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FOREWORD

1. This military handbook is approved for use by all Departments and
Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addreased to: U.S. Arwry Tank-Automotive Command, ATTN: AMSTA-GDS, Warren,

MI 48397-5000, by using the self-addreased Standardization Document
Improvement Proposal (DD Form 14268) appearing at the end of this document or
by letter.

a. The history of technological advancement has been a mix between
breakthroughs in both the private sector and the military. For the body of
technical knowledge involving statistical proceas control (SPC), we can look
back to the pioneering work done by Doctor Shewhart in the days before World
War II (WWII). During that war, the War Board taught SPC techniques as part
of ita overall Statistical Quality Control (SQC) program. Following WWII,
certain large manufacturers :Ln t.he United Statee (U.S.) insatalled SPC: but
for a number of reasons it was later discarded as not being appropriate for
commercial application.

b. The military had adopted MIL-STD-105 for

(v 'Y
served very well during WWII, but utilized the basi
rather than prevention. This resulted in batch rej
whenever it was found by inspection to be non-conforming to specification,

after the fact. The usual scrap, rework and late deliveries were the natural
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resulv.

I
£

&
10
Q
I~
3
!

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

higher.

d. However, in the arena of higher volume production where quality was
paramount, the opportunities for the greatest gains offered by SPC first
became evident, namely for:

~ Zero defects quality

- Timely delivery

I

Better products

it
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e. In the commercial arena during the mid-1970°s, the American public
really started aeoing better products, often with a lower price tag;
interestingly enough from a source generally identified historically as

‘
producing inferior products, nsmsly, the Japanese. By the mid-1980°s,

Amarica’s camual awsrenass of tha Japanasa ihwanmion wi!‘.h thair superior

q‘nlitymtsanddoaimhadchan‘-dtommte amareneas that they
were surpeassing the U.S. by their industrial superiority.

1n¢ t.m igﬁﬁ‘a. this invasion wu not limited to Japan. OUnce
L-? u'l.'i ——— meceema Al " Ua‘-‘ l—l PR _"' cam men s one s leod wa ck-t 46

was available to thgn as well, the flood gates opened. Yes, we now have the
entire international spectrum of Japan. Hong Kong. Singapore, Taiwan and
Korea battling for the world market with t.he u. S at the top of their

marketing list.
g. The U S. in&untrial superiority that aet the worlhc'l pace following - -

WWII has taken a severe beating. America’s slide backwards does not have to

continue. It does. however. require accurate assessment and recognition of
how we lost that ground and the ‘need for development of a sound program to

reinstate ourselves. -

Hl

h. American industry, as the major supplier of U.S. military equipment,
is being challenged to update its technical resources, knowledgs and
commitment. The cornerstons for theme would-be suppliers to the nilﬁ.m-v as
defined in this document, is to recognize that one of the major requimenta
for eligibility to participate in the challenge is the actual implementation

of an SPC program.

a4 Purnnas
A 3oa BO0Eat s

a. The purposes of this handbook is to serve as a guide for SPC
implementation and program audit. It is designed for use by Government
personnel for reviewing and asseasing a contractor’s SPC system, set- up. and
performancs. It may also be used by suppliers in establishing thsir SPC

systeas.

b. This handbook also acts as a bridge between SPC theory and
application and as a reference document to evaluate SPC programs and tools.
Quality and productivity improvements start with basic technical knowledge,
but will not be fully realized without a structured program for applying the

knowledge and sustaining the improvementa through contimous monitoring,
feodback and comitment to correct problems when identified. Formulas and
examples of SPC are available in a wide variety of excellent textbooks. The
rroblem remains, however, that knowledge of statiastical methods alone is not

sufficient to bring about improvements in quality and productivity.

iii
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5. Implementation. Proper application of statistical theory is

*n aner smv s tvmam et 44 i- not s an oI b—i 1#--1‘ Ow'. g5t you to

fundamental to any Program, iv i 18
the reauired goal. The esaantial guide for an SPC program comas from
mnagenent in the form of an inplenentation rlan. Countless organizations,

perhaps even your ovm, have learnsd that classes in statistics are not
enough. Rffective control charts won“t magically appear just because the
company nas sponsored a one day seminar. To make SPC work, a step-by-step

----- mamanle o ond o L m L mae B o el 3 __2AL . _ __.a

process, whose empnasis is implementation, is regquired with support,
participation, and visibility at all levels of management and a follow-up
system must be established to ensure timely completion of all critical stepe
and contimed use of SPC techniques. For implementation purposes,

contractors should consider the following:

a. SPC working manual. The contractors should provide a practical SPC

o
system”s mamual to define and support their efforta. This manual should
specify the following:

(1) Their philosophy, including their quality commitment.

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

(3) Their standard operating procedure (SOP) designed to support
the stated policies. The SOP in particular should define the
implamentation elements of SPC.

b. In-plant applicationa. In-plant applications for SPC should be

utilized by contractors, as follows:

e
. ired by this guids. gm
and contrary to the int.ent of t.hia guide :
condition and will be governad by the tam of your individual pumhaae
orders. Any approvals for contracts would be conditional and temporary. The
lifting of such conditional approvala would be directly related to the
supplier s having up-graaea their in-process systems to fully utilize SPC.

At receiving inspection if your supplier is not using SPC
21 )38

ill be considered a temporary

Ve SYAEASISTLa TS =

(2) During manufacturing where the application of appropriate
charts is mandatory. This is subject to survey and audit prior to purchase
order release and on-going audit surveillance, thereafter, on both the prime
and subcontractors.

(3) At final inaspection and aundit.

6. Methodology. The prime contractor s SOP for subcontractor
surveillance and control should define methodology for auditing, evaluating
and controlling each supplier (subcontractor) in terms of both required SPC
and other SOP and policy statement areas in which the supplier is required to

provide adequate coverags.

iv
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in detail later in this

8. PRammat. The format of this handbook was deaigned in sections, with

2 __ = — 2

each sectiion COVBI'LDE a SPBClI].C topical area. For ease oI use and

wafa .~ =11 ‘q\-'lna .._A £3 ane mwmllmnahla ¢4 o asanddanm rrevn nlanad ad 2ha
a w‘vb DhesoT 9 A b - ‘5\“ UD uyy‘ AWEVLT W O O0W waAWVIE "v‘ =4 y‘u\duu QAW W

and of tha asction Alan, tha tables and figurea wers consscutively

|22, 2222 S e mg—— —— =

numbered, but a numerical suffix was added to indicate the applicable section
in which they appear.
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1.1 Crnna This handhook aatabhlishes the cuidalines for developineg and
1.1 QC0De., bligshes the gulicellinegs IOor geve.loping ang

implementing a practical SPC system by the contractor and provides the
criteria for reviewing contractor SPC systems and evaluating their

performance.

1.2 Cozaraga. Formalas, tables and caanuuaa of SPC are available im a
wide variety of excellent textbooks. The problem remains, however, that
knowledge of statistical methods alone is not sufficient to bring about
improvements in Quality and Productivity.

Proper application of statistical theory is fundamental to any SPC
program, but, something like the rear wheel of a bicycle, it is not enough by
itaelf to get yvon whare voun want to go. The front wvhesel of a bicvele

provides the ab111ty to ateer, thereby helping you avoid potholes. tree
stumps, and other obstacles in the road. The “"steering” for an SPC program
comes from management in the form of an implementation plan. Countless
organizationa, perhaps even yaur own, have leamed tha.t classes in statistics

er s m e 2o — A R oo

. PRSI W L b Boon ook n ) Alo Ao —em 4 — o oS
are not SUUURIl. nLLeb‘Give cuuux‘UL c—na.z'bu won I. mglca.uy appear Jusyu because

the company has aponaored a one day seminar. To make SPC work a

step—by-step process, whose emphasis is implementation. is required 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 implementation.
Definitions of pertinent concepts are provided along with suggestions of
where and how to get help as you proceed.

1.3 7Taopical coniteni. The following is a synopsis of the major chaptera

a. Chapter 2: This chapter contains a gloasary of terms and symbols
commonly used in statistical work.

b. Chapter 3: Advantages and goals of SPC are described in this
chapter. An effective program cannot be initiated until objectives and
purpose are clearly understood.

c. Chapter 4: This chapter contains specific SPC implementation
requirements. Note - refer to figure 8-4 for an example of an SPC
implementation plan.
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d. Chapter 5: This chapter proposes a format for evaluating SPC

programs in a supplier’s tac:.nty. Each supplier s approach will differ
is}ibfy accord‘ng to manufactur .Lu.s uvb}‘uuu.usy and management philGSGI‘a"i" It

1
i .
a important to be able to asseas these differences, and to ensure that the

3 ad S QUAT LU QOO0 OS LASOT Lol iTllioe

supplier s objectives match the Army s requirements.

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

f. Chapter 8: This chapter offers requirements and standards as an aid
in selecting a consulting firm to help with SPC implementation. The
objective here is to provide the means for making an informed selection by

lrivmer +h 2 the 3 v ary
asking the right questions and comparing answers.

g. Chapter 9: This chapter contains miscellaneous notes.

1.4 Summary. In conclusion, this material should be considered a bridge
Lodes o OTWY AL oo cond e 12 mndd e omd o cmefaocmccmme A;amemacd 4o mere levada CDO
DELWEeSCN OI'v uaeory anu appliicailion and a reiroroin e uuuumcub L0 E€Vaiuave orwuv
programs and tools. Quality and productivity improvement starts with basic

technical knowledge, but will not be ful reahzed without a structured
program for applying the knowledge and sustaining the improvements through
continuous monitoring feedback and commitment to correct problems when
identified.
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CHAPTER 2
DEFINITIONS
2.1 Glossary. This chapter contains a glossary of statistical terms and
symbols commonly used in statistical work.

2.2 Definition of terms.

2.2.1 Advanced statistical methods. More sophisticated and less widely
applicable techniques of atatistical process analyais and control than is

lnn'l\\:lgﬂ *n‘ ‘\--in ntatistingl n#‘un"- 'n\‘is osn 4-\1\1“"’3‘% nore a{}"r-nnnﬂ

control chart techniques, regression analvgi , design of experiments,

a7

advanced problem-solving techniquea, etc.
2.2.2 Attribates data. Qualitative data (characteristica) than can be

counted for reconnng and ana.1y31a. nxamp.les include CDAZ‘&CT.GPISTLICB, such
a
nce

uired labsl, the installation of all rsquired

g
of errors on an expenme report. Other examplea are

18 U CAMGIID

aa’ +‘\n prsnanne Gf

fasteners, the absen
characteriastics that are inherently measurable (i.e., could be treated as
variables data), but where the results are recorded in a simple yes/no

fashlon, such as, the acceptab1lity of a shaft diameter when checked on a

go/no-go gage or the presence of any engineering changes on a drawing.

Attributes data are usually gathered in the form of nonconforming units or of

nonconformities; they are analyzed by p, np, ¢ and u control charts (see also
variables data).

2.2.3 Am:na.ge. The sum of values divided by the number (sample size) of
valuss; designated by a bar over the symbol for the valuss being ayeraged:

vaiuss

e.g. .i' (X bar) is the average of the X values within a subgroup; (X double
bar) is the average of subgroup averages; p (p bar) is the average of p’s
from all the subgroups (see also mean).

2.2.4 Auareness. Personal understanding of the interrelationship
between quality and productivity, directing attention to the requirement for

management commitment and statistical thinking to achieve never-ending

improvement.

2.2.5 Basic statistical methods. Applies the theory of variation
through the use of basic problem—solving techniques and statistical mceas
1

control, and includes control chart comstruction and interprstation (for both
variables and attributes data) and capability analyais.

.6 Baaic astatistica. Applies the theory of variation through the use
of applied tatistica in collecting and summarizing data, analyzes grouped as
well as unwrapped data, includes histogram construction and interpretation.
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2.2.7 Capabilitv. Capability can be aetermined only after the process
is in statistical control. A process is said to be capable when the process
average plua and mima the 3-aigma apread of the distribution of individuala
(X t 36’) ia contained within the specxfication tolerance (variables data), or
when at least 99.73 percent (X) of individuals are within specification
(attributes data). Efforts to improve capability must contimue, however,
consistent with the operational philosophy of never-ending improvement in

ranldder mnd swmnahsnd derd dor
YU LAV CQUR QLU VLT AV «

i 2.2.8 Cauae-and-effact diagram. A simple tool for individual or group

‘ problem-solving that uses a graphic description of the various process
elements to analyze potential sources of process variation. Also called
“fishbone diagram” (after its appearance) or “Ishikawa diagram” (after its

Anern) Amann )
QEVSLOPEr) .

2.2.9 Cantral lina. The line on a control chart that represents thes
average or median value of the items being plotted.
2.2.10 (haracteristic. A distinguishing feature of a proceas or its
i > attrd an be collected.
2.2.11 Common cause. A source of variation that affects all the

individual values of the process output being studied. In control chart
analysis it appears as part of the random process variation.

2.2.12 Consecutive. Units of output produced in succession; a basis for

electing subgroup samples.

—a==

2.2.13 Control chart. A graphic representation of a characteristic of a
procesa characteriatic showing plotted values of some statistic gathered from
that characteristic, a central line, and one or two control limits. Ite

mdmmavwr Crmadtdan 4o ¢4 Adanavn asadismahla Funam mandam Anttaaa AF vrandiaddAan
MEALGL Y AUV VAVIL 140 VW ULIDLOIL U GPO4ABIIMVAGY ALWEE L GUUVVIE VOUODCE Vi VAL LAAVLAVILEe

It has two basic usea: as a judgement to determine if a process has been
operating in atatistical control, and as an operation to aid in maintaining
statistical control.

i4 {ontrol limit. A line {or lines) on a
- ance of the vaniation from nnha\nn\“\ to
H Al WUT O4BALLVCAULT Vi WIC VAl Avava Al g
ati

o~ (5]

L.4.
haada £A dr3dpdmea +ha aleonifin
Canio Al gy iet4

N £ ™N_a_ s __ A __2 ___*____a__3% _a._ =
-&.lO ABRLECLIOI - 8 pasuLTorisinauveu suvre a
Tmnac nn}ﬁ-.bln cutput after it has been produced and then

good output (see also prevention).
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2.2.16 Dimtribution. A way of describing the output of a common-cause
syatem of variation, in which individual values are not predictable, but the
outcomes as a group form a pattern that can be described in terms of its
location ad, and shaps. lLocation is commonly expressed by the mean or

AUAQAVLAVILy uy[wuu, QAR

average, or by the median. Spread is expressed in terms of the standard
deviation or the range of a sample. Shape involves many characteristics,
such as, symmetry and peskedness, but these are often summarized by using the

name of a common distribution, such as, the normal, binominal, or Poisson.

2.2.17 FEailure mode and affacts analysnis (FMEA). Is an analytical

technioua which usas tha m;en‘l"l.} 'Failu!\s modes o orocesa and 4‘:-

Laana UL AN Neaswas @ P U

resulting effects to prioritize corrective actions. and for idegtitying the
characteristics of a process that are vital to prodact gquality.

2.2.18 W The difference between the observed average of

~L AL . ___ o __.a_

measurements and true average of the same parts using precision

Fh
']

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

PP Y iy sy S L S ——e . 2 2 e ) -~ eme
2—2‘20 n =12 T2a r'd . Th v
i £2

th one gage when used several times by one operator while

Vea “SaalT Nassaa WV we

it
measuring t dentical cha.ra.cterieti.c on the same part.

2.2.21 QGage reproducibility. The va.riation in the average of the
S i avors dsing the same gage while ﬁéiﬁ‘ﬁf‘iﬁg

> »}
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2-2.227 Gage atability. The difference in the average of no leas than
two sets of measurements obtained with a gage on the same parts as a result

a2

of time.

2.2.23 QGage syatem error. The combination of gage accuracy,
repeatability, reproducibility, stability and linearity.

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

aE
It
]

. It is a technique for evaluating and

it in inspection systems for either variables or
attributes data. It also defines the criteria of when to accept and when t
reject any given inspection and test process. Inspection and test capabili
studies also set the stage for the next step of the SPC procesas.
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2.2.27 location. A general concept for the typical values or central
tendency of a distribution.

in a group of msasureman -
—_— 2 o~ vemy YR /eSS TR

2 28 Meaan The average of valn

& o %o 0 dins AREARRS © = ~e ¥

8

Median. The middle value in a group of measurements, when
arranged froq lowest to hizhoat. If the number of values is even, by

convention the average of the middje two values is used as the median.

Cob e e Al mme Loree b hendo fram 2 mdmele mmmdmel akow P
Subgroup medians form the basis for a simpls control chart for procsss

location. Madiana are deaignated by a tilde (™) over the symbol for the
o

LY Y P N S

individual vaiue, e.g., X is ihe neu“‘iaﬁ of a subgroup.

2.2.30 Never—sndine jmvorovement in,nnalitxuand;nrndncti!ity The

operational philosophy that makes best use of the talents within the company

to produce products of increasing quality for our customers in an
increasingly efficient way that protects the return on investment to the

stockholders. This is a dynamic strategy designed to enhance the strength of

e Nyiy RO —— - e Cama ~Ff
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 Hgncgnfnming_nnizs Units which do not conform to a
specification or other inspection standard; sometimes called discrepant or
defective units. To analyze systems producing nonconforming units, p and np

control charts are used.

2.2.32 Nonconformities. Specific occurrences of a condition which does
not conform to specifications or other inspection standards; sometimes called

______________ — Are 2 deed diea - PRVSTR-RYY e awn = o~ o - PRETYS
discrepancies or defects. An individual nonconforming unit can have ths
potential for more than one nonconformity (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, ¢ and u control charts are used.

‘.2 33 | | pip—— | J-..&—q'b—-&ln—_ A c
quency distribution for variables

Sawvae avwwmvaves =We

Gatiuuc'ﬁa, syunmstl
aqu data that underlie
or variables. When measurements have a normal distribution, about 68 26% of
all individuals lie within plus or minmus one standard deviation unit of the
mean, about 95.44% lie within plus and minus two standard deviation units of

A Paer 12 - cemdecaad Joned add aee

the mean, and about 93.73% lie within plus and mimis three standard dsviatlon
tages are the basis for control limits and

units of the mean. These percenta

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 output of many industrial processes follows the normal

distribution).

WA AN AVe wwaas
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2.2.34 (Qperational definition. Operational definition is a means of

clearly communicating quality expectations and performance. It consists of
(1) a criterion to 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 group
did/did not meet the criterian.

2.2.35 Pareto chart. A simples tool for problem-solvirig that involves
ranking all potential problem areas or sources of variation according to
their contribution to cost or to total variation. Typically, a few causes
account for most of the cost (or variation), 80 problen—solving efforts are
best prioritized to concentrate on the "vital few” causes, temporarily

‘g:‘annﬁna +kn "triv1 21 marmr

2.2.38 EhzIn:nancg_inmtnxenent_nrnnena. The operational philosophy

within the company to produce products of increasing quality for ite
customers in an increasingly efficient way that protecte 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.

2.2.37 Prevention. A future-oriented strategy that improves quality and
productivity by &irecting anaiysia and action toward correcting the proceas
itself. Prevention is consistent with the philosophy of never—ending
improvement (see also detection).

2.2.38 Problemaclving. The process of moving from symptoms to causes
(special 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 Process. The combination of people, equipment, 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
managing processes is statistical process control.

2.2.40 Process average. The location of the distr

ibut of me
values of a particular process characteristic, usually designated as an
overall average,

”
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. measure and evaluate the true capability of a process,
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 guideiines for corrective action. The power of the proceas
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 Procens apread. The extent to which the distribution of

individual values of the process characteristic vary; often shown as the
ocess_average plus or minus some number of standard deviations

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

2.2.44 Banga. Ths differemce bstwsen thes highest and lowes

YA AR st
subgroup. The expected range increases both with sample size and with the
standard deviation.

2.2.45 Run. A consecutive mumber of points conaiatently increaaing or

decreasing, or above or below the central line. Can be evidence of the
existence of apecial causes of variation.

2.2.46 BRun chart. A simple graphic representation of a characteristic
of a proceas, 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 Sample. In process control applications, sample is a synonym

with ét—x't;g-z"oup. This use is totally ‘different from the purpose of providing
an estimate of a larger group of people, items, etc.

2.2.48 Shapa. A general concept for the overall patte
- 4+ a
14 [
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2.2.50 Special cause. A source of variation that is intermittent,
unpredictable, unstable; sometimes called an assignable cause. It is
signaled by point be ond the control limlts or a run or other non-random

U R R, PO U S R gy A ceonm3 £l
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confused with a control limit.
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2.2.52 Spread. A general concept for the extent by which values in_a
distribution differ from one another; dispersion (see also process spread).

2.2.53 thilm The absence of special causes of variation; the

property of being in statistical control.
2.2.54 Stable proceass. A process that is in statistical control.
2.2.55 Standard daviation. A measure of the spread of the process
output or the spread of a sampling statistic from the process (e.g., of
subgroup averages); denoted by the Greek letter sigma (@7).
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2.2.56 Statistic. 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 from which the sample came.

2.2.57 Statistical control. The condition describing a process from
which all special causes of variation have been eliminated and only common

causes remain; evidenced on a control chart by the absence of points beyond
the control limits and by the absence of non-random patterns or trends within
the control limits.

[y /e 8

techniquea such as control charts to analyze a process
to take appropriate actions to achieve and maintain a tate of statistical
control and to improve the process capability.

2 2 88 Cé+atiatiral nmAanaca ~antral IQD(‘\_ me uss Gf
or

2.2.55 Subgroup. One or more events or measurements used to analyze the
R
4.

process ( represent:mg the variation from common causes), and 80 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.

2.2.60 Technical data package (TDP). Composite of specifications,
plans, drawings, standards, and such other data necessary to properly
describe material for acquisition purposes.

2.2.61 Tvpe I error (overcontrol). Taking action appropriate for a

e when in fact the process has not changed.

2.2.62, Ivpe Il error (undercontrol). Not taking appropriate action when

in fact the process is affected by special causes.

2.2.63 VYariables data. Quanti

for analysis. Examples include: the diameter of a bearing journal in
millimeters, the closing effort of a door in kilograms, the concentration of
electrolyte in percent, 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).

outputa

2.2.64 Variation. The inevitable differences among individ tpu

in ual
of a process. The sources of variation can be grouped into two major
classes: common causes and special causes.
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Az - A maltiplier of R used to calculate the control
limits for averages.

As A maltiplier of & used to calculate the control
limits for averages.

Bz, Bs Maltipliers t_sf_s used to calculate the lower and
upper control limits, respectively, for sample
standard deviations

c The mmber of nonconformities in a sample.

c The average mmber of nonconformities in samples
of constant size n.

Ca A divisor of s used to estimate the process
standard deviation.

Ce A capabhility index that indicatea potential proceas
capability, defined as: total tolerance/SO'

Cpk The Capability Index, defined as: Zmin/3.

dz - A divisor of R used to estimate the process
standard deviation.

Da, D4 Multipliers of R used to calculate the lower and
upper control limits, respectively, for range.

GRR Gage repeatability and reproducibility (gage error).

k The number of subgroups being used to calculate
control limits.

LCL The lower control limits; LCLx, LCLr, LCLe,
etc., are, respectively, the lower control limits
for averages, ranges, proporiion nonconforming, etc.

LCLx Lower control limit for averages.

|01 F-3 Lover control limit for ranges.

LCLp Lower control limit for proportion nonconforming.

LSL The lower engineering specification limit.
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Symbo] Definiti
n - The number of individuals in a subgroup, the sub-

group sample size.

The average subgroup sample size.

n -
np ~ The mmber of nonconforming items in a sample of
© s8ize n.

np - The average mumber of nonconforming items in
samples of constant size n.

P - The proportion of units nonconforming in a sample.

P - The average proportion of units nonconforming in a
series of samples (weighted by sample aize).

PCR - The Process Capability Ratio, defined as 6e7total
tolerance, where total tolerance = (upper spec.
limit) - (lower spec. limit).

R - The subgroup range (higheat minus lowest value).

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

s - The sample standard deviation, sigma (09.

s - The average sample standard deviation of a series
of subgroups, weighted if necessary, by sample size.

SL - A unilateral engineering specification limit.

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

u - The average number of nonconformities per unit in
samplea not necessarily of the same size.

UCL - The upper control limit: UCLy, UCLz, UCLsyp,
etc., are, respectively, the upper control limits
for averages, ranges, proportion nonconforming, etc.

UCLx - Upper control limit for averages.

UCLr - Upper control limit for ranges.

UCLyp - Upper control limit for proportion

nonconforming.

11
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X - An individual value, upon which other subgroup
statistics are based.

X - 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
enginearing specification When used in capability

ARy M-SR & Sanpy PV weeawviavaiss 18 =241

assessment, Zusr is the distance to the upper
specification limit, Zrsr is the distance to the
lower specification limit, and Zwin is the
distance to the nearest specification limit.

N
i

ZesL - X - 18L
o

ZusL - USL - X

e
Zmin - The minimum value of the (Zrsr, ZusrL).

& (sigma) - The standard deviation of the distribution of
individual values of a process characteristic,

P I e

ueIlneu as I.U].LUHB.
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') N Y n-1

Depending on the value of N

o - An estimate of the standard deviation of the
distribution of individual values of a
process characteristic, defined as: KR/dz.

o h 1sed. One ahould
ze that there exiata a o’reapect:.ve of individual values,
and a o respective of sampling data averages, The difference in
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where:
A = the standard deviation of averages.
1 = the standard deviation of the respective
individuals.
n = the subgroup sample size.

13
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CHAPTER 3
ADVANTAGES AND GOALS OF SPC

3.1 Advantagea of SPC. The advantages of SPC are:
a. Ahility_m_mdm:ar.nnd_pxma_xmm. SPC is the application of

statistical techniques to management of an operation or process. It invoivea

ths idantification of svents that ars beyond tha natural variation of ths
DML LL A LAV UL B'VULIIJD mh LT UOyU LA VUL QLA VAL ‘-ﬂb«luu Vi WiING
procesa and the systematic elimination of t}m causas of such eventa. When

appropriate statistical techniques are built into the process or operation,
management gains the ability to understand the nature of the process
variation and to bring the variation within the desired limits.

There is a natural variation inhesrent in any procsss. The diamster of &
drilled hole, for example, will vary to wear of the drill bit, material

hardneas, 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
availabiiity of ingredients, and the workioad on the restaurant personnel.

b. Ahilitv to control process variation. Variation will exist within
the process. Parts will be acceptable only when 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

Aata {‘Al lantinn nf thaaa Aata are rhanantani »ad as mnf’hnmni' iral In(\t“ﬁ'l s
A= NS b AT W AJAL J A VA % CALA VWA b dlAd CAV VWrd Addr WA AT AR W A o W

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 “assignable causes”. Unless
these asslgnable causes are identified and removed, they will continue to

_a _ 1 o A

aIIBCT. t.nB process m an unpl‘eulctarue manner. A process 138 Balu Lo De
etatistical control whan the nn'lv aouwrna variation ie the natural e

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 exampie, a

R, T NN Pgs. Ty Ranmd desn wmawmdna MT™n snamanathd 1ddter Fan
[T - (S ITPNe ) ae \r J.lllyl UWI L’ lllﬂ.y yxwuuu UTLOGVGLVIVEO Pl vOD. 440 LI COPVUDLVIALAVY A&V
corrective/praventive action in thia case belonga to the operator. who can

readjust the machine to prevent recurring defects.

c. Ablmm_aﬁeclm_mmm_mmu_\zmn Causes of natural

variation may only be correctable by managemeni aciion such as capital

ami1irmmant An nadasd on A\F +'h- n\.f.n'i 1 mwraraaaing I+
Py 44 adapy e - v

“m’nafmnf in noars
maTerial process
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may, in fact, be determined that enough variation cannot be economically
eliminated to produce items consistently within specification.

14
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A successful SPC 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 example, a control chart may be
in place to record the average fraction defective at a work statiom, but it

ig only of a mnna(nn’l valuna imleaas the nannle regrconaihle for the vw»osraaa
L adad ddnd adaand e e

know w wfmt e.ction to take when the process moves out-of-control-

SPC is the noet effective method of process lanagenent It elininates
subjectivity and provides a means of comparing perxomnoe to cxearw defined
Ahdantivaa The mmeea ot wmmnt Abasmd svmad do 2dawdd e ermcmd - mensd
VNP w VAT U e A0 SAS CoOnulois Charv UsoG wo 4AUCHLLLY Vvar LGU.LJ.J.U’ [T V%

existence of assignable causes will be used to track process improvement.

d. Eliminates firefighting. Through the application of statistical
techniques the need for what is called “firefighting” is eliminated.

Problems are identified, quantified and solved at the source in an optimm
time. “Out-of-control” conditions become evident quickly as does the

maonitinde nf +}\A rahlam With thia infarmad+ian actian can bha talan M'F
CANer WAL wlAlA ‘v&"
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the condition becomes a criais.

e. Immediate feedhack. Immediate feedback is the key to success of any
SPC aystem. 6EPC is not solely a quality department function. The
responsibility for control should be in the hands of the user. This provides
the dual sdvantage of giving the gperator a2 better understanding of what is
expected. as well as. providing a means of detecting undesirable conditions
before it is too late.

3.2 Goals of SPC. The goals of an SPC program are consistent with
typical corporate goals to improve quality, increase profits, and to enhance

Shoad e o e
hllﬂ&‘ bwlwh&b&'l’ uuvuuvﬂsc.

3.2.1 Specific pgoalas. Specific goals of an SPC program are as follows:

a. Improve quality and reliability of products and services without
increasing cost. This objective is a necessity ior any organization that
aims to remain competitive. Steps taken to improve a process will result in
fewar escaped defects and. tharefore. a battar cuality product to the

customer. The reduction of varxability in a process increases the quality of
the product.

b. Increase productivity and reduce costs. The application of

Spe oan nwrrchice iwmadd ada 4 remanta 4dn wiald wahintdan AfF Aafanta =l
SIS PioRucs LARAVE LNPLUYVOMGIIVEG 4l JATAU; LiTMULC LVLUL Ui UmaiTUC VS G

increases in efficiency that are directly related to cost reduction. An SPC
program is the best means of reducing scrap, reducing rework and increasing
production capacity. Most organizations just starting out to implement SPC
are not aware that their process is out-of-control, causing needless defects.

15
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c. Provide a practical working tool for directing and controlling

an opsration or process. Ths tools of SPC ars availsble for mansgemsnt and
non-manasamant peracnnal alike  Imnlamentation of SPC craatas a high degree

of visibility of process performance. The same statistical tochniquea uaod
to control the prooess can be used to determine its capab:tlity to the desired

specification.

e e o esa A _ o PO ¥ ey

-going measurement and verificatiom system. It is
procasas withont a maaningfu]l measiuremeant of proceaaa
maaningf emant of procean

d. Bstablish an
A{‘f{mu‘# Qn nnnt 1

parameters. Heasure.onta will provide a comparison of performance to target
objectives and will assess the effectivensss of problea sclutions.

P QORS¢

l' g;

e. Prioritizo pro’ble- solving activities and heip management with
decisions on allocation of resources for ths best return on investment. 6PC
reduces the "squeaky wheel" phenomenon and dirocts efforts in a systematic
and disciplined approach.

f. Improve customer aatiafactibn through better quality and reliability,
and better performance to schedule. Aside from the traditional definition, a
customer may be within an organization and simply the next operation or

dapartmant in a factory.

g- Reduce Army cost of ownership for procured material. The Army’s
mission mandates that they operate and maintain their owm equipment. With
reduoed variability, increased reliability and improved quality, the material
operation and support costs are minimized to what was crlgu'.al’-,' deaigned.

3.2.2 Chntml_nhanta. The control chart is the basic tool to achieve
SPC goals. A control chart is a graphic representation of the process
variation plotted againat time. It compares ongoing perfoma.nce to control

) RN

iimits caiculated from the natural process dispersion. Decause of ths low

probability of -datz occuring cutside the contrel limits by random chance,

such points are considsred to arise from assignable canse that can be
identified and corrected. The control chart allows the use of small samples
taken at specified time intervals to evaluate the process within its process

limits on a real time basis.

3.2.2.1 C(Claaaification. Control charts are primarily classified into
two types. variable data and attribute data. Variable data is that derived
from any msasurement, such as, length, weight, or temperature. Attribute
data comes from non-measurable characteristics where the sample can be judged
only as being acceptable or not acceptabis. An exampie of attribute data
would be inspection for missing or damaged parts. The method of maintaining

control is essentially the same for either type of data.

3.2.2.2 Application. Control charts can be maintained by the personnel
directly involved in the operation. For some applications, they can be
automatically generated by the measuring equipment or from dedicated computer

ewnfiv:a‘-_s. l.n.-&\.-.‘._ -----1 \'3‘&" a-‘iém-tic’ ccntrcl h\\-ﬁts m\ﬂt a mnaand i!\.
conjunction with a feedback system that tracea causea and instructs the
operator on how to bring the process back into a state of etatistmal

control. Examples of control charts are as follows:

i8
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a. Figure 1-3: The control chart in this figure is an example of an
average (X) and a range (R) chart for a variable measured on a push rod at a
stud weld operation. After 25 su'bgroupa of 5 parts each, process centerline
and coantrol limits have been calculatsd and are recorded on the chart.
Measurements were taken each hour over three shifts. The process average and
range is in control.

b. E.‘.F"‘"’ 2-3: The control chart in this figure is an example of an

average (X) and range (R) chart for spring compression force. Subgroups of
five springs each have been measured every 2 hours (hr) and data is recorded

el mdwnl T3mmd

on the chart for 25 mdbg?e‘dps. Processs centerlines and control +iBITS &are

recorded on tha chart. s

c. Figure 3-3: The control chart in this figure is an example of a
p—c.hart" for fract1on defective found at the final inspocti.on of an
ammmition shell. J.nlpectlon is perxomoa once each nour on submlpq of 25

parte each, The centerlins of the process was caloulatsd at 0.008 and ths

upper control unit at 0.0615. The spikea on the chart ococcur bacause of t‘ha
relatively amall subgroup size. Only two typos of defects are recorded at
this station.

17
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PROCESS QONTROL CHART
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FIGURE 1-3. Example of an average(X)and(R)chart for a push rod.
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CHAPTER 4

MTALITAEICY AN
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4.1 SPC implementation requirements. This chapter contains the
requirements for the :\nplensntation of an SPC program.

4.2 Uppar management involvemant.. The 1m01mnt of upper management

2w OO e calce Ahcd e cncad cecm et e Al e 2 s dae S accmaawmd
mommwub“y-l-u IBLAIRKI W PIUVECGE 11 UIusl VW DUpYyVIL Ly

participate in, and commit themselves to this program. Once they understand
what SPC is, its benefit, what to expect., how to implement it. and how to
sustain it, then they c the coomitment. This commitment is not a one
time thing, it°s a continmious act. The commitment is to transform their
vision to reality. Thsy understand that coomitment is to provide contimious
support and participation during the implementation phase and the sustaining
T‘Il-ﬂ

This process can take place in a seminar for exscutives. Then each
executive can participate in a similar seminar with his staff, and cascade
this understanding, commitment, support and participation throughout his

AL __ 3 AL _ AR

81811 and wns OK‘WIZR‘IW.

B
E

4.3 Education in BPC and mtatistical techniques. Once the organization
is prepared for the challenge of implementation, education must be provided
in basic statistica, histogram, pareto analysis, proceas control charts
(including miyaia of control charts), inspection/test capability studies

finitions of theae terms,

and process capability studies (see chapter 2 for
especially the power of the process capabil s

4.4 Rducation in problem—solving technigues. SPC without
problem-solving technigques yields a syndrome called "“Wall Papering”. This
syndrome is evidenced by the posting of control charts with many points
mead_ ok cmmbemanl caemd el emdenan) candhlae Aalea. Aa el e Al e s e Lleab

UUVTULTCUIILIUL S HiNAESL aCiun vanon W Urlng vae procCtios vaca

in—control. Although there are several problem solving techmiques available,
each key element of the problem statement must be present before any one of
these techniques can be applied. ' For this purpose, a problem is a deviation
from a standard or desired level of perfomnco for which the cause is
unknowm and a resolution is required. There are six problem solving
techniques which are:

a. Events Log
b. Diagnostic Process Audits

c. Canas and Effact Diacovam

d. Cause Analysis
e. Design of Experiments
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These techmques have specific applicationa with advantages and
disanv‘L tage Bach technigue has various skill lsvels and amount of
training requu ed and ease of implementation. In addition, the group size

and ,he usefulness of the results may vary.

The techniques are not new but they are highly recomended for their
practicality and effectiveness. They are the “How To"s” for analyzing

g T [ =—2a___ae___ o _ sm? a2 Lo A o2

prooieas. Since each out-of—control situation is umque in cnaraciuer ana
a5 too aras the technicuss utilized to identify the canss. A

rmnel aws e

brief description of the aforementioned techniques follows.
4.5 Prohlem solving technigues.

_ A 1 _ :V
conta.ina recorda of kay daily events within the process (aee figure 4-4). It
is usually located at or near a critical work station where control charts

are poated The purpose of the Events Log is to maintain a chronological
history of anything that is new, different, or changed, in or around the

process.

4 5 2 Diagnnastic proceaa andit & Thncnnni'-\b Proceas Andit is uaed

b TR )

to evaluate what is contributing to the undesu'able condition which produces
defects. First, it addresses if the operator/inspector was complying to the
documented process. It then addresses the process documentation, tools,
materials, and environment. A favorable andit would result in a certified

h |

procoas and 6pe“?&u5i“- An unfavorable result w lead ¢ vS
preventive action on the process, i.e., documenta ion, ‘l".ggl s mt,griglg, or

s wVrasva v = v assaa VAl pe WwToo

operator.

4.5.3 (Cause and effect diagram. &~ The Cause and Effect Diagram
relates an observed effect with its possible causea. The diagram when
ad emommambhlae a fiahhanae amd 3a AfFan Cavmad +~ as a "fish}vmn

Py |
L,uulp.u‘suw LAODCUHIVIO0 QG LIOUWVWVJUIIEG albd 4D Ooiv8n reisrirTsel 1o

diagram”. Possible causes are generated using brainstorming technigques in a
meeting which includes all people who might have power, control or influence
over the effect or problem (see figure 5-4). The effect is usually a
perfomnce characteristic which results from a specific cmkme and it ia

e e 2 e e selid ale amendead ol o

manifested in a symptom. Causes are variables or factors which contribute to
the variation or level of the resultant effect. They can usually be grouped
into the categories of people, machine, methods, materials, measurements, or

movement .

4.5.4 Cause analysia. ®/ The Cause Analysis technique uses a
structured method of questioning (the process) which taps the relevant
information about problems (see figure 6-4). Unlike the Cause and Rffect

AdidW L WAV AWEL AWWVWMY e vaaS

Diagram. brainstorming is not used in Canae Analysis. The goal of the
technique is to draw out precise information. "Precise” in this sense means
definite, exact, accurate and specifically stated information.

8/ See reference, 9.4.a.

b/ See reference, 9.4.b.

N
[\
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Another aspect of Cause Analysis is that it compares and creates
comparative test bases. The advantage of this technique is the high quality
of tne results generated. Only known facts and relevant information are used

...... T2 Tar Ansemon o

tU araw Uub Lm&y caunes .

When using Cause Analyais it is useful to think of the problem as an
iceberg - what you see initially hints at the entirety of the problem.
Through the analysis, a manager can then determine the actual size and scope
of the problem. By being aware of this “iceberg” phenomenon, most managers
try to better understand the problem at hand by collecting more data. Then

1’}\:\1 maw h- ah"e to see tha n}\‘eln '{ceberg (qmific mbl%). Hm'rsr. ths‘y'

st111 may be unable to deal with the problem unless they classify the data
into a useful format, separating the relevant from the 1rrelevant They
don“t need to collect data on the entire polar cap (whole problem) in order
to put a particular iceberg (problem) into proper focus.

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

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

4.5.5 Demign of experimenta. The objective of a designed experiment is
usually to determine which of the many variables or causes are the most
influential on some response or output variable. The designed experiment is
the oniy way of properiy evaluating and quantifying the interaction between
the variables. To perform a "Designed Experiment"”, the following steps are
presented to assure the experiment is properly designed, conducted, analyzed
and presented. '

a. Plan the experiment.
b. Develop the design.
c. Conduct the experiment.

d. Perform the analysis.

4.5.6 Fallure mode and effects analvsis (FMEA). FMEA is a method of
problem prevention that can be carried out by design and reliability
engineering in the early stages of product introduction. It assigns

el _L W r L

PX‘ﬁD&DlLIKY 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. FMMEA will identify the problems
that need immediate attention and will define preventive action that must be

taken prior to release of a new design.

23
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FMEA is an excellent tool for design and reliability review and should be
required in conjunction with reliability testing.

2.2:.0: 2 1ne proce

4.5.6.1 Praocedure. The procedure for conducting FMERA is as followus:

a. Determine potential failure modes. This is clearly the most
difficult atep in the process and relies on engineering experience and
historical data taken from other products or previous designa. It is
necessary to consider what could go wrong with the part or assembly and what
symptoms or effects on the product would be observed. For example, in
analyzing a radio, one potential failure mode would be that the apeaker
connection breaka. The effect of this failure would be~—-no sound.

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

c. Estimate a probability of occurrence for each failure mode. To
simplify this estimate, use a scale of 1 to 10 to indicate probability with 1
being a very low probability and 10 being the highest probability of

ocourrence.

d. Estimate 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
1T 4~ 1N 32 1vomd vwetdh 1 hatmes am dnmaddantdal ‘n-“usm +hea 2a

g CaId J.u»;uvum& AQLILULT Dllﬂb F -
r the customer s perception of

faiiure thaé will cause personal injury or

anma a~nnla

oA OLQ4iT Uf & VLU AV L0 M
unlikely to affect product

===t 23

quality, and 10 belng a cri

g. Identify appropriate preventive action that will eliminate the cause
of the potential failure mode. Needless to say, the problem with the highest
risk priority mumber should be worked on first.

4.5.6.2 Example of how to caonduct a FMRA. The following is an example

of how to conduct a FMEA using the above procedure. For this purpose, the
FMEA worksheet (figure 7-4) is used to describe the project and to record the

results of the review.
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.

24
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b. For the sake of brevity, two potential failure modes were selected:
(1) fracture of the umbrella shaft, and (2) separation of the stitching of
the umbrella fabric.

c. Based on these two potential failure modes, the effects of these
ailures are recorded. The effect of the first failure would be catostrophic

in that the umbrella would be rendered useless. The second failure effect
may range from a cosmetic problem to leaks.

hane marsmmnd dwm doen comecsa

d. The next step is to determine the cause of failure. In the exanple,
€ T

the fracturs of ths ‘u‘ﬁ"‘?ﬁlla shaft could have been caused in two ways. The
shaft matarial may be thinmer than spacified or the environmental conditions
(severe high winds) may have exceeded design expectations. Regarding the

umbrella cover uhere the atitching separatea, the cause of failure is
attributed to poor workmanship.

— - -~ em e Jermt e el £ DAADA e el 2 T2he. £ AL L£_2TNeee L
e. In the risk analysis phase of PMEA, the probability of the failure of
occurance is considered and rated. The failure is then weighted for severity

and capablllty 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 leas 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 aimost always occur and
was given a very high rating of nine.

(2) Next, the severity/criticality of the failure was analysed.
Since failure of the shaft made the umbrella unusable, it was 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
madarnnta aavaritv watineg Af Fluva

"‘"‘“té‘-blllt" T+ was "i‘v’%ﬂ a moLerave sever AUy LAQAVEMAE Ve ALVOE.

(3) Since the escape detection factor is essentially a function of
inspection, the probability of detecting a weak umbrella shaft was considered
to be aslightly better than _average and was given a rating of six. Detecting

hence was given a

...... \ P, T T ST P ; At 2 PR B | =YY A
POOT WOrKmansnip 1in tn \'a cn.ulg was consiaerea exceiient;
very high rating of nine.

f. The next atep in FMEA is to assign a risk priority number to each
canse of failure. This is accomplished by multiplying together each of the
risk factors rated in the aforementioned risk anaiyaia phase and rocording

&£

them on the worksheet. Tuy yr.;ura.yy for corrsctive actiom should be ssvaﬁ to

the cause of failure with the highest risk priority mmber and all causes of

SEemaTe Y e Ves Veew acepe

faulures reviewed in descending order from highest to lowest risk priority
number .
8- The final etep in the FﬁiA is to identify the corrective actions

anal £aodViasna oo — A

required to sliminate the cause of each fallure and to select the most

appropriate ones for implementation.
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This example is intended to demonstrate the concept that failure modes
and cansea nay be ranked by the risk priority number and addressed in order

Organizational structure. The implementation of SPC regquires a
cultural change. The first action required in order to achieve the necessary
culture change is to establish the organizational structure which will
provide the foundation, direction and support for SPC procesas
implementation. Change begins 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 atructure of the company.
It shall function as an integral complimentary framework having the purpose
and objective of implementing SPC through a systematic process. the main
elements of the structure should include the following:

d. Team Leaders
e. Team

f. Facilitators

4.6.1 President’s gqualitv council. 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 and internal and external failure. Typically these
members come from the functions of product development, design engineering,
manmafacturing, finance, quality control and customer service.

The President s Quality Council is chaired by an individual whose
position holds the responsibility and influential control over a majority of
the board’s resources. This individual will also have the most to gain from
success of the program. Typical positions that carry such responsibility and

include the President, Exscutive Vice President and Vice President

4.6.2 Steering committees. Steering Committees report to the Kxecutive
Board and are composed of individuals who have the responsibility to direct
and support the activities of the individual teams implementing SPC. lMembers
of Stearing Committsas Pn11n.v~i 1\" aonaist of middle managers who are dimtly

VAIBEC AT ¥ WA MisuALs s

responsible for, or support the processes being addreased. Typical

Mamifacturing Steering Committee members are Quality Engineering Manager,

Mamufacturing Engineering !‘lanager, Design Engineering Manager and a Finance

Manager. The chairman and lea der of this comm1ttee, when addressing

production processes, is most quenil‘y the Plant Manager, Manufacturin
is o

!‘iax\.aer’ or l‘.g.n's?al k‘nnnaer_ Thi nﬂiu Ahaal \\m\nlly b‘as the moat t

from the results of SPC and is the one who typically manages most of the
resources required to implement such a program.

?2}?

’-J¢

AINA L V ANALEAR 4 LALFLAGR.
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The Steering Committee is the administrator and overseer of the policies
set forth by the Executive Board and acts to enforce them.

4.6.3 Projact teams. An effsctive Projsct Team will collectively have
all the knowledge necessary about the specific product or process in order to

implement SPC. The Project Teams normally have members who will benefit from
the project s success. Team members should include representatives from the

following:
a. Design Engineering
b. Quality Engineering

c. Manufacturing Engineering

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

4.6.3.1 Roles and responsibilities of project teams. The specific roles

b. Identify obstacles to progress

c. Develop recovery plans to overcome obstacles

ntas to the Steering Committee

d. Comminicate

constrai

(28

(1) The actual constraint

(2) Actions taken
(3) Recommendations

e. Identify and present potential projects to the Steering Committee

o

f. Haintain files on each approved step

£. Attend weekly meetings to review progress and coordinate future
actions

The Project Team is the ultimate unit in the organization structure having
authority, power and influence over the project.

27
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4.6.4 Team leader. The Team Leader is the manager of the Project Team,
reports to the Steering Committee, and is the single most important
individual in ths process. The success of ths progran is directly
proportional to the strength of the Team Leader. Leaders are selected by the

e e

Steering Committee usually from first level managenenw ;nd are individuaia
with past proven track records or high growth potential.

A good Team Leader like a good manager must possess a balance of

2 ales 11 MThner maer ha aalantdald Funm nnar

UK PR R L Wy, | L R 1 -
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P |
F S
department within the organization provided they meet the following criteria:

a. Be 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 skilled delegator, communicator and motivator

f. Be skilled at leading group problem solvi

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 Team leader’s role and responsibilities. The Team Leader’s role
and respon31b111t1es are as follows:
Assists in the selection of Team Members

Schedules Team meetings
Prepares meeting agenda
Makes task assignments to Team Members

Develops preliminary Milestone Plan

Issues weekly Team Progress Reports

Develops recovery plans when applicable

Assures timely closure of each step of the Systematic Productivity

- Tenemummeramand Dusasnosa
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j. Evaluates members” performance and provides input to the appraisal
process

., Conducts presentations to
The job of the Team Leader is the most demanding in the program. As can be
noted from the above responaibilities and characteristics, this individual
must often be many things to many people. If the prospective Team Leaders do
not posasesa all the above mentioned charactsristics, an acceptable
n1+nwn.-+1u an to cn]nn*l' “hf‘“"‘ll‘\’lh’ﬂ 'hnnnr' on +hair futiima M-}vential and
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develop that person in the deficient areas. This is one of the many side
bensfits that the program offers; it is also a vehicle for developing future

leaders and managers.

_ 3 L _

4.6.5 Team. The team concept has been a common method used by

busineasses faced with the task of introducing a critical program or project.
The implementation of SPC is not complex and one individual could perform
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 everybody s busineas, that the Team

approach has been selected and has proven to be most succeasful.

A Team can be defined as two or more individuals who coordinate their
activities in pursuit of a common goal. This definition will help determine
when the use of a Team is most appropriate if the situation is not clear or
straightforward.

Cranifin aditunatinnag vhama a2 Tasam ia mAaad arvvrenarnniata {inaluda +ha
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following:

a. When programs call for wide exposure in order to promote awareness
throughout the organization.

b. When a problem gpans departmental boundaries.

- vaawraa e -

c. When sequencing or coordination of effort is necesasary to accomplish
the proposed solution or goal.

loen anal o dd dw cmmamda

-1 | %, Py 2
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decisions are required.

form
e. When no single person has total control, influence, and authority
over 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 traditional mode.

The Team concept is a powerful approach for its ability to produce results as
1 nex

fam d4+a asinntisanaeal AantnibeitiAana
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4.6.5.1 Sypargism. Synergism is the simultaneous action of various
elements, together having a greater total effect than the sum of their

A laad dee T mmendeand 2 e [P -4 - mmenmad Y Vae L A2 b e
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of the synergism created by the miwxture of the membar’s diffarent skills,
Synergism is achieved in a team because an enviromment is created where:

a. The effectiveness of decision making is enhanced.

2 ————dh e 23 o AL . L [ Sy
OU. uuns uuw tl i1asas are ‘Ullﬂl’.‘ﬂ.m "w group mwreu..‘l'..l. 1.

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

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

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

f. Efforts of different specialists are effectively coordinated.

g. Team members and other managers often look at problems more deeply or

ohjectively and re-examine their oun biases and perapectives

A SN A R A A Tt~ LU B s o e eV .

4.6.6 Facilitatora (desirable-pot mandatory). The role of a facilitator
is to murture the development, leadership and effectiveness of the Team
Leader and to expedite the project so that results will be maximized. The

€amiVTliodmem 222171 ccnmiad +bhoa Macwm Thaondawm +-~ mlam +ha mwmatand and +ha
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meatinga. He will help the Team Leader to ensure that the meetings 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:

il

- Do o mitda ammend +ha mane mit+tfalla and oananial armmliaAantsiAana nat
Q. PO G BUiAUT Qi VWU VUG Wwall PiLViGQii0 Qi OpOLVLGL QGEiidvaviViie avwe
found in textbooksa.
b. Have experience introducing SPC ufacturing operations.
. A_a _— - o —aVoo_a ——menl X L VTV e _caen b 2T1Y mme i pmennnd VT meeaTa awmd
C. ACL a5 a Caulalydi, proviue 1luUlluw—upy LU all max CCIiV LTVO LD Al
maintain ~antimiity
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d. Be results oriented, and whose performance and tenure is directly
related to success.

-2 e - o]

LAV, budblllu anu

Members, and others

— 2

e. De recogxu.zeu as an expert in

S
advice are received positively by the Te
involved in the process.

5] t educat
Leader, Team

f. Objectively evaluate and audit progress of the process, and identify
ihe obstacles to progress.
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The role of the facilitator is to educate, demonstrate., coach and audit the
sults oi on. Thea proach can be viewed like the

- AaA___._4._

¥ mage—
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4.6.6.1 Skills of the facilitator. The facilitator must be skilled in
the areas of motivating people, knowledge of the systematic process, coaching
and technical knowledge. He mst have the ability to make things hapren and

Shnats TS o gy ammm ¥ WaiT Siaas

m—depth experience in the manmufacturing, service or adminiatrative areas.

When using a facilitator, a person from within or outaids the
organization, it is inportant to clarify the working arrangenent by
cenmen sl

a1 T _ Ll e ——dhoaaTV. o P } 2 ) I P MM imon sthe q on om an 13 Yha
establlsning mutually agreda upon guliGelliilss. 160688 5u 8 ahould bs
consistent with the roles and responsibilities of the T .ia_...der and the

facilitator.

An effective facilitator will guide the Team through the progran and
assure timeliness of action, optimm results, objectivity and a standard

approach throughout the company. A facilitator is to ths implessntation of
SPC, as SPC is to the control of a process. Results will be realized in a
quicker times becauss the facilitator guides the Team around obstacles and
ensures that it is done right the first time.

§.7 SPC_implementation plan. The implementation plan should contain the
sections listed bslow. For an exampls of an SPC implementation plam, see
figure 8-4.

a. Contractor’s policy statement
b. Contractor’s goals

¢c. Maater milestone plan

C. Aastel’ Mlileslole L

d. Project milestone plan

e. Project detailed plan

(&)
ey



TECHNICAL LIBRARY

MIL-HDBK~-683(AT)

h. Supplier SPC philosophy and policy

i. Systematic process

A T 1 Nambdmandam®®ae wnlldae odadoamand 'I'I..A w1l ane atatbamand atbatan -~
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detailad requirementa of SPC and who ia responsible for implementing the
requirements.

4.7.2 Contractor’s goala. The goals clearly define the scope of the
products and proceaaes to be addressed by SPC and the expectations for
m~meanm 1l h PR Y ~h PSR P M mimldder bammata £~ aannh rmashua
\1“&&\1, LUVULD ﬂb Uﬂb“ leﬂb&uﬂ. 440 YUGasd Wy vmsvbn LUL CQwil yswwu

should be established by the contractor and subject to Government approval.

4.7.3 Maater mileatona plan. The Master Milestone Plan identifies the
producta and proceases where SPC is to be implenented in accordance to a time
phased scheduie. The scheduie would refiect the montih to start the SFC
implementation and the month that the process will be in control and achieve
the quality target for the proceas. The Master Milestone Plan is to be
initially approved by the Government prior to implementation by the
contractor. Also all revisions require Government approval. The status of
the Master Milestone Plan should be issued monthly by the contractor, or on
some other cyclic basis as required by the Government.

4.7.4 Proiect milestone plan. 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 be the process which is
advocated. The schedule would reflect the week "to start” each activity and

#Ln wemanls "o mcamenlada aarnh antderd oy
woon VW LUMY AT e CaVil GLUUAVAVY «

The Project Milestone Plan would be submitted 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 is

added to it. The following activities should be planned in the Projsct
Ml laatAna D‘I an and arrmnarrad bar +'|\A f‘.fnr.nmn+ -
LA LACO VVMIS WG AFFA VYA WY LAY e

a. Determine the classification of characteristics

d. Prepare the repair and corrective actions
e. Prepare the process control procedure
f. Implement process control charts

g. Audit

[&]
N
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4.7.5 Project detailed plan. The Project Detailed Plan should specify
the following:

c. Production

e. Production rate per hour
f. MNumber of shifts
g. Number of operatorsa
h. Inspections. include the following:
(1) Number of inspection gages
Variable of attri
(3) Number of inspectors
(4) Number of shifts
{(5) Inspection time and unit
(6) Time difference between production and inspection of the part
i. Charts, include the following:

by Tarvea ~
’ AINC Y

[y

I'd
\
(2) Number of charts to be used

(3) Location of charts to be posted

4.7.6 Management structure. The management structure 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 President’s Quality Council; steering

committees and team ]-.ﬂnw- should he identifiaed A comnany Dracoas Cantwa
& company Xrocess Lonire

g P 1 — " wrAAw LA e VRS W @ A . -

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. Who establishes and updates control limits

d. Who responds on out-of-control conditiona

= A L _
ve actvaiun

reventi
f. Who audits the process

4.7.7 Training plan. The training plan should include the following:
a. The content of training by level of participants

b. The mumber of seminar hours

c. The sample of handout material

d. The wode o
e. Qualifications of instructor

f. The location of training

g. The number of hours on-job-training (OJT)
h. OJT by whom and qualifications

i. The testing to assure competence

4.7.8 Supplier SPC philosophy and policy. Supplier controls require the

supplier. vendor. or the subcontractor to have SPC on all critical and major

Suy>Llcl -

characteristics.

The suppliers are required to submit a copy of the process control chart
for each process with SPC along with a certification of "lot integrity”
F.3

indicating the parts uwere produced under the process control chart that was

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

4.7.9 Svatematic Drocass Since many atena o/ in ammlving SPC -
2. 12 =ama DIOCess. 1Ce many steps -/ 1n applying orv

common, the following aystematic-;iproach is recommended.
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Step 1. Identification - The purpose of this step is to immediately
define the process and characuriatics to have SPC implemented. A systematic

2 A __ - pun I WY Sy S

process i8 nece necessary 10r the I0110WANE reasOons.

a. It provides a cogprehens1ve and fast process to effectively
implement SPC.
b. It provides a consistent method of implementing and sustaining

nnn
orv.

c. It provides the f@dntion for a culture changs. It provides a
plan, the how to“s and means, tomnitornwoeuandtommme its
effectivensss.

The process is defined, inciuding a fiow chart and the selection
of characteristics to be controlled by SPC is made.

A formal definition of critical, major, minor and incidental
classification of characteriatics should be issued to each contractor. A
meeting between the Government and the contractor should be used to reach
agreewent on what characteristics are to be classified as critical, major,

-1

and minor.
Characteristics identified as critical and major must have SPC
implemented. Exceptions are not to be permitted.

Step 2. FPlanning and reporting - The purpose of this
all

step is
Oka €framdasrian FfAn a“n 41-51‘1 managineg +tha rasourtas ~ne ad +n ha ¢+asms
SUMBIAA VAU LUL ATV VAYD BRRLAS A VAT A O A WU Wi AVLCWE UL WU Vil vosammy

and to assure the timely complgtion of the overall project.

This is an administrative step to assist the team leader in managing the
project. It is dealgned as a means to keep the pno:joct on plan, both in

as_ e

terms of Timing and WI‘IOW of the PI‘OJOC‘D BOGLB.

The team must draft a Milestone Plan indicating the start and completion
of each of the 12 steps along with any subordinate tasks identified at this
time. The team will also generate a Progress Report immediately following
each meeting showing team objectivea, status of the project, accompiishments
since the last ﬁﬁtiﬁi, mpb;uua to ths plan and zvnw;w;b;livivo, risks

and exposures requiring management action, the outlook for task completion,
and detailed assignments to team members.

Step 3. Performance measurements - This step eatablishes a method to
measure periormance in quaiity, productivity and scheduie.

Performance measuremants 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 objectives. A simple graph is adequate as
long as it is published 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 improvement of the process. It is accomplished by applying problea

nn'lvinn technionas as srecified in 4.5 The nroceas disversion mmat
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repreeent the normal curve prior to determining if the process is capable or
incapable.

Step 5. Inspection capability study - An inapection capability is a

measure of how gooa tne mﬂpecr.lan measurement is.

The study shonld be conducted on all gages and instruments authorized per
the inspection instructions and on all appraisers. The study would be
applicable to both variables and attributes data. Ths inspsction system ia
certified only when the gages, instruments, and appraisers results are
determined to be acceptable. '

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

Step 6. Process capabiilty study - A proceas capabiiity atudy wiii be
conducted on all macnuws, Iumurea, stations and operaiors involved ino ths
proceaa to determine the capability of the proceas 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 perform the process. Acceptable ranges for capability ratios will be

determined by the Government, Unleas otherwise aspecified, a proceas

A VN A MASW W Gy  WAALS wWIW V WA A as W = waewa vy amwrw

capability of 1.33 is reguired

Step 7. Corrective and preventive action matrix - A corrective and
preventive action matrix provides specific actions which should be taken to

hendeme b mommee Tomls e
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It is a document posted with each control chart that lists all known
defects or out-of-control conditions which can exist in the process. With
each defect or condition, action is apecified to correct the process. In

.2 %_

essence, it is a prlorruzeu troubie snoonuu EA108.

Along with the document. a procedure should be defined for review and
update of the matrix as new defects and solutions are identified.

Step B. Process control procedure - The process contr01 procedure
£C It sstablishss

2~
. &
ig a procedure that mia
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responsibilities to all the various activities. It

be provided for each of the following p;oceaaea'

=
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a. A process which identifies rationale for the following:

(1) Type of control chart selected

(2]
L

~~
v
5
%
;
h)
-t
1]
1]
X
[
e
2
o

(4) Subgroup size

(5) Subgroup frequency

(8) ‘Hultiple machine for the process

b. A process which identifies strategy for the following:

& Y MY ____ Y _ a1 ®
{1) GCGailcuiatli

+h
(o]

n o
(2) Adjustment of control limits

(3) Recording actions on control charts

(1) Out-of-control process

(2) Action on out-of-control process

A S SR Ty

ré: A\ Al s mem emmen e
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d. A process which identifies responsibilities for the following:

(1) Out—-of-control conditions
(2) Installation and maintenance of charts

Step 9. Proceass control implementation - This step communicates and
coordinates the implementation of SPC with everyone involved. A meeting is
held to review a checklist of requirements confirming that all documentation
has been completed, to make clarifications, and to assure commitment of

woaosnnaihi 1{+iae
- vwrvu‘v--‘ YA ¢

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 action. 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
CUNIrol .

37
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Step 11. Defect accountability - Defect accountability is a systea for
identifying and reporting the different defect types and their sources, for

v e a3 4o o __ . P U 2o
example, operators, inspections, design, process, or component sources. 1his
?mides nrmni-\mlties for further i m?nmrmni' with a ocloged lOQP nvﬂ‘l‘-n

It creates a reporting system to further segregate problem areas. The
primary objectives are to report defects based on their source (process,
components, design, or workmanship).

o - LIVGOWE UGV Vi CLLAVUW VLA VOMICOR AN M AV A

is utilized to assure that the desired results were achieved and a pl
place to sustain the results. This is accomplished by conducting one or more

of the following gndits:

QQAv\ 19 Masmimamant ~Af affantivanaan — Tha masamimamant Af affantrivansan
GRS CiLiCluavontoew
a
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a. rrocess auaiv

Product andit

c. Systems audit
d. PFinancial audit

4.8 @Qualitv Target (attribute data onlv). The customer requirements for
the outgoing quality of the final product are achieved through a technique
known as "Quality Targets”. The technique establishes individual workstation
targets for quality levels and uses the final quality target as a basis.

ty target expressed either in percent

v |= - —— = =

1i
fects per 1000 units, or parts per million

Rach v»roceas mast have a gua
1, a qQqua

defective reported,ur;m.n;é; of 5
(PPM).

Actual resulits should be compared against quality targets. When actual
3 - 1

results exceed targets in unfavorable direction, then action should be taken
to bring procesa levels equal to or favorable to the quality target.

_ Once SPC has been implemented, the proceas should be improved to a level
that meets customer requirements. Customer quality requirements are usually
expressed as the maximm fraction or percent defective allowed; that is , the
mmbsr of dsfects per opportunitiss dividsd by the mmber produced. For

example, a customer may require that the product contain no more than one
percent (1X) defective when shipped. The most cost effective way to mest
this requirement is to establish quality targets for each step in the process
with the final target being the customer"a requirement. Then the final
product will meet ths customer s need without extenmsive imtermal imspsctiocn

or sorting.
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Whenever the process average exceeds the quality target, then corrective
action must take place.

Quality ta.rgeta, like SPC, are 90X management actions and 10%

3?—&1’.18‘5105. Hlm.llty WSB'I"B vummm mana.gemem: 60’510![ 15 chl.ly
detrimental to the efforta of productivity and quality improvements.
Therefore, quality targets should never be used alons. To be effective. they

should be accompanied by a plan and subsequent management actiqn.

Regardless whether quality targets are met or not, each work station must

maintain a constant quality improvement program (QPI). The ultimate quality

K]
targst for attributss is zaro defscts. To achieve this goal, it will bscoms

necessary to periodically review and reviase the eatablished quality targets.

It is the Government position that continuous quality improvement through SPC
is the minimm requirement in attribute type processes.

e mras 1t s s . o o s

4.9 IHKiLiallsa Lo implementing an oV Process. lmplementing bPU 18 a
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as well as, the mcb nica f apn.yi..pnd it. Table 1-4. r‘nnte.inn a list of some
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common pitfal a that have been encountered in implementing SPC at client
companies and in industry and the possible consequences of those pitfalls.
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TABLE I-4. Pitfall s \ i SPC DROcRAS.
Pitfall Sclution

Upper management does not
understand what SPC is, its
benefits and how to manage the
implementation. Consequently

thae An nad 2ad $merm

lved and
proceas easentially dies due to

E - T = e

starvation.

Frequently, people are weu

2

grounded in ths traditiomal way
of thinking that productivity is
emphasized over quality. To
changes this attitude seems
nomnental since quality is

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

e S __a n_ AL _ A

SEC is not different. rear unav

One may malke a mi =+alrn look

foolish, or even succeed plagues
some wople- Fear that they have
been operating a poor and
inefficient operation an
el A AL ..l OOTWY L
LA0Ula OUulL LOrougil orv io a U
Uncertainty when not

Danvla ha‘i no

W AS

doubtful is also common becauae
of the lack of experience; they
truly do not believe they can
achieve the results.

40

Educate and motivate upper

management s0 once they
understand, they will commit and

support the process by providing
effective management and achis

SV
the desired results. The o

scnina.rs plant visits and pons
of SPC successes are recoamended.

>3 wn oo

7

Change management attitudes and
—— el e L o | A PGSR Vyigep e r & B | PPl |
pPrioraivicd. WOCAOI'D Wlilid ODPUDA
to or perceive what management
wants. Management must not send
the wrong signals.

ing the
seasoned in both
maxmfacturing and etatiatics, and
in selling people in the benefits
of SPC, and the ease and fun of

Smrnlamanting 1+
my&wvub&t A ba

Once the proper education is
provided through seminars,
facilitators from ocutside
consultants should be utilized to
demonatrate how to do it

emonstrate how it,
reinforce techniques taught in the
seminars, and create positive
experiences.
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TABLE I-4.

Pitfall

Solution

The persons conducting the
advanced seminara (for exampla,
design of experiments) do not
have any formal education in
statistics. These people may
have dagrees or advanced degrees

qualified to teach sta"t.istics.
People can become most dangerous
players once they attain ample
Adnrm*'lnn have = 1

e:qpenencea, and
on their own. The probl
when more people get educated in
SPC, they go off in different
directions. All may be
acceptable, but few may be
effective, some may be
semi-effective and others are
ineffective. Consequently, no
one way gets implemented. Hence,

ha
the process does not becoms

internalized by the personnel and

it may become hablt forming to a
point it is the company’s culture.

5
¥
1t
g
g

Bducation in statistics is only
given to the personnsl.

Conseguently, the SPC charts are
wallpaper and only a few are in
control. A culture change has
not transiormed.

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

Management does not give any
clear expectations of what needs
to be accomplished.

41

Require the seminar leader to have

So;;one in the organization mst
bhave a masters or doctorate in
statistics.

Educate personnel on problem
i~k

o d v

v uuv...hu;uu 88, Nign
formance attitudes and

VEFPCA MOLOEGIICIIY QUAIVWICGO WGy
take responsibility for the past.
The teams have responsibility for
improving the processes in the
future.

Clear, concise statements must be
documented on the teams progress
reports regarding expectations.
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TABLK 1.4. Pitfalls and solutions to implementing an SPC process - Continued.
Di+£211 Cnlestd mm )
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Management does not assign
responsibility for the
expectations or results.

evaluations pogi tive or

Tamle ~Af wcmmaend
LaCR Ox l'BbUsllLbJ.Ull uy

management. A once highly
energized process starts to die.

Team leaders are weak. All
personnel do not want to be team
leaders.

A process control procedure, a
step in the systematic approach
addresses this issue.

Hold monthly sesstings with
stearing committees and quarterly

pggé;eas reviews. Tizse‘;;;
detailed in the sysatematic procesas
(see 4.7.9).

a. Further educate.

b. Coach.

c. Clarify expectations.
d. Remave.
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TABLE II-4. Pitfalls to implementing SPC techniques.

o T

N sy Y .
rossipoie Lonsequences

Faiiing to verify testing
nmmnsdhinns her Tomamandd
PTOCSGUTSS Uy 105pSCuLion

Capability Studies.

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

Uaing subgroupsa sizes of 2 or 3
(X and R Charts) for an
inexpensive inspection.

Jlaine anmvhowmin adswaa AFfF 1N An
Vo AllE, Curps vWy wisatL Va av T
more (X and R Charts).

Eafactive-

Confusing subgroup sample size
with.the mmber of subgroups when
el mmd Lane A N ™. ph Py
sSioCLviNKg nZ, US, VU4, Gz

factors for control limits.

Not selecting succesaivo units
for subgroups (x and R Charts).

Judging acceptable parts as

defective when they are good or
good when they are defective.

a. Judging acceptable paris as
Aafanddesca Am Anfondldeon wmawmba
UWOGAGAL, LVAVD UL uo&wu;.vv ML LD

as acceptable.
b. Conflicts over what
constitutes good and defective
. parts.
c. Confiicting decisions as to
whether process is in control.

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

v nwd
P5iOCOGILIV.

Increased chance of not detecting
a process shift when one has

occurred.

TrnAananand inarnands ata hansrian
Lu\'& Aode LI T el U&Ull \'Usl YV WOWAWMOW

X and R Charts are not as
efficient for large group size
(n).

g | VT2 _ 2 A i e

Wnbl‘o; 411 LS e 3 Ch h
chart cannot detect an out

control condition.

Incorrect control limits resulting
in failure to detect aaaignabie
Caunsss Or lﬁﬁkiﬁi ior assignable
causes when none present.

Assignable causes become part of
within subgroup variation causing
unnecessarily wide control iimits.
This results in failure to detect
asgignable causes when thay are

present.
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TABLE 1I-4. Pitfalls to implementing SPC techniguss - Contimaed.
Pitfall Possibls Consequsnces

Not selecting subgroups on a
real-time basis.

Subgroups are too close together
during Process Capability Study.

CQuabhetmmisrme ama o fawm omema >~
SUDEIcups arse tco far apart, too

much time between subgroups.

Operators are aware of which
samples will be used for the

subgroup.

Using subgroups whenindividuals
are appropriate for a process
with a low production rate.

The average of the daily percent
defective is used for the process
average (P) rather than the
formula:
E = Total Raiactna
Total Inspected

No control limits or center line
plotted on charts.

Plotting specification limits on
a control chart with normal
control limits.

'] ralatahma ol 1 TIMITTYIT X

INTHSE Y'*|S’™i'i1 .=
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Assignable causes become part of

within subgroup variation causing
unnecessarily wide control limits.
This results in failure to detect

domahla Asveaa -v‘\.n 4+haer owa
present._

Inability to evaluate the
stability of the process.

T

- - e o

shif\'ﬂ aay U\-b A Wt e
detected and large number of
defective parts produced.

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

a. Assignable causes become part
of within subgroup variation
causing unnecessarily wide

contral limite Thig reasnltsa

URAVA VA LAauma U . LAt & ariaa W

in failure to detect
assignable causes when they
are present.
b. Shifts may occur and not be
ae - LG anu -Ld.l‘gﬁ uumuer U.L
i rta nw_yinnnd

i

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

No indication when to tako action.

Action t,axen may De DC.BBCI upon

raracnal choice
Fer cnelice.

Confusion as to whether action
should be taken. Process may
appear within specification when
it is not.
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TABLE II-4.

Pitfall

Using specification limits as
control limits on an X chart.
Not using "modified™ control
linits when applicable.
‘Modified” control limits are

arnliad vvhan 2 rmAcnase atavae el
QAPPL4i0U WUGCHE @ PLIUCUOO Suadyo wWoaid

within apecification limita, bu
the average shifts outside the
normal control limits.

- at

Not calculating the values of
amihormira and 1A§+4na +‘-\n-\
OULUEL VA Qauina LAlE A -

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

Not reacting to a point out of
moantnnl An *tha D Mawmde <6 v ? -
WWIIVA WA Vi WAIT AV WML W Al &H

still in control.

Wad mccadenlon o cncdde canen o aen e d o
~nOV emuung patie conv C
ta.

nB oIl
charts for trends or shift

Not adjusting process average to_
specification nominal even when X
Chart is in control.

Not summarizing data for on-going
charts to review if limits are

changed.

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

Natural control limits may cause

process adjustments even though
all parts are well within

No control whatsoever.

Process may produce many parts out
of tolerance.

Failure to detect a shift in
DroC858s8 vVar 2 ahdV1iber Tmdderd heal
PEIiVULODO Vval .l.ﬂull* WY . ALNAAY AU L

product may be outaide
specifications even though average
has not shifted

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

Unnecessary production of
defective parts even though
process may be capable of neetlng
specifications.

Pailure to adjust parts 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
m consistency over

time. This stable process may or

may not be meeting outside
requirements imposed by others.
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OPERATOR CHANGES * INSPECTOR CHANGRS * PRODUCT LINE: 12-19
H.E. Davia 5. Que STATION: 110
C Kant Codl DATR: 10/31/B4

SHIFT: DAY

SUPV. INITIALS: 1A

CHANGRS :

PROCRSS
MATERIAL

x TOOLING

e »
AAJ WAJL—-1N

- (YIDD
A iDL

MACHINR SET-UP

EYPTANATION :

| Introduced tooling plates for PCRA’s.

Acomsmmstn oo —om ool Jomeo 3 L. CN
AVl ax® GBLOCLd POr voara aoCreasea Uy Uua.

| A shift (improvement) in the process average was observed.

CONTROL CHART ' After investigation it was found that the change was caused

| by the improved tooling plates.

CONFIGURATION MIX:
(NON-STANDARD PRODUCTS)
PAN: NA QrY.1 TOTAL QTY. PRODUCED: 1095

- - YIELD: 28%

MATERIAL SHORTAGES:

NEW SHORTAGES: SHORTAGES FILLED:
p/‘d : - I\ﬁ'\l\-l\l\d F/AN': """" e
11971 _NN1
* NEW OPERATOR/INSPECTOR
x CHANGR IN 0/1
FIGURE 4-4. Daily evenis log sheet.
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A. Policy statement. Our policy is to use real time SPC on all processes

for Model XYZ product which bas critical and major classification of
characteristice. The tasks and responsibilities assigned for this purpose
are as follows:

Taal DPDacrmmrnathla madderdde
pN--1-9 PO -T-10.SI0-PROFS-EN-ISATFN FNTL 4
Implement SPC - Teanms
Maintain SPC ~ Production management
Audit SPC - Quality management and

production management

B. Goals.
1. Customer quality requirement: 5 defects/1,000 parts.

2. Inspection station quality target:
a. ERach inspection station shall have a quality target based on the

aforementioned customer quality requirement.
o €hwm +tha tnala ¢4~ e cmfrvenad »s,

I Dacwm~anash 134234 . - e mem £ -
V. I\UQW ADLUVULILLALILITOD LUL LI LASNnD LU o wl LU oWV AT aoc 1L e
Calculate goals - Quality engineering

2o reanla-
A4ACVO BUQALD .

Workmanship defects Production

Design defects - Design engineering
Procesas defects Manufacturing engineering

Components Quality engineering

Report status Quality engineering

R ; LA G ALl WY WA A iiiRd &
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Part No.jJan| Feb| HMarch| April| Hay| June| July| Aug} Septj Oct|j Nov| Dec
(M)
1P1 s2/-——C3/
1P2 S C
1P3 o C
1P5 S—~—ee——C
1D
LU
1P7
1l/ This is a small supplier with capabilities of only one team.
2/ §5: §SPC implementation start.
¥4 Ne Deemmmomem 2m ten mdbadan Af atadliabtimncnl amveemal
s/ V. FRUCTSY 4O 411 Suvauve vl Sstaviouvialr o 1 LL d e
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D. Prpject milestone plan.
Month 1 Month 2 Month 3
WEEK: 1 2 3 4|5 6 7 819 10 11 12
b o4 vject s—-C
Identification
Planning & Reporting S
Performance 5---C
Measurewents
Problem Analysis s - C
Inspection Capability S—mm———e C
Study
Proceas Capability - S— C
Study
Corrective and Preventive S-—-C
Action Matrix
Proceas Control S---C
Procedure
Process Control S-—-C
lmpiementation
Problem Prevention S-——-C
Defect Accountability S———— C
Hoasurement of $/C
Rffectiveness
FIGURE 8-4. Example of SPC implementation plan - Continued.
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¥Final

Key activity Inspection Brazing Grinding Bonding
Production:
Critical characteristics 2 1 1 1
Major characteristics 1 0 0 0
Redundant machines 1 3 2 N/A
No. fixtures 0 N/A N/A N/A
Shifts 2 1 2 2
No. operators/shift 4/4 3/0 2/2 6/3
Production rate 30/hr 240/hr 200/hr 30/hr
Inspection:
No. gages 1 3 i i
Variable 0 Y Y Y
Attribute Y N N N
No. inspectora/shift 2/2 1/0 1/1 1/1
Inspection time/unit .6 3 min .3 min 2 min
Time difference between on-line on-line on-line on-line
production and imspection
Process control charts: - -
Type selected C X,R X,R X,R
No. of charts 2 3 2 14
Locations of charts @ process @ process| @ process @ process

FIGURE 8-4. Example of SPC implementation plan - Continued.
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F. Management structure.

Team leadsr - Bill Elm

Quality enginser ~ Stan Hickory

Mamxfacturing engineer - John Black

Production supervisor - Nellie Gale

Production operator - Jim Blott

Steering committee chairman - John Nablo, Plant Manager
Quality engineer manager - Harry Katz

Manufacturing engineer manager - Willie Wilson

Production manager - Jill 5t. George

President s Quality Council

President - James -
V.P. operations - Sam
V.P. guality - Jack
V.P. engineering - Bill
V.P. field service - Phil
V.P. marketing - Bob

G. Training requirements.

1. Tvpe of training. The training will be given in the form of a
“seminar-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 Purpoge. The seminar-workshop presents a grounding in the

fundamentals of SPC. The emphasis is on implementatlon of these technigues.
Participants will learn the principles of control charts, the fundamentals
of inapection and process capability studies, and the procedures for
effective implementation of these technigques.

FIGURE 8-4. Example of SPC implementation plan - Continued.
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3. Aitendance. People who will be required to attend the

Béﬁiﬁﬁf—ﬁﬁfkunopu are managers, JUupCIvibors, and upcrnuxus SUppOre pcrbonncx
v {narnantian n’lnv\nina’ :h'\fl arh‘in-l fhn‘l'{nn ﬂ.niv\‘ina to lenoo hﬁu to

Aedh SRR PN W AN Y Bl e b VA B W &

implement or supervise the implementation of SPC.
4. Benefita. Benefits of the seminar-workshop include the following:

a. Ability to impiement control charis.

b, Ability to deaign and conduct inapeaction capahility atudies.

c. Ability to design and conduct process capability studies.
d. Increase knowledge of data collection and analysis methods.

e. Consulting houra equivalent to the mmber of ﬂotkshop hours are
provided to assist in implementing the techniques presented and to
develop case studiea.

f. Receive a full set of course material, with examples, for immediate

...... A 2L
UDC Vil LI Juo.

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

"
[ & 2% wi1assroom »

attendees.

-2 o A ) r PR o~ e
488L — DAaCIk avu

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

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

8. Notice of training. Rach person designated to

at
will be notified in writing, including a copy of the agenda (see figure 9-4
for a sample agenda).

- . .. -

Example of SPC implemeniation piap - Continued.

(]
(3
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|
N
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H. BSupplisr S8PC policy. Supplisrs shall havs on SPC requiresent on all
critical and major characteristics. Upon succeasful implementation of SPC
charts on the processes with critical and major characteristics, the

suppliers will be required to submit a copy of the process control chart for
each SPC process along with a certification of "Lot Integrity” indicating
the pa.rta were produoed under the chart that was submitted. The following
requirements are applicable:

1. Audit. The supplier parts will be audited on a 1 in §
probability for concurrence to the control charts.

2. Milestone plan. The suppliers will furnish a milestone plan the
sixth month of the program. .

3. Outgoing aualitv target. Based on the (customer) requirement of
5 defects/1000 units, the suppliers outgoing quality target for all
characteristics will be the same, i.e., 5 defects/1000 units. This is
illustrated in the following quality flow diagram.

FIGURR 8-4 Examnle of SPC implementation plan - Continued.

hedd - peo-S-H S N-EES SN a2 R e e hdiadtnd S St
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BONDING FINAL
D INSPECTION >
»
»> .005
| oo
BRAZING | D _ GRINDING I
>

I - Indirect characteristics which will be next observed at another
inspection station.

1. Inspection capability studies shall be performed on all inspection
processes no less than twice a year. The objective is to have an inspection

effectiveness of not less than 90%.

2. The first level managers of the plant, i.e., production, quality

engineer, and manufacturing engineer will rotate weekly in auditing the SPC

CiAD AW TL 9 Gilla Wwiiivea A wiaa iy asivwa Waaa & weRUT WOTRLY Sl SRS L VIS

process implementation and document their finding and actions required.

3. Quality engineering shall monitor the actions required and maintain
documented progress.
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Step
Step

Step
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-~ Problem analysis and solution

- Inspection capability study

4

5

6 - Process capability study

7 - Corrective and preventive action matrix
8

- Process control procedure

w

- Process control im
10 - Problem prevention
11 - Defect accountability
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SERMINAR-WORKSHOP
IMPLEMENTING STATISTICAL PROCESS CONTROL
{24 HOURS)
TOPICS HOURS
o INTRODUCTION/OVERVIEW 0.5
o BASIC STATISTICAL CONCEPTS 1.5
o DATA COLLECTION/ANALYEIS 1.0
o NORMAL, PROBABILITY PAPER 1.0
o CONTROL CHART CONCEFTS 1.0
o X-BAR/R CHARTS 2.0
o INDIVIDUAL/MODIFIED LIMIT CHARTS 1.0
[e] P> uy CHARTS 2.0
o C, U CHARTS 2.0
o IMPLEMENTING CONTROL CHARTS 4.0
Te) FLOW CHARTS
o EVENTS LOG
o CORRECTIVE/PREVENTIVE ACTION MATRIX
-0 SHIFTS/TRENDS
o INSPECTION CAPABILITY STUDIES 2.0
o PROCESS CAPABILITY STUDIES 4.0
o IMPLEMENTATION PITFALLS 1.5
o SUMMARY EVALUATION 0.5
NOTES:
a. Length of course - 24 Hrs.
b. liode of training - Class room - workshop
c. Training location - Training room - company
d. Handout material -~ To be provided
e. OJT - N/A OJT
f. Instructor qualifications - M.8. Statistics
g. Testing required - Each attendee will be tested

FIGURE 9-4

Samnle agenda for SPC asminar-wvarkkehan
RS et b A el Sl e e bbb T ol o A Al B, ~
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5.1 Methods for evaluating a supplier s SPC program. This chapter

provides methods for conducting a systematic evaluation of an SPC program at
a supplier (the term "supplier” demotes both prime contractors,
subcontractors and vendors) and methods for conducting compliance audi

ool - ey o
supplier s who have implemented some level of SPC.

SPC compliance audits are best integrated with an overall quality audit
because the SPC activities must be integrated with the other gquality,
engineering and manufacturing control systems in order to be effective. The
checklists should also be used independently to conduct follow-up evaluations
of specific SPC program elements.

Audit methods are used to minimize the time and money apent 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 (Other tvoes of SPC auditas. Similar evaluation methods may be used
by a customer to determine if a current supplier has properly implemented SPC
techniques or by company personnel to conduct a self-assessment.

Conducting an audit of a potential supplier diffe
ag relati

L% 143
current supplier primarily because the business

Lt 3
historical perspective. The potential supplier evaluation is made nore
difficult by the lack of experience with change order implementation, a lack
of common understanding about drawing and specification interpretations,
workmanship astandards, and all of the other elements which define a total
business relationship. Evaluation of a current supplier will tend tc be more
critical because each of the contractual elements which have created problems
between supplier and customer should be fully examined and preventive
measures developed to control any negative impact on the SPC program.

Self assessment audits by a manufacturing organization are valuable to
that the auditors are impartial and receive recognition for their

the extent
gervicea by the company management.

5.3 Preparation for the audit.

5.3.1 Management responaibilities. Establishing the audit objectives
vhilosophy for SPC audits ld be documented in a policv statenent which

A sreawoT ey

establishes the members and 1 leadership of the audit team, the reporting
responsibilities of the audit team, provides funding for the audit process
and establishes the relationship of the SPC audit to the overall procurement

')

acr.1v11;y of the customer.
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If the SPC audit must be passed before business can be conducted with the
supplier, then management must establish this as a criteria. If conditional
accsptance with a commitment to corrective action for diacrepanciee is
adequats to begin pzocurenent, t.mm -anagenem: mst eatabnsn tnn touou—up

_______ ——3tL Y. UGS Py > Ry, apeue, PRy J
process a.nu slVB ng creQlioliiavy "Lm Proasi LU Iuios .I-U!' UULI us bw

business relationship during the corrective action process.

5.3.2.1 Audit team membarahip. An SPC audit should be conducted by a
team of ividuals representing purchuinc quality and manufacturing.

Enginaanine an Athan noanannnal maer ha adldad +A +ha +AA- {’ +‘\. f‘ﬁ"-\’n.l'
RIR LICUL AdAg Vi UusSl pPOLoULLGA may OO [P O Rt ¢ NASEAES &S
being evaluated is sophisticated or if previous aundits have shown that
additional support is needed selection of additional personnel should

e n N~ A _vea a_ Lt I L WY I B SPU S Mo o %ea . _1___12
O.9.<.<4 AUGQAL LO3AM PrepaArallOon rejponslillliligg. 108 auall veam snouila
ha ~Aall + . dma +A nrannna Aammmant 1
VO waaa VIBS LIS &'

c. Part and assembly drawings and artwork
d. Product specifications

e. Cost objectives

f. Processes

£. Inspection requirementsa

h Packaging requiremants

as - g e —e————

i. Mamafacturing schedule
j. Procurement administration

The andit team chairman is responsible for completing the review and
noting any action items or issues which are discovered during the meeting.
Items requiring resolution within the team shall be scheduled for review at a

follow-up meeting before the team notifies the supplier of the audit. The

L . %Y . _____ PRI

team should be ready to conduct an audit after all open issues have been
™
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5.3.2.3 Supplier notification. Depending on the circumstances, the
purchasing department should notify suppliers of the audit and arrange to

. Loy Al Al ceaddld Toee < ond oo al

have the appropriate personnel on bhand during the audit. For internai
aﬁdlbo, notification can be .Mnlnn'l"-h-l‘ on the l’l.v of tha andit )_'ly tha taam

leader but two weeks notification should be provided for an audit of a new
supplier. The activity being audited should be prepared to conduct a plant
tour for the audit team and arrange to have the supervisors and operators of
the area available to answer questions from the audit team. After the tour,
the audit team should meet with management representatives from the supplier
being audited to conduct a joint review of their findings. Accordingly,
supplier personnsl capable of anawering questions on those subjects should

S e g e ——

also be mda ava11able-
5.3.2.4 Plant tour. On the day of the audit, the audit team should be

introduced to the area personnel and their supervision. The area personnel
should be instructed to follow their normal operating procedures and answer
cuestions from the andit team.

The audit team should use the System and Process Audit Checklists,
figures 10-5 through 15-5, during the tour to record their observations as

- 4 LV Lo = alameawmda 14adad

acceptable, marginal or unacceptable for each of the elements listed.

5.4 Joint supplier review. After completing the plant tour, the audit
team should meet with supplier management representatives. An acceptable
format for the review is for the audit team to present their findings to the
suppller and to have the auppller present their assessment of the same items

o —mmnd hofrma moantimeg with +ha n\\r“_v

based on nairlng responueu to quesu;uxw pOsSed CEelore me8Ting wila s aulk
team. This format 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 actual format may be
selected during the plant tour by the audit team based on their asseasment
of the relationship which forms.

During the review, any diacrepancies or issues which are identified

Vaasws =<2 Q2

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 spot need to be documented and a commitment obtained from the supplier

to review his operations for similar items and correct them.

[0

In addition to reviewing the supplier’s general SPC implementation, this
joint review should be used to establish specific SPC criteria for the

intended procurement.

Tf +4ha smywwliarn ia a f-nuial nres f d‘i vichial parts or aaaanhliaa-
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the audit team should prepared point orut the drawing or specification
elements which are deemed candidates for SPC control chart monitoring. The
supplier should be prepared to generally discuss his approach to implementing
SPC on those elements.
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X Sysuomb which would
statistical monitoring, he
should present his approach to inspection and test plamming to the audit

The audit team should be prepared to establish a follow-on schcdhle for
finalization of the inspection and tesat aneters to be mitored dnt'ing the
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5.5 Ramltanim_nndnmlmtm- The evaluation results of the
audit are summarized from the checklists coapleted during the plant tour and
the joint review. The team chairman should bring his team together after
compieting the process audit and document the apecific actions required to

Amtdmm Ciummavnr Davcasd

corneant amacncaarndahlea dboama ratne J-k- Avadid Crommandde
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(see figure 16-5).

The audit team should report the overall results of the plant tour as
acceptable if 90X or more of the elements audited are acceptablo. If less
than S0X are acceptable, the audit team should report that corrective action
is required and require that all items in the Audit Corrective Action
Summary Report be thoroughly diacussed with the supplier. After a schedule

for corrective action is established, a follow-up audit should be conducted
and the results of this new evaluation should be used to determine

acceptability.
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individual facilities or individual numbera or proceeeea even thoush the
overall system requires further work.

F -3 AL 324 a___ L2 ____ _ _a Mo L tra A LY . _ 4 _1_.__1.
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provide both the supplier and management with a summary of ths plant tour
results and the action items from the joint review. The report should be
easentially completed before the team leaves the audit site with only final
typing and proofreading required at the audit team’s howe facility. The
report should be signed by all team members and presented to appropriate

megmenmm mmmmmend: sl bl mamsmmmecmm A ndd amm Fawm AT Are v MM o o
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raview team should formally accept the team recommendations or modifv them

— - . - ——— - =2 TS esg

as needed and the final reaulta communicated to the supplier through
purchasing or if it“s a prime contractor audit, through the appropriate

Govermment office.

5.7 Follow-up and corrective action. The action items resulting from
the plant tour and joint review with the supplier should be acheduled for
follow-up reviews on a frequency consistent with thes importance 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. BSuppliers still in the negotiation stage of a contract may be
able to conduct a monthly review of status. It is preferable for the audit
team to establish the freguency and intensity of follow-up action with the

supplier during the audit, but management may change these parameters based
on knowledge not available to the team.
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A minimm response should be a monthly written report from the supplier

which shows progress on the actions defined. If the corrective actions
é__A__J over ._.-?al _-.’TIJ.L_’ a q—---tar‘\-y. e mormthley moantine hodtruaann hath

critical elamenta .

5.8 Monitoring and surveillance of incoming product. 'ﬁ:e amiit report
products delivered. If the plant tour proves that SPC has besn sstablishsd
for specific parameters and the supplier provides control charts for those
paramsters with each shipment, there is an opportunity to reduce or eliminate
inspection for those parameters. If certain parameters require corrective
actions to demonstrate complete inplemtation, then these parametsrs can be
more closely scrutinized during final inspection or prime contractor incoming
inspection. This will allow the available receiving inspection expenses to

bs channeled into the most productive areas.

AACRAM AL AINA AL VALY AW W A weanans Ve Y =

As the supplier s corrective action program proceeds, receiving
inspection controls may be relaxed based on the evidence available. The
ultimate ob:jactive is to eliminate receiving inspection entirely and rely o

—_——2 32 —— - - ame o am— - e acewam d oomm - ~
periodic audits of the supplier SPC system to retain confidence in the

]

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 purchasing program even after all corrective action programs have been

completed.
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PRODUCTION/AREA:
STATION:
DATE:
AUDITOR:

LOCATION:

ERLRMRNT AC- MAR- UNAC- COMMENTS

NUMBER ELEMENT DESCRIPTION CEPTED | GINAL CEPTED

1. Are the control

PR PR R ey - 1 ]
Clar vo pubLoul

Clearly visible?

Properly labeled?

2. Is the data on the
control charts

rrvmvemmmd o bmdaer’ o
CUuIiTliv LW vwuay o

date?

3. Are actions for out-
of-control points
indicated in the
legend?
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PROCESS AUDIT CHECKLIST DOCUHMENTATION - PART I
LOCATION:
PRODUCT /AREA :
AUDITOR:
DATE:
STATION:
AVAILABILITY
NUMBER| DOCUMENT DESCRIPTION COMMENTS
YES NO
1. Process control procedure
2. Work Instructions
3. Documentation/Design
q. Company Policy

5. Station Layout

6. Training Records

7. Product/Document
Specification

8. Flow Diagrams

9. Process Rewmork

FIGURE 11-5. Process audit checklist for documentation (Part I).
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PROCESS AUDIT CHRCKLIST DOCUMENTATION -~ PART II

TNCATTON -
LAJUAIL AVJRY o

PRODUCT /ARRA :
STATION:
DATE:
AUDITOR:

T IATAYD A MAD__ ITMIAC
DD IDIN L av- LACN viawv—

NUMBER | ELEMENT DESCRIPTION |CEPTED| GINAL | CEPTED COMMENTS

1. Are documents

conplete?
2. Are documents clear?
3. Are documents

4. Are operations in
proper sequence?

5. Are interactions
included for errors
to be verified?

8. Are documents to the
lateat revision?

7. Are reference docu-

ments includea
where applicable?

8. Are necessary

support documents
available? (e.g.
design atandarda,
photographs, sketches,
minimm acceptable
samples)

FIGURRE 12-5. Procesa andit checkliat for dommentatinn (Part TT)_
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PROCESS AUDIT CHECKLIST - HUMAN FACTORS

IOCATION:
PRODUCT /ARRA :
STATION:
DATE:

AUDITOR:

Rl AC—~ MAR- UUNAC-

NUMBER ELEMENT DESCRIPTION | CEPTED| GINAL CEPTED COMMENTS

1. Has the employee
been given skills

'3 . n

e 2 2 —

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
process be accom-
plished by the

amnlAvaa?
Dy AV Y e

3. What “s the employee s
attitude toward
adequacy of the
documentation?

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

use of SPC at his/
her workstation?
To the overall SPC
program?

FIGURE 13-5. Process audit checklist for human factors.
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PRODUCT /ARKA :

STATION:

DATE:

RLEME
NUMBER

ELEMENT DESCRIPTION CEPTED| GINAL | CEPTED COMIENTS

1.

Does the station
location conform to
the area floor plan?

Does the station
physically conform
to station layout
plan?

Is the station
identified by number
of the function/
operation performed?

Is general house-
keeping maintained?

Are safety practices
adhered to?

FIGURE 14-5. Procesa audit checklist for station lavout.
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PROCESS AUDIT CHECKLIST ~ OPERATION

LOCATION:
PRODUCT /AREA :
STATION:
DATE:
AUDITOR:

RLRMRNT AC- MAR- | UNAC-

NUMBER | ELEMENT DESCRIPTION CEPTED| GINAL| CEPTED COMMENTS

1. Are process docu-
ments present?

2. Is document revision
status correct?

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

ized changes)

4 Ara raognuired
. Are reguired

materials available
at the station?

operation exactly
according to the
process documents?

8. Does the emplayee
follow the
sequence preacribed

by the method?

FIGURE 15-5. Processa audit checklist for operation.
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PROCESS AUDIT CHECKLIST - OPERATION

T N‘A'I‘I% :
PROMICT /ARRA -
STATION:
DATE:
AUDITOR:

2T I Ars_ MAD_ IMIAS_
DLDLLDIN & av— Lacan— vinwv—

NUMBER |ELEMENT DESCRIPTION CEPTED| GINAL| CEPTED COMMENTS

7. Does the employee
properly utilize -
his tools and
equipment?

8. Does the employee
have authority to
stop the process

exists?

FIGURE 16-5. Prnceaa andit checkliat for oberation - Continned.
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6.2 SPC software advantages. Major advantages of using SPC software

include computational accuracy and output standardization.

During the development phase of an SPC program, maral computation or
hand calculator errors rmly wWill cause serious problems in achieving the
program goals. This is due to the review procedures which are required to
make the program successful. Reasonableness tests conducted by engineers and
management are generally adequate to detect any significant computational

errors. During on-going operation, computational errors can initiate
corrective actions when inappropriate, but these problems are usually quickly

detected. the most"-ign1f1cant risk is that a computational error will allow
an out of control point to go unnoticed or uncorrected.

Standardizing output from the various processes being monitored through
the use of a software program can encourage management participation and help
to gain understanding from personnel 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 SPC training process should be certain

v~ - 1 el 4%
to0 explain the use tc both the operational personnsl and the

e of this s ax
managers responsible for the program.

During process capability studies or designed experiments, the use of
computer aided data reduction is more frequently necessary or desirable due

______ £ AL & _ 3. A _ = _ A9 & _ a

to the large volume of data involved. If this data is entered into a

t uc va k 4 FGl i9)
h lp make the information immediately visible or it can become an excuse for

llowing uncontrolled processes to produce defects.

The utility and portability of today’s personal computers creates
tremendous demands for machino time. If a company elects to routinely use
le ol ol omon emend o meel dhee Ao L. I

software based SPC program, they must ensure that higher priority tasks do

not remove the equipment from the area where it is needed for process
control. Dedicated equipment for production SPC purposes is one solution to
the problem and may be justified in specific cases. Likewise, management
must ensure the data is inputted and printed by the computer immediately upon
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collection and inspection of the parts. If this does not occur on a real
time basis, the result is the control charts are merely gquality reports with

Qand [ogn | demaler wmmanl +dlma cwmamnnmea

PSS T | 3
control 1imits and not uru;y' T'Sdl LviWTS PpPIrULTOO control.

Other commitments required to ensure continuity of SPC data in the
automated data collection environment include having back-up equirment
available to replace equipment down for maintenance and having multiple
copies of the aelected software available to counteract the inevitable

P PRy |

damaged floppy diBK.

Data input errors on a computer or a dedicated SPC analyzer are a
potential problem source when using software controlled BPC. These errors
are generally self-correcting in a system with good overall design, with the
greatest potential for error coming in the form of missed identification of

——th ol mmhenaY el a
UL VL LUULIVL PVAUVWD.

The remainder of this chapter describes a minimm 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 SPC

avatem isa oparating
Se=¥=— =¥ Sr--S¥eso-

6.4 Essentials.
6.4.1 Real time data. To minimize the number of out of control parts

rmmarhinad her a8 mensanaa +hae CDf Aatn miat ha awvailahla {mmaddiastale aféan
PIUOQUCSQ Uy ad ProCesd, LIS Uurv GAdLd MudOu OF AVl stusT JECGLiaAvC Ly Qiuves

production of the parts. This real time emphasis characterizes all
succeseful SPC 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 philosophy.

Tharefora. a primams oritaria for SDC anftuare selection ie the abi l14tv

of the software to be easily started. operated continuously during
production, and capable of rapid data entry, computation of the appropriate
data points and diaplay of the calculated information. Software which
requirea complicated start—up procedurea, a system operator for access or

..... A= alAareTAd A vranld Ter Qe
u.lllp.xu,a.wu y‘d}’lllba duu-uu P"Usldﬂlb bU ULDPLM uﬂbd 81i0U4LQ O used U(ILJ 413

nnnnmn'h-rad situationa whara thasa faaturea shall not dnwndn the mim

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. Ii is not enough to have ihe

1 At da 2w oAm A € Anmtnal haaard An
VAU Wil

dnvenloman o -

ornfivenma Ao mawmdt sl mwm . ~
OUVLLWALT UD VOILMAUT that & POI LiCULGL PpPULMY 40 4l Ui Vuv Ui CURVIUL

pre-programmed criteria. The trained statistician or engineer monitoring the
processes should be able to spot a new pattern which demands attention when
looking at a good graphical display more readily than when looking through

tabulated or quasi-printouts.
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The last key element which real time software must contain is a provision
to trace process control data directly to the products mamufactured. This

&—qnnq 1 Tddewr 3 panannl e maaridad ber dAata Am 1A+ Andaas Ty mamdal wvwwaboaw
&LLI" AP BULCGLAALAJ PLEUVLWMDWM Uy WEAVEO Wi AUV WDy Wy OUL AGL HMMUWDL 9

batch mmber or work ordar mmbhaer. If data cannnt ba traced back to the

products, the difficulty in implementing corrective actions for out of
control conditions is mmltiplied. Preventive actions can be taken to prevent

PR e & PP

1 condition must be identified, reworked, sorted, repaired or acrapped
£

fomrm manshine $ha miadrman
LALLM AGRLMANE VUL LUD VAol -

68.4.2 Control charts. The most used feature of an SPC software program
is the display of control charta. The essential charts fall into two basic

categories as follows:
a. Charts ussd represent
b. Charts used to display attributes data.
6.4.2.1 VYariables control charta. The types of variables control charts

supported must and should include the following:

Sigma (¢ charts.

0

d. Moving R charts.

6.4.2.2 Attributes control charts. The types of attributes control
charts provided should include the following:

The P and u charts should have provisions for dealing with equal and unequal
lot sizes.

A2V A o

8.4.2.3 Control chark format. Wanether variables or atiributes data is
depicted, the control chart format should display centerlines and control
limits along with the actual observed data. Changes to the individual
observations should be possible through an on-line editing program. The
control limits should be user selectable to be defined by the observed data
or set manually in the form of modified control limits based on the
specification range for the parameter being studied.
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6.4.3 Dam_entm_and_dianlmf:m The primry requirement for the

data entry and display features of the software is that data can be entered

. BRI Y. g, R — on d o -d - md ad 2 n e o
and corrected easily by an operator with limited statistical knowledgs.

Mermis which lead the operator step by step to the point of entering tha

AR & ras Rvwe wWowy wg wiey vw

process data can fac1litate the use of programs. H;nu'driven ams should
have an option to abbreviats the start-up sequence in order to save time once
the operator has become familiar with the program.

Once the data has been entered, the time to complete compu “iﬁas and
produce a result should be minimal. The steps required for the machine to

process the data shall reauire little or no operator intervention to reach

the conclusion.

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

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

6.4.4 Data analvsia. 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 formats are shown in figure 17-6.

Pareto diagrams should be available as an analysis tool to help pick out
the most significant contributors to a particular process or defect summary.
The diagrams should display the cumulative percentage contribution of the
elements in a straightforward manner, 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.

11 spreadsheet and

a
data base management programs. DMore sophlsticated gr may offer a wide
range of additional statistics, but these must be Heighed carefully if the
added power complicates the operation of the software for day-to—-day use.

6.4.5 Process capability analvsis. The paramsters CP anA C#'n ars useful
ratios for comparing the improvements made in a process over a period of
tlme They are easily computed in a aoftw package if the specification

6.4.5.1 (p ratiac. The Cp is the ratio of the e eering i
the process capability and the software should provide this data along with
an interpretation along the following guidelines:
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a. If Cp is equal to or leas than 1, the process setup should be
rejected.

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

P e 4
CRASG,

yvsd-
c. If Cp is greater than 1 and less than 1.33, the process is marginal.

6.4.5.2 Cpk ratio. The Cpk ratio is the distance from the process mean
to the nearest specification limit divided by three times the standard
deviation. The appropriate guidelines which should be provided by the

nnffu.-v-n are-

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

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

T‘F hlr 3a annal +a 1 +hn nraoass onn \-\n -hnhnn\rnrl ey nantanine tha
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process, reducing the standard deviation or critically reviewing the
specification limits.

~
L&

6.4.6 Insapection and test capability analvsis. The ability to enter and
—em e Voo e Do dn AV X 2 e e A2 e o A _ A 9 _ . _L *$Y2a__ _aA__ 312 _ _ 2_ _ L _Y 2__
QAlladly LT udia LAA®Il Guring iuaspecuvion o LEeSUL Capabllilily Buuaies 18 a nignl
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.

both ths l'wwdanL.L.Lby and x"éi)'x"ﬁum.;u;;;uy of the umpc(.b;uu 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 analysis. Output data from an attributes
study should include the probability of misses and false alarms, as well as,
computing the effectiveneas and bias of the operators and proceas studied._

6.4.7 Report formatting. Proper SPC 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 cress correlated tc add cost

analysis for high level management reviews or extraneous data can be removed
when using the information to communicate with the hourly work force.

A useful feature is the ability to add aeveral levels of titles, labels

PR 2 e

el A ———l ol L - =11 = ——
axiia ua.f.ua L0 Erapas waica can w LGLLW up on buU scroen. .LLIJ.B (-G.L’Q.ULJ..I.DY

gshould ha availabhle on-lina and the result shonld he viaihle on agreen.

Embellishments which can add to the professional appearance of the output
include a variety of type.sizes and fonts. These should be consistent with
the hardware available for hard copy output and drives for a variety of
different printers and plotters should be selectable from the printing menus.
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CHAPTER 7

FOR SUPPLIKR S SPC SOFIWARE

KVALUATION

L
)
O-I

7.1 Evaluation guide for mipplier’s SPC software. This chapter provides
checklist formats for use in evaluating SPC software. The first checklist
(figure 19-7) evaluates the software using the essential characteristics
specified in 6.4 as the basis for acceptability. Once the essential features
of the software have been evaluated, a sample comparison matrix (figure 20-7)
is provided to assist in evaluating supplier business practices, hardware
considerations. price and other factors which influsnce the final selection.

In figure 19-7, an acceptable rating for an item indicates that the
characteristic meets the real time criteria specified in 6.4.1 and that there
is no noticeable difficulty in using the feature. A marginal rating is
assigned vhen the feature meets the real time criteria but there ias aome
d1ff1cu1ty 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.

_______ i drem e L m mmimmdememdaad 2 a el T mee Lamlad o Al cmmda o
auu.e lllUBb DL'\J SOIvware 13 COoI LLucCLu 111 d mouulior 1 IldUlly VIIC QR LLIED
can only ba applied to individual modulesa bheing evalnated. It is poaaible,

or even likely, that a particular software package will have acceptable
ratings for some characteristics and marginal or unacceptable ratings for
others.

7T O Peeom Jeamd dme d¢dhhn omnFdremma omemem] I aw Men Ahea~Albliad €3 mama 1Q_T7) i 1
7.4 RKRYALUALILE LOGC SOILLWADE SUPPIIST. i1in€ ChOeCRiisv (Iigure io-7,) Wiaia
allow evaluation of the softuare for essential characteristics that will be

used every day on the manufacturing floor. For many potenti-l useés, “the
need for support from the software supplier is equally important. An
indication of the software supplier’a business practices may be gained by

[, X

lOOKlng into the items listed beiow [889 Ilgure LU‘I}'

a. Suppliers who can provide a users list and telephone contact numbers
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 sofiware under consideratiom, but
this should be required only after the list has been pared 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 product
tested under operating conditions and their offers should be accepted,
espacially; if thia ias vour firat adventure into the world of SPC software.
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c. Program updates provided at minimal or zero cost should be a minor
comparison criteria. The current version of the product should be adequately
tested before purchase rather than relying on features which are promised for
ne m ure.

conaideration for those companies which

d. Multi-site licenses are a cons
have multi-plant operations or where logisticas of production dictate that
several systems may be required to control the necessary processes.

7.3 Interface with other software. As the company or departnent usinz
SPC advances its knowledge and applications of statistics, a substantial data
bans will acoummlate. Analymis of this dats base may serve to help in 2

variety of production problems, but the software use may not lend itmself
to long term analysis as easily as it handles day-to-day production work.
For this reason, it is highly desirable for the data to be s

that is transportable to atandard spread sheet and data base management

mnomd e £ TYOME ) b - K3 [ S Ry 19 £ T2a 2L
systems (D@iS). File interfaces are generally ifacilitated if the aata
C+

lc

storage ia in the American (
format. Some SPC software mcorporates Dms capabilities, but these are
often limited either in the asize 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 Lotus i-2-3, Sylnphony, data base

III (dBASE III), Business Hanagement Data Processing (RMDP) or another

standard statistical analysis program.

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

7.4 Harduare Conaiderations. With the International Business Machines
(IBM) personal computer (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 (IX)S) used in these

machines. The ability to run under both PC DOS, and Machine Dystems {(i5) DOS
is eff_en aammad 'hnf not A’lunv- ;\e.ni‘\]- without anme med.ificai-icn.

Regardless of the system choaen, the hardware compatibility should be
thoroughly checked before a purchase commitment is made.

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

The checklist (figure 19-7) should have been used with acceptable results
for each package of software being considered before making this comparison.
Additional features may be added to the left-hand column of this checklist to

satisfy particular needs.
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ESSENTIAL FEATURE EVALUATION CHECKLIST

Rane of Use

Item Real Time (?) Acceptable | Marginal | Unaccept-
able
Varisblss Charts:
X bar
Range
Sigma
Moving Range

Attributes Charts:
P Chart:
Equal lot size
Unequal lot size

NP Chart

C Chart

1
v

3

—

?

Equal lot size

Unequal lot size

FIGURE 19-7. Essential feature evaluation checklist.
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Supplier business
practices:

Customer list
Trial policy
Refund policy
Update cost

Multi-site
license cost

Spread sheets

Data Base ianagers

Operating system
regquirements:

FIGURE 20.7.

Comparison chart for software packages.
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CHAPTER 8
SELECTING AN SPC CONSULTING FIRM

8.1 Sealecting an SPC coneulting firm. This chapter explains why a
consulting firm may be required to implement SPC and identifies factors which
may be used for selecting ons.

n AT _ Y S AT . _Ya e . £ [ad s 'g] — P N PR Sy
8.2 HNeed for APC consuiting firm. SPC is being accepied as a means to
. :
improve & company’s profits and competitive edge. It accomplishes the

improvement of quality and productivity to a degree that the company’s
products become reputable in the market.

It is also being recognized that in order to implement SPC effectively
the first time, and to optimize the results in the shortest possible time,
outside consultants may be required for education and facilitation. Even the
largest firms seldom have the luxury of employing full-time specialists who
can devote 100% of their time and effort to implementation of SPC. This type
of specialized support is typically only available from consulting firms.

The question now arises, how such consultants can be selected?

will gignificantly influence the success or failure of the

Al AT A a ~a AL A A arlas Asra araaas s L LoTOo8 Vi alBaeatmeT e BT

SPC effort and possibly the company’'s future. In selecting a consulting firm
it is important not only to focus on cost, but also on return-on-investwent
(ROI), anticipated results, and quality of the service.

Thia deciai

Q 2 (Yl dcmmton Favm anlaonti;mes CDN Amvess1ddiomee €3 vven Cirrrtnatoad Awmitania Ffan

0.V (YR HWGN- WA MR- - PR - SRTFII SN IS VARSI S I PRIF SIS SV ¥ - By OUUBRBETCOVOUW Vi LAuGs 4aa 4wve
selecting a consulting firm to assist in implementing SPC are listed in
table III-8.
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~a

Standard

Length of e;;ériénce as
consultants.

Length of experience specifically
in training and installing SPC.

The consulting firm's proposal
should include the following:

b. Expected time to achieve
Qlﬂ .l.lne !‘BSU.I.'BS.

c. Estimated ROI.

d. Total dollar savings for
previous clients.

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

Members of the consulting staff
should have adequate experience
in SPC.

85

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

Look for no less than three

_____ Anvthing less may indicate
a firm that is still learning and
experimenting. It will take no
less than three years to develop
the required expertise and to

b ena

a1l d ol ALl cnr
GDUGU&LDH ali SIIBCLiVe orwv

DrOgram

&= Tos /=

- M A1SAarmd 13ad ahnmceld SommTeeda

KXo 4 LA \-A.Lclllv 4400 OlIUWULLW W LUWAS
companies in similar or

i 1
related industries.

b. Expected time to achieve
initial results should be

trdt+hin QN
WA wilddd UV

AQ‘,G

“waye.

c. Consultant should be able to
demonstrate an ROI of between
“4 to 1" and "10 to 1~.

d. 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

} P -~ -

lo £ A P |
AIn LUL [= 9 [PIT L0} UII.UUL'BI‘L\‘GL

foundation in the ataff_

Bachelors, Masters or even
Doctorate degrees in other
diaciplines do not necessarily
qualify for teaching and
Qe 1V e OV

dusvalllilg orv.
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TABLE III-8.

Requiremants and standarda for selecting a copsmlting

firm - Contimued.

Requirement

Standard

Member of the consulting staff
should have relevant work
experience.

The comsulting firm should have a
comprehensive plan for installing
5PC. '

The comsulting firm should have a
well defined style or approach.

There should be a clear

——h o 32 . LB

understanding of the extent o
tha firm'a involvement and the

wanner in which progress wilivbe
monitored.

Look for positions in middle and
upper management and experience as
engineers with similar companies.

The plan should include education
with hands-on experience and
follow—up systems to sustain the
- | o e M™M... £2 mlameeld
.uny.l.euwu lod b LUu - 41T 4 J.L'lll OouvUAWL

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

Look for a consulting firm who

wWill actively support and assist

in expeditioualy inatalling 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

2311 ant aa wvAIw mantnan Iin
Wiii aCue a8 your paroner in

training. demonstration, and
application.

Consultant visits should be on a

PUNRpIS. PRy SR U PRy Wgigs. ipe, o~ e @ -
preaevermulinea scneauie bU ewure
acceas to the right people when

questions arise. Progress reports
should be documented regularly.
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CHAPTER 9

NOTES

9.1 Intended use. This standard provides instruction and guidance for
the preparation and implementation of SPC programs. It is designed for
Government personnel for reviewing and evaluating a contractor's SPC system,
set-up and perzormance It may also be used by contractor”s in implementing
their own in-house SPC system and also to evaluate/monitor their

subcontractors/suppliers SPC systems.

9.2 Supersession data. This standard was prepared from and supersedes
the TACOM Product Assurance and Test Pamphlet, AMSTA-P-702-187, dated
September, 1987, Statistical Process Control (SPC) Requirements.

Q 3 Suhiant tarm fkawv wand) liatine
e S . L5 AL S U S N~ 2 P S § 1

SRS

Audits
Bvaluation guide

Measurement of effectiveness
Performance measurements
Planning and reporting
Problem analysis and solution
Problem prevention

Problem solving techniques
Process capability study
Process control procedures
Project teams

Quality council, President’s
Quality target

SPC

Statiastical techniques
Systematic process

Team approach

Q 4 DRDafamam~ana -
o (L =P =T N~ 17 P

a. Hradesky, John L., "Productivity/Quality Improvement",
Mc Graw Hill (1988).

b. Plunkett, Lorne C. and Hale, Guy A., “Proactive Manager”,
Wlaw anmd Chrma 1009\
wLiQy ana 1D 1004 ).

87



TECHNICAL LIBRARY

MIL-HDBK-683(AT)
INDEX

Advance statistical methods . . . . . . . . . . . . . ..

Adeemcad oo = COTMY
AQVaANVaESD OL ofv <« .« . . . . . e e e e e e e e e e e .

Arnlication e e e e e e e eee. e o @ * ®w o o = = = .

Attributes control charts . . . . . . . . . . . . . ...
Attributes data . . . . . . . . . . . . . .. - e e - .
Aundit team . . . . . . . . . . . . L L . L. 0oL oo
Audit team final report . . . . . . . . . . . . .. - e .

A__ 324 & _____ ______ * ______ 2 e _

o
I'N N

AuQlT veam DEMPersnlp . - « <« . e ® o o ® o ® ®» ® & e - PR Py AN e e e
Anﬂ"f toam rmmanaratian nasarnanaihildit+ina
LAMAVIA ¥ UWLME A WEUL MVAVLAL LW PVIMIAWALLALVAGIE ¢ e e+ e o e = a = >

NN ONWLWN
NCOO’OFDN\'&I‘OF‘N

Average . . . . . . . . . . . . o . e o e e e
Awareness . . . e e e e e e e e e e e e e e e
Basic statistical methods e e e e e e e e e e e e e e e
Basic statistics . . . . . . . . . . . . . o . . . . ..
Capability . . . . . . . . . . . . o . o . . o . ...
Cause analysis . . . e e e e e e e e e e e e e e e e
Cause and effect dlazram S

.
.
.
.
.
v

nooe ’ .
1’ .
0
[
. .

Nu
N

Central 1line . . . . . . . . . . . . . . o . ... ..
Characteristic . . . . . . . . . . . . . . . . . . . ..
Classification . . . . . . . . . . . . . . . o . < . ..

f"nmnnh.nnn
« o s e s s e = e s o e e = = e

Consecutive . . . e e e - . ... 2.2.12
Contractor s goals ... e e e e e e e e e e e e e
Contractor’°s policy statement e e e e e e e e e e e e e
Control chart . . . . . . . . . . . . . . . e e oo ..

HOWDBTOWL &WNN -

(@]

[y
. 1]
L] [
-

NN NDOINDGONND NN

s s N
N ket ¢

N B NN & N B N NN

NNBBNNIS
W

.
Hab OB NNB &S

w

L]
-3

W
3

.
NN =N
.

Control chart format . . . . . . . . . . . . . . . . < .
Control 1limit . . . . . . . . . . . . o . . . . . . . ..
Coverage . . . . . & & i i e e e e e e e e e e e e e e .

>
.

.

DDA, GN S D

Cpratio . . . . . . . . . oL L o .o e e e e e e e 451 . . . 76
2 —— A ® _ | -4 o Ly £r ]
UpPK ravio . . - - - - e e e e e e e e e eR.0.L . . = I

Criteris for selecting SPC
Data analysis . . . . . . . . . . e e e e e e e e e e
Data entry and display features . . . . . . . . . . . . .
Definition of terms . . . . . . . . . - . . . .. e e e .
Description of proper SPC software . . . . . . . . . . .

ol et AL - o

%B-I.w UJ— WAWL .Llllﬂllbﬂ - - - - - - - - -

Detection . . . . &. ¢ i i i et e e e e e e e e e e e e
Diagnostic process audit . . . . . . . . . . . . . . ..
Distribution . . . . e e . e e e e e .
Education in problem-solving techniquea e e e e e e e e
Education in SPC statistical techniques . . . . . . . . .

Easentials . . . . . . . . ¢« ¢ ¢ ¢ & 4 i i et e e o
Evaluating the softuare supplier . . . . . . . . . . . . T.2 . . . ..

§
E
§
6!

W o
’
-~
o

L] . []

. .

N =

, (8]

L] .

. [ ]
[ ]

B 0 <}
o W W

1]
N s €D N OV LV =0 BN b o G ke D
. C

-

(o2]
. L}
- U

qwa-:&m»wusa)mmmm

>




TECHNICAL LIBRARY

MIL~HDBK-683(AT)
INDEX

PARAGRAPH PAGE
Evaluation guide for supplier s SPC software . . . . . . %5 R 80
Bvents log . . . . . . . & - ¢ o 4 i i e e e e e e e e 4.5.1 . ... 22
Example of how toconduct a PMRA . . . . . . . . . . . . 4.5.6.2 . 24
Facilitators (desirable - not mandatory) . . . . . . . . 4.6.6. ... 0
Failure mode and effects analysis (FMEA) . . . . . . . . 2.2.17 . . 5

4.5.6 . . . 23
Follow-up and corrective actionm . . . . . . . . . . . . . 57 . . ... 83
Gage ACCUTACY . - . = v =« v = = o« o = =« « = o o« o « o« « = 2.2.18 . . . 5
Gage linearity . . . . . . & & 4t 4 e 4 e e e e e e 2.2.19 ... .5
Gage repeatability (precision) . . . . . . . . . . . . . 2.2.20 . . .5
Gage reproducibility . . . . . . . . . . . . . . . o .. 2.2.23 . . .5
Gage stability . . . . . . . . ¢ ¢« . o 4 o o4 oo e 2.2.22 . .5
Gage B8YStem €rror . . . . . . & 4« e e e 4 e e e e e e e . 2.2.23 . . 5
Glossary . . . . . . .« . i i e e e e e e e e e e e e e 2.1 . . . . .. 3
Goals of SPC . . . . . . . . e e e e e e e e e e e e e 3.2. .. .. 15
Hardware considerations . . . . . . . . . . . . . . . . . 7.4 . . . .. 81
Histogram . . . . . . . . & © © v 4w o v e e e e e e e e 2.2.24 .. .95
Individual . . . . . . . . . . . . . i e e e e e 2.2.25 . . .5
Inspection and test capability analysis . . . . . . . . . 6.4.6 .. .. T7
Inspection and test capability studies . . . . . . . . . 2.2.26 . . . 5
Intended use . . . . . . . . . i i et e e e e e e e e 9.1. . ... 87
Interface with other software . . . . . . . . . . . . . . 7.3 . . . . . 81
Joint supplier review . . . . . . . . . . . . o . o o .. 5.4 . . _ . . 62
Location . . . . . . ¢ ¢t ¢ i 4 i e e e e e e e e e e e 2.2.2T . .. . 8
Management responsibilities . . . . . . . . . . . . . . . 5.3.1 . ... 60
Management structure . . . . . . . . . . . . . . . . .. 4.7.86 . . .33
Master milestone plan . . . . . . . . . . .+ ¢ ¢ < o ¢ o . 4.7.3 . . . . 32
Mean . . . . . . i e e e e e e e e e e e e e e e e e 2.2.28. .. . 86
Median . . . . . . . . . . . . e e e e e e e e e e e 2.2.29 . . . 8
Methods for evaluating a supplier”s SPC program . . . . . 5.1 . . . .. 60
Monitoring and surveillance of incoming products . . . . 5.8 . . . .. 84
Need for SPC consulting firm . . . . . . . . . . . . . . 8.2 .. ... 84
Never-ending improvement in quality and productivity . . 2.2.30 . . . . 68
Nonconforming units . . . . . . . . . . . . . . . . . - . 2.2.31. ... 6
Nonconformities . . . . . . . . . . . . . . . . . . . .. 2,232 .... 8
Normal distribution . . . . . . . . . . . . . o o .. .. 2.2.33 . . 6
Notes . . . . . . & & i e e e e e e e e e e e e e e e e 9. . . . . .. 87
Operational definition . . . . . . . . . . . . . . . .. 2.2.34 . . . 7
Organizational structure . . . . . . . . . . . . . . . . 4.6 . . . . . 26
Other types of SPCaudits . . . . . . . . - . . . . . . . 5.2 . . . .. 80
Pareto chart . . . . . . . . . ¢ ¢ ¢ v i e e e e e . 2.2.3 . ... 17

88

LA Sd ABSRIRE WASW L LAE J



TECHNICAL LIBRARY

MIL~HDBK-683(AT)
INDEX

PARAGRAPH PAGR

8

Performance improvement process . . . e e e e e e e e .
Pitfalls to implementing an SPC process e e e e e e e .

Pitfalis to implementing SPC techniques . . . . . . . . .

D0lcacmd & avece
riause vuurs - e @ & e e @ @ o e ® & e o e e

Preparation for the audlt e e e e e e e e e e e e e e
President’s quality council . . . . . . . . . . . . . ..
Prevention . . . . . . . . . . . . . . . .. v ee ..
Problem Bolving . . . . . . . . . . . . . . . o . o . ..
Problem solving techniques . . . . . . . . . . _ . . _ .
Procedure . . . . . . . . . . . . . i et e e e e e e e
Process . . . .. . e e . .
Process average . . . . . . . . . ¢ i i e e e e v o o .
Process capability analysis . . . . . . . . . . . . . .
Process capability studies . . . . . . . . . . . . . .
Process spread . . .

Project detail .
Project milestone plan . . . . . . _ _ . _ . _ _ .
Project teams . e e e e e e o
Quality target (attrlbute data only) e e e e e e e e e
Randomness . e e . .. e e e e e e e e e e e e e

.
)
.
.
.
.
.

»
[ 1N
'

.
.
.
"
.
.

[3
.
L]
L]
.
.

[y
1 ] .
. 1]
. 1]

ww»wwww@mmwmwww
B3B8, 84,
[ ]

BRANNDNNS & RN S OO BN
b O B b O

<i

1 )

N A

.
1] 1]
[ N -y

BB RN O -3 -
1] . 0

.
»
.
]
.
.

'(J')(OCDNDN-D-D:

~
]
*

Report formattlng e e
Results of the audit evaluatlon e e e e e e e e e e e

Roles and responaibilities of project teams . . . . . . .

) o "y
IR . e« o = e o o @ ® ® e e e * e @« o @ 2 .o e = = =

Run chart

[y
L]
.
0

b s GO
~N»on.

Sample . . . . - o e ... 22.8T. ...
Scope . . . e e e e e e e e e e e . “ e e e A

Selecting an SPC consultlng flrm e e e e e e e e e oo
Shape . . . . . . e e e e e e e e e e e e e e e e .

Q3o (4°)
olgma (6 . . . . e o o o o o ® o = o

Skills of the fac111tator e e e e e e e e e e e e e e
SPC implementation plan . . . . . . . . . . . . . . . . .
SPC implementation requirements . . . . . . . . . . . . .
SPC software advantages . . . . . . . . . . . . . . . . .
SPC software disadvantages . . . . . . . . . . . . . . .
Special cause . . . . . . . . . . . . .. 0 i e e e e
Specific goals . . . . . . .. ... ... ... ... 821 ...
Spec1flcat1on e e e e e e e e e e e e e e e e e e e e
Spread . . . . . . . . . . . L . .. a e
Stability . . . . . . . . . . . . . . . . . . ..
Stable proceas . . . . . . . . . . 4 . . o e o4 . -

Ctandand A satinn
M VQGLINAGL A ue""u\l&ull - - -

05
porrooo 8IS o8B udeelNaal8388 .

.o):l "-5
.
.
L]

WNO)‘O)#nhvbb»)N)UJHNl\’h-)oh-m
NNWNH YONNHEHENDNNO O S
. 1]

1]
]
13
13
]
-

o

-

L L]
PO

RN NN
MDA NN
b WN

L]

oo on



TECHNICAL LIBRARY

MIL-HDBK-683(AT)

INDRX

Statistic . . . . . . . . . . . o o o . - .
Statistical control . . . . . . e e e e e . . .
Statistical process control (SPC) . . . . . . .
Steering committees . . . . . . . . . . . . ..
Subgroup . . . . . . .. e e e e e e e
Subject term (key word) listing e e e e e e e .
Summary . . . . . e e e e e e e e e aee ..
Supersession data . . . . . . . . . . . . . ..
Supplier notification . . . . . . . . . . . . .
Supplier SPC philosophy and policy . . . . . .
Qvnfmfir‘ process e e e e e e e .
Symbols and their definitiona - e e e e e e e
Synergiam . . . . . . . . . . <« < . v e 4 - . -
Team . . . . . . . .. e e e e e e e e .
Team leader . . . . . « « ¢ v« =« = « « . - . .
Team leader s role and responsibilities . . . .
Technical data package (TDP) . . . _ . .

Topical conmtent . . . . . . . . . . . . .. .
Training plan . . . . - e e . e e e . .
Type 1 error (overcontrol) e e e e e e e .
Type 11 error (undercontrol) . . . .

Upper management involvement . . . . . . . . .
Variables control charts . . . . . . . . . . .
Variables data . . . . . . . . . . .. . ...
Variation . . . . . . . . . . . . . . .. .

91

:

|

D < O

ouo.n |
. 3 SU’*UI
.
[}
[]
.

N DO WIJWNBRWNDNONNN

3.2.3 ...
7.8 . . ..
7.9 L L.

N e B o B N B R U - O NGB DNNN

8.4.1 . . .
2.2.60 . . . .
1.3 .. ...
1.1 .
2.2.61 . . . .
2.2.62 . . .

4.2 ...
6.4.2.1 . . .
2.2.63 . . . .
2.2.64 . . . .

-

[{*)
~NO®MWwww

4}

RroB8

~N N

WK O



Custodian:
Army - AT

TECHNICAL LIBRARY

MIL-HDBK-683(AT)

P 7a B 1

YA, L 4
CUNULUDING [IALENIAL

92

- MNMITNIAAT Tavsm [ iravwy esAnaA )

Preparing activity:
Arsy - AT

(Project QCIC-A128)

1l2a®tawmer



o

TECHNICAL LIBRARY

FOLD

U,8. ARMY TARK - AUTOMOTIVE COMMAND

Tl CTA n~Nne
f‘\l 1Y, A%ouvuuo

WARREN, MICHIGAN 48397-5000

OFFICIAL BUSINESS
PENALTYY FOR PRIVATE USE $300

.S. ARMY TANK - AUTOMOTIVE COM)

3

AsswnENATIL

ATTN: AMSTA-GD
WARREN, MICHIGAN 48397-5000

fOoLo



TECHNICAL LIBRARY

STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

INSTRUCTIONS: This form is provided to soliicit beneficial comments which may improve this document and
enhanes itz nse. DoD contractors, government activities, manufacturers. vendors, or other nggnachve users of

the document are invited to mbmt comments to the government. Fold on lines on reverse side, staple in corner,

and send to preparing activity. Attach any pertinent data which may be of use in improving this document. If
Qh-— are Mdl'-nn-l nanere attach to form -nd nlm MQ‘\ inan -n-lng --IA-—-J to i_-_-rna_n_-:g _A‘J:G-n_qu -A‘

= pmpaTy Se=
response will be provided to the submitter, vhen name and address is provided, within 30 days indicating that
the 1426 was nuind and when any applopriau action on it will be complcud
il blmen l o

WISVAEDS . abe 1) s commd & b e 24 O e e A P
AN A K. lnl- lul'ln AR BV W UrFTu W wvuus r“'mu VI waivers, uvvl.uuul Of QATUICEWOon Us -pcuuwuwu

requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirements. AREA QCIC
[COCUMERT TOENTIFIER (Number) AND TITLE MYT _HDBK_683(AT); Statistical Process Control
(SPC) Implementation and Evaluation Aid

NAME OF ORGANIZATION AND ADDRESS OF SUBMI VTEH

0 venoor O usen [ manuracTuRER

1. D HAS ANY PART OF THE DOCUMENT CREATED PROBLEMS OR REQUIRED INTERPRETATION IN PROCUREMENT

USE? D S ANY PART OF IT TOO RIGID, RESTRICTIVE, LOOSE OR AMBIGUOUS? PLEASE EXFPLAIN BELOW.
S

A s
~ vV e

B. AECOMMENDED WORDING CHANGE

(]
]
[LJ
»
"
Q
4
n
Q
D
]
m
0
Q
4
£
m
2z
2
m
(o]
0
'
»
4
'l
m
]

—

2. REMARKS

SUBMITYTED BY (Printed or typed name and addreas — Op flonal) ELEPHONE NO.

< -
A
Iy




