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Abstract ; Aiming at the singular configuration of 3-RSR parallel mechanism in the process of motion, a new

method based on the theory of screw, geometric algebra and space linear geometry theory was proposed to ana-

lyze the singularity of 3-RSR parallel mechanism in the full-attitude and multi-motion mode. The method first

used screw theory to find the 3-RSR complete Jacobin matrix of parallel mechanism, and then represented the

anti-screw of each branch of the mechanism by algebraic method and geometric mapping method. The

singularity diagram of the mechanism in the fixed mode was obtained to make the singularity analysis of the

full-attitude and multi-motion mode, combining with the space linear geometry theory to analyz the anti-screw

correlation. The results showed that this method could more concisely and intuitively represent the singular

configuration of 3-RSR parallel mechanism in two motion modes, and it did not need a lot of calculation. It

was also suitable for solving the singular configuration of other multi-mode mobile parallel mechanisms.
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Fig.1 3-RSR parallel mechanism schematic diagram
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Fig.2  Motion spiral of 3-RSR parallel mechanism
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Fig.3 The geometric representation of the

constrained reciprocal screw space
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Fig.5 The expression of the space screw of the mechanism at a general position
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Fig. 6 The expression of the space screw of the mechanism when the three

spherical pairs are completely overlapped

a) IR TE A A 3k b ) BBl S R 4 H] Rk
A7 &Afe B & AR —-F @ AL E A R Ak e R A
Fig.7 The expression of the space screw of the mechanism when

connecting rod and upper platform are in the same plane

B8 EAEAT L 18] F 7 T AT B AU R SR AR 4G R A

Fig.8 The expression of the space screw of the mechanism when the connecting rod is parallel to each other
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Fig.9 The expression of the space spiral of the

mechanism when the axes of the driving rod

and the connecting rod coincide
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Fig. 10 One cycle motion gait of 3-RSR

moving parallel mechanism in rolling model
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Fig. 11

B12 $528FE30EFHIEA

Fig. 12 Movement process diagram of gait 2 to gait 3
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Fig. 13 Constraint singular configuration of gait 2 to 3
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Fig. 14 Movement process diagram of gait 3 to gait 4

IS AR TS RiE sl LA LS
B 5 T B iz S, Btk 3-RSR Jf-1K
PURFE B BT 1 & A3 S AR AR IS B A
AR 38 1T FE R 56 A% SRR Y B B, AILA
RUJE R A=A AR B, (HF O ARG LA H B R &
AU PR AR s b R i LA 0
RIRS I AR A3 A VR ST 7T RE Hh 30 Y 45 Fol
AL, 0] R U TE 4 38 shad A2 v Bk
HI LY e 5 A1 P P2 BRI AR .
4.2 BAFHEXTRMESWN

HZER B N — A R s s P S K
15 7R, il B LB BT E gt
T AT RS AE Y OCT R R Sl , LLRE G LA AT g
LR AT A AR 3-RSR FFBEHLI7E [
BRI AT AT 0, B SRR A R AR
il 16 fn.

AT AL AL T 16a) fir 7R 1Y A5 5 00r
B, BB B IK SAT BE, CF ,AD 1) 3 A~ HLHLAE

A

H15 aFHEEXT—AMRAMNEHTE

Fig. 15 A cycle motion gait in self-traversing mode

a) L1 R AT 7

b) # 245 BT 5
H16 g FAREX T F1ah

Fig. 16  Singular configuration in the self-traversal mode

o) 754 YA 5 d) A7 5



ST, % AT B M AR XA 50 3-RSR JF BRALAM 7 7 1 247 <97

NRSEAL, EF B B HLTAR, R4 SR s T
BE,CF ,AD [a) .0 J7 1] [6] 25 5% 5l FHABAT 1R 3K
SBUE AL, AU AT ARG s il 225 1 B3k 48
2.

TEAPZS 2 I, LA AL T 45 77 SR (L 1AL
16b)) , W IR BT BE, CF,AD [ 3 1~
PLLAE, ERF & B R LAGEF LA TAE,
U AT 25 2 BIKP A5 3.

LYz sh 2234 3 I, R3S 3-RSR FHHK
HURATE [ R 45 T 19 45 b 27 S5 LA il A0, LA
TFF A WS BE, CF,AD 1 3 A~
PLIAE, B P& B R HURBER LI A TAE.

HPL s s RS 4 I, ML - A L Ay
S (ILE 16¢) ), Ui oy F-9K3h & 53, HLAG ™ 2E
ZEF AT SR (LI 16d) ). AL Hi BEA) B BB
RIS, BUI SO MUAL GRSl , SR BIAT 3 4~ L L
BE, Ve EAEAT EH L FILGD 1) 3 A HAPLIA,
B EEE) f/VIRES , TR E ad E REAT
IR B IR ZS S.

SPUzsh 235 S iF, i 3-RSR FFHCHL
FAAE [ E AT 1945 b 2y 57 P Al R, L P L
AL 23 S AL , 5 ZEBIE B A ISR 3l , ik S b
WTE A KA.

FEZACE MUY B 20 e 72 AT LA
s b5 SR 5 I Ak A e 1l A B
UE— 5 5k o —F S EM Xz
SN, MU 2y 52022 5 3-RSR FFERALAL 7E [
TEREIT (4% A5 52 LT 2 AT —— X . SRR 7
H 5 B iz gl R v, 32975 2R I ARIR A
B FNIE , D48 A — A 25 1 Ak Bl LR 5C
B, DR D Xy P AT ) 43 55 0 I i 49 2 B2
LRI L A FBus s T,
— YL R Y 225 I8 18] 16 A i AT fE
ASEAIE. Ak, i i RN SR Bl AL R s
SRR ib n] DLkE S sOM T 28 37 A

5 45iE

ARSOR IR TE S | JLAT A K1 A2 ] 2%
PEILAT B M 45 5 10 07 ik, X 2 808 3l
3-RSR FHPHUMTE 2 Slid B vh i 75 e B EA T
R W U AQRGE HE 5 LA 1 52 B T
ORI , 256 25 TR Z e L) BRI B A G SR, X
YU LS8 ST WA A8 A7 0 i,
ot PR SR LR 77 S 20 &L X Aty
WU AE 50 LEREL R 32 Bl IR e E A7 25 Rl 2k B 3R
P 28 U Wiz Sl R e 2k [T A8 AR SC Mk
MR OIE I T3k, 5 HAR RS A T,
SEOINTRIE UL, AN 2R, LA 3K Bl
AL 5 R AIL A 0 I 4 ol B 1L T BB AR . B
HE S, ZOTIEE L TR IR ML 5
A FAE IR i i = i LA AL, mT
DA 21 = bk 5 77 S 62 T8 9 IR ALY , o kot
W FAIE R B RA 5 3 1

S 3CHR:

[1] & B2 5568 % [(D]. £
¥ 1 7R 4 R ,2008.

[2] PATNAIK L, UNHAND L. Kinematics and
dynamics of Jansen leg mechanism; A bond
graph approach[ J ]. Simulation Modelling Prac-
tice & Theory,2016,60:160.

[3] RUSSO M,HERRERO S,ALTUZARRA O,et al.
Kinematic analysis and multi-objective optimiza-
tion of a 3-UPR parallel mechanism for a robotic
leg[ J]. Mechanism & Machine Theory, 2018,
120:192.

[4] &, ka2, L& & T 2-UPU +2-UU 3¢
BRAILAG By PR S ATALE ALT]. AL T 4%,
2014,50(5) ;208.

[5] HERs. ZEXSHEAFNAE LA D] 4t
7 ALIE R A F,2015.

[6] WA, & B A R BRALE AW TR AR 247



- 08 -

Ba5 8 202045 A 4535 % 453 4

(7]

(8]

9]

[12]

[J]. HUbk A2 547 ,2008 ,44 (1) :133.

SODHI R S . A review of kinematic geometry of
mechanisms[ J]. Mechanism & Machine Theory,
1984,19(2) :275.

MERLET J P. Singular configurations of parallel
manipulators and grass Mann geometry [ J ].
International Journal of Robotics Research,1988,
8(5) :194.

COLLINS C L,LONG G L. The singularity analy-
sis of an in-parallel hand controller for force-
reflected teleoperation[ J]. IEEE Transactions on
Robotics and Automation,1995,11(5) :661.
GOSSELIN C, ANGELES ]. Singularity analysis
of closed-loop kinematic chains[J]. IEEE Trans-
actions on Robotics and Automation,1990,6(3) :
281.

KUMAR V. Instantaneous kinematics of parallel-
chain robotic mechanisms [ J ]. Journal of
Mechanical Design,1992,114(3) :349.
VOGLEWEDE P A, EBERT-UPHOFF 1 . Over-
arching framework for measuring closeness to sin-
gularities of parallel manipulators [ J ]. IEEE
Transactions on Robotics,2005,21(6) :1037.

[13]

[14]

[15]

COLLINS C L,MCCARTHY J M. The quartic sin-
gularity surfaces of planar platforms in the Clif-
ford algebra of the projective plane[J]. Mecha-
nism & Machine Theory,1998,33(7) :931.
PARK F C, KIIVI J W. Singularity analysis of
closed kinematic chains[ J]. Journal of Mechani-
cal Design,1999.121.32.

PENDAR H, MANAMA M, ZOHOOR H. Singu-
larity analysis of parallel manipulators using con-
straint plane method[ J ]. Mechanism & Machine
Theory,2011,46(1) :33.

PR CHL. 3-RSR SFER AL 28 A5 20 £ A 5 0 F 7%
HE D], ki 47K L K % ,2006.
MERLET J P. Singular configurations of parallel
manipulators and Grassmann geometry [ J |. Int
Robotics Research,1989,8(5) .45.

HE BAE ,BRE. BERENMEIM]. L
T FHE R, 2014,

REFAAT S, HERVE] M, NAHAVANDI S, et al.
Two-mode over-constrained three-dof rotational-
translational linear-motor-based parallel-kine-

matics robot for machine tool applications| J].

Robotica,2002,25(4) .461.



