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1.0 OPERATIONS MANAGEMENT _ i

Produciion is the creation of goods and semvices. Operations Management is
the set of gctivities that creates value in the form of goods and services by
fransforming inputs into outputs. Activities creating goods and services fake
piGee in dll organizations. In manufacturing firms, the production aciivities
that create goods are usually quite obvious. In them, we can see the
creafion of a tangible product such as Indomie nodules or Innoson plostic.

In organizations that do not create physical products the production function

may be less obvious. It may be hidden from the public and even from the
customer. Examples are the transformations that take picce at a bank,
hospital, airline office or Umversﬁry

Often when services are performed, no tangible goods are produced,
instead, the product may toke such forms s the transfer of funds from a
savings account to a checking account, the transplant of a liver, the filling of

~an emply seat on an diiline, or the education of a student. Regardless of

whether the end product is a good or service, the production acfivities thot

go on in the organization are often referred to as operation or o;)erohons
management.

1.1 Organizing to Produce Goods and Services
To create goods and services, all organizations perform three functions. These
functions are the necessary ingredients not only for production but also for an
organization's survival. They are
1. Marketing: which gensrates the demund of at least, takes the order
for o product or service (nothing happens unti there is o salie).
2. Production/Cperations, which creates the product.
3. Finonce/Accounting, which fracks how well the organization is doing,
pays the bills, and collects the money.

1.2 Why Study Operations Mandagement

1. Operafions Management is one of the thres mejor functions of any

organization, and it is integrally related fo afl - the other business

funciions. All orgonizations market, finance, and produce, and it is

- important to know how the Operations Management activity functions.

Therefore we study how people orgcnrse themse!ves for productive
enterprise. :

2. We study OM because we want to know how goods and services are
produced. The production function is the segment of our society that
creqtes the products we use.

3. We study OM to understand what operations mcmclgers do. By

understanding what fhese n‘cnogem do You can deveiop the skills
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1.3

necessary 1o become such ¢ manager. This will help you explore the
numerous  and  jucrative career _opporﬁmiﬁes in  Operations
Management.

We study OM because it is such o costly part of an organisation. A
large percentage of the revenue of most firms is spent in the OM
function. Indeed, OM provides a major epporfunity for an organization
io improve ifs profitability and enhance its service 1o seciety,

What Operations Managers Do

All good managers perform the basic functions of the management process.
The management process consists of planning, organizing, staffing, leading,
and confrolling. Operations managers apply this management process o the
decisions they make in the OM function.

Le

C

ire
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2.0 COMPETITIVE PROFILE

-

Competitive profile in monogemeni is an assessment of the strengths and

weaknesses of curent and potential competfitors. This analysis provides both
an offensive and defensive strategic context to ideniify opportunities and
threats. Profiling coalesces {blends) all of the retevant sources of competitor
analysis into one framework in the suppart of efficient and effective shategy
formutation. implementation, monitoring and adjustment.

Competitive profile is an essenfial component of corporate strategy. 1t is
argued that most firms do not conduct this type of anclysis systematicailly
enough. Instead, many enterprises operate on what is called “informal
impressions, conjectures, and intuition gained through the tlidbits of
information about competitars every manager confinually receives.” As g
result, traditional environmental scanning places many firms at risk of

dangerous competitive blind spots due fo a lack of robust compefitor
analysis,

2.1-  Competitive Advaniage

Competitive advantage is a business concept describing attibutes that allow
an organization fo outperform its competitors, These atfributes may include
access o natural resources, such as high grade ores or inexpensive power,
highly skilled personnel, geographic location, high eniry bariers, etc. New

“technologies, such as robotics and information technology, can dlso provide

competifive advantage, whether as a part of the product itself, as an
advantage fo the making of the product, or as o competifive aid in the
business process (for example, better identification and undersfcmdmg of
customers).

In other words, competitive advantage may be said o be the creation of a
system that has a unique advantage over its competitors. The idea is ‘o
create customer value in an efficient and sustainable way.,  Managers
achieve competitive advantage via differentiation, low cost and response.

2.1-1 Compeiing on Differentiation

Difterentiation is concemed with providing uniqueness. A firm's opportunities
for creating uniqueness are not focated within a particular function or activity
but caon arise. in virtually everything that the firm does. Moreover, because
most products include some service, and most services include some
product, the opportunifies for creating this uniqueness are limited only by
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imagination. Indeed, differentiation should be thought of as going beyond
both physical characteristics and service atfributes to encompass everything
about the product or service that influences the value that the customers
derve from i. Therefore, effective operation managers assist in defining
evetything about a product or service that will influence the potential value
1o the customer, This may be convenience of a broad product line, product
features, or a service related to the product. Such services can manifest
themselves through convenience (location of distribution centres or stores),

training, product delivery and installation, or repair and maintenance
services. .

2.1-2 Competing on Cost

One driver of a low-cost strategy is a facility that is effectively utiized.
ldeniifying the optimum size fand investment) aliows firms 1o spread
overhead costs, providing a cost gdvantage. .

Low ~ cost leadership entails achieving maximum value as defined by your
customer. It requires a relentless effort fo drive dewn costs while mesting
customer expectations of value. A low - cost strategy does not imply fow
value of law quality. '

2.1-3 Competing on Response

The third strategy option is response. Response is offen thought of as flexible
response, but it also refers to reliable and quick response. Indeed, we define
response as including the entire range of values reloted to fimety product

development and delivery, as well as reliable scheduling and flexible

performance.

Flexible response may be thought of as the ability fo match changes in a
markefplace where design innovations and volumes fluctuate substantially,

2.2 Compefitive Profile Matrix (CPM)

This is the key quesiion in andalysing the competition.

The Competitive Proffle Matrix (CPM] is a tool that compares an organization
and ifs rivals and reveadls their relaiive.sfrengths and weaknesses,

Understanding the tool

in order to better understand the external environmeni and the competition
in a particular industry, firms often use CPM. The matrix identifies a firm's key
competitors and compares them using indusiry’s crifical success factors. The
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analysis also reveals company’s relative shrengths and weaknesses against its
competifors, so a company would know, which areas it should improve and,
which areas to proftect. An example of a matrix is demonstrated below.

CPM Table

Company A Company B Company C
Crifical Success factor Wéight Rating Score Rating Score Rating Score
Brand reputation 013 2 026 3 0.39 1 0.13
Level of product integration  0.08 4 032 3 024 1 0.08
Range of producis .0.05 3 G.15 1 005 2 0.10
Successful new infreductions 004 3 0.12 3 012 3 0.12
#Market Share 004 2 0.28 4 0.56 4 0.56
Sales per employee 0.08 1 008 2 0.16 3 0.24
Low cost structure 005 1 005 3 015 4 020
Variety of distribution channels 007 4 '0_.28 2 0.14 2 .14
Customer refention 002 2 004 4 008 T 0.02
superior IT capabilifies 0.11 3 0.33 4 0.44 4 0.44
Streng online presence 015 3 045 3 045 4 0.60
Successful promotions 008 1 0.08 2 016 1 0.08
Total 1.00 - . 244 - 2.94 2.7

. Critfical Success Factors
Crifical success factors (CSF) are the key areas, which must be performed at
the highest possible level of excellence if organizations want to succeed in
fhe paricular indushy. They vary between different industies or even
strategic groups and include both internal and external faciors. In the
example above, we have included 12 CSF, which is usually not enough. The
more crifical success factors are included the more robust and accurate fhe
analysis is. The following iist provides some of the general CSF, but the fistis not
definite and you should include industry specific factors in your matrix:
Market Share Union relations Power over suppliers
Product Quality Skilled workforce Access to key suppliers
Cleepsigiogic Location of faciliies Efficient supply chain
- direcfion
Lecture Note on MEC 413 By'Engr. A, C. ANEKE Page 6
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Custorner service Production capacity Supply chedn infegration
Customer loyaity Added productfeatures  On time delivery
Brand reputation Price competiiiveness Sirong online presence

Effective social media
management

Experience and skills

Customer salisfaction Low cost struciure
) |

financial position Varety of products :
in e-commerce
Management qudlification
Cash reserves Complementary products g . 9
and experience
; . Level of product Innovation in products and
Profit margin : . .
infegration services
e Successful product .
inveniory furmnover ) Innovative culiure
. promotions :

Superior marketing

Employee retention Efficient production

capabilities
Income per employes Superior advertising Lean production system
PErSMPIOYSE & apabilfiss R ¥
Innovations per . ' :
novations p Superior 17T capabiiifies Strong supplier network

employee _ ]
Cost per employee  Size of advertising budget  Strong distributio” network
Effectivenass of soles

D di e Froduct desi
R&.D spending T — uc sigh
- Strong patent . : Level of vertical
i Employee safisfaction . )
portfalio integration
New patents oer veqr Eleciive planningand  Effective corporate social
REIRmERRrY budgeting responsibility programs
Revenue per new Variety of disiribution
Sales per outlet
product channels
Successful new o ;
P ; rt
R s ower over distiibutors Pdrent company suppo
Weight

Each critical success factor should be assigned a weight ranging from 0.0
flow importance) to 1.0 [high imporiance). The number indicates how
impzortant the factor is in succeeding in the industry. If there were ro weights
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assigned, all factors would be equally important, which is an impossible

scenario in the real world. The sum of all the weights must equat 1.0. Separaite.

factors should not be given too much emphasis {assigning a weight of 0.3 or
moere) because the success in an indusiry is rarely determined by one or few
factors. In our first example, the most significant factors are ‘stfrong online
presence’ {0.15), ‘'market share’ (0.14), ‘brand reputation’ (0.13).

Rating

The ratings in CPM refer to how well companies are doing in each area. They
range from 4 to 1, where 4 means a major strength, 3 = minor strength, 2 -
minor weakness and 1 — major weakness. Ratings, as well as welights, are
assigned subjeclively to each company, but the process can be done easier
through benchmarking., Benchmarking reveals how well companies are
doing compared fo each other or indusiry’s average. Just remember that
firms can be assigned equal ratings for the same factor. For axample, if
Company A, Company B and Company C, have the market share of 25%,
27% & 28% occordmgly they would dll receive the fOng of 4 rather than
receiving ratings 2, 3 & %

Score & Total Séore

The score is the result of weight multiplied by rating. Each company receives

@ score on each factor. Total score is simply the sum of all individual score for

the company. The firm that receives the highest total score is relatively
stronger than its competitors. In our example, the strongest per{ormer in the
market should be Company B (2.94 points).

Benefits of the CPM:

. The same factors are used to compare the firms. This makes the
compdrison more accurcie.
. The analysis displays the information on a mafrax whlch makes it ec:sy ‘o
compare the Compc:mes visuaily.
M. The results of the matrix facilitate demsmn-mckmg Compcimes cdan
easlly decide which arecs they should sfrengihen protect or what
strategies they should pursue.
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Using the tool
Step 1. Identify the crifical success fq{:iors

To make it easier, use our list of CSF and include as many factors s possible.

in addition, the following questions should be helpful in identifying industry's
CSF '

. * Why consumers prefer Company A over Company B or vice versa?

: What resources, capabilifies and competencss firms possessg

- What sustainable competitive advantages companies have in the
indusfrye

. Why some companies succeed and others fail in the incusiry®

Step 2. Assign the weights and ratings

The best way 1o identify what weights should be assigned to each factor is 1o
-compare the best and worst performing companies in the industry, Well

performing companies will usually undertake activities that are significant for
success in the industry. They will put most of their resources. and energy into
those activities as compared to low performing organizations. Weights can
also be determined in discussion with other fop-level managers.

Raiings should be assigned using benchmarking or during team discussions.

3

Step 3. Compare the scores and take action

You should compare the scores on each factor to idenfify where company’s
relafive strengths and weaknesses are. In our first example, Company A had
relafive strength in ‘level of product integration’, ‘product rtjnge‘ and 'variety
of distribution channels’. Therafore, Company A shouid profect these areas
while frying to improve its weaknesses in ‘sales per employee’ and ‘market
share'. :

The companylsh-ouid also improve ifs strafegy 1o become more successful in
the industry, '

Example

This is competifive profile matrix example of smartphones operating systems.
The main competitors: Geogle's Android O3, Apple's iI0S and Microsoft's
Windows Phone operafing systems will be compared with each other to find
out their relative strengths and weaknesses,
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Crifical Success Factor
Market share Q.13
Number of apps in store Q.10

Frequency of updates 0.06
Design 0.07
Product brand reputation  0.05
Distribution channels a1
Usability S0
Customizaiion features 0.04

Marketing capabilities 0.04
Company brand reputation 0.10

Openness i - 002
Cloud integrafion Q.12
Rate of O3 crashes 0.08
Total 1.00

The CPM analysis reveals that Android is the stfrongest player in the indusiry
with relative sirengths in market share, distribution channels, customization
features, openness and cloud integration. On the other hand, iOS prevails in
frequency updates, markefing capabiliies and the rate of OS crashes.
+ Windows Phone s the weakest of them all and doesn't have any relotive
strengths against ifs rivals. The companies should create their sirategies
according to their strengths and weakness and improve their ratings in the

most significant industry’s areas.

Android 0§ iOS
Weight Ratling Score Rating Score Rating  Score

4

e T SR "N o TR N 'S TR N % B 'S S OV S .

r

0.52
0.40
0.18
0.21
0.15
0.44
0.33
0.6
0.08
0.40
0.08
0.48
0.08
3.51
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0.26
0.40
0.24
0.21
0.15
0.22
0.33
0.08
0.16
0.40
0.04

024

0.32
3.05

Windows Phone

W R KW R R W W R W R R R

t

0.26
0.20

2 G2

0.21
0.10
0.33
0.33
0.08
0.08
0.30
0.04
0.24
0.24
2.53
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Drelt A Gateway Apple
| Critical Success Factors | Weight | Rating | Weighted | Rating | Weighved | Ratng | Weighted
Score Boore Score
Product Quality .12 3 .36 3 (.36 3 G386
Mamagement Experience eXis] 2 0.08 2 (.08 4 416
Rlarker Share L1 4 .44 3 £33 3 G232
Inventory System 409 4 0.3% 2 {18 2 18 -
Price Competitive o.67 3o oon 4 038 1 0.07
Innevation E.08 2 | 012 3 {18 3 LIS
Advenising 303 3 0.15 3 L0 z &.10
Brand Name ¢.08 307 om 3 624 2 016
Marker Expansion $.10 4 4.40 3 050 2 0.0
Custemer Service 403 3 .15 7] 0.10 b o.10
Finaneizl Pogition G614 4 .56 3 042 3 042
Fales Distribution .09 3 0.27 2 (.38 £ 0.1%
Total 100 334 273 233
tota-Cola Papsi Ladbury Schweeppes
Key Success Pactors Weight | Raling | Weighted | Rating | Weighted Rating Weightad
Score Séore Seote
Fimangal Posiion @08 4 0.32 3 9.28 3 i
Adue rtigag L2 4 045 4 0.48 ] o1
FlarsetShag @12 4 LEE 3 9,38 2 .24
Srand image 015 q 740 3 EFT) ) 230
[ Custome- woyaiey a5 3 .35 3 0.56 z G20
Produtt Duatity 412 4 ¢.42 & .48 4 043
Prodict Range G.08 3 824 4 .32 E 034
Sistringtion .10 4 0.42 ] 0,39 g 038
Prige Commetiion .08 3 24 3. . 3 0.2¢
Geograunieal txpansion 216 4 i E: 0.3 z 0.2%
Tatal Scare 1.09 3.74 2.42 2.80
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3.0 CAPACITY PLANNING

The produciion system design planning considers input requirements,
conversion process and outpul. After considering the forecast and long-term
planning, organizafion should undertake capacity planning.

Capacity is defined as the abiity fo achieve, store or produce. For an
organization, capacity would be the ability of a given system to produce
output within the specific fime pericd. In operations management, capacity
is refered os an amount of the input resources available to produce relative
outpul over period of time.

In general terms, capacity is referred as maximum production size /quantity,
which can be attained within a normal working schedule.

Capacity planning is the process of defermining the production capacity
needed by an organization to meet changing demands for ifs products.

3.1 Meusures of Capacity

No‘single capacity measure is applicable o all types of situations, Hospitals
measure capacity as the number of patients that can be treated per day; an
ailine measures capacity as available seaf-miles {ASMs) per month; a theater
measures capacity as numiber of seafs; and a job shop measures capacity as
number of machine hours. In general, capacity can be expressed in one of
thesetwo ways: OUTput measures or input measures.

3.1.1 Quiput measures are the usual choice for facilities that produce
standard products in high volumes, in a limited number of models using
production processes with rigid flow patterns. Nissan Motor Company states
capacity atiis Tennessee plant to be 450,000 vehicles per year. The plant
preduces only one type of vehicle, making capacity easy to measure.
However, the Navistar plant in Springfield Ohio produces vehicles that range
from heavy-duty trucks to school busses. The inherent variation in production
time requirements makes a single figure for capacity much less meaningful.

3.1.2 Input measures are the usual choice for facilifies that produce custom
products in low velumes using processes with flexible flow patterns. For
example, in a photocopy shop, capacity can be measured in machine hours
or number of machines. Demand, which invariably is expressed as outbut
rate, must be converted fo an input measure. Ohly after making the
conversion can a manager compare demand reqwremenfs and capacity
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on an equivalent basis. For example, the manager of o copy center must

convert fis annual demand for copies from different clients o the number of
machines required.

3.2 Functions of Capacity Planning

The three most useful functions of capacity planning are design capacity,
effective capacity ond actual capacity.

3.2.1 Deslgn capacity refers fo the maximum designed service capacity or
output rate. Design capacity can also be defined as the maxdimum amount
of work that an organization is capable of completing in a given period.

3.2.2 Effective capacity is the maximum amount of work that an crganization
is capable of completing in a given period due to constraints such as quality
problems, delays, material handling, etc, Effective capacily is the design
capacity minus personal and other allowances. The maximum output that o
process or firm can economically sustain under normal condifions is its
effective capacity, In some organizations, effective capacity implies a one-
shift operation; in others it implies o three-shift operation. '

3.2.3 Actual Capacity is the maximum exact output obtained in g given
period. It is sometimes referred to as average output/capacity.

These three functions of capacity can be used to find the efficiency and

utilization. These are described below:

3.2.4 Utilizafion

Capacity planning requires knowledge of current c'apqc:i?y and utilizotion.
Utilization, or the degree to wiich equipment, space, or iabor is curently
being used, is expressed as a percentage:

Actual Dutpurt
DesignCapacity

Utilization = * 100%

The average (actudl) output rate and the design capacity must be
measured in the same terms (fime, customers, units, or Naira). The utilization
rate indicates the need for adding exira capacity or eliminating unneeded
capacity: . '

Actunl irpus
Effective Capacity

Efficiency = x 100%

: Leczr Nate on 13 gT, A C- ] o V' .. ) P3
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Capacity planning is essential in determining opfimum ufilization «of resource
and plays an important role in degision—making process, for example,
extension of existing operafions, meodification 1o product fines, starfing new
produck, etc. '

3.2.5 Peak Capacity

The maximum output that a process or facility can achieve under ideat
conditions is called peak capacity. When capaclly is measured relative fo
equipment clone, the oppropriate measure is rafed capacilty: an
engineering assessment of maximum annual output, assuming continuous
operation except for an dllowance for normal maintenance and repair
dewntfime. Peak capacity can be sustained for enly a shorf time, such as a
few hours in o day or a few days in a month. A firm reaches it by using
marginal methods of production, such as excess overtime, extra shiffs,
temporarily ~ reduced  mainfenance activities,  overstaffing, and
subcontracting. Although they can help with temporary peaks, these options
can't be susiained for long. Employees don't want to work excessive overtime
for extended periods, overlime and night shift premiums drive up cosls, and
quality drops.

3.3 Sirategic Capacity Planning

A technigue 'used fo idenfify and measure overdll capacity of production is
referred to as strategic capacily planning. Strategic capacity planning is
ufilized for captial infensive resource like plant, machinery, labour, etc,

Strategic capacity planning is essential as it helps the organization in meeting
the future reguirements of the organization. Planning ensures that operafing
cosfis maintained at a minimum possible level without affecting the gudiify. 1t

ensures the organization remain competitive and can achieve the long-term
growih plan.

3.4  Capacity Planning Classification i

Capacity plonning bosed on the fimeline is classified info three main
categories; long term, medium term and short term.

341 Long Term Capacity: This is the strategic capacity planning undertaken

by organization for period exceeding three (3} vears. Long term/range

capacity of an orgonization is dependent on various ofher capacifies like.
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design capacity, production capacity, sustainable capacity and effective
capacity, '

-

Design capacity is the maximum ouiput possible as indicated by.equipment
manufacturer under ideal working condition.

Preduction capacity is the maximum output possible from eguipment under
normal working condition or day. _ :

Sustainable capacity is the maximum production level achievable in redlistic
work condifion ond considering normal machine breakdown, maintenance,

“efe,

Effective capacily is the oplimum production level under pre-defined job
and work-scheduies, nermal machine breakdown, mdintenance, etc.

3.42 Medium Term Capacily: The sfrategic capacity planning undertaken
by ofganization for 2 to 3 years of a fime frame is referred to as medium term
capacity pltanning.

3.4.3 Short Term Capacity: The sirategic  planning  undertaken by

organizafion for a daily weekly or quarterly time frame Is referred to s shorf
ferm capacity planning. '

3.5 Goal of Capacity Planning

The ultimate goal of capacity planning is to meet the current and future

levels of requirements ot a minimal wastage. The types of capacity planning
based on goal are lead capacity planning, lag strategy planning, match
strategy planning and adjustable strategy planning,

3.5.1 lead strategy is adding capacity in anficipation of an increase in
demand. lead sirategy is an aggressive sirategy with the goal of luring

custamers away from the company's competitors by improving the service |

ievel and reducing lead fime. It is also a strategy cimed at reducing stock-out
costs. A large capacity does not necessarily imply high inventory levels, but it

can imply in higher cycle stock cosis. Excess capacity can also be rented 1o
other companies.

Advantage of lead shrategy: _
{i} First, it ensures that the organization has adequate capacity to meet ail
demand, even during periods of high growih. This s especially
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important when the availability of a product or service is crucial, as in

the case of emergency care or hot new product. For many new

products, being late fo market can mean the d[ﬂerence between
. success and failure. :

{il  Another odvantage of a lead capacily strategy is that it can be used
to pre-empt.competitars who mignt be planning to expand their own
capacity. Being the first in an area to open a large grocery of home
improvement store gives a retailer a define edge. .

(il  More so, many businesses find that overbuilding in anficipation of
increased usage is cheaper and less disruptive than constantly making
small increases in capacity.

Of course, a lead capacity sirategy can be very risky, particutarly it demand
is unpredictable or technology is evolving rapidly.

3.5.2 lag strategy refers to adding capacity only affer the organization is
running at fulf capacity or beyond due te increase in demand. This is a more
conservative strategy and cpposite of a lead capacity sirategy. It decreases
the risk of waste, but it may result in the loss of possible custorners aither by
stock out or law service levals.

Advantage of lag strategy:

Three clear advaniages of this strategy are:

{i} Areduced risk of overbuilding.

i) Greater productivity dus to higher ufilization levels.

-{ii) The ability to put off large investments as long as possible,

Organizations that follow this strategy often provide mature, cost-sensitive
products or services.

3.53 Maich strategy is adding capacity in small amounts in response io
changing demand in the market. This is @ more moderate strategy.

3.54 Adjustment strategy is adding or reducing capacity in smail or large
amounts due to consumer's demand, or, due to major changes fo product or
system archi*e_dure.

3.6  Factors Affecting Capacify Planning
Effective copoc‘ny p!qnning is dependent upon factors like

i, Fc:c[!iiies The size and provision for equnsmn are key in the design of
facilities. Other facility factors include locational factors {fransportation
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wiil.

costs, distance fo market, fabour supply. energy sources, eic.). The
layout of the work area can deTermune how smoothly work can be
performed.

Product and Service Factors: The more uniform the output, the more
opportunities there are for standardization of methods and materials.
This leads fo greater capacity.

Precess Factors: Quantity capability is an imporftant determinant of
capacity, but so is output qudlity. 1i the quality does not meet
standards, then output rate decreases because of need of inspection
and rework aclivities. Process improvements that increase quality and

¢ productivity can result in increased capacity. Ancther process factor to

consider s the fime it takes to change ‘over equipment settings for
different producis or services. -

Human Factors: the fasks that are needed in certain jobs, the array of
activities involved and the training, skill, and experience required fo
perform a job all affect the potential and actua oulpul. Employee
motivation, absenieeism, and labour turnover all affect the output rate
as well,

Pelicy Factors: Management policy can affect capacity by allowing or
naoi alowing capacity options such as overfime or second or third shifis
Operadfional  Factors: Scheduling problems may occur when an
organizafion has differences in equipment capabilities among different
pieces of equipment or differences in job requirements. Other areas of
impact on effective capacity include inverrtory stocking decisions, late
deliveries, purchasing requirements, czcc:epfobur’ry of purchasaed
maierials and parts, and qudiity inspection and control procedureas.
Supply Chain Factors: Questions inciude: What impact will the changes
have on suppliers, warehousing, transportation, and disiribuforsg if
capacity will be increased, will these eiemems of the supply chain be

able fo handle the increase? If capacity is to be decreased, what

impact will the loss of business have on these elements of the supply
chaing

External Factors: Minimum qudlity and performance standards can
restict management's options for increcs'ihg and using capaciy.

Inadequate planning can be a major limiting determinant of effective
capacity.
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3.7  Stepsin the Capacity Planning Process
{i} Estimate future capacity requirements.
i) Evaiuate existing Capocﬂy and facilities and identify gaps.
1] identity alternatives for meeiing requirements.
fiv) Cdnduct ﬁnanﬁiol analyses of each aliemative,
[v]  Assess key qudlitafive issues for each alfernative.
vy  select the alternative to pursue that will be best in the long term.
{vi) Implement the selected alterngtive.

(viii}  Monifor results

Example 3.1: If operated around the clock undsr ideal conditions; the
fabrication department of an engine manufacturer can make 100 engines
per day. Management believes thal o maximum output rate of only 45
engines per day can be sustained economicdlly over o long period of fime.

Cunently the department is producing an average of 50 engines per day.-
What is the:

[}  utilization of the depariments
(i} Efficiency of the department?

Solufion

Actual Ouw‘buf = 50 engines/day;
Design Capacity = 100 engines/day;
Effective Capacity = 45 engines/day

Utilization =

Actual Qutput _ 50 =
premT 100% = o0 X 100% = 50%
Efficiency = o =X 100% = 2 x 100% = 111%

.C.AE - i i o i Page 1
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40 MATERIAL MANAGEMENT
Definition =

Material may be defined as equipment, agpparatus and supplies procured,
sfocked and utilized by an organization. : ) :

Monagement is a process which is applied fo convert nputs inTb outputs
{goeds or services) or a process of planning, organizing, statfing, directing
and confrolling resources, usually by a manager.

Material Management is a sciendific technique concemed with planning,
organizing & confrol of flow of materials from their initiadl purchase to
destination. It can dlso be defined as an organizafional concept in which o
single managar has the authority and responsibility for al activities, principally
concemed with the flow of materials into an organization- purchasing,
prodiction, planning, scheduling, incoming fraffic, inventory  control,
receiving and stores nomally included.

Material Management can diso be defined s fhe-plonning and control of
ihc functions supporting the complete cycle {flow} of materials, and the
associdfed flow of information. Also called materials planning.

41 AIMS OF MATERIAL MANAGEMENT
The aims of material management are fo get material af:

{i The right qudlity.
{ii} The right quaniity.
(il Theright time.

{iv]  The right place.
ivi Theright cost.

4.2  PURPOSE OF MATERIAL MANAGEMENT
i} To gain economy in purchasing.
{i) To satisfy the demand during period of replenishment,
(ii)  Toreserve stock in order to avoid stock-out,
fivi  Toslabilize fluctuations in consumption.
[v]  To provide reasonable level of client services,

4.2 OBJECTIVES OF MATERIAL MANAGEMENT

4.3.1 Primary Objectives are to achieve the following:
(i) Right price
{ii) High turnover

{iif} Low procurement and sforc:ge cost
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(iv]  Continuity of supply

(v} Consistency in quality

(vii Good supplier relations
Tviit  Development of personne
[vii] Good information system

4.3.2 Secondary Objeciives are:

(i} Forecasting material requirement levels
i Inter-departmental harmony

(i} Productimprevement

{iv)  Standardization

(vl = Make or buy decision

[vi}  Favourable reciprocal relations

4.4 FOUR BASIC NEEDS OF MATERIAL MANAGEMENT

(i} To have adequate materials on hand when needed.

(i} To pay the lowest possible prices, consistent with quality and value
requirernents for materials,

{iif  To minimize inveniory investment.

(v} To operate efficiently.

45 FUNCTIONS OF MATERIALS MANAGEMENT

Materials management is one of the imporiant activities of business. There is
no general agreement about precisely what activities are embraced by

.materials management.  Some managers would associate malerals

management with their material or production control departments, which
schedule materials requirements and may also control inventories of both raw
materials and in-process materials,  Others would associate it owith the
activities of their purchasing departments in dealing with outside suppliers,

It we andlyse the total cost of any product, nearly 60 fo 70% is because of
materials. Only the rest is for labour, overhead and profif. So any reduction in
the material cost, even by a very litfls percentage will give rise to a greater
profit.  Moreover, the materials management being a staff function, the
infroduction of new fechnigues to reduce the cost of the product is much
easier than in any ofher field. '

Hence, the rale of refurn on capital employed is of prime concem and is
given by the rafio: ;

Rate of Retum [ROR) = Ea‘g{:{;;——m
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__ Profit Sales
Sales Fixed Assete+Current Assets

= Profilabiity X Capital turmover rafio

So as to increase the rate of return on investment, one way is to increase the
capital furnover ratio.  For this, it capital employed is reduced, naturally
capital furnover ratic wil g0 high. Fixed assefs constitute copitdl already sunk
and the only scope for improving the Return on Investment (RO} fies in the

efficient management of matericls which consfitute the bulk of curent
assets,

As materials consfitute the major cost component, large amount of capital is
locked up in matericls with the associated burden initerest which further
increases the cost of the product.

50, because of the greatest percentage of cost associated with materials
and aiso any possible reduction in material cost will result in the increase of
prefit, the industries are now thinking of infroducing the concept of scientific

malerials management,
4.4  SCOPE OF MATERIALS MANAGEMENT:

Materials Management sirives 1o ensure that the material cost component of
the fotal product cost be the least. In order to achieve this, the confrol is
exercised in the following fields.

1. Materials Planning.

. 2. Purchasing.

3. Store Keeping.

4. inventory Control,

5. Receiving, Inspection and Despatching.

8. Value Analysis, Standardization and Vt;,srie’ry Reduction,

7. Matericls Handling & Trafiic.

8. Disposal of Serap and Surplus, Ma’réria! Preservation.

The funclion of material planning department is fo plan for the future
procurement of all the required materials as per the produciion schedule, At

the fime of material planning, the budget allocated for the materials will also
e crifically reviewed, for better control.
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After material planning, purchasing is to be done. Purchasing depariment
buys material based on the purchase requisitions from user departments and
stores departments and annual producfion plan.

There are four basic purchasing activities.

a) Selecting suppliers, negotiating and issuing purchase orders.

b} Expediting delivery from suppliers,

¢ Acting s licison between suppliers and other company dep-c:rfmen’ra

d} Looking for new products, materials, and supp{iers that can contribute fo
company objectiveness.

At the time of purchase, right quantity and quality of materials must be
purchased at right fime, at the lowest possible cost through an efficient
purchasing system, 1o derive maximum benefit. Purchasing is done based on
‘make or buy' decisions and also using Programme Evdiuation Review
fechnique (PERT) / Crifical Path Method (CPM) effectively. s

When the items are purchased, proper storage facilifies must be provided so
that, the wastage is reduced 1o a minimum. Sometimes to protect the
quality, greater care must be taken during storage.

The dufies of the inventory control depariment is to decide about the types
of ordering system, fixing the safely stock limits, fixing up the reorder level &
maximum / rminimum stock level.

The responsibility of Receiving, inspection and despatching depariment is to

receive the materials when delivered by the suppliers. After receiving it, the
quanfity and quality must be checked. Production parts and materials are
checked against blueprinits and specifications. Norn-production items cre
also reviewsd. When once it is os per the specifications given, the goods will
be dccepted. :

The Yalue Analysis and Standardization offer greatest scope, in reducing the
materials cost. 1t also reduces the number of varisties and also helps in
finding the substitute for the materials at lesser cost,

Materials handling sectlion is responsible for the framsport of malerials to
various departments, There are four basic fraffic activities. -

al Selecting common or charler cariers and roufings for despaich /
shipments 4s required.

ByEngr.A CANEKE Page 22
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b} Tracing in-bound shipments of material in short supply as requested by

prodiction contral or purchasing.  Assisting customers in fracing out- bound
shipments when asked, =

c] Audiling nvoices from carriers and filing claims for refunds of excess
charges or for damaged shipmenis when requirad.

d) Developing technigues to reduce fransportafion cost. This may involve
negotiation with competing shippers, special studies in seleciing the most
advantageous plant location for new producis, analysis of tariffs, ancd

negofiation of any number of special arrangements for handling certain
fraffic. '

€] The activity includes packaging of finished product, labeling and loading
of end products in the trades. '

Finally, the disposal of scrap and surplus must be done periodically to relecse
the capital locked in those ifems,

4.7  NON-PRODUCTION STORES:

Techniques and procedures used to control non-production material [office
supplies, perishable tools, and maintenance, repair, and operating supplies)
resembie those used for production material, aithough they are usually less
eloborate. Specifically, the stores department:

o} Maintains physical stocks of non-preduction items 1o be drawn on s
needed for operations or maintenance. '

b} Manages inventories of non-production matericils and prepdres purchase

requisitions for needed matericl when stocks drop to the re-order poini.

¢} Keeps records and maintaing conirels to prevent dup[icdtion of inventories,
minimize losses from pilferage and spoilage and prevent stock-auts,

4.8  NEED FOR INTEGRATED CONCEPT:

In an integrated set-up, the materials manager is responsible to exercise
coniro! and coordinates with an overview that ensures proper balance of
conflicting objectives of the individual functions. Integration also helps in the
rapid iranster of data, through effective and * formal communication
channels.  This is crucial as the materials management function usualiy
involves handiing a vast amount of data. Therefore, integrating the various
funciions ensures that message channels are shortened and the various
functions identify themselves to a common maferials managemeant
department which, in turn, resulls in greaier co-ordination and better control.
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4.9 ADVANTAGES IN INTEGRATED MATERIALS MANAGEMENT CONCEPT

Organizations which have gone in a big way for the integrated materials
management usuadlly enjoy the following advantages:

(i Better Accountabilify:

Through centralization of authorty and resporsibiity for all aspects of
materials funciion, a clear cut accountability is established.  This helps in
evaluating the performance of materials management in an objective
manner.

(i) Better Co-Ordination:

When a ceniral materals manoger is responsible for all functions, the
departments, under the matericls manager create an identity which s

commaon. This resulls In befter support and co-operation in the

aceomplishment of the materials function. The user departments also find
that they have to approach one department for discussing and solving their
matericils problems. This creates an atmosphere of frust and generally better
relafions between fhe user departments and the materials management
depariment.

{iil} Better Performance:

As all the interrelated functions are infegrated organizationally, greater
speed and accuracy results in improved communicalion. Need for materials
are prompily brought fo notice by materials planning. Purchase department
is fed with stock levels and order staius by stores and inventory control

‘departments, All this calls for judicious decisions leading fo lower costs, better

inventory in paper work.
(ivi Adapiability to EDP:

The centralization of the materials function has made it possible to design
dala processing system. Al information with regard to materigls function is
centralized under the infegrated matericls management function. This has
facilitated the collection and analysis of data, leading to better decisions.
Advanced and efficient electronic  data  processing systems can be
economically introduced under infegrated set-up.

{v] Miscelianeous Advantage:

Under a Cenfralized Materials Manager, o team spirit is inculcated and this
results in better morale and co-operaiion. The opporiunities and exposure
available for the individuals for growth and development are better in an
infegrated set-up. '
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410 Economic Order Quantity _ _

in stock- management, Economic Order Quantity [EOG} i5 an important
inventery management system that demonsirates the auantity of an item to
reduce the total cost of both handling of invenfory [Handling Cosf} and order
processing (Qrdering Cost). The purposelof determining the EOQ is to
minimize ihe Tolal Incremenial Cost (TIC), beyond the cost of purchasing of a
prod&ci/moferial, in consideration of two main total costs: Total Ordering
Cost {TOC| and Total Handling Cost [THC).

EOQ as a model has been infroduced in 1913 by Ford W. Harris. With respect
io an item fo be ordered, from a business point of view, the EOG model
establishes the amount of quantity to be placed in an crder in consideration
of minimizing the annua tolal cost of inventory handliing ond order
processing. In this context, ihese'specﬁic de fypes of costs are ‘the main
categories of defermining the ECQ in ifs basic explanation. However, the
model has been presented with certdin assumptions for the initial
understanding; and from that peint onward, its extensions are used widely in

businesses, sspecially in inventory management.

“4.10.1 Assumptions of the Basic Model of Economic Order Guantity (EOQ)

The defermination of EOQ consists of the following assumptions:

al The EOQ will be determined for every product individually in a business,

b} Annual requiremenf [Demand) for product in units Ts known with certainty.
¢} Ordering cost is known and constant throughout the year.

d] Inventory handling cost is known and constant throughout the vear.
Nofably. if the handling cost of an item s given as the percentage 6f price of
the itém. the unit price of the item remains same throughout the year.

o] No cash or quantity discount is alidwed.

f} The ordered guaniity of the product is delivered af once as g single batch.
gl Immediate replenishment of ordered quantity on fime {No delay and stock
shortage].
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h) Constant lead time is only allowed [no fluctuafion is permitted).’
4.10.2 Annudl Demand of the Product
The annual requirement of a product is constant and known in ifs

measurement unifs and this known as annual demand of the product (D).

Using various forecasting fechnique, it is important for a business to predict.

the annual demand for the specific ifem, for which the business need o
know the EOQ. As the demand produces the primary purchasing cost of the
itern, the fotalt purchasing cost is irelevant in determining the EOQ.

4.10.3 Order Processing Cost
The Ordering Cost refers to the cost of orders 1o be placed for the productin
consideration of order communication, allowances o purchase officers,

order printing and stationery, cosis of inspection, receiving the product, and

transport cost, ete. Notably, these costs remain constant and unchanged for

the period, irespective the number of orders to be placed. As the ordering
cost per order is constant, the relationship between the quantity ordered and

numiber of ordefs o be placed is negative, i.e., higher the quaniity ordered

- (Q) per order lower the number of orders to be placed; and lower the
'quc:lnili‘y ordered {Q) per order higher the number of orders to be placed.

This implies the negative relafionship between the quantity ordered [Q) and
fotal cost of order processing (TOC} as in thurés 3.
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Fig. 4.1: Negative Relationship between Total Ordering Cost (TOC) and
Quantity fo be ordered (Q)

4.10.!:} Inventory Handling Cost

This cost refers to the handiing and maintaining the product inventory in
workplace in consideration of warehousing costs, shrinkage loss, é\roporc:ﬁon.
deteriorafion and spoilage costs, insurdnce, warehouse rent, obsolescence,

and cther related overhead cost of warehouse, As these costs are constant

fo mainiain the total demand (annual requirement} of the product, the

nandling cost per unit remains same. Theretore, total cost of handing has
positive refationship with the number of products handled in the workplace
twarehouse), i.e., higher the number of products (Q) in store, higher the total
cost of handiing (THC); and lower the number of products in store, lower the
fotal handling cest (THC) as in Figure 5.2. [t is notable that handling of stock
would be a halt the number of quaniity fo be ordered throughout the year;
and therefore, the average stock fo handle would be Q2.
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Fig. 4.2: Positive Relationship between Total Handling Cost [THC) and Quantity
to be ordered (Q) for storing.

4.10.5 The Modek Economic Order Quantity (EOQ)

The basic EOQ model, with all assumptions in consideration, dedl with two
types of costs: Total Ordering Cost [TOC) and Tofal Handling {THL). 1t is obvious
from the above explanation that these costs are moving in oppasite
directions, when cerfain number of quaniities are ordered for storage
purpose. Therefore, it is important for a business to find @ frade-off point of

ordering guantity in order fo minimize the tolal cost of both: TOC plus THC., iIn

“this context, the quantity fo be ordered fo minimize the total cost of both

TOC and THC is known as the Economic Order Quonﬁfy (EOQ].
As TOC has nsgative relationship to quantity to be ordered and THC has

posifive relationship to quantity to be ordered, the total minimum cost of both

TOC and THC is the intersection point of both cost lines that can produce: {a)
the total cost of both YTO(Z ahd THC as minimumn as possible: and (b} the
number of guantities to be ordered (knawn as EOQ) td meet the minimized
cost [see Figure 5.3).
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Fig. 4.3: Graphical Determination of Economic Order Quantity
Notably, from purchasing point of view, TOC and THC are the additional
costs, which incur above cost of g material purchased. Therefore, the
aggregafion of both costs {TOC and THC) are known as Totdl Incremental
Cost, Le., TIC = TOC + THC. In the confex! of EOQ, TOC and THC are the
~additional costs incutring beyond fhe original purchasing cost of an item.
Generdlly, there are fwo basic methods 1o determine the EQQG.: {a)] Trial and
Eror method in combination of graphical representation: and (b}
Mathematical Approach — this is widely used popular method. These
methods can be explained with an example for easy undersianding.
Example 1: Consider o small production process, which need saowdust as raw
material. The production process requires 20,000 cubic meters {m?*} anrually.
ff an order is to be placed, every order can cost $ 50.00 and the cost of
handling one unit of cubic meteris $ 2.
From the above, the following information is available.
Annual Demand (D) = 20000 m? for the sawdust,
Cost per order [CO) = $ 50.00 and,
Lecture Note on MEC 413 By Engr. A CANFKE Page 29
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Handling cost per unit (CH) = $ 2.00. ) _
Following table can produce various possible number of cubic meters of
sawdust to be ordered [this should be assumed 1ndepencﬁemly} and the’
related cost calculations.
Table 4.1: Various number of cubic meters (quantity) and related cost
calcuiafians .
Ordering | No.of .Ave?age- y ; .
-1 Stockto | Total Ordering Cost | Tetal Handling Cost | Tota! Incremental Cost
Quanty | Onders | yndle | (Tocja 450 (THC) @ $2 {TIC = T0C + THC)
(@ {(N=D/Q} Q3 ' -
250 80 125 4000.00 25000 4.250.00
400 50 200 2,508.00 4000 2500080
500 49 250 2000.00 500.00 250000
1000 2 R0 b S0 000 00.00.
2000 10 1008 500.00 2,000.00 230000
2500 8 1250 400,00 250000 2,500.0%
4000 5 2600 250.00 400000 4,250.00
From the table, it s possible fo observe that the {last) column TIC has o
minimum of $ 2000.00, where TOC = THC = $ 1000.00 and the quantity @ =
1000. The information available in the table can be shown in a diagrarm with
-all three cosTé: TIC, TOC and THC (see Figure 5.4).
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Fig. 4.4: Economic Order Quantity (EOQ} with TOC, THC and TIC

Using the sume information of Example 1, {he following deals: with the
mathematical approach, which is widely used in determining the EOQ in
inventory conirol system. The basics of mathematical model therefore need
to be flustrated fo deftermine the EOQ to have minimum of TIC, Accordingly,
it is important to determine total individual cost of both {TOC and THC). in
ferms of quantities to be ordered and handied.

Demand
Ther g, TOC = 3 s
harafore OC = Cost per order e e

TOC =, x2 = 2% and

THC = Costper unit for handling x

Average quantity maintained in store for 3 year

THC =gy x 2 = L0
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This resulfs in TIC = TOC + THC = E%CLP%& .
As this function TIC depends on the qudhtity ordered [Q) to minimize the fotal
cost, the funclion needs o be differentiated with respect to Q.
o LL4m) _ BG, | Oy
This can resultin: o iy
and for minimization/maximization,
4(TIC) _
5 =0 ,
Therefore, it and =2
0= 2 2 Q2
and solving for @ can result in
206,
¢=rvis]
And this must be confirmed for minimizing the TIC. To confirm the minimization
of TIC for a value of Q, the secend derivative of TIC should be greater than
7ero for the value of Q.
As such, from the first derivatiive, the second derivative of TIC must result in.
d3(TIC) _ 2pgy
a0 - g2
and for a value of Q, 5%%'%9 = 0.
The_reforer HC opfimally produce a minimum cost for the value of QF fwhere
Q* = EOQ).
Now. we can subsiifute the values avdilable in Example 1, where Annudl
Demand (D) = 20000 m* for the sawdust, Cost per order [CO) = § 50.00 and
Handling cost per unit (CH) = $ 2.00,
Lecture Note on MEC 413 By Engr. A.C.ANEKE " Page 32
e
by Renance 33

renance.app * Download Renance on Google Play



MEC 413 | PTI

Renanced

Therefore, TOC = D—-—ZC“' = —20'0?)(50 and

gy _ 22
HI = =1 =
THE =22= 2o

Therﬁ, TiC = 21.‘.'00@0)-(5[)+O

Differentiating TIC with respect to @ can resultin d(:[c) = - 2""’;2“” 474

For Q;"I optimum of TIC with respect to Q, %}1{3 = (,

e, 0= ——zﬂ%iﬁ-" + 1 and solving for Q can result in

Q% = 720,000 x 50 and Q" =/20,000 x50 = 1,000m?
it is now possible fo note that the number of orders 1o be place for the year is

Q" 1,000

L =290 59 {0 have the opfimdi TIC.

Q" = £0Q =1000 con be applied to determine the TOC, THC and TIC.

@

TOC = 2090250 _ < 1000, THC

20 _ ZxXT,000

3 YR $ 1000

1,000

And TIC = TOC + THC = $(1000 + 1000) = % 2000.

Explicitly, the results are ebvious about the frade off point of Q [as ECQ}
between the costs of TOC and THC as erGE: and the TIC resulfs in af the
minimum of the sum of costs (TOC + THC).

LectNate on MEC 4
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4.10.6 Determining TIC with Demand (D), per Order Cost (C,) and per unit
Product Handling Cost(Cy)

AsTIC = TOC + THC = %9-4‘ %‘1

And EOQ = Q-+ —v’[’”f“’]

Now Guantity [Q) in the TIC funciion can be represented with EOQ = Q*.

Therefore, Q can be subsiituted with v'[zgj“]. This can result in

2[)4’;.\;»1?2
0, ezt 8
%, 2o ® O '
nxca Cy _ | DE, W CH 21 § LR
W= + At = — | = +
2 20¢, 2 25Cq 2
N Cw Al Oy

e = Dxcécﬁ szco DCOGH De.,c,.,c
206, 4ocH

I

DCyCr 4DC,C
: TIC= (2>< {—;—ﬂ) = —& = J2Bg,Cy

As In Example 1, Annual Demand (D) = 20000 m® for the sawdust, Cost per
order {C;) = $ 50.00 and Handling cost per unit {Cy) = 3§ 2.00,

TIC = J2DC,Cy = J2x 20000 x 50 x 2 = $ 2000,

4.10.7 Trunsforming EOQ into Economic (Optimum) Number of Orders (ENOY}
When EOQ (Q*) is defermined and termed as 0p‘rlmo{ guantity to minimize
the TIC, the number of orders for the year [N} can be determined as
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N = Demand (D} divided by EOQ [ie., N= D/Q").

This in other term can be interpreted that the Economic {optimal) Number of
Orders. (ENO = N*} can provide the minimum TIC. In this context, @ can be
substituled in terms of N and the mathematical approach can be extended

0 defermine the Economic Number of Orders [ENOJ and TIC relatively, as
shown below, :

Demand

£ ' =
Therefore, TOC Cost per order X Quantity Ordered per year

D
= — AN asN = =
Q CE ]

TOC = Nx ¢,
THC = Costper unit for handling x Average quantity maintained in store for a year

'?HC:CHX—E—:-* c:ndc:sN:%

This resulis in TIC = TOC + THC = (= NC, + %}

As 1his function TIC depends on the quantity ordered |Q) to minimize the total

cost, the function needs to be differentiated with respect fo N. This can result
in:

4(TIC) -pCy

_ 4(TIC)
aN Co + 252

and for minimization/maximization s 0.

Therefore, 0 = CO + _;Ff and Co= ?%:
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And solving for Q canresultin NV = ‘%—E-f"—'“ and this must be confimed

for minimizing the TIC,

To confirm the minimization of TIC for o value of N, the second derivative of

nc shouid be greater than zero for the value of N,

As such, from the first derivative, the second derivaiive of TIC must result in

d5{TICY _ DCw d2(TIC)
e = and for avalue of Q, ——=> 0.

Theretare, TIC optimally produce a minimum cost for the value of N* fwhere
N* = ENO). ‘

As in Example 1, Annual Demand (D) = 20,000 m® for the sawdust, Cost per

order (COJ = $ 50.00 and Handling cost per unit {CH) = $ 2.00, and substituting
these values in

N . |pCy — [e0p00x2
2€, %50

With respect to the number of orders to be placed, ENO can be found can

be represented in a diagram with TOC, THC and TIC, respectively (see Table
4.2 and Figure 4.5).

Table 4.2: Various number of orders and related cost calculafions
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[
it ' Ordet] Average .-
5::;; Q;;:jﬁ?_’ Stockta | Total Ordering Gost | Total Handling Cost | Total ncremental Cost
oo | handle [T0C) @ $59 (TRO)@ $2 (TIC = TOC + THC}
{N:[ ) {Q:Dljﬁj Qo =
80 250 125 4060.00 250,00 4250.00
50 400 200 2.540.00 400.00 [2.800.00
- 40 500 250 2060.08 500.00 2,500.00
10 2000 1000 500.00 280000 . 250000
] 2500 1250 400.00 250000 | 2560.00
5 4008 2000 25000 4060.00 4,250.00
4.50000 it
4,260,00
3,556,00
3,500.00
T 250000
% T |
& 208000
150860 |
TOC=THD
Loovoo ¢
5e0.00 -
- - S - mw =
FNo Number of Ordars to be placed
—apom Tt 3l Cr daring Cost {TOC) @ $50 =i Tortal Handling Cost (THC @ §7
mueibm Tba inorementat TostIFC = TOC + THE)
Fig. 4.5: Economic Number of Orders (ENO) with TOC, THC and TIC
It is now possiole to note that the number of quantifies [known as EOQ in
other term) to be placed in an order is (D/N*} = (20000/20) = 1000, fo have
the optimal TIC.
4.10.8 Length of inveniory cycle (provided with daily usage ‘d’ of the produci)
Lecture Note on MEC 413 By Engr. A CANEKE, Page
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Length of inventory cycle is a measure T'hoi_gives a fime pericd how long a
batch of ECQ can lost in the storage. As production/supply of the items takes
place, the daily usage (d) of the item becomes reduciion in the EO® stored.
Therefore, length of inventory cycle indicated how many fimes (T} of daily
usage of the item in fotal equates the EOQ.

therefore, E0Q = T x d where T = length of inventory cycle and

d = daily usage of the item.
r=H=&

Note that the daily usage should have been provided with certainty
{consider it as an assumption). Referring fo the information above, FOQ =
1000 units and assume daily use {d) of the item is 100 units. Therefore, length

of inveniory cycle

T = (22) =19 104ays

) 100

»

4.10.9 Determining number of annual working days _
Itis also notable that every batch of EOQ last for certain period {10 days in
the example above) and this wil happen for every order of EOQ in o year.
Therefore, the T (=10 days] time cycle is applicable for every order. As FOQ

can pbe fransformed into Economic Number of Orders (ENO = N*) in a year

-and every order (a batch of EOQ) last for T {=10 days) time os a cycle, the .

annual nuimber of working days in o yedar on this product caon be determined
s’ - '

Annual number of working days = N* _ T* = (20} x(10} = 200 darys

Note in the example, N* = (D/EOQ) = {20000/1000) = 20 and

™= (EOQ/d) = {1000/100) = 10.

5.0 SCHEDULING
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OPERATIONS SCHERULING @

Scheduling pertains to esiabiishing both the timing and use of resources
within an organization. Under the operations funclion (both manuiaciuring
and services), scheduling relates 16 use of equipment and faciliies, the
scheduling of human activities, and receipt of materidls. ’

While issues relating to facility location, plant and equipment acquisition are
considered long term and aggregate planning is considered intermediate
term, operations scheduling is considered to be o short-term issue. As such, in
the decision-making hierarchy, scheduling is usually the final step in ihe
fransformation process before the actual output (e.g. finished goods) is
produced. Conseguently, scheduling decisions are made within the
constrainis established by these longer-term decisions. Generdily, scheduling
objectives deals with frade-offs among conilicting gouals for efficient utilization
of labour and equipment, lead time, inventory levels, and processing times.

Byron Finch notes that effective scheduling has' recently increased in
imporfance.  This increase is due in part to the popularty of lean
manufacturing and just-in-time. The resulfing . drop in inventory levels and
subsequent increased replenishment frequency has greatly increased the
probability of the occumrence of stock-oufs. In addition, the Internet has
increased pressure to schedule effectively. "Business to customer” (B2C) and
"business to business" (B2B) relationships have-drastically reduced the fime
needed to compare prices, check product availability, make the purchase,
eic. Such instantansous fransactions have increased the expectations of
cusiomers, thereby, making effective scheduling a key to customer
safisfaction. It is noteworthy that there are over 100 soffware scheduling

-prackages that can perform schedule svaluation, schedule generafion, and

avtomated scheduling. However, their results can often be improved through
a human scheduler's judgment and experience.

Scheduling is the process of aranging, confralling and opfimizing work and
workioads in a production process.

fey Words Definifion:

- @ Routing: The operations to be performed, their sequence, the work
cenfers, & the fime standards.
B Bofileneck: A resource whose capacity is less than the demand placed
“onit, :
B Due date; When the job Is supposed to be finished.
B Slack: The time that ajob can be delayed & still finish oy its due date.
B Queue: & wailing line, . ’
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There are two general approaches to scheduling: forward scheduling and
backward scheduling. =
¥ Forward Scheduling — starts processing when o job is received.
B Backward Scheduling — begin scheduling the job’s last activity so that
the job is finished on due date.

Forward scheduling
EMa'lertals First  © Sacend . Thind Pl

ordered opETaEtcn. operation operation’ aparation
Backward schaduling
| Baterisls i Frat . Second . Trird - Final .
Y erdared © L opedtion aperaifon opermtion opeiaton

Companies use backward and forward scheduling to allocate plant and
machinery resources, plan human resources, plan production processes and
purchase materials. As long as the concepts are applied properly. the choice
of methods is hot significant

With forward scheduling, the scheduler selects o planned order release date

- and schedules all activilies from this point forward in fme. Forward scheduling
is planning the tasks from the date resources become available fo determine
the shipping date or the due date,

With backward scheduling, the scheduler begins with a planned receipt date
or due date and moves backward in time, occording to the required
processing fimes, until he or she reaches the point where the order will be
released. Backward scheduling is planning the tasks from the due date or
required-by date to determine the start date and/or any changes in
capacity required

The benefils of production scheduling include:

+ Process change-over reduction
= Inventory reduction, levelling

« Reduced scheduling effort

< Increased production efficiency
= Labourload levelling

= Accurate delivery dale quotes
» Readl time information

Factors that Influence Scheduling include:
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= due dates or shipping dates. ) : ;
the fypes of jobs to be processed and the different resources that can
process each = '
process routings
processing fimes
setup times
changesover fimes
resource availability

" number of shifts
downfime, and
planned maintenance.

. & ¢ - L 3 - & =

LOADING

Loading involves assigning jobs fo work centres and fo various machines in
the work centres. if ¢ job can be processed on only one machine, no
difficully s presented. However, if a job can be loaded on multiple work
cenfres of machines, and there are mulliple jobs to pracess, the assignment
process becomes more complicated. The scheduler needs some way fo
assign jobs fo the cenires in such a way that processing and setups are
minimized along with idle time and throughput fime. :

Two approaches are used for loading werk centres:

B Infinite loading: lgnores  capacity constraints, but helps Identity
“ botilenecks in a proposed schedule to enable proaciive management
B Finife loading: Allows only as much work 1o be assigned as can be

done with available capacity - but doesn't prepare for inevitable
sippage '

With infinite loading jobs are assigned to work centfres without regard for
capacity of the work centre. Priarity rules are appropriate for use under the
infinite loading approach. Jobs are loaded at work cenires according to the
chosen pricrity rule. This is known as vertical loading.

In finite loading projects the aciual siart and stop times of each job ot each
work cenire. Finite loading considers the capacity of each work cenire and
compares the processing fime so. that process fime does not exceed
capacity. With finite loading the scheduler loads the job that has the highest
priority on all work cenires it will require. Then the job with the next highest
pricrity is loaded on dll required work centres, and so on. This process is
referred fo os horizontal loading. The scheduler using finite loading can then
project the number of hours each work centre will operate. A drawback of
horizontal loading is that jobs may be kept waifing at a work centre, even
though the work centre is idle. This happens when a higher priority job is
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expected fo arive shorfly. The work centre is kept idle so that it will be ready
10 process the higher priority job as soon as if arives. :

With vertical lcading the work centfre would be fully loaded. Of course, this
wouid mean that o higher priority job would then have to wait io be
processed since the work centre was already busy. The scheduler will have o
weigh the relative costs of keeping higher priority jobs waifing, the cost of idle

work centres, the number of jobs and work cenires, and the potential for

disrupfions, new jobs and cancellations.

If the firm has limited - capacity [e.g., aleady running three shifts), finite
loading would be appropriate since it reflects an upper limit on capacity, If
infinite loading is used, capacity may have o be increased through
overfime, subconiracting, or expansion, or work may have to be shifted io
other periods or machines.

SEQUENCING

Sequencing is concered with determining the order in which jobs are
processed. Not only must the order be determined for processing jobs af work
centres but also for work processed ot individual work stations. When waork
centres are heavily loaded and lengthy jobs are involved. the situation can
become complicated. The order of processing can be crucial when it comas
to the cost of waifing to be processed and the cost of idie time at work
centres.

There are c number of priority rules or heuristics that can be used to select
the order of jobs waiting for processing.

i. Rondom {R): Pick any job in the queue with equal probability. This rule is
often used as a benchmark for other rules,

i First come/first served (FC/FS): This rule is sometimes deemed 1o be fair
since jobs are processed in the order in which they arrive,

iiil.  Last come, first served (LCFS).

iv.  Shortest processing fime (SPT): The job with the shortest processing time
requirement goes first. This rule tends to reduce work-in-process
inventory, average throughput time, and average job latenass.

v. longest processing fime (LPT). :

vi.  Earliest due date (EDD): The job with the earliest due daie goes first. This
seems to work well if the firm performance is judged by job lateness,

vii.  Crifical ratio {CR): To use this rule one must calculate o priority index
using the formula [due date-now)/ {lead fime remaining). This rule is
widely used in practice. The critical rafio [CR] is calculated by dividing
the fime remaining until a job's due date by the total shop fime
remaining for the job, (Time until due dafe}/|processing time}, which is
defined as the seiup, processing, move, and expected wailing times of
all remaining eperations, including the operation being scheduled.
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Vil

.

Kii.

il

Least work remaining (LWR): An extension of SPT, this rule dictates that

* work be scheduled according to the processing fime remaining before

the job is considered 1o be comglete. The less work remaining in a job,
ihe earlier it is in the production schedule.

Fewest operations remaining (FOR): This rule is another variant of SPT; i
sequences jobs based on the number of successive operations
remaining unfil the job is considered compiete. The fewer operalions
that remain, the eartier the job is scheduled.

slack time (ST): This rule is a variant of EDD; it utilizes a variable known
as slack. Slack is computed by subtracting the sum of setup and
processing fimes from the time remaining unfil the job's due date. Jobs
are run in order of the smallest amount of slack.

Siack fime per remaining operation (ST/RO): This is @ varant of ST. The
slack time is divided by the number of operations remaining until the
job is complete with the smallest vaives being scheduled first (Slack)
/Inumber of remaining operations).

Next queue (NQ): NQ is based on machine utilizaiion. The idea is fo
consider queues (waiting lines} ai each of the succesding work
cenires at which thé jobs will go. One then selects the job for
processing that is going to the smallest queue, measured either in hours

* or jobs. Work is scheduled for the machining centre with the shortest

gueue, _

Least sefup (LSU): This rule maximizes ufilizafion. The process calls for
scheduiing first the job that minimizes changeover time on a given
machine.

These rules assume that setup time and seiup cost are independent of the
processing sequence. However, this is not always the case. Jobs that require

similar setups can reduce setup fimes if sequenced back to back. In addiion

to this assumption, the priorty rules also cssume that sefup fime and
processing fimes are  deterministic and notl variable, there will be no
interruptions in processing, the set of jobs is known, no new jobs arive affer
processing begins, and no jobs are cancelled. While lithe of ihis is frue in
praciice, it does make the scheduling probiem manageable.
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Example Using SPT and EDD af s Nachine Shop-Hork Center 07

“JobTme | Dapsto [SFTRE T
Job Number | (includes Setup & Run Time} | Due Date _Sequence

AZK111 3 days 3 | EZE101
BRUS72 2 days 6 | BRUST?
CUF373 5 days 8 ;

DBR664 4 days 5

EZE101 {day 4

FID448 4 days 9

How o Use Priority Rules:
1. Decide which préérity rule to use
2. List all jabs waiting to be processed with thelr job time
3

- Using priority rule determine which job has highest priority then second,
third and so on

SCHEDULING SERVICE OPERATIONS

The scheduling of services offen encounters problems notf seen in

-manufacturing. Much of this s due fo the naiure of service, ie., the

intangibility of services and the inability to inventory or store services and the
fact that demand for services is usually random. Random demand makes the
seheduling of labour extremely difficult as seen in restaurants, movie theatres,
and amusement parks. Since customers don't like fo wait, labour must be
scheduled so that custorner wait is minimized. This sometfimes requires the use
of queuing theory or waiting line theory. Queuing theory uses astimate arrival
fates and service rates to calculate an optimum staffing plan. In addition,
flexibility can often be bullt into the service opercﬁond‘hrough e use of
casuatlabour, on-call employees. and cross-fraining.

Scheduling of services can dlso be complicated when it Js necessary o
coordinate and schedule more than one resource. For example, when
hospitals schedule surgery. not only is the scheduling of surgeons involved byt
also the scheduling of operating room faciities, support staif, and special
equipment. Along with the scheduling of classes, universities must also
schedule faculty, classrooms, labs, audio-visual and computer aquipment,
ond students. To further complicate matters, canceliations are also common
and can add further disruption and confusion to the scheduling process.
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instead of scheduling labour, service firns_frequently fry to facilifate their
service operations by scheduling demand. This is done through the use of
appointment systems and reservations. ™

Peformance Measures

Flow time is the fime a job spends in the service or manufacturing system.

Past due [tardiness) is the amount of time by which o job missed ifs due date.
in this regard, @ job is the object receiving service or being manufactured.

Makespan: This s the fotal amount of fime required to complete a group of
jobs. Minimizing makespan supporis the competifive priorities of cost (lower
inventory) and fime (delivery speed).

Total Inventory: This performance measure is used to measure the
effectiveness of schedules for manufaciuring processes. The sum of
scheduled receipts and on-hand inventories is the total inveniory. Minimizing

fotal inventory supports the competitive priority of cest (inventory holding
costs).

Uilizalion: The degree to which equipment, space, or the workforce s
currently being used, measured as the ratfio of the average output rate fo
maximum capacity, Maximizing the ufilization of a process supporis the
competifive priority of cost (slack capacily). These performance measures
often are inferrelated. For example, minimizing the average flow fime tends
to increase utilization. Minimizing the makespan for a group of jobs tends to
increase utilization. Understanding how flow fime, makespan, past due, and
utilization Interaict can make the selection of good schedules easier,

Sequencing Jobs Operations scheduies are shori-term plans designed 1o
mplement the sales and operations plan. Often, several jobs must be
processed at one or more warkstations. Typically, o variety of tasks con be
performed af each workstation, If scheduies are not carefully planned to
avold bofilenecks, waiting lines may cevelop. |

Tetal inveniory = Scheduled receipts for all itemns + On-hand inventories of all
iterns ’

Makespan = Time of completion of last job - Stariing fime of the first job

o Job flow fime: Time a job is completed minus the fime the fob was first
available for processing. :

= Average flow lime measures responsiveness.

= Average jobs in system measures amount of work-in-progress.

®  Makespan: The fime it takes to finish a bateh of jobs: measure of
efficiency
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5 Job lateness:

| Job tardiness:

Whether the job i completed chead of, on, or
behind schadule;

How long after the due date a job was completed,
measures due date performance

Scﬁedu]ing performance Calculations

Lt Fﬂi Job C finishes | Job D ehds_

Job A finishes on day 1
N N on day 17 on day 20 -

Assume that all The jobs started on day 1; calculate mean flow time, average
number of jobs in the sysfem, and makespan.

& Calculating mean flow fime:
8 MFT= [sum job flow times)/ # of jobs
= (10+13+17+20)/4 = 60/4 = 15 days
B Calculating average number of jobs in the system:
B Average # Jobs =(sum job flow times)/ # days to complete batch

= (60)/20 = 3 job
B Makespan is the length of fime fo complete a batch
a Makespan = Completion fime for Job D minus start fime for Job A
=20-0=20days

Lateness and Tardiness are both mecsures relafed fo customer service

Average tardiness s o more relevant Customer Service measurement as

iflusirated below

Exam_ple_-15__-_-5'C'al_c_ulat§ngr ' nd job tardiness.
: Completion |- e R L
Job- ~ Date ~Due Date: | Lateness | Tardiness
A 10 15 -5 0
B 13 15 -2 0
C 17 10 7 7
[®] 20 20 )] O
chAverage ) 0 . LTS

The Complexity of Scheduling a Manufacturing Process

When a job order is received for o part, the raw materials are collected and
the batch is moved fo its first operation. At each workstation, the nexi job to
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process is o decision because the arival rafe of jobs at o workstation often
differs from the processing rate of the jobs ot a workstation, thereby creating
a walting line. In addition, new jobs Tan enter the process at any fime,
thersby creating a dynamic environment. Such complexity puls pressure on
managers 1o develop scheduling procedures that will handle the workload

efficiently. In this section, we focus on schedufing approaches used in two
environments:

{1} Divergent flow processes and {2) line flow Processes.

A manufacturer's operation with divergent flows is often cdlied a job shop,
which specidlizes in low- o medium-volume production and ufilizes job or
batch processes. The front office would be the equivatent for a service
provider. Jobs in divergent flow processes are difficult to schedule because
of the variability in job routings and the continual infroduction of new jobs o

be processed.

A manufacturer's operation with line flows is offen called o fiow shop, which

specializes in medium- fo high-volume production and  utilizes line or

confinuous flow processes. The back office would be the equivadlent for o
service provider. Tasks are easier to schedule because the jobs have a

common flow paftern through the system. Nonetheless, scheduling misfakes
can be costly in either situation,

Seguencing Jobs Through Two Work Centers ~Johnson's Rule

Johnson's Rule — a technique for minimizing makespan in a two-stage,
unidirectional process :

Step | = List the jobs and the processing fime for each activity

Step 2 - Find the shoriest activity processing fime among the jobs not yet
scheduled

If'the shorfest Processing fime is for a 1¢ qefivity, schedule that job in the
eatliest available position in the job sequence

If the shortest processing fime is for 2na activity, schedule that job in the
last available positionin the job sequence

When you schedule o job eliminate it from further consideration

Step 3 - Repeat step 2 until you have put all activities for the job in the
schedule

Johnson’s Rule Example: Vicki's Office Cleahers does the annual major
cleaning of university buildings. The job reguires mopping {1¢ activity) and
waxing {27 activity) of each building. Vicki wants to minimize the fime it takes

Note
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her crews fo finish cleaning [minimize makespan) the five buildings. She
needs to finish in 20 days.

-

: Activity! | Aty | Jobmsor's | Actiity! Ackivity 2

Hall Mopping (days) | Waxing {days) | Seauence | Mopping (days| Waxing (days)

Adams Hell i 2 e Hall () f g o g

Bryce Bullding i § Chemistry Buflding [C)). 2 ol

Chemistry Building | 2 i Bryoe Building (B]- - B
brake Union § 4 4
Evans Center 4 2 2

i7

SCHEDULING BOTTLENECKS

in the 1970's Bl Goldratt infroduced Optimized Production Technology [OPT}.
OPT focused on botflenecks for scheduling & capacity planning.

OFT PRINCIPLES

B Balance the process rather than the flow

B Non-bottieneck usage is driven by some other constraint in the system

B Usage and acfivation of a resource are not the same !

B An hour lost at o botfieneck is lost forever, but an hour lost at a non-
pbeoffleneck is a mirage

Sotlleneck defermine throughput and inventory in system

The fransfer baich does not need to be equal to the process batch -

The process baich should be variable

Consider all constraints simultaneously. Lead times are the result of the
schedule and are not predetermined.

THEORY OF CONSTRAINTS

B OCis an exfension of OPT - theory is that a system's output is defermined
by its constraints

. Identify the botfleneck(s) in the process _
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il.  Exploit {fully ufilize] the botfleneck(s)

il Subordinate all other decisions 1o Step 2 - Schedule non-battlenecks io
support maximum use of botilengck activities

v.  Elevate the Bottleneck(s)

v. Do notletinertia setin

SCHEDULING FOR SERVICE ORGANIZATIONS

-] Demaond management:
L - Appointments & reservations
il. Postedschedules
il.  Delayed services or backlogs [queues)
] Scheduling Empioyees:
ir Staff for peak demand (if cost isn't prohibitive
fi. Floating employees or employees on cail
fi. *Temporary, segsonal, or part-time employees

Lkt
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6.0 LAYOUT PLANNING

layout planning is deciding on the best physical arangement of ail
resources that consume space within a iacility. These resources might include
a desk, a work centre, a cabinet, a person, an enfire office, or even o
department. Decisions about the arrangement of resources in ¢ business are
not made only when a new facility is being designed; they are made any
fime there is a change in the arangement of resources, such as o new
worker being added, a machine being moved, or a change in procedure
being implemented. Also, layout planning is performed any time there is an
expansion in the facility or a space reduction.

Plant layout is a plan of an opfimum arrangement of faciiities including
pesonnel,  operafing eguipment, storage space, material handling
equipment and all other supporting services along with the design of the best
structure to contain all these faciities.

Levels of plant layout design
There are four levels of plant layout design,

1. Site layout: shows how the building should be located in o proper way.,
2. Block iayaut: shows the sizes of departments in the buildings.

3. Defailed layout: shows the arangements of eguipment and
. workstations in the departments.

4. Workstation layout: shows the locations of every part of the workstation.

' Layout Planning Criferia:

The primary criteria for evaluating any layout will be the MINIMIZATION of
material handling costs.

MH cost compenents includes:
(il depreciation of MH equipment,
i) varigble operating costs, and
{iii} labour expenses.

MH costs are typically directly proportional to:
[a} the frequency of movement of material, and
{b} The length over which material is moved.

Advantages of these criteria {reduced material maovements):

1. Reduction of Aiste space required.
2. Lower Work-In-Progress{WIP) levels

13ByEngr. A CANBKE o p
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Lower throughput times

Less product damage and lower obsolescence
Reduced storage space =

Simplified material control and scheduling

Less congestion in system.,

No AW

Consider the following:

Location of next operafion . Material Hondied per move

adjacent machine single part

across the gisle uhitioad

ocrogs the plant lot size of over 1 hour of
production _

another plant one day's production

Al each stage, the work-in-progress [WiP} is increasing by as much as 10
tirmes. '

6.1  OBJECTIVES OF LAYOUT PLANNING:

The objectives of o good layout are as follows:

(i} Should provide overall safisfaction to all concemed.

{i} Matericl handling and internal fransportation from one operation to the
nextis minimized and efficienfly controlled.

S

{il} The production botile necks and points of congestfions are to be
eliminated so that input raw materials and semi-finished parts move fast from
one work station to another,

{iv] Should provide high work in process furnover.,

(v} Sheuid ufilize the space most effectively, may be cubical ulilization.

(vi] Should provide worker's convenience, promole job satisfaction and
safety for them. z

{vii} Should avoid unnecessary investrment of capital.
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{viil} Should help in effective utiization of labour.

{ix] Should lead to increased productivity and better qudlity of the product
with reduced capital cost.

{x} Should provide easy supervision.
{xi} Should provide space for future expansion of the plant.

i} Should provide proper lighting and ventilation of the areas of waork
stations. B

&2  PRINCIPLES OF PLANT LAYOUT:

1. Principle of Overall Integration:

According to this principle the best layout is one which provides integration of
production facilities like men, machinery, raw materials, supporting activities

and any other such factors which result in the best compromise.

2. Principle of Minimum Distance:

According to this principle, the movements of men and materials should be
minimized. ' -

3. Principle of Flow:

the best layout is one which aranges the work station for each separate

process in same order or sequence that assembles the materidls,

4. Principle of Cubic Space Utilization:

According fo this, the best layout utilizes cubic space ie. space available
both in vertical and horizontal directions is most economically and effectively
ufilized.

5. Principle of Safety, Security and Satisfaction:

According to this principle, best layout is one which provides safisfaction and
safety to all workers and sofeguards the plant and machinery against fire,
theft, ete. '

4. Principle of Flexibility:-

In automotive and other allied industries where models of products change
affer sometime, the principle of flexibility provides adoption and
rearangements at a minimum cost and least inconvenience.

By

Lecture Note on MEC 413 By Engr. A. C.ANEKE " Page 52

by Renance
renance.app * Download Renance on Google Play

53



MEC 413 | PTI

Renanced

6.3  TYPES OF LAYOUT

Keeping in view the type of industiy and volume -of production, the type of
lavout to be selected is to be decided from the following: d

1. Product or Line Layout
2. Frocess or Funclional Layout.
3. Fixed Posifion Layout.

4. Combination type of Layout.

1. Product or Line Layout:

if alll the processing equipment and machines are aranged according to the

sequence of operations of the product, the layout is called product fype of

iayout. In this fype of layout, only one praduct or one fype of products is
produced in an operating areq. This product must be standardized and
produced in large quantities in order o justify the product layout.

The raw material is supplied ot one end of ihe line and goes from one

operation 1o the next quite rapidiy with a minimum work in process, storage
and material handling. .

~ Advantages offered by Product Layout:

{i} Lowers total material handling cost.
(ii) There is less work in processes.
{ii} Better utilization of men and machines,

{iv] Less floor area is occupied by material in fronsit ‘ond for femporary
storages. '

(v} Greater simplicity of production control.
{vi) Total produciion time is also minimized.

Limitations of Product Layouf:

fij Ne flexibility which is generdlly required is obtained in this leiyout,
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(i} The manufacturing costincreases with a fall in volume of production.

(il) if one or two lines are running light. there is a considerable machire
idlieness,

(iv] A single machine break down may shut down the whole production line.

(v} Specidlized and strict supervision is essential to avoid downtime.

2. Process or Functlonal Layout;

The process layout is parlicularly useful where low volurne of production is
needed. If the products are not standardized, the process layout is more
desirable, because it has greater process flexibility than ofhers. In this type of
layout, the machines are not aranged according fo the sequence of
operafions but are arranged cccording fo the nature or type of the
operations. This layout is commonly suifable for non-repetitive jobs.

same type of operation faciliies are grouped together such as lathes will be
placed af one place, all the diill machines are at another place and so on,
Therefore, the process carried out in thot area is according o the machine
avdilable in that area. :

Advantages of Process Layout:

i) There will be less duplication of machines. Thus, total invesiment in

equipment purchase will be reduced.

{i} it offers better and more efficient supervision through s;aeciaiizcﬁion at
various levels.

(i) There is a greater flexibility in equipment and man power thus load
distribution is easily confrolled,

(iv} Better utilization of equipment available is possible.

{v] Breck down of equipment can be easily handled by transfering work fo
another machine/work station. '

[vi) There will be belter control of complicated or precision processes,
especially where much inspection is required,
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Limitations of Process Layout:

(I} There are long material flow lines dnd hence the expensive handiing ‘is
required.

{ii) Total production cycle fime is more owing to long disfances and waiting at
various points. '

it} Since more work is in queve and waiting for further operaiion hence
boifle necks occur.

fiv] Generally, more floor areq is required.

(v} Since work does not flow through definite lines, counting and scheduiing is
more tedious.

{vi} Specialization creates mohoiony and there will be difficulty for the laid-off
workers 1o find job in other indusiries. z

3. Fixed Posifion Layout:

This type of layout is the least important for today's manufacturing industries.
In this type of layout, the major component remains in a fixed location, other
raierials, parts, tools, machinery. man power and other supporting
equipment’s-are brought to this location.

The major component or body of the product remain in a fixed position

oecause it is foo heavy or too big and as such it & economical and
convenient o bring the necessary tools and squipment to the work place
clong with the man power. This type of layout is used in the manufacture of
boilers, hydraulic machines and steam furbines and ships etc.

Advantages Offered by Fixed Pesition Layoul;
(i} In-process material movement is reduced
(i) Capital investment is minimized.

(i} The task is Usually done by gang of operctors, hence continuity of
operations is ensurad

{iv] Production centers are independent of each other. Hence, effective
planning and loading can be made. Thus total production cost will be
reduced. :
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{v] It offers greater flexibility and aliows change in product design, product
mix and production volume.

Limitations of Fixed Position Layout:
(i) Highly skiled man power is required.

{i} Movermnent of machines equibment's fo production centre may be time
cConsuming. '

{iii? Complicated fixtures may be required for positioning of jobs and tools. This
may increase the cost of production.

4. Combination Type of Layout;

Nowadays in pure state any one form of layouis discussed acbove is rarefy
found. Therefore, generally the layouts used in indusiries are the compromise
of the above menfioned layouts. Every layout has got certain advaniages
and limitations. Therefore, industriies would lke to use any fype of layout as
such.

Flexibility is @ very important factor, so layout should be such which can be
modelled according to the requirements of indusiry, without much
investment. It the good features of all types of layouts are connecied, o
compromise solution can be obtained which will be more economical and
flexible. "o

64 LAYOUT PLANNING TQOLS

6.4.1 Systematic Layout Planning

The systematic layout planning (SLP) is a tool used to arrange o workniace in
a plant by locating areas with high frequency and logical relationships close
to each cother. The process permiis the quickest material flow in processing
the product af the lowest cost and least amount of handling. :

é6.4.2 Group or Cellular taycﬁi

« In celiular manufacturing, production work stations and equipment are
aranged in o sequence that supporis a smooth flow of materials and

components through the production process with Minimal Transport or
Delay. o s
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Implementation of this Leaﬁ%Méthd'-oﬁen represents an attempt fo
combine the flexibility of a process: layout with the efficiency of o
product layout, : * E :

Rather than processing multiple parts before sending them on to the
next machine or process step (a5 is the case in balch-and-queuve; or
large-lot production), cellular manufacturing. gims. to move products
through the manufacturing process ‘one-piece at «a-fime, -at « rate

defermined by customers' needs.

The approach seeks o minimize the fime it takes for a single product to
Hfiow through the entire productioriprocess, & 7 * 1 el T

This One-Pisce Flow method includes spécific‘onciﬁicdi -iec'hnidﬁ;:as'i'or
assessing  current  operations  and designing. a. new cell-based
manufacturing layout that will shorten cycle times and- changeover
fimes,

To make the celiular design work, an orgcmizo“fi._on must 'oﬁeh_ replace
large, high voiume production machines with small, flexible, right-sized"
machines to fit well in the cell, ) i ’

Equipment often must be modified to stop and signal when o cycle is

complete or when problems occur, using a technique called
Autenomation (or Jidoka). -~ L e o
This transformation often shifts worker: responsibiliies. from watching @

single machine, fo managing multiple machines in q-r oduction cell.

(One-worker, muiiple-machines) (OwmMm) = 0
Cellular manufacturing: can also :pf;c_t\_%if;ié'f.é_ompdn_TES::Wijh the flexibility
to vary product type-or féatures on the-production line in response to
specific customer demands. - 0 L 0T bl :
Using this fechnique, production capacity can be incrementally
increased or decreased by adding or removing production cells, -

Characteristics

&

Advantages of celluiar layout

L]

“

-

Limited number of paris or models are processed with line flows.

Rosed oh the concept of group iécth[;ogy:{'GT_}i dissimilar machines are
grouped into work centers, called cels, to process paits. with. similar

shapes or processing requirements. -
The layout of machines within each.cell:

resembles & small assembly line

Reduced material hondling ond fransif fime
Reduced setup time o Ta b
Reduced work-in-process inventory

Betier use of human resources:
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o Self-managed team, in most cases mare. satisiied with the work fhert
they do '

o Flexible resource. Workers in each cell are multifunctional and can be
assigned fo different routes within a cell or between cells as demand
volume changes.

- Easier fo confrol

+ Easierto automate - -

Disadvaritages of a cellularlayout.
» Inadequate pari families

Part families identified for design'p'urposes miay not be appropriate for
manufacturing pprposes. e '

= Pooily balanced cells

It is more difficult to balance the flow of work through a cell than o single-
product assembly line, because iterms-may follow different sequences
through the cell that require different machines or processing fimes.

« Expanded fraining and scheduling of workers

Training workers fo do different tasks is expensive and fime-consuming and
requires the workers' consent. g i

» lncreosé;i_c_gpi,foi :in\fe_g_ihfie_hi c2

= Exisiing equipmrient ‘may: be foo large
underutiized when placed in asingle cell. P e

o Additional machines of the'same type may have o be puichased for
differentcells, .~ ¢ S R i

¢ it info cells or may ‘be

"o The cost and downtime Eequired to move machines can aiso be high.

4.4.3 Production Flow Anaiysis (PEA)

Production flow ondlysis (PFA} Is o well-established methodology used for
franstorming traditional functionat lavout into product-oriented iayout, The
method uses part roufings to find natural clusters of waorkstations forming

production cells able fo complete parfs and componenis swifily with -

simplified material flow. Once implemented, the scheduling system i based
on period batch control aiming fo establish fixed planning. production and
delivery cycles for the whole production unit. PFA is fraditionally applied to
job-shops with functional layouts, and affer recrganization within groups lead
times reduce, qudiity improves and motivation among personnel improves.
PFA reduces non-value adding operations, introduces flow by evening out
botllenecks and diminishes process variabiity, all of which conlribute to
efficient operafions management. ' ' ’

EKE
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« Production Flow Analysis (PFA) is a group a‘ec'hnology iéthnique that
reorders part routing matrices to identify families of parfs with similar
processing requirements =

* The grouping into part families of items with sirmilar design or
manuiacturing characteristics ; ' :

o Design characteristics: size, shape and function

v Manufaciuring or processing _chc:r_c:ct_eﬂsiics_: fype and sequence of
operations required. : : TR D

Production Flow  Andlysis [PFA} is a systematic methodology  for
comprehensive design of g factory using manual methods for machine
grouping, part family formation, ceii layout and shop layout design for

~industial faciities. However, viewed in g larger context, it provides the
framework that could be used by a company to identify reasons for choatic
maferial flows in iis facility. The power of BFA i due to its applicability at
different levels of resolution in any factory, i.e. flows between buildings, flows
behween depariments or shops within the same building, flows between
machines or work-centers or cells in o shop, flows between machines in o
manufaciuring cell, flows of tools in the tool magdzine of a machining center,
movements of an operator af a workstation, etc.

When applied to a single factory, the classic framework . for manual
implementation of PFA consists of four stages, each stage achieving material
flow reduction for o progressively reducing portion of the faciory: Factory

Flow Analysis [FFA), Group Anclysis {GA), Line Analysis {LA) and Teoling
Analysis [TAJ.
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7.0 JUST-IN-TIME (JIT) PRINCIPLES .

Justin-time' is a rmanagement philosophy and not a technigue.

It originally referred to the production of goods to meet customer dermand
exactly, in time, qudlity and quantity, wheather the “customer is the final

purchaser of the produc‘f or another process further along the production
line.

When items are ready just in time, they don'f occupy so much space.

Rhetoric of Just In Time

When is the best fime to have an inventory part ready for production? Justin
iime.

When is ihe best fime 1o have an item ready for the next step in
production? Justin fime.

When is the best time fo have a product ready for delivery to a
customer? Justin time,

So why do manufaciurers build inventory of both fmashed goods and raw
materials? Justin casel

A buffer of inventory on hand is comforting — and costly. If you hold a lot of
items in inventory, you're locking away a huge amount of cash unnecessarily.

These items can be lost, stolen, or damaged, or they can detericrate. They

occupy space, which could otherwise be devoted to operations. And they
can become obsclete, parliculardy when products are improved or changed
often (many of us can remember images of dirfields full of ‘unwanted,

cbsolete cars from the 1970s and 1980s.) All of this represents financial loss to
the business.

In the 1970s. when Jopanese manufacturing companies were trying to
perfect their systems, Taiichi Ohno of Toyota develeped a guiding philosephy
for manufaciuring that minimized waste and improved qudiity. Called Just In

Time (JIT}. this philosophy advocates a lean opprouch to production, and

uses many tools to qchleve this overall godl.

When items are ready justin iime, they aren't sitfing idie and taking up space.
This means that they aren't costing you anything fo hold onio them, and
they're not becoming obsolete or deteriorating. However, without the buffer
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