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Integrated dynamics model of electrical 6-SPU parallel robot
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Abstract; A precise integrated dynamics modeling idea is presented to carry out the characteristics analysis
and performance prediction of electrical parallel robots using a 6-SPU parallel robot driven by permanent mag-
net synchronous motor (PMSM) as an example. Motor systems in the electrical parallel robot move with legs,
and meanwhile rotors and snails go around the axis of themselves. The first kind of movement is analyzed
through multi-body dynamics and the second is analyzed through PMSM dynamics, and then an integrated dy-
namics model is established. The model avoids the calculation of time-varying equivalent inertia of each mo-
tor, and takes the influence of counter EMF and the motor friction into account. Finally, the simulation analy-
sis is performed on a parallel robot using 1 Hz sinusoidal signal, and results verify the feasibility of the model ,
which can settle the foundation for further physical realization.

Key words: integrated dynamics; 6-DOF parallel robot; PMSM; vector control

FLRT, AU LA R L 7 2 AL TG
IR R B 5 B N T2 SRR bl
1 PR S50 L JRBEAL RS AR ST T A
FEAEPTEE S B I M A IR Bl
YR R GEAE N R VR 3 2 31 SR
Ji PMSM 3R 6-DOF Jf-IEHLAS A F 8 1R 3 1%
RS AREIRA. R SHIEHEHLE A, I
B H LR R R, ARG 223 1 S8
BT RS SR AT R EE.

%5 HEA: 2008 —05 —23.
EERN: & R(1985—) , B i+
R (1964—) , 3 144 S0, #dz.

ARSI 38 3 o3 A i AL AR G BT A7 AR 1 12 B P
A, TP MR TR T A RIS e A A MRS, ST T R
SIFIRALEE NRORT IR AR ) ) 2 .

1 6-DOF JrERAL & A % R A AL

6-DOF JFfHRALASF A Al 23 PIASTR70 « ML 23
HURE) R G I3. HUBGR > dL R ) Z WA R 5t
FEAAE AR FFE6 1 A g S 6
A SOBE K bR B

I3 F ADAMS'™ #57. 6-DOF FF B HL# A 4
FURERUAETY UL 1. B S BB 4% 3 i BB PR P 8K
S5 5 i TS G A S )



-84 - B®oROE T

a2 &

il 3 2 WA e Sl 157 e Joi ek 249 T 3 i A8 kS
WO T HTBE.

K1 6 - DOF JRERHLAS ALY (i)
MR S B Y 2 [A)is 8, A
bR B FARFR R O, — X, Y, Z, FIHAFRR O, -
XY, Z, B AR R T E AR R L, Sl AR AR A [ 5 1
-GS NG L, R, EE S S E
HIPEEM g = [d,0,4,2,y,2]" FR; MK
U=[1,5,0,1,,05,1]" FoR.

2 PMSM % grziE

TSI BORE TR PMSM R GEAE A, 1
I, T EAR RS W B 2 ] B 0GR 5 RIS TR R IESE
PR ARG 26 1F T AT — M AL B, st or
T B R B R PR | R I AR () PMSM
R,

SR ) T 52 R R 2B s B AR
TR A 1] 4 T LA B D AR B AR AR AR, dg

=V e s [
VE A \@d_f

HpR L Eh SRR ATRLFOR N

w, = R, + Lpi, — w,.Lqiqs,

u, = Rsiqs + LqpiqS +wlji, +o0i,,
T, = Plyi, + (L, = L,)ii,].

AT, eI s uy, w4 dg BT E FHL
Lg Ly A dq 0 E U L, L, H5E T4 dg il
] LR s, N TRERE s R, o T 0, AFET
HLFEURE sp YT, P O

FIERZHA B AT b, LS BN AR R,

PMSM (3 - AR T R oy
J,(dw,/dt) + Bw, =T, - T, (1)
w, = Pow,.
A T BRI, T, AT R AL R
HA AR B R, B, KRR R 0,
FL LA

USRI E T LR R A 2 P A g Bl b, B
B iy = O, AT BN T 1Y i e B R T R

Uy, =-— erqiqs, U,

e =y, T. =PV, =K.,
X e HEAHZ HIBEH LK, = Py,

R e 5 REREE 01 908 4, = O 42 A K W4 7]
ARHUTRERIILIE 2. 6 4 e fe 0 E 0, sk
PR 7L E 0, N E R TR, 0, RS T
B i)y 00 RS EE T MM, 0
FBRAE T AL e, N TR 2E, N e,
FRATERI R i 0 S SEBREE TR A

= RSLqs + LqplqS + e,

A A 0.

S,++S.
PWM ik | 2 d

LR

1\ A A
[ A1 B

(DA
Pl 2

Eiskind

Z L

B

KL
[

0,

]

B2 [l A A ML 47 ] A 2

KGRI FAALAE g A7 ) bR A iR R e 3h 2
LRI L 3 ORI P IR AT ). Ho, Gpp (G
(ORI N V= 2 NS 93 67 NN R 2 o
K/ (7,8 +1) Fonfifb)a iy PWM %728 8542 13 bR
B K, AR SRR 7, R3S R I
)RR o B 73 IR /R B IR R AL

P 3 R fe 2 57 () PMSM R GEAE AT, Hon]
AAE S BRI 73-Ar A0S 36 A A< 30 , I L w] LU o e

Wi S 81 S B R
3 EUOER A T R R kT
3.1 BN PR
SR E R AST T B AL R
1) UBLAF BTN, T, (R ARk AR i i
A,
MR AR B 06 T, 905 7, 57



i, A5 HREh 6-SPU BUIFIRHL a8 A B HEAR Bl ) - i

- 85 -

J.S+B,,

B3 oKmETR] AP ra ML B il 3 A5 2 A ]

WA T AVEE , 7T

J,(dw,/dt) + T, = ], (dw,/dt) +T,, (2)
AU T, R U B BURE T S22 FF 58 ) 2
LI, 575 B B LR, S T, 1
ST, R IEAL LR T B2 P2 1 2 A
2, SHIEBLARNIE BT 1A, IS L
5L

B el 183 o,
(1) (2) R LR S A T RS
T =J,(dw,/dt) + Bw, +T,. (3)
I % 5 v, N R A B ) 2 A LA 4.
Horb Ky Ay el FUPIL R T 3 SRR TR B e s DT Y
Yo Z 8 K, Dy i SR 5 32 31 Fi AL e ) £%
B f, 6 D SCRRUT AL RSN 77, 1 Ry SR S iR A
KA.

K\ u, : 1 g
S — L S+R,
Lo+ S ADAMS
e
B =

iakscs

K4 356 - DOF JRRHL & N HEAAS) ) A5l

TE ADAMS b 5 5@ IR 25 748 6 | 8,
VARVAL pRECE 6 >SRN H 7 A A 5 9K
J7 , B R EL DZ VZ BOE S SR & ik
B Ak th AR i B Je , WA ROLL (PITCH | YAW |
DX DY \DZ™ sHIE LA 5 IS4
3.2 ZRKHHESHIEIE

HLALEE T 22 4T 58 H B Rl p9 e f% 2 i X
(3) LA AE S LR e (L 4EFL 1 224T ) i
FEAERE SRR Bl , I o3 RS20, n] e o A8 AT
A7 ) Sl 15 1t M BT e ok 7% D XA, BV AT 2 N7 L 5l
FFERHL s ARG B A4 5l )y 2 Asi .

3.3 EHRSZIET

TERTAL I R ge v, B i 00 428 1 s 50 2
PID 454, PID 456 % hy 4ok 42 i & , ARl 45 €
rin(t) SS2BR4 HAE your (1) Fa R il fii 22

error(t) = rin(t) — yout(t) .

PID i 42 i LA Ay

u(t) = Kerror(t) + Kljermr(t)dt + K, derror (1) .

dt

Bl 4 FERIEF Gopn G sk ~Gacn FH =34 PID #5
i, Kp, K, Ky 535000 el B3 o R 8K $ IR
TR B R S HC " R AT
TRl Ak 2.

FY

4 FRRERDN

IFRHLAS AR EEA MBS HLE 1. i T
6 — DOFFFHRHL A A 454~ A f1 B 7 1] A Fe oA -
HAE], LU AP A [ e BETT 1] 5], 147005
Pr, a5 DL S.

F1 NBAEZEZURTSY m
LES FEs L T T
CEZCINN E ik
0.8 1.1 0.2 0.3 1. 86

G MNEIRS E 9N
q, = 5°in(2mwt) ,
q, = 0.01sin(2mt)m.

PRy EELE =l

1) YBHEEFT q.q, I7 10 IEZIESH, REE
REAS AR b B 7 57 23454

2) BEHEVH ¢, g, TTIIEZAR S0, SO
R IRAS I — & W% 5 A, (AR 4L
RIS E.

HIIZAR B, 30 W] 45 3 SRR F% |, PMSM
RYHLUL R A B S — R A 2, v] LIE
KRGS BT SRR



. 86 - MoK E L

a2 &

61 @A
SRAE

q./ (%)

0 02 04 06 08 1.0 12 14
t/s
() 58 x liEst S SR R

T T T T

0 02 04 06 08 10 12 14

t/s
(b) %8 x Bliie e S Iy h £
—qi N

o (144ﬁH"|

T

0 02 04 0.6 0.8 1.0 12 14
(¢) x I PAL sy

0 02 04 06 08 10 12 14
t/s
(d) x MRS SR H Ty ith 2k
B S  PZEMRER LR SR il £

5 & %

AICR ADAMS 24K 8 J1 22 5 #sr T 6
A R BRHLAR A B 2 MR ) 1 445 7Y 7F Mat-
lab/Simulink Hr Ny T 7k [R5 FAMLER 3 R 48 I

HA AL, R ADAMS/ Control 45 B4 33 14 78
SrEEEER, NITE L 1 HL3) 6 — DOF Jf-EXHL %
SR Ty,

5% Uk

[1] PREUMONT A, HORODINCA M, ROMANESCU I, et
al. A six-axis single-stage active vibration isolator based
on stewart platform[ J]. Journal of Sound and Vibration,
2007,300(3 -5) :644 —661.

[2] STEWART D. A platform with six degrees of freedom[ J].
Journal of Power and Energy, 1965, 180(15) ; 371 —386.

[3] KOEKEBAKKER S H. Model Based Control of a Flight
Simulator Motion System[ D]. [S. L. ]: Delft Universi-
ty of Technology,2001.

[4] TING Y, CHEN Y S, JAR H C. Modeling and control
for a Gough — Stewart platform CNC machine[ J ]. Jour-
nal of Robotic Systems,2004,21(11) :609 —623.

[5] KANG C G. Closed-form force sensing of a 6 — axis force
transducer based on the Stewart platform[J]. Sensors and
Actuators A ;Physical ,2001,90(1 -2) .31 -37.

(6] Wt W, BRI R, JET ADAMS IR IEHL &8 A
s FE ] RN E,2005,22(8)
181 - 185.

[7] 2830, WAl , L HER. L 3h Stewart {ij EF 530 1%
RGBS BN ]. RG24, 2007, 19
(9) :1909 —1921.

[8] I, ADAMS — AUFHLEARATT 54/ M]. b
AU AP Tl H it , 2002 35 - 205.

[9] JAN R M, TSENG C H, LIU R J. Robust PID control
design for permanent magnet synchronous motor; A ge-
netic approach [ J ]. Electric Power Systems Research,
2008,78(7) :1162 - 1168.

[10]ELMAS C, USTUN O. A hybrid controller for the speed
control of a permanent magnet synchronous motor drive
[J]. Control Engineering Practice,2008,16(3) :260 —
270.

[ 11 ]RONG J W. Total Sliding — Mode Controller for PM Syn-
chronous Servo Motor Drive Using Recurrent Fuzzy Neu-
ral Network [ J]. IEEE Transactions on Industrial Elec-
tronics,2001,48(5) ; 926 —944.

CI2JRAAms. s 4 3h A Shaa il R e[ M. bt LT
A s A, 2006 :53 - 254.

(I3 TBRER, XA SR, ™ M1, sk % ) 21 e 28 496 v i 246 119
Bt L] B RS i R R 227 4k, 2004, 36 (2) 220
-225.

(mE B W)



