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ABSTRACT
Statistical quality control is a necessary component for any manufacturing industry. The ineffective or absence of a quality control section quality control section may be one cause of low quality. Statistical quality control criteria are developed for assessing the quality in any manufacturing industry. Statistical control charts are widely used in manufacturing industries for monitoring the process mean and variability in quality control. The statistical quality control based on mean and range charts are used on the data collected from pharmaceutical industry. Two statistical quality control limits, 3
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 and 2
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 upper control limit and lower control limit, were developed. These limits were used to detect an out of control signals or the “assignable causes” in the manufacturing process. An alternative method of Shewhart control chart was also used which detect out of control signals more quickly than the Shewhart control charts. This detection can be done only by using 3
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 control limits. The EWMA control charts are observed as better at small shifts than the Shewhart control charts. The multivariate Hotelling’s T2 control chart was also developed for the same data.
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1. INTRODUCTION

Walter. A. Shewhart of the Bell telephone Industries in 1920s developed the Statistical control chart concept. This is considered as the beginning of the Statistical Quality Control (SQC).In 1924, he proposed the concept of control charts (Montgomery, 2000). A control chart shows the value of the quality characteristic of interest as a function of time or sample number. Generally, a control chart is made of a centerline which represents the mean value for the in-control process, and two horizontal lines, the upper control limit (UCL) and the lower control limit (LCL). In 1931, Shewhart published “Economic Control of Quality of Manufactured Product,” a book that outlines statistical methods for use in production and control charts methods. A summary of the historical background of statistical quality control is found in “Quality Control and Industrial Statistics” Duncan (1986).
The purpose of this paper is to describe different approaches used for obtaining quality product in the manufacturing industries. These approaches are based upon the principles of Statistical Quality Control (SQC).
Statistical Quality Control (SQC) is the collection of strategies, techniques, and actions conducted by an organization to assuring the production of quality products. The process begins at the product planning and design phase, where attributes of the product are determined and specified. Each attribute of the product is a potential contributor to overall product quality.
Quality control can be undertaken in two distinct ways: after- process quality control and on-line or in-process quality control.

After-process quality control involves inspecting the attributes of a finished product to determine whether the product is acceptable, is in need of reprocessing or is to be rejected and scrapped. 

In-process quality control techniques measure product attributes at various intervals throughout the manufacturing process in order to pinpoint the problem areas. This information enables quality control personnel in conjunction with production personnel to make corrections in operations as products are being made. This intervention in turn opens the door to opportunities for improving the process and the product.
The most powerful tool in Statistical Quality Control is the Shewhart control charts. These control charts found widespread use during World War II and has been employed, with various modifications.

2. Control Charts

The Control Charts is the most technically sophisticated method in Statistical quality control (SQC). The control chart is a device used for the on-line surveillance. The most important use of the control chart is to improve the process. The Control Charts only identify the assignable causes. If these causes are isolated from the process, variability will be reduced and the process will be improved. Control Charts are classified into two types:
2.1 Attribute Control Charts
Many quality characteristics cannot be represented numerically. In such a case we usually dichotomize each item as either conforming or non-conforming. The terminology “defective” and “non-defective” is usually used to identify these two classifications of the product. Quality characteristics of this type are called attributes. The most commonly used attribute control charts are p chart, c chart and u charts etc.

2.2 Variable Control Charts

Many quality characteristics can be represented numerically. A single measurable quality characteristic is called a variable. Control Charts for variables is widely used. When dealing with a variable, it is a standard practice to control both the mean value of the variable and its variability. Control of the process average is with the control chart for means or 
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 chart. Control of the process variability is with either control charts of standard deviation, known as the S chart, or a control chart for range, known as R chart. The R chart is most widely used. The 
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 and R charts are the most useful Statistical quality control techniques. In this study we will concentrate only on the variable control charts.
The 
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 chart is used for displaying batch-to-batch variations, and a range chart for within-samples variations. When setting up 
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 and R control charts, it is best to start with R chart. Because the control limits on the 
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chart depend on the process variability, unless process variability is control, these limits will not have much meaning.

In order to draw 
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 and R chart, compute 
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 the mean for each sample, then compute 
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 the over all mean (the centerline), which is the estimate of 
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 and the estimate of 
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The upper and lower control limits for mean are 
UCL = 
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Where A2 is the tabulated value.

If any point falling above or below the upper 3 sigma limits, the process is said to be out of control. 
For standard deviations:
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 is the centerline

UCL = 
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For Range chart:
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The centerline is 
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and the estimate of 
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The upper and lower control limits for Range chart are

LCL=D3 
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where D3 = 
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UCL=D4 
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The constants D3 and D4 are the tabulated values.
2.3

Exponentially weighted moving Average (EWMA) Control Charts
The EWMA Control charts were first described by Roberts (1959). EWMA charts have a very long history. The exponentially weighted moving average (EWMA) control chart is an alternative to the Shewhart control chart. The Shewhart chart takes only the immediate control into consideration for Statistical testing where as the EWMA chart uses the previous information also. The EWMA control chart is used when it is desirable to detect out of control situations very quickly than the 
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charts. This detection can be done by using only one rule, being within the 3- sigma limits. The EWMA chart is an alternative to 
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chart when the subgroup size n =1.The EWMA is sometimes also called geometric moving average, since the weight attached to data is exponentially declining as the observations get older and older.
Steps involved in constructing EWMA control chart

(i)
Estimate the process standard deviation σ, using 
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(ii)
Determine a weighting constant, lambda, which weight the past and current information. If 
[image: image45.wmf]l

 = 0.2, it means that 80% of the weight will be given to past information and 20% to current information.
(iii)
Determine the points on the EWMA chart denoted by Z t
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Continuing to substitute recursively for Z t-j, j = 2,3…t, we obtain
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the initial value is taken as 
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(iv)
The upper and lower control limits are 
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(v)
Plot the centerline 
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 the LCL and UCL and process measurement Z t 

(vi)
Interpret the data. The process is out of control
 
only if a point is outside the +/- sigma limits
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2.4.
Multivariate Quality Control Charts

Process monitoring problem in which several variables are of interest is called Multivariate Quality Control (MQC). The first original study in multivariate quality control was introduced by Harold Hotelling (1947). The commonly used method of multivariate quality control is Hotelling’s T2.
Calculating the Hotelling’s T2 statistic as

T2 = ( X- 
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 ) T S-1( X- 
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Plotting the T2 values on the time axis.
The lower control limit is zero, and the upper control limit is 
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 (0.01). There is no centerline in the T2 chart.

Conclusion:

We have discussed in detail different statistical quality control tools and concluded that.

1. The X bar and range charts are the proven tools for monitoring an out of control signals in statistical quality control.

2. The exponentially weighted moving average (EWMA) control charts are the alternative of Shewhart control charts, especially when we are interested in detecting small shifts.

3. Hotelling’s T2 is an important control statistic in monitoring simultaneously two or more characteristics.
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Appendix:
Table No. 1 EWMA Control limits.

	Batch #
	Amount of fill
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	R
	Zt
	LCL
	UCL

	1
	29
	28
	30
	29
	31
	29.4
	3
	29.48
	29.12349
	29.546971

	2
	30
	31
	29
	30
	31
	30.2
	2
	29.61
	29.000724
	29.623275

	3
	29
	30
	31
	30
	31
	30.0
	2
	29.69
	29.000736
	29.625771

	4
	29
	30
	29
	29
	30
	29.4
	1
	29.63
	29.000440
	29.625885

	5
	30
	29
	28
	28
	29
	28.8
	2
	29.46
	29.000381
	29.656912

	6
	29
	30
	28
	29
	30
	29.2
	2
	29.41
	29.000186
	29.667110

	7
	29
	30
	30
	29
	29.5
	29.5
	1
	29.43
	29.000190
	29.668221

	8
	30
	29.5
	28.5
	29
	29.5
	29.3
	1.5
	29.30
	29.000164
	29.670001

	9
	30
	29
	29
	29
	28
	29.1
	2
	29.43
	28.988641
	29.676883

	10
	31
	30
	29
	31
	28.5
	29.9
	2.5
	29.45
	28.988589
	29.681761

	11
	28
	29
	30
	28
	30
	29.0
	2
	29.36
	28.988361
	29.686382

	12
	30
	31
	29
	29.2
	30
	29.84
	2
	29.45
	28.988286
	29.686414

	13
	28.8
	30
	29
	28
	29
	28.96
	2
	29.35
	28.988262
	29.687138

	14
	30
	29.1
	29
	30
	28
	29.22
	2
	29.33
	28.988130
	29.688000

	15
	29
	30
	29
	28
	30
	29.20
	2
	29.30
	28.988100
	29.688096

	16
	29
	29
	28.6
	30
	29
	29.12
	1.4
	29.27
	28.987514
	29.688186

	17
	28
	29
	31
	29
	30
	29.40
	3
	29.29
	28.987463
	29.689107

	18
	30
	28
	28.6
	30
	31
	29.52
	3
	29.34
	28.987315
	29.689285

	19
	29
	29.2
	30
	28.1
	29
	29.06
	1.9
	29.28
	28.987136
	29.700934

	20
	29
	29.1
	28
	29.2
	30
	29.06
	2
	29.24
	28.975730
	29.718952

	21
	28.6
	28
	29.2
	29
	28
	28.56
	1.2
	29.10
	28.970014
	29.718948

	Mean
	
	
	
	
	
	29.34
	1.976
	
	
	


Table No. 2 Hotelling T2 statistic
	Batch #
	X1
	X2
	X3
	X4
	T2

	1
	1.101
	5.600
	99.50
	29
	2.26417

	2
	1.120
	5.570
	101.50
	30
	0.08477

	3
	1.109
	5.580
	103.00
	29
	3.43383

	4
	1.107
	5.560
	102.00
	29
	1.57196

	5
	1.109
	5.540
	98.00
	30
	3.75739

	6
	1.109
	5.500
	100.0
	29
	8.14251

	7
	1.120
	5.600
	99.00
	29
	2.51659

	8
	1.120
	5.560
	101.00
	30
	0.65190

	9
	1.108
	5.600
	99.50
	30
	2.12519

	10
	1.109
	5.600
	101.50
	31
	1.78880

	11
	1.102
	5.588
	98.57
	28
	2.80147

	12
	1.129
	5.557
	101.10
	30
	1.08069

	13
	1.111
	5.573
	102.70
	28.8
	2.52492

	14
	1.108
	5.573
	101.50
	30
	0.37997

	15
	1.109
	5.546
	98.30
	29
	2.85487

	16
	1.110
	5.559
	100.10
	29
	0.21577

	17
	1.098
	5.587
	99.21
	28
	2.16097

	18
	1.116
	5.574
	101.00
	30
	0.39517

	19
	1.107
	5.552
	101.50
	29
	1.2725

	20
	1.104
	5.569
	101.00
	29
	0.29955

	21
	1.118
	5.556
	98.90
	28.6
	0.92170
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