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ABSTRACT

Purpose: The purpose of this study is to propose a new useful suggestion to monitor the stability of process
by developing a stability ratio or index related to investigating how well the process is controlled or operated
to the specified target.

Methods: The proposed method to monitor the stability of process is building up a new measure index which
1s making up for the weakness of the existing index in terms of short or long term period of production.
This new index is a combined one considering both stability and capability of process to the specification
limits. We suppose that both process mean and process variation(or deviation) are changing on time period.
Results: The results of this study are as follows: regarding the stability of process as well as capability
of process, it was shown that two indices, called Sl(stability index) and Pl(performance index), can be ex—
pressed in two-dimensional X-Y graph simultaneously. This graph is categorized as 4 separated partitions,
which are characterized by its numerical value intervals of SI and PI which are evaluated by test statistics.
Conclusion: The new revised index is more robust than the existing one in investigating the stability of process

in terms of short and long period of production, even in case both process mean and variation are changing.
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30 1.23 1.23 1.17 1.17 1.08
40 1.19 1.19 1.14 1.15 1.06
50 1.17 1.17 1.12 1.13 1.06
60 1.15 1.15 1.11 1.11 1.05
80 1.12 1.13 1.10 1.10 1.04
100 1.11 1.11 1.08 1.09 1.04
150 1.09 1.09 1.07 1.07 1.03
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Table 3. Stability ratio under equal variances and unequal means: A = 1.00

m=4 m=5 m =10

k 5, R 5, R 5,

6 2.60 2.69 2.27 2.33 1.77
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20 1.78 1.80 1.68 1.69 1.49
24 1.72 1.74 1.63 1.64 1.47
30 1.66 1.67 1.58 1.58 1.44
40 1.59 1.60 1.53 1.53 1.41
50 1.55 1.56 1.49 1.49 1.39
60 1.52 1.52 1.47 1.47 1.38
80 1.48 1.48 1.44 1.44 1.36
100 1.45 1.45 1.41 1.41 1.35
150 1.41 1.41 1.38 1.38 1.33
200 1.38 1.38 1.36 1.36 1.32
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Table 4. Stability ratio under unequal variances and equal means: d = 4.0

m=4 m=>5 m =10

' 7 s, 7
6 2.08 2.15 1.76 1.80 1.29
10 1.66 1.70 1.47 1.49 1.19
14 1.49 1.51 1.36 1.37 1.15
20 1.35 1.36 1.26 1.27 1.11
24 1.31 1.32 1.23 1.23 1.10
30 1.26 1.26 1.19 1.20 1.09
40 1.21 1.22 1.16 1.16 1.07
50 1.18 1.19 1.14 1.14 1.06
60 1.16 1.16 1.12 1.12 1.05
80 1.13 1.13 1.10 1.10 1.05
100 1.12 1.12 1.09 1.09 1.04
150 1.09 1.09 1.07 1.07 1.03
200 1.08 1.08 1.06 1.06 1.03

Table 5. Stability ratio under unequal variances and

unequal means

d=4.0 and A =1.00,;,

m=4 m=25 m =10

k 5, R 5, R s,
6 3.99 4.19 3.39 3.52 2.36
10 2.83 2.92 2.49 2.55 1.96
14 2.40 2.45 2.18 2.21 1.81
20 2.04 2.05 1.88 1.90 1.63
24 1.94 1.96 1.81 1.83 1.60
30 1.80 1.82 1.71 1.72 1.54
40 1.70 1.71 1.63 1.63 1.49
50 1.64 1.65 1.57 1.58 1.46
60 1.59 1.59 1.53 1.54 1.43
80 1.52 1.53 1.48 1.48 1.40
100 1.49 1.49 1.45 1.45 1.38
150 1.43 1.43 1.40 1.40 1.35
200 1.40 1.40 1.38 1.38 1.33

4.3 FAqA]
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o] St
Table 6. SR and process capability index: Numerical examples
pro-cess N k m SST SSB SSE MSB
1 150 30 5 15,081.1 3,630.2 12,170.9 525.18
2 200 20 10 1,976,285 422,598 1,553,687 22,242
pro—cess MSE SR SI LSL USL Co P
101.42 1.046 1.023
! (100.95)1) (1,047) (1.023) o0 o0 1.62 1.58
2 8,631.6 1.151 1.073 0 900 1.00 0.93
* Note : MSE estimated by square of Eq. (7) from X— R control chart
SRS 2 (102 3 A7E 24 1o disl] dAshd o2 o] 1.0460] =M,
125.18 )
SR= —— 149 120+ 29 X o142 1.046
Z7F 1113013, 6¢p= V101.42 = 10.070| 22 C 9 A%
C,, = min((50—1.113)/(3 - 10.07) = 1.62, (1.113+50)/(3 - 10.07) = 1.66) = 1.62 °|v}. FHuZ,
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Figure 3. X— R control chart: Process 1(Minitab output)
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Process performance graph
Assessing process stability by plotting
critical values and observations about

(SI, P,) or (SI, C,;) on the X-Y

plane.
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Table 7. Summary of comparison with existing models
Method and characteristics

Supplementing a new stability indices, SR,
ST, and calculation of critical values by a
the exact limit of tolerance about mean and

non-central F distribution, but did not show
variation (scatter)

aeict. 1ejaL 7]

S

Categories
Earlier Studies;

Podolski(1989-90),
Ramirez et al.(2006),

Britt et al.(2016),
Jensen et al.(2019)
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Categories Method and characteristics Process performance graph

Supplement of model (11) assuming the Assessing process stability by plotting
change of mean and variance of process, and | £px as well as critical values and
calculation of more exact critical values of | observations about (87,C,;) on the
SR depending on the subgroup size(m) and | X-Y plane, which means we consider 3
number (k) by introducing relationship eq. | indices (ST, Cor Py

between SR and SST = SSR+ SSW

This Study

simultaneously(Figure 4)

2 =Rl Ak 4 o9 WEl B AARS AR TF 5 gt Aol TAHOE T AR
g olgsha glizel, FFol o) 24k AHEE BAtER ABdC 58 F3 Pusisl 2 Bask k.

A5ee WG TATEATe] washd Y1E 13349 IMPe) 1.2578 Edale] $4 A4
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