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ABSTRACT 

This thesis attempts to answer some of the questions that must 
be answered before a formal mathematical model can be determined for 
performance times* Several characteristics of this model have been 
studied in answering the following questions: 

(1) Do operators follow any one pattern of performance or a work curve throughout the day? 
(2) Do unadjusted performance times tend toward any-formal distribution or could they be made to form any model? 
(3) Are operator's cycle times statistically stable? 
(U) What is the relationship of variation without a period to the relationship between periods? 
Nearly 3200 observations of a short cycle, manually controlled 

assembly operation* gathered by the use of a decimal minute stop watch, 
were analyzed statistically using control chart procedures* There was 
a total of nineteen different operators studied. These operators were 
distributed over three shifts* 

from the results of the analysis, the following conclusions were 
drawn within the limitations set forth: 

(1) The operators on this operation did not follow 
any particular work curve. 
(2) The unadjusted performance times tend to form a positively skewed distribution* 
(3) The performance times of sixteen out of nineteen operators were not statistically stable* 
(It) The variation within a period was significantly greater than the variation between periods. 



ix 

(f>) Stop watch performance time data do not give 
sufficient information to separate chance causes 
from assignable causes of variation* 
It is recommended that a similar study be made using high speed 

motion pictures to collect the data. By using micromotion study it 
should be possible to isolate many of the assignable causes of variation. 



CHAPTER I 

INTRODUCTION 

Ever s i n c e F r e d e r i c k W* Tay lor expounded h i s p h i l o s o p h y o f 

s c i e n t i f i c management, e n g i n e e r s have endeavored t o r e p l a c e o p i n i o n 

w i t h f a c t , and t o d e v e l o p many o f t h e f u n c t i o n s o f management a s a 

s c i e n c e r a t h e r t h a n a s an a r t * 

One f i e l d o f i n d u s t r i a l e n g i n e e r i n g h a s l a g g e d i n t h i s move

ment* Time s t u d y t o d a y i s s t i l l an a r t b a s e d upon a s c i e n c e * 

Wi lk inson s a y s t h a t t i m e s t u d y e n g i n e e r s have c o n t i n u e d t o s h y away 

from t h e mathemat ics i n t h e i r s o l u t i o n s * He a l s o s t a t e s t h a t , "Sc ience 

c o n s t a n t l y s t r i v e s t o c l o t h e i t s c o n c l u s i o n s i n more and more v i g o r o u s 

m a t h e m a t i c a l f o r m u l a t i o n and t o e l i m i n a t e a l l p o s s i b l e s o u r c e s o f s u b 

j e c t i v e b i a s * " ! One p l a c e i n which s u b j e c t i v e b i a s i s i n t r o d u c e d i n 

t i m e s t u d y i s i n t h e form o f a r a t i n g o r l e v e l i n g f a c t o r * T h i s f a c t o r 

of s u b j e c t i v e judgment makes p r e s e n t day s tandards l i a b l e t o t h e c r i t i -
2 

c i s m t h a t t h e y l a c k s c i e n t i f i c v a l i d i t y * Thus , t i m e s t u d y h a s f a i l e d 

t o keep pace w i t h o t h e r s c i e n c e s i n t h e q u e s t f o r v a l i d i t y o f r e s u l t s * 

C u r r e n t l y , s t a n d a r d s s e t b y a s t o p watch a r e o b t a i n e d by f i r s t 

d i v i d i n g t h e c y c l e i n t o e l e m e n t s * End p o i n t s f o r t h e s e e l e m e n t s a r e 

e s t a b l i s h e d * The t i n e s t u d y man t h e n o b s e r v e s t h e o p e r a t o r , r e c o r d s a 

W i l k i n s o n , " A p p l i c a t i o n o f S t a t i s t i c a l Techniques i n Time 
S t u d y , " Mechanica l E n g i n e e r , 73s 9 0 6 - 9 , November, l ° 5 l * 

^Harold 0* Davidson, F u n c t i o n s and B a s e s o f Time S t a n d a r d s , A 
Research Report (Columbus, Ohio: American I n s t i t u t e o f I n d u s t r i a l 
E n g i n e e r s , 1 9 5 2 ) , p . 906* 



2 

tine for each element and also determines a performance rating. This 
performance rating is an estimate of the operator's performance based 
upon a previously determined scale. The normal elemental time is es
tablished for each element by multiplying the rating factor by the 
performance time. These times for the same elements are then averaged. 
Experience is the usual determinate of the number of element reading 
taken. Allowances are then added to the total of the averaged elemental 
times in order to set a standard time for the operation. 

Since the publication of Walter A. Shewhart's** original book on 
the use of statistical methods in the physical sciences, a considerable 
amount of work has been done in applying these techniques to performance 

k 
times scientifically. W. A. Gcmberg has constantly tried to advance 
this movement toward scientific time study* 

Statistical methods allow one to predict future performance based 
upon an analysis of present performance* However, there are certain 
criteria that must be met before prediction can be made* 

Statistical stability is a prerequisite of this type of predic
tion* Stability requires a system of chance causes to be in operation* 
Assignable causes must be determined and eliminated before stability 
can be assumed* Presently these assignable causes of variation have 
not been determined for performance times. 

The second prerequisite of this type of prediction is the deter
mination of a formal distribution. Before a particular procedure of 

3 
Walter A* Shewhart, Economic Control of Quality of the Manufactured Product (New York! D. Van Norstrand and Company, inc., i°31)« **W* A. Gcmberg, A Trade Qaion's Analysis of Time Study (Chicago: Science Research Associates, 19k#). 
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analysis is used, something must be known of the formal distribution* 
Until recently, a normal distribution has been frequently assumed* 
Davidson states that "the assumption of normal distribution of rela
tive production rates of industrial workers is operationally invalid* 
The development of any general rule for the statistical definition of 
a normal worker should be approached with great caution*" 

If this statement is true, then the theory of wage incentives, 
based upon a normal distribution of performance times, may be invalid* 
This statement also indicates that the steps of the incentive plans do 
not include the actual percentage of workers that they theoretically 
include.̂  If Davidson's statement is correct, it would also mean that 

7 
the Gaussian distribution function does not hold true for performance 
times. This rule roughly states that any measurable capacity or trait 
tends to approximate a normal distribution* 

Bothe, in his studies, found distributions that were in oppo-
9 

sition to the results reported by Davidson* In two studies, Rothe 
found definite indications of stable distributions. Of the first 
eight operators studied, none of the individual distributions differed 
significantly from the normal* This test was made using a 1 per cent 

Harold 0. Davidson, o£. oit*, p* 332. 
6Ibid*, p. 317. 
7 
Ibid., p. 312. 

Q 
H. F. Rothe, "Output Rates Among Butterwrappers—II Frequency 

Distributions and a Hypothesis Regarding Restriction of Output," Journal 
of Applied Psychology, Vol. 30, l$h$, p. 323. 

Harold 0. Davidson, 0£. cit., p. 332. 
o 
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10 

s i g n i f i c a n c e l e v e l w i t h t h e Chi Square T e s t . The b e t a method showed 

t h a t t h r e e o f t h e s e e i g h t were s i g n i f i c a n t l y l e p t o k e u t i c . 

I n t h e s e c o n d t e s t o f e i g h t o p e r a t o r s , b o t h t h e Chi Square and 

t h e b e t a t e s t showed t h a t t h e d i s t r i b u t i o n s d i d n o t d i f f e r from t h e n o r 

mal s i g n i f i c a n t l y . I n summary, Rothe s t a t e s t h a t d i s t r i b u t i o n s t e n d t o 

11 

be b e l l - s h a p e d and approximate a normal d i s t r i b u t i o n * 

The q u e s t i o n i s n o t e n t i r e l y one o f a formal d i s t r i b u t i o n , b u t 

r a t h e r one o f s t a t i s t i c a l s t a b i l i t y . I f performance t i m e s are found t o 

be s t a t i s t i c a l l y s t a b l e , t h e n t h e p r o c e d u r e s formula ted b y Shewhart may 

be a p p l i c a b l e . 

Adam Abruzz i d i v i d e s t h i s problem o f s t a t i s t i c a l s t a b i l i t y i n t o 

12 

two p a r t s . S t u d i e s r e p o r t e d i n Work Measurement were grouped a c c o r d i n g 

t o " l o c a l n and "grand" s t a b i l i t y * L o c a l s t a b i l i t y i s t h e s t a b i l i t y o f a 

c o n t i n u o u s s e r i e s o f i t e m s produced during a p e r i o d o f s e v e r a l h o u r s , o r 

during a complete s h i f t , w h i l e grand s t a b i l i t y i s t h e s t u d y o f t h e p r o 

d u c t i o n r a t e s r e p r e s e n t e d by i t e m s produced over a p r o t r a c t e d p e r i o d ; 

t h e s e r a t e s a r e examined i n terms o f s m a l l samples t a k e n from s u c c e s s i v e 

p r o d u c t i o n u n i t s made under e s s e n t i a l l y t h e same c o n d i t i o n s . 

A b r u z s i ' s work h a s been s o l e l y i n t h e garment making i n d u s t r y . 

The d a t a were c o l l e c t e d on v a r i o u s sewing o p e r a t i o n s i n c l u d i n g d i f f e r e n t 

s i z e d g a r m e n t s . The grouping o f t h e v a r i o u s s i z e s i n t o a sample i s p e r 

m i s s i b l e i n t h i s c a s e , i f t h e s i z e has no e f f e c t on t h e o p e r a t i o n * 

10 
H. F . R o t h e , on, c i t . , p . 323. 

11 
I b i d . , p . 32U* 

12 
Adam A b r u z z i , Work Measurement (New Xork: Columbia U n i v e r s i t y 

P r e s s , 1S>52), 37 p p . 
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T h i s work and t h a t o f R o t h e 1 s are two s t u d i e s i n which p r e v i o u s 

p r o d u c t i o n r e c o r d s were n o t u s e d . Abruzz i o b j e c t e d t o t h e u s e o f p a s t 

p r o d u c t i o n r e c o r d s , because many v a r i a b l e s are l o s t when such da ta are 

u s e d . A l s o , i t i s i m p o s s i b l e t o b e a s s u r e d t h a t s i m i l a r c o n d i t i o n s 

e x i s t e d dur ing t h e e n t i r e s t u d y . The r e q u i r e d amount o f d a t a i s u s u 

a l l y n o t a v a i l a b l e i n t h e form d e s i r e d i n such r e c o r d s . 

Rothe d i d n o t o b t a i n c y c l e t i m e s , b u t r a t h e r he c o l l e c t e d r a t e s 

13 
o f p r o d u c t i o n f o r a 15 minute p e r i o d . Th i s method t e n d s t o e l i m i n a t e 

v a r i a t i o n s and t h u s t o d e s t r o y t h e a c t u a l d i s t r i b u t i o n . Rothe a l s o 

s t a t e s t h a t a l l o p e r a t o r s u s e d a s l i g h t l y d i f f e r e n t method. 1 ^ 4 The mag

n i t u d e o f t h i s v a r i a t i o n i s v e r y s i g n i f i c a n t s i n c e changes i n methods 

can be c o n s i d e r e d a s s i g n a b l e s o u r c e s o f v a r i a t i o n , and t h u s w i l l t e n d 

t o make t h e performance t ime u n s t a b l e . 

The u s e o f p a s t p r o d u c t i o n d a t a must be d i s c o u r a g e d because o f 

t h e e f f e c t o f d e l a y s on performance t i m e s . Much r e s e a r c h h a s been r e 

p o r t e d on e f f e c t o f d e l a y s on c y c l e t i m e s . Dav i s and J o s s e l y n , i n a 

s t u d y o f an a s sembly o p e r a t i o n , r e p o r t t h a t t h e r e was no s i g n i f i c a n t 

d i f f e r e n c e i n e f f e c t i v e o p e r a t i o n t i m e ^ throughout t h e hours o f t h e 

day o r be tween morning and a f t e r n o o n . They a l s o conc luded t h a t t h e 

o p e r a t o r c o n t i n u e d t o u s e e s s e n t i a l l y t h e same method and t o work a t 

t h e same r a t e o f s p e e d , b u t t h e o p e r a t o r s i n t r o d u c e d more and l o n g e r 
^ H . F . R o t h e , ttOuput R a t e s Among B u t t e r w r a p p e r s — I Work Curves 

and The ir S t a b i l i t y , " Journa l o f A p p l i e d P s y c h o l o g y , V o l . 3 0 , 1S1 .6, 2 0 2 
p p . 

15-E f f e c t i v e o p e r a t i o n t ime i s e q u a l t o c y c l e t i m e s minus d e l a y s . 
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work s t o p p a g e s ."^ T h i s work i l l u s t r a t e s t h a t t h e u s e o f p r o d u c t i o n 

r e c o r d s w i l l g i v e no i n s i g h t i n t o c y c l e t ime v a r i a t i o n s . The magni 

t u d e o f i n t r o d u c e d d e l a y s i s such t h a t t h e y w i l l t e n d t o overshadow 

any v a r i a t i o n o r t r e n d o f c y c l e t i m e s o b t a i n e d from p r o d u c t i o n r e c o r d s . 

C l o s e l y a l l i e d t o t h e s t u d y o f s t a b i l i t y and work-t ime d i s t r i 

b u t i o n s has b e e n t h e work o f many p e o p l e on d a i l y p r o d u c t i o n c u r v e s . 

These c u r v e s are n o t o n l y important i n t h e d e t e r m i n a t i o n o f a sampl ing 

p r o c e d u r e , b u t i t a l s o might be o f v a l u e i n t h e s e t t i n g o f c o n t r o l 

l i m i t s i f a s t a b l e work curve i s d e v e l o p e d . Abruzz i r e p o r t s t h a t h i s 

work s u g g e s t s t h a t t ime o f day does n o t have n e a r l y a s important an 

17 
e f f e c t on work performance a s i s g e n e r a l l y b e l i e v e d t o d a y . I n support 

o f A b r u z z i , Wiberg s t a t e s t h a t he may have a r e a s o n f o r t h e m i s u n d e r 

s t a n d i n g o f t h e e f f e c t o f t i m e o f day o r day o f t h e week . He found 

t h a t t h e r e was no s t a t i s t i c a l d i f f e r e n c e i n p r o d u c t i o n p e r day o f t h e 

week. T h i s , he s a y s , i s c o n t r a r y t o p r e v i o u s f i n d i n g s ; however , t h e 

p r e v i o u s d a t a were n o t s u b j e c t e d t o s i g n i f i c a n c e t e s t s i n most c a s e s . 

Aga in t h e u s e o f p r o d u c t i o n r e c o r d s and t h e u s e o f measures , such a s 

p r o d u c t i o n p e r hour o r day , are q u e s t i o n e d . P r o d u c t i o n r a t e s such a s 

t h e s e are s u b j e c t t o many v a r i a b l e s n o t r e c o r d e d i n t h e d a t a . 

Dav idson , i n a s t u d y o f an assembly o p e r a t i o n , found a t e n d e n c y 
l 6 L o u i s E . D a v i s and P . Dudley J o s s e l y n , "An A n a l y s i s o f Work 

Decrement F a c t o r s i n a R e p e t i t i v e I n d u s t r i a l O p e r a t i o n . " 
17 

Adam A b r u z z i , 0£ . c i t . , p . 6 3 . 

18 
Martin Wiberg, "The Work Time D i s t r i b u t i o n — A Technique f o r 

A n a l y z i n g Performance D i f f e r e n c e s , " Motion and Time Study N o t e s , C. B. 
Gordy and Others (Ann Arbor , Michigan: The Edwards L e t t e r Shop, 19h$) 
C-29 p p . 
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for performance times to increase from Monday through Friday- However, 
he did not believe that this increase was a basis for saying that it 
represented a tendency of performance times to increase toward the end 
of the week. It may have been due to some other cause or combination 
of unknown causes.̂  

Rothe, in the study of butterwrappers, found no predictable 
20 

pattern. He found that the curves had many different forms. Thus, 
the use of control limits that follow a work curve are not feasible, 
since a stable work curve has not been developed. 

There are many questions that must be answered before any at
tempt is made to satisfy Gomberg's appeal for a scientific time study. 
Davidson sets forth two such questions when he asks, lrWhat variability 
do performance time phenomena exhibit?" and "Do they tend toward any 

21 
sort of stability?" These questions, the author will attempt to 
answer in this thesis. In basis statistical language the question 
might be stated to read, "Is the occurrence of a performance time like 
or nearly like the drawing of a chip (numbered) from a bowl containing 
a large number of chips?" 

Before the study proceeds, a working definition of statistical 
control is sought. Shewhart defines it in the following termsJ "A 
phenomenon will be said to be controlled when, through past experience, 

19 
Harold Davidson, o£. cit., p. 369. 

20 
H. F. Rothe, "Output Rates Among Butterwrappers—I Work Curves and Their Stability," Journal of Applied Psychology, Vol. 30, 191*6, p. 209. 

'̂Harold Davidson, on. cit., p. 30I4. 
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we can predict, at least within limits, how the phenomenon may be ex
pected to vary in the future* Here it is understood that prediction 
within limits means that we can state, at least approximately, the 

22 

probability that observed phenomenon will fall within given limits* 
To establish a scientific method of setting standards is far 

beyond the scope of this thesis. The author will, however, try to 
answer a few of the basic questions involved in such a program. 

Walter A. Shewhart, og. cit., p* 6 . 



CHAPTER I I 

OBJECTIVE 

Be fo re any s c i e n t i f i c t ime s t u d y c a n be a t tempted , c e r t a i n 

q u e s t i o n s must be answered r e g a r d i n g o p e r a t o r * s per formance t i m e s . 

I t i s t he o b j e c t i v e o f t h i s t h e s i s to answer many o f t h e s e q u e s t i o n s . 

S p e c i f i c a l l y t hese a r e : 

( 1 ) Do o p e r a t o r s f o l l o w a n y p a t t e r n o f per formance 
or work cu r ve throughout the d a y ? 

(2) Do u n a d j u s t e d per formance t i m e s t end toward a n y 
f o r m a l d i s t r i b u t i o n o r c o u l d t h e y be made t o form 
any model? 

( 3 ) A re o p e r a t o r ' s c y c l e t i m e s s t a t i s t i c a l l y s t a b l e ? 

(k) What i s the r e l a t i o n s h i p o f v a r i a t i o n w i t h i n a 
p e r i o d to the v a r i a t i o n between p e r i o d s ? 



CHAPTER I I I 

PROCEDURE 

S e l e c t i n g an Ope ra t i on 

The o p e r a t i o n u s e d i n t h i s s t u d y was a s h o r t c y c l e m a n u a l l y c o n 

t r o l l e d assemb ly o p e r a t i o n i n a l o c a l p l a n t . I t was s e l e c t e d p a r t i a l l y 

because o f t h e l a r g e c o n c e n t r a t i o n of ope ra to r s w h i c h , i t was f e l t , 

would f a c i l i t a t e o b t a i n i n g a r e p r e s e n t a t i v e sample* There was about 

s i x o r seven g i r l s on each o f t h r e e s h i f t s assemb l i ng the u n i t * The 

expe r i ence o f t he g i r l s on t h i s o p e r a t i o n v a r i e d f rom about two weeks 

t o one y e a r * I t i s e s t i m a t e d t h a t two months a r e r e q u i r e d f o r a new 

g i r l to r e a c h the p l a t e a u o f p r o d u c t i v i t y * 

The o p e r a t i o n was q u i t e w e l l e s t a b l i s h e d , hav i ng been i n e x i s t 

ence about one y e a r p r i o r t o the s t u d y , and the method used had been 

s t a n d a r d i z e d w i t h i n l i m i t s * The work p l a c e was e s s e n t i a l l y t he same 

f o r a l l o p e r a t o r s * A l t hough each g i r l had been i n s t r u c t e d a s to the 

method u s e d , many o f t he g i r l s had a tendency to make s l i g h t changes 

i n the s t a n d a r d method* These were no ted i n t he d a t a whenever p o s s i b l e * 

However, t he i n d i v i d u a l method used b y each g i r l was p r a c t i c a l l y c o n 

s t a n t th roughout t he s t u d y , i . e . no n o t i c e a b l e changes were d e t e c t e d . 

The company does no t employ an i n c e n t i v e sys tem o f wage payment 

i n t h i s depar tment ; however, i t does have a s t a n d a r d o r g o a l t h a t t he 

g i r l s a r e expec ted to approach o r r e a c h . The o p e r a t o r s t h a t do no t 

a t t a i n t h i s s t a n d a r d r i s k p o s s i b l e t r a n s f e r or l a y - o f f . P r o d u c t i o n 
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records are available to each operator throughout the day* By watching 
the posting, it is possible for an operator to pace herself quite 
accurately so as to attain a particular goal of production* It was 
felt that this is standard practice for all of the operators. AH 
girls on the operation receive the same hourly wage. No shift differ
entials are paid. The estimated average pace of the operators was 
between 125 and 130 per cent of normal* Personal relations are ex
tremely good. 

The assembled pen consists of four groups or parts* They are: 
(1) barrel and clip assembly, (2) writing unit, (3) ferrule or sleeve, 
and (k) drive cap. In the present set-up, each hand picks up a barrel 
and clip assembly and places it in the jig. The hands then place a 
writing unit In each barrel and -clip assembly. A driving cap is placed 
on each writing unit and simultaneously turned down. Next, the sleeve 
is added to each unit before it is removed from the jig. Each hand grasps 
a complete unit and guides it into the staking die. A foot pedal is ac
tuated, which causes an air hammer to stake the parts in place* Lastly, 
the assemblies are removed and transferred to one hand which asides the 
parts. (See Figure 1.) 

The variation in method previously mentioned is encountered in 
the last element. Some of the girls held the completed units in the 
right hand until a full hand of units had been assembled, and then 
aside the units. This variation may cause a slight decrease in the 
performance times of certain operators, but it would be a constant 
factor and, therefore, would only effect the variation between operators 
and not the individual distributions. 



2. Assembl ing W r i t i n g U n i t 

F i g u r e 1 « Assembly Operat ion and Layout 



3 . G r a s p i n g D r i v e Nut 

lw Assembl ing D r i v e Nut 

F i g u r e 1 . Assembly O p e r a t i o n and Layou t 
( C o n t i n u e d ) 
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5. Grasping F e r r u l e 

6 . Removing Complete Uni t 

F i g u r e 1 . Assembly Operat ion and Layout 
(Continued) 



7 . S t a k i n g Un i t 

8. A s i d i n g U n i t 

F i g u r e 1 . Assembly O p e r a t i o n and Layou t 
( C o n t i n u e d ) 



16 

Recording the Data 
A representative sample of cycle times of each operator was 

desired. It was decided that a sample of 2 5 cycles would be observed 
as often as possible in the before and after lunch sections of each of 
the three shifts. 

The day shift operation is as follows: 
7 : 0 0 - 9:30 A.M. Work 
9:30 - 9 * 3 5 A.M. Morning break 
9 : 3 5 - 1 1 : 1 + 0 A.M. Work 

1 1 : 1 + 0 - 1 2 : 0 0 Noon Lunch 
1 2 : 0 0 - 1:1£ P.M. Work 
1:1+5 - 1 : 5 0 P.M. Afternoon break 
1 : 5 0 - 3 : 2 0 P.M. Vfork 

The second shift operation is as follows: 
3 : 2 0 - 6 : 1 0 P.M. Work 
6 : 1 0 - 6:30 P.M. Lunch 
6 : 3 0 - ? : 0 0 P.M. Work 
9 : 0 0 ' - 9 : 0 5 P.M. Break 
9 : 0 5 - 1 1 : 1 + 0 P.M. Work 

The third shift operation is as follows: 
1 1 : 1 + 0 - 3 : 0 0 A.M. Work 

3 » 0 0 - 3 : 2 0 A.M. Lunch * 
3 : 2 0 - 5 * 0 0 A.M. Work 
5 : 0 0 - 5 : 0 5 A.M. Break 
5 : 0 5 - 7 : 0 0 A.M. Work 



The t o t a l work ing t ime on t he f i r s t s h i f t i s U70 m i n u t e s , on the 

second i t i s U75 m i n u t e s , bu t on t he t h i r d i t i s o n l y l i l 5 m i n u t e s . 

The ope ra to r s on each s h i f t were t o l d b y the r e c o r d e r t h a t t he 

d a t a to be c o l l e c t e d was f o r r e s e a r c h purposes o n l y , and t h e i r s u p e r 

v i s o r s would not see the d a t a . They were a l s o asked t o work a t t h e i r 

no rma l pace j u s t a s i f t h e r e c o r d e r were not p r e s e n t . Each g i r l was 

approached i n d i v i d u a l l y and was a s k e d t o t e l l the r e c o r d e r a t any t ime 

she became nervous o r bo thered i n any way. 

On Wednesday, October 2 2 , 1 9 5 2 , the date o f t he s t u d y o f the d a y 

s h i f t , t h e department was work ing s i x days p e r week and was runn ing 

about 2 , 0 0 0 , 0 0 0 u n i t s b e h i n d i n p r o d u c t i o n . D a i l y p r o d u c t i o n was about 

7 5 , 0 0 0 u n i t s . 

The s t u d y o f t he second s h i f t was made on Wednesday, December 1 7 . 

1 9 5 2 , and t h e department was s t i l l b e h i n d i n p r o d u c t i o n . E x p e r i m e n t a l 

u n i t s o f a new i n k were b e i n g r u n , and t h i s had c u r t a i l e d p r o d u c t i o n on 

c e r t a i n d a y s . Three o f t he r e g u l a r g i r l s , b e i n g i l l t he n i g h t o f t h i s 

s t u d y , were no t p r e s e n t . 

On the even ing o f Wednesday, F e b r u a r y k, and the morning o f 

F e b r u a r y 5» 1 9 5 3 * t he t h i r d s h i f t was s t u d i e d . The department had been 

p roduc ing o n l y i n t e r m i t t e n t l y s i n c e December 2 3 , because o f i n v e n t o r y 

and a p a r t s change. However, t he g i r l s on t h i s s h i f t had worked c o n 

t i n u a l l y f o r about a week on t h i s m o d i f i e d u n i t . A few o f t he g i r l s 

compla ined t h a t t h e y were not c o m p l e t e l y f a m i l i a r w i t h i t and t h a t t he 

new d r i v i n g cap made t h e i r f i n g e r s so re a t t i m e s , s i n c e t h e s e r r a t i o n s 

were more pronounced and s h a r p e r . (See F i g u r e 2 f o r Compar ison o f 

P a r t s . ) 
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During the first shift the recorder was able to observe the 
operators about once each hour. At this time five groups of five 
cycles each (continuous) were recorded. Each operator was observed 
according to a set pattern i.e., operators 1 , 2, 3 , h9 5 , 6 , and 7 
respectively. 

The first sample was taken at 8:1+5 A.M. from operator 1 and 
the last sample was recorded at 2:55 P.M. No samples were taken be
tween 11:30 A.M. and 12 :l+5 P.M. of this shift. This eliminated any 
possible effect of the lunch hour on the samples. 

The first sample of the second shift was taken fifteen minutes 
after the girls reported to work. The average girl took about ten 
minutes to get settled and to stock up with parts prior to beginning. 
Four observations on each operator were made before supper at intervals 
of between 3 0 to 1+0 minutes. Four more observations were made before 
the five minute break at 9 : 0 0 P.M. Three observations were made between 
9 : 0 5 and quitting time. The last sample was taken at about 11:05 P.M. 
The girls usually begin to clear up at about 11 :30 , and therefore, 
another group of observations could not have been made. 

It took each operator on the third shift about five to ten minutes 
to do the preliminary work, prior to actually producing a unit. About 
five minutes after operator 13 began producing, the first sample was 
taken. Three observations were made of each operator before the break, 
except operator 19. The break came soon after the observation had begun 
and thus a complete sample was not taken. The sample was completed, 
however, immediately after the lunch period. Three more observations 
were made after the meal, making a total of six from each operator. 



The l a s t o f t h e s e was t a k e n a t about 6 : 3 0 A.M. The remain ing t i m e d i d 

n o t a l l o w a complete sample o f a l l o p e r a t o r s t o be made* 

When r e c o r d i n g t h e data* t h e f o l l o w i n g n o t a t i o n s were made: 

DP - Dropped p a r t 

BP - Bad p a r t 

GP - Get p a r t s 

MP - Moved p a r t s 

AD - A v o i d a b l e d e l a y 

S - Turned cap t o i n s p e c t f i n i s h e d p a r t 

I - I n s p e c t e d p a r t o r u n i t 

CM - Changed method 

RP - R e l e a s e d p a r t s 

An «X« was p l a c e d on t h e d a t a s h e e t a d j a c e n t t o a l l c y c l e s c o n -

t a i n i n g d e v i a t i o n s from t h e s tandard p r o c e d u r e . These c y c l e s were n o t 

u s e d I n t h e summary o f d a t a p r e s e n t e d . Only c y c l e s which c o n t a i n e d one 

o f t h e e x t r a n e o u s e l e m e n t s ment ioned were e l i m i n a t e d . This procedure 

r e q u i r e d a d e c i s i o n dur ing t h e c y c l e a s t o whether t h e d e l a y e n c o u n t e r e d 

s h o u l d be c o n s i d e r e d e x t r a n e o u s , and t h u s t h e c y c l e t i m e e l i m i n a t e d from 

t h e a n a l y s i s * Such a procedure i s c u r r e n t p r a c t i c e i n s t o p watch t i m e 

s t u d y . 

A s p l i t hand d e c i m a l minute s t o p watch ( c a p a b l e o f a c c u r a c y a p 

proach ing . 0 0 1 m i n u t e s ) was u s e d t o de termine t h e c y c l e t i m e s . The d a t a 

was r e c o r d e d t o t h e n e a r e s t hundreth o f a m i n u t e , s i n c e t h e s h o r t c y c l e s 

d i d n o t a l l o w s u f f i c i e n t t i m e f o r an i n t e r p o l a t i o n o f t h e w a t c h . A l l 

t i m e s recorded a r e hundreth o f a minute* T h i s was done t o s i m p l i f y 

c a l c u l a t i o n s . I n a d d i t i o n , i t was d e s i r e d t h a t t h e r e c o r d e r o b s e r v e t h e 
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o p e r a t o r a s c o n s t a n t l y a s p o s s i b l e i n o r d e r t o d e t e c t v a r i a t i o n s i n 

m e t h o d s . A f ew c y c l e s i n t h e f i r s t s t u d y were r e c o r d e d t o t h e n e a r e s t 

.005 m i n u t e , b u t t h i s p r o v e d t o be t ime-consuming and was l a t e r aban-

O b s e r v a t i o n - one c y c l e 

Subgroup - f i v e c o n s e c u t i v e o b s e r v a t i o n s 

P e r i o d - f i v e subgroups (25 o b s e r v a t i o n s ) 

X - o b s e r v a t i o n (one c y c l e t i m e ) 

X - mean o f subgroup o f f i v e o b s e r v a t i o n s 

X - mean o f p e r i o d o f 25 o b s e r v a t i o n s 

X - o p e r a t o r ' s mean c y c l e t ime 

X - mean c y c l e t ime o f a l l o p e r a t o r s on s h i f t 

X - mean c y c l e t ime o f a l l o p e r a t o r s 

R - range o f subgroup o f f i v e c y c l e s 

R - average range o f p e r i o d (5 subgroups) 

R - average range o f subgroups f o r o p e r a t o r 

R - average subgroup range f o r a l l o p e r a t o r s o f t h e s h i f t 

I - grand average subgroup range 
Z-

<C- v a r i a t i o n w i t h i n a p e r i o d 

v a r i a t i o n be tween p e r i o d s 

doned. 

D e f i n i t i o n o f Terms 

t o t a l v a r i a t i o n o f an o p e r a t o r 

number o f subgroups p e r p e r i o d 

N - t o t a l number o f o b s e r v a t i o n s o f o p e r a t o r 

number o f o b s e r v a t i o n s i n a subgroup 

o 
number o f p e r i o d s o f o p e r a t o r o b s e r v e d 
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n^ - number o f o p e r a t o r on s h i f t 

ftg - range o f subgroup means f o r a sample 

R̂ , - range o f sample means f o r an o p e r a t o r 

R= - range o f o p e r a t o r ' s mean 

UCL^ - upper c o n t r o l l i m i t o f X v a l u e s 

LCL^ - lower c o n t r o l l i m i t o f X v a l u e s 

UCL^ - upper c o n t r o l l i m i t o f X v a l u e s 

LCLf - l o w e r c o n t r o l l i m i t o f X v a l u e s 

UCL^ - upper c o n t r o l l i m i t o f R v a l u e s 

LCI^ - l o w e r c o n t r o l l i m i t o f R v a l u e s 

The d e f i n i t i o n o f work-t ime d i s t r i b u t i o n a s p r e s e n t e d b y Wiberg 

i s : 

A work-t ime d i s t r i b u t i o n i s d e f i n e d as a f r e q u e n c y d i s t r i b u t i o n 
o f a s p e c i f i e d number o f t ime v a l u e s o b t a i n e d through t i m e s t u d y 
a s a c t u a l u n a d j u s t e d watch r e a d i n g s , on an e lement o f r e p e t i t i v e 
work f o r t h e purpose o f r e l a t i n g t h e d i s t r i b u t i o n c h a r a c t e r i s t i c s 
t o t h e v a r i o u s i n f l u e n c e s which t h e worker , t h e work method, and 
t h e work environment e x e r t upon t h e e f f i c i e n c y o f a p a r t i c u l a r 
work s i t u a t i o n . 3 

A l l o t h e r terms u s e d a r e s t a n d a r d s t a t i s t i c a l t erms and a d e f i n i -

2k 
t i o n can be s e c u r e d from any s t a t i s t i c s t e x t , such a s Grant . 

23 
Martin Wiberg, 0£. c i t . , C-2? p p . 

^^Eugene L . Grant , S t a t i s t i c a l Q u a l i t y C o n t r o l (New Xork: McGraw 
H i l l Book Company, I n c . , 1 ° £ 2 ) . 
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Method o f A n a l y s i s 

Each p e r i o d sample o f t w e n t y - f i v e o b s e r v a t i o n s was b roken i n t o 

f i v e subgroups o f f i v e o b s e r v a t i o n s e a c h . T h u s , a p e r i o d sample c o n 

t a i n e d f i v e s e q u e n t i a l subgroups each c o n t a i n i n g f i v e o b s e r v a t i o n s . 

Mean C y c l e Time-

The mean c y c l e t ime a t s e v e r a l l e v e l s was determined* These a r e : 

1 . Subgroup mean 

2* P e r i o d mean 

3 * Operator mean 

1+. S h i f t mean 

5 . O p e r a t i o n mean 

The subgroup mean was c a l c u l a t e d u s i n g 

I : — 
n 

where n e q u a l s t he number o f o b s e r v a t i o n s p e r subgroup, ( n - 5 ) 

The p e r i o d mean was de te rmined b y combin ing the subgroup means: 

where n i s t he number o f subgroups i n a p e r i o d , ( n Z 2 5 ) 
s 

The o p e r a t o r ' s mean was c a l c u l a t e d i n a s i m i l a r manner, i . e . 

1 = ^ 1 

where n Q i s t he number o f p e r i o d s observed^ 



• 

The s h i f t mean (X ) was c a l c u l a t e d b y combining t he o p e r a t o r ' s 

means* S i n c e the number o f p e r i o d s observed f rom each ope ra to r on a 

s h i f t was c o n s t a n t , i t was not n e c e s s a r y t o we igh t he I n d i v i d u a l means 

I n o b t a i n i n g t h i s v a l u e , i . e . 

where n f c i s the number o f ope ra to r s on the s h i f t . 

To o b t a i n a c y c l e mean t ime f o r the o p e r a t i o n , a we igh ted average 

o f each s h i f t was u s e d . 

| / \ f l + V, V ^ V 

V a r i a n c e o f C y c l e T imes-

V a r i a t i o n w i t h i n a P e r i o d . — V a r i a t i o n w i t h i n each p e r i o d ( < T ^ ) was 

de termined b y 

d 
2 

S i n c e the range had been used i n the c o n t r o l c h a r t , and had a l r e a d y 

been c a l c u l a t e d , i t was used to c a l c u l a t e ( 5 ^ r a t h e r t han 



V a r i a t i o n w i t h i n o p e r a t o r , be tween p e r i o d s o b s e r v e d . m e t h o d s i m i l a r 

t o t h a t u s e d t o determine G T W was u s e d t o c a l c u l a t e < T E , i . e . , 

where R= i s t h e range o f t h e mean o f t h e p e r i o d a v e r a g e s f o r an o p e r a t o r . 

S t a b i l i t y o f O p e r a t o r ' s Cycle Time and Var iance o f C y c l e Times 

Use o f Contro l C h a r t s . — C o n t r o l c h a r t p r o c e d u r e s were u s e d t o a n a l y z e 

s t a b i l i t y o f an o p e r a t o r ' s c y c l e t i m e s w i t h i n a p e r i o d and w i t h i n a 

s h i f t . L i m i t s o f 

X + 

1»B 

(where X i s t h e grand average o f an o p e r a t o r ' s c y c l e t i m e s and i s t h e 

s i z e o f t h e subgroup) were u s e d a s c r i t e r i a i n a n a l y z i n g w i t h i n p e r i o d 

s t a b i l i t y , w h e r e a s , c o n t r o l l i m i t s o f 

E 

(where n g i s t h e number o f subgroups i n each p e r i o d ) were u s e d i n t e s t 

i n g s t a b i l i t y be tween p e r i o d s f o r a p a r t i c u l a r o p e r a t o r . 

The range o f t h e o b s e r v a t i o n s w i t h i n a subgroup were a n a l y z e d i n 

a sjbni lar manner. Using a f i v e o b s e r v a t i o n subgroup, t h e l i m i t s f o r t h e 
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c o n t r o l c h a r t a r e : 

R u n s . — S i g n i f i c a n t r u n s on one s i d e o f t he c e n t e r l i n e (mean v a l u e ) 

were a n a l y z e d on t he 2 and E c h a r t s * A r u n o f e i g h t v a l u e s was taken 

t o he s i g n i f i c a n t , t he p r o b a b i l i t y o f t h i s happening due t o chance 

b e i n g l e s s t h a n one p e r cen t * • 

D i s t r i b u t i o n 

E a c h o p e r a t o r ' s c y c l e t i m e s were p l o t t e d a s a h i s t o g r a m . A 

v i s u a l i n t e r p r e t a t i o n o f t he p a t t e r n s was made. A h i s t o g r a m o f t h e 

d i s t r i b u t i o n o f c y c l e t i m e s f o r each s h i f t was p l o t t e d . A v i s u a l i n 

s p e c t i o n i n d i c a t e d t h a t the c a l c u l a t i o n o f a l l f o u r moments was no t 

n e c e s s a r y . 



C H A P T E R I V 

RESULTS 

Summary.—All o p e r a t o r s t e n d e d t o f o l l o w i n d i v i d u a l work c u r v e s . There 

was no p a r t i c u l a r p a t t e r n common t o any group o f o p e r a t o r s . 

A l l e x c e p t t h r e e o p e r a t o r s t e n d e d toward a p o s i t i v e l y skewed 

d i s t r i b u t i o n which was q u i t e e v i d e n t v i s u a l l y * 

E i g h t e e n o u t o f t h e n i n e t e e n o p e r a t o r s s t u d i e d e x h i b i t e d one o r 

more i n d i c a t i o n s o f a l a c k o f s t a b i l i t y i n e i t h e r t h e c y c l e mean o r 

t h e c y c l e range v a l u e s . 

The v a r i a t i o n w i t h i n a p e r i o d was a lways l a r g e r t h a n t h e v a r i a -

t i o n between p e r i o d s * ( S e e T a b l e s 1 through 6 and F i g u r e s 3 through 6 . ) 

Operator 1 . — T h i s o p e r a t o r t e n d e d t o be s t a b l e e x c e p t f o r two v a l u e s o f 

X. The d a t a s h e e t shows t h a t t h e f i r s t u n s t a b l e v a l u e was c a u s e d by a 

f a u l t y s t a k i n g machine* The o p e r a t o r was f o r c e d t o r e s t a k e many o f t h e 

a s s e m b l i e s i n t h i s subgroup* During t h e t h i r d subgroup o f t h e 1 2 : 5 5 P.M. 

p e r i o d , t h e o p e r a t o r o b t a i n e d p a r t s t w i c e . Th i s t e n d s t o d e s t r o y rhythm 

and a c t s a s a d e l a y o r r e s t . 

No o b v i o u s t r e n d o f t h e performance t i m e s i s i l l u s t r a t e d . 

The c y c l e t ime h i s t o g r a m e x h i b i t s a p o s i t i v e s k e w n e s s . T h i s i s 

due i n p a r t t o t h e v a l u e s p r e v i o u s l y d i s c u s s e d * 

There were no o t h e r i n d i c a t i o n s o f an u n s t a b l e d i s t r i b u t i o n * 

( S e e Table 7 and F i g u r e 6 . ) 



Table 1 . Final Results 

Points Out of 
Control Runs Operator X R X R X R Distribution 

I 19.1+8U 5.01+ 2 . 1 6 6 1 . 2 3 8 2 1 0 0 pos. skewed 
7 1 6 . 2 6 1 + 1+.1+6 1 . 9 1 7 . U + 7 0 0 2 0 D pos* skewed 
3 1 8 . 7 7 6 7 . 0 0 3 . 0 0 9 2 . 0 8 0 2 3 2 8 below 8 below pos* skewed 
7 2 6 . 5 6 8 9 . 1 U 3 . 9 2 9 1 . 2 2 0 1 1 : v 0 

$ 1 8 . 1 7 6 5 . 3 2 2 . 2 8 7 1 . 0 5 7 0 : I 0 : pos. skewed 
2 1 . 3 2 0 1 2 . 5 8 5 . U 0 8 2 . 7 1 7 1 1 Q 0 G pos. skewed 

7 16.71+6 5 . 7 0 2 . 1 + 5 0 1 . 2 3 8 1 " 3 8 below 8 below pos. skewed 
Shift 1 9 . 6 1 9 7 . 0 3 U 3 . 0 2 3 l . W + 3 

00
 

2 1 . 1 6 3 7 . 9 2 3 . U 0 5 2 . 5 7 9 2 2 1 1 3 8 
1 3 

above 
below 
below 

q pos. skewed 

vo 1 6 . 1 + 7 3 6 . 0 1 + 2 . 5 9 2 1 . 0 1 + 9 2 0 k 9 

8 

8 

below above below 
0 pos. skewed 

1 0 1 6 . 8 8 0 7 . 1 7 3 . 2 3 3 1 . 0 1 + 9 1 0 3 ? below 0 pos. skewed 

(continued on next page) 



T a b l e 1 * F i n a l R e s u l t s 
( con t i nued ) 

P o i n t s Out o f 
C o n t r o l Runs 

Opera to r X R X X R X R D i s t r i b u t i o n 

1 1 1 6 . 2 0 5 5 . 4 4 2 . 3 3 7 1.668 u>
 

2 1 0 0 p o s . skewed 

1 2 1 9 . 2 U 7 7 . 3 1 3 . 1 4 2 1 . 6 8 5 2 3 3 1 1 below 0 p o s * skewed 

S h i f t 1 7 . 9 9 4 6 . 8 3 6 2 . 9 3 7 1 . 6 8 5 

1 3 1 8 . 6 0 7 5 . 9 0 2 . 5 3 7 . 3 6 1 0 0 G D 

1 1 1 £ . 7 0 7 5 . 9 0 2 . 5 3 7 . 7 9 1 
r 

0 : 9 below C 

1 5 1 6 . 7 8 7 4 . 2 0 1 . 8 0 6 . 7 7 3 1 1 0 0 p o s . skewed 

1 6 17*060 5 . 3 3 2 . 2 9 1 . 8 9 4 1 c 0 C 0 p o s . skewed 

1 7 2 0 . 7 2 7 6 . 8 7 2 . 9 5 2 1 . 1 0 0 0 0 ~ 9 below 0 p o s . skewed 

1 8 1 9 . 3 8 5 5 . 1 5 2 . 2 1 4 1 . 0 1 4 1 c 2 D 0 p o s . skewed 

1 9 2 2 . 6 ? 3 8 . 6 3 3 . 7 1 1 1 . 5 3 9 0 1 0 9 above 0 not normal 

S h i f t 1 2 . 2 8 0 5 . 9 9 7 2 . 5 7 8 . 9 2 4 

Average 18 . 834 6 . 6 2 1 2 . 8 5 8 1 . 4 2 2 9 
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T a b l e 2 . C o n t r o l L i m i t s 

S h i f t UCL= L C L = 

1 19.610 1 8 . 0 8 8 

2 19.392 18.318 

3 1S.556 18.154 

5 z 18.834 

R = 6.621 



3K 

T a b l e 3 . 

Cycle Time 1 s t S h i f t 

1 1 1 
12 1 
13 12 
IK 1+8 
15 82 
16 116 
17 121+ 
18 87 
19 91 
20 53 
2 1 1+2 
22 3Z_ 

23 27 
2li 23 
25 26 
26 1 1 
27 21+ 
28 20 
29 u* 
30 8 
3 1 6 
32 5 
33 5 
3K 2 
35 2 
36 3 
37 2 
38 3 
39 1 
1*0 3 
1*1 1 

Frequency 

2nd S h i f t 3rd S h i f t T o t a l 

1 2 
21 5 27 
67 b 83 

129 35 212 
182 69 333 
196 106 1+18 
173 116 1+13 
131 11+1+ 362 
105 128 321+ 
82 105 21+0 
68 91 201 
1+8 65 H+5 
l a 62 130 
30 3K 87 
19 11 56 
20 15 1*6 
17 10 51 
11 15 1+6 

9 2 25 
K 3 15 
5 H 15 
3 0 
2 I 8 
1 I it 

1 3 
?. 5 

2 
.1 ; 
1 2 

3 
I 



T a b l e b. F r e q u e n c y D i s t r i b u t i o n b y O p e r a t o r - F i r s t S h i f t 

C y c l e T i m e O p e r a t o r 

" l - » 2't 113 d »6 H «7 

1 1 1 
1 2 1 
13 b 2 1 5 
12. 19 5 6 5 13 
1 5 i 2 5 1 5 ] 7 9 2 b 
16 1 0 2 9 28 1 1 12 26 
1 ? 2 2 19 1 5 1 30 1 2 2 5 
18 16 1 2 1 2 3 8 1 3 
19 2 8 7 16 l it 18 8 
2 0 1 2 5 5 5 16 7 3 
23 1 1 1 1 1 b 6 8 1 
2 2 1 0 1 b 5 2 9 3 
23 2 1 1 2 1 7 
2 b 3 1 1 2 I; 1 
2 5 5 1 6 3 2 
26 8 3 
2 7 3 3 l b 1 2 3 
28 ] 1 3 b 2 
29 3 8 I 2 
30 7 1 
3 1 5 1 
32 1 1 3 
3 3 3 2 
3 b 1 3 
3 5 1 1 
36 3 
3 7 1 1 
3 8 1 1 1 

39 
1 

ho 
2 1 

bi 1 
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T A B L E 5. F R E Q U E N C Y D I S T R I B U T I O N B Y O P E R A T O R - S E C O N D S H I F T 

C Y C L E T I M E O P E R A T O R 

ttQn no11 
11 
12 4 
13 2 12 
14 

k 
42 

15 10 55 
16 16 64 

17 
25 39 

18 21 IS 
19 36 • 3 
20 25 4 
21 20 7 
22 17 
23 23 5 

2k 
22 

25 1 0 

26 9 2 
27 10 
28 1 
29 
30 2 
31 1 1 
32 2 
33 1 

3k 
1 

35 1 
36 
37 
38 1 
39 1 

ho 10. 

" 1 0 " " L L 1 1 " 1 2 " 

4 13 
25 27 1 
40 35 8 
5o 45 

22 36 54 26 
31 35 43 
24 23 44 
13 10 33 
18 10 25 
9 7 25 
8 4 14 
ll 5 4 

1 ? 
4 3 2 
1 I 7 
2 1 4 
3 3 

1 2 
1 1 

3 
1 1 
1 



T a b l e 6. F requency l i L s t r i b u t i o n B y Opera tor - T h i r d S h i f t 

C y c l e Time Operator 

" 1 3 " "H i " " 1 5 " " 1 6 " " 1 7 " " 1 8 " " 1 9 " 

1 1 1 

12 1 k 
13 1 3 
l b 2 2 13 1 5 2 1 

1 5 ' 9 6 33 17 2 1 1 

16 17 8 32 32 3 12 
17 2 1 1 3 2 7 2 5 12 13 5 

18 27 2b 16 18 U* 3b 1 1 

19 2 1 22 13 1 1 23 26 12 
2 0 1 5 2 1 + 7 3 23 18 15 
2 1 17 1 3 6 1 1 17 1 1 16 
22 1 1 16 2 2 1 1 8 1 5 

23 6 10 b 9 9 2k 2k 2 7 2 9 1 13 
2 5 2 1 k 1 3 
26 1 1 1 2 10 
27 1 3 1 5 

28 1 6 8 

29 1 1 

3 0 1 2 
3 1 1 3 
32 
33 1 
3b 1 
35 1 
36 
37 
38 39 
bo 
b l 
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Operator 2 . — T h e X and X c o n t r o l c h a r t s showed no p o i n t s out o f c o n t r o l . 

On the range c h a r t , two p o i n t s f e l l o u t s i d e o f t h e 3 0 " l i m i t s . The f i r s t 

o f t h e s e p o i n t s was caused b y a bad p a r t . No d e f i n i t e cause was i n 

d i c a t e d f o r the second p o i n t . Wi th the e x c e p t i o n o f t hese two p o i n t s , 

the o p e r a t o r ' s per formance tended to be s t a t i s t i c a l l y s t a b l e . 

The c y c l e t ime h i s t og ram e x h i b i t e d a s l i g h t p o s i t i v e skewness . 

T h i s i s a t t r i b u t e d i n p a r t to t he two p o i n t s p r e v i o u s l y d i s c u s s e d . 

There were no s i g n i f i c a n t r u n s o r o the r i n d i c a t i o n s o f an u n s t a b l e 

d i s t r i b u t i o n . . (See T a b l e 8 and F i g u r e 7.) 

Opera tor 3 . — T h i s opera to r had a r e l a t i v e l y h i g h v a r i a t i o n between p e r i 

o d s . There was a tendency f o r t he c y c l e t i m e s t o i n c r e a s e throughout 

the work d a y . 

The X c o n t r o l c h a r t p o i n t s ou t two v a l u e s wh ich l a c k s t a b i l i t y . 

The f i r s t o f t hese was due to an ex t r eme l y bad p a r t wh ich caused t he 

c y c l e t ime to n e a r l y d o u b l e . The second v a l u e was t he r e s u l t o f a 

dropped p a r t and a bad p a r t i n s p e c t i o n , bo th w i t h i n one subgroup. 

Because o f t he v a r i a t i o n o f c y c l e t i m e s between p e r i o d s , t h r e e 

p e r i o d v a l u e s f e l l o u t s i d e o f t he 3 ° " l i m i t s on the X c h a r t . The i n i 

t i a l one o f t h e s e was t he f i r s t p e r i o d o f the morning w h i l e t he o the r 

two were the l a s t p e r i o d s o f t he d a y . 

Two v a l u e s p o i n t e d to a l a c k o f s t a b i l i t y on the range c h a r t . 

The f i r s t o f t h e s e cor responded to the f i r s t X p o i n t ou t o f c o n t r o l , 

which was due t o the b a d p a r t s , w h i l e t he second v a l u e was a l s o caused 

b y a bad p a r t . 

There were two s i g n i f i c a n t r u n s o f v a l u e s be low the c e n t e r l i n e . 

T h i s i n d i c a t e s a l a c k o f s t a b i l i t y and non-randomness. (See T a b l e 9 

and F i g u r e 8.) 
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Operator h* —This operator tended toward a stable d i s t r i b u t i o n except 

f o r one subgroup i n the l a s t per iod . This lack o f s t a b i l i t y was caused 

by three successive bad pa r t s . This also caused a value to go out o f 

con t ro l on the range char t . No other signs of a lack o f s t a b i l i t y were 

present. 

The d i s t r i b u t i o n tended toward a bel l-shaped curve. 

No ove ra l l d a i l y t rend o f cycle times was ev ident , although cycle 

times d i d increase during the morning and then again i n the afternoon. 

This tendency fo l lowed the hypothet ica l work curve. 

This operator had only two weeks experience on the operat ion and 

there fo re , was producing at a much lower l e v e l than were the other oper

a to rs . There was a tendency f o r t h i s operator t o have more and longer 

delays and t o have more "bad pa r t s " than the average g i r l . The l a t t e r 

was probably due t o her inexperience. (See Table 10 and Figure 9.) 

Operator 5.—This operator had no po in ts outside o f the 3 l i m i t s on 

e i the r the X or X con t ro l char ts . However, one po in t d i d f a l l outside 

o f these l i m i t s on the range char t . No assignable cause f o r t h i s lack 

o f s t a b i l i t y was found. 

The d i s t r i b u t i o n o f cycle times tends toward a pos i t i ve skewness. 

This was caused by a comparatively few values as the resu l t o f bad p a r t , 

res tak ing , and others . 

There are no other ind icat ions o f a lack o f s t a b i l i t y * (See 

Table 1 1 and Figure 10*) 

Operator 6.—There i s a d e f i n i t e pos i t i ve skewness present i n the d i s 

t r i b u t i o n o f cycle times as shown by the histogram. 

One po in t lacked con t ro l on the X con t ro l chart and t h i s was 
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f ound t o be due t o a dropped p a r t and a l s o two bad p a r t s i n t h i s s u b 

g roup . 

The co r respond ing p e r i o d average was l i k e w i s e ou t o f c o n t r o l on 

t he X c o n t r o l c h a r t . T h i s l a c k o f c o n t r o l was due i n p a r t t o t he l a r g e 

number o f bad p a r t s encounte red i n t h i s p a r t i c u l a r p e r i o d . 

T h i s ope ra to r tends to be s t a t i s t i c a l l y s t a b l e i n r e g a r d s t o 

means and r a n g e s , b u t a t r e n d i s i n d i c a t e d i n c y c l e t i m e s b y the f a c t 

t h a t t he c y c l e t ime i n c r e a s e d bo th i n t h e morning and i n the a f t e r n o o n . 

There a re no o the r i n d i c a t i o n s o f a l a c k o f c o n t r o l * (See T a b l e 

12 and F i g u r e 1 1 . ) 

Opera to r 7 . - - T h e c y c l e t ime d i s t r i b u t i o n o f t h i s ope ra to r e x h i b i t e d a 

v e r y p o s i t i v e skewness* I t c o u l d be due p a r t i a l l y t o t h e number o f bad 

p a r t s encountered i n the t h i r d p e r i o d * Bo th the X * s and the X f o r t h i s 

p e r i o d were o u t s i d e o f t h e i r r e s p e c t i v e c o n t r o l l i m i t s * The range o f 

t h e s e v a l u e s a l s o showed a l a c k o f c o n t r o l * A H o the r p e r i o d d a t a a r e 

w e l l w i t h i n the c o n t r o l l i m i t s . 

Two s i g n i f i c a n t r u n s were p r e s e n t , one on each c o n t r o l c h a r t . 

T h i s i s an i n d i c a t i o n o f t he l a c k o f s t a b i l i t y o f t he v a l u e s . (See 

T a b l e 13 and F i g u r e 1 2 . ) 

Opera tor 8 .—There was a d e f i n i t e t r e n d f o r per formance t i m e s o f t h i s 

ope ra to r to dec rease du r i ng t h e d a y . Because the c o n t r o l l i m i t s a r e 

determined b y the subgroup r a n g e , a t r e n d t h i s pronounced w i l l cause 

p o i n t s on bo th ends to be o u t s i d e o f t he 3(T c o n t r o l l i m i t s . Fou r X 

p o i n t s show a l a c k o f s t a b i l i t y w h i l e two X p o i n t s a re above the c o n t r o l 

l i m i t . One v a l u e on the range c h a r t was a l s o out o f c o n t r o l * 

Another i n d i c a t i o n o f t h e l a c k o f s t a b i l i t y i s t he p resence o f 
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several significant runs on one side of the centerline. There was a 
run of 13 values above the center line and also runs of 13 values and 
8 values below the centerline of the X chart. 

The cycle time histogram showed a positive skewness. Both the 
C and (fe were relatively high. (See Table 14 and Figure 13.) 
Operator 9*—There was a slight tendency for the performance time of 
this operator to increase as the work day advanced. 

Two points on the X chart were outside of the established limits. 
There were both in the last period observed. The cause of both of these 
values can be traced to bad parts encountered by the operator. 

The range chart showed four points out of control. Two of these 
correspond to those mentioned above. An analysis of the observation 
indicates that the other two were also the direct result of bad parts. 

There are three runs of points of significant length on the X 
chart. No runs were found on the range chart. 

The frequency distribution has a definite positive skewness. 
This was at least partially the result of the bad parts encountered. 
(See Table 15 and Figure llu) 
Operator 10.—This operator illustrated good stability of mean cycle 
times. Only one value was out of control and the observation sheet 
pointed out that this was caused by a bad part. No X values were out
side of the 3tf~ limits established. 

Three values on the range chart showed a lack of control. All 
of these, however, were traced to a bad part in the assembly. 

The frequency distribution for this operator was positively 
skewed. Most of the extremely high values were caused by bad parts. 
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The Gfc o f t h i s ope ra to r i s r a t h e r low i n compar ison w i t h the (J*, 

t h u s i l l u s t r a t i n g t h a t t he o p e r a t o r ' s performance t i m e s v a r i e s c o n s i d e r 

a b l y w i t h i n a p e r i o d i n r e l a t i o n to the v a r i a t i o n between p e r i o d s . (See 

T a b l e 16 and F i g u r e 1 5 . ) 

Operator 11*—The c o n t r o l c h a r t o f subgroup means f o r t h i s ope ra to r had 

t h r e e p o i n t s o u t s i d e o f t he 3tT l i m i t s * The f i r s t two can be a t t r i b u t e d 

to bad p a r t s w h i l e the t h i r d p o i n t was a r e s u l t o f t a l k i n g t o o t h e r o p 

e r a t o r s ( a v o i d a b l e d e l a y ) * 

Two p e r i o d mean v a l u e s were a l s o ou t o f c o n t r o l . The f i r s t o f 

t h e s e two p o i n t s was caused b y bad p a r t s . The second i s be low the lower 

c o n t r o l l i m i t , and no reason was reco rded f o r t h i s v a l u e * 

On ly one p o i n t f e l l o u t s i d e o f t he l i m i t s on t h e range c h a r t . 

T h i s p o i n t cor responded to the t a l k i n g p e r i o d ment ioned above. 

There a r e no o ther i n d i c a t i o n s o f n o n - s t a b i l i t y except f o r t he 

p o s i t i v e skewness shown b y the f r e q u e n c y d i s t r i b u t i o n . 

The v a r i a n c e w i t h i n p e r i o d s i s a l s o v e r y h i g h compared to the 

v a r i a n c e b e t w e e n p e r i o d s * (See T a b l e 17 and F i g u r e 1 6 . ) 

Opera to r 1 2 * — The re was a g e n e r a l t endency f o r t he o p e r a t o r ' s c y c l e t ime 

to dec rease a s the work d a y p r o g r e s s e d . Two p o i n t s on t he X c h a r t were 

o u t s i d e o f t he 3(T c o n t r o l l i m i t s . These were bo th i n t he f i r s t p e r i o d 

o f t he work d a y . The p e r i o d average f o r t h i s t ime was a l s o beyond i t s 

c o n t r o l l i m i t . Three v a l u e s on the range c h a r t l a c k e d s t a b i l i t y . A 

check o f the o b s e r v a t i o n shee t showed t h a t two o f t hese p o i n t s were 

caused b y bad p a r t s . 

The c y c l e t ime d i s t r i b u t i o n showed a p o s i t i v e skewness. Both the 

v a r i a n c e w i t h i n and between p e r i o d s were above the average o f a l l the 
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operators. The X chart had a significant run of 1 1 points below the cen
terline. (See Table 18 and Figure 1 7 . ) 
Operator 13.—This operator showed very good stability. There were no 
points out of control on any of the control charts. The distribution 
exhibited no large skewness in either direction. There were no other 
indications of a lack of stability. (See Table 19 and Figure 18 . ) 
Operator lit.—This operator also indicated good control. The only in
dication of a lack of stability was a run of 9 values below the center-
line on the X chart. There were no points outside of the 3G~ limits on 
any of the control charts. 

The frequency distribution did not exhibit any large skewness in 
either direction. (See Table 20 and Figure 19 . ) 
Operator 15.—The cycle times of this operator did not follow any formal 
trend. One value fell outside of the control limits on the X chart. 
An irregularity in the previous cycle may have caused the operator to 
lose her rhythm. The second point which is close to the control limit 
in this p e r i o d was traced to a s i m i l a r s i t u a t i o n . Two a v o i d a b l e d e l a y s 

were encountered in previous cycles. 
The cycle time distribution exhibited a definite positive skew

ness. There is no apparent reason for this in the data presented. Also, 
there were no other indications of a lack of stability. (See Table 2 1 
and Figure 20.) 
Operator 16.—One point on the X chart fell outside of the 3 ^ limits. 
This point was traced to a bad part in the assembly. Two points on the 
range chart were very close to the upper control limit. This is an in
dication of a lack of control. AH other points on all charts were in 
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c o n t r o l . 

The c y c l e t ime h i s t og ram shows a p o s i t i v e skewness . T h i s was due 

t o a few h i g h c y c l e t i m e s . There were no o the r i n d i c a t i o n s o f a l a c k o f 

s t a b i l i t y . (See T a b l e 22 and F i g u r e 2 1 . ) 

Opera tor 1 7 . — A l l p o i n t s were w i t h i n the 3vt c o n t r o l l i m i t s on a l l 

c h a r t s . There was one run o f none p o i n t s below the c e n t e r l i n e on the X 

c h a r t . The c y c l e t ime h i s t o g r a m e x h i b i t e d a d e f i n i t e p o s i t i v e skewness . 

Both the Q~j and 5^ v a l u e s were l e s s than t he average v a l u e f o r a l l 

o p e r a t o r s • 

The per formance t ime f o l l o w e d the t r e n d t h a t has been e x p r e s s e d 

b y some, i n t h a t i t i n c r e a s e d du r i ng t h e f i r s t p a r t o f t he s h i f t , dropped 

s l i g h t l y a f t e r t he mea l b r e a k and then i n c r e a s e d toward t he end o f t he 

work d a y . However, t h i s t r e n d cannot be t a k e n a s be ing the same f o r a l l 

o p e r a t o r s . (See T a b l e 23 and F i g u r e 22 . ) 

Opera tor 18.—One p o i n t on t h e X c h a r t was o u t s i d e o f the c o n t r o l l i m i t s . 

T h i s was t r a c e d t o a bad p a r t i n t he a s s e m b l y . T h i s same p o i n t a l s o 

l a c k e d c o n t r o l on the range c h a r t . The second v a l u e o f t he range c h a r t 

wh ich l a c k e d s t a b i l i t y was found a l s o to be caused b y an i r r e g u l a r i t y i n 

t he c y c l e . 

There i s a p o s i t i v e skewness shown b y the c y c l e t ime h i s t o g r a m . 

T h i s i s due , i n p a r t a t l e a s t , t o the t imes wh ich r e s u l t e d from these 

i r r e g u l a r i t i e s . There were no o the r i n d i c a t i o n s o f a l a c k o f s t a b i l i t y . 

Both the v a r i a n c e w i t h i n and between p e r i o d s were below the average o f 

a l l the o p e r a t o r s . (See T a b l e 2k and F i g u r e 23.) 

Operator 1 9 . — There was a g e n e r a l tendency f o r t h i s o p e r a t o r ' s c y c l e 

t ime t o i n c r e a s e a s t h e work day p r o g r e s s e d . No X o r range v a l u e s 
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were out o f con t ro l , but one per iod mean showed a lack of s t a b i l i t y * 

This was due t o the cycle time t rend. This t rend also caused a s i g n i f 

icant run o f nine values above the center l ine on the X chart* 

The frequency d i s t r i b u t i o n exh ib i ted a pos i t i ve skewness* The 

t rend i n cycle times probably caused t h i s . There were no other i n d i 

cat ions o f a lack of con t ro l * (See Table 2$ and Figure 2lw) 
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CHAPTER ? 

CONCLUSIONS AND RECOMMENDATIONS 

There are s e v e r a l l i m i t a t i o n s which s h o u l d h e a t t a c h e d t o t h e 

r e s u l t s o f t h i s s tudy* These a r e : 

(1 ) The d a t a c o v e r s o n l y one o p e r a t i o n * 

(2) The o p e r a t i o n i s o p e r a t o r c o n t r o l l e d e x c e p t f o r t h e 
s t a k i n g e l e m e n t . 

(3) I t was t a k e n from w i t h i n one p l a n t . 

(h) I t c o v e r s o n l y a l i m i t e d number o f o p e r a t o r s ( a l t h o u g h 
t h i s number was q u i t e l a r g e ) . 

(5) There was a s e p a r a t i o n o f t i m e between p h a s e s o f t h e 
s t u d y . 

(6) There was a m o d i f i c a t i o n o f p a r t s dur ing t h e s t u d y . 

I n t h e l i g h t o f t h e f o r e g o i n g , t h e f o l l o w i n g c o n c l u s i o n s can be 

drawn: 

(1 ) The o p e r a t o r s on t h i s o p e r a t i o n d i d n o t f o l l o w any 
t h e o r e t i c a l work curve* 

(2) The u n a d j u s t e d performance t i m e s formed a p o s i t i v e l y 
skewed d i s t r i b u t i o n * An u n a d j u s t e d performance t i m e i s 
one t o which no r a t i n g o r performance f a c t o r has b e e n a t 
t a c h e d . I t i s t h e o b s e r v e d c y c l e t i m e . A p o s i t i v e l y 
skewed d i s t r i b u t i o n i s one t h a t i s shewed t o t h e r i g h t o r 
p o s i t i v e s i d e o f t h e mean v a l u e , w i t h a s h i f t i n g o f t h e 
peak t o t h e l e f t . 

(3) The performance t i m e s o f t h e s e o p e r a t o r s l a c k e d 
s t a b i l i t y i n a l l e x c e p t one c a s e . 

( h ) The v a r i a t i o n w i t h i n a p e r i o d was s i g n i f i c a n t l y 
g r e a t e r t h a n t h e v a r i a t i o n between p e r i o d s . 

Each o p e r a t o r t e n d e d t o f o l l o w a somewhat d i f f e r e n t p a t t e r n o f 

performance throughout t h e day* From t h e d a t a g a t h e r e d , i t i s i m p o s s i b l e 
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t o s a y whether t h e s e are s t a b l e work c u r v e s which t h e o p e r a t o r f o l l o w s 

from day t o day o r whether an o p e r a t o r ' s performance does n o t f o l l o w 

any s e t p a t t e r n . I n order t o answer t h e s e q u e s t i o n s , a s i m i l a r s t u d y 

s h o u l d be e x t e n d e d t o c o v e r a l l t h e days o f t h e week and a l s o a number 

o f weeks* T h i s would make i t p o s s i b l e t o answer two o t h e r q u e s t i o n s * 

These a r e : 

(1 ) Are work c u r v e s s t a b l e f o r a p a r t i c u l a r o p e r a t o r 
from day t o day? 

(2) What i s t h e performance p a t t e r n f o r a p a r t i c u l a r 
o p e r a t o r during a week and between weeks? 

The c o n t r o l c h a r t s f o r t h e i n d i v i d u a l o p e r a t o r s e x h i b i t e d one 

o r more i n d i c a t i o n s o f a l a c k o f s t a b i l i t y i n a l l e x c e p t one c a s e * Of 

t h e f i f t y - s i x v a l u e s which l a c k e d c o n t r o l , t h i r t y - f i v e c o u l d b e t r a c e d 

t o some i r r e g u l a r i t y i n t h e c y c l e o r subgroup, w h i l e t h e l a c k o f c o n t r o l 

f o r t w e n t y - f o u r v a l u e s c o u l d n o t be t r a c e d d i r e c t l y * Using a c c e p t e d 

c o n t r o l c h a r t p r o c e d u r e s , a f t e r e l i m i n a t i n g a l l v a l u e s w i t h a s s i g n a b l e 

c a u s e s o f v a r i a t i o n s , new l i m i t s a r e e s t a b l i s h e d and t h e d a t a i s p l o t t e d 

i n r e s p e c t t o t h e s e m o d i f i e d l i m i t s * Thus, i f t h i s procedure i s c o n 

t i n u e d , a f t e r f i r s t de termin ing j u s t what a r e a s s i g n a b l e c a u s e s , a 

s t a b l e d i s t r i b u t i o n s h o u l d r e s u l t * Th i s procedure was n o t f o l l o w e d 

b e c a u s e t h e d a t a d i d n o t s u p p l y t h e n e c e s s a r y c r i t e r i a f o r d i f f e r e n 

t i a t i n g be tween a s s i g n a b l e and chance c a u s e s and a l s o b e c a u s e another 

p r o j e c t had b e e n i n i t i a t e d u s i n g mot ion p i c t u r e f i l m t o c o l l e c t s i m i l a r 

data* 

The d i f f e r e n c e o f t h e v a r i a t i o n w i t h i n and be tween p e r i o d s was 

s i g n i f i c a n t a t t h e one p e r c e n t l e v e l u s i n g t h e F - r a t i o . The F - r a t i o 

was 2*008 w i t h lf>6 d e g r e e s o f freedom* Thi s means d i f f e r e n c e i n 
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v a r i a t i o n s c o u l d n o t be due t o chance a l o n e . Only s i x o p e r a t o r ' s mean 

performance t i m e s were i n c o n t r o l on t h e o p e r a t o r ' s mean performance t ime 

c o n t r o l char t* Thi s shows t h a t t h i r t e e n o f t h e o p e r a t o r ' s mean per form

ance t i m e s v a r i e d t o an e x t e n t where i t c o u l d happen due t o chance o n l y 

t h r e e t i m e s i n a thousand* T h i s means t h a t t h e o p e r a t o r s do n o t form a 

homogenous group i n r e s p e c t t o t h e i r c y c l e t i m e s * The r e a s o n f o r t h i s 

i s o b v i o u s l y due t o an a s s i g n a b l e c a u s e o f v a r i a t i o n i n t h e form o f e x 

p e r i e n c e , m o t i v a t i o n o r a b i l i t y . (See F i g u r e h f o r C o n t r o l C h a r t . ) 

A l l e x c e p t t h r e e performance t i m e d i s t r i b u t i o n s had a p o s i t i v e 

skewness t h a t was d e f i n i t e l y v i s i b l e * I t might be e x p e c t e d t h a t a 

skewed d i s t r i b u t i o n w i l l r e s u l t from u n a d j u s t e d performance t i m e s s i n c e 

t h e r e seems t o be a p h y s i o l o g i c a l speed l i m i t on which chance f a c t o r s 

cannot o p e r a t e i n t h e lower d i r e c t i o n , w h i l e a t t h e o t h e r end , any 

chance f a c t o r can o p e r a t e t o add t o performance t i m e , t h u s , i f we can 

e l i m i n a t e a l l o f t h e s e f a c t o r s ( s u c h a s bad p a r t s , i n s p e c t i o n s , r e -

s t a k e s , e t c * ) we may e x p e c t a t h e o r e t i c a l d i s t r i b u t i o n such a s t h e 

normal d i s t r i b u t i o n * B u t , e l i m i n a t i o n o f what we now c a l l a s s i g n a b l e 

c a u s e s may s t i l l produce a skewed d i s t r i b u t i o n because we have n o t 

de termined what s h o u l d b e l a b e l e d a s s i g n a b l e c a u s e s o f v a r i a t i o n . 

I n o r d e r t o l e a r n more about t h e s e c a u s e s o f v a r i a t i o n i n p e r 

formance t i m e s , a s i m i l a r s t u d y s h o u l d be conducted u s i n g h i g h s p e e d 

mot ion p i c t u r e s , p r e f e r a b l y t a k e n a t 2000 frames p e r minute o r a t a 

h i g h e r r a t e o f speed* This would f a c i l i t a t e t h e de termining and 

c l a s s i f y i n g o f t h e c a u s e s o f v a r i a t i o n s . Such a s t u d y , i n order t o 

o b t a i n s u f f i c i e n t d a t a , would r e q u i r e i n t h e ne ighborhood o f t w e n t y 

thousand f e e t o f mot ion p i c t u r e f i l m . The c o s t o f t h e f i l m a l o n e would 
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be n e a r l y one thousand d o l l a r s * 

I n a d d i t i o n t h i s f i l m would g i v e i n s i g h t i n t o the t ime d i s t r i b u 

t i o n o f many o f the c a t e g o r i e s o f t h e p rede te rm ined t ime s y s t e m s . T h i s 

c o u l d s e r v e to s u b s t a n t i a t e o r r e f u t e t h e b a s i s o f t he d a t a o f t hese 

sys tems wh ich i s now b e i n g used q u i t e e x t e n s i v e l y i n i n d u s t r y . 
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T a b l e 7. Opera tor l * s P e r i o d and Grand Cycle Time Mean and Range 

8:1+5 t o 8:g0 AM 

Subgroup X 

1 18.8 
2 17.6 

3 18.6 

1+ 21.6 

5 23.1+ 

R 

\ 

3 
6 
: 
7 

X = 20.0 
R = ,̂0 

10:00 t o 10:05 AM 

Subgroup X B 

:: 17.U 1+ 
2 17.6 2.5 
3 18.8 8 
li 18.1+ 6 5. 19.2 6 

X Z 18.28 
R = 5.3 
4- 2.278 

10:55 to 11:05 AM 

Subgroup 

1 
2 
3 
ii 
: 

X 

19.6 

19.3 
19.U 
20.2 
20.0 

E 

U.5 
b.5 
It 

7 
3 

X = 19.70 
R = 1+.6 

C= 1-977 



Table 7 . Operator l f s Period and Grand Cycle Time Mean and Range 
(continued) 

1 2 : 5 5 t o l iOg PM 

Subgroup Y R 

1 19 .2 5 

2 2 1 . 4 6 

3 22*8 3 

20.8 6 

5 2 1 . 6 9 

2:00 to 2:10 PM 

Subgroup ~ R 

1 18,2 3 

2 19.2 2 

3 1 7 . 5 3 

' 17.7 2 . 5 

5 18.8 3 

i = 2 1 . 1 6 

R = 6 . 8 

C L r 2 . 9 4 8 

X = 1 8 . 2 8 

R = 3 . 5 

1 . 5 0 4 

I = 1 9 . 4 8 4 

1 = 5 . o 4 o 

% = 2 . 8 8 

v j ; = = 1 . 2 3 8 

d 2 

5L r L : 2 . 1 6 6 
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Table 7. Operator l » s Period and Grand Cycle Time Mean and Range 
(continued) 

H s 125 R r 13 
Class Interval s 13 r 2 

i i - 3.352 ( i o g 1 0 ^ 5 ) 

Control l im i t s for subgroup averages 

UCLx = f + A 2 I = 19.4814 +• .58 (5.04) Z 22.407 

LCL5. : I - A 2 I : 19.484 - .58 (5.04) : 16.561 

Control l im i t s for period averages 

uo= : x'+ a 2 I = 19.4841- .58 (.5o4o) = 20.784 

LCL= = X - A g J - 1 9 ^84 - .58(.5o4o) B 18.185 
NfrT VT 

Control l im i ts for subgroup ranges 

u c L r i d ^ I : 2.09 (5.o4o) z 10.533 
L C L r : D- I : 0 (5.040) = 0 



Table 8. Operator 2'a Period and Grand Cycle Time Mean and Range 

8i50 to 9:00 AM 

Subgroup X R 

1 15.2 2 
2 17.0 5 
3 15.0 3 
h 17.6 9 
5 17.0 3 

10:05 to 10:15 AM 

Subgroup X R 

1 16.2 5 
2 16.1 lw5 
3 17.0 6.5 
h 16.1 U 
5 15.8 2.5 

11*05 t o 11:10 AM 

Subgroup X s 
1 17.8 10 
2 15.2 3.5 
; 16.2 Ii 
\ 15.1 2.5 
: 16.5 11.5 

X = 16.36 
5 = k.h 
d 1.891 

X = 16.2U 

R = it.5 

<C = 1.93U 

X z 16.16 

R = 6.3 
= 2.708 



Table 8 . Operator 2*s Period and Grand Cycle Time Mean and Range 
(continued) 

1 : 0 5 to l t l O PM 

Subgroup T R 

1 1 5 . 0 1+ 

2 XU.6 2 

3 15.8 2 .5 

H 17 .0 5 

5 16.1; 1* 

2:10 t o 2:20 

Subgroup T R 

1 17.8 1+ 

2 15.2 1.5 

3 16 .2 2 

1+ 16.8 l+.£ 

5 18 .0 6 

I = 1 6 . 2 6 1 ; 

R Z 1+.1+6 

1 5 = 1 . 0 I + 

c r ^ = 1 . 9 1 7 

x = 1 5 . 7 6 

R = 3 . 5 

( L = 1 . 5 0 1 + 

x = 1 6 . 8 0 

R = 3 . 6 

C » 3 1 . 5 1 + 7 
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T a b l e 8 . Opera tor 2 « s P e r i o d and Grand C y c l e Time Mean and Range 
( con t i nued ) 

See T a b l e 7» f o r Sample C a l c u l a t i o n s 

N = 1 2 5 R a l l ; 

C l a s s I n t e r v a l = 2 

C o n t r o l l i m i t s f o r subgroup ave rages 

UCLx = 1 8 . 7 5 0 

L C I 5 = 1 3 . 6 7 8 

C o n t r o l l i m i t s f o r p e r i o d ave rages 

UCL£ = 1 7 . 1 * 1 4 

L C l £ = 1 5 . 1 1 1 * 

C o n t r o l l i m i t s f o r subgroup r a n g e s 

UCIft = 9 . 3 2 1 

Lt t fc z 0 



T a b l e 9. Operator 3's P e r i o d and Grand C y c l e Time Mean and Range 

9:00 to 9:10 AM 

Subgroup R 

1 16.0 3 
X = 16.6U 2 35.8 k 
R : 3.9 

3 16.9 1+ (C = 1.676 h 15.3 1.5 
5 19.2 7 

10:15 t o 10:20 AM 

Subgroup X R 

1 17.1* 3 
X = 17.10 

2 16.8 2 
R = 3.1 3 16.9 2.5 C= 1.332 

ii 17.0 ii 

5 17.U ii 

11:10 to 11:15 AM 

Subgroup X R 

1 16.8 2 
X = 18.08 

2 15.6 3 
R = 7.5 

3 16.U 5 
d 3.22U k 25.6 25.5 

5 16.0 2 



Table 9. Operator 3's Period and Grand Qycle Time Mean and Range 
(continued) 

1:10 to l : l g PM 

Subgroup X R 

1 21.2 10 
2 24.0 13 

3 19.0 4 
4 20.8 10 
$ 22.4 10 

2:20 to 2:2g PM 

Subgroup X R 

1 18.6 7 
2 22.2 16 
3 19.0 8 
4 20.1* 4 
$ 22.8 13 

X = 18.780 

R = 7.00 
1% = 4.84 
tf6 = 2.080 
6 u , = 3.0Q9 

X = 21.48 
R = 9.U 
<L = 4.041 

X = 20.60 
R = 9.6 
C= 4.127 
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Table 9 . Operator 3 ' s P e r i o d and Grand Cycle Time Mean and Range 

See Table 7 . f o r Sample C a l c u l a t i o n s . 

N s 1 2 5 R a 2 5 

C l a s s I n t e r v a l = 3 

C o n t r o l l i m i t s f o r subgroup a v e r a g e s 

UCL^ • 22.81+0 

LCLs Z H+.720 

C o n t r o l l i m i t s f o r p e r i o d a v e r a g e s 

UCLx = 2 0 . 5 8 5 

LC1.£ Z 1 6 . 9 7 5 

Contro l l i m i t s f o r subgroup r a n g e s 

UCLft = 630 

LCL^ - 0 
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Table 10* Operator 4*8 Period and Grand Cycle Tine Mean and Range 

2 2 3 . 5 2 . 5 

3 2 4 . 1 7 

4 2 7 . 2 1 3 

5 2 6 . 4 6 

1 0 : 2 0 to 1 0 : 3 0 AM 

Subgroup X R 

1 2 7 . 4 1 8 

2 28 .2 9 

3 28 .2 1 6 

4 3 1 . 8 13 

5 2 4 . 4 9 

1 1 : 1 5 to 1 1 : 2 3 AM 

Subgroup X R 

1 2 8 . 4 1 0 

2 2 7 . 4 6 

3 29 . 4 1 3 

4 2 6 . 0 6 

5 2 8 . 0 1 0 

X = 2 5 . 1 6 

R Z 7 . 3 

Cos 3.138 

X = 2 8 . 0 0 

R Z 1 3 . 0 0 

^Z 5 . 5 8 8 

X = 27.84 

R Z 9.0 

61 Z 3.869 

9 t l 5 to 9 : 2 5 AM 

Subgroup X R 

1 2 4 . 6 8 



Table 10* Operator U*s Period and Grand Cycle Time Mean and Range 
(continued) 

1:15 to 1:25 PM 

Subgroup X S 
1 23.0 19 

CM
 26.2 18 

3 25.8 7 
fa 27.6 7 
5 29.2 12 

2:25 to 2:35 PM 

Subgroup J, B 
1 28.6 3 

2 23.1* 

3 27.8 3 

k 23.8 3 

23.8 : 
X z 26.568 

I = 9 .11* 

Rg = 2.81* 

6"0 - 1.220 

fc = 3*929 

X = 26.36 

R = 12 .6 

(Ls 5.1A7 

I = 25.1*8 

I = 3.8 

C= 1.633 
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T a b l e 10. Opera tor M s P e r i o d and Grand C y c l e Time Mean and Range 
( con t i nued ) 

See T a b l e 7 f o r Sample C a l c u l a t i o n s . 

N = 1 2 5 R = 2 5 

C l a s s I n t e r v a l = 3 

C o n t r o l l i m i t s f o r subgroup averages 

UCL^ = 31.869 

LCLx = 21.267 

C o n t r o l l i m i t s f o r p e r i o d ave rages 

U C I ^ = 28.938 

LCLg z 24.198 

C o n t r o l l i m i t s f o r subgroup r a n g e s 

UCLa = 19.102 

L C L ^ : 0 
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Table 1 1 * Operator 5 ! s Period and Grand Cycle Time Mean and Range 

9 : 2 5 to 9 O 0 and 9 : 3 5 to 9 : 4 0 AM 

Subgroup X R 

1 16.6 5 

2 19.8 8 

3 18 .2 3 

4 19 .2 3 

5 16 .7 3 . 5 

10:30 to 1 0 : 4 5 AM 

Subgroup X R 

1 19 .2 8 

2 1 9 . 4 6 

3 1 6 . 1 3 

4 1 7 . 3 4 . 5 

5 1 ° . 0 10 

1 1 : 2 3 to 1 1 : 2 8 AM 

Subgroup X R 

1 19.6 5 

2 16.8 7 

3 19 .2 2 . 5 

4 1 6 . 4 3 

5 19.6 1 

X = 18 .10 

R = 4 . 5 

( T - 1 . 9 3 4 

1 z 1 8 . 2 

R = 6 . 3 

1 : 2 . 7 0 8 

X : 1 8 . 3 2 

R = 3 . 7 

(k~z 1 . 5 9 4 



Table 1 1 . Operator 5 ' s Period and Grand Cycle Time Mean and Range 
(continued) 

1 : 2 5 to 1 : 3 5 PM 

Subgroup x E 

] 1 9 . 2 

2 US.O 4 

3 1 5 . 1 + : 
1 7 . 0 • 

1 6 . 9 2 . 5 

2:1+0 to 2 :1+5 PM 

Subgroup R 

1 19 .u 9 

CSI 2 0 . 2 9 

3 1 7 . 8 h 

1 8 . 2 3 

5 2 1 . 2 2 

1 : 1 8 . 1 7 6 

I = 5 . 3 2 

R j = 2 . 1 + 6 

% ' 1 . 0 5 7 

<L = 2 . 2 8 7 

X Z 1 6 . 9 0 

R = H.L 

(Lr 2 . 0 2 0 

X = 1 9 . 3 6 

R = 7 . U 

(C= 3 . 1 8 1 
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Table 1 1 . Operator 5 ' s Period and Qrand Cycle Time Mean and Range 
(continued) 

N z 1 2 5 R = 16 

Class In terval » 2 

Control l im i t s for subgroup averages 

UCL^ : 2 1 . 2 6 2 

LCLx s 1 5 * 0 9 0 

Control l im i ts for period averages 

UCI^ = 1 9 . 5 U 8 

LCLg = I6 .8O4 

Control l im i ts for subgroup ranges 

UCLfc z 1 1 . 1 1 9 

L d ^ = 0 

See Table 7 . for Sample Calculations* 



Table 1 2 . Operator 6*s P e r i o d and Grand Cycle Time Mean and Range 

9*hS t o 9*5$ AM 

Subgroup i ii 

1 1 8 . 0 13 .5 

2 2 1 . 6 15 

;• 20.1* 25 

h 16.1* 6 

5 1 9 . 6 18 

10:15 t o 1 0 : 5 0 AM 

Subgroup T 2 
1 2 3 . 8 13 

2 3 0 . 2 1 1 

3 25*8 22 

1* 2 2 . 6 13. 

5 22.1; 15 

1 2 1 & t o 1 2 : 5 0 PM 

Subgroup X R 

1 1 9 . 0 5 
2 1 7 . 6 6 

• 1 8 . 0 3 

i| 1 7 . 6 

2 1 . 0 15 

X = 1 9 . 2 

R Z 1 5 . 5 

CL= 6 . 6 6 3 

X z 2U.96 

R Z lk.k 
$»Z 6 . 1 9 0 

X = 18.61; 

R Z 6 . 6 

Cs 2 . 8 6 2 



T A B L E 1 2 . O P E R A T O R 6 * S P E R I O D A N D G R A N D C Y C L E T I M E MEAN A N D RANGE 

( C O N T I N U E D ) 

1 : 3 5 TO 1 : 4 5 P M 

S U B G R O U P R 

1 2 1 . 4 1 8 

1 1 9 . 8 9 3 2 0 . 8 1 3 

4 2 8 , 2 a o 

: 2 3 . 4 1 5 

2 : 4 5 TO 2 : 5 5 P M 

S U B G R O U P ~~ B 

: 2 0 . 8 : 
2 2 0 . 2 1 2 

3 1 7 . 4 5 

2 0 . 0 

5 2 7 . 0 2$ 
X = 2 1 . 3 2 0 

R r 1 2 . 5 8 

R * = 6 . 3 2 

tfB= 2 . 7 1 7 

( L = 5 . 4 o 8 

X Z 2 2 . 7 2 

I : 1 5 . 0 

c X o r 6 . 4 6 5 

I Z 2 1 . 0 8 

I = 1 1 . 4 ^Z 4 - 9 0 1 
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T a b l e 1 2 . Opera tor 6 * s P e r i o d and Grand C y c l e Time Mean and Range 
( con t i nued ) 

N Z 1 2 5 R = 28 

C l a s s I n t e r v a l s 3 

C o n t r o l l i m i t s f o r subgroup ave rages 

U C I ^ r 28.615 

L C L - = U4.O2I; 

C o n t r o l l i m i t s f o r p e r i o d ave rages 

UCL= r 2 ^ . 5 6 5 

LCLg = 1 8 . 0 7 5 

C o n t r o l l i m i t s f o r subgroup ranges 

U C L r Z 2 6 . 2 9 2 

L C L R " 0 

See T a b l e 7 * f o r Sample C a l c u l a t i o n s . 



Table 13. Operator 7 ' s Period and Grand Cycle Time Mean and Range 

9:55 to 10:00 AM 

Subgroup H 

1 17-0 10 
' 15.6 :; 

3 15.6 3.5 

10:40 to 10:55 AM 

Subgroup — R 

1 16.4 1 

2 15.6 2 

3 15.4 ii 

k 17.4 
5 17 .6 

12:50 to 12:55 PM 

Subgroup R 

1 18 .2 14 
2 19 .2 15 
; 20.2 13 

h 16.8 :.: 

5 20.0 21.5 

x = 16.04 
R r 4.1 
< f w = 1.762 

X = 16.48 

R = 3*6 

Cr 1.547 

X z 18.88 

I z 1 3 . 1 

5.631 
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Table 1 3 . Operator 7 ' s P e r i o d and Grand Qrcle Time Mean and Range 
( c o n t i n u e d ) 

1*50 t o 2;00 PM 

Subgroup x H 

1 16.6 1 
2 17.1. 3 
3 15.6 6 

k 15. k 3.5 
5 16.7 6.5 

2:55 t o 3*00 PM 

Subgroup X R 

1 16.6 2 
2 16.6 k : 16.1. 1.-5 
\ l l i . 8 2 

5 15.6 6 

I r 1 6 . 7 1 8 

I r 5.7 

R= = 2 . 8 8 Z 1 . 2 3 8 

C : 2.U5o 

x r 16.3U 
r = u.o 

1.719 

X = 1 5 . 0 0 

R Z 3 . 7 Cz 1.590 



Table 1 3 . Operator 7 ' s Period and Grand Cycle Time Mean and Range 
(continued) 

N = 125 R = 23 

Class Interval s 3 

Control l im i t s for subgroup averages 

UCL^ s 2 0 . 0 5 4 

LCLx Z 13.KH2 

Control l im i t s for period averages 

UCI^ = 16 . 7 4 8 

LCL- Z 1 5 . 2 7 8 

Control l im i ts for subgroup ranges 

ucî  Z 1 1 . 9 1 3 

L d f t = 0 

See Table 7 . for Sample Calculations 



Table li*. Operator 8*s P e r i o d and Grand Cycle Time Mean and Range 

3 Q 5 to 3;UU PM 

Subgroup X R 

1 2 2 . 6 9 
X = 2U.0U 

2 2 1 . 8 9 
R " 9 . 0 

3 2 2 . 0 5 
<LZ 3 . 8 6 9 

ii 29 . i t 8 

5 2 lui i l i t 

U : 1 0 t o U : l 8 PM 

Subgroup X R 

1 2 1 . 6 5 
X = 2 3 . 92 

2 26 .U 8 
R : 7 . 6 

3 2 2 . 2 1 0 
£ » = 3 . 2 6 7 

it 2 2 . 8 $ 

5 2 3 . 6 1 0 

J4:50 t o i t :57 PM 

Subgroup X R 

1 2 1 . . 8 1 6 
X = 2 2 . 2 0 

2 2 2 . U 6 
R Z 1 1 . 0 

3 2 2 . 0 1 1 
i i .729 

K 2 1 . 0 1 0 

5 2 0 . 8 1 2 

http://29.it
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Table 1 4 . Operator 8 * 3 P e r i o d and Grand Cycle Time Mean and Range 
( c o n t i n u e d ) 

5:20 t o g :28 PM 

Subgroup R 

1 2 2 . 2 6 

2 2 3 . 8 9 
3 2 0 . 2 8 k 2 3 . 6 17 

5 2 0 . 2 k 
6 : 4 2 t o 6 ;5l PM 

Subgroup X R 

1 2 3 . 0 5 

2 2 4 . 2 7 

3 2 1 . 4 7 

Delays 

7:18 to 7tZ$ PM 
Subgroup I R 

1 1 9 . 4 1 

2 2 1 . 4 7 

3 2 3 . 4 9 

4 2 3 . 0 7 

5 2 4 . 6 14 

X = 2 2 . 0 0 

5 = 8 . 8 

Cs 3 . 7 8 3 

X = 2 2 . 8 7 

R - 6 . 3 

2 . 7 0 8 

X = 2 2 . 3 6 

R = 7 . 6 

<T*s 3 . 2 6 7 



Table l i t . Operator 8*a P e r i o d and Grand Cycle Time Mean and Range 
( c o n t i n u e d ) 

7 : 5 2 t o 7>58 PM 

Subgroup X R 

1 1 8 . 8 6 
X = 1 0 . 2 8 

2 20 .1 . 6 
R Z 8 . 0 

3 1 9 . 8 5 
V = 3 . 1 . 3 9 

4 1 9 . 2 9 

5 1 8 . 2 1 1 

8 :23 t o 8 :28 PM 

Subgroup R 

1 1 8 . 2 10 
X = 39.1*8 

2 1 9 . 0 7 
R - 9 . 0 

3 1 9 . 8 8 _ 

%>z 3 . 8 6 9 

l 2 2 . 2 1 0 

5 1 8 . 2 10 
9 : 1 5 t o 9 : 2 2 PM 

Subgroup X R 

1 2 0 . 6 It 
X = 3 9 . 3 2 

2 2 1 . 8 7 
R Z 6 . 2 

3 1 8 . 0 1* 
%*z 2 . 6 6 6 

it 1 7 . 8 10 

5 18 . l t 6 

http://18.lt


Table 1 4 . Operator 8 's Period and Grand Cycle Time Mean and Range 
(continued) 

9 * 4 7 to 9 * 5 2 PM 

Subgroup 3, 

18.0 8 

2 1 7 . 6 ti 

3 17 .0 

k 18.8 

• 18.8 13 

1 0 : 2 5 to 10:32 PM 

Subgroup i R 

1 18.0 

CM
 1 7 . 0 : 

19 .2 12 

19 .4 < 

5 17 .8 

I = 2 1 . 1 6 3 

I = 7 . 9 2 

Rj r 6 . 0 0 

2 . 5 7 9 

^ = 3 . U 0 5 

i s 1 8 . 0 4 

1 = 7 . 0 

tfwrj 3 . 0 1 7 

I = 18.28 

S r 6 . 6 

2.837 



Table l U . Operator 8 ' s Period and Grand Cycle Time Mean and Range 
(continued) 

H s 2 7 5 R = 22 

Class Interval z 2 

Control l im i t s for subgroup averages 

UC% = 2 5 * 7 5 7 

LCLx : 1 6 . 5 6 ? 

Control l im i t s for period averages 

UCL= = 2 3 . 2 1 8 

ItCL- = 1 9 . 1 0 8 

Control l im i t s for subgroup ranges 

UGLft = 16.55 

LCI^ = 0 

See Table 7* for Sample Calculations 
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Table ! $ • Operator 9's Period and Grand Cycle Time Mean and Range 

3i44 to 3*49 PM 

Subgroup I R 

1 15.8 4 
2 15.4 2 
3 13.4 4 
4 15.8 3 
5 15.2 2 

4:18 to 4:25 PM 

Subgroup X R 

1 13.8 2 
2 16.0 7 
3 15.8 2 
4 16.0 6 
5 18.0 6 

4:57 to 5:02 PM 

Subgroup X R 

1 15.6 5 
2 14.6 3 
3 15.4 4 
4 14.2 5 
5 15.6 4 

x = 15.12 
r : 3.0 
(Li 1.290 

X = 15.92 
R I 4.6 

= 1.938 

X z 15.08 
R I 4.2 
ff«S 1.806 



Table 15. Operator 9 'a Period and Grand Cycle Time Mean and Range 
(continued) 

5̂29 to 5»35 PM 

Subgroup X R 

1 1 6 . 6 9 = 
X = 1 7 . 0 4 

2 1 7 . 0 12 
R 2 7 . 8 

3 1 6 . 6 2 
3.353 

U 1 7 . 6 8 

5 17 .1 . 8 

6:52 to 6:56 PM 

Subgroup X R 

1 1 8 . 1 8 

X Z 17.1.U 
2 1 6 . 8 U 

R - 6 . 6 
3 1 8 . 0 7 

<L = 2 . 8 3 7 
1* 1 5 . 8 
5 1 8 . 2 8 

7:25 to 7:30 PM 
• 

Subgroup X R 

1 1 6 . 6 k 
X s 1 6 . 2 0 

2 1 6 . 2 8 
r : 5.2 

3 16.1* 5 
<L= 2 . 2 3 6 

U 1 6 . 2 3 

5 15.6 6 
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X = 15.88 

R Z 5 . 2 

SLs 2 .236 

Table 15* Operator 9 *& Period and Grand Cycle Time Mean and Range 
(continued) 

7:59 t o 8a03 PM 

Subgroup X R 

1 1 6 . 0 3 

2 1 5 . 0 5 

3 15.1* 1* 

I* 16 .U 5 

5 1 6 . 6 9 

8 :29 t o 8 : 3 5 FM 

Subgroup X R 

1 15.8 5 

2 1 7 . 0 7 

3 1 6 . 6 5 

1* 1 8 , 0 7 

5 1 8 . 2 10 

9:22 to 9 : 2 8 PM 

Subgroup X R 

1 1 6 . 2 2 

2 1 6 . 2 3 

3 1 8 . 0 7 

1* 1 9 . 6 17 

5 15.6 1 

X Z 1 7 . 1 2 

R = 6 . 8 

2 . 9 2 3 

X s 1 7 . 1 2 

R = 6 . 0 

2 . 5 8 0 
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I = 16.1,73 
S Z 6.01* 

Rx 5 2.1*1* 
CTB = i.ol*9 
vL= 2.592 

X = 16.76 
R Z 5.6 
01>S 2.1*08 

Table 15. Operator 9 f s Period and Grand Cycle Time Mean and Range 
(continued) 

9:52 to 9-58 PM 

Subgroup I R 

1 16.0 5 
2 17.2 5 
3 19.0 11* 
1* 16.6 1* 
5 15.0 0 

10:33 to 10:39 PM 

Subgroup X R 

1 llt.O 2 
2 17.0 h 
3 15.0 I* 
4 21*2 22 
5 20.4 25 

X = 17.52 
R Z 1 1 . 1 * 

(Jl z U.901 



1 0 2 

Table 1 5 * Operator 9*s P e r i o d and Grand Cycle Tine Mean and Range 
( c o n t i n u e d ) 

N z 275 R s 2 7 

C l a s s I n t e r v a l - 3 

C o n t r o l l i m i t s f o r subgroup a v e r a g e s 

UCL^ s 1 9 . 9 7 6 

LCLy r 1 2 . 9 7 0 

Contro l l i m i t s f o r p e r i o d a v e r a g e s 

TJCL- = 1 8 . 0 4 0 

LCLg = 1 4 . 9 0 6 

C o n t r o l l i m i t s f o r subgroup ranges 

UCI^ Z 1 2 . 6 2 4 

LCLg = 0 

See Table 7 . f o r Sample C a l c u l a t i o n s 
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Table 1 6 . Operator 1 0 * 8 Period and Grand Cycle Time Mean and Range 

3:50 to 3*55 PH 

Subgroup R 

1 17.4 18 

2 16.6 : 

; 15.6 10 
ii l l i .8 7 

5 15.8 a 

It:25 to li*30 PM 

Subgroup i R 

3 18 .2 15 
2 18.2 11 
3 i5.o 3 

1U.6 : 
5 15.6 3 

5:03 to 5*07 PM 

Subgroup X R 

1 17.2 7 
2 16.2 9 
3 15.0 5 
b 16.6 11 
5 15.0 1 

f = l6.0lt 
I : 9.U 

Swz li.ola 

X Z 16.32 

R Z 7 . 1 

G\.c 3 . 1 8 1 

X = 16.00 

R I 7 .2 

£«= 3.095 



Table 1 6 . Operator 1 0 * 3 Period and Grand Cycle Time Mean and Range 
(continued) 

5*35 to 5*42 PM 

Subgroup X R 

1 1 5 . 8 6 
X = 18 .28 

2 2 0 . 6 11 
R = 1 0 . 6 

3 2 0 . 2 18 
4 . 5 5 7 

4 1 6 . 8 7 

5 1 8 . 0 11 

6 : 5 8 to 7*05 PM 

Subgroup X R 

1 1 7 . 2 7 
X = 1 7 . 5 6 

2 1 5 . 8 8 
I = 5 . 6 

3 1 9 . 0 5 
C : 2 . 4 0 8 

4 1 8 . 8 6 

5 1 7 . 0 2 

7*30 to 7*38 PM 

Subgroup X R 
1 1 8 . 0 5 

X = 1 7 . 5 2 
2 1 7 . 0 5 

R Z 8 . 2 
3 1 8 . 6 15 

fee 3 . 5 2 5 

1* 1 8 . 4 13 

5 1 5 . 6 3 



1 0 5 

Table 1 6 . Operator 1 0 f s Period and Grand Cycle Time Mean and Range 
(continued) 

8:01; to 8:09 PM 

Subgroup X R 

1 15.6 5 

2 18.6 6 

3 1 7 . 0 8 k H i .2 1 

5 1 5 . 6 7 

8:35 to 8:h3 PM 

Subgroup R 

1 1 7 . 0 6 

2 22.2 16 

3 13 .8 2 

h 16 .2 7 

5 16.2 7 

9:29 to 9 : 3 5 PM 

Subgroup X R 

1 19.0 10 

2 17 .8 8 

3 16 .2 7 

1* 1 5 . 8 3 

5 16 .2 7 

X = 16.20 

R = 5 . 1 . 

tf~= 2.322 

X = 1 7 . 0 8 

R = 7 . 6 

3 . 2 6 7 

x = 1 7 . 0 0 

5 r 7 . 0 

3 , 0 0 9 
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Table 1 6 . Operator 10*s Period and Grand Cycle Time Mean and Range 
(continued) 

10:00 to 10:05 PM 

Subgroup X R 

1 15.6 4 
2 16.0 9 

3 16.4 5 
4 16.0 7 
5 15.2 3 

10:40 to 10:46 PM 

Subgroup X R 

1 15.8 2 
2 20.0 13 
3 16.8 7 
4 19.0 10 
5 17.6 9 

X r 16.880 

I = 7.472 
- 2.44 

3* ~ 1.049 
(Lr 3 .213 

I = 15.84 
R z 5.6 
Co= 2.408 

i z 17.84 
§ = 8.2 <SLz 3.525 
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Table 1 6 . Operator 1 0 ' s Period and Grand Cycle Time Mean and Range 
(continued) 

N Z 2 7 5 R • 2 2 

Class In terval = 2 

Control l im i t s for subgroup averages 

UCL£ = 2 1 . 2 1 1 ; 

LCLg = 12.5146 

Control l im i ts for period averages 

UCL- z 18.818 

LCL- Z l U . Q U 2 

Control l im i ts for subgroup ranges 

UCLr = 1 5 . 6 1 6 

LCLg Z 0 

See Table 7 for Sample Calculat ions. 



Table 17* Operator l l 1 s Period and Grand Cycle Time Mean and Range 

3:57 to 4:02 PM 

Subgroup R 

1 14.4 3 
2 16.2 4 

3 15*4 4 
4 14.8 5 

5 15*8 5 

4:37 to 4*43 PM 

Subgroup X R 

1 18.0 8 

2 18.6 10 

3 21.2 11 

4 19.0 10 

5 14.8 3 

5:07 to 5*13 PM 

— 
Subgroup X R 

1 15*2 5 

2 15.6 3 

3 17.0 7 

4 19.8 3 

5 17.4 7 

X = 15.12 

R - 4-2 

CLz 1.806 

X z 18.32 

I z 8.4 

(Lz 3 . 6 1 1 

X = 17.00 

I z 5.0 

Lz 2.150 



109 

X = 16.56 
R Z 5.2 

CT^r 2.236 

Table 1 7 . Operator 1 1 1 s P e r i o d and Grand Cycle Time Mean and Range 
( c o n t i n u e d ) 

5:13 t o 5sU6 PM 

Subgroup X R 

1 16.2 3 

2 15.8 1; 

3 1 6 . 8 5 
1* 17.2 3 

5 1 6 . 8 9 

7:05 t o 7*11 PM 

Subgroup X R 

1 16.0 5 
2 16.2 10 
3 1 6 . 6 6 

1. 22.0 12 

5 15.6 5 

7:39 t o 7*1.U PM 

Subgroup R 

1 13 .8 h 
2 1 8 . 6 9 

3 15.0 3 

b 16.0 6 

5 15.2 6 

X = 1 7 . 2 8 

R Z 7 . 6 

C= 3 . 2 6 7 

X Z 15.72 
1= 5.6 

= 2.1i08 
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X r 1 4 . 8 8 

R = 3 . 8 

C= 1.631 

Table 1 7 . Operator l l ! s Period and Grand Cycle Time Mean and Range 
(continued) 

8 ; 1 0 to 8 : 1 5 PM 

Subgroup X R 

1 1 5 . 8 3 

2 1 4 . 0 2 

3 1 7 . 4 8 

4 1 3 . 6 3 

5 1 3 . 6 3 

8 : 4 3 to 8 : 4 7 PM 

Subgroup T R 

1 15.4 5 

2 1 4 . 6 3 

3 1 5 . 4 5 

4 1 6 . 6 6 

5 1 4 . 4 4 

9 : 3 5 to 9 : 4 0 PM 

Subgroup X R 

1 15.8 3 

2 16 .2 5 

3 1 7 . 4 9 

4 1 5 . 4 8 

5 1 6 . 8 4 

x = 1 5 . 2 8 

r r 4 . 6 6Lz 1 .978 

X r 16 . 3 2 

R = 5 . 8 

2 . 4 9 4 



I l l 

Table 17 • Operator 11's Period and Grand Cycle Tdjne Mean and Range 
(continued) 

10:05 to 10:10 PM 

Subgroup X R 

1 16 .2 6 

2 13.1. 3 
3 l5.lt 3 
1* 13.it 5 
5 13 .8 3 

10:li7 to 10:53 PM 

Subgroup X R 

1 17.6 7 
2 17.6 k 
3 18.8 7 
it 17.lt 9 

5 15.3 1 

X = Hwltli 

E " it.O 

foe 1.720 

X = 17.3lt 
R = 5.6 

'XoZ 2.1i08 

1 • 16.205 
S = 5.1.36 

R£ Z 3 .88 

° e = 1.668 

(L,z 2.337 

http://l5.lt
http://13.it
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Table 1 7 . Operator H f s P e r i o d and Grand Cycle Time Mean and Range 
( c o n t i n u e d ) 

N r 2 7 5 R s 17 

C l a s s I n t e r v a l • 2 

Contro l l i m i t s f o r subgroup a v e r a g e s 

UCI^ z 1 9 . 3 5 8 

LC% = 1 3 . 0 5 2 

C o n t r o l l i m i t s f o r p e r i o d a v e r a g e s 

UCL= = 1 7 . 6 0 6 

LCLg Z 1U.801* 

Contro l l i m i t s f o r subgroup r a n g e s 

UCLft e 1 1 . 3 6 1 

LCLr Z 0 

See Table 7 . f o r Sample C a l c u l a t i o n s 



1 1 3 

Table 1 8 . Operator 1 2 * 8 Period and Grand Cycle Time Mean and Range 

2 20.2 4 

3 2 1 . 2 9 

4 21 .8 6 

5 23.6 7 

4 * 4 4 to 4 ? 4 9 PM 

Subgroup X R 

1 2 1 . 2 8 

2 1 8 . 4 3 

3 18.8 10 

4 2 1 . 4 17 

5 19 .2 10 

5 : 1 4 to 5 : 2 0 PM 

Subgroup X R 

1 22.2 1 5 

2 18.0 7 

3 19.0 4 

4 22.8 10 

5 20.0 7 

X = 22.16 

I = 7.2 

3 . 0 9 5 

X = 1 9 . 8 

5 I 9 . 6 

( r - = 4 . 1 2 7 

X = 2 0 . 4 

R r 8.6 

y 3.697 

4*00 to 4 * 1 0 PM 

Subgroup R 

1 24.0 10 



I l l * 

X Z 19.12 

R ~ 7 . 0 

CHol 3 . 0 0 9 

Table 1 8 . Operator 121 a Period and Grand Cycle Time Mean and Range 

(continued) 5:1*8 to 5*55 PM 

Subgroup X R 

1 17.8 7 

2 19 .0 3 

3 18.2 5 

U 19.1* 5 

5 21 .2 15 

7:12 to 7:17 PM 

Subgroup ~X R 

1 19 .0 1* 

2 20.8 6 

3 22.8 8 

I* 18.8 5 

5 17 .0 6 

7:1*5 to 7*51 PM 

Subgroup X R 

1 17.8 3 

2 15.8 2 

3 21.6 9 h 17.1* 2 

5 19.8 6 

X = 19.68 

I z 5.8 

C= 2.1*91* 

X = 18.1*8 

1 = lul l 

C= 1.892 



115 

Table 18* Operator 12's Period and Grand Cycle Time Mean and Range 
(continued) 

8:15 to 8:22 PM 

Subgroup 7 7 It 

3 19.8 13 
2 21.1. : 

3 18.8 : 

k 18.4 5 

5 17.8 

8:48 to 8:55 PM 

Subgroup X R 

1 19.2 8 
2 18.8 5 

3 17.0 2 

•: 
- 17.6 3 

5 17.4 • 

9:1*0 to 9*46 PM 

Subgroup i R 

] 1S.2 2 
2 17.0 1 

17.6 4 
ll 19.6 17 
5 17.2 7 

X = 19.24 
R = 7.2 

3.095 

f r 18.00 
R = 4.8 
Cz 2.064 

X = 17.32 
R = 7.4 
C*£ 3.181 
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Table 18* Operator 1 2 ' s Period and Grand Cycle Time Mean and Range 
(continued) 

1 0 : 1 0 to 10:15 PM 

Subgroup X R 

1 1 7 * 2 3 
2 19 .0 10 

3 18 .2 7 

4 19.4 7 

5 21.6 18 

10:53 to 1 0 : 5 8 PM 

Subgroup X R 

1 1 8 . 8 7 

2 16.8 6 

3 20.0 8 

4 1 7 . 2 11 

5 1 9 . 4 1 5 

X = 19*08 

R z 9*0 

GLz 3.869 

X = 18.41 

1 = 9.4 

^ = 4.o4i 

x = 3S.247 

I = 7.309 

R^ = 4.84 

^ : 2.081 
^ o = 3.142 



1 1 7 

Table 1 8 . Operator 1 2 ' a Period and Grand Cycle Time Mean and Range 
(continued) 

See Table 7* for Sample Calculations 

N = 2 7 5 R = 2 0 

Class Interval = 2 

Control l im i ts for subgroup averages 

UOx = 23.1*87 

LGL£ = 1 5 . 0 0 7 

Control l im i ts for period averages 

TJCL* r 21.11*3 

LCL- Z 1 7 . 3 5 1 

Control l im i ts for subgroup ranges 

UCI^ = 1 5 . 2 7 6 

LGL^ - 0 



118 

Table 19* Operator 1 3 ' a Period and Grand Cycle Tine Mean and Range 

1 1 . 5 0 to 11 :57 PM 

Subgroup R 

1 1 8 . 2 b 

2 19.b 9 

3 18 .2 7 

b 20 .b 6 

5 1 9 . 0 7 

1 2 : 1 * 5 to 1 2 : 5 3 AM 

Subgroup X R 

1 1 8 . 1 * 6 

2 19.0 5 

3 1 6 . 1 ; 2 

1 * 20.6 9 

5 18.6 7 

1 : 5 1 * to 2 : 0 5 AM 

Subgroup X R 

1 18.2 9 

2 1 9 . 1 ; 6 

3 19.6 6 

b 18.b 6 

5 18.8 b 

X = 19.0b 

R z 6.6 

C= 2.837 

X = 18.60 

R = 5 . 8 

< T o = 2 . 1 * 9 b 

X Z 18,88 

R = 6.2 

CT̂ = 2.666 
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Table 1 9 . Operator 13 *s Period and Grand Cycle Time Mean and Range 
(continued) 

3 O h to 3*4l AM 

Subgroup X R 

1 18.0 5 
2 19.2 10 
3 20.0 8 
4 17-6 5 
5 17.8 5 

405 to 4:1*2 AM 

Subgroup X R 

1 1 8 . 4 6 
2 1 8 . 8 6 
3 1 9 . 2 3 

I 1 7 . 8 3 

5 1 9 . 8 6 

to 5*52 AM 

Subgroup X R 

1 18.6 6 
2 1 7 . 8 4 

3 1 7 . 6 7 

4 1 8 . 4 7 

5 1 8 . 6 3 

X = 18.52 

R ~ 6,6 
^= 2 . 8 3 8 

X = 18.80 
R = 4.8 
C~ 2.064 

X = 18.20 

R = 5.4 
(J7*>— 2.322 



120 

Table 15* Operator 13 "s P e r i o d and Grand Cycle Time Mean and Range 
( c o n t i n u e d ) 

5 = 18.607 
R " 5.900 

R- Z O.8J4 

<T* = .361 
( U Z 2.537 

N = 150 R = 11. 
C l a s s I n t e r v a l • 2 

Contro l l i m i t s f o r subgroup a v e r a g e s 

ULC_ = 22.029 
x 

LCI^ = 15.185 

C o n t r o l l i m i t s f o r p e r i o d a v e r a g e s 

UCL= = 20.137 
LCI^ = 17.077 

C o n t r o l l i m i t s f o r subgroup ranges 

UCLa Z 12.331 
101̂  = 0 

See Table 7. f o r Sample C a l c u l a t i o n s 
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Table 20* Operator l4!s Period and Grand Cycle Time Mean and Range 

11:57 to 12:04 AM 

Subgroup X R 

1 22.6 6 
2 18.0 7 
3 12.4 6 
4 19 .2 10 

5 22 .2 3 

12:54 to 1;02 AM 

Subgroup X R 

1 20.8 6 
2 19.0 9 

3 21.2 5 
4 20.0 4 
5 20.2 7 

2:05 to 2tl6 AM 

Subgroup ~ R 

1 20.0 6 
2 16.6 6 
3 19.4 4 
4 19.0 8 
5 20.0 5 

X = 20.68 
R = 6.4 
Cz 2.752 

I " 20.24 
R 5 6.2 
C= 2.666 

X = 19.00 

R = 5.8 
<T^r 2.494 



Table 2 0 . Operator l a ' s P e r i o d and Grand Cycle Tine Mean and Range 
( c o n t i n u e d ) 

3:1*2 t o 3=1*8 AM 

Subgroup X 

1 1 8 . 0 : 

2 1 9 . 6 3 

3 1 8 . 2 it 

4 1 9 . 4 5 

: 1 9 . 0 

4 : 5 2 t o 5 : 0 0 AM 

Subgroup X R 

: 1 8 . 2 7 

2 1 8 . 8 3 

3 1 9 . 2 

4 1 9 . 4 9 

: 2 2 . 0 5 

5 : 5 2 t o 5 * 5 9 AM 

Subgroup 

3 1 9 . 8 

2 1 8 . 0 i 

; 2 1 . 0 7 

1 9 . 2 

; 2 1 . 8 

X = 1 8 . 8 4 

R " 4 * 6 

C = 1 . 9 7 8 

X = 1 9 . 5 2 

R I 5 . 8 

° ~ - = 2 . l i 9 4 

X = 1 9 . 9 6 

R r 6 . 6 

VZz 2 . 8 3 7 
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Table 20. Operator l u 8 s Period and Grand Cycle Time Mean and Range 
(continued) 

X = 19.707 

I = 5.90 

Rj. = 1.8U 

- -791 

^ o = 2.537 

N m 150 R b 15 
Class Interval = 2 

Control l im i ts for subgroup averages 

UCI^ = 23.129 

LCLx = 16.285 

Control l im i ts for period averages 

UGL* z 21.237 

LCLj = 18 .177 

Control l im i ts for subgroup ranges 

00% = 1 2 . 3 3 1 

L C I ^ z 0 

See Table 7 for Sample Calculat ions. 



12l* 

Table 21* Operator 15's Period and Grand Cycle Time Mean and Range 

12:05 to 12:12 AM 

Subgroup X R 

1 I6 . i . : 
2 18.6 h : 18.0 

h 15.6 3 

5 16.0 5 

l:0lt to 1 : 1 0 AM 

Subgroup T: R 

3 17 .0 

15.8 2 

: 15.1* 1 
Ii 15.1* 3 

: 17.6 5 

2:16 to 2:23 AM 

Subgroup X a 
1 16.2 i 

2 1 7 . 0 1;. 

3 17 .8 6 

17 .8 

5 I5.li 1 

I r 16.92 

R = l*.l* 

01= 1.892 

f = 16 .21 . 

R = 3.1t 

C= 1.1*62 

X = 16.81* 

R = 1*.2 

<L= 1.806 



125 

Table 2 1 . Operator 15 f s Period and Grand Cycle Time Mean and Range 
(continued) 

3 : 4 8 to 3*56 AM 

Subgroup R 

1 1 £ . 4 K) 

2 1 5 . 6 4 

3 1 6 . 6 3 

4 1 8 . 0 6 

5 1 9 . 0 4 

5*06 to 5*12 AM 

Subgroup X R 

1 1 7 . 4 1 

2 1 6 . 2 5 

3 15.2 3 

4 1 5 . 8 4 

5 15.0 2 

6 : 0 0 to 6 i 0 5 AM 

Subgroup X R 

1 1 7 . 2 3 

2 1 7 . 8 7 

3 1 6 . 2 5 

4 1 6 . 8 6 
5 1 7 . 4 3 

X = 1 7 . 7 2 

H z 5 . 4 

^Z 2.322 

x r 15.92 

R = 3 . 0 

C= 1 .290 

X = 1 7 . 0 8 

R : 4 . 8 

d 2 . 0 6 4 



126 

Table 21* Operator l £ ' s Period and Grand Cycle Time Mean and Range 

(continued) 

X = 1 6 . 7 8 7 

R = li.20 

R^ = 1 .80 

% Z . 7 7 3 

1.806 

N • 150 R = 1 3 

Class Interval = 2 

Control l im i t s for subgroup averages 

UGLj = 1 9 . 2 2 3 

LCL^ s H..351 

Control l im i t s for period averages 

UCLg z 1 7 . 8 7 6 

LCL- = 15.698 

Control l im i t s for subgroup ranges 

DCI^ = 8 . 778 

L C L R : 0 

See Table 7* for Sample Calculations* 
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X z 16,68 

R Z 5 . 6 

2 . U 0 8 

Table 2 2 . Operator 1 6 »s Period and Grand Cycle Time Mean and Range 

1 2 : 1 2 to 1 2 ; 1 7 AM 

Subgroup X R 

1 18.6 7 

2 15.4 4 

3 17 . 4 8 

4 1 5 . 8 4 

5 16 .2 5 

l t lO to 1 :19 AM 

Subgroup X R 

1 18.6 1 1 

2 19.0 6 

3 17 .0 9 

4 16.0 2 

5 20.4 8 

2:23 to 2:32 AM 

Subgroup X R 

1 3S.0 1 1 

2 15.4 7 

3 16.0 3 

4 16.8 7 

5 1 7 . 2 5 

X : 1 8 . 2 0 

R Z 7 . 2 

<Xu? 3 . 0 9 5 

Tt = 16.88 

R Z 6.6 

for 2.837 
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Table 2 2 . Operator 16 •a Period and Grand Cycle Time Mean and Range 
(continued) 

3:56 to 4:03 AM 

Subgroup X R 

1 16 .2 2 

2 16.4 k 
3 16.4 6 
4 1 7 . 2 9 

5 14.4 4 

5 :12 to 5 : 1 ° AM 

Subgroup X R 

1 16.6 4 
2 17.4 3 

3 14.6 6 
4 18 .2 7 

5 18.4 5 

6:06 to 6:11 AM 

Subgroup X R 

1 17 .0 6 

2 16.6 3 

3 1 7 . 2 4 
4 18.8 10 

5 17 .6 3 

X - 1 6 . 1 2 

R = 5.0 

CLz 2.149 

X - 17.04 

R r 5.0 

CL= 2.149 

x = 17.44 
1 = 5.0 

C= 2.149 
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Table 2 2 . Operator I d ' s Period and Grand Cycle Tine Mean and Range 
(continued) 

X = 17.060 

1 = 5.333 

2.08 

.89U 

2.291 

N Z 150 R s 15 
Class Interval * 2 

Control l im i ts for subgroup averages 

UCI^ = 20.153 

L a - = 13.967 

Control l im i t s for period averages 

UCLg = 18.1443 

L C I ^ Z 1 5 . 6 7 7 

Control l im i ts for subgroup ranges 

UCI^ Z I I .U46 

L C L R " 0 

See Table 7 . for Sample Calculat ions. 



Table 2 3 . Operator 17 •s Period and Grand Cycle Time Mean and Range 

1 2 : 1 7 to 1 2 : 2 4 AM 

Subgroup X R 

1 22.4 10 
x : 2 0 . 2 4 

2 20.2 2 
R - 5.0 

3 19 .2 1 
C^T 2 . 1 4 9 

4 20.6 6 

5 18.8 6 

1 : 1 9 to 1 :27 AM 

Subgroup X R 
1 20.4 5 

X = 19.28 
2 19 .2 5 

R = 4.8 
3 19 .4 6 Gl>Z 2 . 0 6 3 
4 18.6 3 

5 18.8 5 

2:33 to 2:45 AM 

Subgroup X R 

1 22.8 9 
X = 21.84 

2 2 4 . 6 1 1 
R = 7 . 6 

3 22.0 8 

Co= 3.267 
4 20.8 6 
5 19.0 4 
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Table 23* Operator 1 7 1 8 Period and Grand Cycle Time Mean and Range 
(continued) 

li:05 to U :13 AM 

Subgroup X R 

1 22 .0 k 
2 20.2 12 

3 20.lt It 

It 19.lt 6 

5 21 .2 5 

5:20 to 5:27 AM 

Subgroup X R 

1 20 .8 2 

2 20.6 9 

3 18 .0 6 

U 2k.h 9 

5 21 .0 7 

6:12 to 6:15 AM 

Subgroup R 

1 21.lt 13 

2 23.0 9 

3 19.8 11 

X r 20.61t 

R r 6 .2 

2.665 

1 = 20.96 

R = 6 .6 

C * r 2.837 

X = 21.1t0 

R " 11 .0 

61= It. 729 

Hot taken 

http://20.lt
http://19.lt
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Table 2 3 . Operator 1 7 ' s Period and Grand Cycle Time Mean and Range 
(continued) 

X = 2 0 . 7 2 7 

1 = 6 . 8 6 7 

I U = 2 . 5 6 

< T f t = 1 . 1 0 0 

< T * . = 2 . 9 5 2 

N = 1 1 . 0 R = 16 

Class Interval = 2 

Control l im i ts for subgroup averages 

UCL- s 2 U . 7 1 0 

LCL^ = 1 6 . 7 W . 

Control l im i t s for period averages 

UCL5 = 2 2 . 5 0 8 

LCL- = l 8 .9 i | 6 

Control l im i t s for subgroup ranges 

UOfc = U . . 3 5 2 

L C I ^ Z 0 

See Table 7* for Sample Calculations 
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Table 2 U . Operator 1 8 ' s Period and Grand Cycle Time Mean and Range 

12:2U to 1 2 : 3 1 AM 

Subgroup X R 

1 20.U 6 

2 19.it 6 

3 19 .0 8 k 20.0 5 

5 20.6 8 

1:28 to 1:36 AM 

Subgroup X R 

1 19.6 6 

2 23.0 12 

3 22.0 6 h 19.6 2 

5 lfl. l i 7 

2 : 5 1 to 2 : 5 7 AM 

Subgroup X R 

1 19*0 1 1 

2 18 .2 2 

3 19.8 3 

ii 18.8 1 

5 20.2 2 

X = 19.88 

5 = 6.6 

^ = 2.837 

X = 20.56 

R = 6.6 

C= 2.837 

X = 19.20 

R = 3 . 8 

£.s 1.633 

http://19.it
http://lfl.li


1 3 4 

Table 2 4 . Operator 18 ' s Period and Grand Cycle Time Mean and Range 
(continued) 

4 : 1 4 to 4 : 20 AM 

Subgroup X R 

1 22.0 10 

2 1 7 . i i 3 

3 18 .2 2 

ii 20.2 k 
5 18 .2 6 

5 :28 to 5 Q i i AM 

Subgroup X R 

1 18 . 6 h 
2 18.0 6 

3 19 . 6 6 

4 1 7 . 6 3 

5 1 7 . 2 U 

6 : 1 5 to 6 ;20 AM 

Subgroup X R 

1 20.0 5 

2 18 .0 3 

3 19.8 5 

X r 1 9 . 2 0 

R r 5 . 0 

2.11*9 

X = 18.20 

5 = 4 . 6 

1.977 

X = 19.27 

R - 4.3 

1.848 

Not taken 

http://17.ii
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Table 2h» Operator 18*8 Period and Grand Cycle Time Mean and Range 

(continued) I = 19.385 

1 s 5.150 

Rg = 2.36 

Cfs z i.oiU 

01= 2.211; 

N S ll;0 R R I ? 

Class Interval = 2 

Control l im i ts for subgroup averages 

U C I 5 = 22.372 

LCL^ = 16.398 

Control l im i ts for period averages 

UCLg = 20.720 

LCL^ ~ 18.050 

Control l im i ts for subgroup ranges 

UCI^ z 10.761; 

L C L R = ° 

See Table 7. for Sample Calculations 
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Table 2 5 . Operator 19 ' s Period and Grand Cycle Time Mean and Range 

1 2 t 3 2 to 1 2 : 1 5 AM 

Subgroup X R 

1 2 3 . 0 1 2 

2 2 3 . 2 1 1 

3 2 0 . 0 2 

4 2 1 . 2 6 

5 2 2 . 6 7 

1 : 3 7 to 1 : 4 5 AM 

Subgroup X R 

1 1 9 . 8 3 

2 2 3 . 2 3 

3 2 3 . 2 2 

4 2 0 . 2 1 1 

5 2 0 . 4 6 

2 : 5 7 to 3 : 0 0 AM 

Subgroup X R 

1 2 2 . 2 9 

2 2 3 . 4 8 

3 2 2 . 8 8 

4 2 0 . 8 8 

5 2 0 . 4 1 2 

X - 2 2 . 0 0 

R = 7 . 6 

C= 3 . 2 6 7 

X = 2 1 . 2 6 

R = 5 . 0 

<£.S 2 . 1 4 9 

X - 21.82 

R r 9.0 

0.,= 3.869 



Table 2 5 . Operator 1 9 * 8 Period and Grand Cycle Time Mean and 
(continued) 

1*:20 to U:30 AM 

Subgroup X R 

1 22 . l i 8 
X Z 21.92 

2 2 l . l t 5 
R I 7 .1* 

3 21.l t 12 
<S^= 3 . 1 8 1 

It 22.6 6 

5 18.8 6 
5 : 3 5 to 5 : U 2 AM 

Subgroup X R 

1 2 1 . 0 5 
X = 2lt.32 

2 2 5 . 1 * 9 
R = 10.2 

3 2l*.8 
t : l t . 3 8 5 

It 2l*.l* 16 

5 26.0 9 

6:20 to 6:36 AM 

Subgroup X R 

1 2U.li 15 
X " 21+.8U 

2 23.8 9 
R Z 12 .6 

3 26.0 1 5 

5Ls 5 .1*17 

1* 23.1* 8 

5 26.6 16 

http://22.li
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1 3 8 

Table 2 5 . Operator 1 9 ' 8 Period and Grand Cycle Time Mean and Range 
(continued) 

X = 2 2 . 6 9 3 

f s 8 . 6 3 3 

R^ « 3 . 5 8 

^ 6 = 1 . 5 3 9 

01 = 3 . 7 1 1 

N s 1 5 0 R = 2 1 

Class Interval = 3 

Control l im i t s for subgroup averages 

UCL- r 27.700 

L C I ^ = 1 7 . 6 8 6 

Control l im i ts for period averages 

UCL£ r 24.1*85 

LCLjj = 20.901 

Control l im i t s for subgroup ranges 

UCLg = 18.01*3 

LGLg = 0 

See Table 7* for Sample Calculations* 
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