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Workspace Analysis and Optimization of Linear Driven Parallel Robot

WU Chaoyu' QIAN Xiaowu’ YU Wei' YU Jin'
(1. State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044 , China
2. Department of Basic Teaching, Zhenjiang College, Zhenjiang 212002, China)

Abstract; Aiming to solve the complicated problem of linear driving parallel robot workspace with less
study, according to the structure and kinematics model of linear driving parallel robot with the limits of
the Hooke joint and the singularity to the workspace, the numerical search method was used to solve the
workspace of the parallel robot with the tendency of size, shape, and symmetry of the workspace with
respect to the different sets of architectural parameters chosen for the manipulator. A new approach was
presented to the architecture optimization of the linear driving parallel robot based on the performance of a
weighted sum of global dexterity index and a new performance index-space utility ratio (SUR) , and the
mathematic model of parameters optimization was set up based on the objective function of this ratio.
Particle swarm optimization was used to optimize the parameters of the linear driving parallel robot, the
optimal parameters were obtained based on the performance of the space utility index with the global
dexterity index in different environments. This method was helpful in designing the linear driving parallel
robot and other types of parallel robot. In the end, the laser tracker was used to measure the actual
workspace to compare with the theoretical model, which verified the theoretical model of the workspace,
laid the foundation for the subsequent optimization of the linear driving parallel robot.

Key words: linear driving parallel robot; workspace; polar coordinate variable step iterative search

method ; global performance ratio
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Fig.2  Schematic of linear driven parallel robot

A /l.),

X

B3 ST R R

Fig.3 Schematic of one typical kinematic chain

(M ERE R, 4LRL, th T3 6 1A 3 A ERE
By, T LU 6 6 0 R, Lk i — A~ B 37 5 B, T L)
"b.o=b,, WA 3 PR, R S P ER [E] % 7 AT
L A

le, =L, -ds, —H, (4)

o L. =P+b. —a, (5)
s, =[ —cosasing, —cosasing, —sina]’ (6)
H. =[sinacosp, sinasing, —cosa]'lhl (7)

Arp oLy, By HAL ) B
d—5 i DEIRB LA
D E H A 1) B
H— s B, B R Al LR R O Th |
AN A
B (4) ZeAq i | i TRAS B T LAAR
P=(L -ds,-H)(L -ds,-H)" (8)

§;

UALEIRYE G
d} -2ds'L, +L,.L] -2HL/ +
H: +2d.Hs, -1’ =0 (9)

Hps 5 H g2 E R 2 Dt Bkl s, 5 H 3
52 0o K (9) n] L A Ik
d; —Ed, +F =0 (10)
Hrp E=2ds!L,
F=LL'-2HL; +H, -1’
Jr LA W] A4S 3

2
di:Eia/E -4F (11)

2

% E g S (i, IF FLAS KR o 2 B2 ) A
Lk LR GR35

A T LA 110 2 SRR S THLR E E 5 8 A
ST B S A M T R £ T A 5 i
R B0 168 2 1 0 T R 2 R I, B S
7 s 1 56T . B R AN

d=JX (12)
Hop d=[a, a4, a,)" X=[s j :]

T H A A R P B RELG  Ao
ff, T 6 S0 40 ER DGR BL 28 A 3 SR B A X
JiRESR A B AT LRI . Xt T A A ORI b 28
N VR gl 7 TR S T A2 A, BT R 4 il 3 R
HEBUEIATIE . ASCR AR HBUE AT ST, B

(13)

, e, e e,
J=Jd_Jx=[T T T ]
€,5, €,5, €68,
K J,—— iz 2 e AT L
J,—IE )iz 3l HE AT L B
J—HE ] LA

2 THE=ZESH

2.1 HFRAMUESH

X H R IK B I B AL g A A AT LR AT 2 AT
YUHE AT LR [ Y AT 0 O R, IR ERALAA L B AR
SO T3 WE, 4 T, T, AR — A5
B2 N T, ST RO, S
J, AR LA N R s g e e R, 2 I, A
APy, Hlas N BLIE 18 B ar 5, HHEE T, T,
R A BB, HLas N B EH 7. NS 3 #
A A AT

(1) IE ]38 3l 2 4 5

A S AL, ey EIRETTRE det(J,) =
O Jf- 48 3 i A s 2 AR FRIME A, v] D3 3 U] 56 R 8%
T EW R T A A AL . R I, BAE
3 AL B

J. =[e, e e]" (14)

IR BUE M T, B &AT R B AT 18] 43 0] %
LB LA FE A b 25 AR A 5 ) R 6

NS 8] % B AR B 23 A AL HE B 1 A S v A
LR R AT : e, (e, ey 3 A1) 5 B LR PEAH G, X
A i 2 tE IR AL TG O, LA det(J,) =0,3 MRER
Z iR 0,8 6 S5 A, i L el JHA
eSS B, T AR % &, N 4 iR, Qe e, .
e 3 NmEHA 3 NI EEMEAAE, ME S Fros, it



384 & A Bl B ¥ i

2018 4

I 3 ASAFOEFAT , X BIE BUAE S A BT b ok o
{ELJE AT LA G ok A B Sl L BT S T B R A R
E%O

K4 =xEItm A

Fig.4 Three coplanar vector figure

EERCTS e
Fig.5 Two collinear vector figure

(2) 3% 6] 35 3l %% 7 5

Y BX KA S, det (J,) =0 L ILRT efs, =0
BELOH AN, REWHLRMEM K, L FTEEH
AR BT AT R AN G, T DL 2% 8 R AR L
— AN O, py 1) A 5E AT LA ) R A 30 FF
5 L 90° S I i e A R BE  fH R R S R AT A 1
HUE N 0, TEXFFOLT , HUR Y [ R 28 m, ok
L. A 6 FTR, i T R4k UK 3 B LA A
(1) v (5T 5 5 F 6 10 9 A1k B, O EL M Bk B I AT
AN I LA 2 H o — A 1 B A g 90 I, H: At W AT 43
HSHA T FEAR, R RE TR ENEDS,
JIF LA il 2 S5 7 B 3 B LA A PR R R AT g B
JIF A AR 75 8 % 3 il 7 S R S E AT 3 22 B 40

6 KRiatTEHE
Fig.6 Vertical vector figure
(3 aa5t
XA ARSI A K AR J, F T, R

ANRT A, AT D B S A © 2245 2 T, AN L A1 O TE
LIRS IFERAL A AR I TE T o B DLTR )
B 2H G Ay SR AE RS TP AT AE
2.2 REBRARSH

IR 1 A A e R B A A R BR A ml
LA 360 e 4% , e (1 o B2 1) i 55 1) iy [R] 1), my R
Fm LA R CF I 2 5O 1 IR Rk R
ny s 55 20 F i B R R AR RE BRI, B e A g
o] AR AT 1 N ANEL 7 B, RO IR B B Y
S — 1 H BE A e 5% B B AT A BE YR, BT LR e AR
LR B TE 2 A A BERE B AR S S R A
2 Jie e w4 e B % T T L O R, AT FB S
W1 RNy, S FB S0 2 FIIMA v,
WP 8 o MR P 45 F R 5 LA 6 R ATy, BeA
ALY, BT AT LIS By, YA ROE RN

il
|F.B,lIn, | (15)

HRAE S PR A BRI TR, —40° <y, <40°, X HEn]
PAAT A 25 ] A

Y, = arcsin

7 ST 1 R ) R 2
Fig.7 Normal vectors of plane 1 and plane 2
Tl

Fm2

B8 vni R K
Fig.8 Diagram of Hooke hinge angle
2.3 IiE=EIKf#
T AR E I BEALES A TAE 2 ], A8 SC i —
T A b A2 20 A R AR R R AR I A &1 9 FR
HARH TAE= [ A4S RIE L RT
(1) ik =X (8) A e % gl @il (14 KR il 2% 1 1



513

KT A BRI RIFBHL R A AR [ 204 5 Al 385

AR5 ) B B 15 R 2 FHERAR R, 2, 5 9 FH— 2R 510 F
1T OXY AR AR T - T8 FF B g AT 38 AR =5 ] 1y
S) M E SR Az 9 n A>T AS (8] BT 2 Bl 1)
PEATH R

(2)FE5 i DTS rp, B M 0 JE 1Y Ao 2
2, AR NBIME O TF 46 DL 5E 20 K Ap (5 ) ik 4
B p HTHE.

(3) fBeise W A2 3k 1 2 26 & U, o T 3o 300 A B30k
SR Y T B AL Sl R AL R R BN L R
04 p(k)<p(k) = Ap,Ap«—0.50p,p(k +1)«
p(k) +Ap; B p(k +1)«p(k) +Ap

(HFEELE(3) 4 Ap<e(e HBRE ML
KK e =0. 5 mm) H AL 3wl 00 £ E A L
T8 P8 2l &I B BR i 2%, G IRE $R B AR AR AT il
s ((p(k) +2Ap)z,cos0,(p(k) +2Ap)z;sinb,z,) o

() ¥ P 7= [ L R S R R RS
I JH X 86 g A iOT R ML R AR 25 1]

Wi TARZ AR s o
SRR A, 34
0y Fn 2
v

BTN T2

Y

i LT R A 2l

pl+)=p(k)+Ap

—> i R BB e
Y
B faOMOTFIGL :
> Bk Ao p(y=p(k)-Dp
v Ap=0.5Ap
pl+)=pk)+Ap
etz p NOTFFE L)
[ 24 K Apidig

9 Ak AR AR A R A R I T AR K
Fig.9 Program flow chart of polar coordinate

variable step iterative search method

W FOE S AN BR, R A R AR A (R A R
(A s, R A Matlab ] 9046 D) 68, 75 21 &l 10 BFR
) TAE=S ] o
2.4 £WSEHITIESEHFIE

WFIR I BEMLER N TAE 23 [ i RO 598 R % 42
B FEIRMLAS AR o AR HE 5B X B2 K 8 78 -
HEHL&F N PR T 6 5 3 & RO i Hem B2
LN ST AT 38T o

B &3 AN, I IR HLEE NI 25 40 S 80 2 AL 4
FEE RS a 3 FE RS 0.3 M BIFF & 1,
W ST GMAA o WIS b R TAFEY

z/mm

oy 29055300
Bl 10 TAE=S [ Y Matlab 45 3]
Fig. 10 Diagram of Matlab simulation

—DEE NS HL G EE R R B, B b TR 2
BT S HOIEAT S HON AR 23 [ /Y A2 40, 5% e B A 2
2 RFEE & £40°, HK [ PG K 2 610 mm,
B AE 510 mm 3] 760 mm Z[H], LA 50 mm f% 3 5
P . BB K o MBEITEZ] 300. 41 mm,
iE B AE 1 000. 41 mm 2] 1700. 41 mm 22 [&] ) 100 mm
i R T 2. S F AR K Y GER
103. 923 mm. R o BRI {E 2 38°, 1L ETE 25°
F 90°Z AL 10° 0 4% & P47 A8 4k o B B2 W0 4
{H 42 98. 5 mm, it E#E 78. 5 mm %) 118. 5 mm 2 [a] L)
10 mm Sy 48 PEAT A2 4L

TARAS A R R Al DLt 3R, s 9 P,
20, 3G AG, B AL A F A T A S ] ) AR
A AR R B

dv:%ﬁpfAz (16)

XF2 (16) BEAT R 4, AT A 8 A TAE 25 [ R B, R
N

Zmax 2m
V= 2 020 (]?pfAHZAZ) (17)

X (17) W] LAJE 3 Matlab #F47 153 5K %

B & 11 Af DU 1, K30 2% 5 #5016 R 2
— TP £ B PR 520 B, 7E 52°
ey ARFRERE BTb, M T 5200, AR SR
/DN, BT LA 3% AE 520 B 3 B, O I AL A NI A B
Ko HHHASEmPLE A b4 51 KN

12 Je e 7 AR [0l 5 37 & i K Z [ 5%
LB 2 0l LVE W, 3 & 59 RAF XA LS A
(1 A 25 [ T AR5 R K, A B3 S &,
PLER A R ST, B 12 w1l DLE H, 31°F & Kol
ROERBUBER I HRLRMEXRR B, EEAKNY
K, N30 G R BE SR, % TAEREE R E K
g =, RN RE A 4540 S 800 1 e 52 R 2R

13 0] LUFE ), TAEZS [T AR 5 #F & 7
FEARR G R, #F & B i R i Ral % i /B
SFEOLRDIE 2 i BLar 5, &l 13 Jios , A



386 & A Bl B ¥ i

2018 4

(a) @=35°

=700
-800

-900

z/mm

—-1000

400 200

0

0
200 ﬁ"‘“‘“ . /’hm 2

> 3
Vg 2 4002400
(d) a=65°

Fig. 11

Yy -400

z/mm

(d) 5=113.923 mm

P 7 B KRR/, 53 G K B, By LAE R
EIr B A AR O HER AT, Hia Rl R
L BEANEGBEHBR LR, PR, AR K
R Z B O

B G 2 BN AR 2 (R R0, #1514
K5 BBl (9 R A 3 A AT KO Bl e N AR [
JU AR B AR K o e rprgoF 5 10 1 ad Rl e/
2 FEIURIEAR I B AL, B2 2 A 30 R0 55, T A
TEVEFERFF 5 10K R i, 75 7 B0 0 i R s i
/N B LR S, PR BB o U3} A %) 25 1] Y
JEZWAAR TS, BE A AR B A 3 0, A 3 1) A4l 3k g

200

-400
(e) a=75°

U1 A 2 il (AR 5 A f E 1) 96 3R

Relationships of workspace volume vs actuators layout angle

200
—400 o

(e) b=123.923 mm
12 TAEEEEB S PR KHER

Fig. 12 Relationships of workspace volume vs size of moving platform

Vg 200 70

(c) a=52°

035} —‘—}E‘Vb\
— A
030}
025}
& 020}
—_—
015}
010}
550 400 |
500° o 20 30 40 50 60 70 80 90
y al®)
O fESEENER

400 —-400
(¢) 6=103.923 mm

0.355+
0.350
E 0345+
0.340
0.335+
80 90 100 110 120 130
b/mm
) 307 & 5HF LR

SN S A RN S I W IR B 520 4 A it
BRI K fESEbria I i AR 5 2 T AR = ]
(/N R BE £ 5 3 1 S5 M S, AN T 2 8 S Bl
wr MR/ AL FE A P22 w7 AR AT 55
TAR=S RO T, (LA A o5 AR BB/ A2
BRI 2 B8 T AR A (8] R

3 ZHSHMRNL

H1 FLZK K 3l B HR AL 5 A48 HLBRAS #2200 T
AR 23 ) B W 23 M7 0 R 5 4 2 0 TR B AR
23 [ R/NFTE AR, TR G, A5 46 ZE XS HLAS N Z5 40 240



KT A BRI RIFBHL R A AR [ 204 5 Al 387

0
= =2
m 20 S0 0 g

400
5 200
=200 e

-200
iy —400 /iy,

(d) @=1600.41 mm

0
7, =
T, 200

(b) a=1100.41 mm

-200
-400
(e) a=1700.41 mm

400

0 >t 0
200 200 oo

Vi = 400° 400
(c) a=1500.41 mm

- 0
200 g

——Hip
— W&

400
200 025

5 . . . . . . .
1100 1200 1300 1400 1500 1600 1700

0
=200
¥

fy
a/mm

(O TAEZE ) SE-P R KRR

13 TAEZRERSHFELKNXR

Fig. 13 Relationships of workspace shape vs the size of fixed platform

PEAT A AL, M A5 AR T A5 E) P ARG 48 A P RE SR
T,
3.1 fieE®

h T EARAL S #4549 S KR RE I 2 45 5 it S
[i] 1 75 5K, SCRE S I IR ML 2% A 10 2 AR S B RS =
AN, UA B AR A VERE B, 58 ST — A [ ik 3 ot HL 4
A 1 A8 1 8] R 32 14 H b bR 5K

n=wr+(l-w)y-=

w(;—j «d?) +<1—w>VV—* (18)
H k=cond(J) = | J| [IJ"|

A o—WNERH(O<w<I1)

V'—4 % it )
k—HE T LG HH B 1) 2% PR 280, R F 9 Bk

PLas AR AVEERE
Vi —— L& AR ROk AR =S ]

Hy T e nT L R R A AL AR N B AT A Ak T AR
e, BT A 7 i LA A AE 45 Bt A 6] v i 4R A 1
RE , ELZ WK Sl B TF IR AL &5 N 2540 S B AL T I 255
%€ BLit =S () (B2 [E 400 mm x 400 mm x
100 mm R IFA) W E #T B K o WHFEE A,
MBIFFFF L, Gl 5§ F 5 ZH M o, 31 F &
PR b, fol A5 2HL 2 ) A1) FH 30U R M B A P R B
DA, 25 2540 2 50 728 A AR 9 SR 28 3 300
B B S HON L = 4 A 2 ) A S5 R 240 i
BRI OC 28 Ml 2R 1 Wi 1 5 G Ah , b 0058 JE I 29 R 2R 1F
3 CHLGE B BATRE s, MR A U,

1 T A T LG B A% R D R HL AR A
BRAEVE BT, Ty 267 25 [ 1) FH 25 2 K B 7,
TG, FUARER BRI 1918180, B LA o B Koy
by

1

n"“"zw(VL KdV') + (1 —w)l;*,

1150.41 mm<a<1500.41 mm
80.923 mm=<5b=<123.923 mm
78. 5 mm<h<118.5 mm
s.t. {510 mm<L<760 mm (19)
388.429 mm <s5<688.429 mm
35°sa<65°
-40°<U<40°
3.2 fRULER

AR e P bl T RE R L Bk S
WL S Z R B AR LG, 7R 2 Al o 2 o R e 2
AL E R R R, A0, TR kL T 1R A R
205 A R T, R A8 R ST A AR R BB Y i A I
fiff 1) 2ok AR DRI T A B R AR T RE S PR e ST
HEA

HI I Matlab k3¢ 08 A 55 12: T H AR (PSOt) , Xf
IR R PEAT SR A, Hrp AR BIL A N8 52 B iz
Fta SR AR SK AR I, REAE R A o 20l BEE N 0
0.5.1 5% 3 FiF O, 45 RN 1 s

MR T ATHL, o g 0 I, BE2S (8] # R iR K, 0
N1y EILAS N ERAEVERE SR AL, 18] 14 2o T 184
PERE SR P ) AL IET 5 181 15 3755 2 ) F] ] 38 e R i 1
I,




388 PSS A1 M | = O 14 20184
#®1 RUER o A4 TR A IO R R AT = 4 S (A 4
Tab.1 Numerical results of optimization BN 17 R .
%) n a/mm b/mm  L/mm  h/mm  «/(°) .
0 1.7208 1166 96 660 88 45
0.5 3.7448 1240 88 676 100 45
1 5.5645 1300 100 742 90 52

Sy

z/mm

400 690

0 200
Vg 20 400 o200 200 ?mm
—-600 x

Kl 14 AR TEREDT H A

Fig. 14  Simulation diagram of the best dexterity

= 400

0
2200 gfore

0
Vg =200

-400
B 1S e doas Al A 3 0

Fig. 15 Simulation diagram of the best space utility

Hi & 14 T LUE G B AR RE SR R, 1 05 1A o
55 A28 8] (9 Lo T/ T d R s ) A1 = {ELZ I
PP AT LU A 7 1R 32 5 s A 25 ) i 3 e iz
A PEREB ; I 1S AT LR H B R s (81 F) R 9 1
DU, 7 PR 0 545 4 55 23 18] i AL a2 2l 2 1 g

A LU A TR ACE T G Ak e B B R R I
1, AR AN ] 1) 52 Bt 22, ] RLGE 8 A [R] ) A 47
2R i 3

4 XIEWIE

T B A s A B e R Y A OE A, X AR
IR 5 R I ML AT TR AR R
S B AN 5 1 16 F R, R FARO 23 Rl
JEBRERAX Vantage (P 3085 B 2 0. 015 mm ) FIAH B
il B e e e A ok SE N B B B L L E . AR
23 (A4 7 SR - AL g A2 5 BT AE 1) 2 - T
AU T, WOBBRER AL A 2y iz ) 5 mm g —
AL T A AL B A AR, T8 58 — A F T
Ja 2 AR bR G 20 mm, TR R A AR A5 ] 4 58

B 16 Ly A LAE= mE R R

Fig. 16  Scene picture of workspace scan

P17 A2 Rl il A

Fig. 17  Outline drawing of workspace scan

Fel&l 17 5 TAE =S [ AE BRI 10 2R 17 %) ke, Sh
FERIEA W) &, Ny T — LRk, 2 BB 2 =
950 mm X Rif {14 - T i et 4 6 A 0 A B K dE
TR AT XL, QAT 18 Fr R, a5 A H e A A
S TR/ JEARFEA — B, IR Z R R T 1T
A 2 i) BEVR BT R IE B 1), AR SCHE T AR 2 (] B
L TEAT 9 4% 45 F4 2 B0 AT 25 (1) 1 532 ) R0 25 40 2
WAL TR IR Y

300

o IR
200+ s % ---- FR R
? R
100+ §
R 8
o %
_200 =
=000 200 <0 0 100 200 300

x/mm
P18 z=950 mm i 55 A IS Ko 4 Lb
Fig. 18 Comparison of theory and test data of
z =950 mm plane

(1) MR 40 B 4 R 3l 20 5 HR AL 2% A Y JL Ao A5 2
AR R Bl s s gy 22 R, JF 4% LR iz 8l



513

KT A BRI RIFBHL R A AR [ 204 5 Al

389

S 00 ik MUAE AT EE R R

(2) 73 Fr 1 &5 S P 0 B2 B0 08 T A =5 1) 11 24
3 — Bl A AR A 2 K SR AU 205 SR i BL A
N AR 8], FF0F 5215 B HL G 4% 250 2 800 1T
A 25 18] 5 SR /N R AR B 532 W) i 4

(3) P& T —Fh2i A Plas AN R X5 L0 (] F)
AR S TERE AR A, S AL NS S B AL
Bor BERL DR 5 BE S 0E X LR AT R gt , 15 B A [H]

LT HE T AL e AR 275 B2 A AT 25 8RR 00 el
S0, TS R A TR AU T AR A5 2 0 2 B AT 0 1
BRI, B0k T H AR R RO TE B A R

(4) R 56 4140t 19 T 0 2 1) 4 5 1] R B e L
TSR e 1) A 2 8] 48 B0 1A R AT X bE 25 2R 3R, T
A 23 18] LS R 2 TE ) 19, kT A 2 () B8 5 R
PEAT I 25 45 K 2 Bouk AT =5 18] (4 52 i R 2544 2 504
PRI IE B Y, O i 25 1 RUBE 253 W FE 4T S 4

Robot,

Position, Jacobian and workspace analysis of a 3-PSP spatial parallel

2 £ x #
U B, 5O, 285, 55, Delta REAIIFIEHL 8 AWFFEHE R SBUIR[T]. HLés A ,2014,36(3) :375 - 384.
FEN Lihang,ZHNAG Weigong, GONG Zongyang, et al. Developments of delta-like parallel manipulators—a review [ J].
2014,36(3) :375 -384. (in Chinese)

2 BOURI M, CLAVEL R. The linear Delta: developments and applications[ C] // The 41st International Symposium on Robotics
2010 1198 - 1205.

3 JO D Y. Workspace analysis of closed loop mechanisms with unilateral constraints[ J]. Adv in Des. Automat,1989,3:53 - 60.

4 GOSSELIN C M. Determination of the workspace of 6 + DOF parallel mani Pula-tors[ J]. ASME Journal of Mechanical Design,
1990,112(3) :331 - 336.

5 MERLET J P. Geometrical determination of workspace of a constrained parallel manipulators[ J]. In: ARK, Frnace,1992.326 —329.

6 MERLET J P. Determination of the orientation workspace of parallel manipula-tors[ J]. Journal of Intelligent and Robotic Systems,
1995, 13:143 - 160.

7 GOSSELIN C M, LAVOLE E, TOUTANT P. Robotics spatial mechanisms and mechanical systems [ C] // 22nd Biennial
Mechanisms Conference,1992.323 - 328.

8 MASORY O, WANG J. Workspace evalution of stewart platforms[ C] //22nd Biennial Mechanisms Conference,1992:337 —346.

9 BONEY L A, RYU J. A new approach to orientation workspace analysi of 6-DOF parallel manipulators[ J]. Mechanism and
Machine Theory,2001,36(1) .15 -28.

10 REZAEI A, AKBARZADEH A, NIA P M, et al.
manipulator[ J]. Robotics and Computer-Integrated Manufacturing, 2013, 29(4) . 158 — 173.

11 YUML, WANG J R, LI J, et al. Kinematics analysis of exoskeletons rehabilitation robot based on ADAMS[ C] // Advanced
Materials Research. Trans Tech Publications, 2012, 479 . 2333 —2338.

12 HARADA T, DONG K, ITOIDAWA T. Design optimization of active scanning probe using parallel link mechanism [ ]J].
International Journal of Precision Engineering and Manufacturing,2012,13(8) . 1387 — 1394.

13 RUGBANI A, SCHREVE K. Modeling and analysis of the geometrical errors of a parallel manipulator micro-CMM [ C] //
International Precision Assembly Seminar, 2012 105 - 117.

14 EEE R, £, 5. JET Isight 19 3 — UPS — S JRHEHL & A WL 2 HAREAL[I/OL]. Rl HLBKE 4 4 , 2013 ,44(9) -
261 —266. http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20130945 &journal _id = jesam.
DOI: 10.6041/j. issn. 1000-1298.2013.09. 045.

CUI Guohua,ZHOU Haidong, WANG Nan, et al. Multi-objective optimization of 3 — UPS — S parallel mechanism based on Isight
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44(9) :261 —266. (in Chinese)

15 ZHAO Y. Dimensional synthesis of a three translational degrees of freedom parallel robot while considering kinematic anisotropic
property[ J]. Roboties and Computer-Integrated Manufacturing, 2013,29(1) :169 - 179.

16 HFILSF, w5 4%, 84, %. 3 — SPR I BEHL B 324 0 Hr [ J/OL] . RV ML 2 4] ,2012,43(8) :215 = 220. http: / www. j-csam.
org/jesam/ch/reader/ view_abstract. aspx? flag = 1&file_no =20120839&journal_id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2012.08.039.

MEI Jiangping, GAO Ben, TAN Yang, et al. Kinematic analysis of 3 — SPR parallel mechanism [ J/OL]. Transactions of the
Chinese Society for Agricultural Machinery,2012,43(8) ;215 —=220. (in Chinese)

17 Bhg, XU, E20C,5. BRIy Delta HLIY T2 W50 47 RAUEOLALRTFET]. LA, 2015, 32(11) :1407 - 1411.
ZHONG Qi, LIU Guijie, WANG Anyi, et al. Workspace resolution and mechanism optimization on Delta parallel mechanism
driven by prismatic pair [ J]. Journal of Mechanical and Electrical Engineering, 2015, 32(11) :1407 - 1411. (in Chinese)

18 HARADA T, DONG K, ITOIGAWA T. Design optimization of active scanning probe using parallel link mechanism [ ]J].
International Journal of Precision Engineering and Manufacturing, 2012,13(8) . 1387 — 1394.

19 HUEZR, TR, @R 7R, 4. Tripod JEELHLAS N3z 824 20 A SRR HLSE 5 [ J/OL ] ROl HLB ¥ 4 ,2016,47 (10) :390 - 397.
hitp: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20161051 &journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2016. 10.051.

YANG Jidong, WAN Biaogang, GAO Jundong, et al. Kinematic analysis and experiment of Tripod parallel robot[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2016,47(10) ;390 —-397. (in Chinese)
20

ARERPE A R 2, . R SE W IR LA AT S50 [ 1/0L ] Al LR 24 41,2013 ,44(7) 274 - 278. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20130747 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-
1298.2013.07. 047.

YU Yueqing, CUI Zhongwei, ZHAO Xin, et al. Design and experiment of parallel robot with compliant joints [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2013,44(7) :274 -278. (in Chinese)



