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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 hgve 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 uwnadjusted performance times tend toward any
formal distribution or could they be made to formm any
model? :

(3) Are operator's cycle times statistically stable?

(L) What is the relationship of varistion without a
period to the relationship between periods?

Nearly 3200 obaervationé of a short cycle, manually controlled

agsembly 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 resulis 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.

(L) The variation within @ period was significantly
greater than the variation between periods.




(5) Stop watch performance time data do not give

sufficient information to separate chance causes

from assignable causes of variation.

It is recommended that & similar study be made using high speed
motion pictures to collect the data. By using mieromotion study it

should be possible to isolate many of the assignable causes of variation.



CHAPTER I
INTRODUCTION

Ever since Frederick W. Taylor expounded his philosophy of
scientific management, engineers have endeavored to replace opinion
with fact, and to develop many of the functions of management as a
science rather than as an art.

One field of industrial engineering has lagged in this move=-
meéent. Time study today is still an art based upon a science.

Wilkinson says that time study engineers have continued to shy away

from the mathematics in their solutions. He also states that, "Science
constantly strives to clothe its conclusions in more and more vigorous
mathematical formulation and to eliminate all possible sources of sub-
jective bias."l One place in which subjective bias is introduced in

time study is in the form of a rating or leveling factor. This factor
of subjective judgment makes present day standards liable to the criti-
cism that they lack scientific validity.’ Thus, time study has failed
to keep pace with other sciences in the quest for wvalidity of results.

Currently, standards set by a stop watch are obtained by first
dividing the cycle into elements. End points for these elements are
established. The time study man then observes the operator, records a

13, . Wilkinson, "Application of Statistical Techniques in Time
Study," Mechanical Engineer, 73: 906-9, Nowvember, 1951.

%Harold 0. Davidson, Punctions and Bases of Time Standards, A
Research rt (Columbus, OhJo: American Institute of Industrial

Engineers, 1952), p. 906.




time 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, Aliowances are then added to the total of the averaged elemental
times in order to set a standard time for the operatioﬁ.

Since the publication of Walter A. Sl:lemﬂ:a,str'l:"a3 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 perfomance
tiﬁes scientifically. W. A. Gombergh 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

3Walter A. Shewhart, Economic Control of ty of the Manu-
factured Product (New York: ~D. Van Norstrand and Company, InC., 1931)e

hﬂ. A. Gomberg, A Trade Union's Analysis of Time Study (Chicago:
Science Research Associates, 1943).




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 gemeral rule for the statistical definition of
a normal worker should be approached with great caution."g

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

the Gaussisn distvibubien’

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

1?.0'171:1@,8

[ in his studies, found distributions that were in oppo=~
sition to the results reported by Ihvidson.9 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

\n

Harold O. Davidson, op. 21_1-0, Pe 332.

O

Tbid., p. 317.
Ibid., p. 3190

8H. F. Rothe, "Output Rates Among Butterwrappers=-II Frequency

Distributions and a Hypothesis Regarding Restriction of Output," Journal
of Applied Psychology, Vel. 30, 19L6, p. 323.

%Harold 0. Davidson, op. cit., p. 332.
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gignificance level with the Chi Sqguare Test.lo The beta method showed
that three of these eight were significantly leptokeutic.

In the second test of eight operators, both the Chi Square and
the beta test showed that the distributions did not differ from the nor-
mal significantly. In summary, Rothe states that distributions tend to
be bell-szhaped and approximate a normsal distribution.ll

The question is not entirely one of a formal distribution, but
rather one of statistical stability. If performance times are found to
be statistically stable, then the procedures formulated by Shewhart may
be applicable,

Adam Abruzzi divides this problem of statistical stability iato

two parts. Studies reported in Work Heau.:mrement;:l'2 were grouped according

to "local® and “grand" stability. Local stability is the stability of a
continuous series of items produced during & period of several hours, or
during a complete shift, while grand stability is the atudy of the pro=
duction rates represented by items produced over a protracted period;
these rates are examined in terms of small samples taken from successive
production units made under essentially the same conditions.

Abruzzits work has been solely in the garment making industry.
The data were collected on varions sewing operations including different
sized garments. The grouping of the various sizes into a sample is per-

missible io this case, if the size has no effect on the operation.

10
H. F. Rothe, op. ¢it., p. 323.

11
Ibid.’ p. 32h.

12
Adam Abruzzi, Work Measurement (New York: Columbia University
Press, 1952), 37 pp.




This work and that of Rothe's are two studies in which previeous
production records were not used. Abruzzi objected te the use of past
production records, because many variables are lost when such data are
used. Also, it is impossible to be assured that similar conditions
existed during the entire study. The required amount of data is usu=~
ally not available in the form desired in such records.

Rothe did not obtain cycle times, but rather he collected rates
of production for a 15 minute pe::'iod..:l‘3 This method tends tc eliminate
variations and thus to destroy the actual distribution. Rothe also
states that all operators used a slightly different mathod.lh The mag=-
nitude of this variation is very significant since changes in methods
can be considered assignable sources of variation, and thus will tend
to mzke the performance time unstable.

The use of past producticn data must be discoursged because of
the effect of delays on performance times. Much research has been re=-
ported on effect of delays on cycle times. Davis and Josselyn, in a
study of an assembly operation, report that there was no significant
difference in effective operation 'b:hnelg throughout the hours of the
day or between morning and afternoon. They also concluded that the
operator continued to use essentially the same method and to work at

the same rate of speed, but the operstors introduced more and longer

134, F. Rothe ; "Ouput Rates Among Butterwrappers--I1 Work Curves
and Their Stability," Journal of Applied Psychology, Vol. 30, 19L6, 202

PPe
Ymsa,

lsEffective operation time is equal to cycle times minus delays.




work ai;o::'ppagas.l6 This work illustrates that the use of production
records will give no insight into cycle time variations. The magnis
tude of introduced delsys is such that they will tend to overshadow
any varlation or trend of cycle times obtained from production records.

Closely allied to the stndy of stability and work-time distri-
butions has been the work of many people on dally production curves.
These curves are not only important in the determination of a sampling
procedure, but it also might be of value in the setting of control
limits if a stable work curve is developed. Abruzzi reports that his
work suggests that time of day does not have nearly as important an
effect on work performance as is generally believed to day.ll7 In support
of Abruzzi, Wiberg states that he may have a reason for the misunder-
standing of the effect of time of day or day of the week. He found
that there was no statistical difference in production per day of the
week. This, he says, is contrary to previous findings; however, the
previous data were not subjected to significance teats in most t:ase.s;.]'8
Again the use of production records and the use of measures, such as
production per hour or day, are questioned. Production rates such as
these are subject to many variables not recorded in the data.

Davidson, in a study of an assembly operation, found a tendency

16Louia E. Davis and P. Dudley Josselyn, "An Analysis of Work
Decrement Factors in a Repetitive Industrial Operation.t

ITA-dEm Abrugzzi, op. _c‘é._'_bo, Pe 63,

lBMartin Wiberg, ®The Work Time Distribution--A Technigue for
Anelyzing Performance Differences," Motion and Time Study Notes, C. B,
Gordy and Others (Ann Arbor, Michigen: The Bawards Letter Shop, 1949)

C-29 pp.




for performance times to increase from Monday through Fridsy. 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 dus to some other cause or combination
of unknown causes.w

Rothe, in the study of butterwrappers, found no predictable
pattern. He found that the curves had many different foms.20 Thus,
the use of control limits that follow a work curve are not feasible,
gince 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, "what variability
do performance time phenomena exhibit?" and "Do they tend toward any

gort of stability?nel

These questions, the author will attempt %o
angwer in this 'bhééis. In basis statistical language the gquestion
might be stated to read, "Is the occurrvence of a performance time like
or nearly like the drawing of a chip (numbered) from a bowl containing
& large mumber of chips?®

Before the study proceeds, a working definition of statistical
control is sought, Shewhart defines it in the following tems: "A

phenomenon will be said to be controlled when, through past experience,

Ytarold Davidson, op. cite, p. 369.

‘ 2OH.. F. Rothe, "Ouiput Rates Among Butterwrappers-~I Work Curves
and Their Stability," Journal of Applied Psychology, Vol. 30, 1916, p.

209,
®lyarold Devidson, op. cit., pe 30h.




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
probability that observed phenomenon will fall within given limits.22
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 guestions involved in such a program.

22Waltor’ A+ Shewhart, op. cit., p. 6.



CHAPTER 11
OBJECTIVE

Before any scientific time study can be attempted, certain

questions must be answered regarding operatorts performance times.
It is the objective of this thesis to answer many of these questions.
Specifically these are:

(1) 'Do operators follow any pattern of performance
or work curve throughout the day?

(2) Do wadjusted performance times tend toward any
formal distribution or could they be made to form
any model?

(3) Are operator!s cycle times statistically stable?

(4) What is the relationship of variation within a
period to the variation between periods?



CHAPTER III
PROCEIURE

Selecting an Operstion

The operation used in this study wes a short cycle manually con=-
trolled assembly operation in a local plant. It was selected partially
because of the large concentration of operators which, it was felt,
would facilitate obtaining a representative sample. There was about
six or seven girls on each of three shifts assembling the unit. The
experience of the girls on this operation varied from about two weeks
t0 one year. It is sstimated that two months are required for a new
girl Yo reach the plateau of productivity.

The operation was quite well established, having been in exist-
ence about one year prior to the study, and the method used had been
standardized within limits. The work place was essentially the same
for all operators. Although each girl had been instructed as to the
" method used, many of the girls had a tendency to make alight changes
in the standard m_ethod.. Thege were noted in the data whenever possible.
However, the individual method used by each girl was practically con-
stant throughout the study, i.e. nc noticeable changes were detected.

The company does not employ an incentive system of wage payment
in this department; however, it does have a standard or goal that the
girls are expected to approach or reach. The operators that do not
attain this standard risk possible transfer or lay-off. Production




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. All
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 (L) 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.

Figure le

l, Grasping Barrel

Assembling Writing Unit

Assembly Operation and Layout
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3. Grasping Drive Nut

L. Assembling Drive Nut

Figure 1, Assembly Operation and Layout
(Continued)
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5. Grasping Ferrule

6. Removing Complete Unit

Figure 1, Assembly Operation and Layout
(Continued)



7. Staking Unit

8. Asiding Unit

Figure 1. Assembly Operation and Layout
(Continued)



16

Recording the Data

A representative sample of cycle times of each operator was
desired. It was decided that a sample of 25 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:

7:00 - 9:30 A.M. TWork

9:35 A.M. Morning bresk
11:40 AM. TVork

9:30
9:35
11:40 = 12:00 Noon Lunch

12:00 - 1l:45 P.M, Work
1:145
1:50 = 3:20 P.M. TWork

1:50 P.M. Afternoon break

The second shift operation is as follows:

3:20 - 6310 P.H. mrk
6:10 - 6:30 P.M. Lunch
6330 = 2:00 P.M,. Work

9:00 - 9:05 P.,M. Break
9:05 = 11:40 P.M. TWork
The third shift operation is as fo.llows:
11:40 - 3:00 A.M. TWork
3:00 - 3:20 A.M. TLunch ’
3:20 = 5:00 A.M. Work
5:00 = 5:05 A.M. Break

5:05 7:00 A.M. TWork
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The total working time on the first shift is L70 minutes, on the
gsecond it is L75 minutes, but on the third it is only U415 minutes.

The operators on each shift were told by the recorder that the
data to be collected was for research purposes only, and their super-
visors would not see the data. They were also asked to work at their
normal pace just as if the recorder were not present. Each girl was
approached individually end was asked to tell the recorder at any time
she became nervous or bothered in any way.

On Wednesday, October 22, 1952, the date of the study of the day
shift, the department was working six days per week and was runming
about 2,000,000 units behind in production. Daily production wes sbout
75,000 units. '

The study of the second shift was made on Wednesday, December 17,
1952, and the department was still behind in production. Experimental
units of & new ink were being run, and this had curtailed production on
certain days. Three of the regular girls, being ill the night of this
study, were not present.

On the evening of Wednesday, February L, and the morning of
February 5, 1953, the third shift was studied. The department had been
producing only intermittently since December 23 ,'because of inventory
and a parts change. However, the girls on this shift had worked con-
tinually for sbout a week on this modified unit. A few of the girls
complained that they were not completely familiar with it and that the
new driving cap made their fingers sore at times, since the serrations
were more pronounced and sharper. (See Figure 2 for Comparison of

Parts.)




Original and Modified Parts

Figure 2. Comparison of 0ld and New Parts

18




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, L, 5, 6, and 7
respectively.

The first sample was taken at 8:L5 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:L5 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 30 to LO minutes. Four more observations were made before
the five minute break at 9:00 P.M. Three observations were made between
9:05 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 asbout five to ten minutes
to do the preliminary work, prior to actually producing a unit. About
five minutes after operator 13 began preducing, 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.
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The last of these was taken at about 6:30 4.M. The remaining time did
not allow a complete sample of all operators to be made.

When recording the data, the following notations were made:

P - Dropped part

BP - Bad part

GP = Get parts

MP ~ Moved parts

AD - Avoidable delsay
S = Turned cap to inspect finished part
I - Inspected part or unit

CM = Changed method

RP = HReleased parts

An "X" was placed on the data sheet adjacent to all cycles con-
taining deviations from the standard procedure. These cycles were not
uged in the sumary of data presented. Only cycles which contained one
of the extraneous elements mentioned were elimingted. This procedure
required a decision during the cycle s to whether the delay encountered
should be considered extraneouns, and thus the cycls time eliminated from
the analysis. Such a procedure is current practice in stop watch time
study.

A split hand decimal minute stop watch (capable of accuracy ap-
proaching .00l minutes) was used to determine the cycle times. The data
was recorded to the nearest hundreth of a minute, since the short cycles
did not &llow sufficient time for an interpolation of the watch. ALl
times recorded are hundreth of a minute. This was done to simplify
calculations. In addition, it was desired that the recorder observe the
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operator as constantly as possible in order 'bo detect variations in
methods. A few cycles in the first study were recorded to the nearest
+005 minute, but this proved to be time-consuming and was later aban=-
doned.

Definition of Terms
Observation - one cycle
Subgroup = five consecutive observations
Period - five subgroups (25 observations)
X - observation (one cycle time) |

mean of subgroup of five observations

o]
1

mean of period of 25 observations

operator's mean cycle time
mean cycle time of all operators on shift
mean cycle time of all operators

I T
I

range of subgroup of five cycles

average range of period (5 subgroups)

ol
!

- average range of subgroups for operator
average subgroup range for all operators of the shift

il =N =l
1

- grand average subgroup range

0, - variation within a period

0p - variation between periods

0; - total variation of an operator
ng - mumber of subgroups per period

N - total number of observations of operator
np - number of observations in a subgroup

o, - number of periods of operator observed
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o, - number of operator on shift

Ri - range of subgroup means for a sample

R:’c = range of sample means for an operator

Rg - range of operatorts mean
UCLz - upper control limit of X values
LCLz = lower control limit of X values
UCLg - upper control limit of X 'value.s
LCLz ~ lower control 1limit of X values
UCLy -~ upper control limit of R values
LCLp ~ lower control limit of R values

The definition of work~time distribution as presented by Wiberg
is:

A work-time distribution is defined as a frequency distribution
of a specified number of time values obtained through tims study
as actual unadjusted watch readings, on an element of repetitive
work for the purpose of relating the distribution characteristics
to the various influences which the worker, the work method, and

the work envim%ent exert upon the efficiency of a particular
“work situation.

A1l other terms used are standard statistical tems and a dafini-

tion can be secured from any statistics text, such as (}::-an’i;.zj'l

2Martin Wiberg, op. cit., G=29 pp.

2hEugene L. Grant, Statistical Quality Control (New York: MoGraw
Hill Book Company, Inc., 1952).
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Method of Analysis
Each period sample of twenty-five observations was broken into
five subgroups of five observations each. Thus, a period sample con=
tained five sequential subgroups each containing five observations.

Mean Cycle Time.
The mean cycle time at several levels was determined. These are:
l. Subgroup mean
2. Period mean
3. Operator mean
L. Shift mean
5. Operation mean

The subgroup mean was calculated using

X

i g

n

where n equals the number of observations per subgroup. (n = 5)
The period mean was determined by combining the subgroup means:

|

X=

.|

where n_ is the mumber of subgroups in a period. (n = 25)
The operator's mean was calculated in a similar manner, i.e.

bl

-

sl

05

where n_ is the number of periods observed.
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The shift mean (EI_) was calculated by combining the operatorts
means. Since the number of periods observed from each operator on a
shift was constant, it was not necessary to weigh the individual means
in obtsining this value, i.e.

[
n

e

where 0, is the number of operators on the shift,
To obtain a cycle mean time for the operation, a weighted average
of each shift was used.

i
"

wl!ll

B4l

:Emk‘.l. xl i nk2-§2—i—nk.‘5
= P )

Variance of Cycle Times.
Variation within a Period.--Variation within each peried ((..) was

determined by

q = F

ALY T e

d
2

Since the range had been used in the control chart, and had already
been calculated, it was used to calculate G, rather than
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Variation within operator, between periods obgerved,--A method similar

to that used to determine O, was used to caleulate (5 , i.e.,

N, = 5
d2

where Rz is the range of the mean of the period averages for an operator.

Stability of Operatorts Cycle Time and Variance of Cycle Times

Use of Control Charts.--Control chart procedures were used to analyze

stability of an operator's cycle times within a period and within a
shift. Limits of

4l
|+

(where X is the grand average of an operator's cycle times and ny is the

size of the subgroup) were used as criteria :|.n analyzing within period
stability, whereas, control limits of

+ 30

- VnB . ns

b |

( where ng is the number of subgroups in each period) were used in test-
ing stability between periods for a particular operator.

The range of the observations within a subgroup were analyzed in
a gimilar manner.

Using a five observation subgroup, the limits for the



control chart are:

O(R) = 0

LCLy = DR
Wiy = DF = 2.09(R)

Runs.--Significant runs on one side of the center line (mean value)
were analyzed on the X and R charts. A run of eight values was taken
to be significant, the probability of this happening due to chance
being less than one per cent.zs

Distribution

Each operator's cycle times were plotted as a histogram. A
visual interpretation of the patterns was made. A histogram of the
distribution of cycle times for each shift was plotted. A visual in-
spection indicated that the calculation of all four moments was not

necessary.

26
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CHAPTER IV
RESULTS

Sumary.--411 operators tended to follow individual work curves. There
was no particular pattern common to any group of operators.

All except three operators tended toward a positively skewed
distribution which was quite evident visually.

Eighteen out of the nineteen operators studied exhibited one or
nore indications of a lack of stability in either the cycle mean or
the oycle range values.

The variation within a pericd was alweys larger than the varia-
" tion between periods, (See Tables 1 through 6 and Figures 3 through 6.)
Operator l.--This operator tendsd to be stable except for two values of
Y. The data shest shows that the first unstable value was caused by a
faulty staking machine, The operator was forced to restake many of the
assemblies in this subgroup. During the third subgroup of the 12:55 P.M,
period, the operator obtained parts twice. This tends to destroy rhythm
and acts as a delay or rest.

No obvious trend of the performance times is illustrated.
" The cycle time histogram exhibits a positive skewness. This is
due in part to the valuss previously discussed.

Thers were no other indications of an unstable distribution,
(See Table 7 and Figure 6.)




Table 1, Iinal Results

Points Out of
Control Runs
Operator 3 R 0, 0n X X R 3 R Distribution
1 19,484  5.04  2.166 1,238 2 1 o 0 0 pos. skewed
2 16.26L L6 1.917  JLLT 0 0 2 0o 0 pos. skewed
3 18.776 7.00 3.009 2.080 2 3 2 8 below 8 below pos. skewed
L 26,568 9.1, 3.929 1.220 1 © % 0 0
5 18.176 5.32 2.287 1,057 0 0 1 0 0 pos. skewed
6 21,320 12.58  5.408 2.717 1 1 o 0 0 pos. skewed
7 16.7L8 5.70 2.450 1,238 1 1 3 8 below 8 below pos. skewed
Shift 19.619  7.034 3.023 1.LL3
8 21,163 7.92 3.405 2.579 2 2 1 13 above 0 pos. skewed
8 below
13 below
9 16,473  6.04  2.592 1.0L9 2 0 L 9 below 0 pos. skewed
8 above
8 below
10 16.880  7.47  3.213 1.0L9 1 0 3 9 below 0 pos. skewed

(continued on next page)

8¢



Table 1. Final Resultis

(eontinued)
Points Out of
Control Runs
Operator X R 0o, 0% X I R X R Distribution
11 16,205 5.k 2,337 1.668 5 5 3 0 0 pos. skewed
12 19.247  7.31  3.142 1.685 2 1 3 11 below 0 pos. skewed
Shift 17.994 6.836 2.937 1.685
13 18,607 5.90  2.537  .361 0o 0 O 0 0
L 19.707 5.90  2.537 .791 0O 0 O 9 below 0
15 16,787  Le20  1.806  .773 1 0 1 0 0 pos. skewed
16 17.060  5.33  2.291  .89L 1 0 O 0 0 pos. skewed
17 20.727 6.87 2.952 1,100 0O 0 O 9 below 0 pos. skewed
18 19,385 5.15  2.21 1,014 i1 o 2 0 0 pos. skewed
19 22.693 8.63 3.711 1,539 0O 1 o0 9 above 0 not normal
Shift 19.280 5997 2.578 92
Average 18.834 6.621 2.858 1.L229

62
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Shift

Table 2. Control Limits

il i

g Ty

19.610 18,088
19.392 18.318
19.556  18.13k

= 18.83L
= 6.621

33




Table 3.
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Total Frequency
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Table L.

Cycle Time

RS ESRGEERE

Frequency Distribution by Operator - First Shift

Operator

uyn nan n3n njn ngn nagn nyn

1
N 2 i 5
19 5 6 5 s
i1 25 15 3 7 9 2l
10 29 28 11 12 26
22 19 15 1 30 12 25
16 12 1 1 23 8 13
28 7 16 1; 18 8
12 5 5 5 16 7 3
11 1 1 N 6 8 o !
10 1 L 5 2 9 1
N 2 1 12 1 7
3 1 12 2 L 1
5 16 3 2
8 3
3 3 1 1 2 1
1 13 I 2
3 8 1 2
7 1
5 1
2 | 1 3
E 2
1 3
i | 1
3
1
1 i i

n
IS YESEw

35



Table 5. Frequency Distribution by Operator - Second Shift

Cycle Time Operator

ngn ngn non nyn ny2n
11
12 4 L 13
13 2 12 25 27 1
1 L L2 Lo 35 8
15 10 55 50 L5 22
16 16 6l 36 5l 26
L7 25 39 31 35 L3
18 21 19 2l 23 NN
19 36 13 13 10 33
20 25 L 18 10 25
21 20 7 g 7 25
22 17 5 8 L ¥
23 23 5 L 5 i
2l 22 " 7
25 10 L 3 2
26 9 2 ¢ ! ) T
27 10 2 5 > L
28 L 1 3 3
29 6 = i | 2
30 2 i 1
31 1 h | 3
32 2 1
33 b 8 1
3L 1 1
35 1
36
37
38 1
39 3
e

36



Table 6. Freguency Distribution By Operator - Third Shift

Cycle Time Operator

nj3n wjjn  nign man nygu nyign wign

T 3

12 1 L

&3 1 3

1l 2 2 13 15 2 1

15 9 6 33 17 2 1 1
16 17 8 32 32 3 12 2
17 21 13 27 25 12 13 5
18 27 2l 16 18 1 3L i)
19 21 22 13 1 23 26 12
20 15 2L 7 3 23 18 15
21 17 13 6 11 17 11 16
22 11 16 2 2 11 8 15
23 6 10 L 9 9 2l
2k 2 7 2 9 1 13
25 2 i L 1 3
26 1 1 1 2 10
27 v 3 1 5
28 1 6 8
29 5 3

30 n | 2
i i | 3
32

33 1
3L 1
35 v}
36

kY §

38

39

Lo

1

37
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Operator 2.--The I and X control charts showed no pointe out of control.
On the range chart, two points fell outside of the 30 limits. The first
of these péints wag caused by a bad part. No definite cause was in-
dicated for the second point. With the exception of these two points,
the operatorts performance tendsd to be statistically stable.

The cjcle time histogram exhibited a slight posiﬁive skewness,
This is attributed in part to the two peinits prevlously discussed.

There were no significant runs or other indications of an unstable
distribution. . (See Tsble § and Figure 7.)
Operator 3.--This operator had a relatively high variation between peri-
ods. There was a tendency for the cycle times te increase throughout
the work day.

The X control chart points out two values which lack stability.
The first of these was due to an extremely bad part which caused the
cycle time to nearly double. The second value was the result of a
dropped part and a bad part inspection, both within one subgroup.

Because of the variation of cycle times between pericds, three
period values fell outside of the 30 limits on the X chart. The ini-
tial one of these was the first period of the morning while the other
two were the last periods of the day.

Two values pointed to a lack of stability on the range chart.
The first of these corresponded to the first X point out of econtrol,
which was due to the bad parts, while the second valuwe was also caused
by a bad part.

There were two significant runs of values below the centerline,
This indicates a lack of stebility and non-randomness. {See Table 9

and Figure 8.)
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rator L.--This operstor tended toward a stable distribution except
for one subgroup in the last period. This lack of stability was caused
by three successive bad parts. This also caused a value to go out of
control on the range chart. No other signs of a lack of stability were
present.

The distribution tended toward a bell-shaped curve.

No overall daily trend of cycle times was evident, although cycle
times did increase dwring the morming and then again in the afternoon.
This tendency followed the hypothetical work curve.

This operator had only two weeks experience on the operation and
therefore, was producing at a much lower level than were the other oper=-
ators. There was a tendency :_ror this operator to have more and longer
delays and to have more "bad parts" than the average girl. The latter
was probsbly due to her inexperience, (See Table 10 and Figure 9.)
Operator 5.--This operator had no points outside of the 3 limits on
either the X or X control charts. However, one point did fall outside
of these limits on the range chart. No assignable cause for this lack
of stebility was found.

The distribution of cycle times tends toward a positive skewness.
This was ‘cmod by a comparatively few values as the result of bad part,
restaking, and others.

There are no other indications of a lack of stability. (See
Table 11 and Figure 10,)

Operator 6.--There is a definite positive skewness present in the dis-
tribution of cycle times as shown by the histogram.

One point lacked control on the X control chart and this was
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found to be due to a dropped part and also two bad parts in this sub-
ZYoupe.

The corresponding period average was likewise out of control on
the i control chart. This lack of control was due in part to the large
number of bad parts encomntered in this particular period.

This operator tends to be statistically stable in regsrds to
means and ranges, but a trend is indicated in cycle times by the fact
that the cycls time increased both in the morning and in the afternoon.

There are no other indications of a lack of control. (See Table
12 and Figure 11.)

Qperator 7.~-The cycle time distribution of this operator exhibited a
very positive skewness. It could be due partially to the number of bad
parts encountered in the third period. Both the X's and the X for this
period were outside of their respective control limits. The range of
these values also showed a lack of conbtrol. All other period data are
woll within the control limits.

Two significant runs were present, one on each control chart.
This is an indicaetion of the lack of stability of the values. (See
Table 13 and Figure 12.)

erator 8.~-There was a definite trend for performance times of this
operator to decrease during the day. Because the control limits are
determined by the subgroup range, e trend this pronounced will cause
points on both ends to be outside of the 30 control limits. Four X
points show a lack of stability while two X points are above the control
limit. One value on the range chart was also out of control,

Another indication of the lack of stability is the presence of
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several significant runa on ons side of the centerline. There was a
run of 13 valuss above the centerline 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

i, and O, were relatively high. (See Tsble 1l and Figure 13.)
erator 9.--There was a slight tendency for the performance time of
this operator to incresse 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 thease
values can be traced to bad parts encountered by the operator.

The range chari 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 aleo the direct result of bad parts.

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

The frequency distribution has & definite positive skewness.
This wes at least partislly the result of the bed paris encountered,
(See Table 15 and Figure 1l.)

Operator 10.--This operator illustrated good stabillty of mean cycle
times. Only one valne was out of control and the obaservation sheet
pointed out that this was caused by a bad part. No X values were out-
side of the 3§ limits esteblished.

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

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 Oy of this operator is rather low in comparison with the 0., ,
thus illustrating that the operatort!s performance times varies consider-
ebly within a period in relation to the variation between periods. (See
Table 16 and Figure 15.)

erator 1l.--The contrel chart of subgroup means for this operater had
three points outside of the 30 limits. The first twe can be attributed
to bad parts while the third point was a result of talking to other op-
erators (avoidable delay).

Two period mean values were also out of control. The first of
these two points was caused by bad parts. The second is below the lower
control limit, and no reason was recorded for this value.

Only one point fell outside of the limits on the range chart.
This point corresponded to the talking period mentioned above.

There are no other indications of non-stability except for the
positive skewness shown by the frequency distribution.

The variance within periods is also very high compared to the
variance between periods. (See Table 17 and Figure 16.)

Operator 12.-~There was a general tendency for the operatort!s cycle time
to decrease as the work day progressed. Two points on the X chart were
outside of the 3G control limits. These were both in the first period
of the work day. The period average for this time was also beyond its
control limit. Three values on the range chart lacked stasbility. A
check of the observation sheet showed that two of these points were
caused by bad parts.

The cycle time distribution showed a positive skewness. Both tle
variance within and between periods were above the average of all the
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operators. The X chart had a significant run of 11 points below the cen-
terline. (See Table 18 and Figure 17.)

rator 13.--This operator showed very good stability. There were no
points out of control on any of the contrel 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 lh.--This operator also indicated good control. The only in-
dication of a lack of stebility was a run of 9 values below the center=-
line on the X chart. There were no points outside of the 30" limits on
any of the contrel 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 peint which is close to the control limit
in this period was traced to a similar situation. Twe avoidable delays
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 21
and Figure 20.)

Operator 16.--One point on the X chart fell outside of the 30" 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. All other points on all charts were in
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control,

The cycle time histogram shows a positive skewness. This was due
to a few high cycle times, There were no other indications of a lack of
stability. (See Table 22 and Figure 21.)

Operator 17.--All points were within the 37 control limits on all
charts. There was one run of none points below the centerline on the X
chart. The cycle time histogram exhibited a definite positive skewness.
Both the 0, and 0, values were less than the average value for all
operators.

The performance time followed the trend that has been expressed
by some, in that it inecreased during the first part of the shift, dropped
slightly after the meal break and then increased toward the end of the
work day. However, this trend camnnot be taken as being the same for all
operators., (See Table 23 and Figure 22.)

Operator 18.--One point on the X chart was outside of the control limits.
This was traced to a bad part in the assembly. This same point also
lacked control on the range chart. The second value of the range chart
which lacked stability was found also to be caused by an irregularity in
the cycle.

There is a positive skewness shown by the cycle time histogram.
This is due, in part at least, to the times which resulted from these
irregularities. There were no other indications of a lack of stability.
Both the variance within and between periods were below the average of
all the operators. (See Tgble 2 and Figure 23.)

Operator 19.--There was a general tendency for this operator!s cycle
time to increase as the work day progressed. No X or range values
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were out of control, but one period mean showed a lack of stability.
This was due to the cycle time trend. This trend also caused a signif-
icant run of nine values above the centerline on the X chart.

The frequency distribution exhibited a positive skewmess. The
trend in eycle times probably caused this. There were no other indi-
cations of a lack of control. (See Table 25 and Figure 2k.)
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CHAPTER ¥
CONCLUSIONS AND RECOMMENDATIONS

Thers are several limitations which should be attached to the
results of this study. These are:
(1) The data covers only one operaticn.

(2) The operation is operator controlled except for the
staking element.

(3) It was taken from within one plant.

(L) It covers only a limited number of operators (although
this number was quite large).

(5) There was a separation of time between phases of the
study.
(6) There was a modification of parts during the atudy.

In the 1light of the foregcing, the feollowing conclusions can be

(1) The operatora on this operation did not. follow any
theoretical work curve.

(2) The unadjusted performance times formed a positively
skewed distribution. An unadjusted performance time is
one to which no rating or performance factor has been at-
tached. It is the observed cycle time. A positively
skewed distribution is one that is shewed to the right or
positive side of the mean value, with a shifting of the
peak to the left.

(3) The performance times of these operators lacked
stability in all except one case.

(L) The variation within a period was significantly
greater than the variation between periods.

Each operator tended o follow a somewhat different pattern of

performance throughout the day. ‘From the data gathered, it is impossible
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~ to say whether these are stable work curves which the operator follows
from day to day or whether an operatort's performance does not follow
any set pattern. In order to answer these questions, a similar study
should be extended to cover all the days of the week and also a number
of weeks., This would make it possible to answer two other questions.
These aret

(1) Are work r;uma gtable for a particular operator
from day to day?

(2) what is the performance pattern for a particular
operator during a week and between weeks?

The control charts for the individual ope'rators exhibited one
or more indications of a lack of stablility in all except one case. Of
the fifty-six values which lacked control, thirty-five could be traced
to some irregularity in the cycls or subgroup, while the lack of control
for twenty-four values could not be traced directly. Using accepted
control chart procedures, after eliminating =11 values with assignable
causes of variations, new limits are established and the data is plotted
in respect to these modified limits. Thus, 1f this procedure is con=-
tinued, after first determining just what a.re assignable causes, a
stable distribution should result. This procedure was not followed
because the data did not supply the necessary criteria for differen~
tiating between assignable and chence causes and also because another
project had been initiated using motion picture film to collect similar
data.

The difference of the variation within and between periods was
gignificant at the one per cent level using the F-ratic. The F-ratio

was 2,008 with 156 degrees of freedom. This means difference in
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varistions could not be due to chance alone, Only six operatort!s mean

performance times were in control on the operatorts mean performance time

control chart., This shows that thirteen of the operatortz mean perform-
ance times varied to an extent where it could happen dus to chance only
three times in s thousand. This means that the operators do not form a
homogenous group in respect to their cycle times. The reason for this
is obviously due to an assignable cause of variation in the fom of ex=
perience, motivation or ability. (See Figure L for Control Chart,)

A1l except three performance time distributions had a positive
skewness that was definitely visible. It might be expected that a
gskewed distribution will result from unsdjusted psrformsnce times sgince
there seems to be a physioclogical speed limit on which chance factors
cannot operate in the lower direction, while at the other end, any
chanca factor can operate to add to performance time, thus, if we can
elimingte all of these factors {such as bad parts, inspections, re-
stakes, etc.) we may expect & theoretical distribution such as the
normal distribution. But, elimination of what we now call assignable
causes may still produce a skewed distrlbution because we have not
determined what should be leheled assignable causes of variation.

‘In order to learn more sbout these causes of variation in per=-
formance times, & similar study should be conducted using high speed
motion pietures, preferably taken at 2000 frames per minute or at a
higher rate of speed. This would fseilitate the determining and
¢laszifying of the causes of variations. Such a study, in order to
obtain suffiolent data, would require in the neighborhood of twenty
thousand feet of motion piecture film. The cost of the film alone would

"’_m
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be nearly one thousand dollars.

In addition this film would give insight into the time distribu-
tion of many of the catagories of the predetermined time systems. This
could serve to substentiate or refute the basis of the data of these
systems which is now being used quite extensively in industry.
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Table 7. Operator 1l's Period and Grand Cycle Time Mean and Range

8:45 to 8:50 AM
Subgroup ) 5 R
1 18.8 L -
X = 20.0
2 17.6 3 ~
R= 5.0
3 18.6 6 0 . 20149
= 2,149 V= = =—
I 21.6 g - < AT
5 23.h4 7
10:00 to 10:05 AM
Subgroup X R
1 17.4 -
X = 18.28
2 17.6 2.5 -
R= 503
3 18.8 8
.= 2.278
kL 18.4 6
5- ]-9'2 6
10:55 to 11:05 AM
Subgroup X R
1 19,6 L.5 -
X = 19.70
2 19.3 L5 _
Re hoé
3 19.h N
= 1977
N 20.2 7
5 20,0 3



Table 7. Operator 1l!'s Period and Grand Cycle Time Mean and Range

12:55 to 1:05 PM

Subgroup
1

S S g VY

2:00 to 2:10 PM

Subgroup
n A

vi & w n

19.2
21.L
22,8
20.8
21.6

4|

18.2
19.2
17.5
17.7
18.8

(continued)
R
5 =
X = 21.16
6
Ro 6.8
8 —
6
9
R
L -
X = 18.28
2 —
h R = 305
0,= 1.504
2.5
5
X = 19.L8L
R = 5.0L0
Rg = 2.88
Og = fi_ = 1,238
dp
g = Bo-o.66
d2

73



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

N = 125 R=13
Class Interval = 13

Contrel limits for subgroup averages
= 19.48L + .58 (5.0L4) = 22.407

= 19.48L - .58 (5.0L) = 16,561

=2

il

UG]‘.:;[:I+12
LClgz =

Control limits for period averages

Ul 2 X+ A, B = 29.L8L + .58 ’.sohoz = 20,78k

=

wil )

B4l

-Aa

=]

s
LCLgz = - f_g; = 19,48k - .58(.50L0) . 18.185
W Ve

Contrel limits for subgroup ranges
UCLg = D), R = 2.09 (5.040) = 10.533
LOLg = n3§: 0 (5.040) = 0

L



Table 8. Operator 2%s Period and Grand Cycle Time Mean and Range

8:50 to 9:00 AM

Subgroup
1

ni =~ w

:
15.2
17.0
15.0
17.6
17.0

10:05 to 10:15 AM

Subgroup
. |

2
3
L
5

X
16.2
16.1
17.0
16.1
15.8

11:05 to 11:10 AM

Subgroup
1

2
3
]
5

]|

17.8
15.2
16.2
15.1
16.5

W M w1 v o

Le5
6.5

2.5

10
3.5

2.5
11.5

% - 16036
R= L
Jw= 1.891
T = 16.2)
Re L5
%2 L.93k
X = 16.16
R = 6.3
6.z 2.708

75



Table 8, Operator 2!'s Period and Grand Cycle Time Mean and Range

1:05 to 1:10 PM

Subgroup
1

2
3
N
5

2:10 to 2:20

Subgroup

i =~ w M

w4

15.0
1h.6
15.8
17.0
164

al

17.8
15.2
16.2
16.8
18.0

(continued)
R
N =
X« 15,76
2 —-—
B2 3.5
2.5
J.= 1.504
5
L
R
l _
T = 16.80
1.5 _
R = 3.6
2
0:-.!: 1.5]4?
h.5
6
X = 16.26),
Rz L
Rz = 1,04
0; = WLl7

0= 1.917

76



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

N = 125 R =1,
Class Interval = 2

Control limits for subgroup averages
UCL;z = 18.750
LCLg = 13.678

Control limits for period averages
UGLE - l?o]-llh
LCLy = 15.11)

Control limits for subgroup ranges

U’GLB = 9.321
I.CLR ol 7

See Table 7. for Sample Calculations.
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Table 9. Operator 3's Period and Grand Cycle Time Mean and Range

9:00 to 9:10 AM

Subgroup X R
3 16.0 3 =
X = 16.6L
2 15.8 L .
RS 39
3 16.9 L
0,= 1.676
h 1503 105
5 19,2 7
10:15 to 10:20 AM
Subgroup X R
X = 17,10
2 16.8 2 _
1 s R= 3.1
3 o9 24
6= 1.332
L 17.0
5 17.4
11:10 to 11:15 AM
Subgroup ) R
1 ]-6.8 2 —
X = 18,08
2 15.6 3 —
R2 1«
3 16.L b
'O’w: 3022'.].
N 25.6 25.5
5 16.0 2



Table 9. Operator 3's Period and Grand Cycle Time Mean and Range

1:10 to 1:15 PM

Subgroup
; |

2
3
L
5

2:20 to 2:25 PM

Subgroup
1

vi &= W

21.2
24.0
19.0
20.8
22.4

B)

18.6
22,2
19.0
20.4
22.8

(continued)
R
10 _
p 210&8
13 _
R= 9.4
L
G:»: L.0Ll
10
10
R
7 —_
X = 20.60
16 _
Rz 9,6
8
of\u= h.12?
L
13
X = 18.780
R= 7.00
Ri - hoeh
Og = 2.080
Gbu= 3.009

79



Table 9, Operator 3%s Period and Grand Cycle Time Mean and Range

N = 125 R =25
Class Interval = 3

Control limits for subgroup averages

UCLg = 22.8)40
LCLg = 1kL.720

Control limits for period averages
UCLg = 20.585
LCLz = 16.975

Control limits for subgroup ranges
UCLy = 14,630
LClg = O

See Table 7. for Sample Calculations.



Table 10. Operator L!'s Period and Grand Cycle Time Mean and Range

9:15 to 9125 AM

Subgroup X
1 2.6
2 23.5
B 2kl
L 27.2
5 26.4

10:20 to 10:30 AM

Subgroup X
1 27.k4
2 28,2
3 28,2
L 31.8
5 2kl

11:15 to 11:23 AM

Subgroup X
% 28.4
2 27.h
3 29.14
L 26.0
5 28.0

v &R w B owm

10

X = 25,16
BT 13

G,= 3.138
X = 28,00
R = 13.00
0w= 5.588
i = 27.84
BZ 9.0

6 = 3.869
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Table 10. Operator Lts Period and Grand Cycle Time Mean and Range
(continued)

1:15 to 1:25 PM

Subgroup X R
1 2340 19 -
X = 26.36
2 2642 18 _
R = 12:6
3 25.8 7
Gu.a: 5.’.]17
L 2746 7
5 2942 12
2:25 to 2:35 PM
Subgroup X R
1 28.6 3 _
X = 25,48
2 23.4 5 _
3 R= 3.8
2 27 3
0= 1.633
L 23.8 3
5 23.8 5
%= 26.568
R= 9.1
Rg = 2.84
0s = 1.220
6= 3.929



Table 10. Operator L's Period and Grand Cycle Time Mean and Range

(continued)

N = 125 R =25
Class Interval = 3

Control limits for subgroup averages
UCLy = 31.869
LCI5 = 21.267

Control limits for period averages

UCLx = 280938
LCLg = 2L.198

]

Control limits for subgroup ranges
UCLy = 19.102
LCLp = O

See Table 7 for Sample Calculations.
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Table 11, Operator 5's Period and Grand Cycle Time Mean and Range

9125 t0 9:30 and 9:35 to 9:40 AM

Subgroup X R
i 16.6 5 _
X = 18.10
2 19.8 8 B
R= L.5
3 18.2 3
0wz 1.93L
L 19.2 3
5 16.7 3.5
10:30 to 10:L5 AM
Subgroup X R
1 19.2 8 -
X = 18,2
2 19.4 6 B
R = 6.3
3 16.1 3
h 17.3 L5
5 19,0 10
11:23 to 11:28 AM
Subgroup X R
L 19.6 _
X = 18032
16.8 7 B
RS 3.7
19.2 2.5
“‘: 1-59h

2
3

L 16.L 3
5 19.6 1

8L



Table 11, Operator 5's Period and Grand Cycle Time Mean and Range

1:25 to 1:35 PM

Subgroup

W F w P

2:10 to 2:45 PM

Subgroup

vi F w o M

H)

19.2
16.0
15.4
17.0
16.9

=1

19.k
20.2
17.8
18.2
21.2

(continued)
R
8 —_—
X = 16.90
L _
: -
(o= 2.020
6
2.5
R
7 =
X = 19.36
9 _
R 2 T4
L
G= 3.181
3
2
T = 18.176
R= 5.32
R‘J‘: - 20)46
G = 1,057

2y

2.287

85



Table 11, Operator 5's Period and Grand Cycle Time Mean and Range
(continued)

N = 125 R =16
Class Interval = 2

Control limits for subgroup averages
Ucli - 21¢262
LCLz = 15.090

Control limits for period averages
UCLg = 19.5L8
LCI»_E = 1608011

1

Control limits for subgroup ranges

UCLp = 11.119
LiL, = O

See Table 7. for Sample Calculations.



Table 12.

Operator 6's Period and Grand Cycle Time Mean and Range

9:L5 to 9155 AM

——

Subgroup X
1 18.0
2 21.6
3 20,4
N 16.4
5 19.6

10:L45 to 10:50 AM

Subgroup X
1 23.8
2 30.2
3 25.8
L 2246
5 22.)

12:45 to 12:50 PM

Subgroup X
i 8 19.0
2 17.6
3 18.0
L 17.6
5 21.0

13.5
15
25

18

= wooo oo

15

X = 2Lh.96
R = 1k.h
6= 6.190

= 18.6L
6.6
2.862

sl

Eq =l
[} ]

87



Table 12. Operator 6!'s Period and Grand Cycle Time Mean and Range

1:35 to 1:15 PM

Subgroup
" 4

2
3
L
5

2:45 to 2:55 PM

Subgroup
1

2
3
L
5

ol

2Ll
19.8
20.8
28.2
23.4

4

20.8
20.2
17.L4
20.0

27.0

(eontinued)
R
18 —
X = 22,72
9 =
B & 15.0
13
Ouz 6165
20
15
R
9 e
X = 21,08
12 —
B2 11.5h
5
O.= L.901
6
25
-I-; - 210320
R = 12.58
Rg = 6.32
= 2.717
.= 5.408

88



Table 12. Operator 6's Period and Grand Cycle Time Mean and Range

(continued)

N = 125 R =28
Class Interval = 3

Control limits for subgroup averages

U'CLi = 28.616
LCLg = 14.02L

Control limits for period averages
UCI.i = 2}4.565
LCLg = 18.075

Control limits for subgroup ranges
UCLp = 26.292
LCLB = 0

See Table 7. for Sample Calculations.
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Table 13. Operator 7's Pericd and Grand Cycle Time Mean and Range

9:55 to 10:00 AM

Subgroup 5
i 17.0
2 15.6
3 15.6

10:L40 to 10:55 AM

Subgroup X
1 16.L
2 15.6
3 15.L4
L 17.4
5 17.6

12:50 to 12:55 PM

Subgroup X
5 18,2
2 19.2
3 20.2
L 16.8
5 20.0

10

3.5

SAl I~ V-

21.5 -

X = 16.0L
R2 L
fw= 1.762
X = 16.L8
Rz 3.6
0= 1.5L7
X = 18.88
Rz 13.1
6.z 5.631

920



Table 13, Operator T's Period and Grand Cycle Time Mean and Range

1:50 to 2:00 PM

Subgroup
6

i FF w n

2:55 to 3:00 PM

Subgroup

vi & w o n

16.6
17.k
15.6
15.4
16.7

2]

16.6
16.6
16.L
1.8
15.6

(continued)
R

i 8

3

6

3.5

6.5

R

2

L

L.5

2

6

X = 16.718
Rz 5.7
Rz = 2.88
da = 1.238
0w = 24450

X - 16.3L
E= 4.0
V2 1,719
X = 16.00
R I 3.7
Gz 1.590

gi



Table 13. Operator T%s Period and Grand Cycle Time Mean and Range

(eontinued)

N = 125 R=23
Class Interval = 3

Control limite for subgroup averages
UCLz = 20.05k
LCLg = 13.LL2

Control limits for period averages

UCLg = 16.748
LCLg = 15.278

Control limits for subgroup ranges
Uﬂn = 11913
IClg = O©

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

3135 to 3:LL PM

Subgroup

wm B w2

L:10 to L:18 PM

Subgroup
1

2
3
b
5

250 to L4:57 PM

Subgroup
z

2
3
L
5

22,6
21.8
22,0
29.1
2L.L

b |

2l.6
26,1
22,2
22.8
23.6

pd(

2L.8
22.1
22.0
21.0
20.8

Eioa\.n\o\o

=)

10

10

X = 2L.0L
RZ 9.0
6.z 3.869
X = 23.92
Rz 7.6
Ot 3,267
X = 22.20
R = 11.0
0u= L.729

93
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Table 1}, Operator 8's Period and Grand Cycls Time Mean and Range

(continued)
52120 to 5:28 PM
Subgroup X R
L, 22,2 6 =
X= 22.00
2 23.8 9 _
) R = 8.8
3 20.2
(o= 3.783
L 23.6 p 4
5 20,2 L
6:4,2 to 6:51 PM
Subgroup X R
1 23.0 5 =
X = 22,87
e 2L.2 7 _
R= 6.3
3 21.h4 T
6_'-0: 2.?08
L
Delays
5 |
|
7:18 to 7:25 PM |
Subgroup X R
1 19'h 1 =
_ X = 22,36
2 21.L 7 _
R= 7.6
3 23.4 9
(o= 3.267
h 23.0 7
5 2L.6 1



Table 1}, Operator 8!'s Period and Grand Cycle Time Mean and Range

7:52 to 7:58 PM

Subgroup
x4

2
3
L
5

8:23 to 8:28 PM

Subgroup

Wi W o M

9115 to 9122 PM

Subgroup
1

2
3
L
5

18.8
20.4
19.8
19.2
18.2

B4\

18.2
19.0
15.8
22,2
18.2

5l

20,6
21.8
18.0
17.8
18,4

(continued)

A=Y SR o N N -

1L

10

L B -

10

B4l

£

Q e
11}

W

19.28
8.0

3.439

19.L8
9.0
3.869

95
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Table 1. Operator 8's Period and Grand Cycle Time Mean and Range

(continued)
9:47 to 9:52 PM
Subgroup X R
;| 18.0 8 _
X = 18,04
2 17.6 N ~
R= 7.0
3 17.0 6
Gu= 3.017
L 18.8 L
5 18,8 13
10:25 to 10:32 PM
Subgroup . & R
1 18.0 L =
X = 18.28
2 17.0 6
R= 6.6
3 19.2 12 6
we 2,837
L 19.4 6
5 17.8 5
% = 21,163
A= 7.92
Re = 6.00
G_B P 20579
Cu = 3.405



Table 1L, Operator 8!'s Period and Grand Cycle Time Mean and Range
(continued)

N = 275 R =22
Class Interval = 2

Contrel limits for subgroup averages

UGIE = 25-757
LCLz = 16.569

Control limits for period averages

UCLs = 23.218

L - 190108

i

Control limits for subgroup ranges
Ucln - 16.55

I.GLB: 0

See Table 7. for Sample Calculations
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Table 15. Operator 9's Period and Grand Cycle Time Mean and Range

3:L) to 3:L9 PM

Subgroup
&
2

3
L
5

4:18 to L:25 PM

Subgroup

w = w 3%

1,257 to 5:02 PM

Subgroup

i F w wn

15.8
15.4
13.4
15.8

»d|

13.8
16.0
15.8
16.0
18.0

2

15.6
1h.6
15.L
14.2
15.6

Lo T T I =) LIV~ B~ - -

F v o w v o

S Wl

il it 1] |

¢
R

X = 15,08
R - L.2
Go= 1.806
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Table 15. Operator 9's Period and Grand Cycle Time Mean and Range

(continued)
5:29 to 5135 PM
Subgroup X R
1 16,6 9 _
X = 17.0k
2 17.0 12
R« T8
3 16.6 2
Guz 3.353
L 176 8
5 17.4 8
63152 to 63156 PM
Subgroup 4 R
1 18.4 8 -
X = 17.hbs
2 16.8 L _
BR= 66
3 18.0 T
0.= 2,837
L 15.8
5 18.2 8
T:25 to 7330 PM
Subgroup x R
1 16.6 L _
X = 16.20
2 16,2 8 _
RZ 5.2
3 16.4 5
Gwz= 2,236
L 16.2 3
5 15.6 6



Table 15, Operator 9!'s Period and Grand Cycle Time Mean and Range

7159 to 8:03 PM

Subgroup
1

i & w o

8:29 to 8:35 PM

Subgroup

i F W o

9122 to 9:28 PM

Subgroup

i F owoom

16.0
15.0
15.4
16.L
16.6

b |

15.8
17.0
16.6
18.0
18.2

b |

16.2
16.2
18.0
19.6
15.6

(eontinued)

oV Vi ol w W

~ Ul =3 U W

10

- W W

17

w4l

|

i

2w el

17.12
6.8
2.923

17.12
6.0
2.580

100



Table 15. Operator 9's Period and Grand Cycle Time Mean and Range

(continmed)
9:52 to 9:58 PM
Subgroup X R
1 16.0 5 =
x - ].6.?6
2 17.2 5 =
R= 5.6
3 19.0 1L
G:»: 2.1408
N 16.6 N
5 15-0 0
10:33 to 10:39 PM
Subgroup X R
i 1.0 2 _
b 17052
2 17.0 L
BE=11.kh
3 15.0 N
0w = L.oOL
L 21,2 22
5 20.4 25
T = 16.473
R=- 6.04
Rg = 2.L4
65 - 100&9
0wz 2.592
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Table 15. Operator 9'8 Period and Grand Cycle Time Mean and Range
(continued)

N = 275 R = 27
Class Interval = 3

Control limits for subgroup averages
UCLz = 19.976
LCLz = 12.970

Contrel limits for period averages

UCLs = 18,040
LCLi - 11109%

T

Contrel limits for subgroup ranges
UCL, = 12.624

LCLp =

See Table 7. for Sample Calculations.
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Table 16, Operator 10's Period and Grand Cycle Time Mean and Range

3:50 to 3:55 PM

Subgroup
¥

W = w

L4225 to 43130 PM

Subgroup

i & w o

5:03 to 5:07 PM

Subgroup

Vi &~ w ™

17.4
16.6
15.6
14.8
15.8

a4

18.2
18,2
15.0
1h.6
15.6

=]

17.2
16.2
15.0
16.6
15.0

w o ow B

= B v v 4 w

1

e |
Mmoo

B
it (4]

ﬁ =1 ]
i

S
(| il

w

16.0L
9els
Lol

16.32
Teks
3.181

16,00
2.2
3.095

103



Table 16. Operator 10's Period and Grand Cycle Time Mean and Range

5135 to 5:L42 PM

Subgroup

AS AU R VN

6:58 to 7:05 PM

Subgroup
1

2
3
L
5

7:30 to 7:38 PM

Subgroup

i & w o mN

b4 |

15.8
2046
20.2
16.8
18.0

>4

17.2
15.8
19.0
18.8
17.0

=1

18.0
17.0
18.6
18.4
15.6

(1T o SR N & SR~ R I - .

R v v w

(continued)

= 17.52
8.2
O - 3-525

=

10l



Table 16. Operator 10's Period and Grand Cycle Time Mean and Range

(continued)
8:04 to 8:09 PM
Subgroup X R
1 15.6 5 -
2 18.6 6 ~
5 17.0 8 e
’ Ouz 2.322
N 1h4.2 1
5 15,6 7
8:35 to 8:43 PM
Subgroup X R
1 17.0 6 _
X = 17.08
2 22,2 16 _
Rz Tb
3 13.8 )
L 16.2 7
5 16,2 7
9129 to 9:35 PM
Subgroup X R
1 19.0 10 _
X=17.00
2 17.8 8 B
R= 7.0
3 16.2 7
Ouz 3.009
L 15.8 3
5 16.2 7
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Tsble 16, Operator 10's Period and Grand Cycle Time Mean and Range
, (continued)

10:00 to 10:05 PM

Subgroup X R
1 15.6 ll. ~
X = 15.84
2 16,0 9 _
R= 5.6
3 16.4 5
lo= 2,408
L 16.0 7
5 15.2 3
10:1,0 to 10:46 PM
Subgroup X R ‘
1 15.8 2 -
X = 17.84
2 20.0 13 _
Rz 8.2
3 16.8 7
Oz 3.525
L 19.0 10
5 17.6 9
T - 16.880
R= 7.u72
By = 2.L4l
G, = 1.0l9
O, = 3.213
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Table 16, Operator 10's Period and Grand Cycle Time Mean and Range
(continued)

N = 275 Re 22
Class Interval = 2

Contrel limits for subgroup averages
UCLgz = 21.21}
LCLg = 12.5L6

Control limits for period averages

UCLg = 18.818
LCLg = 1h.9)2

Control limits for subgroup ranges
UCIR - 15.616
LCLy =

See Table 7 for Sample Caleculations.



Table 17. Operator 1ll's Period and Grand Cycle Time Mean and Range

3:57 to L:02 PM

Subgroup X
L 1.k
2 16.2
5 15.L
h 11‘-8
5 15.8
4237 to L:L3 PM
Subgroup X
1 18.0
2 18.6
2 21,2
L 19.0
5 1L.8
5:07 to 5:13 PM
Subgroup X
i A 15.2

2 15.6
3 17.0
L 19.8
5 17.L

nn - wooHo

10

10

~N W = w u oW

X = 18.12
RS .2
Ou= 1.806
X = 18.32
R= B
L.t 3.6
X = 17.00
RE ED
0= 2,150
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Table 17. Operator 11's Period and Grand Cycle Time Mean and Range

(continued)
5:43 to 5:L48 PM
Subgroup X R
L 16.2 3 -
X = 16.56
2 15.8 L _
, 52 o ¢ RS 5.2
" Ouz 2.236
L 17.2 3
5 16.8 9
7:05 to T:11 PM
Subgroup X R
1 16.0 _
X= 17.28
2 16,2 10 ~
R = T
3 16.6 6
Gz 3.267
L 22.0 12
5 15.6 5
7:39 to T:l) PM
Subgroup A R
1 13,8 L _
X = 15.72
2 18.6 9 ~
RS 56
3 15.0 3
Gulz 2.1LOB
N 16.0 6 |
5 15.2 6



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

(continued)
8:10 to 8:15 PM
Subgroup X R
1 15.8 3 -
X = 1,.88
2 1.0 2 _
N ’ RS 3.8
3 17.
0= 1.634
L 13.6 3
5 13,6 3
8:43 to 8:L7 PM
Subgroup X R
l 15.1‘ 5 =
X = 15,28
2 1L.6 3 _
R = L.b
3 15,4 5
.= 1.978
L 16.6 6
5 L.y L
9:35 to 9:40 PM
Subgroup X R
1 15.8 3 _
! X : 16032
2 16.2 5 _
R= 5.8
3 17.L 9
bot 2.l9L
L 15.4 8
5 16-8 h



Operator 11l!'s Period and Grand Cycle Time Mean and Range

Table 17.
(continued)
10:05 to 10:10 PM
Subgroup X R
1 16.2 6
2 13.L 3
3 15.4 3
k 13.L 5
5 13.8 3
10:4,7 to 10:53 PM
Subgroup X R
1 17.6 7
2 17.6 L
3 18.8 7
L 17k 9
5 15.3 1
X = 16.205
= 5.36
Rg = 3.88
Oy = 1,668
0oz 2.337

WMl
noon

g
11

17.3L
5.6
2..08
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Table 17. Operator 1l'!'s Period and Grand Cycle Time Mean and Range
(continued)

N = 275 R =17
Class Interval = 2

Control limits for subgroup averages
UCLz = 19.358
LCLg = 13.052

Control limits for period averages
UCLs = 17.606
LCLg = 1k.80k

Control limits for subgroup ranges
UCLy, = 11,361

ICly = ©

See Table 7. for Sample Calculations.



Table 18. Operator 12's Period and Grand Cycle Time Mean and Range

4:00 to L:10 PM

Subgroup E R
1 2L.0 10 -
X = 22,16
2 20.2 N
EE 72
3 21.2 9
0oz 3.095
k 21,8 6
5 23.6 g
L:Ll to L:lo PM
Subgroup X R
1 21,2 -
X = 1908
2 18,4 3 3
R= 9.6
3 18.8 10
G-u: h.l27
N 21.L 17
5 19.2 10
5:1l; to 5:20 PM
Subgroup X R
;| 22,2 15 -
X = 20.}4
2 18.0 r _
R = 8.6
3 19.0 L ¢ ;
wa  3.697
L 22,8 10
5 20,0 7



Table 18. Operator 12's Period and Grand Cycle Time Mean and Range

(continued)
5:148 to 5:55 PM
Subgroup 3z R
1 17.8 7 _
X = 19.12
2 19.0 3 o
R= 7.0
3 18.2 5
0wz 3.009
N 19.L 5
[ 21,2 15
T7:12 to T:17 PM
Subgroup X R
1 19.0 L _
X s 19.68
2 20.8 6 B '
R ot 508
3 22.8 8
G,z 2.L9L
L 18.8 5
5 17.0 6
7:45 to 7:51 PM
Subgroup % R
i 17.8 3 _
X = 18-,-‘8
2 15.8 2
R= Lk
3 21.6 9
G= 1.892
i 17.k 2
5 19.8 6



Table 18. Operator 12's Period and Grand Cycle Time Mean and Range

(continued)
8:15 to 8:22 PM
Subgroup X R
1 19.8 13 _
X = 19.2}
2 21.L 6
3 5 " RZ 7.2
18.
0wz 3,095
L 18.L4 5
5 17.8 6
8:18 to 8:55 PM
Subgroup x R
1 19,2 8
X = 18.00
2 18.8 5 _
R= L.
3 17.0 2
0= 2,064
N 17.6 3
5 17.k 6
9140 to 9:1L6 PM
Subgroup % R
1 15,2 2 _
X = 17.32
17.0 7 _
Rz 7.4
376 L
0.= 3.181

2

3

L 19.6 17
5 17.2 7



Table 18. Operator 12's Period and Grand Cycle Time Mean and Range

(continued)
10:10 to 10:15 PM
Subgroup 3 R
1 17.2 3 =
X = 19.08
2 19.0 10 _
R= 9.0
3 18.2 7
Gz 3.869
I 19.4 T
5 21.6 18
10:53 to 10:58 PM
Subgroup b R
1 18.8 b § _
X = 18.L)4
2 16.8 6
Az 9.b
3 20.0 8
G-"-‘: hoohl
L 17.2 11
5 19.4 15
T = 19.2L7
R= 7.309
Rg = L.BL
Us = 2.081
Vo= 3,142



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

N = 275 R=20
Class Interval = 2

Control limits for subgroup averages
UCLz = 23.L87
LCLg = 15.007

I

Control limits for period averages
UCLZ = 21,143
LCLy = 17.351

Control limits for subgroup ranges
UCLp = 15.276

I.GLR: 0

See Table 7. for Sample Calculations

17



Table 19, Operator 13's Period and Grand Cycle Time Mean and Range

11:50 to 11:57 PM

Subgroup X R
1 18.2 N -
X = 19.0L4
2 19.k 9 _
: R = 6.6
3 18.2 7
0= 2.837
N 20.L 6
5 19.0 7
12:145 to 12153 AM
Subgroup X R
1 18.L4 6 -
X = 18.60
2 19.0 5 -
; 1.1 R= 5.8
. 2
Tz 2.194
L 20.6 9
5 18.6 7
1:5) to 2:05 AM
Subgroup X R
5 | 18,2 9 —
X = 18.88
2 19.4 6 _
R= 6.2
3 19.6 6
0= 2,666
L 18.L4 6
5 18,8 L



Table 19. Operator 13's Period and Grand Cycle Time Mean and Range

3:3L to 3:L1 AM

Subgroup

nw = W

L:35 to L:h2 AM

Subgroup

i & w P

5:45 to 5:52 AM

Subgroup
1

2
3
N
5

18.0

1942

20.0
17.6
17.8

)

18.L
18.8
19.2
17.8
19.8

»|

18.6
17.8
17.6
18.L
18.6

(continued)

10

o W w o N W

Ww = =21 -~ O o

X = 18.52
R = 6.6
o= 2,838
T = 18.80
R = L.8
0= 2,06
X = 18.20
R= 5.4
s 2,320

119



Table 19. Operator 13's Period and Grand Cycle Time Mean and Range
_ (continued)

s 18.607

5.900

0.8L
«361

= 2.537

D oM
1l

N = 150 B =k
Class Interval = 2

Control limits for subgroup averages
ULC_

X

LCLx

22,029
15,185

Control limits for period averages

UCLE = 20.137
ICLe = 17.077

Control limits for subgroup ranges
UCLp = 12.331
ICIg = O

See Table 7. for Sample Calculations.
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Table 20, Operator 1l's Period and Grand Cycle Time Mean and Range

11:57 to 12:04 AM

Subgroup X
1 22,6
2 18.0
3 12.L
N 19.2
5 22,2

12:5) to 1:02 AM

Subgroup X
1 20,8
2 19.0
3 21.2
L 20,0
5 20.2

2:05 to 2:16 AM

bl

Subgroup
: § 20,0
2 16.6
3 19.4
L 15.0
5 20.0

o ST R o N - <

10

~ = Vi v oo

nw o &~ o0 oo W

X = 20.68
Rz 6.
0= 2.752
X = 20,24
R= 6.2
0. 2.666
X = 19.00
R= 5.8
0:.:: 2.!49,4



Table 20, Operator 1ll's Period and Grand Cycle Time Mean and Range

(continued)
3:42 to 3:48 AM
Subgroup E R
1 18,0 6 _
X = 18.84
2 19.6 3 _
] L R= L6
3 18.2
(o= 1.978
N 19.4 5
5 19.0 5
L:52 to 5:00 AM
Subgroup X R
1 18.2 2 _
X = 19,52
2 18.8 3 _
. Rz 5.8
3 19.2
Gz 20,49]4
L 19.L 8
5 22.0 5
53152 to 5159 AM
Subgroup X R
s ) 19.8 7 —
i - 19096
2 18.0 7 _
R= 6.6
3 21.0 7
Vo= 2.837
L 19.2 3
5 21.8 9
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Table 20. Operator 1lL's Period and Grand Cycle Time Mean and Range

(continued)
X = 19.707
R = 5.90
Rz = 1.84
0p = 191
Oz 2.537
N = 150 R =15

Class Interval = 2

Control limits for subgroup averages
UCLi— - 230129
= 16,285

8

Control limits for period averages
= 21.237

s

LCLz = 18.177

Control limits for subgroup ranges

UCLy = 12.331
LCly = ©

See Table 7 for Sample Calculations,
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Table 21. Operator 15%s Period and Grand Cycle Time Mean and Range

12:05 to 12:12 AM

Subgroup X R
3 16.4 L _
X = 16,92
2 18.6 N _
R= L
3 18.0 6
.= 1.892
L 15.6 3
5 16.0 5
1:0L to 1:10 AM
Subgroup X R
i i 17.0 6 _
X = 16,2
2 15.8 2 _
Be 3.4
3 15.4 3
0= 1.L462
b 15.4 3
5 17.6 5
2116 to 2:23 AM
Subgroup x R
1 16,2 1 e
X = 16.84
2 17.0 L -
B2 hLe2
3 17.8 6
0.z 1.806
L 17.8 6
5 15.L N



Table 21, Operator 15!s Period and Grand Cycle Time Mean and Range

(continued)
3:48 to 3:56 AM
Subgroup X R
1 19.L 10 _
X = 17.72
2 15.6 L -
, e , R= 5.t
’ O, 2.322
L 18.0 6
5 19.0 N
5:06 to 5:12 AM
Subgroup X R
1 17.L 1 _
X = 15.92
2 16.2 5 -
} - § B= 3,0
’ 0= 1.290
N 15.8 L
5 15.0 2
6:00 to 6:05 AM
Subgroup X R
1 b ) 3 _
X = 17.08
2 17.8 7 B
R= L.B
3 16.2 5
N 16.8 6
5 17.4 3

125
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Table 21, Operator 15's Period and Grand Cycle Time Mean and Range
(continued)

= 16,787
= k.20
1.80
713
1,806

UIO\ H.f o el
!

9
"

N = 150 R=13
Class Interval = 2

Control limits for subgroup averages
UCLy = 19.223
LCLg = 1h.351

Control limits for period averages
UCLg = 17.876
LCLg = 15,698

Control limits for subgroup ranges

UCIR - 8-778
LGLR =0

See Table 7. for Sample Calculations.
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Table 22. Operator 16's Period and Grand Cycle Time Mean and Range

12:12 to 12:17 AM

Subgroup
k|

2
3
n
5

1:10 to 1:19 AM

Subgroup
1

2
3
L
5

2123 to 2:32 AM

Subgroup

i = W™

18.6
15.4
17.4
15.8
16.2

»el

18.6
19.0
17.0
16.0
20,4

el

19.0
15.4
16.0
16.8
17.2

® o v oo B ow Wi o B -3

\n-au-aljm



Table 22, Operator 1l6!s Period and Grand Cyele Time Mean and Range

3156 to L1203 AM

Subgroup
1l

2
3
N
5

£:12 to 5:19 AM

Subgroup
1

2
3
L
5

6:06 to 6:11 AM

Subgroup

i &~ W m

16.2
16.h
16.L
17.2
.k

b

16.6
17.k

14.6
18.2

18.4

pe)

17.0
16.6
17.2
18.8
17.6

nmi ~ O W o = v O = NN o

s W o o

10

(continued)

Pl
1] ]

|
i

W el
1noon

£
1]

sl
11}

a
1]

16.12
5.0
2.1,9

17.0k
5.0
2,19

17.4)
5.0
2.149

128



Table 22, Operator 16's Period and Grand Cycle Time Mean and Range
(continued)

= 17.060
5333
= 2.08
89L
2.291

il el
I

S a8
1]

N = 150 R=15
Class Interval = 2

Control limits for subgroup averages

UCLg = 20.153
LGLJ-: 13.967

Control limits for period averages

UCLg = 18.LL3
LCLg = 15.677

Control limits for subgroup ranges
UCI.R = 11146

LCL; = O

See Table 7. for Sample Calculations.
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Table 23. Operator 1l7's Period and Grand Cycle Time Mean and Range

12:17 to 12:2), AM

Subgroup
A

nm s w o

1:19 to 1:27 AM

Subgroup
i

Vi &= W om

2:33 to 2:L5 AM

Subgroup
1

wm == W

22.1L
20,2
19.2
20.6
18.8

|

20.4
19.2
19.4
18.6
18.8

w4

22.8
2he6
22.0
20.8
19.0

10

o o

Vi w oo v v o

J:'O\cot"*o’.:ﬂ

B4l

a =i

S

=

S\ Wi

20.2L
5.0
2,149

19.28
L.8
2.063

21,8)
Te6
3,267



Table 23. Operator 17's Period and Grand Cycle Time Mean and Range
(continued)

L:05 to 4:13 AM

Subgroup X R
1 22.0 L -
X = 20.6L
2 2042 12 _
R= 6.2
3 20.L N
“_-u'-' 2,665
L 19.L 6
5 21.2 5
5:20 to 5:27 AM
Subgroup X R
1 20.8 2 —
X = 20096
2 20.6 9
Rz 6.6
3 18.0 6
0Lz 2.837
L 2k.L 9
5 21,0 7
6:12 to 6:15 AM
Subgroup s R
i 21.L 13 _
X = 21,40
2 23.0 9 —
3 19,8 R = 11.0
. 1
k Ouz L.729
Not taken
5
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Table 23,

Operator 17 's Period and Grand Cycle Time Mean and Range

(continued)

= 204727
R = 6.867
0z= 1.100
Qs 2,952

N = 140 REIA5
Class Interval = 2

Control limits for subgroup averages
UCL = 24.710
LCLs = 16.7L

Control limits for period averages

chﬁ - 220508
LCL; = 18.9L6

Control limits for subgroup ranges
UCLR = 14.352

LCIR:

See Table 7. for Sample Calculations.
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Table 2li. Operator 18!s Period and Grand Cycle Time Mean and Range

12:2L to 12:31 AM

Subgroup

i & W o R

1:28 to 1:36 AM

Subgroup
1

2
3
L
5

2:51 to 2:57 AM

Subgreoup
5 1

2
3
L
5

20.4
19.k4
19.0
20.0
20.6

=1

19.8
23.0
22.0
19.6
18.L

2!

19.0
18.2
19.8
18.8
20.2

- N O IS (o S - - @ v o oo oo W

N =2 W™ t: o

=l

g=\ Wl el

£=N = AN

g’\ |
1]

19.86
6.6
2.837

20.56
6.6

2,837

19.20
3.8
1.633

133
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Table 2L, Operator 18's Period and Grand Cycle Time Mean and Range

(continued)
L1l to L4220 AM
Subgroup X R
1 22.0 10 _
X = 15.20
2 17.4 3 "
R= 5.0
3 18.2 2
G-h): 201’.]9
L 20.2 L
5 18,2 6
5328 to 5:3L AM
Subgroup I R
1l 18.6 L -
X= 18.20
2 18.0 6 _
R = L.6
3 19.6 6
L= 1.977
N 17.6 3
5 17.2 N
6115 to 6:20 AM
Subgroup X R
r 20.0 5 —
X = 19.27
2 18.0 3 _
3 p g RZ b3
1 .
h O—w= 1-8&8
Not taken
e

13k
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Table 2., Operator 18%s Period and Grand Cycle Time Mean and Range

(continued)

) W o
] "
o
2 %

E

N = 140 R =17
Class Interval = 2

Control limits for subgroup averages
UCLg = 22.372
LCL; = 16.398

Contrel limits for period averages
= 20.720

i

LCLg = 18.050

Control limits for subgroup ranges
UGLR = 10.76L

LG‘I..R= 0

See Table 7. for Sample Calculations
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Table 25. Operator 19's Period and Grand Cycle Time Mean and Range

12:32 to 12:L5 AM

Subgroup
i 4

2
3
L
5

1:37 to_1:L5 AM

Subgroup
) !

2
3
b
5

2357 to 3:00 AM

Subgroup

Wi = W

2]

23.0
23.2
20.0
21,2
22.6

-

19.8
23.2
23.2
20,2
20.4

el

22,2
23.k
22.8
20.8
20,4

-~ O P t: k; o

m’:mwww

P ®» ©o ©» v w

Eq = T ST

Bl

gl

Cq Wl sl

22.00
746
3.267

21.26
5.0
= 2.149

= 21.82
9.0
3.869
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Taeble 25. Operator 19's Peried and Grand Cycle Time Mean and Range

L4220 to L:30 AM

Subgroup

Vi &~ w N

5:35 to 53142 AM

Subgroup

i & W N

6120 to 6336 AM

Subgroup

m oW

22.L
2h.L
21.L
22.6
18.8

»d|

21.0
25.k
2L.8
2kl
26.0

)

2h.h
23.8
26.0
23.4
26.6

(continued)

O\O\R;\ncn:tl

E v ww w

B o G v B w

X = 21.92
RZ Teb
G,z 3.181
X = 2L.32
R = 10.2
Ouz= L.365
X = 2L.8k
R = 12.6
6—._,_,: 5.7
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Table 25,

Operator 19%s Period and Grand Cycle Time Mean and Range

(continued)

§ = 22.693
R = 8.633
Ry = 3.58
Us= 1.539
0o = 3.7
N = 150 Re 21

Class Interval = 3

Control limits for subgroup averages
UCL- = 27.700
LOL; = 17.686

Contrel limits for period averages
UCLg = 2L.L85
LCLz = 20.901

Control limits for subgroup ranges
UCL, = 18.0L3

LCI.B: 0

See Table 7. for Sample Caleulations.
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