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Abstract: A 3-DOF mechanical leg with compact structure, strong carrying capacity and the rotational
motion in decoupled was proposed. To analyze the drive parameters of the 3-DOF parallel mechanical
leg, a dynamic model was established and the peak of a servo motor was predicted based on the dy-
namic model. Firstly, by analyzing the motion parameters of the leg mechanism, the dynamic model
was established based on the Lagrange equation, and the drive force acted on the mechanism was giv-
en. Then, based on the dynamic model, a peak prediction model of the servo motor for the drive speed
and torque was defined. Finally, for a given motion equation and a set of structural parameters, the
time curves of drive speed and torque were obtained., the dynamics of the mechanism was given and the
peak prediction model was proved to be correct. Calculations show that the peaks of the drive speeds

from three driving motors are 19, 17, 27 r/s for N,, N, and N,,and the peaks of the drive torque are
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5.8, 3.1, 4.4 N * m for ¢,, ¢, and ¢, respectively.

Key words: parallel mechanical leg; servo motor; dynamic analysis; Lagrange equation; peak predic-

tion model
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Fig.1 Sturcture of mechanical leg
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Fig. 2 Structure of (U~ UPR) P+ UPS parallel

mechanism
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Tab.1 Structure parameters of mechanical leg
2 FR R/ #1S
€ 5 45 S H o/ mm 200
PR HAFF 240 b/ mm 70
BIFEEMBE o/ mm 50
(U+UPRP SZHESHL ¢/ mm 450

YRTR B X AR B X 3
1.3 SRR X AR X BEJE
1.3 & EHFFA X AR X BEJE
2 BEE K X AR X B
2 B BIATH X AR X BEJR
FLHLA

360 mm>X10 mmX 14 mm

360 mmX 65 mmX5 mm

360 mm X 30 mmX3 mm

360 mmX 65 mmX5 mm

360 mmX 30 mmX3 mm
F2260 817

BT R PR L A LA S 8, Hop
B Mz sh AT AR X B8 & 4 (BN 2. 88
kg/m®) B4R, TR BR 22 KT 2R FH X5 5 75 4% il 7 4N
(CEFEH 7. 81 kg/m?) , H A4 14 41k} i ] 40Cr
WOEEN 7.8 kg/m*) B, FEL LS5 2
S o A5 A0 o P T DA TR B R A

DL b 3 R A7 3 7 AR A2 s 17 B B R
HLAE 132 Bl R B0 3 0

; () =300t
v {z(t):*[700+200cos(rct/2)]’ (60)

x(1) =200t
VIy(t){z(t):*[7OO+200cos(m‘/2)], 6D
v (D) {w() =200t (62)

i X (54) ~ (56) , FI ] matlab B2 i H
T 25 58 32 Bl 2R BORSF T 3 ML A ] IR R AL 3K 2 32k i AR
Tl £ Lk BN 25 A P AT B O 28K 3l 3R 0 R
AL 2, B 3 B ATk Oy 45 A B K UK Bl 3
2k il e — A b aniE 3 TR

&3 ) Ak R ALK gl A Al il 2k 5]

Fig. 3 Drive velocity curves of servo motor
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sh 14 h R 2 — A B R 4 s
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Fig. 4 Drive torque curves of servo motor

MR 4 AT, 3 R AT E IR 2 Y B K IR
FHIEIT NN e =4 T\ S = 2. 2, €5 = 3. 4
CELAL N« m), EATES /N T 48] iz HL AL A9 3R 98 B K
I UE T T S W A Y B

7 % #®

B 6 A Lagrange X —F = H i & HBE
PUMBR AT T 2 Jy 2 A 15 38 7 HEKsh )1 5 iz
SRz [ e 2 ER Gk L, 3Rk % i ) B
SCVEMT . SRJE BT B A AR, ST T R IR R AL
K By e T RN By 7 14 04 (i S AR Y L 45 3 T f)
I F ALK Bl e 3 AR W (L 2 0] O N* =19 N¥ =17,
N“=27CHAL v/s) 3+ fi] Mk L AILBIK 2l 7 iy e A 53
A er=5.8.=3.1.e“=4. 4(FAi N e m), K
J5 s A3 BT TR 45 58 S5 AR 2 B2 Bl R BT A i
HLHK By i 1 A 0K 2l 3 R0 28 AL B 75 31 1 OB
I 10 28 £l 1t £ L O 56 G0E 1 6 {1 408 A TR ) T 12

AR SCH BRI 5T IR S IE R R ERHILAL 75 R AP AT L
ar NNk — D 58 B8 8 1 B BL Al xF IF 40 0 Bk
Blds ABFFE G AN RS e A AT L g AN HIHE
BAEIENE X,



1982 e MR %20 %
P— [9] is;w;a,%ﬂij%,éﬂm%,%é. IFHRBRALAG L6 DU AL /7
) JE T AP AT LA PR )], ALk 242 5 3R

(1] #5k.kFR.R4F. % AFR0 kB iEsH 2009,45(8); 24-30.

FREAMIRZEMBM]]. k2 % T4, 2010, 18 WANGHB, QIZH Y, HUZH W, etal.. Appli-

(7): 1595-1604. cation of parallel leg mechanisms in quadruped/bi-

HAN X B, ZHANG ] X, ZHAO ] Y, etal.. Fore- ped Reconfigurable walking robot [J].  Journal of

cast for orientation errors of alt-alt photoelectric tel- Mechanical Engineering, 2009, 45(8): 24-30. (in

escope [ J]. Opt. Precision Eng. » 2010, 18(7): Chinese)

1595-1604. (in Chinese) (100 E bk fhesh R, %, BieBhsk 2 /m 2
[2] B K, TFF, B, 4 M 1 m oLl mhs iy 2e it T T A IR R A5 AT AL 38 sh 2 A 545 B[ .

RG] b 4% T4, 2010, 18(3);: 514 L KSR, 2010, 34(6): 508-515.

520. WANG H B, XUG L, ZHANG DF, etal.. Ki-

ZHAO F, WANG S, DENG CH, et al.. Stray nematics modeling and simulation of quadruped/bi-

light control lens for Xing LLong 1-meter optical tele- ped walking robot with parallel leg mechanism for

scope [J]. Opt. Precision Eng. s 2010, 18(3): the elderly and the disabled [J]. Jowrnal of Yans-

514-520. (in Chinese) han University, 2010, 34(6): 508-515. (in Chi-
[3] B4 . Wued, THRE.F. 2EHKMBEESR nese)

WERIANR HILT]. b5 4% % T4, 2008, 16(12): [11] F4R. 3 &, 7057 . %, B8 2-DOF 5 i

2544-2550. P EmshS )] k% #%E 242, 2008, 16

LV W H, HEX L, YUH]J, etal.. Development (5): 851-856.

of full-automatic solar tracker and its applications LIJ, LIU Y J, SUN L N, et al.. Dynamic char-

[I]. Opt. Precision Eng., 2008, 16 (12): 2544~ acteristics of a novel 2-DOF high acceleration posi-

2550. (in Chinese) tioning mechanism [J]. Opt. Precision Eng. ,
[4] WALDRON K J. Configuration design of the ASV. 2008, 16(5): 851-856. (in Chinese)

Int [J]. J. of Robotics Research, 1984, 3(2); 37- [12] ZE 3k 2,4k, EHE. Bl 3-RRR FHEEHLH 3

48. T4 A S B - Bl R R AR T R [T AL
[5] ELENA G. MARIA A J. The evolution of robotics IR FIR, 2010,46(1): 68-73.

research [ J]. Robotics And Automation, 2007, 3 WANG Y L, JINZH L, LIY B. Dynamic model-

(10): 90-102. ing and robust-adaptive iterative learning control of
[6] Bk, FAMNBAFBEEY/EHETHERS 3-RRR spherical parallel mechanism [J]. Journal

M5t [D]. B8R . Mk, 2011, 83-125. of Mechanical Engineering, 2010, 46(1): 68-73.

CUI B Y. Performance Analysis and Design for (in Chinese)

Parallel Joint/Kinematical Unit of Bionic Robot [13] STAMPER R E. A Three Degree of Freedom

[D]. Qinhuangdao: Yanshan University, 2011; 83- Parallel Manipulator with Only Translational

125. (in Chinese) Degrees of Freedom [D]. Maryland: The Uni-
(7] Em—. —HHEOEGENBEARES> TS 5 A versity of Maryland, 1997 83-97.

[D]. & 525 . #I K2, 2011. 55-70. [14] TSAI L W. Solving the inverse dynamics of a

WANG B Y. Simulation and Performance Analy- Stewart-Gough manipulator by the principle of

sis on New Type of Bionic Quadruped Robot [D]. virtual work [J]. ASME Journal of Mechanical

Qinhuangdao: Yanshan University, 2011: 55-70. Design, 2000(122); 3-9.

(in Chinese) [15] SAMAK S M, GUPTA K C. Parametric uncer-
[8] 4. £ F 2-UPS&UP #E &Mkt w2 478 tainty on manipulators dynamics [J]. Mechanism

& [D]. ZR2E #ILKF¥, 2011. 35-70. and Machine Theory, 1998, 33(7): 945-956.

NI S. The Design of Quadruped Robot based on 2 - [16] #HAE.MiL.BEge sFsanMmF(M] I

UPS&UP Parallel Mechanism Leg [ D].
huangdao: Yanshan University, 2011: 35-70.
Chinese)

Qin-

(in

o AR HOE R . 2006 277-283.
HUANG ZH, ZHAO Y SH, ZHAO T SH. Ad-
vanced Spatial Mechanism [ M]. Beijing: Higher



59 LA 3-DOF JRBCHUMRUR sl g =7 485 5 ] iz i AL 0 (i o i 1983

Education Press, 2006: 277-283. (in Chinese) screwtheory [J]. Sci China Tech Sci, 2011, 41
(17] &sa =, 30 . & T IRE BIE 1 4% 3 i 105 01 X ALY (5): 585-591.

M) v BH % (E #), 2011, 41(5); 585- (18] Z3H&. 547 A F LM dbat Bl AL, 2002,

591. 46-47.

ZENG D X, HUANG ZH. Type synthesis of the WANG ZH F. Analytical mechanics [ M]. Bei-

rotationaldecoupledparallel mechanism based on jing: Science Press, 2002: 46-47. (in Chinese)
EEE A SUmE AN

SR (1962 —), B L T A, 1H
T B W A W, 2001 4E T €D
KEFERAF 2200, FENF IR
AN 5 R H 7 1 8 A 5K, E-mail:
zenlinjin@126. com

3 B98I B EHéMuE AL
WFIE A JRIT, 2007 48 T3l L0 k2 4745
W2, NG IR AL AN HLis S
R 7 T B AFSY . E-mail: lixiangeg @
126. com

@ THmE

TE g R AE Bl AR B B FU Th RE o h

RAW, =k &
(%W FREAS BEK, BT BZL 710071)

T S HURLRS AR A D' Jo B I i ST B A RO R D AR i BE A ik e R
i R TR0 80O BIOM R AE L BT T P AT D' TR S 20 T e e (880 A R TR, S S s T B 2l 2 IR A
5 0T BRSO R i P S AR EL A S R BB S R TR o Y BV A, DA K B A O S O AR TR
MHEWAR S 9. $235 0T 1 BERe 5 1 ) BICBREF- B M H3CRE B i oF 42 Wi £ 5l i A S ) e, I T
i@ 5 AT A o 5 1 % T8 S5 9 R RO R o 5 2R SRR T A B 0. 633 um MU EAR Tmm B4
IR 10 Hz B ERE [ FE B AR OC s B9 A I (] 295 4 mus, 10 20 Haz XFRZAGARSCIT[R] 2 ms 7247 5 45
8 ARSI BE 2238 000 M EIEP- R 2800 5 RS (415 58 240 [ — A~ S8 2, 1T F3C R e o 26 ] L 228



