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B3 Pl K B ER = 2
Fig.3 Three-dimensional model of one leg of robot chassis
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Tab.1 Robot leg’s joint variable parameter

oy i T A B (RS Eillidl
d/mm 1/mm a/(°)

1 0, 0 0 90

2 0, 0 A 0

3 0, +90° 0 L 90

4 6, +180° -d, 0 90
5 90° 0 0 -90

H. S - RREGREWMIT A, PR L =100 mm,
l; =50 mm,d, =30 mm,
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Fig.5 Using auxiliary coordinate method to establish

global coordinate system of robot leg
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Tab.2 Using auxiliary coordinate method to

establish robot legs’ joint variable parameter

i ay | ETRE R 0
d/mm [/mm a/(°)
1 0, 0 0 90
2 0, 0 l, 0
3 0, 0 0 0
4 T, (Y,b)
5 -90° 0 0 -90
6 T..(Z,c)
7 0, —-d, 0 90
8 90° 0 0 -90
TE: 5" -7 KR 5k B Hh Iy m A, Ko w1, = 100 mm,
dy, =30 mm,b, = -50 mm,c, = -70 mm,
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Tab.3 Using auxiliary coordinate method to establish

position and orientation matrix of end of robot leg
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Fig. 6 Workspace trajectory curve of robot legs

4 I A A A% 5 005 4 2R AT B B0 B A A



316 & Ml

2014 4

R, 50 I 1 Ak A v 2 15 TE A, £ SolidWorks %1 :
XFIZAIL i AR AR B AR, AT B e L, 4
XTIV 6, .0, .0, 0,5 b T TR AH 45, 15 B LR A
JHR FR A i Al AR 7R A5 (]I B L S XY Z AR R AE
T AR AR W T R .

1 2 3 4 5 6 7 8 9 10
I [)/s
R 137
el
i 0 1 2 3 4 5 6 7 8 9 10
i /s
QD -50
=g-58f
SE-65F
®BN-1t
E‘_ _80 1 1 1 " 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

I [i)/s
BT AL AR R o o 05 Bt 48

Fig.7 Position simulation curve of end of robot leg
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Fig. 8
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Fig.9 Manipulator global coordinate system
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Tab.4 Manipulator joint variable parameter
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d/mm 1/mm a/(°)
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4 0, +90° d, 0 90

5 90° 0 0 0
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Fig. 10  Using auxiliary coordinate method to establish

global coordinate system of manipulator
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Tab.5 Using auxiliary coordinate method to

establish manipulator joint variable parameter

e i g T5 FF (8] B & A
d/mm l/mm a/(°)

1 0, 0 0 90
2 6, 0 l, 0
3 05 +90° 0 0 90
4 0, +90° d, 0 90
5 T,.(Z,c)
6 90° 0 0 0
W R L, =100 mm,d, =30 mm,c; = -25 mm,

R 6 AU TF R o i K 5B B

Tab.6 Position and orientation matrix of end of

robot leg
e N
EAFS (A
n o a P
dycycn
T C182384 €836y +hee
My €23 €1 Oy @y
*S]C4 +S]S4 +CISIS4
T 61615236
dysicy
T S182384 ~ 8515230 +lysiey
n, €38, 0, a,
+epey -8y —cicps,
T 1815236
dysys
n, 523 0, €234 a, €234 +1ys,
R L

izm)fiﬂziif/lfﬁél\ﬂﬂﬂ 01 :O ~ 900\02:0 "'600\
0,:0 ~30°.6,:0 ~45° {fi Fil Matlab # {45 4 % 6
TEE AL TR s o2 B A A7 i, At LT

A 23 ) A9 A o 7 B U8 gl 4, AN IRT 1 BT o

5

=

TN
7mm
O~
wnmoWn

N /s

mm
N
LA

S Lo

%Zﬁjﬂﬂz

1 2 3 4 5
i (8] e/s

K2

Z/mm

N— 4500
SO
Shon

T

0 1 2 3 4 5 6 7 8 9 10
i [A]e/s
LU LB T T o
Workspace trajectory curve of manipulator

SRR e AT 7 5 0 45 SR A B BO(E A A A
M 56 IE i B AR AR VR S 15 IR , T SolidWorks % {F
XU T A5 A, A7 B Ak 05 T30 3E , 2 X i
(0, .6, .0, 6,5 b T B WA AR 25 , 153 B LA T K S
e bR AR 2 ) is B B Y XY Z AR AR A - T B
AR N 12 FiR

Fig. 11

2.l
Lo T S S S S B BT
i F)/s
B 102
=y
B 35
0.1 2 3 4 5 6 7 8 910
/s
2 117
=g
=E 4
TN L ; , e
e N A B
i} 1H)/s

P12 SR T Dy A b i B LA T A o 37 2 )
Fig. 12 Using auxiliary coordinate method to simulate

position and orientation of end of manipulator
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Analysis of Torque Pulsation for Multi-acting
Double-stators Couple Hydraulic Motor

Wen Desheng Gao Junfeng Zhou Ruibin  Liu Zhongxun Liu Qiaoyan Yang Xiaoyong
( College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004 , China)

Abstract; The concept of the couple hydraulic motor is put forward, which is different from the
traditional hydraulic motor. Based on the principle of the multi-acting double-stators couple hydraulic
motor, the theoretical torque is studied. Through analyzing the pulsating characterize and the influencing
factors of the motor, the relationship between the pulsation and the numbers of sliders is obtained. When
the number of the rollers and connecting rods equals to 8 or less, the torque pulsation of the hydraulic
motor consisted of the even number of the rollers and connecting rods is lower than what number is odd.
When the number of the rollers and connecting rods equals to 9 or more, the torque pulsation of the
hydraulic motor consisted of the odd number of the rollers and connecting rods is lower than what number
is even. Finally, a theoretical basis is provided for the design and experiment of the hydraulic motor.

Key words: Couple hydraulic motor ~Double-stators ~ Multi-acting  Differential connection Torque

pulsation
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Improved DH Method to Build Robot Coordinate System

Huang Xiaochen Zhang Minglu Zhang Xiaojun Li Xinye Zhang Jianhua
(School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract; Considering the limitation of the DH rule when using it to establish coordinate systems for
robots, an auxiliary coordinate method was proposed as the extension of the traditional DH rule. The
details about how to construct the auxiliary coordinate and how to use the auxiliary coordinate method
were stated comprehensively. By the proposed method, any point of a link, not exactly in the joint of two
links as usual, can be chosen as the original point of the auxiliary coordinates. The analytical results
based on the auxiliary coordinate method were compared with the numerical simulation and it was found
that they were in good agreement. It is shown that the method presented is more accurate and flexible
when applied to complex robot systems while one or more components are not straight link, for example in
L-shape, or t a relative rotation of one link about the axis of the connected previous one.

Key words: Robots Kinematics Numerical simulation DH rule Auxiliary coordinate method



