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Abstract— This paper addresses the design validation of
Selectable All Wheel Steering setup. Selectable All Wheel
Steering is a technology that improves maneuverability in
cars. Design optimization is a key element in finding
optimal resource utilization. We will be further studying the
static load analysis on the Selectable All Wheel Steering
gearbox. Moreover, we will see how much steering torque is
required for the steering purpose in a vehicle equipped with
Selectable All Wheel Steering gearbox. We will also study
the selection of gear ratios for the Selectable All Wheel
Steering gearbox and the force analysis on the connecting
pin of Selectable All Wheel Steering.

Key words: ATV, All Wheel Steering, Spur Gears

. INTRODUCTION

The steering system allows the driver to control the direction
of vehicle travel. This is made possible by the linkage that
connects the steering wheel to the steerable wheels and tires.
The steering system may be either manual or power. As the
driver turns the steering wheel, the movement is carried to
the steering gear. It changes the rotary motion of the steering
wheel into straight line or linear motion. The linear motion
acts through steering linkage or tie rods attached to the
steering knuckle arms then pivot inward or outward on ball
joints. This moves the wheels and tires to left or right to
steering. [1]

“Selectable All Wheel Steering” enables the driver
to choose between the two different modes of steering i.e. to
switch from front wheel steering to all wheels and back
from all wheels to front wheel as per the requirement. [2]

Il. BACKGROUND

The rapid popularization of automobiles in the 1960s
backlashed in the 1970s, however. Various problems began
to emerge, from environmental pollution and traffic
congestion to growing numbers of traffic accidents and
recalls of defective vehicles. In response to public concerns,
significant efforts were made to address these problems. The
ESV (Experimental Safety Vehicle) program, led by
NHTSA (National Highway Traffic Safety Administration, a
U.S. agency), was one such effort.

Honda vehicles were at the time essentially front-
engine, front-wheel-drive (FF) models. In an FF vehicle the
rear wheels play a relatively minor role, since the front
wheels perform around 80 percent of the steering, driving
and braking. Compared to the front wheels, the rear wheels
are merely in place as a means of support, ensuring that the
car moves ahead in a straight and predictable fashion.

The brainstorming session produced certain
discussions that led to an interesting fact: although there
were cars with four-wheel brake systems and four-wheel
drive, steering control was universally given to the front
wheels. Naturally, they wondered if they could utilize the
idle rear wheels to provide some steering function. With
that, an initial concept was defined. The fact that Honda had

vehicles of FF specification made the idea all the more
intriguing. If the rear wheels could be employed in a way
that provided some steering control, dynamic performance
would improve significantly. The research engineers began
to ponder that question, and as they did their desire for a
new challenge was awakened. [3]

While the Mechanically Operated SAWS
arrangement is among one of the most compact and cost
effective systems which can be installed in an ATV without
making many changes.

Fig. 1: Different Steer position

I11. DESIGN ANALYSIS

In its simplest terms, design analysis is a powerful software
technology for simulating physical behavior on the
computer. Will it break? Will it deform? Will it get too hot?
These are the types of questions for which design analysis
provides accurate answers. Instead of building a prototype
and developing elaborate testing regimens to analyze the
physical behavior of a product, engineers can elicit this
information qqickly and accur-ately on the computer.
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Fig. 1: Dra\-Ning image
Because design analysis can minimize or even
eliminate the need for physical prototyping and testing, the
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technology has gone mainstream in the manufacturing world
over the past decade as a valuable product development tool
and has become omnipresent in almost all fields of
engineering.[4] The aim of this part was to analyze the
selectable four wheel steering system gearbox and to
determine the steering ratio and steering torque.

A. Calculation of Steering Torque

The following equations and methods were used to
approximate the minimum torque required to be applied on
the steering wheel in order to turn the wheels. The equations
follow the assumptions that the displacement of wheels
occurs by rotation around the steering axis. We consider
individual wheel. As our vehicle is four wheels steering so
we would calculate torque required for both front and rear
steering systems separately.

The section of the wheel that is in contact with the
ground is described as tire patch and in reality it is elliptic in
shape. However the tire patch can be modeled as a circle
based on the following relationship:

IT *Rpatch2*Ptire= Wwheel
Rpatch:Radius of circular patch
Ptire: Pressure inside the tire
20 psi = 138333.33N/mm2
Wwheel: Weight of the vehicle supported by the wheel
= (380*0.4*9.81)/2 =745.56 N

As the wheel rotates a resistive torque is generated
due to the friction between the contact surface and the
wheel.

(1.1)

The total torque needed to overcome thefriction is

given by the equation:
T = (2 * u ¥ Wwheel* Rpatch)/3  (1.2)

Assuming the steering arm is perpendicular to the
rack, the force of the rack exerted on the steering arm is
described as:
F*Lsteer=T
F: Force exerted onto the steering arm by the rack
Lsteer: Length of the steering arm=.106 m
T: Total torque applied on the wheel
p:Coefficient of friction between the road and the tire = 0.8
Rpinion: Radius of the pinion gear=.006 m
1) Front Wheels:
It is also important to consider that rack is connected to the
pinion and pinion receives torque input from the steering
column.

Total torque required to overcome the resistance of
the wheel:

TS =2* F *Rpinion=2*T*Rpinion)/Lsteer (1.3)

Substituting equation (1.2) in equation (1.3) yields:

Ts1=(2*T*Rpinion)/Lsteer={(4*pn*Wwheel*Rpatch* Rpinion

)/ 3}/ Lsteer (1.4)

Substituting equation (1.1) into equation (1.4)
results in final equation for the total torque required to be
applied by steering column to overcome the resistance of the
wheel.
TS1=([{(4*u*Wwheel3/2*Rpinion)/3}/Lsteer]/n1/2)/Ptirel/

2 (L5
= ([{(4*.8%746.563/2*.006)/3}/.106]/n1/2)/138333.331/2 =
2 N-m
2) Rear Wheels
W = (380*0.6*9.81)/2 = 1118 N
TS2

=([{(4*n*Wwheel3/2*Rpinion)/3}/Lsteer]/ m1/2)/Ptirel/2
(1.6)
=([{(4 *.8 *11183/2 * .006)/3}/.106]/ ©1/2)/138333.331/2
=3.67 N-m
TS=TS1+TS2=5.67 N-m
FS =[(5.67)/0.06]/2.54
=372N .7

TS: Minimum torque to be applied by the driver on
steering wheel to make the tires move

FS: Minimum force to be applied by the driver on
steering wheel to make the tires move

It should be noted that final value obtained from
equation (5) neglects any loses in the steering system
possible losses that were not accounted for include the
pinion rack gear mesh, steering column deflection and the
parallel component of the force exerted on the steering arm
by the rack. Neglecting these loses obtained a lower bound
value for the torque. [5]

B. Selection of Gear Ratio

Maximum steering angle: 45 degree

Ratio of steering, wheel to rack is 17.1:1

Therefore, for 45 degrees rotation of wheel the rotation of
steering wheel is

= 17.1x45 = 769.5deg.

The minimum gear ratio required between input/output gear
and idler = 769.5/360 = 2.1375:1

Thus for convenience the selected gear ratio between idler
and input/output is 3:1

C. Forces on Connecting Pin

Taking the maximum value for the calculation of force
acting on the pin TS2=3.67 N-m

Using,

Gear ratio= 3= (T2/T1)

Where “T2” is the torque on Idler gear

T2=11.01 N-m

Force on the connecting pin, F=T2/r

Where “r” is the distance of connecting pin on Idler
F=11.01/0.03=367 N

FOS=2.75

D. Static Load on Gears

Total Force acting on the central shaft Fa= 37.2 N
[from equation (7)]
Lewis Equations: Ft= cbymCvxn
Where, o- Strength
b-Face width

Ft-Static Load
m-Module
Cv-Velocity Factor

Y- Lewis form factor
Y=0.124-0.684/zy
Y =0.124-0.684/2
Y =0.1004
m=3.2
Cv=4.58/(4.58+8.33)=.355 (For speed up to 30 Km/Hr)
6=120 MPa
Ft=120x.355x3.2x.1004x3.14
Ft =42.955N
Therefore, Ft>Fa (42.95>37.2)
The Gear is Safe
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Fig. 3: General layout of the selectable steering gearbox

GEAR SHIFTER

Parts Dimensions (mm)/ Type | Quantity
Idle Gear 95 (29 teeth’s) 2
Input/output 32 (10 teeth’s) 2
Bearings 6202 RS (deep grove) 2
Bolts M8 4
Bushing 30 (OD) 2
Pin 30x5x5(Ixbxh) 1
Snap Rings ID 40 4
DOG shaft Diameter 45 1
MS plates 17.5x13x4 2
Gear Shifter Alfa 1

MS Shaft Diameter 10 20 inch

Tablel: Components Used

IV. CONCLUSIONS

From the above analysis we have validated the design of the
Selectable All Wheel Steering Gearbox. Conclusions drawn
are:

—  Steering Torque required is  5.76 N-m

—  Gear Ration between Idler and I/P gear is 3:1

-~ FOS of Connecting Pin is 2.75

-  Ft>Fa
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