
Centrifugal Pump Bearing Analysis With Amplitude 

Indicator Using Vibration Meter 

Juan Ardi Kusuma1*, Firman Yasa Utama1 

1Faculty of Engineering, Universitas Negeri Surabaya, Surabaya, Indonesia 
*Email: juanardi033@gmail.com and firmanutama@unesa.ac.id  

 

ABSTRACT 

Centrifugal pumps In this company serve to distribute plant waste to wastewater treatment installations in order to 

reduce waste levels. One component of centrifugal pump on wastewater treatment plant to be aware of is bearing. The 

treatment has been used corrective maintenance which is when the machine is off or the appliance has a new damage 

done repair. Unavailability of preventive maintenance scheduling caused undetection of damage factor that occurred 

on the bearing while operating. The purpose of this research is to know how to identify bearing damage in order to 

improve the performance of centrifugal pumps and to determine the scheduling of maintenance - preventive.  This 

testing method uses applied research. The result of this research is the identification of damage to the pump obtained 

the lowest reliability value of 74.2% and the Amplitudo value of 1.91 m/s2. Where the minimum reliability limit is 

80% and the maximum amplitude limit is 1.8 m/s2. Bearing conditions indicate damage. The action is derived from 

the sound of the bearing and vibration testing using vibration meter. So the scheduling of maintenance preventive can 

be done from daily, weekly, monthly and yearly according to the results of the research. 
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1. INTRODUCTION 

In the present day, in the world of industry does not 

escape with its name maintenance on the machine. 

Maintenance is an activity to maintain and maintain a 

machine in order not to suffer damage, actions carried 

out including adjustment, lubrication, checking and 

replacement of the engine spare parts. In the 

maintenance there are two types namely Planned 

Maintenance and Unplanned Maintenance. In Planned 

Maintenance, there are 3 forms of Predictive 

Maintenance (PdM), Preventive Maintenance (PM), and 

Corrective Maintenance (CM). 

Predictive Maintenance (PdM) is a work done after 

planning based on machine condition and not solely 

because it has been scheduled. Preventive Maintenance 

(PM) is a maintenance activity to prevent the occurrence 

of unexpected damage and find conditions that can cause 

the machine to suffer damage at the time of production 

process. Corrective Maintenance (CM) is a work done to 

improve and improve the condition of the machine so as 

to achieve the recommended standards. 

With the maintenance, many benefits obtained by the 

company such as can guarantee operational readiness 

when it will be used, can extend the performance or the 

age of the machine, and ensure the optimum availability 

of equipment be installed for production and to gain 

maximum profit. 

PT. X is a company that handles the management of 

industrial areas and plant waste water treatment using 

centrifugal pumps. Where this centrifugal pump is useful 

to distribute plant waste to wastewater treatment 

installations to be processed so that the waste rate is 

reduced and will eventually be streamed to Sungai 

Tambak Oso. 

Centrifugal pumps are a useful pump for the transfer 

of liquids by utilizing centrifugal force produced by the 

impeller. This pump serves to remove fluids from low 

place to higher or from low pressure to higher pressure. 

During this time the company only use corrective 

maintenance system that is when the machine is off or 

the tool is experiencing new damage done repairs so that 

it can interfere with the production process that affect 

the increase in costs down time in the process Ongoing 
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improvements. For maintenance treatment This time it 

takes to improve i.e. between 2 to 4 days. 

When there is damage to one component of 

centrifugal pumps, it may result in the shutdown of the 

entire system thereby stopping the production process. 

This will cause losses to companies that are employee 

costs, component prices, and production failure losses. 

Therefore, the appropriate maintenance interval is 

required. If the component replacement time interval is 

too long then the machine will stop operating and result 

in substantial losses. However if the change time interval 

is short then, the cost of replacement becomes high. 

Therefore, it is necessary to keep the preventive 

maintenance useful to minimize the possibility of 

dropping the machine and extending the machine 

lifetime. In this process can be said to consume a lot of 

high starting cost. But these costs are covered with 

break-even estimates. This estimate calculates the 

amount of time or hours of work that must be fulfilled 

by the equipment to cover the initial costs. 

One component of centrifugal pump to be considered 

in preventive maintenance is bearing, because bearing is 

a very supportive component in the performance of input 

and output capacity of centrifugal pump. In this industry 

bearing maintenance is very poorly noticed and does not 

take into account how long the bearing power will last. 

Through this research will be sought to plan the 

analysis of bearings on centrifugal pumps using the 

planned preventive maintenance program at the Waste 

Water treatment plant in PT. X can serve to improve the 

performance of inputs and Pump capacity output, 

knowing how long the bearing will work and easing its 

maintenance process. 

Problem formulation 

The problem of problems that can be taken from the 

limitation of the above is: 

 How do I identify the pump damage factor 

especially on Bearing components to 

improve and maximize the performance of 

the input and output centrifugal pumps? 

 How does the preventive maintenance 

scheduling on the bearings in centrifugal 

pump components? 

Research objectives 

The objectives of this research are: 

 To find out how to identify pump damage 

factors, especially in Bearing components, to 

improve and maximize the performance of the 

input and output of centrifugal pumps. 

 To determine the preventive maintenance 

scheduling on the bearings in the centrifugal 

pump components. 

1.1 Centrifugal Pump 

According to Sidiq (2016) "A centrifugal pump is a 

pump to move liquids by utilizing the centrifugal force 

produced by the impeller." 

1.2 Bearing 

A bearing is a machine element that is loaded with a 

shaft, so the rotation or motion of the bilks can work 

safely. Bearings also allow the shaft to be able to spin 

smoothly and remain in place, so that friction losses will 

also be small. 

If the bearing does not work properly, then the entire 

system work process will decline or may not work 

properly. Thus, if likened to the building, the bearings in 

the machining can be likened to the foundations of a 

building. 

1.3 Preventive Maintenance 

According to Stephen (2004) "Preventive 

Maintenance is a maintenance activity undertaken to 

prevent unexpected damage and find conditions that can 

cause the machine to malfunction at the time of the 

production process." 

Preventive maintenance is very important because its 

usefulness is very effective in dealing with machine 

components that belong to the critical unit, so 

maintenance tasks can be done with an intensive 

planning for the Unit The production plan can be 

achieved with greater number of production results in a 

relatively short time. 

1.4 Reliability 

According to Ebelling (1997) "Reliability is a 

probability whereby when an operation is in a certain 

environmental condition, the system will demonstrate its 

capabilities according to the expected function at a 

certain time interval."  

Reliability is expressed with the letter R. 

If:   R = 1; System can work well 

     R = 0; System can not work properly 

Good R is generally in the range of 0.6 to 1. While R 

is said to not work well when it is in the range 0 to 0.6. 

However, in general companies the value of R used is 

0.8 or reliability of 80% which suggests the system can 

work very well or be at a safe point. 
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1.5 Vibration Meter 

Vibration Meter is a tool to measure the feasibility 

on the vibration of the machine while operating, using 

the unit m/s2 or inch/s2. And this tool will give you a 

vibration level display (either analog or digital). The 

results provide quick information that can be used to 

determine whether the overall vibration level is normal 

or not. 

2. METHOD 

2.1 Types of research 

This research uses applied research. 

2.2 Place and Time research 

The research was held at PT. X in the Waste Water 

Treatment Installation section in January 2019. 

2.3 Research Object 

The object of the study is to be able to identify 

damage factors and to conduct maintenance preventive 

planning on the bearings by calculating the value of 

reliability and testing the amplitude value. 

2.4 Data Collection Techniques 

 Field observation Data 

 

Figure 1. Single Row Cylindrical Bearing 

Weight   : 0.9 kg 

Inside Diameter (d)  : 45 mm 

Outside Diameter (D)  : 100 mm 

Width (B)   : 25 mm 

Dynamic Load Rating (C) : 112 kN 

Static Load Rating (Co) : 100 kN 

Fatigue Load Rating  : 12.9 kN 

Limiting Speed Rating  : 8500 rpm 

Reference Speed Rating : 7500 rpm 

 Maintenance Implementation Data 

 Amplitude Testing 

 

Figure 2. Vibration Meter 

2.5 Data Analysis Methods 

The steps analyze the data as follows: 

 Calculates bearing life. 

 Measuring amplitude by using vibration meter. 

 Counting reliability values on bearings. 

 Result Data that has been done will be 

compared to each other to be known damage 

factor in the bearing. 

 Further analyze the comparison results to 

determine the damage factor of the bearing. 

 Plan maintenance preventive so that the 

bearings can work optimally and minimize 

damage. 

 Conclude the research results. 

2.6 Data Analysis Techniques 

 Bearing Age Calculation 

This age bearing calculation will show how long it 

can operate and the age is using in hourly units. 

Calculation for the bearing age as follows: 

        (1) 

C  = dynamic load 

Po = equivalent load 

n  = Round Axle 

b  = 3 for ball bearing and 3.33 for roller bearing 

cylindrical 
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 Where: 

                                    (2) 

Fr  = radial Style  

Fa  = axial Force 

 Reliability value Calculation 

It is a value that can demonstrate how large a 

machine component can operate properly. Specifying a 

reliability value can be initiated as follows: 

 Calculating the failure rate: 

                                (3) 

Furthermore calculating time fails to function 

bearing: 

Time fails to function (t)= MTBF)–( )  (4) 

Lastly, the calculation of reliability values are: 

R(t) = 1/(1+  t)  (5) 

If you know the level of reliability can be done 

calculation of its failure probability value: 

F (t) = 1 – R(t)  (6) 

The following is the range of values indicating the 

reliability of a machine component: 

Table 1. Reliability Level Values 

Great 
Value R (%) 

Interpretation 

0 – 20 Very Low 

20 – 40 Low 

40 – 60 A Little Low 

60 – 80 Enough 

80 – 100 High 

 Amplitude 

Here are the latest vibration bearing standards: 

 

Figure 3. ISO 10816-3, Vibration Standard 

3. RESULT AND DISCUSSION 

3.1 Bearing Damage Analysis Results 

After calculating the reliability and testing value of 

the bearing vibration. Next connect the two and analyze 

the damage factor. 

It is noted that the best reliability limit is 80%-100%, 

if the resulting value is lower than that value then the 

reliability will be reduced and will cause rapid damage. 

As for the safe limit of amplitude is 0 m/s2-1.8 m/s2. If 

the value is more than the value then this indicates if the 

bearing is in a dangerous condition for rapid damage. 

Here is the result: 

 Bearing on the 1st pump 
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Figure 4. Graph of Reliability and amplitude 

relationship 

Based on the results of the graph, it can be noted that 

the reliability or reliability of bearings obtained by the 

lowest value of 74.2% while the value of Amplitude 

1.91 m/s2, occurred in 1st observation. From the above 

graph explains when the reliability value is low it will 

cause the value of Amplitude increasingly so that the 

vibration that will be experienced by the bearing is 

higher and the bearing will be quickly eroded and wear. 

Based on the chart is also known the reliability value 

or reliability bearing with a high value of 83.7% while 

the value of Amplitude 1.28 m/s2, occurs in the 10th 

observation. From the above graph explains when the 

reliability value is high it will cause the value of 

amplitude smaller so that the vibration will be 

experienced by the bearing in the safe sphere and the 

bearing will not quickly eroded and long for the 

occurrence Wear.  

 Bearing on the 2nd pump 

 

Figure 5. Graph of Reliability and amplitude 

relationship 

Based on the results of the graph, it can be noted that 

the reliability or reliability of the bearing is the lowest 

value of 79.4% while the Amplitude value of 1.03 m/s2 

occurs in the 6th observation. While the reliability or 

reliability value of the bearing with a high value of 

94.8% while the value of Amplitude 1.05 m/s2, occurs in 

the 5th observation. From the chart above explains that 

the resulting average is very good because the reliability 

value is mostly above the recommended limit is 80% 

and the amplitude value is at the safe limit under 1.8 

m/s2. This results in the occurrence of damage such as 

rapid eroded and the duration for very small wear. 

 Bearing at 3rd pump 

 

Figure 6. Graph of Reliability and amplitude 

relationship  

Based on the results of the graph, it can be noted that 

the reliability or reliability of bearings obtained by the 

lowest value of 80.6% while the value of Amplitude 

1.20 m/s2, occurred in the 7th observation. While the 

reliability or reliability value of the bearing with a high 

value of 96.5% while the value of Amplitude 1.21 m/s2, 

occurred in the 4th observation. From the chart above 

explains that the resulting average is very good because 

the reliability value all above the recommended limit of 

80% and the amplitude value is at the safe limit under 

1.8 m/s2. This results in the occurrence of damage such 

as rapid eroded and the duration for very small wear. 

 Bearing on the 4th pump 

 

Figure 7. Graph of Reliability and amplitude 

relationship  

Based on the results of the graph, it can be noted that 

the reliability or reliability of the bearing is the lowest 

value of 77.1% while the Amplitude value of 1.08 m/s2 

occurs in the 6th observation. While the reliability or 

reliability value of the bearing with a high value of 

89.5% while the value of Amplitude 1.05 m/s2, occurs in 

1st observation. From the chart above explains that the 
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resulting average is very good because the reliability 

value is mostly above the recommended limit is 80% 

and the amplitude value is at the safe limit under 1.8 

m/s2. This results in the occurrence of damage such as 

rapid eroded and the duration for very small wear. 

3.2 Preventive Maintenance Analysis 

Results 

Preventive Maintenance analysis is used to anticipate 

the rapid occurrence of damage that will be caused by 

the following bearing is the result: 

Table 2. Design of maintenance activities 

 

Description: 

*  Performance of the pump depends on the discharge 

of water, when the discharge of water is at the 

minimum limit or water there is a mixture of other 

chemicals such as foam then automatic pumps will 

be turned off useful to keep the pump from damage. 

* * Monitoring is done such as checking the sound of the 

bearing on the pump. 

This design emphasizes the maintenance of 

lubrication done every 1 month, monitors the bearing 

conditions by checking the performance sound and 

vibration bearing conditions as one indicator causes 

damage. To identify vibration on bearings should be 

done every 1 month using the vibration meter. 

4. CONCLUSION 

Based on the results of research and discussion, it is 

obtained that the identification of bearing damage to the 

1st pump obtained the lowest reliability value of 74.2% 

will cause the value of Amplitude is greater than 1.91 

m/s2. Where the minimum limit of reliability is 80% and 

the maximum security limit of amplitude is 1.8 m/s2, so 

the vibration that will be experienced by the bearing is 

higher and the bearing will be quickly eroded and wear. 

As for the 2nd to 4th pumps in good condition. 

Maintenance is carried out from daily, weekly, Monthly 

and Yearly. As well, there are checking condition of 

bearing conditions in the form of sound checking, oil 

lubrication and vibration testing using vibration meter. It 

should be done every month in order to minimize the 

occurrence of faster damage to the bearing.  

RECOMMENDATION 

Based on the results of research and discussion, the 

following advice is obtained: 

 The result of calculation until determination of 

bearing age can be used as one consideration in the 

policy of determining bearing maintenance. 

 The research process is only done within a month, 

therefore it is recommended that similar research to 

conduct research in a minimum of 3 months. 

 Design preventive maintenance for other pump 

components can be done such as maintenance on 

this research. 

 Can be continued with the research of temperature 

testing and cavitation corrosion test to determine the 

cause of bearing damage for more granular results. 

REFERENCES 

[1] T Tomovic R, Miltenovic V, Banic M, Aleksandar 

M. “Vibration response of rigid rotor in unloaded 

rolling element bearing.” International Journal of 

Mechanical Sciences 2010; 52: 1176-85. 

[2] Tomovic R, Miltenovic V, Banic M, Aleksandar M. 

Vibration response of rigid rotor in unloaded rolling 

element bearing. International Journal of 

Mechanical Sciences 2010; 52: 1176-85. 

[3] Tandon N. A comparison of some vibration 

parameters for the condition monitoring of rolling 

element bearings. Measurement 1994; 12:285-9. 

[4] McFadden P D, Smith J D. The vibration produced 

by multiple point defects in a rolling element 

bearing. Journal of sound and vibration 1985; 98(2): 

263– 73. 

[5] Patil M S, Mathew J, Rajendrakumar P K, Desai S. 

A theoretical model to predict the effect of localized 

defect on vibrations associated with ball bearing. 

International Journal of Mechanical Sciences 2010; 

52: 1193–1201. 

Advances in Engineering Research, volume 196

413



 

[6] Raje N, Sadeghi F, Rateick R G. A statistical 

damage mechanics model for subsurface initiated 

spalling in rolling contacts. ASME Transactions on 

Tribology 2008; 130:042201-1-11. 

[7] Kankar P K, Sharma S C, Harsha S P. Fault 

diagnosis of high speed rolling element bearings 

due to localized defects using response surface 

method. Journal of Dynamic Systems, Measurement 

and Control 2011; 133: 031007-1-14. 

[8] Ghaisas N, Wassgren C, Sadeghi F. Cage 

instabilities in cylindrical roller bearings. ASME 

Transactions on Tribology 2004; 126(4): 681–89. 

[9] Howard I, A review of rolling element bearing 

vibration: detection, diagnosis and prognosis. DSTO 

Aeronautical and Maritime research laboratory, 

Dept. of Defence 1994; AR -008 -399. 

[10] Attoui I, Fergani N, Boutasseta N, Oudjani B, 

Deliou A. A new time–frequency method for 

identification and classification of ball bearing 

faults. Journal of Sound and Vibration. 2017 Jun 9; 

397:241-65. 

[11] Patel JP, Upadhyay SH. Experimental Studies of 

Vibration due to Combined Defect of Roller 

Bearings using Response Surface Methodology. 

Journal of Vibration Analysis. 2015;3(2):74-92. 

[12] Vishwakarma M, Purohit R, Harshlata V, Rajput P. 

Vibration Analysis & Condition Monitoring for 

Rotating Machines: A Review. Materials Today: 

Proceedings. 2017 Jan 1;4(2):2659-64. 

[13] Jena DP, Panigrahi SN. Automatic gear and bearing 

fault localization using vibration and acoustic 

signals. Applied Acoustics. 2015 Nov 1; 98:20-33. 

[14] Heng RB, Nor MJ. Statistical analysis of sound and 

vibration signals for monitoring rolling element 

bearing condition. Applied Acoustics. 1998 Jan 

1;53(1-3):211-26. 

[15] Shahanaghi, K., & Yazdian, S.A. (2009). Analyzing 

the effect of implementation of Total Productive 

Maintenance (TPM) in the manufacturing 

companies: asystem dynamics approach. World 

Journal of Modelling and Simulation, Vol. 5, No. 2, 

120-129.  

[16] V. Sugumaran, K. I. Ramachandran, Fault diagnosis 

of roller bearing using fuzzy classifier and 

histogram features with focus on automatic rule 

learning, Expert Systems with Applications, Vol. 

38, 2011, 4901- 4907.  

[17] K. Debray, F. Bogard, Y.Q.Guo, Numerical 

vibration analysis on defect detection in revolving 

machines using two bearing models, Archive of 

Applied Mechanics, Vol. 74, 2004, 45-58  

[18] S. Orhan, N. Akturk, V. Celik, Vibration monitoring 

for defect diagnosis of rolling element bearings as a 

predictive maintenance tool: Comprehensive case 

studies, NDT&E International, Vol. 39, 2006, 293-

298.  

[19] R. B. Randall, J. Antoni, Rolling element bearing 

diagnostics - A tutorial”, Mechanical Systems and 

Signal Processing, Vol 25, 2011, 485-520.  

[20] Zotos, Th. Costopoulos, on the use of rolling 

element bearings models in precision maintenance, 

American Journal of Engineering and Applied 

Science, Vol. 6, 2009, 344-352.  

[21] M. S. Patil, J. Mathew, P. K. Rajendrakumar, S. 

Desai, A theoretical model to predict the effect of 

localized defect on vibrations associated with ball 

bearing, International Journal of Mechanical 

Sciences, Vol. 52, 2010, 1193-1201.  

[22] L. D. Meyer, F. F. Ahlgren, and B. Weichbrodt, 

“An analytic model for ball bearing vibrations to 

predict vibration response to distributed defects,” 

Journal of Mechanical Design, vol. 102, no. 2, pp. 

205–210, 1980. 

[23] V. N. Patel, N. Tandon, and R. K. Pandey, 

“Dynamic model for vibration studies of deep 

groove ball bearings considering single and multiple 

defects in races,” Journal of Tribology, vol. 132, no. 

4, Article ID 041101, 10 pages, 2010. 

[24] Ebelling, C.E. 1997. An Introduction to Reliability 

and Maintenability Engineering. New York: The 

Mc. Graw Hill Companier Inc. 

[25] Mierza Muhtadin. 2017. "Corrective Care 

Centrifugal pump Between Bearing (3003J) at PT. 

Pupuk Kujang Cikampek" in the Journal of 

Engineering. Bandung: University of Pasundan. 

[26] Suharto 2004. Metedological Engineering 

Research.Yogyakarta: Publisher Andi Yogyakarta. 

[27] Sukendi. 2015. "Vibration analysis characteristics 

and Machine Learning for early detection of 

Bearing damage" in the Journal of Engineering. 

Malang: Universitas Widyagama Malang. 

[28] Directly. 1991. Basic planning and machine element 

selection. Jakarta: PT. Pradnya Paramita. 

 

Advances in Engineering Research, volume 196

414


