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DEVELOPMENT OF A MANUFACTURING PROGRESS FUNCTION TO INCLUDE THE
TRANSFERABILITY OF PROGRESS IN ORDER TO RELATE TO DUAL SOURCING
WITHIN A FIRM

by William D. Russ

The applicability of ?rpgfess,h%EctiGn:eonéepts-t@*theProblem;

of dual sourcing a product at two manufacturing facilities within

a firm is considered. Using Progress Function concepts, & model is

formulated which considers the transfer of progress or know-how from
the original:manufacturing.facility-to thefsecond.facility, Manufac—
turing dat&_OﬁwfiVe‘produGtS,dual~SOHT§EﬂWithinza.firm, are used to

evaluate the model.

Results of the evaluation support the hypothesis thai,;giﬁen a |

suitable environment, a transfer of progress does Qccgﬁﬂbegﬁégﬁ the
o facilities. Further, the model formulated in this th esis effec—
tively describes the transfer of progress for the five products
studied.

The application of the model resulted in the conclusion that,
given adualgSQurcingfbr@gram er‘a.firm;Wherein~certain basic
conditions prevail, the progress achieved at the original source can
be considered transferable to the sécond source. Furthermore , the
amount of progress achieved at the:érigiﬂal7ggurce 19 directiy related
to the cumulative production count at the time of dual sourcing. These
facts, when used with a suitable time frame over which the transfer
of progress occurs., enables the analyst to mdke reliable forecasts
o inputlrequireﬁents~ét"ﬁhé'SEéond.sourcej ‘Forecasts made for
one firm, engaged in high volume production of electron devices,

were found to be reliable for forecast periods exceeding three years

and-cumulativefpr@duatiaﬂeXQEe&ing one hundred million units.
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The applicsbility of Progress Function concepts to the problem

of dugl sourcing a product at two manufacturing facilities within -
a firm is considered. Using Progress Function concepts, a model is

lich considers the transfer of progress or know-how from

formulated
the original meanufacturing facility to the second facility. Manufac-
turing data on five products, dual sourced within a firm, are used to
evaluate the model.

Results of the evaluation support the hypothesis that, given a

sultable environment, a transfer of progress does occur between the

two facilities. Further, the model formulated in this thesis effec-
tively describes the transfer of progress for the five products
studied.

The application of the model resulted in the conclusion that,

~given a dual sourcing program for a firm wherein certain basic

conditions prevail, the progress achieved at the original source can

be considered transfersble to the second source. ore, the

- to the cumulative production count at the time of dual sourcing. These

facts, when used with & suitsble time frame over which the transfer
of progress occurs, ensbles the analyst to make reliable forecasts
of %hefinput«rQQuirements at the second source. Forecasts madefcr
one firm, engaged in high volume production of electron devices,

were found to be relisble for forecast periods exceeding three years
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Introduction
Th@,ManufaetuiiﬁngTQgreSS,Funatian is & mathematical model which
has been used historically to forecast labor and/or cost data pertain-

ction of the number of units of

ing to a particular product as a fun

 that product produced. Indeed,'the progress function is an attempt
to repreSEntimaihematically~the,intuitively'aeceptad‘hypothésis that
as one gains experience from repeatedly performing a task he becomes
more adept and performs thentaskﬁiﬁ¢less time. For industry this
is interpreted to imply that as cumulative production increases unit
labor requirements and/or unit cost decrease, hence, progress is

realized. \

Progress, ih~aumaﬂufacturinggfaeility5zig due to the-egllectivé
efférts:afzmany‘individuais»Working.toward,ﬁhe common goal of improving
overall performance. In order to use the manufacturing progress funec-
tiQn ®neﬁust;ae¢ep$the underlying assumption that in-industry'progress
is sufficiently regular to be predictive. The fact that progress may

be due to the interaction of many different factors does not alter

this assumption.

IthQHld;bel@iffiQult, if not impossible, to catalog the many
various factors which contribute toward the prbgréssxreélizea,witﬁin
a manufacturing organization. Even more difficult would be the task
of quantifying the contribution of ea@hﬂfactora‘A*Partial,listing.efi

some of the more recognized factors are:
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1) ZLearning by the operator.

2) Improved management techniques.

3) Better methods: redesign of tools, jigs, assembly lines, etc.
L) Prégrodugtion planning. .

5) Training.

6) Quality control.

7) Inventory control and procurement.

8) Improved scheduling.

9) State of the art.

10) Retained or transférred eggériencé;

11) 'Hhvironmental.eonditigns,

12) Rec@gnitipn:bhat‘thegpqtential;fof;pragress exists and
seeking it. |

There presently exists a large body of literature concerned with

brogress functions, Much of this is philosophical in nature and is
primarily concerned with expounding the»virtueﬁ=of“using*%he-pr9gre53

function as a management tool. Coupled with this is & number of

substantial articles describiﬁg”tHEwéuccessfulqappliéatians of progress

functions in wvarious areas of industry. As a result, progress func—

as an important fore-

tions are now accepted in most areas Of’iﬁduét;f

casting tool. As their popularity has increased new sreas for their

potential dpplication are being investigated. One such aiea,~which

will be the subject of this thesis, is the application of progress

functions to the problem of dual sourcing within a firm.

The dégision‘wheﬁh6r~or~not'tb:dual'SOurcegis one that is faced

often in an expanding, multi-plant firm. When considering the option

T

2




can be of prime importance to the decision maker. /An "estimating

function"| that would forecast these requirements would be of obvious

pears to be a logical foundation on which to build an estimating model

for predicting the labor requirements that will be required at the

second source.
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History and Development of the Progress Function

Progress function theory is some three decades 1d. During this

time the technique has beenifﬁownij‘VariQus:names:suéh.as»learning
SR, - 18
curve,

experience curve, . time-reduction curve¢5 and improvement
29

Of the various designations in use progress curve seems to
be more applicable since it is less restrictive and at the same time
more descriptive. (The term progress is;definedginjﬁhe*Préceding,
chapter. )

:T*JP?'W?ighﬁ3O is recognized as contributing the original formu-
lation of the progress curve concept in 1936 when he reported the
results of an empirical study made in the air frame industry. Wright
concluded that the average, direct labor hours required to produce
on sircraft of e particular series dimiﬂished:as cumulative production

increased. He proposed the following power function as a model to

describe the relationship between average, direct man hours and
cumulative production:

= cumulative average man hours per unit

I

= cumulative production count

A

man hours required for first unit

b = rate of progress

In the above formulation b is & negative fraction, hence, Y is a

decreasing function of X. The parameter A, in actual.@ractiee,

g
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represents the theoretical man hours required to produce the first

on the first unit is rarely, if ever, known. Typically, production
data is recorded on a time basis (weekly or monthly) rather than on

& unit basis. Hence, A is normally determined by considering a "lot,"
usually consisting of msny wnits, produced over the time interval bei ng

used as an accounting basis.

For clarity rewrite equation (1) as
=D

T (2)
where:

Parameters are as previously defined and 0 < b < 1.
It is now clear that Y is indeed a decreasing finction of X and that
a plot of Y against X on Cartesian coordinates wili‘Produce 8
hyperbolic curve as shown in Figure I.

Before proceeding further it is necessary to define one additional

term which is commonly used when dealing with progress fu

Researchers in general do not use the numerical value of b to describe

‘the rate of progress. Instead they use a term called "slope." Siope

here is not defined in the ordinary mathematical sense as being the

first derivative of the function. TInstead it is defined as the ratio

vary by a factor of two. For instance, if a man hour figure §i is

1

fbr‘dutput=xé.Wh€Te'X2 = 2X, the slope will be the ratio of ¥2_-

determined for output X, and a second man hour figure Y, is determined

1
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slope =

1f, for instance, the parameter b was determined to have a value of

0.322 the slope of*the-pregréésicurvefweuldzbey2”‘322~::ﬁ8:or'in_
percentage terms 8@%; Hence, the progress curve is said to have an

BO%wSIQpEu

doubles the average man hours required to produce a unit is 80% of
its previous value. For thé sake of cl arity many researchers use
the term "progress index" (PI) instead of slope. The term progress
index will Be'uged‘throughout'ﬁhis thesis.

Probebly one of the most attractive characteristics of the
Pr@gress function is noted when it is expressed in its so-called
"log-linear" form. Taking the logarithm of equation (zjsebtaing

log -f = log A = b log X (3)

When plotted on logarithmic coordinates, equation (3) produces a

straight line, as shown in Figure TI. The desirabllity of using the
function in this form is obvious. The 16g of Y and X are in iinear
relationship. Each time X doubles the successive values of Y are a
constant multiple of the preceding value. In the log-linear form the
progress curve can eagily be plotted and interpreted.

The basic brogress curve model as proposed by Wright has been 'the;.

obJ ect of much &nalysis by researchers. Wright's model was based on

his study of air frame dats. Unfortunately, he gave no clue as to the

methodology used in his analysis. He did imply, however, that the

The interpretation is that eaﬁhgtime-Qumulative;praéuctidn;

= e e A S g o e o ol M e e U0 e




R e T O ey

Cumulative Average Input

100.

-
O

-

BERLL

10

FIGURE IT

80%. Progress Function Plotted on
Logarithmic Coordinates

A= 10

b

HE

1 1 111l | L1 1 11111

1

]

INEEENY

10 100

Cumulative Output

1K

R T R R Iy b e T e st S e
SNSRI

A

R RN

S —
I AT
o £ PR ey e s



11

improvament.in.the'worker'sﬂprofiﬁieﬁcy~asfheyrepeaﬁedly'perfoxmedﬁ
a task was a causative factor in the relationship. This would

;indicate'tﬁa$ Wright eonsidered Qperatorylearning as"being~the;m@st-
important factOr'inAdeterminingthe rate of progress. This opinion
has been'Sharedjby~otherauthgrs.lz-.HoWeVeT, most authors do mnot

agree with this line'of'reasoning;ll’;lé

It is generally conceded thsat opératorwlearning_&oes account for
theﬁinitial large reduction inherent in the ﬁr@gxeSs function. However,
operator efficiency will, over a short period.of time, stabilize.

Slnce studies have shown that progress contiﬁués over very long periods
of time and high production counts it ig evident that there are other

causative factors involved.~ A partial listing of these were given

in Chapter I.
A significent departure from Wright's model was made by
J. R. Crawford,'? Although significant the departure was only in
'termSaof*tﬁe définition 0f“ﬁhe;@gpendent_v&ﬁiablei -Garwfordislmbdel
is as follows:
f':Aﬁf“ ”* (4}
where: |

'Y = direct man hours for the X8 unit

X cumulative,prgduétion count

A and b as previously defined

The cumulative average feature of'thewrightwmbdél“has~the property

of dampening variations, particularly at high levels of cumulative

product. 'The.Crawford.mOdéi, referred to as thé unit model, is much

_— e ——————
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more sensitive to variations in the data which can, in practice, be
of great importance in analyzing a particular product line.

There seems ‘to be little conclusive evidence as to which model
is superior. Cbnway‘and¢8cﬁhltzll‘statefthat, "since proponents of
neither model are able to establish their position by logiec, the
choice in usage has beer a msgtter of cgmpuﬁahianalmsenveqience.“

Two other "modifications" to the progress function model have
been suggested which deserve &g brief comment.

G. W. Carr’ suggested that the Wright model did not offer 5
good explanation of World War II aircraft~peruction data. Carr found
that in certain cases the rate Qf”pngress,,E} did not appear to be
a constant but rather a variable. He‘auggesteéthat th or more
Values-ijggwgﬁlﬂ'bé'neeaedi at various production quantities, to
properly describe the data. Carr offered no ggrmai relationship in
support Ofihis'eonclusions,'but the model he suggests is analogous
5

to the “BOeing—Hump Curve" which uses two values Qfgé?: Sinee this

model has not received wide acceptance it will not be pursued

here. The interested veader is referred to the bibliography.

The last modification to be mentioned is one suggested by
researchers at the Stanford ReSearch Instituﬁe.while doing research
'for'theAir.F@rce.gi The researchers, as did Carr, noted that the
World War II airframe data wereinconsistent and did not fit the

Crawford unit model. Rather than use a variable rate of progress

they suggested the addition of a new variable which would be a measure

of the complexities that existed in a plant, relative to a product,

S T S T T o oy A A e 300 o S 0t = b0 a2t e e
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prior to the production of that product.

The model wag as follows:

Il
i
-
o
+
<

v = A( (5)

emplrlcallyball éther parameters as previously
deflned

While this model did not enjoy umiversal ac:cepta.nce,l7 it was an attempt
to take into account such factors as "carry over experience” and

"experience transfer . an area that deserves

iﬁﬁthﬁrfinvestigation an&;
is of considerable importance in @onsidering"dualﬁsourcingfwithin a
firm. |

All=0f'thEﬂearliér &evelopment &S.WEll as application of the
progress function was restricted to the airframe industry. There;ére
three primary reasons for this. First, of course, is the fact that
the progress function concept was conceived in the airframe industry.
Secondly, theVU;‘S..AirgForce'WaSsinterés%edinfveriinng*the concept
for the purpose of planning andacontrellingGﬁhe various;requifements
of -defense production progréms prior to and durlng WOrld War II..

To this end they (Alr Force) initigted and financed seéwveral in depth

studies. These studies, based to a large degree on data taken from

the airframe industry, made an ilmportant contribution ‘toward the

development and acceptance of the progress function concept. One of

the most comprehensive and definitive studies was made by

Harold Asher. 3 It is an important reference since it provides a summary

of the various models current with the year of its publication (1956).
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A third reason is that prior to the 1950's little reference o

progress functions could be found in the trade journals.
Although other industries were slow to reaslize that the progress

funetion concept was applicable in their areas, the trend started

changing in the early fifﬁieS'WheH artiecles concerning'rrogress:
functions began appearing in the trade Journals. This trend has
continued as more and more industries have become aware of the
potential usefulness of progress funﬁtioﬂs~as:awforecastingﬁt¢01,
One of the first empirical studies outside of the airframe
industry was made by W. F. Hirs ch, 15 Following the study by Hirsch

11
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came studies by Andress, Conway and Schultz, Hirschmann, Hoffmann,

? COChran39'Wi11iam5529

'Billon, and others. The result was t6 estab—

mctions were not just the property of

é the alrframe industry but to industry in general.
| writing in the Harvard Business Review stated, "no matter what products
you manufacture or what type of operation you manage, there is a good
possibility that you can profit from the learning curve" (progress
curve).

Consequently, the progress function now enjoys almost universal

acceptance throughout industry. The fact is that it is often blindly

§ accepted without the user being aware of the dangers and pitfalls

which exist. The progress function is &g ¢

ynamic forecasting tool

which can be used fruitfullyvinfmany~areas of:manufactureﬂ But, as

e

can any forecasting tool, its usefulness can be quickly negated if

the progress curve in use is not based on the true conditions

18
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existing within a facility or is not "updated" whenever~thefe is
reason to believe that conditions have changed. To this end it is
ofygreat-importance~%ha%4the»conatants A‘and.ymbé determined -empir-
ically using as sccurate data as possible.
'Wiﬁhﬁhe"widespread'availabilityfcf¢omyuting-devices~and»mathe—
matical programs values of A and b are best determined by the method
of least squaresl-HSing,paired=&ata (X, Y) of the product being
investigated. This method will provide the best linear fit to the

;data'w1thout meking any assumptions about the dlstrlbutlon of the

paired data. The one assumption is that the error exists in the
dependent variable (Y). Further, by using this method (and assuming
normality) one has the added advantage of having an indication of the

linearity of the data by calculating the correlation coefficient.

Also, if sufficient data points are &available statistical tests ecan

be made on the parameters.
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The Progress Function and Dual Scurcing

The aréa of dudl sow ‘cing appears to have received less than its

share of attentlon in the literature considering its wide applica-
bility in the bresent day industrial environment of expanding, multi-
product, multi-plant firms. In such firms it 1s not uncoon for a
particular product, being produced at one plant, to become a candidate

for‘manufacture.atvavsecondslccatian. This may be due to capacigy

limitations at the first plant reorganization of manufacturing 'r’ejs,-pon;-f

sibilities » Or any one or more other reagsons. Whatever the ré.as-on "
ﬁhéwéconomicim@liCéﬁiohs.thatare associatedrwith dual sourcing
require that this area of manufacturi ng be better understood. Faced
with a dualzsourcing‘ﬁééisiOn,management'wQulaAdq;well to have a
means of forecasting the requirements for production at. the second

sourt

€.

It has been stated that the 1ntent of this the31s is to cons:Lder

cepts for forecasting production requirements at the se cond source.

The investigation will be directed toward developing a Progress

Function model for dual sourcing which will take into account the
transfer of progress or "know-how" from the ori glnal sour ce to the

second. An evgluation of the model's utility will then be performed

by using emperical data obtained from Western Elecétric Company

manufactiuring facilities. With this in mind it remains then to
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Two basic assumptions are required prior to developing the model
for dual sourcing. The first is?that«tthiﬁmﬁ for which the model
will be developed, is one in which there is an wiconstrained inter—
change or flow of;ianrnatiGn-between plants. The second assumption
is thaiuthez1abcr-andumanagement at the'various~plants'mithin.the firm
are sufficiently uniform to allow the same rate of progress. to be used
in the Progress Function describing a particular product mantufactured
at two locations.

While these assumptions are required for the initial development

of the model they can, in general, be found to actually exist in

industry. The one most likely to be questioned is the second, which

assumes that two plants within a firm realize the same rate of progreéss

in producing the same product. But, if one considers the atmosphere

&

ich the plants are likely to be functioning

@f“edmpetiﬁion‘within“
the aSSumptiDn_is;quite.e&sily,aceeptea; It gges:almost'withoutsaying
that management at one plant will not sit idly:by-and'watch.another
plant perfbrm;more'efficient1y<in-the.production of,anqideptical
product without taking corréeiive-action,'_Later‘inﬁthe study
situations where these assumptions“might;be Violated will be diSCussedt

Transfer of Progress

W. B. Hirschmannl6 states that "there are two main factors
which affect learning: (1) the'iﬁherént‘susceptibility of an opera-

tion to improvement, and (2) the degree to which that susceptibility

is exploited." Similarly one might ssay that there are three basic
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has obtained. If, in fact, from historical data the parameters A

factors which affect the transfer of progress between two facilities:
(1) the amount of progress or vknowshow"that°h§S'been obtained at

the Originélimanufacturingifacility‘pertaining‘tq a;produet,_(gj-the
efficiency by which this know héw can be transmitted to the second
facility, and (3) the ab ility of ‘the second facility to absorb this
know-how. ©8ince we have assumed that there exists an environment

such that there is on unconstrained interchange of information avail-
able the second factor can, for the time being, be disregarded. There-
fore, the first and third factors are left tO”bé;cQﬁsidered! These

will be discussed in order.

2'Th_.ea.—jpjp;l:L‘»‘'c:a;b:‘L:Lit_y-Qcﬁ>':-i3"“:‘13:;'If:t.€ﬁJ?P:r’j_ci):g-érf.'-ietas:.S’; Function as a forecasting tool

for predicting labor or cost requirements in various areas of industry

has been well documented. €The»interested¢readeryis directed to the

_bibliograpmy,-QSpecially;Q, 3, ﬁ,f5, 6, 11 and 16). Almost without
exception these studies have pointed out that progress does exist,
that it can be measured andvthat.it'is sufficiently regular to be
predictive. On ‘the basis of these findings one can conclude that the
Progress Function which describes apartiéularzmanuchturingiprocess

re of the amount of progress which a facility

. and b are determined then the cumulative production count (X) can be

c0nsidered;directlygrelated‘to-thé_prpgress~dbfained@ Since, for
any program which considefs dual sourecing, the cumulative production

count at the time of dual sourcing is knOWﬁ,.armeasure-of~the progress

that has been accumulated is available.
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There is left'thénoﬁé unknown factor, the ability of the second
facility to absorb the knowhow transferred to it. The;initial
approach tO;defermining'the impact oft this faetor on dual sourcing
was to consider the specific conditions under which dual sourcing
was initiated. On the basis of these conditions the affect of +this
factor would be estimated. The measure of progress achieved at the
firstplaﬁtzaléﬂz‘with.thesestimatédfabilitYLof fhé~SecondeOurCe to
absorb this progress would then be used in the proposed model for

dual sourcing which is developed inthemsucceeding'paragraphs.

The Dual Sourcing Model
Assume that due to capacity limitations production of a particu-
lar product is to be initiated at a second plant and from historical

data the process at the original location can be described by the

=
I
S
P
%.

where

'§i¢= Cumulative average input per unit

Il

; = Cumulative production count

s
]

1 IHPH% for first unit
b = Rate ijprggresé

Subscript 1 indicates original plant,

As previously discussed, the progress achieved at this location would

be & function of the cumulative production count (X ). Therefore,

if there was a complete or total transfer of progress, the process
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at the second facility would continue, neglecting initial startup
| | | problems, as if dual sourcing never occurred. The Progress Function

for the second facility would be

Y = A (x4 %) (1)
Y, = A (X * X)) (7)

where

Y, = Cumulatiyevaverage input per unit

X;Weﬁ Cumulatlve production count at time of dual :
- sourcing . |

b
I

Cumulative production count at the second source
b = Rate of Progress

Graphically this would appear as shown in Figure ITI.

UéingiSimilar“reaSOning'if‘thETE'Wasneetransfer.of>pregress,4the

'Prgﬂéssnaifthe.secend.EGCatien could be described by the function

T, = A (vrx)® (8)

il i P N

where

<
Il

A constant number of units and represents

manufacturing technology concerning the
product which is of genergl knowledge.

Since it is unrealistic to assime that either of the two above

would‘be-expected, In realiﬁy*then, the amount of know-how sabsorbed
by the second facility would bBe some fraction, x, of the progress

achieved at the original location. The progress that is'sueeesejfe;w

] T transferred to the;sec@nd=fecility'wouldthen‘be)\Xland the Progress

’l " :FUnctionwferitheuseeondmfacility“would.be expressed as
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generally known technology.

Graphically this function might appear as shown in Figure IV.
Data collected on products that had been dual sourced within
:Wéstern.Electric:were-usedpwith_eqpﬁii@n;(9) in order to obtain some

initial estimates of the parameter X. The values of )\ found using

importantly the fur

location as ﬁhe~cumulative;producti©n~¢oun% (Xg)iinéfeasedjsignificanﬁ=

ly. Because of this, the logic by which the model (equatiqn;Q)?ha&_

been formulated was re-examined. Iﬁ-particular~ﬁhe:transferability

barameter N\ became the object of ddditional analysis.

uInthe'mcdél.fonmulated'tﬁe transfer of progress is considered
to be a "“one shot affair" with the transfer being accomplished
instantaneously at the time dusl sourcing is initiated. The amount
of progress transferred is, in the iinal_&nahysis,fdependent:upan-the
,ébility~of‘tﬁewsecond3SQurceﬁ%b~abs@rb.or»useythe know-how available

from the original source. If the process is one that is technically

experience in similar processes the ability to immediately put to use

<theuprogress'available from the first source would be limite&{héhce,

the value of \ would Be small. However, if the transfer is thought

of as being accompliﬁhedwgver’ajperiod of time, say 'several months,

& substantially different picture will emerge.
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1t appears reasonable to assume that the sbility of the second
source to use the progress available from the original source would
depend,~tq:é/large degree, on its understanding of the process inr
volved.  Once'the process was fully'understood,eessgntiallymall~of
the progress from the sécond source could be utilized. Obviously

this cannot be the situation immediately upon the start up of the

Process at the second source. It would be more reasonsble to expect

an understanding of the process tcminarease;ag the-eumulative produc-
tion at the second source iﬁcreased-dverfasPeriodlthime. Conse-
quently we might expect the transfer of know-how to also incresse as
cumulative production increases.

Under the foregoing assumptions, the problem becomes somewhat

simpler to visudlize inasmuch as values for the parameter A\ do not

have to be determined from gualitative facts about the conditions

under which dual sourcing oceéurs. Instead & means of estimating the

build-up of cumulative production at the second source, over the first

several months of operation, is required.

It is an,accep%ed fact that the Se@QHdWSOHTCe'dOGS'th;startwaut,
from day one, at its normal anticipated rate of production. Instead
a manufacturing start up'iSqnqrmally'éh&racterizedpby-a531dw, ever

increasing build up until the planned rate of production is resched.

This is usually accomplished over a period of & few months.’ Tt is

suggested that under normal conditions the rate of build-up is

.dependenttc a large degree on the rate of progress (b) that is

Lagsociated'withnthenpartieularyproduct. This is meant to imply that
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knowing the Progress Function degcribing a process the build up of
eumﬁlaﬁive'productidna_given constant inputs, can be estimated over

the first few months.

Consider again the Progress Function model discussed earlier,

If Y represents the cumulative average input to the process for

& cumulative production of X units then the total input is:

Substituting in (10) for Y obtain

which by rearranging becomes

1 1
=) (=)
X = A 1-b Y‘b 1=b

or

(__L
A v, 1-b (12)

While it is realized that (12) represents a continuous function,

the fact remains that values for the parameters (X) and (Y) are

normally availsble only on a monthly basis. Because of this, a step

function will be generated to approximate this function , (12).

is accomplished by considering the input (6) to hold essentially

constant each month over the first few months of production. Then

the production count over time (monthiyf)i can be estimated by

(=)

X, =A1 1P (13)




becomes

where

la 23 3 9 oy N

[T
H

N = Number of months

X, = Production count at end of month i

J

- Estimated productien count at the end of the
first month's operation
Since we have concluded that the ability of the second facility
to use the progress transferred from the Tirst source is related to
the cumulative production at the second source, it follows that the
transferability factor of equation (9) is related to (13) and
S
C:Leub )
1

N; = transferability factor

Wiﬁh’ﬁhetfurﬁher.a55ump%ibnmthaﬁ:essentialf,va11 Qf:the-Kanghdw

available will be successfully transferred to the second facility

over & time frame of N months it follows that

hence

A. = AN = 1

and A

I
Z.
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therefore equation (1k4) becomes

(15)
1 \
N ('l,—b | )

Eguation (15) can be used to estimate %Lhe transferability factor
for each month of the time frame that is required to successfully

While this time

transfer thetprbgress_fram_scurce one to source two.
frame may be subject to variation, especially from firm to firm, it
is considered to be relatively constant for a particular product line
’Wiﬁhin a firm. Discussions with various personnel within Western
Electric resuited.in:selectingga~time:frame of six&monthé;fbr dual
soureing applications in the manufacture of electron devices.

The dual'saureing-mﬁdelzuﬁderthe*fbregoingﬂconsidarations then

becomes

v e o Ffv vy 7=b ' PR
2 ;-—A1{(deS+ XZ,N) }i] | (16)

H
Il

= cumulative average input at the second source for
month i.

|

cumulative production count at source one at time of
dual sourcing. “

B4
n

forecasted production count at source two over

>
]

transferability factor for month i.

=
I

input requirement for unit one &t source one.

I

rate of progress experienced at source one.

.....
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N = time frame (# of months) to complete transfer of
PI‘QgI’GSS .

Using equation (16) forecasts are made for a time frame of N

months. Using the cumulative average input forecasted and the

cumulative production count at the end of N months, a hypothetical
value for the input required for the first wunit at the second source

can be calculated by substituting into the basic function

I = 8 X, (17)

Il
=

-b

Iy

By = ToXs

Now, using equation (1T) forecasts for future input requirements for

specified production counts can be made using standard Progress

Function technigues.
The model, equation (16), was tested with data collected on

five products which have been dual sourced within Western Electric.

The results of the test are discussed in the following chapter.

£
b
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Application of the Dual Sourcing Model

The dual sourcing model (equation 16) developed in the preceding

chapter was evaluated using data collected from four manufacturing

9.

in Western Electric Company. The purpose of this

chapter is to discuss the data and the application of the model.

Selectipn‘of:Products

Selection of products with whi

¢h to evaluate the model was made
by considering certain basic criteria. For example, it was necessary
fdr‘the;preduct~to‘have beenmmanufaétured.at:cne facility and then
dual sourced at one or more other facilities. In addition it was
required that the product have a history of continuous production.
fPrOQUGtiOH-Vﬁlumﬁfthrqughbut the life of the product, or period of

study, had to be sufficiently large to justify the application of

Progress Function concepts.

The manufacture of electron devices was one aréa'whighjpraducei
several products that satisfied these'basiCMréquirements. In all,
fiVe products were selected for investigation. They consisted of
electron tubes, transistors, diOdeS‘and §Wit¢h$Sg The five p?@ducts
were dual souréea'betwgenftw@_ef~the fgilcwing;fcur*Wésﬁefn Electric
- manufacturing facilities: (1) Allentown, Pa.; (2) Reading, Pa.;

(3) Kensas City, Mo.; and (4) Winston-Salem, N. C.

;Allwof'thekproductsmseleeted are of high volume production.

The least yearly production volume for any of the five is measured

in hundreds of thousands of units. For only one product is the
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Prior to applying Progress Function concepts, the analyst must
select a wnit for measuring progress. The two most commonly used are
(1) the relative inputs of direct labor and (2) the relative dollar
inputs. Of the two, the latter is more desirable from a mansgement
boint of view since theﬂfcrecasts;are~in-units~wﬁighgmanagement.is more
aﬂcustomed'to:dealing, On the otﬁérﬁhanﬂ,'the analYStiWill'usually
find it more desirsble to use relstive Tabor inputs 8 5 unif of

+his 1s found to be true even more so in dual
source application. There are at least three major reasons why the

progress.

each source. It is a generally accepted fact that no two cost
accounting departments, even though they apply the same basic tech-
niques, use the same procedures for allocating costs. This is

especially true in the application of overhead expense.

forecasts made on the basis of relative labor inputs are often
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inherently more accurate th:
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n those dealing with relative dollar

Theoretically, however, the Progress Function is insensi-

tive to the selection of the unit by which progress is to be measured.
In the evaluation’ of the dual sourcing model developed in the

unit of measurément. The decisgion as to which input unit of measure-
ment to use for any particular product was made Qn'thg"hasisfof'thé
data existing at the two sources and how well it could be correlsated
béiweensqurces,

As-insﬁgsﬁ cases that dealﬁwith,high.valume products, production
data 1s normally available only on a "lot" basis (monthly or yearly).
Because of this the cumulative average input per unit:wasgu§edngr
measuring progress. This particularzmeth@dpcainﬁides*With Wrighth
iOfigiH&1 f0TmHl&ti§n, The particular products used in evaluating
the dual sourcing model will not be described further for the usual
proprietary reasons.: In additibnﬁﬁ&e-actual~dété;ham5heen coded in
such a manner as to prohibit immediate identity. fsineentﬁeypurpése
of this thesis is to investigate the usage.of«Brégress Furiction
concepts for dual sourcing applications the above TQStrictions1shqu1d

in no way hinder the reSultsof‘the‘evaluatiops.

égplyigthhe Model

The methodology‘USEd_iﬁ:manipulatiﬁg'the data on the fiwve

products selected to evaluate the utility of the dual sourcing model

is discussed in the following paragraphs.
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then used in'ﬁhe'Prqgress=FuﬂCtien;m@ﬁélﬁ"ifz .

TPrQ&uctionf&ata from.the:ffrstzsource_wéréGGllecfed.and.usedﬁ:g
35 input %o a computer program written in FORTRAN IVfOr:the-IEM;llBQ
computer. The program convertedAtﬁe&ataqtc.lagaiithmic o
performed a linear regression, and calculated a correlstion coefficient.
Using the caleulated regression coefficient (b) the program then
determined the transferability factor \ (equstion 15)‘t07be{applieﬁ

during;ﬁa@h.of-ﬂhe.firSt six mOnths~Of;peructibn b the seoond

source. By using equation 16, the calculated values of A, and values

obtained from the dual source program for X

1gs 24 % ¢» the program

tﬁén,generated.ﬁhe Step“quCﬁiQn'er egtimating-thevrequiredinputs

ier:the'fiTSt_SiXTmﬁﬁifﬂ-Qf.PrOductiOnw These estimated values were

Q;b’ to forecast
production requirements following the initial six month period. The
fprecasted‘input,réquiremeﬂﬁsjweresthen compared to the acﬁﬁél
requirements at the second source. In order to obtain g plot of

_ﬁhe'regPESSiOn@pngﬂam; The results were lettEd:Qn lgg#lqg

_coordinates on the same graph that the forecasted values were plotted.

source also enabled a comparison of Progress Indices for the two
sources. One of the basic assumptions in the formulation of the
producing the same product experienced essentially the same rate of

progress.

Results obtained from applying the model to actual data will be




QUL - 1 G TLI A e A T LN A L 2 24




» ‘,l B rdirinne s g;"."«‘.‘\‘w;_rmmn—ﬂng-w -

the second source decreased slightly for this product after the first

3k

CHAPTER V
Results and Analysis

Table T below shows the Progress Indices determined for each of
the five products at both the first and second sources. It is noted

that the rate of progress experienced at two facilities within a firm,

Comparison of Progress Indices

Product Source 1 . Source 2 " *Prog;eés Index

79.9% 81% +1.1%
70.27% 1% + 8%
T3.6% o 75.5% +1.9%
T1.9% 71.2% - .T%
78.2% 80.7% | +2.5%

Table I

producing the same product, are in close agreement. The Progress

Indices shown for the first source are calculatea,fram,agtualudata
up to and including the time of dual sourcing. The indices for the

second source are based on the actual data from the time production

started at the second source through the last year for which produc-
tion data were available (1969).
The largest variation between sources (2.5%) for a particular

case occurs with Product 5. For some reason, the rate of progress at

eighteen months of production. A regression was performed using

data for only the first eighteen months (206,540 units};af,productidnﬂ

and a Progress Index of T78.6% was obtained. Thisavalue‘is infBetter

agreement with the Progress Index determined for the first source




and listed in Appendices A tt
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and indicates that there was a distinct reduction in the rate of
progress after the first eighteen months of production. The causative

factors for this decrease in the Progress Index were neot determined.

Predicted input requirements at the second source for each of the

five products were plotted on log-log coordinates along with the
requirements determined by & regression of the actual data in order

in Figures V through IX. The actual data acquired frqm,gagh;sgurcéﬁ

-

the dual:Source«model;are contained in Appendices A through E

Referring to Fig

res V through IX, it is noted that all of the

by the values computed from the forecasting model. This is even more

meaningful when it is considered that these forecasts are for periods

end of the forecast period. Had the forecast been made for shorter
periods of time (yearly) even closer agreement would be noted. In a
normal operating environment an update could be expected to oceur

at least yearly. 'I'Elus 5 variations between forecasted i nputs and
actual inputs could be used to adjust future forecasts.

The correlation coefficients calculated for the five products

rough E are all quite high

s in excess of
.98. Correlation coefficients of .85 or more are normally considered

quite good. The high correlation coefficients can be accounted for in

part by the use of cumulative average input per unit. As mentioned

SRR R R
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earlier, Chs pter 2, the cumulative average method of meas urlng lnputs
tends to smooth the variations one normally finds when using the input
per unit. Even so, the high correlation coefficients found for these

five products indicate, agsuming normality, a high degree of linearity
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CHAPTER VI
Conclusions

The application of Progress Function concepts to the area of dual

sourcing within a firm ke

exists an unconstrained flow of information between the sources and that

both sources experience essentially the same rate of progress. Five
products dual sourced within the Western Electric Company have been
investigated. As a result of this investigation several conclusions

cani be stated.

The first conclusion is that PngreSS'”VfciiQn concepts are
applicable in deseribing the progress experienced in the high volume

manufacture of electron devices within the firm studied. Without

EXBeptiOﬂ.tﬁﬁfPIGCesﬁés iﬁV91Vingfth€ fiVe&P?QaHGtS can-bé.deséribea

by the
Secondly, the assumption that two facilities within a firm,

producing the same product, experience essentially the same rate of

Indices for two sources producing the same product revealed the
existence of little variation. While one cannot conclude that this

phenomena exists in all firms or in all areas of manufacturing there

1s no reason not to expect this condition to prevail in other areas

of manufacturing within thefpaftiCular’fiﬁm-studied,

as been demonstrated. A model has been develop—
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is of economic importance.

;‘);I_B;

A third conclusion is that even within a particular area of

manufacturing one rate of progress cannot be used to describe all

products. ThiS;is~verifiéa;by<tié range of Progress Indices found
Of more importance however, is the conclusion that, given a dual

sourcing program for & firm wherein certain basic conditions prevail,

the progress achieved at the original source can be considered trans-

ferable to the second source. Further, the amount of progress

-

achieved at the original source is directly related to the cumulative

prOductipn-count at the time:of'dualiscurcing; These facts, when used

with a suitable time frame over which the transfer of progress occurs,

enables the analyst to make.reliable,ﬁerecasts:of’tHEfinput require-~

ments at the seeond:source't}ﬂgnghuﬁhe use of Progress Fu

cepts. Forecasts, made for one firm, engaged in high volume production

of electron devices, were found to be,quibé;relidblgffér‘fgreqast
periods exceeding three years and cumulsative production exceeding one

hundred million units.

The technique of considering the transfer of progress and utilizing

Progress Function concepts in dual sourcing applications provides

management with a straight forward method for forecasting production

requirements. In addition it provides a means for establishing goals.

inriexample, if the transfer of progress is applicable in dual sourc-

ing a product, as it was with the five products studied, then the time
frame over which it takes to transfer progress to the second source

- reduction in this time frame would

§
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result in a reduction in the total input requirements at the second
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The rationale of using Progress Function cohcepts for duasl sourc-
ing has been investigated in only one area, namely, between two facili-

only one general product area (electron devices) has been investigated.

n a single firm manufacturing the same product. Indeed,

The need for additional studies to cover other areas of manufacturing

Once the utility of the dual sourcing model has been established

for manufacturing in general the next area of immediate need would be

to extend its aﬁpiication.to~Produc£s which are not identical but

This would regquire an eéstimate of that portion of the

progress achieved on one product that could be considered applicable

No doubt thi

to the second, similar product. s would be a fun

the similarities between the two products.
~Success in the above areas would lead naturally into the area of
new products. It is in this area that management expresses the

greatest interest, which is not unreasonsble considering the number

of mew products which go into production each year.

~he transfer of progress or know-how is an area which deseryes

considerably more attention. There is a real need to identify ti

factors which have an impact on the transfer of progress between two

manufacturing facilities. Any effort which is successful
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increasing the understanding of the transferability of know-how
between two manufacturing facilities would represent & major contribu-
tion to the field.

The manufacturing Progress Function is a forecasting tool. As

with any forecasting technique, it is not an exact science. Because

of this and due to its wide applicability to manufacturing processes
ﬁajbetter”uﬁdefstaﬁding,iS‘require&:Qf‘the underlying factors which
affect progress. Considering the possible economic applications

associated with Progress Functions, they have received far less thsn

their share of study.
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- PRODUCT ONE, FIRST SOURCE

Cumulative . Actual Cumulative
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Output, Units Average Input by Regression

100,000 50.0
2,000,000 17.30
5,000,000 15.00

13,000,000 10.00

Regression paraméters, first source

PT

\ 79. 9 %

Correlation coefficient =.995
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Predicted Input,
Dual Source Model
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9.20
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6::,30Q;QQO

Input Determined

by Regression
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Cumulative
Output, Units

81,320
1,718,200
9,160,800

13,080,900
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Actual Cumulatiwve
Average'lnput_

54.35
11.36
5#51
3.67

A = 17,482.9
b = ~.510

Input Determined

by Regression

54.54
11.49
L. 89
4.08

Correlation coefficient = -.997

TABLE IV
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iPRODUCT'ﬁf

0, SECOND SOURCE

X. . = 10,000.000 units X . = 2000 000 1mitea
des -lO)OOQg..Q units .X256 250@0;00@ units |

Actual
Input

Input Determined
by Regressiqg: _

Predicted Input,
Dual Source Model

Cumulative
Qutput, Units

100,000% 19.67 17.9L4 —

1,000,000%

1,378,235

6,716,400
10,000,000%
19,592,300
30,377,800

6.07

5.15
2 .29

1.88
1.33

1.06

higé

2. 25
1.8k
1.32
1.07

57,525,500 T ” .78 76
103,053,100 | «DT o .58 O
113,069,300 .5k .56 5L

Regression parameters, second source

A= 5,26L.6

%

~. Lok
i PT = T1%

Correlatien.coéffigignﬁa;.*égig

*Convenience points for plotting
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PRODUCT THREE, SECOND SOURCE

Y1gs = 600,000 wnits X, ¢ = 300,000 units

Cumulgtive Prediected Input, Input Determined Actual
Output, Units Dual Source Model _I_)y_'Regre’ssion__ _ Input

100,000 55.36 | 55.01 - 51.57
300,000 34.05 35.25 33.56
500,000 27.16 28.66 27.48
1,000,000 - 19.99 21.65 | -=
1,300,000 17.80 19.46 18.91
L ,000,000 10.83 12.35 12.19
10,000,000 T.22 | 8.52 | 8.51

Regression parameters, second source

b = «.L05

1l

PI = 75.5%

Correlation coefficient = -.996
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PRODUCT FOUR, SECOND SOURCE

'Xids

Cunmulative Predicted Input,
Output, Units

= 4,000,000 units X, ¢ = 1,000,000 units
2

Input Determined
-Dual Source Model by Regression

32,559 6Q.51
100,000 35. Lk
'-l22ah76 : 32Ql7.
300,000 —_—
500,000% 16. )45
1,000,000 11.82
10,000,000 3.9k
20,000,000 2.83

Regression parameters, second source

A= 10,055.12

PT = 71.2%

Correlation coefficient = .991

¥Convenience points for plotting
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