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ABSTRACT

In this work, we propose a lunar lander demonstrator with lightweight landing gears combined
with foot-dampers to absorb landing impact loads and improve landing stability. We select an appro-
priate aluminum honeycomb and foot-damper model through a set of compression tests and analysis.
A set of landing tests with the lunar lander demonstrator is conducted to verify the landing stability
considering various ground conditions. In addition, load cells and accelerometers are installed to
measure the impact load and shock acceleration on the landing gear to investigate quantitative shock
absorption performance. Our test results show that the developed landing gears successfully attenuate
the shock and improve landing stability, meeting the design requirements.
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0.75m Primary
strut
Secondary
strut Aluminum
honeycomb

(a) Foot-pad

(b) Foot-damper

Fig. 1 Configuration of two landing gears of the lunar landers
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Node 0
Node 1
Node 2

(a) Configuration of the foot-damper

AgAA

(b) Variation of the thickness

(c) Variation of the number of ribs

Fig. 4 Trade-off study of the foot-damper

Table 1 Distortion ratio of the upper plates

V9 case| R t | Rib| D D, Mass
(b) HCC-3.75-3/4-3003 [mm] | [mm] | [ea] | [%] [%] [ke]
@ | 75 3 6 | 579 | 607 | 0.720
2 T T T 1
== CRIII-2.6-5/32-5052-Test (b) 75 5 6 4.26 4.54 0.984
=15 ——HCC-3.75-3/4-3003-Test || © | 75 7 6 | 345 | 3.79 1.248
o = CRIII-2.6-5/32-5052-Spec
= ~——HCC-3.75-3/4-3003-Spec | | (d | 75 10 6 245 | 248 1.644
2 1 0.75MPa
8 : @© | 75 3 8 | 401 | 433 | 0804
® 05 0.17MPa 1 ® | 75 5 8 | 351 | 3.72 1.152
00 26 4:0 66 8I0 100
Strain(%) 3. SHEIRM DAL EFAIY

(c) Stress-strain curves
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(b) Honeycomb

Fig.5 Test model of foot-damper

Coamaunan

Secondary strat | 8
" .
b Foot damper ___

N

Fig. 6 Lunar lander demonstrator

Table 2 Mass property of lunar lander demonstrator

Parts Primary | Secondary | Foot Body Total
strut strut damper | frame
Quantity
[EA] 4 8 1 4 1
Mass 111 6 11.55 647 | 5202 | 81.70
[ke]

Table3 Design requirement of the lunar lander
demonstrator

Condition Reference
Horizontal velocity 1 m/sec
Vertical velocity 3 m/sec

SRS at body and landing <1000 G

gear interface
Shock absorbing ratio > 50 %

a

Lcos@

—p \/

1 Gravity force
H=458.7mm

h=51.0mm

Fig. 7 Configuration of the pendulum model
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O : Input O : Output Table 4 Test cases of landing test
Leg 4 -
Test Landing | Vertical | Horizontal Wi Ly
Ground type : . success
ID type | velocity | velocity [0/X]
€05 Steel plate | 22 | 331 - 0
Case | Steel plate
2 | @y | 22| 30 - ©
€O Steel plate | 22 | 266 | 081 0
o5 Steel plate | 1-2-1 | 315 | 081 0
2 - Case | Jumoonjin
A NI-USB-4431 5 sand 22 3:32 ) ©
D)@ @ & Alaptop Case | Jumoonjin 20 335 L13 o
o o 6 sand
A NI-USB-4432 Steel plate
Case plat
7 +Jumoonjin |  2-2 3.47 - (6]
Fig. 8 Test setup sand

ofn)i},

. . End frame —Initial frame
Flight time = 510 ps (6)
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(b) 1-2-1 landing

Fig. 9 Landing configuration of landing test
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—

(a) 0° tilt

==

(b) 20° tilt

Fig. 10 Landing test with 20° tilt ground

(c) 2™ touchdown
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(d) Final landing

Fig. 11 Landing process of the lunar lander demonstrator (case 7)

Trans. Korean Soc. Noise Vib. Eng., 31(5) : 511~520, 2021 | 517



Han-Sol Choi et al.; Development and Validation of a Lunar Lander Demonstrator with Foot-damper based Landing Gears

@
3
3
3

3Acceleration Shock Response Spectrum Q=10
10 T i "

5000 - —Input |-
4000 - - -Output|-

391.45G

Peak Accel (G)
3.;

. . 0
218 21.85 21.9 21.95 22 22.05 224 10
Time(sec)
(a) Leg 1 10" ‘ ; ‘
10° 10" 102 10° 10
5000 [ T T T T T T Frequency (HZ)
4000 Input (a) Input
= w000l - - -Output| |
% 3Acceleration Shock Response Spectrum Q=10
10 T " w
8
A
102

L
218 21.85 219 21.95 22 22.05 221

Peak Accel (G)
BA

Time(sec)
(b) Leg 3 -
100 T T T T T T
C 10! : : :
F=4 10° 10’ 107 10° 10
-,% Natural Frequency (Hz)
o (b) Output
D -
(%] R
& 50 ___Igt':tl:: ut Fig. 13 Comparison of SRS between input and out-
200 . ‘ ‘ ‘ ‘ ‘ put points (case 1)
218 21.85 219 21.95 22 22.05 221
Time(sec)
(C) Acceleration Table 6 SRS analysis results
Fig. 12 Test result for case 1 Peak acceleration [G]
Test ID Location
Input Output
Table 5 Test results according to test ID Case 1 Leg 3 39145 103.2
Maximum load [N] hock Case 2 Leg 3 507.18 87.876
Test ID | Location : lock
Input Output absorbing ratio Case 3 Leg 3 256.18 128.05
Case 1 | Leg 1| 53022 | 20805 60.76 % Case 4 Leg 3 115 90.88
ase
Leg 3 | 4745.18 | 1865.4 60.69 % Case 5 Leg 3 295.19 136.45
c 5 Leg 1 5532.4 2018.9 63.51 % Case 6 Leg 1 89.66 78.78
ase
Leg 3 3977.9 1801.8 54.70 % Case 7 Leg 1 115.97 76.86
c 3 Leg 1 14 786.8 2758.7 81.34 %
ase
Leg 3 | 46268 | 2099.6 34.62 % SRS #2412 tom-irvine©®] #|¢+st smallwood &Lz
Leg 1 17 418.1 2401. 219 - . [
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ase - - .
Leg3 | 17972 | 11417 36.47 % S AT, SRS 418 E3 Fig. 133} o] F
Case 7 Leg 1 | 75247 1928.1 74.38 % gpeo] wE HurkEre] Aofike A3t Table 6
ase
Leg 3 | 39118 | 16315 58.29 % o Aglslgin}y. Az 7Ax ¥l 249 case 19]
Average 0% B4 qEARAN Aol $A7KEEI 391456, 29
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