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STATISTICAL PROCESS CONTROL 

M i c h a e 1 H u f f ma n 
Industries of all types feel the effects of competition, 

costly resources, poor quality, and countless other negative 
factors. There is no doubt that if an industry is to prosper 
i nth e ma r k e t pIa c e , at ten t ion nee d s t 0 be par tic u 1 a r 1 y 
f 0 c use don the sub j e c t 0 f qua 1 i t y • T r end s t 0 com bat qua lit y 
problems include management techniques and statistical 
observations of production methods. The technique of 
statistical process control (SPC) is a major tool used in 
reducing waste and improving productivity. An understanding 
of this topic is essential for all associated with productive 
effor ts. 

A t r a d i t ion a 1 a p pro a c h t 0 ma n u f act uri n g i s t 0 de pen don 
pro d u c t ion t 0 ma k e the pro d u c tan don qua 1 i t Y con t r 0 1 t 0 

inspect the final product and screen out those items not 
meeting required specifications. This is a strategy of 
de t e c t ion. Un for t un ate 1 y, i tis qui t e wa s t e f u 1 • Ma t e ria 1 s 
and labor are allowed to be invested in products which are 
not always useable. After-the-fact inspection is 
uneconomical; it is expensive, unreliable, and wasteful of 
vital resources. 

It is much more effective to avoid 
producing these out-of-specification parts 
place; the strategy of prevention. This is 
controlling the production effort (Fig. 1). 
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A PRCX:ESS CCNTROL SYSTEM 

A process control system can be described as a feedback 
system. Four elements of that system are key: 

1) The pro c e s s - By pro c e s s we me ant he wh ole 
combination of people, machines, materials, 
methods and the shop environment that work 
together to produce output. 

2) Information about performance-Much 
informat ion about the actual performance of the 
process can be learned by studying the process 
output. The process output includes the products 
p 1 us fa c tor s s u c has temp era t u res, c y c let i me s , 
etc. 

3) Action on the processing-Changes on the 
system is future-oriented. This action might 
consist of changes in operations (e.g., operator 
training, changes to incoming material) or the 
mo reb a sic e 1 eme n t s 0 f the pro c e s sit s elf ( e • g • , 
the e qui pme n t ) • 

4) Act ion on the output-Act ion on the output 
is past-oriented. Unfortunately, if output does 
not meet specifications consistently it may be 
necessary to sort all products and to scrap or 
rework the items not conforming to requirements. 

It is obvious that inspection followed by action only on 
the 0 u t put i sap 00 r sub s tit ute for e f f e c t i ve fir s t - time 
process performance. Therefore, implementation of a control 
system is a vital tool to developing a more consistent and 
ma r k eta b leo u t put. Know led g e 0 f the SPC s y stem i s e sse n t i a 1 
to increase efficiency and profitability in any enterprise. 

FUNDAMENTAL CONCEPTS 

Statistics is the collection, tabulation, and 
interpretation of data. One of the primary objectives in 
using statistics is to render a decision. But no decision 
can accurately be made without a basic understanding of some 
fundamental concepts. 

In statistical work we are concerned with populations of 
objects, parts, _people, trials, or measurements. Each 
individual in the population can be characterized by a) a 
variable such as length, weight or strength, or b) can 
possess one or more attributes, such as, being defect free or 
having one or more defects. It is impor tant to keep in mind 
whether the collection is a variable measurement or attribute 
data. 

Sampling is often done for speed, economy and sometimes 
be c a use i tis the 0 n 1 y wa y to de t e r min e a f eat u r e (l ike i n 
des t r u c t i vet est s ) • Pro b a b 1 Y the mo s t bas i c que s t ion ina 1 1 
of statistics is the relationship between the sample and the 
population from which it comes. How does the population 
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determine what to expect of the samples from it, and what 
does the sample tell about the population? Of course neither 
question has any answers unless the the samples are drawn in 
an approved, un-biased manner, usually and hopefully at 
ran d om • The 0 b j e c t i ve 0 f s amp 1 i n g i s too b t a i n e v ide n c e 
abo u t the pop u 1 a t ion fro m wh i chi tis d raw n • The rea son for 
obtaining this knowledge is to make some decision regarding 
the popu lat ion so we want the informat ion from the samp Ie to 
represent as precisely as possible the true nature of the 
entire population. 

I nor de r toe f f e c t i vel y use pro c e s s con t r a 1 me a sur eme n t 
data, it is also important to understand the concept of 
var iat ion. No two products or character ist ics are exact ly 
alike because any production process contains many sources of 
v a ria b iii t y ( Fig. 2 ) . The d iff ere n c e s amo n g pro d u c t s ma y be 
large or unmeasurably small, but they are always present. 
The diameter of a machined shaft for example, would be 
susceptible to potential variation from the machine 
( c 1 ear en c e s, be a r i n g we a r ), tool ( s t r eng t h, rat e 0 f we a r ) , 
material (diameter, hardness), operator (part feed, 
a c cur a c y ) , ma i n ten a n c e ( 1 u b ric a t ion, rep 1 a c eme n t ) , and 
environment (temperature, consistency of power supply), etc. 
Some sources of variation in the process are short run 
pie c e - t 0 - pie c e d iff ere n c e s wh i 1 eat her sou r c est end t 0 c a use 
changes in the product over a longer period of time. 
Therefore, the time period and conditions over which 
measurements are made will affect the amount of total 
variation that wi 11 be measured. 

From a product specification standpoint, the only 
concern is with the total variation regardless of source. 
However, to manage any manufacturing process the total 

All items vary to some degree from similar items. 

FIG. 2 



variation must be traced back to its sources. The first step 
is to make a distinction between comnon and special causes. 
Comnon causes refer to the many sources of variation within a 
pro c e sst hat i sun d e r con t r 0 1 . Wh i 1 e the i n d i v i d u a 1 val u e s 
are all different, as a group they can be predicted; this can 
be described as a distribution (Fig. 3). Special causes 
refer to any factors causing variation which cannot be 
adequately described by any single distribution. Unless all 
special causes of variation are identified and corrected, 
they wi 11 continue to affect the process output in 
unpredictable ways. 

A 1 tho ugh can t r 0 1 c h art s are mo s t 0 f ten tho ugh t 0 fin 
terms of variables, versions have also been developed for 
attributes. Attribute-type data have only two values 
(conforming/nonconforming, pass/fail, go/no go, 
present/absent) but they can be counted for recording and 
analysis. For example, the glass cover on a pressure guage 
is either cracked or it is not. Many types of extremes are 
important considerations in a manufacturing process. 

Representation of sample data by means of a frequency 
distribution is always bulky, frequently time-consuming, and 
some time s m i s 1 e a din g . Some for m of s tat i s tic a 1 rep res en t -
ation is necessary. This always requires at least two 
n um b e r s, 0 r s tat i s tic s, 0 net 0 me a sur e the c e n t r a 1 ten dan c y 
oft h e d a t a and a not her t a me a sur e the s pre a dar dis per s ion . 

DISTRIBUTIONS 

Pieces vary from each other: 

But they form a pattern that, if stable, is called a distribution: 

Distribut~ons cal differ in: 
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The mo s t co rTTn anI y use d me a sur e of c e n t r a 1 ten dan c y i s 
the me a n ( rep res e n ted by an" x" ). I n pop u 1 a rIa n g u age the 
word "average" usually implies the technical phrase 
arithmetic mean. Some knowledge about the nature of the 
population of values comes from a measure of central 
tendency. But simply knowing a "typical" value is often not 
enough; that is, we might like to know whether all values 
we r e can c e n t rat e d at the a ve rag ear s pre a d out all a v e r the 
p lac e • We wo u 1 d 1 ike ani n d i cat ion a f h ow v a ria b 1 e the bod Y 
of data tends to be. Because of the desirablity of less 
sophisticated measures, quality control people use the 
variability measure known as the "range". The range of any 
sample is the difference between the highest and the lowest 
values in the sample. 

On e 1 as t con c e p t the a n a 1 y s t m u stu n d e r s tan din or de r to 
control the process is the control limit. Control limits are 
statistically established to aid in the interpretation for 
process control. Control limits are NOT specification 
limits. They are set by simple statistical calculations from 
the output itself. The control limits do help signal 
problems that cause a net loss. The loss can result from two 
COrTTnon mistakes made by a typical production workers: 

l) Ad jus t the ma chi n e wh e nit wo u 1 d be bet t e r tal e a ve 
it alone. 

2 ) F ail t a a d jus t the ma chi n ear wo r k wh e nit nee d s 
adjustment. 

Examples of control limits 

OUT OF CONTROL 
(SPECIAL CAUSES PRESENT) 

rt"' ./ 
I I Y" 

I ~ \/ 

IN CONTROL 
(SPECIAL CAUSES ELIMINATED) 

FIG. 4 



With the factors of variation, attributes, distribution, 
means, range, population vs. samples, and control limits in 
mind, the process engineer can proceed to use thi s data to 
their advantage. We may now examine the major tool that 
b r i n gsa 1 1 0 f the sec 0 n c e p t sin to use a b 1 e for m , the "S h ew art 
Control Chart". In spite of the apparent simplicity many 
engineers, production personnel, and inspectors find that the 
use of it calls for an entirely new point of view. 

n£ exNTROL CHART 

I n 1 9 2 4 , Wa 1 t erA. S h ewh art 0 f Bel 1 Tel e ph 0 n e 
Laboratories originated the technique of plotting statistical 
d a tao n s p e cia 1 c h art sin s u c h a ma nne r as t 0 con t rib ute t 0 

the control of quality. The power of the Shewhart technique 
lies in its ability to separate out the special causes of 
variation from the system causes. This makes possible the 
d i a g nos i san d cor r e c t ion 0 f ma n y pro d u c t ion t r 0 u b 1 e san d 
often br ings substant ial improvements in product qual i ty and 
reduction of spoilage and/or rework. Furthermore, by 
identifying some of the quality variations as inevitable 
c han c e v a ria t ion s, the con t r 0 1 c h art tel 1 s wh e n t 0 lea vet h e 
process alone and thus prevents unnecessary adjustments that 
tend to increase the var iabi 1 i ty of the process rather than 
to decrease it. 

T y pic alp rod u c t ion wo r k e r s 0 f ten p lot the s tat i s tic a 1 
charts that help tell them whether and when to take action on 
their work. This requires only a simple knowledge of 
arithmetic. However, the production worker cannot devise and 
implement his own charting system. Management must start the 
movement and direct the job. 

VARIABLE ~TROL CHARTS 

Control charts for variables are powerful tools that can 
be use d wh e n me a sur eme n t s from apr 0 c e s s are a v ail i a b 1 e ( Fig. 
5). Examples would be the diameter of a bearing, the closing 
effort of a door or the torque of a fastener. Variable 
charts-and especially their most conmon forms, the x (x-bar) 
and R charts-represent the classic application of control 
charting to process control. Variables charts are typically 
used for the most important characteristics of a product, and 
for characteristics under study for quality improvement. 
Contro 1 charts for var iables are almost always prepared and 
analyzed in pairs; one chart for the process central location 
and another for the process spread. The "x" refers to the 
average of the values in small subgroups (a measure of 
central location); "R" is the range or "spread"of values 
within each subgroup (highest minus lowest). 
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- A TYPICAL CONTROL CHART 
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A X chart and R chart, as a pair, represent a single 
product charateristic. These data are reported in small 
subgroups, usually including from 2 to 5 consecutive pieces, 
with subgroups taken periodically (e.g., once every fifteen 
mi nutes, twi ce per sh if t, etc.). The recomended proceedure 
inc Iud est he f 0 I low i n g (r e fer to Fig. 5): 

Step 
recorded, 
plan. 

a) 

b) 

c) 

d) 

One, the inspect ion data must 
and plotted on a chart according 

Select the subgroup period and 
s i z e. 

Set up control charts and record raw 

Calculate the average ( x) and the 
(R) of each subgroup. 

Select scales for the control charts 

be gathered, 
to a def inate 

sample 

data. 

range 

e) Plot the averages and ranges on the 
control charts. 

Step Two, calculate the control limits. Control limits 
for the range chart are developed first followed by 
specifying those for the chart of averages. The calculations 
o f con t r 0 1 lim its for v a ria b 1 esc h art sus e for m u las wh i c h can 
be found in any S.P.C. handbook. The factors used vary 
according to sample size. This step should be calculated and 
a n a 1 y zed by ma nag eme n t . The sub s t e p s are as f 0 1 low s : 

a) Ca 1 c u 1 ate the .Jlverage range and the 
process average (x) for the study period. 

b) Calculate the control limits: control 
lim its are cal cuI ate d to show the ext en t 
by wh i c h the sub g r 0 up a v era g e san d ran g e s 
would vary if only cornnon causes of 
v a ria t ion we rep res e n t . Bot h the up per 
control limit (UCL) and lower control 
lim i t ( LCL) are cal c u 1 ate d . 0 raw lin e s 
for the averages and contro 1 1 imi ts on the 
charts. 

Step Three, interpret for process contro'l. The control 
limits can be interpreted as follows: If the process 
pie c e - to - pie c e va ria b i lit y and the pro c e s s a v era g e we ret 0 

remain constant at their present levels (as estimated by R 
and x respectively), the individual subgroup ranges (R) and 
a ve rag e s (x) wo u 1 d va r y by c han c e a 1 0 n e , but the y wo u 1 d 
seldom go beyond the control limits. The objective of 



CXJ-.ITROL CHARTS FCR ATTRI BUTES 

A 1 tho ugh can t r a 1 c h art s are mo s t oft en tho ugh t a fin 
terms of variables, other versions have also been developed 
for attr i bute:3. There are four types of attr i bute contra 1 
charts: 

A. The p char t for propor t i on of un its no t can formi ng 
(from samples not necessarily of constant size). 

B. The np chart for proportion of units not conforming 
(from samples of constant size). 

C . The c c h art for n um b era f non - can for mit i e s (f rom 
samples of constant size). 

D . The u c h art for n um b era f non - can for mit i e s per un i t 
(from samples not necessarily of constant size). 

These charts are quite simi lar to the development and 
analysis of the x and R charts, although only one graph is 
constructed (instead of two). Attribute charts are comnonly 
thought of in terms of product control, but can easily be 
used for process control. 

'''"-------

Attribute data is easily collected and plotted. 
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THE OEM I NG tvETHOD 

Obviously, the Shewart Control Chart is not much good 
without a practical method for its use. Companies have been 
a b 1 e t 0 use t his c h art and mo vet 0 a m u c h h i g her pIa tea u 0 f 
quality and productivity through the introduction of the 
Deming Method. Dr. W. Edwards Deming began to develop the 
ideas that led to his 14 point method during one of his first 
job sin the 1920's a t We s t ern E 1 e c t ric's Haw tho r n e PIa n tin 
Chicago. The 14 points cover all aspects of quality. Some 
of his ide ass e em 0 b v i 0 us wh i 1 e 0 the r s r e qui rea new 
a p pro a c h • For e x amp 1 e, he u r g est h eel i min a t ion 0 f wo r k 
standards that prescribe numerical quotas. Not only do 
quotas disregard quality, they put a ceiling on production 
(point 11). Point 4 says companies should not choose 
suppliers on the basis of price alone, but instead should 
con sid e r qua 1 i t y • But the he art 0 f D em i n g 's me tho d for 
achieving high quality is statistical. Deming gets clients 
fir s t t 0 b r i n g the ma n u f act uri n g pro c e s sun d e r s tat i s tic a 1 
control by eliminating the chaos of special causes, then has 
them work on the common causes by tinkering with the system 
and con sis ten t 1 y me a sur i n g its e f f e c t s • Us i n g the 5 h ewh art 
chart, Deming shows clients a systematic method for measuring 
these variations, finding out what causes them, reducing 
them, and so steadi ly improving the process and thereby the 
product. The Deming Method has enormous potential for all 
industries because it offers the possibility of greatly 
improving both quality and productivity. The bottom line is 
that it works! This has been verified by countless success 
stories from all areas of business. The determining factor 
b e h i n d s u c c e s s 0 r f ail i u rei s the ext e n t t 0 wh i c h top 
management commits itself to the understanding, implementing 
and support of the system. 

CXJvPUTERS IN PROCESS CO'ITROL 

Advances in electronics and computers have enabled 
industries to attain better control of their processes with 
resulting increases in quality, productivity, profitability 
and compliance to regulations. The important functions for 
computers in process control are measurement, control, signal 
processing, actuation and communication. 

Measurement refers to the sensing of variables such as 
flow rate, temperature, pressure, and chemical composition 
and t ran s m iss ion 0 f t his i n for ma t ion tot h e con t r 0 1 I e r • 
Control is an important decision-making operation. It 
involves use of the control chart and determining the action 
to take or not to take on the operation. Actuation is the 
means by which variables are manipulated. Typical actuators 
are val ve s, he ate r s, mo tor s , sol en i 0 d s , and h y d r a u I i cor 
pneumat ic cyl inders. Whi Ie electronic devices have improved 
d r a s tic a I 1 y, sen s a r san d act u a tor s h a ve pro g res sed a t a rno r e 
modest pace. Major improvements in computer-assisted process 
controls await advances in sensor technology and software. 



COrTlTlunication is the bonus in SPC work done on 
computers. COrTlTlunication includes the presentation of 
information to the operators as well as the transmission of 
important variables to plant management. Data can be 
gathered and transmitted at the local level several ways. 
Operators can read the data and type it into a terminal or 
sensors can feed in data on a continuous basis. In some 
cases the computer can make adjustments with no interference 
if certain instructions are prograrTlTled into the system. 

Industries recognized early the value of the computer in 
graphing statistical data. From the operators standpoint, a 
graphic display of a statistical control chart is a window to 
the pro c e s s • Wit h the i n for ma t ion pre sen ted 0 nth esc r e en 
variables may be followed more closely. Moreover, operators 
have the the ability to call up process charts and stud'y the 
o ve r all pro c e s s 0 r simp 1 y f 0 c u son 0 n e 0 r mo rei n d i v i d u a 1 
operations. The integration of computers is very 
advantageous in all aspects of production. Using computers 
t 0 mo nit 0 r the pro d u c t ion e f for t s, i t po s sib 1 e to h a vet h e 
pro c e s s con t r 0 lIe d, reg u 1 ate d, and doc ume n ted wit h 1 itt 1 e 0 r 
no interference. Also, all of the individual operations can 
be integrated into a complete system. This results in a 
significant increase in both quality and productivity. 
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