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Abstract— This project presents the hardware of movable 

headlight system for motor vehicles. Headlight System is an 

active safety system, where the head lamp orientation control 

system rotates the right and left headlights independently and 

keeps the beam as parallel to the curved road as possible to 

provide better night time visibility to the driver. In this system 

use rack and pinion arrangement which give drive to the 

optical axes on which headlight are mounted so when a tie 

rod arms are moved with steering arm that give predefined 

motion to the wheel as well as headlights. 
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I. INTRODUCTION 

The basic or the traditional headlights is illuminate to the road 

straight in front of car, that means that the projection of the 

headlight is illuminate in the oncoming cars or bikes. 

Adaptive headlight is technically able to see around corners. 

The adaptive headlight system is really capable to rotate with 

the automobile, because of that headlight effectively 

illuminate more the road surface that we need to see. In the 

adaptive headlight system number of adaptive headlight 

technologies are there, but all of them is improve the visibility 

of driver at night.  

 
Fig.1: Adaptive Headlight System 

Some of them like our system is use for improving 

the visibility at corners, some of them is also use for the better 

visibility in bad weather conditions. The presence of other 

automobile is sense by some of the adaptive headlight system. 

Some of new headlight system include the adaptive headlight 

system change the future of the headlight system. Car safety 

is the main function in all car or any vehicles, when the 

customer will go to buy the vehicle he/she chose the 

maximum car safety as a necessary. The aim of the project is 

improve headlight system for the safety. Car safety is avoid 

the automobile accidents or the minimization of harmful 

effects of accidents. By using the adaptive headlight system 

this reason is might get decries. Project aim is to design and 

construct the adaptive headlight system (steering controlled 

headlights system). As we introduce above this system 

(device) is interrelation to a headlight arrangement operable 

attached to the steering and front wheel assembly of 

automobile to keep headlight adherents and the front wheel 

moves in the same direction at all times. If we steer the 

vehicle in right direction, the headlight will also focus to the 

right. Similarly if we steer vehicle towards left the headlights 

focus to left with respect to the rack and pinion mechanism. 

II. PROBLEM IDENTIFICATION 

The vehicle is moves in direction in which the driver turn the 

steering wheel. When the driver turn the steering in any 

direction and hold the steering the vehicle moves in the 

circular path. The circular path in which the vehicle moves is 

defined by the movement of wheel and the front wheel angle 

position. When the driver turn the steering and take the turn 

at a sharp corner, but the headlight is not move in any 

direction so driver will not judge the exert turn of the road 

which causes the accident at that sharp corner. The headlights 

of a vehicles are usually fixed in position. 

III. DESIGN METHODOLOGY 

For design methodology the components which is used in 

project as follows 

 Steering system 

 Front axle 

 Headlight unit 

 Rack and pinion gear 

 Tie rod 

 Steering knuckle 

A. Steering System 

The primary function of the steering system is to attain 

angular motion for the front wheels to handle a turn. This 

function of steering is done by the linkage and steering gear 

which help the steering mechanism to convert the rotary 

motion of the steering wheel into angular motion of the front 

wheel. The other (secondary) function of steering system is 

as below:- 

1) The steering system is provide direction stability of the 

vehicle when the vehicle going straight ahead. 

2) Due to the steering system the wear of tire is minimize. 

3) After completing a turn the steering system help for 

recovery to straight ahead. 

4) To provide perfect steering condition, i.e., perfect rolling 

motion of the road wheel at all time. 
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B. Front Axle 

Usually the front axle is a dead axle. But in now days this is 

not dead axle, it is true for heavy vehicle only EX. Trucks, 

Buses, etc. For four wheel drive in which the power is 

transmitted to all four wheels and most of cars, it is live axle. 

The dead front axle beam is conventionally a drop forging of 

steel. Due to the weight of the vehicle the bending load 

applied to the axle. The axle has to take torque load due to the 

breaking of wheels. For this two reason, front axle is made of 

I-section. The stub axle is connected to the main axle by 

means of the king pin. 

C. Headlight Unit 

Headlight consists of an aluminized metal reflector and front 

lens both combined assembly. The bulb is fitted in a sleeve 

attached to the rear of reflector to ensure present positioning 

of the filaments with respect to the focal point of reflector. 

Some inert gases such as argon or nitrogen with some 

pressure which rises the vaporization temperature of filament 

material which is use for illumination. 

D. Rack And Pinion Gear 

A rack and pinion is a type of system that comprises a two 

gears which convert rotation motion into liner motion. As we 

know there is two parts- 1) Pinion 2) Rack. The circular gear 

is called "the pinion". The pinion engages teeth on a liner gear 

bar which is called "the rack". For the power transmission 

rotational motion is applied to the pinion gear causes the rack 

to move in liner motion. Pinion is a common spur gear and 

Rack is a portion of spur gear with an infinite Radius. 

 
Fig. 2: Rack and Pinion Gear 

E. Tie Rod 

Tie rod is use in every automobile in steering system. Tie rod 

is use in automobile for to connect the rack and pinion 

steering gear and the wheel knuckle. Different automobile 

industry prefer different design of tie rod. One end of the tie 

rod is connect the rack of the rack and pinion steering gear 

and the other end of the tie rod is connect the wheel knuckle. 

F. Steering Knuckle 

Steering knuckle is the part of the steering system which is 

use in automobile. Steering knuckle is use to turn the tire at 

corners. Steering knuckle is divide into two part:- 

 Knuckle joint 

 Knuckle blazer 

Knuckle blazer is joint inside the knuckle joint. 

1) Knuckle joint 

 
Fig. 3: steering knuckle joint 

Knuckle joint is shown in fig. The upper end of the joint is 

joint with the suspension system of the automobile. The side 

end is joint with the tie rod of the steering system. For other 

two joint of the knuckle one joint is joint with the balancing 

rod to balance the automobile, and other joint is joint with the 

frame of the automobile or chassis of the automobile. At the 

center the knuckle blazer is fix. 

2) Knuckle blazer 

Knuckle blazer is fix at center of the knuckle joint. On the 

front face of the knuckle blazer the studs are weld for tier. At 

the center of the knuckle blazer the front axle is joint for the 

power transmission of the automobile. 

IV. DESIGN OF RACK AND PINION GEAR 

A. Given Data 

 Zp = 12  

 Zr = 60 

 Sup = 565 N/mm2 

 Sur = 565 N/mm2 

 P = 400 W 

 np = 1020 r.p.m 

 Ka = 1 

 Km = 1.5 

 BHNp = 163 

 Nf = 1.5 

 b = 10m 

B. Beam Strength 

 σbp = (Sup /3) =(565/3) 

 σbp =188.88 N/mm2 

 σbr = (Sur/3) =(565/3) 

 σbr =188.88 N/mm2 

 Assuming 200 full-depth involute tooth system, 

 Yp = 0.484-(2.87/zp) =0.484-(2.87/12) 

 Yp = 0.244 

 Yr = 0.484-(2.87/zr) =0.484-(2.87/60) 

 Yr = 0.437 

 Now, σbp * Yp =188.88 * 0.244 = 46.0867 N/mm2 

 and,   σbr * Yr =188.88 *0.437= 82.5405 N/mm2 

 As σbp * Yp< σbr * Yr , pinion is weaker then gear in 

bending. Hence it is necessary to design the pinion 

for bending. 

 Fb = σbp * b * m * Yp =188.88 * 10m * m * 0.244 = 

460.86 m2 , N 



The Adaptive Headlight System 

 (IJSRD/Vol. 5/Issue 03/2017/145) 

 

 All rights reserved by www.ijsrd.com 553 

C. Wear Strength 

 dp = m * Zp = 12m 

 Q = (2 Zr / Zr+ Zp) =1.6666 

 K = 0.16 (BHN/100)2 =0.16 (163/100)2 

 K = 0.4251 N/mm2 

 Fw = dp * b * Q * K = 12m * 10m * 1.6666 * 0.4251 

= 85.01 m2 , N 

D. Effective Load 

 V = (3.14*dp*np)/(60*1000)  

 V = 0.6405m , m/s 

 Ft = P/V =400/0.6405m  

 = 624.51/m , N 

 Kv = 6/6+V =  6/(6+0.6405m) 

 Feff = Ka * Km * Ft / Kv = 155.37 (6+0.6405m)/ m , N 

E. Estimation Of Module 

 Fw = Nf * Feff 

 85.01m2 = 1.5 * 155.37 (6+1.0676m)/ m 

 m3 = 16.449 + 1.755 m 

 Solving above equation by trial and error, we get, 

 m = 2.77 mm 

 So, the standard value of the module under the first 

choice is 4 mm. 

F. Dimensionsion Of Pinion 

 m = 4 mm 

 Zp = 12 

 Zr  = 60 

 b =10m = 10*4 = 40mm 

 dp = m*Zp =4*12 = 48mm 

 ha = 4 mm 

 hf   =1.25m =5mm 

G. For The Design Of Rack 

 The standard steering  system  have five rotation, as 

from the center of the steering system two and half 

rotation  in right side and two and half rotation  in 

left side. 

 The automobile company and the  gear manufacturer  

consider the length of rack  as  five times of the  

pinion circumference. 

 So the design of the rack is depend upon  the design 

of pinion. 

V. EXPERIMENTAL SETUP 

 

 
Fig. 4: Experimental setup 

VI. CONCLUSION 

As stated in my hypothesis, the system can be made and 

developed to help improving safety quality in automobile 

industry. The system performance meets the theoretical and 

logical analysis and we can conclude from results that the 

innovation brings convenience and comfort in addition to 

safety and quality improvements with lesser expenditure, 

from Time Study, we can say that the innovation will bring a 

huge difference to the field. 
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