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Ground Planar Experimental Data of the Manipulator with
Air-bearing Support: Modeling and Experimental Verification
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Abstract In order to extract the true dynamics of a manipulator in space from the experimental data on ground,
gap functions of the joints’ driving torques are deduced by Lagrangian equations between two manipulators with
and without air-bearing support. The real driving torques can be predicted by the ground data minus the gap
function. Verifying experiments are designed and carried out by a small manipulator with rigid arms.
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Fig. 1 Experimental sketch of space robot plane air flotation
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Fig. 2 Stressed sketch of air flotation support equipment
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Fig. 3 Stressed schematic diagram of support equipment j
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x1 PENHESH

Table 1 Small robot arm parameters
s K& /m Ji i /kg P25 32 /(10*N-m)
1 0.4 0.249 2
2 0.4 0.249 2
3 0.15 0.071 2

%2 SELESM
Table 2 Air floatation equipment parameters

i Fiit/kg BEF IR/ (kg m?)
1 1.3802 0.001
2 1.3513 0.001
*x3 XTBH
Table 3  Joint parameters
i Fiit/kg EEE R/ (kg m”)
1 0.65 0.02
2 0.65 0.02
3 0.65 0.02
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Comparison of angular displacement of joint 1 and 2 under two conditions
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Fig. 6 Comparison of angular speed of joint 1 and 2 under two conditions
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Fig. 7 Comparison of angular acceleration of joint 1 and 2 under two conditions
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Fig. 8 Comparison of numerical simulation and experimental measurement of joint 1’s driving torque

AN R TR AR RE L R AR 0 R A X L T
LB S, fEWARRERESh %0, AFMEAT?E
BB YU 12 sh AR MR, R R e A G
IR ENMWA TOLT, HARF O IR ) i fiZ 2
5 3)H Y 25 R AHAT o

S 60 2 5 3 A 5 TR R S TR AR
KN Iy HE Al 8 s o AR =L (4) N (S), RAE 1~
3HISHL, ZMESIFRE SR G Z R EE, 14
G/ ATRREE N X2 E RS Q. FIH
0 (3), AT TR AL ARRE AR 1 S 50 3K s ) A
WA GRS @), 13EIIK 8 th oA A B
W5 FLAK BN J1 4, T A 2 5 0 TR R B Y S
&M G . ik, Sk TG IERTE

SU0 5 IS AAT, 15 BH M S 06 A 7E B S5 st
PURE 56 45 9K 2 77 48 1T LA SR I A 45 80 98 £ J8 00
J34h, RGN 7280 TARR AN 9K 5)

IR, AT AR SR B LR A9 18 12 4 225 )
P, M S g R e ok BN, S G [ i A
il eI 2 COPN R =

3 it

AR SCHR R BRAURE R 5296 9K 8h 7 46
B I BIE T o %07 I A i AU S 7E B
PUBRE 1)z sl A R DA T, M Lagrange 75 RdfE
RS e PAF NP (N SN W SR e
PR B R E A RSO O . R R
IR, AT LML i 1 52 56 1 00 2 9K 3 7 AR AT
TEBIUIR 55 k) LS UK BN A, G 1 R LA
T GIA BB S R AR T =T =
KA BB R ST, fEA PR E AR
FRACEDIZRAT T, 23 5 DA A AU AR 14 5K 5l
T o SR O B A5 A S 36 9K B g el 2

601



LR (A SR B2 R

¥55% Ha4W 201947 H

T TN A9 2 (0 PRI RS, ARAS DG 00 2 L P ) 0 3R 2y
T TO R B SE B IR ) X AR W)
MR T AR SCH Y A BE T3 E: IE B P . A SCHY

BIFTE 48 2R o LRI 3t 1 S 36 Rl ) Ak B AIE T — 2%

AR

(1]

(2]

(4]

602

S % 3k
Ma O, Buhariwala K, Neil R, et al. MDSF — a gene-
ric development and simulation facility for flexible,
complex robotic systems. Robotica, 1997, 15(1): 49—
62
wocHm, Bk, AL . S AL AN RE Jy B
LRGSR, MLEE A, 2009, 31(1): 88-96
Ma O, Zhao Z. Understanding the true dynamics of a
space manipulator from its testing with air-bearing
based support equipment // AIAA SPACE 2015 Con-
ference and Exposition. Pasadena, 2015: 4537
Umetani Y, Yoshida K. Experimental study on two-
dimensional free-flying robot satellite model // Pro-
ceedings of the NASA Conference on Space Tele-

robotics. Pasadena: California Institute of Techno-

(5]

(6]

[7]

(8]

[9]

logy, 1989, 5: 89-87

Ullman M A, Jr Cannon R H. Experiments in
autonomous navigation and free-flying of a multi-
manipulator, free-flying space robot // Xu Y, Kanade
T. Space robotics: dynamics and control. Dordrecht:
Kluwer Academic Publishers, 1993: 269-284
Ballhaus W L, Alder L J, Chen V W, et al. Stanford
aerospace robotics laboratory research overview //
NASA Sixth Annual Workshop on Space Operations
Applications and Research. Houston, 1992: 54-65
Schwartz J L, Peck M A, Hall C D. Historical review
of air-bearing spacecraft simulators. Journal of Gui-
dance, Control, and Dynamics, 2003, 26(4): 513-522
WO, FRER, ERER, % A EIUE R 5
R ARG bR Jr . R A RS EOR, 2013,
33(1): 53-60

Menon C, Busolo S, Cocuzza S, et al. Issues and
solutions for testing free-flying robots. Acta Astro-

nautica, 2007, 60(12): 957-965



