
Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-07, June 2017 Special Issue (02) 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 Page 478 

Design and Testing of an Auto-Tilting Car 

 

P.Madhavia, P.Sridevib, N.Sunitha c 

a Assistant Professor,. Department Of Mechanical Engineering, Avanthi Institute Of 
Technology And Science, Gunthapally(Vil.), Abdullapurmettu (Mandal) ,Ranga 
Reddy(Dist.), Telangana, India. 
bc Assistant Professor,. Department Of Mechanical, St.Mary’s Engineering College, 
Deshmukhi (Vil.), Pochampally (Mandal) ,Nalgonda(Dist.), Telangana, India 

w w w . o i  w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  

r j . o  w  

The use of an electrical narrow tilting car instead of a large gasoline car should 
dramatically decrease traffic congestion, pollution and parking problem. This is the 
reason why most car companies are producing narrow track electrical car prototypes. 
These narrow track cars have an increased rolling tendency. 

In our project work we have tried to develop a tilting mechanism for a narrow track 
car to give it the flexibility of a motor cycle. This feature enables the car to tilt in to 
the curve while negotiating it.  

Our analysis shows that to increase the maximum curve at speed by more than 50%. 
The detailed calculations are enclosed within. The method we have used is a simple 
mechanical tilting system controlled by a simple DC stepper motor which is 
controlled electronically. 

 This tilting mechanism if successful should dramatically increase the maximum 
speed in curves. This should also provide the advantages of increased passenger 
comfort and handling.  

The idea is to develop a tilting car of narrow track that seats two people in tandem. 
This can be operated on reduced lanes thereby increasing the effective capacity of 
highways. 

-------------------------------------------------------------------------------------------

I.Introduction 

Background 
Narrow track cars are without doubt the future of urban mobility. These cars have a 
very short wheel track in comparison to normal cars.  Most of the international car 
companies have production models and prototype of narrow track cars. Some 
examples are Nissan Land Glider, Nissan Pivo, Honda 3R-C, etc. 

Such cars are mostly single seated or double seater with back to back seating 
configuration. These cars have several advantages: 

1) Half the width means half the weight, more rigidity, more access to narrow 
roads, easier parking and much quicker transit times. 

Abstract 
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2) In an electric vehicle, the lighter weight of this much smaller vehicle will help 
to enhance torque power characteristics of an electric motor to achieve “linear 
acceleration”. 

3) At highway cruising speeds, such cars will be using half the frontal area and 
half the drag co efficient, plus reduced running losses make for a very energy 
efficient vehicle. 

   All these advantages make the narrow track vehicle as appealing as an alternative to 
the car. 

Such cars combine the comfort of a car with the functionality of a motor bike. But 
these cars have a very important and dangerous drawback. With a very comparatively 
narrow track and heights almost equal to normal cars, these cars are very susceptible 
to rolling. As of now all such narrow track cars are electrically driven and have a 
limited top speed and hence this drawback is comparatively negligible. But sooner or 
later these cars will have to get highway cruising speeds. Then this drawback will be 
of grave importance. 

II. Literature Survey 

‘Narrow track cars’ is not a new term. Several production models do exist and several 
prototypes are being tried out by major automobile companies.  

Some production models are Nissan Pivo, Honda 3R-C etc 

Several automobile majors like Toyota, Mercedes, Nissan, Kia, Suzuki etc have 
prototypes for narrow track cars. 

 

A very successful product is a narrow car of the name NARRO. This car is expensive 
at $46000, but has managed to find customers which stress the acceptability of narrow 
cars for public          
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This car is powered by two motors each driving one rear wheel. It has a maximum 
speed of 120 kmph. But narro is a tall car, too tall for its track. It rolls tremendously 
on curves, the manufacturer have compensated for this by providing it a very stiff 
suspension. Since the car is only meant for urban road use the compromise made in 
suspension does minimum damage, but even with stiff suspension, the threshold 
velocity of this car in a curve is very low in comparison to a full track width car. 

II.I Tilting Train 

Tilting trains are today common in Europe and Japan. These trains are rail-running, 
they have very high curve velocities. Inorder to enable trains, to negotiate curves at 
high speeds, tracks are slightly banked (upto 11 degrees). But these trains are too fast, 
and it is not possible to tilt track beyond a limit because trains also pass along these 
curves really slowly at times. 

Tilting trains are an optimum solution for this problem. These types of train, tilts the 
body on the curve, this in a sort enables faster curve threshold speed and  increased 
passenger comfort. The figure below shows two tilting mechanisms used in trains 

 

II.II Three Wheeled Tilting Cars 

These types of cars are a new species, but their number is fast increasing. These cars 
tilt about their rear wheels. Either there can be two wheels at the rear like the carver. 
Which has two wheels at the rear and the car body tilts about the rear wheels. Steering 
is done using front single wheel. 
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Or these can be one wheel at the rear about which the body tilts. Like the GTR (Grand 
Tilting Racer). 

 

 

II.III Tilting Cars 

This is a concept of four wheeled tilting car. There is a concept called Naro. But no 
known mass production model exists. The picture of a concept is shown below. 

III. Objectives & Methodology 

The objective of this project work is to successfully develop a design of a tilting 
mechanism for a narrow tilting car. The mechanism is to be reliable, simple, cost-
effective and practically feasible. The aim of this tilting mechanism is to provide 
banking to the car on unbanked curves, so as to enable added threshold speed on 
curves in comparison to a narrow non-tilting car. This mechanism was later dropped 
in testing phase due to following disadvantages. 
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1.  It had a very large response time, this was not suitable for a car approaching curve 
at a very high speed. 

2.  Wear and tear of screw and contact nut bearing is too high to be satisfactorily used 
in a car. 

3.  The system used four high torque steppers, this along with controls could shoot 
up the cost of production. 

 

III.I Engineering Design 

 Cero Elements/Pro offers a range of tools to enable the generation of a complete 
digital representation of the product being designed. In addition to the general 
geometry tools there is also the ability to generate geometry of other integrated design 
disciplines such as industrial and standard pipe work and complete wiring definitions. 
Tools are also available to support collaborative development. 

A number of concept design tools that provide up-front Industrial Design concepts 
can then be used in the downstream process of engineering the product. These range 
from conceptual Industrial design sketches, reverse engineering with point cloud data 
and comprehensive freeform surface tools. 

III.II Analysis 

Creo Elements/Pro has numerous analysis tools available and covers thermal, static, 
dynamic and fatigue FEA analysis along with other tools all designed to help with the 
development of the product. These tools include human factors, manufacturing 
tolerance, mould flow and design optimization. The design optimization can be used 
at a geometry level to obtain the optimum design dimensions and in conjunction with 
the FEA analysis. 
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III.III Manufacturing 

By using the fundamental abilities of the software with regards to the single data 
source principle, it provides a rich set of tools in the manufacturing environment in 
the form of tooling design and simulated CNC machining and output. 

Tooling options cover specialty tools for molding, die-casting and progressive tooling 
design. 

Name/Version Build Number Date 

Pro/ENGINEER (Autofact 1987 premier) R 1.0 1987 

Pro/ENGINEER R 8.0 1991 

Pro/ENGINEER R 9.0 1992 

Pro/ENGINEER R 10.0 1993 

Pro/ENGINEER R 11.0 1993 

Pro/ENGINEER R 12.0 1993 

Pro/ENGINEER R 13.0 1994 

Pro/ENGINEER R 14.0 1994 

Pro/ENGINEER R 15.0 1995 

Pro/ENGINEER R 16.0 1996 

Pro/ENGINEER R 17.0 1997 

Pro/ENGINEER R 18.0 1997 

Pro/ENGINEER R 19.0 1998 

Pro/ENGINEER R 20.0 1998 

Pro/ENGINEER R 2000i 1999 

Pro/ENGINEER R 2000i2 2000 

Pro/ENGINEER R 2001 2001 

Pro/ENGINEER Wildfire R 1.0 2002 

Pro/ENGINEER Wildfire R 2.0 2004 

Pro/ENGINEER Wildfire R 3.0 2006 

Pro/ENGINEER Wildfire R 4.0 2008 

Pro/ENGINEER Wildfire R 5.0 2009 

Creo Elements/Pro R 5.0 (as of M065) 2010 

IV. Fabrication and design procedur 

The mini-prototype was fabricated on a toy car, which is a 1:18 scale model of a 
hummer SUV. The entire plastic base of the toy car was replaced with sheet metal 
parts. All parts used in the same was designed in mild steel sheet metal. For control of 
the car, the same PCB as used in the toy car was used. Its connections were re-laid. 
Small d.c motors with no speed or motion control were used. These motors were but 
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reversible in direction of operation. The tilting mechanism was power driven only on 
rear just like our actual design. 

 

Procedure 
IV.I. Frame Design 

The frame has been designed with parameters taken from an already existing and 
successful narrow track car. The entire suspension system has been redesigned and an 
additional tilting tyre holder was welded on the frame both at front and rear. The 
adoption of an already existing frame for our design ruled out the requirement of 
stress analysis. The frame is sure to hold on, even in case of most hostile conditions, 
as it is a tried and tested design. 

 

IV.II Design of Drive Motor 

In the design of the car we have followed a “no risk policy”, instead of designing all 
the parts by ourself. We have used parts already tried and tested in others cars. This is 
advocated as we needn’t have to test these already tested parts unnecessarily. Also 
these parts are already in use and are satisfactory in their operation. The only new 
design is actually the suspension and the tilting mechanism. We have discussed in 
detailed all the design details in the coming pages. 
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IV.III Design of Power Plant 

The propulsive power for the vehicle has been decided based on the top speed needed. 
It was decided that the vehicle should be able to attain a highway cruising speed of 
120 Kmph. So the vehicle must be good for a top speed of atleast 150 Kmph. Hence 
the power of propulsion is to be decided in terms of the maximum speed required. 

Estimated weight of the car = 650*9.8 = 6370N 

PV  = (Ra + Rr )*V 

Pv  is power for propulsion. 

Ra =aerodynamic resistance. 

Rr =rolling resistance. 

V = Speed in kmph. 

Rr  =(a+bV)*W = 6370*(0.015+0.00016*150) =238.875N 

Ra =Ka*A*V 2 

Ka is aerodynamic co-efficient =.027 

A is frontal area = 0.98m2  

Ra = 0.027*0.98*1502 = 595.35N 

Pv =(595.35 + 91.875)*150/3600 = 34.76hp. 

Power required = Pv/efficiency= 34.76/.97 = 35.83hp. 

Hence it was decided to use two 20 hp motors of DC brushless type. The motor in 
question has a torque of around 800 Nm. These hub motors are already used in some 
electric vehicles. The battery that would power the system is of lithium-ion type with 
specifications as below. 

Voltage- 144V, Capacity- 10KWh, Weight- 80kg. 

The battery under full charge can provide the vehicle a range of around 100 kms. 

IV.IV Brushless Versus Brushed DC Motors 

BLDC motors are often more efficient at converting electricity into mechanical power 
than brushed DC motors. This improvement is largely due to the absence of electrical 
and friction losses due to brushes. The enhanced efficiency is greatest in the no-load 
and low-load region of the motor's performance curve. Under high mechanical loads, 
BLDC motors and high-quality brushed motors are comparable in efficiency. 
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AC induction motors require induction of magnetic field in the rotor by the rotating 
field of the stator; this results in the magnetic and electric fields being out of phase. 
The phase difference requires greater current and current losses to achieve power. 
BLDC motors are microprocessor-controlled to keep the stator current in phase with 
the permanent magnets of the rotor, requiring less current for the same effect and 
therefore resulting in greater efficiency. 

  

V Testing of Design 

The designed tilting mechanism has been recreated and tested in pro-e simulation 
program. Initially, the tyre resisted movement and after many rounds of fine-tuning 
the dimensions, the assembly began to show positive results. Only the rear rotating 
tyre had to be tested as the front was not under powered motion. The front rotating 
tyre assembly was also dimensionally modified to suite the rear one. Certain range of 
motion was imparted to the rear rotating tyre and the process was captured as a video 
for presentation. The complete frame design with final dimensions     
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Conclusion 

It can be seen from the above result that, our objective to increase the threshold 
velocity of a narrow car in a curve has been successful. The design of the car and 
tilting mechanism worked flawlessly in simulation as well. The mini-prototype to 
demonstrate tilting is also working successfully, all these facts point to the completion 
of our objective in high esteem 
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