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ABSTRACT 

Quality improvement is necessary to overcome the occurrence of defective products during the production cycle. 
The occurrence of defective products is difficult to avoid. Therefore, the Sugar Factory (SG) business unit at PT 
XYZ began to implement quality control for sugar production. Based on these events, an analysis of quality 
measurement is carried out through this research. The methods used in this research are control chart, fishbone 
diagrams, and failure mode and effect analysis (FMEA). The results of the control map measurement using the 
p-chart and u-chart show that there is no sugar production process that is out of control. Although nothing is out 
of control, it is also necessary to analyze it using a fishbone diagram to determine the cause of the defects that 
occur. The results of the measurements with FMEA can be known sub-factors that have the highest RPN, namely 
negligence of operations, poor sugar cane sorting, changes in production schedules, incomplete repair areas, and 
poorly organized layouts. From the results of data processing, it can be seen that quality control needs to be 
carried out by the company. One of them is by making standard operating procedures (SOP) related to the sugar 
processing process. In addition, the raw materials for making sugar also need to be considered, so that the 
process will produce sugar with better quality. 
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1. INTRODUCTION 

Increasingly fierce competition encourages companies to always improve. The process of 
improvement involves effective and efficient ways to achieve the goals that have been set [1]. There 
are many ways to realize the success of company goals. One of them is through quality improvement 
[2]. The existence of quality is the main requirement in order to be accepted by consumers, so 
companies are required to maintain their quality [3]. The existence of quality is certainly achieved 
through a process that is in accordance with market standards [4],[5]. Conformity with existing 
standards is a key factor that continues to be maintained. Actions to maintain quality aim to avoid 
changes in production results within certain limits [6]. If the quality is not consistent, it can make 
customers turn away from competitors. The problem of turning away customers can be anticipated 
through quality control and satisfaction [7].  

There are three types of quality control, including raw materials, processes, and end products. The 
three types of quality control are interrelated and connected to each other. Quality control should not 
be done carelessly. Comprehensive planning, both upstream and downstream, is the company's 
benchmark for carrying out quality control [8]. The company's desire to always improve quality 
control needs to always be prioritized. Revamping consistently lowers the percentage of defects so that 
mistakes do not reoccur [9],[10]. Some forms of disability that need to be eliminated include 
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accidents, damage, and complaints [11]. Therefore, quality control requires planning by adjusting the 
applicable SOPs [12]. 

The quality control stage is also applied by PT XYZ to one of the Sugar Factory (SF) business 
units in Madiun City. SF's business unit activity at PT XYZ is to process sugarcane into White Crystal 
Sugar (WCS). Figure 1 shows the stages of the production process in the SF business unit at PT XYZ. 
In general, the sugar production process goes through five processes. The stages of quality control by 
SF business units at PT XYZ aim to control production in accordance with time, budget, and targets. If 
the quality of production is low, it will also indirectly have an impact on productivity [13]. Therefore, 
SF's business unit at PT XYZ carries out quality control, starting from raw materials to products. 
Sugarcane raw materials before entering the milling process are sought to be free from sticking 
impurities. The abundance of impurities affects the yield of sugar obtained. In addition, activities that 
interfere with the running of the production process as much as possible are anticipated immediately. 

 
Figure 1. Production process in sf business unit at pt xyz 

Although the quality control process has been implemented, under certain conditions, there are 
still problems that cannot be avoided. Some incidents that reduce the quality of sugar in the SF 
business unit at PT XYZ include wet scrap sugar, ash, clumped sugar, and molasses sugar [14]. The 
incident occurred during the production process. Process repetition must be performed, but when it 
happens, it is inefficient [15]. In addition to being inefficient, process repetition increases energy use 
beyond the planned capacity before the production process takes place [16]. The final stage of the 
production process is also not spared from quality constraints. Types of obstacles that occur include 
torn packaging, dirty packaging, detached seams, and underexposed prints [17]. The emergence of 
these obstacles, if not resolved immediately, can burden production costs such as machine 
maintenance, raw material costs, and labour costs [18]. he high cost of production causes the profit 
received by SF's business unit at PT XYZ to be reduced.  

In an effort to overcome the above problems, it is necessary to control the quality of sugar 
products in the SF business unit at PT XYZ. Quality control methods using Control Charts, Fishbone 
Diagrams, and Failure Mode and Effect Analysis (FMEA). The purpose of quality control in this study 
is to reduce the failure rate in the sugar production process so as to produce quality products. In 
addition, this study also identified the factors that caused the occurrence of defective products and 
determined improvement proposals in the form of preventive measures to reduce defective products. 

2. METHOD 

This research examines the object of the production process, especially GKP in the SF business 
unit at PT XYZ. The research period is two months and starts on October 1, 2023, until November 30, 
2023. This stage of research begins with field observations and literature studies. Observation 
activities and literature studies aim to strengthen researchers' knowledge of quality control aspects so 
as to reduce errors in taking action during the study [19]. Stages of observation and literature study are 
considered in determining problem identification. Determination of problem identification based on 
findings of errors in quality that arise during the production process [20]. Problem findings that are 
worthy of research require support for data review.  

The existence of data in research is obtained through the process of data collection. In this study, 
the data is divided into primary data and secondary data. Primary data is obtained through 
observations and surveys within the scope of the SF business units at PT XYZ. Primary data, such as 
production performance data, employee performance data, etc. Primary data is obtained from 
historical data within the scope of SF business units in PT XYZ and other parties who have the 
authority to release data credibly. Secondary data, such as raw material data, sugar production data, 
etc. The results of data collection are required in the data processing stage. All collected data is 
processed using appropriate research methods. This research uses three methods, namely: 
1) Control chart  

The use of control charts to find out whether deviations occur is still within the tolerance limits 
for deviations [21]. The control chart shows changes between times and is plotted in order [22]. 

1) Extraction

2) Purification

3) Evaporation

4) Cystallisation

5) Centrifugation

6) Storage
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The content of the control chart contains three lines, namely the control line, which shows the 
middle or average value, the lower control line, which is below the centre line, and the upper 
control line, which is above the middle value [23]. The use of control charts in this study 
includes a p chart and a u chart. The selection of the p chart and the u chart due to the sample 
size varies [24] depending on the capacity of the sugarcane raw materials that enter the 
processing process. The calculation formula for the p chart and the u chart is in Table 1. 

Table 1. Calculation formula of p-chart dan u-chart 
p-Chart Calculation 

Formula Description 

BKA୔ / UCL୔ = pത + 3ට
୮ഥ(ଵି୮ഥ)

୬
  

BKA୔ / UCL୔ = Upper Control Limit on p chart 
BKB୔ / LCL୔ = Upper Control Limit on p chart 

BKB୔ / LCL୔ = pത − 3ට
୮ഥ(ଵି୮ഥ)

୬
  

GK୔ / CL୔ = Central Line on p chart 
p୧ = Proportion of defects in each observation 

GK୔ / CL୔ = pത =
∑ ୶౟

ౣ
౟సభ

୬.୫
=

∑ ୮౟
ౣ
౟సభ

୫
  

n = The number of samples per observation 
m = The number of observations 

 
 

  

u-Chart Calculation 
Formula Description 

BKA୙/ UCL୳ = uത + 3ට
୳ഥ

୬
  

BKA୙ / UCL୙ = Upper Control Limit on u chart 
BKB୙ / LCL୙ = Upper Control Limit on u chart 

BKB୙ / LCL୳ = uത − 3ට
୳ഥ

୬
  

GK୙ / CL୙ = Central Line on u chart 
c୧ = The number of errors per observation 

GK୙ / CL୳ = uത =
∑ c୧

୫
୧ୀଵ

nm
 

m = The number of observations 
n = Sample size 

 
2) Fishbone diagram 

Fishbone diagrams contribute to solving problems. Problem-solving steps related to causation 
are in the form of diagrams [25]. Findings of problem causation are identified from potential 
causes of effects and problems and analysed through brainstorming activities [26]. These causes 
generally lead to five problems, namely humans, machines, materials, methods, and the 
environment [27]. An example of the results of making a fishbone diagram can be seen in 
Figure 2 [28]. 

 
Figure 2. Fishbone diagram example 

3) Failure Mode and Effect Analysis (FMEA) 
FMAE is part of a procedure that is useful in identifying and preventing possible failures. The 
FMEA method anticipates failure through an assessment of the source and root cause of the 
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problem [29]. The results of the FMEA method assessment are in the form of a risk priority 
number (RPN) to determine the priority of failure modes based on the multiplication of values 
from the levels of severity, occurrence, and detection [30]. The severity value shows the 
severity of the consequences caused, the occurrence value indicates the probable level of the 
cause of the failure during the process, and the detection value shows the level of control over 
the failure that occurred [5]. Parameters in the assessment of severity, occurrence, and detection 
levels can be determined based on Table 2 [31]. 

 Table 2. Assessment parameters on severity, occurrence, and detection 
Severity 

Effect Severity of effect Rating 
Very Low No impact 1 

Low 
System functional with little disruption 2 
System still functional despite minor performance reduction 3 

Moderate 
System still functional but with a noticeable performance drop 4 
System unusable without harm 5 

High 
System unusable with little damage 6 
System unusable due to equipment failure 7 
System unusable due to destructive failure that doesn't jeopardise safety 8 

Very High 

Extremely high rating of severity when a possible mode of failure impacts 
the safe operation of the system's components with alerts 

9 

Extremely serious when a possible failure mode abruptly affects the secure 
functioning of the system 

10 

 
Occurrence 

Probability Probability of occurrence Rating 
Very Low Failure is not likely. 1 

Low 
1 in 150000 2 
1 in 15000 3 

Moderate 
1 in 2000 4 
1 in 400 5 
1 in 80 6 

High 
1 in 20 7 
1 in 8 8 
1 in 3 9 

Very High > 1 in 2 10 
 

Detection 
Detection Likelihood of detection Rating 

Very High 
Design control will identify the failure mode that follows the possible cause 
or mechanism. 

1 

High 

Very high probability that the design control will identify the failure mode 
that follows the possible cause or mechanism 

2 

Possibility that the design control will identify the failure mode and its 
possible cause or method 

3 

Moderate 

Moderately high probability that the design control will identify the 
mechanism or possible cause of the failure and its following manner 

4 

Moderate likelihood the failure mode that follows a possible cause or 
mechanism will be identified by the design control. 

5 

There is little likelihood that the design control will identify the probable 
cause, method, and failure mode. 

6 

Low 

Extremely unlikely that the design control would identify a possible cause 
or mechanism and the failure mode that follows. 

7 

In the unlikely event of a failure, the design control will identify the 
probable cause and process. 

8 

Extremely unlikely that the design control would identify the mechanism or 
possible cause and the failure mode that follows. 

9 

Very Low Potential causes, mechanisms, and ensuing failure modes can't be identified 10 
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by design control. 

The results of data processing are useful in determining conclusions and suggestions for 
research. The determination of conclusions aims to explain the research hypothesis and know the 
overall results of the study [32]. he explanation of the research results is brief and to the point. 
Providing advice on research is useful in providing recommendations for improvements to similar 
research in future studies [33]. Recommendations for improvement can be in the form of adding 
methods or parameters from previous studies. 

3. RESULTS AND DISCUSSION 

The quality measurement in this study is at the cane processing stage and the sugar packaging 
stage. The quality measurement process starts from May 15, 2023 to August 9, 2023. The quality 
measurement data for sugar production is shown in Table 3. The quality measurement is done through 
85 observations, where the data is collected and entered into the tables only during the production 
process, so if there is a production stop hour, it is not included in the classification of the observation 
data. The observation process is limited to 8 hours because the measurements are made during the 
morning shift between 08:00 and 16:00. During the observation, there were two stop hours, namely on 
June 18, 2023 and June 30, 2023. Types of sugar defects during the sugar production process include 
krikilan, molasses, wet sugar, inappropriate color, dirt and ashing. Types of sugar packaging defects 
include underexposed mold, torn packaging, dirty packaging, and detached seams. 

Table 3. Production and packaging process defect data 

Data Date 

Pr
od

uc
ti

on
  

(t
on

) 

Types of Production Process Defects 

Defects 
Number 

C
lu

m
pe

d 
 

Su
ga

r 

M
ol

as
se

s 

W
et

 S
ug

ar
 

C
ol

or
  

D
is

cr
ep

an
cy

 

D
ir

ty
 

R
ef

in
ed

 

1 15 / 05 / 2023 5100 17 19 14 8 15 11 84 
2 16 / 05 / 2023 5150 8 12 12 18 11 14 75 
… … … … … … … … … … 
82 08 / 08 / 2023 4900 9 11 19 16 11 12 78 
83 09 / 08 / 2023 5300 13 17 20 20 10 12 92 

 

Data Date 

P
ac

ka
gi

ng
  

Q
ua

nt
it

y 
 

(u
ni

ts
) 

Types of Packaging Defects 

Defects 
Number 

U
nd

er
ex

po
se

d 
P

ri
nt

s 

T
or

n 
 

Pa
ck

ag
in

g 

D
ir

ty
  

Pa
ck

ag
in

g 

D
et

ac
ha

bl
e 

 
Se

am
 

1 15 / 05 / 2023 10200 18 15 17 11 61 
2 16 / 05 / 2023 10300 14 20 16 19 69 
… … … … … … … … 
82 08 / 08 / 2023 9800 13 12 14 20 59 
83 09 / 08 / 2023 10600 17 17 17 16 67 

 
The results of the production and packaging defect data become inputs for the processing of 

control charts. In this study, we used control charts (p chart and u chart) because the data varied. 
Figure 3 and Figure 4 show the results of p chart and u chart against defects in sugar production and 
packaging. The results of the p chart and u chart were formed from 83 observations, and the data were 
taken during the morning shift. In general, the occurrence of defects is still within the control limits. 
Nothing comes out of UCL or LCL. There is no need to repeat calculations due to out-of-control data. 
However, further action must be taken to minimize the occurrence of defects. Note that defects during 
production time can reduce the profit of SF's business unit at PT XYZ. The desire of PG's business 
unit at PT XYZ is to find the source of the risk of production defects and achieve zero waste so that 
the sugar production process will not be disrupted in the coming year. 
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(a) 

 
(b) 

Figure 3. p chart (a) and u chart (b) on defects in the sugar production process 

 
(a) 

 
(b) 

Figure 4. p chart (a) and u chart (b) on defects in the sugar packaging process 

Although the conditions of the emergence of defective products from the production and 
packaging processes are still in a reasonable stage or not out of control, it is also necessary to trace the 
cause of each type of defect. The method used to determine the root cause of the defect in this study 
uses a fishbone diagram. The fishbone diagram classifies root causes into five categories: people, 
methods, materials, machines, and environment. Each category is described in detail, from the causes 
of the problem to the presence of a more detailed filling of fish bones. The fishbone diagram result in 
this study can be seen in Figure 5. A more detailed explanation is as follows: 
1) Man 

Employees are engaged in sugar production activities. In the sugar production process, it is 
possible to produce defects due to employee errors. Some mistakes caused by employees such 
as negligence, inaccuracy, discipline and lack of training. The causes of employee negligence 
are fatigue, lack of calculation, excess water administration and centrifugation errors. It is not 
uncommon for employees to be less careful to cause steam pipes to overturn, steam cleaning is 
less clean and vacuums are closed. In addition, sometimes lack of discipline also affects 
employee performance. How many examples of actions of employees who lack discipline such 
as leaving the office during the production process and not listening to instructions from the 
foreman. The high occurrence of a decrease in production quality by employees can also be 
caused by lack of training activities. Mistakes that often arise due to employees rarely 
participating in training are lack of accuracy, not understanding the quality of materials and 
machine setting errors. 

2) Method 
Method refers to work instructions that must be followed during the production process. The 
cause of failure during production caused by method factors is changes in production schedules, 
and Standard Operating Procedures (SOPs) have not been maximized. Often, schedule changes 
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are made following conditions that occur in the field. The schedule change is related to the 
condition of sugarcane raw materials. If the capacity of raw materials is not sufficient and 
natural factors that affect the decline in sugarcane harvests can make changes to the production 
schedule, In some cases, at work stations, SOPs are often not obeyed by employees. The cause 
of the occurrence is a lack of supervision and socialization. One of the impacts caused is a 
mismatch in vacuum pressure. 

3) Machine  
The existence of machines serves as the means for producing sugar. Not infrequently, the 
condition of the engine is not prime, resulting in problems with the occurrence of production 
defects. Factors that affect machine performance during production are limited maintenance 
time, maintenance scheduling errors, and incomplete repair areas. Limited maintenance time 
results in low vacuum pressure, malfunction of the sugar crystal cooling trough, and slowed 
erygrator engine rotation. The repair area is not comprehensive, and the impact that occurs is 
that the flow of the cooking pan pipe is not smooth and the conveyor motion is disrupted. 
Maintenance scheduling errors are caused by less intensive checks and suboptimal engine set-
up. 

4) Material  
Material refers to the need for raw materials during the sugar production process. The existence 
of raw materials is divided into main and companion raw materials. If the quality of raw 
materials does not match specifications, it can result in decreased production results. The 
causative factors for raw materials not complying with specifications are poor sorting of 
sugarcane and changes in sugarcane quality. The impact caused if the sugarcane received is not 
in accordance with the quality is that the sap is difficult to crystallize. In addition, sugarcane 
fields whose area is decreasing are resulting in fuel shortages. 

5) Environment 
Environmental conditions are related to the area of the plant. Often, poor area management 
results in production results that do not meet the planned target. In the case of the sugar factory 
area, the cause of constraints in the environment is a poorly organised layout. The impact is that 
the room is hot, and noise occurs. Room heat occurs due to lack of ventilation, no temperature-
lowering device, air circulation that is not smooth, and high-temperature evaporation. Noise in 
the production room is caused by engine upgrades that have not been completed; operators do 
not use personal protective equipment; and the room has no dampers. 

In addition to knowing the cause of the occurrence of production defects, this study also 
assessed the source and root cause of the problem. The method used in the assessment is FMEA. 
Evaluation of FMEA on each sub-factor of man, machine, material, method, and environment. Table 
4 shows the results of the FMEA assessment. The RPN value is obtained from severity (S) × 
occurrence (O) × detection (D). The average RPN value calculated is 40.81. It is known from the 
results of the FMEA calculations that each factor has the highest RPN value. The sub-factors of each 
factor that have the highest RPN are negligence of operation, poor sorting of sugarcane, changes in 
production schedules, areas of improvement that are not thorough, and the layout that is not organised. 

Table 4. RPN calculation  
Factor Sub Factors S O D RPN 

Man 
(A) 

A1 Not careful 7 7 9 441 
A2 Undisciplined operators 8 5 8 320 
A3 Lack of training events 8 7 8 448 
A4 Operation negligence 9 8 10 720 

Material  
(B) 

B1 The juice is still watery and difficult to crystallize. 6 8 9 432 
B2 Sugarcane sorting isn’t optimal 9 7 8 504 
B3 Quality of raw materials changes 8 6 8 384 
B4 Bagasse shortage 6 6 10 360 

Method 
(C) 

C1 Production schedule changes 9 8 9 648 

C2 
Standard Operating Procedures (SOP) have not been 
maximized 

7 5 8 280 

Machine D1 Maintenance scheduling mistakes 6 8 7 336 
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Factor Sub Factors S O D RPN 

(D) D2 Maintenance time limitation 10 5 7 350 
D3 Repair area isn’t comprehensive 7 8 8 448 

Environment 
(E) 

E1 High temperatures 5 6 7 210 
E2 Noise 6 5 6 180 
E3 Layout is less organized 10 6 8 480 

 
Selection of the highest RPN value from one of the subfactors on the recommendation of the PG 

business unit at PT XYZ for further corrective, preventive and countermeasures to be taken. The types 
of actions that can be taken are listed in Table 5. The contents of Table 5 are causes, probability 
levels, and contingency plans. The results of Table 5 showed that there were 11 subfactor triggers, 10 
possible treatments, and 11 contingency plans that could be done. 

Table 5. Response to high RPN subfactors 
Sub Factors Cause Likelihood Contingency Plan 

Lack of 
training events 

1) No budget yet 
2) Employee rotation  
3) Production profits are 

not on target 

Mitigation,  
Avoidance 
 

1) Apply for technical advising 
activities each semester. 

2) Evaluate performance and penalize 
employees who are low contributors 
to the production process. 

Sugarcane 
sorting isn’t 
optimal 

1) No difference in 
sugarcane price 

2) Failure to socialize cane 
quality to farmers 

Retention,  
Transfer  
 

1) Provide the price difference 
between clean cane and dirty cane. 

2) Collaboration between multiple 
parties involved in the fulfillment of 
sugarcane raw materials. 

Production 
schedule 
changes 

1) Harvest delay 
2) Raw material capacity 

is insufficient 

Transfer, 
Sharing 

1) Planting time change. 
2) Sugar cane mechanization. 
3) Provide cheap credit to sugar cane 

farmers. 
Repair area 
isn’t 
comprehensive 

1) Approved budget 
realization is only 
partial 

2) The revitalization 
program is carried out 
in stages 

Mitigation,  
Transfer  
 

1) Modifications by use of other 
factory equipment that is no longer 
in production. 

2) Maximize the performance of 
equipment that can be used through 
its lifecycle. 

Layout is less 
organized 

1) Area limitation 
2) Late construction 

process  

Avoidance, 
Sharing 

1) Clean area before and after 
production. 

2) Plan development in phases. 

4. CONCLUSION 

The conclusion of the research carried out on the quality control of sugar products is that the 
results of the measurements using p and u charts are known to be still at a reasonable level where there 
is no out of control. However, it is necessary to search for the cause of each type of defect. The results 
of identifying the causes of defects using the fishbone diagram method are classified into five 
categories: people, methods, materials, machines, and environment. Assessing the subfactors of 
people, machines, materials, methods, and environment using the FMEA method. the highest RPN 
value for which countermeasures are needed. The selection of countermeasures is based only on the 
highest RPN value in the subfactor, as recommended by the PG business unit at PT XYZ. The findings 
included in the high category subfactors are negligence of operations, poor sorting of sugarcane, 
changes in production schedules, improvement areas that are not thorough, and the layout is not 
organized. The results of this study are not final. Improvements must be made for future research. It is 
also necessary to add other methods besides those in this study. The cost factor can be a reinforcement 
for the profit and loss analysis if you do not apply quality improvements in the production process. 
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