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Abstract 

 
A new method of reducing gear vibration was analyzed using a simple spur gear pair with phasing. This new method is 

based on reducing the variation in mesh stiffness by adding another pair of gears with half-pitch phasing. This reduces 

the variation in the mesh stiffness of the final (phasing) gear, because each gear compensates for the variation in the 

other’s mesh stiffness. A single gear pair model with a time-varying rectangular-type mesh stiffness function and 

backlash was used, and the dynamic response over a wide range of speeds was obtained by numerical integration. 

Because of the reduced variation in mesh stiffness and the double frequency, the phasing gear greatly reduced the 

dynamic response and non linear behavior of the normal gears. The results of the analysis indicate the possibility of 

reducing vibration of spur gear pairs using the proposed method. 
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1. Introduction 

The reduction of gear vibration and noise has received much attention because gears are basic 

components in many common mechanical systems. Because the internal excitation caused by the variation 

in tooth mesh stiffness is a key factor in causing vibration, most of this attention has been directed to the 

modification of gear teeth. However, such passive methods have limitations due to the load dependence of 

the modifications [1]. The use of periodic struts for gear box support systems [2], periodic drive shafts [3], 

and one-way clutches [4,5] for the passive reduction of vibration has been reported, but these methods 

cannot prevent vibration of the gears themselves. Active methods for adapting to changing operating 

conditions using piezoelectric actuators or magnetic bearings have also been proposed . However, these 

methods also have limitations in that they require additional actuators, external power, and signal 

processing. Thus, another method is proposed to reduce the vibration of the gear itself without requiring 
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any additional energy or signal processing in a manner that is independent of load conditions. This method 

is based on the reduction of mesh stiffness variation using gear pairs with phasing (i.e., phasing gears). 

Phasing gears 

Because the variation of tooth mesh stiffness during meshing is a principal source of internal excitation 

force and vibration, modifications of the optimal tooth shape and contact ratio (CR) have been studied as 

ways of reducing the variation in mesh stiffness. Major variations in stiffness are caused by changes in 

meshing pair numbers, usually in the range 1.0–2.0 for normal spur gears. It is impossible to avoid this 

variation due to the integer numbers of gear teeth. If another meshed and phased gear pair is added to 

reverse the stiffness functions of the two pairs, these phasing gears will complement the primary gears and 

reduce the mesh stiffness variation. The phasing gear pair is composed of two gears half the width and half 

the pitch phasing of the primary gears. Fig. 1 shows a conceptual model of phasing gears. If the tooth mesh 

stiffness is assumed to be a rectangular waveform [9], then the mesh stiffness as a function of the distances 

along the line of action (LOA), were kmax, kmin, and km are the tooth mesh stiffness (assumed to be 

constant) of a two pair mesh, a one pair mesh, and the average of kmax and kmin, respectively. The figures 

show that the phasing gear has a low amplitude variation with twice the frequency of the normal gear. The 

function s(t) is the distance from the starting point to the contacting point along the LOA, while s1 and s2 

are the distance from the starting point to the lowest point of single-tooth contact and the distance from the 

starting point to the highest point of single-tooth contact, respectively. 

 

Fig.1 

2. Literature review  

1. Cheon Gill-Jeong has discussed method of reducing gear vibration was analyzed using a simple 

spur gear pair with phasing. This new method is based on reducing the variation in mesh stiffness 

by adding another pair of gears with half-pitch phasing. This reduces the variation in the mesh 

stiffness of the final (phasing) gear, because each gear compensates for the variation in the other’s 

mesh stiffness 
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2. Robert G. Parker has discussed effectiveness of planet phasing to suppress planetary gear 

vibration in certain harmonics of the mesh frequency is examined based on the physical forces 

acting at the sun-planet and ring-planet meshes. Planet phasing provides an effective means to 

reduce planetary gear vibration. A significant advantage is its cost-effectiveness as no additional 

manufacturing processes are needed. 

3. Mats Åkerblom has discussed about survey on the literature of gear noise and vibration. It is 

divided into three parts, “Transmission error”, “Dynamic models” 

And “Noise and vibration measurement”. Also Noise and vibration measurement and signal 

analysis are important tools when experimentally investigating gear noise because gears create 

noise at specific frequencies, related to number of teeth and the rotational speed of the gear. 

4. G.D.Mehata, J.P.Modak, N.A.Bodkhe have discussed about paper an idea is proposed to estimate 

the vibration response of gear tooth during a period of contact, a case study of spur gear pair is 

taken into consideration. The tooth force is obtained during the period of contact, which is then 

useful to estimate the vibration response of a gear tooth 

5. Jian Lin, R.G. Parker have discussed Mesh stiffness variation, the change in stiffness of meshing 

teeth as the number of teeth in contact changes, causes parametric instabilities and severe vibration 

in gear systems. 

6. V.B. Bhandari,has given all the details about Spur gears including terminologies, proportions, 

force analysis, friction in worm gears, material selection & strength rating of worm gears in his 

book named ’Design of machine elements’, Tata McGraw Hill Publication company limited. 

3. Experimental Work  

A. . Design of Experiments 

Figure 2 shows actual experimental set-up of the geared system used in this study. The geared system is 

driven by a PMDC type motor. Accelerometer mounted on the casing of a geared system gives signal to the 

FFT analyser and output spectrums are saved on computer using DDS 2000 software. 

The pinion and the gear are identical and are mounted in simple steel test housing as shown in Photo The 

casing has an open slot in the top surface. The test-rig is mounted on the cement concrete block foundation 

with nut and bolts (studs) arrangement for vibration isolation. Accelerometers were mounted at motor-side 

casing and load-side casing in radially vertical (X-direction) and horizontal (Y direction) directions. A 

digital, contact type tachometer is used to measure the running speed of the shaft. The vibration data are 

measured using Two-channel FFT Analyser and the acceleration spectrums were saved on the computer by 

installing DDS 2000 software with the help of unlock dongle key (also called as Hard-lock).  The provision 

was made to run the set-up using normal gear arrangement and phasing gear arrangement with bushings, 

circlips and Allen key bolts. The speed variations were achieved with the help of Speed Regulating Drive. 
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Fig.2 

B. Experimental Procedure 

1. Set the gears in normal gear arrangement  

2. Start the motor. 

 3. Measure the speed of input and output shaft with digital tachometer. 

 4. Adjust the speed at 600 rpm using speed regulating drive. 

 5. Mount the accelerometer of handheld FFT Analyser on the motor-side casing in X-direction. 

 6. Take readings of wide band values of RMS velocity and RMS acceleration and note-down readings in 

observation table. 

 7. Take the RMS acceleration spectrum in frequency domain and save it in memory of FFT Analyser with 

unique name.  

8. Mount the accelerometer on motor-side casing Y-direction 

 9. Repeat the steps in (6) and (7) again. 

10. Mount the accelerometer on load-side X-direction.  

11. Repeat the steps in (6) and (7) again.  

12. Mount the accelerometer on load-side Y-direction 

13. Repeat the steps in (6) and (7) again.  

14. Follow steps from (3) to (13) for 800,1000,1200,1400 and 1600 rpm.  

15. Assemble the gears in phasing gear arrangement  

16. Follow the same procedure from (3) to (14) again.  

17. Connect the FFT analyser to computer by installing DDS 2000 software and using unlock dongle key.  

18. Save all spectrums in computer and compare them as with phasing and without phasing of gears 

(normal gears). 
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4. Results and Discussions  

The main objective of this work is to compare the overall vibration level for normal gear arrangement and 

phasing gear arrangement and not the machine diagnostics or condition monitoring. Hence, there is no need 

to identify the various peak frequencies and its causes. However, overall vibrations may be due to 

unbalance, misalignment, eccentricity, improper gear backlash, rolling element bearings, motor (electrical), 

coupling misalignment, etc. Vibration data are collected from a gear-set run under a variety of operating 

speeds for a comparison between the two cases- one with normal gear arrangement and the other with 

phasing gear arrangement- in order to gain further insight into the vibration signatures. Measurements are 

conducted in order to study the relative overall vibration level. The speed variations were performed over 

the range of 600-1600 RPM for two cases with no load conditions. The gears were run in an un-lubricated 

conditions and their temperature was not measured. The various readings (wide band values) of RMS 

velocity and RMS acceleration for normal gear arrangement and phasing gear arrangement respectively at 

various operating speeds. 

     5. Conclusions 

The experimental results obtained during experimentation show that the meshing of gear pair with 

phasing method can reduce the gear mesh vibrations up to 23% for the speed of 600 rpm and about 30% for 

the speed of 1600 rpm. Experimental results showed a significant reduction in overall vibration level at 

different speeds. Hence, this method can be used to suppress the vibrations of automobile gear boxes and 

power transmission systems up to 30%. 

Hence, a new method is proposed for reduction of vibration in spur gears by reducing the variation in 

mesh stiffness, which is a principal source of internal excitation in gear systems. 

6. Future Scope 

1. Lowered vibrations will lead to lesser cyclic loading on the spindle or shaft loading on bearings thereby 

increasing bearing life 

2. Lowered vibrations will lead to lesser noise 

3. Gears can be used in phased condition in machine tool spindle gearing arrangement as in the headstock 

of machines to get vibration free spindle operations, leading to lesser work in-accuracies. 

 4. Gear phasing can also be applied to automobile applications especially in Heavy vehicle transport for 

above 40 ton capacity, where the gear vibration is maximum under load condition. 
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