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Forward kinematics and workspace analysis of the Stewart-type
six—degree—-of-freedom platform
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Abstract: This paper conducts a comprehensive analysis of the kinematic solutions and workspace of the Stewart—type six—degree—
of—freedom platform. By integrating genetic algorithms with Newton's iterative method, it addresses the complexity and multiple
solutions of kinematic analysis, enhancing the precision and speed of the solutions. Additionally, the workspace envelop of the
platform is successfully delineated, considering constraints like actuator length, joint rotational angles, and interference between
actuators. This study not only lays a theoretical foundation for the design and optimization of Stewart platforms but also offers
significant guidance for the design and application of parallel robotic control systems.
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Fig. 1 Schematic diagram of the Stewart platform structure
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Fig. 2 Kinematic model of the six—degree—of—freedom platform
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2.3 ETHWIERER Stewart FRIEMFS T
TE Stewart V-5 IEfERTHE Y, AR iE Uk 2 —
MR DT vk, TR AR DT R,
G FRSRTEE B AR R DAY ARARTNT
LU ], :Iir}u+D|ixui’yui’zu[JT (5)
H175 A B IFIBCIZ 3K 15 1Y SOl 0
(%, _xrli)z +(¥u _ydi)z +(z, _zdi)z :l? (6)
TR AL R — 0 6 A4
R BYAE LA E T R4, B
filwyyz,0,B,y) = (=) + (v —ya)” +
(z4 =24)" —1; =0 (7)
FEAR(S) ~ (T H, 2 yaza(i = 1,2,04,6)
REDF5 6 DIURAE R E V5 AR R PR AR,
FIREH, 2y g 20 (0= 1,2, 00 ,6) SBR[ 5E F- £
L6 NS AR, T L0 =1,2,--,6) FRIEE
Fe g V- 6 RN E - 5 AR THRAY 6 B L
1:38
XFFAR(6) AR TR, UL f( x,y,z,
a,B,y) WIE, IHEAERIIR EARIE ( %y, y0,20, .8
o) MIAREHES T — oA R IT Y AR R P R
2 — [ PO, T RAG I AT

i ()
:fl(Qo) + ; (‘Ii in) aq, =0

; 6 9.0

ifz(Qo) + ; (qi _ql'o) o, =0 (8)
1

) -

! d 3, (0,)

:I.'f6<Qo> + ; ((]i _ql'o) fan =0

H(8) BIPAKTF Ag, =¢q, — qo( i =1,2,-++,6)
ALt TRl B



80 Bk

it A L5 MM

ERRES

< (0,

LS VENTTS

Li=1 q;

|

I o af2(00> _

:,; g, q; __f2<Qo) (9)
|

-I- M

T& af( o>

9 faf 4: =~/( Q)

WHZZANE T FE A X T Ag, B9 R KRR
A, LR BRI I T80 0 B it J7
FEAATME—f# , WIS Ag,( i = 1,2,---,6)

§0(00)  90(Q) (00

(:9 dq, dq, 9q, U

20(00)  9(0,) (00
F=28 o 9q, ags U (10)

e : (

¢ : b

gfﬁwo) We(Q) Q)

8 dq, 99, 9q, H
}J\Q /"\HEE/JW]!IA ’fJEfETL/LﬁEH Qo [‘]m,’]zo,

G30+910950 90 ) = [%0:Y0+20,00,80,70],0Q1 = Qy +
[Aq1,qu,qu,Aq“Aqs,Aqﬁ]o U, Q, 1T LA A
—RREREIT R A, B R E R X
* B3 T 7R Al B 1 e KRN T AL ARG B 1
e, WATA R Q, B R7S A M EEZ 31 F & 1917
.
2.4 ETF GA-Newton &R IEBEERFFELIE
& Stewart -5 6 AR IR 3 T (14 FF K AL 7 51 R
g, 1 =200.0mm, | ¢, | =250.0 mm, | ¢, | =

&2 Stewart & IEfR

220.0 mm. | ¢, | =230.0mm. | ¢; | =200.0 mm,
| ¢o | =210.0mm, b TG 558 M AL AR S5
W1, A mm,

F1 LTEABRERPLESE
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Table 2 Record of the forward kinematics solution for the Stewart platform

H—d o] W= ERuEEl EHEE| Eva il

x/ mm 11. 414 440 11.416 607 11.415 462 11.416 044 11.411 145 11.421 480
y/ mm —4.642 642 —4.637 761 -4.641 319 -4.638 973 -4.637 577 —4.638 040
z/ mm 184. 162 656 184.162 020 184.162 014 184. 162 368 184. 165 749 184. 160 087
a/(°) 9.336 472 9.337 972 9.338 233 9.338 222 9.337 697 9.338 981
B/(°) -0.616 132 -0.616 617 -0.616 659 -0.616 734 -0.616 219 -0.616 827
v/(°) —-14.764 748 —-14.764 965 —14.763 812 -14.764 777 —-14.758 589 -14.764 333
q,'/ mm 200. 002 657 199. 998 145 200. 000 198 199. 998 559 200. 007 348 199.997 274
¢, /mm 249.997 915 250. 001 435 249.999 215 250.001 282 249.993 239 250. 003 180
g3’/ mm 219.998 259 219.999 704 220.001 613 220. 000 923 220.009 474 219.998 678
qs'/ mm 230.001 415 229.998 476 229.999 232 229.999 421 229.993 015 229.995 940
qs' /mm 199. 999 238 200. 000 528 199. 999 903 200. 000 402 200. 008 407 200. 000 353
G’ /mm 210. 003 649 210.002 140 209.999 190 210. 001 422 210. 000 057 209. 996 078
w 0. 000 030 0. 000 013 0. 000 005 0. 000 007 0. 000 309 0. 000 051
T/ s 2.789 438 2. 808 760 2. 838 506 2.662 389 2.584 249 2.660 367
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Fig. 6 Visualization of solved platform parameters
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