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ABSTRACT

Quality improvement is one of the most important requirements to strengthen a
competitive position in our markets today. So improving the quality, will lead to
decrease variations, shrinkages and so production costs hence the customers acquire the
appropriate products and services to use. Control charts have an effective usage field to
keep the process under control. Control charts are illustrated as graphical analysis
method which defines the products whether to stay in the acceptable limits or not and
as a graphical analysis technique that specifies a signal in the state of product to be out
of that limits. In this paper by detecting basic concept and essentials beyond the control
charts usage and the improvement; so it combined with fuzzy approach to detect the
optimal limits. Hence the application of the proposed fuzzy control chart is in Al-Dura
Refinery to monitor variable quality characteristics. The proposed fuzzy control chart
is under vague, imprecise, uncertain, and incomplete data and based on o-level fuzzy
midrange for o — cut approach. As a result of the application, it’s rational to say that
constructing fuzzy control charts have a more flexible, a more convenient mathematical
characterization concept and have more reasonable results than the traditional quality
control chart techniques.

Contribution/ Originality: The paper's primary contribution is finding a way to improve the quality of

petroleum products in Al- Dura refinery / Baghdad/ Iraq. This can be achieved by applying fuzzy control charts to

monitor the petroleum products specification which is rarely mentioned in relative literature.

1. INTRODUCTION

Quality of manufacturing products and services is the primary key factor for the success and competitiveness of

organizations and there are literally different definitions of quality. Based on the definition of Montgomery [17]

quality is characterized as “inversely proportional to variability”. This definition of quality is rooted in the belief

that an increase in the variability of key characteristics of a product or service results in a reduction in its quality.

Hence, quality control techniques, especially Statistical Process Control, have absorbed significant amount of

attention as an effective tool in reducing variability of processes and improving quality [27. Quality control (QC) is

a set of planned activities which include procedures and tests to achieve a specific specification of final products [37.
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Quality Control focuses on the conversion of inputs into outputs. The purpose of quality control is to assure that
processes are performing in an acceptable manner. This is accomplished by monitoring process output using
statistical techniques [47. Statistical process control is a dynamic monitoring method where product quality is
actively measured and simultaneously charted while manufactured goods are being mass produced [57]. A major
objective of statistical process control is to quickly detect the occurrence of assignable causes of process shifts so
that investigation of the process and corrective action may be undertaken before many nonconforming units are
manufactured [17]. The aim of this paper is to propose a fuzzy control chart to monitor the process of petroleum
products because there are limited numbers of scientific papers about that. The proposed fuzzy control chart is
validated by a case study applied in Al-Dura Refinery. This paper is organized as follows. In the second part it is
mentioned a basic concepts about fuzzy numbers and fuzzy transformation techniques. In the third part, mentioned
a related research of fuzzy control charts .in the fourth part mentioned the framework of the proposed methodology.
In the fifth part, all mathematical models applied in this paper are listed. The next parts presents a case study based
on real data collected from Al-Dura refinery to apply the proposed methodology. And then results of the proposed
control charts with different approaches are compared with each other. In the last part, conclusions and findings

have been interpreted.

2. FUZZY NUMBERS

Trapezoidal and triangular fuzzy numbers are the most famous shapes of fuzzy numbers. A real fuzzy

numberfi is described as any fuzzy subset of the real line R with membership functionfa. A triangular fuzzy

number (TriFN) as illustrated in Fig (1) is indeed a special case of the TraFN where b=c, and will be represented as

(a, b, d) for the convenience to the TraFN. In this case, membership function of the TriFN becomes as follows [67:

X

P— fora=x =b
1, forx =5

m09= EJ forb =x =d W
0, otherwise

Where a, b, ¢, and d are real numbers and pu (x) is: membership function of (x).

PR ED]

1

W

a b—c a
Fig-1. A Triangular Fuzzy Number (TRIFN).

e Fuzzy Transformation Techniques:

Fuzzy transformation techniques are used to transform the fuzzy numbers into crisp values. The four fuzzy
measures of central tendency, fuzzy mode, a-level fuzzy midrange, fuzzy median and fuzzy average, which well-
known in descriptive statistics, are given below:

1- The fuzzy mode, f mode: The fuzzy mode of a fuzzy set I is the value of the base variable where the
membership function equals 1. This is stated as:

JSmode = {x |pF (x)=1},VXEF. ...ooiiiini.. (2)
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2- The a-level fuzzy midrange, F%mr: The average of the end points of an a-cut. An a cut, denoted by =,

is a non-fuzzy subset of the base variable x containing all the values with membership function values

greater than or equal to a . Thus

fa= {x | nF (x) > a}, if @y and Cq are end points of a-cut =

Such that @5 = Min {f,z} and €y = Max {f,z} then,

%mr = (B +Ca) (3)

(SR

3- The fuzzy median, fmed: This is the point that partitions the curve under the membership function of a
fuzzy set into two equal regions satisfying the following equation:

f;m}du Flx)dx :ff:::uedu Flx)dx =%f:p Fds ... (4)

Where a and ¢ are the end points in the base variable of the fuzzy set I Such that a < ¢
4- The fuzzy average, favg: Based on Zadeh, the fuzzy average is

‘I‘izn x nFla)dx

favg: AV(X H ﬂ:m .................... (5)

It should be mentioned that there is no specific basis supporting any one precisely or the selection between
them. Generally, the first two methods are easier to calculate than the last two when the membership function is
nonlinear. Additionally, the fuzzy mode may lead to biased results when the membership function is extremely
asymmetrical. The fuzzy midrange is more flexible because one can choose different levels of membership (o) of
interest. If the area under the membership function is considered to be an appropriate measure of fuzziness, the

fuzzy median is suitable [77].

3. LITERATURE SURVEY

In the literature there exist many papers about fuzzy control charts. Numerical examples using the data of real
case studies are also given to highlight the practical usage of the proposed approaches as illustrated below:

Moraditadi [87] found out that fuzzy individual x and moving range (IX-MR) control chart in the uncertainty
case for process parameters and data based on Fuzzy mode for triangular and trapezoidal fuzzy number coded by
MATLAB software. It was found that the fuzzy control chart was more sensitive than the traditional control charts
and more consistent with the actual situation. As well, fuzzy mode method was more sensitive for trapezoidal than
triangular fuzzy numbers Moraditadi [87. Chen and Yu [97] applied fuzzy zones instead of crisp ones to describe
the monitored zones; and a fuzzy rule to construct the corresponding fuzzy zone control chart. It was found that the
proposed fuzzy zone control chart could achieve better performance against the classical control charts the
monitoring of process variation Chen and Yu [97]. Tadi and Darestani [107] Investigated the fuzzy IX-MR control
chart when Data transformed into trapezoidal fuzzy number using fuzzy mode and Fuzzy Rules approaches. The
results were grouped into four categories (in control, out of control, rather in control and rather out of control). It
was found that fuzzy control chart is more sensitive than classical control chart Tadi and Darestani [107]. Sogandi,
et al. [117] developed a new fuzzy control chart for monitoring attribute quality characteristics based on a-level
fuzzy midrange approach.It was found the performance and comparative results of the proposed fuzzy control chart

was measured in terms of average run length (ARL) by Mont Carlo simulation Sogandi, et al. [117]. Sorooshian

10
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[12] tried an approach based on fuzzy set theory monitoring attribute quality characteristics which considers
uncertainty and vagueness and for this purpose. It was found that the proposed approach has a better performance
and detects abnormal shifts in the process, especially in small shifts and small sample size, faster than current

related approaches [127].

4. THE PROPOSED METHODOLOGY

In this paper the proposed methodology as shown in Fig (4) has been focus on applying traditional control
charts and fuzzy control charts. The main steps of the proposed methodology list as follows:

1. Problem Definition and Data Collection.

2. Selection of the control chart type.

3. Establish the control limits.
4. Analysis of the control chart
5

Decision making

Problem Definition and
Data Collection

Selection of Control
Chart Type

v ' v
Fuzzy State Traditional State
X-S X-S

v

Establish the Control
Limits

Analysis of Control
Chart

Decision Making

Fig-2.The Framework of Proposed Methodology.

11
© 2017 Conscientia Beam. All Rights Reserved.



International Journal of Natural Sciences Research, 2017, 5(1): 8-21

5. MATHEMATICAL MODEL

In this section basic concepts of traditional control charts, fuzzy numbers and proposed fuzzy® -5  control

charts.

A —Traditional E and S control chart

For traditional X and S control chart the control limits are calculated as follows:

X _Chart control limits

Center Line (CL) = X

Lower Control Limit (LCL) = X-AgS ... (6)

Upper Control Limit (UCL) =X+ !5;35

S chart control limits

Center Line (CL) = 5

Lower Control Limit (LCL) = B35 . (7)

Upper Control Limit (UCL) = B45

Where:

X ,X;, ..., X, is asample of size n, then the average of this sample is:

i _ K-_+ X5+"'+Kn

IfXy ,i 2,0, X m is the average of each sample, the process average or the grand average is:
o FetEat4Em (9
m
IfX X, .. X isa sample of size n, then the range of the sample is the difference between the largest and

smallest observations; that is:

R = Xmax- Xmin ... (10)
The sample standard deviation is defined as:

S = (L% XY 11
= . (11)

B. - Fi uzzvi - S control chart

12
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The study lists all the formulas of establishing the control limits of the control charts for Fuzzy X - S control

— —

charts, o - Cut Fuzzy X5 control charts and a - Level Fuzzy Midrange for a - Cut Fuzzy X- ?Control Chart

Control Limits as illustrated bellow:

Fuzzy E Chart Control Limits

L=X., X, Xo)
LHL: (Eﬂ. - AHEE s E‘b— AEE}J :EL‘ - AHEE) (12)
UCL:(EE+ ASS,, Eb+ AEEE,EE+ AzS )

Fuzzy & Chart Control Limits

LCL:(BEEE, BES}J, BESE) (13)

Let quality characteristic of a sample with a size of n be represented as fuzzy triangular numbers by ii (Klja

,Kijb s Kij: ),i=1,2,...,m;j=1,2,...,n.Using the fuzzy arithmetic the mean of the each subgroup and grand

average of the samples can be calculated by Equations below:

Ih.%e Zhodip Zho¥ipe - - =

E:( n  ° n . ) = Xia, Xib, Xic e (14)
1=1,2,...m;)J=1,2,..,n

= TR, Il xp TR = = =

X:( l?;llll, L?;IL ’ I.?;ILIZ'):(KEyKh’KE) ... (15)

Using the fuzzy arithmetic, the fuzzy standard deviation of the each subgroup and fuzzy average standard deviation

of the samples can be derived by the Equations below:
|
( Sia, Sib, Si.l:):_\ll

i __ 2
IR [( %ija . Xijb - Xije) ~(Fia Kip Fic) ] (16)
— o

== = 1 1 1
(Sa,55,3¢)= (;E?éifm,;E?éifeb,;Ef‘iiic) (1)

13
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Control Limits for ¢ — cut X control charts

The control limits for a - cut fuzzy X control charts based on standard deviation are obtained as follows:

.. (19)

....(20)

a - Level Fuzzy Midrange for o - Cut Fuzzy X5 Control Chart:

The control limits and center line for o - Cut Fuzzy X control chart based on standard deviation using o - Level

fuzzy midrange are:

SE+5¢

-
r

UCL:mr—E = CL® mr—X T *"""-3(

LCL% % = CL® pp—% - A3 o

The definition of a - level fuzzy midrange of sample j for fuzzy X control chart is:

rs

Control Limits for a — cut fuzzy & control charts

The control limits and center line for a- Cut Fuzzy 5 control chart can be obtained as follows:

© 2017 Conscientia Beam. All Rights Reserved.
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a - Level Fuzzy Midrange For a - Cut Fuzzy § Control Chart

The control limits for a- level fuzzy midrange for o Cut Fuzzy 5 control chart based on triangular fuzzy numbers

are obtained as follows:

UCL® mr—5 — Bt}fncffr—s(ﬁ}

= ST+5%
CL* pr—r :fncfr—s(CL} == - - ...(24)

r

LCLﬁmr—s: Bafrﬁr—s(CL}
The definition of a - level fuzzy midrange of sample j for fuzzy S control chart can be calculated as follows:

- _ (Saj+5cj)+a [(Spj —Saj )—'._Scj—ﬁhj)]
mr—ej 7

... (25)

C- Determining the Process Condition

The process condition of the sample which identify the process whether in control or not as illustrated below:

o~ Level Fuzzy Midrange for o- Cut Fuzzy iControl Chart based on Standard Deviation

Then, the condition of process control for each sample can be defined as:

in —control for LCL® 5 = 57 o= UCL%,,,—3
Process control = ] (26)

out — of control; otherwise

o - Level Fuzzy Midrange for a - Cut Fuzzy iControl Chart

Then, the condition of process control for each sample can be defined as:

in — control for LCL®p,— = S, = UCL% p

. (27)
out — of control ; otherwise

Process control = {

6. CASE STUDY I

The study selects the petroleum products to monitor the quality of it because of the importance of the oil

industry. The study applied the traditional X - 8 control chart and Fuzzy X -5 control charts to monitor the

Kerosene product the sulphur content specification as shown below:

A. The Constructing of Traditional X - S Control Chart

The study implements traditional control charts for Kerosene product the flash point specification by using

MINITAB software 16.as illustrated in Fig(3).

15
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paaa .:. _ Xbar-S chart of sulphur content for Kerosene product
3 .\ /\\ Lol

o
/\/\ Reo2e7s
S LCL=0.2310

The results for X- S control chart showed that the samples (1; 3; 45 5; 13; 18;19;24) for X chart and the sample

(10) for S chart are failed using MINITAB software16 as shown in Fig (4).

| xbar-s chart sulphur content - Notepad

File Edit Format View Help

¥bar-s chart of 1st week; ...; 4th week

Test Results for Xbar chart of SULPHUR CONTENT SPECIFICATION|

TEST 1. One point more than 3.00 standard deviations from center line.
Test Failed at points: 1; 3; 4; 5; 13; 18; 19; 24

Test Results for s chart of 1st week; ...; 4th week

TEST 1. One point more than 3.00 standard deviations from center Tine.
Test Failed at points: 10

Fig-4. MINITAB Notepad Sheet for the Results of XS Control Chart.

B. The Construction of Fuzzy X - 5 Control Charts:

To construct fuzzy X -5 control chart the data must be transformed to fuzzy triangular number (a, b, c) each

observation must be transformed to fuzzy triangular number as shown in table (1) .Hence by applying the
mathematical models and formulas mentioned above the Arithmetic Mean and Standard deviation for Fuzzy Data
where calculated and by using Excel software13. The condition of process control for each sample can be identified

by the condition rule mentioned above to detect the process control of the sample as shown in table (2).

16
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Table-1. The Fuzzy Triangular Data

No | xal xb1 xcl xa2 xb2 xc2 xa3 xb3 xc3 xa4 xb4 XC%
1 0.29 0.52 0.38 0.1 0.34 0.35 0.0 0.83 0.34 0.34 0.35 0.36
2 0.20 0.28 0.29 0.26 0.3 0.36 0.23 0.52 0.35 0.23 0.32 0.38
3 0.28 0.52 0.35 0.0 0.1 0.88 0.26 0.29 0.1 0.29 0.32 0.34
4 0.38 0.38 0.35 0.88 0.35 0.37 0.52 0.34 0.35 0.32 0.34% 0.36
5 0.1 0.52 0.34 0.52 0.88 0.34 0.838 0.83 0.34 0.31 0.32 0.38
6 0.28 0.32 0.34 0.15 0.238 0.25 0.27 0.29 0.31 0.25 0.31 0.87
7 0.28 0.25 0.26 0.25 0.27 0.29 0.25 0.26 0.27 0.25 0.27 0.28
8 0.23 0.26 0.28 0.17 0.2 0.22 0.25 0.29 0.31 0.21 0.27 0.29
9 0.27 0.28 0.29 0.25 0.27 0.28 0.24 0.26 0.27 0.25 0.27 0.28
10 0.18 0.18 0.47 -0.04 0.238 0.35 0.23 0.4 0.69 0.15 0.38 0.55
11 0.28 0.28 0.29 0.25 0.27 0.28 0.24 0.26 0.27 0.25 0.27 0.28
12 0.0 0.52 0.43 0.15 0.23 0.27 0.18 0.29 0.40 0.22 0.1 0.42
138 0.21 0.22 0.25 0.16 0.2 0.22 0.16 0.21 0.26 0.20 0.25 0.30
14 0.20 0.238 0.238 0.21 0.22 0.25 0.22 0.25 0.28 0.20 0.28 0.25
15 0.28 0.27 0.1 0.18 0.22 0.238 0.21 0.24 0.25 0.18 0.22 0.28
16 0.21 0.23 0.25 0.20 0.22 0.24 0.22 0.25 0.26 0.22 0.23 0.24
17 0.26 0.27 0.28 0.19 0.22 0.25 0.23 0.24 0.26 0.18 0.22 0.24
18 0.17 0.22 0.27 0.16 0.2 0.25 0.16 0.21 0.22 0.24 0.25 0.30
19 0.13 0.18 0.20 0.20 0.22 0.27 0.11 0.16 0.21 0.14 0.19 0.24
20 0.27 0.27 0.29 0.26 0.28 0.30 0.26 0.28 0.28 0.27 0.29 0.31
21 0.18 0.22 0.28 0.23 0.24 0.28 0.23 0.27 0.29 0.27 0.28 0.32
22 0.17 0.24 0.1 0.22 0.28 0.35 0.24 0.31 0.32 0.29 0.3 0.87
23 0.27 0.32 0.38 0.26 0.28 0.88 0.22 0.27 0.29 0.25 0.8 0.36
24 0.17 0.22 0.27 0.16 0.2 0.25 0.17 0.21 0.26 0.22 0.25 0.30

Table-2. The Process Control Condition for O - Level Fuzzy Midrange For @ - Cut (Fuzzy X Control Chart Based on Standard deviation and

Fuzzy § Control Chart)

No & :u_x—.] Process Control Process Control is_sj

1 0.38 out of control 0.01 in control
2 0.29 in control 0.04 in control
3 0.31 in control 0.02 in control
4 0.34 out of control 0.01 in control
5 0.3 out of control 0.01 in control
6 0.28 in control 0.05 in control
7 0.26 in control 0.01 in control
8 0.25 in control 0.04 in control
9 0.27 in control 0.01 in control
10 0.31 in control 0.02 in control
11 0.27 in control 0.01 in control
12 0.29 in control 0.05 in control
13 0.22 in control 0.03 in control
14 0.23 in control 0.01 in control
15 0.23 in control 0.08 in control
16 0.23 in control 0.01 in control
17 0.24 in control 0.02 in control
18 0.22 in control 0.03 in control
19 0.19 out of control 0.03 in control
20 0.28 in control 0.01 in control
21 0.25 in control 0.08 in control
22 0.28 in control 0.08 in control
23 0.29 in control 0.08 in control
24 0.22 in control 0.02 in control

© 2017 Conscientia Beam. All Rights Reserved.
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7. CASE STUDYII
The study applied the traditional X - § control chart and Fuzzy X -3 control charts to monitor the Benzene
product the octane number specification as shown below:

A. The Constructing of Traditional X — S Control Chart.

The study implements traditional control charts for Benzene product the octane number specification by using

MINITAB software 16.as illustrated in Fig(5).

X — S control chart of octane number for Benzene product
834 F
= &2 ‘_.\i_\
= UCL=51.658
=
= 51
= -
E E=80.451
& g0 ‘./\
734 T T T T T T T T T T T T LR
1 3 5 7 9 11 13 15 17 19 21 23
Sample
154 n UOL=1.680
-
5 1.24
H
_;_ 0.8 S=0.741
E
@ 0.4 ]
0.0 LO=0
1 3 5 7 s 11 ) 15 7 15 21 3
Sample

Fig-5. X _ S Control Chart of Octane Number for Benzene Product

The results for X- S control chart showed that the samples (1; 2; 3; 4; 5)for X chart and the samples (8) for S

chart are failed using MINTTAB software as shown in Fig (6)

File Edit Format View Help

rResults for: OCTAN NO CALCULATION NEW.MTwW

xbar-s chart of 1st week; ...; 4th week

Test Results for xXbar Chart of octane number specification for benzene product
TEST 1. One point more than 3.00 standard deviations from center line.

Test Failed at points: 1; 2; 3; 4;

Test Results for s cChart of octane number specification for benzene product

TEST 1. One point more than 3.00 standard deviations from center line.
Test Failed at points: 8

Fig-6. MINITAB Notepad Sheet for the Results of X~ S Control Chart.

B. The Construction of Fuzzy X - ¥ Control Charts:

To construct fuzzy X -5 control chart the data must be transformed to fuzzy triangular number (a, b, ¢) each

observation must be transformed to fuzzy triangular number as shown in table (3) .Hence by applying the
mathematical models and formulas mentioned above the Arithmetic Mean and Standard deviation for Fuzzy Data
where calculated and by using Excel software13. The condition of process control for each sample can be identified

by the condition rule mentioned above to detect the process control of the sample as shown in table (4).

18
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Table-3. The Fuzzy Triangular Data

No | xal xb1 xcl xa2 xb2 xc2 xa3 xb3 xc3 xa4 xb4 XC%

1 81.09 83 83.74 80.54 82.3 82.72 80.09 82 82.74 83.58 84 84.42
2 83.04 83.5 84.48 81.72 83 83.98 81.11 82.5 82.96 80.61 82 83.89
3 80.69 82 83.31 81.76 82 82.76 81.93 83 83.76 80.93 82 83.07
4 82.76 83 84.07 81.01 82 83.31 80.93 82 82.76 80.93 82 82.99
5 80.98 82 83.831 80.75 82 82.63 81.84 82 83.07 79.98 81 81.76
6 78.80 82 82.71 79.05 82 82.71 82.29 83 83.71 77.28 79.5 81.77
7 78.25 80 81.24 78.39 80 81.75 79.76 81 82.24 77.25 79 79.68
8 77.76 79 79.82 78.76 80 80.82 81.34 83 83.82 77.87 80 80.82
9 79.76 81 82.24 78.39 80 80.68 77.25 79 79.68 78.25 80 81.24
10 79.36 79.5 80.26 78.28 79 79.82 78.56 79 79.76 78.88 79.5 80.26
11 80.61 81 82.24 78.39 80 80.90 77.25 79 79.90 78.25 80 80.68
12 79.36 79.5 80.26 78.43 79 79.32 78.24 79 79.76 78.88 79.5 80.26
13 80.53 81 81.83 77.02 79 79.96 76.85 79 80.52 76.85 79 80.52
14 79.69 81 81.16 80.76 81 82.07 78.69 80 81.07 79.69 81 81.76
15 80.09 82 83.91 79.09 81 81.59 79.40 81 81.59 77.09 79 79.59
16 80.24 81 81.76 80.01 81 81.76 78.98 80 80.24 80.76 81 81.24
17 81.41 82 82.59 79.40 81 82.38 80.41 81 81.90 77.09 79 80.20
18 78.47 79.5 80.53 78.05 79 80.03 77.97 79 79.16 79.77 80 81.03
19 77.93 79 79.42 79.58 80 81.07 77.98 79 80.07 77.93 79 80.07
20 79.84 79.5 80.53 78.05 79 80.08 77.97 79 79.28 78.97 80 81.26
21 77.44 79 79.49 79.01 79.5 81.06 79.44 81 81.74 80.51 81 82.56
22 77.93 79 80.07 78.01 79 80.07 77.98 79 79.24 79.76 80 81.07
23 77.93 79 80.31 78.45 79 80.07 77.98 79 79.42 78.93 80 81.31
24 77.98 79 80.07 78.01 79 79.42 78.01 79 80.07 79.45 80 81.07

Table-4. The Process Control Condition for Q- Level Fuzzy Midrange For Ol- Cut (Fuzzy X Control Chart Based on Standard deviation and

Fuzzy 5 Control Chart)

No & :u & Process Control Process Control :ﬁ_ sj

1 82.60 out of control 1.04 in control
2 82.71 out of control 0.75 n_control
3 82.26 out of control 0.51 in control
% 82.30 out of control 0.62 in control
5 81.76 in control 0.62 in control
6 81.88 in control 1.48 in control
7 79.91 in control 0.94 in control
8 80.28 in control 1.75 in control
9 79.84. in control 0.98 in control
10 79.29 in control 0.87 in control
11 79.89 in control 1.01 in control
12 79.28 in control 0.38 in control
18 79.38 in control 1.15 in control
14 80.68 in control 0.58 in control
15 80.52 in control 1.89 in control
16 80.68 in control 0.62 in control
17 80.71 in control 1.36 in control
18 79.88 in control 0.65 in control
19 79.25 in control 0.63 in control
20 79.40 in control 0.62 in control
21 80.14 in control 1.16 in control
22 79.26 in control 0.66 in control
23 79.27 in control 0.57 in control
24 79.25 in control 0.60 in control

© 2017 Conscientia Beam. All Rights Reserved.
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8. RESULTS AND DISCUSSION

The results of X — 5 control chart of the Kerosene product the Sulphur content specification in traditional

state showed that there are (8) samples in X chart are out of control and one sample in (S) chart, while by using

fuzzy state the results show that only (4) samples in X chart are out of control and all samples are in control in (3-)

chart and the results of of X —5 control chart of the Benzene product the octane number specification in

traditional state showed that there are(5) samples in X chart are out of control and one sample in (S) chart, while

by using fuzzy state the results show that only (4) samples in X chart are out of control and all samples are in

control in (-?-)as shown in table (5).

Table-5. The Results of Applying Traditional and Fuzzy Control Charts

g .Product State Control Chart Type Results
Specification
X 8 samples are out of control
K Traditional
AN S One samples is out of control
X 4 samples t of control
Flash point T X samples are out of contro
o All samples are in control
X 5 samples are out of control
Benzene Traditional
S One samples is out of control
X 4 samples are out of control
Octane number Fuzzy .
o All samples are in control

9. CONCLUSION

1.

The decreasing of the gap in the construction and interpretation of fuzzy control charts is achieved. a-cut
of fuzzy sets is successfully applied so as to reflect the tightness of an inspection that can be subjectively set
by the quality controller accordingly to the importance of an inspection. The proposed approach is efficient
in detecting process shifts.

The fuzzy approach is convenient to detect the signals in the variable control charts, because its gives some
flexibility to the control limits. Since the plotted values are close to the upper, lower and center line may
cause false alarms with traditional control charts, fuzzy control limits can provide more flexibility for
controlling a process.

In regard with the occurrence of a mean shift in a real process, hence the proposed fuzzy control chart can
help researchers in the production management area to more accurately describe the implementation of
fuzzy theory in a control chart. In practice, the quality control department of a factory can construct a

specific fuzzy control chart according to its specific environment by following the steps illustrated in this
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study and further more improve the performance of the control charts with the usage of computers, thus
reducing the amount of unqualified products.

Constructing fuzzy control charts have more flexible than traditional control chart approach and give
more meaning results than traditional quality chart technique, hence the proposed fuzzy control chart have
better performance as compared with the traditional control chart. Finally for future work , the study can
be extended by using multivariate fuzzy control charts to monitor more quality characteristic and it can be

extended by monitoring the process capability.
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