
CHAPTER 3
Process Capability versus Process Control

This first part o f  chapter is talk ing about the process perform ance and process  
capability, short term and long term data and the con clu sion  b etw een  control and 
capability charts. The second  part sh ow s the current problem  and its analysis.

3.1 Causes of variation

In the production process, som e am ount o f  natural variability  w ill a lw ays  
exist. This natural variability is cum ulative e ffec t o f  unavoidable causes. In statistical 
quality control, this natural variability is  called  a random  cause o f  variation. A  process  
w ith  on ly  random  cause o f  variation is said to  be in statistical control. A nother kind o f  
variability m ay be presented in the output o f  the process. This variability is usu ally  
arises from  three sources, m achines, operator, and raw material. T his variability is 
generally  large w h en  com pared to the background noise. The cau ses o f  th ose  variables  
are called  assign ab le  cause. A  p rocess that is operating in the presence o f  assignable  
causes is said to  be out o f  control.

3.2 Process capability and process performance.

P rocess capability and process perform ance are to assess a p rocess relative to 
sp ecification . A  custom er m ight set a process capability targets and ask the suppliers 
for the lev e l o f  conform ance to the targets.

P rocess C apability is the 6 G range o f  a p ro cess’s inherent variation, for 

statistically  stable p rocess on ly  w h en  a  is u su ally  estim ated  by d  2
P rocess Perform ance is the 6 a  range o f  a p ro cess’s total variation, w here a  is 

usually estim ated  by ร, the sam ple standard deviation.
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The index b e lo w  sh ow s the description o f  each  sym b ol used  in this chapter.

Cp is the capability index w h ich  is defined  as the tolerance w idth  d iv ided  by 
the process capability, irrespective o f  process centering. This described  the a llow ab le  
tolerance spread to  the actual spread o f  the data w hen  the data fo llo w  a normal 
distribution. This relationship  is

_  U S L - L S L  p 6 a
W here U S L  and L SL  are upper sp ecification  lim it and low er sp ecifica tion  lim it and 
6 a  represent the range or spread o f  the process. The standard deviation, G s t , in this 
equation calcu lates from  short term data w h ich  w ill be described later in section  3.3.

Figure 3-1 N orm al d istribution curve.

Cpk is the capability in d ex  w h ich  accounts for process centering. It relates the 
scaled  distance betw een  the process m ean and the c lo sest sp ecification  lim it to half 
the total p rocess spread w h ich  can be calcu lated  by the m inim um  va lu e o f  2 
quantities.

Cp, = min U SL  -  เน3<jst
/LI -  L S L

3cr 57.

Pp is the perform ance index w h ich  defined  as the tolerance w idth  d ivided  by 
the process perform ance, irrespective o f  p rocess centering. T ypica lly , this is expressed  
as the tolerance w idth  d iv ided  by six  tim es the sam ple standard deviation. It should be



used  only to com pare to or with Cp and Cpk and to  m easure and prioritize 
im provem ent over tim e, som etim es called  long term capability or perform ance index. 
The calcu lation  form ula w a s show n below .

_ U SL -L SL
"  = ° L T

W here other va lues are the sam e as Cp excep t G LT- This a  is calcu lated  using long  
term data (see  section  3 .3).

Ppk is the perform ance in d ex  w h ich  accounts for process centering by the sam e  
sen se as Cpk and to  m easure and prioritize im provem ent over tim e. T he calcu lation  
form ula w as sh ow n  b elow .
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Ppk=  min USL-JU ̂(7lt jLi -  LSL 
3crL7,

The intent o f  process capability is not to address directly h ow  w ell a process is 
executin g  relative to the needs o f  the custom er. Process capability con siders short 
term variability. A  long term variability assessm en t attempts to address d irectly h ow  
w ell the p rocess is perform ing relative to the needs o f  the custom er.

P rocess capability in d ices Cp and Cpk typ ica lly  assess the potential short term  
capability by u sin g  a short term standard d eviation  estim ate. On the other hand, Pp and 
Ppk typ ica lly  are long term  capability by u sin g a lon g  term standard d eviation  estim ate  
w h ile  som etim es Pp and Ppk are referred to process perform ance.

Z - D istribution T he capability can be described u sin g the distance o f  the 
p rocess average from  sp ecifica tion  lim its in standard d eviation  units or z  from  the 
standardized norm al curve. The calcu lation  form ula for this z  va lu e w as show n  
b elow .

ÛSL USL -  JU

cr
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/ /  -  L S L
'LSL

W hen a process is in statistical control and is norm ally d istributed, calculated 
z  values can be used to  estim ate the proportion o f  output beyond any specification. 
W hen talking about z  score, w e are norm ally talk about m inim um  z  score. There is a 
relationship betw een Cpkand Ppk w ith z  score w as shown below

c pk = ■'^™๒ for short term  data 

Ppk = for long term  data

3.3 Long term and Short term data.
The chart that show s the quality o f  the products w as sim ulated and show n below  to 
m ake the concept o f  G in each calculation clearer.

Figure 3-2 The plotted of raw data

The variance o f  the overall process can be calculated by the form ula below
2 _  2 ^  2 

^  ^ within ^~ ^ between

W hen a 2b e tw e e n is  the variance betw een subgroup and a 2within is the variance w ithin 
subgroup. For sim plicity, le t’s assum e that every subgroup has the sam e size. The 
calculation form ula o f  a 2within w as show n below.

(7, + 0 \  +
within

a2ท
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A s stated above about the calculation o f  CT that the total a  have to  con sist o f  
both w ithin and b etw een  subgroup. The point that is the d ifferent point b etw een  short 
term and lon g  term calcu lation  w as show n b elow .

For short term data, the CTbctwceuWas considered  to be equal to  0, so  the value o f  
total CT is on ly  based on  CTvvithin.

For long term data, the CT is concern  in both CTbetween and CTwithin.

3.3.1 T yp e o f p rocess that con sid ered  as has sh ort term  data.

The p rocess that is considered  to have short term data m ay have the situation as 
listed  below .

a  Free o f  assign ab le cause, 
a  R epresent the e ffect o f  random cause only, 
à  C ollected  across a narrow inference space.
□  A cross on e shift o f  production.
□  U sin g  on ly  one m achine.
□  U sin g  on ly  one operator.
□  U sin g  raw com p onen t from on ly  one lot o f  material.

From the criteria above, it can be seen that very few  process have ability  to  
provide true short term sam ple.

3.3 .2  T yp e o f p rocess that con sid ered  as has long term  data.

The p rocess that is considered  to have long term data m ay have the situation as 
listed  b elow .

□  R eflects the in flu en ce o f  random cau ses as w ell as assign ab le cause.
□  Taken across a broad inference space.
□  A cross m any sh ifts o f  production.
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□  U sin g  m any m achines
□  W ith  m any operators
□  U sin g  m any lo ts o f  raw material.

In m ost process, the data that is co llected  is c lo se  to  long term data.

3.3 .3  P rocess cap ab ility  o f  the co llected  data

From  appendix, the process capability o f  this m anufacturing p rocess can be 
calculated from  the estim ated z  value. A s seen  in section  3 .2  that the process  
capability and z  va lu e  has relationship to  each other. The data cam e from  m any sifts 
o f  operation, m any m achines and m any operators. Thus, from  the criteria that 
explained  in section  3 .3 , w e  can conclude that data used in this research is long term  
data.

The calcu lation  process is sh ow n  as listed  below .
1. C alcu late average process m ean. From  the data in appendix, the average o f  

the overall data is equal to  0 .196 .
2. Find the z  level o f  this va lu e by look in g  at the z  table. Thus, z  is equal to  

0 .804 . It m eans the U S L  or L SL  o f  the process is 0 .8 0 4  a  aw ay from  
p rocess m ean by assum ing that process are on  target that is m ean is at 
center o f  sp ecification  lim it.

3. Therefore,
7 _ m L _ ± J ^ L = 0 8 0 4

W hen com pare w ith  the defin ition  o f  Ppk in section  3.2,
U S L -  f t  f t - L S L

3 a LT ’ 3 a LT
Then w e  can con clud e that Ppk can be approxim ated from  z  lev e l by 

P pk = - - - - -  for long term data

From  the data that is calculated above, the Ppk is equal to  0.804/3 = 0.268

P p k  = m i n
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3.4 Capability and Control Process.

From  section..3.2, the definition o f  process capability  (Cp and/or Pp) and process 
perform ance (Cpk and/or Ppk) require specifications (U SL and LSL). In creating 
control chart, 3 lines are defined, i.e., U pper control limit, low er control lim it , and 
center line. All o f  these lines are calculated from  process (collected data), not the 
specification. Since control lim its has nothing related to specification. Therefore, no 
relationship exists betw een control and capability  chart. In fact, one can show  that the 
follow ing conclusions betw een control and capability charts, i.e.

1. Process in control and capable. This chart show s the process that all data align in 
control lim its and does not have any point out o f  specification lim its show n in 
figure 3-3. 2

Figure 3-3 C ontrol chart that show s the ill control and capable process.

2. Process in control but not capable. F igure 3-4 show s the process that all the 
variables are in control but have som e points out o f  specification.
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Figure 3-4 Control chart that show s process that in control but not capable.

3. P rocess out o f  control but capable. The chart sh ow s the alignm ent o f  data that has 
som e points out o f  control but still in sp ecifica tion  lim its in figure 3-5

USL 
UCL

CL * 4

LCL 
LSL

Figure 3-5 T he process is out o f control but still capable.

4. P rocess is not capable and out o f  control. The chart that sh ow s p rocess that is out 
o f  control and align  beyond  the sp ecification  lim its show n in figure 3-6.

Figure 3-6 the process that out o f control and not capable.
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3.5 Existing problem.

The case  factory is a harddrive m anufacturer. The problem  is about the test 
perform ance o f  the electrical tester in test department.

3.5.1  C u rren t m ethod .

H ead G im bal A ssem bly m anufacturing process
The H G A  m anufacturing process chart is show n in the flow chart b elow . From  

the flow chart, w e  can see that the electrical testing process is one o f  the im portant in 
the process.

Electrical T ester

H ead G im bal A ssem b ly  or H G A  is one o f  the very im portant com ponent o f  
hard drive w h ich  con sists o f  3 main com p onen ts w hich  are slider, flexture, and wire. 
The testin g on  H G A  is first done by testin g on w afer w h ich  w ill be transform ed to be 
a slider. At this process, the w afer is tested  by static test.

The next process is to test w hether the flexture can fly  on  the d isc or not. At 
this stage, there are 2 testing processes, the fly  height test and electrical head response  
test.

F ly height test is done by the fly tester used to test the ability o f  fly in g  w hen  
com p osed  on  flexture.

The electrical tester is the tester used to test the response o f  H G A  on the m edia  
w h en  the signal is sent to the H G A  to w rite on the disc and w h en  send signal back  
from  H G A .



(  Ship HGA ~)

Figure 3-7 O peration flow chart
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3.5 .2  C u rren t test p roced ure.

■  The current m ethod is to test 50 H G A  every hour.
■  Find the m ean va lu e o f  the pass percentage o f  this 50 H G A.
■  P lot in p-chart.

The im portant point in this current situation is the data used to calcu late the 
control lim its o f  this chart. T hey d idn’t use the current data to calcu late control lim its. 
T hey u se  data o f  last 2 shifts to calculate control lim it and detect the point that beyond  
the control lim its in real tim e process. The control lim its w ill be changed  every shift. 
This w ill help en gineers to visual the p rocess by look in g  at the point that beyond the 
control lim its and take action at that tim e. The problem  at this point is the recalculate  
o f  control lim its at the current situation m ay not be the m ost effic ien t w ay  to do. So, 
this research is to find the m ost suitable point o f  tim e to  recalculate control lim its w ith  
supported theory w h ich  w ill g iv e  the m ost effic ien t result.

There are a lot o f  factors in the E lectrical testing p rocess and also the test is 
done w ith  m any testers in the sam e tim e, also the fraction non conform ing is not low . 
T hat’s w h y SPC w ill be u sefu l in  this stage.

3.6 Problem analysis.
In the ex istin g  system  o f  electric tester for the H G A  m anufacturing line, the 

com pany use a softw are to calcu late it.

This softw are is current used  to autom atically calcu late the control lim it o f  p- 
chart and w ill recalcu late the control lim its continuously.

3.6.1 T h e ca lcu la tin g  p roced u re o f the ex istin g  system .

1) Set up control chart for nonconform ing by u sin g  the data from  the last 2 
shifts to  calcu late center line, U pper Control L im it, and L ow er Control
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Lim it. T he calcu lation  o f  control lim its is usin g the range o f  0 .7cr  from  the 
center line. The calcu lation  is u sin g the form ula sh ow n  b elow .

p  in th is calcu lation  represents the fraction o f  nonconform ing item s

2) Transform  the n onconform ing center line, U pper Control L im it, and L ow er  
C ontrol L im it to the conform ing va lu e by u sin g  the form ula b elow . 

Fraction for conform ing Fraction for nonconform ing

Fraction for conform ing = 1 - Fraction for nonconform  ing

3) C o llects data for every hours from  50 E lectrical Tester.

4 ) C alcu late the percent o f  con form ing parts w hich  is calcu lated  by the parts 
passed the test d ivided by all tested  parts m ultip ly by 100. The form ula for 
calcu late the percent o f  con form ing parts is show n b elow . 5 6

parts the pass the test X 100 
all tested  parts

5) P lot the percent o f  conform ing parts in the chart.

6) The points that have low er y ield  than the control lim its w ill be indicated in 
the com puter screen o f  the engineer for them  to go  into the production line  
to take action im m ediately. T his is due to there m ust be anything w ron g in  
the production line or the testing equipm ent.
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7) I f  there is nothing w ron g in the testin g process, the com puter screen w ill 
ind icate the percentage o f  con form ing parts as a normal colour. The 
engineer d oes not have to  do anything w ith  the process.

8) A fter the end o f  the shift, the control lim its w ill be calcu lated  again by 
usin g the data o f  the last 2 shifts. So, the control lim its and centerline o f  
the charts w ill be set as a new  control chart. This m eans the control charts 
w ill be changed  in every shift.

3.6 .2  A d van tages o f  the ex istin g  system .

■  It can detect the point that beyond the control lim it to let the engineer g o es  into 
the production line to  take action im m ediately. T his is b ecau se the detection  
system  o f  the program w ill ind icate and warn the engineers on  the com puter 
screen  about the points that has lo w  yield  im m ediately.

■  It can sim ultaneously  calcu late the control lim its. D u e to the description  
above, the calcu lation  o f  the control lim its and centerline w ill be done in every  
shift by u sin g  the data o f  last 2 shifts, the control chart w ill be set up every  
shift o f  the m anufacturing system . T his w ill ensure the system  that the control 
lim its w ill be set up due to the data o f  the latest m anufacturing com ponents.

3.6 .3  D isad van tages o f  the ex isting  system .

□  D u e to  the lo g ic  o f  the system  show n above, this system  w ill recalcu late the 
control lim its and centerline in every shift, no matter anything or any change  
has occurred in the system  or not. I f  there is any change in the process such as 
the m achine changing or n ew ly  trained operator that w ill m ake the points 
low er than norm al points, the calcu lating o f  the next 2 sh ifts control lim its w ill 
be d ifferen ce from  the normal control lim its. This is not a good  control system  
in the SPC w ay.
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□  T his system  w ill on ly  detects the lo w  percentage points o f  the conform ing  
parts, not the high percentage points. T his is not a good  w a y  o f  control the 
p rocess b ecau se not all the high fraction conform ing points are attributable to 
im proved  quality. It m ay represent the errors in testers.

□  The lo g ic  o f  com puting control lim its, centerline, and also  the data that used to  
calcu late them  are not the w a y  that has any statistical theory support the w ay  
o f  calculating. The reconstruct o f  control chart in every shift by assum e that its 
m ean has shifted  in every shift o f  operation m ay not be correct. This has not 
been  proven  by any statistical hypothesis.
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