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1. INTRODUCTION: 

The term of quality is broadly used in different fields. Furthermore, in the points of companies growth, 

product quality and services is the important role to be preserved by companies. Quality is one of the main 

factors to the consumers in choosing and determining the product to be used [1]. As example, the companies 

which are operating the production of Crude Palm Oil (CPO) should improve the resulting product while the 

emergence of competition among them. The Quality control is conducted starts from the process of input 

information or raw materials from the marketing, processed in the factory (phase transformation), then 

eventually sent to the customer [2][3]. Even quality control is also done after the sale [4].  

As the one of CPO production company, PT. Perkebunan Nusantara II PKS Pagar Merbau still resulting 

vary product and often do not meet the company's quality or quality standard specifications. In the other hand, 

the most determined factors that influencing the quality of CPO is Free Fatty Acid (FFA) content. The 

specifications that have been determined by the company are FFA content (3.0-4,5)%, M content (0,10-0,35)% 

and level of I (0,01-0,02)%. As can be seen in Table 1, there is a problem of quality control on product quality 

produced by the company is important and requires a more in-depth study.  

Table 1: The Deviation of CPO data from Quality Standards. 

No. Date Total 

Samples 

Factors 

FFA content 
(3,0-4,5)% 

M content 
(0,10-0,35)% 

level of I 

(0,01-0,02)% 

Number of 

deviant results   
1 01-Feb-16  12 3 2 - 5 

2 03-Feb-16  12 5 4 1 10 

3 05-Feb-16  12 6 2 - 8 

4 07-Feb-16  12 3 3 - 6 

5 09-Feb-16  12 4 2 2 8 

Here, an effort has been made to overcome these problems in identifying the factors by using Taguchi 

method. This method  developed  by  Taguchi  and  Konishi  and used  for  improving  the  quality  of  goods  

manufactured  (manufacturing  process  development) [5]. The Taguchi method is a principled design method 

of quality improvement by minimizing the effects of variation without eliminating the cause. This can be 

obtained through product optimization and process design to make performance immune to various causes of 

variation of a process called parameter design [6].  

There are two main measuring tools in the Taguchi design method, namely the control and noise 

factors. To obtain an optimum results of the process, Taguchi  Method  involves the identification of proper 
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control factors. Moreover, this method also employs the Orthogonal Arrays (OA) to conduct a set of 

experiments that will be used to analyze the data and predict the quality of components produced. 

 

2. TAGUCHI METHOD: 

There are three simple and fundamental concepts to produce robust performance in accordance to 

Taguchi method, namely: quality robustness, target oriented quality, and quality loss function. The quality 

robustness is related to instance of products durability to environmental factors, then target oriented quality is 

an effort to minimizing deviations from a target, and quality loss function examines the measurement of losses 

of the entire system.  

The function of the loss to the product arises from the deviation of product specifications from the 

established targets, ultimately losses are borne by the community (producers and consumers) during the use 

of the product. Taguchi uses a quality deviation function to measure loss due to functional variation, 

minimizing a product's performance deviation from its target value will improve product quality [7]. Thus, 

the smaller the functional variation, the smaller the losses are borne by society, which means the higher the 

quality of the product. There are three classification of quadratic functions according to Taguchi in 

determining the quality characteristics, namely the loss function Nominal is the best, Smaller the better, and 

Larger the better. 

Taguchi method also OA matrix table to be performed in the experiments based on the number of degrees 

of freedom from all the factors involved in the experiment. Degree of freedom factor is obtained from the 

number of factor levels minus one. The total number of degrees of freedom of all these factors indicates the 

minimum number of rows that used to the orthogonal matrix. 

 

3. METHODOLOGY: 

Before analyzing the data, an interview towards the employees of company is conducted to sought the 

control factors that affect the quality of CPO. The result stated that boiling temperature, pressure on boiling 

and temperature in the clarification unit are deterimine the CPO quality. Based on the understanding of the 

nature of relationships between factors in the Taguchi concept, the relationship between factors or variables 

of theoretical framework of the study can be arranged as in Figure 1. 

 

              
 

Figure 1: Theoritical Framework 

 

As an experiment research, this study determines boiling temperature, boiling pressure, and 

temperature in the clarification unit as the independent variable. Additionally, CPO production data act as the 

dependent variable. This research was conducted at PT. Perkebunan Nusantara II Palm Oil Factory Merbau 

Fence located in the village of Pagar Merbau III, Lubuk Pakam District, Deli Serdang Regency, North 
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Sumatra, Indonesia. The study was conducted from 1 February to 29 February 2016. Next, the study used the 

Block Diagram of Research as can be seen in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2: Research Block Diagram 

 

4. FINDINGS: 

4.1. Data collection 

The data collected is experimental data with combination of Orthogonal Array L4(2
3). Data which are collected 

from the observation of CPO production in February 2016 can be seen in the tables below. 

 

Table 2: Experiment Results for FFA content 

No Date Total Samples 
FFA content 

Proportion of Disabilities 
Accept Reject 

1 15-Feb-16 12 9 3 0,250 

2 16-Feb-16 12 8 4 0,333 

3 17-Feb-16 12 6 6 0,500 

4 18-Feb-16 12 8 4 0,333 

Total  48 31 17 1,417 

Mean     0,354 

 

Table 3: Experiment Results for M content 

No Date Total Samples 
M content 

Proportion of Disabilities 
Accept Reject 

1 15-Feb-16 12 10 2 0,167 

2 16-Feb-16 12 7 5 0,417 

3 17-Feb-16 12 8 4 0,333 

4 18-Feb-16 12 10 2 0,167 

Total  48 35 13 1,083 

Mean     0,271 
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Table 4: Experiment Results for Level of I 

No Date Total Samples 
M content 

Proportion of Disabilities 
Accept Reject 

1 15-Feb-16 12 10 2 0,167 

2 16-Feb-16 12 10 2 0,167 

3 17-Feb-16 12 10 2 0,167 

4 18-Feb-16 12 9 3 0,250 

Total  48 39 9 0,750 

Mean     0,188 

Based on the data above, it can be seen that the whole total proportion of defects is 27.08%. 

 

4.2. Determination of the number of levels and the value of factor level 

Determination of this level is following to these considerations: 

a. The value of each level is within the range set by the company. 

b. This level can still be handled by the existing process technology. 

Data on the determination of this level can be seen in Table 5. 

 

Table 5: Determination of the Number and Value of Factor Level 

Factor Level 1 Level 2 Units 

Boiling temperature  2,8 3 kg/cm2 

Pressure on boiling 120 135 oC 

Temperature in the clarification unit 85 95 oC 

 

4.3 Calculation of degrees of freedom 

The degree of freedom calculation is performed to calculate the minimum number of experiments to be 

performed to investigate the observed factor. The calculation of the degree of freedom and the proposed 

combination will later affect the selection in the orthogonal matrix table. From the result of factor selection 

and determination of the number of levels, the degrees of freedom can be calculated are: 

 

Dof for factorA = nA – 1 = 2 – 1 = 1 

Dof for factorB = nB – 1 = 2 – 1 = 1 

Dof for factorC = nC – 1 = 2 – 1 = 1 

Total Dof = (nA – 1) + (nB – 1) + (nC – 1) = 1 + 1 + 1 = 3 

Based on Dof value, the selection of the OA matrix must satisfy the equation: 

 

fLN ≥ f 

Thus : 

Total Trial – 1 ≥ Total Dof 

4 – 1 ≥ 3 

3 ≥ 3 

 

The selection of OA types must be based on predetermined conditions as seen in the Table 6. 

 

Table 6: Selection of OA matrix based on the corresponding Total Dof 

Total Dof Orthogonal Array (OA) 

2 – 3 L4(2
3) 

4 – 7 L8(2
7) 

8 – 11 L12(2
11) 

12 - 15 L16(2
15) 

 

Based on the number of degrees of freedom above, the corresponding OA matrix is the Orthogonal Array 

L4(2
3). 

Where : 
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L = rectilinear latin design. 

4 = number of rows or experiments. 

2 = number of levels. 

3 = number of columns or factors. 

 

Then, composition of Orthogonal Array L4(2
3) is illustrated in Table 7. 

 

Table 7: Composition of Orthogonal Array L4(2
3) 

 Factor 

Trial 

A B C 

Column Number 

1 2 3 

1 1 1 1 

2 1 2 2 

3 2 1 2 

4 2 2 1 

 

There are 3 factors which used in this experiment, namely: Factor A (boiling pressure) is placed in column 

1, factor B (boiling temperature) is placed in column 2 and factor C (temperature of clarification unit) is placed 

in column 3. 

 

4.3. Calculation of main factor effects with Average Methods based on the Taguchi method 

The experimental results were obtained by setting machine related to the three factors previously made in 

accordance with the matrix of factor level combinations. From experiment, the results are grouped by accept 

and reject category. Thus the results are recorded and can be seen in the  Table 8. 

 

Table 8: Experimental result of Free Fatty Acid (FFA) level. 

Trial 
Factor 

Accept Reject 
A B C 

1 1 1 1 9 3 

2 1 2 2 8 4 

3 2 1 2 6 6 

4 2 2 1 8 4 

 

4.4. Calculation of Signal Noise Ratio 

a. Average Method Calculation. 

The result of Average Method calculation for each factor level can be seen in the Table 9. 

 

Table 9: Factor rating based on Average. 

Factor 
Level 

Differences Ranking 
1 2 

A 3,5 5 1,5 1 

B 4,5 4 0,5 3 

C 3,5 5 1,5 2 

b. S/N Ratio Calculation. 

The result of S/N Ratio factor ranking calculation can be seen in the Table 10. 

 

Table 10: S/N Ratio rank. 

Factor 
Level 

Differences Ranking 
1 2 

A -21,583 -27,601 6,081 1 

B -25,102 -24,082 1,02 3 

C -21,583 -27,601 6,018 2 
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4.5. ANOVA calculations 

 

In the ANOVA calculations below, the product is categorized into reject class and accepts class as it focuses 

on the defective category of Smaller the Better. For the calculation of ANOVA will be used the formulas as 

follows:  

 

1. Average overall experiment. 

 

�̅� =
∑ 𝑌

𝑛
 

 

2. Total number of squares. 

 

𝑆𝑇 = ∑ 𝑌2 

 

3. The sum of squares due to the average 

 

𝑆𝑚 = 𝑛�̅�2 
 

4. The sum of squares due to factors. 

 

𝑆𝐴 =
(𝑇𝑜𝑡𝑎𝑙 𝐴1)2

𝑛𝐴 1
+

(𝑇𝑜𝑡𝑎𝑙 𝐴2)2

𝑛𝐴 2
− 𝑆𝑚 

 

𝑆𝐵 =
(𝑇𝑜𝑡𝑎𝑙 𝐵1)2

𝑛𝐵 1
+

(𝑇𝑜𝑡𝑎𝑙 𝐵2)2

𝑛𝐵 2
− 𝑆𝑚 

 

𝑆𝐶 =
(𝑇𝑜𝑡𝑎𝑙 𝐶1)2

𝑛𝐶 1
+

(𝑇𝑜𝑡𝑎𝑙 𝐶2)2

𝑛𝐶 2
− 𝑆𝑚 

 
5. The sum of squares by error. 

 

Se = ST - SA - SB - SC 

6. Calculation of degrees of freedom for each factor. 

 

VA = (Total Class - 1) x (Total Level -1) 

 

For the other factor is calculated with same method:  

 

VA = VB = VC = 1 
Ve = VT - VA - VB - VC 

 

7. Average number of squares. 

The mean of squares is calculated from the division of the sum of squares by degrees of freedom. 

 

𝑀𝑆𝐴 =
𝑆𝑆𝐴

𝑉𝐴
       𝑀𝑆𝐵 =

𝑆𝑆𝐵

𝑉𝐵
 

 

𝑀𝑆𝐴 =
𝑆𝑆𝐶

𝑉𝐶
       𝑀𝑆𝑒 =

𝑆𝑆𝑒

𝑉𝑒
 

8. F-ratio calculation. 

 

𝐹𝐴 =
𝑀𝑆𝐴

𝑀𝑆𝑒
       𝐹𝐵 =

𝑀𝑆𝐵

𝑀𝑆𝑒
       𝐹𝐶 =

𝑀𝑆𝐶

𝑀𝑆𝑒
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Table 11: The result of Factor Variance Analysis 

Factor SS V MS F-count 

A 2,25 1 2,25 1,37 

B 0,25 1 0,25 0,15 

C 2,25 1 2,25 1,37 

Error 72,25 44 1,64 1 

St 77 47 - - 

 

4.6.  Pooling up strategy 

A pooling-up strategy is undertaken to determine which factors have the most significant effect on product 

quality. Pooling-up is conducted through calculations and ANOVA tables divided the two stages of partial 

pooling I (MScount ≤ MSerror) and partial pooling II (Fcount ≤ Ftable). 

 

1. Partial Pooling I 

In this stage, the factors are determined with the provisions of the value: (MScount ≤ MSerror) 

 

Table 12: The result of Partial Pooling I 

Factor Pooled SS V MS F-count SS’ 

A - 2,25 1 2,25 1,398 0,64 

B Yes - - - - - 

C - 2,25 1 2,25 1,398 0,64 

Error - 72,50 45 1,61 - 75,72 

St - 77 47 - - 77 

 

2. Partial Pooling II 

This stage is conducted through (Fcount ≤ Ftable) with 95% of confidence level. 

 

Table 13: The result of Partial Pooling II 

Factor Pooled SS V MS F-count SS’ 

A Yes - - - - - 

B - 0,25 1 0,25 0,152 -1,39 

C Yes - - - - - 

Error - 77 47 1,64 1 78,39 

St - 77,25 48 - - 77 

 

Based on Partial Pooling I and II, it can be seen that the most influential factor on FFA level are A and C, 

namely boiling pressure and temperature of clarification unit. 
 

4.7. Selection of optimum factor level  and the percent contribution calculation 

 

The percentage contribution of each factor is calculated by the formula: 

 

𝜌 =
𝑆𝑆𝑓𝑎𝑐𝑡𝑜𝑟

𝑆𝑇
 . 100% 

Then, the contribution of each factor are: 

 

𝜌𝐴 =
2.25

77.25
 . 100% = 2.91% 

 

𝜌𝐵 =
0.25

77.25
 . 100% = 0.32% 
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𝜌𝐶 =
2.25

77.25
 . 100% = 2.91% 

 

Factors influencing the most optimum FFA levels have been determined by factor A level 1 (boiling pressure 

2,8 kg / cm2), C level 1 (clarification unit temperature 85 oC) and B level 2 factor (boiling temperature 135 
oC). 

 

4.8. combinations 

 

4.9. Confirmation experiment 

The results of the confirmation experiment can be seen in the Table 14. 

Table 14: Confirmation experimental results for FFA levels 

No Total Sample 
FFA Level Defects 

propotion Accept Reject 

1 12 9 3 0,250 

2 12 10 2 0,167 

3 12 9 3 0,250 

4 12 9 3 0,250 

Total   0.917 

Average   0.229 

 

Based on the Table 14, it can be seen that the total proportion of defects overall after the optimal 

combination of settings applied based on research with Taguchi method is 16.67%. After applying the optimal 

combination of settings based on the Taguchi method, the overall proportion of overall defects decreased by 

10.42%. 

 

5. CONCLUSION: 

By using Taguchi method in quality improvement effort at PT. Perkebunan Nusantara II PKS Pagar 

Merbau, it can be concluded that combination of optimal level setting based on Taguchi method is on FFA 

levels: the factor of boiling pressure 2,8 kg/cm2, the factor of clarification unit temperature at level 1, 85oC 

and factor of boiling temperature at level 2, 135 oC. 
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