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Abstract 
 
PT Peace Industrial Packaging is a company that produces packaging bottles that require a high level of quality. 
Therefore, this study discusses the use of six Sigma to reduce product defects in the PET Bottle production line at PT 
Peace Industrial Packaging. The data taken in this study started from May 2020 to July 2020. Based on the analysis, 
the value of the DPMO is equal to 4,2305 sigmas. The largest percentage of defect types is Cracked Nok / Hollow 
with 3.829 units, Scuffed of 2.595 units, Deformation of 1.497 units, Inclined Inject Point of 1.393 units, and Thin 
Body of 1.195 units. 
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1. Introduction 
PT Peace Industrial Packaging is a company that produces packaging bottles based on customer orders. This company 
also has 4 production lines, namely Styrofoam, Blow Mold, Inject Mold, Blow, and Inject Mold. One of the bottles 
produced is a 500 ml White PET Bottle. This bottle goes through 2 production line processes, namely Inject Mold, 
which will make semi-finished goods in the form of a preform, which will then be used as raw material on the Blow 
Mold line for blowing. 
PT Peace Industrial Packaging has the largest number of defective products in the PET bottle production line. Several 
factors affect the quality of PET bottles, namely the machine used, the material used, the method used, the type of 
measurement used, the operator's accuracy, and the environment around the machine and company. Therefore, the 
application of Six Sigma to the PET Bottle production line at PT Peace Industrial Packaging by using Defect Per 
Million Opportunity (DPMO) calculations, fishbone diagrams, control chart, and Define Measure Analyze Improve 
Control (DMAIC) analysis. 
 
1.1 Objectives 
This study aims to determine the causes of defective products and provide alternative methods for reducing the number 
of defective products in the PET bottle production line at PT Peace Industrial Packaging. 
 
2. Literature Review 
Quality is the overall characteristics and characteristics of products and services whose ability can satisfy needs, either 
expressly or in disguise. Meanwhile, according to Feigenbaum (1991), quality is the overall characteristics of products 
and services, including marketing, engineering, manufacture, and maintenance, based on products and services 
needed. According to Kadir (2001: 19), quality is a goal that is difficult to understand because consumer expectations 
will always change. Every standard discovered, consumers will demand more get another new standard that is newer 
and better. 
A. Fishbone Diagram 
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Fishbone diagram or Cause-and-Effect Diagram introduced by Dr. Kaoru Ishikawa, a quality control expert from 
Japan, as one of the seven basic quality tools. A Fishbone diagram is a diagram used to identify any causal factors 
that lead to a problem. Causative factors can be included in several categories of causes in the fishbone diagram, 
namely man, method, material, environment, machine, measurement. 
 

B. Six Sigma (DPMO) 
DPMO or Defect Per Million Opportunities is one of the methods often used in Six Sigma to measure the 
effectiveness of the amount of production compared to the number of defective products obtained. If the sigma 
level is getting closer to the number 6, then the production results obtained are almost no defective products that 
appear. But if the sigma level is getting closer to number 1, then the production results obtained will have many 
defective products that cannot be sent to customers. In DPMO calculations, the sigma level can be seen using the 
sigma conversion table or calculated using a formula in Microsoft Excel, namely DPMO = NORMSINV 
((1,000,000-DPMO) /1,000,000) +1.5. The Six Sigma Conversion table can be seen in Figure 1. 

 

 
 

Figure 1. Sigma Level Conversion Table 
 

C. Define Measure Analyze Improve Control (DMAIC) Analysis 
DMAIC is a data-driven problem-solving approach that helps make incremental improvements and optimizations 
to products, designs, and business processes. This approach was created in the 1980s as part of the Six Sigma 
methodology by a Motorola engineer, Bill Smith. The Six Sigma approach is designed to encourage continuous 
improvement in the manufacturing process using data and statistics. 
1. Define 

The purpose of the define step in the DMAIC approach is to identify the stage in determining the subject 
matter, research objectives, and scope of the process. At this stage, an overview of the problems to be 
discussed is explained. 
 

2. Measure 
At this stage, calculations are made that can be used to measure how many effects are obtained from the 
production process that is being observed. The data needed at this measuring stage is the monthly production 
data and the number of defective products in the month. This data is required to determine the number of 
defective products that appear during production. 
 

3. Analyze 
At this stage, an analysis of the causative factors is the source of the company's problems. At the Analyze 
stage, it uses a fishbone diagram to analyze the causes that cause a problem to occur. 
 

4. Improve 
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At this stage, improvements are made based on the results of calculations and analysis from the previous step 
to increase the sigma level and reduce the number of defective products during the production process. 
 

5. Control 
When the improvement stage has been successfully carried out, the final step that must be done is to control 
the results of the alternative methods mentioned in the improvement stage so that the production process's 
effectiveness can be increased and can reduce the appearance of defective products. 

 
3. Methods 
This research is a quantitative study where the data used are the production of PET bottles and the number of defective 
products that appear during the production process. This data will be processed to calculate the percentage of defective 
products that appear. They will be analyzed using control charts, Defect Per Million Opportunity (DPMO), and Define 
Measure Analyze Improve Control (DMAIC) analysis. 
 
4. Data Collection 
The data on the production of PET bottles and the number of defective products that appeared were taken for 3 months, 
from May 2020 to July 2020. The author also conducted interviews with several operators and heads of PET bottle 
production to analyze in-depth the problems taken authors in this study. 
 
5. Results and Discussion 
 
5.1 Numerical Results 
The table for the percentage of defective products can be seen in Table 1. 
 

Table 1. Percentage of the number of defects 
 

Kind of Defect May 2020 June 2020 July 2020 Total Percentage % 
cumulative 

Cracked Nok / Hollow 1.877 1.152 800 3.829 29,40% 29,40% 
Scuffed 596 992 1.007 2.595 19,93% 49,33% 

Deformation 407 531 559 1.497 11,50% 60,82% 
I.P. Inclined 306 393 694 1.393 10,70% 71,52% 
Thin Body 692 411 92 1.195 9,18% 80,70% 
Infatuated 276 189 212 677 5,20% 85,89% 

Scratch 339 146 174 659 5,06% 90,95% 
Dull 17 0 426 443 3,40% 94,36% 

Dirty Oil / Crust 177 61 0 238 1,83% 96,18% 
Bubble 135 0 9 144 1,11% 97,29% 

Silver Line 89 32 0 121 0,93% 98,22% 
Non Standard Color 97 0 0 97 0,74% 98,96% 

Burning 21 15 7 43 0,33% 99,29% 
Sink Mark 39 0 0 39 0,30% 99,59% 

Short 33 0 0 33 0,25% 99,85% 
BlackSpot 0 11 9 20 0,15% 100,00% 
Flashing 0 0 0 0 0,00% 100,00% 

Flow Mark 0 0 0 0 0,00% 100,00% 
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Kind of Defect May 2020 June 2020 July 2020 Total Percentage % 
cumulative 

Weld Line 0 0 0 0 0,00% 100,00% 
Pinched 0 0 0 0 0,00% 100,00% 

Logo is not embrossed 0 0 0 0 0,00% 100,00% 
Snap Flat 0 0 0 0 0,00% 100,00% 

Total Defect 5.101 3.933 3.989 13.023 100.00%   
Total Production 203.417 181.860 279.458 664.735     

Defective Percentage 2,51% 2,16% 1,43% 1,96%     
 

Based on the data in table 1, it can be concluded that 80% of the defects that occurred were Cracked Nok / Hollow as 
for amount 3,829 units, Scuffed for amount 2,595 units, Deformation for amount 1,497 units, I.P. Inclined for amount 
1,393 units, and Thin Body for amount 1,195 units. 
 
5.2 Graphical Results 
Based on the calculation results from Table 1, the following is a graphic image from the results of the calculation table 
Table 1, which can be seen in Figure 2. 

 

 
 

Figure 2. Pareto Diagram 
 

In addition to using the Pareto diagram, the author takes measurements using a control chart with the calculation of 
the formulas for Upper Control Limit (UCL), Control Limit (CL), and Lower Control Limit (LCL) as follows: 
a. 𝐶𝐶𝐶𝐶 =  𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝𝑝𝑝𝑡𝑡𝑑𝑑𝑝𝑝𝑑𝑑𝑡𝑡

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑡𝑡𝑑𝑑𝑝𝑝𝑑𝑑𝑡𝑡𝑑𝑑𝑡𝑡𝑝𝑝
= 3829

664735
= 0.00089 

b. 𝑈𝑈𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶 + 3 �𝐶𝐶𝐶𝐶 (1−𝐶𝐶𝐶𝐶)
𝑝𝑝

= 0.00089 + 3 �0.00089 (1−0.00089)
3

= 0.05255 

c. 𝐶𝐶𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶 − 3 �𝐶𝐶𝐶𝐶 (1−𝐶𝐶𝐶𝐶)
𝑝𝑝

= 0.00089 − 3 �0.00089 (1−0.00089)
3

=  −0.0508 

The following is a control chart graphic image from the results of the UCL, CL, and LCL limits obtained, which can 
be seen in Figure 3. 
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Figure 3. Control Chart 
 

Based on the control chart graph in figure 3, it can be concluded that all the data that has been collected is still within 
the UCL and LCL boundaries. No deviation in this control chart.  
 
5.3 Proposed Improvements 
After calculating the percentage and creating a control chart, the next step is to create a DMAIC analysis. 
a. Define 

In producing PET bottles, there are at least two types of main processes where these two processes have the 
opportunity to remove non-standard products or defective products. The two processes are injection molding and 
blow molding. In injection molding, the product that comes out is still in the form of a preform where it becomes 
the raw material for making PET bottles. A preform product can become a defective product if the product collides 
with a fellow preform or an engine part, the oil in the engine leaks and gets into the preform mold, the sealer does 
not function optimally so on. Besides, defective products in the preform and PET bottles will be milled and turned 
into recycled materials, which will later be remade into PET bottles. These devective products will affect the 
product yield, which cannot guarantee the absence of the type of defect that will arise if using recycled materials 
mixed with original raw materials. 
 

b. Measure 
At this stage, the measurement of P.T. Peace Industrial Packaging produced the defect product variables on PET 
Bottle products using DPMO calculations. The table of DPMO calculation results for PET bottles can be seen in 
Table 2. 
 

Table 2 DPMO Calculation Results for PET Bottle Products 
Variable May – July 2020 

Unit 664.735 
Opportunities 5 

Defect 10.509 
Defect per Unit 0,01580930747 
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Total Opportunities 3.323.675 
 

Variable May – July 2020 
Defect per Opportunities 0.003161861 

DPMO 3.161,861 
Sigma Level 4,2305𝜎𝜎 

 
The following is an explanation of the calculation of Defects per Unit, Total Opportunities, Defects per 
Opportunities, DPMO, Sigma Level: 
1. Defect per Unit 

𝐷𝐷𝐷𝐷𝑈𝑈 =  
𝐷𝐷
𝑈𝑈

=  
10.509

664.735
=  0,01580930747 

 
2. Total Opportunities 

𝑇𝑇𝑇𝑇𝐷𝐷 = 𝑈𝑈 𝑥𝑥 𝑇𝑇𝐷𝐷 = 664.735 𝑥𝑥 5 =  3.323.675 
 

3. Defect per Opportunities 

𝐷𝐷𝐷𝐷𝑇𝑇 =  
𝐷𝐷
𝑇𝑇𝑇𝑇𝐷𝐷

=  
10.509

3.323.675
=  0.003161861 

 
4. DPMO 

𝐷𝐷𝐷𝐷𝐷𝐷𝑇𝑇 = 𝐷𝐷𝐷𝐷𝑇𝑇 𝑥𝑥 1.000.000 =  0.003161861 𝑥𝑥 1.000.000 
    =  3.161,861 

 
5. Sigma Level 

The sigma level obtained when calculated using the formula in Microsoft Excel is the same as the sigma level 
value in Figure 1, which is 4,2305. 

 
c. Analyze 

Here is an example of a fishbone diagram after calculating the sigma level, which can be seen in Figure 4. 
 

Cracked Nok / Hollow

Less thorough
set the oven temperature

There is a combination of
temperature in the machine oven and temperature

environment around the machine

Heater is not
function optimally

 
 

Figure 4. Fishbone Diagram 
 
d. Improve 

At this stage, a repair stage is carried out to cause the problem that occurs in the PET Bottle. Improvements made 
by P.T. Peace Industrial Packaging so that the defective product does not appear again by providing a mattress at 
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the machine's bottom. The finished performance is not scuffed and does not collide with fellow preforms or with 
machine parts. Besides, it also closes the existing holes in the factory wall so that the hot temperature around the 
blow room remains stable so that the PET bottle surface does not become thick and thin. 
 

e. Control 
At this stage, a control stage is carried out from improvements that have been carried out at the improve stage. 
This stage is to socialize the existing SOPs and the upgrade stage to all operators responsible for operating injection 
and blowing machines for PET Bottle products. Besides, regular and periodic maintenance checks are also carried 
out on injection and molding machines. 
 

5.4 Validation 
After conducting the DMAIC analysis, the next step is to apply the proposal to PT Peace Industrial Packaging. The 
following is the DMAIC form that is made to apply the number of defective products on the PET Bottle production 
line, which can be seen in Figure 5.  

 

 
 

Figure 5. DMAIC Form 
 

In this form, the DMAIC (Define) form's background and purpose are explained first, after which the measurement is 
carried out by comparing the maximum percentage target for the number of defective products with the reality in the 
field (Measure). An analysis is carried out on the number of defects that occur most frequently. When the production 
process occurs (Analyze), after knowing what factors cause the appearance of defective products, corrective action 
and preventive action are made so that defective products do not appear again (Improve). The last step is to monitor 
the percentage of defective products that have been being below the target by making the existing solutions at the 
improve stage into Operational Standards at PT Peace Industrial Packaging (Control). 
 
6. Conclusion 
From this research, the following conclusions were drawn: 
a. Based on the analysis, 80% of the types of defects that occurred were Cracked Nok / Hollow with 3,829 units, 

Scuffed of 2,595 units, Deformation of 1,497 units, Inclined Inject Point 1,393 units, and Thin Body of 1,195 units 
of the total production of 664,735 units during May to July 2020. 

Judul:

Referensi

Kesimpulan dan Kuantifikasi
Heater tidak berfungsi maksimal
Posisi penjepit tidak tepat dengan botol/preform yang akan dijepit
Jarak antar pin dan penahan masih belum tepat

Persetujuan Proyek Persetujuan Sponsor Persetujuan Manager

Mengurangi Persentase Defect Sponsor Proyek: Tim Proyek: YB PPS Project A3
Tanggal

Pimpinan Proyek : 

1.Pahami Situasi 5. Investigasi Gap 7. Memvalidasi Solusi & buat Rencana Peningkatan

Lingkup proyek ini bertujuan untuk mengurangi persentase 
defect pada lini produksi Botol PET menjadi dibawah atau 
sama dengan 1%

Lingkup Proyek: Jenis Defect terbanyak

2.Ruang Lingkup Proyek

Hasil produksi Botol PET masih menghasilkan jumlah defect 
diatas 1% selama bulan Juli 2020.

8. Eksekusi Rencana
3. Ketahui Kondisi Saat Ini

6. Tentukan dan Kembangkan Solusi 9. Konfirmasi Peningkatan

Persentase defect selama bulan Juli 2020 rata-rata masih 
berada diatas 1%

Mengeksekusi solusi dari permasalahan yang dijumpai. Solusi ini belum 
dilakukan.

4.  Menetapkan Targets 10. Mempertahankan dan Mereplikasi

Tujuan yang harus ditetapkan:
    '- Mengurangi persentase defect menjadi 1%
    '- Mengurangi pemakaian bahan recycle pada produk Botol 
PET

Setelah solusi sudah dipraktekkan, maka langkah selanjutnya adalah 
melakukan konfirmasi peningkatan dengan membuat grafik presentase 
defect terbaru.

Ketika solusi yang diberikan sudah mendapatkan hasil yang diinginkan, 
maka dibuatkan standard untuk dilakukan setiap proses produksi 
berlangsung.

Why 1 Why 2 Why 3 Why 4

Snap/Lips Gompal

Penjepit preform sebelum 
preform dipanaskan dan 
penjepit botol sebelum 
botol keluar gak tepat

Settingan penjepit tidak 
tepat

Nok Retak/Bolong Kondisi panas pada 
preform belum maksimal

Heater pada mesin tidak 
berfungsi maksimal

Heater tidak dilakukan 
maintenance secara berkala

IP Miring Jarak antar pin dan 
penahan terlalu jauh

Operator rurang teliti 
dalam mengatur jarak pin 
dan penahan secara 
manual

Jarak antar pin dan penahan 
dapat bergeser secara tidak 
sengaja ketika proses 
produksi berlangsung

Deformasi

Temp di body preform 
belum panas maksimal 
jadi ketika ditarik, 
bentuknya gak bisa 
sesuai cetakan

Temp di molding terlalu 
panas (overheat) 

Compression angin tidak 
sesuai standard (di bawah 
range standard) standard nya 
25-30 bar

Adanya pergeseran 
settingan compression 
angin ketika mulai start 
up mesin atau ketika 
mulai proses produksi

Kusam Ada kebocoran oli pada 
mesin

Problem
Root Cause

Snap/Lips Gompal

Dilakukan pengecekan settingan penjepit 
untuk preform dan botol, dan mengecek 
kembali preform yang akan dijadikan 
produk botol sebelum mulai produksi

Dilakukan pengecekan jarak pin secara 
kontinu (terjadwal) (jangan sampai tidak 
ada jarak antar pin dan penahan atau 
button mold baru diperbaiki)

Nok Retak/Bolong

Diberi penutup pada lubang atau celah 
sekitar mesin sehingga angin tidak akan 
masuk ke lingkungan sekitar mesin atau 
bagian atas mesin diberikan penutup 
sehingga panas dari oven akan tetap 
stabil

IP Miring Dilakukan pengecekan sebelum mulai 
proses produksi atau start up  mesin

Deformasi
Pengecekan secara rutinitas (terjadwal) 
(preventive cooling mold), memastikan 
tidak ada kotoran pada air cooling

Dilakukan pengecekan sebelum mulai 
proses produksi atau start up  mesin

Kusam Dilakukan pemeliharaan mesin secara 
berkala

Problem Solusi 1 Solusi 2

Why 1 Why 2 Why 3 Why 4

Snap/Lips Gompal

Penjepit preform sebelum 
preform dipanaskan dan 
penjepit botol sebelum 
botol keluar gak tepat

Settingan penjepit tidak 
tepat

Dilakukan pengecekan settingan penjepit 
untuk preform dan botol, dan mengecek 
kembali preform yang akan dijadikan 
produk botol sebelum mulai produksi

Dilakukan pengecekan jarak pin secara 
kontinu (terjadwal) (jangan sampai tidak 
ada jarak antar pin dan penahan atau 
button mold baru diperbaiki)

3-Sep-20 7-Sep-20 Suhanda

Nok Retak/Bolong Kondisi panas pada 
preform belum maksimal

Heater pada mesin tidak 
berfungsi maksimal

Heater tidak dilakukan 
maintenance secara berkala

Diberi penutup pada lubang atau celah 
sekitar mesin sehingga angin tidak akan 
masuk ke lingkungan sekitar mesin atau 
bagian atas mesin diberikan penutup 
sehingga panas dari oven akan tetap 
stabil

4-Sep-20 8-Sep-20 Suhanda

IP Miring Jarak antar pin dan 
penahan terlalu jauh

Operator rurang teliti 
dalam mengatur jarak pin 
dan penahan secara 
manual

Jarak antar pin dan penahan 
dapat bergeser secara tidak 
sengaja ketika proses 
produksi berlangsung

Dilakukan pengecekan sebelum mulai 
proses produksi atau start up  mesin

5-Sep-20 9-Sep-20 Suhanda

Deformasi

Temp di body preform 
belum panas maksimal 
jadi ketika ditarik, 
bentuknya gak bisa 
sesuai cetakan

Temp di molding terlalu 
panas (overheat) 

Compression angin tidak 
sesuai standard (di bawah 
range standard) standard nya 
25-30 bar

Adanya pergeseran 
settingan compression 
angin ketika mulai start 
up mesin atau ketika 
mulai proses produksi

Pengecekan secara rutinitas (terjadwal) 
(preventive cooling mold), memastikan 
tidak ada kotoran pada air cooling

Dilakukan pengecekan sebelum mulai 
proses produksi atau start up  mesin

6-Sep-20 10-Sep-20 Suhanda

Kusam Ada kebocoran oli pada 
mesin

Dilakukan pemeliharaan mesin secara 
berkala

7-Sep-20 11-Sep-20 Suhanda

End Date PICProblem
Root Cause

Solusi 1 Solusi 2 Start Date
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b. This type of product defect is caused by several factors: the significant difference in temperature between heater 
temperature and room temperature, operator inaccuracy, and cleaning of nozzle holes on preform injection 
machines that have not been carried out routinely. 

c. Handling taken for defective products is to return the defective product to the production department to take 
actions, including: 
• Clean the product before moving it to the warehouse. 
• Remove the parts that cannot be used then the product will be re-grinded for processing again. 
• Make an official report when the defective product cannot be re-milled and must be discarded. 

d. After calculating the DPMO, the result of the sigma level for PET bottles is 4,2305. Then, after the define and 
measure stages have been completed, the next step is to analyze, improve, and control. The method used in the 
analysis stage is a fishbone diagram. For the improve stage, the authors conducted interviews when carrying out 
practical work regarding improvements made when the problem arose. 
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