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Novel Topological Structures and Properties for 5 — SPS Parallel
Mechanisms with Linear Moving Platform
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Abstract; Parallel mechanisms with linear moving platform ( LMP) have good practical application
value, but it was rarely studied. Firstly, using structure coupling-reducing theory based on the position
and orientation characteristics ( POC) and the ordered single-open-chain ( SOC) units, five 5 — SPS
parallel mechanisms with LMP were designed, and four of them were novel ones. Secondly, the
“existence criterion of mechanism” was proposed. Each 5 — SPS parallel mechanisms with LMP had its
own advantages and applications. Accordingly, the existence of five 5 — SPS and the non-existence of
6 —SPS, 4 —SPS, 3 —SPS, 2 — SPS parallel configurations with LMP were proved. As a consequence,
the criterion can be used to determine the existence of mechanisms. Then, the three important topological
characteristics, including coupling degree, the output POC and the input-output motion decoupling, as
well as the position workspace characteristics, of the five 5 — SPS parallel mechanisms with LMP were
separately calculated and compared. It was shown that the coupling degree of mechanisms and difficulty
of solving forward displacement analysis can be reduced, but the workspace would be reduced
simultaneously when the collinearing or coinciding of the spherical joints on the moving platform was
occurred. And the mechanisms with triple-spherical-joint structure had input-output motion decoupling.
These results can provide theoretical basis for engineering design, optimal selection and potential use of
the five 5 — SPS parallel mechanisms with LMP.
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Fig.8 Workspace for 3 —2 type 5 — SPS with

linear moving platform

HH LA b A 43 B AT

(1) 5 5 — SPS H 4 gV & HLAE By TAE 25 1)
P HA L

(2) 5 F 5 —SPS HLA I TAE=s [ 4R RV, fn
22 fit7s (LA No. e HLAE 19 T AF 25 (8] 44 By 50007 44
BV, HRBNGIHR Vi Ve Vo s
Vi Vi, "W O & & G BRI LA 19 47
BTAEZ ], RF & —SEk Al - ELA ) TAEZS /],
1705 3 SR T & = 1 BRE I 36 LAY 1 T AE 25
Q7 B TAEZS [ AR /N 32 2 B R - & A BR B itk —
BRI T S G W s shEE S, 8N T 3 & 1 OF B
F Sl o

3) MEEk=2m1-1-1-1-1X2-1-
1-1 XA 5 - SPS HL# (3£ 2 1 No. a No. b) fii # IE
i SR A B HE AR ELA ORI TAEZS )5 R A « =
01y3-2x05-SPSHLI(FE 2 T No. f) W3 5 5K 45



364 & Ml

W 2016 4

it b 00 OE A EL A 2 AR, SR R
PRAL B TARZS [ 5 AR A P E M T =1 195 -
SPS HL#4 (No. ¢ \No. e) , ol £ 3 A7 B T4 %5 [
NTFHH 2N HI, X S FHLG&A BT K, H AR
IS4, AT LS B s BT E

TESZBREH ) 7 3 2 HLAL I, X F BBk A
=EEKE S5, AR RS IR R 5 i A
fgt e i 9a g 3 -2 X5 — SPS JFIEHLI Y
FIBZ5 Y T K Ob S H 5 il 35 45 48, LA © AL
KW= H

(a) B
K9 3-2305 - SPS IRBRHLI L H o) il it 45+
Fig.9 3 —2 type 5 — SPS parallel mechanisms and its

(b) BifiESEH

easily-manufactured structure

BORE, BEAIHT T2 5 BRECREA AR R LI #E
JEE o i A s s R A D L, L5 i i

6 it

(1) BET I AT AL 17 45 A4 R # JL 31, 3 IRk
WY TAFAE S FhRRR A B0 -1 -1 -1-12-1—
1-12-2-13-1-13-2R5-SPS HLHTH
LA, 2 -1-1-12-2-13-1-13-2
X 4 B A SCHR H 51 6 — SPS 4 — SPS (3 — SPS |
2 — SPS AEEAE N HE SV G IR BRALI 77 7E

(2) $& 0 55 T 24 o BE 1153 0 LAY £ 78 P 40 1

z %

2, AT E AT AU B AR VE 0 0] 2 X — SRR Ik 45
4 1 25 (8] I 3R LAY A9 A7 26 M 0T, 55 A8

(3) 43l T 5 #h 5 - SPS HE 8 °F & JF Bk
BUA ARG B i A% 032 20 A R M o R O 7 R
it 3 ANEEAR NS R, R G k=211 -
1-1-1-152-1-1-15-SPSH I (FE2F
No.a No.b) {7 & IE K f#, MET « =1 19 5 — SPS
HLFS (No. ¢ \No. e) I B 1E iR g, (HEAT#ER o] LA
FH b 24 R R L SR B R RS k=0
93 -2 A5 - SPSHLHY (55 2 o No. ), i 52 5y ok 1%
fife b LB E . i — P R B, BRI H
Z o = EIKE N AFAE, SRS B b RRAIIG £

(4) & =FBREINY 2 B 5 - SPS LB T &)
HEHLAL (No. e No. £) HAT iy A~ 32 sl g iR, 4F
i B AR A R Al 3 A4S 5 - SPS BB T &
FEBEALFY (No. a No. b No. ¢) 5 Jy fis A%y 32 8l 5
A B sh il i 44 .

(5) 338 T 5 Fh 5 — SPS H 4 8 °F & JF Bk
U L B TARZS 0], 3R W) 3 - & L BREIE & 2 ff
g TAEAS BN, BB RE/NE Vi Ve
Voo Voo Vs, BUARS & & 4 BREI (Y I 156 B 19 437
B TAEZ IR T & B EREANIF LA AL 8 TAESS
6], T 5 & SOK T = F Bk Al 3 BE LA (4 A7 B T AR
25 (8],

(6) X 5 Fp 5 — SPS YLK ¥ B4k 2 °F &5 2 fik
FRAE S AN 2 NS 3 AR R A
BEAACMMEE RN YA F ZEk
Al EH BRI SR, AR S B il i e, al R A
B Gl AR X R BRI T 2 A R
A (M EEREIR.I-0 23 f#h) , XEA
S -

X

1  ZHANG Changde, SONG Shinmin. Forward kinematics of a class of parallel ( Stewart) platforms with closed-form solutions[ C] //
Proceedings of the 1991 IEEE International Conference on Robotics and Automation,1991,3.2676 - 2681.

2 GAO XS, LEID L, LIAO Q Z, et al. Generalized stewart-gough platform and their direct kinematic[J].

Robotics, 2005, 12(2); 141 - 151.

IEEE Transactions on

3 BORRAS Sol, Julia. Kinematics of line-plane subassemblies in Stewart platforms[ C] //IEEE International Conference on Robotics

and Automation,2009: 4094 —4099.

4 JULIA BORRAS, FEDERICO THOMAS. A reconfigurable 5 — dof 5 — SPU parallel platform[ J]. ASME/IFTOMM International
Conference on Reconfigurable Mechanisms and Robots, 2009:617 - 623.
5 BRI XD, B RS LS AU RN R [ M) db s B A 2012,

WsE . Bl AWUMAR RS R 2= I M. JEat  HUAR Tkt AR A ,2004.

BiE Ty, &5, X0, 5. T IR IT i = F B IF BRI a8 AV BLER & O 4r 26 [T ]. WUM L AR %+ 4k, 2002,38(8) :
31 -36.

YANG Tingli, JIN Qiong, LIU Anxin, et al.
mechanisms based on the units of single-open-chain[ J]. Journal of Mechanical Engineering, 2002,38(8) :31 —36. (in Chinese)
LB T, AR A, S T T CLRRAE T 1k S 49 I B ATLAE B FNRRAE 23 B SO R R S T[T BURR L AR AR 4, 2015,
51(13):101 - 116.

Structural synthesis and classification of the 3 dof translational parallel robot



% 6 1) WEAF 2. 5 - SPS B SV G IFBRHLIA PLR 5 45 M0 5T 365

11

12

13

14

16
17
18

20

SHEN Huiping, YIN Hongbo, LI Ju, et al. Position and orientation characteristic based method and enlightenment for topology
characteristic analysis of typical parallel mechanisms and its application[ J]. Journal of Mechanical Engineering, 2015, 51(13)
101 —=116. (in Chinese)
REF FBEE, 4R, 45 2 TN 007 SR % 6 — SPS IR BRALAA A7 B IE A B AT 5 [ T]. HLAK T FE 24,2013 ,49(21) .
70 - 80.
SHEN Huiping, YIN Hongbo, WANG Zhen, et al. Research on forward position solutions for 6 — SPS parallel mechanisms based
on topology structure analysis [ J]. Journal of Mechanical Engineering, 2013, 49(21): 70 —80. (in Chinese)
SHEN Huiping, YANG Liangjie, MENG Qingmei, et al. Topological structure coupling-reducing of parallel mechanisms[ C] //
Proceedings of the 14th IFToMM World Congress,2015:0S13 - 120.
SHEN Huiping, YANG Liangjie, DENG Jiaming, et al. A method for structure coupling-reducing of parallel mechanisms[ C] //
Procceedings of 8th International Conference on Intelligent Robotics and Applications (ICIRA2015), 2015:199 -210.
YRR, A0, K. TUAY TR S Tricept IERHLA R IR SR AL [T ]. MUK L2242 ,2010,46(5) :8 ~ 14,
QING Jianxi, LI Jianfeng, FANG Bin. Drive optimization of Tricept parallel mechanism with redundant actuation[ J]. Journal of
Mechanical Engineering, 2010, 46(5) : 8 —14. (in Chinese)
R, P T, R /NAE 45 LU A IS Sl i S OT B IR R MLA SR S A BT [0 ] Al HLAR "% 41 ,2015,46 (12) :337 - 345.
SHEN Huiping,SUN Chiyu,ZHU Xiaorong,et al. A practical method for topological structure design of parallel mechanisms based
on the basic kinematic chains as well as position and orientation characteristic [ J ]. Transactions of the Chinese Society for
Agricultural Machinery,2015,46(12) : 337 —=345. (in Chinese)
R FRIR T E IR RO MR AT (D] WM R KA, 2014,
ZHU Shuaishuai. Special five degrees of freedom parallel mechanism and its structural characteristics analysis [ D]. Changzhou:
Changzhou University, 2014. (in Chinese)
X5, BRALA, g BT AutoCAD 5 75 A i BEFFBRAL A% AL B AR 2 18] 9 f A SR % 0 3 [T]. ML A, 2000,
22(6) :457 —464.
LIU Xinjun, ZHANG Lijie, GAO Feng. Geometrical determination of workspace for 6-DOF parallel manipulators based on
AutoCAD platform[ J]. Robots, 2000, 22(6) :457 —464. (in Chinese)
L RUKAE B L AR s AL A (ML et e SR U R ,2006.
THEE XFETE, T A, 5. LA AP 2 BB Rl [ M. b0 AUAR Tl i R4 ,2008.
YU Tongzhu, SHEN Huiping. An easily manufactured structure and its analytic solutions for forward and inverse position of 1 —
2 —3 = SPS type 6-DOF basic parallel mechanisms[ C] // Proceedings of 2012 IEEE International Conference on Robotics and
Biomimetics, 2012:1194 —1199.
WANG Zheng, SHEN Huiping, DENG Jiaming, et al. An easily manufactured 6-DOF 3 —1 —1 —1 SPS type parallel mechanism
and its forward kinematics[ C] // Proceedings of the 2nd IFToMM Symposium on Mechanism Design for Robotics, 2012.
LR ORI, e O, 45 — b T B iy B =SB A Bl e 23 AR Ml A o AT 484 T - CN 2013103952596 [ P . 2016 —02 —02.


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20151246&journal_id=jcsam

