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Abstract

In view of the need of future space weapons’ development, it proposes a kind of biomimetic adhe-
rent inchworm-like robot, which combines the biomimetic gecko adhesive material and the
movement mode of geometer. The mechanism, electrical system and control strategy of the bio-
mimetic adherent inchworm-like robot are designed in this paper. Then, it designs the interface
relationships between each electrical element and the semi-autonomous control strategy. The
major structure and adherent material structure of adherent sucker are designed in this paper.
Then it accomplishes the comparison of the adherent material and the calculation of the adhesive
power. After that, it designs three range sensors for the adherent sucker. And base on the range
sensors, it accomplishes the calculation of the position and pose between the adherent sucker and
target surface. This paper uses the Deanvit-Hartenberg method to set up the kinematic model of
the biomimetic adherent inchworm-like robot. Then it accomplishes the gait planning of the robot,
and designs the “One Gait”. At last, it sets up the virtual prototype model of the robot in the soft-
ware Adams, and it carries out the simulation of robot’s gait, verifying the correctness of the gai
planning.
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Figure 1. General design structure of the biomimetic adherent inchworm-like robot
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Figure 2. Practicality picture of the biomimetic adherent inchworm-like robot
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Figure 3. Conceptual sketch of control strategy
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Figure 4. Conceptual sketch of control strategy
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Figure 5. Structure drawing of the adhe-
rent material
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Table 1. Comparison table of different gecko-seta-like dry adhesive material
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Figure 6. Conceptual sketch of
the distance sensor’s coordinate
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Figure 7. Position sketch of the points in dis-
tance sensor
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Figure 8. Position relationship of target plane
and coordinate after first rotation
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Figure 9. Distance sketch of the target plane
and sucker
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Figure 10. The coordinate of inchworm-like robot
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Figure 11. Gait sketch of inchworm
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p, =—Tt te(0,3s) (5-6)
p;=a,+a,+7t
p, = 0
p, =—-21+7(t-3) te(3s,659) (5-7)
Py =a,+a,+21+7(t-3)
L AL RTENT 6,,6,,0,, 6, < TR IE BB W] 1T 5175 FE A A -
p,= 0
p,=7(t—6) te(6s,95) (5-8)
py=a,+a,+42-7(t—6)
p, = 0
p,=21-7(t-9) te(9s,125) (5-9)
Py =a,+a,+21-7(t-9)
5.2.2. BEIFHIEHRME
Hte(0,3s) I, H(E-5)MI(5-6)H:
—7t=—a,—a, c0sH, —a,cos (b, + 6;)—a, cos (b, + 26, )+ a, (5-10)
a, +a,+ 7t =—a,sing, —a,sin(6, +6,) —a,sin(6, + 26,) (5-11)
¥ a=a=a-=a, WHA:
7t =@, cos 6, +a,cos(6, +6,)+a, cos(6, +26,) (5-12)
a, +a, + 7t =—a,sind, —a,sin (6, + 6;) —a, sin (6, + 26,) (5-13)
(5-12)M(5-13) WL -~F- 5 Ja I, R cos 26, = 2cos® 6, -1, L THTFI 453
4a? cos® 0, + 42,8, C0s 0, + a2 — 49t> —(a, +a, + 7t)° =0 (5-14)
AT
—4a,a, J_r\/16a§a32 -16a’ [a,f —49t% —(a, +a, + 7t)2]
cosd, = 832
2 (5-15)
2 2
:ii\/49t +(a, +a, +7t)
2a, 2a,
By 2 -T2 11 wms e,
2a, 2x70.61
O, Hff, WIFEHE -1<cosg, <1, Rl
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_ 49t* Tt
a, \/ +(a,+a,+ ) <
2a2 2a,

1< =

fEfF0<t<17.0, FF&sEhrfoe, #Harfs.

- +\/49t2+(az+a3+7t)2
6, = arccos =0,
2a,

Hi (5-12) % cos @, Fl (5-13) xsin @, Al 13
7tcos o, = a, cos® 6, +a, €0s 6, cos (6, + 0, ) + a, cos 6, cos( 6, + 26,)
(a, +a,+7t)sin 6, = —a, sin* #, —a,sin 6, sin (6, + 6, ) — a, sin 6, sin (6, + 26,)
PR, T4
7tcosd, —(a, +a, + 7t)sin g, = a, +a, Cos b, + a, €os 26,
HIE

—(a, +a, +7t)sin 6, + 7tcos b,

a3+\/49t a2+a3+7t)
2a,

=a, +3a,

2

—a, +4/49t° 7t)’
vals a3+\/ +(a, +a, +7t) 1
2 2a,

49+ (3, 4, + TE)’ — 8,49t + (8, +a, +Tt)’
2a,

4

k,=—(a,+a,+7t)
k, =10t

49t% + (a2+a3+7t ag\/49t a2+a3+7t)2
- 2a,

R

Jﬁ+@—@}

6, =arctan 2| — K +arctan 2
k2 k3

NTE 0, Nh5 HAF G 2R, B

kZ +kZ-kZ
0, =arctan 2 K )y arctan 2| YL T
k2 k3

BEAk, ATEASRAF LTS 35 IF -

(5-16)

(5-17)

(5-18)

(5-19)

(5-20)

(5-21)

(5-22)
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-2

BAE

6, =n—0,-06,-0,

Jk2+k2 —k?
=n- {arctan 2[%} +arctan 2{%}} (5-23)

2 3

2
2arccos£a3 +\/49t2 +(a,+a,+7t) J
2a,

FIFEATLARAG t e (35,65), te(65,95), Mte(9s,12s) I AEaI¥TTHE.
5.3. E¥IENEERFE

Adsms B2 — 3 IR IRENLECR AT, rTLAH T 1830 M3 71455 1 3. 12 ADAMS K
P FUEHL 38 NFATIZ BN A 3, T DURHIEIZ 80 % 7 R AD A BRI A5 SR B M o TR 300 o g ST R Y
mpE 12 fos.

W N2 NIVILEIE N 6, =—30° . 6,=-60" 6, =—60" 6, =—-30", KHLEMEIF K “—
F7OPRBATOI R, £ 4 RN ERE 4 MiEEhEl, IR NZe A R, 4 5.2 TIFEARIN
AT F B T AR 7 R E WL N sh s . WOE DT BN (DY 13 sv KOy 0.1 /TR |, 1E
Adams 71 [ B4 i RENLES AT ERShE, P 13 Fion. AWEIFATCUE B, ROEENLEE A3 AR5 S
RENS SCIAE P10 FFReUE AT 78 D A5 IR T 128 3l 2 AR D 25 WK1 45 TR v vk

FIF Adams (1A FEMI S DhRE, T DAAS B0 B RE R OCHT 020 34 34 5 1A% Ay (R RS () B et 1] £
Tl 2 fa 14.

4 AT A i R R R AR T RIS N IR AL B I G Te /. NIRRT LLE , fEig3hid
PR DAE H, DU KA IR 0, ZIBBIWIMGAIEA 0, +0,+ 6, + 6, =-180", HuzzdfEd
I 21 /2 0, + 0, + 0, + 0, =—180° ,  H.H BN E v LAE tH RN 28 N ISR R A IR 8 2717, 588
A5 R — 5.

% ¢

14
5 «
a 5 | -
olids Flexible Bodies Construction Booleans Features

e &

All Other

Figure 12. The model of inchworm- like robot in Adams
[E 12. Adams B {4 rh o REEH 28 AHEE
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Figure 13. The animation the robot’s inchworm gait in Adams
[ 13. Adams h REEH 25 A REEL S NiE
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Figure 14. Curve the joint 2,3,4,5’s rotation angle
B 14. %5 2, 3. 4, 5#EAHLE

6. it
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e TV VR PR RN B 22 3 (R PR B A% RS, IR AEXT B AIORS B AT RHE BE O S Atk _E R 3% 1 2R MRt B
FUEIRGIAARE o FEULIERE EVEARRT T 1 WA I 5 F AR T AR AR5, PR 1 R A SRR oy 28
i

SERC T ARG B OR8N IS 2 A A . I R D-H Frik Ak, 1R SIS N ARKR 2R A 2
fifi LSS RNE AT, IEXNEE S AT T M AR, ERT T RUERLES A 2 A 1 AL

RIS B A MR Rt F, BEAT O AR R P SORERL a8 N R e BB 35 R SIAHRAAR, it 7 RUE
Plas NI “—57 B35, (e Adams BPF R SE sl 7 ah B4 30, S8k 1 20 A R4 AR IR A 1
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Bro BEhbh, XFTREBADRHRE B ML AR BEATIRANAT SC . BJa, ESEPRAIR I, a7 0 ) g
HIE B HARA T REZ 7e 4V B H bRk, AT “ —77 WERP SR AZED, EFHNEIRN
DB BATIRAT T

E S

— P R KA ) B ik 4 9 B (CALT201601)

SE3#k (References)

[1] 23, ZSAF. bt TEEIARSS P ERL]. e ls s, 2009(6): 52-55.

[2] Shakig, MGk, mbed, 5. 2 RBEI PR R SRS 0 B[] RS07E AR, 2007, 19(23): 5601-5602.
[81 kR, MR, 1. WM TERBUR & HAE 2 AT o iR [I]. iR S0P, 2008, 24(4): 16-17

[4] Jeong, H.E., Lee, J.K,, Kim, H.N., et al. (2009) A Nontransferring Dry Adhesive with Hierarchicalpolymer nanohaks.
Proceedings of the National Academy of Ciences, 106, 5639-5644. https://doi.org/10.1073/pnas.0900323106

[51 Geim, A.K., Dubonos, S.V., Grigorieva, 1.V., et al. (2003) Microfabricated Adhesive Mimicking Gecko Foot-Hair.
Nature Materials, 2, 464-463.

[6] Aksak, B., Murphy, M.P. and Sitti, M. (2007) Adhesion of Biologically Inspired Vertical and Angledpolymer Microfi-
ber Arrays. Langrnuir, 23, 3322-3332. https://doi.org/10.1021/1a062697t

[71 ®IRAR, ZAEZE. FEPLas NHE TS0 B R LS N BER R[], RS8R, 2015(32): 3114-3124.
[8] =¥, BRAVKEFEFIRIERE KA YERETH 7L [D]: [l L5 A0R 3], F A BRI R K%, 2013: 17-56.
[9] BAKAR. SUEHLEE ARIE SR 507 B [D]: [t 220010 30]. dbat: JbSTlp e ks, 2009: 11-21.

DOI: 10.12677/jast.2017.54022 211 B Rt N


https://doi.org/10.12677/jast.2017.54022
https://doi.org/10.1073/pnas.0900323106
https://doi.org/10.1021/la062697t

KPR B P RR T s

1. FTJF40M T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TFHFIRMEERE: [ISSN], FHIAMHT ISSN: 2330-474X, BIATE i)
2. FTFFENM T T http://enki.net/
Ao« bR SCHREE” BEN, BN SCERRE, BIAT A

WhaiE A http://www.hanspub.org/Submission.aspx
HATIMEAE: jast@hanspub.org

Hans X


http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:jast@hanspub.org

	The Design and Analysis of the Biomimetic Adherent Inchworm-Like Robot
	Abstract
	Keywords
	仿生粘附式尺蠖机器人设计及分析
	摘  要
	关键词
	1. 引言
	2. 仿生黏附式尺蠖机器人设计
	2.1. 仿生粘附式尺蠖机器人机构设计
	2.2. 仿生粘附式子尺蠖机器人控制策略设计

	3. 仿生粘附式尺蠖机器人粘附吸盘设计
	3.1. 粘附吸盘结构详细设计
	3.2. 吸盘底部与目标平面的位姿解算
	3.2.1. 目标平面姿态的解算
	3.2.2. 目标平面与吸盘距离的解算


	4. 仿生粘附式尺蠖机器人运动学建模
	4.1. 坐标系建立
	4.2. 运动学方程推导
	4.2.1. D-H参数的建立
	4.2.2. 仿生粘附式尺蠖机器人的正运动学
	4.2.3. 仿生粘附式尺蠖机器人的逆运动学


	5. 仿生粘附式尺蠖机器人步态规划
	5.1. 机器人姿态和轨迹规划
	5.2. 关节运动方程求解
	5.2.1. 运动学方程的建立
	5.2.2. 运动学方程的求解

	5.3. 虚拟样机建模及仿真

	6. 结论
	基金资助
	参考文献 (References)

