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Topological design, kinematic and dynamics performance
analysis of 1T1R parallel mechanism

HUA Yao, SHEN Hui-ping, LI Ju, LI Tao, CHEN Bing-wei, DENG Jia-ming
(Research Center for Advanced Mechanisms, Changzhou University, Changzhou 213164, China)

Abstract: In order to develop and apply one-translation and one-rotation (1TIR) parallel mechanism(PM) , a new 1TIR PM was proposed
and kinematic and kinetic properties analysis were performed. Firstly, a 2 degrees of freedom(DOF) PM featured one -translation and one-
rotation PM with symbolic kinematics was designed, according to the topological structure design theory for PM based on position and
orientation characteristic (POC) equations. Then, the main topological characteristics such as the POC, DOF and the coupling degree (%) of
the PM were analyzed. Further, by kinematic modeling method based on topological characteristics, the symbolic positive and negative
position solution were obtained. The singularity of the PM was analyzed based on Jacobian matrix, and the workspace of the PM was
calculated based on the positive position formula. Finally, the ordered single-open-chain method based on virtual work principle was used to
model the dynamics of the PM, from which the actuated torque and reaction forces of the at the joint of two SKC were solved. The results
show that the efficiency of the working space based on the position positive solution formula is improved by 30. 7% compared with the reverse
solution formula. The kinematics and dynamics research of this institute has laid a foundation for the structure design and prototype
development.
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K OIP—TEFH AL 5 & { o | H A AT 4 200 b 1) 15 1
il
6.3 THWAZEHFEMNERK

(1)XFF SKC, , f bRz sh &l H F1 J AE 295, T
J&, R T] Fy F1F, $A6 ARSI, R A
F}6X, + F} 6X, +M} 80, +F,,6X,, +M,,50,, +
F1.6X, + My, 60, +F6X, + Myb0, + M50, (41)

(2) X5 T SKC, , H iz Yy i 24T

FIB‘sXAB + M:BaoAB + FthcaXBC + M;caasc + FzT)E
68X, +M}.80,, + Fr.6X, + My.60,, + M| 80, — F,
6X, + Fl.6X ., (42)

2, K (41,42) ARG HLAE A 3K 3 J1 56 M, |
M, U Sz 3@ H A T Fy o
6.4 HEREEDG

FRYE AR RS S5k, 28 38 BE IS AT 14 T i 47
Himy, =6.739 g,mpy, =7.839 g, my, =7. 839 g,
mep=8.844 g, my =7.752 g, my, =7.337 g, m,,; =
6.739 g,m,, =1.945 g; -4 1 i Ny 142,734 g,
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EHNEIE V-5 EaTE e R EAr, B f=0,
7=0;R M5 5.3 WAHIE Az sh BLAL, i MATLAB
gmRei . AR OK ) Ty 5 MO T I IA] ¢ B ith £, 4
K8 s

— IR Eh F15H1
— YK B 152

J1%E/(N - mm)

t/s

8 SR
A H ARSI, E 9 B,

0.10

— XJilil

0.08 ~ 177k
—_ - ZJ7 11
=]
E 0.6
Z 0.04
£ 0.0

0.00 |

-0.02 . - - :

0 1 2 3 4 5

t/s
9 H SR IIX\Y Z 5

ME(8,9) AT %

(1) IS 1 B IKB A2 70 ~0.2 s
WA TR LT, FE 0.2 s ~5 s PR R,

(2)H gk, 301 X\ Y Z 53 AR L AR
BI X A0 Y Fm 3 SI7E0 ~0.2 s WANHE L FH] 0,
1E0.2s ~5s NI, T Z 5 3R J17E0 ~0.2 s
PRI, 0.2 s ~5 s A Ab.

EH KL Solid works #5H F: A E] Adams H
T8 155 B B IR 32 Sl R 29 SR AN 45 B
)4 5 s, AR 28K 2 ) 5 05 B A H 55 32 145 .
ko5 5 & (8,9) I — 3, X R 3h J7 5 F B 1
HrE
6.5 5&ESENREEEAENILR

FH AL 5 i 2 S B A 20
M'8q + F X + My, 8 + F ;68X + M ;80,5 + F 5.8X . +

M50 + F 1x8X i + M8, + F i, 8X g, + My 805, +
F, 8X,, +M;,80,, +F ;06X s + M,,80,, + F .6X . =0
(43)

Hi . £28mEX 561 W —5, HM =
(M, ,M,]",

i — AR (43) AT A5

(M" +Fpd, + My J, +Fupd +M:BJAB$ + Fped ey +
Med s + Fid sy +Mid s + Frod sy + Mg J s +
F{MJLMV +M{MJLMZ) +F;EJDEV +M11;EJDE; +F1T2FJEFV +

Myd pig + Fepd oy + Mpd i) 89 =0 (44)

1 T3 (44) XHME R 6 #RISL, W] 13 B LAY B

EIPAESUN IR S

M' = — (FpJ, +MpJ, + Fipd sy + Migd sy + FycJ ey +
Mycd pi + Fid iy + Mid i + Frad sy + My d i +
Fiad vy +Misd v + Foud ouy + Migd iy + Fped gy +
M;FJEF; + F;FJCFV +M(T:FJCFZ) (45)

= (45) 15BN 4E R, 5K 8 s —2,

3R (43 ~45) W LUK I - AL 50 10 i 1) 5 B g A
T3 ¥R ) 2 R A AR SR AN X AR 0 S8 R DU
T REh BAT R BLR A KSR 13k — 3R

7 4ERE

EFARE T —Fh B A ITIR JEBRALAL , S Hk
13 T NI ORI X kAT 1z s o B (A4 Ao
EE AR SR A AT SO E AT AR A TR 1) 3
S BESHT) B 5 AT B AR T R AR T X
MUK B3R 3 3 55 RN 428 sl i B b 32 BRI S2 R DT o

WFFELE KL

(1) 28—V # — % 5 I WAL B A 61 1 a7 £
5 30 LA, HA2 Sh R A3

(2) AR 2 TR FNRRAE 19 42 B 2 BT 1%, SR i
TR YA L B E S

(3) T Jacobian 143 HLA B9 75 S 457 JE , AT LA
WERHTER IR T b T3 A0 &, S B iz 1T
RIEEARIN;

(4) B TP U0 B 5 5 T 0 8 S5
TAEZS[A]53 BIFERT 848. 6 5.1225.2 s HE R T
30.7% . "I UL, BE TS A EOE AT AR S (R )
KRRl

(5)IZHLAE B 5 1 2 3 B 0 A 3k R A8 A 2% 5
N IR S 45 Fs sh @) H ALY S S8 AR,
I, WU BT RAF R S TERE 5

(6) 51658 i T s AL 7 VR A L, 56 T i D)
A PP BT 4% v [B] ) B Newton-Euler 3 Fl1 Lagrange
B AL, RN RER AR SR 30 07 46, i HL gk 12 3
HEE AL I BRI AL 0 S T

I T IZHUAG BT 53 B i oK 7% 1 i 2l ) BE 452 45 [
FX B AR R TR SRS SR A
LR R XS LB AL TAERS BE 52, DL S m AL as 19 3h
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