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ABSTRACT

propulsion. The power required for electric motors is
the weight and volume of the mission. This is undesi
using shape memory alloys as actuator for propulsion

Shape memory alloys are metals, which exhibit two very unique propertie@shape memory effect and
the pseudoelasticity. All that shape ggemory alloys need, Jo provigf” actuation force is high

Ion available on moon can be
directly used to heat shape memory alloys{& is re and also no heat source other
than the Sun the temperature, under the s : ow. Exploiting this, a prototype has

e always big concerns during design of the rover.
ring the potential of shape memory alloys as the new alternate
advantage being light in weight, no external power source

Different types of er sources are used for actuation of rovers in various space missions.
Radioisotope thermoelectric generator (RTG) is used to produce power for locomotion of the
rover. But RTGs need sturdy containers to store radio isotopes used in mission [1].The
disadvantage of using solar panels for electric power generation is high volume and weight to
power ratio, and also high cost.
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regain their original shape even after large
deformation just ing. rty is known as shape memory effect. Shape
memor . way shape memory effect, two way shape memory
effec
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Fig:1.2 One way shape Fig:1.3 Two way shape
memory effect memory effect

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING




International Journal of Innovations in Applied Sciences & Engineering http://www.ijiase.com

(IJIASE) 2015, Vol. No. 1, Jan-Dec e-1SSN: 2454-9258; p-1SSN: 2454-809X

Mechanism of shape memory effect

Fig:1.4 Mechanism of SME

1.3 Pseudo Elasticity
The capability of some SMAs to fully regain the original shape when the mechanical load
that causes the deformation is with drawn is termed as Pseudoelasticity
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Fig:1.5 Superelasticity of SMA

2. IDEATION:

Mechanism with locking gear
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Fig:2.1 configuration of idea
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Structural Linkage
Fig:2.2 Structural linkage

In fig Link 1 represents the body of the rover. Dyad (5&6)4
The four bar linkage of 1234 is equivalent of locking ge
freely rotate about its centre but the locking gear

clockwise direction only and requires torque i
falling 1t will pull

gear P

Fig:2.3 Soli S Moﬁ Prototype
Rear and Front e not shown)
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Position 1: Solar radiation is falling on SMA spring (Heatin

falling gPSMA spring (cooling)

the qualitative idea of the working of mechanisms and

f the rover. This chapter looks at the quantitative aspects
involved like echaniCs of the rover, thermo mechanical modeling of the SMA, and
thermal modeling

3.1 Mechanics of Rover

Here basic analysis of wheeled rover is discussed. The analysis is done for two cases
when rover is placed above flat ground, above an inclined plane road. Symbols used
in the description are mentioned below.

W-Weight of the rover,
W), -weight of each wheel,
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L-wheel base,
a, b are the distances of the wheels A and B from Centre of gravity,
H-Height of C.g. from the ground,
g-Acceleration due to gravity,
f-Acceleration of the vechicle.
RA, RB —Reactions on wheel from ground,
r- Radius of the wheel,
K-Radius of Gyration of the wheel

Case 1: Rover on a flat base ©=0°

Rover on flat surface

Table:1 Equationsfr the r is on flat surface

S.No | Conditon Remarks and Results

j 7 W x
1 Four wheeled rover at rest Reactions on wheel R, = i Lb
2x

on flat base
_Txa
27 xl

Four wheeled rover moving . Wxb WxfxH
Reaction on wheel R, = ——-

towards leff  with an L 2xlxg

acceleration f _Wxa . Wxf=H

Tkl 2xlx g

Torque required to accelerate the vehicle

r=L oy £
g2

Four wheeled rover moving . Wxb WxfxH
Reaction on wheel R, =——+ S
towards left with an L Ixlxg
deceleration Ro Wxa WxfxH
FToxl IxIx g
Torque required to decelerate
- xF o, L

g [2 "
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Case2:Rover On inclined Surface ©=45°

Fig:3.2 Rover on 459 Inclined Plane

Table:2 Equations for the case when the rover is 5~ inclined plane

SNo | Conditen Remarks and Results

1 Four wheeled rover at rest on Wb
Reactions on wheel R, =
flat base 2x4f2xL

_ Wxa
TN
Four whecled fover mov 7 y

our wheeled rover moving | o R,= Wxb N W fxH
towards  left  with  an 22xl 2xlxg
acceleration __Wxa WxfxH
T2 -\/_ xL 2xLxg

Torque required to accelerate the vehicle

T=rx iﬂ—w(

g_
\g‘, J- 2

Fi theeled rov y i
our wheeled rover moving [ [ el R =- Wxb  WxfxH

towards  left  with an 2x 'J2_>< L IxLxg

deceleration _ Pxa WxfxH
57 2kl 2xlxg

Torque required to decelerate

I- rx:—i|: o, (—+—) +—‘

o
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Graph:1_shows Torque required to drive the vehicle at constan 30 RPM ith

respect to time (g=1.6 m/sz) (Torque analysis In' S

4. THERMAL MODELLING:

Heating and cooling time for SMA is given in ion. lling is done for the
two cases one assuming the rover ig on ground and the other assging the rover is on
moon. Assuming the only heat sod

(spring) is solar radiation comiRg reflective concentrator ,
the energy balance of al @ Derature T is given by the
following differential e

CMA- martensite t@#&ustenite specific heat of the SMA
Ms - Martensite Start temperature

Mg _Martensite finish temperature

Cs - Spring index of the SMA springs

ds -Wire diameter of SMA springs

S - surface of the spring
h - total convective heat transfer coefficient
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4.1 Modelling for the case when rover is on the earth
On earth the heat loss is by convection and the heat loss through radiation is less
compared to the heat loss due to convection.

Convection heat loss ‘\ ‘/yh%adlation (reflected from parabolic trough)

SMA spring (Heat absorber Fig:4.1 Diagram showing heat

interaction on Earth.

Convective heat exchange
m%mscr—m =0
Where c is the (equivalent) specific heat at temperatur
surface of the SMA spring, h is the total convecti
fraction of solar radiation that is absorbed by th
The specific heat for the forward (CAM) and re
below

O=pas G,

+C,,

Cp = My

A,

Add 3 A —
Cooling time of srvg

“ kS | \M.-T,
Heawring

[ Q “ + MC.\ﬂ ]n; J‘LSI::.L _I::) _Ql
hS(4L-T)-0] hS  |hS(4-T)-0]

In all the above equations, the surface S, the mass m and the convective coefficient h
are supplied by the following expressions[10] (m = mass density of the SMA)
= 12C,N,d?

TN
4
b= (6.13-17.3d:-2.7Ce- 33N+ 930, Ca+ 08d:N:) Wm™
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4.2 Modeling for the case when the rover is on the Moon

In this case the major difference is that on the moon there is no atmosphere and hence
no convection heat transfer. Here the prominent mode of heat exchange is though
radiation and conduction only.

Rndiaﬁw Solar radiaton (nput)

SulA sprmg (Heat absorber)

Fig:4.2 Diagram showing heat interaction on Moon.

cl
mom—-+ @ 5T -Th=0

Cooling time 15 given by
_los(T-T) loe(T+T)
_-Iﬂ.'\- k

Heating time 15 given by

€ e 4
— e _Hd_ﬂl;
s e s

o, is Stefan-Boltzmann constant=5 670 3 107 wm“K~

ape Memory Alloy

For forward tran

o —0.0083T +0.0672
=exp
0.0019T —-.0191

. —3.0457 +43.0457> — 4 4.0349%(0.6584 — &)
& =exp
2 2x4.0349

i

&=min(5.4)

7

For reverse transformation (M1 A),

Critical temperature is given by T=130.3 x ¢ +~ 38.1.

_— - (1o L-T
Below critical temperature & = expkhl &+ 00

Above critical temperature &, =exp
10.7x0-48.3

T+32—189.9x0’]
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Using the above equations stress in the Shape Memory alloy can be found for
the given (o, T).

SUMMARY AND FUTURE SCOPE

Designing and building prototype of a Shape memory alloy actuated rover using
solar radiation is taken as task

Actuation force, response time can also be improved on material front. With
improvement in these areas the shape memory alloys can pecome the potential
candidates for propulsion of the rover.

Nitinol springs[8]

Prototype:

Fig: Show!e Prototype
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