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ABSTRACT

This research includes design and developing process of landing gear mimicking cat skeleton
structure, which is needed for safe drone landing. We developed this model with 3D printing, and had
drop experiments with the model. We attached magnet between joints to relief damages, and attached
PVC foam under the foot. With supersonic wave sensor, we measured displacement, velocity,
acceleration depending on the drop height, and plotted graph of those values with PASCO Capstone.
The higher the drop height, the amplitude and cycle of damp vibration in the buffer action increased.
Experiments by varying the height, mass, and leg arrangement showed that a 1.5kg model landed
reliably from a height of Im, and a 3kg model also landed reliably if dropped from less than 50cm. In
addition, the arrangement of the legs should be radial rather than straight like cats to confirm better
buffer performance.

Key words: Buffer action, Skeleton structure, Cat, Magnet, Damped Oscillation
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[Fig. 1] Skeleton structure of cat [1]
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[Fig. 4] 1 3D modeling (80mm leg, foot, angle: 135 )

w22 A4

=
§lo.2 Aeho] of Po| Solzt 4 QLS stoick. 28t Aol S 2o 90E7b] Solzt
oFEQit} ofe]9] Zoj= 40mm, 45mm, 50mm, 80mmO. 2 sFeict.

W\WeL

[Fig. 5] 2" 3D modeling (80mm leg, foot, angle: 90 ")
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[Fig. 6] 3“ 3D modeling (70mm leg, foot, angle: 60 ")
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[Fig. 7] 4" 3D modeling (70mm leg, foot, connection, angle: 28 )
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[Fig. 8] 3D modeling (60mm leg, foot, connection, angle: 28 O)
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[Fig. 9] 3D modeling (90mm leg, foot, 50mm bolt, connection, nut, angle: 28 )
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[Fig. 11] Complete model (left: leg, right: full skeleton structure)
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[Fig. 12] Setting for experiment
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[Fig. 14] Wooden board drop experiment
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[Fig. 15] 11-shaped leg arrangement ;nodel
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[Fig. 17] 30cm drop experiment result (position, velocity, acceleration)
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[Fig. 18] 70cm drop experiment result (position, velocity, acceleration)
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[Fig. 19] 100cm drop experiment result (position, velocity, acceleration)
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<Table 1> Max, min velocity and acceleration per height

. . . Max Min
Max velocity Min velocity . .
(m/s) (m/s) acceleration acceleration
m/s m/s
(m/s”) (m/s?)

A 1 1.35 -0.84 9.14 -28.82
Ay 2 1.26 -0.80 8.77 -28.58
A 3 1.30 -0.84 8.70 -28.21
Aldd 4 1.75 -93.00 8.89 -34.50
Ay 5 4.67 -2.71 67.44 -107.72
A 6 1.85 -0.96 9.88 -35.91
Ay 7 2.28 -1.19 12.29 -46.40
Ald 8 2.11 -1.14 13.69 -41.99
Ald 9 2.23 -1.07 11.41 -44.59
A
10 3.16 -2.59 24.90 -85.70
Al
1 2.46 -1.93 30.92 -48.48
BE
19 2.56 -2.277 43.93 -62.24
A
13 7.07 -2.73 98.14 -152.49
A
14 2.82 -1.23 11.55 -56.75
Al
15 2.99 -1.24 17.57 -49.04
Al
16 2.96 -1.74 30.67 -51.89
/::_164
17 6.88 -2.96 69.32 -153.92
A
18 3.16 -0.86 11.74 -50.10
/‘\?!6‘4
19 3.75 -2.77 58.20 -97.20
/‘\?!6‘4
20 4.05 -2.85 69.05 -59.89
A
91 10.53 -7.92 193.91 -173.39
A
99 3.57 -1.14 13.20 -65.19
Al
93 3.50 -1.16 12.25 -63.67
Al
94 3.57 -1.00 11.43 -60.90
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[Fig. 21] Wooden board drop
experiment_70cm

[Fig. 20] Wooden board drop
experiment_50cm

[Fig. 22] Wooden board drop experiment_100cm
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[Fig. 23] Radial leg arrangement_50cm drop experiment result (position, velocity,
acceleration)
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[Fig. 24] Radial leg arrangement_70cm drop experiment result (position, velocity,
acceleration)
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[Fig. 25] 11-shaped leg arrangement_50cm drop experiment result (position

velocity, acceleration)
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<Table 2> Max, min velocity and acceleration of radial leg arrangement model drop experiment
Max velocity Min velocity Max acceleration Min acceleration
(m/s) (m/s) (m/s?) (m/s?)
A1 1.65 -0.45 8.11 -12.03
A 2 1.52 -0.28 7.97 -10.28
Als 3 1.63 -0.53 7.8 -12.96
A3l 4 2.25 -0.84 9.13 -16.09
Al b 2.08 -0.27 8.62 -13.22
A3l 6 2.08 -0.22 8.6 -13.1
A 1 AF 2, A3 3 WA 50cm
A 4, A7 5 A3 6 YA 70cm
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<Table 3> Max, min velocity and acceleration of 11-shaped leg arrangement model drop experiment

Max velocity Min velocity Max acceleration Min acceleration

(m/s) (m/s) (m/s?) (m/s?)

Ag 1 1.59 -0.46 7.7 -11.76

A 2 1.51 -0.3 7.56 -10.4

Ad 3 2.26 -0.62 9.16 -16.93

Ag 4 2.17 -0.52 9.08 -15.5

Ag 5 2.08 -0.28 8.89 -13.44

A 6 2.15 -04 9.24 -14.51
Ad 1, Ag 2, A9 30 114 50cm
a9 4, 49 5 A9 6 11X 70cm
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[Fig. 29] +0.5kg drop experiment result (position, velocity,
acceleration)
3 43 82 MM 9F2 QAL 202 AZtEch AMZ AR YALA)E SsectE 7}
5 o O

7

=

S} Agolo], AF B EANE dsec e/l st Agolc) £8 2| Yok met 2 Kol Mol
oyt

_’|5_



[Fig. 30] +1.5kg drop experiment result (position,

velocity, acceleration)
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<Table 4> Max, min velocity and acceleration per weight

Max velocity

Min velocity

Max acceleration

Min acceleration

(m/s) (m/s) (m/s”) (m/s”)

A ] 1.65 -0.45 8.11 -12.03
AlS 2 1.52 -0.28 7.97 -10.28
Ay 3 1.63 -0.53 7.8 -12.96
A7 1.61 -0.37 7.65 -11.77
A8 8 1.66 -0.44 7.76 -12.59
Als 9 1.47 -0.4 7.2 -11.04
A&l 10 1.58 -0.48 7.86 -12.02
Als 11 1.43 -0.39 7.08 -10.6
A 12 1.47 -0.38 7.35 -10.59
Ag 13 1.67 -0.76 7.98 -9.75
A& 14 1.76 -1.07 9.1 -11.65
Ag 15 1.64 -0.62 8.39 -8.69

A 1, AF 2, A9 3t +0kg

AE 7, A8 8, Ag 9: +0.5kg

Ald 10, AE 11, AF 120 +1.0kg

A 13, A3 14, AP 15: +1.5kg
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