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Development of motion control system of steel band
parallel robot with six degree of freedom

Al Qing-lin, HUANG Wei-feng, ZU Shun-jiang, SHU Jian
(The Key Laboratory of Special Purpose Equipment and Advanced Processing Technology
(Zhejiang University of Technology) , Ministry of Education, Hangzhou 310014, China)

Abstract: It is very important to design motion control system for steel band driven parallel robot. The design idea to the motion control sys-
tem of the steel band driven parallel robot was presented. The working principle and function of the motion control system was introduced.
The performance, hardware structure and the user application component of the SPiiPlus PCI-LT-6 motion control card were illustrated. Ai-
ming at the kinematic control problem to inverse position solution for steel band driven parallel robot, the inverse solving diagram of ACSPL
and programm code were presented. The key technology problems of motion control of steel band driven parallel robot were analyzed and the
corresponding solutions were pointed out. The research result shows that the motion control system can satisfy with condition of precise and
rapid movement for steel band driven parallel robot.
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Az Sh PR TR 32 B AL ¢ 42 P PR A2 U] I 9K

0 51 & AR T2 BLIRF A 1 T R 45 5 P

BEE THANLRI GO TR 28 HLEE Nz sl
HEARGE T RE KR, Hlgs iz shiEh AR 2z
ShEles AR L IR S g% AL s AL s L 4l
AAE—E , T BT G R 1 T IE SE B LA AR G
TSERE AT AR ), B A A e B ) B0 3 A0  E #
BB BB AR SR 1 — TR 8 s
ARZD T WITAR B R, WL T, #2125 T PC
5 2% A g4 Al B AR ) e J A . HRT, ILAR Tl A

s HEA:2010 - 09 -29

DSP Z iz sl AR > LT gn AR #5012 5
B AR Ty ML NS SRR A KT
B AR BOR S Horp T s s R Y
FEHIH A SE— Bl Tl PC B3 shfs il R4 T —
PRI L AE P BT %) 2% i 2 2% iz Bl R4 4 il )
AR AL B 0 B 2 4 ) o dg sl
(IR SRy P AL 46 Dy RE 5 K 193 sh Pl i, C iR
B EHPEH PR BUF , Windows DLL S5 HEIL 5. B

ELWB : MR A AP R R H (50805129 ) ; #iVT4T H ARBHA 24 B H (Y106028)
PEZ A HFMR976 - ) 3 VLVRAR N, BB, W, WA i, 322 SR HRIAL s A i R R il B R O T Y B 9T E-mail : aiql

@ zjut. edu. cn


http://www.a-pdf.com/?product-split-demo

<132 - #l L

™ % %28 &

B ZR 1 R BB R G AR EAL SR T
PEAFEOR o ABATE A, 3 i s R AR —
ANIRSE AT F 3™ i, B 0ok B2 /Y Tl AR
PRI ez T

ABIESE B AN IR AL S Nz sh i R Ge Ryt
R

LA IFIEBLA A
Rt
L1 SREHEHBREART
N H R I AL AN TAR B E 1L 6 £
frl IR BT BZ 5 48 19 4 sy s A2 16T, 45 R At 3 6 AR
A 12 S AR IR A AR, TS B - £
HZ F IS 8l i 1 R

s R 07

A7
B 1 WX IEERHLAS N =Ygy

1 R B AR B AE AT L 3 T SR e e
By, BT 0 — i ] SR A TR e Bl X P A5 3y m IR AL,
HAEHAEM TR 5B Wl 19 0 — il ot 2 A 3RS
S GiERE.
1.2 EHEFHRZETIERESINE

7N H B A FEECHLAS A 012 shins il 2 40 R B
WE 2 fros . WIS R DL TAEPURZ sha 6~
YERE T Wi ol RBAR -6 . TP T
644 iz shi il R R & H 6 Bk 3] 6 £17
MRS, ¥ 6 EA el iR AL #E2 3l , (154
IR NS E B850, ﬁﬁ[ﬁiﬁﬂlﬁ%ghﬂﬂwﬁilﬁ‘éﬁﬁ
AL Z s s R i 58 U IR SR E
i LMS Test. Lab %?ﬁ{ﬂlﬂﬂ%ﬂfrﬁﬁ%m%ﬁ}\Lbﬁjkﬁ
AR SRR XA R ML AT SRS AT
DI SE AN HF AL AR A B S5 44 L LA R SF B AN ] T80
XRS5 R AR U )RRk
LIS BB RE R REIM AR TN, T

SrAT A T IBCHL & A B B Re P, IF AT LSE IR 1 i
IR LA A8 A 25 ] 3 S o P A P
o WA IR R AL AR A iz 2 15 i &R g s W P an A 3
FioR

RS RIRE
ALY
INERES

o] [

Zhhizzh
P~

BT IR
Blgs A

fAfRIs s xgﬂ}m

TR

B2 azslifa il R G T AR

K3 mahfEhl R ey iE

2 asEhEdR

2.1 HgeiEtR

BT IF BRI s A\ A5 ) R G A% AR 2 ACS Mo-
tion Control /A &) 1Y) SPiiPlus PCI-LT-6 iz sh¥= il 4=, un
Kl 4 Fis o iz g4 iRt s PCL S 2 15 it
BRI DIRE , 8 VE o — DS iRl A s AT, %R
il ELA 48 1 RIS UL 2 G B 45 S 1, o K B A 38
20 MHz; P & 1E 5% F4x 5% 240 43 4 (4 % ~ 65 536
£ s FEFREUHL IR AR B 4 5 Bk 4 MHz 1 ik g Hs 45
P ELR S V ~24 V DC i 1/0 (4 A Bk
TREIA) 3 AT gmARbR il 170 3K 3 2%l f 9K 2 25 fd1 ik
FHEAT R4S SPiiPlus PCI-LT 285 RURRAC IS H T 1EAE
Gt s KR ML TG A1 170 BN A ;6 bt/ fal il i
BLATEREE I

4 SPiiPlus PCI-LT-6 iZ Zh¥= =S4 &



2

ST AE N A R BN T L AR A iz shi ] R S8R - 133 -

2.2 HRFHEHLEN

SPiiPlus 45l #R B L5 W& 5 iR, &5 P
BB R IE S AL BRESBA ST MPU , 2 D g 38 K1) 586 &
B AL B , AT LLPAT K 40 1 4 il #54F: 55 . SPii
S ACS iz ZhH5 i % 2R A 4a] B L LA 2 85 (i
FR SP) , AT HAT S AT 45, 0 S Aof 42 o) B3 1k 7 S B4
HEAS SPii RPN, SPi U T ICA B9 TE Tk fig
e DA AN o= S I P g e i iy v K V)
T BB AR o TNAE T LATE RS R B
IR W S AT5 R U8 B8 BT AP At 0 A58 o

‘ MPU _ {Eitg{action
In_tte]ractlon e I the controlled
with ii

st c:> SPii plant
computer

Flash memory

K5 SPiiPlus 2 i a6 {4514

SPii fri iz Ak B 45 2544 [ PR G P 6 Jr 7k, SPii Ak
B AT SR HE A T i)z SR AL BRI RE , 4 65 536 475 1E 5%
AR it LB A A IR 4

Spii Servo Processor

16 bit 8
(B
[ Tanit | Js

Encoder ADC
Multiplier| Encoder | |
Interface [|

Encoder LJ

PEG Output | [13
8

Input
Port

Serial /0| _[64,64
asst [
-

Generator]|

Pulse-Dir
Generator]|

Bus
| ontee [

0.35 uM Technology

K6 SPii fal fieih HHLAS 4544 J 2 4]

2.3 SPiiPlus BARRF 4
2.3.1 A AP ERARERSf TR

[ DR A T4 [ 8 A2 o T IR Y iR
JP 08 SUT A ) — S R A R A, o X S pR B8O T
FEAE AT P I R T

FH P04 10 PR 3 AT 42 o 38 1 FH P B A g 42 ol
Wt o il BERS I i HAT AR A LSS | SE
PEEOR GRS I o F P I RR T I B A A AEAS (]
(R AT AT ) LA T R A Sl A 0 490G it 1) 3
VEFP S, i S | i A oy A A BLAE 55

SpiiPlus T H2%:T Windows FYFEF, 7] N H P &
FIASIR] (4 1 FH AR 77 5 4R A ST RE, a4 e A ik |
ACSPL + N FHFRIF I 2 AL AR ) 5 4 1R 1
EH. TR
2.3.2 AP RBAEFE

TEE 7 A BI52 09 7 HES TP W AR, 68 Y
T3 HE g [E

[P
0$1 -”/la
y{?_’ mﬁ

Command

{—) interpreter

Controller
variables

/////////
& 7

//////

BT o AR P R D5 RE K

(1) FHLFEEF (Host-based program )
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(b, 00000, =F(x,y,2,a,8,7) (1)

L

ca =cos a,¢B =cos B,cy =cos y
sa =sin a,88 =sin B,sy =sin y
AL
x; = cacfp,, + (casBsy —sacy)p,, +
(casBey —sasy)p,, +x —b,,
¥; = sacBp;, + (5013357 - Cac')’)])iy +
(sasBey —casy)p. +y = b,
z; = = sBp;, +Bsyp,, +PBeyp. +z-b,
W SR B 53 BB Z A R EOC R N
L=< 4yl 42 (2)
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B%LE) CONNECT
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A e
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K10 AT ACSPL #E77 12 gl 27 30t fif oK it

AR A AR AR
| ST IR s B B AT, LA connect Ay A SE T
connect RPOS(0) = sqrt (abs (DOX = DOX + DOY % DOY + DOZ =
D0Z))
depends X,XYZABC
connect RPOS(1) =sqrt(abs(DIX % DIX + D1Y % DIY + DIZ =
DIZ))
depends Y,XYZABC
connect RPOS(2) =sqrt(abs (D2X = D2X + D2Y % D2Y + D27 =
7))
depends Z,XYZABC
connect RPOS(4) =sqrt (abs (D4X = D4X + D4Y = DAY + D4Z =
D47))
depends A,XYZABC
connect RPOS(5) =sqrt(abs(D5X % D5X + D5Y % DSY + D5Z =
D57))
depends B,XYZABC
connect RPOS(6) = sqrt(abs (D6X = D6X + DOY # D6Y + DO6Z =
D6Z))
depends C,XYZABC

| H block iy &-F R Fr BL I 45
while 1 ;block

CA =cos( A_APOS = PI/180) ;SA =sin( A_APOS * P1/180) ;
CB = cos( B_APOS = P1/180) ; SB = sin( B_APOS = P1/180) ;
CC =cos( C_APOS  P1/180) ;SC = sin( C_APOS = P1/180) ;
C00 = CA = CB;

CO1 = CA # SB % SC — SA = CC;

1 CO2 =CA % SB = CC + SA = SC;

C10 =SA = CB;

Cl1 =SA % SB # SC + CA = CC;

! C12 =SA % SB * CC - CA % SC;

S AE— R N SE R P B B

€20 = - SB;
€21 = CB # SC;
| (22 =CB = CC;

DOX = CO00 * POX + CO1 = POY + X_APOS - BOX;
DOY =C10 = POX + C11 = POY + Y_APOS - BOY;
DOZ = C20 * POX + C21 % POY + Z_APOS;

D1X =C00 % P1X + CO1 * P1Y + X_APOS - B1X;
D1Y =C10 * PIX + C11 * P1Y + Y_APOS - B1Y;



2

ST AE N A R BN T L AR A iz shi ] R S8R - 135

D1Z = C20 = P1X + C21 = P1Y + Z_APOS;

D2X = C00 * P2X + CO1 = P2Y + X_APOS - B2X;
D2Y =C10 = P2X + C11 = P2Y + Y_APOS - B2Y;
D27 = C20 x P2X + C21 % P2Y + Z_APOS;

D4X =CO00 * P4X + COl = P4Y + X_APOS - B4X;
D4Y =C10 = PAX + C11 = PAY + Y_APOS - B4Y;
D47 = C20 = PAX + C21 = PAY + Z_APOS;

D5X =C00 = PSX + COl = PSY + X_APOS - B5X;
D5Y =C10 = PSX + C11 * PSY + Y_APOS - B5Y;
D5Z = C20 = P5X + C21 = PSY + Z_APOS;

D6X = CO00 * P6X + COL = P6Y + X_APOS - B6X;
D6Y =C10 = P6X + C11 = P6Y + Y_APOS - B6Y;
D6Z = C20 = P6X + C21 % P6Y + Z_APOS;

end; end
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