THE EFFECT OF TURNOVER RATE ON GROUP TASK TIME
WHEN TASK TIME IS GOVERNED
BY THE LEARNING CURVE

RESEARCH REPORT

Presented in Partial Fulfillment of the Requirements
For the Degree Master of Engineering, Industrial
Engineering Department of Texas A&M University

By
J. Allen Hill

Approved by

77 v i R Stk

.75, Street’ : r+ Roger Elllott
Chalrman

1
'('.7/4‘-; a4

Texas A&M University
1970




Best
Available
Copy




,ACCESSION for _
[
el

S35

L
£l

ABSTRACT

A model is developed to analyze the effect of
various percentage turnover per turnover period on group
task time when ta§k time is govermed by the learning
function.

A computer program is developed which generates
tables showing the results of the analysis. Nineteen
families of curves are presented which depict the con-

tents of the tables.

._.___-———'"_'_—’ -
g SECTION m\/

FupF HFOTUY L \

1

i1

aund it



UNCLASSIFIED
Security Classificati

DOCUMENT CONTROL DATA-R&D .

(Security clessilication ol titie, bedy of abstrect and indexing anno’ssion musit be entered when the everall repett ie cuumod‘

1. ORIGINATING ACTIVITY (Corperate author) 38. REPOAT BECURNITY CLASSIFICATION
USAMC Intern Training Center=- USALMC Unclassified

Red River Army Depot ATIN: AMXMC-1TC-E-M e, GROUP

Texarkana, Texas 75501 N/A

3. REPORT TITLE
THE EFFECT OF TURNOVER RATE ON GROUP TASK TIME WHEN TASK TIME 1S GOVERNED BY THE
LEARNING CURVE,

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

N/A
‘ _SWWH neme, middie initial, fast name)

J. Allen Hill

&PORTYT DATE 78. TOTAL NO. OF PAGES 786. NO. OF REPFS
May 1970 120 7
& CONTRACT OR GRANT NO. 90. ORIGINATON'S REFPOAT NUMBENR(S)
N/A N/A

b. PROJEC T NO.

c. 00. OTHER REPOAT NUI(S) (Any other numbere that may be esel;
this report)
- N/A

10. DISTRISUTION STATEMENT

Distribution of this document is unlimited.

1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
N/A Dir for Maint
Hdqrs, USAMC
Wash, D. C. 20315

13, ABSTRACT

A model is developed to analyze the effect of various percentage turnover per turn-
over period on group task time when task time is governed by the learning function.

A computer program is developed which generates tables showing the results of the
analysis. Nineteen families of curves are presented which depict the contents
of the tables,

Reproduced by

NATIONAL TECHNICAL

INFORMATION SERVICE RE&

. Springtield Va _.Z"sl )
PORM AEPLACES DD POAM 1479, | JAN 06, WHICH 18

D I MOV "‘47 OBSOLETE FOR ARMY USE. Unclassified

Tecurity Classification




Y S T resPwes

':cmty Classillcation

14 INK A 1773 INK
KEY Wemos T LINK @ LINK €
noLE wy noLe wy noLE wy

Security Classification




CONTENTS

Chapter Page
I INTRODUCTION...........I.....O.l..l...00. 1

B NS S

II CLASSICAL LEARNING CURVE THEORY...voees.. 7

III DEVELOPMENT OF A COMPU?Zic MODEL.vssss.0ase 17
1. Development of Point Convolution...... 17
2. Definition of terms....eecececvcacssss 18
3. The Computer Model..eeveveevecosassees 21

4, The Computer Program.....ceocceeesseeee 29

IV RESULTS OF THE ANALYSIS.::.ecesessssoseses 28

V  CONCLUSIONS AND EXTENSIONS.:eesesosceeses 37
1. Conclusions...‘.....ll.......l..l..... 37

2. Extensions............l..........l.... —‘;7
LIST OF REFERENCESQO...oooo.....oo...toc. .;()

APPENDICES.IU.....C.l..ll...........l...’ 40

‘ AppendixA:....l'..ll....l....l....l....' A0.1

1. The Computer Program for Table
Gener‘ation.........'l.....'l.......IQI AO.2

2! FlowChartoo..oll.0'0'...0..0.....0!0- AO.6

é 3. Tables.-...-.o..coco-a-..cco----o.--c- A1.1




Appendix B:."'..0....0."00.!.0'....0.0

1. The Computer Program for Curve
Plotting.‘...l'......l.l..l.....0‘.0!

2. Fis‘lres B1-B19...O..........'....‘."

iv

Page

RO.1

BO.2
B1-B19



Figure
2.1

2+ R

2.2

203

FIGURES

CLASSICAL LEARNING CURVE FOR EXPERIENCE
FACTO% OF .7, .8, ANDogo LR A O B R

LOGARITHMIC PLOT OF THE CLASSICAL
LEARNING CURVE FOR AN EXPERIENCE
FACTOR OF .90.........0..‘..0.'...l.....

LEARNING CURVE WHEN t(x) IS THE LABOR
HOURS PER PImE'.............‘..Q.......

LEARNING CURVE WHEN t(x) IS THE AVERAGE
moRHompERPIECE."‘I..C..OO....I..

DETERMINATION OF TURNOVER PERIOD DURING
WHICH THE "STEADY STATE" TASK TIMES ARE
OBTAIrm....QQI..'.................Q....

Page

12

12

15

15

26



Figures

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

LIST OF FIGURES IN APPENDIX B

PLOT OF T(IX) AND TN(IX) FOR DIFFERENT
gURNOVER RATES WITH Q=0.80
ETR=10.......l.......0................

PLOT OF CUMULATIVE AVERAGE TASK TIME
WITH Q=0.80

IETR::S....l.........................l..

PLOT OF CUMULATIVE AVERAGE TASK TIME
WITH Q=0.80
IETR=10......l............l........l.’.

PLOT OF CUMULATIVE AVERAGE TASK TIME
WITH Q=0.80
IETR=15¢¢aoooooooccoocooooooooooo-otooo

PLOT OF CUMULATIVE AVERAGE TASK TIME
WITH Q=0.95

IETR'——SDCO.‘..D...O.U...Cl......l......'

PLOT OF CUMULATIVE AVERAGE TASK TIME
WITH Q=0.95
IETR=1OO"O.l.l......l....l.‘.l'.l.l...

PLOT OF CUMULATIVE AVERAGE TASK TIME
WITH Q=0-95
IETR=1Sooono-ooo-o ------- seesvsvesses o

PLOT OF AVERAGE TAosa 1wl PER TIME
PERIOD WITH Q=0.80
IETR:S..-...-...n-o-oooocooaooooo-oo.oo

PLOT OF AVERAGE TASK TIME PER TIME
PERIOD WITH Q=0.80
IETR=10.0........“.....l.l.l..!.l......

PLOT OF AVERAGE TASK TIME PER TIME
PERIOD WITH Q=0.80
IETR:15.Il.OI...0.......‘..............

PLOT OF AVERAGE TASK TIME PER TIME
PERIOD WITH Q=0.95

IETR=5.........'OC....'.....0......0...

Page

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10

B11

vi




Page

TABLES GENERATED BY THE COMPUTER
MODEI‘......0.......l...............l AppendixA




vii

Figures Page

B12 PTOT OF AVERACE TASK TIME PER TIME
PERIODL WITH Q=0.95
IETR=10.".l.ol'I..........'.l.l....... B12

; B1% PLOT OF AVERAGE TASK TIME PER TIME
- PERIOD WITH Q=0.95
IETF{=150.o. ------ o000 s s S0 es a0 00 s 00 B13

B14 PLOY OF RATIO OF AVERAGE TASK T.ME
PER 1IME PERIOD FOR DIFFERENT TURNOVER
RATES TO THE AVERACE TASK TIME PER
TIME PERIOD WITH N9 TURNOVER WITH
Q=0.80 AND IETR=5..ieeieeeesessseensess Bl4

B15 PLOT CF RATIO OF AVERAGE TASK TIME
PER TIME PERIOCD FOR DIFFRENT TURN-
OVER RATES T0O THE AVERAGE TASK TiME
PER TIME PERIOD WITH NO TURNOVER
WITH G=0.80 AND IETR=.10..... 000000 RIS

B16 PLOT OF RATID OF AVERAGE TASK TIME
| PER TIME PERIOD FOR DIFFERSNT TURN-
OVER RATES TO THZ AVERAGE TASK TIME
PER TIME FERIOD WITH NO TURNOVER
| WITH Q=0.80 AND IETR=15.4.c0e0esseessess B16

f B17 LOT OF RATIO OF AVERAGE TASK TIME
- PER TIME PERIOD FOR DiFFERENT TURN-
OVER RATES TG THR AVERAGE TASK TIME
PER TIME PERIOD WITH NO TURNOVER
WITH G=0.55 2NnG THTR=5.+evreneenseseass BIT

t B18 PLOT OF RATIO OF AVERAGE TASK TIME
1 PER TINVFE PERICD FON DIFFERFNT TURN-
OVER RATES TO THE AVERAGE TASX TIME
PER TIME PERIOD WITH NO TURNOVER
WITH Q=0.95 AND IETR=10....... iR s o B8

B19 PLOT Or RATIO OF AVERAGE TASK TIME
PER TIME PERICD [FOR DIFFERENT TURN=-
OVER RATES 70 THI AVERAGE TASK TIME
PER TIME PrRIOD WITH NO TURNOVER
WITH Q=0.95 AND IETR=154seeevoveoeecvss BIY




CHAPTER I
TNTRODUCTION

In 1936, Dr, T. P. Wright introduced the concept
of "learning" via a learning function which empirically
described the cumulative average labor cost of producing
an airplane as the total number of airplanes to be
proauced was increased. It is generally recognized
ty laymen that the time required to accomplish a task
will diminish after each successive periormance until a
seemingly stable rate of performance is obtained. The
zanner in which the task time decreases as a functioun
of the number of performances may be predicted with
reasonanie success by the learning curve. A rather
simplistic but intrinsically sound definition of
"learriing" for tihe purposes of this paper could be ex-
pressed as follows: Learning occurs when on successive
verformances ol a task the time to perform the task is
diminisced.

The usual apnlication of the learning curve is by
zanuiacturers whe must determine a competitive price
when bidding on a contract which specifies the number
of items which are to be supplied. It may be readily

seen that a vendor who bids on the basis of "first unit"

e




cost would grossly overprice hic product. The learning
function is also used on successive niders by the buyer
to determine a reascnable price to pay the viroducer
after the first costly units nave been produced.
Certainly, if little time has elapsed between placing a
second order and the fulfillment of the previous con-
tracted quantity, the cost for successive units should
closely correspond to the costi oi +he iLast few units
produced. Hence, a ccnsicderatle ~avings to the buyer
would be possible if he were aware of the "learning func-
tion" hefore negotiating a new centract. A producer

-

might prefer to losce

)

(
£

oney cir bresk even or thr first

batch of articies in suntizipation ol Hutures orders when

3
O
3
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~

he would indeed be zble to offer a michn Lower vrice
than his competitors dus to previous "learming."

The military commodity commands Tequire maintain-
ability spernifications to be written intc the request
for proposai and centract for new equinments when

.-
]

applicable. REasically. these wrintainabiliiy require-
ments are written in such a manner as to zssure a certain
mean repair time for the equipment or parts of the
equipment. An attempt is usually made to describe the
distribution of repair “imes b7 statirg 2 maximum repair

time or the standard deviation of the revair time. The
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acceptability of the equipment must be illustrated by
demonstrating the equiprent repair time. !Metnods for
determining accepuance or rejection based on the main-
tainability demonstration tests are contained in MIL
TD 47%. The tests are usually made under controlled
conditions, supposedly duplicating those which will
actually be encountered under normal mainteonance condi-
tions.

One of the alliacies in making thic tynpe of
demonstration is tinal no allowance is rade ior tne ex-
rected "learning" whicn will occur as the maintenance
crews perform succescive repairs on tho enuipnment,
Obviously, some notice of the learning function should

be taken when specifying the maintainability require-
aents; otherwise, the specifications wiil tend to be
overly restrictive and result in unnecessarily increased
purchase cost of an equipment., Indiscriminate use of
the normal leamning funciion to predict the moan repaivr
time should be avoided since factors sucn as turnover of
maintenance personn<l, time between successive
periormances of the task and design changes or retroflit
actions nust be considered.

This paper is devoted to an analysic oi the effect

of various turnover rate. on the time required to perform

a task by a group when the task time is esoverned by ine



learning function. Some basic assumptions were made to
facilitate the analysis and are as follows:

1. Turnover will occur only at the end of a turn-

over period.

2. An integer number of task repetitions will be

accompiished in each time period.

3., The ratio of the crew size to the number of

persons leaving the crew is an integer,
Assumption three was included only *o laciliitate the
rapid achievement of a "steady state" average task time
per time period.

In Chapter Three a computerized inodel wili bhe
developed to analyze the effect or turnover under ihe
assumptions stated above. The metiiod uscd to dovermine
group task time when individual task times are known will
be explained. A definition of ali terms and a detailed
analysis of the model will be presented. A computer
program will be used to generate tabies which will 1list
values for the following:

a. Group task time to periorm the i repetition

with zero turnover,

b. Group task time %o perform the i¥ repetition

with "P" percent turnover.

¢c. Cumulative average group task time to perform

the i*" repetition with zero turnover.



d. Cumulative average group task time to perform
the i repetition with "p" percent turnover.

e. Average group task time per turnover period
with zero turnover.

f. Average group task time per turaover period
with "P" percent turnover,

g. Ratio orf group task time with """ percent turn-
over to group task time with zero turnover Ifor
the i repetition,

h. Ratio of group task time per turnover period
with "P" percent turnover to group task time
per turnover period with zero turnover.

Exanmples oi the tables sre included in Appcondix A. A
separate computer program which utilives tiie TTM %00
computer and Calcomp Plotter to plot the tabied rela-
tionships Is inciuded in Appendix B alona wiln nineteen
plots.

A summary of the results of the models and reconm-
mended extensions of the analysis of this pioblem wilil
be made in Chapters Four and Five,

A brief history of the development oi thie classical
theory of learning is presented in Chapter Twco. The
basic "learning function" as originally preosented in
19%6 and later models will be stated. A brief dis-

cussion of the methodology used in applying the iearning



function will be discussed.
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CHAPTER II

CLASSICAL LEARNING CURVE THEORY

A brief overview of the history of learning theory
is presented at this time to give the reader an insight
into the development of the classical learning theory.
Aristotle first stated the theory of association and
his views are presented here as Tichener (5 )*para-
phrased them,

"Suppose, Aristotle says, that we are trying to
recall something that has slipped our mind, what do we
ordinarily do? We hunt through a number of things,
beginning witn something that is like what we want to
recall, or contrary to it, or that was next to it in
time, or adjacent to it in space."

Thus Aristotle foreshadowed the development of the
four laws of association of ideas: similarity, contrast,
succession in time and coexistence in space. These laws
were later refined to form the basic argument of the
"associationists."

The psychologists worked out logical forms to ex-
plain association. The concepts of motivation, pleasure
and pain were introduced into the theory of learning by
2ritish psychologists.

»®
Numbers in parentheses refer to List of References.



Ebbinghaus began to try to quantity the effect of

frequency of association on learning during the last
quarter of the 19th century. His results were clear cut
and showed that such as association existed. FEbbinghaus
thus brought learning theory to its contemporary stage.

English (4 ) summed up the general "orthodox"
position of psychologists on learning in the following
statement.

"Mental life or behavior has its basis in ex-
perience. The environment affects us through our sense
organs. The resulting neural impulse somehow leaves
"traces" of its passage through the nervous system so
that a recurrence of the same neural circuit is there-
after facilitated. Within limits, the more frequently
this circuit is traversed, the greater the facilitation =
and therefcre the greater the learning. Tearning is thus
the getting and keeping intact of a unitary and un-
changing response, or of a unitary bit of knowledge or
an idea. Improvement is the selection of more suitable
responses, or the elimination of parts of a complex
response, but the basic fact is the fixation of un-
changeatle units."

English went on to say that no one advocates the
view exactly as stated above; however, this is the es-

sence of the views most psychologists held at the time.



T. P. Wright (7 ) in his famous article "Factors
Affecting the Cost of Airplanes" introduced the classical
learning curve as applied to the average cumulative labor
cost of airplanes as the quantity of production in-
creased. Wright began his studies of the variation in
cost with quantity in 1922 which led to the publication
of his article in 133%6.

In developing the curve which shows variation of
labor cost with production quantity, it became
evident that its form was of the type depicted by
the formula F = N*. This resolves into an ex-
pression for X as follows:

% Log F VWhere F = a factor of cost variatinn

Log nroportional to the guantity N. The

reciprocal of F represents a direct

percent variation of cost vs. guantity. A curve
may be plotted which shows directly the reiatione
ship between the two variables and when plotted

log=log paper, it becomes a straight line. 1In

‘e o LSee Figure 2.1 in this paper] such a

curve appears; there called the eighty percent
curve which is represented by a value of .%22 for
the exponent X in the above formula. This eighty
percent has a definite meaning in that it repre-
sents the factor by which the average labor cost
in any quantity shall be multiplied in order t©o
determine the average labor cost for a quantity
of twice that number of airplanes.

Wright then presents examples of the theory as
applied to the cost of an airplane per pound when pro-
ducing increasing quantities,

3everai authors after Wright have presented
mathematical models to explain the stimulus-response

learning theories developed by neurologists and
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psychologists. However, the results of Wright's work
modified to concern individual task times will be the
primary consideration of this paper. Occasional
references will be made to other mathematical models for
eniightenment of the reader.

Wright stated some of the problems encountered with
succeeding orders of the same plane which increased costs
over those predicted by the learning function. Some of
the factors mentioned are: design changes introduced
between orders, the lapse of time which encourages
forgetting, labor turnover between orders, and refurbish-
ment of tools. The purpose of this paper is to quantify
the effect of labor turnover on the average task time.

Wright's original equation is modified to the form
shown in Equation 2.1 so that "x" represents the
cunulative number of units produced, "N" is the slope of
the curve and t(1) is the "value" factor for the first
unit. The "value" factor might represent cost of the
first unit, time required to perform the initial mainte-
nance task, time required to build the first unit or any
other "value" for which the learning function can be
showvn to be valid. Figure 2.1 shows a plot of the
normalized learning function with the value of the

ordinate being taken as one unit of cost per physical

unit while the abscissa represents the cumulative number
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cf units produced. It should be noticed that the values
of x are necessarily discrete; however, it is common
practice to ignore this fact and to treat Equation 2.1
as a continuous function. In actual application the
logarithmic form of Equation 2.1 is used and is shown in

Equation 2.1.a.
- N ,
t(x) = t(1) x (2.1)
log t(x) = log t(1) + N log x (2.1.a)

Equation 2.1.a is shown plotted in Figure 2.1.a. From
the plot it is obvious that N must be a negative number.

The value of N may be determined as follows:

log %%%%i

log {(n(2x%)) = log (t(x))

= \ =
N = L0g (2x) - log (x) ox
log ==
= X
t(2x
- 1o m% : (2.2)
log 2

Wright showed that each time the quantity of "airplanes"
doubled, the ratio of t(2x) to t(x) was a constant
factor. Let us then call this factor the "experience

factor - Q". Therefore, Equation 2.2 will appear as

. _ log 0
I\' = rg'é_'? ¢ (2.2.8)
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Thus, Equation 2.1 may be written as shown in Equation

2.3,

log Q
t(1) x*°8 (2.3)

t(x) =

Armen Alchian (1) suggested and tested several

alternate relationships between direct labor per pound

of airframe cumulative production, time of production or
rate of production. The results of the comparison of the
predictive nature of these relationships to the classical
learning curve indicated that the alternates would not
generally be better fits. A list of the relationships

is pre~sented here.

L

direct labor per pound
T = time
P = production

AP = rate of production per month
a = constant where: a >0

b = constant where: -1<b<«0

log L = a, + byT (2.4.a)
log L = ay + byT + b, (AP) (2.4.b)
log L = ag + b,log T + b log (AP) (2.4.c)
log L =a, + beT + b7 log (AP) (2.4.4)

i e e 40 i e
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log L ag + bgT + b9 log (P) (2.4.e)

log L = ag +'b10 log P +b,, log (AP) (2.4.1) J

When past history of the parameters concerning the
production of an item or the maintenance labor time per
task or any other variable for which a model is desired
is available, one may resort to regression analysis.
Draper and Smith ( 3 ) present methods by which a re-
gression analysis and test of hypothesis may be g

accomplished. This is a very powerful tool when properly ]

used.

| Dr. Wright used the learning curve as applied to
the cumulative average hours per unit. Conway and
Schultz (2 ) have considered the relationships between
the curve based on the hours per piece and the curve as
Dr. Wright originally proposed. Figure 2.2 shows the
relationship when t(x) in Equation 2.3 is considered to
te the hours per piece. Figure 2.3 depicts the relation-
ship when t(x) in Equation 2.3 is considered to be the
cumulative average hours per piece. Conway and Schultz
then state that proponents of neither model have been
able to establish the superiority of one model over the
sther either by logic or empirical evidence. Hence,

f it is largely a matter of choice as to which model is

more computationly convenient as to which is used.




T P VST P

1.0

Log (t(x))

= Y \d g Y \J

1 2 3 4 5 6 7 89

Figure 2.2 Learning curve when t(x) is the labor hours
per piece,

10

Log (t(x))

v Y

1 2 3 4 5 6 18 9
Figure 2.3 Learning curve when t(x) is the average labor
hours per piece,.

15

il

s~ o




16

Wilson ( 6 ) has shown that the time required t»
perform a given maintenance task decreases as the number
of times the task has been repeated increases and,
logically, the average time also decreases. This fact
is important and is used as a basis for the model to
be developed in this paper. The curves presented for
task time per task and cumulative average task time per
task follow the same gencral form as those shown in
Figure 2.2.

The computer model utilized to generate the tables
shown in appendix A which describe the effect of
turnover rate on group task time will be developed in

the following chapter. Appendix B contains plots of

the results of the computer model.




CHAPTER III
DEVELOPMENT OF A COMPUTER MODEL

1. Development of Point Convolution

"Point convolution" is a phrase which was coined
by the author to describe the method of combining in-
dividual task times to form a composite group task time
(convolution of task times) for a given repetition
(point) of tie repair task. A similar problem is en-
countered when one wishes to determine the expected time
<o complete a given task when each member of the work
group has a different "work rate." For example: if
woriman A and worignan B could complete a given task
in 2 and 4 hours respectively when working alone, how
long would it take workman A and workman B when working
togetner to complete the task? The solution simply
involves finding the reciprocal of the sum of the work

rates of workman A and workman B.

TA = Time required for workman A to perform the
task
TB = Time required for workman B to perform the

task

Work rate for workman A

b}
3>
1}
=™
H]

= Work rate for workman B

s}

f

|
w1

|

17



RT = Combined work rate of workman A and B

= Ry + Ry

= Time required for workman A and B to perform
one task together

1

Tp = R;

The concept may be extended to include any reasonable

5

-3
I

nunber of workmen.

Ry = Ry + Ry + RC + .. . + Ry (3.1)
1

Now that a method for convolving task times for a given

absolute repetition has been developed, the terms to

be used in the computer mocdel will be defined.

2. Definition of Terms
The important terms which are used in the computer
model are listed below in alphabetical order:
ATDAN - Ratio of average task time per time period
with "PERCNT" percent turnover to average

task time per time period with zero turnove

ATTPN - Average task time per time period with zero
turnover.
ATTTP - Average task time per time period with
"PERCNT" percent turnover.
AVGT - Cumulative average task time per time

period with "PERCNT" percent turnover.

18

r.



AVGTN

ETR

19

Cumulative average task time per time
period with gzero turnover.
Expected number of repair tasks per crew

in one time period.

F - The learning factor "N" as described in
Equation 2.2
FAILR - The failure rate of the item being re-

IETR®
IRAT

paired.

Integer value of ETR.

Number of turnover periods before the
"steady state" condition is reached.
Number of men leaving a crew at the end of

a turnover period.

MM - Number of men comprising a crew at any
given time,
NCRUS - Number of crews in the work force who

NSYS

repair the item under consideration.
The number of systems or items in the popu-

lation from which failures are drawn.

PERCNT - Equals 100 times M divided by MM and is
the present turnover in one turnover period.
Q - The experience factor as described in

Equation 2.2.a.

*Note: A1l names starting with I-N represent integer
iumbers.

Wt e s
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o P e S
R - The "work rate" for one member of the work
crew.
T - Task time for the entire crew to complete
one task repetition with turnover.
TI - Time required for the crew to perform the
first task.

TIMP ~ The length of time comprising one time
period (turnover period).

TDTN - The ratio of the time required to perform
a task with "PERCNT" turnover to the time
required to perform a task with zero turn-
over,

TN - The time required to perform a task when
the turnover per time period is zero.
XCRUS - Floating point representation of NCRUS.

XETR - Floating point expected number of failures

per time period.
XIR - Integer value of MM divided by M.

XM - Floating point representation of M.
XMM - Floating point representation of MM.
XNSYS - Floating point representation of NSYS.
XR = Floating point representation of R.

Indexing symbols and symbols for other temporary

variables used in the computer program are not listed.




3. The Computer Model

The first objective in defining the model is to
consider which parameters have a commonality between
different situations so as to reduce the number of com-
putations necessary to describe a range of different
situations. Two factors can be readily determined from
the classical learning function. Logically, separate
tables will need to be generated for each value of the
experience factor "Q" since this factor determines the
slope of the curve. The tables may be normalized by
setting the time recuired to perform the initial task,
TI, equal to one. This is done so the time required to
perform a given repetition may be determined from the
tables simply by multiplying the tabled value by the
actual time required to perform the initial task. The
basis for specifying other parameters which exhibit
commonality will be developed in the following paragraphs.

Just for the moment, consider the failures of the
equipzment or the item under consideration to follow the
Poisenn distribution. The failure rate of the
exponential distribution is constant; hence, the number
of items failing in an increment of time is directly

proportional to the size of the time increment and the

nunver of items in the population. The number of these
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failures which a given crew would be required to repair
is inversely proportional to the number of repair crews.
The foregoing relationships are mathematically stated

in Equation 3%.2.

ETR = SNSYS}SFQ%LR%%TIMPZ (3.2)

For the purposes of this paper, it shall be required
that ETR be an integer value. Consideration of a non-
integer value of ETR would require the develépment of a
probabilistic model which would indubitably be much more
difficult to evaluate and would also tend to conceal
the essence of the results with its complexity. Hence,
all mexbers of a crew will be considered to complete any
task which they begin, i.e., no substitutions and no
absences will be allowed. It would seem that all cases
with the same number of repetitions of the repair task
during a given time period might exhibit some commonality.
Note that the preceeding statement does not require the
time period between turnovers, the failure rate, the
number of items in the population or the number of
crews to take on any particular value; but rather, allows
each to take on a large range of values.

It seems reasonable to group situations according
to the percent turnover at the end of each turnover

period. The reason for doing this will be made clearer




as the model is developed.
Let T*(Ix) represent the time required for one
person in the crew to accomplish the entire IX' repair

assuming this to be possible. For 1 € IX <IETR:

R(IX) = —pit (3.3)
T (IX)

After the first turnover period, only MM-M of the
original crew remain and M unexperienced repairmen are
added to the crew. The time required for one repairman
from the original group to perform the IX!™ repetition
is T*(IX); however, this will be the first task
repetition for each of the "M" new repairmen. The time
required for a new repairman to perform the task will
correspond to T*(IX-IETR). Therefore, for TETR<IX S
2(IETR):

R(IX) = Lim'M) oo s (3.4)
T (IX) T (IX-IETR)

And similarly it may be shown that for 2(IETR)< IX<

3(IETR):
R(IX) = (i:]‘-f—Z?'IZ + = M + . M
TR ) T (IX-IRTR) T (IX-2(IETR))
and T(IX) = 'R—(-}—XT * (3.5)

When 1341 is an exact multiple of M, it may be shown that

for

23
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[% -1]IETR <IXs ﬂf"q (IETR):
™
R(IX) = i ' .6
) Zo T"(IX~(N)IETR) 252

and for ﬁm(IETR) < IX< [MWZI +1] IETR;

(3.7)

g
R(IX) = T M
N_YB T (IX-(N)IETR)

and for every interval thereafter.

Therefore, our tables need only extend to repeti-

tion number %M (IETR) since thereafter:

T*[%ﬂ (1BTR)) + 1] - [(@ ) 1) (IETR) + ﬂ (3.8)

T]:(%Wﬁ) (IETR) + 1]: T*[(%M_) (IETR) + 1:]

= T*[({q@ -1)(IETR) + 1]

When MM is not an exact multiple of M, it can be

shown that it is necessary to perform calculations for
DTN only for IX less than or equal to the integer
value of MM divided by M plus one times IETR, i. e.:

IX £ (IETR) [1 + INTEGER (MMM)] ;
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Figure 3.1 illustrates the relatiopships presented above,
Values in the body of the table represent the number of
men from a group added during the time period indicated
on the left of the table still remaining in the work
group during the time period indicated at the top of the
table.

Performing calculations for this many repetitions
could be quite laborious if either (%M)
or IETR is large. Fortunately the digital computer can
rapidly perform the necessary calculations once a

suitable program has been written.

4. The Computer Program

The computer program written to perform this
analysis and a flow chart for the program are included
in Appendix A along with some samples of the output
which was generated. The reason for including a dis-
cussion of the computer program is simply to indicate
hew the necessary indexing was performed.

The following important indices are used in the
computer program:

IX - The repetition number,

IT = The time period number.

IRAT = The number of time periods required for repe-

tition of task times within successive tinme

- S
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P
PA 112 |3 |45
14816 [4 |2
2 2 {2 2] 2
3 2 |2} 2 y
2 | 2
2
¥ '
Steady State Obtained Steady State Obtained

Note: The first entry in each row corresponds to the
nunber added at the beginning of that turnover period.

A number in the body of the table represents the number of
men in the task force as a function of the period in which
they were added (PAP)and the present period (P) for the

MM and M shown.

Figure 3.1. Determination of turnover period
during which the "steady state"
task times are obtained.
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periods to occur, i
Equations 3.4 and 3.5 show how the portion of task
time contributed by the original work force decreases
until it makes no contribution in time period IRAT and
thereafter. A special function "A" was devised to
correspond to the work rate of the original work group. ;

"A" is given by:

A(IX) = lém [(Nm-(IT)M)/(IX) EXP(F)]. (3.9)

The portion of the work rate contributed by the men

acded after the first period is represented by "B"

where:

I
B(IX) = g = M/ [ (IX-(IT)(ETR)) EXP(F)] (3.10)

Hence, the total work rate for any repetition before

IRAT time periods is represented by:

R(IX) = llm[(lvm-IT(M))/(Ix)EXP(F)

3% (U/(IX-IT(ETR)) EXE(F)] (3.11)
N=1

where T(IX) = R‘('}Y)' .

For time period number IRAT, the work rate is expressed

by:
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’ IRAT-1
R(IX) =g S M/(IX - IT(ETR)) EXP(F) ,
N=1 :
(3.°2) ;

For every time period thereafter, the task time for the

particular repetition is found by the relationship: ]

T(IX) = T(IX - IETR). (3.13)

it it _—

S e




CHAPTER IV
RESULTS OF THE ANALYSIS

The input parameters required to generate a data
set are the crew size, number of men in a turnover ;
group, number of systems in the population, failure ’
rate of the systems, length of time between turnovers,
number of crews among which the failures are allocated,
initial task time and the learning factor for the crew.
In a case where only a limited number of repairs
could ve made duvi'ing a turnover period, the parameters

required to determine the number of repairs during a

turnover period could be omitted. The parameters
which could be omitted are the failure rate, the turn-
over period, number of crews and the number of systems
in the population. The same parameters could be
omitted in any situation where the number of task

repetitions in a turnover period are known and equal for

each turnover period.




Tables were generated for a crew size of 100 men
with turnovers of 5, 10, 20, 25, 50 and 100 men per
turnover period, 5 crew size of 50 men with turnovers
of 1, 2, 5, 10, 25 and 50 men per turnover period, and
a crew size of 10 men with turnovers of 1, 2, 5 and 10
aen per turnover period for Q's of .80, .85, .90 and .95
with IETR's of 5, 10 and 15 repetitions during a turn-
over period. Examples of the above mentioned tables
are included in Appendix A.

In every case where turnover occurred, the task time
and average task time increased. Figure B1 (Appendix B)
is a plot of the task time with various turnover
percentages, a Q of .80 and 5 repetitions per turnover
period. Notice that the task time during the first
turnover period follows the normal learning curve re-
gardless of the percent turnover. After the first
turnover period, a discontinuous increase in the task
time occurs at the beginning of each successive turnover
period. The waveform for each percentage turnover has
an exponentially decaying component until IRAT turnover
periocds have occurred. The task time then becomes a
steady state waveform with a period of IETR repetitions.
The type of plot shown in Figure B1 would be of use in
deternining the task time for any given repetition.

Perhaps a more useful bit of information would be




the determination of the cumulative average task time

Tfor various percent turnovers. Figures B2 through B4
depict the cumulative average task time for a given number
of repetitions for a Q of .8C and IETR's of 5, 10 and 15.
Observe that the curve corresponding to the zero percent
turnover or normal learning function is the same re-
gardless of the value of IETR as long as the experience
factor is the same. For an IETR of 5 and a 20 percent
turnover, the cumnlative average task time after 200
repetitions is increased by 79 percent over that for the
norzal learning function. When IETR is changed to 10

and 15, the percent increase of the cumulative average
task time is 4€ and %4 percent respectively. When Q is
increased to .95, the percent increase due to turnover
for IETR's of 5, 10 and 15 is 16, 11 and 8 percent
respectively. FrFigures B5 and B7 are plots of the cumula-
tive average task time for a Q of .95 and IETR's of 5,

10 ard 15, One may conclude from the above analysis that
for a given Q as the number of repetitions in a given
turnover period is increased, the cumulative average
tas«z time for a non zero percent turnover will be
decreased. One may also conclude that the efiact of
turnover on task times governed by the learning function
decreases as Q is increased.

Figure B1 depicts a very interesting relationship
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when one is interested in obtaining a microscopic view
of the task time; however, it may be desirable to
determine the average task time during any given time
period. Figure B8 through B13 are plots of the average
task time per time period for Q's of .80 and .95 and
IETR's of 5, 10 and 15 for various percent turnovers.
The curves are discrete functions; however, they are
depicted as being continuous. Values should only be
used for an integer number for the period number. After
IRAT turnover periods, the average task time per turn-
over period is constant. Observation of the plots
immediately reveals that the average task time during any
turnover period after the first increases as the percent
turnover is increased.

lots of the ratio of average tact time per time
period for different turnover rates to the average task
time per time period with zero turnover are shown in
Figures B14-B19 for various percent turnovers, Q's and
IETR's. Analysis of the plots reveals the following
information:

1. The ratio increases for a given Q, period
numnber and percent turnover as IETR is in-
creased.

2. The ratio is decreased by increasing Q for the

same IETR, period number and percent turnover.
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5. Increasing both Q and IETR for the same period
number and turnover rate causes the ratio to
decrease.

The figures in Appendix B are a good source to
obtain approximate values of cumulative average task time
for use in rough or first estimates. However, if
contractual requirements are to be determined, tables
such as those shown in Appendix A should be consulted.

Tables are included in Appendix A for 10, 20 and 50
percent turnover per turnover period for Q equal to 0.8,
IETR equal to 5.0, and MM's of 19, 50 and 100. Also
inclucded is a table for 10, 20 and 50 percent turnover
per turnover period for Q equal to 0.8,IETR equal to
10.0, and an MM of 100. A table for 10, 20 and 50 percent
turnover per turnover period for Q equal to 0.95, IETR
equal to 5.0, and an MM of 100 is also included. Before
attempting to use the tables it would be wise to read the
first page in Appendix A where the numbering system is
explained.

In order to illustrate that the parameters Q, IETR
and PERCNT are the only parameters necessary to determine
a unique normalized table, tables A1, A2, and A3 may be
ccmpared point by point to tables A4, A5 and A6 respec-
tively. Comparing tables A1, A2, A3 or A4, A5, A6 to
tables A7, A8 and A9, respectively, leads one to
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inductively conclude that a unique table is indeed gene-
rated for each set of values of Q, IETR and PERCNT. The
foregoing may readily be seen from the mathematical model
presented in Section 3 of this chapter. If any of the
above tables are compared to tables A1%, A14 and A15
where Q is equal to 0.95, it is found that the tabled
entries are not identical.

The conclusions stated in the paragraph above are
very important in that they allow the use of a table
generated for a crew size of 10 with a turnover of 1 per
turnover period to be used when the actual situation under
consideration involves a crew size of 330 with a turnover
of 33 per period (Q and IETR for each case are the same).
This fact of course allows generalized tables to be
gerierated and catalogued rather than having to generate a
table for each set of parameters as they are encountered.

An example of the use of the tables will now be dis-
cussed., The following problem is presented:

The XYZ company operates a nationwide trucking firm
for short distance hauling of heavy industrial products.
Maintenance centers are located in strategic points
about the nation, and are owned and operated by company
ABC. EZach maintenance crew is composed of ten men each
with an experience factor of 0.8. The turnover rate is

exactly two men every five major overhauls due to the
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difficulty of the work. There will be approximately
100 major overhauls performed by each crew during one
year. The ABC company wishes to determine what price to
charge for the labor manhours so that it may make a good
estimate of total costs before bidding on the contract.
The labor cost for the first repetition was demonstrated
to be $1000.
Solution 1: A direct application of the normal learning
curve yields thne following results (See Table A2).

The cunulative average task time after performing
the 1001 repetition is found by locating AVGTN(100).

AVGTN(100) = 0.32650.
Hence, the total labor cost for overhauling 100 trucks is
estimated as follows:

TLC = 100(1000)(0.32650) = $32,650.
The cost of overhead is 20% of raw labor.

OVED = 0.20(3%2,650) = $6,530.
The cost of parts is fixed and is §500 per truck.

PARTS = 100(£00) = $50,000,
Hence the toial cost of overhauling 100 trucks is:

TOTAL COST = TLC + OVHD + PARTS = $89,1830.

3olution 2: The effect of turnover is to be taken into
account in this solution. (See Table A2),

The cumulative average task time after performing

R T
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the 100" repetition when turnover is twenty percent per
turnover period is found by locating AVGT(100) in the
tables.

AVGT(100) = 0.48130.

TLC = 100(1000)(0.48130) = $48,130,

OVHD = 0.20(48,130) = $9,626.

PARTS = 100(500) = $50,000.

TOTAL COST = $107,756.

Analysis of solutions 1 and 2: The difference in the

estimated labor costs alone amounts to $15,480. This
amounts to a 47.4 percent increase.in labor costs. Total
costs are increased by $18,576. If company ABC had
decided to charge fifteen percent over the total cost as
the profit margin and had used the normal learning curve
as the basis for celculating labor costs, they would have
lost money on the contract.

The other columns in the tables could be used to
schedule Jobs in the shop, to determine the distribution
of labor costs over the contract period, and to rapidly

determine the average task time during a turnover period.




-

CHAPTER V

CONCLUSIONS AND EXTENSIONS

1. Conclusions
This analysis readily discloses the fact that con-
siderable attention should be given to turnover rate,
nunber of repetitions per turnover period and experience
factor of the maintenance crews which are to perform
maintenance on a given equipment or item before speci-
fying the maintainability parameters. Indiscriminate
use of the classical learning function could lead to
gross underestimation of future task times when turnover
is present.
This paper has presented the basis for a handbook
of curves and tables based on three parameters:
1. Q - experience factor,
2. IETR - repetitions per turnover period, and
3., PERCNT - percent turnover per turnover

period.

2. Ixtensions
Tne model Just presented assumes that each man in
“he group has the same experience factor. A model

could readily be developed which predicts the effect

of turnover when each man in the group has a different
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experience factor; however, calculations would have to
be for each specific case since thére are many possible
combinations of parameters.

No consideration of the interaction between workers
was considered in the foregoing model., After the
initial turnover period, experienced men are available
to give advice to the new workers thus possibly in-
creasing the raterat which learning would occur. A
model could be developed in which the work rate for the
new men is proportionately increased for the first few
repetitions.

An even more interesting model would be one in
which not all members of the work group participated in
the performance of each task. It seems that such an
analysis would become quite difficult when turnover is

also a factor to be considered.
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APPENDIX A

This appendix contains the computer program used to
generate tables showing the effects of turnover on group
task time when task time is governed by the learning
curve, a flow chart of the computer program and tables
generated by the program,

The page numbers include the table numbers in this
appendix. Page "A2.4" indicates that the page is in
Appendix A, Table 2, and page 4 of Table 2. There are

eight pages in each table in Appendix A.
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3.01785
2.65854
2.50281
2426246
2425400
3,07325
2.74753
2.564774
2440440
2.29358
2,12643
2.79474
2.55106
2.44485
2.33177
3.17815
2. 84033
2462290
24 48394
2.36868
3.22798
2¢ 8R443
2.67338
2.52177
2.40442
3.,27623

2452715
2.712K?

0436552
039332
0.39117
0.38907
0.38702
0.38501
0.38305
C.38113
037924
0.37740
0.37559
(e37382
N.37208
0.37037
0.3€870
Ce26706
0e36545
0.36386
Ne36231
0.36078
N.35628
Ce35781
U.35636
0.35493
0.35353
Ce35215
0e¢35CAQ
Ce34946
0.34815
0s34635
Ce34558
0e34432
0.34309

0.34187

0.342¢7
0.33949
0.33832
0.33717
0.23604
0. 33(992
0.333382
0.32273
0633166
0.33060
Ce 32956
0.32853
0.32751
0.32650
C.32551
0.32453
0.32356
0.32261
032167
0.32073
(e 319561
0.31389¢C
0.31800
0.31711
0.31623

0.31537
N.31481

A9.6




114
A

116
117
118
ll@
12¢
12t
122
32

124
125
12¢
127
128
129
13¢
131
132
133
134
125
138
137
138
13¢
140
141
142
143
144
145
146
147
142
146
150
151
152
153
154
356
156
HEl/
158
159
157
151
.52
163
164
165
166
167
168
166G
17¢
171
172
173
174

De 21T
Callend
Nell587
CellB02
Qo100
Ne2lal2
Ga21758
«0l?913
Sell242
Ge 21187
De21132
0.21G73
Cell025
0s20972
0.20919
Cal0sts7
De2C8lo
Oe 2C70q
Ne20714
Ce2Cc6o
Caz0615
C. 20540
0.20513
0s2067)
Ce20422
Ce20375
0.20329
0020252
De20237
0,2C191
0e 20146
0,20102
0.20053
Ce2C014
0ai16971
016623
D.15335
04168243
0.19891
Qel14759
0.13717
Cel0t73
e 16637
C. 19597
CoelG557
na19518
0.19479
Nel964N
0e.16401
N.16363
NHal1G2325
CelG233
Nel19251
NelQ214
Qe i1 77
Dsi1Gl4l
N419105
Tel9069
CelGC33
Cel18998

266893
?.o 75C09
26 59405
2- "'7273
l.36846
3. 00536k
2.781769
2.62865
2.5C544
3.41268
3.,04202
2482368
296(}232
2.537217
3.45571
3.08614
24 853713
Je 6951}
24506829
2049703
3.12330
2489269
272708
2459353
3,52452
1. 15655
2.625623
2.75829
2462805
2. 57844
3.16495
295879
2478876
2055089
501744
G, 22G%4
2¢S8060
2.81855
2. 68596
364£5558
3426336
3, 02172
2484769
271267
1469260
3429647
3.,C5218
2.87622
2.72968
2e 12743
3, 32889
3.08202
249046
2. 7()61‘{'
3.76524
36 36045
2.11125
2.93155

0.31366
0o 31282
Ne31199
0.31116
Ne31035
0.3G955
0.30875
C.3C797
0.3C719
0e2C642
0.30565
0. 30490
C.30415
N.30341
0.30268
0.3C0196
0.3C124
Ce30053
Ne2G382
026913

0.26344 -

0.2°7175
0.26708
0.25641
0.29574
0.,25508
0.25443
0.26G378
De29316
0.25251
G.2S183
0.26126
0.250064
0.29002
Ce284542
0.28881
0.28822
0.28763
0.287Ca
0.285[06
0.25588
0.27531
0.28474
(.28413
3.28362
0.23307
0.28252
Ce23167
Ce27143
0.23089
0.28036
0.27983
0.27931
0.27879
N.27827
0.27776
0,27725
0.27675
0627625
C.27575
0.27526

-

oy

s

Tmat " et L




L T T L i - Y T T et e e oo

175 0.18G43 2.79207 0627477 AY.8 ‘
176 SR B 3.8C035 0.27428 ]
177 0e 18894 3,39179 C.27380
178 0 18559 3,13992 0627332
176 Cel13825 2455841 0.27285
180 018792 2.61751 0.27238
138: 018758  3.83476 0.27191 :
: 132 018725 3442235 0.27144 ]
i 183 0.13692 3,168C5 0.,27098
184 C.18659  2.68476 Ne27052 :
135 0el8627  2.84247 0627007 : i
186 C.18594  3,86855 0.26961
b 187 Ne18552  3.45234 026917
f 138 Cel530  3,19566 0,26872
: 189 0.18459  3,01064 N0.26828
' 190 0.18467  2.86668 0.26784
{ 191 0.18436  3,90173 0.26740
] 192 0613405 3.48179 0426696
' 193 0.15374  3.22278 026653 1
; 195 0.18314 2.89105 0626568
: 196 0.18233 3,62432 0626526 ]
: 197 D.18256  3,51073 0s264864 _
198 0.18224  3.24942 De26462 3
f 199 0.13194 3,06102 0.26401 ﬂ
200 0.18165  2.91471 0.26356 1




A10.1
MM M NSY D FATLR TIMP CREWS Q
100 10 2000C 0.50000E-03 10. 0000 10 0.80000
T1 FTR 1FTR
1.00000 10.0C€000 10

Ix RUIX) TIX) AVGT(IX) J ATTTP(J)

1 L0C.QC0CC0 1.00000 1.00000 1 0.63154

2 125.,000Q000 0.80000 0.9000¢C 2 0.43082

3 162,42308 N,a7C210 0. 83403 3 0,37497

“ 156424993 0.£4000 0. 78553 4 0+34566

5 167.88737 059564 D0.74755 5 0.32768

6 178.,03636 0.56168 0.71657 6 0.31593

7 187.0¢435 Ce 53649 0. 59056 7 0.30812

8 1954 31244 Ce51200 Ceb6824 8 0.320306

G 202.3€046 0646265 0.£4876 9 0.30006

10 209.35¢13 0.47651 Ce63154 10 0029870

li 204,75232 0.48838 0.61852 11 0.29870
12 212.75086 Ne46534 JeANKL A
13 219.7€16% 0.455C4 NeH%452
L 226410617 Ced4227 Ce 98354
15 251499716 Cedllne 0e57347
15 237,53018 0.42100 ¢ 56394
17 242476642 Ne&1162 Ne 555CC
18 267.7466G25 Qe 40383 Ny 54659
e 252451114 N.38002 0.57°866
2¢C 257.271736 Ce 38865 Ne 53118
21 264,32135 C.40846 0.52534
22 251415273 0.39816 2.51656
23 25645G521 Q638972 De 81301
24 261455713 0.38223 0.50843
25 2606418694 Ce37567 0.5C312
e 27057202 Qe 36659 0e%9798
27 2746.75C24 0626367 0.49302
286 273.75635 0.35874 Do 48822
2S 282.61353 0.35384 De48256
30 286432862 0624924 0. 47911
31 26G.73804 0.370C73 N,47561
32 275,427017 0.362C7 N.2721C
! 33 280426758 0.35680 0. 46860
h 34 204,66306 0435129 0.456515
- 35 2RB.T6221 Ne34631 046176
i 36 202,54038 0.34172 Ce45842
37 286434204 Ne33745 Ce45515
3t 299.865€646 Ce33345 0e 45195
39 302432471 Ce32968 Co.46881
4C 306641560 De3c61! Co 44575
4] 286,80784 Qo 348¢&7 N,446338
42 2624119064 0.34226 C. 46097
43 296471655 0632702 Ca43855
“d 300632207 0.32242 Oet3614
45 ANy, 64330 0.32925 0a43374
-7 31170254 0.22082 0.42901
46 315.01172 Cea31745 Je42669
4Q 318.20435 Ce3l426 042440
50 221429492 0.21124 Na42213
51 298483661 0.334¢€3 0.42042
52 3064.02320 0.32891 0.41866




53

5%
56
57
50
59
oC
61
o2
63
64
65
66
617
63
69
70
71
72
73
76
75
76
77
78
7%
8¢
81
32
82
S4
8¢
85
87
88
89
90N
91
92
93
94
95
36
97
ge
99
1CC
1C1
102
173
i%¢4
ins
106
197
198
10°
11c
111
112
113

A0y . 027
312,05 °75
310.,00781
3169.,646777
322. 71666C
325,9323%
328493779
321.,94409
0T 25264
312.34790
Il6e.0618106
320,46533
324,03711
227.,40723
33C,61265
333,70044
336,67187
339,541785
312009643
317.92433
322.14844
325,94116
32Ge456G67
322,17758%
335,93K/213
328,971021
341489331
3644,72192
3156.31470
321432291
3254507038
329,27C75
332,76074
336.95103
339,18457
342.1E97C
345,06657
3647,88665
317.,838A009
322488135
327.053506
320.,30591
334,2R418
337.5€299
34N, 68576
343,68C18
346,56592
34G9,3581 ¢
317.8869¢
122. 88135
327.05366
330.,30591
334,238415%5
337,56299
340,6857G
343.68C18
346.56562
34G.35815
317.88596
322.88135
327.05396

Ve 32425
Se 322016
Ce 31645
Ce3iQ2
0e30982
Ne 681
0. 30396
0e 32126
0.32547
Ne 22016
0.31584
Ne31205
020801
0630543
0.3Nn746
0.29967
0e29702
0629451
0.31958
Ne 31453
0431042
N.3C680
0.27°353
0.30050
Ne25767
(e 26501
0e2G2465
Ne 26009
Cellbls
Ce2l121
Ne3C721
0s3€C370
0e 30052
0.2G757
0.25482
026224
Ce28G78
Ca28745
Je31458
0.,30671
O« 3C576
0.3022%
0e 26915
De.2G624
Ce29353
0e26C6G7
0.2885%
De29624
Oe 21458
0.3097!
Ne30576
Ce.30229
Qe 26€15
0,25¢€264
0.293¢3
029067
0.256855
0.28624%
Do 31458
0.3C97!
0. 3057

et ltB®
CetlC3
0.41326
0.41150
0.“0972
0s407946
C.4C618
0s4Ch43
0.40314
0. 40180
0e 40043
Ne 39905
0439766
Ce 39626
0. 36486
Me 3G346
0. 3920¢
0439067
Ce 38967
Ce 26561
038755
Ge3R646
e« 1853¢
Ne 38424
Ce 381312
0. 38196
C.38085
Ce37972
Ce 37393
Ce37411
Qe 37725
0.370636
Ne37549
0.,37458
0.37366
Ce37274
0.,37180
C.37087
C.37025
0.36956
0.,3689C
0.,3682C
0e 36747
Ne36673
0436597
Ce36521
0. 26462
Ce363265
0.306316
0. 362664
0e 36206
0e 36151
Ce 36092
Ge 36031
0. 35968
0. 35605
0. 35840
0e 35774
0635736
0.35693
€648

A10,2

il




bR [ R

33740C09
140468516
243,.65014
346,565H62
349435914
317.38599
122.38139
327,35386
330440591
334,268418
337.5¢295
360,0E579
3431,58C1s
3466, 8592
369,35816%
317,36596
32238135
3127.05354
120,80591
334,234 8
337.56799
340,08%76
343.60018
346456597
26G,3581¢
217.898593
2224349135
327.05835¢6
330.8C591
2h.2K%1H
31537.56269
3404, £5979
342,651 8
365458862
369,35A415
317,08%99
322.551358
327.053%6
2130430561
334.,28418E
3576456299
140e 68579
3642,08C14
166456992
349,35315
317.8£596
322.62125
327.0536G4
320,465
234,28418
537.56269
340.68576
343,6RC18
346456592
349035815
317.98599
322.,88135
327.05396
330,80591

Uealgd
Z.9915
025024
0o 203212
De 290417
00Z8R55
0.?3’23
0.31458
C,30uT]
0. 30573)
0s30229
(e 26615
002Q626
0426353
0e2GCST
0e 28855
0628424
Oe 31"?58
Qe 5061
Oe 20076
0eiC2Z27
Ne 29G15
Ne 9624
Ce?2G353
0624057
0e 28855
TelBL24
0e3i4%8
0e32C971
De¢3C576
0.30229
Ce2G415
Cea29624
0e?26753
0e26GC37
Ne 249855
Ce2B6264
0e31458
0.320971
Ce 20576
0.3C229
0626415
Q-296‘7“
0626753
Ue 29CS7
0e28859
0e.28624
Ne3146535
0.30671
0e 30576

30229
0e29915
0.25624
029353
0.260S7
C.2RB55
0.2862%
0.31458
0.20971
0.30576
0630229

De 35000
063545517
Ce 35500
0,35447
0.,35393
0.35238
0435282
0e 35251
Ce 35216
0035178
0.3513¢8
Ce. 35096
0. 35052
0. 35008
Ce 34962
0. 340914
Qe 34866
034940
(34811
C. 34776
Qe 36745
N.34706
Ne 36672
0634633
Qe 24593
0e 34551
O¢ 34506
(e 36487
Co 344623
Ne 3443E
Ne 36406
0. 34375
Qe 263472
Ce 34306
Ce34274
Oe 34237
06 2420C
0.34182
De34161
(e 34137
(e 346112
0. 3408%
Ce 34056
0. 36026
0. 33995
Ce 33963
Qe 33929
Ce33G14
N, 33896
C. 33875
0e 33852
0,32829
0. 33804
033777
O 33749
0.33720
033690
0.33677
0.33662
0. 33644
0633624

Alo.3




175
17¢
177
178
179
18¢C
181
182
183
194
185
136
187
188
139
199
131
192
1693
194
19§
196
197
198
199
200

334,041 3
K3 BRPRCRIRE
340, 06579
343,68C1 8
246456592
349,3%5€15
317.885%¢
322,R8125
327.05396
330,8059!
334,28418
327,56299
340, 65576
3643,6RC18
346456592
34G,3581°%
317.88599
322458135
327.05366
330.30551
334,28418
337.56299
340.08579
343,68018
34656592
349,35815

Ne29915
Ne?"h24
0.29353
0.26C97
0.28855
0.28624
Ce3lab8
0.30971
Ce3NS570
0.30229
0629915
0629624
Ce 29353
0629067
0.2885%
Ne28624
0.31458
0.30971
0.,30576
0., 30229
029915
0.26624
0.29353
0.29C97
0.28855
0.28624

Ne 33603
C. 33580
0. 33556
Ne 33531
N0« 33505
0. 33478
0e 33467
0. 33452
0.33437
0,33420
0. 33401
0. 33381
0. 33356
0033337
0.33312
0. 33288
033279
0. 33267
0. 33253
0.33237
0. 3322¢C
0633202
0.33182
N0e 33161
0.33140
0.33117

AV.4 ;




Ble.v

T T T DI ORI - S A—"

My M NSV FATLR TIMP CREWS Q
100 10 200C0 0450000E-03 10,0000 10 0.80000
T FIR  IETR
1.00000 17.00000 1C
IX TNUIX)  TOTNCIX) AVGTINCIX)  ATTPN(J)  ATDAN(J)
! 1.00000  1.00000 1.00000 Ce63154 1.00000
2 0.80000  1,CCOC0 0.90000 0s41696 1.03326
3 0.7C210  1.€0000 0.583403 Ce35350 1.06075
A 0.64007  1,00000 0.78553 0.31736 1.08919
5 0.56564  1.C0900 0.74755 0.29283 1.11902 ,
6 0.56168  1.000C0 0.71657 0.27661 1.15047 |
7 0.53449  1,00000 0.66056 0.26030 1.18370
8 0.51209  1.C0000 0.66824 0.24864 1.21889
9 0.4G295  1.C0000 0.£4376 0.23886 1.25622
10 Ne4T7651  1,£0000 0.6315¢4 0023050 1429590 ]
il 0.45211  1.05685 0.61513 0.22322 1.33816 ;
12 De44935  1,04584 0.6C224 :
1 0.43792  1.C391C 0.58960
16 De42759  1.03432 0.57802
15 0.41820 1.C3070 0.56737
16 0.40960  1.02783 0.55751
17 Ce%0163  1,02548 0.54834
R 04394356  1,02352 053979
19 D.38756  1.02185 0.52178 ,
20 032121  1.,02041 0.52425 *
21 0.37527 1.08845 0.51715 i
22 Ne2695465 1.07702 Ce51045
24 0.35643  1,06356 0.49808
25 0.35473  1.C5287 0.46234
26 n,35033  1.05496 0.4£688
27 Ce34610 1405162 0.48167
28 £.34207  1.C4871 0e47668
29 0.323823  1.04615 0.47191
| 3C £.33456 1.C4387 0.46733
I 31 0.33105 1.11987 0.46293
32 0.32768  1.10801 0.45871 :
32 Ce32445  1.09971 0456464 |
34 Ce32135 109319 0.45072 :
35 0.31336 1,08777 0.4469%
36 0.31549  1,C831¢ 0.44328
37 Ce31272 1.€7508 0.43976
33 Ce31004 1.07549 Coet2634
36 0.20746  1.C7226 0.43204
4t 0.30497 1.06%34 0.42584 :
[ &1 0.30255 1.15242 0.42573 !
42 0.3002i  1.14004 0.42372 ;
i 43 0.29795% 1.13114 0.42C79 ‘
i 44 0429575  1.12399 0.41795
! 45 0.29362 1.11795 0.41519
46 0.22155  1.11270 0.61250
&7 C.25954 1410804 0.40988
48 0.259758 1.10385 0.40734
49 C.28568 1,100066 0.4C485
50 Ce2R333  1,0£9658 0.46243
51 De25:02  1e1RES3 0.,40007
52 0628027 1417357 0636777




52
54
5¢
56
57
53
59
60
51
02
63
64
65
6é
67
68
66
1C
71
72
73
T4
15
76
77
78
79

=]
~

81
R2
83
84
85
86
87
36
89
9¢
91
92
93
94
95
Q6
57
98
99
100
101
102
103
104
105
106
107
108
i06
11¢C
111
112
113

Qe271859
0027(‘ .

0.27525
Ce27300
0.,27210
Je2T0055
0,266120
Ca26765
0,26623
Cel848
Ca20343
0.,26214
0.2608%4
025956
0.2583]
0.,25708
0.25537
0e25409
0.25353
0.25239
C.25127
0625017
0.246170
0.24804
Ce24659y
024597
Qel@&95
Ne24397
0e243%
Nel24204
024110
0,24017
0622926
0.23836
0.23747
Ne23660
Ne23574
023490
0.234006
Ce23324
0e23243
0.23163
0.23C854
0e23007
0.22939
0.22854
Ne22780
0.22706
0.22634
Ne22562
Qe22451
C.22421
Ce22352
0.22294
0.22217
0.22151
€.22085
N.,22020
Ns21956
Ne218933
0.21830

lel6aNé
f.15021
1014067
l.14344
1e13861
1.13383
112955
112557
1.22251
1.2CR88
1.16873
1.19C26
1.18313
lel7672
1.17095
1.16568
lel6283
1.15634
1.26058
1.24621
1.23528
122636
1421852
1.21152
l.2C519
1.19638
1.19401
1.18902
1. 30899
1428576
1.27422
1e 26452
14256032
1.24843
1.24151
1e22514
1.22923
122372
1634400
1432787
1.31550
1.3050¢
1.26589
l.28764
1.28010
le27314
le 26667
1.26062
l1.2328687
le37272
1.356G47
1.34824
1.33832
1.32938
1.32118
1.31259
1620653
1.26990
1443277
1441468
1.4CC63

0439552
0.,39332
0.39117
0.3R9C7
0.38702
C.3850C1
038305
0.38113
0.37524
0.37740
C.37559
0637382
0.37208
0.37037
0.36870
0.36706
036545
0.36386
0.326231
0.36078
0.35928
N.35781
0.35636
0.3546G2
D.35352
0.,35215
D.3508C
0.36494¢
0,34815
0.34685
0.34558
0.34432

0.34309

0.34187
0.34067
0.33949
Ne33832
0.33717
0.33604
0e33402
0.33382
0.32273
Ce331e6
0.33660
0.3295%6
0.32853
Ce32751
0632650
032551
0.32453
0.32356
0.32261
0e.32167
0.32073
0.31681
0.31890
0.31800
0.31711
0.31623
0.31537
0631451

nivel

. R—




_—

L1 4
115
1186
117
118
11¢
12¢
121
122
123
124
125
126
127
123
129
130
131
132
133
134
135
136
137
138
136
14C
14l
142
143
144
145
146
147
148
149
15¢
151
152
153
154
15%
156
157
158
15¢
16C
161
162
163
164
1465
l16¢
167
168
166
17¢
171
172
173
174

Ne21 16~

Ne2 il

002164(
0e21967
Ne21523
Qe 21470
Ne214l2

21355
Cel2l298
Ce2l262
0.21187
0e21132
Ce210738
0.21725
0s20972
0.2C919
Ce20867
0.20816
C.20765
20714
Le20t55
Qa20615
Ce20566
0.2C513
Ge2G470
Ce2C 422
0.20375
Ce 23329
Qe20282
0s20237
Na2C191
0.201¢5
C.20102
C.20N58
Ce20C14
Ce16671
V.169248
Ne193885
£.19643
0019801
C.19759
G.19718
CalG& 78
Qele637
DelGH97
N.19557
DalG518
Dal5615
DalGndn
N.1940]
De1G3263
0.19325
O0elc288
C.19251
C.19214
JelG 177
0.19161
Cal9105
0.19069
0.19733
N,18998

1.388064
1.37810
le 36152
135673
1e35158
1634397
1¢33¢83
lea7311
145407
1.43639
1.42678
1lo41559
1.40544
«2G611
138744
1e 37934
1437172
1.51125
l,49152
1.197()(:7
l. 46285
1.45110
1.44043
1630589
142145
1e412€0
1.40484
105“7“7
1.52700
151093
la4G715
le48687
1647371
le 46341
145383
le 44485
le43636
le 58198
1.56082
1.54417
152686
1.5171¢C
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211.00867 0,67373
218.,02320 De45867
22444403 Qe 06555
23046417 Ue43364
226,051063 Net2356
158,1%913 N.63211
17377277 0.57546
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0.63159
N.62651
C.62018
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0.55110
0.54706
0.54294
0.54582
0. 54675
0. 5(0652
Ne54553
0. 54398
0.54203
0.53978
0.5373C
0. 53465
0.532187
0. 53431
Na53529
053539
0.53487
0.5339)
0653260
C.53102
0.52924
0.5273C
0.52522
N0.52732
0.52824

wnN -

10

Alde

Q
0.86000

ATTTP(J)
0.63154
0.49865
0.49865




.

53
54
55
56
57
58
56
60
61
62
53
4
65
6¢
67
68
69
70
71
12
73
T4
75
16
77
7€
79
an
81
82
83
84
35
&6
37
38
89
50
a9l
92
93
946
95
96
97
38
399
100
101
102
192
104
105
17¢
107
108
109
110
111
112
113

195, 3918
19 hec
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211.08847
218,32330
224444072
230444417
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203.5C394
211.08847
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158.19913
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0.52940
0.51267
De45139
047373
Qo 45867
0644555
Ne&3364
0.42356
Ne63211
De57546
0.53940
0e51267
N.45139
Q67373
N, 45867
Do 44555
0e.4336G4
C.623256
Neb3211
057546
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0.52002
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0.51491
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211.08847
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173,77277
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0.51040
Ne 51013
06 5GOT75
Ne 50928
0.503874
0.50813
0. 50901
0.50648
0. 50969
0. 5007}
0.56958
0.5C934
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7 0.53449  1,00000  0.65056
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182 0.18725  3.07326 0.27144
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2 108,45638 0692162 0e 55731 3 0.83991 ]
& 117.8C23¢C 090250 Ce 94360 4 0.82547
5 112.64816 0.887712 063262 5 0.81625 :
6 112,7¢047 0.98684 0e 92483 6 081012 :
7 114,.46573 087362 0.51751 7 0.80602
8 115,816848 0. 86342 091075 8 0.80337
¢ 116.97081 Co8549] 090455 9 0.80182
10 117.98412 f. 86757 0.89885 10 0.80112
11 116.955087 0e85596 0,86467 11 0.80112
12 118.22528 0.84584 0.59078
13 119,22:178 0.8387) 0,88678
14 12n0,56617 NeB83265 Ne 88291
15 120.87354 0.82731 0.8792¢€
le 119,30107 0e83822 0e 87664
17 120.42192 Ge 83061 0.87392
18 121.25456 0eB2444 Ne87117
1 122.,04410 0.81938 (e B6B4S
20 122.71391 0.61490 Oe 86577
21 120,79345 0.82783 0.86396
22 121.864726 Ce 82070 Ge 86200
23 122,65477 0.81530 0.85966
24 123,34506 0.81073 0.85791
25 123.9560873 0.,60671 0.8%586
25 121.79623 0.82104 0.85453
27 122.8C7C4 feR1429 0.85303
28 123.57933 0e8C920 N.e85147
29 124423715 0e 60461 0.84986
30 12482265 0.80114 C. 84824
31 122.46315 0.81&57 0.84722
32 123,45278 0.81003 0. 84605
33 124,2€551 0.80512 C.84481
34 124,84476 C.80C9Q 0. 84352
a5 12541255 0.79737 0.84221
36 122.56352 Ce81371 0.34141
37 123.,87164 0.80729 0.84049
38 124,61331 0.80248 Qe 83949
39 125424216 0.75345 Oe 83844
40 125.80045 0o 76491 0.83735
&l 123.1456¢ 0.81205 0.83673
42 124,11787 Ne 30569 0.83596
43 126433387 Ce800G4 0.83518
o 125.4775¢ 0.796%6 0.83431
45 126003047 0479346 0. 83340
46 123.25874 0.81130 0483292
&7 124422206 0.80467 J0e83233
48 124436182 0.8C024 NeB3166
49 125,58318 0,79528 0. 83094
50 126.12427 0. 7623l 0.83017
51 123,25324 0.81130 (. 82980
52 124,22806 080467 0.82932
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126,22806
124.96182
125.5831¢8
126.13422
123425324
124,2280¢8
124.,9¢182
125456318
126,12622
123.25824
124.22806
124456162
125.58318
126413422
123.25824
124.22806
124,956132
125.58318
126412422
123.25824
124,22806

124,96182.

125.58318
126,13422
123,2¢5824
124.228C6
124,96182
125,561 8
126012622
123,25¢824
124422806
124496152
125458318
126413622
123.25824
124422806
124,95182

(.30024
C.,739628
5475281
C.811130
0.,80497
0.,800C2¢4
0.79628
0.752381
Co81130
Ds80467
C.80C24
0.79623
0.79281
N,31130
0.80467
0.80024
0.79628
0.79231
0.81130
0.560457
D.80024
0.76628
0.76281
NDe.81130
0eC04S7
0.,8C024
0e79628
0. 75281
0e81130
D.804¢7
0.8002¢4
Ce7GE28
0.75251
0.81130
0.80497
0.8C024
Ne79628
0.76281
O0e61130
0.8C4G7
0.8C024
Ne76628
C.79281
0.31120
0.8C467
0.80024
0.76623
0.76281
C.81130
0. 8C4G7
0.8C024
Ce79628
0.79281
0.81130
0e 804ST
0.8C024
0.76628
0.,79281
2.81130
D.8046G7
0.30024

0.82878
0.82817
0.82753
0.82724
0.82685
0.82639
0.32588
0.82533
0.82510
0.82477
0. 82(939
0.82395%
0.82347
0.,82328
C.82301
0.82267
0.82229
0.82187
N0.82172
N.82149
0.82120
0.82086
Ce 820465
0.82037
0.R2017
0.81991
C.81961
D.810928
. 81918
€.81900
0.81878
Q.81851
0.81321
t.31813
0.81798
0.81777
0.81753
C.B1726
0.81719
0.81706
C.81688
N.B8l666
0.81641
0.81635
0.81624
0.,81607
0.81587
0.81564
0.81560
0.8155C
0.81535
0.81516
0. 81465
0.81492
0e.81482
O. 81466
0.81452
0.81432
0.81430
0.81421
0.,81409

T




12}..5314
124,22506
124,9¢192
L25.581318
126413422
123,25324
12%,22306
124,.9015"7
125.58313
120412422
123,25824
124,228%6
124,96142
12%.5¢8318
126412422
123,25824
124,22806
124.561582
125.5851¢
126413422
L23.26824
124,228605
124,56172
125,5821 %
126.13422
123.,25824
124,2280¢
124436 1R2
125456318
126412420
123e25024
124.2280¢
124,961482
125455314
126.13422
123.25824
126,2250¢
124,96132
129458315
1264134722
123258724
124,7z200¢
124,761 22
125.5931¢
126 ,12427
1232425824
124,22806
124,G61472
125.5&831 %
126.13472
123.,25324
124.22806
124.7¢182
125.5%31 8
126.13422
123.25%24
1244222808
1264.6¢13?2
125453318

e 19628
De 75281
Ne&ll30
0.38C%S7
De30024
Oa719628
Qe 7928}
0.81130
0.80497
0.80024
0479628
f1e 75231
De81139
N0.804667
J.8002¢4
Cal79628
0476231
N.a81130
0.80407
Qe 8CC24
0.796728
0.76281
CeB8l1z0
N048046G7
Ce3CC24
Ce78628
JaT76201
Da81130
Ce80497
Qe8C024
Ta79628
Cea7G281
0s811i30
08C497
0.80G24
C.79629
0476231
N.811390
L.804GT
04380024
CalG628
De 76221
0.811350
Ce80467
O086C24
Ceal15628
C.,76281
0.81130
0.80497
O.SCOZ"
Qa79628
Ca7628]
0.81130
CeBN4GST
0.8002‘0
Ce196258
0.76281
0.81130
O.8C497
C.5C024
0.,79626

0e8l3934
C.31275
0.31373
0.81365
0.81354
0.81339
0.81322
0.81321
0.8131¢
0681303
0.81290
N0.81274
C.81273
0.81266
C.81257
Ceall244
Ne8122S
Ce£1228
0.831223
0e8121¢4
0.81202
0. 81188
Ce 81187
0.81182
N.B1174
0.81163
Ne 81149
De81149
0eBl144
C.81137
N, 81126

«21112
De851114
D.81109
0.81102
r.,310¢2
0o 31089
0.81080
C.8107¢6
0.81070
Je8106C
N.8104¢
C: 81049
Ce Q1046
0.81039
0.81030
C.81019
0.81020
2.81017
C.81011
G.81002
0.80992
0, 80993
Ce 80990
C. 80984
N, 80976
0.809566
0.80967
0e80964
0.80959
C.80951

M. 3




i75
llc
177
178
179
18C
18]
132
183
14946
135
1856
137
19g
139
120
191
162
193
194
165
19¢
197
168
199
200

126,352
2o,

124,272505
1264,96182
125.58218
126413422
123.25824
124.22500
1044,96182
12%.54318
126413422
123.25824
124.,22806
124.96182
125.58318
126413622
123.25524
124422805
124.,96182
125.58318
126413422
123.25824
124,22606
124.961382
125.58318
1264,132422

- N

Ce81130
0e8N49Q7
0e.87202¢4
0.79628
0079281
0.81130
0.804S7
C.ENN24
CeT74628
0,.,79281
N.81130
C.3r487
0,30024
Ls79621
Ce79221
0.81130
0.85467
0. 28CC24
0.79628
076281

0.80942
0.80943
0. 80940
0.,80935
0.80928
0,80919
C.80920
0,80917
0.80913
0. 80906
0.80897
0.80898
0.80896
0.80891
0,90885
0. 80876
n.8C877
0.8C875
0.80871
0.80365
fe BOBS56
$.9C858
Ne 30856
0.808552
0.80846
0.808:28

Al15.4
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ABs~

MM * = FAILR TIMP CREWS )
10 10 10000 C.50000E-03 10,0000 10 0.95000
T! FTR [ETR
1.00000 5,00000 5
IX TNCIXY  TOINCIX)  AVGTINCIX) ATTPN(J) ATDAN(J)
1 1.00000 1.00000 1.0C000 0.93243 1.00000
2 C.9500) 1. CCO0D Ne97500 C.85847 1.00792
2 0.52192 1.CNCON 0695731 0.82751 1.01499
4 090250 1. CCOGO Ce9436C 0.80764 1.N2208
5 0.88772 1,£0000 0e632473 0.79304 1,02927
6 0.87582 1.01257 0652299 0.7815¢4 1.03656
7 Je86535 1«02C893 0e91484 Ce77208 1.0‘0396
R N.357353 1.G0705 0.50765 0.76405 1.05147
c Co54993 1.005%86 0.90124 0. 75708 1.05909
e C.346333 1.C0502 £.839545 0.75094 1406683 {
11 CeR3761 1.02108 CeS9C17 0.74544 1.07469 E
12 0.83203 1o (1650 0e38573 |
13 06?2712 1,21400 0.550R5 {
14 C.R2259 1.01222 (e BTHAG
15 Ne?184] 1e01735 0.8129¢C 1
16 21651 1.02611 0.36515 i
17 2451086 1.024i1 0eRESTR {
18 De30744 1eC2106 0.656245 {
! 19 0e30421 1.C1385 0e35942
20 e80117 EN AL 0e 55651
2! 075823 1473701 0.85374
22 0476554 1.03163 0.551N9
23 0.76262 1.02821 D.84956
24 De 79043 1.02569 0.840614
25 CeTE8D5 1.02368 0.84382
26 0,78575 1.C4490 0.84158
27 0.,78357 103920 0e 83643
28 0.78167 1.02549 0.83736
20 0,77G44 1.02268 0.53537
3r Le77749 1.03042 De 83344
51 0.77509 1.05282 Ce53157
32 0.77373 1.C4¢34 0.32976
33 077202 1.04287 Ne8280C1
34 0,77032 1.03952 0.82632
38 CoT5867 1.03734 0.82467 .
36 0. 76707 1.06C81 0.82307 ;
37 0.76551 1.05457 N.R2151
r 38 2, 76400 1.C5036 0.82000
39 CoT0254 1.C4710 0.81853
i : 40 De7b111 1.04441 0.81709 ;
. 41 0.75972 1.06588 0.31569 E
4z Ce72837 1406240 0.81433 f
. 43 0.75705 1.65797 0.81299
3 46 £.7557¢ 1.05451 0.51109
45 Be75650 1.05163 0.810462
46 0.75321 1.€7703 0.5C318
47 C.T5205 ° 1.07033 6e8CT796
48 £.7504] 1,06570 D2.80578
45 e TaG 75 1.06205 0.50561
50 Do Thib4 1.05899 0.80447
51 N.T4755 1.08529 JDe8033¢
52 Do 74047 1.07826 0.8C226




67

55
56
57
58
5Q
1¢
61l
62
63
b4
65
(-1.)
67
68
69
70
71
72
73
T4
75
76
77
78
7%
3n
81
82
85
R4
85
3¢
87
88
86
SC
Q1
G2
33
94
S5
96
97
Ge
99
100

YA
191

102
103
1Ne
105
10¢
i07
12¢#
199
11¢
e
1N
112

YeT745 2
Qelas5
Qe 74239
CaTi0)la?
Co T4
e 73053
A A W TSI
0.73771
C.730682
0. 73565
Ce73509
DeT73425
Ne 73342
073260
Ce73139
073101
0673025
Qe 72947
Qe72871
0.72797
0s72724
007205;
Ce 72930
Ce72510
DeT2441
Cal2373
De72205
0.72259
Ca72173
Ce721CS
Ca72045
Ce71982
Ce71919
0.71R55
CeT)797
JeT1737
Ca71673
Ne71619
CeT71561
C.71504%
Qe T1644
L.713G2
Na71235
Nell282
Qe71223
De7.174
DeT1121
0671009
0.71017
0.7C%5¢0
D.70G1¢
Qs T7CESS
D.70515
N 70765
CGa7CT1L7
0e706569
C.70621
0.,70574
C.70527
0.70481

« 37354
i (LS %
1o0bHG64B
1o 0G2R2
1.CR5T1
1.C8073
1. C7574
1.07337
1.C957»
1. 15249
1.C8736
1. C8324
l.C7975
110616
1. 09878
1.,£6353
1.C8926
1. CH8569
1.11219
1. 10465
1.£6928
1. 09455
100125
1411760
1« 11015
ielC4c 8
le 10026
1eCOELT
1.12209
le11533
1.1CG70
1.1C526
l.10140
1.123807
1412023
1.11459
1.11000
1. 10607
1.132€C
1o 12487
1411616
1e1145C
1.11050
1o13729
16412628
1.12350
1.11878
1o 11473
1.14158
113349
1612765
1. 122867
1s11776
le 14567
1.137¢1
1e131¢1
le12678
le 12262
ls14658
1s14136
le 13541

0.8Cl19
Ca8CO14
0e769]11
0.75809
Ne 79710
0.79612
De 75516
0.7G422
D.76326
0.79238
C.TG5149
079061
0.78974
0.72338
0.78A04
0.78722
Oe 78640
0.78%60
C.7848]
Oe 72403
N, 78326
CeT78251
Ne7TEL176
D.,7R102
N, 78330
Ne.779558
LeT77307
077317
Ce 17745
0.77681
Ca77613
Qe 77547
O0.77482
0774117
Ce 77253
C.77290
0.77227
Qe77166
0.771G5
0.770345
Qe 76955
0.76926
Ce 76808
0.76810
D.76753
Qe 716697
Qe 76541
0. 76586
Ce 765321
0. 7(4717
Q764246
0.76371
0e76318
076266
0.76215
C.76164
0.76113
0.76064
Ce76Cl4
0.75965
0.75617

AlD.O




—

N

114
11¢
117
115
119
120
121
128
W)
124
125
126
127
128
129
130
150
13¢
132
134
135
136
137
138
13¢
140
141
142
143
164
145
146
147
148
146
15"
151
152
153
15¢
15,
15¢
157
15¢
15¢
160
161
162
162
164
6%
166
07
67
1n%
17C
278
172
172

174

e 10125
077092
Qo TODLO
Cot QGG
Ce HGGHO
Ueb9919
Qab3 74
0.6983{0
Ce69794%
0eb 754
Qebv714
QeGS0 T5
Ca€Onn
CabHGHI7
C.6955?
NebH 7]
66643
Oobﬁﬁab
Ne05409
NDa6G372
Qe 9335
Pe 69299
CabQ755
0.6G22%
Neb214/
Neb9157
D.6G122
Ceb9G27
Qe 6GCH3
e 62019
0e 68985
Qe&d951
060518
De683E0
CabBRH2
NeEHLY
CebETHS
Deb8T54
Neb¥722
Ce98690
Dat658
Cab627
Ne n85H%4
0elbt505
Ceb3534
Ce63503
De0r04 73
Deb684473
DabB412
0e682383
0e68253
0.08323
Ce632G4
6068?65

1412053
) A L

1e 15333
1.145006
1e12905
1617612
1e12937
le156%4
lel4561
1a14255
1,13758
1412329
le 16041
115203
114593
114091
1.13658
1a 16376
1,15532
le145(8
leldgl?2
1.13676
Le 16EGG
1e 15851
te15232
le 14724
1. 1(0283
1617011
Lel1£158
1,15516
lel1572¢4
le 14580
le173132
1.16456
1.15331
117315
lelagd8
le 17606
le 16745
1.16116
le 15597
1.15147
e« 1 78GG
1.17025%
la15392
« 15870
la15418
1.18165
117297
l.16661
la1613%¢
1. 156481
1.18433
lel7561
lel5%522
1.,16395
115937
1.18663
le17818
1.17176
10 166106

NeTHRESR
0s75821
0.75774
0.75727
0. 7:)()&0
0.75634
0. 75584
Qe 71544
0.75469
0a75455
0.75411)
0.75367
Na75324
0.75281
0.75238
0s75195
0.75156¢
Ca7H117
072071
0.75C30
Co 746G5(0
Qe 74950
0.749]1C
Q.7487C
De7T4R831
N76762
5.747463
Ged6T1hH
G'?At‘:‘?
0a76635
0a74501
0. 74554
0a.74527
0s 74490
Ce74452
Qo017
0.74381
Qe 74345
0.7431N
0.74275
D 746240
0.74205
De7417N
Ce 74135
Cav6102
Qs 741768
0.74C25
0.74091
Oe 735606
0.73935
073902
0. 73870
073837
f+T38Q5
0.73773
0.73742
073710
0., 73679
U.T73648
DeT3617
0.73586

T T L




178
176
177
178
170
180
131
182
133
184
185
156
137
188
189
190
191
192
193
194
195
196
197
198
199
200

BebHB827%
00 :‘(‘s'.,'. i
Qo6 817y
0.68150
Qe68122
0.6806¢%
Je 680066
0.68038
Je08011
Ce67933
Q. 67956
0.67629
Je67902
0.67875
Ce67849
0.67822
0.67796
0677170
0.567743
0.677138
0.67692
0.67666
067641
0.67615
0.67590
0.67565

le16186
Lel86a7
118068
1e17423
1.16891
l.16428
l¢ 19194
le18311
117664
1.17129
1.16665
1.1942%4
1.18549
l.17899
117362
1.16895
1. 19669
1.18781
le18129
1417589
la17120
1.19898
l.19007
1.18352
lo17811
1.17340

0.73555

0473525

0.73495
0.73465
0.73435
0.73405
Ce73376
Ce73346
0.73317
0.73288
0.73259
0.7323]
N.73202
0.73174
072146
0.73118
0.73090
0.73062
0.73035
C.73007
0.72980
0.72953
0.72926
0.7289¢
0.72872
0.72846

A13.8




Maitaanues o o0

,4/51./
MM " Y FAILR TIMP CREWS Q .
100 20 1J¢Q0 0656C03E-03 10.0000 10 0.95000
b ETR IETR
1. 00000 5.00C00 )

IX riIX) T(IX) AVGT(IX) J ATTTP(J)
K 100,2G0CI 1.800C60 1.00000 1 0.93243
2 105.26%15 C.95000 0.97500 2 D.87220
2 103, 46933 0.92192 095731 3 0.85271
4 110.30330 0450250 0e 94360 4 0.84414
) 112,64816 0.88772 0e 93242 5 0.84090
5 111.34264% Ve 8GR112 0.62671 6 0.84090
7 113.44516 Ce 88150 Ce 32925
g 115,00192 0,86655 091391
Q 116,28554 De 85965 e 50792

1¢ 117.36124 CeB5185 0.GC231

11 114.4854) De 87347 Ce 8696€

12 116.26253 C.R6012 Ne 296719

13 1175699 CeB5062 0.25287

14 118403181 Oe 24254 C. 38938

15 119.558:% C.83641 Qe 305768

16 115,52841 Ca86335 Oe 855438

17 117.51811 0. 35043 NeB524]

18 112,74062 NeR4217 0.58017

1¢ 119.74215 Ne£3512 0687780

20 120060992 (ed326G12 0.87537

2l 116.32755 0.85664 De 87462

22 1174993221 CeB&TS1 C.87339

23 119,164C7? 0.83897 0.87189

24 120, 1 768% NeB873211 C. 87023

25 121.02557 0.82627 Ce 3CR4T

26 116632755 0.35G44 Ge.8b6813

27 117.99321 Q484751 Q. EHT3T

28 119,15402 0.832G7 0, R6635

2% 12C.176£5 0e83211 Ce 86517

30 121.025%7 De82627 C.66388

2 116.32755 N,85G64 D.861374
32 117.9622: Ne 84751 0.86323

33 119.19402 0083867 0. 86250

34 120417685 0.3221!11 0. 86160

35 121.02557 0682627 Ce B6N5G

35 116.32755 0.85964 0.36057

37 117.56321 Ne 4751 0.86021

3€ 116.16402 CoS3:57 0.85965

39 120,17685 Ce 83211 C.85895

4C 121.02557 0.82627 Je85813

4] 116432755 0e 8594 Je 85817

42 117.909321 (e 84751 N+85791

43 119,19402 Ce 53867 Ne 85747

44 120.,1 7685 NeB82211 0. 85639

45 121.,22557 0e 82627 Ge85L21

46 116.32755 fie 35964 0.85629

47 1i7.9¢321 Ca 84751 0.8561¢C

8 119,16402 Ce8328GT 0.85574

46 120.174685 0.83211 N.85526

56 12102557 C.B82627 D.85468

31 116.32755 D.85964 0. 85478

52 117.99321 De 84751 0.85464




119, Gan0
L&l na
116432755
117.G69321
11916402
120,17685
121.025857
116632755
117.9032]
119,19402
1204176295
126102657
116,32755
117.59321
119,16402
120.17685
121.02557
116632755
117.,9922}
119,164C2
120.17685
121402557
116.32753
117.99321
1191654922
12C.17685
121.025587
116432755
117.99221
119.16402
120.17885
121725857
11632755
117,9¢321
119.16402
12Ce1 7635
121.,02557
116432755
117499321
116,1%40
12017675

12i.223587

117.,96221
119,16202
12C.1 7675
12102507
116.32755
117.56221
119,164052
126.1 7685
1214065517
116432755
117499221
1194145402
120.1 763%
1d1e22057
116432755
W Ta?W32l

Ll3e19432

Ce 33847
Neu3211
Ce82627
Cef35964
CeBaT51
Ne 653867
De83211
N.82627
0.85964
084751
Ce.H83867
0.63211
C.R2527
0eB5GHG
0. 8475}
Q0.B2857
Ne83211
092627
Qe 85G6HG
e 84751
C. 83147
Ne82211
082627
NeR53H4
0.84751
Je 33867
Ced3211
0.R2627
De 85384
De84751
0. 83867
0.82211)
0e82627
N.85264
CeB8475)
0.83897
N.83211
Ceb 2627
0.B85964
Ce847¢1
Ca653867
NeB83211
C.82627
Ce 35564
Oe 84751
0.83867
N.83211
Ce 82627
855064
N0.8475]1
NDe83IRGT
N.83211
032627
Ne 55564
0.84751
C.83897
N.83211
CeaR2627
C.855964
Ceb5475]
0.83867

C.854134
NeBH393
0.85343
0.85354
N.853413
0e85219
N.B52812
0., 8%238
0085250
0.85242
0.85221
0,85189
0.85150
0.85162
0eB85156
0.R5138
0.85110
Ce85074
0. 85087
0.35082
0.,85%066
Neu5Ca]
S 85008
Ce’6121
N 35017
C.85003
0. 84980
Qe 84651
Qe 34963
0e 84961
Qe 849438
De 863527
Ce 586500
0. 84613
De 84911
0. 84899
e §488C
0.84855
0eB4867
N.834366
(e 54556
fef4838
T.d4815
O. 8“827
0e84526
C.84817
Ce 848C0O
Ny Ba779

e 24730
0. 84790
N R4GTR]
N.84766
0s84746
0.84757
Ne 84757
D, 84749
0. 84735
0. 94716
C.54727
Ce84127
DI 9’*720

Ani4el
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166
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180
151
15
123
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APPENDIX B

This appendix contains the computer program used
! ' to generate the values tabled in Appendix A in such a
manner tha*t they could be plotted by the Calcomp Plotter

and the nireteen families of curves which were plotted.
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