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Structural Synthesis of Fully-decoupled Two-translational and
Two-rotational Parallel Mechanisms
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Abstract; Based on the concept of hybrid mechanism and reciprocal screw theory, a method of structural
synthesis of fully-decoupled two-translational and two-rotational (2T2R ) parallel mechanisms was
proposed and 106 parallel mechanisms were obtained. All mechanisms synthesyzed in this paper consisted
of two limbs which were connected with the moving platform and the fixed base. One limb was a single
open kinematic chain and another was a hybrid chain. Jacobian matrix of each mechanism was diagonal
and there existed a one-to-one mapping relationship between the output velocity of platform and input of
actuated joints. Therefore, these parallel mechanisms were fully-decoupled on kinematic solutions, which

could avoid some drawbacks of the general paprallel mechanisms in terms of high coupling and

complicated control design.
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Fig. 1  Fully-decoupled 2T2R hybrid mechanism

ARG 1 LR A E S 4548 O 2 mT S 1 3
P LS BAR R O, TEEALFR R Oxyz R 8
Jike, Bl

v 7 71 0 0 0]

v, 01 0 0}¢
= , (1)

o, | |00 1 04,

11 -

© 0 0 0 0"

(L) TR, IRAUAAHE T FUAE RS 4 > 4 [ 2R
2 B, B F2 3l 571 0 iy A 2 5 - B0
Z ]S ——XoF L A L PR BRI O 2R I I i 2 T2R Y
TRIBCHLAG 32 327 A58 iR, T ELid S B8 5¢
Eos g Ciké

2 REMAEFEE LEERHLES

B M R & AR — A, AR S A bR R
0,x,y,z, FIYABFR N My, =[d 0 0", Bi5 M 3%
e x, Bl b, BB RIS 0, FEERFRR Oxyz T

MR R B = [x0 o 2] =lar ¢ o]0
M AR R R A E TR

M=RM, +B (2)
Hor M=[x, yy zM:lT
K R——Bh A bR R AR T2 A bm R ) 3

fBE o F1 6 R85 53058 2 B y, i sh
MRS A, M Bh A BR R O,x,y,2, AHXTF 28 A8 5 &R
Oxyz SRR



252 P

b BB R

20134

cosae. —sina 0 cos@ 0 sinf
R=|sina cosaa O 0 1 0 |=

0 0 1] —sinf 0 cosf
cosacosf  —sina  cosasind
{ sinacosd  cosa  sinasinf } (3)
— sinf 0 cosf
U (3) AR (2) 47

Xy dcosacosf + q,
Yu | =] dsinacosf +q, (4)
Zy dsinf + a

HEC(4) FTRAE 80 MU oy Sl AR R R
SRS ERA q,.q, AR, EFN 535/
LM a0 LIRS B TS E d G T M
i 2 WA AR AR E I 5 2350 0 M A SR o F d A
Ko I THM ST SR o F d 8 AL 2, B9
EIURERAS S 0 e, Rz, AR BB H M
U 2 FE AR AR 2, , (AT 24 B F B 5 6,
B A REBTT 1 A BAITBE I SCEAR T A M i 2 Bl
T RIAERS I AT A3 2 1 A4S 58 4 i 2T2R Bl 4
H1EFFIRALAA

3 BERESXERS

BERE 1 2R B4R SR R 1 B BLAG 3
BT 2 7 18] 09 B Sl 4R Ak B A, 0 H Al AT fi]
D5 16 B3z SRS A s, KR SCRR[ 18 ] m A, 58
2245 ][RI VRS S I TF BRI 1 B 7 B I 5 — 7 17 %
ShEE AL B IR Bl 7 19 3K 2 SR e Sl — 4 g IR iE , L
HhZJ7 ) 5 3h°F- & B9 R 8l 5 ) DRy — 2, T[] —
53 SR FEBIRE R AT T IR SR E 1) TC 55 KT R
Jig., SOHLR BT 3 S B S AR IE § , F1 3 Bl iR e
$ , BIB 535

$,=10,0,1;P,,0,,0]" (5)
$,-00,0,050,0,1]" (6)
RIERTFBE 73 3 1) F Bl i 2 oy mgshny Pl

R 9K Sl MR E 15 [F) — 2% 73 S P R T SR Y
HoAb A s SR e 1) . by FRVE 45 T 1 JU 3L, A
SE Y TFEE S b A AT B AR iR e i L, A
R .

(1) VAT T 2 i 221 BRI e , A7 BN HL %
B O ST KRR IRE S B B A, 2 SO e
B 2R 1A, 2 A 31,

(2) 5§, Mz, IFSIRBEHLE H R12 Bl
AT T FRARE | 1 A W e ] e B i e 55 RS
FRIRTIE S 37 G A B A BACA 14

(3) M H T 2 HAYTC5 K1 BEIRNE , W] AR TE 53 3

RS e R 2 A 2 A4, el o
AFAT

FA, 5§, MZZH S (1) M(2) Frifie B &1y
P R e L 2T P BB E iy 1 MR, 43 S 2R
WRHERE R 2 1A, AT B A 4 S B AR T 47
H,

HTZh PR R O, y,2, MR T2 A FR R Oxyz
A2 A A B EE, AR AE X (4) AT M FEE A
PRZ Y 3 AN AR FR(ESA AR i R, S BE 7 SOR
SAR A TR =0 5 N H B E( =4
S i) BN s RS TS5, B
FEEEEESET 6 M s shish, & A 1 MEN
EEEhE

Fi R R R E AR ah IR e 2R FLE T
LRG3 SE A EE B ASTA], Al 512 H Al A7 1Y 0 Sz B
BEZERY  INER 1 s

Tl MK FBHEEME 1 N R E D
AL A LA BRIy C|lL M eL C Rl r &b
HENENTA, ThFeku,v,w Rzl
(1) 7% 3l 7 ) 5l B0 il e O ), B O g 43 5 R
uy.w, BiX 3 Mo &I, T TR
Hon SR, KRB WO E T u AT
. SN T R fkiz sk S5, e A <8 Y s 3 R
ST PATO R, AEEEEST 6 Mo Xis
gt X Fon BA — A5 s Tk A i Yz 3
fl, fin.C,R, U, R FRmiZizshiE M5 1 4is
FEI(C) N FEE], HML 55 2 1~z 306 (R)
I ZE L K5 3 AN 3Rl (U) 5 1 A5 sh 34
HBFATF o, U B 75 1 AN & A7 F w, B
WA e sh A W Ve A B B sh Bk
&A1 A B3R (R) 4P T v, IF 3 BT
1 3 A4~iz 3 B

FHA u=2,1M v FATT Oxy IR, WZR 1
PATFEEZER R X 3T B 0T 2 O ) A% sh BRIk Bz
DRI TR0 3, ] 2 25 T 3 45

4 SELMEIEIT2R HENMMHELGES

St SRR 28 2 G ik ithiz gh 5 &
Bl A A 2 1] 5 — X — A 1 56 2R B IR IR AILAA
Hodpeoh 38 W RE RS AI LR AE AT R 9 Ay X6 £ [ A
RIFX A, SHL8 G AL B IFEE o S5 K HE
BAIE 5 S5 1 i 58 4 ff R 2 T2R TR ERHLAL 1Y
G RE -5 BIARE BT 2] 1 A48 AN
2T2R # 4 [ WIS, A 1 P HL CRRR
B sk, RS R 1 BRI B ML A 3 & 0



TRE 55 SE A TR S T SR S5

gz A

EZNE]

253

=1

BT 5

Tab.1 Structures of open-single chains
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