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Rigid Body Dynamics Modeling and Analysis of 3-RRPaR Parallel Mechanism

CHEN Xiulong GUO Jingyao JIA Yonghao
(College of Mechanical and Electronic Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract; Parallel mechanism with its advantages of high stiffness, high bearing capacity and high
precision fills the shortcomings of the series mechanism. For a 3-RRPaR parallel mechanism with
redundant structure, a dynamic model was established based on Lagrange multiplier method, and then the
dynamic analysis of the redundant parallel mechanism was carried out. Firstly, the structural
characteristics of 3-RRPaR parallel mechanism were analyzed, and the redundant structure was
determined. Then the inverse kinematics model of the parallel mechanism was established by closed-loop
vector method, and the dynamic model of the parallel mechanism was established by Lagrange multiplier
method. Finally, the dynamic equations of the parallel mechanism under no-load and loading were solved
by Matlab, and the dynamic response curves were drawn. The driving moment of the driving rod was
calculated according to the relationship between the Lagrange multiplier and the constraint moment. The
comparison between the calculation results and the ADAMS virtual simulation results verified the
correctness of the dynamic modeling method. The results showed that the driving torque of the driving rod
was increased with the loading of the moving platform, but the numerical variation law was basically the
same as that of no-load. The research laid a foundation for the dynamic control and mechanism
performance research of the parallel mechanism, and also provided a method and idea for the rigid body
dynamic modeling of other redundant parallel mechanisms.

Key words: parallel mechanism; redundant structure; Lagrange multiplier method; dynamic model

0 3= A DLk S AL ) 23 S 02 Y, 3 v T IR LR A 11

JE fe—m R B TR Az SR RE, i

FRBRHLRIAR L T LM B WIEE R KRR . ZBIWIRE ) 2 R 7, S5 HITA LI @

RIS SR AR (B TIFRAU & S G i, M R AR kb 1 Ed IR B 2 | TR, %o
EHARHEHMELURIE Y BATIREWMIFINE S5 TTARIFIRNU R ot B R X,

Weks . 2020 —03 —21 &R H . 2020 -04 - 15
EEWH . IWAREE ST AT (A2525) BHE I H (20196G6X104011)
EEE N BB (1976—) B, #4%, L S0, 22 NHIFXHLGIZ 225 58 S #1598 , E-mail ; exldy99@ 163. com



5 6 1]

Mifs fe %5 . 3-RRPaR FEERHUA NI S ) 25 8 5 204 405

FEERMURG BRI A Bl ) 2 s 2 S gl g 2445
FIFFEAUAIPERE 1 T4 | & AE LA 32 8h 2 1) SE Ak
X I HEAUE A E— 2 A T SRR S TR IR L
FA IR Sh L MLAG BE 3 | 8 61 RS2 PR ML) A AFF 1) 25 7
VR FERN (7] Ak H A 25 4 TC A IR IR AL 1) WA 31 )
SRR R T AT R L ARk, BN A E R
ARV 5 35 %58 I BR ALY 2 ) 4 R R AT T R it b
% AREXTEA TR S 1 IR AL I e e b, Xl
FFARAE ST RS W H B 1 A ST T 6-UPS
FEEE- 5 1 43 J1 BRI oKk A T BEAR SR 3h 1 Al
WHE AR, XIN 260 DL = [ R B 2 (] R R AL A
N R, R RA% B B 5 8 o) J5 PR 45 6 1) 7 1k
SE T B R IR A (5 BRI SR I DIIER 5
FOREAE R T —FOB B A R R Bk AL
¥, R AR vk 3 S T sl i 05 B, R e dh
SEER TR T R RER 0, EE
WA R FHPLUERE L T Stewart -5 I KIA S F1
SRR IR Bl ) 2F AL IR E T 3 ) 2
BRI IE R . BRGS0 SR A - R 7 3
R ELAR 4 A 1 5 75 % 4-UPS-RPS %5 [i] I B HL
AT T 8 J1% 43 FF . ABDELLATIF %517 i) F 47
M H AR AR E BT T 8 12 e
RAE T AR bR BOE s B EA: RS DL —Fl
BV R R s OB R 1 2 R T A
AL T B 2E R IR st ADAMS R S5 kAT
THHIE, GOSSELIN Z:I A28 7 —Fh B T4 45
P8 S BRALAG , - E B IZ HLA i 5 25 5 050 #8038
1138 B2 U4 K 3k G, ABADT 550 5iE B T 4544
TUAY e bt G 25 S ARG K TR S 8] A Rk A2
FEHE T — BB 42 2h BRI SR m DLk B A 5
A=A, QU AR R H T — o T 45 # U4 I Bk
MUK, IF38 3k % 77 2% 05 BB T LA g 45 5
EiE N ORI

ASCUEA TR S B 3-RRPaR =5 [8] I BE AL
F RIS 4, 25 SR TUAR M R A5 ) A% B
H T3 2 7 1% T IR g WA Bl T 2 7
98, 5081 3-RRPaR 25 [A] - BCAILAA 19 25 F R 11E , 1153
PUR AR L P B 5 RS R P A R 3 ST AL
PRI Bl B SR i IR ST Y A V0 RS | A
FATMEE FE ;SR O Al b AT 8K AR bR AR 45 A 19 5 5
ST R AFDT AR T AU SR AR o R R, A H
FLAS B H e 57 IR 1 3h ) 2% 5 8 JFAR
P Piws B H 315 29 6 10 ¢ R SR g ak 2 T3 5
e, B Matlab X 80 7 2% 75 B A7 500 5K A, B
PSR SR A 45 5 5 ADAMS JE L5 ELZ5 SR 3517 %t
L, ARG 3l g 2 g il 4%

1 ZEH¥FE

3-RRPaR 25 [B] JFERHLAE AN 1 B . IR ERHL
R B B 6 M 3 408 3h SCRELL AL, 58 3
AL F ARSI N A i 4 ARAT A
BLFAT U A 7Y b R R FE S/, Pa R
AT U TEAG T A2 IR ALRA 9 A K 4 22 ] 347 38
SUR 7 [ BUEEs

Bl1 3-RRPaR %5 [BITFHCHLAL Y = 2R
Fig.1 Three dimensional model of 3-RRPaR spatial
parallel mechanism
L ESE 2. %R 3. AEE 4.8 PR 5 TR
3-RRPaR JJy ] B 25 6] F- BR AL, SR FHAE 1E 9
Grubler — Kutzbach A28 H A i ™ HHEAR
H

P=6(p-g-1)+ XStk (D)

Kb P—— MU
p— WA B kK
G—HLK 2 SR B
f— kA s shRElA A
h——TUAR LI
XPZIFIR ML AT G5 R 8, vT 0 p = 17,9 = 21,

S f=20,h =12, BOZIFREHLRIRY E R 3.

FBRHLAE Y 3 4538 B SCBE I A AE 2 AP A,
SN T LR BRI SRR i X 3 A B Y
TR SR Sl AT S BB 5 0 = e Bl X T IE Bl S B
WA PR R th TS LA T IR 1E ) )
PR R R RIS RN T R

2 IBEEFEEE

B AZ B2 R ST A ) 0 | 8 3 R e
SR R SR LA ) 7 7 9 0 B il AR SO
FHPAER R kT I IR Bl 2B -2 4331
SRR AIUA AL | R R 1 3
2.1 frEHER

R 77 A8 7R FERALAG A 4 (8] B9 JLART G 2R, X
HUPEDLA T AN &l 2 iR, 2R T F 8 4




406 /B | R i/ = 2

2020 4

HEBRFR Oxyz, S-S B 07, W 0" SR E R
wg=(x,y,z) WFRRH
g, =M +lu +ls. -N, (1=1,2,3) (2)
L M—88 M, 78 Oxyz PN E R &
N—85 N, A8 O'x'y 2 P B R
L— WU FE K
L—— MU NS
u,—— LV AT )R
s, —— M BNE B 7 [ %

’
X

%12  3-RRPaR %3 [A] Ff-Be AL A7 &

Fig.2 3-RRPaR spatial parallel mechanism diagram
M, FEE R Oxyz FIINLE R TN
M, =(0, -a,0)"
M, =(c,0,b)"
M, =(0,a,0)"
N, TERERAEAR R O'x"y 2" W R ok
N, =(0,-m,0)"
N,=(0,0,n)"
N,=(0,m,0)"

R S AL R w,,w, TEH T E 3
R BERE T, (45 w, x u, RERSFIR 3N B IERe Iy
M, u, Fow, RN

{ul = (sinf,, - cosb, ,0)

u, =(0, —cosb,, —sinb, )
u, = (sinf, ,cosb, ,0)
w, =(0,0,1)
w, =(1,0,0)
w,=(0,0,-1)

e (2) el At g, -M, - Lu, + N, =15, %53
PN Ze s H G A A

(g, -M, —l,u,+N,)" (g.-M. -l,.u. +N,) =L,
(3)

R (3) Fetih = s Bl
A;sinf, + Bcosf, + C. =0
Hrp A = =20«

B, =2l,,(y+a-m)

C,=x"+y +7 +1;, =15, +2ay —2my + (a =m)’
A, =2l,(z-b+n)

B, =21,y

Co=(x-c)+y +1,+(z=b+n)* -1,

Ay = -2l,x

By = -2l;(y-a+m)
Cy=x"+1,+(y—a+m)’ +2 -1,

fifp A% Bl A F LR

0. =2arctan A - JAB -G (4)
i C,-B,
R e, T 45 A SR 8600 126 Bt s,
s,;=(g-M,-1l,u, +N,) /L, (5)

2.2 EEER
B2 (2) Pisi 5 T I [a] 5K S, 453 2 37 5 o
MO BB FRIA AN
v=1,0,(w,xu,) +1,0,xs, (6)
Kb o——HULH 3 B R o B, 3 B e S 7
M w, xu, #5E
o, —— MBIVE 8 R
XX (6) W s [F] B 22 € s, A 1T AT 45 21 3 3l R
FHEE
. s’y
"l xs) )
XF2(6) Wi [A] I 252 e o, , AT SR A HLAS A3
T
o, =[5, xv-1.0,s,x(w, xu)l/L, (8)
UNIALAS DA S5 i JEE A
v,=[v+1,0,(w, xu,)]/2 (9)
2.3 fnEEREE
B2 (6) s 5 T I ) 5K &, 453 2 37 5 B0
FO'INNE B R B AN
a=1,.60,(w,xu) +1,0,[w x(w xu)] +
Li(w; xs;) +1,[ o, % (w, xs,) ] (10)
2 0, —— LAl F B A
&, — MBI A 0 O
XF 2 (10) P [ N 26 s53fe s, AR TRT T 1531 323
T F R B Sy

. sla+1,0s'u, +1,

;=

(11)

Lisi (w, xu;)
XF(10) W R 26 S5 s, A ] nl 44 21 A 3
T B AR T A



Mifs fe %5 . 3-RRPaR FEERHUA NI S ) 25 8 5 204 407

@, ={s, xa—-1,0,[s; x(w xu)] +
lliéi(sixuiH/ZZi (12)
VU RILAL) ISR i JI R 2

asi:lliéi(wi Xui) +lliéi[wix(wi Xui)] +
, x (o, xs,) ] (13)

ZheE iR, 152 E3hE

l2i . lzi
T(wi Xsi) +?|:

i X R AU AT 2
FALRS | A R A INSEE

3 HAFRE

3.1 AERFE

R 25 (8] IR MLA 2544 12 22 ] 1) JL AT G R ST
FLAFTTRE 00 AR BR RN R A 2 4 0 P ] LR
TR PR 7 BRI B 138 1 B S ) R AR
ARk SEBHLAG IR Bl AF6FRP R AR L T e S% A2 46t
RICPLFAFAEAT SRR, SR AR I 4 s Ak b 2R
A X AR BRI TR G 1 1) 12 SRS PSR
FIAR AR BRANTE K B0 1 1 O ) 5 it 36 FH T R &5
EAE R RR X — G 5 g, (H PR A 2R 25 1) SR AR AR AN
e 1o A AR SR SE ML SR 5

3-RRPaR =5 [A] 3 BRHLAY by 235 44 TC 4% 19 FF- BE HL
F AR 2 T Y i e sh B E . A T 5% TR
Bl 7 HA O R e 2 A LA, AR SOt
3 A S Y 5 B R T A A RTRR T £ R 7R HL
PR PRI B RS X FLAAR R Sk A n ok
FORHURGFG PR A7 B NS . HEST H AR AR BRI, Xt
TR TEAT BT SREE ST A SR ARAR , X = f A
8 AE= AR 3 A s b S B SR AR R, TIBLA
AR L ABFR R R A

q= (0] , 02, e 020)
Hoo,=(x,,y,,2,)" (k=2,3,---,9,11,12, -,
18,20,21,---,30),0, = (x,,y,,2,,@,.,B,,7,) " (k=
1,10,19)

ZIERHLFG LA 99 N1 SCARAR, ML — 4
sl At B L TS 220N 96 etk TE K M 29 ) Oy
e, PR BT XA B H B £, AR SC b
| SN IR L O R 1 5 SR R A bR 3R
NN 3 FiR,

FH T A 7 F1RKL R 2 R K8 A 5r 25 1), ml LA
g shEI A o6 R Ao i, s [l shal R
A4l BRI T AR = 4R R — 4k B
WA 5 DR RE, N T AR PR R 8] 1A
XIRS Bl i ol AL PR AE e il b B R
R T R PR 2 1815 A ) (4 A X 3l 75 T e

K3 IR 15 S AR bR RE A
Fig.3 Coordinate diagram of No. 1 branch chain of

parallel mechanism

PR L O e VA R s N R G
XA T5 T ) AL T RN S SCE RS L -
e | DRt mT A BR A A 55 b 2 45T 1) R A
JiEe . A AR Sh RN 20T N

0 0
O, +R,| 1,72 {a}:OHI
D, = 0 0 (14)

M

g, |~
Hrp fcosA, —sinA; O

R, =|sinA; cosA, 0]
L 0 0 1

{b R, ——1 ST EE S8 2 WA e A
03><l \Ole—égjzﬁﬁi
l,—1 5325 K
FIHT E AR AR AR TR AF L 2SI, AT AR 4
(ERMIREPSEN: ALE WiE s

0 0
- 0 :03><l (15>
-1./2

D, =0, -a
5,-0,-20, { } [ }0 09
172
o
o
-1

-20, +

0

&,=0,-0,=0,, (17)
&, =0,-0,=0,,, (18)
&, =10,-0,] -1, =0 (19)
&, =0,-0,=0,,, (20)
&, =0,-0,=0,,, (21)
0
@, =0, 028{ 0 ] 0,., (22)
1/



408 ok MO ¥ iR 2020 4¢

0 [myy my my ]

(1)10:09_028_ 0 :03><1 (23> 677 127 127
1/2 ; ; i .
‘ B x M]: %3 %13 %3 (J:16) (32)
A 1, IR XTI YIRS
1 AT U A R AR Mig Mg M
1127° 123 6 %]

WA B-F- 15 B9 RS Lz SRS E s 2 o7 1
0
D, _029_028_|:m:I_03><1 (24)
0
D, =05 -0y - {2’"
0
H1iz Bl 2 RS AT R0 32 Sl A 2 3% 78 A e K, )
XK Bl g~ R S K S 29 5 fe
¥, -0, =0
o, —0,=0 (26)
v, +0,=0
X @, — WU SRS 25
H130(26) 41 3-RRPaR %3 [8] 3 B ML AR 24
T
PD(q) = [¢1 D,

:03><l (25)

¢d =

(p3z (I)d]T = 099><1
(27)
X @, ~ D ——1 AR T
D, ~ D, —2 TR
D, ~ D, —3 SR TR
3.2 RENE
JoT fR L R SR i B ) SRR AT, 2L B
J125 77 RE R BB AR A3, T 5O AR BR AT E AR AR R
AT LA {58 b 7 ) 12 1) SO e R O
X T U A BRI RA A X6 IO 1 S5 2 A I, e A A
Jr B AL A S A% B 4 X6 7 1) B R B FTAA 12 e

TS AR Ao D A A2 31 3 S 7 18 15 P 5K A 2 K
AR RN

N, =diag(m;,m;,m;) (j=1,6,11) (28)
J =diag(1,,0,,1,) (j=1,6,11) (29)

WU S5O AR AR T R % IO ) B e Ry
M; = diag(N,,J;) (j=1,6,11) (30)
X T A AR AR BRI R4 A X5 1 A JB i R R AT R
A5 T 1) R D238 03 Sl oK AT B TC R = F AR ER TT Y B
HEFEFE AT = AR TT (3 B) B9 AR

5350 h

m. m.
3b 6l

m; m;
*13 *13

6° 3
(j=2,3,4,5,7,8,9,10,12,13,14,15) (31)

X L——=Fr i SE R
W) 22 G AR o 1 R
M = diag(M, M, ,--- .M,,) (33)
3.3 BhERE
FIFHBLAS B H 352k g JRR AL NI A B) g
R, W (27) XK — B A 1R B R G
JEAHR TN
D= -D=v,, (34)
A q—%%é’]ﬁiﬁﬁﬂﬁ Jacobian JE[4
q T SCAB TR I ) S
W20 (27) XTIHEI SR Z B S 85, 459 2 &R 468 03 i
IR EN
Dq=-(DPyg),q-2®P,q-P,=¢ (35)
K G——7 SCARARXT R ) SO
FIFHHIAR ) H 28573 -RRPaR 25 [8] J - BEALAHE
Atk H 18 S0k

¢T ..
H
b, 0 |LA 4

Hr £ =£-200-0’'D
L sop—KRF o MBESH™

A—RGPIE I H TR i

Q— RG] AN R

RAFZ BN 12 R AR B R G LA RR R R

(7 SOMNSEE BE A% B H e 1o i, it REHT
SUMGEE R, MG B R G0 SCGEBE RN SCARAR , ]
FHRAR IR R BT 2 G830 1 B2 0, R W5 5 T Bt
B AT R IR A A R B H o T, RS
F ISR RR S 1, 56 AL 3-RRPaR 25 [A] Jf:
ML BN Fr2fadifie . W 5 S e SR ST sl s b Bk
BN I35 N

M, =(® IRp - & )"\ (37)

i 5B F AN R L R R

Bl LAEBRAY Jacobian FH[4:

[ 5B F BNV BRI Ak 2 o T

HILZ o5 LAY Jacobian KR4

T——BAAS i) (4 SO0 PR T

R i T BVE R A RR RO T 2R
AB TR F A 4

L @)

i
(DW




o MRiE I 45 3-RRPaR FHIEALM KA ) J1 24 A 5 40 b7 409
p i 5 S A o Bl R B B N e R R A ®3 EFEMHEERTSH

P 28 R A 7 K
4 BHIFESSH

4.1 HESH

MRE F IR A F Matlab %5 #2557 , 64T
3-RRPaR 7 [B] - BRALA 8l ) 2 7 BB (K A . )
F Matlab [ 45 1Y oded5 Bk TEUELK i, 4511
BRI S5 R EORS

3-RRPaR 75 [B] - BRI (A 5% sl 15t & A 4
BHANFE 1 ~3 iR,

%1 3-RRPaR ZFEFEBENHBTEHERNRE
Tab.1 Moment of inertia of active arm of 3-RRPaR

spatial parallel mechanism kg-m’

iaras I, I, I,
1 535k 1.940 x10 73 5.048 x 10 73 1.981 x10 3
2 53k 1.102x1073 4,175 x10 73 1.069 x 103
3 53k 1.940 x10°%  5.048 x 10 3 1.981 x10 -3

%2 3-RRPaR = EFEHAIGHI SIS E
Tab.2 Structural parameters of 3-RRPaR spatial

parallel mechanism

Tab.3 Size parameters of fixed platform and

moving platform m
GARGS 28 Bl
a 0. 150
ETA b 0. 448
c 0.435
A m 0. 050
- n 0. 044

4.2 (EERSHH
Y o B TR B Bl ) S B 5 R Bl
BRI — ki shak, CRIFERNI A =488 50 A
H B2 i S o TE R R FR R Y - Z P
B IR R R L Hoaz 3l B R R
y=0.16 —=0. 0lcos(mt)
2=0.08 —0.01sin( )
V- B T2 AL bR &R R E IR S (054,
0. 15, 0.08) , FI i Matlab X3 /124 )5 B e AT 8 (K
it AR BNZHU B - 5 00 F 8B F I R 2, 4R
Je R RS B3 H 3fe—F 024 o 6 0 OC 2 oK gt 14 3K 5
FRALAYER SN T3 5, JF ¥ 25 R 5 ADAMS {5 H. 25 3L i
AR KAL) Bl 25w 1 th £ 18647 704
P 4 SZZ A BhF- 5 Sl 2 e W 2k, 005K

(38)

Fa it/ kg KJE/m | P —-— e i
e o o T AU S £ 89 08 IR, 540
bt ) s o {5 LA ] SO T 230 ) MR TE b,
2 5 3HE 0.237 4 0. 180 G35 AT B A8 3 7 2R A R T 6 S
2 By hE MR 0.2955 0.390 Kl Sa iz I ERALAE 25 20 3K Sl AT 1Y 3K 8l ) 46
3 Bk B 0.2748 0.230 Hh2k ., MIK Sa °] LI ), Matlab SKf# 30 J1 24 R85 8
3 B hE M B 0.358 1 0. 500 15K S35 thZe F1 ADAMS 5 U 45 BT 130K 5 146
VU3 A B/ INFF 0.0456 0. 080 R ILAY) & BA R /NRE, Hp 3 SIREF)
Sra 0.1881 WRE MR 2ZE K, M 0. 027 N-m; 1 S 2R B FT A 5K

0.170- 0.09 0.04r
_ 0165 : 5, 002t
8 R 0.08 i
S 01600 = = 0
" o.ss ~ E o02f
- 0.07 Y
01505 1 2 3 4 0 1 2 3 4 0045 1 2 3 4
IRl eI}/ i fFl/s
0.041 0.1 01r
T 002 " NA
M = =]
2 =~ Or =
S oo T .
0045 ] 2 3 1 0 i P % 4 0 1 2 3 1

U‘J'ITEJ/S

I} ﬁ3J/S [ Tal/s

K4 ghF5 shasm 2

Fig.4 Dynamic response curves of moving platform



410 o0k MO F

e — e

Us — IS BEFFH( Matlab)
- — 25 IR BT (Matlab)
> 71T — 35KZHFF(Matlab)
5 - - = 1SIREFI-(ADAMS)
2 - - = 28R (ADAMS)

- - - 32K EFF(ADAMS)

-4 e
0 1 2 ] 4
)/
(a) Zad

2020 4F
2 —
e —
of — 1S8R B (Matlab)
- —— 2 B8R HT-(Matlab)
Z | — 359K BT (Matlab)
= - - =12 KFh}T(ADAMS)
3 - - ~2B KT (ADAMS)
il - - =3B 4RF-(ADAMS)
—6F - . ‘ ‘
0 1 2 3 4
fista]/s
(b) hnzked

K5 JRERALA B SIAT A5 5l g R £k

Fig.5 Driving torque curves of driving rod

BRI, 0. 015 3 N-m;2 S EKsh AT A 5K
B AEIRZER/N, 0,002 3 N-m 255k, 3 5 305k
IKSIAT R IR B 1 R B R Be KA S 4 Nem, 1 53¢
FERN 2 5 3 MRS TR/ N HAHZEAR K, 0.8 Nem
i,

1 5b Mz IFERHLE ZF & 48 1 kg B SRSl
(BRSNS M2k, & sb Al LLE Y, 3h°F & g
1 kg ZJ5 , SRS B 9K 3 7 i ER (B AH V3G K, Matlab
55 ADAMS ZU{E 45 S 1) 15 22 Il 22 38 K (LR £ AN
JEIASEAE A AL, 3 S IR ST IR 3K 3h 1 A e KN
6 N-m ,i%25 4 0.027 N-m ;1 SIKSHHFF1 2 S K5
MRS A ZE AR, N 1 Nom iR 2ZE WA R BN, 1
SIKENFFIR2ZE N 0.014 N-m,2 SIKSHAFiRE R
0.004 N+m,

FH DA B A3 AT Rl 3 3k WA Bl g 2R A SR i 1
P IFERHLAA BT & P RS R AU B 255 5
FRVBGISE AW A, 40 A% Hb T HLAS 28 28 R0 Jn 28 15
BRFNAT B 5K 30 77 %, Matlab 5 ADAMS %5 5 5 A —

5, i T 3-RRPaR 25 I FEBHLE R fA 8 2
O TE T

5 it

(1) 587 T 3-RRPaR JFBEALAE A9 45 K HREAE , F
PR R i ST T2 ML 13552 ) 2 AR 45 3]
T BN ARSI

(2) I T AL BRI A SR AR BRI ST T I FERAIL
[ N s 7 A D RN Y S E P LY 7
R P, RIS B H e 775857 T 3-RRPaR
23 [ EIRALAL (1 3h 124 A AR hi s B H 3fe 10
UK I ) O ZR SRt 1 SR ST IR T R

(3) i) Matlab K f# 3-RRPaR J-IE ML 14 I 14
SR ARG 8- & W00 A% A
JiE SRS T a5t W) & il ADAMS KB L
BT R ZS FAIN R IR ST AR B A 2R, 5
Matlab F{E T8 45 R 7% 40T, S030E T 3-RRPaR
23 (BT FERAI A WA S 3 A AU i TE A

(1]

(2]
(3]

(4]

(5]
(6]
(7]

£ % x o

EEN, RE, EX, 4F. 2UPU/SP 3 [ i BEEIFERHLA A3l Sy PERE A [ ] T AR R 2224 (A R BHARR) , 2019,
59(10) :838 —846.

WANG Xiaojian, WU Jun, YUE Yi, et al. Dynamic performance evaluation of a 2UPU/SP three-DOF parallel mechanism[J].
Journal of Tsinghua University ( Science and Technology) , 2019, 59(10) : 838 —846. (iin Chinese)

YUAN W H, TSAI M S. A novel approach for forward dynamic analysis of 3-PRS parallel manipulator with consideration of
friction effect[ J]. Robotics & Computer Integrated Manufacturing, 2014, 30(3) :315 - 325.

BN, WKL, S0, 2. 4-PRR TUARIFIRHUGIESI TS REFEILALL 1/ OL . AOIHLIR A, 2019, 50(5) : 413 419,

HU Xiaoliang, XIE Zhijiang, WU Xiaoyong, et al. Optimization of driving force and energy consumption of 4-PRR redundant
parallel mechanism[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(5) : 413 —419. http: //
www. j-csam. org/jcsam/ ch/reader/view_pabstract. aspx? file_no = 20190547 &flag = 1&journal _id = jesam. DOI;10. 6041/]j.
issn. 1000-1298.2019.05.047. (in Chinese)

KM, BN, R 3 H i EEIFBAHLA BY 3 g 2 4% 18] R PR PR T IE [T
57(8) : 803 —809.

ZHANG Binbin, WANG Liping, WU Jun. Dynamic isotropic performance evaluation of a 3-DOF parallel manipulator[J].
Journal of Tsinghua University ( Science and Technology) , 2017, 57(8) :803 —809. (in Chinese)

GOSSELIN C M, LALIBERTE T, VEILLETTE A. Singularity-free kinematically redundant planar parallel manipulators with
unlimited rotational capability[ J]. TEEE Transactions on Robotics, 2015, 31(2) ; 457 —467.

FONTES J V C, SANTOS J C, SILVA M M da. Optimization strategies for actuators of kinematically redundant manipulators to
achieve high dynamic performance[ C] //Robotics: Sbr-lars Robotics Symposium and Robocontrol, 2014 ; 31 —36.

WaksE, SR, ST, 4. 3-CUR RRIFIR 3D FTERPLAS M A 5 8 S M (0], P LB T2, 2017, 28(12)
1420 - 1426.

R R (AR , 2017,



o MRiE I 45 3-RRPaR FHIEALM KA ) J1 24 A 5 40 b7 411

(9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

(21]
(22]

(23]

[24]

[25]

ZENG Daxing, ZHANG Xing, FAN Mingzhou, et al. Structure optimization and dynamics analysis of 3-CUR decoupled parallel
3D printers[ J]. China Mechanical Engineering, 2017, 28(12) ;1420 — 1426. (in Chinese)
ZHAO Yongjie, QIU Ke, WANG Shuangxi, et al. Inverse kinematics and rigid-body dynamics for a three rotational degrees of
freedom parallel manipulator[ J]. Robotics and Computer Integrated Manufacturing,2015,31 :40 - 50.
STAICU S. Dynamics of the spherical 3-U-PS/S parallel mechanism with prismatic actuators[ J]. Multibody System Dynamics,
2009, 22(2).115 —132.
CHEN Xiulong, GAO Wenhua, DENG Yu, et al. Chaotic characteristic analysis of spatial paralle] mechanism with clearance
in spherical joint[ J]. Nonlinear Dynamics, 2018, 94(4) :2625 —2642.
Wriede, #O54, B0 TR0 BB A 4-UPS-UPU JFRHLI 3 0205 B2 [J]. Db k% TR, 2015, 23(11)
3129 -3137.
CHEN Xiulong, DONG Fangqgi, WANG Qing. Dynamic equation of 4-UPS-UPU parallel mechanism based on Newton — Euler
approach[ J]. Opti(’% and Precision Engineerin g, 2015, 23(11) ; 3129 —3137. (in Chinese)
X7, FEETt, k. 6-UPS JHBT- 5 B8 BRI S 1~ it BB D5 L[ T ] BT )72741, 2015, 32(5) <768 - 774,
894.
LIU Fanghua, PEI Jingyu, ZONG Yang. Dynamic analysis and numerical simulation of 6-UPS parallel mechanism with joint
friction[ J]. Chinese Journal of Applied Mechanics,2015, 32(5); 768 =774, 894. (in Chinese)
XIN Guiyang, DENG Hua, ZHONG Guoliang. Closed-form dynamics of a 3-DOF spatial parallel manipulator by combining the
Lagrangian formulation with the virtual work principle[ J]. Nonlinear Dynamics, 2016, 86(2) :1329 —1347.
RIEME, HRIR, WA fe R R shPLE A RUPU-RUPR fﬁﬁ%ﬂf&wmzﬁm”ﬂ%[]/ou. AR, 2017,
48(8) . 376 -383.
SANG Donghui, CHEN Yuan, GAO Jun. Dynamics investigation of RUPU-RUPR spherical parallel mechanism for wheel —
legged mobile robot [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(8) ; 376 —383. hitp;
// www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =20170845&flag = 1&journal _id = jesam. DOI;10. 6041/
j. issn. 1000-1298.2017.08.045. (in Chinese)
T, HHWE, B, %, Simulink F1 SimMechanics P58 F I BHLAE A 0 J1 F @RS /00T [ 1] MR TR K282
#z, 2012, 33(1): 100 - 105.
WANG Yingbo, HUANG Qitao, ZHENG Shutao, et al. Dynamic modeling and analysis of a parallel manipulator using
Simulink and SimMechanics[ J]. Journal of Harbin Engineering University, 2012, 33(1) ;100 - 105. (in Chinese)
MR e, R, BT A -Rchi i i 4-UPS-RPS MU WIS g 2534 [ )] ﬂ‘ﬁm%ﬁiﬁiﬂ R4, 2014, 20(7) : 1709
-1715.
CHEN Xiulong, WANG Chengshuo. Rigid-body dynamics analysis of 4-UPS-RPS mechanism based on Newton — Euler
approach[ J]. Computer Integrated Manufacturing Systems, 2014, 20(7) : 1709 —1715. (in Chinese)
ABDELLATIF H, HEIMANN B. Computational efficient inverse dynamics of 6-DOF fully parallel manipulators by using the
Lagrangian formalism[ J]. Mechanism and Machine Theory, 2009, 44 (1) . 192 —207.
A, WA, BIEOE, 5. SCARA KB RIE Az /122504 J/0L]. 4Ol HUK=#4E, 2019, 50(10) : 375 - 385.
ZHU Wei, GUO Qian, MA Zhiyuan, et al. Stiffness and dynamics analysis of SCARA parallel mechanism [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(10) ; 375 —385. hitp: / www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? file_no =20191044&flag = 1&journal_id = jesam. DOI;10. 6041/]. issn. 1000-1298. 2019. 10.
044. (in Chinese)
GOSSELIN C M, SCHREIBER L T. Kinematically redundant spatial parallel manipulators for singularity avoidance and large
orientational workspace[ J]. IEEE Transactions on Robotics, 2017, 32(2) : 286 -300.
ABADI B N R, MAHZOON M, FARID M. Singularity-free trajectory planning of a 3-RPRR planar kinematically redundant
parallel mechanism for minimum actuating effort[ J]. Iranian Journal of Science and Technology, Transactions of Mechanical
Engineering, 2019,43(4) .739 - 751.
QU H B, GUO S. Kinematics analysis of a new planar parallel manipulator with kinematic redundancy [ J]. Journal of
Mechanical Science and Technology, 2017, 31(4) : 1927 - 1935.
QU H B, GUO S. Topology and mobility variations of a new redundant reconfigurable parallel manipulator[ C] // Advances in
Reconfigurable Manipulators and Robots II, 2016 223 —233.
PRI, R/NDE, K%, 4F. 3-PPR JEHLHI T SH]. BUbAL3h, 2017, 41(5) : 53 -58.
XIE Zhijiang, WU Xiaoyong, ZHANG Jun, et al. Dynamics modeling and analysis of a 3-PPR parallel mechanism[ J].
Journal of Mechanical Transmission, 2017, 41(5) : 53 —58. (in Chinese)
WrieTe, BRRHE, 25BR3C, 4. 3-PRR ﬁﬂﬂ%%ﬁ)\ﬂ*’] S T[T INRBHEOR 2 i ( ARBER)
2018, 37(5) . 79 - 87.
CHEN Xiulong, CHEN Tianxiang, LI Yuewen, et al. Kinematics modeling and analysis of 3-PRR parallel robot mechanism
[J]. Journal of Shandong University of Science and Technology ( Natural Science) , 2018, 37(5) ; 79 —87. (in Chinese)
FLORES P, MACHADO M, SEABRA E, et al. A parametric study on the baumgarte stabilization method for forward dynamics
of constrained multibody systems[J]. Journal of Computational and Nonlinear Dynamics, 2011, 6(1) :011019.



