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Abstract

Statistical process control (SPC) involves measurements of process performance that aim to
identify common and assignable causes of quality variation and maintain process
Performance within specified limits. it is fashionable buzzword in manufacturing industry.

Manufacturing organizations need to improve quality while decreasing costs and increasing
production volumes with fewer resources. [1] As competitive pressure has been steadily
rising. These studies aimed to assess production quality in the plant, in this research we have

about (15) sample of product in 2 weeks each one content 3 sub sample. We apply the

(R-bar), (S-bar ) &pooled standard deviation. [2], [3], [4] [5] analyzing data collection by

using MINTAB present that the production did not mach the specification that the plant
management wanted to achieve. The underlying goal of the study is to reduce the variations
and rejections in a critical process. The objective of this paper is to monitoring  the quality
of Product using statistical quality control maps; explain the concept of statistical process

control and its application in a manufacturing industry to improve the quality levels. [6]

Introduction

Quality is a key factor for the survival of the organization in the business environment. So it
became necessary for industrial plants and laboratories quest for continuous improvement in
performance in order to meet the requirements and international standards in the quality of
production.

Quality Control charts are commonly used in production environments to analyze process
parameters to determine if a controlled process is within or out of control, i.e. to distinguish
between assignable and common, also called chance, causes. Control charts are valuable for

several purposes throughout the process improvement cycle.
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Control Chart Decision Tree
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Fig. (1) Control chart Decision Tree

These uses are described and illustrated in greater detail elsewhere and include Testing for
and establishing a state of statistical control; Monitoring an in-control process for changes in
process and outcome quality; Identifying, testing, and verifying process improvement
opportunities.

we depend Four steps to develop control charts first Step Gather data Step two we Calculate
control limits and after that Interpret for process control final step was Interpret for process
capability . [7], [8], [9], [10]

It is a statistical tool used to distinguish between variation in a process resulting from
common causes and variation resulting from special causes. It presents a graphic display of
process stability or instability over time._Quality Control and style of a statistical tool to
monitor the production process to match the specifications and preset find weaknesses and
undesirable deviation in performance with that identify the causes of deviations and take
corrective action to avoid failure in the future, which guarantees continuous
improvement. Some manufacturing processes which benefit from control chart tracking are
filtration, extraction, fermentation, distillation, refining, reaction, pressing, metal cutting, heat
treatment, welding, casting, forging, extrusion, injection molding, spraying, and soldering
111, [12] , [13], [14]Control charts used for Differentiate between special cause and
common cause variation, Assess the effectiveness of changes to improve a process,
communicate how a process performed during a specific period. Although computationally

simple, control charts are sometimes complex to use correctly because the sample points
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come from non-specified probabilistic distributions and usually require interpretation by a
skilled user. Using the statistical software package ready-made maps in the implementation of
quality control because it easy to understand and action in the interpretation of results. [15],
[16], [17], [18]

X bar and R chart is a two-part Control Chart used to monitor processes with variable type
data. In general, variable data requires some form of measurement, e.g., length, temperature,
time, volume, pressure, etc. [19] Before the decision on the level of quality in the production
process in the sense we are conforming or not conforming to the specifications it was
incumbent on the decision maker to define the concept of non-conformity of the production
process to the specifications of the required quality depending on the nature of the
phenomenon under study as show in Fig (2).

The production process which does not match the specifications in the case of points located
at a lower level than the minimum to the monitoring points, while the presence of a higher

level of the upper limit of for observation, its good and needs to be consolidated.

158 159 160 16.1 16.2 158 159 160 161 162

Mean Mean
e e — ucL
X-chart R-chart
LCLi’@ LCL

(a) Shift in mean detected by x-chart but not by R-chart

158 159 160 161 162 158 159 160 161 162

Mean Mean
ucL e TOPM——
X-chart ———J—f—f—————:——!— R-chart g e
e e = LCL ===

(b) Shift in dispersion detected by R-chart but not by X-chart

Fig (2) Process shifts captured by —charts
and R-charts
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Need of SPC

Statistical process control (SPC )? is meant to control the product quality on-line so that the
product conforming to specifications is produced. To be truly effective, SPC must become an
important segment of corporate life as a part of total quality control program. SPC is strongly
needed due to following reasons:

a) To discover when a process is out of control so that corrective action is taken well in time.
b) To reduce the cost of internal failures, i.e. scrap and rework.

c) To ensure that operators are paid only for good quality production.

d) To eliminate frequent readjustments and interruptions in the process which would
otherwise result in production loss and greater variability in product quality?

¢) Better utilization of labor, facilities and material. [20]

f) Data obtained from SPC can be used to determine whether the given process has the
potential or capability of meeting the specifications on various quality parameters. If not, we
can undertake a number of remedial actions to minimize the production of non-conforming
product. [21], [22], [23], [24]. Statistical quality control (SQC) is the term used to describe
the set of statistical tools used by quality professionals. Statistical quality control can be
divided into three broad categories: [25], [26], [27], [28], [29]

1. Descriptive statistics are used to describe quality characteristics and relationships. Included
are statistics such as the mean, standard deviation, the range, and a measure of the distribution
of data.

2. Statistical process control (SPC) involves inspecting a random sample of the output from a
process and deciding whether the process is producing products with characteristics that fall
within a predetermined range. SPC answers the question of whether the process is functioning

properly or not.

3 SPC= STATISTICAL PROCESS CONTROL

2
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3. Acceptance sampling is the process of randomly inspecting a sample of goods and deciding

whether to accept the entire lot based on the results. Acceptance sampling determines whether

a batch of goods should be accepted or rejected.
Control chart was invented in the Bell Labs by Walter Shewhart on May 24, 1924

[7].Graphically represented by plotting process parameter against time, control chart

is intended to monitor process stability and variability [6] [10].

unit3 unit2 unitl Smple
No.
101.3 99.2 104.4 1
93.7 98.1 92.9 2
98.7 92.5 92.3 3
99.4 102.2 101.6 4
90.0 99.1 97.4 5
90.4 92.5 102.2 6
104.5 103.2 98.4 [
104.0 95.9 90.0 8
101.8 102.3 97.6 9
104.9 103.1 91.6 10
101.6 94.8 101.7 11
102.4 92.5 104.5 12
92.7 90.7 91.5 13
95.7 91.4 97.2 14
94.7 104.4 99.0 15

Table (1) Data Collection

The graph includes a Centre Line, an Upper Control Limit and a Lower Control Limit.

Control chart is one of the most important SQC methods in quality control and
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improvement. [30], [31], [32], [33], [34] It is a proactive statistical tool intended to
monitor Processes and signal when they go out of control.

Control Maps for the number of units attributed to faulty or defective units, we find that the
standard non-conformity is limited to the points that fall in the level higher than the minimum
limit check. Community is well known that the average (p) is equal to 100 grams the standard

deviation of the society (o) is unknown.

A case study

A study was conducted in a plant which product food product from whole milk (derivative).
The plant is accredited with ISO 9001 and QS 9000 quality standards. The plant has more
than 70 employees and it located in Iraq. Major customers of the plant in different section

society, it has separate quality assurance department.

METHODOLOGY

Aim
These studies aimed to assess production quality in the plant, We apply the (x -bar ), (R -bar )
&pooled standard deviation. analyzing data collection by using MINTAB present that the

production did not mach the specification that the plant management wanted to achieve .

Sample and data collection

In this research we have about (15) sample of product during two weeks period in 2010, each
one content 3 sub sample. Tables (1) present the Data collection which has been collected
from the plant which have many products, the researcher find that the main product for this

plant was (cheese) weight (100) Gram.
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Data analysis by Minitab
For analyzing we use Minitab software to monitor the data by statistical quality control maps,

two methods used (R-bar) and (x-bar).

Xbar Chart of C1; ...; C3

110

UCL=107

105 -

100 | \ A A\/’\ =100
% | \/ \v‘\
LcL=s2

[]
1
T

Sample Mean

90 A

T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Sample

Fig(3) X-bar Chart of Data collected

By using Range (R) charts or (R-bar) control chart for variables. Whereas x-bar charts
measure shift in the central tendency of the process, range charts monitor the dispersion or
variability of the process. [35], [36], [37], [38]

The method for developing and using R-charts is the same as that for x-bar charts. The center
line of the control chart is the average range, and the upper and lower control limits. [39]
,[40], [41]

Quality Control map showing that production in the laboratory which does not go according
to quality standards set by the management of the plant as the sample (13) has exceeded the

minimum of control.
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Size X — Chart
(m) A
2 1.88
3 1.022
4 0.73
5 0.58
6 0.48
7 0.42
8 0.37
9 0.34
10 0.31
11 0.29
12 0.27
13 0.25
14 0.24
15 0.22
16 0.21
17 0.20
18 0.19
19 0.19
20 0.18

R - Chart
Dy Dy
0 3.27
0 2.57
0 2.28
0 2.11
0 2.00
0.08 1.92
0.14 1.86
0.18 1.82
0.22 1.78
0.26 1.74
0.28 1.72
0.31 1.69
0.33 1.67
0.35 1.65
0.36 1.64
0.38 1.62
0.39 1.61
0.40 1.60
0.41 1.59

Table (2) factor for x-chart

DS
n‘T
CULEEORSCRYCE

We calculate the Mean, Standard deviation, range. The CL = g in this case study and its

equal to 100. The value of UCL will be calculated as:

UCL = ¢ + A 2 R (100+ 1.022* 76.67) , n=3 , LCL =(100 - 1.022 76.67).

for n=3 the value for factor for x-chart = 1.022 as showed in Table ( 2) .

we also use S — bar and calculate CL= ¢ =100, UCL= g + 3n/~n(100*3*40.3), LCL= u -

3n/n(100%3*40.3).
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After that we calculate Pooled Standard Deviation as:

3(s) poo!ed]
UCL=pu+| ————
& ( W

(S)Poﬂfed—\/(” Y

UCL:;,{W%MJ

7 Worksheet 1 *** Q@E}

+ 4 C5 6
Mean Standard Deviation| Range

110 26.1598 52
2 94 26.0000 52
3 94 36.3868 64
4 101 147422 28
5 95 48,3839 91
6 95 628471 18
7102 32,1293 61
8 96 70.2875 140
9 100 258134 a7
10 99 721543 133
1 99 39.6517 69
12 93 64.0858 120
13 91 10.0684 20
14 94 30.1054 58
15 93 48.6038 97

Table. (3) Mean, Standard Deviation& Range

Results & Conclusions

1- Our results show that the statistical process control is an effective means for controlling
and improving the process quality. Critical variables i.e weight was selected on the basis of
rejections due to them. With the application of variable control charts, significant

improvement has been experienced in terms of process capability.
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UCL| CL= | n | Factor| LCL
u for X-
Chart
107 100 3 1.022 92.16

Table (4) weight variable statistical process

2- The study shown , generally, the adaptive X-bar , R-bar chart are able to improve the
effectiveness .

3- our study also present that Quality Control map which does not go according to quality
standards set by the management of the plant as the sample (13) has exceeded the minimum
of control as show in Fig (1).

4- The study presents determine the quality characteristic to be controlled or monitored. Than
take an adequate number of samples to establish a baseline. And choose the appropriate
control chart for plotting data. final Compute mean line and control limits. and establish a
location to display the control chart. as show in fig(2), Train operators to plot and interpret the
chart. Collect data using samples at defined intervals or frequencies. Plot data on control

charts. Analyze the results for each sample. Interpret the results and take necessary action.

Reference

1. vau Vaughan, T. S. (1993): Variable Sampling Interval np Process Control Chart.
Communications in Statistics-Theory and Methods 22, 147-167.

2. Wu, Z. and Fan, H. T. (2000): Design of an Advanced np Control Chart. Proceedings of
the 54th Annual Quality Congress, American Society for Quality, Indianapolis, USA,
May, 494-503.

3. Brue, G. Six Sigma for Managers. New York: McGraw-Hill, 2002. Duncan, A. J. Quality
Control and Industrial Statistics. 5th ed.Homewood, Ill.: Irwin, 1986.

Vol: 8 No: 1, January 2012 33 ISSN: 2222-8373



DIYALA JOURNAL FOR PURE SCIENCES 7 I

P

Assessing the quality of Product using statistical quality

control maps: a case study"

Dr.Abas Mukbel baarz , Alla Talal Yassin , Sahab Dia Mohamed

4. Grant, E. L and Leavenworth, R. S. (1996), “Statistical Quality Control”, McGraw Hill,
New York.

5. Evans, James R., and William M. Lindsay. The Management and Control of Quality. 4th
ed. Cincinnati: South-Western, 1999.

6. Ipek H., Ankara H. and Ozdag H. (1999), “Technical note on Application of Statistical
Process Control” Journal of Quality Technology, Vol. 26, pp 79-83.

7. Das, T. K. and Jain, V. (1997): Economic Design of Dual-Sampling-Interval Policies for
charts with and Without Run Rules. IIE Transactions 29, 497-506.

8. Feigenbaum, A. V. Total Quality Control. New York: McGraw-Hill, 1991.

9. Jaju, S. B, et al (2002), “Process Capability Study of Bought-out Components for Tractor
Manufacturing Industry,” Industrial Engineering Journal, Vol. XXXI, No. 4, pp 13-19.

10. Grant, E. L., and R. S. Leavenworth. Statistical Quality Control. 6th ed. New York:
McGraw-Hill, 1998.

11.Jiju Antony and Tolga Taner, (2003), “A Conceptual Framework for the Effective
Implementation of Statistical

12. Process Control” Business Process Management Journal, Vol. 9, No. 4, pp. 473-489.

13. British Standard Institution. (1985): Quality Management Systems, BSI Handbook 24,
Quality Control, London.

14. Juran, J.M., et al (1974), “Quality Control Hand-book”, McGraw Hill, New York.

15. Hoyer, R.W., and C. E.Wayne. “A Graphical Exploration of SPC,Part 1.” Quality
Progress, 29, no. 5 (May 1996), 65-73.

16. Arnold, J. C. and Reynolds, M. R., Jr. (2001): CUSUM Control Charts With Variable
Sample Sizes and Variable Sampling Intervals. Journal of Quality Technology 33, 66-81.

17. Benneyan]J. C, Kaminsky F. C. Another view on how to measure health care quality. Qual.
Progress 1995; 28: 120-124.

18. Calabrese, J. M. (1995): Bayesian Process Control for Attributes. Management Science
41, 637-645.Juran, J. M., and F. M. Gryna. Quality Planning and Analysis. 2nd ed. New
York:McGraw-Hill, 1980.

19. Shewhart W. A. The Economic Control of Quality of Manufactured Product. New York:

D. Van Nostand and Co., 1931.
Vol: 8 No: 1, January 2012 34 ISSN: 2222-8373




DIYALA JOURNAL FOR PURE SCIENCES 7 I

P

Assessing the quality of Product using statistical quality

control maps: a case study"

Dr.Abas Mukbel baarz , Alla Talal Yassin , Sahab Dia Mohamed

20. Wadsworth, H. M., K. S. Stephens, and A. B. Godfrey. Modern Methods for Quality
Control and Improvement. New York: Wiley, 1986.

21. Deming W. E. Quality, Productivity, and Competitive Position. Cambridge, MA:
Massachusetts Institute of Technology Center for Advanced Engineering Studies, 1982.

22. Wu, Hsien-Jung, Cheng-Shin Liou and Hsu-Heng Pi, 1991, Fault diagnosis of processing
damage in injection molding via neural network approach. In Intelligent

23. Engineering Systems Through Artificial Neural Networks (C. Dagli, S. Kumara and Y.
Shin, Editors) (New York: ASME Press), 645-650.

24. Yazici, Hulya and Alice E. Smith, 1992, A composite system approach for intelligent
quality control. Proceedings of the IIE Research Conference, 325-328.

25. Costa, A. F. B. (1994): Charts with Variable Sample Size. Journal of Quality
Technology26, 155-163.

26. Willborn, Walter W. O., 1990, Expert systems in support of quality management. ASQC
Quality Congress Transactions, 758-763.

27. Costa, A. F. B. (1997): Charts with Variable Sample Size and Sampling Intervals. Journal
of Quality Technology 29, 197-204.

28. Costa, A. F. B. (1999a): Joint and R Charts with Variable Sample Sizes and Sampling
Intervals. Journal of Quality Technology 31, 387-397.

29. Willborn, Walter W. O., 1990, Expert systems in support of quality management. ASQC
Quality Congress Transactions, 758-763.

30. Daudin, J. J. (1992): Double Sampling Charts. Journal of Quality Technology 24,78—87.

31. Smith, Alice E. and Hulya Yazici, 1992, An intelligent composite system for statistical
process control. Engineering Applications of Artificial Intelligence, 5, 519-526.

32. Tang, Zaiyong, Chrys de Almeida and Paul Fishwick, 1990, Time series forecasting using
neural networks vs. Box-Jenkins methodology. Proceedings of the First Workshop on
Neural Networks: Academic/Industrial/ NASA/Defense, 95-100.

33. Juran, J. M. and Godfrey, A. B. (1999): Juran’s Quality Handbook. McGraw-Hill,
Singapore.

34. Lucas, J. M. (1985): Counted Data CUSUM’s. Technometrics 27, 129-144.

Vol: 8 No: 1, January 2012 35 ISSN: 2222-8373



DIYALA JOURNAL FOR PURE SCIENCES (AN

. R

Assessing the quality of Product using statistical quality

control maps: a case study"

Dr.Abas Mukbel baarz , Alla Talal Yassin , Sahab Dia Mohamed

35. Evans, James R. and William M. Lindsay, 1988, A framework for expert system
development in statistical quality control. Computers & Industrial Engineering 14, 335-
343.

36. Porteus, E. L. and Angelus, A. (1997): Opportunities for Improved Statistical Process
Control. Management Science 43, 1214—1228.

37. Pignatiello, J. J., JR. and Samuel, T. R. (2001): Estimation of the Change Point of a
Normal Process Mean in SPC Applications. Journal of Quality Technology 33, 82-95.

38. Prabhu, S. S.; Runger, G. C. and Keats, J. B. (1993): An Adaptive Sample Size Chart.
International Journal of Production Research 31, 2895-2909.

39. Hornik, Kurt, Maxwell Stinchcombe and Halbert White, 1989, Multilayer feedforward
networks are universal approximators. Neural Networks, 2, 359-366.

40. Prabhu, S. S., Montgomery, D. C. and Runger, G. C. (1994): A Combined Adaptive
Sample Size and Sampling Interval Control Scheme. Journal of Quality Technology 26,
164—-176.

41. Rendtel, U. (1987): The Use of Generalized CUSUM-Schemes to Control the Percent
Defective of a Continuous Production Process. Frontiers in Statistical Quality Control 3

edited by H. J. Lenz et al. Physica-Verlag, Heidelberg.

Vol: 8 No: 1, January 2012 36 ISSN: 2222-8373



