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Quality control of palm kernel oil using Individual Moving Range (I-MR) chart
Fatimah1,*, Sayuti, M1 and Elsa Putri Pertiwi1 1Department of Industrial Engineering,
Faculty of Engineering Universitas Malikussaleh, 24351 Aceh Indonesia Abstract: Quality
is one of the issues that requires special attention in the operation of a company since it
can affect the relationship between producers and consumers as well as reduce the
company’s losses. PT.

Z is a company that mainly produces Crude Palm Oil (CPO) and Palm Kernel Oil (PKO).
The problem that often occurs in this factory is that the quality of processed palm kernel
is under the set standard of the company, especially palm kernel products, resulting in a
loss for the company indirectly. To minimize the los s, the quality control must be
conducted.

The purpose of this research is to control the quality of palm kernel by using individual
moving range (I -MR) chart. From the research result, it is found that the level of
impurities in the palm kernel products st ill require control because the value was above
the company's provision which is = while the research result was > 6.

1 Introduction Quality is one of the most important issues in a company because the
quality can change the relationship between producer s and consumers and also can
also reduce the company's losses. PT. Z is a company whose main products are Crude
Palm Oil (CPO) and palm kernel. This research focused on Palm Kernel in one palm oil
processing industr y, because palm kernel will produce KPO as a widely used raw
material in the food indus try.

In palm kernel processing, the quality of processed pr oducts is determined by some



factors such as the nature of the parent tree s, post-harvest handling, transport and
errors during processing. The qualit y of palm kernel products is measured from several
parameters such as dirt content, moisture content and free fatty acid content.

The problem that often occurs in the palm oil factory is the palm kernel processing is
still below the company standard, resulting in losses for the company indirectly. This
standard includes definition, terms, classification, quality requirements, sampling
methods, test, marking conditions, and packaging method[1][2]. According to SNI, the
palm kernel is part of the fruit of Elaeis guineensis Jacq plant which has been separated
from the flesh and shell and then dried [3].

Definition * Corresponding author: fatimahjtind@gmail.com MATEC Web of
Conferences 204, 01006 (2018) https://doi.org/10.1051/matecconf/201820401006 IMIEC
2018 of quality can be interpreted from two perspectives, namely from the consumer
and the producer side. Good quality accord ing to the producer is if the product
produced by the company has been in accordance with the specifications that have
been set by the company, while for consumers, g ood quality is when the products are
in accordance with what they expect, have benefits that match their needs and
equivalent with the amount of money they have spent for the products.

However, basically, the concept of quality is often regarded as conformity, the overall
characteristics of a product expected by consumer. According to American Society For
Quality (2010), "Quality is the totality of features and characteristic s of a product or
service that bears on it's ability to satisfy stated or implied need. Edwards Deming (1982
) states that quality is in conformity with market needs [4].

Suyadi Prawirosentono states that quality of a product is "the physical state, function,
and nature of a product that can meet the taste and the needs of the consumers
satisfactorily according to the amount of money that has been spent [5]. 1.1. Quality
Control Quality control is the operational techniques and activities used to f ulfill
requirements for quality. Quality control must be done continuously.

One way to do the q uality control is by applying PDCA (Plan - Do - Check - Action)
introduced by W. Edwards Deming, a famous American quality expert, so then this cycle
is called Deming Cycle / Deming Wheel. The PDCA cycle is generally used to test and
implement changes to improve the performance of future products, processes or
systems[6]. 1.2.

Statistical Quality Control Statistical Quality Control (SQC) is a system developed to
maintain uniform standards of production quality, at minimum cost levels an d



implement assistance to achieve efficiency [7]. Richard B (1997) suggests that Statistical
Quality Control is a number of different techniques designed to evaluate quality of a
conformance view.

"Meaning : Statistical quality control is a different technique designed to evaluate
quality in terms of conformance with specifications [8][9]. 1.3. Control Map for Individual
Unit Control Chart theory bases itself on the central limit theorem in statistics. This
statement shows that when a subgroup or sample is taken from a series of processes
and then the mean calculation of subgroup data is performed, then the mean will form a
normal distribution. (although sometimes there is the possibility for abnormal
distribution).

Therefore the area under the curve within the 3 standard deviation limit on the two
sides is 99.73% of the total area under the normal curve. One commonly used
description i s the X- bar +/- the rldibn 9.3wherXb the n is he symbol for standard
deviation - a measure of deviation. This means that if there is mean of subgroup beyond
the control limit, it has a probability of 1 - 99.73%, or 0.27% which is 2 MATEC Web of
Conferences 204, 01006 (2018) https://doi.org/10.1051/matecconf/201820401006 IMIEC
2018 addressed to the probability of a random error.

However, the 99.73% confidence level is due to deliberate control of the process
intentionally or non -randomly. Hence the subgroup mean beyond the control limit
should be further investigated. 1.4. Individual Control Chart of X and MR This chart is
used for process control whose sample size is only one (n = 1).

This often happens when the inspection is done automatically and at a very slow
production level, making it difficult to take a sample size larger than one (n> 1). This
case is common in the chemical industry. Control chart of X dan MR (moving range) is
set on the process which produces relatively homogen ous products (for example
chemical liquid), mineral content from water or food, cases where 100% inspection is
used .. The control procedure uses two consecutive sequences of moving range to
estimate process variability.

Moving range calculation can be done with equation 1[10]. 1 i MR - -= ii xx (1) Where :
xi : Product quality parameter on sub-group to i Furthermore, moving range control is
performed using: 1 -m MR MR CL i MR ? == = = ? == i x (5) 2 x d MR 3 XU C L += -= n
minimal (n = 2) 3 MATEC Web of Conferences 204, 01006 (2018)
https://doi.org/10.1051/matecconf/201820401006 IMIEC 2018 1.5.

Process Capability Analysis Determination of process capability is done after the process



is within the control limit. A process is said to be within the limit of control when
variations that occur in the system are caused by variations of common causes. The
process capability analysis is so important because it allows how well a process can
make the product acceptable.

? 6 LSL-USL on Distributi Process ion Width Specificat Cp = = pouct,whers tsdddn f
poss.Tgrterthe b it is. The criteria used for process capability index (Cp) are: - CP > 1.33;
very good capability process - 1. .33; capacity process is good , however, the tight
control is needed when Cp has achieved 1,00. - Cp < 1.00; low process capability so that
performance needs to be improved through process improvement.

After calculating the Cp, then the Cpk index value is calcul ated, ie: Cpk = Minimum
{CPU, CPL} Dimana: ? 3 X -U S L CPU = ? 3 L S LX CPL - = 2. Research method The
research method used was descriptive which is the study to make improvements to a
previous situation. In addition, field observation and int erviews were conducted with
various parties including employees, head of department, and assistants directly related
to the production process.

Data was processed by using statistical quality control method, with the following
stages; calculated the value of MR (moving range), calculated the mean of X value,
calculated the central line (X and MR) of the mean, calculate the X and MR map control
limits for each data characteristic, described the control charts for each characteristic,
made revisions when the re is data outside the control limit and lastly calculated the
process capability index. 3.

Results and Discussion The measurement data was conducted based on observations
made in the laboratory for the dirt content(%), water content (%) and the ALB content
(%) of palm kernel oil for 30 days. Data processing was done for each quality
requirement of observed palm kernel. Then the determination of upper and lower limit
for MR and Xbar and their capabilities was conducted.

Using equations 2, 3 and 4, the following values were obtained: 4 MATEC Web of
Conferences 204, 01006 (2018) https://doi.org/10.1051/matecconf/201820401006 IMIEC
2018 3.1. MR and Individual Control Chart of dirt content data 16 ,0 MR CLMR == 53 , 0)
16 ,0 )( 267 ,3( MR DU C L 4 MR = == 0) 16 ,0 )( 0( MR DL C L 3 MR = == The MRi data
plot was conducted on the co ntrol chart and observation was done to know whether or
not the level of dirt content is in control, as shown in Figure 1. Fig. 1.

Moving range control chart of dirt content. Figure 1 shows that there was out-of-control
data. Therefore it is necessary to revise, that is by taking out the out-of-control data.



After being revised for two times, the data was in all control. The calculation is as follows
0,13 MR CL MR == = == = == Fig.2. Moving range control chart of dirt content as the
result of second revision.

Based on the control limit as shown in Figure 2, it appears that there is n o more out -
of- control data. Now the remaining data is only 28 data after 2 revisions. This data was
examined to see its variability by using x-chart. Using the equation 5, 6, 7, values for the
X- bar diagram of the dirt content were obtained as follows: CLx = 32 , 6X = ==+=+ 5
MATEC Web of Conferences 204, 01006 (2018)
https://doi.org/10.1051/matecconf/201820401006 IMIEC 2018 LCLx = 97 ,5 35 ,0 32 ,6
128 ,1 13 ,0 3 32 ,6 d MR 3X 2 = Fig. 3.

Individual control chart of dirt content. It can be seen in the picture that the data is in
control. This shows that the data d id not experience assignable variability. To prove it,
the calculation of the ratio of process capability was conducted. The calculation of the
process capability ratio (Cp) as follows: 1 128 ,1 13 ,0 6 97 ,5 66 ,6 6 LCL-UCL C p = ? ? ?
? ? ? - = = ? = ? ? ? ? ? ? - = - = ? = ? ? ? ? ? ? - = - = ? ( ) ? ? () ? ? == ? ? ? ? ? ? - = = ?
3.2.

MR and Individual Chart of moisture data 21 ,0 MR CL MR == 68 , 0) 21 ,0 )( 2 6 7, 3 (
MR DU C L 4 MR = == 0) 21 ,0 )( 0( MR DL C L 3 MR = == The MRi data plot was
conducted on the control chart and observation was done to know whether or not the
data of moisture is in control, as shown in Figure 4. 6 MATEC Web of Conferences 204,
01006 (2018) https://doi.org/10.1051/matecconf/201820401006 IMIEC 2018 Fig. 4.
Moving range control chart of moisture.

It can be seen in Figure 4 that there is out-of-control data . Therefore revison is necesary
by eliminating the out-of-control data. After revision for one time , the data was in
control. Here is the calculation. 16 ,0 MR CL MR == 51 , 0) 16 ,0 )( 267 ,3( MR DU C L 4
MR = == 0) 16 ,0 )( 0( MR DL C L 3 MR = == Moving range Control chart of moisture
content can be seen in Figure 5. Fig.5. Moving range control chart of moisture content
as the result of revision I.

Based on the control limits as shown in Figure 5 it is seen that there is no more out -of-
control data. Now the remaining data was only 28 data after 1 revision. The variability of
this data then observed by using x-chart. Using the above equation, the value for the X -
bar diagram of moisture data is as follows: CLx = 38 , 6X = =+=+=+ =-=-=- 7 MATEC
Web of Conferences 204, 01006 (2018)
https://doi.org/10.1051/matecconf/201820401006 IMIEC 2018 Fig.6 .Individual control
chart of moisture Content.



Figure 6 shows that there was data which is still in out -of-control condition. This
indicates that the data experienced asssignable variability. The cal culation of the ratio of
process capability was done to prove it: 1 128 ,1 16 ,0 6 97 ,5 80 ,6 6 LCL-UCL C p = ? ? ?
? ? ? - = = ? = ? ? ? ? ? ? - = - = ? = ? ? ? ? ? ? - = - = ? ( ) ? ? () ? ? == ? ? ? ? ? ? - = = ?
3.3 .

MR and Individual Chart of ALB Content data 01 ,0 MR CL MR == 0 4 5 , 0) 01 ,0 )( 2 6 7,
3 ( MR DU C L 4 MR = == 0) 01 ,0 )( 0( MR DL C L 3 MR = == The plot of the MRi data
was performed on the control chart followed by observing whether the ALB data is in
control or not, as shown in Figure 7. 8 MATEC Web of Conferences 204, 01006 (2018)
https://doi.org/10.1051/matecconf/201820401006 IMIEC 2018 Fig.7. Moving range
control chart of ALB content.

From Figure 7 it can be seen that there was no out-of-control data. Therefore no
revision is necessary. Based on the control limits as shown in Figure 8 , it appears that
there was no more out-of-control data. Now the remaining data was 30 and they were
observed for their variability by using x -chart.

Using the above equation, the value received for X-bar chart from the data of ALB
content as follows: CLx = 76 , 0X = =+=+=+ ==- Fig.8. Individual control chart of ALB
Content. The picture shows that the data was in control condition. This means that the
data d id not experience assignable variability. To prove it, the calculation of the ratio of
process capability was performed.

1 128 ,1 01 ,0 6 73 ,0 80 ,0 6 LCL-UCL C p = ? ? ? ? ? ? - = = ? 9 MATEC Web of
Conferences 204, 01006 (2018) https://doi.org/10.1051/matecconf/201820401006 IMIEC
2018 1 128 ,1 01 ,0 3 73 ,0 76 ,0 3 L C LX Cpl = ? ? ? ? ? ? - = - = ? 1 1 2 8, 1 01 ,0 3 76 ,0
80 ,0 3 XU C L Cpu = ? ? ? ? ? ? - = - = ? ( ) ? ? () ? ? 1 04 .0 04 .0

128 ,1 01 ,0 3 L C LX or X - U C Lm i n 3 Cpl or C p um i n Cpk == ? ? ? ? ? ? - = = ?
Based on the size of the work index, it can be seen that Cp = 1.00 suggesting that the
process capability is good, but it needs strict control and can still be improved again the
quality and performance through improvement process where the specifications were
out of limits. While Cpk = 1.00, so the process of producing products were in
accordance with the specifications.

Cpk = Cp then process was centered Æ ideal. 4. Conclusion Based on the t he results of
the discussion, it is found out that the value of dirt content was above the upper control
limit (UCL)so it must be revised twice by eliminating the data causing the out -of-control



condition so that the remaining data in the test of quality variability condition is 28 data
with the result of UCL = 6 . 66, CL = 6.39 and LCL = 5.97. This condition is called
assignable variation and therefore the source of the problem must be traced.The result
of process capability ratio also shows that the process capability can be said good
because Cp = 1, but strict control is needed on production process.

Therefore, this condition should not be allowed and mu st be resolved immediately. In
MR -Chart of moisture content, its value was above the upper control limit (UCL) so it
must be revised once by eliminating the data that causes the condition out of
control¸and the remaining data in the test of quality vari ability condition is 28 data.With
individual chart, there were 5 out of control data (1,2,3,4 and 13) with result of UCL = 6
.80, CL = 6.38 and LCL = 5.97.

This condition is called assignable variation and the cause of the problem must be
investigated. The result of process capability ratio also shows that the process capability
can be said good because Cp = 1, but need strict control on production process.
Therefore, this condition should not be allowed and must be addressed.

At MR -Chart, the level of ALAL B did not show that ALB content is above the upper
control limit (UCL), so there was no revision of data. Next, on individual chart there was
no out of control data with the result of UCL = 0.80, CL = 0.76 and LCL = 0.73. The result
of process capability r atio shows that the process capability can be categorized as good
because Cp = 1, it shows the product quality can be improved even better by controlling
the production process strictly. The cause of quality improvement problems must be
explored.

Overall, based on the value of the three quality requirements that were analyzed when
compared with the company's quality standards, it was only kernel palm moisture
content that needs tight control. References 1. M. H. Noviar, Sukardi, and A. Rifin, 6
(2016) 10 MATEC Web of Conferences 204, 01006 (2018)
https://doi.org/10.1051/matecconf/201820401006 IMIEC 2018 2. M. Hudori, (2015) 3.
Badan Standarisasi Nasional; SNI Crude Palm Oil . Jakarta, (2006) 4. Deming W.

Edwards, Out of the crisis: Quality, Productivity and competitive position. Cambridge:
Cambridge University Press, (1982) 5. Prawirosentono Suryadi, Filosophy baru tentang
manajemen mutu terbadu abad 21 . Jakarta: Bumi Aksara, (2007) 6. V. Gaspersz, Metode
Analisis Untuk Peningkatan Kualitas . Jakarta: Penerb it Gramedia Pustaka Utama, (2001)
7. A. J.

Duncan, Quality Control and Industria l Statistics, 5th ed. Homewood, IL (USA):



Homewood, Ill.: Irwin, (1986) 8. R. C. B, N. J. Aquilano, and F. Robert Jacbos, Production
and Operations Maaemet?MauctuadS . New York, United States: McGraw -Hill
Education, (1997) 9. Irving W. Burr, Statistical Quality Control Methods . USA: CRC Press
Taylor & Francis Group, 1976. 10. D. C.

Montgomery, Introduction to S tatistical Quality Control , 6th Ed. USA: John Wiley &
Sons, Inc, (2009). 11 MATEC Web of Conferences 204, 01006 (2018)
https://doi.org/10.1051/matecconf/201820401006 IMIEC 2018

INTERNET SOURCES:
-------------------------------------------------------------------------------------------
19% -
https://www.researchgate.net/publication/327815765_Quality_control_of_palm_kernel_oi
l_using_Individual_Moving_Range_I-MR_chart
<1% - https://www.celebi-sell.nl/Jul_12/1106/oil_palm_mill.html
<1% - https://www.sciencedirect.com/science/article/pii/S0969698906000282
<1% - http://www.dsn.co.id/uploads/AR%20DSNG%202014%20OK.pdf
<1% -
https://www.buhlergroup.com/global/en/search.htm?query=SORTEX&chunk=62&qfacet
=
<1% - https://www.coursehero.com/file/13295893/QSO300-Lecture3a/
<1% - https://www.forbes.com/sites/elliekincaid/2018/12/06/the-amount-americans-
spend-on-healthcare-is-still-growing-but-more-and-more-slowly/
<1% - http://catalogimages.wiley.com/images/db/pdf/9780470069097.excerpt.pdf
<1% -
https://www.researchgate.net/publication/228475044_Evolution_of_the_PDCA_cycle
<1% - https://www.wiley.com/college/sc/reid/chap6.pdf
<1% - http://qualityamerica.com/LSS-Knowledge-
Center/statisticalprocesscontrol/defining_control_limits.php
<1% - https://en.wikipedia.org/wiki/Sampling_%28statistics%29
<1% - https://www.sciencedirect.com/topics/engineering/normal-distribution-curve
<1% -
http://www.registroep.org/documenti/IPERTENSIONE%20P.%20CRONICA%20TE/06_Scio
mer%20ECO.pdf
<1% -
https://books.google.com/books/about/Case_Histories_of_Accidents_in_the_Chemi.html
?id=jJEQAQAAMAAJ
<1% - https://www.greycampus.com/opencampus/lean-six-sigma-green-belt/capability-
analysis
<1% - https://www.ijser.org/paper/QUANTITATIVE-MEASURES-TO-IMPROVE-PROCESS-



POTENTIAL-THROUGH-PROCESS-CAPABILITY.html
<1% - https://www.whatissixsigma.net/process-capability-index-cpk/
<1% - http://www.cqeacademy.com/cqe-body-of-knowledge/quantitative-methods-
tools/process-performance-capability/
<1% - https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1621098/
<1% - https://www.sciencedirect.com/science/article/pii/S0890695597000163
<1% - https://www.sciencedirect.com/science/article/pii/S0927775717305721
<1% - http://www.statit.com/services/SPCOverview_mfg.pdf
<1% -
https://www.academia.edu/23148009/Application_of_Individual_I_and_Moving_Range_M
R_Control_charts_in_analyzing_the_performance_of_cricket_scores
<1% - https://www.cengage.com/resource_uploads/downloads/0495553263_416000.pdf
<1% - https://link.springer.com/chapter/10.1007/978-0-387-34847-6_24
<1% - http://etd.repository.ugm.ac.id/downloadfile/69346/potongan/S2-2014-324588-
bibliography.pdf
<1% - https://standards.globalspec.com/std/10212775/e82701
<1% - http://bcs.wiley.com/he-
bcs/Books?action=index&itemId=0470169923&bcsId=4327


