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Abstract 

The clean water distribution pump plays a crucial role in 

delivering clean water to consumers. Over time, increased noise 

levels indicate potential damage to pump components, which, if 

left unaddressed, can lead to severe failures and costly repairs. 

One of the analyzes of pump damage is vibration analysis. With 

vibration analysis, damage to the pump in the form of 

misalignment, mechanical looseness, bent shaft, bearing damage, 

worn gears, cavitation can be identified. The purpose of this 

research is to determine the characteristics of vibrations that occur 

in the pump, so that we can detect damage and failures that occurs 

and suggest maintenance action. Vibration analysis is carried out 

using a vibration analyzer to determine the vibration spectrum 

that occurs in the axial, radial and tangential directions, then 

analyzing the type of damage and appropriate maintenance to be 

carried out.  The results showed that this pump indicated: extreme 

motor free end bearing looseness with a severity score of 99/100, 

serious motor free end bearing wear with a severity score of 

72/100, serious motor drive end bearing looseness with a severity 

score of 53/100, and moderate motor drive end bearing wear with 

a severity score of 37/100. and based on the ISO 10816-3 

standard, it is recommended that the motor free end bearing be 

replaced because vibration will cause damage and for the drive 

end bearing motor it is only recommended to operate for a short 

time. 
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1. Introduction 

Predictive maintenance involves estimating machine damage 

through the analysis of equipment operating conditions, typically 

using direct observation or advanced monitoring tools. This 

method enables the timely determination of necessary 

maintenance actions. Early detection of equipment damage is 

crucial, as it helps prevent more severe issues from developing 

[1]. 

The clean water distribution pump at an oil and gas training 

center is essential for supplying clean water to consumers. If the 

pump becomes damaged, it will disrupt water distribution, 

negatively impacting both consumers and the company. As the 

pump operates, increased noise levels may indicate underlying 

issues, such as damaged components or structural problems. Even 

minor damage can lead to more significant complications, and 

repairs resulting from major failures can be time-consuming and 

costly. 

Machine damage, specifically to the pump, can be predicted 

through an analysis of its operating conditions, with vibration 

analysis being a key method. By examining vibrations, potential 

issues such as imbalance, misalignment, mechanical looseness, 

bent shafts, bearing damage, gear wear, cavitation, and resonance 

in rotating equipment can be identified. This proactive approach 

enables appropriate maintenance to be conducted before the 

damage escalates. 

Vibration analysis to predict damage that occurs in rotating 

equipment is often carried out [2], [3], [4], [5], [6], [7], [8], [9], 

[10], [11]  as well as vibration analysis for specific research or 

vibration research on certain components, such as variable effects 

of misalignment [12] and vibration in motor bearings [13]. 

Vibration analysis is carried out using various techniques such as 

MEMs accelerometer [14], spectral analysis [15]. However, 

previous research does not match the industrial case. because it 

takes a lot of effort to analyze and to determine the problems that 

occur.  

Research utilizing a vibration analyzer has been conducted to 

detect damage in single-stage centrifugal fire pumps [16]. The 

results demonstrate effectiveness and efficiency in analyzing and 

identifying pump damage. Consequently, this study employed a 

vibration analyzer to predict damage in clean water distribution 

pumps. 

The primary objective of this research is to determine the 

vibration characteristics obtained during conditional vibration 

monitoring, enabling the identification of potential problems. 

 

2.     Research methodology  

2.1 System design of clean water distribution pump  

This research measures vibrations from clean water 

distribution pumps using a vibration analyzer equipped with 

transducers attached to specified locations. The vibration analyzer 

processes the resulting vibration spectrum, and the data is 

subsequently downloaded to a computer via USB cable, as 

illustrated in Fig. 1. Measurements were taken five times at each 

measurement point, and the analysis was conducted to draw 

conclusions. This process was repeated for each measurement 

period to ensure robust final conclusions. The object of the 

research is the oil and gas training center's pump, with 

specifications as in Table 1. 

 

 

 
Fig. 1. System design block diagram 

 

Table 1. Machine (Object) specification 
Pump  

type 

Motor 

type 

Motor 

speed 

Power  Motor 

mounted 

Trans-

mission 

Pump drive 

Multistage 

centrifugal 

pump 

VFD 1450 

(rpm) 

110  

(kW) 

Horizon- 

tal 

Coupling Electric motor-

non-variable 

speed 
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2.2 Vibration measurement scheme 

Vibration analysis was conducted using the Fluke-810 

Vibration Tester at four locations: the motor-free end (location 1), 

motor drive end (location 2), pump drive end (location 3), and 

pump-free end (location 4). The analysis focused on the axial, 

tangential, and radial axes, as illustrated in Fig. 2.  

The measurement process began by entering machine data into 

the Vibration Analyzer and attaching the transducer to the 

designated measurement points. The Vibration Tester then 

processed the resulting vibration spectrum and displayed the 

analysis in both textual and graphical formats. This information 

facilitates the assessment necessary for determining appropriate 

maintenance measures. Monitoring is carried out periodically in 

August, October, and December. 

 
Fig. 2. Vibration Measurement Scheme 

The standard used in this research refers to the ISO 10816-3 

Standard – ISO Guidelines for Machine Vibration Severity. ISO 

10816-3 Vibration Standard is based on the type of machine, type 

of driving force, and equipment foundation, which are grouped 

into four groups.  Group 1, Machines big with power 300 kW 

engine up to 50 MW and with Rigid and flexible foundations. 

Group 2, Machines currently with Power 15 kW engine up to 300 

kW and with rigid foundation or flexible. 

 

 Group 3, Radial, axial, mixed flow pumps with power < 15 kW, 

with an external driver.  Standard ISO 10816-3 also shows fault 

severity on four parameters (New machine condition/Slight, 

unlimited long-term operation allowable/Moderate, short-term 

operation allowable/Serious, and vibration causes 

damage/Extreme), as shown in Fig. 3 [2]. 

 
Fig. 3. ISO 10816-3 Standard 

3. Results and discussion. 

To determine the type of damage to the clean water 

distribution pump, measurements are conducted over three 

distinct periods. During each period, multiple samples are 

collected to facilitate accurate conclusions. 

3.1 Monitoring in August 

Based on multiple sample measurements conducted in August, 

it can be concluded that the clean water distribution pump is 

damaged (Fig. 4).  

 

 

   

   

   
Fault description Fault 

severity 

Severity 

Score 

Severity Scale 

Motor Free End 
Bearing Looseness 

Extreme 84/100     | 
 

 

Fault description Fault 

severity 

Severity 

Score 

Severity Scale 

Motor Free End 
Bearing Wear 

Moderate 44/100           
| 

  

 
 

Fault description Fault 

severity 

Severity 

Score 

Severity Scale 

Motor Drive End 
Bearing Wear 

Slight 4/100 |     
 

 

(a) Motor free end bearing looseness spectrum (b) Spectrum of Motor Free End Bearing Wear (c) Spectrum of Motor Drive End Bearing Wear 

Fig. 4. Vibration monitoring and analysis in August 
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Specifically, at Location 1, the vibration spectrum in the axial, 

radial, and tangential directions indicates severe bearing 

looseness. This is illustrated in Fig. 4(a), where the X-axis 

represents amplitude (order) and the Y-axis represents frequency 

(mm/sec). The severity score for this condition is 84 out of 100. 

At Location 1, Moderate bearing wear also occurred as shown 

in Fig. 4(b) (The X axis shows Amplitude (order) and Y axis 

shows Frequency (mm/sec)), with a severity score of 44/100. At 

location 2, Slight Bearing wear is indicated as shown in Fig. 4(c) 

The X axis shows Amplitude (order) and the Y axis shows 

Frequency (mm/sec)), with a severity score of 4/100. 

The conclusions drawn from the vibration monitoring 

conducted in August indicate that the pump distribution exhibited 

Extreme Motor Free End Bearing Looseness, with a severity score 

of 84/100. Additionally, Moderate Motor Free End Bearing Wear 

was observed, with a severity score of 44/100, and Slight Motor 

Drive End Bearing Wear, with a severity score of 4/100 (Fig. 4). 

 

3.2 Monitoring in October 

Based on multiple sample measurements conducted in 

October, it can be concluded that the clean water distribution 

pump is likely damaged. Notably, at location 1, the vibration 

spectrum in the axial, radial, and tangential directions indicates 

significant bearing looseness, as illustrated in Fig. 5(a) (where the 

X-axis represents Amplitude (order) and the Y-axis represents 

Frequency (mm/sec)). This condition has been assessed with a 

severity score of 93/100. 

 

 

 

   

   

   
Fault description Fault 

severity 

Severity 

Score 

Severity Scale 

Motor Free End 

Bearing 

Looseness 

Extreme 93/100         
| 

 

 

Fault 

description 

Fault 

severity 

Severity 

Score 

Severity Scale 

Motor Free 

End Bearing 

Wear 

Serious 52/100    |  
 

 

Fault description Fault 

severity 

Severity 

Score 

Severity Scale 

Motor Drive End 

Bearing Wear 

Slight 22/100          
| 

    

 

 

(a)Spectrum of Motor Free End Bearing Looseness (b) Motor Free End Bearing Wear Spectrum (c) Spectrum of Motor Drive End Bearing Wear 

Fig. 5. Vibration monitoring and analysis in October 

 

 

At Location 1, Serious bearing wear also occurred as shown in 

Fig. 5 (b) (The X-axis shows Amplitude (order) and the Y-axis 

shows Frequency (mm/sec)), with a severity score of 52/100.  At 

location 2, Slight Bearing wear is indicated as shown in Fig. 5(c) 

(The X-axis shows Amplitude (order) and the Y-axis shows 

Frequency (mm/sec)), with a severity score of 22/1008. 

The conclusions from vibration monitoring in October were 

that the pump distribution indicated Extreme Motor Free End 

Bearing Looseness, with a severity score of 93 100, serious motor 

free end bearing wear, with a severity score of 52 100, and Slight 

Motor Drive End Bearing Wear, with a severity score of 22 100 

(Fig. 5). 

 

3.3 Monitoring in December 

Based on multiple sample measurements conducted in 

December, it can be concluded that the clean water distribution 

pump is likely damaged (Fig. 6).  

At location 1, the vibration spectrum, analyzed in axial, 

radial, and tangential directions, reveals significant bearing 

looseness, as illustrated in Fig. 6(a). It. shows the X-axis 

represents Amplitude (in orders) and the Y-axis represents 

Frequency (in mm/sec). The severity score for this condition is 93 

out of 100. 
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Fault 

description 

Fault 

severity 

Severity 

Score 

Severity 

Scale 

Motor Free 

End Bearing 

Looseness 

Extreme 99/100         

| 
 

 

Fault 

description 

Fault 

severity 

Severity 

Score 

Severity 

Scale 

Motor Free 

End Bearing 

Wear 

Serious 72/100             

| 

 

 

 

Fault 

description 

Fault 

severity 

Severity 

Score 

Severity 

Scale 

Motor Drive 

End Bearing 

Looseness 

Serious 53/100    |  
 

 

Fault 

description 

Fault 

severity 

Severity 

Score 

Severity 

Scale 

Motor Drive 

End Bearing 

Wear 

Moderate 37/100  |    
 

 

(a) Motor Free End Bearing Looseness Spectrum (b) Spectrum of Motor Free End Bearing Wear (c) Spectrum of Motor Drive End Bearing Looseness (d) Spectrum of Motor Drive End Bearing Wear 

Fig. 6. Vibration monitong and analysis in December 
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At Location 1, serious bearing wear also occurred as shown in 

Fig. 6(b) (the X axis shows Amplitude (order) and Y axis shows 

Frequency (mm/sec)), with a severity score of 72/100.  At 

location 2, serious bearing looseness is indicated as shown in Fig. 

6(c) (the X axis shows amplitude (order) and the Y axis shows 

frequency (mm/sec)), with a severity score of 53/100. At location 

2, Moderate Bearing wear is also indicated as shown in Fig. 6(d) 

(the X axis shows Amplitude (order) and Y axis shows Frequency 

(mm/sec)), with a severity score of 37/100. 

The conclusions drawn from the vibration monitoring 

conducted in December indicate several critical issues with the 

pump distribution. Specifically, there was extreme motor free end 

bearing looseness, which received a severity score of 99/100. 

Additionally, serious wear was observed in the motor free end 

bearing, with a severity score of 72/100, and moderate wear in the 

motor drive end bearing, which garnered a severity score of 

37/100. Furthermore, serious looseness was detected in the motor 

drive end bearing, assigned a severity score of 53/100. (Fig. 6) 

 

3.4 Recapitulation of Monitoring Results 

Summary of monitoring carried out from month October 

until December 2023. The results obtained are as in Table 2. while 

the level of damage is shown in Fig. 7. The level of damage is 

getting bigger. This is indicated by a graph of damage that is 

climbing upwards 

 

Table 2.  Recapitulation of Monitoring Results 

Diagnose Severity Score (/100) 

Aug.  Oct. Dec. 

Motor Free End Bearing Looseness 84 93 99 

Motor Free End Bearing Wear 44 52 72 

Motor Drive End Bearing Wear 4 22 37 

Motor Drive End Bearing Looseness   53 

 

 

 
Fig. 7. Fault Rate  

 

 4. Conclusions. 

Based on the research results, it can be concluded that the 

clean water distribution pumps used in oil and gas training exhibit 

several critical issues. Specifically, there is extreme looseness in 

the motor free end bearing, which has a severity score of 99/100. 

Additionally, there is serious wear in the motor free end bearing 

with a severity score of 72/100, serious looseness in the motor 

drive end bearing with a severity score of 53/100, and moderate 

wear in the motor drive end bearing with a severity score of 

37/100. According to the ISO 10816-3 standard, it is 

recommended that the motor free end bearing be replaced due to 

the potential for vibration to cause further damage. For the motor 

drive end bearing, it is advised to operate the equipment only for a 

limited duration. 
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