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Design and Optimatization, Weight Reduction 
of Rear  Axle  Banjo Housing  for Light Weight 

Vechicle.

* S Surya Narayana

This paper describes the analysis of Design and optimization, Weigh Reduction of Rear Axle Banjo housing for Light Weight 
Vehicle using. This paper also discusses several other points of interest in the analysis. These include the vehicle dynamics, 
Sheet metal designs, Formability, Finite Element Analysis and Manufacturing Process.
This paper is rear axle housings for pickup truck comparison between the Salisbury and Banjo type. Actually the Salisbury 
model is being currently employed on the project vehicle, so the purpose of this project is to design Banjo axle housing which 
would be better in terms of strength and reduce weight as compared to the existing model. Rear axle assemblies include a 
number of components which are adapted to transmit rotational power from an engine of the vehicle to the wheels thereof. 
Before final assembly of axle housing it has to be analyzed to make sure that it withstands impact and heavy load for safety. 
Engineering stress estimation is very essential to find safety of the structure. Stress analysis gives prior idea of the structure 
for optimum results. Many methods like Analytical, Experimental and Numerical methods are available to estimate stress 
and strain estimates on the problem. But Analytical methods are suitable for simple problems, and Experimental methods 
are difficult to apply and will not complete information of the problem. Due to this numerical methods are dominated in the 
stress analysis field. Implementation of Finite Element Methods for structural analysis is possible due to the emergence of 
fast computing technology. The accuracy of the numerical methods directly depends on the quality of the mesh. So Rear axle 
assembly design and cad model in Catia V5, Meshing in Hyper mesh, software along with Abacus, Formability analysis in Fast 
form is considered for analysis. I would compare Salisbury and Banjo rear axle assemblies with respective of strength, weight 
reduction. The weight of Banjo axle housing is 58.5 kg and Salisbury axle housing is 68.5kg. Directly weight saving 10kgs in 
rear axle housing, this paper would provide a systematic approach to design and optimization Weigh Reduction of Rear Axle 
Banjo housing assembly.

ABSTRACT

 INTRODUCTION: 
The rear axle is part of the power train of a rear-wheel-drive 
vehicle. The term “power train” is used to describe the parts 
of a vehicle which make the drive wheels move. The primary 
function of the rear axle is to transfer engine torque (rotating 
force) from the propeller shaft to the rear wheels. The amount 
of torque (or rotating force) is measured in new tons per meter 
at a given speed, measured in revolutions per minute. Since 
the rotation of the vehicle wheels is perpendicular to the rota-
tion of the propeller shaft, the rear axle is designed to provide 
a 90° change in rotation the rear axle is also designed to 
split the engine torque between the two wheels. In a rear-
wheel drive vehicle, power from the engine is transmitted 
through the transmission and propeller shaft to the rear axle. 
The rear axle provides the torque to the vehicle wheels. All of 
these components are combined to form the power train of a 
rear wheel drive vehicle. The speed and acceleration provid-
ed by the power train is dependent on all of the components 
of the power train.

 Rear axle assembly, engine power enters the drive pinion 
gear from the drive shaft assembly and differential pinion 
yoke/flange. The drive pinion gear, which is in mesh with 
the ring gear, causes the ring gear to turn. The interaction 
of the ring and drive pinion gears turns the power flow at a 
90°The difference in the number of teeth on the ring and 
pinion gears causes a reduction gear ratio. This reduces turn-
ing speed, while increasing torque. Power from the ring gear 

flows through the differential case, spider gears, and side 
gears to the drive axles. The drive axles transfer power from 
the differential assembly to the rear wheels. Axle housings are 
generally classified into Salisbury and Banjo type. Salisbury 
axle housing type is a unitized carrier construction is directly 
connected to the two tubes (which house the axle shafts). 
An opening is provided at the rear of the carrier to permit as-
sembly of the differential there in. This opening is closed by 
a cover during use. Banjo axle housing type is a separable 
carrier construction. The axle tubes are connected together 
by a central member which is formed separate and apart from 
the carrier. This central member is generally hollow and cy-
lindrical in shape, having a large generally circular opening 
formed there through. During assembly, the differential is first 
assembled within the carrier, and then the carrier is secured 
to the central member. 
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ENGINEERING ANALYSIS OF REAR AXLE ASSEMBLY: 
Maximum Power , Pe =47.8kw @ 3500 rpm

Maximum Torque , Te =150 N-m @ 1700 -2200 rpm 

 

Gross Vehicle Weight, GVW = 2500 Kg ; Over load of Vehicle 
Weight = 3500 Kg

Rear axle side Vehicle Weight = 1450 kg; SLR (statically load-
ed radius =303 mm 

Wheel Base ,W =2800 mm ; Rear Truck R = 1360 mm ; 
Ground Clearance =180 mm

A is CG from front Axle = 1028 mm; B is CG from Rea Axle 
= 1772 mm

Height is CG H = 965 mm ; Gear Ratios= gr 4.22,1.75,1.05,0.90 
&3.66

Differential ratio ar = 4.4 ; Transmission efficiency h =90%

Torque at rear wheels, Tw = (gr ar ) x h x Te = 2645.9 150 N-m

Tractive efforts, Fe = Torque at rear wheels = 8732.4 N
			    Statically loaded radius

The speed of the vehicle in km/h = 2p SLR x60 x RPM 
				             1000 x (gr x ar ) 

High speed Va1 = 105 kmph ; low speed Va2 = 21.5 kmph ; 

Braking (commonly considered as 1-2 g load case) =  
µ [W ( B/W ) + ma(( H/W )]

Vertical (commonly considered as 3 g load case) =  
3/2 [W( B/W ) + ma(( H/W )]

Lateral (commonly considered as 2g load ) =  
W [ H*g+ a* H] / g*R	  

Rolling resistances = 9.81 x Crr x m x V (Crr= coefficient of 
rolling resistance ) / 3600 

To get from normalized longitudinal force to actual longitudinal 
force, multiply by the load on the wheel.     Flong = Fn, long * Fz 
where Fn, long is the normalized longitudinal force for a given 
slip ratio and Fz is the load on the tyre. Flong = Ct * slip ratio.

Flateral = Fn, lat * Fz where Fn, lat is the normalized lateral 
force for a given slip angle and Fz is the load on the tyre.

ANALYSIS OF REAR AXLE ASSEMBLY:
The purpose of this analysis was to determine the stress in 
the banjo housing assembly under beaming and break torque 
loads. Fatigue life predictions were also requested.

The carrier, carrier bolts, diff bearings, bearing caps and bolts, 
diff case, diff pin, and ring gear were modeled. The cover weld 
was tied to the housing and the cover. The stiffening ring weld 
was tied to the housing and the stiffening ring. The carrier 

bolts were tied to the housing and stiffening ring. Contact was 
modeled between the carrier and stiffening ring, between the 
stiffening ring and housing, and between the cover and hous-
ing. All bracket welds and backing plate welds were tied to 
bracket and housing 

The flange faces were connected to a reference node on the 
same plane, and coincident with the y-axis, via a kinematic 
coupling. Boundary conditions and loads at the flanges were 
applied to these reference nodes. The top surfaces of the 
spring seats were connected to a reference node via a kine-
matic coupling. Boundary conditions at the spring seats were 
applied to these reference nodes.

For the beaming analysis and the initial brake torque analy-
sis, the flange reference nodes were not constrained. For the 
revised braking analysis, the flange reference nodes were 
only allowed to rotate around the y-axis (axis of the tubes), 
and translate along the y-axis. For the beaming and braking 
analyses, one of the spring seat reference nodes was held 
fixed in all 6 degrees of freedom, except for rotation about the 
x-axis (the axis approximately parallel to the pinion axis). The 
other spring seat reference node had the same constraints, 
except that it was also allowed to translate in the y-direction 
(along the axis of the tubes). Note that the weld between the 
two sides of the housing was not modeled. All loads were ap-
plied to the reference nodes at the flanges. Because the actual 
loads are applied at the tread centers and/or SLR (statically 
loaded radius), equivalent force and moment couples were 
calculated and applied at the flanges. The 4.5º nose angle was 
also taken into consideration when calculating the loads to be 
applied at the flange For the FEA, elastic properties of steel 
were used for the housing, cover, brackets and all welds. For 
the fatigue analysis, Stress results and fatigue life predictions 
were requested for beaming and braking loads. The results 
are presented here. Two different sets of boundary conditions 
were used for the brake torque analysis in section 

 

THE MAXSTRESS TO THE YIELD STRENGTH 325 MPA
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THE MAXSTRESS TO THE YIELD STRENGTH 325 MPA  

FORMABILLITY ANALYSICS OF BANJO HOUSING

  

 Forming Diagram Thickness Results 

RESULTS: 
The Rear Axle Housing has been built using Catia V5 import-
ed to hyper mesh. The meshed model has been exported to 
Abacus for application of boundary conditions and execution. 
The weight of Banjo axle housing is 58.5 kg and Salisbury 
axle housing is 68.5kg. Directly weight saving 10kgs, The von 
Mises and maximum principal stress in the housing assembly 
and brackets. The stress in the housing does not exceed the 
yield strength which is approximately 325 MPa. The highest 
stress is 317 MPa and is on the tensile side of the housing. 
The highest max principal stress in the assembly is 817 MPa, 
located in the spring seat weld. The stress for brackets is 818 
MPa, The Formability Analysis of banjo 4.5 mm uniform thick-
ness to verify stress results are acceptable. 

CONCLUSION
 This research work being done in the fruitful results as the 
design comparison for pick up trucks of rear axle housings 
was done for the first time. So, what it has been done would 
provide some kind of base to them so that they could take 
this to next level by doing some extensive analysis of 2-piece 
banjo axle housings. The conclusion of this project is very 
straightforward that banjo axle housing is much better than 
the Salisbury axle housing, not only in terms of design and 
analysis but also in terms of manufacturability as discussed 
earlier. By implementing this axle housing a lot of weight can 
be saved. There are some scopes of improvement possible 
in the proposed design of Banjo axle housing with certain 
modifications required 2-piece banjo axle housings to 3-piece 
banjo housing; this proposed design of axle housing can be 
beneficial in terms of materials saving. Thus, the sole purpose 
of the project which was to analytically prove that 2-piece 
banjo axle housing is better than the Salisbury axle housing 
has been fully served both theoretically and analytically.
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