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Abstract— Gearless transmission brought a new idea of
transmitting power without the usage of gears. Despite of
various advantages of gearless transmission over geared
transmission, the widest application of this mechanism in
current scenario is still remaining unsolved. Multi-Angular
Gearless Drive is a motion transmitting device used for
transmitting motion at multiple angles between the driving
and the driven shaft. The development of a more efficient
multi-angular gearless drive has been explored relatively
unsuccessfully and negligently regardless of its advantages
over both gear drives and simple gearless drives. The main
objective of this project is to enhance the application of
multi angular gearless drive by applying this mechanism in
front wheel drive of light weight automotive.
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I. INTRODUCTION

In today’s world energy is the prime requirement in each
and every field. As the world is progressing towards the
22nd century every bit of energy becomes crucial because
the resources that we have for producing energy is very
limited and soon will be getting finished. For transmitting
motion and power from one shaft to another which are non-
parallel or intersecting and co- planar bevel gearing are
generally employed. But there are some inherent
disadvantages associated with bevel gearing stated as
complexity in manufacturing, high cost of replacement. To
overcome all these difficulties we have a mechanism which
transmits motion between the two non-parallel (intersecting)
and co- planar shafts. The mechanism is known as Gearless
elbow mechanism is equipment consisting of elbow rods,
hub and shaft. Gearless elbow mechanism works on the
principle of slider and kinematic chain principle.

Il. MULTI ANGULAR GEARLESS DRIVE

Multi angular gearless drive is an advanced elbow
mechanism in which motion is transmitted from driving to
the driven shaft through the sliding pairs which remain
either straight or bent using universal joints, as per
requirement between the shafts. These sliding pairs are
placed in equally spaced holes around a solid cylindrical
disc, which allow it to move freely. Thus, when the torque is
applied at the input shaft, a uniform torque is generated at
the output. Depending on the precision with which the
gearless drive has been designed and the limitation of the
universal joint, the angular range within which the Multi-
Angular Gearless drive would operate smoothly is decided.
This type of drive is especially suitable where quite
operation at high speed and at various angles is required.
Also, this type of gearless drive has low vibrations as
compare to other motion transmission systems like simple
universal joint which makes it preferable.

I1l. IMPLEMENTATION OF MULTI ANGULAR GEARLESS DRIVE
IN AUTOMOBILE

The concept of implementation of multi angular gearless
drive in auto motives is attained by means of using multi
angular elbow mechanism for transmission of power from
input unit to the output unit. This tends to act as the front
wheel drive for power transmission and in addition, the
directional control is attained with the bell crank mechanism
for steering the wvehicle. As the power transmitted is
proportional to the strength of the linkages, this concept is
said to be suitable for light weight automotive.

IV. CONCEPTUAL DIAGRAM

For overcoming the problems identified and for attaining the
requirements of Multi angular gearless drive in auto
motives, several conceptual diagrams were done and among
those an apt concept was chosen for design.
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Fig. 2: Layout of Directional control
The layout of this concept comprises of motor,
input shaft, input flange, links, joint, output flange, output
shaft and wheel in the power drive and steering and tie rod
in the directional control unit.

A. Power flow

Initially the power flow begins with the power from an
electric motor which is coupled to the input unit. The input
units acts as the driving unit.
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Fig. 3: Power flow
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The power from input unit is then transferred to the
output unit by means of sliding links. The directional control
of the system is achieved by means of using bell crank
mechanism. The steering shaft is rotated by means of
steering wheel. The bell crank mechanism consists of tie rod
and steering arm. Finally the steering arm of bell crank
mechanism is connected to the output unit where the wheel
is mounted.

B. Theoretical Calculations

1) Power transmitted in roller chain

Kw = (PV/1000)

where, P = Allowable tension in the chain (N)
V = Average velocity of chain (m/s)

Kw = 0.5 Kw

V = ntDN/60

where, D = diameter (m), N = speed in rpm
D =2Z;xP

where, Z;= Number of teeth on sprocket

P = Pitch of chain or sprocket (mm)

V = (mx18x12.7x150)/60

=1.795m/s

Kw = (PV/1000)

0.37285 = (Px1.795)/1000

P=207.72N

2) Design of shaft

Torque M, = 60P/2tN

where, N=150 rpm (speed of the motor)

M; = (60x373)/2mt X150 = 23.75 Nm
Bending moment Mp=Pa (P=T)
M,p=207.72 x 0.13

=27.0036 N-m

Shear stress 7=Sg/fs

where, f= factor of safety

S,:= yield strength (N/mm?)

By the properties of mild steel (Sy=370 Mpa)
Sey = 0.5S,,= 0.5x370 = 185 N/mm’
©=185/2=92.5 N/mm?

Tma=(16%,/(Mb)2 + (Mt)2)/ Ttd3
92.5=(16x,/(27.0036)2 + (29690)2)/ md®
do*- di*/ dy=1635.53

Assuming d./d;=1.14
(1.14*-1)d;*\1.14 =1635.53
d:*=2706.26

d;=13.93 mm

d,=1393 x 1.14

d, =15.88 mm

3) Design of elbow rods

T=T/3

=(29.69 x 10°) / 3=9896.67 Nmm
T=(3.14xtx d% /16
1=185/3=123.33 N/mm?
T=(3.14x tx d°) /16

9896.67= (3.14 x 123.33 x d*)/ 16
d=7.42 mm

C. Part Specification and Material Properties

Body Diameter(mm) | Length (mm)
Elbow rods 8 180
Hub 100 30

Shaft D, 25
D; 22
Table 1: Part Specification
Tensile strength MPa | 80
Yield Strength MPa | 370
Shear modulus GPa | 420
Hardness 140
Table 2: Material Properties of Mild steel

500

D. Modelling and Assembly

All the components are modelled on solid works software
under 3D part workbench. It is assumed that every parts
rigid .Parts already modelled are assembled together in
sequence to achieve a constraint mechanism. Concentric
mate is used between parts having relative motion forming a
turning pair. Lock mate is also used between hub and shaft.

Fig. 4: 3D Model

E. Analysis

1) Static and model analysis:

Static structural analysis is to be performed on the
mechanism to watch the response of the elbow rods, hub and
shaft. In static structural analysis static stress, static strain,
factor of safety plot, total deformation and von - mises stress
analysis is carried out. Simulation is performed by importing
motion loads to the component. Motion loads acts on
component as dynamic loads. Hence simulation performs
dynamic analysis of mechanism.

Fig. 5: Stress Plot

70140004

- 52600004

. 15768004

Fig. 6: Strain Plot
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Fig. 7: Displacement Plot
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Fig. 8: Factor of safety Plot
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Fig. 9: Modal Analysis

V. IMPLEMENTATION CONCEPT

The multi angular gearless drive comprises of various
components which are essential for attaining the required
outcomes. The setup is powered by a DC electric motor
which uses battery as it source. This motor is coupled to the
input shaft by means of chain drive. Both the ends of the
input shaft has sliding hubs, which are being mounted by
means of fasteners. The mounting between the input shaft
and the sliding hub is being fastened in order to provide
easiness for disassembling. Three links are made in order to
slide through the holes in the sliding hub. Two such links
are joined together by means of fasteners for arrangement
between input and output hub. The output shaft has output
hub at one end while the wheel to the other end. In order to
provide steering for the vehicle, bell crank mechanism is
used. The bell crank mechanism consists of two links (tie
rod) whose ends are provided with flex ball joints. The
steering motion is achieved with the rotation of steering
wheel and steering shaft. The two links (Tie rod) of bell
crank mechanism is joined to the steering shaft. The
interconnection between the steering system and the output
shaft is being provided with the steering arm. This steering
arm act as the support for the entire output unit whose base
is provided with roller in order to slide over the sliding
runway.
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Fig. 10: Implementation Concept

A. Working

The working of the multi angular gearless less drive initiated
from DC motor. The motor is switched to ON condition by
sourcing it to the battery from which the power is generated
in the form of rotary motion. The rotary motion of the motor
is transmitted to the input shaft through the chain drive. The
rotary motion of the input shaft is converted into sliding
motion between input hub and linkages and subsequently
the sliding motion takes in output hub by means of linkages
which tends to rotate the output shaft. In this way power
form the drive is transmitted from the motor to the wheel
which is mounted in the output shaft. The direction control
of the vehicle is initiated with steering wheel which is
operated by the driver. The rotary motion of the steering
wheel is converted into linear motion in tie rod through the
steering shaft by means of bell crank mechanism the
translating motion of tie rod is again converted into
oscillating motion through the steering arm which is
mounted in the kingpin. Finally the wheel which is mounted
in the output shaft with steering arm is controlled by means
of steering wheel.

VI. CONCLUSION

The application of multi angular gearless drive has been
enhanced by applying this mechanism in front wheel drive
of light weight auto motives. With software support and
assiduous endeavor the implementation of this mechanism
has been obtained with the help of bell crank mechanism.
The fabricated working model shows that this mechanism
can be successfully implemented in front wheel drive of
light weight auto motives as driving unit. With further
research and advanced analysis in the design wide ranging
applications of the drive can be discovered.
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