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ABSTRACT

One reason time study lacks sclentific validity 1s
because 1t is based on an unsound theoretical model, This
model has been previously thought of as a nofmal distribution
of times, but recent studies tend to refute this, Before the
exaet nature of thls model can be determined, it is necessarj
to prove the exlstence of a state of statistical control within
these times.

The purpose of this study:was to 1nveétigate some of
the critical feetors influencing ﬁhis state of statistical con-
trol 1In work performance times, These factors were to take the
form of certaln assignable or ldentifiable causes of variation
in eycle performance times from a manual, repetitive-type as-
sembly operation, The effect on the stabllity of the times
when these variables were removes was of principal interest.,

Control charts for means and standard deviations of a
considerable amount of cycle time data were prepared first, All
data conta;hing‘any.qf six variables previously identified by
micromotlon analysis of the operation were then removed. New
control charits were plotted with the rémaining data,

Analysis of the stability of both sets of charts was
performed, utlliizing three-sigma oontrol limits aé the crlterion
for stabllity, |

Evaluation of the‘significént changes appearing in the

latter charts presented inconclusive evidence that the removal
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of the‘assignable causes of variation selected significantlj‘
affects the statistical stability of cycle performance times

ag abudied, Additional conclusions were (1) that the presence
in time datas of certain assignable causes of variation may or
may not be indiecated on control charts, (2} that work times are
not unstable solely on account of the presence of these varia-
bles and, (3} that micromotion analysis fails to completely
identify all factors influencing work-times from manual opera-
tions, s

it ﬁas recommended that further study be directed to-
ward the psychologlcal and person&l hlstery characterlstics of
consistently "stable" operators, the appropriateness of ordinary
statistical quality control techniques in work measurement stud-
ies, and the Infliuence of work pace or level of performance on

eycle times.



CHAPTER I
INTRODUCTION

Time study as generally practiced has received wide-
spread industrial acceptance, but this aeceptance has been
with question, reluctance,and hostility. As might be expect-
ed with the founding of any "new science', this opposition
arose simultaneously with Frederick W, Taylorts pioneering
of the scientific management movement. it inéreased greatly
during the "efficiency expert” era, and lingers on even today,
though somewheat to a lesser extent.

Current opposition te time study takes many varied
forms., Ralph Presgréve surmarizes by stating that "opposition
to time study arises, first, from the natural conservatism of
the worker and his mistrust for that which is new and myster-
lous, and, second, from the manner in which time study has been
applied, or misapplied" (1), Granting that, taken literally,
these phrases tend te overéimplify, they nevertheless represent
the resulting worker attliude usually created by several
speciflc factors at hand.

In perhaps the most proveocative criticlsm to date of
time study procedures, Willlam A, Gomberg, a leading lsabor
spokesman on the subject, stresses time studyts fallure to
stand the test of scientifilc validity, Gomberg attributes

many of the grievances resulting from its applicatlon to this



serious deficiency in a system which, from its very inception,
hes endeavored to be classed as a'sclence rather than merely
an art, He exempiifies this failure when he states:

When you examine the validity of existing indus-

trial time study practice you soon find that you

are In a fleld filled with econflicting methods of

observatlon, confllctlng metheds of cellating data,

conflicting methods of analyzing and interpreting

data and, finelly, conflictling results, The results

are generally accompanied by an insistence that

these are sclentific results in accordance with

the facts (2).

Gomberg does not deny the usefulness of time studles
provided thelr limitations in accuracy are recognized, Re-
garding the particuler problem of rate setting in industrisal
wége structures, he feels that time study technlques are at
best a type of empirical gulde to setting up & range within
which collectlve bargaining over productlion rates can take
place (3). If time study admits inaccurscy in this manner
by only establishing a range which may include the correct
time standard, this is hardly & sclentifliec achlevement,

It could be reasened then that were we to remove the twe
most severe faults of time study as proposed by Presgrave:
namely, the air of mystery and consequent mlistrust In stand-
ards derived,_and the psychological misapplications too fre-
quently occuring, then the welcome acceptance and support of
time study by management, union, and labor would be hindered
only by its relatlve newness and other such hardly insurmount-

able problems, Leaving for the moment the psychological facet

of the problem as a goal to be achieved, through better under-



standing by time study practitioners of the underlylng phllos-
ophy of scientific management, it remains for the engineer to
seek new methods by which to bridge the existing gap between
"time study" and "sclence", Thls essumes that this "gap" is
the source of the trouble and thaf the bridging, when and if
achieved, Wwill be amenable to normal industrial applicatlons
from practical and economlesal viewpoints., It is entirely
possible that either or both of these assumptlons are invalid,

Time study's incompetlbility with the berm "sclence"
ls immediately evident even from a cursory examlnation of its
methodology as compared with that of the physical scientist,
A science 18 an organlzed body of knowledge of facts, phenom-
ena, and laws, verified by exact observation, This boedy of
knowledge normally results from research lnvolving the duality
of experiment and theory., Phenomena are first observed
randomly, and then mentally formed into a theoretlcal model
from which certaln deducticns may be drawn, These deductlons
are then vigorously tested and,_depending on the results, the
model is rejected and recreated or is accepted as é base from
which useful laws of engineering can be derived. Soundreascn-
1ng, objectivity, and accuracy &re essentials of the entire
sclentifle approach,

Time study, meanwhile, falters severely enough in
several phases of 1ts construetion to warrant a dissimilar
clagsificatlion, Assumptions as to the nature of the model

lylng at the foundation of the system are currently being



questioned, and early indicatlions are that these baslc assump-
tions themselves are fallaclous, If these indications prove
correct, then rationalization will easily explein many short-
gomings in present-day applications as being mere derivatlves
of an invalid model, and consequently inaccurate, insecure,
and lnequitable themselves,

Gomberg justifiably attacks the ﬁerfbrmance or paace
rating technique when he states: "It is at once apparent that
nothing has been developed in industrial time study practice
that ocan be considered an obJective measure of normality or
an objective method for comparing operator performance with
any normal standard" (L),

But rational thinking brings to light the often over-
looked fact that rating and all other such compensatory
techniques exist only in default of sound hasie theory, and
it is apparent that mathematbical adjustment at this "level
of error" offers no ald toward relegating the time study into
the security of sclence., Early stetistical metheds utilized
In this type of adjustment have proved unrealistic from a
practical standpoint, and Alford and Bangé 1ist five or.more
prominent time study authorities as all agreeing that the
usual system of Injecting inte results purely subjectlive
measurements is the only workable methodology (5).

In view of the current attacks on these systems by all
concerned and the shallow logle inherent in the systems, which

feature itself should instigate in the minds of time study



engineers a desire for betterment, an alternatlive theory 1is
certainly worthy of thoughtful examination.

Viewing the underlying structure of time study sta-
tistically, as distinguised from a mere adjustment of actual
industrialjtime daﬁa, was eoncelived some time ago. But agailn
Gomberg first providéd the real stimulus for research intoe
this area, In the case of deriving production standards from
time study, Gomberg asserts that before any meaningful fixed
standard can be derived, a constant chance cause system indi-
cative of the presence of & state of statisticel control must
be In effect in the actual performance of the task under study,
This state of statistlcal control 1s best illustrated by W, A.
Shewhart!'s famous bowl experiment. His experiment consisted
of placiﬁg in a bowl a large number of similar chips, each
chip being numbered in a carefully plannéd manner. Random
selectlons are then made one at a time from the bowl in suc-
ceassive samples of size '"n", The chips are replaced and
thoroughly mixed after each drawing, The results, when tabu-
lated In the form of a freguency distribubleon indicate that the
differences between samples under such conditlons are predict-
able by probability mathematics (6).

Martin Wiberg, 1n observing that work performance times
are quite different from the same work element even when re-
peatedly performed by the same operator, states that "the
sclence of efficiency and economy in manual work must explain

the causes of these variations in performance., It muast be known



why these movement differences occur, and how they may be util-
ized and controlled" (7). Subsequently, Wiberg published a
graphic presentation of several typical frequency distributions
of oycle performance times, or "work-times" by his connotation,
and reescned that the skew, range, and minimum reading of these
distributions were related to motivation, aptitude, and training
of the worker (8), He recommended comparing distributions as
derived in lsboratory experiment with his ideal distributions
and cenftering attentionron operations producing distributions
Wwhich differ significently. However, as Gomberg notes, no
quantitative means for comparison purposes are proposed by
Wiberg (9). _

At the present timé; little is known about the pattern,
diastribution, and stability of rates of output or of daily
work habits under vérious envirommental conditlions ether than
resulting gross changes in output., Many have previously as-
sumed 2 normal distribution of Individual work-performance
times. Harold O, Davidson refutes the applicatlon of the
Gausslan distribution to performance times in drawing con-
vineing conclusions from considerable study and experimenta-
tions on the subject., He states that "the assumption of normal
distribution of relative preduction rates of industrial workers
is operatienally invelld, The development of any rules for the
atatistlical definition of & normal worker should be approached
with great caution" (10),.

The vital phase of performance tlme data snalysls, how-



ever, lles not so much 1In the debate as to the strict normality
of performance tlme distributions, but rather In the question
a8 to the existence of a state of statistical control, Optimum
control of work tlmes could present 1tself in many forms in the
category of actual performance curves or acocurately controlled
performance time ranges within which varliation was due to
chance alene, Such control would not be dependent upon normal-
ity, but lnstead on a fundamental assumption as stated by
Shewart, that:

ees8pproximate normality of an observed distribution

arising uvunder controlled conditlons may be taken as

Indicating that the cause system ls in a state of

maximum control, On the other hand, the fact that

an observed distributlien 18 not approximately noermal

1s not sufficient evlidence that the phenomenon is

not in & state of maxlimum control (1l).

Methods of utilizing statistical control charts in the
analysis of worker rates of production and in the derivation
of work standards are suggested by R, N, Lehrer. 1In a restate-
ment of the basic premise of statistical quality control as
stated by E. L. Grant (12), Lehrer says:

Meagsured quantity of production is always subject to
a certain amount of variance ss a result of chance,
Some stable "system of chance causes" is inherent in
any partiocular scheme of production and evaluation,
Variation within this pattern 1s inevitable., The
reason for variation outside this stable pattern may
be dlscovered and corrected (13),

The causes of variation outside this stable pattern aras
labeled Passignaﬁle" causes in that they c¢an normally be identl-

fled and removed from the system., Common assignable causes of

gquality variatlen in machlne manufacturing are worn toels,



eracked bearings, and so on, These condlitions will be reflect-
ed 1n control chart presentations of product measurements,
and thus lend themselves to cecorrection, _

Lehrer feels that & control chart analyais of the pro-
ductlivity of individual workers "would furnish information
about variations in productivity due to individual differences,
inconsistency of production standards from job to Job, changes
in productivity due to physiologlcal and psychologlical cycles,
need for training and additional supervision, ete." (1l).

The problem emerges, then, In question form as to the
presence of stabillty in & mass of performance time data when
all assignable and hence controllable causes of variatlen are
eliminated, If the presence of a stable system of chance
causes is indicated, 1t is posslble that investigatlon could
proceed into the accurate deftermination of the underlying
theoretical model,

As reported in his book entitled Work Measurement,

Adam Abruzzl collected productlion cyole timea of workers in
the garment indusiry to investigate the patierns of these
times as presented on control dharts. Abruzzi found statis-
tical stabllity present withlin these times 1n practically
every case. He concluded that such control chert studles
would facilitate production rate comparison in determining
need for additlonal operator training, better equlipment, and
so on. In addition, Abruzzi felt that 1f stablllity were evi-

dent iIn these eontrol charts, precise estimates could be made



regarding future productlon rates as well as thelr limits of
variation {15).

Tn & statistical look at the distributions of operaﬁor
performance times, W. E,. Lind found 1llttle evidence of stabili-
ty in these times and no indication of the presence of a theo-
retical work curve (16)., After gathering conslderable per-
formance time data by means of a s?of watch on another repeti-
tive type man-controlled operation, Lind found that 1n an
analysis by control chart techniques he was unable to lsolate
assignablé causes of variation in a positlve manner., He con-
¢luded that common stop watch methods of time data collectlon
are not applicable to thils type of study due to the limlted
breakdown possible of exterior factors included in & recorded
eycle time measurement. Llind also concluded that if asslgnable
caugses of varlation 1In c¢ycle performanece times could be elimi-
nated, a stable distribution or pattern should result., He
recommended micromotion study and film analyslis as & more ef-
fective tool in a study of this nature, Ofther features of
Lind's findings as they directly affect the present study ére
that the unadjusted performance times tend to form & positively
skewed distribution, and that the variation within & perliod was
significantly greater than the variation between periods (17).

Following Lind!'s recommendation of utilizing mlcromotion
analyslis, G, H. Taft made f1lm studles of the same operatlion
and operators as observed by Lind, Taft was interested in the

characteristics of cyecle time distributions with all normal
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varlables Included as compared with the distributions with
certain variables removed, these variables having been
previously identified by a detalled motion analysis of the
work cycles (18),

Taft also found positive skewness in the dlstributions
of the individual operator's cycle times with varisbles in-
cluded, These cycle times, however, were modified by Taft
to'exclﬁde two metion elements oonsideredltoo unmgthodized
wilthin énd between the operators to exhlbit meaningful per-
formance,

Upon ellminating all ecyele times lneluding any of the
variables as classified, Taft found that his data had been re-
duced to such an extent that only an overall work shift distri-
butlion could be constructed, Nevertheless, the same general
characteristies 1ln regard to skewWwness and overall shape were
noted as before in the individual operator distributions (and
shift distributions) with varisbles included, This fact im-
medlately cast doubt upen Eind's contention that removal of
asslignable causes of varlation as ldentified by micromotion
snalysis weuld 1n effect "stabilize" an otherwlse apparently
unstable distribution, and Taft conecluded that the varisbles
a8 selected and eliminated within the work cycle did not alter
signiflicantly the characteristies of the modified c¢yele time |
distribution (19).

However, 1in drawing conclusions from Taft's results it

is important to keep several factors in mind which maey be listed
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as follows wlthout regard to order of iImpertance:

8, Preliminary exclusion from the analysls of cycles
~containing certain methods changes (20), may have
in effect removed several assignable causes of
variation which Lind could not have pesitively
identified with stop watch data, The inference
would be in such case that Taft!'s original dis-
tributions (veriables included) contained & greater
degree of stability than Lind's comparsasble distri-
butions. - . _

b. Taftts classification of variasbles 1s necessarily
arbitrary, and may include & fewer or greater

number of varisbles than actually were present.

A reclassiflcation of varlables could produce

significantly different results,

¢, In excluding from the analysls two motion element

times commeon te all eycles in verylng degress,

Taft may have asided determining factors in dis-

tribution pattern and stability. However, 1t does

not appear that with the data at hand sn accursate

evaluation of the influence of these elements can

be made (20).

It would appear, then, that Gomberg's suggested controel
chart procedures still remain theoretically functional in of=-
fering the most positive method of attack in a rational esnaly-
&8lsg of work performance times, the objective belng the uncover-
Ing of a state of statlistical stablility or control. Lehrer
states that "progressive eliminatlion of assignable csuses (of
variation) will allow better utilization of industrial facili-
ties and eventually a steble pattern of varlation indicative
of the presence of a true ?system of chance causes! will be-
come evident" (21),

The adventages of obtaining productlion rate stabillty
ere lmmediately apparent when the problems of process standardi-

zatlion, cost and prodﬁéfion estimation and predietion, and equi-
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table worker compensation are considered, And, as previous-
1y mentioned, once such control i1s atteined 1t 1s concelvable
that scientifically determined performance time standards or

standard labor units would be the next step.

Summary

The principal factors in the background of this study
emerge &s:

a, One reason time study lacks seclentiflc valldity
is because 1t is based on an unsound theoretlcsal
model for work performance times,

b. This underlying model has been previously thought

of as & normel distribution of times, but recent

studies tend to refute this,

¢, Before the exsect nature of this model can be de-
termined, it 1s necessary to prove the exlatence

of a state of statistleal control within these

work performance.times.

An examination of the literature points to the need of
further study of the critical factors influencing this state
of statlistical control. It appeérs that certain of these
factors should become evident in a control chert analyslis of
work performence times,

This study, then, will lnvestigate the state of statis-
tical controllpresent in work-~time data when some of these
agssignable causes of variation are removed from the date,
Control charts are utilized to exhibit the pattern of var-

jation of these times and consequently enable conclusions to

be drawn a&s to their steblility.



CHAPTER 1T
OBJECTIVE

If insight 1s to be gained as to the nature of the baslic
underlylng pattern or system of work performance times from
whlch industrial time study samples are drawn, one 1Inltial step
is establishing the existence of a state of statistical stablli-
ty or contrel. Such stability cannot exist 1f assignable causes
of varietlon are present In the system.

It is the objective of thils thesis to identify and, if
possible, eliminate certain assignable causes of varlation from
several representative samples of time study data by utilizatlon
of micromotion analysls, on the contention that & state of sta-
tistical stabllity will thereby exist. Control charts will
serve to ascertain the presence or absence of this stablility.

The problem could be summarized in the form of a null
hypothesis as follows: "Removal of assignable causes of varia-
tion In eycle performance times as ideﬁtified by micromotion
analysis will not significently affect the statistical stablli-
ty of the times as indicated on control charts for means and
standard deviations,"

This study will attempt to produce evldence of sufficlent
statistical slgnificance to refute thlis null hypothesis,



CHAPTER IIT
PREVIOUS WORK

Overall Project
This thesls 1s a phase of Study B of a project sponsored
by the Georgla Instltute of Technology Research Commlttee under
the direction of Doctors R, N, Lehrer and J. J., Moder, A3 may
be surmlsed from the introductlon and objective, the overall
purpose of the projeect is to contribute toward better scien-~
tific understanding of the system of work times representing

manual repetitive operations.

Previous Work - Study A&

The first phase of the projeet, undertaken by W, E, Lind
and reported in his Masterts Thesis (22), lnvolved a statistl~
cal anelysls of work-time date as gathered by means of a stop
watch, Ordinary time study procedures were utilized, Informa-
tilon from the results of the first phass whieh 1s consldered
immediately relevant to this study 1s presented in the Intro-
duction, and 1t is suggested that direct réferral be made to
Lind's work for additional facts pertaining generally to the
initial method of attack., Several such facts which may purvey
a8 better understanding of the overall problem are:

a8, Selectlon of the operation {a short cycled man~
ually controlled repetitive-~-type operation per-

formed by female operators),

b. General operational layout and environment,
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e, Desgription of the item produced (a ball point
pen).,

d. Work method utilized by the opserators, with
photographs,

Lind's sampling plan generally involved the taking of
& continuous sample of 25 work aycles, (L.e., complete agsem-
bly of 25 ball point pens), from eéch operator about once esach
“hour throughout the normal work shift of eight hours, & total
of 19 operators covering three shifts were studied in this
manner,

For Lind's analysis, each sample of 25 cycles was
broken into five subgroups of five cycles each, Control
charts &s plotted by Lind‘thus presented points representing
subgroups as well as polnts representing entire samples, with

appropriate control limits entered for each,

Previous Werk - Study B

G. H, Taft undertook the next phase of the project with
& micromotion study of the same operation and opsrators as ob-
served by Lind, This type analysis was considered eapecially
worthwhile in light of ons conclusion drawn by Lind which stated,
"Stop watch performance time data do not glve sufficient informa-
tion to separate chance causes from assignable causes of varia-
tion" (23)., Following Lindts suggestion of using high-speed
motion plectures to collect the date, Taft then attempted to de-
termine the effect of certain varliables as ldentifled by micro-
motion analysis on the eyecle time distributlions.

Significant conclusions from Taftts findings which have
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bearings upon this study again are presented in the Introduoc-
tion, and direct referral is suggested to Taft!'s theslis for
addltional detalls of his phase of the project; Some Immed-
iately relevant informeation of this nature which may be found
in this reference is as fellows:
a. The filming of the operation, performed with a
synchronous motor-driven camera taking 2000
frames per minute,

b. Detailed workplace layouts by operators,

c. Elemental breakdown of the operation, and de-
talled method descriptions by operators.

de. Method of film analysis,
e, Selection of variables,

f. Method of recording data, tabulating frequency
distributions, and eliminating variables.

Taft?s sampling plan differed‘somewhat from Lind's in
that within each eight hour shift he obtained eight filml"shots"
of each operator at intervals of approximately one hourts length.
Each film shot contained 12 to 15 c¢ycle times representing that
number of ball polnt pens completely assembled, Taft also stud-
led é total of 19 operators, filming all three shifts in one
2y-hour period., However, only 15 of this number were the same
operators as studied by Lind, ftransfer and turnover accounting
for the difference.

Through a detalled analysls of the film, Taft obtalned
and recorded on I, B, M, cards the gross c¢ycle times, modified
cycle times, the occurrence of variables as clagsifled, and all

necessary identifying information (24}, This made possible the
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utilization of an I. B, M, sorting machine in the determlna-~ .
tion of data required in plotting modified cycle time frequency

histograms,



CHAPTER IV

PROCEDURE

General Plan,~-The first objective of the analysis as initially

planned was to present indlvidual control charts for meens and
standard deviations of each operatorts cycle performance times,
The required data for these charts were to be computed on twWo
separate bases as follows:
a, Control charts of 2all modified cycle timest
whichk constituted the data for Study B as made
by Taft.
b. Contrel charts of only the m@difiedltimes rep~

resenting performance cycles contalning no

variables as classifled in the present study.

Tt was assumed that the control charts in (&) sbove would
indicate statistical instebility in substentiation of Lindts
findings in Study A on the same operators, It followed, then,
that the control charts in (b} sbove should indicate stabllity
if complete and.correct identlfieation gnq isélation of asglgn-
able-cause varlables hed been accomplished,

In the early stsges of computation, hOWevef, it became.
evident that & greater degree of stability wes present in the
time data of Study B then had been anticipated, and a re-

exemination of Lind's date in Study A appeared to be in order.

1 - L |
Taftts "modified cycle time" excluded the first and last
motion element of each c¢ycle, See above, p.l0.



As a result of thils apparent confliction in the evi-
dence as to the existence of statistical stability in an
operatorts usual or habltual eycle tlmes, the original plan
was modified to include also & control.chart presentation
of the data of Study 4 on the same statistical basls as that
of Study B, In this way two evaluations of each operatorts
exhibited stability would be oBtainable. Thils would render
more meaningful anj subsequent conclusions as to significént
changes brought about by the elimination of the assighable-
cause vearisbles, |

As an additlonal eild in determining the the exlstence
of operator stabllity in the orlglnal data of Study B, the
plan was modified furthser to ineclude a pregentation'of the

results of analysls of veriance tests made on the same data,
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This analysis was performed by P, H. Friedman and 1s described

in detall in his Masterts Thesis (25),
The overall plan‘then ineluded three major phases:

(1) a control chart analysis off the Study A data to determine
stability; (2) a2 similar analysis of the Study B data, varia-
bles included, and a comparlson by operator of these charts
with those of Study 4; (3) & gimilar asnalysis of the Study B
data, varlables excluded, to determine whether a slignificant
chenge in stabillty was evident as compared to the previous

control chearis,

The variebles to be excluded from the Study B data were

3ix operator hand-movements or delays which were not considered
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8 necessary part of the normal work cycle., These elements were

considered to be assignable causes of varlatlien in the normal
performance of the cycle, |

The variables selected and eliminated are listed below
with the principal reasoning for their elimination:

l. Fumble - A manual handling error noet a pert of
the normal method, and serving no purpose in.
consideraetions as to rythm or balance required
in the normal performance of the cycle. Fumbles
could be caused by momentary distrasection of the
operator, lack of "job dexterity" or skill as
acquired by practice, nervousness while under
observatlon, or other such detectable causes,

2. Drop part - Normally a speciflc type of fumble
or resultant of a fumble, Resasons for eliminating
this element are generally the same as above,

3. Get two units, return one - A type of misgrasp of
component parts regquliring the returning to the
stockpile of the extra unit; not a part of the
normal methed, servesg no Inherent purpose, and may
be directly attributable to the pecullarities of
slze and shape of the parts at hand,

. Inspection delay, both hends - Qcecurs when the
operator momentarily performs a visual inspection
of the sub-assembled part as & check on correctness
of assembly so far, This delay is not required in
the normal cyele, sinece the required motlons and the
workplace layout are methodized te an extent that
the assembly normally proceeds with little if any
eye travel at all,

5. Bad part - Normally an ineviteble and unpredictable
occurrence reduiring the discard of the faulty part
and replacement., However, bad part occurrence lis
definitely an assignable cause of varlation since
theoretlcal sltuations exist where all parts are -
usable, and this philosophy Influences the original
eyele methedization,

6. Part stuck in staker - An occurrence due to chance
improper funetlioning of the mechanlcal device or due
te variation in part size, However, this 1s an as-
signable cause in that the source 1s readily identi-
fiable and theoretically subject to ellimlination,
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Question may arise as to the justification for the remov-
al of the variables as above in view of their frequent occur-
rence, Some variables may logically be considered a normal
part of the job from the standpoint of wage standards, but in
this study the emphasis is on the underlying pattern of stabili-
ty unaffected by such detectable varlation.

The variables listed above include all but four of the
original 10 varisbles which were detected by Taft in his film
analysis of the Study B data, The variables not classified
herein as assignable causes, with supporting reasons, are as
follows:

l. Regrasp - A rapld regrasping of the part in hand
to facllitate the assembly of mating parts, Since
chance normally determines the positien of the
operatorts original grasp of the part, freguently
the part must be regrasped to enable proper assemb-
ly. Examination of the film revealed that all op-
erators regresped occasionally, some even in every
assembly cycle, This factor of large frequency of
ocecurrence, together with the obvious impossibility
of elimination of the element, suggested that such
movements are a normel part of the metheod,

2. RL, TE, G, A, RL. - A combination of therbligs rep-
resenting a particular type of regrasp. The same
reasoning as in (2) above applies,

3. Delay, one hand - Examination of the film indiceted
that this delay occurred when one hand by chance
"eot ahead" of the other in the dual-assembly cycle,
and consequently paused momentarily mid-cycle to
allow the slow hand to catch up. This type delay is
unavoidable In two-hand repetitive operations since
the operator will unconscilously strive to achleve and
maintaein a steady and rythmic pace,

i, Inspection delay after staking - Not a part of the
mnodified oycle time.

The procedural gteps necessary for the study can be
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listed as follows:

l. Segregation of the Study B data by operator, and

+ further division inte subgroups representing hourly
samples of time throughout the work shift., The
hourly Interval is approximate.

2, Computation of subgroup means and standard devia-
tiong, of control chart data, and plotting of the
control charts,

3. Segregation of Study A data into subgroups of
comparable statistical blas and efficlency to
those of Study B.

i, Computation and plotting of Study A data as in (2)
above,

5. Tabulation of the results of the analysis of variance
tests performed on the data of Study B.

6. Location of and removal from further analysis all
eycle times in the Study B date containing one or
more of the variables as clasgssified (and noted above),

7. Computation and plotting of these data as in (2)
above,

8. Comparison and evaluation of such indications of
statistical stabllity as emerge in the data pre-
sentations of Study &, Study B with varisbles in-
cluded, the analysis of variance tests, and Study
B with the varlables execluded,

Data Collection.,--The Study B data required for this phase of

the project were at hand in the form of Information previously
punched into I. B. M. cards, supplemented by the original de-
tailed film analysis forms. Descriptions and illﬁstfétions of
these cards and forms are given in Taft!s thesis (26). The
information derived from them which was-of primary concern teo
this study is as folldws:

8, Shift number
b. Operator number
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¢. Film shot number and time of day taken, a
"shot" being one hourly subgroup of & maximum
of 15 cycles.

d. Modified cycle times.

¢. The occurrence of veriables &s classified by
Taft,

To simplify a portien of the necessary control chart
calculations and at the same time present a conveniént summary
of all information contained on the machine cards, an I. B, M.
card sorter and tabulator were employed to present in printed
form &1l card information grouped bﬁ shots, and to perform and
record several inltial steps in the caloulations of means and
standard deviations.

The Study & data required were obtained directly from
Lindts thesis or from his originel time study observation
sheets and the project log. Lind's "period" (27) made up of
five subgroups of 25 observations per subgroup was selected
as the statlstical messure most comparable to Taftts "shot!
consisting of from 12 to 15 cycle observations, The basis
for this selection was the fact that, first, Lind's period
was actually 25 succesgsive cycles with no break between cycles,
and hence comparegble to Taft!s shot, and, second, Lindts
perlods were taken at approximately the same Iintervals through-
out the work day as were Taft!s shota, _

It should be mentioned here that Taft eliminated a
conslderable portion of his origlinal data from the complete
analysis for such reasons as (1) abandonment of the normal

method, (2) handling or positioning the stock of parts, and



2l

(3) veriation in certain motion elements. In addition, &
large amount of data from the first shift observatlons was
eliminated from any analysis because the camera motor wused
during the filming did not function preperly during the

entire shift.

Operator Designation,.,--To facilitate comparison between op-

erators in Study A, Study B; and the present study, each
Individual operator was given a letter deslgnation, Table 1,
page 29, glves the designations given operators in the previous
theses with the present letter designatlon corresponding to

the same individual,

Definition of Terms.-~In addition to the operator designation,

the following definltions wlll apply to terms appearing In thls
thesis:

one observation, or the dual assembly of
a palr of ball point pens.

Cycle

Shot -~ the largest homogeneous subgroup of cycles,
varying in number up te 1l in Study B, but
essentially constant at 25 cycles in Study A,

X ~ one cycle time,

X - mean of cycle times in one shot.

X - mean of shot meané, or operatorts mean cj—
cle tlme, This value is & weighted mean in
the case of varying sample slzes,

E: - standard deviation of eycle timesz within one
shot,

o - the unblased estimate of the universe standard

deviation (also a welghted value in the case of
varylng sample sizes,
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n - number of c¢ycles per shot.
N - number of shots per operator,
N - total number of c¢ycles per operator.

UCLE - Upper
LCL=> «~ lower
UCL -~ upper
LCL - lower

control 1limlt of
contrel limit of
control 1limit of

gontrol 1imit of

X

X

]

8

Unless otherwise noted, these

presentations of data of Study A and

additional designation,

values,
values,
values,

values,

terms apply both to
Study B, with appropriate

£1]1 other terms used are standard

statistical terms unless noted, and definitions can be secured

from any statistics text.



CHAPTER V
ANALYSIS
Study B Data - Varlables Included

The data for each operator was divided 1lnte 8 shots,
each contalning a maximum of 1l cyocles, The shot mean time=
was computed and designated X,

The operator!s mean cycle time was computed using the

formula for welghted means,

Dy £ Dy F oeeeoly
where n denotes number of cycles per shot,
The standard deviation of cycle times within one shot

was computed using

8 < Z(X - i)?
n-l.

where x denotes the e¢ycle times in the sﬁot°
A pooled estimate of the unlverse standard devietlon was

obtained using the weighted variance formula,

- 2 2 :

-t -1 ol 2
2 (nl )Sl ’l (n2 1)82 ?( ...(nk-l)sk ’

. n veodl =lt
yFnree

For control chart presentation, ¢ , the unbiased estimate

v

~ of the unlverse standard deviatlion obtained from above, was used



as the center llne on the chart for shot standard deviations.
A3 an estimate of the sHandard deviation of the distri-

bution of s for the shots the approximaticn

. 3
Ts "z [2(1’1-—1) - amg]

was used, where e, 1s the ratio of the average of standard
deviations of samples of a glven size to the standard devia-
tion of the parent universe., The formula for the G5 factor
and tables of values can be found in most statistics texts
(28). |

In obtaining limits of 30; for the control chart for
standard deviatlons, 1t can be shown that é modification of
Grant's (29) B, end B, factors will present two new factors
(herein_called Bg and Bg) which will equal the constant portion
of the expression immediétely above., The modification reduces

to

By

B /1 -
5 s

and B
6 %14

These factors can now be used in computing 3-sigme
control limits for the control chart for standard deviations
as follows:

gL = B_Q
s 5

LCL B

g 60'

Control limits for the X chart were computed gbout a cen-

ter line of X using the A fa ctor as given by Grant (30) and

""" the sppropriate value of &’:
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£ AT

UCL~=
X

P TR ]

.; Ag

LCL=
X

Study B Data - Varlables Excluded

Computations were perférmed in the same hanner as out-
lined above, and control charts of similar construction were
prepared, Hoﬁever, in these computations all eycle times which
contalned any of the 6 variables classified as assignable causes
were eliminated,

- Study & Data

Computations were performed in the same manner as for
the data of Study B except that sample or shot slze was gener-
elly constant at 25, In the three subgroups where n was 15,
appropriate weighting of statlstics was performed.

One set of contrel limits served each particular control

chart due to the essentially uniform subgroup size,
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Table 1. Comparative Operator Designation--All Studies

Operator No.
Study A
(Lind)
1

2

w o = oy W

10
11
12
13
14
15
16
17
13
19

Shift
No.

}_l

How oW W W W w W no n D N =

l_l

P

Operator No.
Study B
(Taft)

* 6

b

10

16
18
17
14
15

11

12

Qrerator Deslg.
Present Study

O O W o=

16 BENLES I £S5

< G HJ3 v A oo o=

L

[N
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Table 2. Operator Personal and Productimn Data

Oper. Experience at Experience at " Production, in
No. time of study time of study units per hour
A, (months) B. {months} Study B
A - - -
B 5 1G . 500
. ) i 3
D 1 5 485
E 5 10 527
F 5 10 Lhg
6 6 5 506
H 3 6 421
J 7 10 b30
K 7 10 | | hi1
‘L ) ) ]
M & 10 516
N 3 479
P 6 8 578
Q 8 10 578
R 8 1C 578
S 3 10 4ug
T 5 7 557
U - - -
v - 9 528
W - 1/2 306

e
I
o))
=

O
}_i
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Table 2 Operator Personal and Production Data

(Continued}
Oper, Experience at Experience at Production, in
No. time of study time of study . units per hour
&. (months) B. {months) Study B

Z - 5 418




CHAPTER VI
RESUVLTS
Interpretation

In analyging the control charts constructed 1t waé nec-
essary to consider several factors in additlon to those con-
cerned with the overall objective discussed previously. The
major peolnts of concsrn wers:

(1) The control charts in Study A were constructed
from direct stop wateh times which were gross
cycle times., The Study B time date was com=
posed of modified cyecle times, or two motien
elements less than the gross eycle time. Con-
sequently, no quantitetive comparlisen ef mean
or standard devliation values could be made
between Studles A and B,

(2) The sample sizes in Study B were of a relatively
smell size (n £ 14), This fact tended to re-
strict most inferences as to the exlstence of
characterlstic work waves,

(3) The injectlon of a certaln amount of subjective
judgment le necessary in the analysls of control
charts, Thls is especlally true when the data,
as in this case, are derlived from human beings
as opposed to the usual machine econtrol chart,

Tabulation of Results
Table 3 1s a tebuletion of all significanﬁ observations
made on the control charts., In Table 3,‘and also in the de-
talled results section following, the two phases of analysis
with the Study B data are referred to for convenience as Study

B-1 (meaning variables included) and Study B-2 (meaning verlables
excluded),



Table 3. Summary of Results from Control Chart Analvsis

Oper., Figure Study X's Stable: s's Sﬁable: Changes from Study B-1

No. No. No. Control Anal, of Control to Study B-2 & Remarks
Chart Variance Chart
H ’ 1 A No - Ques No significant change
B-1 Yes No Yes
B-2 Yes - Yes
( 2 A Yes - Yes Run and trend in s chart
eliminated no significant
B-1 lNo No . Yes change in x chart.
B-2 No - Yes Two X points out of control,

cause undetermined,

M 3 A No - No Limits on s chart refined
causing new point to fall

B-1 Yas Yes No outside lower control limit.
B-2 Yes - No No significant change in

8€ability of either chart.

X 4 A - - - 4 significant gain of sta-
bility evidenced on both x

B-1 No No No : and s charts. o

L

B-2 Yes - -



Table 3. Summary of Results from Control Chart Analysis
(Continued)

Oper., Figure Study R's Stable: s's Stable: Changes from Study B-1
No. No. No. Control Anal. of Control to Study B-2 & Remarks
Chart Varlance Chart
A 5 _ A - - - Apparent gain of stability,
but not statistically significant
B-1 Yeg _ No Yes on control charts.
B-2 Yes - Yesg No affect on run or trend!

present in 3-1

e



Table 3. Summary of Results from Control Chart Analysis
| (Continued)

Oper. Figure | Study X's Stable: s's Stable: Changes from Study B-1
No, No., No. Control Anal. of Control to Study B-2 & Remarks
Chart Variance Chart
J 6 A Yes - No Significant gain of stability
: of s chart. Slight increasing
B-1 Yes Yes No trend on X chart reduced, Run
_ of s points in B-1l eliminated.
B-2 Yes - Yes
7 A Yes - No : Significant gain of stabllity
: on x chart.
B-1 No Ko Yes
B-2 Yes - Yes
T 8 A Yes - Yes No significant change in X or
s charts; indicated x decreas-
B-1 Yes Yes Yes ing trend more distinctly.
B-2 Yes - _ Yes
P 9 A Yes - Yes 85% of data eliminated with
' ' removal of variable; result-
B-1 Yes Yes Yes ing x and s charts meaningless.
B-2 Yes - Yes

L
\T



Table 3. Summary of Results from Control Chart Analysis
(Continued)

Opar. Figure Study X's Stable: s's Stable: Changes from Study B-1
No. No. Neo. Control Anal. of Control to Study B-2 & Remarks
Chart Variance Chart
R 10 A Yes - Yes Decreasing X trend indilcated
_ more distinctly.
B-1 Yes Yes Yes
B-2 Yes - Yes

9t



Table 3. Summary of Results from Control Chart Analysis

(Continued)
Oper. - Figure Study %'s Stable: s's Stable: Changes from Study B-1
No. No. No. Control Anal. of Control to Study B-2 & Remarks
Chart Variance Chart
Q ‘ 11 A Yes - Yes Decreasing X trend indicated
: more distinctly.
B-1 Yes Yes Yes
B-2 Yes - Yes
N ‘ i2 A Yes - Yes Limits on X chart refined
causing new point to fall
B-1 Yes No Yes outsilde contrel, Trend in
5 appears.

B—2 No - Quest.

Note: The data on Operators W, G, D, E, V, B, and F was Insufficient to plot meaningful
contrel charts for analysis, Operators A, L, C, and U were not covered in this study.

Le
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Detalls of Results

This sectlion is a presentation by operator of the specif-
i¢c results as observed on the control charts. References are
made to the tables and figures concerned, As mentioned prev=-
iously, Study B-1 and Study B~2 refer to the phases of analy-
81s on the Study B data with verisables included.and variables
excluded, respectively. See Teble L for all Study A& control
chert data and Teble 5 for all reférences to the analysis of
varlance results,

Operator H - (See Figure 1 and Table 6)

Study A.--The X chart shows four points out of control and a
deflnlte trend for means to decrease during the shift,

| The s chart shows a sllight trend for varlance to deérease
during the shift, although the significance of the trend re-
garding stability is questionable.

Study Brl.--The X chart shows no points out of control, although
two polnts are near the contrel limits,

The s chart shows random variation with no trends nor
points out of control,

The analysis of variance indicates a probability of .04
that the difference In means 1s due to chance; hence the hy-
pothesis of equal means among the shots is rejected.

Comment .,~-=With the s wvalues apparently staeble, the analysis
of variance 1s more sensitive to the widely dispersed means
and thus tends to refute the assumptlion of stability,.

Study B-2,--A total of 21 cycles were removed from the original
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66, leaving 45, The X chart shows no points out of control
and only a'slight change in'pattern.

The s chart shows 6 of the 8 total points below the center
line, but no polnts out of control,
Comment.~-The refining of the control 1limits has inereased
considerably the doubt as to the satablllity of the 3:30 P.M,
x shot,

Discussion.~--The decreasing trend of ; and 8 in Study &,

which suggests that as the cerator worked faster her motion
cycle became more standardlized, is not evident in any charts
of Study B. But learning progress is epparent from Study 4 to
Study B, evidenced by the large decrease in the operstor's
me&n cycle time and the stability of both X and S.
Doubt as to the stebility of the 3:30 P. M. x shot,

Study B, was lnecreagsed when the variables were excluded. Ex-
sminatlion of the film snalysis data showed two "regrasps" each
in the tﬁo highest time cyeles includes in the remaining number
of cycles In this shot, However, tow &nd more regrasps also
occurredlin other cycles wlth considerably lower times. No
other cause for these high vealues wa§ e§ident.

There 1s a significant gain in stability from Study A
to Study B, but thls conclusion must be weilghed in view of
the intervening time lapse. There 1s no significant change
in stability in the two phasés of Study B,
Operator K - (See Pigure 2 and Table 7)

Studz A.--The x chart shows no points out of contrel, although
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the 1imlits are quite wide due to & randemly distributed but
widely dispersed s, as indicated on the s chart., No trends
or runs are evident in either chart, Stability 1s indicated,
Study B-1l.--Two polints are outslde the upper control limlts
on the x chart, namely the shots taken at the beginning and
end of the shift, No trend ls evident,

The s chart has.no\points ouf of control, but indicates
a definite trend for variability to décrgase throughout the
shift, A run of six polnts below the center line is present,
the probabllity belng only .031 that this 1s a chance occur-
rence. The high s value at 3:30 P, M, corresponds to the
first X point out of centrol, but the 1:45 P. M, X point has
8 value of s slightly below the center line, thus suggesting
no correlation. |
Study B-2.--A total of 18 cycles were removed from the original
79, leaving 61, The X chart shows the same two polnts out of
control, their values not having been appreciably reduced by
the elimination of 2 and 1 cycles respectively., In addition,
the 5:20 P, M. shot is now doubtful., No positive change in
patﬁérn 1s present.

The s chart shows that the 3:40 P, M., value is st 11
inside the upper control 1limit, but only slightly so. The
previous six point run has been broken up, and the decreasing
trend is less pronounced,

Comment.-~It appears likely that were the s value at 3:40 P.M,

eliﬁinated, the center line on the s chert ﬁould be lowered and
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a2 random pattern of s would result,

Discussion,--No significant change in stability is evident on

the X chart with varisbles excluded, Examinetion of the film
analysis data revealed no epparent cause for the out of con-
trol polints remalning.

Although the magnitude of the varlance remalned es-
sentially unchanged, indlcations of stabllity on the s chart
are significantly increased if the first velue 1s attributed
to an undetected assignable cause,

Operator M - (See Figure 3 and Table 8)

Study A.--The x chart shows two points out of control and =
definite trend for mean times to decrease during the shift
{except in the case of the last two peints which indicate a
final slowdown and subsequent meen time increase).

The s chart corresponds very well to the X chert in
that varlence as shown tends to decrease slightly during the
shift, again with the exceptlon of the last two points which
fall above the upper control limit,

Comment,--The similarity stability-wise of the final two X end

s values suggests slowdown as caused by intentional introduction
of delays or other assignable causes in some cycles, which in-
creases the shot mean and variabllity,

Studz B-l,~-The X chart shows no points out of control, no

runs, and no trends, The j:35 P, M. shot approaches the lower
cdntrol limit, however,

The 8 chart shows one point out of control and ons point

approaching the lower control limit.
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‘ggggggg.-—The analysis of varisnce agrees with the X control
chart by not refuting the assumption of stability in spite of
the lack of contrel in varlance, This shows that moderate
violatlions of one of the basic assumptions in the analysis of
varianoe.test, namely, the assumption of equal varlance, will @
not affect the resulting indication of X stabllity,

Study B-2,--4 total of 15 cycles were removed from the original
71, leaving 56. No significant change in stability is indicated
on the X, although the Lj:35 P, M, shot is more removed from the
iower control limit due to a widenling of these limits.

The s chart now shows the 7:45 P. M, shot out of control
in addition to the 4:35 P, M.shot as before, otherwise, there
13 no significant change in the chart pattern,

Comment.-~The lowering of the center line on the x chart, com-

bined with the lowering of the 3:45 P. M. and 10:50 P.M, shots,
suggests a purely subjective interpretation of the greater sta-
bility in the chart pattern. Refinlng the limits on the s
chart confirms the original suspicion of lack of econtrol in
the 7:45 P, M. shot.

Discussion,-~The downward trend of X and s in Study A is not
present in any charts of Study B. Stability is gained from
Study A to Study B as réééids mean: times only, but no sig-
nificant change in stability occurs frem the first to second
phase of Study B, Examination of the film analysis data re-
veals no apparent correlation between regrasps or delays and
the out of control s values. Removal of varlables as perform-

ed on the Study B data refined the time control limits, of-
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fering a more posltlive ldentifloation of unstable shots,

Operator X - (See Figure li and Table 9)

Study B-l.--The X chart shows one point out of control, but
otherwise no runs or trends,

The s chart shows one value out of control whic h cor-
responds to the X value above., No runs or trends are indicated
otherwise,

The enalysis of variance Indicates a probability of less.
tha ,01 that the difference In means i1z due to chance; hence,
the hypothesis of equal means among the shots 18 rejected.

Study B-2.--0nly 7 cycles were removed from the origlnal 77,

leaving 70. Four of the 7 cycles removed were taken from the
one out of control shot. The i.chart shows & signhificant change
in stebility in that 8ll1 points are now in control, the. center
line is lowered, and there are no indications of nonrandomness
in the resulting pattern,

The s chart center line has also bee lowered &nd only
chance veriation 1s indicated in the pattern,
Comment,~--The significant gain of stablility in both charts is
largely due to the lowering of the X and s values of the 11:00
P. M, shot. Therefore, inferential conclusions must be tempered
in view of the small number of measurements involved, particu-
larly in the final value,

Discussion.,-~The removal of varisbles has significantly affected

the stebility of the data for this operator in thet the X and s

charts now shoWw no polnts on either control chart as out of

control and no evidence of runs or trends.
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Operator Z - (See Figure 5 and Table 10)

Study B-l,-~The X chart shows no polnts out of control, but

the 3:55 P, M. shot appraoches the upper control limit. A
slight trend for mean times to decrease during the shift is
in evidence, A run of flve points below the center line is
observed, the probability being .062 that this is a chance
occurrence,

The s echart has no points out of control but both the
3:55 P, M, shot and the 9:35 P, M. shot approach the control
limits., Again & slight trend toward decreasing variance dur-
ing the shift ls in evidencs,
Commnt.-~-The analysis of variance agein reacts to a high X
value with s values apparently stable,
Study B-2.--A total of 7 cycles were‘eliminated from the
original 65, leaving 58, No points are out of control on the
x chert, the 3:55 P, M, shot value having been reduced, The
trend for mean times to decrease during the shift is still
slightly evident but less pronounced., The 5 point run below
the center line is still observed,

The 8 chart indicates stabllity of variance with no |
points out of control, no runs, and no trends.
Comment .--Although conclusive prooef iIs not evidenced on the
X chart, it appears that the chart with variables removed has
galned slignificantly as concerns randomness of pattern.

Discussion.--Although the trend on the X chart has not been

entirely removed, 1t is apparent that the elimination of the

3:55 P, M. shot would lower the center line and produce &
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random pattern., Examination of the film analysis data con-

cerning this shot reveals one significantly high ocytle time

containing within itself four regrasps and one one-hand delay.
The s chart with variables excluded glves more convinc-

lng evidence of stabllity.

Operator J - (See Figure & and Table 11)

Study A.--The X chart shows no points out of control, but a

trend of increasing mean cycle times during the shift 1s in
evidence,

The = chart shows two polnts out of conirel, another
closely approaching the lower control limit, and a distinct
trend for variablility to increase during the shift., Indications
of instabllity are definite,

Study B:;,--The x chart shows no polnts out of control, but a
slight trend of increasing mean times is apparent.

The s charﬁ shows one polnt out of control and one ad-
ditional point approaching the lower control 1limit, Seven of
the eight shets fall below the center line, A run of six
points below the eenter line 1s present,

Comment ,-~In view of the slight X trend and the non-randomness
of the s chart, the general conclusion would be that instability
exlsts,” However, as supported by the analysis of variance, the
evidence a8s presented by the charts is inconclusive.

Study B~2.--A total of 9 cycles were removed from the original
82, leaving 73, The X chart shows no points out of control,

and the slight trend of increasing times is no longer apparent.
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The 8 chart now shows no points out of control and gives
a definlite indlcation of stabllity.

Discusaion,==-No definite conclusions can be drawn as to Whether

the X valﬁes are significantly more stable with varisgbles ex-
cluded. However, thelr was & significant gain of stability in
the s chart, the limination of variables frem the 9:40 P, M,
{out of control) shot being the factor responsible.

Operator 8-(See Figure 7 and Table 12)

Study A.--The X chart shows no polnts out of control and no
trends or runs present.

The s chart shows one poeint out eof control, ne runs, but
a slight iIncreasing trend.,

Study B-1l.-~The X chart shows one polnt out of control., With a
total of only five shots in the data, addltional interpretatlion
1s not justified.

The s chart shows no polnts out of control.

The analysis of varlance Indlcates a probablillty of .01
that the difference in means is due to chance; hence the hypo-
thesls of equal means among shots 1s rejected,

Study-B-2,~--A total of 20 cyecles were removed from the orlginal
L2, leaving 22, Thus removed were all cycles constituting the
out of control X shot at 3:30 P, M. Hence the x chart now has
no points out of control and with the limited number of shots
at hand gives no lndication of instability.

The s chart shows no significant change in pattern or
stability;

Discussion,--Although the amount of data considered was small,
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a significant gain of stability was exhibited in the x chart
with the removal of the variables in that only the out of
control polint was affected appreciably, and this point was
eliminated entlirely.

Both phases of‘Study B showed a signiflcant gain in
stebility on the s chart as compared with that of Study A,
Operator T - (See Figure 8 and Table 13)

Study A.--The X chart shows no peints out of control but
indicates a slight trend of decreasing mean ecycle times.

The s cheart shows no polnts out of control, but also
indicates a definite trend of decreasing varlance through the
shift.

Study B-l.-~The X chart shows no points out of control, but has
some indication present of a deecrefsing type trend,

The s chart shows no points out of control and no lndi-
cations of instabllity.

The analyslis of variancelindiqates a probability of .20
thet the difference 1n means is due to chance; hence the hypo-
thesis of equal means among the shots 1s not rejected,

Study B-2.--A total of 12 cyocles were eliminated from the
original 81, leaving 69, The X chart shows no points out of
control, but a trend of deecreasing mean'dycle times 1s clearly
in evidence.

The 8 chart shows no significant change in pettern or

stability,

Discussion.~-The trend of decreasing x values which was suggest-

ed in Studj A was rendered questlonable in Study B with variables
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indicates a trend of decreasing mean times throughout the
shift, |

‘The s chart shows no points out of control and no pat-
tern or trend indicating instability,.

The analysis of variance indicates a probeblllty of
«20 that the difference in means is due to chance; hence the
hypothesis of equal means among shots 1s net rejected,
Study B-2,--& total of 32 oycles were removed from the original

88, leaving 56, The resulting x chart is not significantly
different from that with variables included, although the

decreasing-type trend is more clearly lndicated,
The s chart shows no significant charge in pattern or
stability.

Diseussion,~~The decreasing-type trend in Study & is not indl-

cated in elther phase of Study B.

Again the removal of certain assignable-cause varilables
tended to more clearly define the existence of & trend in the
X chart data,

Operator @ - (See Figure 11 and Table 16)

Study &.~-Both the x and s charts show no points eut of control
and no other 1lndications of instability.

Study B-1,--~The X chart shows no points out of contrel, but indi-

cates & trend of decreasing mean times during the shift,

The s chart shows no points out of control and no other
indications of instability.

The analysis of veriance indicates a prbbability of .20

that the difference in means 1s due to chancece; hence, the hypo-
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medlate supposition would be that instablllty was present but
not indicated on the control charts due to & compenéatimg ef-
fect. This effect would be necessary since the varlables as
¢lassified are inevitably time consuming, That thlis compen-
sating system is In effect 1s substantlated by the fact that
the operatort!s mean cycle time is lower than that of 1l of
the remaining 18 operators; the operator's production rate 1is
not exceeded by any of the operators.

Therefore, one of two hypotheses appsars tenable, the
first being that the operator 1s working at a constant pace
conalderably faster than normal due to presently unknown csause
factors., The operator may customarily wrk at this pace and
the assignable-cause variablies may be a direct resultant of
excessive haste, The second hypothesis 1s that the operator
Inadvertently but frequently commits some manual errors herein
classed as vériables and subsequently inereases the work pace
to compensate.

In any event, the X chart presentation with variables
removed would indicate.need for such 1lnvestigation,

Operator R - (See Flgure 10 and Table 15)

Study A.--The X chart shows no polnts out of control and no
other indications of instability.

The s chart shows no polnts out of control, but deoes
Indicate a slight trend for variance to decrease dur;ng_@héifﬁ

-

shift.

-
pu

i1,

T

Study B-l.-=The x chart shows no points out of coéﬁwbl,'ﬁgt

]
;'H.‘\\"‘
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includes, but emerged very clearly when the variables were
removed in the second phase of Study B, Thus i1n this case,
certaln assignable-cause variables concealed a definite trend
existing in the data, |

The decreasing s trend iIn Study A dissipated in both
phages of Study B, but no significant change in pattern or

stability was evident between these Study B phases themselves,

Operator P - (See Figure 9 and Table 1)

Study A.--The X chart shows.no points out of control. However,
mean cycle times are observed to fall high at the étart of the
shift, decrease during the period and rise again towards the
end of the shift,

The s chart shows no points out of control, but the peints
follow generally the pattern of the corresponding x values,
Study B-1l,--The X chart shows no points out of control and no
trends or runs 1ndicativé of instability.

The s chart shows no points out of control, but.6 of
the eight values fall below the center line, In addition, a
run of five points below the cenfer line is observed, the proba-
bility being .06 that this 1s a chance occurrence.

The analysis of variance indicates a probabllity of .12
that the difference in means 1s due to chance; hence the hypo-
thesis of equal means among the shots 1s not rejected.
Comment,~-Learning progress l1s indicated by the large decrsase

of operator mean cycle time from Study A to Study B.

Discussion.--With the elimination of 85% of the original data

as c¢ycle times affected by essignable-cause variables, the im-



thesis of the equal means among the shots is net rejected,
Study B-2,--A total of 18 cycles were removed from the origi-
nal 92, leaving 7h. The resulting X chart is not significantly
different from that with varlebles included, although agaln the
decreasing-type trend is.-more clearly indicated,

The s chart shows no significant change in pattern or

stability.

Discussion.--No gighificant conclusions are juatified except
that again the X trend became more clearly defined with the
removal of variables,

Opereator N - (See Pigure 12 and Table 17)

Study A.--Both the X end s charts show no points out of control,
no runs, and no ftrends,

Study B-1l.--The X chart shows no‘points out of control but one
value 18 observed epproaching the lower control limit, |

The s chart explains the dlspersion of the x values but
shows no points out of control. |
Comment,-~Although not in line with the above, in view of the
wide dispersion of x and s values, and the points approachlng
control limits, the subjective inference would be that of in-
stability being present.

The analysis of variance indicates a probability of .04
that the difference in means is due to chance; hence the hypo-
thesls of equal means among the shots is rejected,

Study B-2.--A total of 26 cycles were eliminated from the origi-
nal 69, leaving 43. The X chart shows the X value carrying doubt

previously as actually being out of control., Ofther values are
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changed significantly in magnitude but with no apparent con-
sistency as to & decreas or lncresase,

The pattern of the s chart has changed significantly
wlth an increasing-type trend of variance now exhibited., In
addition, a & point run below the center line (probsbility of
chance occurrence ,031) is now evident. '

Discussion,--The "extreme! stability indicated 1n Study A is

refuted in the data of both phases of Study B, although again
such comparlsons must be weighed in light of time lapse inter-
vening. Nevertheless, the deviation-~absorbing nature of stop
wateh time study as compared to & film study 1ls clearly em-
phasized here,

No significant change occurred in the X for Study B-1
(variables removed) with the exception of the now-positive
classification of the 3:55 P, M, shot as out of control. Ex-
amination of the film analysis data failed te give any insight
a8 to the cause of this value's instebility in the lower range.

Appearently & trend existed in the s chart data which was
concealed until the removal of certain assignable-~cause variables,

Operator W -~ (See Figure 13 and Table 18)

Study B,-~The X chart showed no points out of control, but the
sample sizes are so small as to render a conclusion of stability
unreliable,

The s chart shows one point out of control and two others
approaching the control limits.

The analysis of variance indicates a probability of less

than .01 thet the difference in means 1s due to chancej hence,



the hypothesis of equal means among the shots is rejected.
Study B-2,--No significant change is evident on the X chart
with the removal of 3 c¢ycles from the original 22, leaving

19.

The s chart verifles two velues as being out of con-
trol.

Discussion.--At the time of the study, this operator had less

than one month's experience on the job, and consequently does
not provide representative nor meaninful data.on thls operation.
Inspection of the film analysis date reveals a greatly excess-
ive number of delays, regrasps, ﬁnd other ménual errors,

Operator @ - {See Figure 1l and Table 19)

Study A.--The X and s charts each show the 12:55 P, M. shot as
being out of control.
Study B-l.-~The x chart shows the 2:55 P. M. mean cycle time
out of control.

The s chart shows an 1ﬁcreasing-type trend during the
latter part of the shift,

| The analysis of varience 1ndicates a probability of less

than ,01 that the difference in means is due to chance; hence,
the hypotheslis of equal means among the shots i3 rejected,
Study B=-2.-=-A table of 17 cycles were removed from the eriginal
41, leaving 34, No significant change is evidenced in the X
chart.

The 8 chart now shows one polnt ocut of control, this
value corresponding to the one X point outside the control

limits,
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Dlscussion.--It 1s unrealistilic to draw Inferences from s0
little data, However, the film analysis data coneerﬁing

the 2:55 P. M, shot was examined for possible causes of this
high value, The data revealed the presence of four or five
regrasps plus one or two delays in essentially all cycles.

Operators D, E, V, B, and F

Study A and'Study B Control Charts,-~For reasons previously

mentlioned, the original data for these operators was reduced
to the following dquantities in Study B:
Operator D.,-~Four shots, N_ is 23

1s j2

n
Opereator E,--Four shots,‘Nn
Operator V.--Three shots, N, is 33
~ Operator B.--One shot, N 1is 8
Operator F.--Two shots, N, 1s 8
It is apparent that any inferential conclusions drawn
from these data would be wholly unreliable, hence such analysis
was omitted,
See Figures 15, 16, 17,18, and 19, and Tables 20; 21, 22,
23, and 2, |

Operators &, L, C, 8nd U

Study A Control Charts,~-For reasons previously mentioned, data

on these cperators was not available in Study B, However, for
completeness of the overall situastion, control charts for X and
s identical in construction with those of other operators are
presented hereln,

Charts for means and ranges computed from these same data

appear, of course, in Lind's thesis (31), and his analysis of the
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charts is generally applicable to the X and s charts herein
and will not be repesated,.

See Flgures 20, 21, 22, and 23, and Table .,

g Summary
In the final analjsis, there was sufficient data to
cover only 12 operators, with data representing four shots
or less for an operator being considered insuf'ficient.
In control charts feor means and stendard deviations,
the fellowing results were noted when the cycles contalning
variables as classliflied were elimlnated from the present data:

(1} Control chart data for three operators! means
or standard deviations evidenced a significant
galn of stability, in that points on these charts
which were originally out of control were reduced
g0 88 to place them within the control limits,

(2) Trends of decreasing mean cycle times during the
shift were made more distinect or pronounced in the
cese of three operatorst! data,

(3) Control limits on one operator's X chart and on
one operatort's s chart were refined and subsequent-
ly new points fell outside the limits,.

(4) A previously unapparent trend of increasing variance
Wwas revealed in the case of one operator.

{5) One operatort's data was reduced 85 per cent, rendering
subsequent control charts meaningless,

(6) A six-point run and decreasing trend of s values was
found in the case of one operator.

(7) Although statistically insignificant from the con-
trol chart standpoint, one operator's X and s charts
showed an apparent geain in stability in that the
patterns of values were more randonmly distributed.

(8) No significent or apparent change of stabillty re-
garding points out of control pattern, trend, or run
was found in the case of one operator.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

There are several limitations which affect the results

of this study. These are:

(1)
(2)

(3)

(4)

The date cover only one operation in one plant.

In the final analysis, the data sufficlently
represented only 12 operators,

A 1imited number of varlables were classified,
and these variasbles wWere a8ll visually detect-
ableo

In some instances, the individual shot sample
contained only two or three measurements as a
result of data elimination as discussed previous-

lye.

Conclusions

Within the freme of the limlitatlons set forth abovs,

following conclusions can be drawn:

(1)

(2)

(3)

The evidence 1s inconclusive that the removal
of the assignable causes of variation, as se-
lected by the methods and criteria stated prev-
lously, will significantly affect the statisti-
cal stability of modified cycle times as indi-
cated on X and 8 control charts,

The presence, In a shot of several cycle times,

of one or more of the variables hereln classed as
assignable may or may not be indicated on X and s
control charts as would normally be expected, viz,,
points outside the three-sigma control limits,

Operator cycle performance times from a manuslly-
controlled, repetitive type assembly operation are
not unstable solely on account of the presence of
commonly-known assigneble ceuses of veriation, such
as typified by the variables noted in this study.

the
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(It} If operator cycle performance times are in-
herently stable for an operation of this type,
and if instabllity is caused only by the presence
of assignable causes of veariatien, then micro-
motion analysis fails to completely ldentify all
of these assignable causes,

Discussion.--Certain characteristics of the control charts for

means and standard deviations with the selected varliables ex-
cluded as compared with the charts with varlables included are
worthy of additional note, |

A rigid predietion of the changes which W1ll ocecur. in
these charts in an analysis such as has been carrisd out in
this study appears to be wlthout sound basis, This 13 exem-
plified clearly in both the X and s charts with varlables
excluded by the fact that some charts indicated & gain in
stability, some experlenced a loss of 1nitial stability, some
revealed the presence of previously undetected trends, and one
showed no apparent change.

4 study ef the nature of the elements selected.as as-
signable cause varlables suggests several hypotheses as to the
reasons for this varying effect. All six variables are devia-
tions which are immediately obvious both to the operator and %o
the observer, be the observer snother operator, a supervisor,
or a time study analyst as in this case. The usual delaying
effect of these variables would, of course, be reflected in
the operator's daily production record. It is possible that
being cognlzant of these facts the ambitlious operator would
desire to make up this lest production,

With thls thought In mind the orlginal film analysis

data were studied again, and it was observed that the occur-
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rence of these visually detectable variasbles within the work
performance cycle often appeared to have effect upon the suc-
cessive times and the resulting shot mean. Close analysis of
the data showed that many cycles cbntaining these varlables
whlch normally increase the cycle time are followed immedlate-
1y by a2 cycle time considersably below the average for t he
shot., This suggests that the operator frequently does attempt
"to compensate for the manual error and consequent long per-
formance time_in one cycle by inereasing her pace in the next.
Were thlis consistently true, the immediate delay effect of
most assignable-oéuse variables would become lost to detectlon
In an averaging of several cycles into & shot mean, TIf only
sporadically true, some aséignable-cause.vafiables would be
notice and eliminated, some would not., The effect of such a
variable removal would then be unpredictable,

Here, then, 13 a néteworthy difference between the in-
herent validity of a visusl Interpretation of the control charts
for production times and those for produqt-quality measures,
Quality control charts will invariably identify an assignable
ceusge of variation so long as the affected part or product is
Included in the measurement sample, But with the abillity to
compensate belng present in humen performance, assignable
causes can and may be concealed even within a sample,

It appears, however, that time varistion in a humean
operator, in a magnitude which would be considered highly ex-

cessive in a2 machine operation, 1s a natural thing caused
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partly by obvious assignable causes but also partly due to the
operator's own motivation, This motivation may stem from a

" desire to lessen monotony and subsecuent fatigue, to achieve
recognition for production in amounts higher than is con-
tinually possible from a physical health standpoint, or from
many other such behavior characteristics, Unnecessarily
strict control of these performance times,'which infers con-
trol upon certaln persontl metivations, may be neither scien-~
tifically achievable or sociclogically feasible, Nevertheless,
control of extraneocus or assignable causes of variation which
are of a more objectlve nature remains essentlal in the de-
termination of equitéble peffdrmance time standards.

Recommendations

Tt is recommended that additional study be directed to-
ward:

(1) The behavior and background of operators found
to be consistently stable regarding performance
times, and simlilarly to those found consistently
unstable,

(2) The appropriateness of strict adherence to tech-
niques and dlscipline of statlstical quality
control when dealing with performance times, with
particular regard to:

a, Three~sigma control limits.

b. Conclusion of instability when a very small
percentage of points fall outside control
chart limits,

¢, The signifiecance of runs and trends regarding
stability,

{3) The influence of work pace on the stability of cycle
times,
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SAMPLE CALCUIATIONS
The calculations.shown ere for the Study B-1 data
(variables included)-concerning Operator H, 411 times are in
.01 minutes,
Shot mean_cycle time (3:30 P, M, shot):

X =£X = 118.9 =
_ = T 16099

Operatorls mean cycle time:
X =x nlrzxgne([tnooxknl{
nl;na?iooonk

% = 1013,100 = _
= 15,350

Shot standard deviation (3:30 P, M, shot):

s =It2x2 - (ZX)2
n- n(n=1)

5 :|/203 .g (118.90)°.
TEIT - D
g = 1,580 7

Tnbiased estimate of universe standard deviation:

T2 - (nl—l)slaﬁ(nz-l)sga%...o(nk-l)ske
nl/nng...nk—k

2 = 179.753352
515!

¢ =1,760

Contrel limits for x chart:
UCL3 = XFAw

15.3504{1,13}(1,760)

Isu .}-C - 150359"(1013)(10760)
LCLy = 13,361

Control limits for s chart:

UCLg = Bpe

= (%.78)(1.760)
UCLg = 3,133
LOLg = By g

= (8.21)(1.760)
LCLg = 0,370



Table 4, Control Chart Data -- Study A

Oper. 1 2 3 4 5
A X 20.00 18,28  19.70  21.16  18.28 ® =19.484 UCLy =z 20.837 LCLx = 18.081
s 3.00 2.15 2.0l 2.95 1.55 e = 2,333 UCLg = 3.320 LCLg = 1.356
B ¥ 16.36 16.24  16.16  15.76  16.80 % =16.26h UCLg = 17T.475 LCLx = 15.053
s 2.16 1.70 2.70 1.70 1.83 e = 2,018 UCLg = 2.866 LCLyx = 1.170
c X 16.64  17.10. 18,08  21.48  20.60 % 218.780 UCLy =21.036 LCLyx = 16.524
s 2.19 1.32 6.49 4,56 L2k e = 3.760 UCLg = 5.339 LCLg = 2.181
D X 25,16 28.00 27 .84 26.36 25.48 % 226,568 UCLY = 29.062 LCLyx = 24.074
8 3.29 5.74 3.65 5.37 2.73 e = 4,156 UCLg = 5.902 LCLg = 2.410
E X 18.10 18.20  18.32  16.90  19.36 X = 18,176 UCLg = 19.714 LCLy = 16.638
s 2.27 2.77 2.17 2,35 3.26 e = 2.564 UCLg = 3.641 LCLg = 1.487
F ¥ 19.20 24,96 18,64 22,72  21.08 £ 221.320 UCLx = 24,276 LCLy = 17.964

5 6,03 6.15 3.33 6.76 5.7C ¢ = 5.594 UCLg 7.943 LCLg = 3.245

AY



Table 4, Control Chart Data -- Study A
(Continued)
Oper, 1 2 3 i 5
¢l X 16.04 16.48 18,83 16.34 16.00 X = 16.748 uclx = 16.272 LCLx = 15,224
s 2.09 1.73 5.35 1.77 1.76 @ = 2.540 UCLg = 3.607 LCLs = 1.473

£



Table 4.

Control Chart Data -- Study A

(Continued)
Oper. 1 2 3 b 5 6 7 8 9 10 11
H X 24,04 23,92 22,20 22,00 22.87 22,36 19,28 19.48 19.32 18,04 18.28
s 4.62 3.33  4.E 3,93 2.5 3,91 2,95  3.50 2.97  3.07 2.8
® = 21.163 UCLy = 23.308 LCLx = 19.0.8 @ = 3.575 UCLg = 5.076 LCLg = 2,074
J X 15.12  15.92  15.08 17.04 - 17.44. 16,20 15.88 17.12 17.12 16.76 17.52
s 1.48 2.40 1.69 3.27 - 2.60 2.08 2,11 2.80 3.46 3.11  6.54
X = 16,473 UCLx = 18.193 LCLy = 14.753 & = 2.867 UCLg = 4,071 LCLg = 1.663
X X 16.04 16.32 16.00 18.28 17.56 17.52 16.20 17.08 17.00 15.84 17.64
s b,o5 3.60 2.081 4,76 2.57 3.71 2.61 4.h4 3.00 2.38 3.58
X =216.880 UOLx = 18.926 LCLy = 14,834 e = 3,410 UCLg = 4.842 LCLg = 1.978
L X 15.12 18.32 17.00 16.56 17.28 15,72 14.88 15.28 16.32 14,44 17.34
s 1.77 4,03 2.66 2,04 3.81 2.79 2.35 1.84 2.36 2.02 2.68
% = 16.205 UCL, = 17.751 LCLy = 14.659 @ = 2.577 UCLg = 3.659 LCLg= 1.495

g



Table &4,

Control Chart Data -- Study A

(Continued)
Oper. 1 2 3 4 5 6 7 8 g 10 11
M X 22.16 19,80 20,40 19,12 19,68 18,48 19,24 18,00 17.32 19,08 18,44
8 3.51 2.95 2.45 3.29 3.06 2,52 2.99 2,10 2.09 447 4,10
¥ a2 19.247 UCLx 2 21.076 LCLg = 1.768

LCLY = 17.418 ¢ = 3,048 UCLg = 4,328

a9



Table 4,

Control Chart Data -- Study A

(Continued)
Oper. 1 2 3 L 5 6
N X 19,04 18,60 18.88 '18.52 18.80 18,20 % =218.607 UCLE =20.059 LCLx = 17.155
8 2.67 2.61 .47 2.69 1.96 2,12 g = 2.420 UCLg = 3.436 LCLg = 1.404
P X 20,68 20.24 19.00 18.34 19.52 19.96 ® = 19.707 UCLy =21.282 LCLy = 18,132
s 2.95 2.65 2.58 1.93 2.63 3.01 o a 2.625 UCLg = 3,728 LCLg = 1.522
Q X 16,92 16,24 16,84 17,72 15,92 17,08 £ =16.787 UCLy = 17.978 LCLY = 15.596
s 2.00 1.69 1.95 2,61 1.54% 2,12 o = 1,985 UCLg = 2.819 ICLg = 1.151
R X 16.68 18,20 16,88 16,12 17,04 17.44 ¥ =217.060 UCLyx = 18.672 LCLx = 15.448
5 2.59 3.30 2.96 2.28 2.54 2.45 g = 2.687 UCLg = 3.816 LCLg = 1,558
S X 20.24 19,28 21,84 20.64 20.96 21.40 T = 20.727 UCLy = 22.629 LCLy = 18.825
s 2.57 2.00 3.82 . 2.81 3.31 h,55 ¢ = 3.170 UCLg = 4.501 LCLg = 1.839
T X 19,88 20,56 19.20 19,20 185.20 19.27 T 2 19.385 UCLx = 20.924 LCIx = 17.846
S 2,64 3.29 2.25 2,77 1.89 2.12 e = 2.565 UCLg = 3.642 LCLg = 1.488

o



Table 4. Control Chart Data -- Study 4
o (Continued)
Oper, 1 2 3 4 5 6
U X 22,00 21.26 21,82 21,92 24,32 24,84 % = 22,693 UCis = 24,979 LCLy = 20,407
s 3.50  2.75  3.75  3.50 4,22 5,14 o= 3.810 UCLg = 5.410 LCLg = 2.210

LQ



Table 5.

Operator

B

R - e -

Z

Summary of Results of Analysis of Variance

--3tudy 3-1 Data (Variables Included)--

I' Ratio
---(sample size

1.3

0.6

3,
3

---({sample size

5.0

2.5
0.8

5.5

1.5

2.5
1.9
1.5
0.7
4.3
1.3
0.3
5.1
4,0

2.2

3;
7
Vs

Ts

*If the F ratio was Significantly
90 per cent level of confidence, the hypothesis of equal

means was redected and instability was concluded.

d. f‘.

too small)---

19

37

too small)---

37
58
73
71
63
61
65
84
30
37
73
30
16
6o

57

P

.20
.20

.Ol
» O

88

Stable#*

No
No

No

No

No

No

‘No

No

large-at greater than the

For

details on the above calculations, see Friedman (25).




Table 6., Calculated Pata for Control Charts

89

Operator H-~Shot Means, Standard Deviations, and Control Limits

Shot n Time X UCL LCLz s UCL, LCLg
(1) Variables Included
1 7 3:30 PM 16,986 17.339 13.361 1,580  3.133 0.370
2 9 k:20 15.428 17,110 13,590 1,500 2,992 0,546
3 7 5:15 15.450  17.339 13,361 2,542 3,133 0.370
L 8 6:55 15.212 17,216 13.484  1.85L 3,062 0475
5 9 7:35 13.811 17,110 13,590 1,053  2.992 0.546
6 9 8:30 14,661 17,110 ~ 13,590 1,110 2,992 0,546
7 6 9:15 15,058 17,497 13.203 1,123 3,238 0,282
8 11 10:35 16,259 16,93l 13,766 2,30 2,869 0,651
N, = 66 X = 15.350 ¢ = 1,760
(2) Variables E#cluded

1 5 3:30 16,580 16,697 13.003 1.641 2,646 0,110
2 8 h:20 15,119 16,311 13;389 1.254 2,398 0.372
3 5 5:15 1h.h20 16,697 13.003 1,032 2,646 0,110
Iy 7 6:55 15.271  16.407  13.293  1.994 2,453 0,289
5 | 5 7:35 13.430 16,697 13.003 1.291 2,646 0.110
6 5 8:30 1,090 16,697 13.003 1,121 2,646 0.110
73 9:s 14,500  17.234 12466 0,606 2,949 0

8 7110§35 T 14.900 16,407 13,293 1,151 2,453 0,289
N, = L5 % = 14.850 o = 1.378

All times in .0l minutes




Table 7.

Caleculated Data for Control Cherts

90

Operator K--Shot Means, 3taendard Devliations, and Control Limits

Shot n Time X UCLe  LCTg s UCL, LCL_
(1) Variables Included
1 10 3:40 PM 14,815 1h4,6L8 12,140 2,016 2,191 0,449
2 10 h:30 12,945 14.648 12,140 1,525 2,191 0.4L49
3 14 5:20 12,571 14,450 12,338 1.280 2,059 0,568
h 7 7:00 - 13.379 14.886 11,902 0,961 2,350 0.277
5 11  7:Lh0 13,659 1h,582 12,206 1,074 2,152 0,488
6 10 8:35 12,k15 14,648 12,140 1,188 2,191 0,449
7 9 9:20 12,856 1,714 12,07h 0.870 2,24 0.409
8 8 10:h5 15,094 14.793 11.995 1.134 2.297 0,356
N, = 79 X = 13.39 ¢ = 1,320
(2) Variables Exeluded
1 8 3:40 PM 14,812 1k.610 11,900 2,219 2,22 0,345
2 9 L:30 12,894 1,533 11.977‘ 1.608 2,173 0.396
3. 11  5:20 12,127 14,405 12,105 0,775 2.083 0,473
Ly 7 7:00 13.379 14.699 11,811 0,961 2,275 0,268
5 7 T:40 13,829 14,699 11.811 1,300 2.275 0,268
6 7 8:35 11.921 1L.699 11.811 0.524 '2,275 0,268
7 5 9:20 12,530 14.967 11,543  0.670 2ou5u 0.102
8 7 10:h5 14,871 14.699 11.811 1.020 2,275 0,268
N, = 61 X = 13.255 ¢ = 1.218

£11 times in .01 minutes




Table 8, Calculated Data for Control Charts
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Operator M--Shot Means, Standard. Deviatioens, and Contreol Eimits
Shot n Time X UCE:5, LCLz s UCL, LCEg
{1) Variables Tncluded
1 9 3:&5 PM 16.04 17.805 12,465 2,662 L4,539 0.828
2 8 K35 12,84l  17.965 12,305 5,301 L.6h6 0,721
3 8 b:25 15,119 17.965 12,305 1.46L L.6L6 0.721
L 10 7:05 15,720 17.671 12,599  3.160 Lh.h32 0,908
5 12 7:45 W29  17.458 12.812 1.125 hL.272 1.041
6 12 8:ho 15.421 17.458 12.812 1.501 L.272 1l.041
7 s s oo cee P PN ‘e ‘e
8 12 10:50 15.929 17.458 12,812 2,319 4.272 1.041
N, = 71 X = 15.135 & = 2,670
(2) Variables Excluded
1 6 3:45 PM 15,292 18,043 11,363 2,638 5,038 0.,38
2 7 L35 12,743  17.797 11.609 5.718 L.87h 0.575
3 8 5:25 15,119 17.605 11.801 1.46h L.764 0.739
N 8 7:05 15.638 17,605 11.801 3,548 L4.764h 0.739
5 9 7:45 13.994  17.441 11,965  0.818 L.655 0.849
6 12 8:40 15.421  17.085 12,321 1.501 4.381 1.068
7 ee  ses see ves son eoe ces see
8 6 10:50 1h.242  18.0L3 11,363 0.794 5,038 0.438
Ny = 56 T = 14,703 ¢ = 2.738

All times in ,01 minutea




Table 9, Caloulated Data for Control Charts
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Operator X--Shot Means, Standard, Deviations, and Control Limits

Shot n  Time X UCTw LCL= s UCL, LOCLg
(1) Variables Tncluded
1 10 3:50 PM 14.275 16,438 12.116 1.509 3.776 O0.77h4
2 12 h:ho 14.238 16,256 12,298 2,004 3.640 0.887
3 12 5:30 1,058 16,256 12,298 2,392 3,640 0,887
L 12 7:10 13.862 16,256 12,298 1.324 3,640 0,887
5 11 7:50 1,168 16,325 12,229  2.417 3.708 0.842
6 11 8:45 12,782 16,325 12,229 1,887 3.708 0.842
7 9:30 14.583 18.213 10.341 2.006 L.868 0O
8 6 11:00 18,400 17.053  11.501 h.650 L4,186 0,36k
N, = 77 %= 14277 ¢ = 2,275
(2) Variables Exeluded
1 10 3:50 PM 1h.275 15,402 12,176 1,509 2,819 0,577
2 12 lLs:ho 14.238 15,266 12,312 2,00k 2,717 0,662
3 11 5:30 13.409 15,317 12,261 0.853 2,768 0,628
L 11 7:10 13.850 15,317 12,261 1.388 2,768 0.628
5 10 7250 13.800 15,402 12,176 2,199 2,819 0,577
6 11 8:45 12,782 15,317 12.261 1,887 2,768 0,628
7 3 9:30 14,583 16,727 10,851 2,006 3,634 O
8 2 11100 14,675 17,389 10,189 0.672 3.871 O
N =70 X = 13,789 ¢ = 1,698

All times ln .01 minutes
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Table 10, Calculated Data for Control Charts

Operator Z--Shot Means, Standard. Deviations, and Control Limits

Shot n Time X UCL LCL s UCL, LCL

(1) Variables Tneluded
5 3:55 PM 20,10  20.146  1h.6lk  3.784  3.942 0,16k

1
2 lizhs 18.736  19.715 15,075  2.894  3.654 0.431
3 8 5:35 17.581  19.571 15.219 1.086 3.572 0.554
b 11 7:15 16,673 19.243  15.547 2,308 3.346 0,760
5 9 7:55 17.000 19.448 15,342 1,688 3.490 0,636
6 9 8:50 16,933  19.448  15.3h2  1.934 3,490 0.636
T 8 9:35 16,638 19,571 15,219 0.624 3,572 0,554
8 8 11:05 17.062 19,571 15.219 1.494 3.572 0,554
Np = 65 X = 17.395 o= 2.053
(2) Variables Exeluded

1 3:55 PM 18,725  19.602 14.550 2.548 3.385 O

2 6 h:hs 17.675 19,130 15,022 0,772 3,099 0,269
3 8 5:35 17.581 18.861 15,291 1.886 2,930 0.455
L 11 7:15 16,673 18.592 15,560 2,308 2.745 0.623
5 7 7:55 16.407 18.979 15,173 1,358 2,998 0.354
6 8 8:50 16,950 18,861 15,291 2.067 2,930 0,455
7 6 9:35 16,425 19,130 15,022 0,488 3,099 0,269
8 8 11:05 17.062 18,861 15,291  1l.494 2,930 0.455

Np = 58 X = 17.076 o= = 1,68
A11 ftimes in L1 minutes
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Table 11, Caleulated Data for Control Charts

Operator J--Shot Means, Standard . Deviations, and Contfol Limits

Shot n Time

]

UCL= LCLs 8 UCL, LCLg

(1) Variables Included

1 12 4:00 PM 13,521  14.739 11.913 1.468 2,598 0.633
2 9 }i50 12,628 14,950 11,702 1.136 2,761 0.503
3 11 5:45 13.136 14,788  11.86L  1.304 2.6L47 0.601
L 9 7:20 13.006 14.950 11,702 1;480 2,761 0,503
5 9 8:00 13.306  14.950 11.702 1.460 2,761 0,503
6 12 8:55 13.346 14,739 11.913 1.142 2,598 0.633
7 9 9:h0 .24y 14,950 11,702 3.3&& 2,761 0,503
8 11 11:10 13.373 14,788 11.86h4 0,766 2,617 0.601
N, =82 X = 13.326 ¢ = 1.624

(2) Variables Excluded

1 10 L4:00 PM 13,425 14,072 12,018 1,518 1,794 0.368
2 9 L4:50 12,628 14,126 11.964 1.136 1.838 0.335
3 10 545 12,990 14,072 12,018 1.275 1.794h 0.368
b 7 T7:20 12,506 1h.267 11.823 0,766 1.924 0,227
5 7 8:00 S 13,01h  14.267 11,823  0.661 1,924 0,227
6 12 8:55 13.346 13,985 12,105 1.142 1.730 0,422
T 7 9:40 12,671 14,267 11.823 0,804 1.924 0,227
8 11 11:10 13.373 14,018 12,072 0,766 1,762 0.400
N, = 73 X = 13,045 g = 1,081

211 times in .01 minutes
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Table 12, calcnlated Data for Contrel Charts

Operator S~-Shot Means, Standard. K Deviations, and Contrel Limits

Shot n  Time X  UCLg LCLz s UCLg per,

(1) Variables Inecluded .
10 11:55 PM 16,990 18.812 15,704, 1,226 2,716 0.556

1

2 9 12:30 16,728 18.89 15.622 1,32, 2.781 0.507

3 11 1:55 16,709 18.730 15,786 2,094 2.667 0.605

5 5 3:30  20.230 19.450 15.066 2.125 3.141 0.131

6 7 hizs5 17,06, 19.107 15.409 1.265 2.912 0.3k

(A ‘e e cer eee aee e
N, = 42 § = 17,258 '_ o = 1.636

- N (2) VariablesiExcluded
7 11:55 PM 16,707 = 17,728 15,294 1,207 1.917 0.226
4 12:30 16.650 18.127 1u,895 0.750 2,165 ©
5 1:55 15;750 17Q95h 15;068 o.éau 2.068 0,086

6 4125 16,817 17.825 15.197 1.186 1.982 0,172

LN ] L * 00 LN L ] LI N LN ] a e

@ N o v Fow o
-]
»

L) LE B LI N . L ] L ] aee LE N ] LI N J

N, = 22 X = 16,511 ¢ = 1,077

All times in ,01 minutes




Table 13, Caleculated Data for Control Charts
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Operator T--Shot Means, Standard. Dgviatlons, and Control Limits

Shot n Time X UCL LCL- g UCLg LCLg
(1)} variables Included
1 8 12:05 AM 16,34 17.286 13.866 1.600 2,807 0.436
2 10 12:35 16,110 17.108 1h.04  0.953 2,678 0.5L8
3 10 2:05 15,725 17,108 1,04 1.296 2,678 0,548
Iy 10 2:35 15.800 17,108 1h,0kl 2,087 2.678 0.548
5 9 3:35 16,122 17,189 13,963 2,248 2,742 0.500
6 12 L:30 14,821 16,979 1h,173 1,066 2,581 0,629
7 10 5:440 15,065 17,108 1h.,04ly 1,722 2,678 0,548
8 12 6:15 15,088 16,979 14,173 1.653 2,581 0.629
N, = 81 X = 15.576 ¢« = 1,613
{2) Varisbles Excluded
1 8 12:05 AM 16,344 16,905  13.773 1l.600 2,570 0,399
2 6 12:35 15,967 17.141 13,537 0.940 2.718 ¢.236
3 10 2:05  15.725 16,742  13.936 1.296 2,452 0,502
4 9 2:35 15,44 16,816 13,862 1.864 2.511 0.458
5 7 3:35 15.207 17,008 13,670 1.324 2.629 0,310
6 10 4:30 14,700 16,742 13,936 1,109 2.452 0,502
7 9 5:40 14.783 16.816 13,862 1,563 2,511 0.458
8 10 6:15 14.925 16,742 13,936 1,722 2,452 0,502
N, = 69 X = 15.339 o = 1477

A1]1 times in .01l minutes
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Table 1h, Caleulated Data for Control Charts

Operator P--Shot Means, Standard Deviations, and Contrel Limits

Shot n Time X UCL LOLz s UCL, ILCL,
(1) variables Included

1 8 12:10 &M 15,194 15.761 12,331 1.943 2.815 0.437
2 10 12:40 13.845 15,583 12,509 0.827 2.686 0.550
3 11 2:07 13,609 15,502 12,590 1,518 2,637 0.559
u L 2:h0 15,200 16,473 11.619 0,701 3.252 ©

5 11 3:40  13.923 15.502 12,590 1.575 2.637 0,559
6 6 L35 13,b00 16,020 12,072 1,603 2,977 0.259
7 10‘ 5:)i5"  1h.875 15,583 12,509 2,292 2,686 0,550
8 13 6:20 13,277 15.389 12,703 1,532 2,556 0,680

N, = 73 - X = 1,046 = 1.618
(2) Varisbles Excludsd

1 2 12:10 &M 15,900 16.86L 9,880 2.334 32.755 ©

2 .. oo ves vae voo coe ves cee

5 J v vou cee ces ceo  eee

b es eee con ves .re cos ses  see

5 e aes cos ces ces coo ses oo
T ceo cos coe ces ses  ees

T ee  eee coe cos cos cos ces  sae

8 9 6:20 12,811 15,019 11,725 1.540 2.800 0.511

N, = 11 X = 13.372 o = 1.647

All times in,01 minutes
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Pable 15. Calculated Data for Control Charts

Operator R--8hot Means, Standard Deviations, and Control Limits

Shot n Time X UCL— LCL— s UcL,  LCL

(1) variables Included .
10 12:15 &M 13,115 13.992 11.616 1.723 2.075 0.425
9 12:45 13,089  14.054 11.554 1.167 2.125 0,388
12 2:10 12,788  13.892 11.716 0,740 2.000 0.488
6 2:45 13.300 14.329 11.279 1.03h4 2.300 0.200
2 3145 12,675 13.892 11.716 1.090 2,000 0.488
13 L:lo 12,942 13.8hk2 11.766 1.452 1.975 '0.525
13 5:50 12,273 13.842 11.766 1,062 1,975 0.525
13 6125 12,662 13.842 11.766 1.418 1.975 0.525

e~ o FWwWw oo -
(]
n

N, = 88 X = 12,804 o S 1.250
(2) Variébles Excluded

7 12:15 AM 12,66l 13,569 11,301 1,396 1.787 0.211
7 12:45 13.271 13.569 11.301 1.280 1.787 0.211
7 2:10 12,714 13,569 11.301 0.857 1.787 0.211
3 2:45 12450 14,172 10,698  0.hhk 2,149 0
8”‘3:h5 12,231 13,499 11.371 0,780 1.747 0.271
7 Le=ho 12,557 13,569 11,301 1,140 1.787 0,211
8 5:50 11,769 13,499 11,371 0,76k 1,747 0,271
9 6:25 12,072 13,439 11,431 1,364 1,707 0,311
N, = 56 X = 12.435 ¢ = 1.004

@ N & U oW o

A1l %$imes 1n .01 minutes
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Pable 16. Csloulated Data for Control Charts

Operator Q--8hot Means, Standard Deviations, and Control Limlts

Shot n Time X UCLy  LCL- s UCL_ LCL

(1) Variables Includes

1 10 12:20 AM 13.760 1h.4B3 12,163 0.858 2.027 0.415
2 11 12:55 14,059 14,422 12,284 1,760 1.990 0,452
3 13  2:20 13,258 14,336 12,310 1,252 1.929 0,513
k10 2:50  13.555 1h.483  12.163 1.065 2.027 O0.415
5 12 3:50 13,271 14.385 12,261 1,058 1,954 0,476
6 11 5125 13,191 1h.h22 12,22 1.27h 1,990 0.452
7 13 5:55 13,019 14,336 12,310 1,296 1,929 0,513
8 12 6:27 12,662 14,385 12,261  0.950 1,954 0,476

N_ = 92 X = 13.323 e =1,221

(2) Variables Excluded

1 10 12:20 AM 13.760 14,038 12,158 0.858 1.643 0.337
2 8 12:55: 13;338 1147 12,049  0.787 1,723 0,267
3 11 2:20 13,068 13,989 12;207 1.268 1.61L 0,366
L 3 2:50 12,900 14,811 13,385 0,328 2,119 O
5 11 3:50 13,305 13,989 12,207 1,103 1,614 0,366
6 11 5:25 13,192 13,989 12,207 1.274 1.61L 0.366
7 10 5:55 12,590 14,038 12,158 0,515 1.643 0,337
8 10 6227 12,525 14,038 12,158 0.856 1.6L43 0.337

Nz ¥ = 13,098 o = 0.990

A11 times in .01 minutes
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Table 17, Celculated DBata for Contrel Charts

Operator N--Shet Means, Standard Deviatlons, and Contrel Limits

All times in .01l minutes

Shot n Time X UL,  LCL= s UGB, LOL,
{1) Varisbles Included
1 5 12:25 AM 18,120 18.958 13,738  3.317 3,740 0.156
2 8 1:00 15.194 18.413 14,283  0.770 3.390 0,526
3 11  2:25 16,373 18.101 14,595 2,351 3,175 0.721
h -7  2:558 16.800 18,549 1h.1L7 0.908 3.467 0.409
5 9 3:55 14,450 18.296 14.400 2.210 3.312 0.604
6 10 5:20 16,700 18,199  1h.497 1.766 3.23% 0,662
7 9 6:05 16.928 18,296 14,400 1,955 -3.312 0,604
8 10 6:35 16,880 18,199 14.497 1,680 3,234 0.662
Ny = 69 X = 16,348 @ = 1,948
| (2} Variablés Excluded

1 3 12:25 AM 15.850 18.067 13.593 0.889 2.767 0
2 5 1:00 14,860 17,563 14.097 0,531 2.483 o;lou
3 6 2:25 15.475 17.407 14.253  0.8hh 2.379 0,207

L4 2:55 16,900 17.770 13.890 0,765 2.599 ®
5 5 3255 13,900 17.563 1L.,097 1,186 2,183 0,104
6 7 5:20  15.843 17.291 13.369 1,210 2.302 0,272
7 b 6:05 16.450 17,770 13.890 1.905 2.599 ©
8 9 6235 16,906 17,123 14,537 1.775 2.198 0,401

N, = L3 X = 15.830 o = 1.293




101

Table 18, Caleculated Data for Control Charts

Operator W--Shot Means, Standard Deviations, and Control Limits

Shot n Time X UCL- LOL s ‘UCL_ LCL,
(1) Variables Included
1 es aeo vee ses soe ses P cae
2 oo see con ooe con cos sse  ses
'3 3 11:05 AM 24 483 29,074 20.680 L4.850 5,192 0
L 5 11:40 23,040 28,128 21,626 1,226 4.658 0,199
5 6 1:05 2,000 27.837 21,917 0.787  L.uél 0.388
6 3 2:10 26,950 29,074 20,680 0,529 5,192 0O
7 5 2:50 26,760 28,128 21.626 3,294 L.658 0,199
8 oo ves see ees o coe see ese
N, = 22 X = 24,877 = 2,126
(2) Variables Excluded
1 e ave ces voo coe cee ces  ses
2 e eoe vee see PN ees eeo cee
3 3 11:05 AM 24,483 28,635 20.985 L4.850 L.,732 O
b 4 11l:h40 22,888 28,126 21,494 1,360 hJohhh O
5 6 1:05 24,000 27,507 22.113 0,787 hL4.068 0.35L
6 2 2:10 27.050 29,497 20,123 0,707 5.041 O
7 h 2:50 '25.512 28,126 21,494 2.022 L.l O
8 to see C ees ewe .oe vee oo cos
N, = 19 X = 24,810 = 2,211
.All times in ,01 minutes
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Table 19, Caleulated Data for Control Charts

Operator G--Shot Means, Standard Deviations, end Control Limits

Shot n Time X UCL= -LCL.J.{ 8 UCLS LCL
{1) Varisbles Included
1 or ses cae ea ceo cos ces  eea
2 os  wes vos cen ces aes cer  ses
3 s ees ces coo cos cee ees  see
L 10  11:35 AM 13,930 16.278 13.024 0.879  2.84h 0.582
5 11 1:15 13,614 16,193 13,109 1.456 2,792 0,63l
6 11 2:15 14.718 16.193 13,109 1.632 2,792 0.634
7 9 2:55 16,64, 16,36k 12,938 2,593 2,912 0,531
N, = k1 X = 14.651 ¢ = 1,713
(2) Variables Excluded
1 e een con ces cee coe cee  eae
2 cs  eea cos cee ces “es ces  aes
3 ve eas ves coe eos ves PN ves
I 8 11:35 AM 13,825 16,167 12.521 0,836 2,993 0,hél
5 10 1:15 13.270 15,978 12,710 0,955 2,855 0,585
6 10 2:15 14,555 15,978 12,710 1,623 2.855 0,585
7 6 2:55 16.467 16.,kh2 12,246 3,22k 3,165 0,275
8 oo ses cos ces ves cos ves  ses
N, = 34 T = 1hy. 30k o = 1.720

All times in .01 minutes
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Table 20, Caleculated Data for Contrel Charts

Operator D--Shot Means, Standard Deviations, and Control Limits

Shot n Time X UCL= LCL . s UCL  LCL
X x g 3

(1) Varisbles Included

1 ce ees P ceis ces ivo cee  ees
2 vo  see ces ces ces cee ces  aee
3 ves ses ses e ns coe voe coe vae
It 5 11:10 AM 16,040 17,758 13,596 2,h96 2,982 0,124
5 6 12:35 16,383 17.572 13,782 1.590 2,858 0.248
6 6 1:25 15,633 17.572 13,782 0,905 2.858 0,248
7 6 2:20  14.725 17.572 13.782 0.913  2.858 0.248
B s aes e e .ee . vie een
Ny = 23 X = 15.677 @ =1.553
{2) Variables Excluded
1 oo eee cos cos cos ces ces  ees
2 ce aes ces . v one ces  sas
3 e ses aee - ‘oo see ves ces
L b 11:10 AM 16.162 17.791 13.131 2.865 3,122 0
5 § 12:35 15.625 17.791 13,131 1,378 3,122 0
6 6 1l:25 15.633 17.356 13,566 0,905 2.858 0.248
7 6 2:20 14.725 17.356 13.566 0,913 2,858 0,248
- cen ces ces .o ‘e cos
N, = 20 X = 15.h61 ‘g~ = 1.553

All times in .01 mimites
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Teble 21, Calculated Datas for Control Charts

Opérator E-~8hot Means, Standard Deviatlons, and Control Limits

Shot n Time X UCL=  LCLz s UCL, LCL
{1) Varisbles Tnocluded

1l et ses cse cea “se “ee .o eee

2 so soce see ses vou eoe ces e

3 se  see soe oo cos cas ess  eaa

I 12 11:15 AM 14,521 16,116 12,772 1,878 3,075 0,750
5 11 12:40 1,832 16,17h 12,71k 2.hL46 3.133 0,711
6 11 1:35 1h,21) 16,174 12,714 1,729 3,133 0,711
7 8 2:25 14,125 16.481 12,407 1,300 3,34l 0,519

N, = 42 X = 1l il g =1.,922
(2) Variables Excluded

1 e eee coe . ces cos coe  ses

2 s e oo ose cee ses cve .o

3 oo ees 0ss soe oo cos ves vase

I 11 11:15 AM 14,536 16.332 12,786 1.969 3,211 0.729
5 8 12:40 15,29 ‘16,647 12,h71  2.654  3.428 0,532
6 11 1:35 1.2 16,332 12,786 1.729 3,211 0.729
7 7 2:25 14,300 16,785 12,333 1,298 3,507 O.4h1h
8 oo sae .os cos cre con ces  ses

N, = 37 ¥ T 14,559 = 1.970

All times in .01 minutes
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Table 22, Caleulated Data for Control Chargs

Operator V--Shot Means, Standard Deviations, and Contrel Limits

Shot n Time X ULy LCL. s UCL, LCL_
(1) Variables Included
1 ae ees cee cos cee cee coe  wes
2 ei eee coe ces cee eee cae  ese
3 s eee ves cee oo see voe
12 11:20 AM 14.308 15.873 13,129 1.641 2,523 0.615
5 e eee ces oes cue cou coe  eee
6 11 1:h0 i b1y 15,920 13,082 1,859 2,571 0,583
7 10 2:35 14,830 15,999 13.003 1,515 2,618 0.536
N, = 33 % = .50 o = 1.577
(2) Varisbles Excluded
1 ee ees ces ces ese coe oo wes
2 4e eee cee ces coe cee ves  eee
3 eee ess e cae cos vou veos see
L 12 11:20 &M 14,308 15.872 12.980 1.641 2,659 0.648
5 e eee . Caae . ses oo cos  ese
6 10 1:40 14.395 16,005 12;8u7 1,642 2,759 0,565
7 7 2:35 1h.66L 16,304 12,548 1,727 2,958 0.349
B ee eee e e ... ... ceo eee
N_ = 29 T = 1026 g~ = 1,662

Al]l times in .01 minutes
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Operator B-~Shot Means, Standard Devliations, and Control Limlts

Shot n Time

X

UCL ..
X

LCL .
X

UCL
8

LCL
8

L ] * 0 e

wm ~N O v oW no —
.
.
L]
.
*

@ ~N 0N F oW o K
[ )
-
-»
[ ]
»

411 %imes in ,01

LN
L N ]
LN
L )
LA R ]
LR B

15,188

(1) Variebles Included

esn
o0
ene
- a8
XK ]
e a

16,948

X = 15.188

(2) Variables Excluded

15,362

18,629

o0 e

X = 15.362

minutes

o

12,095

. e

o

L
%0

1,660

= 1.660

LI

2,178

= 2,178

LN

L3R ]

2,888

ac e

3,877

0.hh8 -
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Table 2lj. Calculated Data for Contrel Charts

Operator F--8hot Means, Standard Devlations, and Control Limlts

Shot n Time X UCL LCL s UCL_ LCE_

(1) variables Included

1 o ees cos ces cos ces coe  eee
2 s aae ces cee ces cos BT
3 oo vee oos veo sos coe cee vee
L co  ees ces ces cee eae  t ees  ses
5 b 1:00 PM 14.950 19.660 14,110 1,861 3,718 O
6 s see ces ces con cee con  ees
7 h  2:50 18.838 19,660 14,110 1,840 3,718 0
8 .o coa cos voa s cee cen cee
N_ =8 X = 16.885 T = 1,850

(2) Variables Execluded

B vee ces cos e cer e
2 ee ees oo oo e e cre ees
L ve  eee cee ces . cee tes  ees
5 L 1:00 PM 14,950 19.581 13.485 1,861 L.084 O
6 e eas cee ces ces cen cer e
7 2 2:50  19.700 20.841 12,225 2,475 L.633 O
8 ve aee e .. . .. cor e

Nn =6 X : 16,533 o = 2,032

All times in .0l minutes
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