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Abstract: The development of parallel robot technology puts forward higher requirements for its motion
performance, in which the forward position solution problem 1is closely related to performance
characterization, performance improvement and so on. It has received widespread attention since the 1980s.
Due to the strong nonlinearity and multiple solutions of the forward kinematics equations, this problem has
not been completely solved at present, and it is still the focus of research in the field of robotic mechanism.
Firstly, from the perspective of method principles, this paper expounds the research status and characteristics
of forward position solution at home and abroad, analyzes the core ideas of the solution algorithms, and
excavates the fundamental problems faced in the research. Secondly, from the perspective of method
characteristics, the advantages, disadvantages and applicability of the forward position solution methods are
compared and analyzed. Finally, on the basis of summarizing the existing research methods of forward
position solution of parallel robots, the future development direction is prospected, which provides a reference
for the research in the field of robotic mechanism.

Key words: parallel robot; forward position solution; numerical method; closed-form method; analytical

E£WMAB: BHEAKR ¥R L (52575022, 52375007) ; /w4 LM 3h & HE A LB E IR L
(SKLMT-MSKFKT-202330) .

Y s B H9: 2025-04-16 ;1817 H #7: 2025-10-10

WEIEE ML, 5 4 JHl, E-mail : yepengda@126.com

SIS IE , JU AR AR B R A L JT IR ML N7 S In) 8 B 5T IR B R e R A [T L R RS R R A AR R
(HERFL2E R ), 2026,58(3) :471-485. YE Pengda, YOU Jingjing, WEN Wanghu, et al. Research status and development

trend of forward position solution problem in parallel robot[ J]. Journal of Nanjing University of Aeronautics &. Astronautics
(Natural Science Edition) , 2026, 58(3):471-485.



472 BRI MR Rz R (A R B 22 D

i 58 %

method

Bt BE BRI & Blds AT AE Tk Rl
IR 55 G AR S5 5 22 AT A T T T A
T AR 36 7= A T G Y R T B 2 R Y ER
UIRCYNIED & N RN (DS N CiE g o)
IR Bl EE N o Hor, e B AUER M TAE Y 8
1965 4F- 9 [{ T 2 i Stewart & 3 1918 (A Plat-
form with Six Degrees of Freedom)'*'. 1% & 4t i
W R 6 | R IR T RATE AR . X
— BT A AT B HLAF A B ARTE (B 9) 191 BF 5 42
b AL L R s [ R Rk £ R

20 T4 8O 4EAX, Bt 45 AL A% A AR 19 &% Ji 7l g
M FE R B Can s s BRI ROR SR
FHIRAL e A BT ) B R . I, 7 E A Y
S (AR M T B 2 k) o A% 0 PR AR, i
SRk 2 A AT (21 22 100 4> 28 SURE A if
B G, Stewart - £ 2 HLEE G P T S
E BT B R b A TR A A T ME R AR R A ]
Hor, 07 8 fiff ) R — A i A A A B e
225 AL HLAG 32 3l 53 At v Ak TR AILAS 2 23 17 )5 118 S
— BRI JRERAL A N AL E I R TR
C T A Sk b 3K S B B AN SR s B Y
P8RS . SR B TAEZS B35 3
6 TN DA ==X 4 IS B BB U R E S SN 2
A R ZEAME R B I2 W 4 — R B TAE R BT

FEIBRHLAS N7 & AT TSR 0] 2\ Stewart -
AR S R BIAL 6 1 EEIRERALES A, B
n 6-%% 2 @il £k fl £k &l (Prismatic-joint spherical-joint
spherical-joint,PSS) .6-J7 [n] fll 5 3 B EKE] (Universal-
joint prismatic-joint spherical-joint, UPS) I 6-%% 3
) 7 17] 8l BR Bl (Revolute-joint universal-joint spheri-
cal joint, RUS)SE Y Bl J5 X4 2] [ ¢ B2 -1k
BLEF A, G 4-J5 1) @) % 3l @) 5 ] @ (Universal-
joint prismatic-joint universal-joint, UPU) ., 3-%; 3 fl
¥ zh @l % 3h § (Revolute-joint prismatic-joint
revolute-joint, RPR) Hl 3-% 3 &l # zh &l 2k H
(Revolute-joint prismatic-joint spherical- joint, RPS)
SEU AR BB A 5 T , OF BR AL 9 07 OE %
W R BN AL 2 B 27 o J LA 2 R T
AEZARINE . BB AR N8 —K2
JCR AR LR AR R A SR g, 3 A 2 ) B L
FAR S BT T i A 3 R R, AR MR B
TE AL T Rh 5 K R 1 fe BT > PR i xR EE A K [
WA 2 BT AILAG — T8 3F e PR 2 19 BB A
B Ry FEPI N AT

IS A AT R TR 25 0 G R

U R R DR T BT
A o R A L DS 5
A L 0 36 4R 00 /I B R 2
AR 40 T2 L, 0 T2 D 5290 7 57
9 B LR 0 (43 67 5 40 B 0 U222 067 0
50 At 0T B X B % (1 R A
SRACAIFHLE A0 G R . 5500, 3k
S5 0 A 0 R O 0 G
05RO 15 800 5 SO 0 PE S o
T L 196 L A A 0 3 2 A B
G S A 52 B Y T 59 AT BROE T T 28 3L

1 FEHLER N AR HF T 3R

FEERHL A AL JE i # - &  8hF & Ji 4k
s HOF G E DAL S SR ALK, A W
ASELFAS UL A R — B SR LR an & LR
N o JEERHLAR A By 0 B FORT B B 2 20 42 30
AR, Gwinnett ™ 8 T — Bl 3% F BRI I BRHLAR A
LA A1 AR 25 8 A0 2 fif /s o 1940 4F |, Pollard *
KT — MR BB RS A, E 3R, 1947
4, Gough & W T —Ff 6 [ Fh BE 5 i K6 I 255 ' 4
B 4R . 19654F, Stewart® 1 K XF Gough & BH 1
LA HEAT T AL R0 3 L B ST IR T %
TR AR A2 3h 7= A 2% 8 3 T4 B, IRl S B w

HrH

#TBaEE

v

#wra

I
®

Q7

K1 JFBEAL s AHLAE

Fig.1 Parallel robot mechanism
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Fig.2 Amusement device of parallel mechanism
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Fig.3 Parallel-type spray painting robot
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Fig.4 Parallel-type tire test device
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Fig.11 Three-legged reconfigurable parallel mechanism
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Fig.12 3rTPS metamorphic parallel mechanism
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Fig.13 Flow chart of forward position solution methods
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Fig.14 Flow chart of two iterative algorithms
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Table 3 Corresponding relation between topological

configurations and closed-form solution proper-

ties
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