CHAPTER 5
Test of model

In this chapter, the testing of the developed model will be tested to prove that
the model can work well to detect the shift in mean of the process. Due to the theory
of the p-chart, control limits of this chart are based on mean of the process and the
sample size. But as we described in the previous chapter that the sample size of the
electric tester is constant to 50, so only the shift of process mean will be concerned.
So, the detection of mean of the process will leads to the suitable point to change the
control limits.

5.1 Testing procedure

1) Input data to the spreadsheet program.

2) Find the point that indicate the shift of the process by use the hypothesis test that
is described in the model.

3) Compare to the real visual system.

The spreadsheet program that is used in this chapter is Microsoft Excel.

The testing processes are divided into 3 sections that are.
1 Test with the generated random data.

1 Test with actual data form the manufacturing process.
1 Compare with the current method.

h.2 Generate random data.

As mentioned in the previous chapter, the randomly generated data is very
important to ensure that the model works in the right way before going to the further
step. The generated random data is generating from computer software named
Microsoft Excel which is a very powerful spreadsheet calculation software. The
generating is set to generate of binomial distribution number to be the analysed data.
This is because the data that used to analyse in p-chart came from the “success” or
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“failure” of the test in each tester, so the binomial distribution number is generated
randomly. The generation procedure is described below

Generate data that has mean of 0.4, which means the average number of the
fraction nonconforming is 40 percent,

Generate the data that has mean 0.1 to see notice to test whether the logic of
this model is correct or not. The change from 0.4 to 0.1 of the process mean has to be
detected by the model. If the model cannot detect this change, it means this model
cannot work properly in the actual manufacturing system.

Change some point of data to see whether this model can detect the single shift
of the data or not. If this kind of points can be detected, we will prove that after the
elimination of this point of data, the model can still calculate the mean correctly or
not. This is also testing the detection of the shift of process mean.

The table below shows the data that is randomly generated by computer which
has p value of 0.4. This will be used to test the model.

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 0.42 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 will shows the data that is randomly generated by computer
which has p value of 0.1. This will be used to test the model if the model can detect
the shift of the process mean or not.

Table 5-2 Randomly generated data with p value = 0.1
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0.04 007 017 0.07 013 017 012 0.07 0.12 0.07
01 014 009 011 013 01 006 0.09 016 0.12
0.07 008 018 0.09 01 012 011 0.08 0.07 0.6
0.09 0.09 006 014 0.06 01 008 0.08 0.19 0.0
011 0.6 008 009 01 013 011 011 0.08 0.08
0.09 0.7 012 0.06 0.08 013 006 01 013 008
01 012 01 011 012 008 01 016 01 012
01 014 009 01 012 007 0.04 005 008 007
011 0.08 012 0.04 007 009 009 007 009 0.15
0.09 0.09 006 016 012 007 012 011 0.14 0.06

From the first set of data which is the first 30 point of data, we will calculate
trial control limits and the center line will be set as Po. The control chart will be
plotted below to show any points that beyond the control limits.
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Figure 5-1 Trial control limits of the randomly generated data

At this stage, we will specify a, p, and q The a will be set as 95% confident

C
level, p will be set to be 60% and awill be set to 1 So, the Zod is equal to 1.96 and
Zp is equal to 0.25 The sample size for the next stage will be calculated by the formula

above and shown below.

From the calculation, the value of cris equal to 0.069, so the  will be 0.069,
so we can find the expected p value to be Po+ - 0.469.
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1.9670.4(1 -0.4) +0.25J0.469(1 -0.469)
0.069

After we know all the variable in the calculation formula, we can find the
sample size which is equal to 200 which means we have to take another 200 sample to
find the next process mean shift. Due to the sample taken in the process will take 50
sample in each point, 200 sample is equal to 5 data points.

The next process is to find the average p value of the next 5 points and test
hypothesis with the standard p value with the same confident level indicated above,
95%. The average p for the first 11 points of the next set of data is equal to 0.082, so
the Z value will be calculated as shown below.

Jp=. 0082 -0.4

= - .12.12
VoAl -0.4)/200

From the calculation, the |ZOI> £0/2, which is equal to 1.96, so we will reject

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

After that, we continue with the next set of data. From the calculation, the
sample size of this set of data will require sample size equal to 483 sample or 10 data
points. The average p value of the next 10 data point is 0.101.

0.093 -0.082
V0.082(1 -0.082)/483

From the calculation, the next 10 data points and the current set of data has no
significantly difference in process mean, so we will continue use this control limits
until we can find any difference.

We can plot the control chart of this set of data to see the change in control
limits at the points that we detect the change.
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Figure 5-2 The control chart of the randomly generated data

5.3 Actual data form the manufacturing process.

The data below is the data that is taken from the actual manufacturing line.
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The data used in this test came from one of the electric tester of 5 days and 2 shifts of

manufacturing.

Table 5-3 The actual data from the real manufacturing process from top to

bottom and left to right respectively.

Day 1 Day 2 Day 3 Day 4 Day 5
0.19 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 0.07 0.38 0.24
0.22 0.1 0.18 0.4 0.19
0.04 0.13 0.24 03 0.19
0.2 0.08 0.2 0.21 0.18

0.16 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
0.26 0.1 0.2 0.23 0.19
0.26 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 0.16 0.17 0.21
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Plot trial control limits and check whether there is any out of control points.

From this set of data, the first 30 points is plotted in control chart that shown

below.
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Figure 5-3 Trial control chart of the actual data from manufacturing

From the figure above, there

are 2 out of control points that has to he

eliminated. After the elimination of these 2 points, we have to collect more 2 points to
calculate the trial control limits. The figure of this new control chart is shown below.
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Figure 5-4 Trial control chart of the actual data from manufacturing after
eliminate the out of control points.



63

After the trial control limits were created, the next process will begin. The
calculation of sample size with a = 95%, p = 10% and '{1:1' From the calculation,

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 of 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.

Vb, 183(1 -0.183)/233
051K Z602=1.96

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

Table 54 Data point 33-77 with Z value

Data point  Value Z ofeach group
3 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
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-0.11841

0.90781

1.30251

240767
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In the next set of data which is the data point 78-82, there is no out of control
point but the z value is indicated that there is process mean shift at this stage.

Table 5-5 Data point 78-82 with Z value

Data point Value Z ofeach group
18 0.3 2.32813

19 0.21
80 0.15
81 0.27
82 0.28

At this stage, the null hypothesis is rejected, so we can conclude that the
process mean is shifted and the new calculation of sample size and control limits
occurred at this point.

The new sample size from the calculation is 541 sample size which means 11
data points and the new control limits is calculated as shown below.

Table 5-6 Control limits of data point 78-82

Data Point 78-82
UCL 0.42
Center Line 0.24
LCL 0.06

The next tabe will shows the rest of data with the calcualted z value in each
group.

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

Data point Value Z ofeach group
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3.156868

In the last subgroup, the Z value is higher than 1.96n which means the null
hypothesis is rejected but when look at the data, there is 1 out of control point that has
to be eliminated. After the elimination of this data, the Z value become 1.3614 which
is less than 1.96. So, this set of data is not the set that is the change of process mean.

The continuous control chart of this set of data is shown below.

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 5-5 The control chart of this proposed model

5.4 Compare with the existing control system

With respect to figure 5-5, if human judgement is used in determining when
the control limits and center line should be recalculate, different people will have
different opinion. However with the proposed algorithm, the judgement will be at the
same standard in every time since human judgement is removed. In a typical practice,
computer software is often used to adjust the control limits. The adjustment can be

performed every shift of production by calculating control limits and center line base
on data from last 2 shifts. Using the same set of data, a comparison between the
mention practice and the proposed model is performed and discussed as follow.
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1 The control charts that use the same data as the previous chart but change control
limits and center line after the prove that there is significantly difference among
the set of data.
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Figure 5-6 Control chart that use the proposed model.
2. The control chart that use the same set of data as the previous two charts. This
chart use existing control process of the factor}'
0.5
0.4
0.3
0.2
0.1
0

1 7 1319 26 31 37 43 49 5 6L 67 73 79 8 9 97 103 109 115

Figure 5-7 Control chart with current control process
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3. The control chart of data from actual manufacturing. This chart uses the control
limits from the calculation of first 30 points to set up the control limits and center
line. Then, maintain the control limits and center line until last points of 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 5-8 The control chart that maintain the same control limits until last
points.

From figure 5-5, if we' look at only this control process, we can see just only
the change in control limits and center line in every shifts, not the actual change in
process mean which we consider. With the proposed algorithm, the picture is shown
in figure 5-6. It shows the change in control limits and center line only when process
mean and variation have shifted to new value, not every shift of operation. This
proposed algorithm can be used in continuously control because the control limits and
center line will be automatically changed when process mean and variation shifted.
Figure 5-7 shows the conventional Shewhart attribute control chart, no control limits
and center line change automatically. This type of control needs human judgement to
make the decision whether the control limits and process mean have shifted to new
the level or not.
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