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FOREWORD

1. This military handbook is approved for use by all Departments and
Agencies of tb De~*nt of DefenOe.

2. Beneficial caments (recommendations, additions, deletions) and any
pertinent data which may be of use in improvhg this document should be
addrea8ed to: U.S. Army Tank-Autmotive ~, ATTN: AM5TA-GDS, Warren,
MI 4B~7-5000, by using the self-addrea~ Standardization
I~ement Propmal (DD Form 1426) appearing at the end of
by letter.

3- ~.

The history of technological advancement has been a
brea%hrouglw in both the private sector and the military.

!bcument

this docment or

mixbetween
For the bodY of

technical knowledge involv-~ statistical process mntrnl (S=), we can-look
back to the pioneering work done by ktor Shewhart in the days before World
War II (wII). During that war, the War Board taught SE techniques as part
of its overall Statistical Quality Control (SQC) program. FollowhgPW/11 ,
certain large manufacturers in the United States (U.S.) installed SPC; but
for a number of reasona it wa8 later discarded as not being appropriate for
commercial application.

b. The military had adopted MIbSTD-105 for attribute sampling, which
aemed very well during YWUI, lmt utilized the basic approach of detection
rather than prevention. This resulted in batch rejection of material
whenever it wa8 found by inspection to be non-confoming to specification,
after the fact. The usual scrap, rework and late deliveries were the natural
result.

c. With inexpensive energy, great ~ for peace in the world and an
unlimited market for American products with little competition, quality waa
not at the top of the list of priorities. Price and delivery often ranked
higher.

d. However, in the arena of higher volume production where quality wan
w~ t, the opportunities for the greatest gains offered by SFC first
became wident, namely for:

- Zero defects quality

- kwer Cost

- Timely delivery

- Better products

ii

Downloaded from http://www.everyspec.com



HIL41BK-683(AT)

e. In the ~ial arena during * sid-1970-s. the Awri(xsn public
really started 8eeing better products, often with a lower price tag; and
interestingly ●O@ &m a uourus generally identified historically M
-* MoA= mxluota, ~ly, tlM Japmeae. BY the mid”1980”8,
-ica”a ca6ud awamcnw of tlm Jawmooe iiwa6im with their umerbr
quality produots and deeigne had ‘Ohangd to an aouta amarWm88 that *
wan surpaadng the U.B. * their iduatr%al superiority.

f. I&ring #m MM)%, thin imanion waa not Mmited to Japan. Once
other oountria8 beoam swam that Japan-a 8ecmt uumpon =rked and that it
waa available to & as well, the flood gates opewd. Yen, we now have *
entire international opeotrum of Japan$ W@ Kong, SingapuMW, Tti- and
Korea battling for the world market with the U.S. at the top of their
market@g list. I

~- The U.S- industrial superiority that set the world paoe following - ““
HI I hae taken a revere beating. America-s slide baclmnrds does not have to
centinue. It does, however, require accurate asaesammt and recognition of
how we lost that ground and the need for development of a Bound program to
reinstate ~elvea.

h. American *try, aa the major eupplier of U.S. military equigmwmt,
is being challenged to update ita technical zwmurce 8, knowledge and
c~itment. The mrnera~ for *M would-be auppliem to the nili&y, aa
defined in this document, is to recognize that one of the -or requimwn tB
for eligibility to participate in the challenge i8 the actual implementation
of an WCprogram.

The purpose of this handbook ia to serve aa a guide for SPC
impl~ntation and program audit. It iO designed for uae by Goverment
personnel for reviewing & aaeeaaing a oontractor”a SPC ayatem, set-up, and
performance. It may alao be used by 8upplier8 in esta.liahing their WC
ayBt4me.

b. This handbook alao acts aa a bridge between SPC theory and
application and aa a r8ferenoe document to evaluate m pro#mma and tools.
Quality and productivity ~ta start with baaic technical lmowledge,
but will mt be fully raa15zed without a e)tmacturedmm for applying the
knowledge and auataining the improvements through continuous wnitorlng,
feedback, and commitxnentto corzwct problems when identified. Fomulaa and
examplea of SFC are available in a wide variety of emllent textbooks. The
problea remalna. however, that knowledge of statistical methods alone ia not
aufficient to bring &t improvements in quality and productivity.

iii
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5. ~. Proper application of statistical theory ia
fundmentaltoanysmprogram,but itisnot anoughby it8elf to get youto
the required goal. me e8eantial guide for an s= program~ fM
managment in the fom of an implementation plan. buntleas organization,
perhaps even ymr own, lame learned that cl~ in 8txxti6tioeare mt
enough. ~ffeotive oontrol charts won-t mgicdly appear just because the
company has aponaored a one day seminar. To make SK work, a etep-by-utep
process, whoee emphasis ie implementation, la required with support,
~ici~tion, and visibility at all levels of managmmt and a folluu-up
Syatm must be ●tahlidled to en8ure tiDely Completion of all critical steps
and continued use of WC techniques. For Implementation PUP088Z3,
contractor should canaider the follmdng:

a- ~. The contractor should provide a practical WC
system-8 manual to define and support their efforts. This manual should
specify th following:

(1) Their philos+y, including their quality comdtment.

(2) Their policy statements designed to implement their company
philosophy.

(3) Their standaml operating procedure (SOP) dmigned to eupport
the stated ~liciee. The SOP in ~ticular ehould define the
implmentat ion elements of WC.

b. ~ . In-plant applications for SPC should be
utilized by contractors, as follows:

(1) At receiving inepction if your supplier is not using SW
control ae required by this guide. Since this ia detection, after-the-fact
and contrary to the intent of this guide, this will be considered a temporary
condition and will be governed by the tams of your individual ~
orders. Any approvale for contracte would be conditional and teqporary. The
lifting of such conditional approvals would b directly related to the
supplier“a having upgraded their in-process syatema to fully utilize SE.

(2) Ihring manufacturing where the application of appropriate
charts is mandatory. Zhia ia subject to surwy and audit prior to pumhase
order releaae and on-going audit suxmmillanoe, thereafter, on both the =*
and mibcontractora.

(3) At final inspection and audit.

6. Mdb&hgy. The prime contractor”8 SOP for mbcontmctor
surveillance and control should &fine methodology for auditing, evaluating
and controlling each supplier (subcontractor) in term of both required SPC
and other SOP and policy statement areas in which the supplier i8 required to
provide adequate coverage.

iv
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7. . Utilization of RDP capabilities by
the contractor along with the neceasa.rySPC software is optional. The
parameters of implementation and control are defined in detail later in this
SEW handbook.

8. a. The fomat of this handbook was designed in sections, with
each section covering a a~ific topical area. For ease of use and
reference, all tables and figures applicable to a section were placed at the
end of the section. Also, the tables and figuree were consecutively
nmkmd, but a numerical mff ix was added to indicate the a~licable section
in which they appear.

v
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CHAITKRl
SU)PE

1.1 -. This handbook establishes the guidelines for developing and
implementing a practical SPC system by the contractor and provideO the
criteria for reviewing contractor SW systems and evaluating their
perfomaime.

1.2 ~. Formlaa, tables and examples of SFC are available in a
wide variety of excellent textbooks. The problem remain a,houwver, that
lmowledge of statistical methods alone is not sufficient to bring about
improvem18nt8in Quality and Productivity.

proper application of statistical theory %s fundamental tO w SEC
program, but, something like the rear wheel of a bicycle, it is not enough by
itself to get you where you want to go. The front wheel of a bicycle
provides the ability to steer, thereby helping you avoid potholes, tree
stumps, and other obstacles in the road. The “steering” for an SPC program
cmes from management in the form of an implementation plan. Countless
organizations, perhape wan your own, have learned that classes in statistics
are not enough. Effective control charta won“t magically appear just became
the company has aponBored a one day seminar. To make SPC work, a
step-by-step proceaa, whose emphasia ia implementation, is requtred with
support, participation, and visibility at all levels of management. Also, a
follow-up system must be established to ensure timely completion of all
critical steps and continued use of SPC techniques.

This handbook briefly describes the key elements of SPC implanentation.
Definitions of pertinent concepts are provided along with suggestions of
where and how to get help as you proceed.

1.3 ~ c~ The following is
that comprise this hand&k:

a. Chapter 2: This chapter contains a
commonly used in statistical work.

b. Chapter 3: Advantage and goals of

a synopsis of the

glossary of terms

SPC are described

major chapters

and symbols

in this
chapter. An effective program cannot be initiated until objectives and
~se =W clearly understood.

c. Chapter 4: This chapter contains specific WC implementation
requirements. Note - refer to figure 8-4 for an example of an SW
implementationplan.

1

—
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d. Chapter 5: This chapter proposes a format for evaluating SPC
~p~ in a supplier-s facility. Each eupplier-s approach will differ
slightly according to manufacturing technology and management philosophy. It
is imprtant to be able to assess these differences, and to ensure that the
swplier”s objectives match the Army-s requiremds.

e. Chapters 6and7: Chapter 6 describes some of the SPC software
programe available and Chapter 7 provides some guidelines for evaluating this
software, without making any specific recomen dations. Software selection
and installation can become a project in itself depending on the degree of
sophistication of the 8ystem and integration with real-time control.

f. Chapter 8: This chapter offers requirements and Otan&rds as an aid
in selecting a consulting firm to help with SFC implementation. The
objective here is to provide the means for making an informed selection @
asking the right questions and comparing answerB.

13- Chapter 9: This chapter contains miscellaneous notes.

1.4 smmaz!y. In conclusion, this material should be considered a bridge
between 6FC theory end application and a reference document to evaluate SPC
programs and tools- Quality and productivity improvement starts with basic
technical knowledge, but will not be fully realized without a structured
program for applying the knowledge and sustaining the improvements through
continuous monitoring feedback and conxnitmentto correct problems when
identified.

2
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~2
DEFINITIONS

~. This chapter contains a glossary of statistical tams and
commnly used in statistical work.

2.2.1 ~. More smhi8ticated and less widely
a~licable techniques of statistical process analysis and control than is
included in basic statistical methods. This can include more advanced
control chart techniques, regreaaion analysis, design of experiments,
advanced problem-solving techniques, etc.

2.2.2 ~ . -litati~e &ta (charactertetica) than canbe
counted for recording and analysia- Rxamplea include characteristics, such
as, the presence of a required label, the installation of all required
fasteners, the absence of errors on an expense report. other examples are
characteristics that are inherently measurable (i.e., cuuld be treated as
variables data), ht where the results are recorded in a simple yes/no
fashion, such as, the acceptability of a shaft diameter when checked on a
go/no-go gage or the presence of any engineering changes on a drawln&
Attributes data are usually gathered in the foxm of nonconforming units or of
nonconformisties; they are analyzed by p, np, c and u control charts (see also
variables data).

2.2.3 ~. The sum of values dividedby the number (sample size) of
values- designated by a bar over the symbol for the values being
e.g.,f(X bar) isthe average of the Xvalues within a subgroup; (X doubleT

raged:

bar) is the average of subgroup averagea; ~ (pbar) is the average of p“a
from all the subgroups (see also mean).

2.2.4 ~. I%rsonal under@anding of the interrelationship
between quality and productivity, directing attention to the requirement for
management conmnitmentand statistical thinking to achieve never-ending
improvement.

2.2.5 .a~l m4- . Applies the theory of variation
through the use of basic problem-solving techni~es and statistical process
control, and includes control chart constmction and interpretation (for both
variables and attributes data) and ca~bility analysis.

2.2.6 ~ a~. Applies the theory of variation through the use
of applied statistics in collecting and summarizing data, analyzes grouped as
well as unwrapped data, includes histogram construction and interpretation.
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2.2. ? ~. Capability can be determined only after the process
is in statistical control. A procxma h said to be capable when the procem
q..rage plus and minus the 3-ai~ spread of the distribution of individuals
(X~3~ is contained within the specification tolerance (variables data), or
whenat least 99.73 percent (%) of individuals are within specification
(attributez3data). Bfforts to improve capability muat continue, however.
consistent with the operational fiiloeophy of never-ending improvement in
quality and productivity.

2.2.8 ~ A simple tool for individual or group
problem-solving that UMB a graphic-descripti& of the various process
elements to analyze potential sources of procea8 variation. Also called
“fishbone diagram” (after its appearance) or “Ishikawa diagram” (after its
developer).

2.2.9 The line on a control chart that represents the
average or median value-of the items being plotted.

2.2.10 ~. A distinguishing feature of a proceaa or its
output on which variablea or attributes data can be collected.

2-2-11 bwuumaO- A source of variation that affects all the
individual values of the process output being studied. In control chart
analyais it appaara aa part of the random procea8 variation.

2.2.12 ~. Units of output produced in succession; a basis for
selecting subgroup samples.

2.2.13 ~. A graphic representation of a characteristic of a
process characteristic showing plotted values of S- statistic gathered from
that characteristic, a central line, and one or two control limits. Its
primary function h to discern azmignable f- random causes of vartition.
It haa two b@lSiCuses: aa a judgement to determine if a process has been
operating in statistical control, and as an operation to aid in maintaining
statistical control.

2.2.14 A line (or lines) on a control chart ueed as a
baaia for judging the si&ificance of the variation from subgroup to
subgroup. Variation beyond a control limit is evidence that special causea
are affecting the prooeaa. Control limits are calculated from pmoeOa data
and are not to be confused with engineering specifications.

2.2.15 A past-oriented strategy that attempts to identify
unacceptable output after it has been produced and then separate it f- the
good output (ace also prevention).
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2.2.16 ~. A way of describing the output of a comon—cause
system of variation, in which individual values are not predictable, bt the
outcomes as a group form a pattern that can be described in terms of its
location, spread, and shape. kcatiOn i8 cXnmmily mlpmssed by the mean or
average, or by the median. spread is Sacpreasedin terms of the standard
dsviation or tk range of a sample. Shape lxJvolve8many characteristics,
such as, Synmnetry and gaekdneas , tnlt these are often summarized by using the
nameofacounon diatrilmtion, such as, the nomal, binmdnal, or Foiawn.

2.2.17 Is an analyt%cd
technique which uaea the po~ntid failure modes of ~ procesa and the
resulting effecta to prioritize corrective actions, and for identifying the
characteriutics of a proce’sathat - vital p) product guality.

‘ 2-2-18 @uummcY- The diffemme betueen the observed average of
measurements and the true average of the same parts using precision
instrmenta.

2.2.19 . The difference in the accuracy values through
the expected operating range of the gage-

2.2.20 . The variation in m~ nt8
obtained with one gage when uq~ several times by one operator while
measuring the identical characteristic on the same part.

Z-2*21 ~- The variation in the average of the
measurements made by different operators using the same gage while measuring
the identical characteristic on the same part.

2-2-= Gag~taM&&. The difference in the average of no less than
two 8et8 of meaeurementa obtained with a gage on the same parte as a result
of time.

2.2.23 ~gm. The combination of gage accuracy,
re~atability, reproducibility, stability and linearity.

2.2.24 ~ A pictorial way to display data in frequency form.
This provides a viui way to evaluate the form of the data.

2.2.25 XndixM@. A single unit or a single measurement Of a
characteristic.

2.2.26 Thh step ha8 been
called the “’MissingLink” in SPC. It is a techniq& for evaluating and
quantifying the errors present in inspection syatms for either variables or
attributes data- It also defines the criteria of when to accept end when to
reject any given inspection and test proceaa. Inspection and test capability
studies also set the stage for the next step of the SPC process.

5
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~. A general concept for the typical valuea or central
a distribution.

lkn. The aver- of values in a group of me~nts .

hiiaa- W middle =lue in a group of mamwemmta, when
arranged froq lowest to Mgheat . If the *r of values ieteven, by
convention the average of the middle * value8 is used ae the median.
Subgroup medians fom the basis for a simple control chart for process

lmtion. W- ~ dOSi~tOd by ● tilda (~) msr the symbol for h

individualvalue, e.g., X is the median of a ~.

2.2.30 ~. The
operational ~ilosophy that makes best use of the talents within the company
to produce products of increasing quality for our custunera In an
increasinglyefficient way that protects the return on investment to the
stockholders. This is a dynamic strategy designed to enhance the strength of
the company in the face of present and future market conditions. It
contrasts with any static strategy that accepts (explicitly or implicitly)
some particular level of outgoing defects as inevitable.

2-2-31 ~. Units which do not confom to a
specification or other inspection standard; cometimes called discrepant or
defective units- To analyze systems producing nonconforming units, p and np
contro~ charts are used.

2.2.32 S~ific occurrences of a condition which does
not conform to s~cificatio& or other inspection standards; sometimes called
discrepancies or defects. An individual nonconforming unit can have the
potential for more than one mnconfonnity (e.g., a door could have several
dents and dings; a functional check of a carburetor could reveal any of a
number of potential discrepancies). To analyze systems producing
nonconformities, c and u control charts are used.

2.2.33 A continuous, symmetrical, bell-shapd
frequency distribution for variables data that underlies the control charts
for variables. When measurements have a normal distribution, about 68.26% of
all individuals lie within plus or minus one standard deviation unit of the
mean, about 95.44% lie within plus and minus two standard deviation units of
the mean, and about 99.73% lie within plus and minus three stan- deviation
units of the mean. These percentages are the basis for control limits ~d
control chart analysis (since subgroup averages tend to be normally
distributed even if the output as a whole is not), and for many capability
decisions (since the outpt of many industrial processes follows the nomal
distribution).

6
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2-2-34 ~- Operational definition is a means of
clearly c~ ioating quality expectations and performance. It consists of
(1) a criterionto be applied to an object or to a group, (2) a teat of the
object or group, and (3) a decision (yes or no) that the object or _
di~did not meet the criterion.

2.2.35 ~. A #hple tool for Pmblem-solvirig that iIlVOl~8
ranking all potential problem areas or sources of variation accord- to
their contrilxationto coat or to total variation. Typically, abucauaes
account for moat of the oost (or variation), so problem-solving efforts are
beat prioritized to concentrate on the ‘*vitalfew’”causes, temporarily
igmring the “trivial many”.

2-2-= ~. ~owrational Philosophy
within the company to produce products of increasing quality for its
customers in an increasingly efficient way that protects the return on
investment to the stockholders. This is a dynamic strategy designedto
enhance the strength of the company in the face of present and future ~ket
conditions.

2.2.37 . A future-oriented strategy that improves quality and
productivity by directing analysis and action toward correcting the pmceas
itself. Prevention is consistent with the philosophy of never-ending
improvement (see alao detection).

2.2-38 ~. The process of moving from symptoms to causes
(s~cial or common) to actions that improve performance. Among the
techniques that can be used are Pareto charts, cause-and-effect diagrams and
statistical process control.

2-2.39 ~. The combination of people, equipnent, materials,
methods and environment that produce output, i.e., a given product or
service. A process can involve any aspect of our business. A key tool for
~~ processes is statistical process control.

2-2-4o ~. The location of the distribution of measured
values of a particular process characteristic, usually designated as an
overall average, X.

2.2.41 ●a- The process capability study is a
sy8tsmatic prmdure for &tenRi.ning the natural or inherent variation in a
proceaa. To measure and evaluate the true capability of a mess,
statistical control chart methods are applied. As with inspection and test
capability studies, this step provides the user with criteria for acceptance
or rejection and guidelines for corrective action. The power of the process
capability study is that it will demonstrate whether or not the process is
actually capable of meeting specifications. The process capability study
will result in the location of the centering of the process, the spread of
the process and stability of the process.
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2.2.42 ~. The extent to which the distribution of
individual valuaa of the proceaa oharactiristic vary; often shown am the
proces~verage plus or minus wxw ntir of standard deviations
(e.g., X&3~.

2.2.43 ~. A condition in which individual values are not
predictable, although they may come fran a definable distribution.

2.2.44 a. The differanoe between the highest and lowest values in a
subgroup. Tlm expected range increases both with semple eize and with the
standard deviation.

2.2.45 Run- A consecutive number of points consistently increasing or
decreasing, or above or below the central line. Can be evidence of the
existence of speoial causes of variation.

2.2.46 ~. A simple graphic representation of a characteristic
of a process, showing plotted values of some statistic gathered from the
process (often individual values) and a central line (often the median of the
values) which can be analyzed for runs (see also control chart).

2.2.47 -. In process control applications, sample is a syno~
with subgroup. This use is totally different from the ~pse of providing
an estimate of a larger group of people, items, etc.

2.2.48 z. A general concept for the overall pattern fomned by a
distrilmtion of values.

2.2.49 ~. The Greek letter used to designate a stan-
deviation.

2-2.50 ~ . A source of variation that is intermittent,
unpredictable, unstable; sometimes called an assignable cause. It is
signaled by a mint beyond the control limits or a run or other non-random
~ttern of points within the control limits.

2.2.51 ~. The engineering requirement for j@gti
acceptability of a particular characteristic. A specification is never to be
confused with a control limit.

2.2.52 ~. A general concept for the extent by which values in a
distribution differ from one another; dispersion (see also procees spread).

2.2.53 ~. The absence of special causes of variation; the
property of being in statistical control.

2-2.54 ~. A process that is in statistical control.

2-2.55 . A
output or the spread of a sampling
subgroup averages); denoted by the

measure of the spread of the proceea
statistic from the process (e.g., of
Greek letter sigma (~).

8
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2.2.56 ~. A value calculated from or based upon sample data
(e.g., a subgroup average or range) used to make inferences about the process
that produced the output frun which the sample came.

2.2.57 . The condition describing a process from
which all special causes of variation have been eliminated and only comon
cauaes remain; evidenced on a control chart by the absence of points beyond
tbe control limits and by the absence of non-random pattern8 or trends within
the control limits.

2.2.58 ~ . The use of statistical
techniques such as control charts to analyze a process or its out-s so as
to take a~iate actions to achieve and maintain a state of statistical
control and to improve the process capability.

2.2.59 ~. One or more events or measurementa used to analyze the
performance of a proce8a. Rational subgroups are usually chosen so that the
variation represented within each subgroup is as small as feasible for the
process (representing the variation from common causes), and so that any
changes in the process performance (i-e., special causes) will appear as
differences between subgroups. Rational subgroups are typically made up of
consecutive pieces, although random samples are sometimes used.

2.2-W ~. -Paiteof smcificationa,
Plans, drawings, standards, and such other data necessary to properly
describe material for acquisition purposes.

2-2-61 ~- Takti action appropriate fora
special cause when in fact the process haa not changed.

~-z-w ~- Not taking appropriate action when
in fact the process is affected by special causes.

2.2.63 ~w!i ~ . Quantitative data where measurements are used
for analysis. Examples include: the diameter of a bearing journal in
millimeters, the closing effort of a door in kilograms, the concentrati~n of
ele~trolyte in ~rcent, or the torque of a fastener in newton-meters. X and
R, X and s, median and individuals control charts are used for variable
data. (See also attributes data).

2.2.64 Yaziw&u. The inwitable differences among individual outputs
of a process. The aoumea of variation can be grouped into two major
classes: comon causes and special causea.

9
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..

A2

A3

&z, B3

c

z

C4

GP

w

&

k, Ih

k

L&L

m

ML

.

A multiplier of ~ ueed to calculate the control
limits for aver4ges.

A multiplier of = used to calculate the control
limits for averages.

Multipliers of ~uaed to calculate the lower and
-r control limits, m~tivelyp for wple
dandard deviatlon8

The number of nonconfomities in a saOple.

The average number of nonconformities in samples
of constant size n.

A divisor of a used to estimate the process
standard deviation.

A capability index that indicatea potential process
capability, defined as: total tolerance/6@.

The Capability Index, defined as: 2kI~3.

A divisor of ~ used to estimate the process
standard deviation.

Multipliers of~ used to calculate the lower and
u-r control limits, rea~tively, for range.

Gage redatability and reproducibility (gage error).

The number of subgroups being used to calculate
control limits.

The lower control limits; &, ILLR, ILL,
etc., are, respectively, the lower control limits
for averages,

kuer control

Lower control

Lower control

ranges, proportion nonconforming, etc.

limit for average8.

limit for ranges.

limit for proportion nonconforming.

The lower engineering specification llmit.

10
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P

F

s

SL

u

ii

UCL

ucL&
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The number of individuals in a subgroup, the sub-
- 8aDIplesize.

The average subgroup ale size.

The number of nonconforming items h a sample of
size n.

The average number of nonconforming items in
-180 of constant SiZU n.

The proportion of units nonconforming in a sample.

The average pmport ion of units nonconfozming in a
series of samples (weighted by sample size).

The Process Ca~bility Ratio, defined as 6@total
tolerance, where total tolerance = (upper spec.
limit) - (lower spec. limit).

The subgroup range (highest minus lowest value).

The average range of a series of subgroups of
constant size.

The sample standard deviation, sigma (W.

The average sample standard deviation of a series
of aubgrou~, weighted if necessary, by sample size-

A unilateral engineering specification limit.

- The number of nonconfonnities per unit in a sample
which may contain more than one unit.

- The average number of nonconformities ~r unit in
samples not necessarily of the same size.

- The upper control limit: UC@ UCLR, U%,
etc., are, rea~tively, the upper control limits
for averages, ranges, -portion nonconforming, etc.

- Upper control limit for averages.

- Upper control limit for ranges-

- U-r control limit for proportion
nonconforming.

11
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ZW6L
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A
e
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The upper engineering specification limit.

An individual value, upon which other subgroup
statistics are based.

The average of values in a subgroup.

The average of subgroup averages (weighted if
necessary by sample size); the measured process
average.

The number of standard deviation units from the
process average to a value of interest such as an
engineering specification. When used in capability
assessment. ZUSL is the distance to the upper
specification limit, &L is the distance to the
lower specification limit, and ~~ is the
distance to the nearest specification limit.
..
x-r~

r

=
UST,- X

c

The minimum value of the (ZUL, ZUGL).

The standard deviation of the distribution of
individual values of a process characteristic,
defined ae follows:

-“’m

b~nding on the value of N

An estimate of the standard deviation of the
distribution of individual values of ~
process characteristic, defined as: R/dz.

The mmbol~ is often mistakenly ueed interchangeablywith a.

=— .

Consi~ratlon shouldbe given when~is used. One should
realize that there exists a #respective of individualvalues,
and a ~respective of sampling data averages, The difference in
the two may be expressed as:

dA =&.i/fi

12
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A= the standard deviation of averages.
I = the standard deviation of the respective

individuals.
n= the subgroup sample size.
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CHAPTKR3
AWANTAGESANDmALs OF WC

a. . SPC ia the application of
statistical techniques to management of an operation or process. It i.uvolvea
the identification of events that are beyond the natural variation of the
process and the systematic eltit ion of the causes of such events. When
appropriate statistical techniques are hilt into the procee8 or operation,
mana@ment -ins the ability to understand the nature of the process
variation and to bring the variation within the desired limits.

There is a natural variation inherent in any mess. The diameter of a
drilled hole, for example, will vary due to wear of the drill bit, material
hardness, operator skill and accuracy, and ambient temperature. For another
example, time to receive your food in a restaurant will vary according to the
efficiency of the serving person, the reliability of the cook, the
availability of ingredienta, and the workload on the restaurant personne1.

b. ~t~z% V~
.

Variation will exist within
the process. Parts will be acceptable only ken they conform to the
specification. However, to control a process, reduce variation, and ensure
that the output continues to meet the expressed requirements, the causes of
variation must be identified in the data or in dispersion (spread) of the
data. Collection of these data are characterized as mathematical models
called “distributions” that are used to predict the overall performance.
Certain factors which may cause a variation that cannot be adequately
explained by the process distribution are called “’assignablecauses”’. Unless
these assignable causes are identified and removed, they will continue to
affect the process in an unpredictable manner. A process is said to be in
statistical control when the only source variation is the natural process
variation and “assignable causes” have been eliminated.

Variation that is outside of the desired process distribution can usually
be corrected by someone directly connected with the process. For example, a
machine set improperly may produce defective parts. The responsibility for
corrective/preventiveaction in this case belongs to the operator, who can
readjust the machine to prevent recurring defects.

c.~ ~
.v~ . Causes of natural

variation may only be correctable by management action such as capital
investment in new equipment or a redesign of the material processing. It
may, in fact, be determined that enuugh variation cannot be economically
eliminated to produce items consistently within apecificzktion.

14
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A successful WC requires management action. This action takes place in
the form of a monitoring system and a feedback loop consisting of a
corrective and preventive action plan. For emple, a control chart may be
in place to record the average fraction defective at a work station, but it
is onl of a marginal value unless the people responsible for the process

Lknow w t action to take when the process moves out-of-control.

SPC ia the most effective ~thod of process mnagement. It eliminates
subjectivity and ~ides ameana of comparing performance to clearly defined
objectives. The mme control chart usodtio Mentifyvariabilityand
existence of assignable cauees will be u8ed to track pmceus ~t.

d. “ ● .
~- ~ the applicationof mtatiatical

techniques the need for what is called “’fimfightirqg”’is elinhated.
Problme ~ identified, qtaentifiedand solved at the eource inanoptti
time. “out-of-control””conditions become evident quickly - doe8 tk
magnitude of the problem. With this information, action can be taken before
ths condition becomes a criaia.

e. . Immediate feedback is the key to success of any
WC system. SPC is not solely a quality department function. The
respmaibility for control should be in the hands of the user. This provides
the dual advantage of giving the operator a better understanding of what is
expected, as well as, providing a means of detecting undesirable conditions
before it is too late.

f. ~es r~ . . .
. SPC logically identifies responsibilities

and accountabilities, and eliminates “finger pointing” and confueion. There
is less tendency to hide or ignore problems when an efficient system is in
phce to correct problems.

3.2 ~. The goals of an SPC program are consistent with
typical corporate goals to im~e quality, increase profits, and to enhance
their caupetitive advantage.

3.2.1 ~. Specific goals of an SFC program are as follms:

a. Improve quality and reliability of products and eervioaawithmt
increasing coat. This objective iz3a neceaaity for any organization that
aims to rmain competitive. Steps taken to improve a processwill muult in
fewer escaped defecte and, therefore, a better quality~ to the
customer. The reduction of variability in a process increases the quality of
the product.

b- Increaae productivity and reduce coata. The application of
SFC can produce immediate impmvementa in yield, reduction of &fecta, and
increases in efficiency that are directly related to coat reduction. An WC
-mm is the beat meaneof reducing scrap, reducing rework and increasing
production capacity. Moat organization juet etarting out to implement SPC
are not aw~ tkt their p~aaa iS out-of-control, causing needless defects.
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c. Pruvide a practical working tool for directing and controlling
an operation or process. The txd.s of SPC are available for management and
llo’n~t peraonne1 alike. ~titation of SE createa a high dsgree
of visibility of procw perfo~. The 8ame statistical techniques ueed
to control the prooees can be ueed to determine ite mpability to the desired
apscificat$on.

d. Bstablish an on-going mamreaent and verif$cation syetem. It is
difficult to control a pmceaa without a ~~ =~ nt of proceaa
paremters . Ehmwemmts will provide a comparison of performance to target
objectiws and will a88e8e the effectivu9m8a of pcobhm whatione .

Prioritize pmblsm iaolvi.ngactititiea and help mmagment titi
&ciSione on allocation of m sources for the best return on investment. SW
reduces the “8gwakYw h&” @lenalBenonand directs efforts in a systematic
and disciplined approac .

f. Improve customer satisfaction through better quality and reliability,
and better performance to schedule. Aside from the traditional definition. a
custxmer may be within an organ~tion and s$mply the next operation or
de~nt in a factory.

g- Reduce ~ coat of ownership for procured material. The ArmY-S
missian mamdatea that they operate and maintain their own equipment. With
reduced variability, increased reliability and improved quality. the material
operation and support costs are minimized to what was originally designed.

3.2.2 ~. The control chart is the basic tool to achieve
SW goals. A control chart ia a graphic representation of the process
variation plotted against time. It compares ongoing performancee to control
limits calculated from the natural process dispersion. Because of the low
probability of‘data omurhg outside the control limits by random chance.
such wiata am connidmed to ari8e from amdgnable canee that can be
Mentif id and corrected. The control chart allows the use of 8mall samples
taken at specified time intervals to evaluate the process within its process
lhita on a real time -is.

3.2.2.1 tintrol charts are pr-ily classified into
two typee, variable data ~ attribute data. Variable data ia tit deriv~
f- w ~t, such aa, lemgth, weight, or temperature. Attributi
data comes frm non-measurable chwacteristica where the sample can be judged
only as bing acceptable or not ameptable. An example of attrilxte data
would h inspection for missing or damaged parts. The method of maintaining
control is essentially the same for either type of data.

3.2.2.2 ~. Gntrol charts oan be maintained by the personnel
directly involved in the o~ration. For ~ application, they can be
au~tioally generated by the B0a8uring equi~nt or from dedica- compater
Software. Whethnr msnual or automtic, control &arts must be used in
co~ut ion with a feedback syat~ that traoee oaueee and instructs the
operator on how to bring the process back into a state of statistical
contro1. Examples of control charts are as follows:
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a. Figure 1-3: The control chart in this figure is an example of an
average ~ and a range (R) chart for a variable measured on a pueh rod at a
stud weld o~rat ion. After 25 subgroups of 5 parts each, process centerline
and control limits have ken calculated and are recorded on the chart.
~nta were taken each hour over three shifts. The process average and
range is in control.

b. Fi 2-3:
r

The control chart in this figure is an example of an
average ) ad range (R)chartfor spring compression force. Subgroupe of
five springa each have been measured uvary2houre (hr)and &taisrecmded
on the chart for 25 subgruupe. I!rocesscenterlines and control limits are
recoded on the chart. I

Figure 3-3: The control chart in this figure is an example of a
‘“=’” for fraction def~tive found at the final inspection of an
ammunition shell. Inspection is performed oaoe eaoh~ on su~ of 25
parta each. The centerline of the process waa oalaulatad at 0.008 and the
upper control unit at 0.0615. The spikes on +he ohart ooour becaue of the
relatively small subgroup size. only two type8 of defmta are mcomied &t
this station.
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MAPTER4
REQUIME4RNTS FOR AN SPC PROGRAM

4-1 ~- ~is Cm?t= conta~m*
requimaenta for the bplaentatim of an SPc ~.

4-2 ~. The lnvolvemmt of upper menagemnt
insPcreguire8 thatliheya18t Understand thepmgram in order to8upport,
partici~te in, and comnit ~lves to this -gram. Ckce they understand
what SPC ia, i- benefit, what to expect, how to impl~nt it, and how to
auatain it, then they can make the connitment. This comdtment ti mt a me
time thing, it-s a continuous act. The ~itmnt is to tranefom their
vision to reality. They uxiar8tand that comltment is to provide contlmu0u8
~- ~ wicimti- ** the inlplementationPhaee and * Uulstaining
--

This proceaa can take plaoe in a eemimar for executives. Then each
executive can partici~te in a similar ecminar with hia etaff, and cascade
this understanding, cmmitment, support and participation throughout his
staff and the organization.

4.3 Onoe the organization
is pre~ for the Challenge of implementation, ed&ation must be pmYvided
in baeic atatistica, Ihtograa, pare-toanalyais, process control charte
(including analy8is of caltrol charts), il18pection/testcapability Utudiee
and process capability studies (*w chapter 2 for definitione of these tenne,
especially the power of the process capability study).

4.4 SEC without
problem-solving techniques yiolda a syndrow caliOd “Wall Papering”’. This
syndrome la evidenoad by tha posting of control charts with many polnta
out-of~tml and minimal action taken to bring the proce88 back
in-control. Althwgh thare are several pmbl~ eolvi.ngteolmigues available,
each key element of the probla statement muet be pre~nt before any one of
these technigue8 can be ●pplied. For th$u purpose, a pzmblem ia a deviation
from a standard or desired level of performance for which the oause IS
unknown and a resolution is required. There are aix problem solving
techniques which are:

a.

b.

c.

d.

e.

f.

RnHlta Log

Diagnostic PrOoeM Audits

Cau8e and Effect Diagram

Cauee Andytsie

Design of Kxperimente

Failure Mode and Effects Analysis (FMRA).

8 21
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These techniques have apecific applications with advantage and
disadvantages. Each technique has variuus skill levels and amount of
training required and ease of implementation. In addition, the group atze
and the usefulness of the results may vary.

The techniques are not new but they are highly rec~nded for their
practicality and effectiveness. They are the “’HowTo‘s**for analyzing
problems. Since each out-of-control situation is unique in character and
~l~ty, so tw are the techniques utilized to identify the caune. A
brief description of the afo~ tioned techniques follows.

4.5 ●

4.5.1 ~. .~ The Bvents kg is similar to a diary and
contains reoorde of key daily events within the proceae (see figure 4-4). It
is usually located at or near a critical work station where control charts
are posted. The ~se of the Kvents Log is to maintain a chronological
history of anything that is new, different, or changed, in or axvund the
process.

4.5.2 ~
●

. ~ Diagnostic Process Audit is used
to evaluate what is contributing to t~e undesirable condition which produces
defecta. First, it addresses if the o~rator/inspector was canplying to the
documented process. It then addree~ the process documentation, tools,
materials, and environment. A favorable audit would result in a certified
proce8e and operator. An unfavorable result would lead to corrective and
preventive action on the pmceas, i.e., documentation, tools, materials, or
o~rator.

4.5.3 . .~ The C&Use and Effect Magram
relates an obsewed effect with its poaaible caueea. The diagram wben
completed resembles a fishbone and is often referred to as a “fishbone
diagram”. Possible causes are generated ueing brainstorming techniques in a
meeting which inoludes all people who might have power, control or influenoe
over the effect or problem (see figure 5-4). The effect is USUA1lY a
performance characteristic which resulte from a specific cause and it is
manifested in a symptom. CauBee are variables or factors which contrilmte to
the variation or level of the resultant effect. They can usually be ~~d
into the categories of people, machine, methods, materials, w asurewnts, or
movement.

4.5.4 (hama ~. ~~ The Cause Analysis technique uses a
structured method of questioning (the process) which tape the relevant
information about problems (see figure 6-4). Unlike the Cause and Bff-t
Diagram, brainstorming is not used in Cause Analysis. The goal of the
technique is to draw out precise information. ‘*Precise”in this sense means
definite, exact, accurate and specifically stated information.

~ See reference, 9.4-a.
;/ See reference, 9.4.b.—
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Anothar aapect of Cause Analysis is that it comparea and createe
c-~ative test bases. The advantage of this technique is the high quality
of the results generated. Only known facts and relevant information are used
to draw out likely causes.

When using Cause Analysis it is useful to think of the pmblea as an
iceberg - what you see initially hints at the ~tirety of the probla.
~t~ ~lYsis, aqer ean then determine the actual size and ecope
of the problem. Bybe@ aware of this “iceberg*’phen~, Wst mana@ra
try to better understand the problem at hand by collecting more data. Then
they ~ h Ale to see the whole iceberg (specific problem). Houewer, they
still may be unable to deal with the problem unless they classify the data
into a useful fomat, separating the relevant fmm the irrelevant. They
don-t need to collect &ta on the entire polar cap (whole problem) in order
to put a ~icular ioeberg (problem) into proper focus.

Cause Analysis will provide the format to help classify data and acts as
a guide to co1lect only the relevant data in terms of what, where, when and
magnitude.

Since this is a very structured technique, it also requires further
training for application.

4.5.5 ~ . The objective of a designed experiment is
usually to determine which of the many variables or causes are the met
influential on some response or output variable. The desi~ experiment is
the only way of properly evaluating end quantifying the interaction between
the variablea. To perform a “Designed Experiment”, the follow~ st~ are
presented to assure the experiment is properly designed, conducted, analyzed
and presented.

a.

b.

c.

d.

e.

Plan the experiment.

~elop the de8ign.

Conduct the experiment-

Perform the analysis.

Report the results.

4.5.6 (- MEA is a method of
problem prevention that can be carried out by desi~ and reliability
engineering in the early stages of product introduction. It assigns
probability of detection to each failure mode.

This technique is a structured method of design review that causes
engineers to consider potential failure modes and to rank failure modes
according to their impact on reliability. FTIRAwill identify the problems
that need immediate attention and will define preventive action that must be
taken prior to relea8e of a new design.
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FKRA is
required in

4.5.6.1

an excellent tool for design and reliability review and should be
conjunction with reliability testing.

~- The procedure for conducting FMRA is as follows:

Detemine potential failure modes. This is clearly the most
diff;~lt step in the procees and relies on engineering experience and
historical data taken from other products or previous designs. It is
necessary to consider what could go wrong with the part or assembly and what
symptam or effects on the product would be obsemmd. For example, in
analyzing a radio, one potential failure mode would be that the speaker
connection breaks. The effect of this failure would be--no sound.

b. Detemine the most likely cause for each of the failure modes to be
addreaaed. Any of the problem solving techniques discussed in problem
analysis and solution may be applied at this point. There may be more than
one cause for a given failure mode-

Estimate a probability of occurrence for each failure mode. To
simp;~fy this estimate, use a scale of 1 to 10 to indicate probability with 1
being a ve~ luw probability and 10 being the highest probability of
occumence.

d. Eat&te the relative weight or criticality of each failure mode. It
is important to consider safety, conformance to specification, product
function and customer satisfaction when assigning a relative weight. The
same scale of 1 to 10 is used with 1 being an incidental failure that is
unlikely to affect product performance or the customer-s perception of
quality, and 10 being a critical failure that will cause personal injury or
certain

e.
scale.
rated 1
from an

f.

product failure.

Estimate the probability of escaped defects, again using the 1 to 10
A perfect inspection station would catch all the defects and would be
(low probability of esca~d defects). ThiB eBtimate may be derived
Inspection Capability Study for a similar part.

Calculate a risk priority number multiplying the factors determined
in Steps b, c, and d. The higher the risk priority nunber, the more
~rwt it will be to find a cause and preventive action.

g- Identify appropriate preventive action that will eliminate the cause
of the potential failure rode. Needless to say, the problem with the highest
risk ~iority number should be worked on first.

4.5-6-2 ~. ~efoll~ingia ~ezle
of how to conduct a FMRA using the above procedure. For this purpose, the
FMRA worksheet (figure 7-4) is used to describe the project and to record the
results of the Zwvim.

a. The project in this example is to design an automatic umbrella. In
the upper section of the worksheet, the part number and description of the
item, the name of the engineer and date of the project will be noted.
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(1)
the

b. For the sake of brevity, two potential failure modes were selected:
fracture of the umbrella shaft, and (2) separation of the stitching of
mbrella fabric.

Based on thase Wo potential failure he, the effects of these
fail&ea are recorded. The effect of the first failure would be catoat~ic
in that the unbrella would be rendered uaeleae. The 8econd failure effect
maY range from a cosmetic problem to leaks.

d. The ~ step is to detexmdne the cause of failure. In the exa@e,
the fracture of the wnbrella shaft could have been cauaed in two waye. The
shaft material may be thinner than specified or the environmental conditions
(sevemhighwinda) may have exceeded design expectations. Regarding the
umbrella cover where the stitching eeparatea, the cause of failure ia
attrilmted to poor workmanship.

e. In the risk analysis phase of FMEA, the probability of the failure of
occurance is considered and rated. The failure ia then weighted for severity
and capability to escape detection. These are subjective factors based on
the engineer-s experience and previous history on similar items. Also, each
failure mode is independently evaluated.

(1) With regard to the first failure mode---shaft fractures, the
cause of failure due to thin material was considered not especially likely to
occur and was given a low rating of three; whereas, the failure due to severe
high winds was even less likely to occur and was given a very low rating of
one. Regarding the second failure mode---stitching separates, the sole cause
of failure due to poor workmanship was considered to almost always occur and
was given a very high rating of nine.

(2) Next, the severity/criticalityof the failure waa analysed.
Since failure of the shaft made the umbrella unusable, it waa given a very
high severity rating of nine. On the other hand, stitch separation did not
render the umbrella unusable although it may adversely impact on user
acceptability. It was given a moderate severity rating of five-

(3) Since the escape detection factor i8 essentially a function of
inspection, the probability of detecting a weak umbrella shaft was coneidemd
to be slightly better than average and was given a rating of six. Detecting
poor workmanship in the stitching was considered excellent; hence was given a
very high rating of nine.

f. The next step in FMEA is to assign a risk priority number to each
cmae of failure. This is accomplished by multiplying together each of the
risk factors rated in the aforementioned rick analysis phaee and recording
them on the worksheet. Top priority for corrective action should be given to
the cauee of failure with the highest risk priority number and all causes of
faulures reviewed in descending order from highest to lowest risk priority
number.

8- The
required to

appropriate

final step in the FMEA is to identify the corrective actions
eliminate the cause of each failure and to select the moat
ones for implementation.
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This example is intended to demonstrate the wncept that failure modes
and causes may be ranked by the risk priority number and addressed in or&r
of significance.

4.6 ~ . The impleiaentation of SPC requires a
cultural change. The first action required in order to achieve the necessary
cultume change is to establish the organizational structure which will
provide the foundation, direction and support for SEW proceae
-l~tition- Change ~gi~ at the top and it will naturally cascade down
to every level of the corporate structure. The organizational structure
described is not intended to replace the existing structure of the ~.
It shall function as an integral complimentary framework having the ~se
and objective of irqplementingSPC through a systematic process. the main
elements of the structure should include the followhg:

a. President-s Quality Council

b. Steering Committee

c. Project Teams

d. Team Leaders

e. Team

f. Facilitators

4.6.1 ~OS aua,litv~
,
. The Executive Board is the highest

authority within the structure. Its members are primarily vice presidents
whose operations have a direct influence on the costs of quality relating to
prevention, appraisal end internal and external failure. Typically these
members come from the functions of product development, design engineering,
manufacturing, finance, quality control and customer service.

The President-s Quality Council is chaired by an individualwhose
position holds the responsibility and influential control over a m~ority of
the board-a resources. This individual will also have the most to gain from
succee6 of the program. Typical positions that carry such responsibilityand
influence include the President, Executive Vice President and Vice President
of Operations.

4.6.2 Steering Committees report to the Rxecutive
Board and are composed of indi~iduals who have the responsibilityto direct
and support the activities of the individual teams implementingSPC. Members
of Steering Cmmittees primarily consist of middle managers who are directly
responsible for, or support the proceesee being addressed. Typical
Manufacturing Steering Committee membersare Quality ~ineeri~ -er~
Manufacturing Engineering Manager, Design Engineering Manager and a Finance
_er. The chairman and leader of this committee, when adtiessti
production processes, is most frequently the Plant Manager, Manufacturing
_er, or General Manager. This individual usually has the most to gain
from the results of SPC and is the one who typically manages most of the
resources required to implement such a program.
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is the administrator and overseer of the policies
Board and acts to enforce them.

An effective Project Team will collectively have
the lnxwledge necet3saryabout the specif~c product or process in order to

implement SPC. The Project Teams mrmally have manbers who will benefit from
the project’s success. Team members should include representatives fmm the
fOllowing:

a. Ihign Engineering .

b. Quality Engineering

c. Manufacturing Engineering

d- Quality Control

e. Production

f. Test Engineering

The Project Teams are guided by a Team Leader who is selected by the
Steering Committee. The responsibility of the Project Team is to execute the
implementation of the SPC process as asaigned by the Team Leader.

4.6-3-1 . The spcific roles
and responsibilities of the Project Teams are as follows:

a- Perform each step of the systematic SPC process

b. Identify obstacles to progress

c. Develop recove~ plans to overcome obstacles

d. Communicate constraints to the Steering Committee

(1) The actual constraint

(2) Actions taken

(3) Recommendations

e. Identify and present potential projects to the Steering (lxmnittee

f. Maintain files on each approved step

g- Attend weekly meetings to review progress and coordinate future
actions

The Project Team
authority, power

is the ultimate unit in the organization structure having
and influence over the project.8
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4.6.4 ~. ‘he Team Leader is the manager of the Project Team,
reports to the Steering Comittee, and is the single most important
individual in the process. The succeaa of the program is directly
pzwPofiionl to the atmngth of the Team Leader. Leadem are selected by the
Steering Comnittae usually fmm first level management and are indivitis
with paat proven track records or high growth potential.

A good Team Leader like a good manager must possess a balance of
leadership,technical and managerial skills. They may be selected fmm any
department within the organization provided they meet the following criteria:

a. Ee results oriented

b. Be skilled at managing administrative details

c. Be skilled at managing time

d. Have the ability to create and sustain a climate of teamwork

e. Be a ski1led delegator, communicator and motivator

f. Be skilled at leading group problem solving

g- Be skilled at coaching other team members

In addition to the above, the Team Leader must be an individual who is
“biased for action”. In other words, a risk taker whose main approach is
moving the team forward through planning and contingency planning.

4.6.4.1
. . . .

r~ . The Team Leader-s role
and responsibilities are as follows:

a. Assists in the selection of Team Members

b. Schedules Team meetings

c. Prepares meeting agenda

d. Makes task assignments to Team Members

e. Develops preliminary Milestone Plan

f. Issues weekly Team Progress Reports

g- Identifiea constraints and elevates issues to Steering Comittee

h. lkvelops recovery plans when applicable

i. Assures timely closure of each step of the Systematic Productivity
and QAity Improvement Proceaa
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Evaluates members” performance and provides input to the appraisal

Conducts presentation to Steering Committee

of the Team Leader is the most demanding in the program. As canbe
not&i from the above reaponaibilitiea and oha.ra&eriatic8, this individual
must often be many things to many people. If the prospective Team Leadera do
not pmsesa all the almve -timed characteristics, an acceptable
alternative is to select individuals based on their future potential and
develop that person in the deficient area8. Thie ia one of the many aide
benefits that the program offers; it is also a vehicle for developing future
leaders and Emnq@rs.

4.6.5 ~. The team concept has been a cmmonmethod usedby
businesses faced with the task of introducing a critical program or project.
The implementation of SPC is not complex and one individual could Perfo=
every step, but individual contribution does not lead to rapid culture
change. It is for this reason. along with the underlying message that
productivity and quality improvement is everybodyee businese, that the Team
approach has been selected and has proven to be most successful.

A Teem can be defined as two or more individuals who coordinate their
activities in ~it of a comon goal. This definition will help detemine
when the use of a Team is most appropriate if the situation is mt clear or
straightfo-ard.

Specific situations where a Team is most appropriate include the

following:

a. When programs call for wide e~sure in order to promote awareness
throughout the organization.

b. When a problem spans departmental boundaries.

c. When sequencing or coordination of effort is necessary to accunplish
the proposed solution or goal.

d. When knowledge is needed form different specialists, or joint
decisions are required.

e. When no single person has total control, influence, and authority
wer the problem, resources or services.

f. When no single department has full ownership of the program.

g- When departmental barriers exist due to the company-s culture
operating in a tradit~onal mode.

The Team concept is a powerful approach for its ability to produce results as
well as for its educational contributions.
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4-6-5-1 &znmzh- Synergisnia the simultaneous action of various
el~nts, together having a greater total effect than the sum of their
individual contributions. The use of a Team is especially effective because
of the synergism created by the mixtum of the member-a different skills.
Synergism ia achieved in a team because an environment is created where:

a. The effestiveness of decision tiing is enhanced.

b. More innovative ideas are generated through grmp interaction.

c. The diverse talents and experiences of the members are best utilized.

d. The evaluations of the group will likely be more accurate asseasmenta
of situations.

e. Decisions made are generally supported be all partiea included or
affected.

f. Efforts of different specialists are effectively coordinated.

g- Team members and other managem often look at problems more deeply or
objectively, and re-examine their own biases and perspectives.

4.6.6 ~a ~
.

The role of a facilitator
is to nurture the develo~nt, leadership and effectiveness of the Team
kader and to expedite the project so that results will be maximized. The
facilitator will assist the Team Leader to plan the project and the
meetings. He will help the Team Leader to ensure that the meetiugs are
organized, the outcome is clearly identified, everyone participates, and the
integrity of the Systematic Process is maintained. The facilitator must be
committed to the success of the project. Specifically, the facilitator will:

Be a guide around the many pitfalls and special applications not
foun~”in textbooks.

b. Have experience introducing SFC in manufacturing o~rations.

c. Act as a catalyst, provide follow-up to all management levels and
maintain continuity.

d. Be results oriented, and whose performance and tenure is directly
related to success.

e. Be recognized as an expert in SIZ so that education, coaching and
advice are received positively by the Team Leader, Team Members, and others
hvolved in the process.

f. Objectively evaluate and audit progress of the process, and identify
the obstacles to progress.
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The mle of the facilitator is to educate, demonstrate. coach end audit the
results of SE im?l-ntition. l!hea~machcanbtitiltiti
facilitation closed loop illustrated below.

Mutate

/-\>
Audit RUM’ Oromexlt Ikwnstrate

L,l J
CaLch “

4.6.6.1 ~- ~ f~ili--~~~ll~ ~
the areas of motivating people, knowledge of the sy8taatic ~ss, ~ti
and technical knowledge. He must have the ability to make thiI@ m- ~d
in+epth experience in the manufacturing, service or ackiniatrative areas.

When using a faoil~tator, a person from within or outalde the
organization, it is important to clarify the working ~~ tby
establishing mutually agreed upn guidolineaI. TM= ~iddka -d ti
consistent with the roles and responsibilities of the Team Leader and the
facilitator.

An effective facilitatorwill guide the Team through the promem end
assure thlbeas of aotion, opth msdta, objectivity and a standard
approach throughout the company. A facilitator ia to the implantation of
SPC, as SPC is to the control of a process. Results till be -Ized Za a
quicker time because the facilitator guides the Team around obstacles and
ensures that it is dons right the first time.

4.7 ~- The implementationplan should contain the
sections listed below. For an example of an S~ implantation plan, see
figure 8-4.

a. Contractor”s policy statement

b. Contractor”8 goals

c. Master milestone plan

d. Project milestone plan

e. Project detailed plan
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f. Management atmcture

g- Training plan

h. S~lier SPC philoso~ and policy

i. Systematic process

4.?.1
#

The Plicy statement statea the
detailed requir~nts of SPC and who ia ~sponsible for implementing the
~bnti.

4.’?.2 . The goals clearly define the stop of the
products and proceaees to be addreBsed by SPC and the e~tations for
quality levels at each o~ration. The quality targets for each product
should be established by the contractor and subject to Government a~val.

4.7-3 . The Master Milestone Plan identifies the
products and procesaea tire S= is to be implemented in accordance to a time
phased schedule. The schedule would reflect the month to etart the S=
implementation and the month that the pmceas will be in control and achieve
the quality target for the process. The Master Milestone Plan is to be
initially approved by the Government prior to implementation b the
contractor. Also all reviaiona require hvernment approval. L e statue of
the Master Milestone Plan should be issued monthly by the contractor, or on
8ome other cyclic baeiO ae required by the Government.

4-7.4 ~ A Project Milestone Plan identifies the
key activities of each project where SPC will be Implemented in accordance to
a time phase schedule. The activities would & the proceeB which ia
advocated. The schedule would reflect the week ‘*tostart” each activity and
the week ‘“tocomplete” each activity.

The Project Milestone Plan would be auhitted for Government approval and
should contain all projects planned to be started in the first three (3)
months of the Master Milestone Plan. Each month, one additional month ia
added to it. The following activities shouldbe planned in the Project
Milestone Plan and a~ved by the Govenrment:

a. Determine the classification of characteristics

b. conduct

c. Conduct

d. Prepare

e- Prepare

inspection capability study

process capability study

the re~ir and corrective actions

the process control procedure

f. Implement process control charts

g- Audit
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4.7.5 ~ct de~
.

. The Project Detailed PlarAshould specify
the following:

a-

b.

c-

d.

e.

f.

g-

h.

i.

Identification, name and description of the process

Characteristics to be measured (variable or attribute)

Production

Number of redundant tools, machines, or statiom

Production rate per hour

Number of shifts

Number of o~ratora

Inspections, include the following:

(1) Number of inspection gages

(2) Variable of attribute characteristics

(3) Number of inspectors

(4) Number of shifts

(5) Inspection time and unit

(6) Time difference between production and inspection of the part

Charts, include the following:

(1) Type of the chart selected

(2) Number of charts to be used

(3) Location of chaste to be Postd

4.7-6 ~. The management stmcture should include an
organization chart which reflects the responsibilities to implement and
sustain SPC.

Each level should be supported by a section for roles and
responsibilities. Names of the Presidents Quality Council; steering
committees, and team leadera should be identified. A canpeny Proce88 Control
Procedure should be available which reflects responsibilities for all the
actions relative to implementing and sustaining SPC. This procedure should
be customized for each process, however, many will be identical. The
contents of the organization chart should specify the following:
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c.

d. hhO

e.

f. Who
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perforM tk inspectiom

posts control charts

establishes and updates control limits

responds on out-of-control conditions

provides corrective and preventive action

audit8 the process

4.7-7 ~ . The training plan should include the following:

a. The content of training by level of participants

b. Ths numbsr of seminar hours

c. The sample of handout material

d. The mode of training

e. Q=lifications of instructor

f. The location of training

g- The number of hours on-job-training (OJT)

h. OJT by whom and qualifications

i. Ths testing to assure competence

4.7.8 . Supplier controls require the
supplier, vendor, or the subcontractor to have SPC on all critical and major
characteriatica.

The suppliers are required to submit a copy of the process control chart
for each process with WC along with a certification of “lot integrity”’
indicating the parts were produced under the process control chart that was
sutmitti.

What are the auditing techniques to assure the quality is the same level
as indicated by the control charts.

4-7-9 ~- Since many atep8 ?j in applying SPC are
common, the following systematic a~ch ia recommended.

Y See reference, 9.4.a, for details to each step.
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The~se of this step is to immediately
define the XOCMM and characteristics to hawe SEC kplementad. A systematic
process is Mcesaa.ry for the follouing reason8.

It provides a comprehensive and fast process to effectively
implemen;-WC.

b. It provides a consistent ~tlmd of implementing d sustaining
SPC.

c. It provides the fmndaticm for & tilaxre Cm. It @ales a

plan, the b ti”8 ad means, to monitor suOoeMdtoubanure ita
effactiveness.

The process is defined, including a flow chart and the selection
of characteristics”to be controlled by SPC ia W.

A formal definition of critical, ~or, minor and incidental
classification of characteriati~ should be imnmd to each contractor. A
meeting between * Govermen t and the oontractir 6h0U~d be used to reach
agrement on what characteristics are to be classified ae critical, major,
and minor.

Characteristics identified as critical and major must have SPC
implmnted. Receptions ~ not to be pexmitted.

Step 2. Planning and r~rting - The purpose of thiB etep ie to create
the foundation for effectively managing the resoumes allocated to the -,
and to assure the timely completion of the overall project.

This is an adm%niatrative step to assist the team leaderin mam@ng the
project. It is designed as a means to keep the project on plan, both in
terms of timing and performance of the project goals.

The team * draft ● Milestone Plan indicating the start and co@etion
of each of the 12 steps along with any subordinate tasks %Clentlfitiat this
time. The team will also generate a Progreee Report ixnnediatelyfollowing
each meeting showing team objactives, status of the project, accoqpliabents
since the last meeting, emeptions” to the plan and responsibilities, risks
ande ~s XWqlliring~t action, the outlook for task ~let ion,
and detailed aeaignments to team meabers.

Step 3. Pbrfomance lMmmNmmt8 - This step establishes a method ti
measum performance in quality, -Ctivity and schedule.

Perfomance measurements should be developed in order to monitor the
success level achieved by the team relative to time that reflects the
criteria sighted in the project objectivea- A simple graph ia adequate as
long as it is ~blished regularly and the responsibility for maintaining the
measurement is clearly understood.
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step 4. Problem analysis and solution - This iS the first step directed
at actual ti-nt of * m-ss- It is accomplished by applying problem
solving techniques as specified in 4.5. The process dispersion must
represent the normal curve prior to determining if the process is capable or
incapable.

step 5. Inspection capability study - An ins~tion capability is a
wasure of how good the inspection ~t is.

The study should tKJconducted on all gages and instruments authorized per
the inspection instructions and on all appraisers. The study would be
~licable to both variables ad attrititee data. The inspection uystm ia
certified only when the gages, instruments, and appraiser results are
detemined to be acceptable.

Standards for rating the study acceptable, marginal, or unacceptable will
be issued by the Government.

Step 6. hoeas capability study - A process capability study will be
conduoted on all machines, fixtures, stations end operators involved in the
proceaa to determine the ~bility of the process and natural and unnatural
variations. It must be conducted on critical and major characteristics.
This study is applicable to both variables and attributes data.

When the results of the study are acceptable, the operators are certified
to prform the process. Acceptable ranges for capability ratios will be
detemined by the Government. Unless otherwise specified, a process
capability of 1.33 is required.

step 7. Corrective and preventive action matrix - A corrective and
preventive action matrix provides specific actions which should be taken to
bring the process back in control.

It is a document posted with each control chart that lists all known
defects or out-of-ontrol conditions which can exist in the procees. With
each defect or condition, action is specified to urrect the process. In
essence, it is ● prioritized trouble shooting ~ide.

Along with the document, a procedure should be &fined for review and
~te of the matrixas ~ defects and ablutions are identified.

Step 8. Process control procedure - The process control procedure
documenta the method for introducing and sustaining SPC. It establiehee
responsibilities to all the various activities. It is a prwedure that nna8t
be provided for each of the following processes:

36

Downloaded from http://www.everyspec.com



rlIL-HD3K-6a3(AT)

a. A process which identifies rationale for the following:

(1) ‘IYpeof control chart selected

(2) SW principles ~licable

(3) ~-ktion

(4) Subgroup size

(5) Subgroup fr~ncy

(6) Multiple machine for the process

b. A process which identifies strategy for the folluwing:

(1) Calculation of control limits

(2) Adjustment of control limits

(3) Recording actions on control charts

c. A process which identifies criteria for the following:

(1) Out-of-control process

(2) Action on out-of-control process

(3) Action onnon-confomning product

d. A process which identifies responsibilities for

(1) chat-of-controlconditions

(2) Installation and maintenance of charts

step 9. Proce8s control implementation - ThiO step

the following:

communicates and
coord~tea the implementation of SK with weryone hived. Ameeting ia
held to ruvieu a checklist of requirements confirming that all documentation
has beam completed, to m8ke clarifications, and to amure comitment of
responsibilities.

Step 10. Problem prevention - Problem prevention provides for the teams
to anticipate future problems. This step assures all gains are maintained
and provides information valuable for future improvement or breakthroughs to
new levels of performance.

It develops and implements a plan for generating corrective and
preventive aotion. The plan should include a means for identifying potential
problems as well as existing conditions. Triggering mechanisms or flags
should be identified that initiate positive action to maintain process
control.
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step 11. Defect accountability - Defect aocountability ia a system for
identifying and re~rting the different defect types and their sources, for
example, operators, inspections, design, process, or component sources. ‘his
provides opportunities for further improvement with a closed loop system.

It creates a reporting system to further segregate problem areas.
priWUY objectives are to report defecta baeed on their ~ (proceaa,
~=ta, design, or workmanship)-

Step 12. Measurement of effectiveness - The mamrement of effectiveneas
is utilized to assure that the desired reuults were achieved and a plan is in
place to Suetai.nthe results. This is accomplished by conducting one or more
of the following audits:

a. Process audit

b. Product audit

c. Systems audit

d. Financial audit

4.8 Utv Taz#at ~
.

. The customer requirements for
the outgoing quality of the final product are achieved through a technique
b- as “~lity Targets,”. The technique establishes individual workstation
targets for quality levels end uses the final quality target as a basis.

Bach process must have a quality target expressed either in percent
defective reported, number of defects per KK)O units, or parts per million
(Pm).

Actual results should be compared against quality targets. When actual
results exceed targets in unfavorable direction, then action should be taken
to bring process levels equal to or favorable to the quality target.

Once WC has been implemented, the process should be improved to a level
that meets cu8tomer requirements. Cus@ner quality requirement are U8ually
expressed a8 the maximum fraction or percent defective allowed; that is , the
number of defects per o~rtunitiea divided by the number produced. For
example, a cu8t0mer may require that the product contain no more than one
percent (l%) defective when shi~d. The most cost effective way to wet
this requirement is to establish quality targets for each step in the process
with the final target being the Customers requirement. Then the final
-twill meet the customer-a need without extensive internal inspection
or 8orting.
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Whenever the pmcese average exceeds the quality target, then corrective
action must take place.

Quality targeta, like SFC, are 90% management actions and 10%
statistics. Quality targets without management action i8 actually
detrimental to the efforts of productivity and quality impruvaments.
Thmwsfore, quality targeta should never be used alone. To be effective, they
Sw be accompanied by a plan and subsequent mnagement action.

Regardless whether quality targets are met or not, each work ntation must
maintain a cone4tantquallty hprovment program (QPI). The ultimate quality
** for attrilnlteai8 zero defects. To achieve this goal, it will becuw
necessary to periodically review and revise the eatabliahed quality targeta.
It is the Government position that continuous quality hprweunent thmmgh SPC
is the mtniman requirement in attrlhte type pmcemea.

4.9 ~ ~
●

. Implementing SPC is a
challenge and there are numemus pitfalls involved with the implementation,
as well as, the mechanics of applying it. Table I-4 contains a list of some
of the common pitfalls that have been encountered in implementing WC and
their recomended solutions.

4.10 mifdJJ3im ~ Numerous pitfalls ~
involved in implementing SPC techniques. Table 1~-4 contains a list of the
c~ pitfalls that have been encountered in implementing WC at client
companies and in industry and the possible consequences of those pitfalls.
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TABLE I-4. Sx ~ 9

Pitfall

Upper ~t does not
Underdandu hat SPC is, its

benefit8 and how to manage the
implementation. tin8egpently
they & not get involved and the
procea8 eaaenti.allydies &e to
Stu’vation.

lhquantly, people are well
grmnded in the traditional way
of thinking that productivity is
-tied over quality. To
change this attitude seems
moxamental since quality is
spelled “’QUANTITY”.

Statistics first mentioned
appears ae a disease to some
-le - This can be a turn-off
and hence people are not
receptive to learning.

Fear, uncertainty and doubt are
normally present when people
start to do something new. using
SPC is not different. Fear that
one may make a mistake, look
foolish, or even succeed plagues
~ ~ple - Fear that they have
been operating a poor and
inefficient operation and will be
found out thro@ SW is a coamnon
pitfall. Uncertainty when not
having confidence in what to do
orhowtodoit may alao be
~nt - This person may know
the concepts but lacks the
confidance. People being
doubtful ia also common because
of the lack of e~rience; they
tmly do not believe they can
achieve the results.

40

Solution

Educate and motivate uppr
mamgemmt so once they
understand, they will comit and
summrt the process by providing
effective management and echiev~
the desired results. The use of
MdDare , plaat Vieite and reports
of WC anxeaaea are rec~nded.

-e managawnt attitudm and
priorities. Workers will respond
to or perceive what management
w~*- ~t -t ~t send
the wrong signals.

The persons providing the
education must be seasoned in both
manufacturing and statistics, and
in selling people in the benefits
of WC, and the ease and fun of
implementing it.

Once the proper education is
provided through seminars,
facilitators from outside
consultants should be utilized to
demonstrate how to do it,
reinforce techniques taught in the
aeminara, and create positive
experiences.
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TABLE I-4. ~ m~ - continued.

Pitfall

The pemoalh Oonductimg the
advanoed 6eminara (for exmple.
design of e~rimente) & not
have any formal education in
8tatiatio8. TlMB8epeople Day
kve”4kgmee oradv8mad&graa
in Othee fiekia, but without
fomal education in atatist$cs,
they Cannot aesume they are
qualified to teach atatiatica.

People can become most dangerous
players once they attain ample
education, have successful
eaqperiences,and are ready to be
on their own. The probl~ comes
when more people get educated in
SW, they go off in different
directions. All lMy be
acceptable, but few may be
effective, S- may be ,
eemi-effective and others are
ineffective. Consequently, no
one way gets implemented. Hence,
the proceaa does not become
internalized by the personnel and
it may become habit forming to a
point it is the company“s culture.

Education in statistics is only
given to the personnel.
Consequently, the SPC charts are
wallpaper and only a few are in
control. A culture change has
not tranefoxmed.

People have fear of being part of
the problem rather than part of
the solution.

Management does not give any
clear e-tat ions of what needs
to be accomplished.

solution

Require the 8elDbar leader to ham
a foxmal foundation in 8tati6tics.
Someone in the organization mat
have a masters or doctorate in
statistica.

The 12-step sys~tic procese
specified in 4.7.9.

Educate personnel on problem
solving techniques, high
performance attitudes and
eystematic approach.

Upper management announcea tihey
take responsibility for the past.
The teams have responsibility for
improving the processes in the
future.

Clear, concit3eetatementa must be
documented on the teams progreaa
repmts regarding expectations.
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TABLE 1.4. to ~ - continued.

Pitfall I Solution

MaM#ment doee not al!sai.gn A process contxwl prmedum, a
reapnsibility for the step in the systematic approach
e~tationa or results. addresses this issue.

Management does not feedback Hold monthly meetings with
evaluations, positive or steering httee8 and quarterly
negative, on a regular basis. progress revieus. These are

detailed in the systematic ~as
(see 4.7.9).

Lack of recognition by Have a structured recognition
management. A once highly program for reeulta.
energized process starts to die-

Team leaders are weak. All Further educate.
personnel do not want to be team :: Coach.
leaders. Clarify expectation.

:: Remove.
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TABLE II-4. to~sx~ ●

Pitfall

Not verifying calibration of
—-=* =W@-nt.

Failing to verify testing
~*s by Inspection
Capability Studies.

Not selecting the proper Control
Chart for the characteristic
being measumd.

UJing subgroupe sizes of 2 or 3
(Xaxni RCharta) for an
ine~neive inspection.

U8ing @group sizes of 10 or
more (X and R Charts).

Using small subgroup sizes for a
p chart with low percent
defective.

Qmfuaing subgroup sample size
with.the number of subgroupo when
selecting Az, k, D~, &
factors for control li.mits-

Not selecting 8UCC088iV9 unite
for eubgroups (~and RChartS).

JMZ41 a-Wable parta as
defective when they are good or
good uhen they are defective.

a. Judging accep~ble parts as
defective or defective parta
as acceptable.

b. Conflicts over what
Ocmutitutea good and defective
-.

c. QMlflicting deciaiom an to
whether proceoa ia in contxml.

Misleading results; looking for
assignable causea when there are
none and failing to look for
assignable cause when one is
present.

Increased chance of not detecting
a p~ee shift when 0~ b
occurred.

~ncrea8ed inspection costs becauee
X and R Charts are not ae
efficient for large group size
(n).

Control limits are such that the
chart cannot detect an out of
control condition.

Incorrect control limits resulting
in failure to detect assignable
cauees or looking for assignable
causea when none pmment.

Assignable causes ~ part of
within subgroup varid ion cauaing
unneceaearily wide control limits.
This nesults in failure to detect
assignable causes when they are
present.
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TW II-4. ~ ~
*

- Continued.

Pitfall Possible Commqwncea

Not selecting subgroups on a
real-time basis.

Subgroups are too close together
during Process Capability Study.

Subgroups are too far apart, too

much time between subgroups.

Operatom are aware of which
samples will be used for the
subgroup.

Using subgroups when4individuals
are appropriate for a proceea
with a low production rate.

The average of the daily percent
defective is used for the process
average (~) rather than the
formula:

5=

No control
plotted on

ts

Total Inspected

limits or center line
charts.

Plotting specification limits on
a control chart with normal
control limits.
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Assignable causes become ~ of
within subgroup variation caueing
unnece8f3arilywide control llmit6.
This results in failure to detect
amignable causea when they are
~sent.

Inability to evaluate the
stability of the process.

Shifts may occur and not be
detected and large nuuiberof
defective parts produced.

will not know true process
averages and variation. The
process may appar in-control when
it is actually not.

a. Assignable causes become part
of within subgroup variation
causing unnecessarily wide
control limits. This results
in failure to detect
assignable causes when they
- present.

b. Shifts may occur and not be
detected and large nuniberof
defective pts produced.

More weight will be given to days
with lower production rates.
Those might be daya with highest
percent defective.

No indication when to take action.
Action taken may be based upon
personal choice.

tinfusion aB to whether action
should be taken. Process may
appear within specification when
it is not.

- . ---- - . - . . . . . ---
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TABLE 11-4. to~sm~
. ●

- Continued.

Htfall

Wing specification limits as
control limits on an X chart.

Not using %odif ied” control
limits when applicable.
‘Modified” control limits are
applied when a mess stays well
within specification limits, but
the average shifts outside the
normal control limits.

Not calculating the val-a of
-ups and plotting them.

Not taking appropriate action
when a point is out of control.

Not reacting to a @nt OU, of
control on the R Chart if X-s
still in control.

Not examining patterns on control
charts for trends or shifts.

Not adjusting procem average to-
specification nominal even when X
Chart is in control.

Not sumna.rizingdata for on-going
charts to review if limits are
changed.

Not using separate control charts
for various defect8 when the
process is out of control.

Believing that a process in
Statistical Control meets
8~if ication requirement.

Possible Qmsequencas

Fail to detect and react to
assignable causes when they occur.

Natural control limits my cause
~ss adjustments m?en though
all parts are well within
specification.

No control whatsoever.

Proces6 may produce many part8 out
of tolerance.

Failure to detect a shift in
process variability. Individual
product may be outside
apecificationa even though average
has not shifted

Fail to detect and react to
assignable causea when they occur.

Unnecessary production of
defective parts even thuu@
process maY & capable of meeting
specifications.

Failure to adjust ~ts to reflect
long term trends. Outdated
information as to what process is
currently doing.

Inability to find real cause of
defective product.

A process in Statistical Control
merely means consistency over
time. This stable pmce8a may or
may not be meeting out8ide
requirements imposed by others.
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SYSTMS MILY ~ KM

OPERATOR ~ * INSPEC1’ORGIANGBS * PROIXJCTmat: J2-19
=ATI~: ~

M=: ~
WIm: ~

. SUPV. IllITIAIS:M

CXANGES: I EXPLANATION:

PImcESs
M4mEuAL

I

x ~LING I Introduced tooling plates for W-S.
IXXl(XT-IN

XOTHKR I Average defeots per board decreased by 50%.
HA~INE SET-UP

●

K PROCESS I A shift (improvement) in the process average was observed.
WNTR!QL CHART After koatigation it was found that the change waa caused

I by the lmprQved tooling platee.

CONFIGURATIONMIX:
(m-sTANMRD PRoDUcrs)

~fl: ~ QTY.1 T#TAL QTY. PRODUCED: ~
YIB~: ~

iATRRIALSHORTAGES:

IBW SHOR’I!AGKS: SHORTAGES FILLED:

‘n: lum-~1 pm: ~

J

..-

* NRW OPERATOR/INSPBCIVR
x C2MNGR IN 0/1

FIGURE 4-4. ~ ev~ .

—. -. . . . . . . . . ..* . .-. . .

Downloaded from http://www.everyspec.com



HIL-HMW683(AT)

●

!!I 1

I

—

z

8

/ r1I
●

x

.

a.-

47

Downloaded from http://www.everyspec.com



MWHIIBK-8B3(AT)

.

I

i
b

\I—

Downloaded from http://www.everyspec.com



Ku+mBK-6e3(AT)

Ua m u)

Downloaded from http://www.everyspec.com



tfIMiDBK-883(AT)
—

A. EjalicY~ Chr policy is to u8e real time WC on all processes
for Ho&l XYZ pmduc; which has critical and major classification of
Characteriutice. The tasks and responsibilities assigned for this purpose
are as follows:

Implement SFC - Teams
Maintain SPC - Production mmmgement
Audit SFC - Quality management and

production management

B. m.
1. Cust-r quality requirement: 5 defects/1,000 parts.
2. Inspection station quality target:

a. Each inspection station shall have a quality target based on the
aforementioned customer quality requirement.

b. Responsibilities for the tasks to be performed are as follows:

Calculate goals - Quality engineering

Achieve goals:
Workmanship defects - I+oduction
Design defects - Design engineering
Process defects - Manufacturing engineering
Component8 - Quality engineering

Report status - Quality engineering

I
{

FIGURE 8-4. .

.—.. “ . . -w--------- -#
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Part No. Jan Feb March April May June July Aug Sept Ott b k
(PN)

i

IP1 S2/—————w

In s-——- ------c

1P3

1P4

1P5

1P6

lP7

s--—--.--.- C

s—--------— -c

s---————c

L/ This is a small supplier with capabilities of only one team.
~ s: SPC implementation start.
~ C: Process is in state of statistical control.

FIGURE 8-4.
*~ - Continued.
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s——-----------——c

s-------c

s-------c

D. ~ .

Month 1 Month 2 Month 3

WRKK: 1234 5678 9 10 11 lz

Project Sc---

Identification
.

Planning & Reporting s

Performance Sc---

Measuraaents

Problem Analysis

Inspection Capability
study

Process Capability (1
study

Corrective and Preventive
Action Matrix

Process Control
Procedure

Process Control
Implementation

Problem Prevention

Defect Accountability

!leasurementof
Effectiveness

s c---

s c---

s c--—

s c---

s—-—--c

s/c

FImK8-4- ~- continued-
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R. .

Final
KOy activity h8pection Bmuing Grilbding Bonding

Production:
Witical characteristics 2 1 1 1
!!$ajorcharacteriatica 1 0 0 0
Redudant machines 1 3 2 N/A
Nb. fixturem o N/i4 N/A N/A
shift8 2 1 2 2
No. operatora/shtft 4/4 3/0 2/2 6/3
Production rate 30/hr 240/hr Zoofhr 30/h.r

Inspection:
No. gagea 1 3 1 1
Variable o Y Y Y
Attributs Y N N N
No. inspectors/shift 2/2 1/0 1/1 1/1
Ins~tion time/unit .6 3 min .3 min 2 min
rime difference between on-1ine on-1ine on-1ine on-1ine
production and inspection

Process control charts:
~ selectsd c ~,R ~,R ~,R
?0. of charts 2 3 2 14
kcations of charts @ process @ proceaa @ prooesa @ process

FIGURE 8-4. - tintinued.
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*
Team leader
QUali* ~~

- Bill Elm
- Stan Hickory

Manufacturing engineer - John Black
Production supervisor - Nellie Gale
Production operator - Jim Blott

Steering c~ittee chairman - John Nablo, Plant Manager
Quality engineer manager - Harlq?Katz
Manufacturing engineer manager - Willie Wi160n
Production menager - Jill St. George

President-a Quality Council
President - Jamea
V-P. operations - sam
V.P. quality - Jack
V.P. engineering - Bill
V.P. field service - Phil
V.P. marketing - Bob

1. . The training will be given in the form of a
“sainar-workshop” on implementing SPC. This training is mandatory for all
personnel designated to attend. It will be conducted in a classroom
environment and will require active participation by the attendees.

2. ~. The seminar-workshop presents a grounding in the
fundamentals of SPC. The emphasis is on implementation of these techniques.
Participants will learn the principles of control charta, the fundamentals
of inspection and process capability studies, and the procedures for
effective implementation of these techniques.

FI~ -4- ~- COntinUed-
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3. ti~j. People wbo will be required to attend the
seminar-work8hope are managers, supervit30r8.and operating mpport ~rsonne:
in inspection, planning, and administration desiring to know how to
implmnt or supervise the implementation of WC.

4. ~. Benefits of the eembar-workshop include the following:

a. Ability to tiplment control charts.

b. Ability to design and conduct inspection capability atudiea.

c. Ability to design and conduct pmceam capability studies.

d. Increase knowledge of data collection and analysis methods.

e- Consulting hours equivalent to the number of workshop hours are
provided to aseist in implementing the teohniquea preeented and to
develop case studies.

f. Receive a full set of course material, with examples, for imeciiate
use on the job.

5. ..

a- Length of the seminar-workshop - 24 hours.

b- Claasroom, to be provided by the company, to suit number of
attendees.

c. Workshop samples to be provided by the company.

d. Test - Each attendee to be tested.

e. No on-the-job (OJT) training is available.

f. Instructor qualification - knowledge in statistics, preferably one
with a masters degree in statistics.

6. Each person designated to attend this training
fillbe notified in writ~, including a copy of the agenda (see figure 9-4
‘ora sample agenda).

FIGURE 0-4. . ●~ - ~ntinued.
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1 1

H. ~. SUPPlieM sIMll have on WC rewiramt on all
critical and major characteristics. Upon mcceasful implantation of WC
Charta on the procwaes with critical and major characteriatica, the
suppliers will be required to subit a cow of the procea8 control chart for
each SE prouma along with a certification of “’LotIntegrity’eindi-t~
the parta were produced under the chart that was aubcaitted. The follwti
mi xwmnta are a~licable:

1. U. The 8upplierpartswillh audited on a 1 in5
probability for concurrence to the control charts.

2. ~. The euppliers will furnish a milestone plan the
sixth month of the program.

3. tv t- Based on the (customer) requirement of
5 defect8/1000 unite, the su~lieri outgoing quality target for all
characteristics will be the same, i.e., 5 defects/1000 units. This ia
illustrated in the following quality flow diagram.
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QUALITY PUlhlDIAGRAM

1 I

r

H’
I t

D-

I-

l--DGRIltDING

““ *INSPKCIWIN

.005

I

I
Direct-’characteristic which will be-

Indirect characteristics which will
inspection station.

I. .

1. Inspection capability studies shall be

next observed at

be next observed

performed on all
?rocessesno less than twice a year. The objective is to have
effectivenessof not less than 90%.

the customer.

at another

inspection
an inspection

2. The first level managers of the plant, i-e., production, quality
mgineer, and manufacturing engineer will rotate weekly in auditing the SPC
mocess implementation and ciocument their finding and actions required.

3. Quality engineering shall monitor the actions required and maintain
Documentedprogress.

FIGURE 0-4.
.

~ - Continued.
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J. ~. The sysktic pmxeas shall be performed by ti
_ and shall be documented. The steps shall include the following:

step 1 -

step 2 -

step 3-

step 4 “

step 5 -

Step 6 -

step 7 -

Step 8 -

Step 9 -

Step 10 -

Step 11 -

Step 12 -

Identification of characteristics

Planning and reporting

Performance measurements

Problem analysis and solution

Inspection capability study

Process capability study

Corrective and preventive action matrix

Process control procedure

Process control implementation

Problem prevention

Defect accountability

Measurement of effectiveness

FIGURE 8-4.
.

~ - Continued.
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WMINAR~P
IMP~ING STATISTICAL PROCESS CONTROL

(24 HOURS)

o

0

0

0

0

0

0

0

0

0

D

D

2

3

ITEs:

::

2

INTK)IXMXION~RW

BASIC STATISTICAL CONCMTS

MTA ODUBCXION/ANALY61S

NORMALPROBABILITY PAPXR

(XMTROL CHART CONCEH’S

X-BAR/I?CHARTs

INDIVIDUAL/MODIl?IRDLIMIT CHAKIX

c, u CHARTs

MHXMKNTING CONTROL CHARTS

o FUW WLRTS
o 13VENTS I&x
o mRR.%CTIVE~IVE ACI!IONMATRIX “
o SHIFI’S/TRENDS

INSPECTION CAPABILITY STUDIES

PROCESS CAPABILITY STUDIBS

IMPLl@lBNTATIONPITFALLS

SUIWARY EVAMATION

kmgth of course - 24 Hre.
Mode of training - claMrooQ - Worknbop
Training location - Traidng~—~
Handout material - To be provided

0.5

1.5

1.0

1.0

1.0

2.0

1.0

2.0

2.0

4.0

2.0

4.0

1.5

0.5

e. - N/A (NT
f. Instructor qualification8 - m.s. stat58tic8
g= Testing required - Each attendee will be tested

FIGURE 9-4. SPC ~-wo- .
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CHAETKR5
EVALUATION GUIDE FOR A SUPPLIRR”SWC PROGRAM

5.1
.

e~a~ n WC ~ . This chapter
prowidea methods for conducting a systematic evaluation of an SFC program at
a supplier (the term “supplier”’denotes both prime contractors,
subcontractors and vendors) and methods for conducting c~lhnce audits on
supplier-s who have implemented some level of SEZ.

SPC compliance audits are best integrated with an overall quality audit
lmcaue the SW activities must be integrated with the oth8r quality,
engineering and manufacturing control 8ystema in order to be effective. The
checklists should also h used independently lx)conduct follow-up evaluations
of specific SPC program elements.

Audit methods are used to minimize the the and money spent conducting
the evaluation while still gaining a thorough understanding of how completely
the organization has adopted the attitude of controlling process variations
during production.

5.2 SJ?C~ .
Similar evaluation methods may be used

by a customer to determine if a cu&ent supplier has properly implemented SPC
techniques or by company personnel to conduct a self-asaesament.

Conducting an audit of a potential supplier differs from auditing a
current supplier primarily because the business relationship does not have a
historical perspective. The potential supplier evaluation is made more
difficult by the lack of experience with change order implementation, a lack
of caamon understanding about drawing and specification interpretations,
workmanship standards, and all of the other elements which define a total
business relationship- Evaluation of a current supplier will tend to be more
critical because each of the contractual elements which have c~ated problems
between supplier and customer should be fully examined and preventive
measures developed to control any negative ~ct on the Sx ~~~=

Self assessment audits by a manufacturing organization are valuable to
the extent that the auditors are impartial and receive recognition for their
services by the company management.

5.3 the .

5-3-1 ~- Kstablishing the audit objectives
and selection of the audit team are management responsibilities. The
~iloso~ for SIC audits shouldbe documented in a policy statement which
establishes the members and leadership of the audit team, the reportinU
responsibilities of the audit team, provides funding for the audit process
and establishes the relationship of the SPC audit to the overall procurement
activity of the customer.
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If the WC audit must be paeaed before Inaeinma m be conducted with the
supplier, * ~t u8t establieh thi8 as a criteria. If conditional
acc@ame uith a ~itmnt to corrective action for dhcre~iee is
-W to begin prommment, then BanqWEmt mlat Mtabliah the foW3u+lp
~~ ~ ~iVO it credibility tith predefine mlea for continuing the
tiimea relationship during the correotiv8 actim mesa.

5-3-2 AudUdam-

5-3-2-1 ~= An S- audit should be oonducted & a
team d individual representing pumhUling, quality d DmUfaCturing.
Engineering or other pereonnel may be added to the team if the techmlogy
being evaluated is 80*isticated or if previou8 audits have shuwn that
additiold ~ iu needed. The 8election of additional per80nne1 should
be the reapondbility of W team leader.

5-3-2-2 ~- - ~~it - ~ld
be called together by the team leader in time to prepare docme ntation,
review audit objet ives, and make travel or other arrangements. At their
initial meeting they should review the following areas:

a.

b.

c.

d.

e.

f.

g-

h.

i.

j-

Quality history of similar products

IkJliveryhistory of similar products

Part and asmembly drawinga and artwork

Roduct specifications

Cost objectives

Proceeeee

Inspection requtrementa

Packaging requi~ts

Manufacturing 8chedule

%wmrement administration

The audit team chairman ia rea~neible for completing the review and
nothg any action item or iseues which are discovered during the meeting.
Items requiring resolution within the team shall be scheduled for review at a
foll~ meeting before the team notifies the supplier of the audit. The
team tild be ready to conduot an audit after all open iaeues have been
resolved.
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5-3-2-3 ~- Ikpending on the circumstances, the
purchasing department should notify suppliers of the audit and arrange to
have the appropriate pereonnel on hand during the audit. For internal
audits, notification can b aocompliahed on the day of the -it by the team
leader but two weeks notification should be provickd for an audit of a new
supplier. The activity being audited should be prepared to oonduot a plant
tour for the audit team and arrange to have the supervisors and operatore of
the area available to answer questions from the audit team. After the tour,
the audit team should meet with manag~nt representatives fxxm the supplier
being audited to wnduct a joint review of their findings. ho~tib,
~lier personnel capable of answering questions on those subjects akuld
also be ma& available.

5-3-2.4 EhUiQUE- Ontheday of theaudit, themtit team shouldbe
introduced to the ama personnel and their supervision. T’hearea ~~ 1
should be instructed to follow their normal operating procedures and answer
questions from the audit team.

The audit team should uee the System and Process Audit ~klisti,
figures 10-5 through 15-5, during the tour to record their observations as
acceptable, marginal or unacceptable for each of the elements listed.

5.4 ~ ~
●

. After completing the plant tour, the audit
team should meet with supplier ~nt repreeentatives. An acceptable
format for the review is for the audit team to present their findings to the
supplier and to have the supplier present their assessment of the same items
based on having responded to questions posed before meeting with the audit
team. This fomat has the advantage of getting to the heart of anY
differences which may exist, but may run the risk of creating more conflicts
than a jointly negotiated evaluation for each item. The act-l fo-t ~ be
selected during the plant tour by the audit team based on their assessment
of the relationship which forms.

During the review, any discrepancies or issues which are identified
should be documented for follow-up action if a resolution cannot be reached
during the review. The team chairman should establish a schedule for
resolution of any action items which result from the review. Items corrected
on the epot need to be documented and a commitment obtained from the supplier
to review his o~rations for similar items and correct them.

In addition to reviewing the supplier-s general SFC implementation,this
joint review should be used to establish specific SFC criteria for the
~-* ~t-

If the supplier is a potential source of individual parta or as8eabliea,
the audit teem should be prepared to point out the drawing or specification
elements which are deemed candidates for WC control chart monitoring. The
supplier should be prepared to generally discuss his approach to tiplementti
SW on those elements.

..
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If the supplier is a potential source for complex systems which would
require him to select hie own control pointe for statistical monitoring. he

thiaapproach toinapection and teetplamking tothaaladitshould p~
team.

The audit team should be prepared to establish a follow-on schedule for
finalktion of the inspection and teat parameters to be mnitOZWd during the
mmWement .P Thi8 folkwon activity should be integrated witi the

Gwezzment quality asaur~ activity, U CWCue8ed in 5.5.

5-5 ~- ~ wa~=tion ~ti of W
audit ar9 ~ized from the Checklists oonpleted during tb plant tsar d
the joint lwview. ‘he team ChdI’’MXl ehouhi bring hia team together after
completing the prooeaa audit and dOcUWnt the apeoific actiono reguired to
correct unacceptable items using the Audit Corrective Action &amary Report
(SW figure 16-5).

The audit team should report the overall mwults of the plant tour as
acceptable if 9(X or more of the elements audited are acceptable. If less
than 90% are acceptable, the audit team should report that corrective aotion
is required and require that all it- in the Audit Corrective Action
SulrmaryReport be thoroughly discussed with the su~lier. After a schedule
for corrective action is established, a follow-up audit should be conducted
and the results of this new waluation should be used to dete~ine
acceptability.

If the uverall results are not acceptable, the audit team should consider
a limited qualification for the supplier. It may be possible to a~
individual facilities or individual part numbers or procemea even though the
overall system requires further work.

5-6 ~- The audit team-s final report should
pruvide both the supplier and management with a sumary of the plant tour
resulte and the action items fmm the joint review. The report should be
essentially c~leted before the team leaves the audit site with only final
typing and proofreading required at the audit team-a home facility. The
report should be signed by all team members and presented to appropriate
Government management with reconmnendatlone for follow-up. The management
review team should formally accept the teem-a rec~ndations or modify them
as needed and the final results conmunicated to the supplier through
~X or if it-s a prime contractor audit, through the appropriate
Government office. “

5-7 ~. ~e action items resulting from
the plant tour and joint review with the supplier should be scheduled for
followup reviews on a frequency consistent with the imprtance of the
account . A supplier who is delivering critical assemblies on a high cost
contract could be subject to a corrective action review before each delivery
or weekly. Suppliers still in the negotiation stage of a contract may be
able to conduct a monthly review of status. It ia preferable for the audit
team to establish the frequency and intensity of follow-up action with the
-lier tiing the audit, but management maY change these parameters based
on knowledge not available to the team.
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A b- response should be a mnthly written report from the supplier
which shows progress on the actions defined- If the corrective uti-
extend over eaveral mnths, a quarterly or monthly meeting between both
partiea should be scheduled to review prmgreas and to repeat the audit on
critical elemnta.

5.8 . The audit report

should be used to adjust the contmot final inspection requirements for
*ts delivered. If the plant tour proves that SXhae been established
for specific parameters and the supplier provides control charta for those
parameter with each shi~t, there is an O~rtUdtY to ~ Or eli-ina-
in8peotion for thorn ~amters. If oertain pammetera require CXmWctive
actions to demonstrate complete kplementat ion, then these paramtere oan be
more cloeely eorutinized during final inspection or W* contractor W-
ins-t ion. Thi8 will allow the available receiving inspection e~ to
be channeled into the most productive areas.

As the supplier”a corrective action pmgr= proceeds, receivi~
inspection controls may be relaxed based on the evidenoe available. The
ultimate objective is to eliminate receiving inspection entirely and rely on
periodic audits of the supplier SPC system to retain conftdenoe in the
product-

Usage data from higher level assembly inspections and tests should be
integrated into the supplier feedback loop during follow-up meetings
scheduled at least quarterly. These meetings should be continued as part of
the ~haaing program even after all corrective action programs have been
completed.

—

.
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SYSTEMS AUDIT (XECKLIST FOR MTA ~LLEC’ITON
AT WRK OR INSPECTION STATION

IDCATION:
FRODWCCION/AREA:
STATION:
MTR:
MJDI!lK)R:

KLEMENT AG MAR- UNAc-
RIJMKNT DESCRII?IZON Cwrlm GINAL CBFI’RD

1. Are the control
charts posted?
Clearly visible?
properly labeled?

2. Is the data on the
control charts
current to today-8
date?

3. Are actions for out-
of-control points
indicated in the
legend?

4. Are signatures of
supervisors on the
control charts?

5. Are center lines and
control 1i.mitson the
chart; if X-Bar, R
chart-on both charts?

6. Is there a correct-
ive/~ventive
action matrix?
Current?

‘7. Are the FQI teams
performing to a
proceaa control
procedure?

.

FIGURE 10-5.
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PROCESS AUDIT GWXLIST ~ATION - PART I

K)CATIUN:
Pfu)wcT/ARRA:
AUDITOR:
MTK:
STATION:

AVAILABILITY
NUMBRR ~ DRSCRWI!ION

YEs No

1. Pmcesa control procedure

2. Work Instructions

3. Documentation/Design

4. Company Policy

5. Station hyout

6. Training Records

7. Product/Ibcument
Specification

0. Flow Diagrams

9. Proceaa Rework

Downloaded from http://www.everyspec.com
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~ AUDIT (XIWKLIST IXWMEUTATION - PART II

LOCATION:
PRODuC1’/ARRA:
STATION:
MTR:
AUDITOR:

EIJMRNT AG MAR- UNAG
NUMEKR KIJMENT DESCRIPTION CBPTKD GINAL CEPTBD

1. Am Clocumenta
complete?

2. Are documents clear?

3. Are documents
correct?

4. Are operations in
proper sequence?

.

5. Are interactions
included for errors
to be verified?

6. Are documents to the
latest revision?

7. Are reference docu-
ments included
where applicable?

8. Are necessary
uupport documents
available? (e.g.
deSign Standardl!l,
photographs, aketchea,
minimum acceptable
8amples)

FIGURE 12-5. .

67

Downloaded from http://www.everyspec.com



HIL-HIBK-683(AT)

PROCESS AUDIT CXRCKLIST - HUMAN FAC’MRS

WCATION:
PRoDu’cr/AREA:
STATION:
m.:
AUDITOR:

AG MAR- UNAG
NUMBER B~ DESCRIPTION CRPrBJ) GINAL ~

1. Haa the employee
been given skills
training, on job
training, other?
Has the operator
been tested on his
skills and know-
ledge? By whom?
Method?

2. Can the physical
elements of the
proces8 be accom-
plished by the
employee?

3- What-s the employee-s
attitude toward
adequacy of the
documentation?

4- Are working condi-
tions conducive to
quality workmanship?

5. Is the employee
committed to the
use of WC at his/
her workstation?
To the overall SPC
program?

FIGURE 13-5. .
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PROCESS AUDIT CXBCKLIST - STATION XAYOUT

WTION:
PRODum/AREA:
STATION:
Mm:

EMiENT AG HAR- UNAG
NUMBRR RLWRNT DESCRIEHON mm GINAL CBFTED

1. bes the station
location conform to
the area floor plan?

2. Does the station
physically conform
to station layout
plan?

3. Is the station
identified by number
of the function/
operation perfomed?

4. Is general house-
keeping maintained?

5. Are safety practices
adhered to?

FIGURE 14-5. t~t*s~ .
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PROCESS AUDIT CHECKLIST - OPXRATION

MCATION:
PROIXJCT/AREA:
STATION:
DATE:
AUDITIX:

E~ AG nAR- UN&-
NUMBER E~ DES(XUPI’lCM CEPTED GINAL CHTED

1. Are process docu-
mnts present?

2. 1s document revision
status correct?

3. Do the documents
reflect the master
copy? (no unauthor-
ized changes)

4. Are required
materials available
at the station?

5. Does the employee
perform the
operation exactly
according to the
process documents?

6. Does the employee
follow the
sequence prescribed
by the method?

FIGURE 15-5. .

—
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PROCESS AUDIT CHECKLIST - OPERATION

LOCATION:
PRoInm/AREA:
STATICMl:
IATE:
AUDITOR:

AC- MAR- uNAc-
NlmBER~ DESCRIPTION CEmm GINAL Cmm

7. Xbes the employee
~wrly utilize
his tools and
equipment?

8. Ibes the employee
have authority to
atop the process
when an out-of-
control condition
exi8t8?

FIGURE 15-5. t
.

~ - Continubd.
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WWIXR6
DESCRIPI’IONOF PROPKR SPC SOFTWARE

6.1 ~ SPC ~ . SPC software is a set of
programs that ~ide analysis and support to the development and maintenance
of an SE program.

6-2 ~- Major advantage of using SPC software
include computational accuracy and out~t standardization.

bring the devel~t phase of an SEW program, manual computation or
hand calculator errom rarely will cause serious ~blems in achieving the
mm- goals. This is due to the rewiew procedure which are required to
make the program successful. Reasonableness tests conducted by engineers and
~==nt Ue generally adeq~te to detect anY significant computational
errors. Ibring on-going operation, com~tational errors can initiate
corrective actions when inappropriate, but these problems are usually quickly
detected. the most significant risk is that a computational error will allm
an out of control point to go unnoticed or uncorrected-

Standardizing out~t from the various processes being monitored through
the use of a software program can encourage management participation and help
to gain understanding from ~rsonnel operating in physically separated
operations. Whether the standardization is achieved through software or a
forms standardization procedure is a decision best made by the people
involved in the particular company culture. If the choice is to achieve
these benefits through software, the SW training process should be certain
to explain the use of this software to both the operational personnel and the
~ers responsible for the program.

During process capability studies or designed e~rimenta, the use of
computer aided data reductton ie more frequently neceaaary or desirable due
to the large volume of data involved. If this data is entered into a
multi-purpse software program, the ability to easily perform a variety of
analyses from the single data base can often yield insight into the process
being 8tudied.

6-3 ~- Successful SPC programs depend on real
time data availability to control production processes. SPC software can
help make the information immediately visible or it can become an excuse for
allowing uncontrolled pmoesses to produce defeots.

The utility and ~rtability of today”s personal computers createo
tmnmdous cienandafor machine time. If a compuy elects to routinely use
software based SPC program, they must ensure that higher priority taske do
not ~e the equipment from the -a where it ie needed for process
control. Dedicated equipment for production WC purposes h one solution to
the problem and may be justified in specific cases. Likewise, management
must ensure the data is in~tted and printed by the computer immediately upon
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collection and inqpction of the parts. If this does not occur on a real
time basis, the result is the control charta are merely quality reporte with
control limits and not truly real time process control.

Other ccmnitments required to ensure continuity of S= data in the
automated data collection environment inchde bLV~ back-up equi~t
available to replace equipment down for maintenance and hIW~ multiple
copies of the selected software available to counteract the inevitable
~~ f1- diak-

Data input errors on a computer or a dedicated SPC analyzer are a
potential problem source when using software controlled WC. Wee errors
are generally self-correcting in a uystem with good overall design, with the
greatest potential for error coming in the fom of missed identificationof
out of control points.

The remainder of this chapter deacrihea a minimum aet of characteristics
to consider when selecting SPC software. The essential features are the
ability to enter and display data on a real time basis and the ability to
display data in a control chart format. All other features are desirable to
different degrees depending on the particular environment in which the SFC
system is o~rating.

6-4 ibaxMah-

6.4.1 . To minimize the number of out of control parts
produced by a process, the WC data must be available immediately after
production of the parts. This real time emphasis characterizes all
Successful WC programs. Processes allowed to operate in an out of control
condition will quickly demoralize the production work force and undermine the
credibility of the entire SPC philoso~.

Therefore, a primary criteria for WC software selection is the ability
of the software to be easily started, operated continuously during
production, and capable of rapid data entry, computation of the appropriate
data points and display of the calculated information. Software which
~ires complicated start-up procedures, a system operator for accesa or
cauplicated graphics add-on programs to display data should be used only in
specialized situations where these features shall not degrade the prima
objective of real time data availability.

Graphic data display is essential if runs, trends and other out of
control indicators are to be easily recognized. It is not enough to have the
software detexmine that a particular point is in or out of control based on
~-~~md criteria. The trained statistician or engineer monitoring the
Proceaaeashouldbe able w spot a new pattern wh%ch demands attention when
looking at a good gra~ical display more readily than when looking t-
tabulated or quasi-printouts.
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The last key element uhich real tb software met contain ia a provision
to trace process control data directly to the products manufactured. This
traceability is generally provided by date or lot codes, by aerial number,
batch mmiber or work order number. Ifdaacannotbetracedbackto the
-ta, the diffialty in implementing corrective act~ons for out of
control conditions is dtiplied. Rwventive aotion8 con h taken to prwent
recurrence of the condition. but the material produced during the out of
mntrol condition must be identified, reworked; sorted,
to prevent defects fmnnreaching the cus-r.

6-4-2 ~- ‘rhemoat Ueed feature of an
is the display of control charts. The essential charts
categories as follows:

a. Charts used to represent variables data.

b. Charts used to display attribute data.

repaired or scrapped

WC eoftware progmm
fall into tuo baeic

6.4.2.1 ~ . The types of variables control charts
supported must and should include the following:

a. Average or~charts.

b. R charts.

c. sigma (~ charts.

d. Moving R charts.

6.4.2.2 ~ . The types of attribute control
charts provided should include the following:

a. P charts.

b. np charta.

c. c chart.

d. llChlX%a.

The P andu charts should have provisions for dealing with equal and unequal
lot Sizeel.

6-4-2-3 ~. Whether variables or attribtee data is
depicted, the control chart format should display centerlines and control
limits along with the actual obeerved &ta. -es to the individual
observations should & possible t- an on-line editing program. The
control limits should be user electable to be defined by the observed data
or set manually in the fozm of modified control limits based on the
specification r-e for the parameter being studied.
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6.4.3
.Pm ~ The primary requirement for the

data entry and display features of the sofiware ia that data can be entered
and co~ted easily by an operator with limited statistical knowledge.
Menus which lead the operator step by step to the point of entering the
process data can facilitate the use of programs. Menu driven programs should
have an option to ~reviate the start-up sequence in order to save time once
the operator has becune f~ili~ with tb ~~=.

Once the data haa been entered, the time to complete computathna and
produce a result should be minimal. The steps required for the machine to
~eaa the da- shall require little or m operator intervention to reaoh
the conclusion.

A further requirement for data entry ia that editing incorrectly entered
data, after the initial calculations are complete, should be as simple as
possible.

Color can enhance graphic displays and add o~rator interest. The
software, therefore, should supprt color monitors, even though this feature
may not be used at all stations.

6.4.4 . Basic analysis needs for statistical data include
the ability to construct histograms, Pareto diagrams and descriptive
statistics such as average, standard deviation and range.

Histograms should be user controllable to allow specification limits to
be superimposed on the collected data- This allows engineers and managers to
quickly assess the magnitude of defective material likely to be produced if
the process is allowed to continue under the conditions present during the
study. Two sample histogram formata are ehown in figure 17-6.

Pareto diagrams should b available as an analysis tool to help pick out
the most significant contributors to a particular process or defect s~.
The diagrams should display the cumulative percentage contribution of the
elements in a straightforwardmanner, as well as, the percentage contribution
of the individual elements. A sample Pareto diagram is shown in figure 18-6
which illustrates the essential features.

The descriptive statistics are available in almost all spreadsheet and
data base management programs. More sophisticated programs may offer a wide
range of additional statistics, but theee must be weighed carefdly if the
added power complicates the operation of the software for day-to-day use.

6.4.5 The parameter Cp and Cpk are useful
ratioa for comparing the improvements ~cie in a proceae over a period of
time. They are easily computed in a software package if the specification
limits, process average and standaxd deviation of the process are known.

$.4-5-1 ~- The Cp is the ratio of the engineering tolerance to
the process capability and the software should provide this data along with
an inte~retation along the following guidelines:
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a. If Cp is equal to or less than 1, the process setup should be
rejetted.

b. If Cp is equal to or greater than 1.33, the process setup should be
accepted-

C. If Cp is greater than 1 and less than 1.33, the process is marginal.

6.4.5.2 The Cpk ratio is the distance from the process mean
to the nearest specifi~ation limit divided by three times the standard
deviation. The appropriate guidelines which should be provided by the
software are:

a. If Cpk is greater than 1, the process is acceptable.

b. If Cpk is less than 1, the process in incapable.

c. If Cpk is equal to 1, the process can be improved by centering the
process, reducing the standard deviation or critically reviewing the
specifi~tion limits.

6-4.6 . The ability to enter and
analyze data taken during inspection or test capability studies is a highly
desirable feature for any SPC software package. It is not critical that this
capability be available to production personnel because the studies will
normally be conducted by engineers.

The software should have the capability of analyzing variables data for
both the repeatability and reproducibility of the inspection or test process
and operators being studied. It should also give an overall inspection
capability combining error sources using least square summation methods.

Another level of utility is added if the inspection or test capability
can be studied using attributes enalysis. Output data from an attrikte8
study should include the probability of misses and false alarms, as well as,
computing the effectiveness and bias of the operators and procese studied.

6.4.7 ~Lf. Proper WC software will provide the engineers
with the capability to format output reports in ways which convey the desired
message to a variety of audiences. If all of the features cited in this
chapter are available, then data can be easily cross correlated to add cost
analysis for high level managanent reviews or extraneous data oan be removed
when using the information to communicate with the hourly work force.

A useful feature is the ability to add several levels of titles, labels
and dates to gra~ which can be called up on the screen. This capability
should be available on-line and the result should be visible on screen.
Embellishments which can add to the professional appearance of the outp.lt
include a variety of type.sizes and fonts. These should be consistent with
the hardware available for hard COpy out~t and drives for a variety of
different printers and plotters should be selectable from the printing menus.
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~7
KVAIAJATIONGUIDE FOR SUPPLIER-S SFC SOFTHARK

7.1 .
. This chapter provides

checklist fomats for use in waluating SFC eoftware. The first checklist
(figure 19-7) evaluatet3the software using the essential characteri8tlc8
spcified in 6.4 as the basis for acceptability. Once the essential features
of the software have been evaluated, a mmple comparison matrix (figure 20-7)
is ~ided to assist in evaluating supplier busine8c3practices, krdware
considerations, price and other factore which influence the final selection.

In figure 19-7, an acceptable rating for an item indicates that the
characteristic meets the real tk criteria s~ified in 6.4.1 and that there
is no noticeable difficulty in using the feature. A marginal rating is
assigned when the feature meets the real time criteria tit there is some
difficulty in accessing it. Unacceptable indicates that the characteristic
is not included or cannot be used or that it does not meet the real time
criteria.

Since most SFC software is constructed in a modular fashion, the ratings
can only be applied to individual modules being evaluated. It is possible,
or even likely, that a particular software package will have acceptable
ratings for sune characteristics and marginal or unacceptable ratings for
others-

7.2 e The checklist (figure 19-7) will
allow evaluation of the software for essential characteristics that will be
used every &y on the manufacturing floor. For many potential users, the
need for support from the software supplier is equally important. An
indication of the software supplier-s business practices maY be gained by
looking into the items listed below (see figure 20-7):

a. Suppliers who can provide a users list and telephone contact nunbers
should be encouraged to do so. One of the easiest ways to build confidence
in a particular software program is to find a number of companies who are
using it on a day-to-day basis. It is well worth a trip to nearby users to
learn first hand their experiences with the software under consideration, but
this should be required only after the list has ken wed to three or four
contenders.

b- Software suppliers who are willing to provide their product on a
trial basis or with a money back guarantee generally have had the prduct
tested under operating conditions and their offers should be accepted,
especially, if this is your first adventure into the world of SPC software.
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C. mm updates provided at minimal or zem cost should be a minor
comparison criteria. The current version of the product ehould be adeuutely
tested before purokee rather than relying on features which am promised for
the future.

d. Multi-site licenses are a consideration for those ~es which
have multi-plant operations or where logistics of production dictate that
several systems may be required to control the necee~ processes.

7-3 ~. b the mmuxuv or demr-nt using
WC advancea its knowledge and application of 8tati8ticc3,a mibstantlal data
base will ~late. Analyaia of this data base may semm to help in a
variety of production problems, tit the software in uee may not lend itself
to long term analysis as easily aa it handles day-to-day production work.
For this reason, it is hi~y desirable for the data to be stoti in a format
that is transportable to standard spread &eet and &ta base mmagement
Systems (D&E). File interfaces are generally facilitated if thd data
storage is in the American Standard Code for Infomat ion Interchange (ASCII)
fOmat . Some SPC software incorporates DBMS capabilities, but these are
often limited either in the size of the data files which can be handled or
the analysis capabilities offered. It is useful if this data can be
interfaced to standard programs such as the htus 1-2-3, S~ony, data base
III (dBASE III), Business Management Data Processing (MIP) or another
standard statistical analyai8 program.

Such programs may offer capabilities such as file merging, multiple key
sorting, file hilders and other features which the day-to-day software does
not make readily available.

7.4 With the International Business Machines
(IBM) personal com~te~ (PC)”and-its derivatives becoming more available in
some companies, a very desirable feature for SPC software is the ability to
run under some form of the standard Disk Operating System (DOS) used in these
machines. The ability to mn under both PC EIS, andtlachine Systems (lIS)~
is often assumed but not alwaya po88ible without some modification.
Regardless of the system chosen, the hardware compatibility Aouldbe
thoroughly checked before a gmrchase commitment is made.

Figure 20-7 is a sample comparison matrix which can be tailored to the
particular needs of a company contemplating the pumhase of SPC software.

The checklist (figure M-7) should have been used with acceptable results
for each package of software being considered before making this —m=ison.
Additional features may be added to the left-hand column of thie checklist to
satisfy particular needs.
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ESSKNTIAL FEATURE RVAIXATION CHECKLIST

Item

Variables

Xbar

Si@na

Moving

attributes

P Chart:

charts :

Range

charts :

Equal lot size

Unequal lot size

NP Chart

c Qlart

u chart:

Equal lot size

Unequal lot size

Real Time (?) Acceptable

Ea8e of u8e

Marginal ulAaccept-
able

FIGURE 19-7. few ev~~
. .
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CX)MPARISON(XART FOR SOFTWARE PACKAGES (SP)

Item SP No. 1 SP No. 2 SP No. 3 SP No. 4

Supplier business
practicea:

Cuetomer list
.

Trial policy

Refund policy

update cost

Multi-site
license cost

[nterfacewith
other software:

Spread sheets

Data Base Managers

)peratingsystem
requirements:

krdware requirements:

*ice:
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mAF’rRR8
SELECTINGAN WC OtWUtXING FIRS

8.1 This
consulting firm may be required to *lAnt WC
may be used for 8electing one.

ahapter explaim why a
and identifiea factors

8.2 fnr sw~ .
. SFC is being accepted as a mean8 to

improve a company-s pmf its and competitive edge. It accomplishes the
imprmemmt of quality and productivity to a degree that the company’s
-c- ~ reputable in the market.

It is also being recognized that in order to implement SIU effectively
the first time, and to optimize the results in the shortest possible time,
outside consultants may be required for education and facilitation. %ven the
largest firms seldom have the luxury of employing full-time specialists who
can devote 100% of their time and effort to implementationof Sm. This type
of specialized su~rt is typically only available from consulting firms.
The question now arises, how such consultants canbe selected?

This decision will significantly influence the success or failure of the
SFC effort and ~asibly the company-s future. In selecting a consultbg firm
it is important not only to focus on cost, but also on return-on-investment
(ROI),,anticipated results, and quality of the service.

8.3 ~ for~~~
. . ,

- Suggested criteria for
selecting a consulting firm to assist in implementing SFC are listed in
table III-8.

which
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TAELB III-8. ~ a~
. . .

Requirement

Iangth of experience specifically
in training and installing SEW.

The consulting firm”s proposal
should include the following:

a.

b.

c.

d.

A list of clients and
references.

Kxpected time to achieve
bottom line results.

Estimated ROI.

Total dollar savings for
~ious cliente.

There should be a statement of
the capabilities and capacity of
the consulting firm.

Members of the consulting staff
should have adequate e~rience
in Sw.

standard

Look for no less than four years.
Sour years or more indicates a
track record of eea80ning as
consultants and stability.

Look for no less than three
Years. Anything less may indicate
a fim that ia tiill learning ad
erht~. It will takeno
less than three years to develop
the required expertise and to
establish an effective SPC
mm--

a.

b.

c-

d.

The client list should include
companies in similar or
related industries.

Expected time to achieve
initial results should be
within 90 days.

Consultant should be able to
demonstrate an ROI of between
““4to 1’”and “1O to 1“.

Total savings for an active
firm should-exceed ten million
dollars.

The consulting staff should have a
broad manufacturing, service and
administrative functions.

Look beyond tenure in the
consulting firm, look for other
related experience in SPC. Also
look for sound theoretical
foundation in the staff.
Bachelors, Masters or even
Doctorate degrees in other
disciplines do not necessarily
qualify for teaching and
installing SFC.
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TABLE 111-8. ~ a ~
b - continued.

Requirement standard

hmber of the consulting staff Look for positions in middle and
should have relevant work u-r management and experience as
experience. engineers with similar companies.

This t~ of ~d a~ld
ensure the proper pempective.

The consulting fixm should have a The plan should include education
~henaive plan for installing with handa-on experience and
SEC. follow-up eystems to sustain the

implementalion. The firm should
be able to provide training and
in-house support that is
appropriate for your organization.

The consulting firm should have a Look for a consulting fixm who
well defined style or approach. .wil1 actively support and aasist

in expeditiously installing the
SPC plan. It is not sufficient to
provide training or perform an
evaluation of your “problems*’and
walk away. Look for a firm who
will act as your partner in
training, demonstration, and
application.

There should be a clear tinsultant visits should be on a
understanding of the extent of predetermined schedule to ensure
the fire-a involvement and the access to the right people when
manner in which progress will be questions arise. Progress reports
monitored. should be documented regularly.
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CHAFI?KR9
CwrEs

9.1 ~. This standard provides instruction and guidance for
the preparation and implementalion of SPC programs. It is desi~d for
Government personnel for reviewing and evaluating a contractor-a SPC system,
set-up and pmfomance. It may also be used by contractor”a in impl~nting
their oun in-house WC system and also to evaluate/monitor their
subcontractors/euppliers SPC systems.

9.2 This standard was prepared from and supersedes
the TA~ Product Assuranc~ and Test Pamphlet, AMSTA-P-702-167, dated
September, 1987, Statistical process Control (SPC) Requirements.

Audits
Evaluation guide
Facilitator
Inspection capability study
_ement stmcture
Measurement of effectiveness
Performance measurements
Plann~ and reporting
Problem analysis and solution
Problem prevention
Problem solving techniques
Process ca~bility study
Process control procedures
Project teams
~lity council, President-s
-lity target
SPC
Statistical techniques
Systematic process
Team approach

9.4

a. Hradesky, John L., “Productivity/Quality Improvement”’,
MC Graw Hill (1986).

b. Plunkett, Lorne C. and Hale, Guy A., ‘*ProactiveManager”,
Wiley and Sons (1982)-
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