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INTRODUCTION

This study has been performed in the frame of MIBAS 4063 contract. The study period was May 2@0duly 2006.
The study team was composed of :
CNES VNIITransmash KIAM RAS UIIP NASB ASTRIUM Gmbh LRP  LAAS

General Context

Planetary exploration missions that make use ofarrusually land in very flat areas for safetyswes and because of
the low accuracy of the landing process.

To perform the scientific mission, the rover wilen have to cross long distances to reach the tipeahsites. The
feasibility of the mission thus depends on the raklity to find a way around the obstacles al@sdravel. Two ways
exist to increase the daily cruising distance: mgivperception and autonomous path finding capdaityne rover in
order to find the best path compatible with theeroslimbing capabilities on one side and increagisgross-country
ability to lower the obstacles density on the athiére first approach has been studied for a lomg tand is now
available as operational software. The second @sehbeen studied and the corresponding kinematatstectures
optimized only for conventional wheels.

Objectives of the Resear ch

With conventional wheels, the size is limited by thccommodation inside the fairing during launclagas, while
deployable or unfolding wheels can reach highamdigrs with the same accommodation constraints.
This kind of solution has been considered for Epdiar mission in the frame of the Concordia pripjand is presently
studied at NASA/JPL, but have never been detadegfanetary exploration in Europe. As the wheekss one (but
not the only) of important parameters that deteesitihe rover crossing performances, it is intergsiv evaluate the
potential benefits of this technology.
The main scientific objective is to develop new cepts of Mars rovers with inflatable and unfoldiagge-diameter
wheels capable to compete with conventional whaels

-Cross-country ability

-maneuver-ability

-payload-mass to lander-mass ratio

-power budget for motion
As a result, several options of the rover systawvetbeen designed and are presented in this dotufienExomars
rover baseline, as defined during phase A studietaken as a reference for comparing the charstitsriand
performances.



SUMMARY OF MAIN ROVER REQUIREMENTS

The leading requirements on the rover for thistudre :

-the total mass of the rover shall be limited t® &4 including 20% margin. This specification haet adapted to
include part of the landing system in the rover snaseping the same figure for the composite lander

-the maximum volume during launching, transfer antty phases shall be limited as defined for Exasrpaiase A

-the landing shock absorption system should begdesito limit the loads on the rover to 70 g.

-the cross-country ability (steps, slopes on séwaiacharacteristics should be, at least, therEx® ones.

BIBLIOGRAPHY :

The first phase of the study consisted in idemitythe studies and experiments on inflatable arfdiding wheels
vehicles for both terrestrial and space applicati®urprisingly, many prototypes have been develasdllustrated on
the pictures below :
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The above illustrations were collected from ori¢jipeojects of : Grumman Aircraft Engineering Corgibon, Bendix
Corporation, General Motors Company, NASA/JPL amdlIMransmash companies

Both inflatable and unfolding wheels have beenistlidnd several mock-ups have been developed, giieled by the
necessity of increasing the traction charactessifdhe wheels.

WHEEL DESIGN :

Unfolding Whedls

The unfolding kinematics and technology have beediad by VNIITransmash




Several variants of the concepts were assessed jaretiminary mass estimate was performed.

One of the main conclusions on the unfolding wheetkat it is difficult to reach very high ratibgtween the stowed
volume and the deployed one.. This limits the di@mef the wheel that can be achieved with unfadiheels.
The mass evaluation performed by VNIITransmash t@ir tconcept also showed that the mass budget esss |
favourable than for inflatable wheels.

In the second part of the study, LRP continuechtestigate unfolding techniques while the othemigavere focusing
on system design with inflatable wheels. LRP redeeesults are presented in a poster session o0RASIE.

Inflatable Wheds

The first design of a large wheel was analysed sindilations showed a possiblé¢
lateral instability of the rover as depicted in fbkkowing scheme :
The design of the wheel was thus changed to arBlobrg one to simultaneously :
- obtain a good lateral stiffness
- have a relatively high pressure volume used forsgasge
- offer a lateral protection that will allow to usket wheels for shock
protection in the landing phases.
The typical inflatable wheel configuration is iltteted on the figure below :
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ROVER CONFIGURATIONS:

3 different configurations were studied and comgar&he Pasteur scientific instruments packageelkasg the drill
was implemented on the rovers and the operati@radtaints induced were acknowledged.

Concept 1

The first one has a single rigid body and use atitiadal airbag to damp the first landing shock,le/the wheels act
as protections for secondary impacts.

Mast with TV cameras and SDA

Inflatable wheel (&1,3 m)

Steering drives: Panels of solar batteries

*Motor;
*Reduction gear;

*Angular sensor of wheel's
turning.

Lever of a suspension
bracket

Tuning drive of the lever of a
*Motor;

*Reduction gear;

*Angular sensor of the lever's

Traction wheel drive:
*Motor;

*Standing brake;
*Reduction gear; turning;

*Encoder. ®Sensor of A moment

A simplified deployment sequence is illustratecblel
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Concept 2

On the second configuration the main body is g 2 parts connected via a walking mechanism
Mast with TV cameras and SDA Mgw

suspension bracket:

*Motor;

*Reduction gear;

®Angular sensor of the lever's turning;

*Sensor of a moment.

Panels of solar batteries

Steering drives:
*Motor;
®Reduction gear;

®Angular sensor of wheel’s turning.

Traction wheel drive:
*Motor;

*Standing brake;
®*Reduction gear;
*Encoder.

Walking mechanisr
Inflatable wheel (21,8 m)

Lever of a suspension bracket

The wheels are used to protect the rover durindifen This is obtained by a special configuratidrihee wheels for
landing.

The structure ,of the wheel is different from trencept N°1, with 13 radial chambers and a dedicpteslimatic
system. Leakages and the compensation procedueciean studied.
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The progression of the rover using only the walkimechanism and the brakes has been studied byaddRimulated
for obstacle crossing and on-place turning.

The rover configuration was rebuilt for the walkimgpde as presented in the flgures and is refearad toncept N°4 in
the technical report of the study. An experimental
mock-up has been built and tested to verify the
feasibility of this locomotion mode.




Concept 3:

The third configuration is similar to the first greglapted to unfolding wheels
In this case, the wheels cannot participate tdaheing

shock absorption. So, no reduction in the airbatesy

mass can be obtained.

The 3 solutions have been compared in terms of npasger and locomotion performances, and the ehalve been
compared to Exomars rover ones.

The result is that the concept 1, with comparaldessrof the lander, provides better locomotion perémces and is
thus considered as he more promising solution.

MODELLING ACTIVITIES
The inflatable wheels, the whole rover and theilagpgrocess have been modelled and simulated.

The wheel model was first used to analyse thedhtability problem with the result illustrated ihe following
simulation result and also to compute the corgega with the soil to evaluate the traction charéstics.

This model was then simplified to a lighter onetthowed to simulate the whole rover, after veation of the
simplification validity by comparison of both modeBimulation of the rover is illustrated here belo

Landing Simulation :

The landing phase with both vented and non-venidzhgs has been modelled and the pressure in thelmdrs
simulated, as well as the acceleration levels.lifiie of 70g as the specified maximum value carpteserved with the
selected wheel diameter and with the additiondkajr

WHEEL TECHNOLOGY :
The manufacturing technology has also been studied

The materials were selected from earlier experierfideavoshkin Association and the assembling prostsdied and
prototyped as shown on the grouser and chambesialivassembly procedure :



The pneumatic system is rather complex and abtegolate the pressure in the two wheel chambevgelsas in the
lateral one which operates at a higher pressurgidize the wheel and is also used as a tank jasathe wheel
chambers. A schematic diagram of the pneumaticesyst is presented with the following abbreviations
T - temperature gauge; P - gauge of pressure;l@mlger; CMP — compressor; R - receiver

EVM - electrovalve main; F —filter; GN - generatiirnitrogen; VO - verifying opening

The mechanical architecture and particularly thplémentation of the motors, gearboxes, pneumatigponents, and
sealing for rotating parts were analysed in detail.

The partial CAD views shows examples of the sealimgementation, of mechanical arrangement, arttiefjas flow
path.
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1-motor; 2-brake; 3—row gears; 4—drive body;ipelme canals 5



To the receiver chambe

From the
compressor

EVALUATION OF RESU

LTS:

Om
KOMAPECCOPO

To the wheel chamber

From the
compressor

To the wheel chamber

The main characteristics of the different concepessummarised in the following table that alseneto the Exomars

reference one.

Locomotion system version

Locomotion system characteristjiédN!ITransmash ulip E;,?égﬂéré
Concept 1 Concept 2 Concept 3 Concept 4 Concept
Landing module (lander) 340 350 380 380 340
Shock-absorber system 10 - 140 140 140
o | Rover 330 350 240 240 200
;; Locomotion system 190 210 100 100 60
g Payload 140 140 140 140 140
Landing overload, g 70 TBD 120 120 120
Transport-position volume, m 1,45x1,2x0,6 1,3x112 1,2x1,2 x0,6 1.2x1.2 x1.2 1,2x1,2 x0
Wheel arrangement* 4Ax4x4x4 4x4x0x0 4x4x0x4 4x0x0x4 6X6x4X6
Viode ofmotion &E%r:;d xﬂiil.eﬁakmg xﬂiil.eﬁakmg ‘("égeses'i;,";av'\'fgg%ls) xgﬁﬁkgmeel
Method of turning Side (asSide (as tracton)Side (asSide (as tractor) | Side (a
tractor), tractor), tractor),
kinematic kinematic kinematic
Maximum speed of motion, m/s 0,028 0,028 0,028 ®(01078) 0,028
Wheel type infls_ltable, infls_ttable, unfolding, rigid inflgtable, rigid
flexible flexible flexible
Wheel diameter of grousers, m 1,36 2,06 0,8 1,36 0,35
S 8 § gWheel 0,87 1,22 01 0,7 0.1




of the running 0.3 0.3 0,08 0.2

tread
Wheel base, m 1,4...2,57 1,4...2,3 0,9...2,56 1,61...2,11 ,18...1,4
Wheel track, m 1,7 2,1 1,8 1 0,9
Clearance, m 0...1,45 0,2...1,8 0...1,2 0...1 0...0,37
Height of center of mass, m 0,5...15 0,7...1,5 0,54...1 0,25...1,25 0,2...0,45
Type of a wheel suspension adaptive rigid adaptive | adaptive balance
E o «~ > dwheel 4 4 4 - 6

CONCLUSION

The study was organized to provide a comparisanflztable wheels and unfolding wheels rovers wvtite Exomars
rover as defined in phase A of the project, usirggame main constraints. The analysis of the seslyits lead to the
following conclusions :

Inflatable and unfolding wheels are suited foreimediate or large size rovers because of the oot
equipments required, that have a negative impactnoall rovers. The Exomars rover size lies in thddie range
rovers and thus is a good comparison element.

With the technical solutions used in the studjlatable wheels have better performances than rifi@ding
ones. However, this conclusion is not definitived arew concepts as the ones developed at LRP damettithe
advantage with different mission requirements.

Both inflatable and unfolding wheels provide astahtial increase in cross-country ability of thear. This is
particularly important for loose soils terrains.

The inflatable wheels can participate to the lagdhock damping, and in this case provide a betterall
mass and performances budget than rigid wheels.pféferred solution was a hybrid use of wheels dedicated
vented airbag.

The inflatable envelope can be jettisoned in chskefinitive failure, providing a secondary locotioo mode
with the drawback of a slower progression spedti@fover.

Multi-chamber design solves the problems of siighbdf the rover on the non-rigid inflatable wheetnd
provides a better reliability of the concept.

Ground clearance and payload attitude and heayhbe adapted in a very large range

The analysis of pure wheel-walking modes have shitvahlocomotion is possible even in case of tlws$ of the
wheel power. This is at the expense of trajectontrol which was not studied in this case.
Mathematical modeling for inflatable wheel and fanding shock have been developed. They can be insed
breadboarding activities for performances evalmatio
The technological aspects require further invetitgaThe technical steps that have been propazesit in
- developing an inflatable wheel and testing on sdvaoils to verify the predicted behavior of wheekoil
contacts
- building a locomotion chassis to check the crogsity performances.





