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ABSTRACT

In order to study passing ability of lunar roveldunar soil, the mechanical parameters betweerr lwhael
and lunar soil should be analyzed. The mechanieahrpeters can reflect the mechanical relationship
between lunar rover wheel and regolith. These patars include sinkage, drawbar pull, driving torque
motion resistance and slip. In this paper, thesarpaters are measured by soil bin test. The reshtis/
that, the four parameters increase with slip aadilog, except motion resistance of the test whéntiwis
under 70N at the speed of 25mm/s. The variationhefour parameters are slightly influenced byuiy.
Keywords: Lunar Rover, Test Wheel, Mechanical Parameter, b @wl Simulant

did experimental study on lunar rover mobility, but
they only analyzed sinkage on different conditions
7]. H.Shibly et al analyzed drawbar pull and

teé/r\:gglothe ri?p;gaffsve:ggmenrto Orfessspat(;fat Sﬁ'ﬁ;;ériving torque by experiments, other parameters did
9y, P Prog ot be measured [8].

explore space [1-2]. As the primary objective to The sinkage, driving torque, drawbar pull and

explore space, lunar exploration not only does nof .. ) S
P P P y n% tion resistance of driving wheel are analyzed

stop, but also make a great progress. The effectvc\)/ en the loadings exerted on wheels and the

:322: rf:ﬁ;rlfo\\llzrryislrgpkci)rr]tgr(l)tf lvhaegeggfﬁﬂaféﬂgr%elocities are varied by the indoor bin test insthi
) P aper. The analysis can provide theoretical basis

the environment of lunar and carries SC|enc§ : .
: e nd reference for analyzing motion performance of
instruments. In order to finish the tasks, lunarero L o

lunar rover and designing driving wheel.

must have better passing ability when running on
lunar regolith[3-4]. The surface of lunar is cowere 2. SIMULANT LUNAR SOIL BIN TEST
with lunar regolith. Lunar regolith is weathering . .
subtances that cover on the bedrocks of lunar rov&‘1 Smulant Llunarl Soil FO(ITheTe(it_ h h
Beacause the particles of most of lunar regolith ar ‘]LU'Zt S|mufa31£ijr;arS§0| ;S lf[S? in t e_lte.st. Tf?
very small, the wheels of lunar rover easily Sinkggg?jmgr?;eoshown-in talkr)TI](leJ ?n unar sot-in-so
slip and even can not pass the soft lunar reg8hth[ '
6]. Thus, It is difficult that exploration is 2.2 Simulant Lunar Soil Bin-Driving Wheel Test
performed. The wheels of lunar rover bear the System
weight of whole lunar rover and have direct contact The test was performed in Simulant lunar soil
with lunar regolith when lunar rover runs on lunarbin-driving wheel test system in the key laboratory
Drawbar pull is occurred by the contact areaf bionic engineering of Jilin University. The
between the wheels and lunar regolith and effect efiotion performance and passing ability of rover
soil excavating. Here, travel performances andould be measured in the system. The mechanical
steering flexibility of lunar rover are controlldxny
mobility of lunar rover. Therefore, the analysis of
mechanical function between driving wheels of
lunar regolith has great meanings to investigatibn
motion performance of lunar rover.

In the past few years, the mechanical parameters
involving performance of lunar rover are
investigated by many scholars. Kojiro lizuka et al

1. INTRODUCTION
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Table 1 : Mechanical Parameters Of JLU-2 Lunar Soil Whereo is the rotating velocity, v is the traveling

Stimulant In Soft Condition

Mechanical parameter Value
Deformation index n 0.96
Cohesive modulus kc 1.99
[N/em™] :
Frictional modulus
ko[N/cnT™?] 0.45
Bulk density y[g/cnt] 1.26
Cohesion c [kPa] 0.32
Shear modelus K] 159
[cm]
Particle density
[g/cn ] 2.73
The internal fOI‘ICtIOI’] 30.19
angle o[ °]

Figure 2: The Rutting In Lunar Soil Simulant

velocity, r is the diameter of the wheel. Motion
resistance F could be calculated by the following
equation:

F=T/r-DP (2)
Where T is driving torque, DP is drawbar pull.

2.2 Test Whed

Because the environment of lunar surface is very
special and the structure of the lunar rover istéch
by condition, the wheels of lunar rover are
supported by metal wheels, not aeration wheels.
The test wheel is shown in Figurel. The diameter of
the wheel is 300mm, the width of the wheel is
150mm.

2.3 Test Whedl

The rutting of test wheel in lunar soil stimulast i
shown as Figure 2. Sinkage is measured by vertical
displacement sensor. Drawbar pull is measured by
pressure sensor. Driving force is measured by
torque sensor. Motion resistance is calculated by
Esqg. 1. Figure 3 shows the variation of sinkage,
drawbar pull, driving torque and motion resistance.
In this case, vertical loading exerted on the wieel
30N, Slip is 20%, and traveling velocity is 25mm
/s. It is very obvious that the four parameters
regularly fluctuate with the displacement increases
The reason is for the moving wheel. The forces
acting on the lunar soil stimulant regularly change
when the moving wheel enters into the lunar soll
stimulant in turn. Meanwhile, the reactions exerted
on the wheel surface by the lunar soil stimulant
regularly change. Thus, Sinkage, drawbar pull,
driving torque and motion resistance regularly
change too

system of the system can make the test wheel

rotate, exert vertical loading on the test wheal an
ensure the direction of the test wheel during th
test. The test system includes the test whe
platform, horizontal force measured device, torqu
measured device, driving force mechanism

horizantal force

system, vertical loading platform, horizontal
displacement measured device etc. The devices ¢
measure drawbar pull, sinkage, velocity, rotatione
speed, driving torque etc. Slipcould be calculated

by the following equation:
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Figure 4(b) shows the relationship between
sinkage and slip when the velocity of the test whee
is 25mm/s. Singkage increases with loading. The
maximum sinkage of the test wheel under the
loading of 70N increases by 49.2% than that under
the loading of 30N. The maximum sinkage of the
test wheel under the loading of 150N increases by
66.8% N than that under the loading of 70N. The
maximum sinkage of the test wheel under the

; ; ; ; ; - loading of 300N increases by 39.8% N than that

0 Zf,ﬂrizj,ﬁ‘j, D{';f,?acen’iﬂﬁl(m'ﬁ?" 1200 under the loading of 150N. The result indicate$ tha
(b) the sinkage of the wheel subjected larger loading

easily sink and even fails when the change of rluna
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(b) Influence Of The Loading For Sinkage

3. RESULTSAND ANALYSIS Figure 4: Variation Of Sinkage With Slip

3.1 Variation Of Sinkage With Slip 3.2 Variation Of Drawbar Pull With Slip

Figure 4 show that sinkage increases with slip Figure 5 shows the relationship between drawbar
increases. Figure 4(a) shows the relationshipull and slip. The drawbar pull increases with slip
between sinkage and slip under the loading of 30Nkigure 5(a) shows the effect of velocity on drawbar
When slip is more than 11%, sinkage increases withull of the test wheel under the load of 30N. When
velocity increases. The sinkage of the test wheel glip is below 8%, drawbar pull increases with
the speed of 10mm/s is always smallest during theelocity. When slip is more than 8%, drawbar pull
test. The maximum sinkage of the test wheel at thdoes not vary with velocity. When slip is more than
speed of 25mm/s increases by 65.1% than that 20%, The drawbar pull of the test wheel at the
the speed of 10mm/s. The maximum sinkage of thepeed of 25mm/s is maximum. Figure 5(a) suggests
test wheel at the speed of 35mm/s increases by Q¥at change of velocity has slightly effect on
than that at the speed of 25mm/s. drawbar pull in the range of 10mm/s-35mm/s.
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Figure 5(b) shows the effect of loading onloading of 70N increases by 141% than that under
drawbar pull under the velocity of 25mm/s.the loading of 30N. The maximum driving torque
Drawbar pull increases with loading. The maximunof the test wheel under the loading of 150N
drawbar pull of the test wheel under the loading ahcreases by 101% than that under the loading of
70N increases by 108% than that under the loadingpN. The maximum driving torque of the test wheel
of 30N. The maximum drawbar pull of the testunder the loading of 300N increases by 95% than
wheel under the loading of 150N increases bthat under the loading of 150N.

102% than that under the loading of 70N. The

maximum drawbar pull of the test wheel under the 407, 10mm/s .
loading of 300N increases by 94% than that under 2 ;5) 1 izmmf sk
the loading of 150N. Obviously, It is helpful to Zoof T
clime and avoid sinking that increasing the loading 250l
acting on the wheels by changing the pose of lunar Sisl o
rover increases drawbar pull. EST
> o=
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3 3.4 Variation of motion resistance with dip

04aem” : . . ; ‘ Figure 6 shows the relationship between motion

0 20 40 60 80 100

Slip(%) resistance and slip. Motion resistance increases
with slip except motion resistance of the wheel
(b) Influence Of The Loading For Drawbar Pull  subjected by 70N at the speed of 25mm/s. Figure
Figure 5: Variation Of Drawbar Pull With Slip 6(a) shows the effect of velocity on motion
resistance of the test wheel under the load of 30N.
3.3 Variation of driving torque with slip When slip is below 4%, motion resistance increases
Figure 6 show that driving torque increases Wwithyjth the velocity. When slip changes in the ranfje o
slip. Figure 6(a) shows the influence of velocity 0 109%-28%, motion resistance increases with the
driving torque when the loading is 30N. Drivingyelocity decreases. When slip is larger than 4%,
torque increases with the velocity decreases Whefiotion resistance of the wheel at the speed of
slip changes between 13%-47%. The change @5mm/s is always largest. The maximum motion
velocity has slightly effect on drawbar pull in theresjstance of the test wheel at the speed of 10mm/s
range of 10mm/s-35mm/s. The maximum drivingncreases by 6.1% than that at the speed of 25mm/s.

torque of the test wheel at the speed of 35mm/s represents that the wheel at higher speed gets
increases by 2.5% than that at the speed of 10mm{grger resistance.

Figure 6(b) shows driving torque increases with
loading when the velocity is 25mm/s. The
maximum driving torque of the test wheel under the
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velocity. Driving torque increases with the velgcit

40 . 10mm/s decreases when slip changes between 13%-47%.

_35] ¢ 25mms ettt When slip changes in the range of 10%- 28%,
€ 30] + 3Smm/s it lleeeeneest? peust motion resistances increase with the velocity
g 25] R reduce.
% 20 o When slip is below 54%, Sinkage, drawbar pull,
& 154 t:’= driving torque and motion resistance increase with
g 101 < loading. When slip is above 54%, the four
S 5y parameters increase with slip, except motion

00‘ 0 0 e g0 100 resistance of the test wheel which is under 70N at

Slip(%) the speed of 25mm/s. The variations of the four

parameters are significantly influenced by loading.
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Figure 6(b) shows the effect of loading on
motion resistance at the speed of 25mm/s. WI;ET
slip is in range of 0-54%, motion resistan
increases with loading. Motion resistance of the
test wheel under the loading 70N firstly increases
with slip, then decreases with slip. When slip is
54%, motion resistance is maximum which i
66.4N. The maximum increases by 94.6% th
motion resistance of the test wheel under the
loading of 30N. The maximum motion resistance of
the test wheel under the loading of 150N increases
by 135% than that under the loading of 70N. TH#é]
maximum motion resistance of the test wheel under
the loading of 300N increases by 95% than that
under the loading of 150N.

4. CONCLUSION 5]

Sinkage, drawbar pull, driving torque and motion
resistance of the lunar rover wheel increase with
slip, except motion resistance of the test wheel
which is under 70N at the speed of 25mm/s.

The variations of the four parameters are slightlg
influenced by velocity for the velocities vary inet [6]
small range during the test. When slip is more than
11%, sinkage increases with velocity increases.
When slip is below 8%, drawbar pull increases with
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