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ABSTRACT:

The aim of this paper is to use statistical process control
technique to reduce non-conformance in the production
process of crossovers. In the machine shop of the case
study company, there has been issues of large number of
non-conforming crossovers after carrying out magnetic
particle tests at the final inspection stage. This resulted
in waste of resources associated with increased scrap
production, reworking of non-conforming product and
waste of time. As a way of improving quality of
crossovers produced, this research adopted the use of P-
Chart which is a Statistical Process Control technique
for analysing inconsistencies with machined crossovers
through a period of Syears. Results from the five
consecutive years (2014 - 2018) show that 7 points out of
12 points fell out of control limits in 2014, 9 points out of
13 points fell out of control limits in 2015, 6 points out of
11 points fell out of the control limits in 2016, 7 points
out of 14 points fell out of the control limits in 2017 and
4 points out of 14 points fell out of the control limits in
2018. These results show that the process was a faulty
one and there was need to improve on it in order to
reduce the number of non-conformities to the barest
minimum. This study reveals that materials from the
supplier needed to be inspected to ensure there were no
hidden flaws (cracks). This is capable of reducing
defective products thereby making the crossovers

conform to customer specification.
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1. INTRODUCTION:

It will be agreed that at one occasion or
another, it has been experienced that a product
purchased was later discovered to be defective
or that some components where missing while
assembling it. Feedbacks of this manner from
end-users has become a challenge to the
producers of products that warrants designing
ways to monitor the quality of products
produced and eliminate potential causes of
defect and equally build quality in the
production process.

The ultimate aim of any manufacturing
company is the production of quality goods and
services for the satisfaction of consumers and
to maximize profit. The quality of product may
be checked for the

statistical quality control technique, which is

defectives utilizing
either statistical process control or acceptance

sampling methods (Kaynak, 2003).

This study considers controlling the deviation
of finished Crossover from the customer
specifications. Crossovers are threaded pipes of

varying diameter which are used for producing
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and transporting oil and gas from reservoir to
storage facilities. The commitment to quality
and to improvement of production processes in
the machine shop of a manufacturing firm is
the motivation for this study.

Study of the production company showed that
it was faced with challenges of regular
emergency call for reworking of non-
conforming products, recording more scraps
from defective products, threat of withdrawal
of their API Spec Q1 operational license. Also,
the observed process non-conformance to API
Spec Q1 9™ Edition/ISO requirements have led
to frequent outsourcing of jobs to third parties,
which is far more expensive compared to when
internally executed, damaged reputation and
lost market share. Just as Taguchi (2007)
it the

manufacturers to improve quality as the losses

opined, is sole responsibility of

bounce back to them.

Challenges such as waste of material and time
loss during the reworking or reproduction of

rejected finished products are prevalent

problems in the manufacturing sector, which
prompts the need to study the production

process and proffer solutions.

Quality is the characteristic a product possesses
that speaks volumes of it (Mikell, 2010).
Quality is the goodness of products or services
(Heizer & Render, 2011). It is the conformance
to specification and the degree at which
specifications reflect on customers’ true need
and desire in order to compete in the internal
market (Gaspersz, 2007; Gaspersz, 2012).
Studies show that whenever products are
manufactured, it is observed that no two units
of the products are similar because there occur
some variations in the process due to inherent
traits of the process (Khurmi & Gupta, 2009).

Journal of Newviews in Engineering and Technology (JNET)
Vol 1, Issue 1, December, 2019
Available online at http://www.rsujnet.org/index.php/publications/2019-edition

Indices such as length, diameter, thickness,
height,

which are used for measuring or gauging

hardness, temperature, color, etc.,

whether a product has quality are termed
(Khurmi & Gupta,
2009). It was further stated that, quality

quality characteristics

characteristics of a product which are inspected
by actual measurement are known as variables,
whereas quality characteristics of a product
which are not measured directly but gauged to
determine whether they may be accepted or
rejected are called attributes. Variations due to
chance caused which depend on machine tool,
are not considered in quality control since the
variations are usually minute and follow a

normal distribution. However, assignable

causes are due to tool wear, tool setting and
loosed tool (Khurmi & Gupta, 2009).

According to Lilly et al. (2015), quality control
is the maintenance of specified quality
standards which can accommodate the inherent
variability in a product. Furthermore, it was
made clear that every production process is
prone to variability, which may be chance
caused or assignable to a cause. The process is
under statistical control when variation is due
to chance cause, and out of statistical control
when variation is due to assignable cause.

According to Murray and Larry (2011), the
variation in any process is mainly due to
common causes or special causes. It was
further explained that common causes of
variation are those natural variations that exist
in materials, while the special causes (also
known as assignable causes) of variation are
those that arise due to excessive tool wear,
change in material, new supplier and a new
operator who may be inexperienced or careless
with material handling. Furthermore, it was
pointed that a process needed to be under
control for easy predictability. They further
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that
are

not meeting
non-conforming

products
called

explained
specification
products, while the non-conforming products
that are not reparable or usable are called
defective products. This implies that defective
products are worst case scenario of non-
conforming products.

Quality costs can be minimized by improving
the production processes through effective use
of statistical quality control technique.
According to Raghuwanshi (2011), statistical
quality control 1is classified into attribute
methods which indicate the presence or
absence of quality characteristics such as color,
surface finish, etc., in a product inspected for
acceptance or rejection; and the variable
method which depends on using measurable
data such as length, diameter, thickness and
weight, as basis for acceptance or rejection.

Statistical Quality Control techniques for
improving quality are descriptive statistics,
acceptance sampling and Statistical Process
Control (Mahajan, 2009). Statistical Process
Control uses control charts and sets control
limits. It ascertains capability of a
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manufacturing process as well as why a
capable process is failing to meet specification.

Control charts were defined as graphical
techniques in which statistics computed from
measured  values of certain  process
characteristics are plotted over time to
determine if the process is under statistical
control. The aim of statistical process control is
to ensure that a given manufacturing process is
as stable (in control) as possible and that the
process operates within stated values for the
product with as little variability as possible. It
also aims at reducing variability to ensure that
each product is of as high quality. When a
control chart which is used, a process is said to
be out of control when a plot of data reveals
that one or more data points fall outside the
control limits. The chart is comprised of three
horizontal lines which include the center, the
upper control limit (UCL) and lower control
limit (LCL), such that the upper and lower
control limits are + 3 standard deviation from
the sample mean as shown in Figurel. The
vertical axis is expressed in decimal fraction,
while the horizontal axis expresses the number
of samples produced.
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Fig 1: A sample of control chart (Gigawiz, 2016)
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This work adopted the statistical process
control techniques on the quality records of
the machining process of crossovers. A
crossover is a one-piece tubular section used
for the purpose of joining or changing from
one size, weight, or type of thread connection
to the same or another size, weight, or type of
thread connection. Figure 2 shows a picture
of a cross over.

Fig 2 A Picture of a Crossover QOil Tool.

2. MATERIALS AND METHODS:

The method for reducing product defects can
be realized when consideration is given to the
manufacturing processes followed, choice of
material selected and the stages of inspection
carried out. The methods utilized in this study
include identification of the company’s
production process as shown in Figure 3,

modified production process as shown in
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Figure 4, modelling of a more efficient
production process as shown in Figure 5,
construction of P-chart as shown in Figure 6
and Figure 7. This would double check the
inspection of received raw materials by way
of mitigating product rejection due to inherent

defects in the material chosen for production.

Wisually imnspecting
and Receiving
Incomimng Materials

-

Mlanufacturing Process

!

Finmnal Inspection of Finished
Product using RFI

L

Ready for Delivery
to Customenr

Fig 3 Manufacturing Process in the
Company’s Machine Shop.
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Fig 4 Modified Manufacturing Process

Analytical Models:
Models for the analysis of data obtained from nonconforming crossovers from 2014 to 2018

is discussed here. The optimization tool used for the analysis of data is MATLAB software.

2.2 Statistical Process Control:
The models to be used for the statistical process control analysis of the crossover machining

processes are discussed as follows:

m
- _ LizmiP

" (1)
(Mikell, 2010)

o= fﬁu—p-‘.»
n (2)

(Lilly et al, 2015) ¢ = Standard Deviation

7 P =mean value

UCL,= p+ 3¢
? 3) 7 n= total number of samples inspected.
LCL, = p — 3o @ Z p; = Tetal number of defectives
i=1
(Lilly, 2015) p; = fraction defectives
where i = identified sample
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2.3 Process Evaluation Model:

Process evaluation that would enable any

organization to know if a production

-

| [ |
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S
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(machining) process is under control or not is

modeled as shown in

Fig. 5 Flow diagram of Production Process Evaluation

3. RESULTS AND DISCUSSION:

Results obtained from statistical process
control analysis carried out on the threading,
rechasing, boring operations of crossovers
based on quality records from the machining

process sheet of the machine shop between
2014 and 2018 are shown here.

3.1 SPC Analysis of Crossovers’ Machining
Process in 2014

Applying equation (1) while substituting data
obtained from quality records of machined
crossovers, the mean or central control is

estimated thus:
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P =363

= 0.418251
Standard deviation is estimated from equation
(2) as

_ |0.418251(1 — 0.418251)
7= 263

Error! Reference source not found.
Hence, the upper control limited based on

equation (3) is
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Error! Reference source not
found.0.030416)

=0.509500
Then from equation (4)
LCL; = 0.418251— 3(0.030416]

= 0.327003
Results obtained from the statistical process
control (SPC) analysis in 2014 are shown in
Tables 1. The raw data used for SPC analysis
were obtained from the company’s quality

record of 2014.

Table 1: Result of SPC Analysis in 2014.

USITS  DEFECTIVE _
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The results in Table 1 show that from January to December in 2014, a total of 263 crossovers were
manufactured. 110 were found defective after running SPC analysis using MATLAB software.
Also, the mean value (0.418251), upper control limit (0.509500) and lower control limit (0.327003)

were determined using equations (1), 2) and (3).
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P-Chart 2014
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Fig 6 A P-Control Chart of Crossovers in 2014.

In Figure 6, 7 points out of 12 points fell
the (0.509500,
0.327003) which is a reason to accept that the
process did not exhibit statistical control.

Basically, these were due to defects inherent

outside control

limits

in product material which were detected

during the

nondestructive tests such penetrant test and

final  inspection  using

magnetic particle test.

3.2 SPC Analysis of Crossovers’ Machining
Process in 2018:

—0.021442

Applying equation (1) while substituting data
obtained from quality records of machined
crossovers, the mean or central control is
estimated thus:

154

P =476

Error! Reference source not found.0.323529

Standard deviation is estimated from equation

2

,'11323529[1 — 0.323529)

7= 476
AY

However, the upper control limited based on equation (3) is

Error! Reference source not found.0.021442)

Error! Reference source not found.
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Hence, from equation (4)
LCL; = 0.323529— 3(0.021442)

record in 2018 are shown in Table 2.

= 0.259202
Results of statistical process control (SPC) analysis of data obtained from the company’s quality
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Table 2: Result of SPC Analysis of Cross Overs’ Machining Process in 2018.
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The results in Table 2 show that from January

in 2018, a total of 476
were 154
crossovers were found defective after running
SPC analysis using MATLAB software. Also,
the mean value (0.323529), upper control
limit (0.387857) and

lower

to December

Crossovers manufactured.

control limit (0.259202) were

determined using equations (1), (2) and (3).
4. CONCLUSION

Statistical process control analysis using the
P-chart was carried out on crossovers in the

machine shop within a period of five years

(@)

(i)

and results obtained have led to reaching the
following conclusions:
That

crossovers were not inspected at the incoming

condition of materials used for
stage until the final inspection

That results of statistical analysis of product
data carried out show that more data points
fell outside UCL and LCL respectively.

(iii) That the machining process was out of

statistical control due to the high extent of

non-conformance of the crossovers to
customer  specifications and  standard
requirements (API, 2014).
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