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Abstract

Statistical process control (SPC) is used and implemented by companies to evaluate the
manufacturing process using statistics or statistical methods. Control charts are
measurement tools employed to provide a decision if the variation output is in control due to
common causes or is out of control due to special causes.

Key words: Statistical Process Control, Control Charts, X-Chart, R-Chart.
1. Introduction

This essay discuses about the statistical process control as a method for the quality control
in the production processes.

In the production operations, not all the products result in the desirable quality standard,
mostly because of the physical factors involved in the production process such as worn tools
in the machines, defects into the purchased materials and mistakes of the human operators.
For this purpose, methods are available to check the production output in the early stages
and to decide whether the process should be continued or whether it can be adjusted and
corrected in order to obtain the quality level (Dow Chemicals, U.S.A., 2017).

Statistical process control (SPC) is used to monitor the manufacturing process using
statistics or statistical methods (Dale et al., 2007).

2. Statistical Quality Control — Statistical Process Control

SPC is applied to almost any process to determine if it operates in the most efficient way
with minimum waste and less errors. Data is collected and is used to make decisions about
the best possible method to improve the operations (Connelly L., 2019). Companies use
many tools to evaluate the quality and productivity of its processes. The most used tools are
represented by the control charts, used to monitor and control any occurrences during the
process performance.

According to Dale et al. (2007), there are four main applications for the Statistical Process
Control:

- To establish the output stability

- To understand and provide information on how the operation process may be
improved by reducing the variation within the process and keep it under control

- To analyse the execution of a process

- To provide adequate information for the decision-making management.

The process control procedures are based on hypothesis testing methodology. Charts
provide tests of the hypothesis that the process is in control. The null hypothesis HO refers to
the process being in control and the alternative hypothesis refers to the process being out of
control. A detailed understanding of the hypothesis outcomes is presented in figure 1.

State of Production Process
H, True H, False
Process in Control Process Out of Control
Continue Process  Correct decision Type II error
(allowing an out-of-control process
Decision to continue)
Adjust Process Type I error Correct decision

(adjusting an in-control process)

Figure 1. The outcomes of the Statistical Process Control (Source in Dow Chemicals, U.S.A., 2017).
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3. Control Charts (X-bar, R-bar)

An X-bar chart or simply, X is used if the quality of the production measures variables on a
continuous scale such as weight, length, diameter, temperature and other. The variables
chart determines if the production process will be continued or just adjusted, based on the
value of the mean calculated in samples of the output. The most common control charts use
the sample mean, the sample standard deviation or the sample range to record the
variability of the process. This paper focuses on the X-bar and R-bar chart, one of the most
commonly used by organizations.

UCL

Center line Process Mean
When in Control

LCL

Time ——

Figure 2. Xcbar and R-bar Chart Structure (Source in Dow Chemicals, U.S.A., 2017).

Grant and Leavenworth (2007) argue that the adaptation of the control-chart technique by
organizations is often a source of confusion due to the large choice of the right variables
which are often chosen in regard of the opportunities for saving costs and not as a type of
saving accepted as a real saving. This usually refers on start choosing the variables where
‘the spoilage and rework costs are high’ (Grant and Leavenworth, 2007, p. 40).

4. Case study

An example, adapted from a manufacturer, with slight modifications and simplified to give a
better understanding of the construction of a X-chart and R-chart. The company Rostim Ltd.
produces handbrake spring clips in a continuously manufacturing process. The diameter of
the parts is specified as ©7.8 + 0.15 mm. It is essential that the handbrake spring clip’s
diameter be at least ®7.65 mm and maximum ®7.95 mm. The company called one decision
- to apply the method of subgrouping 5 random samples of parts every half hour of operation
for 8 hours, and the size and frequency of every sample in one hour to use the X and R
charts. Table 1 provides the diameter of each sampled part, the mean X, and range R for
each part of the sample.




X AND R CONTROL CHART DATA SHEET
Product Handbrage spring clips Dep No. 20 Order No, 11233
Characteristic Diamenter of the spring clip
Specified limits 7.8 + 0.15 mm.
Subgroup No. 1 2 3 4 5 6 7 8 X R
a | 26955 | 2.9750 | 2.5670 | 2.7660 | 2.7750 | 2.6780 | 2.8090 | 2.7755 1127193 0.2410
b | 2.6850 | 2.8865 | 2.6560 | 2.9565 | 2.8100 | 2.8225 | 2.6655 | 2.8900 2 | 28927 0.3015
c | 2.6540 | 2.9800 | 2.6650 | 2.7695 | 2.8000 | 2.8355 | 2.6770 | 2.5600 3| 25904 0.2110
d | 2667 | 26785 | 2.6670 | 2.8890 | 2.9550 | 2.7700 | 2.8850 | 2.8700 4 | 28118 0.2785
e | 2.8950 | 2.9435 | 2.6970 | 2.6780 | 2.8560 | 2.6750 | 2.7150 | 2.6780 5| 28392 0.1800
Total 13.597 | 14.464 | 13.252 | 14.059 | 14.196 | 13.781 | 13.752 | 13.774 6 | 27562 0.1605
Average, X 2.7193 | 2.8927 | 2.6504 | 2.8118 | 2.8392 | 2.7562 | 2.7503 | 2.7547 7 | 27503 0.2195
Range, R 0.2410 | 0.3015 | 0.1300 | 0.2785 | 0.1800 | 0.1605 | 0.2195 | 0.3300 8 | 27547 0.3300
Date or time 07:00 07:30 08:00 8:30 9:00 9:30 10:00 10:30 9 | 28630 0.2950
Subgroup Mo. 9 10 11 12 13 14 15 16 10 | 27538 0.3400
a | 2.8950 | 2.6670 | 2.8080 | 2.8830 | 2.7900 | 2.8500 | 2.6950 | 2.8125 11 | 27273 0.1430
b | 2.8900 | 2.8900 | 2.6785 | 2.6800 | 2.7150 | 2.8150 | 2.8150 | 2.7655 12 | 27862 0.2030
c | 2.7000 | 2.7950 | 2.6650 | 2.7780 | 27700 | 2.7950 | 2.7680 | 2.6890 13 | 27540 0.1450
d | 2.8500 | 2.5500 | 2.6950 | 2.8000 | 2.6750 | 2.7760 | 2.7125 | 2.6800 14 | 28232 0.1040
e | 2.8800 | 2.8670 | 2.7900 | 2.7900 | 2.8200 | 2.8800 | 2.7125 | 2.7850 15 | 27406 0.1200
Total 14.315 | 13.769 | 13.637 | 13.931 | 13.770 | 14.116 | 13.703 | 13.732 16 | 27464 0.1325
Average, X 2.863 | 2.7538 | 2.7273 | 2.7862 | 2.754 | 2.8232 | 2.7406 | 2.7464 X R
Range, R 0.295 034 | 0143 | 0203 | 0.145 0.104 | 0.120 | 0.1325 | Total 44.309 3.4045
Date or time 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30

Table 1. X-bar and R-bar data sheet for the production of handbrake spring clips in Rostmi Ltd.

The average for each subgroup / was calculated based on formula (1) by summing each
measurement in the subgroup and dividing it by the number of measurements. The overall
sample mean, X-bar or X for the chart was calculated using formula (2), by summing the
averages of each subgroup and dividing by the total number of subgroups.
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Formula (1). (Grant and Richard, 1999)
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Formula (2). (Grant and Richard, 1999)
Where, n — number of samples in each subgroup and k is the number of subgroups.

The subgroup range is calculated by subtracting the lowest value from the highest value-
formula (3), and the R-bar is determined by the sum of subgroups range values divided by
the number of subgroups - formula (4).




Ri= Xi, max — Xi, min
Formula (3) (Grant and Richard, 1999)
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Formula (4) (Grant and Richard, 1999)

For the Rostim Ltd. data in Table 1, the overall sample mean, X is 2.7693 representing the
centreline for the chart and the average range R or R-bar is 0.2128. After the production
order was completed with the 16 subgroups, the trial control limits were obtained, using
formulas (5), (6), (7), (8), where As, Dy, Dsare factors adapted from speciality tables on
Control Chart Factors (Grant and Leavenworth, 1999, p.718). The UCL and LCL require
future modifications before being applied to upcoming production.

UCLX = X + AR (5)
LCLX = X - AR (6)
UCLR = D4R )
LCLR = DsR (8)

When the control limits were determined for both, mean of the sample means and average
range, the following values were obtained:

X-bar, X= 44.309/ 16 = 2.7693

R-bar, R = 3.4045/16=0.2128

UCLxX= X + AR = 2.7693 + 0.58(0.2128) = 2.8927

LCLX = X — AoR = 2.7693 - 0.58(0.2128) = 2.6459

UCLr = D4R =2.11(0.2128) = 0.4490

LCLr = D3R = 0(0.2128) = 0

Table 2. The calculation of the trial control limits for X and R

The plotting charts of the Limits and Central lines are represented in figure 3. and figure 4.

X-bar Chart
Handbrake spring clip
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Figure 3. X-bar Chart for the production of handbrake spring clips in Rostmi Ltd.




It can be observed that subgroup 3 is under the lower control limit on the X-bar chart and
subgroup 2 falls right on the limit of the upper control limit. It can be observed clearly that the
values obtained are not the result of a constant statistic control.

R-bar Chart
Handbrake spring clip
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Figure 4. R-bar Chart for the production of handbrake spring clips in Rostmi Ltd.

However, from the representation of the R-bar chart in figure 4. it can be concluded that the
process average may be adjusted and improved. It is advisable to centre the process ata
level above the 2.7693, depending on how much adjustment is needed and how high the
costs of rework or spoilage are.

5. Considerations on the control chart

When action based on the interpretation of the X-bar and R-bar control charts is taken by
the machine operator, quality engineer or supervisor, it is important to make decisions based
on the particularities of each occurrence and to have a fundamental understanding of the
inspected process and the main principles of the control-chart analysis (Oakland, 2008).

If the charts are correctly maintained and properly interpreted, these will indicate when
action needs to be taken on the process or, alternatively, not to be taken. As stated by Dale
et al. (2007), over-control happens when all the deviations from the centreline are due to
special causes (poor quality in the raw materials, errors made by operators, tool settings etc)
and must be corrected immediately; and under-control occurs when the deviations from
centreline are allocated to common causes (cause which can not be controlled by the
operational personnel such as random variations in the material, temperature etc) and the
production operation may not be adjusted. The principal objective of the SPC is to conclude
whether variations in the process are due to special causes or common causes (Dow
Chemical U.S.A,, 2017).

Dale at al. (2007) emphasize the fact that companies encounter issues when introducing and
applying the statistical process control, and according to reported studies some of the
difficulties are:

Lack of knowledge and understanding of SPC

Insufficient SPC training for the operative personnel
Introducing the SPC to a certain process

- Less action from the senior operative management and so on.

Operators ongoing training programme, expertise on SPC and management commitment
are essential for the success of SPC within a company.




6. Conclusion

Statistical process control (SPC) is an efficient and effective method used to improve the
quality and productivity of manufacturing companies. The X-chart and R chart are variable
control charts, as they are based on data measured on a continuous scale.

Itis fundamental to keep control over the mean and variability -the range - of the process. If
the R-chart indicates that the process variability is in process control than the X-chart will be
interpreted. If the control charts are correctly maintained and properly interpreted by
operators, these will indicate when to carry out adjustments on the processes, or,
alternatively, when to not.

For the control charts to be correctly interpreted and to take appropriate actions, all the
operative personnel must be properly trained and develop a high knowledge on the SPC.
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RUBRIC: BACHELOR'S ASSESSMENT CRITERIA

RES-INF LIT Exceptional
80-100%

Research-informed Literature. Extent of research and/or own reading, selection of credible sources,
application of appropriate referencing conventions

OUTRIGHT FAIL 0-  Little or no evidence of reading. Views and findings unsupported and non-
29% authoritative. Referencing conventions largely ignored.

UNSATISFACTORY  Poor evidence of reading and/or of reliance on inappropriate sources, and/or
30-39% indiscriminate use of sources. Referencing conventions used inconsistently.

SATISFACTORY 40- References to a limited range of mostly relevant sources. Some omissions and minor
49% errors. Referencing conventions evident though not always applied consistently.

GOOD 50-59% Inclusion of a range of research-informed literature, including sources retrieved
independently. Referencing conventions mostly consistently applied.

VERY GOOD 60-69% Inclusion of a wide range of research-informed literature, including sources retrieved
independently. Selection of relevant and credible sources. Very good use of
referencing conventions, consistently applied.

EXCELLENT 70-79% A comprehensive range of research informed literature embedded in the work.
Excellent selection of relevant and credible sources. High-level referencing skKills,
consistently applied.

EXCEPTIONAL 80-  Outstanding knowledge of research-informed literature embedded in the work.
100% Outstanding selection of relevant and credible sources. High-level referencing skills
consistently and professionally applied.

SCALE 8

K & U SUBJECT Excellent 70-
79%

Knowledge and Understanding of Subject. Extent of knowledge and understanding of concepts and
underlying principles associated with the discipline.

OUTRIGHT FAIL 0-  Major gaps in knowledge and understanding of material at this level. Substantial
29% inaccuracies.

UNSATISFACTORY  Gaps in knowledge, with only superficial understanding. Some significant inaccuracies.
30-39%

SATISFACTORY 40- Evidence of basic knowledge and understanding of the relevant concepts and
49% underlying principles.

GOOD 50-59% Knowledge is accurate with a good understanding of the field of study.

VERY GOOD 60-69% Knowledge is extensive. Exhibits understanding of the breadth and depth of
established views.



EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

SCALE 8

ANALYSIS

Excellent knowledge and understanding of the main concepts and key theories. Clear
awareness of challenges to established views and the limitations of the knowledge
base.

Highly detailed knowledge and understanding of the main theories/concepts, and a
critical awareness of the ambiguities and limitations of knowledge.

Excellent 70-
79%

Analysis. Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection;
organisation of ideas and evidence.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-69%

EXCELLENT 70-79%

EXCEPTIONAL 80-

100%

SCALE 8

PRAC APP&DEPL

Unsubstantiated generalisations, made without use of any credible evidence. Lack of
logic, leading to unsupportable/ missing conclusions. Lack of any attempt to analyse,
synthesise or evaluate.

Some evidence of analytical intellectual skills, but for the most part descriptive.
I[deas/findings sometimes illogical and contradictory. Generalised statements made
with scant evidence. Conclusions lack relevance.

Evidence of some logical, analytical thinking and some attempts to synthesise, albeit
with some weaknesses. Some evidence to support findings/ views, but evidence not
consistently interpreted. Some relevant conclusions and recommendations, where
relevant.

Evidence of some logical, analytical thinking and synthesis. Can analyse new and/or
abstract data and situations without guidance. An emerging awareness of different
stances and ability to use evidence to support the argument. Valid conclusions and
recommendations, where relevant.

Sound, logical, analytical thinking; synthesis and evaluation. Ability to devise and
sustain persuasive arguments, and to review the reliability, validity & significance of
evidence. Ability to communicate ideas and evidence accurately and convincingly.
Sound, convincing conclusions / recommendations.

Thoroughly logical work, supported by evaluated evidence. High quality analysis,
developed independently or through effective collaboration. Ability to investigate
contradictory information and identify reasons for contradictions. Strong, persuasive,
conclusions, justifiable recommendations.

Exceptional work; judiciously selected and evaluated evidence. Very high quality
analysis, developed independently or through effective collaboration. Ability to
investigate contradictory information and identify reasons for contradictions. Highly
persuasive conclusions.

Excellent 70-
79%



Practical Application and Deployment. Effective deployment of appropriate methods, materials, tools and
techniques; extent of skill demonstrated in the application of concepts to a variety of processes and/or
contexts; formulation of innovative and creative solutions to solve problems.

OUTRIGHT FAIL 0-  Limited or no use of methods, materials, tools and/or techniques. Little or no
29% appreciation of the context of the application.

UNSATISFACTORY  Rudimentary application of methods, materials, tools and/or techniques but without
30-39% consideration and competence. Flawed appreciation of the context of the application.

SATISFACTORY 40- An adequate awareness and mostly appropriate application of well established

49% methods, materials, tools and/or techniques. Basic appreciation of the context of the
application.
GOOD 50-59% A good and appropriate application of standard methods, materials, tools and/or

techniques. Good appreciation of the context of the application, with some use of
examples, where relevant.

VERY GOOD 60-69% A very good application of a range of methods, materials, tools and/or techniques.
Very good consideration of the context of the application, with perceptive use of
examples, where relevant. Evidence of some innovation and creativity.

EXCELLENT 70-79% An advanced application of a range of methods, materials, tools and/or techniques.
The context of the application is well considered, with extensive use of relevant
examples. Application and deployment extend beyond established conventions.
Innovation and creativity evident throughout.

EXCEPTIONAL 80-  Outstanding levels of application and deployment skills. Assimilation and development
100% of cutting edge processes and techniques.

SCALE 8

SKILLS PROF P Exceptional
80-100%

Skills for Professional Practice . Demonstrates attributes expected in professional practice including:
individual initiative and collaborative working; deployment of appropriate media to communicate (including
written and oral); clarity and effectiveness in presentation and organisation.

OUTRIGHT FAIL0- Communication media is inappropriate or misapplied. Little or no evidence of
29% autonomy in the completion of tasks. Work is poorly structured and/or largely
incoherent.

UNSATISFACTORY  Media is poorly designed and/or not suitable for the audience. Poor independent or
30-39% collaborative initiative. Work lacks structure, organisation, and/or coherence.

SATISFACTORY 40- Can communicate in a suitable format but with some room for improvement. Can work
49% as part of a team, but with limited involvement in group activities. Work lacks
coherence in places and could be better structured.

GOOD 50-59% Can communicate effectively in a suitable format, but may have minor errors. Can
work effectively as part of a team, with clear contribution to group activities. Mostly



coherent work and is in a suitable structure.

VERY GOOD 60-69% Can communicate well, confidently and consistently in a suitable format. Can work
very well as part of a team, with very good contribution to group activities. Work is
coherent and fluent and is well structured and organised.

EXCELLENT 70-79% Can communicate professionally and, confidently in a suitable format. Can work
professionally within a team, showing leadership skills as appropriate, managing
conflict and meeting obligations. Work is coherent, very fluent and is presented
professionally.

EXCEPTIONAL 80-  Can communicate with an exceptionally high level of professionalism. Can work
100% exceptionally well and professionally within a team, showing advanced leadership
skills. Work is exceptionally coherent, very fluent and is presented professionally.

SCALE 8
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