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ABSTRACT

The Modified Burr III (MBIII) distribution is a new exponential family of distributions that we
have introduced in the process of control chart. The proposed model is positively skewed, with
a declining or unimodal form (depending on its parameter values). The MBIII distribution's
statistical features are investigated and derived to evaluate the process of control chart. We've
created Box-Cox control charts in mean and variance, for 3 sigma level as we assume the data
is non-normal. Finally, as an example, an application to a simulation data set that is fit in the
derived equation of the 3 sigma level to test the control of the selected distribution is shown.
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1. INDRODUCTION

A sigma rating can be used to define the maturity of a manufacturing process by expressing its
yield, or the percentage of defect-free products it produces, and how many standard deviations
of a normal distribution the proportion of defect-free outcomes corresponds. Researchers are
frequently drawn to a flexible approach for analyzing lifetime data. Regardless of the fact that
several continuous univariate distributions have indeed been built in recent years, numerous
sets of data from reliability, economics, insurance, medicine, and other disciplines do not
reflect similar distributions. As a reason, finding solutions within those fields with modified,
extended, and generalized distributions is justifiable!*!>,

The Box-Cox chart can be used to determine where the sigma minimum value is located. Two
more lines appear in the Box-Cox plot: “the upper and lower confidence limits”. Potential
standards of A minimize the variation are found in the region between the confidence bounds'°.
Based on creating the Pearson differential equation,? constructed a system of twelve types of
distribution functions. The density function comes in a variety of shapes that can be used in a
variety of situations. Inside the Burr distribution network, the “Burr III distribution” has been
the most widely used approach. This is also referred as the Dagum distribution® in assessments
of income, and prosperity distribution. The Inverse Burr distribution® is recognized in the
actuarial field, while the kappa distribution is notable inclimatological profession '°. The
number of distributions hazard function has only growing, decreasing, or stable shapes. As a
function, they can't be used to depict lifetime data such as human mortality or equipment life
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cycles with a bathtub-shaped hazard function. For decades, statisticians have worked on
numerous modifications and various extensions of probability distributions.

Non-monotonic forms, such as the bathtub shape, the unimodal or modified unimodal shape,
and others, are required for certain longevity statistics.Many academics have spent years
developing numerous modified variants of the parent distribution using various strategies to
generate monotonic and non-monotonic geometries. Due to the variation, the MBIII
distribution has periodic decreasing, rising, bathtub, unimodal,and essentially constant hazard
rate shapes®.

In reliability, survival, and selection of sampling applications, the Burr III distribution is being
used to design health data in finance and economics, along with failure data information.There
are various modified, extended, and generalized variations of the Burr III distribution in the
research, namely the inverse Burr III distribution’8. The modified, extended, and generalized
distributions are created by applying a transformation to the base distribution or by adding one
or more parameters. Frequently, these newly generated distributions fit data better than sub-
and competitive models. Burr® proposed the Burr family of twelve distributions for fitting
cumulative frequency functions on frequency data.The density function comes in a variety of
shapes that can be used in a variety of situations.

In this research, we assumed that the quality variate follows the MBIII distribution and
established control limits for that data in the same way as Shewhart control limits are
developed. The online method of such a quality can be monitored using the theory of the MBIII
distribution if a process quality characteristic is believed to follow the MBIII distribution. In
the absence of any such population model specification, we use the normal distribution and any
related constants that are available. Although it is extremely difficult to verify and corroborate
sample data that follows a normal distribution. The normality assumption cannot be sustained
without the use of a goodness - of - fit test if the sample group is tiny'>.

Many studies have been published literature that seek to solve the problem using a control
chart. Wu and Jiao'” suggested an attribute control chart to regulate mean of a variable where
the run length between two consecutive non-conforming samples is validated, and data is
considered non-conforming if it contains a predetermined number of non-conforming items.

2. BACKGROUND OF THE STUDY

Control chart is a Statistical ProcessControl (SPC)tool for monitoring and improving quality
of products in every manufacturing process.Shewhart A. Walter, who worked at Bell
Telephone Laboratories in the 1920s, came up with the concept of a control chart. Since its
inception, some changes have been made, but the core concept of presenting the statistic on a
graph with lower and higher bounds has remained intact. It is vital for quality engineers to
assess whether the control chart in use is capable of detecting an out-of-control process early
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enough. The primary goal of creating control charts [2017]'! is to recognize the assignable
causes of the online process as soon as possible.

In SPC, control charts provide effective tools towards assessing industrial processes. An
intensive monitoring of the production process is required to enhance the high quality of the
made items, to manufacture the product according to the supplied requirements, and to reduce
the inspection cost. As a result, control charts are a tool for achieving excellent product quality.
The central line or the “Central Limit” (CL) signifies the average value for the process under
control, while the other two horizontal lines, well-known as“Upper Control Limit (UCL)”’and
“Lower Control Limit (LCL)”, remainsignified in such a technique that when a process is under
control, almost all of the data points fall within these limits.The control charts can be used to
investigate both variable and attribute features®.

A control chart keeps track of a manufacturing process using data from individual items or
subgroups of things in the process. A measurable quality attribute, such as length, diameter, or
thickness, is associated with each object. The control chart will issue a signal indicating that
the process has altered if the control chart statistic exceeds the control limitations. Following
such a signal, the SPC approach requires that a search be conducted to identify the particular
causes that are to blame.Process engineers must apply their process knowledge to assist in the
identification of the special cause’.

Table-1.Related existing distribution in Statistical Quality Control

Author’s (Year)

Distribution

Description

Muhammad Aslam,
Osama H. Arifand Chi-
Hyuck Jun [2017]"!

Weibull distribution
(WD)

An attribute control chart built on accelerated
hybrid censoring logic has been provided based
on the observation of defective items whose life
follows a WD. An acceleration factor can be
applied to various pressured circumstances such
as stress, load, strain, temperature, and so on to
evaluate the product.

Muhammad Aslam,
Osama H. Arifand Chi-
Hyuck Jun [2017]"?

Gamma Distribution
(GD)

A control chart based on multiple dependent (or
postponed) states sampling for GDquality
characteristic is proposed using the gamma to
normal transformation. Two sets of control limits
are given in the control chart, which can be
derived by looking at the average run length in
control (ARL). The shift in the scale parameter of
a GD is used to compute the out-of-control ARL.

GaddeSrinivasa Rao

[2018]°

Exponentiated Half
Logistic Distribution
(EHLD)

EHLD was studied to produce an attribute control
chart for time truncated life tests with known or
unknown shape parameter. The performance of
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the suggested chart in terms of ARL is evaluated
using the Monte Carlo Simulation (MCS).

A LLD is examined while building an attribute
GaddeSrinivasa ~ Rao Log Logistic control chart for time reduced life tests with
and Edwin Paul [2020]® | distribution (LLD) | known or unknown shape parameter.
Performance of suggested chart in terms of ARL
is evaluated through the MCS.

3. DESIGN STRUCTURE OF THEMODIFIED BURR III DISTRIBUTION
The Cumulative Distribution Function (CDF) of MBIl distribution with three
parameters'specified as

a

F(x;a,B,0) = [1+9x_ﬁ]_§ x>0,ap3,0
>0 - (D)

The Probability Density Function (PDF)specified as

fla,B,0) = apx~F-1[1+ ex—ff’]‘%‘1 x>0 - (2)

Where a, § and 6 are the shape parameters of MBIII distribution. The restrictive distribution
for & — 0; MBIII distribution is a generalized Inverse Weibull distribution.
4. PERFORMANCE MEASURES OF THE MODIFIED BURR III DISTRIBUTION

The statistical properties include;Mean, Variance and Ordinary Moments,. The 7" moments
of MBIII distribution are obtained as

[ee)

", = f X" fOdx = abF " QP Q,),

0

r=123 - (3)
Where Q(P., Q,) is a beta function, B. =1 — % and Q, = %4.% r<pB
Central moments:
Hr
-
T . .+1 1_]‘_1 3
=3 (1) -1 &5 [0by, @0V Q(Pr; 01) @
=0

TheE (X) mean and Var(X)variance of the Modified Burr III distribution are
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NUMERICALILLUSTRATION

The Box-Cox transformation is used to estimate the value, which is then compared to known
values.To validate the applicability of the model, an example on design of Box-Cox control
chart is considered. Using a simulated data set, the control chart of the MBIII distribution is
determined. The table 1 along with figure 1-3; is constructed using «, f and 8parameters, and
being random variables, also the UCL and LCL are reported.

Table 1: Box-Cox plot of control chart for 3 sigma levels
B=1 B=5 £ =10
UCL | CL | LCL | UCL | CL | LCL | UCL | CL | LCL
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T
-2 -1
Lambda

0 1

3 042 | 0.11 | -0.19 1.02 | 0.27 | -0.59 1.15 | 030 | -0.71
5 022 | 0.04 | -0.14 | 0.83 | 0.15 | -0.54 | 097 | 0.17 | -0.69
1 7 0.15 | 0.02 | -0.11 0.73 | 0.09 | -054 | 0.89 | 0.12 | -0.67
9 0.11 | 0.01 | -0.09 | 0.68 | 0.07 | -0.53 0.85 | 0.09 | -0.66
10 0.1 0.01 | -0.08 | 0.65 | 0.06 | -0.53 0.83 | 0.07 | -0.66
3 219 | 0.56 | -1.08 | 5.17 | 1.34 | -2.79 | 576 | 1.49 | -3.36
5 1.15 02 | -075 | 4.16 | 0.73 | -2.73 4.89 | 0.85 | -3.35
5 7 0.77 | 0.10 | -0.56 | 3.69 | 048 | -2.72 | 4.49 | 059 | -3.31
9 0.58 | 0.06 | -0.45 340 | 036 | -2.68 | 4.25 | 045 | -3.19
10 | 0.51 | 0.05 | -0.41 329 | 032 | -2.66 | 4.16 | 0.39 | -3.07
3 4.62 | 1.11 | -240 | 1047 | 2.68 | -5.52 | 11.58 | 2.99 | -6.74
5 2.39 04 | -1.59 | 839 | 145 | -549 | 982 | 1.70 | -6.73
10 7 1.59 | 0.20 | -1.18 | 7.42 | 097 | -549 | 9.00 | 1.18 | -6.65
9 1.18 | 0.12 | -094 | 6.84 | 0.72 | -540 | 851 | 0.89 | -6.41
10 | 1.05 0.1 | -085 | 6.62 | 0.63 | -5.35 833 | 0.79 | -5.61
Figure 1:Control limit forBox-Plot when f = 1
Box-Cox Plot of CL: B=1 for 3 sigma level
Lower CL Upper CL
3.5 Lambda
(using 95 confidence)
3.0 Estimate -0.04
Lower CL -0.41
2.5 Upper CL 0.30
Rounded Value 0.00
5 2.0
8
0 1.54
1.0 1
0.5
00 4-—74 Limit

Figure 2: Control limit forBox-Plot when f§ = 5
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Box-Cox Plot of CL: B=5 for 3 sigma level
Lower CL Upper CL
6 Lambda
(using 95 confidence)
54 Estimate 0.06
Lower CL -0.34
Upper CL 0.50
4 Rounded Value 0.00
>
& 3-
&t
2 -
1
—oEn® Limit
0 L T T T T T
-1 0 1 2 3
Lambda
Figure 3: Control limit forBox-Plot when f = 10
Box-Cox Plot of CL: 8=10 for 3 sigma level
Lower CL Upper CL
6 Lambda
(using 95 confidence)
54 Estimate 0.08
Lower CL -0.33
Upper CL 0.54
4 Rounded Value 0.00
>
& 3-
&a
2 -
1
o—euo— Limit
0 L T T T T T
-1 0 1 2 3
Lambda
CONCLUSION

Based on the MBIII distribution, we created a Box-Cox control chart. The control process is
sentenced using a new algorithm because to the non-normal nature of the process. Table 1
along with figure 1-3; shows a Box-Cox plot of a control chart for a 3 sigma level with
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appropriate parameter values. The LCL was found to be greater whenfS = 1, whereas the UCL
was found to be larger when 8 =5 and 10. This demonstrates that the estimated value

increased as thef8 value increased.It is possible to use 6-sigma to further refine the model.
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