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Abstract

Handling is the key feature that most of the people look for in their automobiles. This led to the development
of “Four Wheel Steering" concept. It is a system that allows the rear wheel to turn, rather than following the
front wheels. The steering box contains constant mesh spur gears which allows the driver to pick up any
steering ratio according to his necessity. The concept of four wheel steering allows the driver to decrease the
turning radius, so that the vehicle can take small turns. The reason for the system not being implemented in
the commercial vehicle was its expensiveness. The main aim of this paper is to turn the rear wheels out of
the phase. In order to achieve this, a system of constant mesh gearbox is used which transmits a 100% torque
and will assist the rear wheels to turn in the phase or out of the phase.

Key words: Steering Box, Spur Gear, and Turning Radius.

1. Introduction

In order to increase the performance, stability and the driving pleasure, some improvements are achieved using
technologies such as active-suspension, anti-lock braking system, traction control system, electric steering
system and the Four Wheel Active Steering System.

Of the above mentioned topics, four wheels active steering system will be discussed. Theoretical research has
been done by various researchers and quiet progressive ideas have been introduced but the current device has
problem which needs to be solved. To understand this system clearly, a general idea and an application of
constant mesh gear box with involute tooth profile of spur gear is required. Because of the present
circumstances, this paper focuses only on the design of the four wheel steering. Here, the Creo Parametric 2.0
is used to design the basic model on the computer. Firstly, out of the cars currently in the production, a basic
model was used to study the Rack and pinion steering, it is then applied to the rear wheels.

This paper focuses on the mechanical feasibility and the innovative design involving a rack and pinion system
for rear wheels connected to the steering column by a combination of spur gear assembly. The movement of
the rear wheels is done by the movement of rear pinion, which in turn moves the rear wheels.

1.1 Four Wheel Steering

Vehicle performance in turning can be enhanced by actively steering the rear wheels as well as front wheels
(4WS). Active steering is accomplished by the steering action applied directly to the rear wheels, in contrast to,
Passive steering in which compliances are purposely designed into suspension to provide incremental steer
deviation that improves cornering!?. Four wheel steering may be used to improve low speed manoeuvrability
and/or high speed manoeuvrability.

1.2 Component
The four wheel steering consist of the following components:-
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1.3 Spur Gear

Spur gears are the gears in which the teeth are cut parallel to the axis of the shaft. Spur gears are used only
when the shafts are parallel. The profile of the gear tooth is in the shape of involute curve and it remains
identical along the entire width of the gear wheel. Spur gears impose radial loads on the shafts.

1.4 Spur Rack and Pinion

Spur rack is a special case of spur gear where it is made of infinite diameter so that the pitch surface is plane.
The spur rack and pinion combination converts the rotary motion into translatory motion, or vice-versa. It is
used to convert the rotation of steering wheel into left-to-right motion of the tie rod(s).

1.5 Constant Mesh Gearbox

A constant mesh gearbox is used to alter the rotational speed and torque that the front pinion delivers to the
rear wheel of the vehicle. It uses different arrangements of the gear to achieve different turning ratios. The
different rotational speeds, in this transmission, is made by shifting toothed cone clutches rather than the
individual gears as the gears are always in mesh.

1.6 Input Shaft
It is a rotating element that transmits the power from front pinion to gear. All the gears mounted on this shaft
are free to rotate about their axis.

1.7 Output Shaft
It is a rotating element that transmits the power from the gear to the rear pinion. All the gears mounted on this
shaft are keyed to the shaft.

1.8 Rack Stabilizing Unit
It is an electronic device that returns the rear rack to its original position, every time, the gear lever passes
through the neutral position, in order to maintain the rack in its correct position.

1.9 Gear lever

It is the same lever which is used to shift transmission in the gearbox of the engine with some modifications.
The lever is extended and connected to the holder which synchronises the gears in the same fashion as that in
the engine. If any transmission is changed in the engine, the same will affect the transmission in the gear box
which will rotate the gears accordingly. This is done with the help of a linkage mechanism.

1.10 Steering System

The aim of the steering system is to achieve the angular motion of the front wheels to negotiate a turn. With the
help of linkage mechanism and steering gear, the rotatory motion of the steering wheel is converted into the
angular motion of the front wheels. This mechanism is also applied on the rear rack, which will assist the
angular motion of the rear wheels.
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2. Design of Four Wheel Steering

2.1 Basic layout

/ Front Pinion

|
!
Input Shaft > [ : o Steering Wheel

a-

Gearbox > ' | Gear lever

[ |
Output Shaft — > i —
P | Rear Pinion
Rack Stabilising Unit J \ / .

Figure 1: Basic Layout of the 4WS.

2.2 Proposed view in Creo Parametric 2.0

Rear Pinion

™ Output Shaft

Holder for Gear Lever

/ " Input Shaft
L/

s o Steering Rod

Figure 2: Creo model of 4WS.
2.3 Gearbox design

Dog Clutch Input Shaft

Output Shaft

Figure3: Gearbox design in Creo.
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2.4 Spur Gear Assembly

For Low Speeds

For High Speeds

Figure 4: Spur gear Meshing.

3. Method

This paper consists of front and rear rack pinion which is assisted by two pinions; one on the front rack and
other on the rear rack. When the pinion from the steering wheel turns the rack, the rack in turn, rotates the front
pinion. This front pinion is connected to the input shaft. When the lever is pulled and the dog clutch meshes
with the free gear mounted on the input shaft. The input gear meshes with the output gear which is keyed to the
output shaft. Hence, it provides a rotational speed to the output shaft, which rotates the rear pinion and in turn,
rack follows a translatory motion. The gear lever which is used to change the engine torque is modified and is
held in the holder which allows the motion of the dog clutch. The main focus of designing the model was to
use the front and rear rack at the same time.

3.1 Condition Of True Rolling

While taking a turn, the condition of perfect rolling motion will be satisfied when all the four wheel axes will
be projected at a point and the fundamental equation of correct gearing will be satisfied.

Cot¢ - Coto =c/b 1)

b

Wheel baseCt)

Figure 5: True Ackermann Steering Gear.

3.2 For Low Speeds

At slow speeds, the rear wheels turn in the opposite direction to that of front wheels. This mode is used to
navigate through crowded places where it will decrease the turning radius. As the speed keeps on increasing,
the turning of the rear wheels will keep on decreasing, due to the use of gearbox, as shown in figure 4.

Figure 6: Low Speed Steering.
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3.3 For High Speeds

At high speeds, turning of the rear wheels through an angle opposite to the front wheels might lead to vehicle
instability, and is thus unsuitable. As the vehicle is moved to the highest gear, an extra pinion is used to change
the phase of the gears, due to which at high speeds, the front wheels and the rear wheels will be in the same
phase.

Figure 7: High Speed Steering.

3.4 Power Transmission

Primary Reduction 1.000 (40/40)
Final Reduction 0.633 (31/49)
15t gear 1.000 ( 40/40)
2nd gear 0.905 (38/42)
3d gear 0.818 (36/44)
4t gear 0.633 (31/49)
Reverse gear 1.000 (28/28)

4. Calculations
(Note: All the calculations are done in Sl unit only, except the standard specifications.)

Table 1: Standard Specifications of Honda Civic.

Sr. No. Standard Dimensions
1. Wheelbase 105.1"

2. Steering Ratio 14.89

3. Lock to Lock turn 2.87

4 Track width of front and rear rack 60'

4.1 Front Rack

Mass to be moved = 850 kg

Velocity, v =1.0m/s

Time, t =1sec

Acceleration due to gravity, g = 9.81m/s?
Coefficient of friction, p=0.1

Load factor K;=1.5

Lifetime factor, f,=1

Safety factor, Sp=1.0

Linear load distribution factor, L= 1.0

a=1m/s?
1000
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_ 850%9.81x.1+850x1

1000
Assumed feed force = 3kN
Rack---- C45 [induced hardened] module=1.5
Pinion---C45 [induced hardened] module=1.5

ul F
FU(TW)=

=1.68385KN

u tab
utab (@)
K,.S,- f.-Lis

_ 3KN 3
1.5x1x1x1
Fo(r 2y >F,

per
2kN > 1.68385kN

Rack------ module= 1.5, length = 999.03 mm (max), number of teeth = 212
Pinion----module= 1.5, p.c.d = 36mm, number of teeth =24

KN

4.2 Rear Rack

Mass to be moved, m =590 kg

Velocity, v =1.0m/s

Time, t =1 sec

Acceleration due to gravity, g = 9.81m/s?
Coefficient of friction , u=0.

Load factor, K,= 1.5

Lifetime factor, f,=1

Safety factor, Sp=1.0

Linear load distribution factor, Lxnn= 1.0

v
a = —=1m/s?

mgu +ma
1000 1)
~590%9.81x.1+590x1
) 1000
Assumed feed force = 2kN

Rack---- C45 [induced hardened], module=1.5
Pinion---C45 [induced hardened], module=1.5

=1.6879KN

F
Fu(t )= o —
K..S,-f.-Liws )
=;=1.33KN
15x1x1x1

|
Fu(T%)>Fu

1.33kN > 1.16879kN
Rack ---- module = 1.5, length = 999.03 mm (max), number of teeth = 318
Pinion ---- module = 1.5, p.c.d = 40mm, number of teeth = 40

4.3 Calculation For Gears

4.3.1 For primary/ low speed gear reduction:-
Assuming,
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Power rating to be =3 KW
Revolutions per minute = 1000 rpm
Speed reduction ratio =1
The pinion and gear are made of plain carbon steel, o, = 600N/mm?
Starting torque = 150% of rated torque
No. of teeth on pinion (Z,) = 40
No of teeth on gear (Zg) =i *Z, =1 * 40 =40
Torque transmitted (M) = 60*105*KW / 2r*rpm 1)
= 60*106*1000/27*1000
M = 28647.89 N-mm
The Lewis form factor for Z, =40 is Y=0.389
Hence, Diameter of pinion, Dy = 60 mm
Diameter of gear, Dg= i*D, =60 mm
Face width, b= 10*m =15

Check for design :-
Tangential force, P = (2 + M_t)/D_p @

_ 2+ 28647.89/

= ]
Py =954.93 N
Velocity, V= (1 + D_p* N)/(60+ [10] *3) ®)

—T* 6= 1[]'[]'[]').r
Te0 s 103
V =3.14 m/s
Velocity factor, Cy= 3/(3 +V) @)
= 3}'
3+314
C,=0.4884

Effective Force, Pes= C_s/C_v = P_t (5)

=15/0.4884 + 954.93
Pett = 2932.83 N

Beam strength of gear tooth, Sp= m*b*cp*Y (6)
=1.5*15*600*0.389
Sp=5251.5 N
Factor of safety, f,= 5_b/P_eff )
- 52515 f
2932.83
fs=1.8

Hence, the design is safe.

4.3.2 For 2nd gear reduction:-

Assuming,

Power rating to be =3 KW

Revolutions per minute = 1000 rpm

Speed reduction ratio =1.105

The pinion and gear are made of plain carbon steel, o, = 600N/mm?
Starting torque = 150% of rated torque

No. of teeth on pinion (Z,) = 38

No of teeth on gear (Zg) =i * Z, = 1.105 * 38 =42

Torque transmitted, M; = 60*105*KW / 2n*rpm 1)
= 60*108*1000/21* 1000

M; = 28647.89 N-mm

The Lewis form factor for Z, = 38 is Y=0.383

Hence, Diameter of pinion, Dy =57 mm
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Diameter of gear, Dg= i*D, =63 mm
Face width, b = 10*m =15
Check for design:-

Tangential force, P,= 2 M"/D (2
s

=2 2864?.89[5?

Py =1005.19 N
T # Dp ® Nf

Velocity, V = 60 « 10° (3)

57 ¥ 1[IIDIDI;6D 103
%

V =298 m/s
Velocity factor, Cy= 3f3 vV 4

= 3} 34+298
C,=0.501
Effective Force, Pett = C_5/C_v * P_t (5)
=15/0.5013 + 1005.19
Pess = 3007.75 N

Beam strength of gear tooth, Sy = m*b*cp*Y (6)
=1.5*15*600*0.38
Sp= 5170.5N
Factor of safety, f;= S_b/P_eff 7
= 51705/ 3007.75
s=1.72

Hence, the design is safe.

4.3.3 For 3rd gear reduction:-
Assuming,
Power rating to be =3 KW
Revolutions per minute = 1000 rpm
Speed reduction ratio = 1.105
The pinion and gear are made of plain carbon steel, 6, = 600N/mm?
Starting torque = 150% of rated torque
No. of teeth on pinion, (Z,) = 36
No of teeth on gear, (Zg) =i * Z, =1.222 * 38 =44
Torque transmitted, (M;) = 60*10%*KW / 2n*rpm 1)
= 60*105%1000/2x*1000
M = 28647.89 N-mm
The Lewis form factor for Z, = 36 is Y=0.377
Hence, Diameter of pinion, Dp =54 mm
Diameter of gear, Dg= i*Dp =66 mm
Face width, b = 10*m =15
Check for design:-
Tangential force, Py= (2= M_t)/D_p ¥
- 2 = 28647.89 f
54

Pt =1061.03 N
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. T * N
Velocity, V = De fﬁ[} « 103 ®)
—T# 5dx 1[]'[]'[]'?.r
Y60 % 103
V =283 mfs
Velocity factor, Cy= 3/(3 + V) @)
=3/(3+283)
Cy,=0.515
Effective Force, Per= C_s/C_v = P_t (5)
— 1.5/

f D.515 +1061.03
Perr=3090.38 N

Beam strength of gear tooth, Sp= m*b*cp*Y (6)
=1.5*15*600*0.377
s, Sp=5089.5 N
Factor of safety, f;= ""/. P (7
- 5089.5 f
3090.38
fs=1.72

Hence, the design is safe.

4.3.4 For 4th gear reduction:-
Assuming,
Power rating to be =3 KW
Revolutions per minute = 1000 rpm
Speed reduction ratio = 1.105
The pinion and gear are made of plain carbon steel, 6, = 600N/mm?
Starting torque = 150% of rated torque
No. of teeth on pinion, (Z,) = 31
No of teeth on gear, (Zg) =i *Z, =1.581 * 31 =49
Torque transmitted, M; = 60*105*KW / 2n*rpm 1)
= 60*105*%1000/2%*1000
Mt = 28647.89 N-mm
The Lewis form factor for Z,=31is Y = 0.361
Hence, Diameter of pinion, Dy = 46.5 mm
Diameter of gear, Dg= i*D, =73.5 mm
Face width, b = 10*m =15

Check for design:-
Tangential force, Py= (2+ M_t),/D_p @
_ 2% 20647.89
- /465
P=1232.17 N
Velocity, V= (m« D_p« N} /(60 = [10] *3) (3)
—m+ 465+ ‘lDIDIDf
60 = 103
V =2.434 m/s
Velocity factor, Cy= 3f3 vV 4
= 3/(3 +2.434)
C,=0.552
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Effective Force, Peri= Cgfcv P, ©)

=15/0.552 =« 1232.17
Perr= 3348.29 N

Beam strength of gear tooth, Sp= m*b*cp*Y (6)
= 1.5*15*600*0.361
Sp=48735N
Factor of safety, f,= S_b/P_cff (7
= 4873.5/
3348.29
s=1.45

Hence, the design is safe.

4.3.5 For Final/high speed gear reduction:-
Assuming,
Power rating to be =3 KW
Revolutions per minute = 1000 rpm
Speed reduction ratio = 1.167
The pinion and gear are made of plain carbon steel, 6, = 600N/mm?
Starting torque = 150% of rated torque
No. of teeth on pinion, (Z,) = 24
No of teeth on gear, (Zy) =i * Z, = 1.167 *24 =28
Torque transmitted, M; = 60*105*KW / 2n*rpm 1)
= 60*105*%1000/2x*1000
M = 28647.89 N-mm
The Lewis form factor for Z,=24 is Y = 0.337
Hence, Diameter of pinion, Dp= 36 mm
Diameter of gear, Dg= i*Dp =42 mm
Face width, b = 10*m =15
Check for design:-

Tangential force, P;= 2 MVD 2
P

_ 2= ZEEE'AI-'.?".SEI",r
- i6
P:=1591.55 N
m=D =N
Velocity, V = Or ,frﬁu. + 107 @)
—m=360 = IDEI'DJ;
Al

V =1.885m/s
Velocity factor, Cv= 3/3 4y (4)

= 1012

_3
=°/3 + 1885
C,= 0614

Effective Force, Pet = E‘“f .* R ®

=1.5/0.,611 « 1571.55
Perr= 3888.15 N

Beam strength of gear tooth, Sp= m*b*cp*Y (6)
=1.5*15*600*0.337
s, Sp=4550 N
Factor of safety, f,;= =7, Eg (7
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— 4330
- J"IEEEE.IS
fs = 12
Hence, the design is safe.

5. Conclusion

The project was carried out to ensure the stability of the vehicle using constant mesh gears. It is helpful to the
drivers while taking sharp turns and also while taking a small turn. It reduces the overall turning radius of the
vehicle by ensuring that each tie rod plays its part well. This model was made by considering only the smooth
road conditions, fluctuations in the road conditions might damage the input as well as the output shaft. Proper
lubrication might increase the life span of the assembly.

The project has a short coming of synchronising the front rack with the rear rack, if the driver decides to shift
the gear while making a turn.
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