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ABSTRACT 

This thesis will focus on the implimentation of 

cellular manufacturing and the issues that must be 

addressed for the successful transformation from a 

traditional functionally partitioned manufacturing 

environment . 

A large percentage of companies who attempt to 

transform a functionally partitioned factory into a 

cellular layout fail to obtain the benefits that it can 

bring. Research has attributed this to the lack of 

planning for all the issues involved in cellular 

manufacturing . It is necessary to address all the 

issues, not just one or two, or the negative effects of 

partitioning a factory floor (the loss of pooling 

synergy) may offset some of the benefits obtained from 

cellular manufacturing . 

The purpose of this study is to provide a manual 

that gives a general set of guidelines covering the 

major issues that must be addressed if the competitive 
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advantages of cellular manufacturing are to be 

obtained . Specifically, it will cover cell design, 

special problems that can occur when designing cells, 

setup time reduction, worker assignment within the 

cell, preventive maintenance, and labor issues involved 

in this type of manufacturing environment . 

Three business professionals participated in the 

study as evaluators . The evaluators work in three 

different disciplines; Purchasing, Operations 

Management, and Industrial Engineering. The evaluators 

were administered the manual and a questionnaire f o r 

the purpose of gathering their professional feedback . 

The questionnaire asked for validity/coverage, errors, 

and additions that need to be made to the manual. 

The results of the evaluation revealed the overall 

coverage is good. This indicates the manual covers the 

major issues of cellular manufacturing and it solves 

the problems occurring when the transformation fails. 

There are a few issues that were removed as well as 

added to the manual . This made the manual more 

applicable in a real life business situation. 

2 



THE IMPLIMENTATION OF CELLULAR 
MANUFACTURING ON TO A 

FUNCTIONAL FACTORY FLOOR 

Todd E . Ri chter , B . S . 

A Culminating Project Presented to the Faculty of the 
Graduate School of Lindenwood College in Partial 

f u l fi llment of the Requirements for the 
Degree of Master of Bus iness Administrat i on 

1995 



COMMITTEE IN CHARGE OF CANDIDACY: 

Associate Professor Danial W. Kemper , 
Chairperson and Advisor 

Adjunct Assistant Professor Laura Derigne 

Adjunct Assistant Professor Patrick Akers 

i 



This Thesis is Dedicated to My Family 

ii 



ACKNOWLEDGEMENTS 

I wish t o than k Gene Rich ter, Betty Richter, Vi cki 

Kaffenberger, Diane Krpan , and Kevin Nicolelli s for 

editing the text. I also wish to thank Laura Derigne 

and Patrick Akers for par ticipation on the committee . 

A special thanks t o my father , Gene Richter, fo r 

technic al compu ter ass is tance . I am also sincerel y 

indebted t o the evaluato rs, James Reagan , John Meier, 

and Brain Fergason, for their invaluable contr ibutions 

t o t he project . 

I am grate f ul to Lindenwood Col l ege , and Dan ie~ W. 

Kemper specifically, fo r the guidance and support 

throughout the project. 

ii i 



TABLE OF CONTENTS 

List o f Tabl es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 

List o f Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii 

I . I ntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Cellular Manufacturing 

Historical Pe rspect ive 

3 

9 

Need for Research .... ......... . . ......... 11 

Statement of Purpose .... . . .... ... ... ..... 14 

II . Literature Review ... . ................ .. . .. . 16 

Reason f o r the Manual . . . . . . . . . . . . . . . . . . . 5 9 

III . Methods and Evaluation ... . . ................ 61 

Materials 

Subj ects ....... . 

Instrument .... . . 

Procedure ...... . 

61 

67 

69 

70 

IV . Results . . ... . . . ............ . ............... 7 1 

iv 



V. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . q3 

VI. 

Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

Limitations 92 

Suggestions f o r further Research .. . . . .... 93 

Appendix A 

Appendix B 

Appendix C 

95 

120 

126 

Works Cited .......... . . ... .. . ............. · . 127 

Vita Auctoris ............ . . .... .. .......... :30 

V 



Lis t o f Tables 

Table 1 . The Benefits of Cellular Manufacturing .. 4 

Table 2. Design Stages of Cellul ar Manufacturing . 17 

Table 3 . Benefits o f Codi n g and Cl assification 
Metho d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Tabl e 4. KAMKODE Structur e ....................... 2 4 

Table 5. Improvements from Setup Time Reduct ion .. 32 

Table 6 . Manufacturing Envi ronment Assumptions ... 4~ 

Table 7 . Objectives of Preventive Ma intenance .... 53 

Table 8 . Questionnai re Respo nse s ............. . ... 72 

vi 



Li.st o f Figures 

Figure l. Functional Production Flow . . . . . . . . . . . . . o 

Figure 2 . Cellular Production Flow ............ ... o 

Figure 3 . Traditional Manufacturing .............. 8 

Figure 4 . Focused Factory ........................ , 

Figure 5. Planning and Operation .............. .. . 13 

Figure 6 . Sequence Dependent Setup Time Mat r1 x ... -

Vil 



Chapte r l 

I NTRODUCTION 

Current Manufacturing Trends 

Manufac turing d uri n g t he 1990 s i s re f lecting a 

trend for quality products t hat are a i med at satisfying 

customer needs. These customers are now recogni z ed as 

both internal and external. Internal c ustomers a re 

those within the organ i zat i on that will use a produc e 

previously produced internally for further value add e d 

wo rk . That is , employees wi t hin an o rga nization see 

each other as customers . Quality must be measured i n 

the terms of the customer, if it is to be used as a 

strategic compe t itive wea p o n (Bro wn 34 ) . 

External cus tomers a re b e coming more demandi~g a~a 

meet i ng their needs, whil e ma i nta i n ing pro fitabili ty , 

is becoming increasingly difficult. An e xample of t his 

trend is the aerospace and defense industry. 

Manufacturing in this industry requires designi ng, 

producing, and test i ng sma l l quantit i es o f elect r o nic 
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assemblies i n compressed schedules before ac tual 

pro duction of small quantities begin ( Fe rras 1 ) . The 

frequent changing of production equipment t o produce 

these small quantities will erode profitability if 

pro per manu factur i ng techniques are not i mplemented 

( J o r dan a nd frazier 7 0) . 

In addit ion to manufacturing high qua li ty 

products , today's manufac turers face d omestic and 

global competition in the areas o f rapid production 

i nnovation, cost effic i ency, a n d c ustomer 

respo ns i veness . Manufacturers must set up thei r 

2 

production facilities i n the most eff i c ient way t o mee c 

t his competi tion. 

Today ' s manufacturers must deal with inc reasingly 

demanding customers . More and more customers (bo th 

interna l and external ) are switch ing t o j ust-in - time 

(JIT) deliveries of parts . This will requi r e frequent 

de livery of small quantities of parts resu l ting i n t he 

manuf actu rers frequen t changeovers, short lead times , 

and high demand o n qual ity (Destefani 43) . 

Manufacturing fac ilities that are partitioned in a 

func t ional setup will be str essed to meet these demands 
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unles s they build huge i nventor ies o f fi n i shed goods . 

This action will begin t o erode pro fitabili t y a nd 

restric t a company from responding qui ckl y to customers 

needs . Flexibility in manufacturing i s the key to 

meeting these customers demands and maintaining 

pro fitabi l i ty (Choi and Song 399 ) . 

Cellular Manufacturing 

In response to these changing needs , companies are 

i mplement i ng cell u l ar manufacturing . Cellula r 

manufacturing is de f ined a s the d ivis ion o f 

manufa c t uri ng facilit ies into cells o f dis s imil a r 

machines such that families o f production parts can be 

produced, to the ful lest exten t possible, wi thin a 

singl e c e ll (Askin and Iyer 438) . The main benifits o f 

this type of manufacturing a r e reduced invento ries , 

reduced cycle t ime, and improved qua lity control . r~ 

more detail, the benefits of cellula r manufac turing are 

listed i n Table 1. In addition t o these phys ical 

benefits, employee moral e ( with its obvi ous benef its ) 

is improved as this styl e of manufact uring a llows the 

employee to see thei r work t u rn raw materi a l into a 
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Table 1 

The Benefits of Cellular Manufacturing 

1 . Elimination of or decrease in setup time and setup 
cost. 

2. Greater manufacturing flexibility. 
3. Reduced work-in-process and lower inventory (Just-

in-Time) . 
4 . Less floor space around the machines . 
5. Lower raw material. 
6. Reduction in the cost of good produced. 
7. Capability to use high-investment machinery in the 

production. 
8. Reduction in direct labor cost. 
9. Higher productivity . 

10. Minimization of through-put times. 
11. Minimization of material movement during 

production . 
12. Improved quality . 

SOURCE: Computers and Industrial Engineering. Exhibi t 
from "A Methodology for forming Manufacturing cells 
using Manufacturing and Design Attributes," by Ali K. 
Kamrani and Hamid R . Parsaei (1992). 

finished product . 

Cellular manufacturi ng a llows a compa ny t o respo nd 

rapidly to changing customer needs . Short product li f e 

c ycl es, small lot sizes , and high quality requirements 

are economically justified using cellular manufacturing 

t echniques . Companies u t ilizing this philosoph y wi ll 

have a great strategic competitive advantage over 
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competitors (Yang and Deane 413 ) . When a company 

decide s to change from a tradi tionally functiona l 

fact o ry l ayout t o a c e ll ular manufact uring layou t , 

management must consider many optio ns during des ign and 

implementation. Part families and machine grouping 

mus t be determined . This is very complicated because 

sequenc ing and setup/change - ove r cimes must be i nc l ~aed 

i n the gro upi ngs. A preven t a t ive maintenance program 

must be developed. Human productivity (union vs. non­

unio n) must also be considered {Faizu l 15) . 

Figure 1 illustrates a tradi t ional f unctional 

f actor y manufacturing flow diagram. Machi nes o f the 

same type are located in func tio nal areas of t he 

factory . In this simple example , lathe machines a re 

located in one area of the factory as are the o t her 

three machine types . During production, raw ma terial 

i s taken from storage t o the la the funct ion area wr.e,~ 

the required work is d o ne. With this style o f 

manufacturing ( f unctional layout), l arge lots o f parts 

are sent to functiona l areas where the required work ~5 

completed on all the parts befo re t hey are returned 

stor age. The parts then wait unti l machines a r e 
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Figure 2 

Cellular Produ ction Flow 
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available in the next func tional area . This is d o n e 

for all parts unt il they have completed each of the 

function s . 

7 

Cellular manufacturing ideol ogies rearrange c he 

f u n c t iona l factory layout into u - shaped cells that will 

produce a family o f parts (Inman 31 ) . Parts are 

g r ouped according to their design attrib u t es (p h ysical 

shape and size) and man ufact u r ing att ribu t e s 

(processing sequen c e ) (Kamrani and Parsaei 73 ) The 

fac tory is set up in a series of cells . Machines are 

t aken from the functi onal groupi ngs t o cells where ch2 

particul ar parts require t hat type of o perat ion . 

Figure 2 illustrates a cel lular manu f acturing fl o w 

d iagram. Smaller l ots sizes o f parts are processed 

because they are economically justi fied by che 

reduction in setup time achieved in cellular 

ma nufa cturing (Jordan a nd Fraz i er 70) . 

Mo st manufactur i n g requires mo r e 

o perations/machines than t he flow diagrams previously 

i llustrated. Many finished parts will require 

components added to them some t ime during the 

production cycle . Figure 3 illustrates a tradit i onal 
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manufacturing system producing a finished good that has 

three components added to it during product ion . fig u r e 

4 shows the same finished good produced in a cel lular 

manufacturi ng environment. There are three 

independently funct i oning cells . Each c ell has been 

designed around a par t family. The component cel ls are 

sequenced and positioned with the main assembly cell 

so the completed component arri ves at the ma i n c eil 

j us t as it is needed . This factory layou t is termed a 

f ocused factory a nd illus trates how cells can be linked 

for maximum productivity (Hanks , freid , and Huber 25 ) . 

Historical Perspective 

Cellular manufacturing philosophies of exploi t ing 

the similarities of parts and processes have been in 

evidence sinc e t he turn of the century (Kamrani, 

Parsaei, and Chuadhry 487) . In 1 91 9 , frederick Tayl o r 

introduced the ideol ogies behind ce llular man u fa c tur ing 

as a way to increase produc tivity (Kroll and Wang 2 1 . 

Professor Mitrofanov of Leningrad University coined the 

word ' Group Technology ' (a synonym for cellular 

manufacturing) i n 1 9 4 6 t o establish the re l ations h i p 
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between component shape and processing (S i ngh 281 ) . 

The adoption of cellular manufacturing techniques a nd 

practices first became common in the assembly 

industries, particularly electronics and automobi l e 

manufacturers (Knudsen, Jacobs, Conway, and Bl ake 186 ) 

The early uses of this type o f manufacturing were 

concentrated on part family manufacturing for batch 

type industries listed above. Parts were bro ught 

together that required similar produc t ion facil1c~e s . 

They were then processed in sequence to reduce setup 

times, in- process inventories and throughput t imes 

(Kamrani , Parsaei, and Chaudhry 487) . 

Curren tly, cellular manufacturing is used i n batch 

and jobbing production with t he primary object ive o f 

partitioning the factory i nto cells having a group o f 

machines and associa ted families of parts (Singh 281 ) . 

In 1984, the estimated number of cells in the united 

states was 525 ; in 1989 that number had grown to 8 , 00 0 

(Choi 66) . A 198 9 survey of 23 Ameri c an companies 

using cellular manufactur ing revealed that 61% ha d 

reduced setup time by an average of 41% (Jordan and 

frazer 70). For example , Gilbarco has reduced The 



setup time on a 100- t on press from 45 minutes to five 

mi nutes (Kinni 52). This reduc tion in setu p t imes 

leads to mul t i ple benefit s . Fo r example, Arizona 

11 

Prec is ion Sheet Meta l was able to reduce throughpu t 

time by 70% on cabinet manufacturing (Destefani 43) , 

and Eato n Corporation has reduced work-in - process (WIP J 

inven t ory f rom f i fteen mi l lion t o five mi l lion parts 

after a reduction in setup time (Wi tt 49) . 

Companie s in the 1990s are fac ing unprec e d er. ~e~ 

domest i c and g l o bal competi tion . Their cus t omers are 

f o rcing t hem to change the way manufacturing is car r ied 

out to meet t heir needs. Cell u lar manufacturing is a 

means t o achieving the desired quality and service 

requi rements of c ustomers wh i l e st i ll maintain ing 

profi tabili ty. 

Need for Research 

Th e previously mentioned statistic that 61% of 

companies that have i mp leme nted cel l u la r manu f acturing 

a re realizing a reduction in setup t ime i llustra tes a 

problem: 39% are no t realizing this reductio n . Burgess 

Brothers Inc. was l osing mo ney because their customers 



were o rdering 300 parts but wanted 10 to arrive every 

week, they could not afford to store 2 00 par t s 

(Destefani 43). The reduction in setup time is o nly 

one benefit but it leads to many ot hers. Many 

compan i es are not properl y or fully i mpleme nt ing 

cellular manufacturing. Therefore, many of the 

benefi ts s ought are not be ing realized. 

12 

In the United States, 80 - 90 percent of 

manufacturing fac ilities are organized as job sho ps 

(Kn uds e n , Jacobs, Conway , and Blake 18 4) . These 

manuf acturing faci l ities represent a situation where 

cellular manufacturing t echniques c an be implemented : o 

meet changing needs . Entire factories can be c onver ted 

t o cellular layouts making them more efficient and 

produc tive. 

Before implementation c an occur, howeve r, much 

planning and decision making must t ake place . The only 

way the full benefits of cellular manufacturing c an be 

achieved is to take in to account al l of t he issues 

in v o lved with pro per impl ementat i on . fi gu re 5 s ho ws 

the complexity of planning and operation that must 

occur t o gain the benefits of cellular manufacturing . 
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Product planning, productio n management , sa l es, and 

upper management must all be involved in the dec i s~o n 

making process to insure all aspects of the 

transformat i on are completed in the best possible 

manner. Simply instructing i ndus t rial engineers to use 

massive mathematical models and computer simulatio ns to 

ident i fy part families and mach i ne gro upi ngs wil l no t 

achieve the full benefits. There are many othe r 

factors such as the human issues, preventive 

maintenance, and inves t men t dec is i o ns t ha t mus t b e 

active l y addressed in the p laning of a cellular 

manufacturing environment if it is to perform in a 

manner that will allow the p articular o rganizati o n t o 

achieve a strategic competitive advantage . 

Statement of Purpose 

The purpose of this paper is to give the reader a 

plan of action for the implementation of cellular 

manufacturing on to a traditionally functional fact o r y 

floor . The plan will be given in suc h a manner as cc 

incl ude , or be directed by , a bus iness ma na ger . The 

plan will not be industry specific but will be general 



in that it takes a manager through all the issues that 

~~st be addressed for the proper implementation o : 

cellular manufacturing in any manufacturing 

environment . General guidelines will be given allow1r.g 

a manager to make informed dec~sions during the 

planning and implementation stages . 



Chapter II 

LITERATURE REVIEW 

The transformation of a fu nct ionally partitio n e d 

f acto ry layo ut to a cellular layout requires dec is i o n 

making involving many factors. Cellular manufacturing 

i s defined as the d i vision o f manufac t u ring facili t i es 

into cell s o f dissimilar machines such that f a milies c f 

p r oduction parts can be produced , to the fullest exten t 

possible, within a single cell (Askin and Iyer 438 ) . 

Singh s t ates the process o f designing cellular 

manufacturing systems is very comp l e x since it i n volves 

inte raction of many strategic, tact i cal , and 

operational l evel issues (edi toria l ) . Managers 

i nvolved in this division must consider a ll issues if 

the full benefits of cellular manufactur i ng are t o b e 

obta ined. 

The desi gn phase of c e llular manufac turing is 

where t he benefits c an be p r operl y p lanned . Kamran i , 

Parsaei, and Chaudry offer five stages of cellular 

design in Table 2 ( 488 ) . Within t hese stages 

16 
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must be included the human e l e ment ( Fa i zul 15 ) , se tup 

t i me reduct i on (Jordan a nd Frazier 70 ) , cell 

f l exibili ty t o meet chang i ng marke t cond i t ions (Choi 

and So ng 339 ) , and pre vent ive ma inte nance ( Ba tema n ~? ) 

Al l of these issues must be i nvolved in the des i gn 

phase if t he benefi ts in Table l are to be obtained . 

Obtaining the benefi ts o f cell u lar ma nu fa c t u r ing 

is what will c ost justi fy the crans f ormacion . Ylan y 

st ud ie s ha ve been c o nducted co dete rmine how di fferent 

Table 2 

Design Stages of Cellular Manufacturing 

1 . Selection of part popul.a tions and grouping o f parts 
into families . 

2 . Selection of machine and process populations and 
grouping of these into cells . 

3 . Selection of tools , fix tures , and pallets . 
4. Selection of material handling equipment . 
5. Choice of equipment layout . 

SOURCE : Computers and Industrial Engineerin g . Exhi b it 
from "A Survey of Design Methods for Manufac turi ng 
Cells ," by Ali K. Kamrani , Hamid R . Parsaei , and 
Mahfooz A. Chaudhry (1993) . 

variab l es in the opera t i o n o f the cell effec t i t s 
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perfo rmance. The results of these studies need to be 

comb i ned f o r all issues inv o l v e d i n t he des ign o f an 

effic ient c ellular manu f acturi n g s ys tem that rea ps a ll 

t h e prescribe d b e nefi t s . 

Cell Formation 

Key variables in t he manu f actur ing c ell desig n 

i nclude the number o f cells , cell size , to t a l numbe r o ~ 

machine types , part characteristics , part rou ting , 

n umber of operations per part, and se l e c t i on of 

material handling equipme nt (Kamrani, Parsaei , a nd 

Chaudh r y 487). All these variables a pply beca u s e 

normall y a part fami l y c an be produced en tirely w1cr.1r. 

t he cell . These variabl es valida te a t wo s tage ce l l 

development procedure: 1) the ident ifi c at ion o f part 

f amilies; and 2) t he physic a l makeup (n umbe r of cel l s , 

number of machine types, and number o f t ools and 

fix t u r e s) o f t he cell (Kamran i a nd Parsaei 7 4 ) . 

There are four met hods for creating part fam~:1es 

a nd machine layout: 1) eye-balling; 2 ) c oding and 

classification; 3) mathematic al and heuris t i c; and 4 ) 

clustering (Singh 285-287) . Of these me t h ods, coding 
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and c lassification is t he most powerful beca use it uses 

the most information to create part families . The 

following paragraphs give a description o f each meth od . 

The eye-balling method for developing part 

families and mach ine layout is informal and manual . ~n 

experienced operator will examine information and 

simply rely on this experience t o determine part groups 

(Kamrani, Parsaei, and Chaudhry 487 ) . Depending on t he 

size of the company and t he nu.mber and variet .!.es o f 

products, this can be an acceptable approach . When the 

number o f machines and parts become large, this 

approach becomes infeasible (Choi 66). 

The first mathemat ical method suggested by S~ngh 

was a 1988 Choobineh study using a sequential appro ach 

to form part families and a cost based approach to f orm 

t he machine l ayout within the cell (Singh 286) . I n 

1990 , Rajamani et a l developed an integer program co 

sequentially as well as simultaneously f orm cells 

(S ingh 286). This study prov i ded a framework : o r ce __ 

design using real life issues such as alternat ive 

process p l ans , r elocation of machines, material 

handling, investment c o st, and cell operating (Singh 



286 ) . A follow up s t udy by Raj amani et al in 1 9 91 

added an efficient column generation based solut i o n 

a lgori thms (Singh 286 ) . 

20 

Si ngh a l so lists a number o f huer i sti c s develoFed 

for t he forma t ion of manu f a c tur i ng c e ll s . In 1988 Cno :. 

and Araar proposed a t h ree stage procedure to det e r mine 

the number and cell composition to which was added in 

19 9 0 , a heuristic on in t ercel l and i n t racell mo ves 

along wit h wo rkstat ion u ti liza tio n (Si ngh 287 1 . 

The clustering metho d has also been briefl y 

ment i oned for cell design . This method utilizes a 

calc ulation of similarity and dissimilarity 

coefficients kno wn as c luster i ng f a c t o rs ( Kamrani and 

Pars a ei 74) . These coe fficien t s define ho w t he 

charac t uristics of a part match t ho se o f o ther parts . 

Once the coefficients ace c a lculated (the c oefficients 

range from Oto 1), t he machines with the closest 

measure are grouped into a cell ( Kamran i a n d Parsae i 

7 4 ) . 

Codi ng and classific ation methods use a process - · 

assigning symbols to parts and then classing them in t c 

part families based on s imilar design and manu factur~·. : 
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attributes (S ingh 285) . Each part is checked 

individually for its particular attributes . Coding and 

classification can be broadly class ified into two 

sys tems: 1 ) universal coding and cl a ssificat i on, wh i ~h 

is a system that uses industry a ccepted c odes to 

identify characturis tics; and 2) c ustomized coding a nd 

classification, which is a system that uses compan y 

specific codes to identify parts (Choi 66) . The m·ost 

wi de l y used systems are universal cod ing a nd 

classi fi cation software pa c kages s uch as OPITZ , 

MI CL.l),,SS, and KK-3 (Choi 66) . Additional coding s ys tems 

include KK-1 System, TEKLA System, Code System, and 

VUOSO System (Kroll and Wang 22 ) . Each system has 

different l ength codes but each code is genera lly 

d ivided into t wo areas. These areas a re: 1 ) genera l 

codes that describe industry-wide characteristics o f 

products, equipment, and operations ; and 2) 

supplemental codes for company specific usage (Choi 

66) . 

Kamra ni and Parsaei prov ide a study that 

indicates the coding and cl ass i ficat i on is t he most 

powe rfu l method for designing manufacturing c ells (7 3 ) 



The aut hors cont end a we ll d esigned c oding and 

classification will result in the benefi t s l isted in 

Tabl e 3 . 

Kamrani and Pa rsaei's paper p resents a t wo- phase 

methodology fo r the f ormation of cells ( 73 ) . Phase I 

o f the study uses a codi ng system cal l ed KAMKODE co 

develop part f ami lies (Kamrani and Parsaei 500) The 

KAMKODE i s an e i ghteen digit number t hat gives 

Table 3 

Benefits of Coding and Classification Method 

1. It facilitates the formation of part families and 
machine cells. 

2. It permits quick retrieval of designs , drawings , 
and process plans . 

3 . It minimizes design duplication . 
4. It facilitates the accurate estimation of machine 

tool requirements and logical control . 
5 . It provides reliable workpiece statistics . 
6 . It aids production planning and scheduling 

procedures . 
7 . It improves cost estimation and facilitates cost 

accounting procedures. 

22 

8 . It provides for better machine tool utilization and 
better use of tools , fixture and manpower . 

SOURCE : Computers and Industrial Engineering . Exhi b it 
from "A Methodology for Forming Manufacturing Cells 
using Manufacturing and Design Attributes " by Ali K. 
Kamrani and Hamid R. Parsaei (1992) . 



i n f o rmation on both design and manufac turing attributes 

o f the part. Each digit represents a d ifferent 

attribute of the part . Coding information can be 

obtained from a design and manufacturing data base . 

Tab l e 4 shows a KAMKODE structure (Kamra n i and Pa rsaei 

73 -77 ) . 

Kamrani and Parsaei p resent the code structure as 

a mixed combination of variable types (binary, nomlnal , 

a nd o rdinal). The authors give a disagreement formula 

whi c h g ives a weighted d i ss i milar i ty me asu re betweer. 

rwo parts. The formu l a is as follows : 

Dij = SUMMATIONk ( Wk*di j k) /SUMMATIONkWk 

Where: Wk = weight assigned t o attribute k; di Jk = 

disagreement index between parts i and j f o r attribuce 

k; Di J = weighted dissimilarity measure b e tween part s i 

and j . 

Following the calculations of d iss imilar i ty me as ures o f 

par t s, part families are ident i fied using a 0 - 1 li ne a r 

integer program . This program uses a technique tha t 

minimizes the sum of the d issimilarities be cween parts . 

Parts are then selec ted into families with similar 

design and manufacturing features. The constraints of 



t he mo del are listed as: 1) e a c h pa r t i s as signed co 

only o ne family; 2) the number of part fami l i e s ar e 

selected by the user; and 3 ) parts are assigned to a 

family if and only if that famiiy has been created (74-

7 5) . 

Phase II of Kamrani a nd Pa r s a e i ' s s t udy i n volves 

the ma c hines and t ool s that wil l compr ise t he 

manufacturing cells that are formed . An object i ve 

Table 4 

KAMKODE Structure 

-------------------------------------------------------
Design 

Attributes 
-General shape 
-Material 
-Maximum Diameter 
-Overall length 
-Inside hole diameter 
-Product type 

Manufacturing 
Attributes 

-No. of processing step 
-Processing sequence 
-No . of processing machine 
-Process machine type 
-No . of tool 
-tool type 
-No. of fixture 
-Fixture type 
-No . of end operation 
-End operation sequence 
-No . of E.O. machine 
-E.O . machine type 

-------------------------------------------------------
SOURCE : Computers and Industrial Engineering . Exhibit 
from "A Methodology for Forming Manufacturing Cells 
using Manufacturing and Design Attributes" by Ali K. 
Kamrani and Hamid R. Parsaei (1992). 
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f unct i o n is c reated by the auth o rs t hat mini mi z e s :he 

t o tal c ost f o r machine i nvestment, fixture inves t men t , 

too l investment, material handling, inspection , se tup , 

and machine operation. The constraints of the model 

are: 1) the limit of t he expenses based o n the 

available budgets set for mach i ne , fi xture, t ool , 

i nspectio n and material handling by the firm; 2 ) 

c apacities of machine types assigned to ea c h c e ll a r e 

not validated ; 3) too l life of each tool type; 4) 

guaranties the required number of fixtures f o r e ach 

mac hine t ype, s ince eac h dup lic ated mac h ine requires 

mat ching number of fixtures ; 5) the maximum number of 

parts a llowe d in a cel l for flexibili ty; 6 ) eac h par t 

fami l y is assigned to o ne cell , and assignment o f a ll 

members of a part family to o ne cell is guara nc eed; a ~ ~ 

7 ) the integerality and binary results o f the decisio ~ 

variables (75) . 

The aut hors develop a pascal program to genera te d 

0 - 1 integer formulation and mixed-integer formulati on 

f o r the two phases (75) . Each part code is ente r e d 

i nto the program for phase I. Cost i n f o rma t i o n , 

machine- part, fixture , tool, op e ratio n and f amily 
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matrixes are entered f o r the mi xed- in t eger formulat :J~ 

o f phase II . These f o rmulatio ns are t he n s ol ved by a 

LINDO software package (Kamrani and Parsaei 75 ) . 

Setup Time Reduction 

The reduction i n setup time within the 

manufacturing c e ll sho uld be carefully p l anne d fo r 

during the design of cell s. Jordan and Frazier believe 

that many present cellular manufacturing concepts and 

methodologies for cell formation do not achi eve full 

benefits because setup t ime r educt ion is no t the 

p r imary ob j ective. The authors sta te that t he 

reduction in setup time results in further benefits. 

These benefits are the economic justification o f 

smaller lot sizes, leading to reduced work-in-process 

and queue times , which leads to reduced thro ughput 

times. All these benefits result in faster response to 

market and lower finished goods inventory. This leads 

the authors to state that setup time reduction should 

be the primary objective of cel l design (70). 

Jordan and Frazier contend that setup t i mes a r e 

sequence dependent . That is, by sequencing p art s 
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requiring similar o pe rat i o ns, some of t he previous 

set up o perations c an be used by the prev i ous par t , thus 

eliminating the setup procedure . Cellular 

manufacturing should ut i li z e seque nce - dependent setup 

t imes in o rder to insure a reduction in setup time 

(70) 

The authors believe that c ell format i on metho d s 

with objectives other than setup time reductio n c~n 

undermine the multiple benefits of cellu l ar 

manuf a cturing. These me t hods can result in parts with 

s i mi l ar setup opera t i ons being assigned to differenc 

cells. The study gives the f o llo wing examples o f 

different objecti ves for c el l f ormation : the number o f 

inter-cell transfers, t he number or cost of excepti o n a l 

parts, the number of exceptional e l ement s in the 

machine matrix, machine ut ilizat ion imbalance between 

or wi t hin cells, o r to maximize c apac i t y utilization 

(Jordan and Frazier 70) . 

Jordan and Frazier believe the approach most o f ten 

taken in c e l l f o rmatio n is the e xp l oitation of part 

similarities and machine requirements. For setup t i me 

reduc t ion to occur, two parts must use the same 
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machine . This does not mean that setup time reduction 

will automat i ca lly occur j ust b ecause they use the sarae 

mach ine . Therefore, methods using onl y part 

s imi l arities and machine requirements c an group pares 

with little or no setup similarities (70) . 

The authors suggest using sequence dependent setup 

times in cell f ormati on and c ell scheduling . The study 

examines a matrix for det ermi ning sequence - depe ndent 

times presented by Foo and Wagner . An example o f th i s 

matrix is given in Figure 6 . From this matrix, a 

specific sequence of part s that has the lowest amount 

o f setup times c an be de t ermined (Jor da n and Frazier 

71) . 

Jordan and Frazier continue by stating companies 

must analyze setup opera t ions for each ordered pair of 

parts. Companies need to dete rmine standard setup 

times for machine loading and p lanning . The standard 

time is the t ime required to setup the particu l ar 

machine for a part when there are no shared operat ions 

with the proceeding part. This is t he wo rst case setup 

t ime . The comparison of actual setup times for a part 

wi th t he setup operations o f ano t her part wil l identify 
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2 
3 
4 

5 
6 
7 
8 
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1 . 6 
3.0 
1. 0 
1. 7 
1 . 7 
1 . 5 
2 . 1 
3.0 

Figure 6 

Sequence-Dependent Setup Times Matrix 

2 
2 . 0 

1 . 4 
0 . 7 
0 . 0 
0 . 8 
1 . 0 
1 . 0 
2 . 5 

Current Part Number 
3 4 5 6 

3 . 1 1 . 0 1 . 8 1 . 7 
3 . 1 1 . 1 0. 0 0. 8 

1.3 1.8 0. 0 
1 . 3 0 . 2 1 . 9 
3 . 1 
0 . 0 
0.2 
3.1 
4.0 

0 . 9 
0 . 7 
1. 3 
1. 3 
1. 3 

1.9 
0. 6 
1 . 8 0 . 0 
0 .8 1. 9 
2 . 0 2 . 1 

Standard Setup Time 

7 
2 . 0 
1 . 2 
2 .0 
1. 4 
2. 0 
1.2 

2 .0 
2 . 0 
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8 
2 . 1 
0 . 4 
2 . 1 
0 . 7 
2 . 1 
2 . 1 
o. 8 - I 

2 . 4 

SOURCE : Production & Inventory Control . Exhibit from 
"Is the Full Potential of Cellular Manufacturing Being 
Achieved ," by Paul C. Jordan and Gregory V . Frazier 
(1994) . 

those par ts tha t share the same operations . In Fig u r e 

6 , each number shown i s t he t i me requ ired to setup f o r 

a part (curren t part ) when it i s proceeded by the pa rt 

l is ted i n t h e l eft han d column. The s ta ndard s etup 

time for e a ch part o n th i s machine is given in t he l a s t 

row ( 71) . 

Th e au t hors give an example to illustrate h o w t he 

matrix woul d be crea ted . Parts #7 a nd #2 require 

processing o n this pa r t ic ula r mach ine. Part ij 2 
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requires 2.5 hours of setup time on this machine when a 

part that is totally dissimilar (standa rd setup c~me by 

definition) p r oceeds it on the machine. If part ff 2 lS 

proceeded by part #7, the setup time for part #2 is 

reduced to 1. 0 hours . If part #7 is proceeded by part 

#2, the setup time is 1.2 hours. This p r ocess is 

continued until all the combinations of parts for this 

machine are listed. From this matrix , an operatio ns 

manager can schedule using sequence dependency to plan 

for the least amount of setup time during the planning 

period (Jordan and Frazier 71). 

Yang and Deane, in their s t udy on setup time 

reduction, address the relationship b etween the 

reduction of setup time and performance improvement. 

This improvement is linked to a competitive advan tage 

in the market p l ace. Table 5 lists the intermed iate 

consequences and competitive advantages of product 

setup time reduction. The study i s conducted on a 

closed manufacturing cell which produces to stock 

rather than to order . This means that the cell 

produces to a predetermined and limited amount of 

products in batches for finished goods inventory or 
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component inventory (413). 

The authors of thi s study make the assumption f o r 

this research that arri va l o f product batches are 

stochastic (the expected rate of batch a rrival is 

dependnt on t ota l expected demand) and the total 

expected demand of t hese products can be forecaste d 

with reasonable accuracy. Other assumptions are t hat 

due dates are set wi thi n t he cell, and the object~ve s 

of the cell (closed cell) are the minimizatio n of mean 

job flow t h rough the cell and 

the mi nimization of job flow time variation t h rough Lhe 

c ell. These objectives are direc tly related to t he 

competitive advantages the firm offer s 1n delivery 

speed and re liability (Yang and Deane 414). 

Yang and Deane' s research objectives are to 

address three issues . The fir s t is t he investigatio n 

o f the genera l r elationship between setup time 

reduc tion and maj o r cel l fl o w time performance measures 

(flow time , variance of cell flow time , and optimal 

product lot si zes). Second, the impact o f demand rates 

and uni t processing time (production parameters ) on 

setup time reduction choices . Third , the research 



investigates the rel ationship between setup time 

reduction and competitive a dvantages . Finally, 

Improvements from Setup Time Reduction 

Intermediate Consequences 
1. Reduced variance of 

job flow time. 

Competitive Advantage 
1. Improved delivery 

reliability . 
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2. Improved queuing and 
flow time performance. 

3. Reduced optimal product 
lot sizes . 

2. Stabilizing production 
scheduling and control 
activities. 

3. Reduced safety stock 
requirements. 

4. Improv ed delivery 
speed. 

5 . Reduced WIP 
inventory. 

6 . Fast response to 
market changes . 

7 . Fast feedback to 
quality control. 

8. More flexibility in 
product scheduling . 

9 . Better control of 
work flow . 

10 . Efficient utilization 
of tooling and 
transportation. 

SOURCE : European Journal of Operations Research. 
Exhibit from "Setup Time Reduction and Competitive 
Advantage in a Closed Manufacturing Cell , " by Jiaqin 
Yang and Richard H. Deane (1993). 
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the issues discussed above are addressed for a 

heterogeneous product mix. The authors define a 

homogeneous product mix as one that includes products 

with similar setup and processing time requirements . A 

heterogeneous product mix is defined as one in which 

products have significantly different setup and 

processing times (414). 

The study derives four propositions which f ocus on 

the relationship between setup time reduction and 

expected cell performance improvements . This 

r elationship is measured in terms of job queuing time , 

variance of job queuing time, and the optimal product 

batch sizes that minimize mean cell queuing time (this 

means the minimzation of setup t imes between jobs) . 

Propositions one thr ough three assume a homogeneou s 

product mix . Pr oposition four assumes a heterogeneous 

product mix (Yang and deane 415) . 

The propositions are as f o llo ws : 

Proposition 1. Expected j ob queuing time 
wi thin the cell will decrease at a 
decreasing rate as product setup times are 
reduced . That is, there are decreasing 
marginal returns from setup time reduction, 
in terms of expected cell queuing times 



and flow t ime. ( 41 6) 

Proposition 2 . The o pt i mal product batch 
size that minimizes the expected cell 
queuing t ime will decrease at a decreasing 
rate as product setup t imes are reduced . 
That is, there a re decreasing margina l 
returns from setup time reduction , in terms 
of optimal product lot size . ( 41 6) 

Proposition 3 . The variance of j o b 
queuing times wi thin the c ell will decrease 
at a decreasing rate as produc t setup times 
are reduced . That i s , there are decreasing 
marginal returns from setup reduct ion , i~ 
terms of job que u i ng t i me var iance and 
flow time variance . ( 416) 
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Proposition 4 . The margina l queuing time 
improvement from a product setup time 
reduc tion is proportional to the product ' s 
work in process i nventory level . Therefore , 
for two products in a given mix , t he p r oduct 
which has a relatively hig he r WI P l evel will 
generate a l arger marginal queuing time 
improvement from setup time reduct ion. ( 41 7) 

An empiri c al e xaminatio n is given to verify each 

proposit i on. 

The authors then offer managerial i mplicat i o ns 

de rive d from propositio ns 1-3 . All three propos i tions 

backup the value of reduci ng setup t imes between jobs 

when movi ng from a tradition al manufacturing facility 

to a cellular l ayout in a multiple item e nvi r o nme n t . 

The propositions re-enforce the benefits of s etup time 



reducti o n (in terms of reduction of the mean and 

va r i ance of batch flow time and reduction o f the 

optimal batch sizes) for gaining a competitive 

advantage . Table 5 covers t he p o t enti a l competitive 

advantages. The auth o rs offer a furthe r brea kdown -~ 

a dvantages by type o f i mprovement . First, a reduc t i o n 

i n flow t ime will improve delivery speed , reduce wo r k­

in-proces s (WIP ) inventory , and improve res pons e time 

to market requirements. Seco nd, a reduction in batch 

flow t ime variance improves delivery reliability, 

stabilizes the scheduling o f production, and r educes 

the amount of safety stock. Finally, The reduc tion in 

b atch sizes gives better control o f work fl o ws, qui c ker 

feedback for quality control, increased efficiency o f 

tooling, and more flexibili ty in planni ng and 

scheduling productio n (Yange and Deane 417 ) . 

In addition to the previous l y mentioned 

competitive advantages, Yang and Deane state that 

propositions 1-3 show a marginal cost of setup t ime 

reduction . This means t he cos t required to reduce the 

setup time an additional unit i s increas i ng. Also , the 

marginal return from flow time improvement (with 



resulting savings) is decreasing . The author s 

therefore suggest there exists an optima l setup t i me 

reduction investment decision where the marginal cost 

a nd marg i nal return are balanced. The operations and 

acco unting depar tments must get t ogether to make th i s 

deci sion (4 17) . 

Yang and Deane propose f our corollaries to 

proposition 4 concerning a heteroge neous product mix . 

They are stated below: 

Corollary 1 . For t wo p r oducts that have 
identical batch processing time 
requi rements, the product that has a 
r elatively highe r batch a rrival r ate 
wi ll generate a g r eate r marginal queuing 
time improvement from setup time 
reduction. ( 418) 

Corollary 2 . For t wo p roducts that have 
identical setup time a nd process i ng 
requiremen ts , the product that has a 
relatively higher unit arri val rate wil l 
ge nerate a greater margina l queuing time 
improvement from setup time reduction . 
( 4 18) 

Corollary 3. For t wo products that have 
identical batch a rriva l rates , The 
produc t that has the relatively longer 
batch processing time will gene r ate a 
g r eate r marginal queuing time 
improvement from se tup time reduction . 
( 4 18) 
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Coro1lary 4 . For two products that have 
identical setup t ime requirements, the 
product which has a relati vely larger 
mean processing workload wi ll generate 
a greater marginal queuing time 
improvement f r om setup time reduction . 
(418) 

The authors show that different ci rcumstances in 

each corollary contributes differently to work-in ­

process invent ory and flow t i me i n a heterogeneous 

product mix environment. These corollaries illustrate 

the fact that when the objective is to reduce batch 

flo w time through reduced setup t ime, t he effort should 

focus first on the product that con t r i butes the l arges t 

amount t o work-in-process inventory . The corollaries 

describe situations involving batch arrival rate , un _t 

arrival rate, batch processing time , and mean 

processing workl oad. This information provides a 

guideline for managers when allocating limited capita l 

resources among products for the purpose of setup time 

reduct i o n (Yang and Deane 41 8) . 

Loss of Pooling Synergy 

The conversion of a functional layout to a 



cellular manufacturing layout can result in a 

significant loss of pooling synergy (Su nresh a nd 

Meredith 466 ) . Sunresh and Meredith provide a paper 
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that studies the impact of several mea sures to overcome 

the l oss of synergy . The synergy los t is the abi lity 

o f a g roup of similar machines t o rapidly proces s a 

large batch of par t s. The authors s t ate that 

partitioning of a functional layout can have an adverse 

effect on fl ow time, work-in-process, and machine 

utilization. Adil , Rajamani , and Strong agree s tat ing 

cellular systems perfo rm more poorly in terms of work ­

in-process inventory, average job waiting time, and job 

flow time than improved job shops (330) . These effecrs 

can be e l iminated by a reduction in s etup times and lot 

sizes (Sunresh and Meredi th 466) . 

Sunresh and Meredith contend that perfo r mance of 

cellular manufacturing may be inferior to an effic i ent 

functional layout under many parameter ranges . They 

state that the loss o f pool ing synergy that occur s whe r. 

a functional layout is partitioned into a cellular 

layout can be great. This l os s negatively effects f low 

time, work- in-process, and machine uti l ization . The 
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cla im is defended by studies conducted by Leonard and 

Rathmi ll. In addition, Morris and Tersine demonstrate 

that an efficiently operated funct ional layout a chie~e~ 

better flow time and work-in-process. The study 

investigates how the adverse effects can be overcome by 

l ot sizing, reduction in setup time, reducti o n in the 

variability of processes and job arrival s, and t he 

reduction in processing times through productivity 

improvements ( 466). 

Sunresh and Meredi th quote previous studies tha t 

have indicated achieving the benefits o f cellula r 

manufacturing requires t hat setup time within t he cel l 

must be reduced significantly. In addition , t h e 

authors quote studies conducted by Karmarkar showing 

l o w lot sizes and larger cells are also required f o r 

cellular manufacturing to compare favorably with an 

efficiently run functiona l layout . The ob jective of 

the author ' s study is to investigate the impact of 

other improvements (other than the reduction i n se tu~ 

time and smaller lot sizes previously discussed ) , su : 

as reduction in the variability of job arrivals, 

reduction in processing times and productivity 



improvements, and f o r c oping wi th the loss of poo l ing 

synergy (467). 

<J O 

Th e study firs t u s e s ana l yt ica l mod els t o 

d ete rmine i ns i ghts into t he problem. A single wo~K 

center is the format considered f or the invest i gation . 

First, a funct ional layou t sys t em i s i mp r oved to beccme 

an ef f icient functi o nal l ayou t . Then fi ve c e llula r 

manufacturing systems are c ons idered to invest iga te t h e 

effects of setup time reducti o n, l o t sizes , variabi li ty 

in j ob arrivals and process times, and productivity 

i mprovements. A simulation is t hen run to compa re ~he 

analyt ical results with an a c tual tri al (Sunresh a nd 

Meredit h 4 67) . 

The simul ation c ompare s an unpar t i t ion e d system 

(efficient fun c tio na l layout) with f i ve pa r t i t ione d 

systems (cellular manufactur i ng l ayout ) . The f i r st 

partitio ned system dedicates one machine t o each pa rt 

f a mily and the effects o f part i t i o ning a nd se t up t i me 

reduc tion due to part family similarities. The second 

partit i o ned system uses process i n g t imes based o n 

gen e ral di s tribution. Th is s ystem i s u s ed t o 

invest i gate the effects o f reducing proces s t i me 
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variability, in addition to lot s i zing and setup t ime 

reduction . The third partitioned system is used to 

show the effects o f reduction in the variability of job 

a rrivals . The fourth partitioned system i s used to 

check the effect of process t imes being reduced as a 

result o f productivity improvements. Finally , the 

combined effects of all of the previous partitioned 

syst ems are investigated in partitioned system number 

five (Sunresh and Meredith 468 ) . 

The analytical models of Sunresh a nd Meredith snow 

improvi ng a funct ional layou t to an efficient 

functi onal layout significantly impro ved fl o w time and 

WI P inventory . But, the improvements that were ga ined 

from a comprehens i ve and complete implementat ion o f a 

cel lular manufacturi ng layout were clearly greater . 

The improvements gained from the fifth partttioned 

system (cellular manufac turing sys tem comple tely and 

c o mprehensively implemented) ranged from 42% to 89 % 

better than the unpartitioned system in t he lower l ot 

size region . In higher l ot size regio ns, cellular 

manu f acturing systems still out-performed efficien t 

functional l ayout syst ems with moderate se tup time 



reductions . The results of the simulation sho wed a 

statistically significant agreedment with t he 

analytical models (480). 
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The authors conc l ude that of the five par t i t1 o ~ej 

systems that were studied, t he reduc t ion in se t up t~n~ 

and improved productivity, resulting in better 

processing times , has the greatest effect o f o vercomi r.g 

the loss of pooling synergy. Reducing lot sizes, 

variability in processing and interarrival t ime s have a 

lesser impact . But, it is also stressed by the a uthor s 

that the combinations of all of the above mentioned 

should be applied in the conversion o f a func tional 

layout to a cellular manufacturing layout if the 

adverse effects of partitioning are t o be o vercome 

( Sunresh and Meredith 4 81) . 

Worker Assignment 

Askin and I yer conducted a study investigatin g and 

comparing t hree different approaches to assigning 

workers to tasks and controlling jobs as they fl ow 

thro ugh a manufacturing cel l. The objective of each 

approach is to minimize the throughput t i me o f b a tches 
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of parts . The three approaches studied are : 1 ) 

individual machine loading with batches being seque nced 

on a first come, first serve basis ; 2) a cell 

dedication strategy where a cell is devoted to a single 

product type at a time ; and 3 ) a j o b e nr ichment 

strategy where each batch is ass i gned co a single, 

cross t r a ined operator who must perform all batch 

ope rat ions. Each approach is compared and studied b y 

queuing approximatio ns and a simul ati o n under a variec ; 

o f conditions (43 8) . 

Askin and I yer investigate three scheduling 

approaches in their study . The approaches are : 1 ) 

traditional machine- based ; 2) l oading the cell as a 

mul t i product system; 3) and a worker oriented, cross 

training based strategy . The approaches are compared 

by t he authors with analytical approximatio ns and a 

s imulation experiment. Table 6 lists the assumpt i ons 

made for this study (439) . 

The authors then describe the conditions f o r each 

scheduling strategy . The machine- based batch loading 

strategy begins with parts waiting in a central 

dispa tch area outside the cell unti l space become s 
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available at the firs t machine i n the cell ( i . e. the 

machine becomes idle). The cell 's queuing discip l ine 

for jobs is first come, first serve. Workers wit h i n 

the cell are assigned to machines as long as there i s 

wor k to be completed at the machine . When the wo r k a~ 

t he mac hine i s complete , the input queue is checked o u: 

by the worker . If the worker finds a batch waiting , 

they begin immediately working on tha t batch (queued 

jobs at the machine take precedence over jobs in t he 

central dispatch area). If t he worker fi nds the queue 

at the machine empty, they go t o the central dispa tch 

area for reassignment. The worker then goes to a 

machine that is not occupied and has a queue wai ting . 

If a situation occurs with multiple machi nes with 

wai t ing queues, the worker will be assigned t o the 

machine wi th the longest queue. When cells have more 

machines than workers, they are t reated as a limi ted 

resource. The authors intend t his strateg y t o mi rro r 

traditional manufacturing shop scheduling (4 4 0 ) . 

Askin and Iyer then define the strategy of 

dedicated cell loading . In this strategy the cel l L S 

dedicated to one part type at a time . The batch s 1:~ 



t o be transferred through the cell is o ne . As soon as 

a mac hine compl etes the process required, the par t 

Table 6 

Manufacturing Environment Assumptions 

1 . The manufacturing system is serial in nature 
although not all parts require all machines in t he 
cell. 

2 . The arrival rate of jobs is a stationary Poisson 
process. Each arrival is a batch of parts with all 
parts in the batch being of the same nature . 

3 . Multiple part types may be produced in the cell , 
but arrivals are independent in terms of part type . 

4 . All parts belong to the same family therefore s etup 
times are sequence independent. 

5 . Machines can process only one part at a time and 
once an operation is begun at a machine it is not 
interrupted . 

6. Machines do not break down . 
7. Machines can operate only when an operator is 

present . 
8 . The first two moments of all machine service time 

distributions are finite and mean service times are 
less than mean interarrival times for batches 
(there exists adequate capacity). 

SOURCE : European Journal o f Operatio ns Research . 
Exhibit from "A Comparison of Scheduling Philosophi es 
for Manufacturing Cells , " by Ronald G . Askin and Anand 
Iyer (1992) . 

moves on to the next machine and the next part fr om the 

b a tch is started at this mac hine . Therefo r e , the bat~r. 
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is being simultaneously produced at di fferent machines 

unti l it is complet ed. The cell appears as an ass~~L-~ 

line system . When the l ast part of t he current batcn 

finishes at the first mach ine, that machine begins 

setup for the next queued ba tch . The next batch wa its 

at the central dispa t ch area until t he first mach ine 

has compl eted setup (Askin and Iyer 440) . 

The a u thors t hen def i ne the worker-batch 

assignment strategy. This strategy is designed for 

high quality - oriented manufacturing cells with cross 

trained wo r kers. Each batch that ent ers the cell is 

ass igned to a single worker. The worker that is 

assigned to the batch will be responsible f or taki~g ·­

t h rou g h the cell and completing all the operations 

requ ired . To expand, t he worker takes the batch to :he 

first required machine . They then comp lete the 

requ ired operation on a ll the par ts in the ba tch . The 

batch i s then taken to the next required machine and 

the ope ration is again completed on all the parts in 

the batch . This is con tinued until all the operations 

are comple ted on al l t he parts in the batch. If the 

worker takes the ba tch to the ne xt required machine an d 
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it is not available (it is in use), The worker can 

switch to work on another batch that has been assigr.20 

co them (Askin and I yer 44 0) . 

Askin and Iyer compared these strategies by using 

analytical approximations and an experimental 

comparison. The numbers o f ma chines , setup times, and 

cell utilization were a l l varied t o compare t he 

strategies under different condi tions . The worker ­

batch assignment was tested with workers allowed to 

have one , two or four batches assigned at one time 

( 4 4 5) . 

The authors found that t he scheduling strategy ca~ 

have a major impact on the t hroughput time o f a ~etJ. 

In cells with multiple machines, the best scheduling 

strategy depends on mach i ne ut ilization, lot sizes , and 

quality requirements. It was found that in mo st cases 

that dedicated cell loading strategy was the best 

choice. When batch flows become random, this strategy 

becomes less dominating but still performs better t h ar: 

the machine-based batch l oading strategy . The 

dedicated cell loading strategy also perfo rms betcer as 

lot sizes increase . But this strategy loses some o f 
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its advantages when setup times increase relative t o 

unit processing time . Dedicated cells do f ai l in hiJh 

util i zat i on situat i o ns . The experimen ta l compariso ~ 

highl ighted this problem . A f ive-machine cell with 90% 

uti lization resulted i n the waiting time being less 

than the mac hine processing time . Here, the dedica t e d 

cell could not handl e the demand (Askin and Iye r 44 7 

Askin and Iyer also determined that the wo rker­

batch assignment strategy performed well except in h i gh 

machine utilizatio n situations . To avoid wo r ker 

blocking , the research suggests that workers be 

assigned several batches at a time so they ca n switch 

batches if a requ ired machine is occup i ed . The 

dedicated cell loading stracegy was the best perfo rmer 

when all the machines in the cel l were occupied . 

However , it was out performed every time by the worke~­

ba tch assignment strategy (wi th workers assigned to 

four batc hes) when the cel l did not require all che 

mac hines to be occupied by wor kers . Askin and Iyer 

state that this suggests a combination strategy c ould 

be used in partially manned cells where workers t a ke 

responsibility for more t han a s i ngle operation . 



Problems with Cell Layout 

Many problems can arise when design i ~g 

manuf a cturing cells, and management needs to be 

prepared to solve them . Exceptio nal parts and 

processes is o ne of those probl ems . Choi defines 

exceptional parts as those t hat do not f i t a part 

family after the fami l ies have been formed o r require 

an e xceptional process like heat treating o r chemi cal 

proce ssing (67) . Thi s prob l em can be mi nimize d by 

reengineering the p r oduct design to better fi t a par: 

family or t h e part can be purchased from a vendor (Choi 

67) . 

Ano ther problem that can occur in cell design is 

machine shor t age . The easy answer to this problem i s 

to purchase add i t ional equipment . But i f the capi t a l 

is not available , there a r e some other solutions . Ch~­

suggests t hat i f t wo cell s require the same sho rt 

machine , the cel ls can be combined i nto one cell (67) 

Alternati ve l y , the short machine coul d also be loca te~ 

between the two cells t o be shared by both (Choi 67 ) . 

Both of t hese methods avoid the additional investmen t 



but sacrifice material fl ow and control within the 

cells . Managers must weigh the cost and benefits o f 

the alte r natives . 

When Lhe purc hase o f additional ma chines Ls 

required, the problem exis ts of what c apabilities the 

machine must p osses. There is no reason to purchase a 

sophisticated machi ne when a s i mpl e machi ne can perform 

the task . Choi suggests t he p urchase of inexpensive 

single purpose machi nes f or the cel l s (68 ) . The 

advantages of this opt i o n are the maintaining o f 

autonomy o f indivi dual c ells resul ti ng in r educed set~p 

times and simplicity of manufacturing (Choi 68) . The 

£ o llo wing factors should b e considere d when purc has:~ ~ 

new machines : 1) t h e cos t of the machine , 2 ) tang1 b~F 

benefits from improved productivity and quality , 3 ) 

craining costs , and 4 ) the potential los ses of 

f lexibility in future c e ll readj ustmen ts (Choi 68) . 

Choi also discusses the di ff icul t y with 

rearrangi ng speci a l processes a nd very heavy o r 

anchored ma c hines (68) . These situations o ft e n occur 

because of environmental cons t rain ts , physi c al 

constrain t s, and specialized capi tal equipmen t (Chol 



68) . Ferras lists the lack o f funds f o r fac i l i ty 

expenditures required to move large equipment as 

another situati on that c an cause problems ( 3 ) . 

Managers need to decid e how t o desi g n t hese spe c i a l 

processes into the cell . Choi suggests creating a 

5 ::_ 

c ommon work area where these processes and machines a re 

located (68) . As material is mo ved through the cell, 

and it requires a special process, the material i s s enc 

to the c ommon wor k area . If the numbe r of part s t hat 

require the specia l process is small, t hey should b ~ 

sent to the work area and then returned t o the c e ll r e 

cont inue throughput (Choi 68) I f many of the par ts 

require this special process, the cell should be s p lit 

into two cells before and after t he pro cess i nstead :-

sending t he parts back and forth to the work area (C~o1 

68) . 

Preventive Maintenance 

With the change from traditional factory layout tc 

a cellular manufacturing layout comes new chal le ng e s 

for machine maintenance. Bateman defines three types 

o f maintenance which are reactive maintenance , 



preventive maintenance, and predictive maintenance 

( 1 9) . Preventive and predic t ive main tenance are 

proactive i n nature and offer advantages such a s 

reliable production capacity and reduced mai ntenar. ~~ 

cost. (Bateman 19) . Bateman defines preventi ve 

ma i ntenance as t he r egularly scheduled proces s of 

performi ng certain types of maintenance, ins pections , 
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adjustments, and lubrications on a machine (19) . 

7 lists the ob jectives of preventive maintenance . 

Tab1. e 

Bateman defends preventive maintenance by 

contending that it is cheaper to repair or rep l ace a 

component before it fails . He writes that when a 

component on a machine fa ils it is normally 

catastrophic i n nature and causes f urther collateral 

damage beyond the fa iled componen t. . ~re ventive 

maintenance p r ovides a savings p o int in this instance 

( 19) 

Ba teman believe s that for preventive maintenance 

t o be effect ive there must be a def i ned schedule i n 

place . This schedul e should detail the types and 

frequency o f maintenance activities t o be performed 

( 19 l . Management must be disciplined i n strictly 



abiding to the schedule if the objectives are t o be 

me t . 

The problem wi th conducting main tenance is the 

machine to be wo rked on mus t be i d l e in o r der to 

perfo rm t he act i vity. Th is is not a big pr ob l em f o r 

Table 7 

Objectives of Preventive Maintenance 

1. Reduce the incidence of breakdown or failure o f 
equipment. 

2 . Extent the useful life of production machinery . 
3 . Reduce total maintenance cost by substituting 

preventive maintenance cost for repair cost . 
4 . Provide a safe working environment for employees . 
5 . Improve product quality by keeping equipment in 

proper adjustment , well serviced and i~ good 
operating condition . 

SOURCE : Industrial Management . Exhibit from 
"Preventive Maintenance : Stand Alone Manufacturing 
Compared with Cellular Manufacturing ," by Jon F. 
Bateman (1995) . 

traditional factory layouts because when o ne machine in 

the func tio nal b lock is down, a similar machine i n t hac 

bloc k can perform the needed operation during the d own 

t ime . In cellular manufacturing t here is a much 



gre ater p r o blem. When a s i ng l e mac hine wi th in the cel l 

i s down, the entire cell is o ut of operati on . 

Therefore, timely scheduling of preventive maintena nce 

i n a cel l ular manufacturi ng envi ronment i s requi r ed :f 

the r e i s no t t o be an interruptio n in p r oductio n . 

Eac h machine in t he cell i s cri t i c al t o t he 

operation o f the cel l as a whole and hence the need f o r 

a preven t ive ma intenance program to keep any o f the 

machines from breaki ng down. Bateman believes t hat the 

e nt i re cell (all the ma c hines in t he c e ll ) sho u l d be 

schedul ed f or preventive maint enance rather than ea cr. 

indivi dua l mac hine (21) . There are several me t hods f o1 

schedu l ing preventive maintenance with the least a mcu~ : 

of production interruption p o ssible . 

The firs t is to s c hedu l e the ma i n tenan ce o n o ff 

shif ts o r single - shift operat ions when t he c ell i s not 

i n ope ra tion. A second scheduling possibility is to 

c ond uct t he maintenance on a ll of the machines in the 

c ell when o ne machine breaks down. This is effec tive 

because the cell can not perform anyway s o a ll t he 

other machines in t he cel l will be idle. The third 

poss i bility is t o schedule the maintenanc e o n maj o r 
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factory shut - downs such as holidays . A final 

possibility offered by Bateman is to enter a dummy part 

number i nto the production schedule. When the dummy 

number comes up to be run, the cell will be clear f o r 

t he preventive mainte nance required because the c i rr:e 

required t o conduct the ma.1.nte n a nce will be e nterea as 

the dummy part ' s cycle time in the production schedule . 

A preve ntive maintenanc e program is key to the 

successful implementation o f ce llular manufact u ring 

(Bateman 21 ) . 

Labor Issues 

The previously mentioned appro aches t o 

manufacturing cel l design and implementa t i o n have for 

the most part not cons idered the human interfa ce . 

Faizul recognized the lack of human interface and the 

absence of time and motion studies in cell design 

studies and states that t his could lead to loading and 

schedu l ing problems (16). The optimal 

part/machine/cell combination may n o t be achie ved 1f 

operator capacity is not considered. 

Faizul quotes Sl ocum and Sims stating t hat when 
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converting from a conventional process - oriented 

manufacturing to a more advanced manufact uring 

technol ogy (cel l ular manufacturi ng ) , managers muse 

consider several factors from the worker ' s point o f 

v iew: 1 ) the amount of cooperation required between 

coworkers; 2) new amounts of 1nformat1o n pro cessi n g a ~ , 

deci sion making required ; 3) new wor k environment; and 

4) the psychological factors o f the growth needs o f 

workers . The new task design will ce nter around self 

regulated g r oups within the ce l l whose members muse 

have the skills , information, and autonomy t o contro l 

technical and environmental variances as c l ose c o tr.e 

production as possible (16) . 

Selection and training o f workers for a cell 

should include several fact o rs. Faizul suggests that 

selection practices should be aimed at workers wich 

high growth needs. That i s , workers who want t o 

continually improve and learn new s kills (Faizul 1 6-

17 ) . Training programs should provide workers with 

multiple skil l s, and reward and compensatio n sys tems 

should promote learning skills (Faizul 1 6-17) . Once 

the proper workers have been selected for the cell, a 



t rai n ing strategy f or ski lls upgrade shoul d b e s t a r t e d 

( Fa izul 17 ). Because t his trainin g will t ake t i me , i t 

sho uld be considered early in the c e ll desi g n s tage . 

Faizul suggests that any training program sho uld mee t 

the following cri teria : an increase in the standard a nd 

compete nce of the worker being t rained , a broader base 

in the tra ining wi t h t he a i m o f p r o ducing 

multirol e/multiskill workers, and increased traini ng i n 

techniques aimed at devel o ping analytic al abili t i es f or 

eval ua t ing and using info rmati o n (17 ) . 

Compensating the team of wo rkers within t he cell 

mus t be carefully c ons i dered. Should each individual 

be compensated separately o r s hould the t e am be 

compensated as a group? Zu ide ma and Kl eine r bel i eve 

that although individual effort must still be 

recognized, compe nsat i ng e ach i ndi v idu a l i n t h e g roup 

separa t ely would be i n d i r e c t confli ct with t he t e am 

con c ept. They believe this t ype of merit pay wo uld 

require the supe rviso r to diffe r e nt iate between t e am 

memb e rs (23) . 

Zuidema and Kleiner offer s everal c omp e ns a t ion 

ideas. The first is starting team wo r kers a t a b as e 



salary and rewarding them with ra i s es as skills are 

learned . Similarl y, a team-based training pay wo u ld oe 

offered to a worker and as new skills are l earned , 

their pay i s increased . Another suggestion 1s hav ing 

only t wo rates , a l earning ra t e and a team ra t e . The 

authors als o believe there should be a team reward 

system where perfo r man ce (based on improved 

profitability or cost savings) improvements with-in che 

cell are recognized wi t h compensation shared by the 

group . There is very little hard research in the a r e a 

of motivating c e llul ar manufactur i ng teams. The 

authors o ffer only suggestions but no e mpirica lly 

tested methods (24) . 

Pl ant supeivi sor's rol es will change in a cell ular 

manufacturing enviro nment. fa izu l states t ha t they 

will need to make a transition t o wards dealing with 

system p r oblems which include for e xampl e equ i pment 

failure and materia l shortage (17) . The supervisors 

will become trouble shooter s whose roles will be 

enhanced to i nclude t he use of information and contro l 

sys tems as aids t o human decision making for 

coordinati ng production across functional boundaries 
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( Faizul 17) . 

Unions will have to be considered when moving t ~ 

ce llular manufacturing. Faizu l suggests uni o ns s h oulci 

be informed that the reason f o r the c hange to c ellular 

manufacturing is a response to competitive pressures i n 

price and quality (17 - 18) . It must be communicated t o 

them that a change causing s o me l o s s of jobs a nd 

r e duct i on in wages is better t han the fa i lure o f t he 

company and the resulting loss of all the jobs at t he 

company . It must also be communicated to the uni on 

that the change is a move to increase market share 

which would result in the employment of more un ion 

personnel. 

Reason for Manual 

The conversion of a traditionally functionally 

laid ou t factory to a c ellu l ar manufac turi ng l ayout 

requires the incorporat i on o f many fa c tors . Cellula~ 

manufacturing is very complex and must be planned f or 

c arefully if it is to be implemented properly . The re 

are many benefits of cellular manufacturing that can~­

obtained but onl y if the proper steps are taken in c ~~ 



des ign and implementa t i on stage . I f the proper s t eps 

a re not followed, the negative effects of par titioni~g 

a factory floo r will erode the benefits obt a ined frore 

cellular manufacturing . 

The f o llowing plan f or t he de s ign and 

implementation of cellular manufacturing is a general 

gu ideline of all t he factors that must b e considered 

when prepar ing the conversion . The plan 1s not 

industry specific but covers al l a spects of the 

convers i o n in a manufactur ing environmen t . I t mus t be 

r ecognized that every manufacturi ng environment i s 

dif ferent and specific i mp leme n t at ion fa ctors will be 

company unique, but t o ach i eve t h e benefits o f cellu lar 

manufacturing, the concept s covered by the plan need t o 

be conside red . 



Materials 

Chapter II I 

METHODS AN D EVALUATI ON 

The Guidelines for the I mplementation of Cellular 

Manufacturing (Appendi x A) is c reated as a set of 

gu i delines f o r the transformation of a fun ctional 

factory layout to a cellular manufacturing system. T~e 

purpose of t he manual is to give a project team the 

basic factors that must be addressed if t he be nef i t s o f 

cell ular manufacturing are to be achieved. The ma nual 

is not industry- specific with regard to design deta i l s . 

Rather , it gives guidelines on all relevant f a c t ors 

that must be addressed durin g the transformation. Ea ch 

indust ry/company ' s manufac t u ring env ironment i s uni que , 

but all the factors covered by the manual must be 

addressed in any cellular manufacturing system . 

Tbe manual covers six facto r s involved in 

success ful cellula r manufacturing . The f i rs t f ac tor is 

cell design . Step one in cel l des ign is t he f ormation 

6 1 
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of part families . Coding and classification met hods 

are discussed as a means to part family devel o pme nL . 

The benefits are also listed from using this type o f 

system for the development of part families. 

Step two in cell design cove rs physical design o f 

the cell around each part family . The u-shaped nat u r e 

of the cell is discussed as well as partitioning the 

factory 's functionally grouped machines into c e ll s . 

Illustrations of cellular product i on fl o w, a c ell on 

paper, and an example of an actual cell are g i ven t o 

help the team visualize cellular manufacturing. 

The manual then covers problems that can arise 

when cel ls are designed. The first problem pertains to 

exceptional manufacturing processes that require a pa re 

to l eave a cell to be finished. Heavy equipment, 

sa f ety and physical constraints are cited as reaso ns 

for this problem. Two options are given as solutions 

to this problem: sending the parts to the special 

process area and then back to the cell or spl it t he 

c e ll in two, one before the process and o ne after it. 

The second problem discussed is parts not fitting i nto 

a family because o f a unique attribute or processing 
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requi r ements. This si tuation is resolved by 

r eengineering the part or purchasing i t. Final l y , 

machine shortage during cell design is discussed. 

Again, there are two solutions covered. The first 1s 

to c hange the cell design to either share the ma chine 

between the two cells or combine the two cell s in t o 

one. The second solution is to purchase additional 

machines t o complete the cells as designed . Guideli nes 

are then given on wha t types of machi nes should be 

purchased. 

The manual then discusses the reduction in se tup 

time required to achieve the benefits of cellular 

manufacturing . The consequences and resul t ing bene f i ts 

are then listed to illustrate t he importance o f the 

reduction in setup time . The t wo steps invol ved in 

setup time reducti o n are then covered . 

The first step is making the choices , under budget 

constraint, on how to spend the c apital for machine 

improvements. There are two ways to attack setup rime 

reduct i on through machi ne improvement . The first is to 

improve cell flow time performance . The manual give s 

four guidelines wh ich discuss the cost increases as 
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setup time is reduced for each add itional unit and t he 

marginal return from fl ow t i me i mprovemen t is 

decreasing. This reveals t ha t t here exists an o p timal 

setup time reduction i nvestment decisi o n. 

The second area t o a ttack setup time reduction 

through machine improvement is concentrat i ng o n par ts 

that have high demand or long processing times. The 

manual gives four guidelines f or allocating capi ta l t o 

parts in order to get the best results . The guidelines 

indicate the most capital should be spent o n p arts ~ha t 

contribute the most t o work-in-proces s i nvent o r y . 

The next step in setup time r eduction (aft er 

machine improvement) entails establi shing sequence-

dependent setup procedures. The manual covers the 

construction of a sequence-dependent setup time ma t rix. 

This matrix gives setup times f o r each part in a fam1:; 

i f it were proceeded by every other part in the fam1 l ) . 

A numerical example of a matrix is given to illust r a te 

h o w o ne is c reated and what it looks like. The ma nua : 

then d isc uses how t he cell members can use this matr:_ :•. 

to schedule the c ells wor k flow to requi re the leas e 

amount of setup time possible during the p l anning 
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period . 

The manual t hen covers worker assignment wi thin 

t he c ell . Two approaches are explained in detail . The 

f i rst is a dedicated cell-loading method . This me t h o d 

dictates that the cell i s setup for and runs only o ne 

particular part batch at a time . Parts go thr ough the 

cell one at a time until t he entire batch is complet e . 

The secon d method is worker batch assignment . 

Thi s method assigns o ne worker to an entire ba tch o f 

parts . The worker takes the batch through the cell 

completing all r equired processes . The worker 

c ompletes the required process i ng at each machine o n 

the entire b a tch before moving t o the next machine . 

The manual t hen describes the situations that 

dictate which method to use . The worker batch 

ass i gnment method works best i n very high qua lity 

manufacturing and in cells where all t he machines are 

not simul tane ously manned . The dedicat e d cell loading 

method works best in large lot size situations as well 

as in cells where volume dictates all machines be i~g 

simultaneously occupi ed . 

Preventive maintenance i s then covered . The 



manual discusses the importance of keeping machines 

r unning in a cell. This is important because i f one 

machine fails the entire cell is d o wn . The s c hedul ing 

of preventive maintenance is o utlined i n th i s sect i on . 

There are f our methods of scheduling preventive 

ma i ntenance to limit down time . First , schedule t he 

work to be completed during down times ( nigh t s or 

weekends). Second, conduct the maintenance on the 

entire cel l when one machine breaks down. Third, 

schedule the work on maj o r factory shut d o wns 

(holidays). Finally, e nter a dummy part number in rhc 

production schedule . The preventive maintenance wi ll 

be c onducted when this part number is scheduled . 

The final area covered by the manual is l abo r 

issues . This is a very important area i n c ellular 

manufacturing because the team of workers within the 

c e ll will have t he autonomy to make key decis i ons . The 

selectio n of the workers to make up the team is 

discussed first. The charact eristics of t he worker s 

are listed as h igh growth needs , willingness to l earn 

multiple s kills, a nd p o s i t i ve react ion t o cornpensa r1 0 ~ 

pa c kages that reward learning new skills. 



The tra ining program for the workers s e lected is 

covered next. The criteria that a training program 

should cover is giving a worker an increased standard 

o f competence, producing multirole/multiskill worke rs , 

and devel op analyt i cal abilities f o r using info rma tion . 

Finally, the manual covers the compensation 

package for team members wi thin the c ell. Workers 

start at a team based training salary. As t he worker 

learns skills , they are given raises. In additi o n, a 

team shared bonus i s given for improve cell 

profitability or cost saving mea sures . 

Subjects 

Three evaluators critiqued the manual . Two of 

these individuals are purchasing managers . The o t her 

is an operations manager . Their diverse educ atio n a nd 

work experience provided in-dep t h feedback o n the 

validit y of the manual. 

The first eva l uator is James P . Reagan. Reagan 

received his Bache l ors in Business Administration wit h 

a major in Management Science fr om the Uni versLty o f 

Mi ssouri . Reagan is also a member o f th e Na tional 
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Association of Purchasing Managers (NAPM ) and is CPIM 

certified . He currently is a Purchasing Manager f o r 

Coin Acceptors, Inc . in St . Louis . Fifteen years of 

experience i n operations and purchasing managemen t i n 

various industries has given him a wealth of knowledge 

in the manufacturing sector on cellular manufacturing. 

The second evaluator is Brian Fergason . Fergason 

received both his Bachelors in Business Administration 

with a maj o r in Economics and his Masters in Business 

Administration from the Univers i ty of Missour i . 

Fergson currently is a Purchasing Manager at MEMC 

Electroni c Materials. He a lso has f i fteen years 

exper ience in vari ous industrie s and companies that 

utilize cellular manufacturing. 

The third evaluator is John Meier. Meier has a 

Bachelors of Science in Industrial Engineering from the 

University of Missouri. Meier is currently the 

Producti o n Coordinator at Buc keye I nternational where 

he has eight years of production scheduling/industrial 

engineering experience. An industrial engineer, Me ier 

brings technical and scheduling expertise t o the 

e va l uation of the manual . 
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Instrument 

The manual was eval uated using a self-designed 

quest i onnaire (Appendix B) . The questionnaire is 

designed to gain feedback on t he validity/correctness 

of each factor in the manual . It is also designed c o 

test the manuals ability , as a whole, to solve the 

problems associated with the i mplementat ion o f cellular 

manuf acturing . Questions 1 , 2 , 4 - 10, 12, and 14- 18 ask 

if the manual i s correct o r compl ete in i ts nature . 

Quest ions 3, 11 , 1 3 , 19 and 20 ask for addi t ional 

in f o rmation in the mentioned areas. 

Proc edure 

A cover letter (Appendi x C) , questionnaire and ~ne 

manual were mailed to each evaluator . The evaluat ors 

were asked to read the manual a nd compl ete the 

questionna i re . The answers will then be mailed bac k 

the author in a se l f addressed stamped envelope f or 

evaluation . The evaluators were given one week t o re~~ 

and evaluate t he manual . 

The data will be tabulated by each ques tio n tha~ 
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as ks abou t the correctness/completeness of the manua l 

(questions 1, 2, 4-10, 12, and 14-18) . For each 

question , the number of positive responses (meaning the 

manual was correct/compl ete) are listed and the number 

o f n egative responses (meaning the manual was no t 

correct on i ncomple t e) are l isted . The other questions 

on the questionnaire are used f or fur ther d iscussion . 

Any questions t hat arose from the questionnaire were 

resolved with follow - up telephone interviews. 



Chapter IV 

RESULTS 

The results are segregated by each of the six 

f actors covered in the manual: cell design, spec ia l 

problems, reduction in setup t ime, worker assignme nt , 

preventive maintenance, and labor issues. In addition , 

a section of the chapter provides the evaluators 

overall comments on the manual as a whole. Tabl e 8 

provides a list o f quest i o n numbers t hat have an agree 

or disagree answer abo ut the manual . The number or the 

question is on the top row. The name of t he eva luato r 

is in the left column. If the evaluator agreed t he 

ma nual covered correctly what was as ked in the 

q ue stion, an "A" was placed in the a ppropri ate b ox . If 

the evaluator thought the ma.nual did not adequately 

cover what was asked by the question or the manual was 

in error, a " D" was placed in the appropriate box. 

Cell Design 

The first two questions on the q uestionnaire 

71 
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Tab1e 8 

Questionnaire Responses 

-------------------------------------------------------
1 2 4 5 6 7 8 9 10 12 14 

Reagan I A I I A I I A I ID I ID I ID I I D I ID I I A I I A I I A I 
Fergu . IAI IAI IAI IAI IAI IAI IAI IDI IAI IAI IAI 
Meier IAI IAI IAI IAI IAI IAI IAl1 ID I IAI IAI IAI 

15 16 17 
IDI IAI I OI 
IAI IDI IAI 
IAI IDI IAI 

covered cell design . The first questio n asked if che 

coding and c l assifica tion method of choosing part 

families was an appropriate method. Reagan and 

Fergason agr eed, both citing that process attribut es 

(machine/tooli ng) follow design attributes in cell 

design . Me ier a l so agreed wi th th i s method but added 

two insights . First , after the computerized coding had 

been completed , it shoul d be reviewed by a 

manufacturing engi neer and expe r ienced production 

workers to valida t e the findings . Second , this type of 

method wou ld not be necessary in a manufacturing 

envi ronmen t where only a limi ted amount of products 

were being produced and group i ngs are readi l y obvio us . 

The s e cond question asked the eva l uators if t he 

diagrams i n Figure 3 of t he manual make the physica l 

l ayou t of a cell c l e a r . Al l three eva lua t ors agreed 
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chat the figure is clear but Reagan suggested chese a~~ 

too restrictive. He gave more detail of this pro blem 

later in the questionnaire. 

Special Problems 

Questions number three and number f o ur addressed 

the area of the manual which covers problems that c an 

occur when setting up cells. Question number three 

asked the evaluators if they had experienced or knew o: 

other problems besides those mentioned. Fergason had 

not, but Reagan and Meier had comments here. Reagan 

commented on the restrictive and wasteful nature of U­

shaped cells. He stated that a factory full o f these 

U-shaped cells leaves a lot o f unused space . The wast~ 

occurs where two closed ends of two cells come 

together . Reagan said this could be eliminated 1f 

cells were made into straight lines (assembly lines ) 

Meier believes that problems will occur if the type of 

worker assignment within the cell is not taken into 

account when the cell layout is planned. His concer n 

lies in the inter-cell movement of workers during ee l ~ 

operation. 
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Question number four asked t he eva lua t ors t o 

comment on the solutions offered by the manual . Reagan 

said t he manual offers too many genera l answers t o 

problems which would be company specific , depending ~ ~ 

each case . Mei er suggested that a common work area may 

not be feasible if the machines c an not be positioned 

there due to physical restraints . He also a dded the 

common wo rk area might become disruptive if a dedica ced 

cell strategy was used. Fergason added a solutio n t o 

the p r o blem of a part not fitting in to a family. He 

suggested a portion o f the factory be set as ide f or the 

production of this part. 

Reduction in Setup Time 

Quest i ons n umber five, s i x , seven a nd e i ght 

f ocused o n the manual's coverage of setup time 

reduction . Question number five asked if the ma nua l is 

correct on the subject of setup time reduction through 

improved cell performance. Reagan stated the manua l 12 

i ncorrect . He cla ims t hat process con trol should be 

addressed before setup time reduction or scrap will b~ 

p r oduced faster . Meier and Fergason agreed with the 
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manual, with Fergason adding that simplicity in ma c hine 

design and commonality of machines will also reduce 

setup time . 

Questions number six, seven and eight deal wi th 

the sequence-dependent setup time matrix offered by tr.e 

manual . Question number six asked the evaluators if 

the construction of this matrix is feasible . Reagan 

answered negatively, citing that too much ski ll wou l d 

be required by the cell workers. Fergason and Meier 

said it was feasible, but both stated that with many 

parts it would be very cumbersome because of the t ime 

studies required. 

Question number seven asked if the use of this 

matrix is possible in high volume manufacturing. 

Fergason said yes, but in l o nger runs del i very 

requirements may dictate run sequence more than 

efficiency o f set ups . Meier also agreed the matrix 

can be used in high volume situations with computer 

software aiding . 

The l ast question regarding t he sequence - depender.t 

setup time matrix asked if the manual provides a dequate 

instructions on the construction o f the matrix . Reagor. 
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stated that he did not understand the manual very wel l . 

Me ier and Fergason said t he manual i s c lear but Meie~ 

suggested an example be included sho wing an actua l 

schedule being deve loped with t he matrix . 

Worker Assignment 

The next t hree quest i o n s number n i ne, ten , and 

eleven addressed the worker assignment section of the 

manual . Question number e i g h t asked if t he evalua t e ~ 

a grees with t he t wo worker assignment methods proposed 

b y the manual. Reagan a greed with using the d e d i ca t ed 

c ell-loading method, but disagreed wi th using the 

worker-batch assignment method . He d isagreed with the 

worker- batch method because he believes the lac k o f 

p r ocess c ontrol would lea d t o workers c l ogg i ng t he eel: 

during high volume efficient production . He a l s o added 

that workers should be cross tra ined and rotated o n 

equa l intervals . Fergason's answer mirrors Reagan ' s . 

In addition to productio n disruption , Fergason added, 

t he wo rker assigned to t he entire batch could p roduce 

the entire batch ou t o f spec before going to t he next 

mach ine and d iscovering the error . 
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Meier gave advantages and disadvantages of bo th 

methods . For dedicated cell-loading, Meier listed l ow 

work in process inventory, work throughput, and high 

machine uti l ization as advantages . As disadvantages he 

listed complicated l ine balancing and the cell is more 

adversely affected by down time. For worker- batch 

assignment, Meier said the advantages are ; better 

utilizacion of manpower, quality of parts, and che eel _ 

is less affected by machine down time. Meier goes o n 

to say the big dis a dvantage of worker- batch assignment 

is the existence of work in process i nventory. Thi s 

lead him to question the improvement from a functional 

layout. 

Question number ten simply asked t he evaluators if 

the manua l clearly explains the two worker assignment 

methods. All three evaluators agreed the ma nua l 

sufficiently covered the material . 

Question number e l even asked if the evaluators 

knew of other methods that may be a more appropriat e 

form of worker assignment. Fergason and Reagan 

answered negatively. Meier made a suggestion thac a 

combination of the two methods could be used in certai n 
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situations. The situation he discussed is one in wh ich 

machines in the cell had significantly different 

processing. The cell would be operated in an assembly 

line fashion. As parts worked their way through the 

cell they would be queued at machines with l o ng l ead 

t i mes which are preceded by mac hines with a short 

processing time. At this time, the worker on the 

machine with longer processing time would process the 

batch of parts that has built up in the queue . Th is 

would keep the work flow smooth and the line balanced . 

Preventive Maintenance 

Questions number twelve and t hirteen addressed 

preventive maintenance in a cellular manufacturing 

environment . Question number 12 asked if the methods 

of schedu l ing preventive main~enance provided by t he 

manual are appropriate. Fergason stated that he agreeo 

wi th the methods and commented on the impo rtance of 

preventive maintenance to keep cells running . Reagan 

also agreed, s t ating the importance of using down time 

to complete preventive maintenance. Meier again agreed 

with the methods, but believed the method of conducti ng 
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preventive maintenance on a ll machines in a cell when 

one machine goes down would not work in a worker-batch 

assignment situation . 

Question number thirteen a sked if the evaluators 

knew of other scheduling methods f or preventive 

maintenance . Meier did not know of o ther methods. 

Fergas on suggested that if a pa r t passing through a 

cell does not use a particular machine, that mach i ne 

can have the ma intenanc e preformed on it . Reagan 

sugges ted that temporarily idle c e ll t eam members c a n 

per f orm the maintenance . 

Labor Issues 

The questionnaire also focused on the labor issu~s 

in cellular manufacturing . Question number fourt een 

asked if the manual is clear o n the criteria requ i r ed 

f o r cell team members . Al l three evaluators responde 1 

with yes , but Reagan said the manual neglected to 

discuss the development of cell persona l ity and team 

member contribution . 

Question number fifteen asked the evaluators 1f 

they agree with the a reas that must be covered in a 
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Each eval uator agreed with what t he 

manual cove red with Reagan and Meier adding some items . 

Meier added that cell members should be cross trained 

a t each machine in the c ell. Therefore, if cell 

members are missing, any member could operate the 

unoccupied machine. Reagan added tha~ in terpersonal 

and team building skills should be added to training 

for better team function . 

Quest i on number s ix teen asked if the compensa t ion 

program offered by the manual is appropr i ate for 

cellular manufacturing. Again all three evaluators 

agreed with the manual and Fer gason made an additional 

suggestion . He said t he compensation package should 

include significant incentives to reduce scrap and 

improve quality. He added that a bonus could be 

formulated t o address this idea. 

The rema inder of the questio nna i re, numbers 

sixteen through twenty, asked the evaluators to comment 

o n the manual as a whole, and to add any addi t iona l 

areas that need to be addressed by t he manual . 

Fergason stated that the manual covers the major areas 

o f ce llular manufacturing tha t he has experienced. He 
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believes that t wo things need to be added t o the manual 

for i t to be more complet e . The first is what cos t 

accounting methods would be used wi th this s t yle of 

manufacturing. Second, he suggested a study be 

conducted putting machine ut ili zation versus cell 

utilizati on . 

Meier a lso agrees the manual covers the six ma j or 

f actors involved in the t r ansformation to cellular 

manufacturing. Meier believes the manual should cover 

some aspects of quali t y control . He said that a 

pr ogram should be in pl ace before the transformation 

bu t will need to be modified for this new type of 

manufacturing . He also stated that cellular 

manu f acturing would not be appropriate f or a ll 

manufacturing situations and should not be f o rced if i: 

will not run efficiently . 

Reagan said the manual is " pretty good " overal l . 

He stated the immediacy o f feedback is the number one 

benefi t of cellular manufacturing and it shou ld be 

another factor covered . Reagan goes on to say 

immediate feedback c an stop an out-of-to l erance process 

before scrap is produced. He said t he cell shou l d be 
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autonomous and have the respons i bili ty to produce 

quality goods. This a llo ws the wo rker (in t he cel l) to 

develop a sense of pride because they see finished 

goods leave the cell and have some cont r ol of their 

dest i ny . 



Chapter V 

DISCUSSION 

The manual (Appendix A) was written from various 

empirical studies as well as papers printed in 

scholarly journals. Most o f the empirical studies we re 

done by industrial engineers. There is a lack of 

research on cellular manufacturing conducted by 

business professionals. The feedback from the 

evaluators gives an insight from b usiness professiona ls 

on how well the manual would perform in a real life 

business environment. The feedback is excellent and 

offers some suggestions which differ from the empirical 

studies. 

The feedback from the evaluators o n the manual 1 s 

coverage of cell design was positive. All three 

evaluators agreed that a coding and classification 

system of grouping parts is an appropriate method 

judging from their experience. This is in agreemenc 

with the literature in that area . Meier also brought 

up a point which was added to the manual. After a 

software package has produced part families, an 

experienced operations manager should look at each 

83 
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family and determine if it is logical. This will 

fur t her validate the findings. This is a very good 

idea and is critical to the success of the process. 

The next portion of the manual d i scusses the 

problems that c an occur when a factory is partitioned 

into cells. In general, the evaluators agree with che 

solut ions offered to the probl ems mentioned in the 

manual, but Reagan believes the answers are too genera l 

f or problems that woul d be company spec i fi c . This i s 

true, bu t the purpose of the manual is t o give general 

guidelines f or solving specific problems. It would be 

impossible to list all the company specific problems 

that could arise. 

Reagan also talked about another problem t hat is 

not covered by the manual. He said that a f acto ry fu l l 

o f c el ls will have a l o t of wasted space . This wasted 

space occurs where the rounded ends of two U-shaped 

cells back up against each other. The solution he 

offer ed is to set up the cells in straight lines as in 

assembly line fashion . This is a good point bec ause LC 

is critical that all space in a fac t ory be utilize d. 

Straight line cells do not go against c ellular 

manufacturing phil osophy and should not negative l y 

a ffect the benefits obtained from it. Therefore, t h is 
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space utilization is critical. 
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Fergason added a solution to the problem of a part 

not fitting into a part fami ly. He suggested that a 

portion of a factory could be set aside to manufacture 

this special part in a tradit i onal manufacturing 

f ashion. This is a good idea if the part is import a nt 

enough to be cost justifi ed. An addition to the manu a l 

was made to incorporate this solution . 

The manual then covers setup time reduction in 

cellular manufacturing. Meier and Fergason agree with 

all the points covered in the manual. Reagan bel ieves 

that setup time is importan t but it is not t he number 

one objective the manual states it is . Reagan believes 

that process control is the most important facto r. He 

s t ated the c ell ' s ability to stop an ou t of spec 

process immediat ely, before scrap is produced, is t he 

most benef icial attribute of cellular manufacturing. 

This input by Reagan was added to the manual because it 

fai l ed t o address this i ssue adequately . 

A sequence-dependent setup t ime matrix is 

suggested by the manual as a t ool to reduce setup t imes 

in a cell. From the comments by the evaluators, i t 

would seem as though this concept would not wo rk. Both 
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Meier and Fergason believe it is possibl e to construc t 

one, but it might not be feasible due to t he time 

studies required to construct it and it would be 

cumbersome to use. Reagan believes the use of the 

matrix would only spread out the setup times, but not 

reduce them. Therefore, it seemed only logical, from 

the evaluators feedback, to remove the sequence 

dependent setup time matrix from the manual. 

The manual then discusses worker assignment wi t hin 

the cell. The manual offered two approaches to 

assigning workers t o jobs in a cell . The first is 

dedicated-cell loading. This method ass igns a s ingle 

worker to each machine in the cell. Parts would fl o w 

through the cel l one at a time until the entire batch 

is processed (the lot size is one at each machine ) . 

The second method is worker-batch assignment. This 

method assigns an entire batch to a single worker who 

will take the entire batch to each required machi ne :r. 

the cell. The worker will complete the entire batch at 

a machine then move to the next machine until the bat ct 

has been completely processed. 

All three evaluators agree wi th the dedicate d - ce _ 

l oading method. They believe this approach is t he o n : ~­

way to reach the benefits of cellular manufacturing. 



Reagan adds, this worker assignment method gives the 

process control that he believes is the most irnpo r tanc 

aspect of cellular manufacturing. 

Two of the evaluators strongly disagree with the 

worker-batch assignment method. The two evaluato rs a re 

Fergason and Reagan. Their comments are nearly 

identical. They stress the l oss o f process contro l . 

If a worker assigned to a batch processes the entire 

batch out of spec at a machine, the entire batch is 

scrapped. They state that a dedicated-cell loading 

approach would have caught t he out of spec pro cess 

after only one part had been scrapped. The process 

c ould then have been fixed and production coul d have 

continued with minimal scrap. Reagan also added the 

cell would become clogged during high volume, causi ng 

loss o f efficiency. It is c lear the wo rker-batch 

assignment method is inappropriate, therefore, i t was 

removed from the manual . 

The manual then covered preventive maintenance. 

The evaluators had positive comments on this sect ion of 

the manual. Meier, Fergason, and Reagan agreed wich 

the methods offered by the manual. Ferga s o n and Reaga~ 

each added a method that could be used t o conduct 

preventive maintenance. Fergason suggested that if a 



part passing through the cell does not require 

processing time on a machine, then preventive 

maintenance could be conducted on the idle machine . 

Reagan suggested that idle cell team members c ould 

conduct preventive mai ntenance. Both of these methods 

are excellent and were added to the manual. 

Finally, the manual discusses the issue of labor 

within the cell. The manual covers the c riteria f or 

cell team members, the training program, and a 

compensation program. All three evaluators agreed wi th 

the manual on what criteria should be looked f or when 

selecting cell team members. The manua l is clear and 

correct on what characteristics are required for 

effective cel l team members. 

On the i ssue of training cell team members, the 

evaluators agreed with what the manual suggested should 

be included in a training program, but Reagan and Meier 

had some additions that they believed need to be 

covered. Meier stated that each cell team member needs 

to be cross trained on each machine in the cell. 

Reagan agreed saying this allows any team member to 

cover for absent members and it allows f or rotat ing 

team members between machines at regular intervals. 

Reagan also said the manual needs to include 
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program. Again, these three additions to the training 

program were added to the manual. 

All three evaluators believe the compensation 

program is appropriate in the manual. Fergason made a 

suggestion that a bonus could be developed t o reward 

c ell team members for reduced scrap and improved 

quality. This is an idea that is not covered in 

literature and proved to be a valuable addition t o the 

manual. 

Summary 

As illustrated by Table 8 , the evaluators agreed 

wi th the majority of the manual. They d id , however, 

highlight some deficiencies and offer some very use ful 

additions that were made t o the manual. The divers ity 

of the evaluators (purchasing, operations , and 

indus trial engineering) is key to t he weal t h of 

information they provided from their d iffere n t 

prospectives. 

The re are two things that had t o be removed fr o~ 

t he manual . The sequence-dependent setup time mat~ 1x 
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wa s be removed from the manual . Al l t hree evaluato rs 

strongl y disagreed wi th its use contradicting t he 

li t erature piece us ed for t he manua l. The feasibili ty 

of t he matrix is in serious question i n the rea l wo r ld . 

The worker-ba tch a ssignment method of assign i ng 

workers to jobs within the cell was also remo ved from 

the manua l . Two of the t h r ee evaluators disag reed wic h 

the method and therefore the literature in thi s are a . 

They cite the los s of process control and cell wo rk­

fl o w disruption as t he main reason for their 

disagreement . Those two areas are critical if che 

benefits of cellular manufacturing are to be a c h i e ved . 

Therefore , t his method was removed as an o ption o ffe red 

by the manual. 

There were several valuable suggestions made by 

the evaluators that would improve the manual . The 

first is made by Meier in the cell design area. He 

suggested an e xperienced operations manager revi ew the 

par t families produced by t he coding and class i f icat i o n 

software . This brings up a good point that part 

families need to be approved t o assure they are 

log i ca l . The second addition that needs to be made 1 s 
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o ne suggested by Reagan. Under the physi c a l layo u t 0 f 

the cell , he said spac e is wasted where the r o unded 

ends of t wo U- shaped cells back up against ea c h o ther . 

What was added t o the manual is the option o f laying 

out cells in a straight line as in assembly line 

fashion. This would more efficiently use space i n 

situati ons where space is c r itical . 

There are two items that were suggested by t he 

evaluators t hat need t o be added t o t he preventi ve 

maintenance schedul ing section of the man ual . The 

firs t was suggested by Fer gason . He suggested thac if 

a part passing through t he cell does not require 

processing , preventive mai n tenance c an be conducted o n 

the i dle machine . The s econd was suggested by Reagan . 

He suggested that idle cell team members conduct 

prevent ive maintenance . Both of t hese methods made 

positive additions to the manual because they take 

advantage o f down time without disrupting productio n . 

Finally, the evaluato rs made some sugge stio ns t ~~ ­

should be added t o the labor issues covered by the 

manual. First, Meier suggested that cell team membe~ s 

b e cros s tra ined at eac h machine in the c ell . Th is . 



92 

important because the cell will s t ill be able to 

operate when team members are absent . Second, Reagan 

suggested that interpersonal and team building ski l l s 

need t o be added to the t r aining progr am des c ribed ir. 

the manual . Finally, Fergason suggested a bonus be 

added to the compensatio n package . The bonus i s t o be 

designed to reward cell team members for reducing s c r ap 

a nd increasing quality . All three o f t hese s ugges tio ns 

were positive a dditions t o t he man ual . 

The eva luators all agree the manual has t he 

abi lity to solve the problem, with a few deletio ns and 

a dditions men t i o ned above , o f transfo r ming a 

tradi t ionally f unctiona l fact o ry fl oor in t o a cellula r 

ma nu fa c turing layout . Again, the e valuators agree the 

manual atta c ks the key facto r s that must be addres sed 

i f the benefits of this type o f manufacturing are to be 

obtained . 

Limitations 

The biggest probl em faced was data collection . 

There is limited printed research on cellula r 

manufacturing . There are several fa ctors invol ve d wi: h 
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this type of manufacturing and in most cases chere were 

only one or two empirical studies done i n e a c h a rea . 

This did not allow for verificacion of procedures ano 

findings by o ther researchers . This was par t i cu l ar ly 

true i n the area of labo r issues . There were no 

empirical studies conducted on trai ning programs, 

selection of cel l team members, or compensation 

programs . The literature f ound was a few art ic l es 

making suggestions without empiric a l evi d e nc e t o ver1f1 

them. 

Suggestions For Further Research 

Given a chance to r e plica t e the stud y, 

concentration on the labor issues involved in c e llular 

manufacturing would be the focus of the study . The ~e 

is very little r esearch i n this area . Primary researcn 

would be conducted using empirical studies to veri f y 

che most effective way t o develop and manage t he cell 

t e ams. There is a not i ceabl e l ack of labor vari a bles 

in most empirica l studi es conducted o n c e llular 

manufacturing . This could be the result of most 

research being conducted by ind ustrial engi neers a nd 
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Introduction 

The following manual offers guidelines intendea c ~ 

cove r t he rnaj or factors involved i n the trans f o rrna ti _ ,1 

o f a functi ona lly partitioned factory floor into a 

cellula r manufacturing layout . This manual is not 

in tended t o g i ve detai led plans f o r a trans£ o rma c 1or. 

because of the diversity o f i ndustrie s /products a na 

business o perations. I ts intent , however , is t o c o ver 

broad factors that must be addressed if a 

transformat i on is t o be successful. 

The following six factors wi ll be covered by ch i s 

manual : 

1 ) Cell design 

2) Special problems 

3) Setup time r eduction 

4 ) Wo rker assignment 

5) Preventive maintenance 

6) Labor issues 

General guidelines will be given in each of these 

areas. 
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Cell Design 

The first step in converting a functional 

manufacturing facility into a cellular manufact uring 

facility is the f orma tion of part families. The type 

and number of different products being produced 

dictates the complexity o f this process . The number 

a nd layout o f cell s is increasingl y compl ex as the 

numbe r of different products produced by a 

manufacturing facility increases. The formation of 

part families will require a ctive p articipati on o f 

design/industrial engineers and operations managers . A 

coding and c lassifi cation method should be used to 

identify parts that have s imilar design and 

manufact uring a ttributes. There are several software 

packages available for this (i . e . OPIT Z, MI CLASS, KK-3 , 

and KAMKODE) . Regardl ess of the package , a series of 

digits (1 8 or more) represent ing an individual part 

should be developed giving that parts unique design and 

manufacturing attributes . 

The code should represent the following types o f 

information: 



Design attributes 
- General shape 
- Material required 
- Diameter 
- Length 
- Product type 
- Custom attributes 

Manufacturing attributes 
- Number of processing step 

Processing sequence 
Physical requirements of labor 
Number of processing machine 
Processing machine type 
Number o f tool 
Tool type 
Number of end operation 

- End operation sequence 
- Custom attributes. 

The coding in f ormatio n c an be obtained from a desi gr. 

and manufacturing database. The benefits that wilL t~ 

obtained from thi s coding and c l ass i fying o f par t s a~E 

as follows : 

- I t facilitates the formation o f part fami l i es 
and machine cells. 

- It allows the use of setup time reduction in t he 
formation of part fami l i es and machi ne c e lls . 

- It permi ts the qu ick retri eva l o f d e s igns, 
drawing , and process p l ans. 

- It minimizes design duplication . 

- It facilitates t he accurate estimation o f 
machine tool requirements and logical control . 
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- It provides reliable work- p iece statistics . 

- I t aids production planning and schedul ing 
procedures . 

- It improves cost estimatio n a nd facilita t es cos t 
accounting procedures . 

- It p r ovides for better machi ne t ool u t i lizatio n 
and be t t er use of tools , fixture and manpower . 

Once a ll o f tbe parts are coded and e n tered , the 

software package will group parts into fami l ies wi th 

similar a tt ribut es . Experienced operations and 

engineering managers should then e xamine the part 

families to determine if they are logical . I f i t is 

agre ed t he pa r t families are l ogical , then i t is time 

to design the cell s that will produce each part family 

by partitioning the machine s that wi l l comprise each 

cell . 

Each part in a family shoul d be able to be 

produced entir ely within the cell (obvious l y there will 

be exceptions in p rocessing which will be covered in 

t he special p r oblems section) . Therefo re , each cell 

will consist of all the machines required f o r each 

i nd i v i dual pa r t to be comp le t ely p r ocessed . The 

machines fo r each cell will be taken from various 
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functional areas of the p l an t (again e xc epcio ns wil~ 

a r i se wi t h lack of machi nes for cell s which will be 

covered in the special problems section) and placed in 

the cells . 

The individual cel l layout will be u-shaped. 

Fi gure 1 illustrates productio n fl ow within a ce l l . 

Th e mac hines sho uld b e placed in Lo gica l p rocess ing 

order for the part family (i .e. the machine that 

c onducts the first process should be followed by the 

machine that conducts the second process, etc . ) . On 

paper, the cell l ayout should look like Fi gure 2 . Eac~ 

statio n c onta i ns a machine /tooli ng to conduct a pro~c~s 

o r the tools a worker uses t o conduct a process. Parts 

travel from station to station (not all parts will 

require processing at each stat i on) until the part is 

completely finished . Figure 3 is an example of whar an 

actual cell layout l ooks like . The size and shape of 

t he cell is dependent on the size and number of 

machines/processes required by each part family but 

should be u-shaped in general. 
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FIGURE 1 

C ellular Produ ction Flow 
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Special Problems 

There are several prob l ems that can arise duri ng 

the f o rmation o f cells. Except ional manufacturing 

processes , that are required by a part family, is one 

problem that can impede the formation of a cell. These 

processes will require parts to leave the cell during 

batch p rocessing (i . e. the mac hine/tool ing can not be 

physically p l aced in the cell). The fol l owing are 

situations in which machine can not be put in the cell : 

1 ) Difficul ty in moving very heavy o r ancho red 
machines . 

2) Safety constraints (i .e. equipment that heat 
treats, chemica l processing) . 

3) Physical constraints (size and shape of 
equipment) . 

These problems can be overcome by creati ng a 

common work area that conta ins the special processi ng 

equipment required by all the cells in the factory . 

The common work area should by located such that it i s 

as close to the cells that use it as possible . As a 

batch is moved through t he cell, and it requires a 
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special process, the material is sent out o f the c ell 

to t he common work area. I f the n umbe r o f parts int~~ 

pa r t family requiring a special process is sma l l, t hen 

the parts should be sent t o the commo n wor k area a nd 

then returned to the cell for continued process ing . = £ 

the number of parts in the part family requiring 

s pecial pro cess is l arge, then t he cel l s hould b e spl~t 

i nt o two c ells i nstea d o f sending t he parts b a ck and 

f orth. Remember, one o f the a d vantages o f c ellul a r 

manufacturing is reduced travel time of parts. One 

cell should be designed to process the part famil y 

prior to the required s p ecial process . The other ce_~ 

s hou ld be designed t o r e ceive t he pa r ts , after the 

spec ia l process, and compl ete the processing o n the 

part family . 

Another problem that can occur during the 

transformation to cellular manufac turing is part s not 

f i tting into a family (excepti onal parts ) . Exce p tional 

part s may be unique in s i ze, shape, material, o r ma y 

require special proc essing that no other parts i n the 

factory have. There are three ways to solve thi s 

p roblem. The first i s t o reengineer the des i g n o f the 
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part to fit a family. The second is to purchase the 

pa rt f rom a vendo r . A very c a r eful make o r buy 

analysis needs t o be conduc t ed t o de t ermi ne t he best 

c ho i c e. A third method to s o l v e th i s problem is t o ser 

a portio n of the factory aside for the sole purpose o f 

producing the particular part . This is an acceptabl e 

solution if the part is a signific ant eno ugh re ven ue 

produc er to c o st justify i t . 

Th e mo st c ommon problem in the partitio ni ng of th ~ 

facto ry f l oor i s machine shortage . The easy answer t o 

this probl em is t o purchase equipment . I f there were 

not budget constraints, the purchasing depar t ment wou: 

simp l y bu y the machines needed co comple te e ach e el_ 

that has been shorted machines. But when there a re 

capital restraints, there are other sol ut ions t o t h e 

problem of machine shortage. 

If two cells are short the same machine, t he tw~ 

c ells c an be combined into one . Al ternativel y, the 

shor t machine could be l ocated between the two cells 

and shared by both. Both of these methods avoid 

additional investment but wil l sacri f ice work flow an~ 

contro l within the c ells. Team members must d e c ide~ -
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what level of lost benefits will the cost of additiona l 

inves tment be less than the cost of not invest ing 1n 

additional machinery. 

I f the capital exists, machines should be 

purchased to complete cells as they were designed. 

When the decision to purchase a machine to complete a 

cell is made, it must be determined what capabilities 

the machine must posses. The machine shou l d be able t a 

complete all processes needed by the part family. 

The re i s no reason to purchase a sophisticated mach i ne 

when a simple, less expensive, single task machine can 

do t he job. The advantages of this type o f purc hase 

are t he mainta i ning of the autonomy o f individua l 

c ells, reduced setup time (key to many benefits ) , and 

simplicity of manufacturing. 

Finally, in situations where factory floor space 

is limited, U- shaped cells can leave wasted space . 

This space occurs where two rounded ends of c el ls c ome 

together. In situations o f critical space shortage , 

the solution to this probl em is to lay out the cells 1n 

a straight line as in assembly line fashion. The ce ll 

will lose its closed loop appearance but will no t l ose 



any of the benifits accuired. 

Reduction in Setup Time 

The reduction i n setup time between parts bei ng 

processed within the cell is an impor t ant underta ki ng 

in cellular manufacturing implementation . This 

reduction is the economic justification of cellu l a r 

manufacturing because it makes profitable smaller lot 

sizes. Setup time reduction directl y l eads co ch e 

fol l owing consequences: 

1 ) Reduced variance of job flow time . 

2 ) Improved queui ng and flow time performa nce . 

3 ) Reduced optimal product lot sizes . 

These consequences will result in the following 

benefits : 

1) Improved delivery reliability . 

2) Stabilizing production scheduling and c o n cro ~ 
activities. 

3) Reduced safety stock requirements. 

4) Improved delivery speed. 



5) Reduced WIP i nventory. 

6) Fast response to market change. 

7 ) Fast feedback to quality control . 

8 ) More flexibility i n product s chedu l ing . 

9) Better control o f wo rk fl ow. 

10) Efficient utilizatio n o f t ooling and 
transportation. 

Without the reduction in set up time, obtaining t hese 

benefits i s impossible. 

.:. 09 

Because of the importance o f setup time reduc t1 0~ , 

it shoul d be the number one objective in c el l 

development . The first step in setup time reducti o n 

was completed in the grouping o f part families . The 

coding system c ontained information o n similarities ~r 

setup procedures between parts. The two remaining 

steps in setup time reduction are sequence-dependen t 

part scheduling and machine/tooling i mprovement. 

The fa c tory floor has been partitioned into cells 

and the machines/tooling has been placed in the u ­

shaped cells, it is now time to begin the task of secLp 

time reduction. There is no doubt t hat a company 

transforming a factory to cellular manufaturing wil l be 
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doing so under a budget . Therefore , c hoices must be 

made o n how f ar to go and to wha t parts the money will 

be spent for setup t i me reduction . There are t wo areas 

t o attack setup time reduction : 1) the improvement of 

cel l f l o w t ime perfo rmance (work flow time, variance of 

cell flow t i me , and reduc tion o f opt i mal produc t l ot 

s i ze) ; and 2) concentrating efforts on high demand 

products and those with long process ing t i mes . 

There are four guidel ines to follow when ma king 

deci s ions o n setup time reduction to i mpro ve cell 

performance . These guidelines are as follows : 

1) Job queuing time within the c e ll will 
decrease at a decreas ing rate as product 
setup times ar e reduced . 

2) The optimal product batch size that 
minimizes th e e xpected cell queui ng t ime 
will decrease a t a decreasing rate as 
product setup times are reduced . 

3) The variance o f j ob queuing times within 
the c ell will d e crease at a decreasing 
rate as product queui ng times are reduced. 

4) The marginal queuing t ime i mprovement f rom 
a product setup t i me r eduction is 
proportiona l to the p r o duct 's WI P level . 
Therefore, f or any two parts in a family, 
the one with a higher WI P wi ll generate a 
larger marginal queuing t ime improvement 
from a reduct i on in setup time . 
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These rules indicate the cost required to reduce 

the setup time an additional unit is increasing ( t hese 

costs are marginal). In addition , the marginal return 

from flow time improvement i s decreasing. Therefore, 

the re exists an optimal setup time reduction investment 

decision where the marginal cost and marginal returns 

are balanced . It must be found where these cost and 

retu rns are balanced so the funds are allocated in the 

best manner. 

The second area where investment allocation 

decisions are made is defined by part demand a nd 

processing time requirements . The following guidelines 

apply : 

1) for t wo parts that have identical batch 
processing times , the product that has a 
higher batch arrival rate will generate a 
greater marginal queuing time improvemen t 
from setup time reduct ion. 

2) for two parts that have identical setup 
time and processing requirements, the 
part that has a higher unit arrival rate 
will generate a greater marginal queuing 
time improvement from setup time 
reduction. 

3) For t wo par ts that have identical batch 
arrival rates, the part that has a longer 
batc h processing time a greater marginal 
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queuing time improvement from setup time 
reductio n . 

4) For two products that have identica l setup 
time r equir e ments, the part that has a 
l a r ger mean p r ocessing workload will 
generate a greater marginal queuing time 
improvement from se tup time reductio n . 

These guidelines illustrate the fact tha t when the 

objective is to reduce batch flow t i me through se tup 

t i me reduction , the e f forts (capi tal ) should first 

focus on the parts tha t cont ribute the largest amount 

t o WI P invent o r y. Therefore , l imited capital should be 

allocated to parts wi t h high demand and/or long 

processi ng times. 

J ust because t wo part s use t he same machine does 

not mean t here i s an automati c setup time reduction 

between the two parts . Therefo re, a s ignificant amount 

of setup time reduction can be obtained by sequencing 

parts through the cell so as to take advantage of 

s i milarit i es in setup procedures . The o perations 

manager a nd e ngineers should use their e xperience to 

determine a logical flow o f parts through the cell. 
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Worker Assignment and Process Control 

The objective of cell managers is to mini mi z e c~e 

thr oughput time of batches of parts. The best approa c h 

in ass i gning workers in the cell is dedicated cell ­

l oadi ng . Under thi s strategy , the ce l l is ded ica t ed 

(setup ) for only o ne part at a time . The batch size t o 

be transferred through the cell is one . for exampl e , 

fi f t y of part #3 are to b e processed for an o rder. Th e 

first part (#3) o f the b atch is sent to the first 

machine in the cell . When t his machi ne i s finishe d 

processing the part , it is sent to the next mac hine 1 ~ 

t he cell and the second par t (ij3 ) is sent to the f ir sL 

machine. This continues until a l l fifty of t he par ts 

are compl eted . Therefore , t he batch is being 

simultaneously processed a t different mac hines i n t he 

c ell. The cell has the appearanc e o f an assembly li ne . 

When the last part (#3) of t he b a tch ha s completed 

processing at the first ma chi ne (and sent t o the secon a 

machine), setup begins for t he next part to be 

pro cessed by the cell. Setup wi t hin the cell c on c in~es 

as the l ast part of the current batch passes t h r o ugh 
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t he cell . When setup has been completed at the first 

machine in the cell, the first part o f the next bat c h 

is sent to this machine. Therefore, t he thro ughput 

time for a batch of parts is the sum of the setup t imes 

at each required machine plus the processing time 

required by the parts . This underscores the import a,t -~ 

o f the reduction o f setup time wi thin the ce l l . 

The use of dedicated-cell l oading fo r assign ing 

workers leads to the most important benifit of cellular 

manufacturing . That is process control. Process 

control comes from the abi lity of the cell t o stop an 

ou t o f spec process immeadiatly, before scrap is 

produced . As a s i ngle part travels t hrough the ce l l , 

if an operator at t he next macine in the cell detects a 

problem, the process is haulted with only a single par e 

being scrap, not an en t ire batch . The process can c~e~ 

be corrected and productio n resumed . 

Preventive Maintenance 

Preventive maintenance is essential with the 

change from traditional manufacturing to cellula r 

manufacturing . Conducting preve n tive maintenance i s 
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not difficult in a traditiona l manufactur ing setting . 

When a machine is out of service for maintenance , 

another machine in the functi o nal block can p erform tn~ 

needed operation while that machine is out of service . 

In cellular manufacturing there is a much grea t er 

p r oblem . When one mach ine is o ut o f servi ce, che 

entire cell is not fun c tional. Therefore , preventive 

maintenance is very important i n cellular manufacc ur1ng 

in o rder to keep a single machine from breaking d o wn 

and shutting down an entire cel l . 

The scheduling of preventive ma i ntenance is 

cri tica l i f production interruption is t o b e limiced 8 ~ 

avoided a ll together . Preventive maintenance sho ul d 

not be scheduled for an individual machine in t he cel l 

(unless a particular machine is idle durring the 

current production run ) but shoul d be scheduled f or : ~e 

entire c ell as a whole . One o f the foll owing five 

methods of scheduling preventive maintenance shou ld be 

used to limit/avoid production interruption: 

1 ) Schedule preventive maintenance for the cell 
during off shifts (i . e . nights, weekends ) . 



2) Conduct preventive maintenance o n an entire 
cell when one of its machines breaks down. 

3) Conduct preventive ma intenance during major 
factory shut downs (holidays). 

ll o 

4) Enter a dummy part number into the productio n 
schedule. When the dummy number comes up in 
the production schedule, the cell will be 
clear. The processing time entered f or t h e 
dummy part will be the time required to 
complete the preventive maintenance on tr.e 
ent ire cell . 

5) Conduc t preventive maintenance on machines t hac 
are not required for processing by the curren t 
batch of parts being produced by the ce l l . 
This maintenace could be conducted by idle eel: 
workers . 

Labor Issues 

The human interface involved in the transformati o n 

to cellular manufacturing is a very important issue t ~ 

be addressed if the process is to be successful . The 

cell is to be staffed by a self-regulated team who s e 

members must have the skills , i nformat i on , and a u t ~n ~~ 

to control technical and environmental variances as 

c l ose to the produ c t ion as possible . The creators of 

the team must understand the amount of cooperation 

required between co-workers, new amounts o f informat~ - · 

processing and decision making requirements of rnernbe! $ , 



new work environment, and the psychologic al factor s 0 £ 

the growth needs o f workers. Because of the importance 

and time required to prepare these teams, the process 

should begin as early in the transforma tion as 

pos sible . 

The selection o f team members shou l d f ocus on 

wo rkers with high growth needs , willi ngness t o lear r. 

mul tiple skills, and wi ll p ositive l y r eac t to 

c ompensation packages that promote learning skill s . 

Once the proper cell team members have been chosen, 

training shoul d begin. The training program should 

meet the f ollowing criteria : 

1 ) An increase in t he standard competence of the 
worker . 

2) Broad based training with the aim o f producing 
mult i role/multiskill workers . 

3) Deve l opement of analyt ica l abil i ties for 
eva l uating and us ing i nformation . 

4) Inter personal and team building skills . 

5) Each cell member should be c ross trained o n a l l 
machines in the cell . 

The tra i ning program should be designed to produce 

wo rkers with the ability to analyze and use informa tion 
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for decision making within the cell without direc t 

supervisory intervention . The worker shoul d be a bl e t o 

detect quality problems as soon as they happen and s top 

production before any more value-added pro cesses occ _r 

(process contr ol). 

A compensation package should be deve l oped with in 

the team concept . Workers start at a team- based 

training salary (all team members will be started a c 

this level). As skil l s are l earned, raises are give n 

to r eflect their success. A team reward system (b onus ' 

based on performance should also be put in place . This 

reward system wi ll compensate the cel l team for 

i mproved profitability o r c o s t savi ng i deas withi n the 

cell. 

Conclusion 

This manual has given a set of guidelines t hac 

covers the major issues involved in the transforma c~on 

o f a functional factory into a cel lular manufactur ing 

system. As a project team designs and implements ch i s 

t ype of manufacturing, deta ils unique to their 

company/ industry will be incorporated into their 



11 ~ 

designs . Although each manufacturing situation is 

unique , all of the factors covered in this manual must 

be addressed if the benefits of cellular manufac t u r1~g 

are to be achieved . 



APPENDIX B 

QOESTI,ONNAIRE 

1. Under the cell design portion of the manual, do 
you agree or disagree with the use of a coding and 
classification method for the creation of part 
families? Explain . 

2. Is the manual clear on the physical make- up of the 
cell? Why or why not? 

3. Have you exper ienced or know of any other problems 
with the physical layout of cells? If yes, please 
explain and give solutions . 
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4. Given the listed problems that can occur in cell 
design , are the solutions feasible and adequate ? 
Are there other solutions to t he problems? Please 
support your answers. 

5 . Do you agree with the guidelines in the manua l on 
setup time reduc tio n through improved cell 
performance? Explain . 

6 . Is the construction of a sequence-dependen c setup 
time matrix feasible? If yes, why? I f n o , why ? 

7 . I s the use of this matrix possible 
vo lume manufacturing environment? 
If no, why? 

in a high 
If yes, wby? 



8 . Does the manual provide adequate i nstruct i ons f o r 
the construction o f the matrix? If yes , why ? I f 
no , why? 

9 . Do you agree with the two worker assignment 
methods pre sented by the manual? Why or why no c ? 

10 . Does the manual properly explain the worker 
assignment methods? If yes, why? If no , why ? 
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11 . Do you know of more appropriate worker assi gnment 
methods? Explain . 

12 . Are the methods of scheduling preventive 
maintenance appropriate for cellular 
manufacturi ng? If yes , why? If no, why? 

13 . Are there other methods of scheduling? If yes, 
please list . 

14. Does the manual make c l ear t he c riteria required 
in the sel ection of cell workers? Explain . 
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15 . Do you agree with the areas that must be covered 
in a training program? Why or why not? 

16. Is the compensation program suggested appropriate 
for cellular manufacturing? Explain . 

17. Does the manual cover all the major areas o f 
cellular manufacturing? Explain. 

18 . Are there any errors in the manual that the 
questionnaire did not cover? Please list and 
explain. 



19 . Would you add anything to the manual to make it 
more complete? Explain. 

20 . Please give any additional comments here. 
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October 9 , 1995 

Brian Fergason 
121 4 High school 
Ladue, MO 63117 

Dear Brian, 

APPENDIX C 

COVER LETTER 

Thank you for agreeing to evaluate this manual . Please r e.:i. :: 

the encl o sed manual and fill out the questionnaire as compl etely 

as po ssible . A follow up call will be placed t o you after you 

receive the questionnaire to briefly go o ver it. The purpose c ~ 

your evaluation is to gauge the validity and completeness o f the 

manua l and add additiona l insig hts to the topic that y o u ma y hav~ 

experienced in your profession and educationa l endeavors. When 

you compl ete the questionnaire, please return i t in the enclosed 

self addressed envelope . Thank you f or your participatio n in my 

research effort . 

Sincerely, 

Todd E. Richter 
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