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Abstract: Spur and helical gears can be used to transmit very large power between two parallel shafts. However in spur gears 
the engagement between two meshing teeth is sudden line contact over entire face width which results in generation of noise and 
higher dynamic load. In helical gears the engagement between two meshing teeth begins with point contact and gradually 
extends diagonally along the gear tooth surface, resulting in quiet operation. Hence normally spur gears are used for low speed 
power transmission (20 m/s) and helical gears are preferred for high speed. A considerable research in the area of bending 
stress analysis of involute spur gear has been carried out. However it is seen that a very little work has been carried out on stress 
analysis of involute helical gears. For finding stress concentration & stress pattern in the body, experimental stress analysis is 
very useful & is employed extensively. 
In Eco Board Industries Limited., Islampur (Maharashtra), spreading machine is used to spread bagasse in the formation 
of particle board. Positive Infinite Variable (PIV) gear box is used to transmit the power to belt conveyor of spreading 
machine which contains helical gears. The power transmitted by gear box is 2.2 kW at 760 rpm while speed reduction is 1: 
70. In working condition of gear box it has been observed that helical pinion mounted on motor shaft fails due to load 
coming on the teeth. It seems that the failure is due to stress concentration and bending stresses at tooth root of gear. The 
crack is initiated just near to high stress concentration region of gear. The calculation of maximum tensile stress of helical 
gear at tooth root is three dimensional problem. The accurate evaluation of stress state and distribution of stress is 
complex task; we have analyzed the stress pattern by using three dimensional Photo elasticity techniques. Experimentally 
obtained results are verified with finite element analysis results. Finally the effect of bending stress is discussed. 
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1. INTRODUCTION 
 
Gears are essential for transfer motion with constant 
velocity ratio and used in nearly all applications where 
power transfer is required such as Automobiles, Industrial 
Equipments. Spur and helical gears can be used to 
transmit very large power between two parallel shafts. 
However the engagement in spur gears is sudden line 
contact over entire face width resulting in noise and 
higher dynamic load. But, in helical gears the engagement 
begins with point contact and gradually extends 
diagonally along the tooth surface, resulting in quiet 
operation. Hence spur gears are used for low speed 
application (20 m/s) and helical gears are preferred for 
high speed power transmission. 
In Eco Board Industries Limited, Islampur (Maharashtra), 
spreading machine is used to spread bagasse in the 
formation of particle board. PIV gear box is used to 
transmit the power to belt conveyor of spreading machine 
which contains helical gears. The power transmitted by 
gear box is 2.2 kW at 760 rpm while speed reduction is 1: 
130. The calculation of maximum tensile stress of helical 
gear at tooth root is a three dimensional problem. 
Considering the state of stress and nature of stresses 
developed, it is decided to use three dimensional photo-
elastic methods for stress analysis of a gear and to verify 
the results by using FEA. 

Details of Pinion helical gear: 
Number of Teeth  30mm 

Pitch circle Diameter 60mm 
Module   2mm 
Pressure Angle   20° 
Helix Angle  12054’ 
Addendum  64mm 
Base circle Diameter 56.38mm 
Dedendum  55mm 

 

Fig.1. Damaged Gear Pinion 
 
It is observed that the teeth of helical gear, made up of 
EN9 material, frequently breaks due to load coming on 
the gear teeth, the shape of the tooth is involute. There are 
repeated failures at the root near base radius as shown in 
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Fig. l. By observing failure pattern of gear teeth, it seems 
that the failure of the teeth may be due to bending 
stresses. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. Prototype of Helical Gear 
 
2. EXPERIMENTAL WORK AND ANALYSIS 
 
Experimental results and analysis includes finding the 
material fringe value of a disc to calibrate photo elastic 
material, finding the stresses developed in a model and 
scaling model to prototype. As the accuracy of photo 
elastic model has got the major effects on the results 
obtained, the preparation of the model bears its own 
importance in the whole problem of photo elastic stress 
analysis. The photo elastic model for investigation should 
satisfy following requirements.  
a. It should be free from all residual stresses. 
b. The model should exhibit all properties of good photo 

elastic material. 
c. The material used for the model should be sufficiently 

transparent. 
d. It should possess the required dimensional accuracy. 
Considering all requirements of a good photo elastic 
model, one would come to know that preparation of a 
model is a sort of technique which needs not only great 
care, but a lot of experience and practice. 
 

 
 

Fig.3. Mould for Photo-elastic Model 
 

2.1. Preparation of Model 
 

Following are the steps in casting three dimensional photo 
elastic models. 
Pattern making 

To cast 3-dimensional model, it is necessary to make 
pattern either of wood or metal. In present case, prototype 
of a helical gear itself is used as a pattern to make a 
rubber mould.  
Preparation Of Rubber Mould 
The rubber mould was made out of "SYLARTIVI-12", 
Silicone rubber vulcanizing at room temperature as shown 
in fig.3. 
Model Casting 
The model was prepared out of epoxy resin AY-103 
araldite mixed with HY-951 hardener. The following 
procedure was carried out step by step to cast the model 
as shown in fig.4 
 

 
 

Fig.4. Photo-elastic Model of Helical Gear 
 

 
2.2. Designing a Loading Frame 
The next step after casting the model is to design a 
suitable loading frame, to simulate actual loading 
conditions of prototype to model.  
A) Load calculation 
Load calculation involves calculating torque and 
tangential load acting on prototype of a helical gear and 
simulating this load acting on a model. 
Consider a helical gear (Pinion) as shown in Fig. 2 
The speed of helical gear (n)    =  760 rpm  
Torque transmitted by helical pinion =    Mt  
Power transmitted by gear box (P) = 2.2 Kw 

660 10 .
2t

PM N mm
nπ

× ×
=  

 
660 10 2.2 .

2 760tM N mm
π
× ×

=
×

 

 

21894.4 .tM N mm=  
Tangential component at pitch point is Pt 

2t t
dP M× =  

 
Where, 
d=Pitch circle diameter 
Pt=729.83N                                 
Resultant Force= PN 
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cos
t

N
PP α=  

α=helix angle 
PN = 729.95 N 
Therefore, torque on pinion helical gear = 21894.9 N 
Tangential force acting on gear tooth  = 729.83 N 
Torque acting on a model of helical gear - Trial and error 
method has been carried out for deciding load to apply on 
a model. The experiments has been carried out for 0.5kg 
load , 0.75 kg load, 1 kg load & it was found that at least 
1kg load was required to produce adequate no. of fringes. 

B) Design and Construction of Loading Fixture 
The design of a loading frame is such that it should 
simulate the actual conditions in which the helical pinion 
is operating. 
Both end of pinion and driver gear shafts are fixed in ball 
bearing 6305.The bearing housings are bolted to mild 
steel angle (l0xl0mm) frame. The pinion gear shaft is 
provided with hole, in that hole the lever is fitted for 
application of load to restrict the angular motion of driver 
gear and thus simulate the actual working condition. 
Fig.5. Shows a model loading fixture used. 
 

 
 

Fig.5. Loading Fixture 
 
3. STRESS FREEZING 
 
After mounting a model on a loading frame, a model 
along with loading frame was placed in a stress freezing 
oven. The calibration disc was also placed in a separate 
loading frame and kept inside stress freezing oven. A 
stress freezing oven (Han young Make) having "PX 09" 
process controller was used for stress freezing purpose. 
Fig. 6 shows a stress freezing oven. Temperature rise rate 
was kept 10° C/hr up to soaking temperature of 80°C, the 
soaking time was kept 4 hrs and cooling rate was kept 
2°C/hr. A typical stress freezing cycle was similar to 
shown in fig 7. The model was loaded initially. The total 
stress freezing cycle was observed to be of 38 hr. 
 

 
 

Fig.6. Stress-freezing Oven 
 

 
 

Fig.7. Stress-freezing Cycle 
 

4. SLICING PLAN 
 
The slices were cut by employing horizontal milling 
machine with high speed (1500 rpm) and slicing saw of 
1mm thickness. Because of symmetrical shape of the 
model and symmetrical loading, it was decided to slice 
longitudinal and no need of transverse and cross slices. 
Sufficient amount of cutting oil is spread at the time of 
cutting as coolant. Slice thickness was kept 3mm. After 
cutting the slices, the surface of each slice was finished 
manually with the help of zero number polish paper. 
SAE- 40 oil was used as a lubricant. Figure 8 shows the 
slicing plane for present helical gear. 
 

 
 

Fig.8. Slicing of Helical Gear 
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5. MATERIAL FRINGE VALUE 
 
The material fringe value Fσ is defined as number of 
fringes produced per unit load. The material fringe value 
is the property of the model material for a given 
wavelength (λ ) and thickness of the model (h). Here the  
circular disk subjected to dimensional compressive load is 
employed as a calibration model.  
 
5.1. Procedure to Find Material Fringe Value 
 

The circular disc of diameter 50 mm and thickness 6mm 
was used to find material fringe value. This circular disc 
was loaded under compression by special fixture. A 
compressive load of 2Kg was applied to find material 
fringe value. This circular disc was also subjected to same 
stress freezing cycle as that for the model. 
Viewing through dark-field of circulated Polar scope, 
locked isochromatic fringe pattern was observed as shown 
in fig.9. 
 

 
Fig.9. Isochromatic Fringe Pattern 

 
By using following equation, the material fringe value 
Fσ , at critical temperature were found out. 

8PF
DNσ π

=  

Where, 
P= Load applied= 2kg=19.6 N 
D= Diameter of Disc= 55mm 
N= Fringe order observed at the centre of disc=2.66 
 
Substituting these values in above equation, 
 

8 2 9.81
50 2.66

Fσ π
× ×

=
× ×

 

 
0.37 /F N mmσ =  

 
5.2. Stresses Developed in Slices 
 

At root of marked tooth (that is in point contact) on the 
each slice, the isoclinic and isochromatic fringes were 
observed by using plane and circular Polariscope. All the 

values of fringe orders were noted down. The figure 10 
shows the longitudinal slices observed.  
 

 
 

Fig.10. Longitudinal Slices 
 
The stresses developed in each slice at root of marked 
tooth   point have been calculated as follows.  
Specimen Calculations: 
Slice No.l 

1

2

1 0.36 1.36
2 0.62 1.38

N
N

= + =
= − =

 

Fringe order (N) 

1 2

2
N NN +

=  

1.37N =  
Material Fringe Value= 0.37 N/mm 
Slice Thickness (h) = 3 mm 

1 2
N F

h
σσ σ ×

− =  

(As 2σ =0  and 1σ = Bending Stress) 

1.37 0.37
3bσ
×

=  

Therefore stresses developed in model = 0.168 N/mm2 
 
5.3. Slicing Model to Prototype 
Scaling the stresses from model to prototype was carried 
out as follows: 
We have, 

p m m
p p

m p p

T h L
T h L

σ σ
⎛ ⎞ ⎛ ⎞⎛ ⎞

= × × ×⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ ⎝ ⎠
 

Where, 
Tp=Torque on prototype 
Tm=Torque on model 
σp=Stresses produced in prototype  
σm=Stresses produced in model 
As model and prototype have same dimensions, 
hm=hp and Lm=Lp 
Therefore, 

p
p m

m

T
T

σ σ
⎛ ⎞

= ×⎜ ⎟
⎝ ⎠

 

We have, 
Torque on prototype= 21894.9 N.mm 



Prashant Patil, Narayan Dharashiwkar, Krishnakumar Joshi, Mahesh Jadhav: 3D Photoelastic and Finite Element Analysis of Helical Gear; 
Machine Design, Vol.3(2011) No.2, ISSN 1821-1259; pp. 115-120 
 

 119

Torque on model= 166.67N.mm 
2184.90.168
166.67pσ ⎛ ⎞= ×⎜ ⎟
⎝ ⎠

 

222.6p N mmσ =  
Stresses produced in a prototype in slice No 01 

 

 
 

Fig.11. Plot of Bending stress v/s tooth width 

 
Table 1. Bending Stresses produced by experimental 
method in a prototype gear tooth at root for 21894 N-mm 
 

Slice No. Bending stress in  N/mm2 
1 22.06 
2 18.47 
3 13.13 
4 10.50 
5 0.0 

 
6. STRESS ANALYSIS OF A "HELICAL 

GEAR TOOTH" BY USING ANSYS 
SOFTWARE  

 
Using tetrahedral meshing stress analysis of a helical gear 
has been carried out as shown in fig. 12 
 
 

 
 

Fig. 12 Meshed Model of Helical Gear 

 
 

Fig. 13 stress variation at root of gear tooth prototype. 
 
7. RESULT ANALYSIS 
 
In helical gear the engagement between driver gear and 
driven gear teeth begins with point contact and gradually 
extends along the tooth surface. Due to initial point 
contact in helical gear the bending stresses produced at 
critical section (root of tooth) are maximum as compared 
to spur gear, which has kinematic line contact.  
The calculation of maximum stresses in a helical gear at 
tooth root is three dimensional problems. The accurate 
evaluation of stress state and distribution of stress is 
complex task. The stresses produced at any discontinuity 
are different in magnitude from those calculated by 
elementary formulae. It is observed that, a small 
discontinuity in a part will have effect of increasing the 
stress. This will result in increasing the stresses and stress 
raising effect is calculated by stress – concentration 
factor. The measurement of stress concentration in helical 
gear is of considerable importance because 
mechanical failures of gear teeth frequently due to 
fractures which are initiated through the stress 
concentration. 
As stress distribution in helical gear teeth is complex, the 
three dimensional photoelastic analysis techniques has 
been carried out which not only measures the stress but 
also gives idea about stress distribution along the tooth 
width. 
 
8. CONCLUSION 
 
1) It has been observed that, the three dimensional Photo 

elastic stress analysis technique using stress freezing 
phenomenon is the best method for experimental 
stress analysis at tooth root of a helical gear. 

2) Low temperature curing epoxy mixture is the good 
material for casting of such type of components. Good 
castings can be obtained by using silicone rubber 
moulds. 

3) Only longitudinal slices are helpful in exhibiting the 
stresses - pattern at tooth root in helical gear. The 
longitudinal slices reveal information about bending 
stresses and these slices are also useful in determining 
"stress- concentration" in bending. 
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4) There is fairly good agreement between experimental 
and finite element results. The error in maximum 
bending stress is found to be 6.5%. 

 
Table 2. Comparison of Experimental and FEA Value 
 

Experimental value FEM value % variation

22.06 (N/mm2) 23.63 (N/mm2) 6.5 
 
5) From the plot of bending stress verses tooth width 

(shown in fig. 11); it is evident that bending stress 
value goes on decreasing in Z direction. 

6) The failure of helical gear of PIV gear box may be due 
to improper alignment or due to improper heat 
treatment process during teeth hardening. 
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