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ABSTRACT 

One important factor that affects the productivity of mechanical equipments is their reliability. In this research, the 
synthesis gas compressor is investigated because most of factory’s downtime in Kaltim (East Borneo) Fertilizer Plant 
is originated from the failure of this component. The objective of this investigation is to find out how the vibration 
levels of synthesis gas compressors affect their reliability. Two type of synthesis gas compressors were investigated 
which are System G-1101 and System K-403.  System G-1101 consists of 5 sub-systems which are a Low Pressure 
Turbine (LPT), a High Pressure Turbine (HPT), a Low Pressure Compressor (LPC), a Medium Pressure Compressor 
(MPC) and a High Pressure Compressor (HPC). Meanwhile, System K-403 has 3 sub-systems which are a Turbine 
(T), a Low Pressure Compressor (LPC) and a High Pressure Compressor (HPC). Each system has different type and 
configuration of foundation. The reliability of the system is evaluated using Reliability Block Diagram (RBD) mak-
ing use of historical maintenance and inspection data collected in the last 10 years. From the data, the reliability of 
System G-1101 and K-403 for mission time of 2 years is found to be 0.07% and 31.81% respectively. Furthermore, 
from the comprehensive study on the available vibration data from each sub-system, it was found a strong correlation 
between the vibration level of each sub-systems and the reliability of the systems, i.e. the reliability decreases as the 
vibration level increases. Furthermore, most of System G-1101 sub-systems have vibration level above of 20µm, 
which is considered to be beyond the recommended level.  This fact is due to poor supporting or foundation type of 
System G-1101. System G-1101 has a frame type foundation while System K-403 has a block type foundation. This 
is confirmed by the polar and bode plot of systems’ vibration.  

INTRODUCTION 

One important factor influencing the operation efficiency of 
an ammonia (fertilizer) plant is the reliability of the machines 
used in the production process. As one of the biggest fertil-
izer producers in Indonesia, PT Kalimantan Timur must keep 
the performance of its plant to fulfil the market demands. 
One of the equipment that has big contribution to the fac-
tory’s downtime is the synthesis gas compressor, as can be 
seen from Table 1. 

Table 1. Downtime of ammonia plants in PKT (2003-2006) 

 

 

 

Source: [1] 

As can be noticed from Table 1, totally the failure due to 
static equipment is dominating, however the percentage is not 
significantly different compared to the rotating equipment 
(30.54%). Furthermore, the failure of rotating machinery is 
dominated by the failure of the synthesis gas compressor. 
Synthesis gas compressor plays important role in ammonia 
production and considered to be a critical equipment since it 

does not have the redundancy system. To extend the life and 
to reduce the failure risk is one of the issues in improving the 
reliability. For this, an assessment is required to see how an 
equipment affects the process, the possibility of failure and 
how to reduce the failure risk [2]. 

Recently in PT. PKT Kalimantan Timur there are four am-
monia plants, which are Kaltim-1, Kaltim-2, Kaltim-3 and 
Kaltim-4 respectively. Most of the plants have been operated 
for more than 20 years. In this research, the reliability of the 
synthesis gas compressors and how the vibration level affects 
their reliabilities is investigated. Based on this information, a 
new maintenance strategy can be proposed to increase the 
reliability of the equipment under investigation. 

The investigation is carried out for two synthesis gas com-
pressors, which are System G-1101 in Kaltim-1 d and System 
K-403 located in Kaltim-3. System G-1101 consists of 5 sub-
systems which are a Low Pressure Turbine (LPT), a High 
Pressure Turbine (HPT), a Low Pressure Compressor (LPC), 
a Medium Pressure Compressor (MPC) and a High Pressure 
Compressor (HPC). Meanwhile, System K-403 has 3 sub-
systems which are a Turbine (T), a Low Pressure Compressor 
(LPC) and a High Pressure Compressor (HPC). In addition, 
each system has different type and configuration of founda-
tion. These two equipments are investigated because they 
have a very contrast performance in term of their downtime. 



23-27 August 2010, Sydney, Australia Proceedings of 20th International Congress on Acoustics, ICA 2010 

2 ICA 2010 

RESEARCH METHODOLOGY 

Data collection and verification 

The first step in this research is to determine the data source, 
to collect, to verify and then to process the data. The most 
important data needed for reliability calculation is the failure 
rate and failure mode. Table 2 shows the list of data source 
and type of data. 

Table 2. Data source and type 

 
 
 
 
 
Table 2 shows the working units or divisions from where the 
data are collected.  The reliability of each system is evaluated 
making use of historical maintenance and inspection data 
collected in the last 10 years. These data have to be verified 
or clarified first to ensure the validity of the data. The clarifi-
cation was obtained from the worker such as supervisor, in-
spectors, field mechanics, foreman and field operators. 

Reliability determination 

Based on the collected data, then the reliability of the system 
can be calculated. In this research, the reliability of the sys-
tem is evaluated using Reliability Block Diagram (RBD) 
Simulation Techniques. There are many reports have been 
published about the use of RBD to evaluate the failure of big 
and complex systems [3,4,5]. In the analysis of RBD, two 
softwares which are BlockSim and AVsim from Reliasoft are 
used because of their ease and accuracy [6]. 

Vibration data 

In addition to the maintenance data used to calculate the reli-
ability, data of vibration measurements were also collected.  
Figure 1 and 2 show the measurement points where the vibra-
tion level for System G-1101 and System K-403 was meas-
ured respectively. 

 

 

 

 
Figure 1. Measurement points for vibration of G-1101 

 
 

 

 
 

Figure 2. Measurement points for vibration of K-403 

The vibration levels in term of displacement in micrometer 
(µm) were measured at each bearing of the systems. In this 
study, the measurements data for the last 10 years were used. 
The values of vibration levels of each system are then com-
pared to their reliability to see their trend. 

RESULTS AND DISCUSSIONS 

Reliability of System G-1101 

System G-1101 consists of 5 machines which are a Low 
Pressure Turbine (LPT), a High Pressure Turbine (HPT), a 

Low Pressure Compressor (LPC), a Medium Pressure Com-
pressor (MPC) and a High Pressure Compressor (HPC). The 
calculation of reliability for mission time of 2 years (730 
days) was assumed according to the turn around (TA) pro-
gram of PT. Pupuk Kalimantan Timur.   

Using the Blocksim software, one can obtained the reliability 
of a machine or equipment up to component level or even 
down to sub component level. Table 3 shows how the System 
G-1101 was separated into sub-components. 

Table 3. Components and sub components of G-1101 

 

 

 

 

 

 

Furthermore, Table 4 shows the reliability value of System 
G-1101. The value was surprisingly low which is 0.07% for 
mission time of two years. This indicated that  the system has 
a big probability of failure during the mission time. 

Table 4. Reliability of System G-1101 

 

 

 

 

 

 

 

From reliability important analysis, it is noted that governing 
gave the biggest influence to the value of reliability, followed 
by HP Turbine, LP Compressor and condenser. 

Reliability of System K-403 
System K-403 has 3 machines which are a Turbine (T), a 
Low Pressure Compressor (LPC) and a High Pressure Com-
pressor (HPC). Table 5 shows the number of components and 
sub-components of the system which are 64 items and 29 
items respectively. 
 

Table 5. Components and sub-components of K-403 

From the calculation of reliability of System K-403 it was 
found that the reliability value of each sub system’s compo-
nents is above 70%, much better than those of System G-
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1101. Finally, as a system, System K-403 has reliability of 
31.81% as shown in Table 6. 

Table 6. Reliability of  System K-403 

 

 

 

 

 

 

From the reliability important analysis, the equipments with 
big contribution to the reliability value are condenser, gov-
erning and LP compressor. 

Vibration trends and reliability 

The vibration measurement as shown in Figure 1 and 2 for 
both systems gave the next results as depicted in Figure 3. 

Figure 3. Vibrations and reliabilities of systems 

For System G-1101, most of the sub-systems, in this case 
LPT, HPT, LPC and MPC have vibration level above 20µm. 
Only HPC has vibration level below 20µm. Meanwhile for 
System K-403, most of the sub-systems, in this case Turbine, 
LPC and HPC have vibration levels less than 15µm.  

It also can be noticed how the reliability of both systems vary 
with their vibration levels. From the comprehensive study on 
the available vibration data from each sub-system, it was 
found a strong correlation between the vibration level of each 
sub-systems and the reliability of the systems, i.e. the reliabil-
ity decreases as the vibration level increases. Furthermore, 
most of System G-1101 sub-systems have vibration level 
above of 20µm, which is considered to be beyond the rec-
ommended level which is 10-15µm [7].  

Reliability factor comparison of both systems 

To have a clear idea about what actually makes the big dif-
ferent in reliabilities of Systems G-1101 and System K-403, 
the reliably factor (RF) comparison analysis is carried out. 
The reliability factor analysis is carried out for design factor, 
operation factor and installation factor of both systems. The 
reliability factor of design and operation do not show a sig-
nificant different for both systems (not shown in this report), 
indicating that the difference in reliabilities is not closely 
related to the design and operation factor.  However, the reli-
ability factor analysis for the installation shows great differ-
ences between the two systems. The comparison results are 
listed in Table 7. From the comparison of installation reliabil-
ity factor of both systems, it is obvious that there is a problem 
in the installation of System G-1101 with RF value of 0.8 for 
both foundation installation and piping support, which is less 
than 1 for a system to be considered having an average instal-
lation with normal probability of failure and breakdowns [8]. 

It is predicted that the poor foundation of System G-1101 that 
leads to the low reliability value of the whole system. 

Table 7. Reliability factor comparison 

Figure 4 shows the real physical condition how the two sys-
tems are installed in the plants. System G-1101 uses a frame 
type foundation using H-beam steel with height of 9m, 
meanwhile System K-403 uses a concrete-block type founda-
tion with thickness of 1m which is much stronger than the H-
beam used for System G-1101. 

 

Figure 4. Foundation structures of systems 

Failure analysis of System G-1101 with bode plot 

In addition to the reliability factor investigation in the previ-
ous section, the effect of installation or foundation on vibra-
tion plot is also presented. Figure 5a shows the vibration data 
in polar plot for System G-1101 obtained using ADRE 208 
measurement kit. The data was taken for the Low Pressure 
Turbine (LPT) in start-up condition. It can be seen clearly the 
effect of weak installation indicated by some loops in polar 
plot showing resonance problem in this system.  

 

 

 

 

 

 

 

 

Figure 5a. Polar Plot of LPT G-1101 
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Furthermore, the bode plot in Figure 5b confirms this phe-
nomena with phase angle change. 

 

Figure 5b. Bode Plot of LPT G-1101 

The same measurement procedure was carried out for System 
K-403.The results of the measurement are depicted in Figure 
6. 

 

Figure 6. Bode and polar Plot of Turbine K-403 

In System K-403, there is only one loop and phase change 
around 4600 rpm which is the normal operating condition of 
the rotor.  

CONCLUSIONS 

The investigations of relation between vibration and reliabil-
ity of two synthesis gas compressors have been carried out. 
The reliability of the systems is evaluated using Reliability 
Block Diagram (RBD) making use of historical maintenance 
and inspection data collected in the last 10 years. From the 
data, the reliability of System G-1101 and K-403 for mission 
time of 2 years is found to be 0.07% and 31.81% respec-
tively. Furthermore, from the comprehensive study on the 
available vibration data from each sub-system, it was found a 
strong correlation between the vibration level of each sub-

systems and the reliability of the systems, i.e. the reliability 
decreases as the vibration level increases. Furthermore, most 
of System G-1101 sub-systems have vibration level above of 
20µm, which is considered to be beyond the recommended 
level.  This fact is due to poor supporting or foundation type 
of System G-1101. System G-1101 has a frame type founda-
tion while System K-403 has a block type foundation. This is 
confirmed by the polar and bode plot of systems’ vibration.  
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