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Abstract— In the present study, two different methods for 

simulate the dynamic behavior of gears are described and 

compared. The nonlinear torsion vibrations of geared systems 

are studied at resonance frequency with the contact loss of the 

meshing teeth. In the proposed model a time-varying mesh 

stiffness of tooth pairs and a viscous damping proportional to 

the meshing stiffness are considered. Gear errors of each 

meshing tooth pair are also included. Dynamic motion of the 

spur gear pair over wide range of excitation frequency using 

the finite element method was simulated. Results of bending 

stress distribution during overall operation speeds were 

obtained by FEA. It may serve as a tool for aiding the gear 

fault diagnosis. Gears are used to increase or decrease input 

speed. These gears are enclosed in a rigid closed housing 

called casing. The function of gearbox casing is to protect and 

provide a platform for gear transmission. The casing supports 

the shaft, hold the lubricant inside and protect the gears from 

dust and moisture from outside environment. Also it provides 

necessary cooling surface to dissipate the heat generated 

during the operation. The strength of the gearbox casing is an 

important parameter to be taken into account while designing 

the gearbox. The vibration analysis of gearbox casing is done 

using accelerometer along with a device called Fast Fourier 

Transform (FFT) analyzer. The main reason for heavy 

vibration is the resonance caused by the lower order 

frequency of transmission gearbox body. 
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I. INTRODUCTION 

Dynamic loads on the teeth, resulting from the operation of 

gears are one of the important factors determining the 

reliability and durability of the transmission. Therefore, the 

analysis of dynamic loads in gear mesh and the level of 

vibration in aircraft transmissions and drives are relevant. A 

qualitative assessment of the dynamic state of heavily gear 

necessary to develop mathematical models of meshing gears 

helps evaluate dynamic processes in gear mesh, transmission 

errors, stiffness of supports and structural elements, and other 

factors that are sources of vibration excitation in the 

transmissions. 

 
Fig. 1: The lumped-parameter dynamic model of a spur gear 

A dynamic model of gear train in generally 

represents a system of the inertial masses connected to each 

other through elastic and damping elements (fig. 1). Stiffness 

characteristic for elastic coupling usually evaluated through 

nonlinear finite element model or based on results of 

experimental data.  

A. Model with Tooth Compliance 

These models only include the tooth deformation as the 

potential energy storing element in the system. There are 

studies of both single tooth and tooth pair models. For single 

tooth models, a method of stress analysis was developed. For 

the models with paired teeth, the contact stresses and meshing 

stiffness analysis usually were emphasized. The system is 

often modeled as a single degree of freedom spring-mass 

system. The basic characteristic in this group is that the only 

compliance considered is due to the gear tooth deflection and 

that all other elements have assumed to be perfectly rigid.  

B. Models of Gear System Dynamics 

The current models can predict shaft torsional vibration, shaft 

bending stiffness, gear tooth bending stiffness, bearings 

stiffness, etc. The models of gear system dynamics include 

the flexibility of the other parts as well as the tooth 

compliance. The flexibility of shafts and the bearings along 

the line of action are discussed. In these models, the torsional 

vibration of the system is usually considered.  

C. Models of a Whole Gearbox 

The studies in this group may be thought of as advanced 

studies. Traditional analysis approaches mentioned 

previously in the gear dynamic area have concentrated on the 

internal rotating system and have excluded dynamic effects 

of the casing and flexible mounts. All elements in the system 

including the gear casing are considered in the recent models. 

The studies of this group is to focus on the dynamic analysis 

including the gear pair, shafts, rolling element bearings, a 

motor, a load, a casing and a flexible or rigid mount. The 

gearbox may be single stage or multi-stage. 

D. Models for Optimal Design of Gear Sets 

Several approaches to the models for optimum design of 

gears have been presented in the recent literature. The basic 

approach available is to check a given design to verify its 

acceptability to determine the optimal size of a standard gear 

mesh. With the object of minimizing size and weight, 

optimization methods are presented for the gearbox design. 

The gear strengths must be considered including fatigue as 

treated by the AGMA (American Gear Manufacturing 

Association). Surface pitting of the gear teeth in the full load 

region must also be handled with as scoring at the tip of the 

gear tooth. 

II. LITERATURE REVIEW 

The finite element method is very often used to analyze the 

stress state of an elastic body with complicated geometry, 
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such as a gear. There have been numerous research studies in 

the area. 

Vijaykumar, Shivaraju, et al. have studied about the 

vibration analysis of gear-box using FEA. An ANSYS 

Software is used to find out the natural frequency and 

harmonic frequency of gear-box casing resulting into the 

determination of range of frequencies to prevent resonance. 

Fujin Y Yongxiang, Daowen Sn, et al have studied 

to reduce the noise and vibration of automobile transmission 

system by the structural optimization for better performance. 

Modal analysis of gearbox was formulated in 3-D software 

like Pro/E together with FEM. 

Ashwani Kumar, Himanshu Jaiswal et al. the 

authors have investigated the problem of loose transmission 

housing for 2 and 3 connecting bolts unconstraint based 

condition.  

The paper presents the dynamic vibration 

monitoring of truck transmission gearbox casing using FEA 

numerical simulation method. The fall in natural frequency 

from zero displacement constraint based condition to 2 and 3 

bolts loose transmission condition. The loose condition of 

casing leads to failure condition. 

V. B. Maner, M.M. Mirza, et, al. authors have 

basically focused on the design optimization of gear- box foot 

casing. The author has done design optimization of gear-box 

foot casing at Top Gear Transmission Industry situated at 

Satara, India. The author uses Pro-E and ANSYS software. 

The main focus is to optimize the foot casing and to find out 

effective and efficient design of gear-box with respect to both 

cost and durability. 

III. EXPERIMENTAL SETUP AND FINITE ELEMENT ANALYSIS 

OF EPICYCLIC GEAR TRAIN 

 
Fig. 2: Experimental Setup of Planetary Gear Set 

Planetary gear box contains sun gear, ring gear and three 

planet gears in 120° angle to each other. In this gear box, input 

is given to the sun gear and output is given to the carrier. The 

3HP motor having maximum 3000 rpm is attached to the 

planetary gear box step with a flexible coupling in between 

output shaft of motor and input shaft of planetary gear box. 

Brake drum dynamometer is attached on the output shaft of 

planetary gear box and two s type load cells are used to 

measure force with a two decimal accuracy. In this one load 

cell is fixed to the frame and other is attached to the screw for 

applying tensile force on it. The whole setup is placed upon 

the concrete foundation by bolting it to the foundation to give 

rigidity and necessary damping for the vibration produced by 

the gear box. This setup is prepared for dynamic load 

conditions and static load condition. 

A. Static Analysis and Load Sharing 

In this study static load sharing capacity of planetary gear is 

explained. If there are x number of planets in the planetary 

gear set, ideally each planet gear is carries an equal amount 

of torque, so generally they are designed to carry 1/x amount 

of the input torque. In this study theoretical stresses 

calculated are compared with experimental stresses measured 

by j-logger and dewe-43 daq. Then theoretical stresses are 

compared with the stresses calculated by simulation of 

planetary gear set in ANSYS workbench. For measuring the 

load sharing strain gauges are pasted on the arm pins mounted 

on each of the planet gears, which is only useful for the static 

measurements. 

 
Fig. 3: Strain Gauge Location and Loading Setup for Static 

Measurement 

For taking measurements mainly two types of the 

daqs are used, one is dewe-43daq system and other one is 

panoptic node j-logger. The second one is unable to give the 

exact stress values measured due to the variation of resistance 

comes in each strain gauge channel. On the other hand dewe-

43daq gives the exact value of strains measured.  

B. Theoretical Stress 

The theoretical stresses are calculated by considering pin as a 

cantilever beam on which the forces are exerted as shown in 

free body diagram of the planetary gear set. Then the load 

sharing is given by equation. 

 

 
Fig. 4: Free Body Diagram of Planetary Gear Set 

C. Panoptic node J-Logger 

 
Fig. 5: Panoptic node J-Logger and DEWE 43 Setup 

DEWE-43 DAQ 



Dynamic Analysis of Gear Box 

 (IJSRD/Vol. 5/Issue 06/2017/333) 

 

 All rights reserved by www.ijsrd.com 2171 

First of all strain gauge wires from arm pins of the respective 

planet gear set are connected to a Wheatstone bridge in 

quarter bridge mode. Then each channel from strain gauge is 

connected to the Daq which is connected to the logger. 

This is a data acquisition system from dewesoft ltd. 

for measuring strain using this daq first of all strain gauge 

wires are connected in the quarter bridge circuit mode. Then 

each strain gauge channel is connected to the daq which has 

inbuilt logger. 

 
Table 1: Percentage Load Sharing by Experimentation using 

J-Logger 

 
Fig. 6: Load Sharing Analysis of Planetary Gear Set by J-

Logger 

As The Panoptic node J-Logger Doesn’t Give The 

Exact Stress Values On The Planet Pins Only Load Sharing 

Analysis Can Be Done As Only Relative Values Are Needed 

For The Load Sharing Analysis Fig.5 Shows The Percentage 

Load Sharing Which Is Calculated From The Values 

Measured By Panoptic node J-Logger By Varying The Load. 

Pin 3 Shows More Load Than Pin 1 And Pin 2. Pin 1 Shows 

Minimum Load. 

 
Table 2: Comparison between Theoretical Stress and 

Experimental Stress Measured By DEWE-43 DAQ 

 
Fig. 7: Comparison between Theoretical Stress and 

Experimental Stress Measured By DEWE-43 DAQ 

Fig. 7 gives the comparison between theoretical 

stresses and experimental stresses for various loads. It can be 

clearly concluded that as load increases stresses in the pin 

also increases. Both theoretical and experimental values 

confirm this statement. 

 
Table 3: Percentage Load Sharing By Experimentation 

Using DEWE-43 DAQ 

 
Fig. 8: Load Sharing Analysis of Planetary Gear Set by 

DEWE-43 DAQ 

Fig. 8 Shows The Percentage Load Sharing Which 

Is Calculated From The Stresses Measured By DEWE-43 

DAQ By Varying The Load. Pin 3 Shows More Load Than 

Pin 1 And Pin 2. Pin 1 Shows Minimum Load. 

D. FEM Stress Analysis by ANSYS Workbench 

As Shown In all Fig Boundary Conditions are applied To the 

Model. Fixed Support is given to the 8 Clamps on the Ring 

Gear of the Assembly and Moments at Various Loads Are 

Given to the Sun Gear. 

1) Load Case- 1 

Torque Applied= 2918N/Mm2. 

 
Fig. 9: Boundary Conditions for Static Analysis 

 
Fig. 10: ANSYS Results of Stresses on Pin 3 for Case- I 
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Fig. 11: Stress Distribution of Pin 1 and Pin 2 

E. Comparison of Theoretical Stresses and FEM Stresses 

 
Table 4: Comparison between Theoretical Stress and FEM 

Stresses 

Fig. 12 gives the comparison between theoretical stresses and 

fem stresses for various loads. It can be clearly concluded that 

as load increases stresses in the pin also increases. Both 

theoretical and fem values confirm this statement. 

 
Fig. 12: Comparison between theoretical stress and FEM 

stresses 

F. Dynamic Analysis of Planetary Gear Set 

The strain gauges cannot be pasted on arm pins for dynamic 

conditions. to get validated results of the arm pins, the 

dynamic analysis should be performed on the different part of 

the planetary gear box and validate it with experimentation 

and then the stresses developed on the arm pins can be 

measured using valid simulated results. The part chosen for 

the dynamic analysis is the rim of the ring gear, as it is the 

outermost part of the planetary gear box and it is simpler part 

on which strain gauges can be pasted. 

G. Dynamic Simulation of Rim of the Ring Gear 

 
Fig. 13: Boundary Conditions Applied For Dynamic Test 

Setup 

In the dynamic analysis, the model of the planetary gearbox 

is meshed in the hypermesh software and it is solved in the 

ls-dyna solver. The loading conditions are input rotational 

velocity given on the sun gear is about 2500rpm and braking 

torque acting on the output shaft of the gear box is about 

10000nmm. 

The model of the planetary gear set is hexa-meshed 

in the hypermesh, using hexa (8 nodes) and penta (6 nodes) 

mesh elements. Time step is given for about 5 milliseconds. 

Fig. nos. from 14 to 18 shows the results of the 

equivalent stresses acting on the planetary gear set under 

dynamic conditions. 

 
Fig. 14: Von Mises Stresses Acting After 1ms 

 
Fig. 15: Von Mises Stresses Acting After 2ms 

 
Fig. 16: Von Mises Stresses Acting After 3ms 

 
Fig. 17: Von Mises Stresses Acting After 4ms 
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Fig. 18: Von Mises Stresses Acting After 5m 

H. Experimental Results for the Rim of Ring Gear under 

Dynamic Conditions 

In experimental analysis the setup had three strain gauges 

mounted on the rim of the ring gear to measure the stresses 

produced on the ring gear due to the dynamic forces created 

due to the motor and applied brake torque. 

The stresses are measured by using the data 

acquisition setup of dew soft dewe-43 system. There are three 

strain gauges are attached on the ring gear of the planetary 

gear set. The experimentation consists input rotation speed of 

the motor kept constant at around 2500 rpm and braking 

torque for about 10000nmm is applied. The stresses 

generating on the rim of the ring gear are directly measured 

on the system. 

 
Fig. 19: Strain Gauge Location on the Rim of the Ring Gear 

 
Fig. 20: Stress Measured By DEWE-43 DAQ at 2500 Rpm 

and 10000Nmm Brake Torque 

As the strain gauges are pasted on the rim of the ring 

gear at 120º from each other, the daq system will give the 

exact stress values for the required condition. The reading are 

taken for 1 min of loading after the setup is kept running for 

half a minute to stabilize the loads. 

 
Fig. 21: Stresses Acting on the Strain Gauge-1 for Dynamic 

Condition 

 
Fig. 22: Stresses Acting on the Strain Gauge-3 for Dynamic 

Condition 

 
Fig. 23: Stresses Acting on the Strain Gauge-3 for Dynamic 

Condition 

The maximum stress obtained from simulation is 

about 79mpa and maximum stress measured from 

experimental setup is about 70mpa, which is close enough to 

the simulated value.  

IV. RESULTS AND DISCUSSIONS 

Experimentally shown that the resonance phenomena in gears 

are largely at frequencies that are multiples of 0.5, 1, 1.5, 2 of 

main resonance, which is a consequence of the parametric 

nature of resonant vibration in the system. The results of 

dynamic modeling of gear meshing also secrete half tooth 

harmonic and amplitude growth when passing through its 

corresponding frequency. Figure 1 shows the simulation 

result for the torsional vibration by developed analytical 

model with the passage of the system through its natural 

frequency and multiples thereof frequency. 

 
Fig. 24: Frequency response curve for dynamic factor 

Fig. 24 shows an unstable range at critical frequency 

of system, which characterized by a sharp increasing of 
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amplitude at growth of gear rotation speed and its further 

gradual decrease. Also noted an increase in vibrations when 

passing system through the "half" of the tooth mesh 

frequency. 

The important result of the simulation is to confirm 

the existence of discontinuous vibration in the transmission at 

critical range, repeatedly discovered during experiments. On 

fig. 25 shows the frequency response for gear with different 

contact ratio: contact ratio ε=2, 08 (blue line) and contact 

ratio ε=1, 68 (red line). Gears with contact ratio greater than 

two have a dynamic load smaller by 30% the level of dynamic 

loads in gears with standard profile, as well as a narrow band 

of resonant oscillations zone. 

 
Fig. 25: Frequency response curve of dynamic factor for 

different type of gears: contact ratio ε=2, 08 (blue line) and 

contact ratio ε=1, 68 (red line). 
Unstable behavior of the dynamical system of the 

gears at the critical frequency, confirmed by mathematical 

modeling and experiment, create uncertainty in the 

determination of the dynamic component of the load in this 

area and can lead to unstable operation of gear system. 

Obviously, it is necessary considered when designing gear 

system with operate parameters at critical and subcritical 

range with unstable region and find possibility to operation at 

supercritical range. 

A. Finite element model of geared pair 

In order to verification results of presented analytical model 

and a detailed analysis of the processes occurring in meshing 

teeth on the various modes of transmission, the numerical 

dynamic simulation through finite element package Ansys 

Transient Structural has been conducted. We consider a 

model of two spur gears in the bulk formulation (Fig. 3), with 

a torque on the inner cylindrical surface of the driven wheels 

and set speed for the revolute joint of the drive wheel. The 

system is driven with a smooth loading and over clocking 

pinion to eliminate the influence of dynamic factors in over 

clocking. Given the considerable amount of computation to 

simulate acceleration gears from rotation speed 10 rpm up to 

9000 rpm. The gears was modeled for analysis along contact 

lines using quadratic hexahedral and tetrahedral 18-x series 

elements with a mesh size of 1 mm. Contact elements were 

used for contact sides of teeth. Geometry parameters and 

loading conditions are shown in Table 1. 

 
Table 5: Geometry parameters and loading conditions 

For graphs of bending stresses at low speeds (Fig. 

26) was used element size of 0.5 mm. Solves the problem of 

taking into account the friction engagement and structural 

damping in the material. The simulation results are presented 

in Figures 26, 27 and 28.  

 
Fig. 26: Finite element model of spur gear pair in Ansys 

Transient Structural 

 
Fig. 27: Load distribution of bending stress for each tooth at 

speed 10 rpm 

 
Fig. 28: Load distribution of bending stress for single tooth 

at speed 40 rpm 

Fig. 27 shows graphs of bending stress distribution 

in tooth root along the one mesh phase at rotation speed 10 

rpm. This result is of great interest in the evaluation of both 

static and fatigue strength of the teeth, because existing 

methods for evaluating stress in gear dynamic allow 

obtaining the average value for a series of meshing tooth and 

strain measurement results do not give a high precision at 

high speeds. The graph clearly shows the zone single- tooth 

meshing corresponding peak site and zone of double contact 

meshing with the increase of the root stress at the start of 

meshing and decreasing at end of meshing as a result of load 

transfer between the teeth.  

Figure 28 shows the dynamic bending stresses in the 

tooth at a speed of 50 rpm. This result is in good agreement 

with the experimental data [11].  

Fig. 29 shows a static transmission error of gears 

caused by various deformations of the teeth in the meshing 

action and which is the main excitation source in 
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transmission. Analysis of relationship between character of 

static transmission error and the geometry of tooth profile 

allows selecting the optimal modification parameters for gear 

with low level of vibration to reduce dynamic stresses in the 

transmission. 

 
Fig. 29: Transmission error of geared system modeled by 

Ansys Transient 

Fig. 30 shows the simulation results for the bending 

stresses in teeth roots during increase of pinion rotation speed 

until ω> ω0 (red line) and then reduction of rotation speed to 

10 rpm. In this graphs, clearly identified point of resonance 

frequency, as well as point of stress increasing at half the 

speed of resonance. 

Fig. 30 shows the difference between resonance 

frequency with the maximum values of the bending stresses 

in the root when rotation speed is increased (blue) and 

resonance frequency when rotation speed decrease (red 

graph). Also showed a significant reduction of dynamic 

stresses in supercritical range. This result may be used when 

designing the operation condition of transmission. Also 

modeling confirmed the presence of discontinuous vibration 

with loss of contact of the teeth in the critical range. 

 
Fig. 30: Ansys Transient simulation results: bending stress 

distribution with increasing rotation speed (blue) and 

reducing (red). 

Analysis of the influence of stiffness and 

transmission gearing overlap factor to dynamic loads, has 

been conducted using developed model. Decrease of dynamic 

loads in gears in the programs with overlap ratio ε ≥ 2 (3 to 5 

times ) with two-pair stiffness ratio and tooth contact from 

three-pair 1.1 to 1.3 times was showed .  

A similar reduction of vibration and dynamic loads 

in gears with a high contact ratio was shown in CIAM 

experiments. The simulation results showed a reduction 

dynamic stress level in the gear train on critical range with 

increasing of external loads.  

V. CONCLUSION 

In the parametrically excited vibration of the gear-pair system 

in mesh was investigated. A comparison between the 

analytical lumped parameter model results and simulation of 

gear system through finite element model was also presented. 

Results of modeling show confirmed the presence of 

discontinuous vibration with loss of contact of the teeth in the 

critical range. Time-varying mesh stiffness function 

examines as main source of vibration and dynamic behavior 

of a gear system and evaluate through nonlinear finite 

element model. Dynamic motion of the spur gear pair over 

wide range of excitation frequency using the finite element 

method was simulated. Simulation of gear meshing through 

finite element model was obtained results of bending stresses 

distribution in the depressions of teeth per meshing phase in 

various modes of transmission, and also obtained character of 

static transmission error distribution. The simulation results 

showed a reduction dynamic stress level in the gear train on 

critical range with increasing of external loads. It may serve 

as a tool for aiding the gear fault diagnosis. The nonlinear 

torsion vibrations of geared systems are studied at resonance 

frequency with the contact loss of the meshing teeth. In the 

proposed model a time-varying mesh stiffness of tooth pairs 

and a viscous damping proportional to the meshing stiffness 

are considered. Gear errors of each meshing tooth pair are 

also included. Dynamic motion of the spur gear pair over 

wide range of excitation frequency using the finite element 

method was simulated. Results of bending stress distribution 

during overall operation speeds were obtained by FEA. It 

may serve as a tool for aiding the gear fault diagnosis.   

VI. FUTURE SCOPE 

The following areas are worthy of further research as 

computer capabilities increase. Further numerical method 

investigations should be conducted on:  

 Simulation of an oil film in contact zone.  

 Three-dimensionally meshed simulations for both spur 

and helical gears. The transmission error for all types of 

gears for example: helical, spiral bevel and other gear 

tooth form.  

 A whole gearbox with all elements in the system such as 

the bearing and the gear casing. 
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