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Abstract 

 

The ever increasing applications of centrifugal pump have resulted in a growing awareness on addressing various performance 

demands. Early detection of failures in equipment is one of the most important concerns to industry. The condition monitoring of 

rotating machine has received considerable attention in recent years. Many techniques have been developed for early failure 

detection in centrifugal pump. Recent years have seen the rise of vibration problems associated with structures, which are more 

delicate and intricate, machines, which are faster and more complex, and production processes, which are automated and 

interlinked. The occurred problems are direct related with demands of lower investment, running and maintenance costs in 

coincidence with the requirements of increased productivity and efficiency. Consequently, there has been the necessity for a better 

understanding of vibration causes and the dynamic response of complex machinery as well as single components. Centrifugal 

pumps play a vital role in many critical applications and therefore continuous availability of such mechanical components become 

absolutely essential. This paper focuses on a problem of vibration-based condition monitoring and fault diagnosis of centrifugal 

pumps. The vibration based machine condition monitoring and fault diagnosis incorporate a number of machinery fault detection 

and diagnostic techniques.       
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Vibration is the motion of a particle or a body or system of connected bodies displaced from a position of equilibrium. Most 

vibrations are undesirable in machines and structures because they produce increased stresses, energy losses, because added wear, 

increase bearing loads, induce fatigue, create passenger discomfort in vehicles, and absorb energy from the system. Rotating 

machine parts need careful balancing in order to prevent damage from vibrations.  

Vibration occurs when a system is displaced from a position of stable equilibrium. The system tends to return to this equilibrium 

position under the action of restoring forces (such as the elastic forces, as for a mass attached to a spring, or gravitational forces, 

as for a simple pendulum). The system keeps moving back and forth across its position of equilibrium. A system is a combination 

of elements intended to act together to accomplish an objective. For example, an automobile is a system whose elements are the 

wheels, suspension, car body, and so forth. A static element is one whose output at any given time depends only on the input at 

that time while a dynamic element is one whose present output depends on past inputs. In the same way we also speak of static 

and dynamic systems. A static system contains all elements while a dynamic system contains at least one dynamic element. 

II. CLASSIFICATION OF VIBRATION 

Vibrations can be classified into three categories: free, forced, and self-excited. Free vibration of a system is vibration that occurs 

in the absence of external force. An external force that acts on the system causes forced vibrations. In this case, the exciting force 

continuously supplies energy to the system. Forced vibrations may be either deterministic or random (see Fig. 1.1). Self- excited 

vibrations are periodic and deterministic oscillations. Under certain conditions, the equilibrium state in such a vibration system 

becomes unstable, and any disturbance causes the perturbations to grow until some effect limits any further growth. In contrast to 

forced vibrations, the exciting force is independent of the vibrations and can still persist even when the system is prevented from 

vibrating. 

 
Fig. 2.1: Periodic Excitation. 
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Fig. 2.2: Random Excitation. 

 

 Elementary Parts of Vibrating System 

In general, a vibrating system consists of a spring (a means for storing potential energy), a mass or inertia (a means for storing 

kinetic energy), and a damper (a means by which energy is gradually lost) as shown in Fig.. An un-damped vibrating system 

involves the transfer of its potential energy to kinetic energy and kinetic energy to potential energy, alternatively. In a damped 

vibrating system, some energy is dissipated in each cycle of vibration and should be replaced by an external source if a steady state 

of vibration is to be maintained. 

 
Fig. 2.3: Elementary parts of vibrating body. 

 

 Machine Condition Monitoring 

Condition-based maintenance strategy is used to carry out machinery maintenance dependent upon the actual condition of the 

machinery. Maintenance may be performed at irregular intervals rather than at fixed intervals as in the case of preventive periodic 

maintenance. The main function of condition monitoring is to provide knowledge of the condition of the machine and its rate of 

change, so that preventive measures can be taken at an appropriate time. Knowledge about the condition of machinery can be 

obtained by selecting a parameter that indicates machine condition deterioration. The value of this parameter can be measured 

periodically or continuously. In some machines, the deterioration in condition develops so fast that there may be only a few seconds 

available between fault detection and total failure. In such cases continuous or online monitoring with automatic shutdown is 

recommended. 

 Vibration Analysis  

Vibration analysis is one of the oldest and the most successful techniques used for condition monitoring of rotating machines. In 

combination with other non-invasive techniques, it is used in all types of industry. Recently, some experts have attempted to replace 

this technique for electrical motor applications by using the motor current or other electrical parameters for analysis. Practical 

experience suggests that combining these techniques will provide greater success in wider industrial use for machines in the near 

future. 

Machine condition monitoring and fault diagnostics may be defined as the field of technical activity in which selected physical 

parameters, associated with machinery operation, are observed for the purpose of determining machinery integrity. Vibration 

analysis of machines is comprised of two types of information: 

1) Vibration condition, which is usually evaluated with regard to special standards or specifications and 

2) Data analysis, which allows for diagnosing of mechanical and electromagnetic problems in machinery, 
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 Source of Vibration 

It is very important to realize that vibration signals are always a compound of forcing function effects (the source) and transfer 

function effects (the structural transmission path). There are two major types of vibration sources in machine: mechanical – typical 

of all rotating machines and electromagnetic – specific to electrical machinery and for induction motors in particular. 

 Vibration of Mechanical Origin 

The major vibration sources of mechanical origin in rotating machines, including centrifugal pump are: a rotor imbalance, shaft 

bow and misalignment, and discrepancies in bearing operations as well as in the conditions of couplings, sheaves, belts and other 

mechanical rotating elements of the assembly. Mechanical looseness, foundation problems, and/or structural resonances may 

significantly change vibration signal amplitudes and configurations. 

 Vibration of Electromagnetic Origin 

Electromagnetic vibration in centrifugal pump is a result of effects of the electromagnetic forcing functions onto the motor rotor 

and stator. Electromagnetic noise in centrifugal pump has been associated with vibration and studied since the early designs of 

motors. The first research in this field was done in 1920’s and 1930’s. There are two major sources of electromagnetic vibration 

in motors: radial electromagnetic forces and tangential electromagnetic forces. Well designed, normally operating modern 

induction motors do not have a significant amount of variable components of electromagnetic forces. However, due to internal 

motor faults or external issues, such as low power supply quality and type of load, electromagnetic vibration may create serious 

problems to a normal motor’s operation. 

 Vibration Frequency 

The amount of time required to complete one full cycle of the vibration is called the period of the vibration. If, for example, the 

machine completes one full cycle of vibration in 1/100th of a second, the period of vibration is said to be 1/100th of a second. 

Although the period of the vibration is a simple and meaningful characteristic, a characteristic of equal simplicity but more 

meaningful is the vibration frequency. 

To illustrate the importance of vibration frequency, assume that a machine, consisting of a fan operating at 2400 RPM and belt 

driven by a motor operating at 3000 RPM, is vibrating excessively at a measured frequency of 2400 CPM (1 x fan RPM), this 

clearly indicates that the fan is the source of the vibration and not the motor or belts. Knowing this simple fact has eliminated 

literally hundreds of other possible causes of vibration. Typical 1 x RPM vibration can be attributed to: 

 Unbalance 

 Eccentric Pulley 

 Misalignment 

 Bent shaft 

 Looseness 

 Distortion - soft feet or piping strain 

 Bad Belts - if belt RPM 

 Resonance 

 Reciprocating forces 

 Electrical problems 

Determining that the frequency of excessive vibration is 2400 CPM (1 x fan RPM) has reduced the number of possible causes 

from literally hundreds to only ten (10) possible causes. A little further logic can reduce this number of possible causes even 

further. First, since the vibration frequency is not related to the rotating speed (RPM) of the drive belts, belt problems can be 

eliminated as a possible cause. Secondly, since this is not a reciprocating machine such as reciprocating compressor or engine, the 

possibility of reciprocating forces can be eliminated from the remaining list. Finally, since the frequency is not related to the drive 

motor in any way, the possibility of electrical problems can be eliminated.  

Now, the number of possible causes of excessive vibration has been reduced to only seven by simply knowing that the vibration 

frequency is 1 x RPM of the fan. Vibration analysis is truly a process of elimination. Additional tests and measurements can be 

taken to further reduce the number of possible causes of a vibration problem. However, it should be obvious that knowing the 

frequency of vibration and how the frequency relates to the rotating speed of the machine components is truly the first step in the 

analysis process. Of course, not all machinery problems will generate vibration at a frequency equal to the rotating speed (1 x 

RPM) of the machine. Some problems such as looseness, misalignment, resonance and reciprocating forces can often generate 

vibration at frequencies of 2x, 3x and sometimes higher multiples of RPM. Problems with gears usually result in vibration at 

frequencies related to the "gear mesh" frequency or the product of the number of teeth on the gear multiplied by the gear RPM.  

Aerodynamic and hydraulic problems with fans and pumps will normally show vibration frequencies that are the product of the 

machine RPM times the number of fan blades or impeller vanes. In addition, not all problems will result in vibration frequencies 

that are directly related to the rotating speed of the machine. The vibration frequencies generated due to flaws or defects in rolling-

element bearings is a good example. So, it is important to realize that different machinery problems cause different frequencies of 

vibration and that is the significance of knowing the frequency of vibration. 
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III. EXPERIMENT ON CENTRIFUGAL PUMP (0.5 HP) 

 
Fig. 3.1: Centrifugal pump of 0.5 HP. 

 

0.5 HP size centrifugal pump we are used every day in home to pump water. That pump is shown in above figure its specification 

is given in APPENDIX-I. In this experiment I want to create some intentional fault so I select small size pump.     

 Experimental Procedure. 

 First done the priming and then start the pump. 

 Then check in which direction vibration severity is more. Select that direction to measure the vibration. 

 Then decide in which condition we want to take reading and done changes according to that condition. Here I take in three 

different working condition namely without foundation, with foundation and with damage blade. 

 Then note down vibration amplitude and change the mass flow rate with the help of outlet valve and repeat same procedure 

and measure reading. 

 For 0.5 HP centrifugal pump without foundation vibration amplitude measured are as follow: 

APPENDIX-I 

Specification of Centrifugal Pump of 0.5 HP size are 

 H = 25 m 

 Q = 600 LPH 

 N = 2800 RPM 

 P = 0.5 HP 

 Voltage = 230 v 

 Frequency = 50 Hz 

 Current = 3 A 
Table - 3.1 

Vibration amplitude without foundation. 

Speed (RPM) 
Displacement (µm) Velocity (mm/s) Acceleration (m/s²) 

RMS Peak RMS Peak RMS Peak 

100% 38.40 54.60 25.79 46.46 5.81 15.99 

75% 39.70 57.00 26.98 48.20 6.07 17.47 

50% 41.10 57.90 28.05 46.87 6.27 17.90 

25% 42.10 58.20 28.85 48.98 7.15 19.73 

FFT plot for above reading are as follow: 
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Fig. 3.2: FFT plot of centrifugal pump at 100% valve opening 

Maximum 10 value for above FFT are as follow: 

100% valve open 

Sr. No Velocity (mm/s) Frequency (Hz) 

1 30.15 19.75 

2 10.15 39.75 

3 4.92 79.5 

4 2.69 59.5 

5 1.75 99.25 

6 1.4 84.5 

7 1.22 277.8 

8 0.89 297.8 

9 0.74 283 

10 0.6 164 

 

 
Fig. 3.3: FFT plot of centrifugal pump at 75% valve opening. 
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Maximum 10 value for above FFT are as follow: 

75% valve open 

Sr. No Velocity (mm/s) Frequency (Hz) 

1 33.97 20 

2 7.54 40 

3 6.16 80.25 

4 1.94 100.3 

5 1.66 60.25 

6 1.17 280.8 

7 0.81 85.5 

8 0.79 180.5 

9 0.73 300.8 

10 0.63 120.3 

 

 
Fig. 3.4: FFT plot of centrifugal pump at 50% valve opening 

Maximum 10 value for above FFT are as follow: 

50% valve open 

Sr. No Velocity (mm/s) Frequency (Hz) 

1 35.6 20.25 

2 8.66 40.5 

3 8.59 81 

4 2.78 101.3 

5 2.74 60.75 

6 1.15 283.5 

7 1 182.3 

8 0.96 121.5 

9 0.91 202.5 

10 0.77 303.8 
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Fig. 3.5: FFT plot of centrifugal pump at 25% valve opening 

 Maximum 10 value for above FFT are as follow: 

25% valve open 

Sr. No Velocity (mm/s) Frequency (Hz) 

1 35.47 20.5 

2 10.49 81.75 

3 6.89 41 

4 3.24 102.3 

5 2.42 61.25 

6 1.38 286.3 

7 1.15 122.8 

8 1.1 204.5 

9 1.05 184 

10 0.94 306.8 

IV. CONCLUSION 

1) From table 3.1 we can show that vibration velocity is very high then 4.8 mm/s means it is not acceptable and maintenance 

required. 

2) From FFT it is also show that maximum amplitude is at nearly half of rotational frequency (0.5X) means it is clearly indicate 

pump required foundation. 

3) From table 3.1 it is also shown that vibration is increases as mass flow rate increases. 
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