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Kinematics Analysis of Self-Balancing System for
Wounded-Transfer Robot

LI Maosheng,ZHANG Chunyan * ,LIU Xiangyu, WAN Yu
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract; In order to improve the efficiency of rescuing the wounded in the complex and catastrophic environment, a
novel parallel mechanism with 3R1T was proposed, which could be used in self-balancing system of the transfer robot.
The degree of freedom was analyzed by using screw theory and tested by the modified G-K formula. By utilizing the
closed vector, the solution to the inverse kinematics and the relation between the length of each driving rod and the
posture of the moving platform were obtained. The numerical solution equation of the self-balancing system was
established ,and Newton iteration method was used to solve the position kinematics solution. The balancing process of the
self-balancing was simulated by ADAMS and motion performance was analyzed. The experimental results show that the
self-adjustment of the self-balancing system can achieve the balance of the fixed platform of the mobile robot casualties,
and the mechanism has excellent motion performance , good drive performance ,strong controllability and stability , which is
suitable for the rescue and transport robots.
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Figure 1 Wounded-transfer robot with self-balancing
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Figure 2 4-UPS/PS parallel manipulator
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Table 1  Coordinate in initial state of hinge points
i MARFR O INEERL A, bR AARFR | O} IR B; ALAR
1 (0, -R,0) (0, -r,0)
2 (-R,0,0) (-r,0,0)
3 (0,R,0) (0,r,0)
4 (R,0,0) (r,0,0)
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Figure 3 Modeling of screws of
passive PS-type limbs
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Figure 4  Closed vector diagram of
4-UPS/PS parallel manipulator
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Table 2 Input of drive rod length

F5 [,/ mm [,/ mm l3/mm l,/mm
1 807.80 807. 80 807. 80 807.80
2 681.33 681.33 755.64 755.64
3 764.32 712.70 767.32 819.82
4 805. 10 748.67 805.10 915.39
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Table 3 Output of system compensation pose

5 a/(°) B/(°) v/ (%) z/mm
1 0.02 0.01 0.02 800. 02
2 14.99 15.03 0.03 800.01
3 11.41 0.02 21.22 823.02
4 0.02 16.34 0.01 798. 03
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Figure 5 Virtual prototype model of
4-UPS/PS parallel manipulator
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Figure 6 Simulation curve of displacement of

self-balancing driving rod
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Figure 7 Simulation curve of velocity change in

center of mass of self-balancing driving rod

W3 2 3l 2% 4r BT 55 Jacobian i [ 43 #7, 12

,HERANTE 8 R 9 FaR

R



.6 - B THI#M Light Industry Machinery

2019 FESE3 A

900

840 [,

B PR S A B0 A2 /mm

720
AT [ e/s
M8 B-FHIRhATAL A A
Figure 8 Calculation curve of displacement of

self-balancing driving rod

IR AT Lo/ (mmes™)

B8] o/s

M9 B-FHIRshATR LI A&

Figure 9  Calculation curve of

self-balancing drive rod speed

AR 6 HIE 8,187 5K 9 fh& & i 4
FRI AR AN S B AP RE— 30, ADAMS B EAL (132
I FAUREIE TS R IR R . T HE 6 5K
8 HYSRSAT I A ALl 2 b n] LA Y, 25 -1 2%,
BEA B AL AT LU ) 4-UPS/PS iz 8 P fE
P, s VR R4, B R i e v, &
7 9 By AR AL M2 b R LUE S A KSR
A REFRFEAE 2 s i 2 b R R R,
R I BT R 55 b il PR AR A, SR Sl v AT 2 1
o, BA BRI E T, A R A R, R A
i TR 673 32 B — R A3 5 o
5 #Hit

1) SB35 0 —FOp B 3RIT JRIBRALAL B T
JMERER (1) F P88 sh s Hlds N, HIZ o T4
A Ma R GE R R E PERRBRE ), 5 e R iz
gy &

2) M ISR e %t 4-UPS/PS JEEXHLAL Y H HH 2
HEATIHHA AR RA 3RIT 2L 4 4> 5l B2, 50k 1
PURREN 2 B B Aotk o

3) EESIZMUA B R S 2L A2 B
S, AT AT AR o R AR AR (R AR
FIPUIE B2 E A%, FHSEBRas R g0 Uk 1E A o HCHE 1E i
WG AT B AT, o BYIR ORI 220 0. 02°,8
Fly BERKIRZE R 0. 03°, 2 i KR 2EH 0. 01 mm, 7]
T 2 5P RGN EOKR

4) PREELLE DK MATLAB 935055 15 ADAVS
D5 A5 1, 15 3 4-UPS/PS FRERHLAGAE g B F- 1
AMETCIFEA RAF B S5 F R B, T8 il 4 718 o e
T AEA RAF iz g Pk e B T4, BRI 2 1
s B AT LA S 32 B R
S 230k
(1] FAF, g, H4 ROGHRKERNAGAET FENE

K[, REE FK#3,2008,17(3) :233 -235.

[2] MATSUNO F,KAMEGAWA T,SATO N, et al. Rescue robot systems -
development of high-functionality multiple robot system and robust/
scalable information infrastructure -[ C]// Advanced Robotics & Its
Social Impacts. Seoul,South Korea:IEEE,2010:87 -91.

[3] #F\EK, EAK UENBANKLBRRAEXREZFHLALT].
W7 9 K T AL 2 47,2007 ,27 (1) 112 - 117.

(4] EEHKFR, AL, S HENBEFIEANTRE S MR[I].
Hli T4 ,2017,34(12) ;1485 - 1490.

[5] HABIB M K,BAUDOIN Y,NAGATA F. Robotics for rescue and risky
intervention [ C ]//37th Anneal Conference on IEEE Industrial
Electronics Society. Melbourne , Australia; IEEE 2011 ;3305 —3310.

[6] HASHINO S. Review of transfer system for the handicapped [ J].
Journal of the Robotics Society of Japan,1993,11(5) : 49 -54.

[7] BEh. 2ERMFFINEAE E R K& EHG 7 [EB/OL].
(2010-11-26) [2018-11-30 ]. http://news. 163. com/10/1129/16/
6MM1U29P00014JB6. html.

[8] REZ4&. — My aipBEMRFSINEANLEMEIT G B 5% 0
[D]. Ri: R T I K% ,2016:5.

(9] &K, BN, 28—, % THFTEFHEERRNFR L &It
[J]. ALAk I 3T & %38 ,2013(2) :69 - 73.

[10] ##. THAMEHEEERIT[D]. 5@ LK KF¥,2014:22 -
47.

[11] R R aPHeaEilB ARkt 5#%E(D]. ER.ZRRHA

K ,2017.16 —18.

[12] EkE,TEE EFANKALKIMNELI]. FEEH,
2004 ,17(1) .13 - 15.

(13] 28, BAE, A . R E 8 A 3 306 A &Rk E

WM R[T]. AW E ¥ TR ¥ 4£7%,2007,24(4):824 -

828.
(4] FRE BkE BkE. gESANMEIM] bx s F4 T T
HUAE,2014.

[15] =i, #W, A%, 3-UPS/S B HlL 435 5h 5 447 R AL 1
% A[T]. Hlaki%it,2009,26(1) :46 —49.



