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Topology Design, Dimension Optimization and Workspace Analysis
of Spatial Single-loop Two-translation Parallel Mechanisms

LI Ju SHE Junjie SHEN Huiping DU Zhongqiu
(Research Center for Advanced Mechanisms Theory, Changzhou University, Changzhou 213016, China)

Abstract; For the needs of the mechanical components not limited by space when machines working in
narrow spaces, according to the topology design theory and method of parallel mechanism (PM) based on
position and orientation characteristic (POC) equations, a set of 12 spatial single-loop two-translation
PMs, each propelled by two actuated prismatic joints, was designed and the degrees of freedom of each
PM were calculated. A comprehensive kinematic modeling effort was undertaken, focusing on eight select
PM configurations. Through meticulous analysis and computation, the univariate eighth-degree polynomial
equations (i.e., closed-form solution) were derived for each configuration. Symbolic inverse solutions
were also derived respectively, Additionally, numerical examples were employed to validate the accuracy
and efficacy of these solutions. Leveraging the differential evolution algorithm, an exhaustive effort was
made to maximize the working space of the eight PM configurations under consideration. Through iterative
refinement and optimization, the maximal operational envelopes of these PMs were meticulously
determined, offering insights into their potential operational capabilities within varied working
environments. Following a comprehensive comparative analysis of the maximal working spaces achieved
by each PM configuration, two configurations boasting the largest working spaces were selected, which
served as the foundational basis for subsequent endeavors,

including the stiffness analysis, dynamic

analysis and structural design of these PMs.
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T, =2n4 +2n,, +2n,,
T, =4n, —4n, -2ns +4n, +4n, +2n, +4n,
T, =8n, -2n, +2n,, +6n,,
T,=6n, +16n, -8n, +8ny, —2ny +6n,,
T, =8n, -2n, —2n,, +6n,,
T, =4n, —4n, +2n, —4n, +4n, —2n,, +4n,,
T, =2ny, —2n,, +2n,,
T, =n

B 4 0 fige 8 5000

— Ny +n, —ny, +nl3
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z, = i«/li— (y—%+%) +z

2 b : 2 2
x1=:ng—(§—y—2) s JE - (z=1,-1)
(34)
2.3.3 Hl#S
DRI ¥ AW
z=lsina + 1, +1,
35
[y:iA/lz—(l3cosa)2+y2—§ (35)
Hrp a =2arctan(u)
S(u) = 2 Tu' =0 (36)

Ty=n,+n,+n, T, =2n,+2n,
T, =8n, —2n, +6n,
T, =6n, +16n, —8n, +8n, —2n, +6n,

T, =8n, —2n4 +6ny

T, =4n, —4n, +4n, +4n,

T, =4n, —4n, +4n, +4n,

T, =2n, +2n, Ty =n,+n, +n,
PLF S Wifigg o8 500
y, = % l;—(ll—z)2+y—%
(37)
y, = £ l?—l§+(z—l4—l6)2+y+7
2.3.4 Hlige
PLA 6 T2 30
z=lsing +1, + [
(38)
y = iA/li—(l3cosa)2+yl—%
Hrp o =2arctan(u)
8
flu) = 2 Tu' =0 (39)
1=0

Ty=n,+n,+n, T, =2n,+2n,
T, =8n, —2n4 +6ny
T, =6n, +16n, —8n; +8n, —2n, +6n,

T, =8n, —2n4 +6ny

T, =4n, —4n, +4n, +4n,

T, =4n, —4n, +4n, +4n,

T, =2n,+2n; Ty =n, +n, +n,
PG 6 i fi 28 R
2
z]:iN/ZZ—(y—]2)+(21) +z
(40)
Y= % l?—l§+(z—lﬁ—l4)2+y+?
2.3.5 HLty7
UK 7 IEME A N
z=lssina + 1, + 1,
(41)

[y: + /15 - (lcosa)® +y, —%

o =2arctan(u)

_E.

8
Sf(u) = ; Tu' =0 (42)
Ty=n,+n,+n, T, =2ng+2n,
T, =8n, —2n4 +6ny
T, =6n, +16n, —8n; +8n, —2n, +6n,
T, =8n, —2n4 +6ny

T, =4n, —4n, +4n, +4n,

T, =4n, —4n, +4n, +4n,

T, =2n;+2n; Ty=n, +n, +n,
BUAE 7 30 i 23 0N
Y= = lz—(ll—z)2+y—%
(43)
¥y, = % li—l§+(z l, lb)2+y+f
2.3.6 L8
Bt 8 IE M AN
z=lgsing + 1, + 1
44
y:i,/li—(lscosa)z+yl—% (44)
Hp o =2arctan(u)
8
f(u) = Tu' =0 (45)

Ty=n,+n,+n, T, =2ng+2n,
T, =8n, —2n4 +6ny
T,=6n, +16n, —8n, +8n, —2n, +6n,
T, =8n, —2ny +6ny
T, =2n, +2ny

P 8 Wi fige o8 :0

T, =4n, —4n, +4n, +4n,

Ty, =4n, —4n, +4n, +4n,

Ty =n, +n, +n,

3 IfE=EfRi

AR 23 ] 2 S W I BRBLA AR PERE A — A HE 22
BAR, B LAY ARV N 37 5% I R R A
BN T 12 AU R NG R R L 5E 4
FATR], LABLRG 1 2 Bt A7 o3 A o 2 DA BR E R 2400
AL IR AR A ) B ROk H bR fd ] 22 53 954k (DE)
FUIR R AU B R S B T A T R R
RAFI T A2 ) 22
3.1 witZE

i BB RKE o b, LRI E [ L.
L s g R et e & X, AP

X = (%, ,%, ,%; ,%, ,%5 ,X4 %, ,xg)T =
Ca,b,l by, 0 0,0, 0)" (47)
3.2 HHREH
Lt TAE= 0 A(X) =[Y,,, Y. ][ Z,., Z,.]
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JRATRER o T2, MUAR IR Al B i 50 5 AL e 46 o 1
AHAAE TR max(f(X)) B
max(f(X)) =max([ Y, =Y, J[Z,.-Z,.]1)
(48)

3.3 AREH
MRAEALA 1A EAF S R, v AP 1 B ST
KL N
g, (X)=0L-(l,-2)"=0

2 b \?
g (X) =L~ (S -y-75) 20 (49)

g, (X) =06 -(z2-1,-1,)"=0

FIER TN b, 3 e B S R OR (I
AN) RS XS LA Y 7 23 8] A 8RS i, R AL A
B AR 2R

g,(X):40 em<a .b<80 cm

{gS(X) 40 em</,<80cm (i=1,2,:--,6)

(50)

BRADL — U 75 37 5 A R 8 110 &5 TR A0 AT 14 fiE
H A 3l B AL &A1 3 e R 7R R T IS A
CGEV-6) EJrfasia b, BARBIHUL 1, HRAHRAMh

g (X) =y + < (51)

@
2 2

20 0
ylem

(a) BLAAI1

" =2 =
0 2 -60 —40

(d) P44
80

-20 -
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ylem

(g) BLAH7

3.4 MRUER

XFHLA 1 AT LA I, 48 R IE M - 50 em <
y<50 cm, - 10 cm<z<80 cm, DE B a0 =4
BE N FRERLEE N, =40, 47N 1 Z =0.5, 58 X
HF Cp =0.9, i RIFAE T=100, T2, 7B 5
N X, = (49.854 1,47.513 6,39.819 7,39.667 2,
39. 821 6,20.2219,39. 644 2,20.587 3) ", &1 H ¥
PREL (X)) =3 160, HLI 1 AR TR Al 35 T
YEZS[H], &l 10a iR o
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25 ) AR A 22 AN R 1%
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Fig. 10 Working space of mechanism 1 ~8
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x1 HMM1~8 REMUER

Tab.1 Mechanism 1 ~ 8 scale optimization results

B a/mm b/mm l,/mm l,/mm ly/mm l,/mm ls/mm lg/mm (X))
1 49.854 1 47.513 6 39.8197 39. 667 2 39.8216 20.2219 39. 644 2 20. 587 3 3160
2 65.970 4 45.418 4 30.554 7 24.026 4 39.873 8 20.134°8 39.928 6 20.3718 3200
3 50. 081 2 41.1983 39.596 2 39.416 1 39.760 9 20.178 5 39.6029 20.390 8 3160
4 72. 809 5 41.4022 29.8395 34.4585 39.934 1 20. 053 1 39.702 4 20.4516 3200
5 79.584 9 40.8149 34.555 4 39.584 2 21.563 1 27.3815 25.008 3 24.089 1 5600
6 42.129 6 54.046 5 27.629 3 39.691 7 23.8487 39.104 7 32.508 8 21.148 6 3160
7 41.589 4 79.873 8 29.3327 39.795 4 29.3409 29. 856 4 23.4018 20.938 1 5 600
8 51.6422 48.5713 21.800 2 39.658 5 30.2535 30.640 6 26.4312 34.969 7 3160

W ALM S 7 B A TR — D AKCE T EARZERE 3T 12 RS Sh 9K Sl i P F- B8 A 0] % S R ALAY
B R E X R REPEAE T AR R R Rt XX 12 DAL AT T A W BT, BEECH P 8 A
GFHREETAEEMARKESR AT 5T REAR W Tsdhr @, 528 xSyl —o/\
KA AR AR T7 e (BRI ) B FEAT 5 a0 B B i, O ik
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