
CHAPTER 5 
Test of model

In this chapter, the testing o f  the d evelop ed  m odel w ill be tested  to  prove that 
the m odel can w ork  w e ll to  detect the shift in m ean o f  the process. D u e to  the theory  
o f  the p-chart, control lim its o f  this chart are based on m ean o f  the process and the 
sam ple size. B ut as w e  described in the p revious chapter that the sam ple s ize  o f  the 
electric tester is constant to  50, so on ly the shift o f  p rocess m ean w ill be concerned. 
So, the detection  o f  m ean o f  the process w ill leads to  the suitable point to  change the 
control lim its.

5.1 Testing procedure
1) Input data to  the spreadsheet program.
2 ) Find the point that indicate the shift o f  the process by u se  the h yp oth esis test that 

is described  in the m odel.
3) C om pare to  the real v isu a l system .

The spreadsheet program that is used  in this chapter is M icroso ft E xcel.

The testin g p rocesses are d ivided  into 3 section s that are.
□  T est w ith  the generated random data.
□  T est w ith  actual data form  the m anufacturing process.
□  C om pare w ith  the current m ethod.

5.2 Generate random data.
A s m entioned  in  the p revious chapter, the random ly generated data is very  

im portant to ensure that the m od el w ork s in the right w a y  before go in g  to  the further 
step. The generated random data is generating from  com puter softw are named  
M icrosoft E x cel w h ich  is a very pow erfu l spreadsheet calcu lation  softw are. The 
generating is set to generate o f  b inom ial distribution num ber to be the analysed data. 
This is b ecau se the data that used to analyse in p-chart cam e from  the “ su ccess” or
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“failure” o f  the test in each tester, so the binom ial distribution num ber is generated  
random ly. The generation  procedure is described b elow

G enerate data that has m ean o f  0 .4 , w hich  m eans the average num ber o f  the 
fraction n on conform ing is 40  percent.

G enerate the data that has mean 0.1 to see  notice to  test w hether the lo g ic  o f  
this m odel is correct or not. The change from  0 .4  to  0.1 o f  the process m ean has to be 
detected  by the m odel. I f  the m odel cannot detect this change, it m eans this m odel 
cannot work properly in the actual m anufacturing system .

C hange som e point o f  data to see w hether this m odel can detect the single shift 
o f  the data or not. I f  this kind o f  points can be detected, w e  w ill prove that after the 
elim ination  o f  this point o f  data, the m odel can still ca lcu late the m ean correctly or 
not. This is a lso  testing the detection  o f  the shift o f  process mean.

The table b e lo w  sh ow s the data that is random ly generated by com puter w hich  
has p va lu e o f  0 .4 . This w ill be used  to test the m odel.

Table 5-1 Randomly generated data with p value = 0.4

0.31 0 .45 0 .37 0 .39 0 .4 0 .32
0 .43 0 .45 0 .4 0 .47 0 .4 2 0 .38
0 .46 0.4 0 .34 0.33 0.43 0.3
0 .4 0 .48 0 .37 0 .37 0 .44 0 .42

0 .34 0 .45 0.51 0.45 0 .42 0 .42

The next table w ill sh ow s the data that is random ly generated by com puter  
w hich  has p va lu e o f  0 .1 . This w ill be used  to test the m odel i f  the m odel can detect 
the shift o f  the process m ean or not.

Table 5-2 Randomly generated data with p value = 0.1
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0 .04 0 .07 0 .17 0 .07 0 .13 0 .17 0 .12 0 .0 7 0 .1 2 0 .07
0.1 0 .1 4 0 .09 0.11 0 .13 0.1 0 .06 0 .09 0 .16 0 .12

0 .0 7 0 .08 0 .18 0 .09 0.1 0 .12 0.11 0 .08 0 .0 7 0 .06
0 .0 9 0 .0 9 0 .0 6 0 .14 0 .06 0.1 0 .08 0 .08 0 .1 9 0 .0 9
0.11 0 .0 6 0 .08 0 .09 0.1 0.13 0.11 0.11 0 .08 0 .08
0 .0 9 0 .0 7 0 .12 0 .06 0 .08 0.13 0 .06 0.1 0.13 0 .08
0.1 0 .12 0.1 0.11 0 .12 0 .08 0.1 0 .1 6 0.1 0 .12
0.1 0 .14 0 .0 9 0.1 0 .12 0 .07 0 .04 0.05 0 .08 0 .07

0.11 0 .08 0 .12 0 .04 0 .0 7 0 .09 0 .09 0 .07 0 .0 9 0 .15
0 .09 0 .0 9 0 .06 0 .16 0 .1 2 0 .07 0 .12 0.11 0 .1 4 0 .06

From  the first set o f  data w h ich  is the first 30 point o f  data, w e  w ill calcu late  
trial control lim its and the center line w ill be set as Po. The control chart w ill be 
plotted b e lo w  to sh ow  any points that beyond the control lim its.
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Figure 5-1 Trial control limits of the randomly generated data

A t this stage, w e  w ill sp ecify  a ,  p, and — . The a  w ill be set as 95%  confidenta
c

level, p w ill be set to be 60%  and — w ill be set to 1. So, the Z oJ2  is equal to 1.96 andcr
Zp is equal to 0 .25  The sam ple s ize  for the next stage w ill be calcu lated  by the form ula 
above and show n b elow .

From  the calcu lation, the va lu e o f  cr is equal to 0 .0 6 9 , so the ร  w ill be 0 .069 , 
so w e  can find the exp ected  p value to be Po +  ร -  0 .469 .
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1 .9 6 ^ 0 .4 (1  - 0 . 4 )  + 0 .2 5  J o . 4 6 9 (1  - 0 . 4 6 9 )
0 .0 6 9

A fter w e  k n ow  all the variable in the calcu lation  form ula, w e  can find the 
sam ple s ize  w h ich  is equal to 20 0  w h ich  m eans w e  have to take another 2 0 0  sam ple to 
find the next process m ean shift. D u e to the sam ple taken in the p rocess w ill take 50  
sam ple in each point, 20 0  sam ple is equal to 5 data points.

The next process is to find the average p va lu e o f  the next 5 points and test 
h yp oth esis w ith  the standard p va lu e w ith  the sam e confident level ind icated above, 
95% . The average p for the first 11 points o f  the next set o f  data is equal to  0 .0 8 2 , so  
the z  va lu e w ill be calcu lated  as show n below .

0 .0 8 2  - 0 . 4Zo = - =  - 12.12
V o .4(1 - 0 . 4 ) / 2 0 0  

From  the calcu lation, the |z 0| > z 0 / 2 , w hich is equal to 1.96, so  w e  w ill reject 

Ho, so this is the point to shift the process mean.

A fter that, w e  continue w ith  the next set o f  data. From the calcu lation, the  
sam ple s ize  o f  this set o f  data w ill require sam ple s ize  equal to 483 sam ple or 10 data 
points. The average p va lu e o f  the next 10 data point is 0 .101 .

0 .0 9 3  - 0 . 0 8 2
V 0 .0 8 2 (1  - 0 . 0 8 2 ) / 4 8 3

=  0.83

From  the calcu lation, the next 10 data points and the current set o f  data has no  
sign ifican tly  d ifferen ce in process m ean, so w e  w ill continue u se  this control lim its 
until w e  can find any difference.

W e can p lot the control chart o f  this set o f  data to see  the change in control 
lim its at the points that w e  detect the change.
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Figure 5-2 T he control chart o f the random ly generated data

5.3 Actual data form the manufacturing process.
The data b e lo w  is the data that is taken from  the actual m anufacturing line. 

The data used  in this test cam e from on e o f  the electric tester o f  5 days and 2 sh ifts o f  
m anufacturing.

T able 5-3 T he actual data from the real m anufacturing process from  top to 
bottom  and left to right respectively.

D ay 1 D ay 2 D ay 3 D ay 4 D ay 5
0 .1 9 0 .07 0.11 0 .14 0 .18
0.13 0 .09 0 .28 0 .15 0 .22
0.23 0.15 0.21 0 .15 0 .18
0.1 0.13 0 .0 7 0 .38 0 .24

0 .2 2 0.1 0 .18 0.4 0 .1 9
0 .0 4 0.13 0 .2 4 0.3 0 .19
0.2 0.08 0 .2 0.21 0 .18

0 .1 6 0 .18 0 .06 0 .15 0.21
0 .08 0.23 0 .17 0 .27 0.21
0.41 0.3 0.13 0 .28 0 .19
0 .2 6 0.1 0 .2 0.23 0 .19
0 .2 6 0 .19 0 .27 0 .18 0.23
0 .28 0.03 0 .17 0 .29 0 .22
0.21 0 .14 0.13 0.23 0 .16
0.3 0 .17 0 .1 6 0 .17 0.21
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0 .25 0 .12 0 .1 6 0 .24 0.25
0 .37 0 .1 4 0 .27 0 .24 0 .19
0.2 0.11 0 .24 0.1 0 .2 7

0.23 0 .18 0 .2 0 .24 0 .1 9
0 .14 0 .14 0.2 0.1 0 .2 9
0 .1 2 0 .15 0 .26 0 .24 0 .43
0 .2 0 .14 0.21 0 .24 0 .3 4

0 .12 0 .09 0 .17 0.2 0 .27
0.23 0.13 0 .24 0.23 0 .1 6

Plot trial control lim its and check w hether there is any out o f control points.

From  this set o f  data, the first 30  points is p lotted in control chart that show n
below .
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Figure 5-3 Trial control chart o f the actual data from m anufacturing

From  the figure above, there are 2 out o f  control points that has to be 
elim inated. A fter the elim ination  o f  these 2 points, w e  have to co llect m ore 2 points to 
calcu late the trial control lim its. The figure o f  this n ew  control chart is sh ow n  below .

U C L = 0 .3 3  
C T R =  0 .1 7  
L C L = 0 .0 1

0 10 20 3 0  40

Subgroup
Figure 5-4 Trial control chart o f the actual data from m anufacturing after 
elim inate the out o f control points.
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After the trial control limits were created, the next process will begin. The 

calculation o f sample size with a  = 95%, p = 10% and — =1. From the calculation,<J
the result is the sample size is 233, so it means the next 5 data points will be used in 
the calculation.

For the next 5 points o f data, the average p is 0.17. After the hypothesis 
testing, the null hypothesis is not reject, so we will still use this standard p until we 
can find the significantly change in process mean. The calculation is shown below.

* - 1 —VO. 183(1 - 0 .1 8 3 ) /2 3 3
I— 0 .5 1 1< Z<x/2=1.96

The next process is to continue checking with other set o f data and still found 
that this control limits can still be used until the data point 73-77.

T ab le  5-4 D ata  p o in t 33-77 w ith  z  value

Data point Value z  o f each group
33 0.23 -0.51311
34 0.3
35 0.1
36 0.19 '
37 0.03
38 0.14 -1.85509
39 0.17
40 0.12
41 0.14
42 0.11
43 0.18 -1.69721
44 0.14



45 0.15
46 0.14
47 0.09
48 0.13 -0.90781
49 0.11
50 0.28
51 0.21
52 0.07
53 0.18 -0.51311
54 0.24
55 0.2
56 0.06
57 0.17
58 0.13 -0.11841
59 0.2
60 0.27
61 0.17
62 0.13
63 0.16 0.90781
64 0.16
65 0.27
66 0.24
67 0.2
68 0.2 1.30251
69 0.26
70 0.21
71 0.17
72 0.24
73 0.14 2.40767
74 0.15
75 0.15
76 0.38
77 0.4
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In the next set o f  data w hich  is the data point 7 8 -8 2 , there is no out o f  control 
point but the z  value is indicated that there is process m ean shift at this stage.

T able 5-5 D ata point 78-82 w ith z  value

D ata point V alue z  o f  each group
78 0.3 2.32873
79 0.21
80 0 .15
81 0 .2 7
82 0 .28

A t this stage, the null h yp oth esis is rejected, so  w e  can con clu d e that the 
process m ean is shifted and the n ew  calcu lation  o f  sam ple s ize  and control lim its 
occurred at this point.

The n ew  sam ple s ize  from  the calculation is 541 sam ple s ize  w hich  m eans 11 
data points and the new  control lim its is calcu lated  as sh ow n  b elow .

T able 5-6 Control lim its o f data point 78-82

D ata Point 7 8 -8 2
UC L 0.42

Center Line 0 .24
LCL 0.06

The next tabe w ill sh ow s the rest o f  data w ith the calcualted z  value in each
group.

Table 5-7 Data point 83-120 with z  value

D ata point V alue z  o f  each group



83 0.23 -1.88135
84 0.18
85 0.29
86 0.23
87 0.17
88 0.24
89 0.24
90 0.1
91 0.24
92 0.1
93 0.24
94 0.24 -1.88135
95 0.2
96 0.23
97 0.18
98 0.22
99 0.18
100 0.24
101 0.19
102 0.19
103 0.18
104 0.21
105 0.21 -1.6338
106 0.19
107 0.19
108 0.23
109 0.22
110 0.16
111 0.21
112 0.25
113 0.19
114 0.27
115 0.19
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116 0 .29 3.156868
117 0.43
118 0 .3 4
119 0 .27
120 0 .16

In the last subgroup, the z  va lu e is higher than 1.96n w h ich  m eans the null 
h ypothesis is rejected but w hen  look  at the data, there is 1 out o f  control point that has 
to be elim inated. A fter the elim ination  o f  this data, the z  va lu e b ecom e 1 .3614  w hich  
is le ss  than 1.96. So, this set o f  data is not the set that is the change o f  p rocess mean.

The continuous control chart o f  this set o f  data is show n b elow .

1 6 11 16 21 2 6  31 36 41 4 6  51 56 61 66 71 76 81 86 91 96 101 106 111 116

Figure 5-5 The control chart o f this proposed m odel
5.4 Compare with the existing control system

W ith respect to figure 5-5, i f  human jud gem ent is used  in determ ining w h en  
the control lim its and center line should be recalculate, d ifferent p eop le  w ill have  
different opinion. H ow ever  w ith  the proposed algorithm , the jud gem ent w ill be at the 
sam e standard in  every tim e sin ce  hum an judgem ent is rem oved. In a typical practice, 
com puter softw are is often  used  to adjust the control lim its. The adjustm ent can be  
perform ed every shift o f  production by calcu latin g control lim its and center line base  
on data from  last 2  shifts. U sin g  the sam e set o f  data, a com parison betw een  the 
m ention  practice and the proposed m odel is perform ed and d iscu ssed  as fo llow .
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1. The control charts that use the sam e data as the previous chart but change control 
lim its and center line after the prove that there is significantly  d ifference am ong 
the set o f  data.

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116

Figure 5-6 Control chart that use the proposed m odel.

2. The control chart that use the sam e set o f  data as the previous tw o charts. This 
chart use existing control process o f  the factor}'.

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115

Figure 5-7 Control chart w ith current control process
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3. The control chart o f  data from  actual m anufacturing. T his chart u ses the control 
lim its from  the calcu lation  o f  first 30  points to set up the control lim its and center  
line. Then, m aintain the control lim its and center line until last points o f  data.

Figure 5-8 T he control chart that m aintain the sam e control lim its until last
points.

From  figure 5-5 , i f  we' look  at on ly  this control process, w e  can see  just only  
the change in control lim its and center line in every shifts, not the actual change in 
process m ean w h ich  w e  consider. W ith  the proposed algorithm , the picture is show n  
in figure 5-6. It sh ow s the change in control lim its and center line on ly  w h en  process  
m ean and variation have shifted  to n ew  value, not every shift o f  operation. This 
proposed algorithm  can be used  in con tin u ou sly  control b ecau se the control lim its and 
center line w ill be autom atically changed w h en  process m ean and variation shifted. 
Figure 5 -7  sh ow s the conventional Shew hart attribute control chart, no control lim its  
and center line change autom atically. T his type o f  control needs hum an jud gem ent to 
m ake the d ecisio n  w hether the control lim its and process m ean have shifted  to new  
the lev el or not.
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