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ABSTRACT

The important and common applications of process capability indices (PCI’s) is
the process capability ratio C,, and the process capability index Cyy, and the use of these
measures in practical applications is based on the assumption that the process is under
statistical control and that the outputs of that process follow the normal distribution. In
practice, however, there are many cases in which the outputs of the process are not
follow normal distribution, in such cases, calculating PCI’s will lead to misleading
results. In this paper, the non-normal production process capability was evaluated. The
evaluation process was conducted using four methods: The first method involved the
use of Box-Cox power transformation to normal distribution of data and then
calculating indicators of the capability process by traditional methods. The second
method is by using the weighted variance method, and the third method is by using the
Clements’ method based on the percentiles calculation of data, and the fourth method is
based on the use of the Darling-Anderson goodness of fit test to accommodate some of
the probability distributions of the original data, this test shows that the log-normal
distribution is the most appropriate distribution for the data The results showed that
although the process is stable and under statistical control, it is not capable based on the
value of the process capability index that did not exceed (65%), as the percentage
defect units, which is outside the specifications, is large and located between (3.6%) and
(13.4%). The results also showed that there is a convergence in the results of the PCI’s
calculated by all methods, and that the Clements’ method is the best method as it gives
the highest values for the PCI’s. The research recommended studying and calculating
other PCT’s like, Cs, Cpp, and CMA(t,v). One of the recommendations for future
research and studies is to do a theoretical study to compare the mentioned methods and
choose the best ones based on some statistical criteria.

Keywords: Process Capability Indices, Clements’ Method, Weighted Variance Method,
Box-Cox Transformation.
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4 28.04 27.65 28.05 27.96 27.71 27.88 0.40
5 27.64 27.65 28.19 27.95 27.85 27.86 0.55
6 28.20 27.70 27.65 28.11 27.65 27.86 0.55
7 27.75 27.78 27.63 27.68 27.70 27.71 0.15
8 28.09 28.01 27.96 27.40 27.65 27.82 0.69
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23 27.97 27.88 27.72 27.87 27.90 27.87 0.25
24 27.88 28.18 27.90 27.56 27.86 27.88 0.62
25 27.76 27.92 27.89 27.83 27.95 27.87 0.19
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Xbar-R Chart of Data
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Class Frequency
27.40-27.52 1
27.52-27.64 10
27.64-27.76 30
27.76-27.88 34
27.88-28.00 28
28.00-28.12 15
28.12-28.24 5
28.24-28.36 2

Total 125
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Histogram of Data
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by i L (5%) e i & ) SLaadU P-Value=0.007 Jlaa) dad o SLadY) mil el
e Y Al aplad) ol Gl )l o s @l cdbad) duzmpdl) Jeds aaal) G
gmlal) sl
tialent) Bjaka Cpdige adds .6

ddenll 530 e Cuaal) ey Y aiE UL ¢ anlal) aygil) o ¥ Gl by o Laasl oy Gaw
Llanl) )08 hdige a8 Aglas diey clibal) Ay Clialgall dgan G Al (8 dIs d9as Cas
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¢, =061, €, =049, C,, =073, Cp =min(0.49,0.73) = 0.49

h::,—"&\ il e Glealgall 3g0a ae UL Cranyg

Process Capability Report for Data

LSL Target USL
Process Data i i i Overall
LsL 276 ; | 5 — — — Within
Target 27.9 ! ! :
usL 282 ; /\ ; Overall Capability
Sample Mean 27.843 ! ! ! Pp 0.61
Sample N 125 ! | ' PPL  0.50
StDev(Overall) 0.163189 : . : PPU 0.73
StDev(Within)  0.163731 H 1 Ppk 0.50
; : Cpm 0.58
| Potential (Within) Capability
i cp 061
| CPL 049
' cPU 073

| e
g il

2746 27.58 27.70 27.82 27.94 28.06 28.18 2830

Performance
Observed Expected Overall Expected Within
PPM < LSL 32000.00 68266.74 68917.57
PPM > USL  16000.00 14338.77 14604.45
PPM Total  48000.00 82605.51 83522.02
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Probability Plot for Transformed Data

Normal - 95% CI

999
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Cox(BC) = min(0.50,0.71) = 0.50
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Process Capability Report for Data
Using Box-Cox Transformation With A = -5

UsL* Target* LSL*

Process Data transformed data Overall
LSL 27.6 i | — — - Within
L;’s?et 5;'3 Overall Capability

:
!
!
i : |
Sample Mean  27.843 : ; EgL gg:
Sample N 125 i i g
StDev(Overall)  0.163189 . | EPE g-;}
StDev(Within) ~ 0.163731 : ; pk 0.
After Transformation i i Cpm 055
! ! otentia ithin) Capability
! : Potential (Within) Capabili
:

LSL* 6.24388e-008 ; c 0.61
Target* 5.91533e-008 \ | chL 050
UsL* 5.60731e-008 : ‘ U 071
Sample Mean*  5.97921e-008 ! Cpk 0'50
StDev(Overall)* 1.7441e-009 : :
StDev(Within)*  1.75102e-009 i //

_M -

5.4000E-08 5.7000E-08 6.0000E-08 6.3000E-08  6.6000E-08

Performance

Observed Expected Overall* Expected Within*
PPM < LSL 32000.00 64573.01 65332.55
PPM = USL 16000.00 16488.13 16837.18
PPM Total  48000.00 81061.14 8216973

* Calculated with LSL*, USL*
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WY — 28.2 —27.6 06 061
pIWV) = 3(0.1533 +0.1733)  0.9798

< W = 27.843 —27.6  0.243 053
n(WV) = 3x0.1533  0.4599

< WY = 28.2—27.843 0357 _ 06
u(WV) = 3%0.1733  0.5199

2o (WV) = min(0.53,0.69) = 0.53
:Clements 4k .3.6
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X0.09865 = 27.843 + 0.163 * 3.133 = 28.354
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Me = X509 = 27.843 + 0.163 * 0.058 = 27.852
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28.2—27.6 0.6

T 28354 —27.463  0.891
278521276 _ 0.252

(Cl) = 5o 852 27463 ~ 0389~ 00°
282 —27.852  0.348
pu(CL) = =

X 2835427852 0502 %7
(CL) = min(0.65 ,0.69) = 0.65

C,(CL) = 0.67

>
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Distribution Type AD Value P-Value
Lognormal 0.427 0.308
Gamma 0.435 >0.250
Exponential 56.687 <0.003
Smallest Extreme Value 2.754 <0.010
Weibull 2.687 <0.010
Largest Extreme Value 0.792 0.040
Logistic 0.465 0.206
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Probability Plot for Data

Lognormal - 95% CI
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Goodness of Fit Test

Lognormal
AD=0427
P-Value = 0.308

Gamma
AD =0.435
P-Value > 0.250

Exponential
AD = 56.687
P-Value < 0.003

Smallest Extreme Value
AD=2754
P-Value < 0.010

Goodness of Fit Test
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AD =2.687
P-Value < 0.010

Largest Extreme Value
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P-Value = 0.040

Logistic
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Process Capability Report for Data
Calculations Based on Lognormal Distribution Model

LSL Target uUsL

Process Data Overall Capability

LsL 27.6 Pp 0.61
Target 279 PPL 0.50

usL 28.2 PPU 0.72
Sample Mean 27.843 Ppk 0.50
Sample N 125

Location 3.32656 Exp. Overall Performance
Scale 0.00585631

PPM < LSL 67631.58

| ! PPM > USL 14678.79
Observed Performance ! ! PPM Total  82310.38
PPM <LSL 32000.00 | |
PPM > USL 16000.00
PPM Total  48000.00

Ganll bl il gl aulal) aygill daleall 8y0ke Clydige il (1) JLad)
th eileslll anball anysill e Al Lleall 8080 cihdize Gl (11) JSEH he
C,(LN) = 0.61 , C,(LN) =0.50 , C,,(LN) = 0.72
Cox(LN) = min(0.50,0.72) = 0.50
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Classical method Box-Cox Clements Weighted Loanormal
PCI’s (Normality Method Method Variance I\g/lo del
Assumption) Method
Cp 0.61 0.61 0.67 0.61 0.61
o 0.49 0.50 0.65 0.53 0.50
o 0.73 0.71 0.69 0.69 0.72
Cor 0.49 0.50 0.65 0.53 0.50
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