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ABSTRACT

In this paper, we discuss a recent deveiopment in the areyq of
manufacturing management-aptly cailed "Synchronous Innovatiaon™.
This 1Is a strategy which calls for synchronous deployment of
technological and adminiszstrative Innovatlions during modernization
pregrams in manufacturing organizations. “The spectacular growth
in organizatlong worldwide adopting the New Manufacturing Tech-
nologles (NMTs) has led to a growing body of ressarch on effec-
tive implementation of the NMTs. One after the other, NMTs such
ag Group Technology (GT), Just In Time (JIT), Flexible Manufac-
turing Systems (FMS), CAD/CAM, Computer Integrated Manufacturing
;(CIM), have g}own in tremendous popularity in thé past decade.
Ona can safely predict that the nineties will see the drive
- towards new Manufacturing Revolution become much more vigorous,

and widespread, with a growth many orders of magnitude higher

than we witnessed in the previous decade.

The foremost question that arises now is "how should the NMTs be
effectively deployed ?" An organization committing substantial
Investments for modernization is naturally concerned about effec-
tive deployment of the modernization program. This paper dig-
cusgsesg .the aynchronous innovation strategy which has been advo-
cated for this purpose. We look at a number of administrativﬁ
innovationa which were guccessfully integrated with the techno-
logical Innovations to make the modernization program a success
by many leading organlzattans. We provide evidance by briefly

rlviewlng a4 few case applications. Finally, we pravide gulde-



lines on implementation of synchronous innovation strategy.

The individual references are too many to clite. However, a good

compilation of these may be found in the book "Taking Charge of

Manufacturing”™ by John Ettlie, Jossey Bass Publishers, USA

(1988).



ABBREVIATIONS
In this paper, we have adopted several abbreviations for some
sommonly known systems and technologies. The abbreviations along

with their meaning are.as under:

NMT - New Manufacturing Technology
" GT - Group Technology

FMS - Flexible Manufacturing System
CAD - Computer Aided Design

CAM - Computer Alded Manufacturing

CIM - Computer Integrated Manufacturing
M - Intelligent Manufacturling

T -~ Technological Innovation

Al - Administrative Innovation

DMI - . Design-Manufacturing Integration
DFM - Deslign for Manufacturing

R&D - Research and Development
JIT =~ Just in Time

AGV - Automatic Guided Vehicle

PPM - Parts per miTlien -

FAS - Flexible Assgsembly System

IEC - International Electro Technical Commission

gynohronous [nnovation -the new trend f{n Manufacturing Management

PROF. MANGESH G. KORGAONKER

The introduction and implementation of new manufacturing technal-
acgles (NMT) typified by GT, FMS,CAM, CIM, intelligent manufac-
turing (IM) etcf is by now a fairly wide spread, global phénome-
nan. lﬁ step with the arrival of the NMTs, we are now wltnessing
a new wave In manufacturing‘management - one which focuses more
on the organizatlonal! and administrative Innovation for achieving
success with deployment of NMTs. This is referred to as 8ynohro-

nous innovation. Broadly defined, it is the planned, simultane-



ous adoption of congruent technological and adﬁinlstrative fnﬁof-
vations during maodernization. These two types -of innaovatlions
work together to create arsynergistic effect nﬁ performance. The
administrative innovations have been as broad In range and varie-
ty as the technological innovations themselves. They hﬁve varied
from a single quality circle that configured and designed an FMS
to a completely new organizational structure. for deploying a
farge‘CIM system Empirical evidenﬁe suggests that the adﬁinistra?
tive Iinnovations follow typically the following pattern:

1 ) . _
1) The more radical the new technological innovatiom, the more

radical the administrati#e change.

i) Fdrging of a link between administrative {nnovation and
technological innovation is often stimulated by an 1ncreas?
ingly competitive environment, as well as more demanding

" technological environment. -

111) Administratlvérinnovations to deploy the enabling technelo-
gles of CIM proceed with integration of hterarchy of an
organization firat, the design manufépturing .1ntegratlonr
next and finally integration witg customers aﬁdlsuppliers.

-

1. The Synchronous Diagonal

The synchrﬁnous innovation strategy tor modernization calls tor
careful matching of technological innaovatiaon (T!) and administra-
tive innovation (Al). Filgure 1 presents the rough guldeiine. In
thia flhure. degree of radicalness of Tl ta plotted on the hori -

zontal axis and degree of radicalness af Al (new policles, prac-
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tices,contracts and_structurea)Ais plotted on the vertical axls,
THe;_synchroﬁnus diagonal represents the theoretical matching of
jﬁdth '&1menéiﬁns in the degree'df'departure from astandard hrac-
ince.- Thua the modernization cases expected to be most effective
.are those Iying on or close to the diagonal: cases of low techno-
Ingical change low administrative change, medium change on both“n

axeg, or high change on both axes,

As atated earller the key features of administrative innevations

which form part of synchronous innovation strategy are :

1) Integration of hierhrchy of an organization
1i) Design manufacturihg integration (DMI)
111) Integration of customer and suppliers

Figure 1: The Synohronous Innovatlcn Diagonal
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Later in the appendix we will review a few case histories of
companieg who have successfully implemented the Synchronous
Innovation strategy. Presently, we focus the discussion on the

key features of the synchronous innovation.

2. - Hierarchiocal Integration for Modernization

SQ;éhrnnaus Innovation 12 really a strategy that to begin- with,
aimse at iIntegrating the ogganizatianal hierﬁrchy to support the
technological innovation. Table 1, below givezs a summary of the

Al's that have supported such integration In a number of well

known madetnization programs. We brilefly discugse these below .

2.1 Engineer-Blue Collar Teams: The mo=t commonly cited Al i=a
the Engineer-Blue Collar Teams. A "green hduse“ approach to
signitfieant technological change, 13 often the mast suitable one
for fnrma}inn of such teams. A green house Is an area in an
older plant that is set asidé for protofyping process technology
bhefore !t {3 installed on the shop-floor. This allows vendors,
,££ house manufacturing, éystems engineers, operators, skillied
trades supervisors a chance to pérticipate in technology debloy-

ment from the outset of a major program . Firms that use this

approach seek the following:

D They want the technology to work before it {3 released to

production and hecomes vigible.

1) ,They are attempting to obtain the optimum design and {mple-

mentation possible.



1ii) They generally like to be in the forefront of innovation.
Table 1: Administrative Innovations that support Hierarchical

intogration for Modernization

AR e A N e MR A MR SR S M AR R A e e e e e R EE MR mm e e e e A MR WE Gl M M e e e v e = R R M i mm mw M e e M e e

Hierarchlcal! Administrative
Innovations

e AR s MR R G SR iy ek e e TR R W N W R R W e m e R R R R s e e e e e e e e M Mm e MR A A e = . M SR R A 4B b Sk mm e w wm -

1. Engineérs - Blue Collar Teams

2. Productivity Teams

3. Others - Training in stfess reductlion;
gignificant structural change; blue
collar design; formalized selection
teat with FMS as strategic goal.

4. Autonomous work groups

5. Technology agreements

6. Flatter plant structure’

7. Compensation Experiments

B. Quality Circle for FMS design

8. Broader job descriptions

TR m m e s A A e R MDA Gk S An TR e AR WS e e e e e e AR MR MR WS MR MR A e e e mh ot e T TR W MR W M A e A A e e v .

2.2 Produotivity Teams

’.This is the second most frequently observed Al. 1t is a wvariant
of team concept, uitﬁ application to sliightly larger 15§ues, and
"with broader reprasentation on the team. Usually, the teams are
functional, with Iinputs form concerned areas guch as quality
cantral, éupervislon, skilled trades, engineering, production
planning, etc. Vendor involvement is often critical for the
gucceaa of thesé teams., Selecting the core members of the team,

timing of particlipatien by functional representatives and theip



scope of_authority are amongst the crucial tsgsues in forming the

productivity teams.

2.3 Technology Agreements

Explicit technalogy agreements between unfions and management
regarding technology ror.modernizatinn i{s another 1important Al
‘often cited. Such agreementa may involve t) job reclassifica-
tions and reallocations, i{1) clauses to save jobs in return for
concessions on job categories and conditlions of deployment of new
technology, allowing more start-up flexibility for the 1nstaila-
tion iii)'definlng oeriteria for advance notice, training, selec-
tien, transfer, and‘outsoufcing . The experience to date sug-
gests that it 1s more a myth than reality that unions prevent
modefnizgtion' from occurring. In general, plants <repo£t1ng
technology agreements in uae-torﬂnade:nliﬁtion, attempt to create
'new expanded job categories as part<of the program tqhdeploy the
new processing technology. In fact there are examples of chr
100 job categories béing collapsed into § or even 3 broad job

titles in course of modernization.

2.4 New Jobs for Modernization

There appea}s to be an increasing tendency to deploy new technol-
ogy using newly created, more broadly defined Jjobs. Thegse are
not restricted to shop floor oparators alone, but extend to
skilled trades, first !ine supervisors, managers and englneers as

well.



.Reséarchinoiﬂts to the following correlates of new and changew

-jobs:

1)

1)

tii)

;v)

Firme that usze administrative experiméﬁts of all types in
modernization programs favour creatlion of new Jjobs as
opposed to changing the existing ones. These could be

hourly or salaried, depending on the circumstances.

Firms that pursue aggressive manufacturing technology
policy are more.likely,to change existing jobs than create
new ones. When they do create new jobs they are likely to
be salaried. Such firms are usually the first to adopt new

processing technology, they.often{recruit the best engl-

'neering and manufacturing personnel, they advertise their

processing technology to customers, and are committed to

technological forecasting.

Firma depending on vendors for modernization "are less
likely to report new job categories. When they do, they

are likely to be salarled.

Firms taking more calculated risks with new processing
technologies, are more likely to create new "hourly jobs,
are more committed to training, integrating technology

islands and use aof group technology.

Table 2 gives. typical examples of new job categories {n moderniz-

ftng plants.



Table

2: New Job Categories in Modernizing  Plantss

(based on survey studies of modernizing plantsg)

-——.—.——--—————--——.——.—-_—mq—--_--.—a-—-.-—...—_—.._---——-—..—.....-_——

New Occupaticnal . Number of % of
Category mentions mentions
Operator ' - 18 A5
Manager or Engineer 7 _ i8
Supervisor . -] - 15

Other (for example, Staff) 5 S 13
Skilled trade . o2 o 5
Materials handling 2 i 5
""""" T T T e
#Even though the job titles themselves are not new, what s new

the expanded versions of these jobs.

Examples of expanded job titles-gre "group m&chiné operatﬁr
including jJob setter"®, "FMS'oﬁeratnrg bfﬁader, bare mainte-
nance"™, "operator - set up combined, broader descripfiqn",
"operator - mset up", "operator - upgraded, objective,

maintenance®.

However, skilled trade category {s largely unaffected by

new title additions. Examples of very rédical shifts in

-

‘new Job titles took place in the so called sociotechnical

plants, where job titles such as "team member™ are typlcal,

At higher Ievelé, typical examples of new job tities include:"CIM

training expert”, new product manager", "matrix manager”.
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There
tions

'these

i)

i1y .

111)

iv)

V)

Other Innovations
are examples of many other types of administrative innova-
being attempted for hierarchical integration. Some of

are summarized below:

Building greyfleid plant (i.e. plant which is usually bullt
alongside or within an existing, older manufacturing facll-

ity. This 1s an example of plant within a plant or .—fo-

cussed factory. Specific experiments tried out Iin one such

'plant included videotape pbesentations en new Jobas for

orientation and selection of employees stress monitoring

and ggduétion programs and product-process teams.

Restructuring a division to deploy a full fhtegréted manu-

facturing aystem - involving broadening of both blue collar

“and while collar job descriptions for all levels of +the

plant and division.

Use of autonomous®“work groups,'as part of sociotechnical
programa targeted at changing social and technical systema
at the zame time. Experimenta such as se!f-direction and
rotation of tasks among groﬁp members, :engineer - blue

I

collar teams are comman.

Deaign of an FMS by a ﬁuality circle.

S

Work redesign - one experiment included articulation of the

firm'a mission, reframing the technical process of manufac-
ture, and redeaign of aperator jJobs into much broader

category of "manufacturing technicians™,

11



3. strongthoning Links botﬁoon Design and Manufacturing

Aa we =aid eariiep, to achieve synéhronous integration, apart
from integration of organizational hierarchy, it is very impor-
tant to bring about a design~manuf§cturing integration (DMI).
Studiez zhow that § lack of Integration between produét devalop-
ment and process development is often the pfimary cause high
manufacturing cost. Neﬁrly as much as 70 to B80% of a product’s
manufacturing cost is determined very early in the design stage,
and design‘ for assembly alone is known to potentially reduce
manufacturing costs by as much as 20 to 40%. det us first con-
glder a few of the emerging patterns and then reﬁieﬁ brieftly a
few case histories of companies who have attempted design manu-
faciuring integration.

-

Table 3 glves exampies of the different types of administrative
innovations tried out by a few U>S firms to bring about Deéign

Manufacturing integration.

Table 3 : Administrative innovations to enhance Design-

Manufaocturing Integration (DMI)

R e e e e e R T ME A MR SR MR SR L Mk e ek ey o ek e e e by e e e e R R TR M W e T WM YT M ST R MR MR ME R MR MR M MR e e e M e e e

Decgign- . Compati~ Common Design Eﬁgineer- R &

Mrg. ble CAD repor- for ing gene- lead
Company/Mfr. " teams gystems - ting Mfg. raligts Time
. posi- redu
tions , tion
Off-road vehicles X X x
GE Stem Turbine X
Components
Supplier X X X
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Design- Compati- Common Design Engineer~- R & D

Mtg. hle CAD repor- for ing gene- lead
Company/Mfr. teams gystems ting - Mtg. ralistsg Time
: posi- reduc-
tions tiong
Chrysler X X : X
Tool manufac-
turer X
Appliance
Diviasion X
Rockwell space X _ X
Allen Bradley X X X
Amana L X X X

_—..____-_.....-___.......__..._--._____.-......_—_—-...._—____....._____...-_-..._._....____..._....___...

Let us briefly consider each one these innovations.

3.1 Design Manufacturing Teams |

_As agan 1n-Table‘4, in 6 out of 9 cases cited, an unprecedented
developmental team was put into place to facilitate Design-
Manufacturing - Integrati;n (DMI). In this, core members af the
team who are representatives of design and manufacturing engi-
neering are relieved of day to day preocccupation. | They are
dedicated to strategic and advanced deQeIopment work. There g
no comm;n criterion or pattern for inclusion of members af other
fgnctiunal.'areas. For example, some teams include people from
purchasing, others do not. Thirdly, the standardization of
gimple, rapetitive design features such as bolt-holes, raunﬁl and

fillets {s often taken for’granted.

13



Such team effort has often come to be known as "simultaneous
engineering®™ or concurrent engineering”. This is the most common
method of DMI. Team building ability of the modefnization
project manager, and risk takiﬁg climate of the firm have been
found to influence the shapes the teams také on in competiilve
gituation. Such teams are cnnsidered cruclal for manufﬁéturers'

competitiveness Iin future.

3.2 Compatible CAD Systens tér Design and Tooling

A common pattgrn for deployment of CAD technology t;date has been
tao let a Fentralized R & D degign function to take full responsi-
bility for CAD Manufacturing engineering. Aa a resgult CAD was
rarely . integrated with product manufacturing design base.
CAD/CAM integration i3 one of the distinct goals pursued by some
firma to bring out DMI. Such integration however wmay require
longer time to accomplish and wil! depnnd“npqn e?ternal informa-

tion availabie, avallabllity of CIM expertlise, etec.

3.3 Common Reporting Position

Some firme have attempted to create a common, consolidated organ-
izational reporting relationship to achieve DMI. Such co-
ardination 1§ achieved in a2 number of ways auch as {) information
division as the coordinator ii) formation of a new coordinating
group such as Advanced Aﬁtamltld‘Techﬁo!ogy'Systems Group (for
examplet Case of GE steém Turbine) {11) Creation of a new posi-

tion to co-ardinate such activitiesgiv) creation of a tempor&ry

14



‘task force with a manager to head the task force. A few charac-

teristics of these arrangements are noteworthy.

Firsat, thesg attempt to create common_repoptiné for at least sonme
felated functions like advanc;d process eﬁgineering and ‘informa-
tion technolagy. Second, this adaptation 1llustrates one emefg-
ing solution to the growing conflict between MIS and CIM fuﬁc-
tions In to-day's ﬁrganizations.- As further step in this direc-
tion, some firms requlre design englneer to-;;ve a "dotted !ine"
relationship to the CIM p]ant.manager. Finally, this type of
structurgl adaptation usuﬁlly doeé more than Integrate design and

_ﬁﬁgggggggturing_and typlically involves co-ordination of marketing,
plannipg'and quality control.

' : Co . IKRAM SARANMAL LIBRARY

AN INSHWUBE OF MANAGEMEN:

3.4 Engineering Generalists ASTRAMSR. ANMEDADAD-38606

This 1Is {indicative of a very definite trend being witnesséd

towardes development of engineers needed to integQate design and

manufacturing. Experiments made in this direction “include the

following:

1) Movement of engineer from design to manufacturing engineer-

ing.

i1y Creation of a position called "producibility engineer™ to

support DFM effort.

111 Imparting speclal training to product and process engineers

on design for manufacturing,.

i5



iv) Creation of specific job titles called "engineering gener-

aligt™,

These experiments have established the need for longer
training and development periocds on the job, perhapa lessg

specialization, but a speclialist with albroader background.
3.5 R & D Lead Time Reduoction

The R & D iead time to !aunch product deéends on vendors,
manufacturing facilities, distribution system and a variety
of nther tactars, in additian to lead time from the labora-
tory to the shelt. Evidence shows that a plan to reduce R

L D lead time 1s part of DHI

Firme generally fend to rornuiatg’a-piin=ta.naﬂucg produdﬁ launch
lead time, which includes girﬁtegic actions such as settiné up
planning committees;”creation of special positions fbr moderniza-
tion, téchnalogy aharing programs across organizations,and forﬁu-

lation of more aggressive manufacturing technology policles.

3.6 Design for Manutacturing (DFM)

It has been observed that many of the problems connectad with DMI
are guccesafully resolved with corporate commitment to Design
for Manufacture (DFM) - this simply means, to have a product that

is desjgned to be manufactured, assembled, inspected and tested

tn an unnttended‘or partially attended plant environment.

i8



Standardization of fasteners, elimination of awkward design
teatures, elimination of processing steps “and speclally the
substitution. of new materials are paramount examples of new
philosophies that emphasize DFM in durable goods sector. Concur-
rent eﬁgineering, and Group Technology are important parts of
the philosophical shift to DFﬁ. Nevertheless, a DFM program to
be really successful In _the long term must not ignore the
we¢lgxibliity® aspect. The right amount of flexibility and the
strategy for migration to the next generation technology -are

-

priority -elements. That should be considered in a DFM program.

4. Using Suppliers and Customers to Enhance Synchronous Inte-
gration

Any modernization effort.takes ﬁlace in the broader context of
the firm’s strategy. Consequently, the histary of the firm 1=
impdrtant to a modernization program. Understanding the past I8
essential to custgmizing a synchronaus I{nnovatlion _approach to
the future. Second, the suppliers of technology, p§;ts, gerv-
lces, or advice constiéute an important dimension of moderniza-

tion. Customers are the third element.

Perhaps, the most significant trend in supplier integration t&day
{g the shift to JIT purchasing. While discuasion ot JIT 1tse{t
{s not the subject matter here, but many aspects of JIT manufac-
turiﬁg such as JIT purchasing, flexible work teams, waste elimli-
nation techniques, etc. provide an ideal foll to synchronous

fntegration strategy. JIT purchasing naecessitates development of

17



new relationships with vendors based on trust and shared commit:
ment to.defect-free, on time deliveries. Long term contraéts,
rationalized supplier base, relocation of JIT supplier, co-opera-
tive transport arrangement, more vigorous vendor development are
crucial elements of JIT purchasing. They will clearly go a long
'way in bringing about supplier Iintegration as part of synchronous

innavation strategy.

Secondly, almogt every effort tbwafds large scale modernization
program is to-day accompanied by integration with a JIT manufac-
turing philosaophy, so that\the two corner stqnes of this philoso-
Phy, namely "elimination of all waste" and cont;nuoﬁs improve-
nent" aré gsought for, £o obtain optimum results with the imple;
mentation .of advanced fanufacturing technology. Naturally this
results In fostering a strong relationship with the customers.
In the final analyeis, the very tundamental vrationale of JIT
philosophy and NMT is to seek highest levels of customer fsatis--
faction. Marketing participation In modernization i3 a concrete
way of focussing mﬁ&ernization tc meet customer needs. Advertis-
ing the new process technology to the customers Iis a common
approach to make customers aware of the organization’s pride and
-g8uccess {n a modernization program. Often the valuable feedback

obtained from the customer helps turning a failing modernization

program into major success,

A very good example of directing saynchronous {nnovatlon to

achlieve customer integration 13 provided by Campbel! soup Compa-

18



ny (Camden, New Jegsey). This Company launched a 5-year $1.2
biliion program of change called "Total Systems Approach”, in
response to foreign and domestic competit;ve pressure. The
approcach waz an organized plan to improve the quality and consum-
er value of products by belng more sensitive to the needs and
wanta of cuastomers énd consumers, The program in?olvea refforts
to enhance  production, distribution, quality, and value while
maintaining competitive cost. Beginning with distributioh logis-
tic team, an agenda was developed to identify cus%omer needs via
personal visits to more than 100 customer locations and inter-
views with customers. The team found that the customers valued
most highly on time dellvery, completeness of orders and assist-
ance 1Iin attalning - high product turnover. The team set out
tasks In two areas: development of data base for analysis of
Campbell operations and concentrated approach to integrate coarpo-
rate activities. A digtribution and logistlie department was
.formed to manage totél work flow from ingredients to“finished
goods. An éQC eystem was Jeveloped which reduced the damage rate
by one third by the end of the fiscal year. A Logistié Cont;ol

Center was developed, which functioned as the intelligence center

for the entire company.

Intttal success stimulated Campbell to go for more radlcal
changes <guch as: small batch flexible production with minimum
changeover times, integration of worldwide sourcing, and a total
‘reorganization of the sales force, which enabled sales personnel

to tallor local promotions to local market segments via satellite

’

19



dishes at reglonal offices. This {s an excellent example of
customer-driven organizatinnai experiment in gynchronous 1innova-

tion.-

4.1 Relationship with Teohnology Supplier

0t special importance in-mndernizatinn program is the re}atinn-
ship with technology guppliers. No progfam {g free from sStress
at the technology vendor user interface and considgrable atten-
tion 1i= pdid ' to manage thiz interface. Jointr ventures, buy-
outs, speclal partnerships, personal shgring are among the tac-
tics'used for acquigition of Advapced technologies.

Table 4 summarizes results of some survey gtudiea on effects of

madernization on relationships with vendors.

Table 4: Effeocts of Modorni:ition cn Relationships with

Vendsois (based on Surveys reported by Ettlie),

———--—.———_——-—----——_—-..-—.——-—.-—_..-.-——-—-——_——_—_———-—.-—_....--_—......_

Sufvey Date fype of Syatem Etfects
1971 8 NC tngtallations Plant shop floor
(Ettlie) - . pecple learn most from

QEM Service people.

1975 ] & NC, CNC planta OEM and user interface
(Ettliie & ' is key for learning
Rubenstein) - ‘Previoua Experience

with NC helped firms to
attain higher utiitza-
tion rates faster with
CNC.

20
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1983 21 Suppllers & Vendar user relation-

(Ettiie) © 17 users of FMS ghip is prime cause of
' & robots success or faillure.

1984-86 39 domestic plants Good vendor uger ties
(Ettlie) installing flexlible are assoclated with
gayatems gshared influence in

gystem design.

e e o e o A — T = A A M wm e e e AR M M e We AR R e o SRS e e e SR SRS S

All the surveys point to the need for a strong vendor user rela-

tionship for achleving success in deployment of new technology.

The

last of the gurveys mentioned above led to the following

'important concluslions:

i)

i

111)

tv)

v}

Technology vendors and users that share equally in desigh-

~ing the system are reported to have the best relationzhip.

Usera who embarked on some type of administrative experi;

ment at the aame time as they deployed the neaw system

reported a high quality vendor user relationship.

An on-budget project was associated with a good vendor uzer

relatlionshipa.

Wwhen technology vendors and thelr customers have a good
working relationship, the customer plant’a engineera and

gkilled trade personnel report lower role stress. '

A

In the opihion of plant personnel, team building abtifty 1s

the single beat indicator of a project manager's success.

21



5 Changos in people and jobs during modernization

In develaping a synchronoué 1nnovation strategy, 1t Is pertinent
to take into account the nature of changes that could occur among
peaple and Jjobs Involved in modernization. When manufacturing
technology changes, Jobs also are expeéted to Qhange, bdt net
always {n predicgtable and easily defined ways. Two simple but
pertinent questions arise iﬁTthis context: What do people have in
common during modernization? What are the differences anongr
these broaq job'oatogoriol during mod-rn;zation? "Role Stross; is
a good criterion to make compar@sons amdnj pecple during moderni-
zation. Stress is encountered by all members of the implementa-
tion team on large modernization projects. *Job routines™ is
often used as a good indicator of the stress and job rqutineness
during modernization {s a U-shaped curve, as shown in figure 2

belbw.

Stress High

Role Strese

Routine Non=routine

Job routin-na.a_----+-4-

Fig. 2: Role stress and Job routineness relationship.
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‘This tmplies that most peoplé on a job with new processing tech-
nology experlence stress when there 18 not enough to do as well
as when there is too much to do. Jobg witﬁ a moderaté amount of
_Eoutine are associated with the lowest fepdrted ‘stress levels.
Thus, in terms of.stress there 1s an optimal amount of ro?tine in
modernization jobz. So if a low level of astress promotes learn-
ing, then gradually increasing job challenge is. the prescribed
course of action. This finding |is regardless of the occup#tion-

al category of jobs.

Anather impnrt;nt finding is with respect to the autonomy on the
job (decisidn;maklng freedom). Over time for all members of the
.iﬁpiementatinn teaﬁ, the”jbb"sutaﬁﬁuﬁ"dﬁcfeases, regardless of
the occupation. As Interdependence betwéen jobs and integrated
funcfions or relationshipa increase {n modern manufactu;ing
organizafiohs, there is trade off of some decision making freedom

in order to achieve coordination. Skiiled trades and operators

Mg
seem to give up more autonomy than others. (see figure 3 below).

- , « Engineers/Managers
15 ’ \‘
Job autonomy - -
, . Skilled trades
-— . _o First line supurxiscrs
P,
——oOperatars

Time elapsed in modernization

v

Figure 3: Variation of Job autonomy during modernization
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Even though the trends in respect of role stress and job autonomy
are similar across occupations, there are interoccupational dif-
tferaences also. To analyze'thése, {t 13 useful to form the fol-

lowing occupational groups:

i) Managers and engineers
1i) Operators and first line supervisors. =

114} 5Skilled trades

5.1 Mariagers and Engineers

Taken together, thay are quite different from employees Iin other
job title classific#tions involved in modernization., They have
cnnsistently_ more autonomy (tig. 3) require ané use more gkill
variety on the jpb (tig. 4) and repqrt g:eater persﬁn;l gatia-
faction (fig. 5) than other members of the modernizhtion team.
Also .they ghow congtderahly reduced stress as modernization
progresses (fig. 6). An important 1asue arising out of this 1isg
how ﬁo effective)y form teams that involve occupations outside of
management and engineéring. Engineer - blue collar teams perhapa
provide the most affective answers to this. Aa regarda Jjob

security; there is some anxiety about job loss amongat managers &

engineers (tig. 7).

S.2 . First line Supervisors and Opirdtors .-
Supervisors and operators shaw approximately the same level of
parsonal satiafaction (fig. S), stress (fig. 6) and about the

same Bamount of decrease in them as modernization progressél.
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However, supervisors use a much higher variety of gkilla on ‘the
gﬁverége (fig. 4. For both occupations, as modernization
prbgresses, the skill variety decreases (fig.- 4. Furthér,
gsupervisors experience a much higher job autonomy than operators
(fig. 3). Interestingly, supervisérs experience greater job
security with the progress of modernization (fig. 7). Overall as
modernization proceeds,_supgrvisnrs are leas disadvantaged than
other occupations in coping with stress. But it is important to
note that‘ supervisors reported the lowest level -of personal
satisfactlbn,iand a role stress next only to skilled trades with
the progress of mndefnization; These findtngs‘might be linked to
the erosion ;f autonomy experienced by'shpervigorf. Aldo géner-
ally‘ supervisors tend to he 1solated during early atages of
deplo}mént process and are l@ess likely to be exposed to traiﬁing,
or participation in planning of medernization. . These factnré

probably contribute to a higher perceived stress on the part of

gupervisors.

5.3 Skilled Trades

Skilled trades are perhaps the most difficult to make predictions
about. They are the ole group that experience .gharply higher
.role stresg (filg. 8) with modernization. This ﬁay bé because the
burden of implementaticn falls aquarely on skilled trades. Their
autonom§ decreas;s ‘during implementation (tig. 3) as they are
frequently required to report to more than one gupervisor. The

akill vartety is hogdvor affected very little by the progress af
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modernization (fig. 4). Surpriéingly, they repaort higher person-
al satistaction (fig. 5). This {s probably due io important,
though altered rdle p{ayed by skilled trades .in modernization.
They ~are most likely-to be the beneficiaries of ;raining and
~participation in planning and to'play a cpucial roie in imﬁlemén-
tation. The mast significant finding is the =zkiiled trades
experience sharp Increase in role stress, primari{Ty caused by

rnle.conrllct.

Two generad‘rééommendations emerge from these gtudies. First,
all _members of‘the group responslbie-fof ipplementing new manu-
facturing technology should be tréined {nitially by. the technolo-
gy"vendar'br a qualified alternative source of development. in
house training and development will needed in aﬁdition. ‘ Second-
ly, the modernizing fifms should develop and implement a péllcy
that will minimize apﬂ accommodate any displacement or digloca-

tion caused by modernization for al}l occupations.

_—+ Enginesrs/Managers

I\ '
\o Skillad Trades

[ —

Autonomy

__, First line supervisors

\.ﬂporaton

" Time pariod during modeznization

Fige. 3 Autonomy by Job title
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';,__;__.——————"”"—_—“‘ Enginesrs/Managars
Seint ‘_\—q First line Supuvzvisors
v“ht; //- Skilled trades

l e
: « Operators

Time period during modernization
Fig. 4 Skill Variety by Job Title

.f‘“_-_q__-_‘-hﬁ“‘““-—-—__4 Enginecers/ Managers
.\ / skilled trades
- - e Operators

P

Personal First lins supervisors
satisfaction:

Time period in asdernization” .
Fig. S personal satiefaction by Job Titls

;t\“‘\\‘ | Skilled trades
/; First line supervieors

S , Operators

Rele Stral*

'Enginears

~ Time period in dats collection
. Fige 6 Role stress by Job Title
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Engindéis/Managers

&

1

Job Security - First line supervisors

5k1113d‘trad-u

Operators
Time period in modernization
fige. 7 Job security by title
6. Guidelines for adopting synchronous innovations

Faregoling diascusaiong on analysis ot empirical evidence and
experiences regarding technological and organizational Innova-
tiang during modernizatlon help formulate a few guidelines for

adoption of synchronous innovations in manufacturing waderniza-

tion programs.

i) Firat, there should be a way of coordination of<all designs
of a manufacturing company-~ both product and process
dasigns. Concurreﬁt engineering, dgaign for maﬁufgcture,
creating a coordinating position in the hierarchy are s;me
ﬁays of doing this. A good indicator ot eftectiveness of .

. guch design - manufacturing integration eftort 1a the

quoceasful use of group technology.

14 There should . specitic attemp£ to control the overhead.
increase in the productivity of white collar staft and
manager. Inventory control is at the heart ot the emerging

+

qucceaa pattern., The modernizing firm gshould aim at con-
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it

iv)

v}

tinuous overhead reduction through ‘'succezaful conrnécticn
between quality, inventory management and -managefial/pro—

feséional productivity.

Human resource (HR) policies should be in step with the
nature of change being brought about. Some desirable

elements of HR policies are:

a) Recruiting important ﬁeu talent into the tirm

b)> Developing existing talent within the firm

c) Accommodating graceful retrenchment to smalier staff
with more productive individuals in newly created
pesitions.

d) Mave towards multiple, permangnt asslignments through
expanded job descriptidns; for development and work

performance.

Success 18 found to depend a great deal on the. degree to
which general managers model the behaviar they expeci ot
the reat of the organizatfons. For example {f they seek

participative decision making, they should demonstrate the

game, rather than order someone else to practice 1t.

Succeagful organizations put’ congiderable emphasis and
develop. competence In management of core and emergent
technologies 1Including those In méterials, product, .and
suppart activities, apart from automation. Succesaful
firms the:efore continuously seek integration with auppli-
ard aﬁd custamars to give directions to thelr technology

4
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vi)

enhancement programs.

Pursue a synchronous innovation strategy i.e. match thé
degree of radicalness of change in the two areas: i.e.’
technology and organization, by staying on or close to the
diﬁgonal between technologibal and administraflve innova-
tion. Thus firms that use low-low, medium-medium and- high-
high'_apprbach are more likely to be successfuﬁ. Thisa
assumés that firms have made a correct assessment of-— the

technological change necessary.

30



References

L. John E. Ettlie - Taking charge of manufacturing (1988)
Jessey - Bass Publishers, USA

31



APPENDIX

Case Histories in Synchronous Innovations

In this appendix, we briefly review a few case hisiories reported

in the literature on the adoption of synchronous innovation.

1. Xerox Corporation: Xerox'= case pertains to the succeazaful
introduction of its 9900 copler Iin two and a half years, {natead
of the ndrhal 5 years requiréd for a new pfoduct of this type.
Sincé iQBQ, the'company speﬁt nearly %100 miliion to automate
manufacturing and ﬁatetlals handling. It cut the manufacturing
costs in . half for its $8.78 biliioﬁ copief business. Some of -the

adminigtrative innovationé introduced weré ag followa:

{) Use of a complex network of product-process development

teams, crisis teams and problem solving teams.

i1) Switch to JIT purchasing, reducing the vendors from

5000 to 300.

111i) Restricting the new components to only 30-40% of the
total, thus emphasizing thae DFM approach. Apart from
cost reductlon, Xerox'improved the product quality and

enhanced customer satisfaction by nearly 30%.

2. General! Eleotrie (GE) Bromont: This plant is a division of

GE's Aircraft Engine Group. It began aperations on alrfall aeta
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in .1983, with plans to autoﬁate 35-40% of the operation by 1988
and eventually to have 46 robotic centers. A "CIM dream".facili-
ty incorporating = integrated fool an@ guage control
factory management, purchasing, shipping, and CAD/CAM was the
goal. When Automation proceeded to the extent of 6 robotized
systeﬁs with 17 robotg, 2 vision systemz, S programmable™ cantrol-
lers, including hot forming and laszer marking, the plant reduced
the ﬁanufaéturing time from ave;age 540 hoﬁrs/bléde set to av.
520 hours and improved quality greatlylsn that the return rate of

parts was 'just SO ppm. The administrative‘ innovations adopted

-

include:

1) . Seamk-autonomous work teams consisting of representatives of -
production workers, support staff, and management who were
responsible for scheduling, budget, personnel and 2 wide

range of other decisions.

11 Employee sharing in the savings resulting from reduced

expenses at the plant.

3.- GM’s Linden and Wilmington Plants . .
GM's Chévrolet—Pontiac-Canada (CPC) Group’'s Linden (New Jersey)
and Wilmington (Delaware) plants launched;a $300 million automa--
tion program at the tw§ plﬁnﬁs to braauce Chevrolet four-door

Coraica and two-door Beretta automobiles, with:plans to prodﬁce

250000 Carsg per year. An addition %340 million was‘spent at the
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. CPC Tonawanda, New York engine pl&ﬁ%. In conjunction blgh_ the
technological modernization program, the following administrativg

innovations were used:

1) 3700 employees at the Linden plant received an average of
200 hours each of training, including training in iﬂterper-

gonal and technical skills.

113 Every employee was a quality inspector and could correct

-probleme on line,

iid)&.uat;r Jet Cutting was used for finished composite partas to
pfoﬁﬁhﬁ safe, quiet, dust-free environment. The Linden
Plant’s techﬁaiogféafﬂﬁrhgmagh;ncluded 219 welding robots,
115 automated gulded vehicles (AGVs), parallel! processing
line that integrated robots,and AGvs with artificial intel-

ligenca  software. Additional adminiatrative innovations

weres:

a) Flexibility in engineering and automation to respond to

market changes on very short notice.

b) JIT deliveries from 40 suppliers, reducing inventories

and expenses by more than 40%.

¢} A team approach to design and launch the product and

the plant =zimultaneocusly.

d) Analysis of competitors’ components and prototype

‘ teating.
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e) Line speeds deliberately réduced (from 60/hr te 50/hr.)
to maintain quality.

£) "Stop the line*.cords or buttons every 200 feet so that
workers }could interruﬁt production {f needed to main-

tain standards.

4. Ideal Basio Industries ' : -
This i§’a Denver Cement Company that flourished until the cement
market collapsed in 1882. it built a "State of the art" plant

that turned out to be " englneering digastar",__

The plant compieted (100% over budget) in 1981 at a cost of $350
‘million had to idle since it could not process local raw material

and lacked Al for dealing with environment requirements - a clear

SRS o e

example af lack of synchronous strategy.

The four cases c¢lited above can be represented on the AI-TI matrix

as,shopn beilow.

| | .
-~
Xerox //’
GE c:agmfaum
. Administrativ Bromont -
Innovation . Plant - |
| | GM, CPC Linder
: wilmingtom
’-1"‘-“!—9 —
L o ' Ideal Basio
-7 Industries
P Gul? Coast Plant
Technological !nnnvaunuf —
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We can see that Xerox, GE Bromont, GM's CPC Linden and Wilmington
plﬁnts all of which were successful fall on or close to the
synchronous diagonal. [deal basiec industries which innovated

exclusively in technology and falled, does not.

Hierarehical Integration in Synchronous {innovation-

5. Case study of GM’s Saturn Divipion

This is one of fhe most*viéible attempta to create a new form of
organization for a high tech manufacturing facility. Saturn was
'lﬁffiﬁﬁﬁaﬁfn 1984..with the promise of direct involvement in the
planning of a Japanese high tech, modular construction approach.
It sought to ereate a new work culture, unigue to American manu-

facturing and GM. Reduction of direct labour time from 55 hours

“‘;:g,ﬁgperating in a "paperlesa” environment (thus reduc-

tng indirect costs to 30% of total work hours needed to build an
automobile) were amongst ihe major goals. Although the original
'sé.a billign budget was later cut in half to $1.7 billion (in
1986) and the planned capaclity was scaled down from 50000/year to
250000 /year, the Saturn case 1a still a good f1lustration of an
attempt at creating an egalitarian corporate énvifdnment and
emphasis on more efficient organization of human workers. Much
of the success of the Saturn culture is attributed to th;eo
characterfatics: 1) that 1t is considered valuaﬁle in {ts

impact on financial performance i) it 1 rare or uncommon 1ii)

it is {mperfect(y {mitabie so that others are at a disadvantage
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in copylng it.

6. Case of Westing house Nuclear Fuel! Plant in Columbia (South.
Carolina - 1986)

Thiz i a highly automated plant installed within an existing
plant, designed to expand capacity by one third. Only ane job
classification "teﬁﬁ members” was used in the plant. The project
titled "Manufacturing Automattnn\?rojecf" had gwn goals - maxi-
mize productivity and employee'participatlon. The team wmanagers
were selected on the basis of 14 capabilities including communi-
eation, coordination, creativity, deleggt;on styles, and stress
tolerance. . The rewgrd systequpyght:to promote learning of new

gkills, reinforce excellent performance, promote cooperation.

Design Manufaoturing Integration ~ DMI

7. Case Study of off Road Vehiocles

The aff road vehicleg division of'é.large, divérsi§iéd manufac-
turing.corporation ing¥alled an FMS to macﬁine large geometrical
cast parts that are then welded in a-nearby robotic cell. It
started an integrated CAD program in which programmers did both
graphiecs and NC tape preparation. At the engineering level,
design and manufacturing engineering were required to. work to-

gether as & "coordinated team®". Simultaneous product and proc-

ess,design & englineering were adopted.

8. GE Steam Turbine Division
GE'e Steam Turbine Division was the winner of 1984 CASA/SME LEAD

.

award for excellience in CIM deployment. When the 10 year program
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.was.halr'completed, {t had realized a 35-40% increase in through-
put for the manufacturing funetion. The Turbine division créafed

one s;stem manager posftinn_to head a new Advance 'Automated
Technology Systems Group that was established to  deploy CIM.
This group 1integrated manufacturing aﬂd engineering through 5
teams: 1) advanéed engineering and manufacturing for gr;up
iechnolggy,- integrafed data base and automated process planninﬁ’”
in advanced systemsa design responsible for emerging t;chnolo-
gles. »andﬂébﬁrdinaiing the master plan 1ii} Systems applicaﬁ.n
tiﬁns ufﬁr'advaﬁced plant engineering and for hardware and soft-

e

”déré giﬁg%i;“iifﬁhg_iv} NC programming and v) data administra-

tion,
_-N Chryster Corporation
Chtyéﬁiikgj;wangly announced that {ts Tréntnn, Michigan plant is

”

tocling up for a 3.3 litre V-6 gasoline engine. This was Chrysl-
,_eris'firéf tooling program to employ simultaneous engineering in
which manufacturing engineering played a reole In designing the

prdduct in order to ensure that it can be bullt efficiently.
Other automobile maﬁuf;cturers namely GM & FORD are now practic-

ing this approach to integrate design and manufacturing.

10. Alien - Bradley
Allen Btadley (AB) produces a diverse line of electrical and

alectronic oquipmchis with heid quarters in Milwaukese. [t start-

¢
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'ed.implementing a "strategic business-objective" of instailing a
fully automated assembly'line-for_new_iine cf motor contactors in
late 1984, Impiemeﬁtatlun was carried out by forming "planning
teams™ and appointment of a CIM project manager to whom ail the
teams reported. When the program'began, the planning teams- con-
éisted of more than 25 people representinﬁ *all the departments
being affected" ;nclud!ng finﬁnce, marketing, quality contfo;,
MIS,, cost control and development. The actual task force of 8
members formed the succesgrul design-manutacturing Ilink. It
cnnsiste@ oé ménufacturing, produgtion; p;ant*equiﬁﬁ!ﬁtvanginaer-
ing purchasing and 1nqantary;é$ﬁifdi, testing ad AB’s special
Industrial Automation Syatema (IAS) group, which acted as AB's
system integrator. The system‘desighrenaﬁled AB to 1) use no
direct labour 11) ‘prnduca GQO.contactofs per hour iil).ﬁake any
&r 125 varietlies af Internatinhaf Eléctfﬁ technical Commissiona
(IEC) contactors. 1{v) asaure high quality v) produce and  ship
.ﬂan order in 24 hours vi) produce and ahip on a first come firat
aarve basis vii) praoduce in lot slize of one and move to stockless
production. The $15 million warld éontactor line now produces
143 wvariations and AQ aims to dapture‘aox of worldwidg market

gshare.

‘The tield fallure rate of products coming off the world contactor
1ine averaged 15 units per mii!inn'ﬁhlﬁﬁeéiw'compared to AR's
average tleld problem inclidencea rate of 120 units per million

shipped. Careful scrutiny of AB's casae by reseatchern revesnls

o S
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£h3£ the world contactor jine was probably an incremental depar-
£ﬁré 1n’technological {nnovation. -Consequently, according to the
theory of synchronous {nnovation gtrategy, 2a modest administra-
tive innovation strategy ought to be used to deploy the flexible
assembly gystem (FAS). Indeed such an approach was followed .
The FAS was Tun by non-union employees for first 18 months of its
operation as part ‘of the Technology agreement with the union. A
large cross-functicnal team wWas created to plan and install the
.§§stem. The person responsible for much of equiﬁhent design took
‘sver as manager pf.the line. Some amount of concurrent engiheer—

ing was practiced.

Thusg, the AB's world.contactor line cage can be take as a power-

ful illustration of the effectiveness of the synchronous innova-

tion stratcgy.
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