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Abstract. Statistical control charts generally study only one property. The purpose of this research 

was thus to generate a control chart for a full set of properties for the product of the 

multiprocessors executing the operation of a lathe machine. In short-term production, there is often 

insufficient data in each product run to achieve an ideal estimate of operation parameters, which 

can result in reduced performance and inefficient control charts. A case study research 

methodology was applied in the Al- Noaman factory. Minitab-17 Software was used to calculate

and plot control charts and to analyse the process capability index. The results of process capability 

(Cp) for three processes (drilling, face, and external length) were equal to 0.828, with the third 

process giving an external diameter equal to 0.248. Another index (Cpk) for shifting indicators, 

gave results for the lower specification limits for drilling and external diameter processes, while the 

other processes, face and external length, shifted towards the upper specification limit. The Cpm 

indicators showed the same behavior for Cp, and the Cpkm indicator gave results that suggested 

the same behavior as the Cpk. 

Keywords: statistical process control (SPC), control charts, short run production, Process 
Capability Indices.

1. Introduction
Statistical Quality Control is a powerful set of useful problem-solving tools that allow stabilisation of a
process and improve capacity by reducing variance [1]. This method provides the statistical techniques
needed to ensure and improve the quality of products. One of the most widely used statistical tools is the
application of control charts, as introduced by Shewhart in 1924. However, no two products are
completely alike, as the processes that produce these products have many opportunities for variance [2],
and while the control scheme is an effective tool for analysing the differences in repetitive processes, in a
general process, two different types of differences can be distinguished. Chance or (common) variations
are the "noise" of production systems, and lead to uncontrollable variations. The other type are
customizable (or special) variations that can be properly identified and controlled [3]. In this paper, batch
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production will be defined as per the American Society for Production Control and Inventory (APIS) "as a 
form of manufacturing that passes through technical departments in a lot or batches and for each lot the 
directive may be different". This is characterised by manufacturing a limited number of products that are 
produced at regular intervals and stored until sold [4].

2. Control chart principles
Several schemes are widely used in industry as graphical techniques for monitoring process outputs; in�

these, statistics are calculated from the measured values of a given process versus its time characteristics�

to determine whether the process is still in statistical control. A control chart always has a centre line for�
the average value of the quality characteristic measurement, with two other horizontal lines. The top line�

is called the upper limit of the control, and the lower line is the minimum control (LCL). The upper and�

lower control limits are set at ±3 standard deviation, as in Figure 1. When control limits are set, if all�
points charted fall between them, the process is in control. In this case, no action is required. If a point�
falls outside one of the control limits, it signals that the process is out of control. Variable control�
diagrams are designed to control product properties that can be measured in a continuous range [5].

The construction of X bar and range schemes are the most common control schemes used to measure 
continuous data. They are the basic tools used to display the range of differences inherent in static 
operations or to identify special reasons that have changed the operating characteristics of a process,
allowing elimination of these special reasons [6].
The subgroup average is calculated by applying the following equation [7]: 

��� =   � ��� ��	
�
� (1) 

The grand average of subgroups is then found by applying the following equation [7]: 

x� = � x
� k��
�
�  (2) 

Thus, �� is used as the centre line on the control chart. To create control limits, an estimate of the range of 
samples must be found [7]: 

��= ���  (���, … , ��	 ) - Min (���, … , ��	 ) (3)

�������	
�������	�
���
���
��
����
�
��
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The average range can be calculated as [7] 

�� = ����������

�
                                                                                                                                          (4) 

                                            
To calculate the trail control limit for the �� chart, the following equations are applied [1]: 

��!"� =  �� + #$��                                                                                                                                       (5)
                                                                     
Center line = � %                                                                                                                                            (6)

!�!"� =  �� & #$��                                                                                                                                        (7)  

where 
UCL'� = upper control limits for  X� charts, 
LCL'� = lower control limits for X�  charts, and
A$ = Factor from table (1) for subgroup size (n). 

               Table 1. Coefficients for control charts for variables [1].

S Chart Constants R Chart Constants For Sigma 
estimated

                   X-bar Chart Constants 

)* )- .*.- /$ #-#$ Sample 
Size = m 

3.26703.26701.1282.6591.882

2.56802.57501.6931.9541.0233

2.26602.28202.0591.6280.7294

2.08902.11502.3261.4270.5775

1.970.032.00402.5341.2870.4836

1.8820.1181.9240.0762.7041.1820.4197

1.8150.1850.8640.1362.8471.0990.3738

1.7610.2391.8160.1842.971.0320.3379

17160.2841.7770.2233.0780.9750.30810

1.6790.3211.7440.2563.1730.9270.28511

1.6460.3541.7170.2833.2580.8860.26612

1.6180.3821.6930.3073.3360.850.24913

1.5940.4061.6720.3283.4070.8170.23514

1.5720.4281.6530.347 3.4720.7890.22315

1.5520.4481.6370.363 3.5320.7630.21216

1.5340.4661.6220.3778 3.5880.7390.20317

1.5180.4821.6080.391 3.640.7180.19418

1.5030.4971.5970.403 3.6890.6980.18719

1.490.511.585 0.415 3.7350.680.1820
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1.4770.5231.575 0.425 3.7780.6630.17321

1.4660.5341.566 0.434 3.8190.6470.16722

1.4550.5451.557 0.4433.8580.6330.16223

1.4450.5551.548 0.451 3.8950.6190.15724

1.4350.5651.5410.459 3.9310.6060.15325

The trail control limit for the �� chart is calculated by applying the equations [1]

��!�� =  .*��                                                                                                                                              (8)  

0�!�� =  .-��                                                                                                                                                (9) 

where
UCL1� = Upper Control Limit for R� 2hart, 
LCL1� = Lower control limit for R� chart, and
.*,.- = Factors from table (1) for subgroup size (n). 

3.     Short run control chart
Much mass production is generally large-scale and building a control chart is thus not difficult. However, 
modern manufacturing trends are to produce a lot of small size batches or to use short-term production for 
flexible manufacturing using the labour shop system; this requires some adjustments to traditional control 
charts. Cullene and Both presented a control scheme called the deviation from the nominal method 
(DNOM), which can be expressed as in the following equation [8]:

�� = ��- 34                                                                                                                                                (10) 

where
��= measurement of sample and
34= target value for sample.

4.      Process capability analysis 
In the field of quality control, process capability is used to compare the output of a process with the 
specification limits of the product produced. The process capability index (PCI) is widely used to measure 
the inherent variability of a process and thus reflect its performance [9]. Several common PCIs, including 
Cp, Cpk, Cpu, Cpl, Cpm, and Cpmk, are widely used in practice. In the Cp index, the overall change in 
the process is relative to the tolerability of the specifications, and it therefore reflects only the consistency 
of product quality characteristics. Cp can be expressed mathematically as [10]

Cp = 
5678767

9:
                                                                                                                                             (11) 

where
USL=Upper Specification Limit,
LSL=lower Specification Limit, and
;= Standard Deviation obtained from ��//$, where /$ = the factor from table (1) for subgroup size (n). 

The common indicator compares the distance between the average operation and the maximum 
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specification with a half-distribution view (Cpu), as shown in the relevant equation below. Similarly, Cpl 
compares the distance between the average operation and the minimum specification with half the 
distribution width, as seen in the equation. Cpk takes into consideration the fact that the process mean can 
be defined as follows [11]:

Cpu = 
5678<

9:
                                                                                                                                               (12)

Cpl = 
<8767

9:
                                                                                                                                                (13) 

Cpk = 
>�?(5678< ,7678<)

-:
                                                                                                                             (14) 

where:
B = process mean.  
Both Cp and Cpk indices do not take into account departures operations, or the means of the target value,
which Chan et al. (1988) [12] suggested as a new development. The CPM indices, which include the 
departure process in their meta tags to reflect the degree of targeting of the process, can be expressed 
mathematically as per the equation below [13]: 

�DE = 5678767

9F:��(<8G)�                                                                                                                                 (15) 

For a power index that is more sensitive to the departure from the mean process than the target value, 
Pearn, Kotz, and Johnson (1992) introduced Cpmk [14], which combines the merits of the three basic 
indices (Cp, Cpk, and Cpm). Cpmk is defined as in the equation below [15]:

�DEH = I�	 (5678<,<8767)

-F:��(<8G)�                                                                                                                        (16) 

5.       Practical applications  
Such indices can help to cover the needs of the market and to meet the specifications of competing 
products in the global market. Figure 2 shows a gas cylinder neck, a part produced on a lathe machine. 
Four processes are required for this product.

       Figure 2. Gas cylinder neck sample
The dimensions and tolerances of the manufactured material for gas cylinder neck steel 37-2 are shown in 
figure (3-a). The four stages of manufacture for this part are as follows:
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Stage 1: Cutting Process 
The first stage of the technical path is to cut the raw material using a reciprocating saw, as seen in figure 
(3-b), to a length of 28 mm.

Stage 2: Drilling Process 
After the cutting stage, the raw material is loaded into and setup on the manual lathe machine.
During this stage, it is drilled to diameter  22.5±N.O mm, with tolerances as shown in figure (3-c).

Stage 3: Face Turning Process 

Work piece length is reduced from 28 mm to 26
�N
8�mm by face turning, as shown in figure (3-d). 

Stage 4: External Turning Process
At this stage, two overlapping operations are applied to the work piece to achieve dimensions of diameter 

 45
�N

8N.-mm, and length 16
�N
8�mm: figure (3-e) show the dimensions for these processes.

a

b d 

c e 

Figure 3. Technological path of manufacturing a gas cylinder neck [16] 

Data were collected for the four properties shown in table 2, After the completion of the production of a 
piece, the measurements of the properties to be controlled were calibrated using verniers prior to the start 
of aggregation to ensure accuracy (0.01 mm) and scale range (50 to 27 mm); these were then measured 
and a fixed factor for a single production feed taken at intervals between the samples to determine the 
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extent of change in the process due to the effect of the machine. The differences between processes are 
introduced by switching the equipment, feed rate, and direction. Figure 5 shows the process in a controlled 
state after deleting samples 10 and 13 in the (Xbar-R) chart shown in figure 4. Table 3 displays the 
statistical calculations constructed using Minitab-17 software after treatment in short run form using 
Microsoft Excel 2013. Table 4 shows the summary calculations for data used in the final step. After all 
characteristic reached a controlled state, equations 11, 12, 13, 14, 15, and 16 were applied to find the PCI, 
as shown in table 5.

Table 2. Data collection

N.P. S.N. Readings (mm)

TV TW  TY TZ T[  

1 

1 22.05 22.45 22.27 22.43 22.39
2 22.52 22.39 22.3 22.31 22.06
3 22.14 22.08 22.48 22.09 22.43
4 22.28 22.52 22.36 22.47 22.07
5 22.1 22.02 22.45 22.19 22.15
6 22.51 22.57 22.17 22.07 22.5
7 22.44 22.42 22.9 22.45 22.31

2 

8 25.9 25.1 25.98 26 25.55
9 25.96 25.99 25.84 25.61 25.6

10 25.55 25.88 25.27 25.52 25.41
11 25.4 25.79 25.18 25.90 25.64
12 25.9 25.88 25.52 25.76 25.86
13 25.61 25.13 25.87 25.94 25.03

3 

  14 44.97 45.01 44.95 44.72 44.96
15 44.93 44.95 45.01 45.09 44.77
16 45.18 45.12 44.85 45.03 45.02
17 44.98 44.74 44.84 44.93 44.97
18 45.04 44.89 45.01 44.81 44.93
19 44.96 45.01 44.72 44.95 44.89    

4 

20 15.88 15.49 15.29 15.7 15.84
21 16 15.9 15.8 15.71 15.98
22 15.75 15.69 15.68 15.95 15.98
23 15.9 15.54 15.55 15.88 16
24 15.76 16 15.63 15.65 16.02
25 15.82 16.05 15.22 15.48 16.01
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Table 3. Calculations for short run

S.N. TV  TW  TY TZ T[ T� R
1 -0.45 -0.05 -0.23 -0.07 -0.11 -0.18200 0.400
2 0.02 -0.11 -0.20 -0.19 -0.44 -0.18400 0.460
3 -0.36 -0.42 -0.02 -0.41 -0.07 -0.25600 0.400
4 -0.22 0.02 -0.14 -0.03 -0.43 -0.16000 0.450
5 -0.40 -0.48 -0.05 -0.31 -0.35 -0.31800 0.430
6 0.01 0.07 -0.33 -0.43 0.00 -0.13600 0.500
7 -0.06 -0.08 0.40 -0.05 -0.19 0.00400 0.590
8 -0.1 -0.9 -0.02 0 -0.45 -0.294 0.900
9 0.04- 0.01- 0.16- 0.39- 0.4- 0.200- 0.390

10 0.45- 0.12- 0.73- 0.84- 0.59- 0.546- 0.720
11 0.6- 0.21- 0.82- 0.1- 0.36- 0.418- 0.720
12 0.1- 0.87- 0.48- 0.24- 0.14- 0.216- 0.380
13 0.39- 0.35- 0.13- 0.06- 0.97- 0.484- 0.910
14 -0.03 0.01 -0.05 -0.28 -0.04 -0.07800 0.290
15 -0.07 -0.05 0.01 0.09 -0.23 -0.05000 0.320
16 0.18 0.12 -0.15 0.03 0.02 0.04000 0.330
17 -0.02 -0.26 -0.16 -0.07 -0.03 -0.10800 0.240
18 0.04 -0.11 0.01 -0.19 -0.07 -0.06400 0.230
19 -0.04 0.01 -0.28 -0.05 -0.11 -0.09400 0.290
21 -0.16 -0.30 -0.71 -0.51 -0.12 -0.36000 0.590
22 -0.02 -0.29 -0.20 -0.10 0.00 -0.12200 0.290
23 -0.02 -0.05 -0.32 -0.31 -0.25 -0.19000 0.300
24 0.00 -0.12 -0.45 -0.46 -0.10 -0.22600 0.460
25 0.02 -0.35 -0.37 0.00 -0.24 -0.18800 0.390

Table 4. Summary calculations for short run

S.N. TV  TW TY TZ  T[ T� R
1 -0.45 -0.05 -0.23 -0.07 -0.11 -0.18200 0.400
2 0.02 -0.11 -0.20 -0.19 -0.44 -0.18400 0.460
3 -0.36 -0.42 -0.02 -0.41 -0.07 -0.25600 0.400
4 -0.22 0.02 -0.14 -0.03 -0.43 -0.16000 0.450
5 -0.40 -0.48 -0.05 -0.31 -0.35 -0.31800 0.430
6 0.01 0.07 -0.33 -0.43 0.00 -0.13600 0.500
7 -0.06 -0.08 0.40 -0.05 -0.19 0.00400 0.590
8 -0.10 -0.90 -0.02 0.00 -0.45 -0.2940 0.900
9 -0.04 -0.01 -0.16 -0.39 -0.40 -0.200 0.390

10 -0.60 -0.21 -0.82 -0.10 -0.36 -0.4180 0.720
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11 -0.10 -0.12 -0.48 -0.24 -0.14 -0.216 0.380
12 -0.03 0.01 -0.05 -0.28 -0.04 -0.0780 0.290
13 -0.07 -0.05 0.01 0.09 -0.23 -0.0500 0.320
14 0.18 0.12 -0.15 0.03 0.02 0.04000 0.330
15 -0.02 -0.26 -0.16 -0.07 -0.03 -0.1080 0.240
16 0.04 -0.11 0.01 -0.19 -0.07 -0.0640 0.230
17 -0.04 0.01 -0.28 -0.05 -0.11 -0.094 0.290
18 -0.16 -0.30 -0.71 -0.51 -0.12 -0.36000 0.590
19 -0.02 -0.29 -0.20 -0.10 0.00 -0.12200 0.290
20 -0.02 -0.05 -0.32 -0.31 -0.25 -0.19000 0.300
21 0.00 -0.12 -0.45 -0.46 -0.10 -0.22600 0.460
22 0.02 -0.35 -0.37 0 -0.24 -0.18800 0.390
23 0.01 -0.52 -0.78 0.05 -0.18 -0.28400 0.830

 �� ��
-0.20168 0.468 

\]"^_`8� 0.201204 

Figure 4.  Xbar-�6� for all characteristics
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Figure 5. X bar-�6�  approved for all characteristics 

6. Results and Discussion

After all characteristics reached the control state, equations (11), (12), (13), (14), (15), and (16) were 
applied to find the relevant values of Cp, Cpu, Cpl, Cpk, and Cpm.

a) Drilling Process
1. Cp value = 0.828, which gives an indication that process is not capable, because the process dispersion 
is outside the range specified. 
2. The value of Cpk = 0.494, which indicates that the process mean is not centred; the target is shifted 
toward the lower specification limit.
3. Cpm = 0.585; this means that Cpm<Cp, which shows that the mean of the process is transferred away 
from the target value.

b) Face Turning Process
1. The value of Cp = 0.828; thus, it can be concluded that process capability is not adequate because 
Cp<1.
2.  The value of Cpk = 0.344, indicating that the process mean is not centred, being shifted toward the 
upper specification limit.
3. The Cpm value =0.585, which means Cpm<Cp; this shows that the mean of the process is moved away 
from the target value.

__
X=-0.1776

UCL=0.0777

LCL=-0.4329

_
R=0.443

UCL=0.936

LCL=0

Drilling FaceTurning E.T.to Diameter E.T.to Length

Drilling FaceTurning E.T.to Diameter E.T.to Length
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c) External Turning to Diameter
1.  The value of Cp = 0.248; this indicates poor capability for this process because Cp<1. Any increase in 
the value of \ results in a decrease in the Cp value of the process due to the increase in the range of 
measured sample sizes
2. The value of Cpk = 0.126, indicating that the process mean is not centred, being shifted toward the 
lower specification limit.
3. The Cpm value = 0.175; this means that Cpm<Cp, which shows that the mean of the process is 
transferred away from the target value.
4. These place limits on the adoption, alongside the presence of six samples on one side of the centre line 
where they are statistically unregulated, creating the absence of random distribution in the mean and range 
chart. Observation should be increased for this type of operation and the measurer and measuring 
instrument should be checked.

  
d) External Turning to Length 
1. The value of Cp = 0.828, which indicates a poor process because Cp<1. An increase in the value of the 
\ results in a decrease in the Cp value of the process due to the increase in the range of measured sample 
sizes.
2. The value of Cpk = 0.334, which means the process mean does not equal the target value, being shifted 
toward the upper specification limit.
3. The value of Cpm = 0.585, which means there is a shift in the process mean away from the target value.

7. Conclusion
This paper reviewed and implemented a short run method to calculate process capability, reaching the 
following conclusions: 
1. The Cp value for all processes was smaller than 1 suggesting the need for greater control.
2. The values of Cpk and Cpm for all processes were smaller than 1, indicating a need to re-install the 

machine from time to time, so as to reduce dispersion and allow the process mean to be shifted 
closer to the target value.

3. The Cpk values indicate that failures in the drilling process and external turning can be reworked 
instead of being sent to scrap.

4. To reach a Cp of 1 in drilling, face turning, and external turning, the processes must decrease the \
to a maximum of 0.034; it should be decreased to at least 0.1512 for external turning of the diameter.

5. Instead of using four charts for the separate processes only one chart was used, with the same control 
limits. This leads to a reduction in the cost and time for inspection.

8.     References
[1] Montgomery D 2009 Introduction to Statistical Quality Control (John Wiley) 6th Edition.
  
[2] Chandra M 2001 Statistical Quality Control (CRC Press) 

[3] Manzini, Riccardo, Alberto R, Hoang P, and Emilio F 2009 Maintenance for Industrial                                                
Systems(Springer Science & Business Media)

[4] Kumar, S A and N S 2006 Production and Operations Management New Age International

[5] Besterfield D 2009 Quality Control (McGraw-Hill Book Company) Eighth Editions 



12

1234567890‘’“”

2nd International Conference on Engineering Sciences IOP Publishing

IOP Conf. Series: Materials Science and Engineering 433 (2018) 012068 doi:10.1088/1757-899X/433/1/012068

[6] Frank Tappen 2007 How To Achieve Six Sigma Benefits On A Tight Budget Data Net Quality 
Systems

[7] ASTM Standard 2016 Standard Practice for Use of Control Charts in Statistical Process Control
(Designation: E2587-16, Printed by Missouri)

[8] Chang C, and Lee-Ing T 2013Monitoring the Software Development Process Using a Short-Run 
Control Chart Software Quality Journal 21 pp 479-499

[9] Pan, J and S L. Wu1997. Process Capability analyses for Non-normal Relay Test Data. 
Microelectronics Reliability 37 pp 421-428

[10] Sagbas  A 2009 Improving the Process Capability of a Turning Operation by the Application of 
Statistical Techniques, Materiali in tehnologije 43 pp 55-59

[11] Branch S 2009 Overall Processes Capability Index for Assembly Production Lines Journal of 
Applied Sciences 9 pp 3764-3769

[12] Palmer, Kurt, and Tsui 1999 A review and Interpretations of Process Capability Indices Annals of 
Operations Research 87 pp 31-47.

[13] Hsin-Hung W 2004 Using Target Costing in Loss Function and Process Capability Indices to 
Setup Goal Control LimitsInt. J.Adv. Manuf. Technol 24 PP 206-213. 

[14] Juran, Joseph, and Blanton G 1999 Quality Handbook McGraw-Hill pp 173-178

[15] Pearn W, Lin P and Chen K 2001Estimating Process Capability Index Cpmk for Asymmetric 
Tolerances Distributional Properties 54 PP 261-279

[16] State Company for Hydraulic and Plastic and Mechanical Industries (Al-NoamanFactory)



13

1234567890‘’“”

2nd International Conference on Engineering Sciences IOP Publishing

IOP Conf. Series: Materials Science and Engineering 433 (2018) 012068 doi:10.1088/1757-899X/433/1/012068

Symbols Description 

#$ Factor for converting the average range to three standard errors for the X-
bar chart from  

/$ Factor for converting the average range to an estimate of sigma see in  
.-, .* Factors for converting the average range to three sigma limit for the R chart  

k Number of subgroup s used in calculation of control limit  
n Subgroup size , number of  observation in a subgroup  
�� Range of the observation in the ith subgroup for the R chart 
�� Average of the k subgroup ranges  
T Process target value for process mean  
X Reading Value  
�b�  Average of the ith subgroup observations for the x-bar chart  
�� Average of the k subgroup averages for the x-bar chart  
Cp Process Capability Index , used when USL and LSL are Relevant  
Cpk  Process Capability Index  , used when USL and LSL are Relevant 
Cpl ��������	
�
�
�
�������������������������
�����
��������
�� 
Cpu ��������	
�
�
�
�������������������������
�����
������evant 
Cpm Process Capability Index , Used when B and T are Relevant 

Cpmk Process Capability Index , Used When \ , B and T Relevant  
� Standard Deviation  
\] Estimated common cause standard deviation of the process  

6\ Process spread  
B Process Mean  

\$ Process Variance 
Xbar-�6� Chart mean and range in short run method 


