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Abstract— Portal axle or portal gear are an off road 

technology where the axle tube is above the center of the 

wheel hub and where there is a reduction in gear box in the 

hub. A portal axle unit is installed between the wheel and 

the axle shaft to give higher ground clearance to the vehicle. 

Excessive bending stress and contact stress causes the tooth 

breakage at root fillet and pitch point of the gear. This 

project deals the bending and contact stress of spur and 

helical gear in TATRA off road vehicle. Lewi’s and Hertz's 

equations are used to calculate the bending and contact 

stress theoretically. The analysis was performed on three 

different configurations such as without, with one and with 

two idler gear for spur and helical gear and compared the 

results. The gears are modelled by SOLIDWORKS and 

analysed by ANSYS workbench software. Theoretical and 

FEA stress values are compared for spur and helical gear. 

Among these two gears, spur gear shows the minimum 

bending stress and contact stress. 
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I. INTRODUCTION 

Portal axle or portal gear are an off road technology where 

the axle tube is above the center of the wheel hub and there 

is a reduction in gear box in the hub. Portal axle unit is 

installed between the wheel and the axle shaft to give higher 

ground clearance to the vehicle. The input shaft of portal 

axle receives the power from differential unit and sends it to 

portal axle unit and the output shaft transfer the power from 

portal axle unit to road wheels. The portal axle is a gearbox 

unit with at least two gears (input and output gear) 

combined to give greater off-set between the input gear and 

output gear. Portal axles are commonly installed on four 

wheel-drive (4WD) vehicles for driving on off-road 

conditions and to gain additional ground clearance to protect 

underneath components from damage. The comparison 

between a normal vehicle and a vehicle with a portal axle. A 

portal axle gear train with and without idler gears. The input 

gear shaft is connected to the axle whereas the output gear 

shaft is connected to the wheel. The gear which is meshed 

between the input gear and output gear is called the idler 

gear. The idler gear allows the input gear and output gear to 

rotate in one direction. The portal axle gear train is designed 

in a single stage or a double stage to increase the vertical 

offset between the axle and the wheel.  TATRA VEHICLE 

Tatra trucks are a producer of heavy duty off-road trucks. 

Heavy-duty off-road TATRA trucks and vehicles used in 

both commercial and military, operating in the most hostile 

environments throughout the world. Due to portal beam 

axles the vehicles have extremely high ground clearance and 

excellent off-road capabilities. Portal axle in TATRA off-

road vehicle a medium class all-wheel drive off road logistic 

truck, unlike other TATRA trucks and chassis cabs, is based 

on the standard chassis concept-rigid portal axle and a 

ladder frame. As it was required, this mobility off road truck 

has been designed at the border line of medium and heavy 

truck classes and designated for transporting super structures 

up to 5.7t, and also for towing the trailer on both paved and 

unpaved road, as well as in difficult off-road conditions. The 

chassis with 6.5t capacity portal axles and bolted ladder 

frame can carry special superstructures, bodies, shelters or 

standard containers. Central tire inflation system operating 

on the fly is a standard feature. Ground clearance of the 

vehicle is 460 mm.  Portal axle is produced in a small scale 

as modification parts for vehicles to be driven off-road. The 

gears in portal axle are often customized in design to suit 

various Off-road driving conditions. In practice, gear design 

parameters for portal axle are normally determined by 

referring to a number of widely accepted gear standards 

such as the AGMA (American Gear Manufacturing 

Association) standards. 

II. SELECTION OF GEAR PARAMETERS 

Gear parameters are selected based on the power 

requirement. 

A. Vehicle Specifications 

Vehicle Tatra T810 

Power 177 KW 

Max Torque 820 N-m 

Speed Range 1200 to 2300 rpm 

Pay load 4500 Kg 

Ground Clearance 460 mm 

Table 1: Tatra Vehicle Specifications 

B. Spur Gear 

Initially take number of teeth on gear is 20 and the pressure 

angle is 20° to avoid interference. Other gear parameters are 

on the order of module. Gear and pinion materials are taken 

as similar. Both gear and pinion are rotating at the same 

speed. Hence the gear ratio is 1. Number of teeth on gear 

and pinion are equal. Shaft hole diameter is 40 mm to apply 

the boundary conditions and load. Gear profile is involutes, 

full depth spur gear. Contact ratio is 2 

Parameters Formula Values 

Face Width b = 10 M 60 mm 

Pitch Circle Diameter Pc = Z M 120 mm 

Diametrical Pitch Pd= 1/M 0.166 mm-1 

Addendum a = M 6 mm 

Dedendum d = 1.25 M 7.5 mm 

Tooth Thickness T = 1.5708 M 9.42 mm 

Centre distance C = Pc  

Table 2: Spur Gear Specifications 

C. Helical Gear  

Parameters Formula Values 

Face Width b = 10 M 60 mm 

Module M 6 mm 

Pitch Circle Diameter Pc = Z M/cosᴪ 130.36 mm 

Addendum a = M 6 mm 



Analysis of Spur and Helical Gear in Portal Axle Gear Box using Fem 

 (IJSRD/Vol. 4/Issue 03/2016/157) 

 

 All rights reserved by www.ijsrd.com 579 

Dedendum d = 1.25 M 7.5 mm 

Tooth Thickness T = 1.5708 M 9.42 mm 

Centre distance C = Pc Mm 

Table 3: Helical Gear Specifications 

Initially take number of teeth on gear is 20 and the pressure 

angle is 20° to avoid interference. Helix angle is 23° other 

gear parameters are on the order of module. Gear and pinion 

materials are taken as similar. Both gear and pinion are 

rotating at the same speed. Hence the gear ratio is 1. 

Number of teeth on gear and pinion are equal. Shaft hole 

diameter is 40 mm to apply the boundary conditions and 

load. Gear profile is involute, full depth helical gear. 

Contact ratio is 2. 

III. MODELING 

 
Fig. 1: Spur gear train without idler gear 

 
Fig. 2: Helical gear train without idler gear 

 
Fig. 3: Gear train with one idler gear 

 
Fig. 4: Spur gear train with two idler gears 

 
Fig. 5: Helical gear train with two idler gears 

IV. BENDING STRESS ANALYSIS 

The gear tooth bending stress results calculated from the 3D 

FEA model of the gear train of three configurations were 

compared to gear tooth bending stress results calculated 

using the Lewis equation. The gear tooth bending stress was 

calculated using both methods with respect to the increased 

torque load from 200 to 1000 N-m. 

A. Fea Bending Stress without Ideal Gear 

 
Fig. 6: Bending stress for without idler gear 

 
Fig. 7: Bending stress for without idler gear 

Torque ( 

N-m) 

 

Spur 

 

Helical 

Lewi’s 

(MPa) 

FEM 

(MPa) 

Lewi’s 

(MPa) 

FEM 

(MPa) 

200 28.93 30.98 27.50 31.47 

400 57.86 53.03 55.00 62.94 

600 86.80 84.14 82.51 94.41 

800 115.70 107.18 110.01 125.89 

1000 144.65 133.56 137.52 157.36 

Table 4: Lewis’s And Fem Bending Stress For Without 

Ideal Gear 
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Fig. 8: Torque Vs Bending Stress (Without ideal gear) 

 
Fig. 9: Torque Vs Bending Stress (Without ideal gear) 

Both methods show a linear relationship in bending stress 

when plotted against increasing torque load. However, the 

FEM stress results are slightly higher from the results 

calculated using the Lewis formula. This is because FEM 

takes into account the radial load component of the resultant 

force exerted from the torque load, Because of more contact 

ratio which causes higher stress results in helical gear. Fig. 

8. Is clear that the bending stress will be less in spur gear 

compared to helical gear 

V. CONTACT STRESS ANALYSIS 

The contact stress results calculated from the 3D FE model 

of the gear trains with three configurations were compared 

to the contact stress. Results calculated from the Hertz an 

equation. The contact stress on both methods was compared 

to the increased torque load from 200 to 1000 N-m. Here the 

theoretical maximum contact stress is calculated by Hertz 

equation. Also the finite element analysis of spur gear and 

helical is done to determine the maximum contact stress by 

ANSYS Workbench. It was Found that the results from both 

Hertz equation and Finite Element Analysis are comparable. 

Torque ( N-

m) 

 

Spur 

 

Helical 

Lewi’s 

(Mpa) 
FEM 

Lewi’s 

(Mpa) 
FEM 

200 28.93 23.55 27.50 23.88 

400 57.86 53.40 55.00 47.77 

600 86.80 82.12 82.51 71.66 

800 115.70 104.18 110.01 95.55 

1000 144.65 124.56 137.52 119.45 

Table 5: Hertz’s And Fem Contact Stress For Without Ideal 

Gear 

A. Hertz Contact Stress 

For Mt = 200 N-m  

1) Spur Gear 

𝜎 = √
3333.33(

1 

60
+

1

60
)

𝜋∗60∗(
1−0.32

2∗105 +
1−0.32

2∗105 ) 

   (5.1)

 

= 250.85 N/mm2 

2) Helical Gear 

 (5.2) 

            = 357.18 N/mm2 

B. Fea Contact Stress Without Ideal Gear 

 
Fig. 10: Contact stress for without ideal gear 

 
Fig. 11: Contact stress for without ideal gear 

 
Fig. 12: Torque Vs Contact Stress (No idler gear) 
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There is a difference in the results calculated between both 

methods because the Hertz equation does not consider the 

tangential force, which contributes to frictional force on the 

gear tooth surface, Spur gear shows less contact stress 

compared with Helical gear. 

 
Fig. 13: Torque Vs Contact Stress (No idler gear) 

VI. CONCLUSION 

Maximum bending and contact stresses at gear teeth were 

calculated using Finite Element Method for different gear 

trains on spur and helical gear with single pair tooth contact. 

Bending and contact stresses were validated by comparing 

the Finite Element Method results with Lewi’s and Hertz 

theory. Both results have good agreement with a difference 

of 2-5 % on average. Gear train with two idler gears has less 

bending and contact stresses compared to the gear train with 

one idler gear and gear train without idler gear. Gear train 

with Helical gear provides 13.36 mm more ground clearance 

than spur gear train for the same number of the teeth, 

module and pressure angle. Gear train with one and two 

idler gears provides 50 mm more ground clearance than the 

gear train without idler gear train. In general, helical gears 

have more load carrying capacity and also produce less 

noise during power transmission compared with spur gear. 

From this analysis we conclude that theoretical and FEA 

stress values are compared for spur and helical gear. Among 

these two gears, spur gear shows around 20-30% less 

bending stress and contact stress. 
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