Chapter 2
Theoretical Study and Literature Surveys

1. Introduction

Product and service choices, process selection and decisions upon selecting

location and layout of the factory appropriately for the manufacturing

environment are the most basic decisions for managers because those decisions

have long-term consequences for the industrial organizations.

Processes are the essential of operatiol 4.* ent which convert inputs into

outputs. It affects the entire organization capability to achieve the
firm’s

mission and business objectives of the firm’ ain. So process selection
choices influence a lot in St:--'_____, isions.

Process environment sele S art

he : emeMork place are closely
related. Changing an enviro ot divectly forces the factory layout to changes

consequently. This ch ﬁnﬁ'e& about associate theories and
knowledge studies that have sufveved continuously.in existing textbooks,
Jears that thestudies have been liberated. The
ir gonditioner factory redesign. The topics
typ facilities layout, time
easurements respectively.

"y

will cover in types of process emyitonin
compression operations, proéedures and we
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2. Process Selecting Consideration-~
o e
The principle of selectingfa process represents Now dy to producing goods
and services is designed and organized. It ha: or implications for layout and
facilities, equipment, and design of the work systems. Processes decision
occurs when new ﬁr,oducts éreservices are being planned or the firm planned to

rearrange for imp e%ér%] o@h%%@%aﬁt}y@r ﬂ ﬁ
The process selecti%ln approaches is determined by, the firm’s pregess strategy

by consideq;gc’ﬁr éq ﬁv&ﬁ %)m ‘w%q ’g w H q a E]

1. Make or buy decisions — The extent to which organization will produce
goods or provide services in-house as opposed to relying on outside
organizations to produce or provide them.

2. Capital intensity — The mix of equipment and labor that will be used by
the organization.

3. Process flexibility — The degree to which the system can be adjusted to
changes in processing requirements due to such factors as changes in
product or service design, changes in volume processed, and changes in
technology.

L
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3. Manufacturing Analysis

The initial step of implementing a process redesign is that firstly, we must
performed an analysis on the internal and external analysis of the
manufacturing company. The methods, concepts, tools, and techniques can be
applied into the manufacturing factory to investigate production characteristic
and operation performance.

3.1 Make or Buy decisions

Basic approach to manufacturing analysi ' o,consider whether the company
will come up with an idea o *ﬁm y > Manufacturing company
continues to focus their resour&:cﬁre processes and technology
where they feel their central q{m:iheigcus@ide. The very first step
in process planning is to comstder.whether buy some or all of a
product or some or all of g "9, o 'a\gailab oviders. Manufacturers

‘than ¢ them. Sometimes all

simply performing assembly
vices and some contract for

parts are purchased wiik
operations. Many organizatig

repair services. When a déCision js made (0,buy or ontraet, it will eliminate or
reduce the need for process gelection and the comple tih“)f reallocation.
. e, N
J-Capacity. A '
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Cost \‘.: : !;}Expertise
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Figure 2-1; Factors to consider making or buying

When an operation decides to purchase products or services from a supplier it
means making the decision not to create those products or services itself. This
may not always be a straight forward decision. If an organization has available
equipment, skillful workforces, enough expertise and time, it is sensible to
produce an item or perform a service in-house. In some cases the operation
may be able to produce parts or services in-house at a lower cost or at a higher
quality than can suppliers. Yet in other cases suppliers may be able to
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specialize in the production of certain parts or services and produce them more
cheaply or at higher quality than can the firm itself. It is part of the
responsibility of the purchasing and manufacturing function to coordinate to
investigate whether the operation is better served buying in products or services,
or choosing to create them itself.

Often the major criteria used to decide whether to make or buy is the financial
aspect. Both fixed cost and unit cost must be calculated. If a company can
make a part or service in-house more cheaply than it can buy it, it is likely to do
so, unless there are other following reasons concern with quality and
specializations problems. The financial Tlalysis involvement is not always
straightforward. The decision often need?" based on the marginal cost of
producing something in-house. The margiu is the extra cost which is
incurred by the operation in creating the produCi-ef Service. For example, if an
operation already has the € and’ staff m-piace to make a particular

product and there 1s spare = ip{e pmmperaﬁon which could

make that product, then nal, cost of making the products in-
house will be the variable ¢ ith their manufacture.

-4 4718 -

ide fq,f)ef{onn part of work itself and let
nta}h xibility and prevent against loss in

In other cases, an operatio
others handle the rest in ordegto
relationship with subcontragto
negotiations with contractors.
that they are not core to
increasingly out-sourcing such/Seryice
catering and maintenance or even‘_'wi’z;ass mblic

these services and prqduction'“'éut'i:fto ‘,-é;ié'éﬂﬁts allows an operation to
concentrate on what di:_e&ly wins it business in the ma&@ace.

Y, )
When demand for a product is high andm should so the work

itself. But if demands fluctuate or receiving a small order each time, it
usually better handled by $pecialists who are able to combine orders from

multiple sources, ﬁ;wrﬁnﬁg %i%aﬁ%ﬁrﬂ?ffm individual

buyer fluctuations. 4,

s2eesTR 1) 50/ 191039126
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One technique for analyzing the external environment is called PEST analysis.
This sub-divides the external factors into 4 groups; political, economic, social
and technological. A successful PEST analysis does not produce a huge list of
all the external factors that can be thought of but selects those which will
produce an opportunity or threat for the company or business unit. There are
number of key environmental drivers of change that is forces likely to affect
the structure of an industry which are significant and crucially need an urgent
redesign.
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The following table gives an indication of some of the more important factors
that normally considered in global aspect. It is vital to have some
understanding of these opportunities and threats in order to identify where to
target improvement actions and to help prioritize these actions to get the best
return.

Table 2-1; Factors involved in PEST analysis

e Monopolies legislation
e Environment protection law
Politic : Health and safety legislation
®
®
Economic
®
. |
Social °
®
)
¥
earch and R&D
ew development and knowle
e @ﬂﬁ%ﬁ%@ﬁgﬁ
o Information technology and commumcatlon
. ransort frastr .

PEST analysis of environmental influences these analysis purposes:

1. What environmental factors are affecting the organization?
2. Which of these are the most important at the present time? Or several
years in the future.

There may be advantages of global operations. This is espec1ally the case in
industries in which large volume or standardized production is required for
optimum economies of scale, as in some components to the electronics industry.
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Other advantages might be achieved by central sourcing efficiencies from
lowest-cost suppliers across the world.

3.3 Product & Process Classification

Product classification is a model that helps the company to fundamentally
clarify the position of their goods into the appropriate quadrant of the
marketplace. This tool was created some years ago as a result of studying the
Japanese. The idea is to really understand the markets then develop services
and products that are in harmony with the needs of that market. Then develop
factories, systems, processes, cultures, izations, structures and so on that
are in harmony with providing thosgf&% services.
S Y
The model consists of four di at ways ing goods to the right

market which are separated ijm value gg@umer durable, fashion,

and commodities goods sho \\
L 'l\

High

Low

Uncertainty

Al ImERTMEANT

Competitive Designlluanagement: University of Warwick, U

¢ o o/

e = SRR RSN A I o
relative complexi e inty. Each single'grid doc efer that
you should do better by settling in one than another. It depends on particular
business and making decision where you aiming to be (finding your goal), then
try to understand customer’s perception and critical competence respectively.
This tool will possibly give a lot of clear path of performance planning. It is
another tool for internal analysis of the manufacturing company to perform
process redesign.

The super value goods are simplified by complex and advance technology
products such as aerospace, ship and construction which have lots of parts,
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components, suppliers, work centers and technologies. That is the reason for
their complexity. They are generally uncertain because the products are sold to
very specific customers in particular demand and usage. The factory layout for
super value goods are mostly fixed-position which the goods remain stationary
while the workers, materials and equipments are moved to the site as needed.

Consumer durable are typically technological goods which have been produce
in high volume which Japanese industry has been most successful in the
surveys. The technology itself may not be as complicate or require much

facility as super value goods. And they are not fashion-base like fashionable

goods. This group of product has h1 plex1ty and low uncertainty so it
located in the bottom-left grid of th@ e examples for this type of
products are white goods, simple autpm refngerators

'---._

Fashion goods are not certai
of the product changes rap
be very simple products sug

b ork. It characteristic
g ictaBI’y. other hand, they can
F l'ﬂles sQo jewelry and chocolate.

Commodities are made i1 2 lar\éa‘nmnber of customers.

The product detail is simple'a

The model can be appl T es!ses to create critical
competence in further busingss oduct type by the next
two models Gre”
r:!r _-.TI_:-.- i i#}y?#
Product Complexity
High
Low
A i
Agile KnJ\'lcdge Acqu?sition Knowledg Acquisition
_1 Produet Creation o+ Product Creation
Uncertainty | 14— ’g WEJW wsjﬁ]ﬂﬁ

A g

(Flexibility) (Cost)

Low

Figure 2-3a; Critical business model
Competitive Design Management: University of Warwick, UK, 2002 (chap.2, p.8)

The model shows that knowledge acquisition is the most important business
process throughout and that product creation is the most important in the top
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two, and product supply is the most important in the bottom two.

Product Complexity
High
< Low
'y
Product Design & Market Vision
Development
Time to Market
Information Technology
Uncertainty

. Manufacturing

Time to Mﬁ@% Productivity

My g "_../--"' Logistics
Low
Competitive Design Manage 5 UK, 2002 (chap.2, p.8)

. to focus on design
implementations where supe e BO olaiming at product design but
durable and commodity go J‘H ith processes redesign for

: Pareto analysis
technique. Pareto is na:rﬂl afte 5] ; economist Vilfredo
Pareto who determined that wealth 1S not evenly distitbuted. Some of the
people have most of the mehey while many others are not. The concept is for
focusing on the \ﬁw mﬁmﬁaweﬂﬁ ﬁ‘clasmfy cases
according to degr QLP rtzﬂ ﬂ\ ost important,
leaving the less important.

PQ analysicfshed ﬁd‘mﬁmmﬂﬂ SN s

makes lines on the chart to test the situation against several situations called PQ
ratios. A high volume of a few product types manufacturing appears as a 20:80
PQ ratio, where 20 percent of product types (horizontal axis) account for 80
percent of total quantity (vertical axis). This is considered a low-variety
production.
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Figure 2-4a; PQ analysis ch :80 PQ ratio
Cellular Manufacturing: Prodt L€ d, Oregon, 1999 (p.24)

A 40:60 PQ ratio, on the o
low volume of each type,
for about 60 percent of tota

types with relatively
duction types account

Cumulative
percentage
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Cellular Manufac ing: Product1v1ty Press, Portland, Oregon, 1999 (p.25)

35qlshbone ﬂﬂim NW']’J\V]EI’]&] t

lagram

There are number of tools that an organization can use for problem solving and
process improvement which one of them is called a ‘fishbone diagram’ or a
‘cause and effect diagram’. Fishbone diagram offers a structure approach to the
search of possible causes of a problem. It can be considered as internal analysis.

It was first developed in 1943 by Kaoru Ishikawa at the University of Tokyo.
They are also known as Ishikawa diagrams after their founder and Fishbone
diagrams due to their appearance. The name ‘Fishbone’ resembles its structure
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shape. This tool helps to organize problem-solving efforts by identifying
categories of factors that might be causing problems. Usually this tool is used
after brainstorming sessions.

Methods Material

Major cause

Effect

Figure 2-5; @onstruction of a fishbone diagram

In figure 2-5 represent a fishbone- r.- '1 ~ Eagl the factors listed in the
diagram is a potential source of ¢1 ect. Th t is located on the right side
and the causes on the left side: Fh¢ causal relationships are denoted by the
arrows between the major causes and the effect a véen minor causes and

; : ise is sull not obvious at this
point, additional investigation into the be-necessary, involving a
more in-depth analysis. More information maybe acquii@i by asking questions
about factors that afﬁpear to be-the most likely,sources of problem.

UEINBNINEINT

4. Types of ﬂroduction

ol K It i el

different production volume, workers and labors, process, and environment. In
this chapter will initially explain all types of production in the manufacturing
industries that change overtime.

4.1 Craft Production

Craft production is the earliest form of production that originated in Europe at
the end of nineteen’s century. It uses highly skilled workers and simple but
flexible tools to make what exactly the customer asks for. They make one item
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at a time with each job. Never had any two products made identically even
based on the same procedures. The good thing about craftsmanship is that it
gives full attention to their customers, and the customer gets what exactly they
want.

However there are obvious drawbacks of craft production. Production cost was
too high and that meant only the rich could afford. Production volume was very
low. Craft techniques inherently produced variations due to no consistency and
low reliability.

4.2 Mass production

\\

The mass production started at the be enties century by Henry
Ford who began the concepts, Uses narrow professionals to design

products which will be me:}?ﬁlled T sexm%(;eworkers. Machines in
mass productions are usu cdicatéd o sin@le expensive machines
which produce standardizedspt k: erﬁ-hig’.lg%‘hme.

. simple fitting with each other,

cther it produces low cost
reliability. As a result, the

Mass production uses interch@ingeable patts,
moving or continuous asse 1 |

consumer gets the low prigé atithe expesse of pr
the president of Ford’s Car guoges-that “custome
Tl

they want so long as they aré bldck” /"~

4.3 Vertical Integration ~— =
AT PR

_
e r ”

"

Further development ‘
house so he need Ford eat’s part with closer toler: and on tighter delivery
schedules than anyone hafpreviously lone

Vertical integration ,is norriatly ﬁerated inathe organizations with powerful

financial aspect. ﬂ wﬁegal w ?wﬂq anagement for
expanding growthqfor  integrating both bac suppliers and forward

distributors into consideration which dincrease oppertunity of gaining market
ot et LT AR AT h A Y Ccions
costs, inventorie creas in work “sched erations.
However, vertical integration is not appropriate for small or medium sized

manufacturing organizations which are not strong in financial investment and
resources to updating advance technology continuously.
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4.4 Lean Production

The complete vertical integration in fact is neither beneficial nor possible. The
suppliers and buyers relationship returned not long after the peak of vertical
integration.

Since 1970s high volume production to reduce unit cost is no longer effective
in a long run of business competition. To date, the world is embracing the new
technology development and ever increasing customer demand and market
expectation for low price, quality, service and choice. World class
manufacturers are geared up in facing this global challenge through lean
production led by Japanese leadiﬂé\l tures typically the Toyota
manufacturing systems. A host of tools and. idues of lean production have
been adopted by the Westemh’l‘s. [0St -1 nt of all is the wide
acceptance of the lean phil(ﬁﬁ@lﬁch as S n improving efficiency
through reducing or eliminatio ‘and|focus mx;g\ g lead-time.

5. Manufacturing

: " \ ]

b ihe of possible operations

ctiveriess o organization is closely
.ess. Creating an environment which

: is known to be one of the

it is important to be f
environments. On the on
aligned with the appropriate
will provide a distinct advanta
key objectives for manufac n the other hand it is also
important to understand the characteristics of the environment to be able to
control it and choose the, right control methods, th erefor redesigning further
processes correctly. ‘fv ——

4 7:~J

5.1 Types of Process — il]
Operations envir tSs ‘ e 0 e producing a
physical product mgr ‘ﬁ 1ge. ﬂc ss/types are found

in a wide range of‘hanufacturing and service setting. The concept is to have

el e dtote £k R e et

time than nedessary and lose position in mar

This section starts by defining features of the four basic process types which
are job shop, batch, repetitive, continuous flow, and cell.

5.1.1 Job Shop
Job shop manufacture is when very small lots or even single products are made

in response to separate customer orders. It generally operates on a relatively
small scale when a low volume of high-variety goods or services will be
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needed. In practice jobbing shops can produce small batches of product, but
each batch is a one off.

Processing in a job shop is intermittent. It shifts from one small job to the next,
each with somewhat different processing requirements. High flexibility of
equipment and skilled workers are important characteristics of a job shop.
There is a high degree of interpretation of the customer’s requirement and the
supplier also requires a high degree of operator skill to cope with the one off
specialist jobs. Because each job is different, investment in jigs and fixtures,
automation and dedicated equipment can not normally be justified. The piece
price is often much higher than the same product in volume production.
Manufacturing examples of a job shop i‘sa? ;tr t product, prototype, tool, and
die shop that is able to produce one-of-a-Kif ls. A service example is a
veterinarian’s office, which is.able to process & y of animals and a variety

f injuri d di . —
of injuries and diseases.

The job shop provides an)mﬁ'/

skills of its operators, and

roduct range, limited.only by the range of
nent it has available. In strategic terms it

must compete in areas rather ¢ such as differentiation.
gl .
5.1.2 Batch % | ,5 4
S

A batch manufacturing process is used wh@}f*a’f moderate volume of goods or
services is desired, and it can h dle.d.moderate variety in products Or Services.
The product is processed in lots, ,pék;h. .item@r‘_f@oddction passing through the
same sequence of operations. The e'qﬁ;pmen@féd not be as flexible as in a job
shop, but processing is_still intermiftent. The skill level of workers does not
need to be as high as in.a‘job shop because there is lesuaﬁgty in the jobs being
processed. Y, -

=i

The implication with batdl‘# manufacture is that the repetftive demand of similar
products allows batches to beseollected together and manufactured in the same
run, but that the variety of products'offered means: thaf between each run the
processes must be geset t6 make' a stightly different batch’the next time. For
example a company offering a very wide range of product optigns, with low
volumes forl €ach |opliefl ‘may, Shobse | to/ marufdctude | in) batches if the
manufacturing process time is low, ‘or set-up times are ‘very-high.

On the other hand a company selling large volumes of similar products may
choose to manufacture in batches rather than a line or flow process if the
manufacturing content is low. The procedure followed in batch manufacture 18
to divide the manufacturing task into a series of operations which together
make up the complete product. A series of operation is usually grouped
together and carried out on batch of products. When all of this series has been
carried out on batch it is passed on to the next department. Sometimes
components or products are passed on prior to completion of the whole batch.
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These are sometimes referred to as transfer batches. If short manufacturing lead
times are important for example, passing on small transfer batches to the next
series of operations is beneficial.

Examples of batch manufacture are stamping die and sheet metal punching
which require new setting up when making new parts. Other examples might
be manual assembly of components where a batch of the same component is
processed before the operator changes jigs or fixtures to process the next batch.
In practice batch manufacturing environments are found across a very wide
cross section of manufacturing. From the survey, trends in the 1990’s towards
lean manufacture imply a general move t \des reducing the batch sizes.

Volume ﬂex1b111ty can be achieved m 'ba facture by reducing the
normal 'economic batch quan%atch S12 minimum. This can be
achieved by reducing se Wasm Sin, Wte Exchange of Dies
(SMED) principals. Jig and fixtuse Uesign is often &so ce of reducing the set-

up time for assembly taskseT

r, at can changé very quickly from one
component to the next, thei .

be reduced. Components can be

produced in the quantities and# : mahde by the market.
k7 7 a L]
5.1.3 Repetitive f AN S
i:)._l‘ AT
Repetitive process 1S requii éil“p] sher volumes of more
standardized goods or service Th‘a"co isistent output means only slight

flexibility of equipment is need d.uSk?]] of workets is generally low. Examples
of this type of system include prodﬁ%n h%; assembly line. In fact, this
type of process is sometlmes referred to as as

Familiar products made..b& hese systems 1nc es and white goods
such as television sets, peicils, and computer : ’-fq" like Mc. Donald’s,
KFC, and Dunkin DonufS. An example of a service syStem is an automatic
carwash. Other examples offscnvlce include cafeteria lines and ticket collectors

stspors evets snfRi ey I VIV I WE 119

A llterature survey at Harley-Davison ¥ ork assembly plant in Pennsylvania by

e ot R VPO ROV 4 B R A0S s

finish goods.

5.1.4 Continuous Flow

When a very high volume of highly standardized output is desired, a contin-
uous system is used. A flow or continuous process is considered as highly
repetitive process which could theoretically run 24 hours per day, 7 days per
week, and 52 weeks per year. It normally manufactures the same product or
products with no change.
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These systems have almost no variety in output and, hence, no need for
equipment flexibility. As in assembly systems, workers are generally low
skilled. It is normally true that if wider product ranges are to be processed on
the line, then the investment to provide the flexibility is correspondingly higher.
Line rates and line balancing are also important considerations when mixed
model production takes place on the line. The willingness comes to design-in
labor saving automation and other dedicated facilities to reduce the cost of
manufacture as major improvement target.

Examples of products made in continuous systems include petroleum products,
steel, sugar, flour, and salt or the productio of Coca-Cola. Continuous services

Internet.

|

Table 2-2; Comparison betweWs o(?r cq
o "“:“"‘"-.. .

include air monitoring, supplying el@rf/f/mes and businesses, and the
N
— o,»{"’_. |

1 r s
Type§ d Job Sh c \ %ive Continuous Flow
Detail N
. .;ﬂ & "\L‘
Customized ate_,,; @ Highest
a onuzation d -
Characteristic | goods or - ésd 4 W ices standardization of
services . A goods or services
WIC@ d:d[ L y
P R
oW @dﬁ: Jp" 1 - \ @
Volume Low m z!"’!rf:\?_.‘ Hi | Very high
Vari Very high ﬁ_[@@e Low Very low
Ay customization -m;sj:@'mrz?ﬁ tomization customization
(A " A‘:D
Able to handiea—| 7 . .. = e Lowt ;lcost e Very efficient
Advantages | wide van(jﬂ by ghvolume |e Very high
work volume efﬁciﬁﬁt volume
| o /
.gnllm TWHNINEINT |- veyrsa
e High unit cost| costsper unit | e Low flexibility e Lagk Of? VeALIEE
Disadvantﬁ “eMad 4 i PRI 0
TR TEERIA (oo 7 6] Banee
g : Hea? | @ Very high cost
scheduling complexity of downtime

The practice in many operations environments surveyed since 1990’s 1is to split
operations into small manageable sections, often known as cells, which are
managed and controlled de-centrally. So there are three characteristics which
can be used to describe an operations environment:
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1. Repetitiveness and volume of operation:
2. Product or process orientation.
3. Grouped and controlled centrally or de-centrally and non-cell or cells

Operations environments in practical consist of complex different types of
processes, often being formed with a combination of elements from the range
given above. For example, a company manufacturing parts for the automotive
industry might have a jobbing shop for producing prototypes and repairing
tools. It might also have a number of product based component cells for
manufacturing the main components in batches, and assembly lines for final
assembly.

\I/
5.1.5 Cells N %

— — "
Cellular manufacturing CHVW cafl take a variety of forms. They are
often characterized by de- liz€Control, t"eaE‘Mng, multi disciplined
operators and managers, { rather than process oriented machine
groupings. The sort of itions for which cells would be an
appropriate choice woul h volume to justify dedicating machines
to products, but with high ope more easily with changing conditions,
fast product introductions, ¢ Qualityfbmd ity requirements.
a:r i y
‘what might have been
process based layouts into groups of tirachings, and rocesses dedicated to one
product or a family of products: H;tﬁ_@'_-the impligation is that volumes are a bit
higher than batch and variety is lesser than both jobbing and batch.
e

$ o,
=

=
s

¥ .
The other side of the co_%et is that often cells a 5d and controlled de-
centrally. From a Harvaid Business Review, May — Jui€ /1974 by Wickham

Skinner. He discussed ilﬁut the concept con ate o;lf‘ the idea of choosing
certain products and techiiologies and focusing on developing core competence

in these areas. Other gl‘aneral products’ and technologies would be

subcontracted or fﬂs%c RS IWEI T

Skinner argues that a company can only perform well in a small number of core

oo T 6 WL AR Sl S TR IR B e

factory can be set up. This corresponds to cell concept where a separate section
of production is formed. The section is managed locally on a day to day basis,
allowing the section to develop and improve it’s competence without
interference of central authorization.

In this respect the management side of the cell concept is applicable for many
manufacturing environments. There are variations in the way the concept
works in practice. For example, a factory which produces a range of quite
dissimilar products, but whose main raw material across the range is common,
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must have a central function controlling the purchasing and scheduling of that
material. Conversely where each cell uses very different raw materials there is
the opportunity for de-centralized raw material call off from suppliers.

Furthermore, the equipment and operating performance in cell usually laid out
in a curved shape to bring the end point of the process close to the beginning
point to minimize the distance the operator has to travel to the begin the next
cycle.

5.2 Order Environments

Manufacturing companies operate m\ *
depending on the certainty of demand of cu
long they are acceptable of ‘
aspects which are:

A =
5.2.1 Make to St /| \

Make to stock is usually appligd / ,:buIIi materials such as steel, glass or
chemicals, or to a limite ' It is appropriate when the
manufacturing lead-time is IVery Jead-time required by
customers. It is inherent 1 i

ifferent order environments
_ordering volume, and how
‘types of order into two

Therefore, inventories cost are'the ma tors for consideration. The cost of
holding inventory, especrally of fm‘i’ﬁd goods, has to be accepted as part of
the expense of remainin, compe’htfve-(m delivery. There should be preventlve
stocks to handle occ failures in ablc_to_maké D1 trme in case of

transporting failure, ané
st always meet the

overcome seasonal demaii( gc - r@n
peaks. According to the and for the product must bestable, and reasonably
predictable by hrstori'];cal recérd»Generall %cmtbmers order the goods in a very

high volume in si S NEVIINEIN?

It is often poss1ble to hold stocks ofﬁ’part—fuushed-.goods especially at some

stage 1mme® ’tmg' mﬁl‘w mah the total
lead-time can, ho infainin tories of
fully-ﬁmshed products This is often referred to as assemble to stock
environment.

5.2.2 Make to Order

When customers order in lists of products and services to make the company
produce their good and services to suit each order requirement in low to
moderate volumes, it is consider as make to order environment.
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This environment is mainly confined to discrete part industry. It is particularly
relevant in high value product markets or those where design changes occur
frequently. Obviously, jobbing production such as pattern-making is virtually
always to order.

Between these two environments are a huge range of possibilities and the
impact of customization and range of options. The strategy of whether a
company makes to order or makes to stock is greatly affected by the P and D
ration (P/D).

d D time is the delivery time the
t. e customer is not prepared to
wait any time, that is means 18 higher thau'l#Then the manufacturer must

The P time is the production lead-time,a

If delivery speed is becomifig astitgly it ,mpet1t1ve advantage,
then again this must be™ reflected he manufacturing environment.
Manufacturing process timgg' use to buffer stocks
are all keys of reducing the B, companies want the P
time to be much lesser thanghe 2 ha an make to order and avoid

Hand gver
At Supplier to customer
. i A
Procure | KN UIACTLT s s R 1o iy SULERS Fiight
Raw < A i Test

Matocial

Hand over
Specuiation Tme _ - to clistomer
el qﬂl f; T If“
4 1{ a
wed e GRS w0
Equipping Trim
The Gap that has
to be bridged Cusiomer
places
Order

Figure 2-6; P time and D time in Aerospace industry

Logistics and Operations Management: University of Warwick, UK, 2003 (chap.l, p.7)
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6. Facility Layout

Layout refers to the configuration and determination in replacing of
departments, work centers within the department, workstations, machines,
equipment, and stock holding position, particularly emphasis on movement of
work through the system. The objective is to ensure a smooth flow of work in a
factory.

As in aspect of system design, layout selection is important for four basic
reasons which are:

e They require substantial invasttl}@ul ney and effort.
e They involve long-term qdi{mimien make mistakes difficult to

overcome. 2
£ on the @ciency of operations.
i types of Iaygut\esigns and the models

e They have a signific
o1/ implementing. thiee different areas of

design, process design, or logistics.

used to evaluate d
e They are great

logistcs (| = | Pi0oes

W
¢ o,

AT Badabrd b it e A%

www.opm.wb.utwente.nl/staff/ronald/ps3.ppt

The need for layout planning arises both in the process of designing new
facilities and in redesigning existing facilities. The most common reasons for
redesign of layouts are to increase efficiency in operations and create optimize
both labors and spaces. Change for better layout will result overall cost
reduction in material handling, reducing cycle and delivery time .And also
eliminate bottlenecks, improving safety and better environment such as lesser
accidents, hazards, or mental problems. It offers capability in designing current
products and services or an introduction of new ones and even for the factory
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adaptation which require changing methods of work into different
manufacturing environment or production volume as well.

There will be three basic types of layout in consideration to apply in the sample
case company which are process layout, product layout, and cellular layout.

6.1 Process Layout
Process layouts are design to process items or services that involve a variety of

processing requirements. The characteristic of the layout is to separate work
into single functional department or work center separate each group of job

from each other from which si \ H | i / ctivities are performed and
grouped together. The variety ¢ F job cessed requires frequent
adjustment to equipment whichwill cause int workflow. Example of a

process layout expressed in’ T1gUte=6 is he shop usually used in
jobbing or batch environme uf"” iced 1 artment for milling,
drilling, painting, or grindi SGIV h different needs.

BRI A Y

Work in process that require those operations are frequently moved in lots or
batches to the departments in a sequence that varies from job to job. The
movement between departments is to use trolley or vehicles like trucks and
forklift to transfer goods. The usage of general equipments creates flexibility
necessary to handle a wide range of processing requirements. Workers who
operate the equipment are usually skilled or semiskilled.
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Department Department Department
A C E
Department Department Department
B D F

Figure 2-8b; Departmental arrangement typical of a process layout

Process layouts are quite common in environments. Examples include
hospitals, colleges and umversmes, mt/ repair shops, airlines, and
public libraries. For instance, ents or other units that
specifically handle surgery, m p@atrmhlamc emergency, and
geriatric care. And unive separate seliools or departments that
concentrate on one area of s | %ess?é’ngx&nng, and science.

\

Because equipment in a
processing sequence, the sy
mechanical failure or abs

Mo
Maintenance costs tend t 1 beeav ment is less specialized
than that of product layouf; ie-.fgr chinery permits repair

personnel to become skilled i that

similarity reduces the necessary M#esﬁnent in Spare parts. On the negative side,
routing and schedulmg must be don,c,@n a | basis to accommodate the
varlety of processmg dq_llnands typlcally 1mposed M se systems. Material
________________________________________ dly much higher than
tantial due to batch

processing.

V- gﬁaﬁww“%’ NEN

The advantages of the process layout are:

. e RRABA H T W BB Bocesin

requuﬂments

e General purpose equipment is often less costly than the specialized
equipment used in product layouts and is easier and less costly to
maintain.

e It is possible to use individual incentive systems.
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The advantages of the process layout are:

e The main disadvantage is inefficiency because jobs do not flow through
system in orderly manner and equipment utilization rate are low due to
its complexity.

e Backtracking is common and queues tend to develop.

e Movement from department to department can take a long time and
routing and scheduling is complicated.

o Storage space is large around work centers to accommodate large
amounts of work in progress inventory especially batch manufacturing
with moderate volume.

e Cost per unit is higher thap\k‘%yout with higher degree of
N /

customer’s satisfaction. A\

-ﬂ'—"'— ‘
6.2 Product Layout /

Product layout is also kn
line according to sequence o
to achieve a smooth and #épi
system. This is made possi
allow highly standardized, co
series of constant tasks req

ne which ges activities in a
produce the product. It tries
es of production through a
1 }ﬁ)ods or services that
rk is divided into a
labor and equipment

which is suitable for repetitive and flow envirom

bt
The large volume handle by theggd;__sy_m-TT,m_s__,%advantages by economic of
scale and economical towinvest money in’ equipmentijob design because only
one or a few similar It€MS-aie-HivOve—ti-is-1cash e an entire layout
to correspond to the teChn of the product or
service. For example of ‘l‘jlanuféic aring operation requited the sequence of

cutting, sanding, and pamtu&g The approprie pieces 0 equipmentfvsii)uldtge
: ch.item follow the

arranged in that s ‘ c-pattern, an
same sequence Ofﬁﬁﬂo t Sﬁr od fixe ﬁt ial transferring
equipment such aS8! conveyers to transport items between work stations

Work Station Work Station Work Station
| 2 3

Figure 2-9a; Operation sequence of a work station in product layout
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layout

Without high standardization gmany of the epetitive processing are
lost. When lines are used, ¢ on - nade. For example, an
automatic car wash pro s-e same amount

soap, water, and scrubbing- _though ffer considerably in

cleaning needs, As a result, ve ty+C t o me out completely clean,
and relatively clean cars go thry he samgsystem with considerable waste
of soap, water, and energy. ;
Product layouts achieve a high b and_equipment utilization,
which tends to offset thetr high nent costs. Becat seitems move quickly
from operation to opera ation, the an “ess is often minimal.
However, operations are ﬁ 0se the entire system is
highly vulnerable to be g shut down because of mcchanical failure or

absentees.

——— Hﬂcﬂ;ll’lﬂ YN i

failure actually happens. This will inspect for highfailure rate that.reduces the

i QRS A R0 90440 § o
preventlve a etel a ust take
measures to prov1de quick repalr These include maintaining an inventory of
spare parts and having repair personnel available to quickly restore equipment

to normal, operation. These procedures are fairly expensive because of the
specialized nature of the equipment.
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6.2.1 Advantages and Disadvantages
The advantages of the process layout are:

e The main advantage is due to its general efficiency in high output rate.

e Low unit cost and material handling cost due to high volume and
because unit follow the same sequence of operation.

e It provides a high utilization and standardization of labor and equipment
which reduce training cost and time.

e The activities are fairly routine and do not need much attention once the
system is activated. \ l /

The disadvantages of the process%_i= out are///

flex bnlwds to change when

ted which requires purchase of new
\ Ch\

¢ The main disadvantage.as_ —
significant new desi
equipment and new
e High fixed cost as
as expected.

and maintaining equip

e There is a high rate
or absentees.

an effort to capture toge ex both beneﬁts of hrod ayouts and process layout.
Eventually, a system that is flexible and yet cfficient w1tﬂ low unit production
costs is designed to be known as cellular manuyf; ctunng

Celtuar tayout is Byl heghd WY | ib"nﬂsﬁlh’;mﬁms of prodiuct

and process layout§|"I It groups dissimilar machines into work centers called

cells that ﬁ essing
requirf:mengoﬁmaﬁl ﬁmmﬂiﬂ %}ﬁeﬁa:gnem or
manufacturing which require quite a high amount of volume but slightly less
flexibility and variety than batch environment. The cells may have no
continuous movement such as conveyor of parts or sub-assembly between
machines, most manufacturers use trolley to move work in process parts but

sometimes may have a flow line connect by automatic transfer.

Large machines which cannot be split among cells will not be removed but will
be located near other cells which use them. Layout of machines within cells
resembles small assembly line, which means:
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e Line balancing procedures can be used.
Workers skilled at operating all machines in cell, often at same time.
e Layout between cells is a process layout

6.3.1 Types of Cell

In 1998, a studied by Mr. Kantachart Krungsumlucksme decided to break down
manufacturing cells into three types which are component manufacturing cell,
process cell, and assembly cell.

y co-locating and managing as a
er a family of geometncally

1. Component manufacturing cell are de
single unit all the equipment needs tahl
related components, or process. related ¢

There are responsible fo
the output of a finished fannly%omp ne

nd-all the processes requlred
machining, drilling, milling, ‘etc. those-ate !0:‘ c:ated in cell. Component
cells have a series of customers . ‘ W \b iness to satisfy.

ﬂsme\

2. Process cells are define s they carry. Q‘t such as heat treat,
surface treat, etc. They are built i 4 core process which they provide as a
ing.selling, and. this, service to the other
team leaders in the business ing thef to it. The team leader in
the process cell will form &vogking relationships with the people in the cells,
start to understand the worki terns of ¢ understand what they

3. Assembly cells characteristics ar'%at ltﬁfgam'zed around a family of
assembled products rather than a ffnmly' 0 nents.. They are planned

of ' inal assembly. The
complexity of the produet othe d. both a subassembly
and a final assembly. Sub ¢ ssembly cells di s from one or more of the
component cells from e external supphers who prov1de bought-out
component. Excel meﬂr’ act as enables for teaming and
team-based mamﬁti‘; @nﬁ t a@e benefits in

productivity, lead-time an

6@%’?@@@‘3‘@” URNINYAY

Cellular manufacturmg must have groups of identified items with similar
processing characteristics. This strategy for product and process design is
known as group technology and involves identifying items with similarities in
either design characteristics or manufacturing process characteristics, and
grouping them into part families. Design characteristic are about ergonomics
that include size, shape, and function while processing characteristics involve
type and sequence of operations required.
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Figure 2-10; Group'@

Operation Management: Wi

ing process
ill, 2002 (p.239)

Material in : H e
Aus PmISNEgns’
QRIASMI I ANE1AD

Figure 2-11; Group technology provide single worker with multiple machines
(Layout Planning: M. Tersine, p.19)

Finish goods out

The below figure will describe how cellular layout different from process
layout in a machine job shop which consist of many manufacturing procedures
such as lathing, milling, drilling, grinding, and assembling.
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~ L ™
I T (Sa—

Receiving and A |
shipping aa E

Figure 2-12a; Process la f wit technology cells

Figure 2-12b; @;Qﬁ “giqlﬁj mﬁ wi':wﬂoqg ﬁlﬂ;@logy cells
e e DA RES B DI b ot

of the operations necessary for a
group or family of similar parts. Thus, all parts follow the same route although
minor variations like skipping an operation are possible. In contrary, the
process layout involves multiple paths for parts and there is only little effort or
need to identify part families which will easily cause bottle necks, idle time and
delays.
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4

Figure 2-13; Example of cgllular lﬁyod;[r with group technology cells

6.3.2. One-Piece Flow Wrdnr ¥

Cell also enables one-piece flow of p}oducﬁ"f;ﬁ dine like referring in figure 2-
12b. One-piece flow is the state“that exists when products move through a
manufacturing process one unit at 4 fime. at a rate.determined by the needs of
the customer. The opposite of one-piece flow is large-lot production. Although
many companies prodhéj:—goods—m—tmge—tots—or—batcﬁésf that approach to
production build delays iato the process. No items ean-ifiove on to the next
process until all the items_in the lot have been processed.

6.3.3 U-Shape Production Line

Generally, straight production line may seem simple and easy to control but it
is not truly efficient,and cause intangible problems-like,human aspect. A long
straight line"of productionmightdnterferer with travel of workers and vehicles.
So a U-shapé line was developed with number of advantages that is worthy
considerable. One important advantage is that it increases communication and
stimulate team working among workers along the line because workers are kept
inside U-shape area. A U-shape line requires only half the length of the straight
line. Flexibility occurs because workers can handle on both sides of the line.

U-shape for cells is popular for manufacturing cells because it facilitates
rotation of workers among several machines and can reduce morale problems
and also numbers of workers in traditional system.
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""""“’\
e

Workers

Figure 2- . U-sh:
(Layout PI& 14

e The main advantag fre material handhing cost and transmit
time during manufagtuging - 1'. ‘\ It will shorten the
production lead-tim : Stomiers \

e The layout provides ility, to- reduce work in process inventory,

making in small lots, whiCh is‘easier forsmanage and control along with
other pull-system such as Kanban syste
e Saves spaces in the fact at. can be’
purposeg » et
e There is a way Ofsie
the smooth and rapi
s It provides better s of human resources according to U- -shape line (1css

man with multiple Ig.achmes or _]ObS and team working approach in

AN NI NN

The disadvantages of the cellular layog,t are:

. e RRABSD IO MR YA Bhe v

machifies and equipment because it requires multiple small-size
machines rather than a single powerful one needed in each cell.

e Expanding trained workers is needed due to cellular layout utilized man
to do different jobs.

e Complications might cause inadequate part families and difficulties in
aligning machines within cells. So the layout is appropriate only with
medium-size factory.

e Poorly balanced cells usually occur with loose planning and especially
when there is new product development.

ed for other value-adding

4“ bottle neck due to
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Pass literature in Thailand shown that in 1989 Mr. Jirasak Charoesook research
aimed to compare the operation performance of a shop with group technology
layout together with process layout. The shop under the study is a flat sheet
metal fabricating under the same production conditions.

In order to determine how the cellular manufacturing system can be beneficial
to the factory, the possible changes in production management are studied. By
varying the reorder cycle time, number of product per order and production
volume per order, the performance of the two layouts are compared in term of
manufacturing flow efficiency. The results from the simulation confirmed that
the cellular manufacturing with produc mix exhibited superior operation
performance than the process layout _]03\,;1

In 1998, Mr. Kantachart KrunMucksm m the way to develop a
cellular manufacturmg and - plait for mantifaCturing cutting die as a
case study. The case is the f cutting die. ds i i
made to order manufac ' 1t
usually ordered in reasonab

m " with work in process, long
es can do oﬁly one task. Cellular

F 1_ P -
The surveys evidenced that there ar‘%me
implemented in Thailand for manufacturing’ and components,
but yet there is no fu:ther studies of ap g,_.‘_ ells on mbling company
before, which require veg - for progess sequences and
methods instead. J‘

7. mplemefii Shepiet 1) T 91 £1713

This top1c w1ll descnbe some eﬂfcxent metho@s that mi t be' decided to

apply in re ’%M w ﬂﬂ ms will
focus on t1n|e ased 1mplementations to reduce produ me and

manage other operating activities. The detail will cover about processes and
operations, Kanban methods, and time-based technique.

7.1 Processes and Operations
A process is a continuous flow through which raw materials are converted to

finished products in series of operations. The focus is the path of the materials
as they are transformed into something to sell.
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Manufacturing processes have four basic types of steps or phases:

Transformation: assembly, disassembly, alteration of shape or quality
Inspection: comparison with a standard

Transport: change of location

Storage: a waiting period when nothing else is happening

Materials and parts often go through several steps during a manufacturing
process. Notice that only the ‘transformation’ step adds value to the product.

orkers or machines on the raw
improvements will focus on
ts include studying the
ight or angle of a work

——

An operation is any action performed
materials, WIP, or finished goods. S‘B\p

how specific actions are carried out. In
motions requlred for a specﬂ?%n; adips
surface for easier use, and

50 Olkur ——
7.2 Pull System / B\ \

The term push and pull are |
work through a productio

]

cturing or mass production

Traditionally, push syste used i
ork i p hed to the next statlon

environment. A push system xﬁ‘leim byJ

finished goods inventory to tocﬁ “them. /¢ ary, pull system deﬁnes a

workstation that only depend output jﬁ)ﬂ a ling station only as it needed
by avoiding storing hugexjnle of work in pt“ocess of W and parts.
In a pull system, contmT gfillowing operation.

Each work station pulls the output fr ing station in the amount it
needed. Output of the final operation is pulled by customer demand or the
master schedule. T from the next
stage of the procesﬁvw ﬁyﬁﬂ% gﬁﬂﬁs it completed,

without regarding té/the next station readiness for the work and consequently

S nR R R

T.2:1 Kanban Method

In 1978 Toyota’s chief production executive, Taiichi Oho has written a book
about Toyota production system. The book explains about Just-in-Time and
Kanban system.

Kanban method was originally developed at Toyota in the 1950s as a way of
managing material flow on the assembly line (Perelman, 1994: 85). It was
another type of pull system. Over the past three decades the Kanban process,
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which Bernstein (1984: 48) identifies as a highly efficient and effective factory
production and inventory control system, has developed into an optimum
manufacturing environment leading to global competitiveness. It also
encourages industrial re-engineering such as a “module” and “cellular
production” system, and, Japanese human resources management, where team
members are responsible for specific work elements and employees are
encouraged to effectively participate in continuously improving Kanban
processes within the Kaizen concept (Stainer, 1995: 11).

In order to ensure that the objectives are met, the control mechanism relies
upon a pull type to call for the producti dehvery of parts as replacements
for the parts already in use. The ]ev l ry within the system is thus
controlled by the form of the pull

A lean manufacturing syste one OIE thaf m throughput or service
demands with very little mve FoDes i,tg its ant success, Kanban
a

control is not a perfect mge sieto’ control a lea em. Kanban control
Jul ‘m to regulate production. When
vel. the upstream machine is told to stop

uses the levels of buffer mnve
producing that part type. . — \

a buffer reaches its prese

¢ Kanbans, between a
t have a card before it

it in the downstream (or output) Bﬁr -:::;‘
make parts to pass on to the nexé stage of production only when there is a
Kanban available. T 4 . £

The number of cards circutating determines t Zirzﬁ)since once all cards
are attached to parts in the buffer, no more parts c e made. When the
machine picks up raw matefials to perform an operation, it also detaches the

card that was att ﬂﬁtﬁaﬁmzﬁamg r1rculat<:d back
upstream to signal r“operation. This

way, a demand for a unit of finished goods percolates up the processing stage.

YRIANNTIUNRTIINYTIQE

e e o=

Figure 2-15; Overview of a Kanban system
Source: http://web.mit.edu/manuf-sys/www/amb.summary.html

Figure 2-15 represent a Kanban control. The blue line describes the movement
of parts or materials while the red line is the circulation of Kanban along the
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processes. Machines are shown as circles and buffers (WIP) as triangles. The
last buffer is the finished goods (FG) inventory. Kanban control ensures that
parts are not made except in response to a demand. For example, a supermarket
will restock the shelves only when the goods have been sold.

In a Kanban system the number of cards will set an upper limit to the amount
of inventory between any two successive stages of production. Therefore, the
number of Kanbans directly controls the level of work in process inventory in
the system. So it is necessary to decide about number of Kanbans required by

any particular production unit.
The theoretical number of Kanbans ed can be calculated with the
following formula: \\\‘T //
N /é:
n -‘\_\.‘ D *
— - | —

/I

where n = Number VN .

D = Demand
L =Lead ti
s = Safety st

'- - &
Takt time and cycle time'jare almost in common. Takt time is used in time-
based method as a basis for'déing time obserVdtion sheet or value added sheet

in cellular manufa ‘ Iﬁ;}(l%ne_ ﬂnwicwgr%ﬂoﬁonﬁnuous line

production known asasse

¢ o o/
e e S TR AR bR
each product;necds to be Comple eet custo equi ts. It is

calculated by dividing the daily work time by the daily required quantity.

Takt time = Daily work time
Daily required quantity

Takt time is expressed in minutes or seconds per unit, becoming the pulse of
the factory. By coordinating process cycle times with takt time, the company
can avoid excess product inventory.



7.3.2 Cycle Time

There are various aspects of assembly line from fairly short, with just a few
operations to lines that have a large number of operations. Some lines are quite
intermittent such as batch manufacturing while some are truly repetitive and
continuous in an environment such as flow line. Repetitive or cell assembly

line are located in the middle range with the mixture of both environments.
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Figure 2-16; An illustration of assembling step in automobile assembly line
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Line balancing method is about the techniques of deciding to assign tasks to
workstations. The objective of line balancing is to obtain task groupings that
represent approximately equal time requirements. This minimizes the idle time
along the line and results in a high utilization of labor and equipment.

Idle time occurs if task times are not equal among workstations. Some stations
are capable of producing at higher rates than others. These fast stations will
experience periodic waits for the output from slower stations or else be forced
into idleness to avoid buildups of work and stocks between stations.
Unbalanced lines are undesirable in terms of inefficient utilization of labor and
equipment and because they may c morale problems like stress and
pressure at the slower stations for workh\r‘(} st always rush their work.

Lines that are perfectly balaan‘hav a @ow of work as activities
along the line are synchrom@ o achie m@f utilization of labor and
equipment. / 70 | 0N \

7.3.3 Throughput \
worked! on fog he} with the time spent
#d & | o l,f,i"
: : 4 4

As a simple example, consider a gade@ as line that has six stations and
runs with a cycle time of 30 second's_=£f the ns are located one right after
another and every 30 seconds parts' move .'fr ste 'orzto the next, then the
throughput time is thre? < jchase, Aquilano,

Jacobs, McGraw-Hill,

7.3.4 WorkstationDesign |

¢ o LY
How does a mana e ﬂmﬂﬁm&qﬂ ds on what the
cycle time will %u 1 owed at each
workstation to perform assigned tasks before the work moves on, The cycle

o minte i AP LG ST Ml B R 5 e

minutes.

that the unit spends actu
waiting in a queue.

The maximum cycle time would apply if all tasks were performed at a single
workstation. The minimum and maximum cycle times are important because
they establish the potential range of output for the line, which can be computed
using the following formula:

Output capacity = oT
CT
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where OT = Operating time per day
CT = Cycle time

As general rule, the cycle time is determined by the desired output. So the
output level must have been selected then the cycle time will be calculated. If
the cycle time does not fall between the maximum and minimum ranges, the
desired output rate must be revised. We can apply another formula to find the
cycle time which are:

where D = Desired output r

The number of workstations that will be function of both the
desired output rate and our @ ine eleme sks into workstations.
We can determine the thee o numbe “stations necessary to

where N,i; = Theoretigal miiing

> t= Sum of td )
These evaluations can be made 16 b T ecedence diagram and task
arrangement solution which clarlﬂe/f table. Figure 2-17

illustrates a simple precgden:
be performed along with the seg
tasks must be performed. J

B AUBANeNT *Ei“ﬂ Mg o
AR ARSI U INGN &

q

O O—O— &

Figure 2-17; A simple precedence diagram
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7.4 Measuring Process (cellular) Layout Effectiveness

The majority of layout problems involve single rather than multiple locations
and they present unique combinations of factors that do not lend themselves to
a standardized approach. These layouts require customized designs and should
permit flexibility in design.,

The design process layouts require the following information:

e A list of departments or work centers to be arranged, their approximate
dimensions, and the dimension of ;the building that will house the
department

e A projection of work flow

e The distance between th
locations

e A list of any special consid
close to each othere

work centers

requency of loads between
e ——

B

operations that must be

Operation Management: Willj 5 A4 McGra: 111, 2002 (p.252=253)
From the received informatig derive fectiveness of the current
or a newly design layout by'cre tablelike below and calculated the total

effectiveness by multiplying totalnuniber of loads with total distance ranges
from all department relationshi ¢

Department Loads x Distances
1-2 60
o/
S TN RENT NG
1-6 1 AR 160
2-3 10 F-S ‘_EJ ) 20
s YW TN S TIVTE TR Y 150
3_4 15 1 15
3—-6 90 3 270
4-5 70 1 70
Total 785
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7.5 Sequence and Quantity Planning
Mixed-model sequencing begins with daily production requirements of each
product or model. For instance, suppose a department produces three models, A,
B, and C, with these daily requirements:

Table 2-4; Example of model require per daily

Model Daily quantity
A

c

There are three issues th
(C-B-A, A-C-B, etc.), an
be repeated daily, and thirdf:
each cycle.

e sequence should
model to produce in

Firstly, the number of cycl€s per day. 1ds on
Find a smallest integer that €an'e : ¢ nto each type’s daily quantity

nodel v s lowest quantity requirements.
For model A, B, and C shown_,_rijiﬂ@ pr . table, there should be five

a manager may choose for using the smalle producti on quantity to select a
number of cycles to make un,the difference

We determine the ﬁinuﬂ ADUNI NN, s

each model’s dally oduction quantlty by the number of cycles. Usmg five

oo o gt I RatY 02 A 1 0) 1 ('8

Table 2-5; Methods of finding production units per cycle

Model Daily quantity Units per cycle
A 10 10/5=2
B 15 15/5=3
C 5 515=1
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