2 3 2 200
Necessary| 115 135 130 120 500

Solution :
We can find the optimum solution by linear prograimgn using the simplex algorithm.
One verifies the balancing:

T=a+x+ax=h+bh+bh+h

T =140 + 160 + 200 = 115 + 135 + 130 +120 = 50i@sun

The problem is balanced, 3s a, = > b, =T =500 units

i=1 i=1
The mathematical model is the following:

[MIN]f = 2 X113 X102+ X13+4X14 +3 Yot Xoot4 Yoz + 3Xoa + 4Xa1 + 2X%s2 + 3X3 + 2Xaa
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X11+ X312+ X33+ X14 =140
X21+ X22+ X23+ X24 =160
X31+ X32+ X33 + X34 = 200
X117+ X1+ X371 =115
X12 + Xp2+ X32 = 135
X13+ X3+ X33 = 130
X14 + X24+ X34 =120
Xij >0

There are 7 restrictions of which 3 + 4 — 1 = 6 mmependent, and thus the solutiaphas
maximum 6 strictly positive components.

An initial basic solution has exactig + n —1 = 3 + 4 — 1 = 6 non-null components if it is aiba
non-degenerate solution and a number below 6 ofrudincomponents if it is a basic degenerate
solution.

As the application of the simplex algorithm for theblem of transportation linear programming
leads to a very large volume of calculation, inesrtb solve this problem one uses the following
specific solving methods:

a) the method of the north-west corner

b) the method of the row minimum element (minimww Icost)

c) the method of the column minimum element (mimmeolumn cost)
d) the method of the matrix minimum element ( taiterall )

e) the method of the maximum differences or Vogeié&thod.

As these methods do not require a special themmisathey will be detailed along with their
application.

a) The solution by thenethod of the north-west cornerwill be:

Table 3
B B: B, Bs B,
A
A 115 25 (3) B B 140-115=25
1 (2)— 25-25=0
N B 110 (1)| 50 (4)] B 160-110=50
2 — 50-50=0
n B _ 80 (3}~ | 120 (2)| 200-80=120
8 120-120=0
Necessary] 115 135 130 120 -

According to the data in the table, the solutiaon is
[min]f =215+ 3@25+1110+ 450 + 380 +2 120 =1095 M.U.

The method of the northwest corner does not tatceaocount the minimum unitary costs c
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b) The method of the row minimum cost
On each row one takes into account the minimum cost

Row 1:
C13=1 = X13= min? 130, 140} = 130 = 130+10 = 140 EXHAUSTED
C11=2 = X11= min{ 140-130, 115¢= min{ 10,115 =10
C1o=3 = X1o=0
C14=4 = X14=0

Row 2:
Coo=1=> X2 = min{ 135, 160} =135
C21=C24=3=> X1 = min{ 160-135, 115-10¢ = min{ 25, 105} = 25
X21= mind 140-115, 115-10¢ = min{ 25, 105} = mind 140-115, 105} = 25
X21= 25 = Xo3=X4=0

Row 3:
C32=Cas = 2=> X34 = min{ 120, 200} = 120
X5=115—(10+25) = 115-35 = 80

The solution obtained with the method of row minimaoost is shown in the table below:

Table 4
10 (2) - 130 (1) - 140
25 (3) 135 (1) - - 160
80 (4) - - 120 (2) 200
115 135 130 120 500

The total transportation cost is:

[min]f =210+130 1 +3[(25+1135+480+2[120 =920 M.U.

The economic support of the method takes into atcthe fact that transportation is paid by the
supplier.

On the line one starts form the minimum cost arah thradually until the saturation of the line.

¢) The method of column minimum cost

One considers the fact that transportation is pgithe consumer (beneficiary).

Column 1:
C11=2 = X11= min} 115, 140 =115

Column 2:
Cor=1 => Xpp= Min{ 135, 160} =135

Column 3:

C1=1= x13=140-115 =25
C33=3 = X33=130-25 = 105
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Column 4:
Xo4= 160-135 = 25
X34= 200-105 =95

The solution is given by the table below:

Table 5

115 (2)

25 (1)

140

135 (1)

25 (3)

160

105(2)

95 (2)

200

115 135

130

120

500

The transportation value will be:

[Mmin]f=2015+1@25+1035+3[@R25+3005+25 =970 U.m.

d) The method of matrix / overall minimum cost

The minimum cost is 1 and it corresponds to:

ci=1= %x13=130
Co=1 = X2,=135

Then follows cost 2, i.e.:
C11:2 = X11=140-130 =10
C3=2 = X»1=160-135 =25

C34=2 = X31=115-(10+25) = 86> x34= 200-80 =120

The following value is 3 resulting:
C1=3= X12=25-25=0

The last cost is 4 leading to:
C13=4 = X13=80-80=0

The solution of the method is given in the tabliobe

Table 6

(2)
10

(1)

130

140

3) (1)

25 135

160

(4)
80

(2)

120

200

115 135

130

120

500

The value of the transportation will be given by:

[Min]f=200+3@25+4B0+10135+1130+20120 =920 u.m.
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e) The method of maximum differences or Vogel’'s mhbd.

It usually determines a basic solution as clospaasible to the optimum solution. It is applied as
follows:
(m+n-1) helping rows and columns are attachedearthial matrix;
the difference is calculated between the lowestisdosm each row and each column;
the highest difference is chosen and the transpaytentity is assigned to the cell with the
lowest cost on the respective row or column, takmg account the following rule:

xj = min{a, b}
If two or more equal maximum differences resultge @mooses that corresponding to the minimum
transportation cost; if they are still equal, om@ases that assuring the allotment of the maximum
guantity to be transported.

Step 1 illing in the matrix with the problem data

Table 7
B B B, Bs B4
Differences | Available
Ai
A G1=2 C12=3 ci=1 Ci=4 140
A, C21=3 Co=1 Co=4 C24=3 160
Az C31=4 C3=2 C33=3 Cas=2 200
Necessary 115 135 130 120 500
Differences ‘ ‘ | ‘ ‘ ‘ ‘ ‘
Step 2— calculation of differences
Table 8
B B1 B2 Bs B,
Differences | Available
Ai
A G1=2 C1=3 ci=1 G4 4 140
A, C21=3 C=1 Cos=4 Co4=3 2 160
As C31=4 C3=2 C33=3 C34=2 1 200
Necessary 115 135 130 120 500
Differences | 1 | | 1] | 2] | 1] ]

Step 3—analysis of differences and selection of the higdégerence resulted
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On the line or column where the highest differem@s found one chooses the cell within the
lowest cost f

One remarks that the highest difference is on 2irsd column 3 . One chooses line 2, as a larger
guantity of merchandise can be transported.

Table 9
B B B, Bs B4
Differences | Available

A
A G1=2 C1=3 =1 vt 140
A, Cc1=3 Cco=1 Coz=4 C4=3 2 160
As car” Cor=2 Cos=3 =z 4 200
Necessary 115 135 130 120 500
Differences | 1 | | 1] | 2| | 1] |

Step 4— Assigning a quantity to the cell where the lowgsvas found.

One will allot cell (22) the lowest value betwedie tavailable 2aand necessaryzbi.e. 135:

Table 10
B B; B, Bs B4
Diferente | Disponibil

Ai
Ay G1=2 . C1=3 ciz=1 Ci4~4 1 140
A C1=3 c=1 Coz=4 Co4=3 2 180

2 135 25
As Cz1=4 o C3=2 C33=3 C3s=2 1 200
Necesar 115 15’5 130 120 500
Diferente | 1 | | 1] | 2] | 1] |

Step 2 a— calculus of the new differences
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Table 11

B B: B, Bs B4
Differences | Available
A
Ay G1=2 . C1=3 ciz=1 C14=4 1 1 140
Co 1:3 Coo= 1 C23:4 C24:3 160
Az 135 211
As Ca1=4 . C3=2 C3=3 Cas=2 111 200
Necessary 115 1§5 130 120 500
Differences | 1 [ 1 | 1] ] 2| 2| 1 1
Step 3 a— analysis of differences and choice of the higdégerence resulted
The highest difference is on column 3, and the LCBVEost on this column is;£= 1.
Table 12
B B: B> Bs B4
Differences | Available
Ai
A1 G1=2 . C1=3 =1 G4l 1 | 1 140
A, Co 1:3 c=1 Coz=4 C24:3 2 1 160
135
A3 C31=4 0 C32:2 C33:3 C34:2 1 1 200
Necessary 115 1§’5 130 120 500
Differences| 1 ] 1 \ 1 ‘ ‘ 2‘ 2 ‘ 1 ‘ 1 ‘

Step 4 a— Allotting a quantity to the cell where the lowegwas found

One will allot cell (13) the lowest value betwedhe available aand then necessary,b.e. 130
units.
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Table 13

B B B, B3 B4
Differences | Available

A

Q1:2 C12:3 C13:1 014=4 140
A1 0 13C 11

Co 1:3 Coo= 1 023=4 C24:3 160
Az 135 0 211
As C31=4 . C3=2 0033=3 C3s=2 1|1 200
Necessary 115 1§’_5 130 120 500
Differences | 1 [ 1 | 1] ] 2] 2| 1] 1]

Steps2a-3a+4a

Row 1 and row 3 gave the highest differences. Qmm®ses the lowest cost, i.e;; and @4 . One
chooses cell (34) .

Table 14
B; B, B, B3 B,
Differences | Available

A

(‘11:2 C12:3 C13:1 C]_4=4 140
A1 10 0 13C 0 o i

C1=3 Co=1 Cz=4 C4=3 160
Az 25 135 0 0 21110

C31=4 C3=2 C33=3 C34=2 200
As 80 0 0 120 111]2

115
Necessary i 1?_5 1?9 grgg 500

0
Differences | 1 [ 1] 1] 1] | 2| 2| 1] 1] 1

The basic solution determined supposes a totadiatation cost of:

[min]f = 10x2 + 130x1 + 25x3 + 135x1 + 80x4 + 120x320 m.u.

1.4. DETERMINING THE OPTIMUM SOLUTION

This represents the second stage in the optimisafi@ transportation problem and is made of the

following steps:

Step 1. Testing optimality.
Is the initial solution X optimum ?
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If YES— STOP. One interprets results economically.
If NOT— Step 2.

Step 2. Improving the solution.

Solution X is improved by passing to a new admissible badigtisn, X;, with f(X; ) < f(X3) .
One returns then to step 1, replacingby X,. After a finite number of successive improvements
the optimum solution is obtained.

The testing and the improvement of the solution imaygone by:
method of potentials;
the modified distributive method;
the Stepping-Stone method, etc.

The Stepping — Stone method

It is an iterative method starting from a feasiloMtial solution which, in successive steps,
identifies an optimum solution. On order to redgais requirement, one evaluates the value of the
efficiency of the transportation of product on aiteo with the destination a cell which is not
comprised in the analysed solution.

The method is performed in the following stages:

1.  One identifies cells;B; where no distribution was done through the inisalution or an
intermediary solution, and call them void cells.

Table 15
B, B; B, Bs Ba
Available

Ai
G1=2 C1=3 c1=1 Cis=4

As 11€ 25 0 0 140
C1=3 Co=1 Co=4 Co4=3

Az 0 110 50 0 160
Ca1=4 C3=2 C3=3 Cas=2

As 0 0 80 120 200

Necessary 115 135 130 120 500

2. Starting from each void cell nominatedhe previous stage, one establishes a track on the
horizontal and the vertical containing cells witloements and between which products may be
permuted towards the void cell, without affectirge thorizontal and vertical balance of the
analysed solution. This movement may be done aanp cells.

3. One allots for the transportation expenditg; o the void cell the sign +, placing
alternatively minus and plus for each transportesxiture specific to the successive cell on the
set track until if becomes a closed circuit.

4.  One calculates for each void cell the [ms$he product unit registered if one does notoeffe
permutations in a closed circuit, allotting a produnit to the respective cell.
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As initial solution, very likely optimisible, we dose the solution obtained through the N-W
method. This is considered as first iteration.

Iteration 2

On the first horizontal we have two void cellsBA and AB., cells in which in the initial solution
no products were allotted.

Tablé 1
B, Bs
C12=3 ciz=1
022:1 023:4

The track to allot product in ce1B3 is the following:

A1B3z — AzB3z — AzB; — A1B;

The gain obtained by the transfer of one producetbA;B; on he respective route is:
P3z=+1-4+1-3 =-5

For cellA;B4 one has the following track:

ABs— ABs— AzBz— AB;— AB,— A;B, and

Pu=+4-2+3-4+1-3=-1

Foe cellA,B; one has the following track:

AB; — AB, —» A;B,— A;B;, and

Py=+3-1+3-2=+3

Due to the fact that the value;P0, it means that transfer is inefficient. Instezfdgaining by
allotting one product unit to the respective célle distribution leads to a transportation effort
higher that in the initial solution.

For cellA,B4 one has the following track:

ABs— As;Bs— ABs— ABz, and

Py=+3-2+3-4=0

The new distribution does not bring any gain angtitis useless.
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The track by which products are allotted to éeJB; is the following:

AsB;1 — AsB; — ABs —» AoB, - ABo - AIB1=+4-3+4-1+3-2=+5

For cell A;B, we have:

AsB, —» AsBz— ABs - AB, =+2-3+4-1=+2

The last two distributions are not helping, on ¢betrary they would bring losses.

By centralising the data obtained for each void icethe N-W solution, the allotments that might
be taken into consideration are those whose valnegative and thus losses should be registered if
the permutations were not done. One chooses thestigegative value, i.e.:

P13:-5and R=-1

In the cells wherefx 0 it means that at a transfer of a product unthe respective cell one gains
the value resulted from the calculation. If there several cells with negative value one will cleos
the transfer to the cell with the highest absolatieie which leads to the highest gain.

The highest gain is obtained by transferring té AgBs the minimum of quantity found in the cell

of the initial distribution on the set transfer teuin our case 25 products.
The new distribution is shown in the table below:

Table 17
B, B: B, Bs Bs
Available

A
G1=2 C1=3 ci=1 Ci14=4

Ay 115 0 25 0 140
C1=3 =1 Coz=4 Co4=3

e 0 135 25 0 160
C31=4 C3= C33=3 C34~2

As 0 0 80 120 200

Necessary 115 135 130 120 500

The objective function for the new distribution is:
[min]f = 115x2 + 25x1 + 135x1 + 25x4 + 80x3 + 120x®70 m.u.

By comparison to the basic initial solution obtairterough the method of the N-W corner we have
a total transportation cost lower by 125 m.u.

The method is iterative. One resumes the calculatimving as initial data those obtained from the

new solution:
Iteration 3

For cellA1B>:



A1B, —» A1Bs — ABs; — AB»
Ppo=+3-1+4-1=5

For cellA;B4:

A1Bs — AsBs — A3zBsz — AiB3
Pu=+4-2+3-1= 4

For cellA;B;:

AsB; — ABz — AiBs — A1Bg
Py=+3-4+1-2=-2

For cells AB4, A3B; and AB; there is no gain as;P O.
There is only one cell wherg R 0 more preciseli;B;.

The new distribution is presented in the table Welo

Table 18
B, B. B2 Bs Ba
Available
A
G1=2 C12=3 ciz=1 Cis=4
A 9C 0 50 0 140
C21=3 =1 Coz=4 Co4=3
e 25 135 0 0 160
Ca1=4 C3=2 C3z=3 Cas=2
As 0 0 80 120 200
Necessary 115 135 130 120 500

The objective function for the new distribution is:
[min]f = 90x2 + 50x1 + 25x3 + 135x1 + 25x4 + 80x320x2 = 920 m.u.
Iteration 4
One resumes the calculations having as initial thadae obtained from the new solution.
Cell A;B, AB>; — AsB,— AB1— AiB;
RP=+3-1+3-2=3
Cell A1B4 ABs— A3Bs— AsB; — AiB;

R=+4-2+3-1=4
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Cell A;Bs ABs — AiBs — AiB; — AB,
R=+4-1+2-3=2

Cell AzB, AB4 — AsBs — AgBs — AjBs — AiB1 — AB;
R=+3-2+3-1+2-3=2

Cell AsB, AB1 — A3Bs — A;Bs — A;B;
£=+4-3+1-2=0

Cell AsB; AB; — AgBs — A1Bs — AiB1 — AB;
P=+2-3+1-2+3-1=0

As no other permutation toward void cells is neggtit follows that there is no other distribution
able to bring about a reduction of the objectivection ( of the transportation effort).

It results that the solution found in iterations3e optimum one.

Remark : Through the method of the row minimum element drerhatrix minimum element, as

well as through the Vogel method, one obtained teerotdistribution, but with the same

transportation effort as in the Stepping — Ston¢hote Thus both distributions are optimum and in
order to verify if the solution obtained throughetimethods of the row and matrix minimum
elements and through Vogel's method can or caneobftimised anymore, one considers this
distribution as initial solution and attempts tqoirove it through the Stepping — Stone method.

The initial solution is given in the table below:

Table 19
B, B, B, Bs Ba
Available
Ai
q1=2 C12=3 =1 Cis~4
A 10 0 13C 0 140
C21=3 Co=1 Coz=4 Co4=3
Az 25 135 0 0 160
Ca1=4 C3=2 C33=3 Cas=2
As 80 0 0 120 200
Necessary 115 135 130 120 500

One calculates with the same method (Stepping reptbie gains or losses by the transfer of one
product unit to the void cells.

Cell AB> AB> — AB,— AB;1— A1B;
P=+3-1+3-2=3

Cell AB4 ABs— AzBs— AzB;— AiB;

247



P=+4-2+4-2=4
Cell AjBs ABs — A1Bs — AiB; — AB;
P=+4-1+2-3=2
Cell AB, AB4 — AgBs — AsBy — AB;
P=+3-2+4-3 =2
Cell AsB; AB; — AgBy — AB1 — AB;
P=+2-4+3-1=0
Cell AsBs ABs — AsB; — A;B; — AiBs
P=+3-4+2-1=0

As all the R values are positive, it results that both distiitms are optimum.

1.5. SOLVING THE TRANSPORT PROBLEM WITH THE WINQSB
SOFTWARE

In order to solve this type of problems, we useNevork Modelling module presented below.
The launching in execution of theetwork Modelling module opens the main window below,
which contains in its upper side:

Network Modeling

File Help
B|= T s
Fig. 1. Main window of theNetwork Modelling module

To load an existing file, click on the button matka the figure below:

Fig. 2.

The specification of the type of problem, the tyfe¢he objective function, the form of input data
presentation as well as the title of the probldm, number of sources and a destinations is done by
completing the box in the figure below:
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INET Problem Specification H

"Problem Type | [ Objective Criterion
C) Network Flow () Minimization
(® Transportation Problem @M aximization:

) Aszignment Problem
) Shortest Path Problem
) Maximal Flow Problem

[ Data Entry Format
(® Spreadszheet Matrix Form

) Graphic Model Form
) Minimal Spanning Tree

) Traveling Salesman Problem [i.e.. both ways same cost]

Problem Title |thlema de tranzport

Number of Sources D Number of Destinations D

o | [ ] [ ]

Fig. 3. NET Problem Specification Box

After the introduction of data in the figure abowick OK, which leads to the change of the
window menu and the opening of a “working areadj.@).

Network Modeling

File Edit Format Solve and Analyze Ukilities  Window  WinQSE  Help

|iii|®|‘?|

M Problema de transport: Maximization (Transportation Problem)
Source 1 : Destination 1

From A To Destination 1 | Destination 2 | Destination 3| Destination 4| Supply |
Source 1 1}
Source 2 I}
Source 3 0
Demand 0 1] 0 1]

Fig. 4. Area of input data introduction under the matrix form

If you want to change the title of the problemgcklon theEdit menu, which contains the option
Problem Name. When this command is activated, a box appeafseatight side of figure 5, where
you can make the change.

2 Network Modeling

Fi= N30 Format  Solve and Analyze Problem Mame E

Cuik Ctrl
Cuirent Problem Mame:
G QuieC Problema de transport
Paste Chrl#y q
Cancel
ou  Clear Enter a new name of
press Cancel,

Mode Names

Objective Function Criterian

Problem Typs

Add a Hode
Delete a Node

Fig. 5. Manner of changing the title of the problem

Still from the Edit menu one may introduce the name of each sourceeact destination
separately, by activatingode Name command (fig.6).
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Node Names for Problema de transport x

Depozitul 1

Intreprinderea 1
Source 2
Source 3
Depozitul 1
Destination 2
Destination 3
Destination 4

Fig. 6. Manner of changing the name of each node

Another option in th&dit menu is to modify the type of objective functioig(?).

Switch Objective Criterion H

9 ) Current Objeckive Criterion: Maximization

Press Yes bo switch ko: Minimization

Yes | Mo I

Fig. 7. Manner of changing the type of objective fction
At the same time one may change the type of profiiem theEdit—Problem Type menu (fig.8).

The commandAdd a Node form the Edit menu (fig.9) offers the possibility to introduce new
sources or destination, if necessary, and the cordmalete a Node, to delete the nodes that are
useless (fig.10).

MNET Problem Type x

Fig. 8. Manner of changing the type of problem
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Add a Node X

Mote that there are 3 ~Add at

sources and 4 destinations

in the problem. ® The end

Mew Mode Hame: () The beginning
NodeB | ) The selected location

[X Use the default name Follow the node [number)

% Added as a source | |

‘ (1] 4 I | Cancel I | Help I

Fig. 9. Manner of introducing new nodes

Delete One Mode E

All node names are listed here. Click the one
you want to delete.

Source 2
Source 3
Depozitul 1
Deztination 2
D estination 3
Destination 4

Selected: |Intreprinderea 1 |

| OK I | Eam::ell | Help I

Fig. 10. Manner of deleting nodes

The problems of this module may be introduced io tmanners:
- Under the form of a matrix ; or
- By graph plotting.

The options are found in theormat menu.

Matrix form

Implicitly, the module supposes the introductiortlod problem under the matrix form., each cell in
the afferent matrix represents the coefficienthef arc from one node to the next, coefficient that
may have different significations: transport unptacost, profit, distance or capacity of the
respective arc. The source nodes are arrangeceaiows, whereas the destination nodes are on the
columns.

Plotting
1. Nodes editing optionNodefrom theEdit menu.
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Network Modeling
File Edit Format Solve and Analyze Fesolbs  Utliies  Window  WinQSE  Help

B | =| S| &2+ |l].l]ll|A| ||:|I|E| w il 5;5@ 74

M. NET Problem: Maximization {Transportation Problem) !EE
Edit Hode

It 1 2 3 4 H [ 7 § L] 10

Click a node

& Source 2

Source 3

- Destination 1
Destination 2

Destination 3

Source 1

Node Hame
£l Source 1

Location [r.c
- 0.0

Capacity [+/-]
4 1]

5
[Cancel |
B

In the afferent window we may specify: node namajenlocation, node capacity, with (+) for

demand and (-) supply (fig. 11).
To delete a node seldgemove

2. Arcs editing- optionArc/Connection/Linkrom theEdit menu
Arcs are edited by selecting the names of the irehodes from the list. Then one may introduce

or modify costs, distances, profit, capacity orftioent, as appropriate.
In the end click OK. An arc may be deleted by dalgctheRemoveutton.

3. The graphic modelis represented on a sheet with vertical and hotatodines. The sheet
configuration is done by selection the opti@Gonfiguration Row, Column, and Widtfrom the

Formatmenu.

Graphic Model Configuration Setup

Humber of Columns

umber of Rows
10
10
Uze default setup

Cancel

Fig. 12. Sheet configuration

4. The use of the mouse
Left double click in an empty cell for the drawiofja new node
- For drawing an arc, left click on an existing naate draw toward the desired node
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2. Exercises — resolved

2.1. Balanced transportation problems

Exercise 02

We start form the problem presented in example 01.

We introduce the data of the problem under theimfdrm and we have:

From \ To B1T | B2 | B3 B4 | Supply
Al 2 3 1 4 140
A2 3 1 4 3 160
A3 4 2 3 2 200
Demand 115 135 130 120
Fig.13. Input data
. ) 3 4
The transportation problem is balanced)s; = » b; = 500.
i=1 j=1

1. The basic initial solution

a) In order to obtain the basic initial solution aleall use the method of the N-W corner

Transportation Simplex Initial Solution Method E

() Row Minimum [RM)
() Modified Row Minimum [MAM]
() Column Minimum [CH]

() Modified Column Minimum [MCH]
)

[ Yogel's Approximation Method [VAM)
() Ruszsell's Approximation Method [RAM]

Fig. 14. Methods of solving the transportation prolems provided by the software

By using the method of the N-W corner we obtainftile®wing results:
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Fram . To E | B2 B3 B4 Supply | DualPe) |
2 %) 1 4
A1 140 1]
115 2h* Cij=-h**
K] 1 4 K]
A2 160 -2
110 a0
4 2 K] 2
A3 200 -3
an 120
Detand 115 135 130 120
Diual Pj) 2 3 5 5
Objective Value = 1095 (Minimization)

Fig. 15. Solution of the problem under the matrix 6rm — Method of the N-W corner
According to the data in the table of fig.13. sués the solution:

[min]f =2015+3@25+1110+4060+3B0+20120=1095 mM.U.

Fig. 16. The solution of the problem in the graphidorm — the method of the N-W corner

b) The method of the row minimum cost

The total transportation cost is:

[Min]f=200+1300 +3@25+10135+4[3B0+201020 =920 M.U.,

according to fig.17.
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Fram | To E] B2 B3 B4 Supply | Dust P
2 3 1 4
Al 140 0
110 130
3 1 4 3
&2 160 1
25 1365
4 2 3 2
AT 200 2
an 120
Detatid 115 135 130 120
Dhaal P(j) 2 0 1 0
Objective Value = 920 {Minimization)

Fig.17. The solution of the problem in matrix form— method of the row minimum element

Fig.18. Solution of the problem in graphic form — nethod of the row minimum element

¢) The method of the column minimum cost

The objective function is:

[minlf=2015+1@25+1035+3@25+3005+2®5 =970 M.U.,

as we can see in figure 19.
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From | To El E2 B3 B4 Supply | Dual P |
2 3 1 4
A1 140 0
115 25
3 1 4 3
A2 160 3
Cij=-2 ™ 135 2h*
4 2 3 2
A3 200 2
105 95
Demad 115 135 120 120
Diual P 2 2 1 0
Objective Value = 970 (Minimization)

Fig. 19. The solution of the problem in matrix form— method of the column minimum element

A1\ 115 LB

14040 “115/
Z

135/

B3

Fig. 20. Solution of the problem in graphic form -method of the column minimum element

d) Method of the minimum cost on the whole
The value of transportation will be given by:
[min]f =210 +3[@25+480+10135+10130+20120 =920 M.U.,

which may be remarked in the figure below:
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Fram ' To El B2 B3 B4 Suppty | Dusl Py |
2 3 1
&1 140 0
10 130
3 1 4 3
42 160 1
25 135
4 2 3 2
A3 200 z
30 120
Demand | 115 135 130 120
Dual F() 2 0 1 0

Fig. 21. Solution of the problem in matrix form — nethod of the matrix minimum element

Objective Value = 920 (Minimization)

Fig. 22. Solution of the problem in graphic form -method of the matrix minimum element

e) Method of maximum differences or Vogel's method

The determined basic solution supposes a totapatation cost of:

[min]f = 10x2 + 130x1 + 25x3 + 135x1 + 80x4 + 120x®20 m.u.,

represented in the figure below:
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From . To El 1= B3 B4 Supply Dual Pii) |
2 3 1 4
A1 140 0
10 130
3 1 4 3
A2 160 1
25 135
4 2 3 2
A3 200 2
a0 120
Dremand 15 135 130 120
Dual B(j) 2 0 1 0
Objective Value = 920 (Minimization)

Fig. 23. Solution of the problem in matrix form — \bgel's method

A2

Fig. 24. Solution of the problem in graphic form -Vogel's method

2. The optimum solution
The Stepping — Stone method

We start from the basic initial solution obtainky applying the method of the N-W corner
(fig.15.), which is considered iteration 1 and veséx
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Fram . To El EZ E3 E4 Supply | DualPE) |
2 3 1 4
A1 140 0
115 25
3 1 4 3
A2 160 3
Cij=-2 *=* 135 25"
4 2 3 2
A3 200 2
a0 120
Demand 115 125 120 120
Dual P(j) 2 2 1 0
Objective Value = 970 (Minimization)

Fig. 25. Iteration 2

M Transportation Tableau for Curs intensiv - lteration 3 {(Final)

rmiTe | EB1 | B2z | B3 | B4 | Supely | DualPr |
2 3 1 4
A1 140 ]
a0 B0
3 1 4 3
A2 160 1
25 135
4 2 3 2
A3 200 2
a0 120
Demand 115 135 130 120
Dual Fj) 2 0 1 ]
Objective Value = 920 {Minimization)

Fig. 26. Iteration 3

There is no other distribution able to realise duction of the objective function and thus the
solution found in iteration 3 is the optimum one.
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05-25-2011 From | To | Shipment | Unit Cost | Total Cost | Reduced Cost
1 Al B1 90 2 180 0
2 A1l B3 50 1 50 0
3 A2 B1 25 3 Fi 0
4 A2 B2 135 1 135 0
5 A3 B 3 a0 3 240 0
6 A3 B4 120 2 240 0
Total Objective Function Yalue = 920

Fig. 27. The optimum solution in table form. The baic initial solution obtained as a result of applyig
the method of the N-W corner

M. Graphic Solution for Curs intensiv: Minimization [Transportation Problem)

rt 1 7 3 4 5 Final 5Solutio]

) B2
\\150/ 135

&3 N an B3
200 130 -130

]

-

Fig. 28. The optimum solution in graphic form. Thebasic initial solution obtained after the applicatbn
of the method of the N-W corner

The minimum total transportation cost is of 92@mif:
Al supplies B1 with 90 units and B3 with 50 units.
A2 supplies B1 with 25 units and B2 with 135 units.
A3 supplies B3 with 80 units and B4 with 120 units.

Remark: By the method of the line and matrix minimum elemand by Vogel's method we
obtained another distribution, with the same transpion effort as by the Stepping — Stone
method. Consequently, as we mentioned in the pusvahapter, both distributions are optimum
and in order to verify if the solution obtained the methods of the row and matrix minimum
element and Vogel's method cannot be optimised ranye, we consider this distribution as an
initial solution and attempt to improve it by theefping — Stone method.

So we start from the distribution presented in figgul7, 21 and 23 and attempt to optimise it,
which is no longer possible. Thus the followingtdizition is also optimum:
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From To Shipment Unit Cost Total Cost Reduced Cost
__________________ AT Bi 10 2 20 0
Al B3 130 1 130 1]
A2 B1 25 3 75 1]
A2 B2 135 1 135 1]
A3 B1 a0 4 320 1]
A3 B4 120 2 240 1]
Total Objective Funchion Yalue = 920

Fig. 29. The optimum solution in matrix form

The objective function has the same value as inpile¥ious case, when we started with the
solution obtained by the N-W method as basic instdution.

2.2. Non-balanced transportation problems
Exercise 03

A company produces the same product in 3 diffefacitities and distributes it through 3 regional
warehouses. The manufacture capacitates of thlgiéscand the necessary of the warehouses are
given in table 1. The manufacture costs for ticedpct are identical in all three facilities, thely
relevant costs being those of transportation batweeilities and warehouses found in table 20,
expressed in EUR.

Table 20

To Warehouse 1| Warehouse 2 | Warehouse 3 CEIpEEy
From (ool
Facility 1 5 ) 3 100
Facility 2 3 2 3 300
Facility 3 9 7 : 200
Necessary (pcs) -ia 300 200 200

We aim at determining the manner of delivering gheducts from facilities to warehouses in order
to minimise the total transportation cost, with thieservance of the constraints related to the
manufacture capacity of the facilities and the seaey of the warehouses.

Solution

% Metwork Modeling

File Edit Format Solve and Analyze Fesulks  Utlities  Window  WinQSE  Help

RIS [Elm A= === AT ]

e

Intreprinderea 1 : Depozitul 1 |5

From % To Depozitul 1 | Depozitul 2 | Depozitul 3 | Supply
Intreprinderea 1 L 4 3 100
Intreprinderea 2 8 4 3 300
Intreprinderea 3 9 ¥ L 200
Demand 300 200 200

Fig. 30. Introduction of input data in matrix form
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We remark that the given problem is not balandegtause:

3 3
> &, =600< b, =400
i=1 =1

In order to satisfy the balance condition we maogbiduce a fictional facility, with a capacity edua
to 700 — 600 = 100 pcs and with null unitary traorsgtion costs, which is automatically done by

WinQSB.

After the introduction of the data, the problemvaad is done choosing one of the available options
from theSolve and Analyzmenu, i.e.:
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Solve the Problem opens a new window with the final results in mxaform.
Solve and Display Steps-Networkviewing the stages in the problem solving inpiia

Solve and Display Steps-Tableauviewing the stages in the problem solving in nRat

Select Initial Solution Method offers the possibility to choose a method of ihigal
solution, form among the following available ondigy( 31).

Ml Transportation Simplex Initial Solution Method

[ Modified How Minimum [MBRM] “

[ Horthwest Cormner Method [NWC) 1 |

() Column Minimum [CH]
[ Modified Column Minimum [MCH]

[ Yogel's Approximation Method [VAM]
[ Bussell's Approximation Method [RAM] m

| [

Fig. 31. Choosing the “Row minimum” method



hitrgprindersgd A0

ntrgﬁ@@@@j

Fig. 32. The graph afferent to the problem providedy the WinQSB software

As a result of the selection of ti&olve the Problenoption we obtained the following results
showing the quantities to be transported among lhearges, so that the total transportation cost be
minimum.

Metwork Modeling
File Format Results  Utilitiss  Window  Help

bl & po A (=] =] =TI ] ] [ [0 2]

M Solution for Anale 2008:; Minimization {Transportation Problem)

07-31-2008 From To Shipment Unit Cost Total Cost Reduced Cost
1 Intreprinderea 1:  Depozitul 1 100 5 500 0
2 Intreprinderea 2 Depozitul 2 200 4 800 0
3 Intreprinderea 2 Depozitul 3 100 3 300 0
4 Intreprinderea 3 Depozitul 1 100 9 300 0
Ll Intreprinderea 3  Depozitul 3 100 L1 500 0
b Unfilled_Demand Depozitul 1 100 1] 0 0
Total Objechive Funchion Yalue = 3000

Fig. 33. Solution presentation

The total transportation cost is minimum 3000 EfIR i
Facility 1 supplies only Warehouse 1 with 100 prcidacs.
Facility 2 supplies Warehouse 2 with 200 pieces\Mtadehouse 3 with 100 pcs.
Facility 3 supplies Warehouse 1 with 100 pieces\Mtadehouse 3 with 100 pcs.
The fictitious Facility covers the rest of the nesary, i.e. 100 pcs for Warehouse 1.
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Analyses performed with the help of the WinQSB softare

The Network Modellingmodule offers the possibility to perform certaWHhat-If” or parametrical
analyses, by making appeal to the optidterform What If Analysior Perform Parametric
Analysisfrom theSolve and Analyzeenu.

For instance, if the transportation cost betweerilifa3 and Warehouse 3 increases, it becomes 7
EUR.

The selection of thBerform What-If Analysisption results in the opening of a dialogue window
which we shall specify the elements that change.

Network Modeling
File Format FResults  Utlities  ‘Window Help

FIER] ha A[E[=[Z]01E]
M Solution for Anale 2008: Minimization (Transportation Problen)

07-31-2008 From To Shipment Unit Cost Taotal Cost | Reduced Cost
1 Intreprinderea 1. Depozitul 1 100 L 500 1}
2 Intreprinderea 2| Depozitul 2 100 4 400 1}
3 Intreprinderea 2| Depozitul 3 200 3 600 1}
4 Intreprinderea 3 Depozitul 1 100 9 900 1}
5 Intreprinderea 3| Depozitul 2 100 7 700 1}
[ Unfilled_Demand Depozitul 1 100 1] 1] 1}
Total Objective Function Yalue = 300

Fig. 34. Results obtained after the modification tl transportation cost

Following the increase of the transportation castmf Facility 3 to Warehouse 3, the total
transportation cost will increase by 100 EUR, beicgnthus 3100 EUR, and at the same time the
guantities to be transported change. (fig. 34pHews:

Facility 1 continues to supply only Warehouse lhwi00 product pieces.

Facility 2 supplies Warehouse 2 with 100 pieces\Mtadehouse 3 with 200 pieces.

Facility 3 no longer supplies Warehouse 3, but les 200 pcs. for Warehouse 1 and 100
pcs. for Warehouse 2.

The fictitious Facility also supplies Warehouseithwt00 pieces.

But if Facility 2 has a manufacture capacity ofyoB0O pieces, the results obtained following
the modification of the manufacture capacity ofilg2 are those shown in figure 35.
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MNetwork Modeling

ile  Formak Resulks  Utiities  Window  Help

% Solution For Anale 2008: Minimization (Transportation Problem)

07-31-2008 From Shipment Unit Cosl Total Cost | Reduced Cost
1 Intreprinderea 1: Depuzﬂul 1 100 500 1]
2 Intreprinderea 2 Depozitul 2 200 4 800 1]
3 Intreprinderea 3 Depozitul 3 200 5 1000 1]
4 Unfilled_Demand Depozitul 1 200 0 1] 1]
Total Objective Function Value = 2300

Fig. 35. The results obtained

The total transportation cost drops to 2300 EUR,Warehouse 1 can be supplied with only 100
pieces by Facility 1 and with 200 pieces by thétiaus Facility. At the same time, 2 supplies only
Warehouse 2, with 200 pieces, and the necessdfacéhouse 3 being covered by Facility 3.

1 2 3 4 5 Final Solution: ¢

hirgprinderigs A0
N

hirgprinderg2 &0

pozituh 2
\\EEEI/’ -200

rinderesE) pozitu, 3

f
N r\\E?EI/[
200
Jd_Deirénd

-200

rifi

Fig.36. The afferent graph

Exercise 04

A company manufactures the same product in foderint facilities and distributed through four
regional warehouses. The manufacture capacitieshef facilities and the necessary of the
warehouses are given in table 21. The manufactoses dor this product are identical in all four
facilities, the only relevant costs being thosetrahsportation between facilities and warehouses
and are shown in table 21, expressed in monetaty. un
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Table 21.

Destinations D1 D2 D3 D4 Available
Sources (pcs/month)
S1 5 4 3 2 55.000
S2 8 2 3 6 40.000
S3 2 7 5 9 25.000
S4 4 3 2 5 50.000

Demand 170.000
(pcs/month) | 20.000 | 30.000| 50.000 40.00 140.000

We intent to determine the delivery manner of pasidrom facilities to warehouses, in order to
achieve the minimisation of total transportatiostcavith the observance of the constraints related
to the manufacture capacities of facilities andrtbeessary of the warehouses.

Between the total demand and total available (sigbly) is a difference of o 30,000 pieces, which
imposes the balancing of the problem, introdu@ngctitious consumer, which takes over the
necessary difference.

We introduce the problem input data in matrix fdfig.37).

From A To Destination 1 | Destination 2| Destination 3| Destination 4 Supply

Source 1 i 4 2 2 L5000
Source 2 g 2 2 [ 40000
Source 3 2 ¥ i 9 25000
Source 4 4 3 2 h 0000
pe— T S0000 T T ——

Fig. 37. Main window of the Network Modelling moduk

After the data introduction, the problem solvingdisne by choosing one of the available options
from theSolve and AnalyzeSelect Initial Solution Methoghenu.

Transportation Simplex Initial Solution Method E

“
C Modified Column Minimum (MCM) [ !
C Northwest Coner Method (NWC) [ '

[ Vogel's Approximation Method [VAM] 1 -
() Russell’s Approximation Method [RAM) m

Fig. 38. Selecting the Initial Solution Method
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By selecting the “matrix minimum” method we geg¢ tlollowing:

05-26-2011 From | To | Shipment | UnitCost | Total Cost | Reduced Cost
1 Source 1§ Destination 4 40000 2 80000 0
z2 Source 1 Unuszed_Supply 15000 1] 1] 1]
3 Source 2 Destination 2 20000 2 60000 ]
4 Source 2 Unused_Supply 10000 1] 1] 1]
LiT Source 3 Destination 1 20000 2 40000 ]
[ Source 3 Unused_Supply H000 0 0 0
¥ Source 4 Destination 3 S0000 2 100000 ]
Total Objective Function Yalue = 280000

Fig. 39. The optimum solution obtained with the “marix minimum” method

The total transportation cost is of minimum 280,000. if:

Facility 1 supplies Warehouse 4 with 40,000 pcs.

Facility 2 supplies Warehouse 2 with 30,000 pcs.

Facility 3 supplies Warehouse 1 with 20,000 pcs.

Facility 4 supplies Warehouse 3 with 50,000 pcs.

The fictitious consumer covers the rest of the deinae. 30,000 pcs. as follows: 15,000
pcs. received from Facility 1, 10,000 pcs. fromikgc2, and the rest of 5,000 pcs. from
Facility 3.

The graph associated to the studies problem iseplan figure 39.

i 1 | 2 | 3 | 4 | 5 | Final Solution:|

G

ourze ¥

b @ @

L

ni pply

Fig. 40.The graph afferent to the problem provided by the WhQSB software
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For the following month one foresees a reductiorthaf output, because of a series of strikes.
Consequently, one estimates that the total outpilitdwop by 30%, being distributed as follows:
35,000 pcs. at Facility 1 and 2, 19,000 pcs. ailiBa8, and the rest of 30,000 pcs. at Enterpfise

1.) The first manner of approaching this problem wil be that of minimising the
transportation costs.

We remark a difference between the total demand tatad supply (140,000>119,000), which
imposes a rebalancing of the problem by the intttdo of a fictitious source, whose monthly
output should be equal to the quantity by whichdhweent output was reduced, i.e. 51,000 pieces .

We remark that only the demand of Warehouse 2tissgncovered, the demand of Warehouse 1 is
covered in the proportion of 95% , whereas warebdsus and 4 receive only 70%, and 87.5%
respectively.

I From To Shipment Unit Cost Total Cost Reduced Cost
. Source 1 Destination 4 35000 2 F0000 0
| Souce2  Destination 2 30000 2 60000 0
Source 2 Drestination 3 5000 3 15000 o
Source 3 Desztination 1 19000 2 38000 ]
Source 4 Destination 3 30000 2 60000 0
LLIniiIIed_Demand Destination 1 1000 0 0 ]
| Unfilled_Demand Destination 3 15000 0 0 0
:Uniilled_[)emand Destination 4 H000 0 0 0
] Taotal Dbjective Function Yalue = 243000

Fig. 41.The solution obtained in the case of minimising th&ransportation costs

2.) We may attempt at a distribution of the reducetput proportionally with the normal demands.

If the diminished output represents 70% of the redrome, we get:

05-26-2011 From | To | Shipment | UnitCost | Total Cost |Reduced Cost
1 Source 1  { Destination 3 H000 3 15000 0
2 Source 1 Destination 4 28000 2 56000 0
3 Source 1 Unused Supply 2000 0 0 0
4 Source 2 Destination 2 21000 2 42000 0
5 Source 2 Unused Supply 14000 0 0 0
b Source 3 Desztination 1 14000 2 28000 ]
Fi Source 3 Unuszed Supply 000 ] ] ]
B Source 4 Desztination 3 30000 2 60000 ]
Total Objective Function Yalue = 201000

Fig. 42. The solution obtained in the case of theeduction of output proportionally with the normal
demands
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We remark that in this case a reduction of thel timtansportation cost compared to the previous
case, from 243,000 m.u. to 201,000 m.u.

3.) We study a new variant of the initial transporttion problem.

Until now we admitted that any route between there® and the destination may be used at a lower
or higher transportation cost. We start from thipdthesis that the transportation routes are ot al
available any longer. Supposing that route (S2, B2jemporarily blocked because of some
modernising works, Facility 2 can no longer digité the merchandise directly to Warehouse 2,
and thus there will be modifications of the curreptimum programme of transportation. In order
to block this route, we will introduce a very higlansportation cost (fig. 44.)

From i To Destination 1 | Destination 2| Destination 3| Destination 4| Supply

Source 1 h 4 3 2 hh000
Source 2 a M 3 b 40000
Source 3 2 7 L] 9 25000
Source 4 4 3 2 h hOaoo
Demand 20000 30000 50000 400000 = |

Fig. 43. Blocking route (S2, D2)

We may remark a major modification of the transaiboh programme. The current solution is no
longer optimum. The blocked route (S2, D2) is naoger used in the new transportation
programme, presented in the figure below.

Us-2b-2UT1 From | lo | Shipment | Uit Lost | | otal Lost | Heduced Lost
1 Source 1 { Destination 4 40000 2 80000 0
2 Source 1 Unused_Supply 15000 0 0 0
3 Source 2 Desztination 3 30000 3 90000 ]
4 Source 2 Unused_Supply 10000 0 0 0
L] Source 3 Destination 1 20000 2 40000 0
[ Source 3 Unused_Supply H000 0 0 0
¥ Source 4 Destination 2 30000 3 90000 ]
g Source 4 Desztination 3 20000 2 40000 ]
Total Objective Function Yalue = 340000

Fig. 44. The current solution

4.) We attempt to study the effect of the variation ofa certain unitary transportation cost on
the optimum transportation programme and the afferent total cost.

We start from the initial problem and we supposat tin order to perform transportation from
Facility 2 to Warehouse 2 there are several rotltes may be used in one month or another,
according to the programme of routes repair anaribeshment. The possible changes of route have
a direct effect on the unitary transportation ¢aken into consideration4g).
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Starting from the cost of route (S1, D4), i.e.»; €2, one takes into consideration the optimum
solution previously determined and recalculate it.

From theSolve and Analyzemenu, we select theerform What-If Analysisption, which results in
the opening of a dialogue window (fig.45), in whiahe will specify the elements that change.

What If Analysis x

hat If Analyziz allows a minor change of the problem and rezolve it without
altering the onginal data. Select what to analpze, and click an item from the
list or press the Wector button. Then enter the new value of the selected item.
When it ig ready, presz the OK button to zolve with the new change. The
original data iz retained.

Analysis on Select one or presz Yector

5 ATGIDEStatony ~
@ Link [Arc) Coefficient [Cost/Distance) Coutoe 1 to Doshinabon -

© Node Value (Supply/Demand Eonespioh s essien)

9 Source 2 to Destination
Source 2 to Destination

(9 Source 2 to Destination .
Source 2 to Destination -
Source 3 to Destination
Source 3 to Destination . ™

Link Cost/Distance Source 2 to Destination 2
ok i

Fig. 45. The dialogue windowVhat-1f Analysis

If the unitary transportation cost from FacilityaBd Warehouse 2 increase by a monetary unit, we
get the same optimum transportation programme wlilt a different total cost of 310.000 m.u.
(fig.46).

From | To | Shipment | Uit Cost | Total Cost | Reduced Cost
.......... Source 1 ¢ Deslination 4 40000 2 80000 ]
| Source1 Unused_Supply 15000 0 0 0
Source 2 Destination 2 30000 3 30000 0
Source 2 Unused_Supply 10000 1] 1] 1]
Source 3 Destination 1 20000 2 40000 0
Source 3 Unuzed_Supply H000 0 0 0
Source 4 Desztination 3 50000 2 100000 ]
Total Objective Function Yalue = J10000
Fig. 46.

The unitary transportation cost from Facility 2&@arehouse 2 increases by 2 m.u.

As a result of the doubling of the transportatiastcfrom Facility 2 to Warehouse 2, the total
transportation cost will rise by 60,000 m.u., beoam340,000 m.u., and the quantities to be
transported also change (fig.47) as follows:
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Facility 1 continues to supply only Warehouse 4By000 product pieces.
Facility 2 now supplies Warehouse 3 with 30,000 pcs
Facility 3 also supplies Warehouse 1, with 20,008. p

Facility 4 continues to supply Warehouse 3, withORO pcs., but also provide 30,000 pcs.

for Warehouse 2.

The fictitious warehouse covers the rest of the ateini.e. 30,000 pcs. as follows: 15,000
pcs. received from Facility 1, 10,000 pcs. fromiRgc2, and the rest of 5,000 pcs. from

Facility 3.

From | To | Shipment | UnitCost | Total Cost | Reduced Cost
Source 1 Destination 4 40000 2 80000 0
Source 1 Unused_Supply 15000 0 0 0
Source 2 Destination 3 30000 3 90000 0
Source 2 Unused_Supply 10000 1] 1] 1]
Source 3 Destination 1 20000 2 40000 0
Source 3 Unused Supply! 5000 ] 0 0 0
Source 4 Destination 2 30000 3 90000 0
Source 4 Destination 3 20000 2 40000 0

Total Objective Function Yalue = 340000

Fig. 47. The optimum transportation programme
Questions:

1. Which are the specific methods to solve the maluatiem?

a bk~ w0 N

problem?

6. What is the procedure in the case of an unbalaasigghation

problem?

7. Which module of the WinQSB software has to be usexmder to

solve a transport problem? But in the case of aynason problem?

Which is the difference between these methods?

Which are the calculation methods to achieve thi& salution?
What represents degeneration in the case of transgblems?

How is possible to eliminate degeneration fromatensport
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Module M10

Proactive Maintenance and Continuous Improvement

Anghel TAROATA
“Politehnica” University of Timi soara - Romania

Learning objectives:
— Learn what Proactive Maintenance is all about

= Understand preventive and predictive maintenance
= Understand maintenance, repair and operations

= Learn the FRACAS model

= Understand Reliability centered Maintenance (RCM)
= Understand continuous improvement

= Learn the tools of continuous improvement

1.1. What is Proactive Maintenance?

The four terms reactive, preventive, predictiveq gmoactive are possibly the most widely used
words in maintenance today. What do these termsifneaw do they relate to each other?

From a basic point of view there are two mainteeaaqmproaches. One approach is reactive and the
other is proactive. In practice there are comiamatof the basic approaches.

The reactive system responds to a work requeddentified need, usually production identified,
and depends on rapid response measures if effecliie goals of this approach are to reduce
response time to a minimum (with computer aid) amdreduce equipment down time to an
acceptable level. This is the approach used by operations today. It may well incorporate what
is termed as a preventive maintenance program ayduse proactive technologies.

The proactive approach responds primarily to egeipnassessment and predictive procedures.
The overwhelming majority of corrective, preventiaad modification work is generated internally
in the maintenance function as a result of inspastiand predictive procedures. The goals of this
method are continuous equipment performance toblestad specifications, maintenance of
productive capacity, and continuous improvement.

Predictive and preventive methods are out: proaatmaintenance are in. Why? Because proactive
maintenance methods are currently saving industfiedi sizes thousands, even millions, of dollars
on machine maintenance every year. According toesepecialists, “maintenance is the largest
single controllable expenditure in a plant.” In npasompanies it often exceeds annual net profit.
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The problem of costly maintenance has truly reachedrious level, but as some companies have
found out, and more come to realize every dayy timgiintenance costs can be cut drastically by
establishing a “proactive” line of defense.

Getting to the Root of the Problem

When it comes to the life of any machine, cleardéeounts. Laboratory and field tests show that
more than any other factor, fluid contaminatiortie number one culprit of equipment failure -
even the most microscopic particles can eventugilyd a machine to a halt. Yet, the accepted
methods currently being used to combat machine daraee based on either detecting the warning
signs of failure once they've already begun (pridd#y or regular maintenance according to a
schedule rather than the machine’s true condifiwevientive). No discipline has previously taken a
micro view on machine damage - concentrating onctiigses instead of the symptoms of wear.
Proactive maintenance is that discipline, and guikly being recognized worldwide as the single
most important means of achieving savings unsueggbisg conventional maintenance techniques.

Maintenance Strategy | Technique Needed Human Body Parallel

Proactive Maintenance,  Monitoring and correction ©holesterol and blood
failing root causes, e.g¢.pressure monitoring with diet
contamination control

Predictive Maintenance,  Monitoring of vibration, hedetection of heart disease
alignment, wear dibris using EKG or ultrasonics

Preventive Maintenance Periodic component replanernBy-pass or transplant surgery

Breakdown Large maintenance budget Heart attack or stroke
Maintenance

Fig.1.1. Proactive, predictive, preventive and kdeavn maintenance

Proactive vs. Preventive/Predictive
Proactive maintenance commissions corrective ast@med at he sources of failure. It is designed
to extend the life of mechanical machinery as opdde 1) making repairs when often nothing is
broken, 2) accommodating failure as routine andmadr and 3) preempting crisis failure
maintenance - all of which are characteristicshefpredictive/preventive disciplines.
Proactive maintenanceis a maintenance strategy for stabilizing theat®lity of machines or
equipment. Its central theme involves directingrective actions aimed at failure root causes, not
active failure symptoms, faults, or machine wearditions.
A typical proactive maintenance regimen involvegéhsteps:
« (1) setting a quantifiable target or standard negato a root cause of concern (e.g., a target
fluid cleanliness level for a lubricant),
+ (2) implementing a maintenance program to contnel toot cause property to within the
target level (e.g., routine exclusion or removatoftaminants),
« (3) routine monitoring of the root cause propergsing a measurement technique (e.g.,
particle counting) to verify the current level ighin the target.

1.2. Preventive maintenance
Preventive maintenancgPM) has the following meanings:

1. The care and servicing by personnel for the purpbdseaintaining equipment and facilities
in satisfactory operating condition by providing feystematic inspection, detection, and
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correction of incipient failures either before thegcur or before they develop into major
defects.
2. Maintenance, including tests, measurements, adgrgsnand parts replacement, performed
specifically to prevent faults from occurring.
Preventive maintenance can be described as mantenaf equipment or systems before fault
occurs. It can be divided into tveubgroups
+ Planned maintenance
« and condition-based maintenance.
The main difference of subgroups is determinatibnmaintenance time, or determination of
moment when maintenance should be performed.
While preventive maintenance is generally consididee be worthwhile, there are risks such as
equipment failure or human error involved when periing preventive maintenance, just as in any
maintenance operation. Preventive maintenance lesdsled overhaul or scheduled replacement
provides two of the three proactive failure manageimpolicies available to the maintenance
engineer. Common methods of determining what Ptexee(or other) failure management policies
should be applied are: OEM recommendations, reongings of codes and legislation within a
jurisdiction, what an "expert" thinks ought to bené, or the maintenance that's already done to
similar equipment, and most important measuredesfnd performance indications.
In other words:
+ Preventive maintenance is conducted to keep equipmerking and/or extend the life of
the equipment.
« Corrective maintenance, sometimes called "repar¢onducted to get equipment working
again.
The primary goal of maintenance is to avoid or gaite the consequences of failure of equipment.
This may be by preventing the failure before ituatliy occurs which Planned Maintenance and
Condition Based Maintenance help to achieve. lddasigned to preserve and restore equipment
reliability by replacing worn components before ythactually fail. Preventive maintenance
activities include partial or complete overhaulsjpécified periods, oil changes, lubrication and so
on. In addition, workers can record equipment detation so they know to replace or repair worn
parts before they cause system failure. The idealgmtive maintenance program would prevent all
equipment failure before it occurs.

1.3. Predictive maintenance

Predictive maintenance(PdM) techniques help determine the condition of inaeerequipment in
order to predict when maintenance should be peddrnThis approach offers cost savings over
routine or time-based preventive maintenance, Isectasks are performed only when warranted.
The main value of Predicted Maintenance is to allomnvenient scheduling of corrective
maintenance, and to prevent unexpected equipmédatefa By knowing which equipment that
needs maintenance, the maintenance work can k& pé&hned (spare parts, people etc.) and what
would had been "unplanned stops" are transformedhtarter and less "planned stops" thus
increasing plant availability. Other values arer@ased equipment life time, increased plant safety,
less accidents with negative impact on environmamptimised spare parts handling, etc.

PdM attempts to evaluate the condition of equipmieytperforming periodic or continuous

equipment condition monitoring. The ultimate godl RdM is to perform maintenance at a
scheduled point in time when the maintenance agtid most cost-effective and before the
equipment loses performance within a thresholds Tin contrast to time- and/or operation count-
based maintenance, where a piece of equipmenmgtgained whether it needs it or not. Time-
based maintenance is labor intensive, ineffectivadentifying problems that develop between
scheduled inspections, and is not cost-effective.
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The "predictive” component of predictive mainterastems from the goal of predicting the future
trend of the equipment's condition. This approasisuprinciples of statistical process control to
determine at what point in the future maintenarateviéies will be appropriate.

Most PdM inspections are performed while equipmei service, thereby minimizing disruption
of normal system operations. Adoption of PdM casultein substantial cost savings and higher
system reliability.

Reliability-centered maintenance or RCM, emphasizes the use of predictive maimeagPdM)
techniques in addition to traditional preventive asiges. When properly implemented, RCM
provides companies with a tool for achieving loneestet Net Present Costs (NPC) for a given level
of performance and risk.

One area that many times is overlooked is hownt@n efficient way, transfer the PdM data to a
Computerized Maintenance Management System (CMMS8Eg® so that the equipment condition
data is sent to the right equipment object in thdMS system in order to trigger maintenace
planning, execution and reporting. Unless thiscisieved, the PdM solution is of limited value, at
least if the PdM solution is implemented on a mediio large size plant with tens of thousands
pieces of equipment.

1.4. Maintenance, repair, and operations

Maintenance, repair, and operations(MRO) or Maintenance, Repair and Overhaulinvolves
fixing any sort of device when it become out of@rdr broken (known as repair, unscheduled or
casualty maintenance). MRO may be defined as afirecwhich have the objective of retaining or
restoring an item in or to a state in which it garform its required function. The actions include
the combination of all technical and correspondatministrative, managerial, and supervision
actions.

MRO operations can be categorised by whether tbdyat remains the property of the customer,
i.e. a service is being offered, or whether thedpob is bought by the reprocessing organisation and
sold to any customer wishing to make the purchase.

The former of these represents a closed loop sughain and usually has the scope of maintenance,
repair or overhaul of the product. The latter & tdategorisations is an open loop supply chain and
is typified by refurbishment and remanufacture. Than characteristic of the closed loop system is
that the demand for a product is matched with thgply of a used product. Neglecting asset write-
offs and exceptional activities the total populatiof the product between the customer and the
service provider remains constant

In engineering in general, the term maintenancehmollowing meanings:

1. Any activity — such as tests, measurements, replants, adjustments and repairs —
intended to retain or restore a functional unibirto a specified state in which the unit can
perform its required functions.

2. For material — all action taken to retain matenish serviceable condition or to restore it to
serviceability. It includes inspection, testingrweing, classification as to serviceability,
repair, rebuilding, and reclamation.

3. For material — all supply and repair action takerkeéep a force in condition to carry out its
mission.

4. For material — the routine recurring work required keep a facility (plant, building,
structure, ground facility, utility system, or otlveal property) in such condition that it may
be continuously used, at its original or designagacity and efficiency for its intended
purpose.

Manufacturers and Industrial Supply Companies ofedar to MRO as opposed/aside to Original
Equipment Manufacture (OEM). OEM includes any attivelated to the direct manufacture of
goods, where MRO refers to any maintenance andrraptvity to keep a manufacturing plant
running.
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MRO software
In many organizations, especially because of thabar of devices or products that need to be
maintained or the complexity of systems, there ieead to manage the information with software
packages. This is a must in case of aerospaceadige fleets), military installations, large pks
(e.g. manufacturing, power generation, petrocheinérad ships.
These software tools help engineers and technidiangcreasing the system availability and
reducing costs and repair times as well as redueiaterial supply time and increasing material
availability by improving supply chain communicatio
As MRO involves working with an organization’s prods, resources, suppliers and customers,
MRO packages have to interface with many enterpisgness software systems (ERP, SCM,
CRM etc.).
One of the functions of such software is the camtgjon of bills of materials or BOMs, taking the
component parts list from engineering (eBOM) andhuafacturing (mBOM) and updating it from
“as delivered” through “as maintained” to “as used”
Another function is project planning logistics, fxample identifying the critical path on the ldt
tasks to be carried out (inspection, diagnosisateorder parts and service) to calculate turnatoun
times (TAT).
Other tasks that software can perform:
+ Planning operations,
« Managing execution of events,
« Management of assets (parts, tools and equipmeaniaries),
+ Knowledge-base data on:
o Maintenance service history,
o Serial numbered parts,
o Reliability data: MTBF (Mean Time Between Failure®)TTB (Mean Time To
Breakdown), MTBR (Mean Time Between Repairs),
o Maintenance and repair documentation and bestipeact
o Warranty/guarantee documents.

As maintenance evolves from "breakdown" fixes toagtive strategies, managers are beginning to
rethink maintenance in an enterprise — even ergngurial — manner. In addition to internally
converting to proactive maintenance strategies, ufa@turers are leveraging their intellectual
property assets to deliver maintenance serviceastomers.

1.5. FRACAS Model

How good is your organization at identifying faisf? Of course you see failures when they occur,
but can you identify when recurring failures areatmng serious equipment reliability issues?

Failure Reporting Analysis and Corrective Actionstgyn (FRACAS) is an excellent process that
can be used to control or eliminate failures. Tikis process in which you identify any reports
from your CMMS or a specialized Reliability Softwathat can help you to eliminate, mitigate or
control failures. These reports could include ceatiance, MTBF, MTBR, dominant failure
patterns in your operation, common threads betia&mes.
Many times, the cost of unreliability remains unkmobecause the causes of unreliability are so
many. Whether you want to point the finger at renance, production (operations) or
engineering, each functional area plays a rolenneliability. Here are a few examples of those
losses:
1. Equipment Breakdown (total functional failure)

Causes of Equipment Breakdown:
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1. No Repeatable Effective Repair, Pnéive Maintenance, Lubrication, or Predictive
Maintenance Procedure
2. No one following effective procedures
2 Equipment not running to rate (partial functibfaglure)
Causes of Equipment not Running to Rate:
1. Operator not having an effective prazedo follow
2. Operator not trained to operate orliteshoot equipment
3. Management thinking this is the bet# e which the equipment can operate because of
age or condition
3. Off-Quality Product that is identified as “figsass quality” (could be a partial or total fuocial
failure)
Causes of Quality Issues:
1. Acceptance by management that “fiestspquality” is not a loss because the product can
be recycled
4. Premature Equipment Breakdown
Ineffective or no commissioning procedures. &kketalking about maintenance replacement of
parts or equipment and engineering/contractorftikst prematurely because no one has identified
if a defect is present after the equipment has bestalled, repaired, serviced, etc.

The Proactive Workflow Model

Eliminating unreliability is a continuous improvemnigrocess much like the Proactive Work Flow
Model in Figure 1.2. The Proactive Workflow Modélstrates the steps required in order to move
from a reactive to a proactive maintenance program.
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Fig. 1.2. The Proactive Workflow Model

Froactive Wark Flow

The built-in continuous improvement processes o Jlan Improvement and the Failure
Reporting, Analysis, and Corrective Action SystdfRACAS) help ensure that maintainability and
reliability are always improving. All of the stepsid processes have to be implemented in a well
managed and controlled fashion to get full valueasiuhe model.

You cannot have continuous improvement until yoweha repeatable, disciplined process.
The objective of the Proactive Work Flow Model @ provide discipline and repeatability to
maintenance process. The inclusion of the FRACA®viges continuous improvement for
maintenance strategies.

As you have failures, you use your CMMS failure e®do record the part-defect-cause of each
failure. Analyzing part-defect-cause on criticabsets helps you begin to make serious
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improvement in your operation’s reliability. Lookj at the FRACAS Model in figure 1.3, it begin

with Work Order History Analysis, and from this &yss we decide whether we need to apply
Root Cause Analysis (RCA), Reliability Centered Manance, or Failure Modes and Effect
Analysis to eliminate or reduce the failures wecdier. From the RCA, we can determine
maintenance strategy adjustments needed to predijstevent failures. Even the most thorough
analysis doesn’t uncover every failure mode. Rerémce monitoring after we make the strategy
adjustments may find that new failure modes noteced by your strategy occur. You can now
make a new failure code to track the new failuredenso additional failures can be tracked and
managed when you review work order history. You sae this is a continuous improvement loop
which never ends.

Failure Modes
Strategy Failure Codes
Creation
F.R.A.C.A.S.
‘ Kaizen Loop
Root Cause Work Order

s History
Fig. 1.3. FRACAS model

The foundational elements of an effective FRACAS am effective validated equipment hierarchy,
criticality analysis, failure modes analysis, agdipment maintenance plans.

FRACAS Checkilist:

= Equipment Hierarchy should be built and validatedhat similar failures on like equipment

can be identified across an organization.

= Criticality Analysis is developed and validatedtkat equipment criticality is ranked based
on Production Throughput, Asset Utilization, C&styironment, and Safety.
Failure Modes Analysis is completed on all critieguipment using FMA, FMEA, or RCM.
Equipment Maintenance Plans are developed onititatrequipment to prevent or predict
a failure.

=
=

1.6. Reliability Centered Maintenance (RCM)
To effectively manage and optimize the preventiveintenance program, a streamlined RCM

approach should be taken. The goal is to develgpoaess that reduces the need for technical
involvement in maintaining and improving the implkemted maintenance program.
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RCM looks at a failure mode and prevention stratagyan equipment type level and applies
different factors based on the functional locatwmere the equipment is installed. For instance, a
motor might have ten different failure modes and different predictive/preventive maintenance
tasks intended to monitor or prevent those failuresn occurring. However, some functional
locations where the motor might be installed wdlva no effect on the plant operations if a failure
occurs. In these instances, it is more cost effedib run the motor until a failure occurs and not
invest in its prevention. In a different functionatation, the failure might constitute a singlernpo

of failure vulnerability for plant operation. In ith case, almost any preventive/predictive
maintenance that can be performed to prevent diturad failure is cost effective.

To develop the RCM process, the followistgpswere taken:

1. Prioritize the plant components by functional lomat Criticality is normally broken down
into three categories (five in a nuclear environthen other words, by the impact the failure o th
equipment would have on the plant:

- The first and highest is “critical” meaning treafailure at the functional location involves agien
point of failure that could bring the unit off-line

- The second is “important” meaning that the fuoreal location is critical to the operation of the
unit but a backup or other strategy exists suchadhfanctional failure does not immediately bring
the unit offline but significantly reduces the ggfenargin leading to the unit coming off-line.
- The third is typically “run to failure” meaningat a failure does not affect plant operation aamu c
be dealt with in a scheduled fashion.

2. For each piece of equipment identified as Critmalmportant, develop a list of significant
failure mechanisms. Both manufacturer and industigrmation will be useful in the development
of this list. For each vendor recommended PM agtiva failure mechanism should be clearly
delineated. Once all of the maintenance strategg@® been developed and applied to functional
locations, all PMs should be tied to a maintenastcegy. Any PMs that are left over at that point
should be evaluated as to why they should be kept.

3. For each Critical component, a time-based PM isgdes to prevent each identified failure
mechanism. The initial frequency will be based oanofacturer recommendations or regulatory
requirements. After a period of operation, age-ergilon will be used to optimize the PM
frequencies.

The implementation of a Reliability Centered Mairdace program begins with a solid and

practical Preventive Maintenance (PM) program. dop a RCM approach, the PM program needs
to be dynamic, not remain static. In other wordsirere knowledge of the individual equipment is
obtained, change the frequency of performance f@nge to a condition based initiation) to

optimize the benefits of performing the PM. Durithge testing for the development of the RCM

philosophy, it was determined that performing PMe bften contributed to failures. When the

frequency was decreased, random failures decredsed

4.For each Important component, Condition Monitoriisg used to determine when PM
activities are needed to be performed. The ComdMonitoring uses metrics designed to determine
degradation that could lead to the significantui@@lmechanisms for the Location.

5.No PM program is used for the Run-to-Failure congmis. Since these components have no
discernible impact to the facility if failure ocarthe maintenance strategy is to wait until failto
perform maintenance. Even if there are signs ofratégion, do not perturb the schedule of
maintenance on more significant items, allow thegonent to fail prior to performing work.

6. Mechanisms are implemented in the Work Order ptesillow the technicians to be aware
of the design function of the components and tistifjogation for the PMs and frequencies. Their
feedbacks on the Work Orders are solicited to attbanges to the program based on the personnel
most familiar the equipment.

Toolpouch Maintenance

To support the Maintenance program, a reduced TRiadluctive Maintenance process has been
combined with the RCM process. Plant operatorsaandorized and trained to perform “tool-
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pouch” maintenance activities as they are idewmtifi€oolpouch Maintenance is the process for
performing work that does not require pre-plannibgs important to capture the cost (material and
labor hours) and fact the work was completed. Taodhh maintenance is simple in nature, within
the basic understanding and training of the persionn
The purpose of the Toolpouch Maintenance process is
« Allow maintenance on items that have little or ngpact on plant operations or personnel
safety without detailed work packages.
« Document work performed, after the completion, foertain qualifying types of
maintenance.
« Minimize the backlog of low significance work awag implementation.
« Allows the trending of impact on costs for simsues.

RCM components

There are four major components of the Reliabiltgntered Maintenance program: Reactive
Maintenance (Corrective Maintenance), Preventive inkdaance, Predictive Maintenance
(Condition Monitoring), and Proactive Maintenansed figure 1.4).

«  Small ltems «  Subject to Wear-Out

¥ Non-Critical ¥ Consumable Replacement
" Inconsequential +  Failure Pattern Known

¥ Unlikely te Fail

~  Redundant

v Root Cause Failure Analysis v Random Failure Patterns
(Failure identification and ¥ Not Subject to Wear Out
trending) +  PM Inducad Failures

v Age Exploration (PM
Optimization)

v Failure Modes and Effects
Analysis (FMEA)

Fig.1.4. RCM components

Reactive Maintenance will occasionally have torhplemented on a piece of equipment that is not
inconsequential, but overall the goal is to detgradation before it occurs and implementing
preventive maintenance to prevent the unexpecikddaWhen the program is implemented well,

it is common for reactive maintenance to only actdar 10 to 20 percent of the total maintenance
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performed. When combined with reduced numbers elvéhtive Maintenance activities, these
results in a more efficient, effective, and costisg maintenance program.

1.7. The Barriers

Let’'s look at a few barriers which prevent a plaotm obtaining a higher level of reliability of tine
assets

1. Most maintenance departments and production amigerstand that a failure means the
equipment is broken. A true failure of an assewlgen it is no one longer meets the function
required of it at some known rate of standard.

Example: Conveyor is supposed to operate at 20@rmper minute so when the conveyor’s speed
is no longer meeting this requirement it has funily failed thus causing an immediate loss of
revenue for the company.

2. Maintenance does not get involved when qualitproduction rate issues arise in the plant. In
most cases when an asset has functionally failed plant no one in maintenance seems to
understand the equipment has failed.

3. Most maintenance departments do not know thiimeance targets of the plant equipment and
do not understand why it is important that they emsthnd them. This not a failure of the
maintenance department but a breakdown of howahithot aligned to meet the goals of it.
Overcoming of these barriers is essential to rapidlormance in reliability. If an understanding and
focus on functional failure is applied by all plgmrsonnel rapid results will follow resulting in
higher asset reliability. The focus must be on #ignment of the total plant on meeting
performance targets of each asset. These perfoenrtargets and current performance rates need to
be posted so everyone is aware if a gap occursset gerformance. Production and maintenance
know that when an asset has functionally failed Iom@ger meeting the performance target) and is
probably resulting in lost revenue. We must un@erdtthis is a production and management
problem and both organizations must accept respititiss for actions to mitigate the performance
losses.

One requirement a company must meet in order te haapid breakthrough in performance is they
must define what a failure is truly:

Old definition of failure (typically reactive): The equipment is broken topped. A good example

is the conveyor stopped because of mechanical gmobl

New definition of failure (typically proactive): The equipment is no longerforming the function
required of its user.

Examples would be:

Partial Functional Failure Example: A conveyor is supposed to operate at 200 metermpaite
however because of a problem it can only run 16{&rager minute.

Total Functional Failure Example: A conveyor has stopped based on a mechanicalerobl

The function of the example conveyor is:

1. To transfer a product from point A to point B;

2. To transport product at a speed of 200 meterspaute.

The Bottom Line

A company must take a step back and review the Wwvayanages equipment performance. If

equipment continues to fail after performing preawen maintenance or overhauls, then clearly a
change is needed. The focus must be on ensuringlibbility of plant assets. As a starting point,

everyone in a plant should understand the defmitibreliability and what it means to the success
of the company.
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2. Continuous Improvement

2.1. Introduction

Continuous improvement in a management context s@anever-ending effort to expose and
eliminate root causes of problems. Usually, it iwes many incremental or small-step
improvements rather than one overwhelming innovatlerom a Japanese perspective continuous
improvement is the basis for their business cult@entinuous improvement is a philosophy,
permeating the Japanese culture, which seeks toovepll factors related to the transformation
process (converting inputs into outputs) on an orgygbasis. It involves everyone, management and
labor, in finding and eliminating waste in machidabor, materials and production methods.

The Japanese word for continuous improveniairzen,s often used interchangeably with the term
continuous improvemenErom the Japanese charadtar, meaning change, and the characten,
meaning good, taken literally, it meangprovement.

Although kaizen is a Japanese concept, many firave ladopted it with considerable success by
combining the best of traditional Japanese prastiath the strengths of their business practice, in
other words, by merging the benefits of teamworthwie creativity of the individual. Some refer
to its implementation as lean manufacturing sivdegen combined with the principles of just-in-
time (JIT), kaizen or continuous improvement forthe foundation for the concept of lean
manufacturing.

2.2. History of continuous improvement

Following the defeat of Japan in World War Il, Anearwanted to encourage the nation to rebuild.
As with the Marshall Plan in Europe, General MabArtasked a number of leading experts from
the U.S. to visit Japan and advise them on howaoged with the rebuilding process. As history
would have it, one of these experts was Dr. W. Ede®eming. Deming was a statistician with
experience in census work, so he came to Japaet tgpsa census. While in Japan, he noticed some
of the difficulties being experienced by some of thewly emerging industries. Many Japanese
manufacturers were faced with huge difficultiesnst@ng from a lack of investment funds, raw
materials, and components, and from the low marhtbe nation and the workforce. Based on his
recent experience in reducing waste in U.S. warufaature, he began to offer his advice.

By the mid-1950s, he was a regular visitor to Japntaught Japanese businesses to concentrate
their attention on processes rather than resulbsicentrate the efforts of everyone in the
organization on continually improving imperfectian every stage of the process. By the 1970s
many Japanese organizations had embraced Demihgtseaand were very quickly enjoying the
benefits of their actions. Most notable is the Tay®roduction System, which spawned several
business improvement practices utilized heavily Jepan, including JIT and Total Quality
Management (TQM).

Despite the fact that much of the foundation of tsmous management and other Japanese
concepts originated in the U.S., the firms showtie interest until the late 1970s and early 1980s
By then the success of Japanese companies causedfiomns to begin to reexamine their own
approaches. Hence, kaizen or continuous managdragah to emerge in the U.S. concurrent along
with the increasing popularity and use of Japarteséniques such as JIT and TQM. In fact,
continuous improvement is a major principle of andjoal of JIT, while it is one of the two
elements of TQM (the other is customer satisfagtitm some organizations, quality circles have
evolved into continuous improvement teams with aerably more authority and empowerment
than is typically given to quality circles. In fachanagement consultants have tended to use the
term kaizento embrace a wide range of management practicesgply regarded as Japanese and
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responsible for making Japanese companies stronigeirareas of continual improvement rather
than innovation.

2.3. Kaizen needs necessary for implementation

Most Japanese people are, by nature or by traimery, attentive to detail and feel obligated to
make sure everything runs as smoothly as possiether at work or at home. This attitude
enhances the functionality of kaizen. Thus, to enage the kaizen attitude, organizations require a
major change in corporate culture; one that adpritblems, encourages a collaborative attitude to
solving these problems, delegates responsibility promotes continuous training in skills and
development attitudes.

The driving force behind kaizen is dissatisfactwith the status quono matter how good the firm

is perceived to be. Standing still will allow thenspetition to overtake and pass any complacent
firm. The founder of Honda has been quoted as gayin a race competing for a split second, one
time length on the finish line will decide whethy@u are a winner or a loser. If you understand, that
you cannot disregard even the smallest improvemaithough continuous improvement involves
making incremental changes that may not be higidible in the short term, they can lead to
significant contributions in the long term.

Organizational performance can improve from knogkdyained through experience. Lessons
learned from mistakes mean those mistakes are liesly to be repeated, while successes
encourage workers to try the same thing again atimaee to try new things. While this learning
process occurs throughout the system it is padiuimportant for accomplishing the long-term
improvement associated with continuous improvemientrder for continuous improvement to be
successful, the organization must learn from pagtegence and translate this learning into
improved performance.

Part of the learning process is trying new appreachxploring new methods and testing new ideas
for improving the various processes. So experimi@mtacan be an important part of this
organizational learning. Naturally, many of theswker-led experiments will fail, so it is important
to recognize that there is some risk associatedh wits experimentation. If management is
uncomfortable with risk, it may be reluctant tooall any real degree of experimentation.
Obviously, management cannot risk disabling thedpection process itself or endanger the well-
being of the workforce, but the complete absenceskfcan reduce the vision of those involved in
the continuous improvement process. Improvemeniisgenerally come in modest increments of
progress. Therefore, management must recognizestimae experiments will fail as part of the
learning process, and avoid the temptation to harslige the perpetrator as having new but
unsuccessful ideas. Some even feel that it iscalito establish an environment that reinforces the
notion that risk is good. Again, this involves cistsncy in management's attitude toward change
and the empowerment of employees.

The achievement of continuous improvement requrdeng-term view and the support of top
management. But it is also important that all level management actively support and become
involved in the process. Proper support structwfesraining, management, resource allocation,
measurement, and reward and incentive systems lbeugt place for successful adoption. This
includes a willingness to provide financial suppamt to recognize achievements. It is desirable to
formulate goals with the workers' help, publicite tgoals, and document the accomplishments.
These goals give the workers something tangiblsttwe for, with the recognition helping to
maintain worker interest and morale.

Kaizen also requires that all employees in the mimgdion be involved in the process. Every
employee must be motivated to accept kaizen as ansnéy which the firm can achieve a
competitive advantage in the marketplace. All imeol must push continuously at the margins of
their expertise, trying to be better than beforeewery area. Japanese companies have been very
successful with the use of teams composed of werled managers. These teams routinely work
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together on problem solving. Moreover, the workarse encouraged to report problems and
potential problems to the teams; their input isimmportant as that of management. In order to
establish a problem-solving orientation, worker®wtl receive extensive training in statistical
process control, quality improvement, and problemisg.

Problem solving is the driving force behind conting improvement. Workers can be trained to
spot problems that interrupt, or have the potemtiahterrupt, the smooth flow of work through the
system. When such problems do occur, it is importamesolve them quickly. Also, workers are
trained to seek improvements in the areas of irrgnteduction, set-up time and cost reduction,
increasing output rate, and generally decreasirgjerand inefficiency.

2.4. Benefits of Kaizen

The benefits of continuous improvement manifestnbelves in numerous ways.

Exanple: in an August 2004 article, Perry Flintrekxaed how American Airlines’ Tulsa MRO base
has seen dramatic improvements after implementimgircuous improvement initiatives. The base
is the largest such facility in the world with sor@®00 employees and 3 million square feet of
docks and shops across 300 acres. Continuous lempew teams in their components and
avionics shop have helped reduce $1.5 million iremtory requirements while freeing 11,600 sq.
ft. of shop space; repairing broken cargo dooruertybes in lieu of purchasing a new replacement
has resulted in a savings of $250,000 per yeamatound times for overhauls have improved more
than 38 percent, and replacing parts only as nelkdgdesulted in a savings of $100,000.

These improvements have been made possible theemgloyee and union buy-in, the creation of
employee-led work teams, and the realized beneffter implementation, of employee-
recommended improvements and streamlined procedlinesemployee-driven improvements are
integral to the success of the Continuous Improvemeocess. The changes are not force-fed by
management, thus the employees are less resistdime thanges and recognize the necessity and
value in implementing these alternative methods.

Through kaizen or continuous improvement, firms &k to produce better products and services
at lower prices, thus providing greater customésfetion. In the long term, the final product il
be more reliable, of better quality, more advanch@aper and more attractive to customers.

2.5. Implementation of Kaizen Strategy

Seven Conditionsfor Successful Implementation of Kaizen Strategy

Top managemerommitment

Top management commitment

Top management commitment

Setting up an organization dedicated to promoteéai

Appointing the best available personnel to manhgeiaizen process

Conducting training and education

Establishing a step-by-step process for Kaizemdhitction.

All condltlons are important. Without top managemsmpporting every move, however, the trial
will be short-lived regardless of other precondiso

Top management may express commitment in manyreiffeways, and it must take every
opportunity to preach the message, become perganabblved in following up the progress of
Kaizen, and allocate resources for successful imefgation.

One of the most difficult aspects of introducinglamplementing Kaizen strategy is assuring its
continuity.

When a company introduces something new, such al#yquaircles, or total quality management
(TQM), it experiences some initial success, butnseach success disappear like fireworks on
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summer night and after a while nothing is left, amahagement keeps looking for a new flavor of
the month.
This if because the company lacks the first thremstnimportant conditions for the successful

introduction and implementation of Kaizen strategy.

Quick and Easy Kaizen
Quick and Easy Kaizen (or Mini-Kaizen) is aimedratreasing productivity, quality, and worker

satisfaction, all from a very grassroots level. pveompany employee is encouraged to come up
with ideas — however small — that could improvehas particular job activity, job environment or
any company process for that matter. The emplogeeslso encouraged to implement their ideas
as small changes can be done by the worker hinergeli with very little investment of time.

Quick and easy Kaizen helps eliminate or reducdesapromotes personal growth of employees
and the company, provides guidance for employees sarves as a barometer of leadership. Each
kaizen may be small, but the cumulative effectlsatremendous.

2.6. Continuous Improvement Tools

Within the business environment, Japan has conétdbgreatly to the language of business with
numerous concepts that represent continuous imprenetools Kaizen tooly and with production
philosophies such ggst-in-time

Here it is important to remark first about a cdmition from Henry Ford. In 1926, Henry Ford
wrote: To standardize a method is to choose ouhefmany methods the best one, and use it.
Standardization means nothing unless it means atdizthg upward.

Today’s standardization, instead of being a bagecagainst improvement, is the necessary
foundation on which tomorrow’s improvement will based.

You must think of “standardization” as the bekat you know today, but which is to be improved
tomorrow—you get somewhere. If you think of stanldaas confining, then progress stops.
Creating a usable and meaningful standard is ketheosuccess of any enterprise. It is not the
solution but is the target on which change candeeised. Using this standard, businesses usually
use two different kinds of improvements: those thgipose a revolution in the way of working and
those that suppose smaller benefits with less tnvadst that are also very important.

In production systems, evolutionary as well as hetvanary change is supported through product

and process innovations, as is shown in figure 2.1.

o

L Final situation.. . . _ . _ _ . _ . _ . . .. _._._._. —

productivity

A
Kaizen _

Reengineering /

. . Initial situation.. . _ . _. _ . . . . _._._.

. time

Fig. 2.1. The concept of continuous improvemenswgrreengineering

The evolution consists of continuous improvemesisad made in both the product and the process.
A rapid and radical change process is sometimed asea precursor tkaizenactivities. This
radical change is referred to le@ikakuin Japanese. These revolutions are carried outdwuse of
methodologies such as process reengineering andijar rproduct redesign. These kinds of
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innovations require large investments and are hasadany cases, on process automation. These
radical activities frequently are call&dizen blitzes

If the process is being improved constantly, assshim figure 2.2 (continuous line), the innovation
effort required to make a major change can be mjuand this is whataizendoes (dotted line on
the left).

. Final situation ... _._ . _. _O _____________________

o)

productivity
A

Reengineering /

________ Initial situation.. . _ . _ _ . _. _ . _ . _ . . . . _._._._.

= time
Fig. 2.2. Continuous change can offset the expanddime required for radical changes.

While some companies focus on meeting standardsl] smprovements still can be made in order
to reduce these expensive innovation processesceH@movation processes ark@izen are
extremely important. Otherwise, the process of gewering to reach the final situation can
become very expensive (dotted line on the right).

Improvement philosophies and methodologies

In order to improve (quality, cost, and time) protion activities, it is necessary to know the seurc
of a factory’s problem(s). However, in order todithe factory’s problem, it is important to define
and understand the source and core of the prolHiene it is critical to note that variability in bot
quality and productivity are considered major peohs.

Any deviation from the standard value of a varialdgality and production rate) presents a
problem. It is necessary to know what the variaiidgective is (desired standard) and what the
starting situation (present situation) is in orttepropose a realistic objective. There are thra;nm
factors that production managers fear most: (1) poality, (2) an increase in production cost, and
(3) an increase in lead time.

These three factors are signs of poor productionag@ment. Production improvements should be
based on improvements to processes and operalioasproduction area, problems can appear in
any of the basic elements that constitute the area.

Some problems, just to list a few examples, areasf obsolete work methods, energy waste,
poorly coached workers, and low rates of perforreananachines and materials. By analyzing the
production management history, several improverapptoaches can be identified.

Two known improvement approaches will be presebtesfly here:just-in-timeand the20 keys to
workplace improvement

JUST-IN-TIME (JIT)

In accordance with this philosophical principle,tmnog is manufactured until it is demanded,

fulfilling customer requirements: “l need it todayot yesterday, not tomorrow.”

The plant flexibility required to respond to thisé of demand is total and is never fully obtained.
Today, it is critical that inventory is minimized.his is especially critical because product

obsolescence can make in-process and finished goeoeistories worthless.

In 1949, Toyota was on the brink of bankruptcy, was in the United States (thanks to Henry
Ford’s invention), Ford’s car production was atste@ight times more efficient than Toyota’s. The

president of Toyota, Kiichiro Toyoda, presentechallenge to the members of his executive team:
“To achieve the same rate of production as theiééhBtates in three years.”
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Taiichi Ohno, vice president of Toyota, acceptesl ¢hallenge and, inspired by the way that an
American supermarket works, “invented” the JIT timed.

The goal: “Deliver the right material, in the exaquantity, with perfect quality, in the right pkac
just before it is needed.” To achieve this godieyt developed different methodologies that
improved the production of the business. The mathiwdologies are illustrated in figure 2.3.
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Fig. 2.3. Just-in-time thinking principles.
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It is important to point out that, in the figurdT Jappears as a result of several methodologieggbei
applied, not as the beginning of a different praaucphilosophy.

The systematic application of all the methodolodlest JIT gathered created a new management
philosophy. The real value that JIT brings into thesiness is the knowledge acquired during its
implementation.

However, all these principles are not always applie, and in several firms, some methodologies
are unnecessary or even impossible to implement.

The philosophy developed at Toyota was not accepted the end of the 1960s. Japan in 1973
benefited from the petroleum crisis and starteebqoort fuel-efficient cars to the United StateseTh
automobile industry in the United States decredlsedost of production and vehicle quality, but it
was already too late to recover much of the autdleobarket.

Thinking Revolution

In the years when the JIT philosophy was being lbgesl, the Western world employed the
following formula to obtain the price of a produPtice = cost + profit

In this formula, if the cost increases, the besy teamaintain the same profit is by raising theceri
while maintaining the same added value in the pcbdu

Japan, mainly at Toyota, employed the followingresgion: Profit = price — cost.
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In this case, if the market fixes the price of a tle only way to obtain profit is by reducing the
cost. Today, this formula is used worldwide, butnspngears ago it was a revolutionary way of
managing a company.

In order to make sure that Toyota would work likeugpermarket filled with perishable goods that
cannot be held too long, a new philosophy was abpi/hen a product is withdrawn, the system
must be able to replace it in a short period ofetiso that the system will not “starve.” To
accomplish this, it was necessary to identify ahwohieate in a systematic way all business and
production wastes.

Seven Types of Waste
Hiroyuki Hirano definedwasteas “everything that is not absolutely essential’his definition
supposes that few operations are safe from elimimaénd this is essentially what has happened.
He also definedvork as “any task that adds value to the product.” @tays factories outside Japan
required between 5 to 10 times more operationgddyze the same car as its Japanese factories.
The elimination of waste and the decrease in pribmludnefficiencies rapidly convinced managers
that this philosophy was going to be successfutamnclusion, it was possible to realize the goal by
changing work methods instead of attempting toh#odperations at a faster speed.
Shigeo Shingo identified seven main wastes commdacdtories:

» OverproductionProducing unnecessary products when they are motegeand in a greater
guantities than required.

* Inventory.Material stored as raw material, work-in-procesgl inal products.

* TransportationMaterial handling between internal sections.

* Defectslrregular products that interfere with productivisgopping the flow of high-quality
products.

* ProcessesTasks accepted as necessary.

» OperationsNot all operations add value to the product.

* Inactivities.Machines with idle time or operators with idle time
Of all these types of waste, inventory waste issagred to have the greatest impact. Inventory is a
sign of an ill factory because it hides the proldenstead of resolving them.
For example, in a factory, in order to cope witke ffroblem of poor process quality, the size of
production lots typically is increased. As a consatge, products that probably will never be used
get stored. If the problem that produces the lowliguis solved, inventory could be reduced
without affecting service.
Sometimes, because of resistance to change, thentory level does not decrease after the
improvement. In such cases it will be necessafgrte a decrease in inventory.
In addition, holding cost (the cost to carry a pratdin inventory) frequently is underestimated. The
maintenance and repair costs of the inventory eneig or material handling elements are not
usually considered.

Lean Manufacturing

Basically,lean manufacturings the systematic elimination of waste.

As the name impliedean is focused on cutting “fat” from production aciiles. Leanalso has
been applied successfully to administrative andresgging activities.

Lean manufacturings one way to define Toyota’s production systemother definition that
describes lean manufacturingvsste-free productianMuda is the term chosen to refer to lean
manufacturing. In Japanes&juda means waste. Lean manufacturing is supported bgethr
philosophies, JITkaizen(continuous improvements), afidoka. Jidokais a Japanese word that
translates as “autonomation”, a form of automatim which machinery automatically inspects
each item after producing it, ceasing productiod motifying humans if a defect is detected.
Toyota expands the meaning jadoka to include the responsibility of all workers to &ion
similarly, i.e., to check every item produced andrtake no more if a defect is detected until the
cause of the defect has been identified and ceudect
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According to the lean philosophy, the traditiongpeoximations to improve the lead time are based
on reducing waste in the activities that add véAM) to the products, as is shown in figure 2.4.

95% ” UDA 5% AV
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95% MUDA

Lead Time
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Lead Time Lead Time
Fig. 2.4. Saving time means eliminating waste.

Lean manufacturing, however, reduces the lead hiyngliminating operations that do not add value
to the productrudg. According to lean manufacturing, lead time skoobt be 10 times greater
than the added-value time (time that adds valubegroduct), as is shown on the right. When the
lean teanis established, and if the team operates effegtivke most important wastes are detected
and eliminated.

20 Keys to Workplace Improvement

Iwao Kobayashi, in 1988 published a book explairgkeys to workplace improvement. They all
must be considered in order to achieve continuaysavement.

These 20 keys are arranged in a circle (figure thé) shows the relations between the keys and
their influence on the three main factors: qualityst, and lead time. The arrangement in the circle
is not categorical, and some keys offer benefitaame than one factor.

There are four keys outside the circle. Three efitt{keys 1, 2, and 3) must be implemented before
the rest, and key 20 is the result of implementivggother 19 keys.

Kobayashi divided each key into five levels andss®ehe criteria to rise from one level to the next.
The first step in the methodology consists of dyeay the actual company’s current level and then
the required level. After figuring out the currdevel of the company, he offers the steps the
company must use to reach the final level graduallyer than attempting to reach the top directly.
On the other hand, to show the evolution of thedig; Kobayashi presents a radar graphic (figure
2.5) in which the scoring of each key is represginte

11
Fig. 2.5. Radar graphic for each factor.
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Fig. 2.6. The 20 keys to workplace improvement.

Kobayashi recommends improving all the keys equdlgcause of this recommendation, in the
radar graphic, the factory’s scoring will grow centrically.

2.7. Six steps to continuous improvement of studefgarning

According to Dr.Stephane Boothassociate provost for AQIP (Academic Quality Imprment
Project), there are six steps to continuous impram@. These steps are (see also figure 2.7):

« Identify goals,

« Identify objectives,

« Specify approaches,

+ Specify measures,

« Evaluate and share results, and

+ Make Changes.
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Fig.2.7. AQIP Six steps to continuous improvemdrgtodent learning

Thus the six steps to guide an assessment process

1. Identify in broad terms what educational gaaks valued

2. Articulate_multiple measurable objectivies each goal

3. Select_appropriate approachesassess how well students are meeting the kel
objectives

4. Select_appropriate measurdgmt can be administered, analyzed, and interpbréte
evidence of student learning outcomes

5. Communicatassessment findings to those involved in the m®oé assessment

6. Use feedback to make changmsd inform curricular decisions and reevaluate the
assessment process with the intent to continuoomdyove the quality of student learning.

These six steps can be applied to different levelareas of student learning such as that of a
program, a major field of study or a course. Tpstare useful for programs in academic units that
are degree granting as well as for the wide rarigeagrams and processes that influence learning,
such as distance learning, library resources erdibeducation courses.

Assessment of student learning is important becatif@ee main factors. These are improvement,
accountability and accreditation. In regards to{owous) improvement, AQIP seeks to:
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Engage faculty and staff in self-reflection on teag goals,

Determine degree to which goals correspond to stuated societal needs,

Evaluate degree to which students’ activities, potsl or performances coincide with
expectations set in learning goals,

Inform students about the knowledge, skills anceptkttributes they can expect to possess
after successfully completing an academic prograsoecurricular activity and

Help academic and student support units understia@ddimensions of student learning
when seeking to improve student achievement anddbeational process.



3. Total Productive Maintenance in the Dynamic Chage of
Enterprises. The Case of Romanian Enterprises

3.1. Introduction

At this moment, it is very important in certain &g of Romanian economy to change the
organizational structure and to operate accordmmghe complexity of European integrated
economy. In the paper, we try to develop a new odlogy for practical problems in the
electrical power sector and railway transportatidfe present the results of our studies for a
regional enterprise in electric power maintenancd the change in the organizational and
operational projects. Also, for a national railwagnsportation enterprise, we show the results
of implementation of this methodology. The origibalvalue of the paper comes from the
changes that have to be done in design, in thelamvent of the project, in management and
leadership, to obtain the full efficiency of thessym.

The aim here is to demonstrate the importance heddle of Total Productive Maintenance
(TPM) in the dynamic change of the Romanian enigepr This problem is very important in some
sectors that have to change in the Romanian glebahomy when the complexity of work
increases, for example in the energetic and eteptver systems, railroad stock and transportation.

The authors try to present in what way it is pdsstb translate the theory and philosophy of
TPM into practical strategies that can be applredny domain of industrial activities.

In the paper, we try to develop a new methodolagypiractical problems in the sectors and
domains of the Romanian enterprises which havéaoge the operational and functional structure.
The example of the two domains (electrical powet tansportation), is very important in the new
vision of the integration of the Romanian economyhie European economy, where the complexity
and performance are very high.

3.2. The approach of maintenance as a managementagégic system

The starting point of this paper consists in tressical approach of maintenance as a group of
activities which enables the subsystems functiomisdong as possible, and, if feasible, not to ever
stop production or any service carried out. Acaagdio the authors, the systemic approach is
essential both in the field of railroad stock i tlailway transportation, and mostly in the field o
energetic equipment (electric energy productioangportation, and distribution) (refer to figure
3.1).

The system will be approached strategically, fofsall with the aim of obtaining performance,
and then with the aim of enabling the big systengteerned in a collaboration interaction of its
sub-systems, so that the strategic and performiaioeators aimed at by the MANDANT may be
finally recorded in the MANDATE. Thus, the MANDATAES will be coordinated to obtain a
global optimum in interaction (refer to figure 3.2)

Total Productive Maintenance takes into account ghemise that an economic-engineering
system is both optimum and notable in interactiwhen each sub-system which makes it up is, in
its turn, optimum notable in interaction. TPM taket account both the preventive maintenance,
and the repair one, either planned or fortuitousictv practically takes place in the energetic field
and in that of railroad transportation (refer tgufie 3.3). It is essential that the approach of the
inspection and intervention time be made in suglag as to obtain that operational and functional
optimum in interaction.
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3.3. The methodology of Total Productive Maintenane approach

The methodology provides the drawing up and thagdesf the maintenance management
system within an approach that is logical, cohersaguential in time and space, so that it may
serve in an optimum way the systems in which itrages (the system of electric energy production,
transport, and distribution, namely the railroastktof the railroad transportation).

The integration in the European Union, i.e. therapeg standards required by it within the
given activity fields, asks for the establishingaof entity responsible with maintenance which will
stipulate the way of the maintenance system drawipgand operation. The collaboration and
cooperation with the EU will be carried out in agreent, since the maintenance responsible entity
(MRE) has no legal power, it proposing certificascand amendments to the directives of railroad
safety within the field of electric energy, wateil, natural gases, etc. production and distributio
We also proposes that this maintenance industor¢pnized according to documents which define
the processes as well as the elements of thistimalustructure. Each country will establish theywa
these MREs fulfill their responsibilities and assumeir obligations regarding railroad system
maintenance, i.e. the electric systems in our cBsst, there have been identified the required
processes, as well as their sequence and thedtiterdoetween them, and a logigram establishing
the maintenance management system operation hagdbtsen up. The dynamics of the events and
activities changing and development within the ratéve processes will be a challenge for each
organization, firm, enterprise from the maintenafelel (refer to figure 3.4).

This logical diagram can be used by any organimatrbich wants to restructure its maintenance
management system. Following the identification #mel defining of the processes, there will be
elaborated the operational procedures needed éofutiictioning, monitoring, and keeping under
control the maintenance system activities. Thusivides are clearly distributed according to
responsibilities, identified regarding the resogycand well defined in time and space. The actual
assurance of the maintenance processes developsngiuistrated in the logogram presented in
figure 3.5.

The next stage is represented by the monitoringthadcontrol of the maintenance activities
development with a view to identify, in due timeetnonconforming work, and to take the required
steps according to the monitoring and control résdrefer to figure 3.6).

Practically, the interactive processes within trentenance system will never stop. They follow
up the processes which define continuous improveéinefer to figure 3.7).

Finally, the objectives established for the maiatese system will be measured through the
performance indicators of each process. In ordeotaply with the objectives specificity, reality,
opportunity, and tangibility (SMART), the perform@nindicators shall be defined and chosen as
function of each process separately, by accurdtdiywing up the achievements, or failures of the
process specific activities.
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As regards the studied systems, there have beg@oged the following performance indicators
of the processes:

Maintenance management process

timein operation

Meantimeof good function= ——
total timein use

Human resources process

training investment

Personnekfficiency=
turnove

numberof departures
numberof employees

Personnelfluctuation =

Maintenance assurance process

maintenancecost

Maint enanceefficiency=
turnove!

Contract/Procurement process

plannedresponsg¢ime

Procuremenefficiency= _ -
achievedresponsédime

materials processing cost

Materialsefficiency= .
profit

plannedcost

Economicefficiency= ——
achievedcost

Communication process

planned responsetime

Time/ responseefficiency = - -
achievedresponsetime

obtainingcost

Information efficiency= .
profit at use

Monitoring and control process

plannedresponsgime
achievedresponsdime

Monitoring efficiency=

effectson profit

Control efficiency=
turnove

Continuous improvement process

numberof complants

Rateof complants= -
numberof clients
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3.4. The dynamics of the organizational change

A successful management of the complexity of thenpimena and processes in the maintenance
system within the organizational structures recuitiee follow up of the fulfillment of all the
activities and tasks requested by the processeslafively simple example of maintenance system
is the system proposed for cleaning with the usehefmical agents and substances (refer to figure
3.8).
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Fig. 3.8: Chemical cleaning maintenance system

The operational grouping of the tasks and actiwisiall be made according to the activity fields
and areas, which finally leads to the processebtgaasurance. The performance indicators will be
mainly supported by the economic efficiency, nan®iythe integration within the environment.

In order to meet the requirements and to fulfile thromises, the enterprise organizational
structures shall be grouped according to the dak$unctions: research-development, production,
engineering, sales (refer to figure 3.9).
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3.5. Conclusions

The originality value of the paper comes from tharges that have to be done in design, in the
development of the project, in management and fshge to obtain the full efficiency of the
system.

The system of Total Productive Maintenance goes lpn,operationally and functionally
materializing the principles of the system of tajaklity management by using specific methods,
techniques, and means. More and more enterpriggeagh advanced production systems, such as
Lean Production, Just in Time, Kanban, Kaisen, eanm@nted within an own philosophy and
concept in agreement with the activity field, tmelustrial branch, and the organization specific
culture.

Along with the development of Zero fault, Zero cdaipts, Full satisfaction at the consumer
concepts, there have appeared such systems abréaiotime, Zero halting time, etc.

To pass on to the systems continuous improvememd, ® a lasting and sustainable
development, there appear more and more frequeplieimentations of the Six Sigma systems
requested by the production complexity and competness level, and by the need to obtain
competitive advantages.
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The new maintenance enterprises follow up, moreraock often, the concepts presented in the
paper, under the present externalized conditiossicii activities.

The world-wide use and the international charaofesuch systems as those mentioned above,
calls for collaboration between enterprises researtd production departments and universities
and other learning units, which offers theoretaadl practical consistency. This paper has benefited
by the collaboration with university researchergduoiction people, and people who currently carry
out maintenance activities. Collaboration and coaip@n, the exchange of skills and abilities and
surveys rendered a wide range of applicabilityni® riesults of the research, results that have many
permanent updating and continuous improvementitiasil

Questions:
What is Proactive Maintenance? Preventive? PiedizReactive?

1

2. What is MRO?

3. Explain the FRACAS model?
4. What is RCM?
5
6

. What is continuous improvement?

. What continuous improvement tools do you know?
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M11 - Key Speaker Session

Theme
Best Practices in Logistics and Maintenance - A Caer Approach

Propose topics:
1. Erasmus Intensive Programme objectives and contribiion to European priorities
2. Importance, place and role of Logistics and Mainteance in a industrial system
3. History and future

Actual challenges and trends

MOST - Mission, Objectives, Strategies, Tactics

Methods, technigues and tools

A integrated approach to Logistics and Maintenance

Internal vs. external

© ® N o g A

Career path in Logistics and Maintenance —a SWOT Aalysis

10. Conclusions and advices, recommendations, suggestsao students

Main objectives of the Erasmus Intensive Programme

To improve the quality and to increase the volumestadent and teaching staff mobility
throughout Europe, so as to contribute to the aehment by 2012 of at least 3 milli
individual participants in student mobility undéetErasmus programme and its predec
programmes (ERA-OpObj-1);

To improve the quality and to increase the vaduoh multilateral cooperation between hig
education institutions in Europe (ERA-OpObj-2);
To increase the degree of transparency and conipgtibetween higher education g
advanced vocational education qualifications gaindgurope (ERA-OpObj-3);
To improve the quality and to increase the volurheamperation between higher educa
institutions and enterprises (ERA-OpObj-4);

To facilitate the development of innovative pragticin education and training at tert
level, and their transfer, including from one papating country to others (ERA-OpObj-5
To support the development of innovative IGdsed content, services, pedagogies
practice for lifelong learning (ERA-OpODbj-6).

Contribution to EUROPEAN PRIORITIES of the Erasmus Intensive Programme

Are part of integrated programmes of study leadongecognised double or joint degrees.
(ERA-MobIP-2)

Present a strong multidisciplinary approach. (ERABWP-3)

Focus on subject areas which are currently ungeesented in Erasmus student mobility,
(over-represented areas: business studies, somakss, arts, humanities, languages, law).
(ERA-MobIP-7)
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Description of Erasmus Intensive Programme objecti®s and contribution to
European priorities

ERA-OpObj-1

The project will create a frame for internationaiaching and learning in the IP topic bringing
together 35 student from 5 different countries @ndniversities, and 9 professors which will
teach/work and learn together in an internationaltyironment with high quality of teaching

and teaching materials due to the quality of sta¥blved in the project, from high quality

universities and with excellent conditions avaiéaht the UPT site where the IP project will take
place.

ERA-OpObj-2

There are 7 universities from 5 countries involirethe IP project that will cooperate, work and
learn from each others, exchange good practicésaiching and learning. There exists multiple
cooperation agreements between these univershigsafter this IP project there will be a
common agreement/protocol sign for future coopenatiregarding joint educational

programmes, common curricula development, improdecational tools and develop of

exploratory research.

ERA-OpObj-3

Due to the topic of the IP project, there will beharmonisation of curricula regarding the
support function of logistics and maintenance fatustrial systems. This specialisation needs a
common qualification across European universitiesabse the challenges of logistics and
maintenance are critical in a globalised environineith higher competition / clients needs and
exigencies.

ERA-OpObj-4

The UPT has long and rich experiences in with @niges and industry and also with Chambers
of Commerce, Industry and Agriculture of Timisod@CIAT) and other actors and decision
factors locally and nationally, for a better deyetent of the specialisations and curricula, to
meet the need of industry where the student willkvadter graduation.

The IP will develop activities in cooperation beemeHEI and industry as follows: 3 enterprises
visits (that have an object of activity relatedthe topic of IP) with presentation of the current
situation and problems from the key personnel iargé of logistics and maintenance, and with
comparative case analysis and possible solutiorenddy the students; 1 key speakers session
with invited experts in the field of logistics amdaintenance that will present also the current
problems and with debates on the theme, brainstgrreéssion for ideas/solutions finding. In
this way, both the enterprises key personnel andesit/teachers can gain experience from the
dialog, ideas exchanges, and best practice sharig field.

ERA-OpObj-5

The IP project allows the exchange of good prastite teaching and learning activities at

European level, bringing together 7 different unsitees from 5 countries, each with different

innovative practices in education and training hvdtfferent teaching materials and educational
tools, different approaches to this interdiscipiyntopic of the IP project. Each staff/student will

bring to their home university the new/differenad¢hing and learning approaches that is not
available in a single institution (and will improvthe existing teaching and learning

situation/conditions).
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ERA-OpObj-6

The project will involve ICT-base content by usivgb-base content, on-line teaching materials
and evaluation, using software related to the ffcton game-base and simulation-base teaching,
with new and modern tools. Thus the website platftg available and can be use for lifelong
learning before the IP itself (for information redimg the IP) and long after this project (for
teaching materials).

ERA-MoblIP-2

The IP project directly responds to new Europeaerdseregarding harmonisation of the
specialisations, diploma and curricula in the IBjsct area, that are not unitary across Europe.
The project aims to builds a consortium of univ&si that will implement joint educational
programmes, curricular development, improve edanatitools/techniques on the IP topic.

ERA-MoblIP-3

The project presents a strong multidisciplinary rapph due to the modern issue of support
function that consist of related and strong corgbdbpics ofinternal and external logistics
(every resources used by the companies to makaugiodnd/or services that are requested by
the customers, activities such as transports, mdatipn, flow of materials/products, stocks,
inventory, production control, forecasting, plarmiand scheduling, supply chain management)
and maintenance (referring at products/equipments availability, imainability, reliability,
accessibility, service, continuous improvement).

ERA-MoblIP-7

The IP project focus on subject areas which areently under-represented in Erasmus student
mobility, like industrial engineering, manufactugiand processing and transportation, because
address to the support functions of logistics amaghtenance in industrial systems.

Project background

The “logistics and maintenance” specialisation naecommon qualification across European
universities, because this issue problems is afitio an globalised environment, where
competitions is higher, clients needs/exigencies agsed very much. Cost reduction in every
activity is a must now for industrial system (seerent global crises), there is a need for shorter
cycle times, due times, terms and deadlines, apdastifunction of logistics and maintenance
can fulfill this needs more easily than as sepdtatetions.

In current situation, there is a need for cooperatietween universities and industry to better
develop of specialisations/curricula to meet induseed where graduated students will work.
This project’'s preparatory work is based on a pmesilP project and consortium formed in
2008, for an IP held at IUT Bethune (Universite d#is) in France. The initial consortium
includes 5 HEI partners and was enlarged with 2 H&lfrom Poland and Slovakia (last one is
first time involved in an Erasmus IP projects). Twevious IP topic was focused only on
“logistics”, not enough for a strong supporting étion. Experience gain from the previous
project leads us to propose the topic of “logistosl maintenance” as an important and unitary
support function for industrial systems.

The ties with the existing teaching programmes anthnovative character

Due to the topic of the IP project, there will beharmonisation of curricula regarding the
support function of logistics and maintenance fafustrial systems, because the issue included
in the topic exist disparately and partially insig specialisations in Europe.

The project presents a strong multidisciplinary rapph due to the modern issue of a support
function that islogistics and maintenance Thus the IP project will develop a common
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European basis on teaching/learning/evaluatiordrebe in the field of logistics and
maintenance.

The project will foster the European transnatiamethange of knowledge, competence learning
and curricula development through an exploratamypvative and multidisciplinary approach.

An important aspect of the IP project (not possiblenother type of projects) is putting the
students with different formation and culture ituations of learn and work in mixed teams,
assisted by staff with also different universitaasl countries with different teaching culture and
tools, with different teaching pedagogical approdeach staff/student will bring to their home
university the new/different teaching and learnapgproaching that is not available in a single
institution (and will improve the existing teachiagd learning situation/conditions).

This specialisation in “logistics and maintenande&sn’t exist in UPT or in Romania at cycle
(BA, MA or PhD), there exist only separate disaipli The integrated/ unitary approach as a
support function of logistics and maintenance fudustrial systems is new and modern and
fulfils actual industry needs. The clear definitiand curricula of this qualification will be
innovative.
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M12

Company Visit Form
LogMain 2011 Timisoara

Company:
1123

Student Name

1. Inwhat industry the company is positioned?

2. Which is the main factor for success of the company?

3. What types of product/services offers?

4. Analyze the company’s logistics/maintenance using SWOT model:

S w
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5. Who are the competitors for this company (intern/international)?

6. What are the strategic moves of the company regarding logistics/maintenance?

7. Other observations?

8. Conclusions?

Guide to take notes:

notes must be individual, handwritten

use short and clear sentences

complete all parts of the form

present relevant information and in a concise manner

personal thoughts, remarks and conclusions are expected and appreciated
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