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Abstract
Shewhart's charts are powerful tools in Statistical Process Control (SPC) and are widely used. Usually,
Shewhart's charts are depending on the normality assumption. The control charts rely on normality assumptions,
which is not always the case for industrial data. Skewness correction and an alternate technique of constructing
non-normality control charts for persons The proposes of this paper is to use a skewness correction SC control

chart to monitor or construct the X @nd R control chart for the skewness distribution. The SC chart or the new
control chart compared with the Shewhart and weighted variance (WV) control.

The probability of exceeding out-of-control detections is also accomplished under a normal curve, the
probability that a deviation from the means of the 3¢ limit in both directions is 0.0027.

Change with the sample size leads to an increase in skewness distribution, leading to a relative increase in the
type-I error.

Keywords: Control Chart, Skewness correction, R charts, Shewhart X , and weighted variance control chart.

1. Intrduction:

Statistical Process Control is a powerful collection of tools to solve complex problems
in quality control. It is useful in obtaining process stability and improving capability through
the reduction of variability.

Control charts tools are the easy and very convenient method used in the process because it is
based on experimentally proven statistical principles and the powerful tools in the statistical
process control chart,Shewhart charts and weighted variance (WV) control charts were
compared.

The Shewhart control chart includes the X and R control charts. The structure or the advance
of the control chart depends on the assumption normality or approximately normal. In many
cases, the normality assumption is not valid in case if that the distribution is skewed.

The conventional Shewhart X and R control charts of Type | error risks, i.e., the
probabilities of a subgroup X er R falling outside the 3sigma control limits when the process
is controlled.

Even when the process distribution is exponential with a known mean, the SC charts' control
limits and Type I risk and their Type Il risk are closer to those of the precise X and R charts
than the WV and Shewhart charts. It comprises basically of three parts, namely the Upper
Control Limit (UCL), the Central Line (CL), and the Lower Control Limit (LCL). The central
line is the targeted goal of production, while the lower and upper control limits are the
maximum boundaries for a process considered to be in control.

Let 0 be a quality characteristic, and 8 be unbiased estimate, the expected mean is E(8) and
the standard deviation is o(8) be the estimator of 8. The central line, upper and lower class
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limits of the quality in question can be derived as follows from the normal distribution and the
Z transformation below. Lai and Cui, (2003), Mostapha, (2020), Osaman, (2018).

_E(6) -8

~ a(8)
The probability Z can be calculated within a given interval says L as follows

E(8) -6
—L<——=<1L
a(9)

CL=E(H)
UCL=E(#)+ Lo(6)
LCL =E(6) — La(8)

L in the above Equations represents the number of standard deviations of the sample statistic
that the control limits are placed from the central line. Osaman (2018).

2. Control charts for The Mean and Range

In statistical process control, control charts are simple to use but extremely effective.
Shewhart control charts are the mother charts of all the existing variables control charts.
The traditional Shewhart X and R control charts are based on the premise that the quality
characteristic's distribution is normal or nearly normal. These charts are mainly used for
monitoring the process average and its variability. Shewhart control charts for the mean (X)
standard deviation(s) and Range (R) .Supposing that a quality characteristic under
investigation say X is normally distributed with mean u and standard deviation o where both
u and o are known and if a sample of size n say Xi,Xz...X, are taken, then the mean of this
sample is given as follows.

n

From the Normal distribution, the relationship between the range of a sample and the standard
deviation of that distribution, and the W is the relative range of the with mean d> and whose
parameters of the distribution of the sample size n are given below, d> is also a standard
constant. Mostapha (2018).

k-4

W=£ and€=d— vee 2

F

And the Upper and Lower control limit are given as. Montegomery, (2019), Osaman (2018).

UCL=X%X+ >R , LCL=f—dH_IT and Cl=X% ..3

don a VT

Aﬂ= —  esee. 4

S dgm

A: is a constant value from table .

Then the UCL and LUL are :

UCL=X+A4,R , CI=X and LCL=X —A,R veesd

R-chart are given below:
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UCL=R+3d;> , LCL=R—3d;~ and CI=R .6

' 2

If we let that:

Dy=1-3% and D,=1+3%2 .7

Then The UCL and LCL is given below
UCL=D,R , LCL=D,R and Cl=R  ...8

3. Control Charts for Skewed Distributions

Let Xui,Xoi...Xni , 1=1, 2, ..., r, be r subgroups (samples) of size n from a process
distribution with mean u, standard deviationa, and skewness Kz The conventional control
charts or the classic Shewhart control are used when the distribution is normal for monitoring
the process mean, and variability in the characteristics of a random quality variable of interest
is based on the normality assumption, simply that the normality assumption of distribution
data extracted from the characteristics of the quality variable show either a relatively normal
distribution witch a value of the mean and standard deviation or can easily be made normal
using the central limit theorem, where the distribution of the random quality variable under
investigation is skewed.

Principe Of The SC Method. Abdu, et al, (2016), Abdu, et al, (2020), Montegomery, (2019).
The Skewness Correction SC X AND R Control Charts

Let X be a standardized random variable with u=0 and ¢ =1 and if Skewness (ks ) is known
then UCL , LCL and CL of Skewness Correction SC is :

UCL =3 +7 ;:Z , LCL = -3 +7 252 and CL =10 e

There For The Control limit of Correction Of Skewness of average SCz where Xi
distributed with mean and standard deviation are known , then if :

4 —
_ pLELEY
1+0.2k2(X)

& —
Ska(R)
¥ __ 3
, dy= TH02K2®) ....10
Then the SC5 are:

UCLy=pe+ (3 + Ca,/Vn
CL:= g 1l

LCL.=p .+ (-3 +Ca, /yn

akg
UCLz =X+ (3 3"“2 ) = X+ AR
1+0.2kZ/n [ divn
CLy=X ... 12
4&3
LCL}—(=)1=’—|—(—3 ) : = X—-AR
1+0.2k5/m [d3 Vn
Where

And the control chart for Rang of SCy are as show:
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UCLy =pg + (3+di)og
CLp = ug ....13
LCLy, =p, +(3+di)o,

And the based on the control charts for the range (R-chart) obtained by the SC method when
the process

distribution and parameters are unknown are given as follows. Abdu, et al, (2020), Derya and
Anan, (2012), Mans, (2008), Subba Latha, (2016).

UCLger = [1+(3+4; z—} R]

CLy=F .14
LCLycy = [1+ (-3 +d; %) R]
Where
pi=[1+(-3+d;%)R| .15
And
pi=[1+(3+4:%)R] o 16
Where

5Cg limit as following :
UCLg.r = DiR
Clo.zr =R .17

Weighted Variance method Chani and Heng, (2003), Michael and Zhang, (2008), Osaman,
(2018), Subba and Latha, (2016) .

During the population changes, non-symmetric control limits need to be used (Bai & Choi,
1995). Methods such as the Weighted Variance (WV), Weighted Standard Deviation (WSD),
and Skewness Correction (SC) are generally more reliable. Using these methods helps the
experimenter misinterpret results and hence produce a better output.

This method works basically by dividing the area under a probability density function of a
random variable under investigation into two portions concerning the mean of the
distribution.

Each portion has the same mean but different standard deviations and are separate symmetric
distributions (curves). These new portions can be identified if the mother curve is symmetric.
In cases where the mother distribution is Skewed, one curve is longer than the other
depending on the side of the skins. The control limits for the mean and the range are then
obtained using these new distributions.

In other words, one of the two distributions is used for the upper control limit while the other
one is used for the lower control limit. (Choobineh & Ballard, 1987).

4. X and R Control Limits for the Weighted Variance Method Abdu, et al, (2020), Chung
and Cheng, (2014), Mans, (2008), Mostapha, (2020), Subba and Latha, (2016)

Just like Shewhart’s approach, the WV method uses the standard deviation to establish the
control limits for the mean and range charts. The only difference between the two methods
lies at the level of the two multiplication factors added to the WV method (Karagtz &
Hamurkaroglu), Control Charts For Skewed Distribution: Weibull, Gamma,
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Lognormal,2012). Therefore, the control limits obtained from the WV method are also
considered to be the Shewhart type charts.

The two multiplication factors used in the establishment of the control limits for the mean (X)
And the range (R) charts are as follows (Bai & Choi, 1995).

UCL:\(2P; , LCL:\J2(1— Py) ....18

If the parameters of the quality process under investigation are known, the control limits of
the ¥ chart obtained using the WV method are as follows.

UCLyy, =y + 3%\;’3&
Clyy = H, ...19

—_—

LCLyyry, = Hy — 3:—% f2(1—P,)

The control limits obtained with respect to the WV method for the R chart when the process
parameters are known are given as : (Abdu. M.2016, Abdu. M.2012)
UCLyyr =pg + 3“3\-“{2_%
Clyygr = Bg e 20
LCLyyg = g — 303/2(1 - P,)
The X control limits obtained with respect to the WV method when the process parameters

are unknown are given below.

= g =
UCLyyr =X +3——=/2P,

d,vn

Clyye =X ) |

—_—

= P-4
UCLyyz =K —3-—=2(1-R)

Where
W, =228 gpg o, = 2EER 22
dzvu dzvu
UCLyyz =X + WyR
CLyye =X veee 23

UCLyyz =X —W,R

The value of constants Wy and W were calculated for various values of n by (Bai &Choi
1995).

The R control obtained with respect to the WV method when the process parameters are
unknown are given as: Abdu, et al, (2020), Derya and anan, (2012), Mans, (2008), Mostapha,
(2020), Subba and Latha, (2016)

¥
UCLyys = R[1+ 3% /2]

Clypg =R .24
’
UCLyyr = R [1 -3%2(1- PE)]

2

r I
D;=[143%2(F)] and D;=[1-3%/20-Fy)| .25
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UCLyyg = Dawy R
Clyvg =R .26
UCLyygr = Dy R

5. A numerical illustrates Example:

In the practical section , we use data obtained from a cement factory (Mass) in Sulaymaniyah,
which consists of data from one of the basic chemical elements of the cement compound is
S03, we have a sample size n=4 for 30 days of SO3 is One of the cement compounds, as
shown in Table 1.

Table (1) contains the Data of the value of SO3 of Cement.

# X1 X2 X3 X4 | Average | Range

3.01 | 3.14 | 281 | 243 2.49 2.14

283 | 269 | 268 | 2.53 2.55 0.83

283 | 243 | 284 | 3.01 2.78 0.57

258 | 253 | 284 | 2.83 2.99 1.47

QW IN|F

277 | 3.01 | 2.89 | 2.25 3.42 2.23

25 254 | 261 | 296 | 2.56 8.28 22.46

26 2.9 283 | 258 | 3.04 8.58 23.42

27 304 | 279 | 3.79 | 2.79 9.16 24.21

28 2.7 264 | 2.63 | 2.68 8.99 25.37

29 215 | 243 | 255 | 2.7 9.03 26.85

30 286 | 269 | 255 | 2.85 9.53 27.45

Calculating Steps:
1- Calculating the UCL, And LCL Shewhart by using the Eq.(3 or 5)and data as in table
(1) with sample size (4), where the value of UCL and LCL Control chart Are( 3.13
and 2.38) with central limit is 2.75, as shown in table 2 Then the UCL and LCL of
Rang by Shewhart are (1.17,0) with a CL of rang is (0.513).

2- From table (4), the value A*UCL and A*LCL are (1.1, 0.51) with sample Size(4) and

k =2 were calculated by Eq(12) with d*2 is (1.86) [/ then the UCL and LCL of X sc
are (3.32,2.5), and UCL sc and LCL sc of Rang Is (1.9, 0.0154) with D*4 and D*3 is
(3.71, 0.03) where D4 and D3 are calculated by Eq (15 and 16) where d*2, d*3, d*4
(6] table(4))

3- So, to calculate the value of UCL Xwv and LCL Xwv by Eq(23)

The value of P=0.65 and d*2=1.86, then the value of UCL and LCL is (3.23,2.08) as
shown in Fig.(1). It is seen that the UCL SC and LCLSC are better at controlling the
limit.

For The Rang Control Limit For Rshewnart iS (1.17,0), for Rsc is (1.90, 0.0154), and For
Rwv is (1.59,0), as shown in table (2) and Fig(2). From the value of UCL, and LCL
and control charts, depending on the UCL, and LCL Ilimit it is seen that the SC
control chart is better.
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Table (2) Value Of D4, D3, D*4, D*3 and UCL, LCL

d2=2.059 A2=0.729 d*2 =1.86 |
D*4=
D4=2.282 3.71 A’y =11 D*4 w =3.965
D*3
D3=0 =0.03 A" =0.51 D*3 w==0.54
X shehwart X Sc X WV
UCL LCL CL UCL LCL UCL LCL
X Control 3.13 2.38 2.75 3.32 2.5 3.23 2.08
Rang-
Control 1.17 0 0.513 1.90 0.0154 1.59 0
34 -
T T SC-ULC
gi |ecmcccccccccccccccccccccc——— A ___:_J-—WV—UCL
3 - N JV I —eeoxua
29 - v
28 |\ AN AR / i‘ /) OV ee—oxaa
27 - " N ’-“ r} 1) “ r 7 l’ ']
26 - N/ v/ AT WVHLAL
DR I N eereeeane Y e N
32 __________________________________;‘l ----- SC-LCL
2.3 - - = = = Seriesy
22 -
2.1 -
2 .
19 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
i1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Fig(1) control Limit for X shewhart , Xsc and Xwv

2 L e SC-UCL-R
1_9 — .......O..................OOOOOOOOOOOOOOiiiiiiiiiimw\{_ppl—_ﬁ
1.8 - = e= ¥-UCL-R
1.7 + e S i@ ST
16 - Seriesg™
1.5 + s Car
12 Seriesb
1.3 +
1.2 +
1.1 +

l -

09 -
0.8 -
0.7
0.6 -
05 A
0.4 -
03 A
0.2
0.1 +
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1234567 89101112131415161718192021222324252627282930

Fig(2) control Limit for Rshewnart , Rsc and Rwv

By using Eq (15,16), Determined the value of the D*4 and D*3 of X _SC ,which value are
depending on the value of Sample size (n) and shift (k) as shown in table(3)

Table(3) The constant value D*4 and D*3 of SC control chart
n=2 n=3 n=4 n=5

k |D*4 | D*3 | D*4 | D*3 | D*4 | D*3 | D*4 | D*3

0 [414) 0 |29| 0 |253| 0 ]2.30]0.10
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041420 0 |3.07] O |[2690.01]240]0.14
08439 0 |328] 0 |286|0.06|262]|0.17
12470 0 |357| 0 |312|0.09|288]0.18
16 |[504| 0 |39 0 |344|0.07)316|0.16
2 |[531| 0 422 0 |371[0.03|343]0.12
24 1562 0 |445] 0 |3.96|0.00|3.68]0.07
2815838 0 [471] 0 |4.21]0.00]3.93]0.00
321610 0 [493] 0 |4.43]0.00]4.12]0.00
36627 0 |513| 0 |4.61)0.00]4.30]0.00
4 1644 0 [529] 0 |4.80]0.00|4.48|0.00

Table (4) shows that the value of A* (UCL and LCL) constant of X, SC and WV Control
chart

By Eq(12,21) and constant of control chart (d2* ,d3*,d4*), for different k ,sample size (n)
and probability value (p=0.65) calculating the value of A* of (UCL,LCL) for X, SC and WV
as shows in table(4) , and it clears from four charts are comparative for A*UCL
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Table(4) A*UCL(A*C) and AL* constant of X, SC and WV Control chart

n=2 n=3 n=4 | n=5
AU AL AL AU AL AL AU AL AL AU AL AL
AU *- AU* AL* *- * AU *- AU* AL* > * AU *- AU* AL* *- * AU *- AU* AL* *- *
K *X SC wWv X SC wWv *X SC WV X SC WV * X SC WV X SC WV * X SC WV X SC wWv
1.8 1.8 1.6 1.0 1.0 0.9 0.7 0.7 0.6 0.5 0.5
0 8 1.89 2.07 1.88 9 9 2 1.03 1.13 1.02 3 2 3 0.73 0.80 0.73 3 5 0.58 0.58 0.63 0.58 8 2
0. 2.1 1.6 1.6 11 0.9 0.9 0.7 0.6 0.6 0.5 0.5
4 1 2.13 2.07 1.65 6 9 3 1.14 1.13 0.92 3 2 9 0.82 0.83 0.66 9 7 0.62 0.63 0.64 0.53 3 2
0. 2.3 1.4 1.7 1.2 0.8 0.9 0.8 0.6 0.6 0.5 0.5
8 2 2.36 2.09 1.44 6 1 2 1.25 1.14 0.82 4 3 5 0.87 0.81 0.60 1 6 0.67 0.68 0.64 0.49 0 3
1. 2.5 1.3 1.7 1.3 0.7 0.9 0.9 0.5 0.6 0.4 0.5
2 0 2.61 2.15 1.26 2 6 1 1.37 1.17 0.74 7 6 1 0.95 0.83 0.55 7 8 0.71 0.73 0.66 0.45 6 4
1. 2.6 1.2 1.8 1.3 0.7 1.0 0.9 05 0.7 0.4 0.5
6 3 2.83 2.21 1.13 1 1 8 1.54 1.25 0.66 4 2 6 1.03 0.86 0.50 3 0 0.74 0.79 0.67 0.41 4 5
2.7 11 1.8 14 0.6 1.0 1.0 0.5 0.7 0.4 0.5
2 2 3.01 2.28 1.04 5 6 4 1.60 1.25 0.61 8 2 0 1.11 0.88 0.46 1 2 0.77 0.85 0.69 0.38 2 7
2. 2.7 1.1 19 14 0.6 1.0 1.0 0.4 0.7 0.4 0.5
4 8 3.20 2.37 0.98 3 4 8 1.69 1.28 0.57 5 5 3 1.17 0.91 0.43 9 4 0.80 0.90 0.71 0.35 0 8
2. 2.8 11 2.0 15 0.6 1.0 1.0 0.4 0.7 0.3 0.6
8 1 3.33 2.45 0.95 3 0 1 1.78 1.33 0.54 4 8 5 1.23 0.93 0.40 7 6 0.82 0.96 0.73 0.33 9 0
3. 2.8 11 2.0 15 0.6 11 1.0 0.4 0.7 0.3 0.6
2 2 3.45 2.53 0.95 6 6 2 1.85 1.37 0.52 4 1 7 1.30 0.97 0.39 7 9 0.84 1.00 0.75 0.32 8 2
3. 2.8 1.2 21 15 0.6 1.1 1.0 0.4 0.8 0.3 0.6
6 1 3.52 2.58 0.95 0 1 3 1.92 1.41 0.52 5 5 8 1.34 0.99 0.37 6 1 0.85 1.04 0.77 0.30 7 3
2.7 1.2 21 15 0.6 11 1.0 0.4 0.8 0.3 0.6
4 9 3.58 2.64 0.97 5 6 3 1.98 1.45 0.51 7 8 9 1.38 1.01 0.37 7 3 0.86 1.07 0.79 0.30 7 5
1.60
110 = . 1.20 .
=" n=5 Jpp—
1.20 = 1.00 =
- - - - -
1.00 e === == =" ==
. - 0.80 B -
0.80 | st ans T T
- . 0.60 ===
0.60 === = JCL*-SC —— = UCL* SO
- - 0.40
0.40 UCL-X
- s == |JCL-X
0.20 UCL Awv 0.20
D[D T T T T T T T T T T D[D T T T T T T T T T L‘ICLIA\‘NI 1
12 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 1

Fig (3,4,5,6) show that the A*(UCL) for X, SC and WV Control Chart for n = 2,3,4,5, from
table(4) it is seen that the AucL of SC control char is better than X and WV control

Summary and Conclusion

Shewhart Xand R control charts are proposed based on a skewness correction (SC) method
and no assumptions about the type of process distribution are needed. For skewed
distributions, the control limits are asymmetric.

In general. Skewness correction provides an alternative method of designing individuals'
control chart with non-normality; all the application results show that the new control chart
skewness correction (SC) method is better than and Shewhart Xand R and WV control it
provides false alarm rate type | error.

Increasing the skin's distribution leads to a relative increase in the type -I error produced due
to the changes within the sample size. Our study shows that the Type I risks of the SC, WV,
and Shewhart methods are compatible for approximately symmetric distributions. In general,
all results show that SC is better.
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