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Abstract 

IThe 2018 ishell Formula Bharat group intended to plan and manufacture a custom controlling outline 

that gave high exactness and accuracy, as well as met our spending standards. The underlying outline 

comprised  of  a  close  traditional  rack  and  pinion  plan  that  in corporated  an  extensive  

measurement pinion  adapt.  Be  that  as  it  may,  that  outline  executed  an  unappreciable  precision  

and  cornering capacities. In addition, that plan required extensive guiding power contributions from 

the driver. 

An optional plan was made, that comprised of an additional idler apparatus between the pinion and 

the rack. Moderately little pinion gears were utilized in this new plan when contrasted with the past 

outline, yet  at  the  same  time  bigger  than  the  traditional  frameworks.  For  this,  numerous  

double  pinion controlling components were  considered.  The  greater part  of them  utilized by water 

powered or an electrically activated framework. The benefit of our plan over other double pinion 

directing frameworks is that our outline is a simply mechanical framework. 

On  more  researching  and  computations,  we  decided  the  size  and  determinations  and  directing 

framework was prepared available to us. 

Catchphrases: Rack and pinion, controlling proportion, double pinion component, directing 

instrument, guiding framework, SAE SUPRA directing system, directing, working of controlling 

framework. 

` 
 

When we are chipping away at a national level venture named SAE SUPRA in which the plan 

and manufacture of a Formula understudy race auto was to be done and for that we had the 

errand to diagram a controlling structure that urged the driver to take sharp turns with  less 

undertakings  or  with  less  changes  of  coordinating  wheel.  To  accomplish  this  we  chose  

to change the ordinary directing component that is utilized in the typical street autos i.e we 

wanted
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to decrease the controlling proportion from 18:1(Conventional framework) to 3:1 or 4:1. 
 

 
The  outline  comprises  of  a  traditional  rack  and  pinion  guiding  with  an  additional  idler 

apparatus between them. The distance across of both the riggings has been expanded from the 

ordinary size because of which, enhanced affectability has been accomplished. Be that as it 

may, the additional idler apparatus caused controlling inversion, which was evaded by 

mounting the tie poles on the front piece of upright instead of mounting it at the backside 

which is typically done in autos now a days. 

2. Aim And Objective 
 

The  point  was  to  plan  and  manufacture  a  directing  framework  for  a  race  auto  that  

requir ed  less  exertion  from  driver  for  its  working  and  took  less  transformations  from  

bolt  to  bo lt.  Exactness,  accuracy  and  cornering  capacity  were  additionally  the  real  

concerns. 

The  ordinary  rack  and  pinion  framework  couldn't  be  utilized  as  its  controlling  

apportion  i s  b/w  15:1-20:1,  that  implies  it  takes  3  unrests  from  bolt  to  bolt  at  a  

normal.  Also,  its  ex ceptionally  troublesome  for  the  driver  of  race  auto  to  give  more  

upsets  to  guiding  wheel to  accomplish  full  directing,  so  we  chose  to  lessen  the  

controlling  proportion  to  3:1~4:1. (1) 

3.   Design And Methodology 
 
 
 

 
 
 

 

4.   CALCULATIONS 

P - Power 

N - no. of transformations 

T - Torque 

D - Diameter 

Fzl - Vertical Load, Left Wheel 

Fzr - Vertical Load, Right wheel 

d - Lateral Offset at the ground 

λ     -Lateral Inclination Angle 

δ     -Steer Angle v - Caster Angle
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Cf - Cornering Force 

Fyl - Lateral Force, Left Wheel Fyr - Lateral Force, Right Wheel 

r - Tire Radius 

Fxl - Tractive Force, Left Wheel 

Fxr - Tractive Force, Right Wheel 

d - Lateral Offset at the Ground 

4.1   Power on steering column 

P= (2πNT) / 60 

T= Force * Radius 

T= 250*0.018= 4.5 

P=(2*3.14*18*(250*0.018)) / 60 

P= 8.478 watts 

4.2   Moment due to tractive force 

Et - Engine Torque 

η- Efficiency of Power train Ng - Transmission Ratio 

Na - Driving Axle Ratio / Sprocket Ratio R - Tire Rolling Radius 
 

 
Φ- Adhesion coefficient b/w tyre and road surface Wr-Vehicle weight component on 

the driving  wheels  TE  -  Applied  tractive  force  based  on  engine  torque  TE  max  

-  Max. permissible limit of tractive force Fxl -Tractive Force, Left Wheel 

Fxr -Tractive Force, Right Wheel d - Lateral Offset at the Ground 

Depth of tire = (Aspect ratio/100)*width of tire =(50/100)*175 

Outer radius of wheel = Depth of tire + Rim Radius = 87.5+165= 252.5 

R = Outer Radius of wheel / 1000        =0.2525 

TE = (Et*η*Ng*Na) / R 

TE= 2015 N 

TE max=      (ϕ * Wr) 

= 0.7*7 

= 4.9 N 

Moment due to tractive force = (Fxl - Fxr)*d 

=(2015.1445 - 2015.1445)*25.4 

=0 Nm 

4.3   Moment due to lateral force 

Cf = Cornering force 

W = Weight of vehicle 

ML= Moment due to lateral force 

L = Lateral Force 

m = Mass of vehicle
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W = m*9.8 = 300*9.8=2943 

Cf = TE / W 

=2015.1445 / 2943 

=0.6847 N 

L = (Cf*m) / 4 

=(0.6847*300) / 4 

=51.3543 N 

ML = -( Fyl + Fyr) r tan(v) 

=-(513.543+513.543)*0.2525*tan(5.7) 

=-25.88 Nm 

4.4   Moment due to vertical load 

Fzl - Vertical Load, Left Wheel 

Fzr - Vertical Load, Right wheel 

D - Lateral Offset at the ground 

λ- Lateral Inclination Angle 

δ- Steer Angle 

MV - Moment due to vertical load 

MV= -(FZL + FZR)*d*sin(λ)*sin(δ) + (FZL – FZR)*d*sin(v)*cos(δ) 

MV= -(105+105)*25.4*sin(15)*sin(30) + 0 = -690.20 Nm 

These three factors(tractive force, lateral force, vertical force) affect the steering system. All 

these conditions produce a moment acting about the steer axis, and the moment is balanced 

through  the  steering  rack.  The  total  moment  about  the  steer  axis  is  a  summation  of  

the individual moments. 

Hence, total moment about steer axis (M) : 

Moment due to tractive force + moment due to lateral force 

+moment due to vertical force M = 0 + 17.1094 + (-788.82) 

=-771.710 Nm 

5.    DESIGN 

Wheelbase(b)=1650mm 

Rear Track Width(a)=1250mm 

Front Track Width(c)=1200mm 

Turning radius(R)=4000mm 

6.1   Steer Angle 

θ=R/L=Wheelbase/Radius of turn 

=1645/4000 

=23.57 degree 

6.2   Steering Ratio
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The controlling proportion is the proportion of how much the directing wheel turns in degrees 

to  how  much  the  wheel  turns  in  degrees.  Approximating  most  extreme  swing  to  be  of  

30 degrees  and  directing  wheel  development  to  be  180  degrees  the  guiding  proportion  

can  be figured as 

S.R =180/30 

=6 

6.3   Rack Travel 
 

 
Once the controlling proportion has been computed the rack head out should be chosen. The 

controlling wheel travel for one entire turn =2π x (r = range of wheel) =0.816m Considering 

most extreme cow edge and max rack travel is come to at finish revolution of the directing 

wheel. 

The Steering proportion can be compared to Steering wheel travel to the Rack Travel 

Steering Ratio=Steering Wheel Travel/ Rack Travel 

6=.816/Rack Travel 

Rack Travel=0.136m or 5.35inch 

G = Gear ratio = T / tt= Number of teeth on the pinion, T = Number of teeth on the wheel 
 

Gear Ratio=1:3                                            

No of teeth on Pinion(T1) can be calculated 

Pc =πD/T 

m(module)= D/T 

The Values of module(m) generally considered as 1,1.25,1.5,2,2.5,3,4,5,6,8,10,12,16 and 20 

in Indian  Standards.  We  decided  G=1:3,  so  the  value  of  Adendum(Aw),  Dedendum(Dw)  

and Pressure Angle(ɸ) Consider According to Indian Standards 

Aw = 1 module 

Dw = 1.25 module 

ɸ=20 Degree 

Sometimes, the spur gears (i.e. driver and driven) are to be designed for the given 

velocityratio and distance between the centres of their shafts. Let x = Distance between the 

centres of two shafts, N1 = Speed of the driver, 

 

 

T1 = Number of teeth on the driver, 

d1 = Pitch circle diameter of the driver, 

N2, T2 and d2 = Corresponding values for the driven or follower, 

and 

pc = Circular pitch. 

We know that the distance between the centres of two shafts x= d1  + d2  

/2
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Speed ratio or velocity ratio can be calculated as N1/N2  = T2/T1  = d2/d1 

T1=12teeths 

T2=36teeths 

T2/T1=d2/d1=36/12 

=3/1 d2  

= 3d1 

x=d1  + d2/2 (x=.86inch or 21.77mm) 

By Solving we get, 

d1=10.92mm 

d2=31.76mm 

Now we calculate Circular pitch 

(Pc) Pc  = πd2/T2 

 

 
=3.14*31.76/36 

=2.77mm 

Diameteral Pitch(Pd) = π/Pc 

=3.14/2.77 

=1.13mm 

m(module)=D/T 

=.90 ~ 1. 

7. ASSEMBLY           OF 

STEERING 

ASSEMBLY 

7.1   Rack and Pinion
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Top View Of Assembly 
 

 

8.   CONCLUSION 
 

 
After every one of the estimations were finished and examination in LOTUS Shark 

suspension analyzer was led the last guiding gathering was composed in Solidworks. The 

above picture demonstrates  the  last  outline  consolidated  into  the  case  of  the  SAE  auto.  

This  guiding framework intended for the turns by and large experienced in the SAE 

occasions was ideal to counter negative effects of knock and move steer and furthermore had 

self-returning ability. All inclusive joints  have been included the  controlling section to line it 

up pleasantly with the pinion shaft. It likewise accommodates the segments to overlay up in 

case of a hard frontal crash keeping it from being constrained into the cockpit and harming the 

driver. 
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