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Motion Mode of 2T1R Parallel Mechanism with a Variable Rotation Axis
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ABSTRACT: The work aims to design a parallel mechanism which is suitable for the sorting and packaging of the pack-
age required to adjust its attitude. In this paper, the parallel mechanism with 2T1R motion mode was synthesized based on
the displacement manifold theory. The screw theory was used to analyze the DOF characteristics of the motion mode of
this new mechanism in general configuration, and the feasibility of selecting the drive pair of its branched chain was ana-
lyzed. The new parallel mechanism could realize the 2T1R motion mode with variable rotation axis. The motion mode of
the proposed mechanism is in line with the design expectation, and enables the mechanism to move in a plane and rotate
with a variable rotation axis which forms a one-dimensional spherical surface. In packaging and sorting products with
complex shape, it may be necessary to adjust the spatial attitude of the products. The parallel mechanism with 2T1R mo-
tion mode with variable rotation axis can be applied under this working condition.

KEY WORDS: parallel mechanism; variable rotation axis; motion mode
[1]

[2—3] 2 1

KFE HHEE: 2019-08-09

EEUH: A#0HFEER I/ TEEEEEZAAD (2019220614SYS021CG043 )
fEE® N x4k (1985—), B, BEITARKFHIT, TZHREF v A FRIMEIMFE,
BIEEE: & (1976—), %, WL+, BT RRKFHIT, LERAAF @A EHLT,



41 13 2TIR

-193 -

T, T,R, 1
T, T,R,!*!
2 KONG!
T, T,R,
T,T,T, 2 RUGGIU!!
T.T,R,
T,.T,R,

T,T,R, 2
T,.T,R,
LI[7]
3TIR
2 FANG!®
4-RUC 3 1

3T1R
3T1IR
Schoenfies!” 4-RUC
3 4R
4R
YANG!!
3T1R
4R 1

4R
2TIR

2T1R 3

1 FERIHA IR

2TIR
T, T,2

4R 4R 4

1 [12—13]

{LOHT RN, UD}R(N, V)
2 2

LTSN}
3 3

(LT, (T ()} HR(A U} R(BLV, )}
3
T (T ()} ROV U R(N. V)3 N
T (T, (SN
(T (YT (DT (2D} {R(A,U,)} {R(B.V, )} =
(T (T (1)} ROV U} RV, V)3 N
(T CHT (DT (IR, U} R(N,V,)} =
(T (T (R, U} RN V)3 N
(RN, U)} {R(N.V,)})
2
1
LT ()} (T2} {R(A,U)} R(BLY,)}
2 2

LTSN}
3 3

(T} T, (T (2} {R(C, )} R(DLV, )}

3

(T (T )T () {R(A,U)} {R(B,Y,)} N

T T (SN

(T (T, OHT (2D} R(C. 1)} {R(D.V,)} =

(T T (DT () RN, U} (RN, V, )} )

(T, (0} T, ()} SV N

{T,00} (T ()} T ()R, U, R(N,V, )} =

(T, ()T ()} (RN, U} RN} N

{R(N,U,)} {R(N,V, )}
4—38

2 {R(N,U)} {R(N,V2) §

4R 2

2

ul R
PPV

xPyPulelR
IR N 2

3 xPszPuZRVZR
xPszPulelR 2

ppig 3 PrP?PYPRZR

R21R22

2
2
2 1 RiRy,
{R(VUDF{R(N, 1)} 2
{R(N,u2) } {R(NV, V) }
Rz Ry N
1
2

2T1R

(M

)

3)

4

(&)

(6)

(7

®)

{R(N,u)} {R(N,V1)§

1



- 194 -

\

2020 7
3.2 WEMATE 2TIR HFEYME G E
/%M S
y\l/\\\\,//j;éﬁ

R, X \/ﬁiﬁﬂmﬁ
A

2 B; Bi-xyizi
2 $13 $14 4,
Bi-x1y;z) XY,z 1
SR Bi-xiy1zy
g N $,=(000;010)
1 4R $,=(000;100) (10)
Fig.1 4R space Mechanism g - 010:-z, 0x,)
13~ T 42 2
8= mnja b c)
Paral
2 FHEWNA 10
a =ny, —mz
29 V2 1 1.2 172
[14] ZPVPZP” R R,3 b=l nx, (11)
¢ =mx, -1y
XpypN 1 172 172
P P S 1 Bl-xly1Z1
{LHT (SN} = ©) $ (00Ly—x, 0)
{LCHT ()R HRN, »)HR(N, x)} }} 006203 (12)
{T\)HTIO)HR(2)} 12 =(000;,-n01)
By-x3y225 Ay X2,Y2,22
2
$,=(000;100)
3 ML TR 2T1R FEHIgZ $,=(000;010)
$,.=100,0z,—y,) (13)
I 23 ’ 2 2
5l 53 thr S (0102 0x)
3.1 TfHh 2T1R HERH MRS $o2 00k —x ) )
3 Bi-x2)223
YP*TYR'R T ’ 1B e $,=(001y,-x,0) (14)
iR y 5 IB B B3-x3323 B3-x3y323
A2 l 20 A3 X3,Y3,Z3 2 3
T*T*S T B, B
g Y 3 B:A s
2 343 .
ZPXTYTURYR 25 B $31 =(000,001
. i $,=(000;010)
$.,=(000;100) (15)
$34 =(l; my 05 ay by cy)
S =y ¢ 133d5 e f3)
15
Ay = —MyZz,
by =1z,
Xy

¢y =myx; — Ly,

(16)
dy =1y; — g5z,
»s € = D323 — X
Sy =q:%3— p3ys
15 5
B3-x3y323
2 2TIR
Fig.2 2T1R parallel mechanism with variable rotation axis

$r

3
51 =(000; g5 Ay 43)

(7)



- 195 -

41 13
17
&3 =M
hy = -l
Iy = L,q; —myp;
3

$,=001Ly, —x,0)
$.,=000;,-n01)
$,=0015y,~-x,0)
$:,=(000;g, h iy)

19 2 2
5 5 s, %
4
3 v=1

Kutzbach-Griibler
[15]

M=6(n—g—l)+2fi +v

M n
g i i
[
M=6(11-12-1)+14+1=3
3 z
$1r2 $3r 1
Xy
5, %
$ 11'2 $ 3rl

3.3 XHEHIKINEIRIENSEES T

1 2 3
B; Bi-xyizi 3

Bi-x1y1z1
$,=(000;100)
$,=(010;-z, 0x,)
8, =0 mnsa b )

22
A= Ny, —m -z,
b =l-z,—n x,

o =m-x, =1y,

(18)

(19)

(20)

1)

(22)

(23)

X1

3 2TIR

2T1R mechanism with a variable rotation axis

1 22 3
1 Bl-X]yIZ]

$,=00Ly,-x,0)
$.,=(000;,-101)
$,=(010;-z, 0x,)
3 2 By-x,v,25
$,=(000;010)
$,=0100;0z,-y,)
$,=(010,-2,0x,)
$.=001Ly,—x, 0)
2 By-xyy,2,
$, =001Ly,-x, 0
$2r2 =(100,0z, -y,
3 3 B3-x3y;323
$,=(000;010)
$,=(000;100)
8., =, m0;a, b, c;)
S =0y ¢, 13d; e, 1)
27
3 = —MyZz,
by =1z,
ey =myx; =Ly,
dy =1y; =452,
€ = P33 Xy
S =4 sy
27 4
B3-x3y323
$:,=(000g h iy
$,=(00102z-y,)

Fig.3 Schematic diagram of the drive pair arrangement of the

(24)

(25)

(26)

27

(28)

(29)



- 196 -

2020 7

29

&3 = M7

hy ==L,

Iy = l,q5 —my p;

1 23

$|r1 =001y, -x,0)
$.=(000;-n01)
$.=010;-z, 0x,)
$2rl =(00Ly,-x,0)
$2rz =(1000z,-y,)
$5,=(000;g; h i,)
$5,=(00102z-y,)

(30)

@31

$1r1 $2r1

v=1
M=6(08-9-1)+11+1=0
3 0 3
1 2 3

(32)

2T1R

2T1R

2T1R

2TIR  2RIT 3

[J1. , 2018, 49(7):
401—4009.
LIU Wei, LIU Hong-zhao. Type Synthesis of 3-DOF
Parallel Mechanism with 2TIR and 2R1T Motion
Mode[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2018, 49(7): 401—409.

. 5R

[J1. , 2017, 38(5): 58—62.
LIU Wei. 5R Plane Mechanism Work Space in Differ-
ent Assembly Modes and Work[J]. Packaging Engi-
neering, 2017, 38(5): 58—62.

[10]

[11]

[13]

, , , . 5R
[J]. , 2018, 39(7): 157—161.

LIU Wei, CAO Ya-bin, ZHANG Hong-jun. Kinematics
Analysis of a New Reconfigurable SR Mechanism[J].
Packaging Engineering, 2018, 39(7): 157—161.
KONG Xian-wen, GOSSELIN C. Type Synthesis of
Parallel Mechanisms[J]. Springer Tracts in Advanced
Robotics, 2007, 129(6): 595—601.
KONG Xian-wen. Type Synthesis of 3-DOF Parallel
Manipulators With Both a Planar Operation Mode and
a Spatial Translational Operation Mode[J]. Journal of
Mechanisms & Robotics, 2013, 5(4): 041015—041022.
RUGGIU M, KONG Xian-wen. Mobility and Kine-
matic Analysis of a Parallel Mechanism with Both PPR
and Planar Operation Modes[J]. Mechanism & Ma-
chine Theory, 2012, 55(9): 77—90.
LI Qin-chuan, HERVE J M. Parallel Mechanisms with
Bifurcation of Schoenflies Motion[J]. IEEE Transac-
tions on Robotics, 2009, 25(1): 158—164.
FANG Y, TSAI L W. Structure Synthesis of a Class of
4-DoF and 5-DoF Parallel Manipulators with Identical
Limb Structures[J]. International Journal of Robotics
Research, 2002, 21(9): 799—2810.
LEE C C, HERVE J M. Isoconstrained Parallel Gene-
rators of Schoenflies Motion[J]. Journal of Mechan-
isms & Robotics, 2011, 3(2): 021006—0210015.
RUTH D A, MCCARTHY J M. The Design of Spheri-
cal 4R Linkages for Four Specified Orientations[J].
Mechanism & Machine 1999, 34(5):
677—692.
YANG S, SUN T, HUANG T. Type Synthesis of Paral-
lel Mechanisms Having 3T1R Motion with Variable
Rotational Axis[J]. Mechanism & Machine Theory,
2017, 109: 220—230.
LI Qin-chuan, HERVE J M, HUANG P. Type Synthesis
of a Special Family of Remote Center-of-Motion Pa-

Theory,

rallel Manipulators With Fixed Linear Actuators for
Minimally Invasive Surgery[J]. Journal of Mechanisms
and Robotics, 2017, 9(3): 031012—031020.

[M]. : ,2016: 30—237.

YU Jing-jun, LIU Xin-jun, DING Xi-lun. The Mathe-
matical Basis of Robotics[M].
Industry Press, 2016: 30—237.
LEE C C, HERVE J M, et al. Generators of the Product
of Two Schoenflies Motion Groups[J]. European Jour-
nal of Mechanics, 2010, 29(1): 97—108.

Beijing: Mechanical

[J1. ,
2007, 24(4): 433—438.

LI Qin-chuan, YANG Yuan-zhao, CHEN Qiao-hong, et
al. Analysis of the Freedom of Parallel Mechanism
Based on Screw Theory[J]. Journal of Zhejiang Uni-
versity of Technology, 2007, 24(4): 433—438.



