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Topological Design and Performance Analysis of 3-DOF Parallel
Mechanisms with Alternately Used Moving Platforms
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Abstract: According to the theory and method of topological design for parallel mechanisms based on
azimuthal characteristic equations, a 3-DOF parallel mechanism with alternately used moving platforms
was designed. The mechanism generated two output motion modes by swapping the moving platform. The
characteristics of the mechanism such as topological characteristics, kinematics performance, and dynamics
performance were analyzed and calculated under two different modes. Topological characteristics were
composed of position and orientation characteristics, degrees of freedom, and coupling degree. Kinematics
performances were composed of symbolic forward and inverse position solutions, workspace, and singular-
ity. Dynamics performances were composed of driving force variations. Then, the dimensional parameters
of the mechanisms were subjected to an optimal design with the goal of achieving a reachable workspace.
Finally, a conceptual design was conducted for the application scenario of using the mechanisms in auto-
mated object packaging productions.
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optimal design

SOV R Z 80 STIR HBRHLAE A 3 & ¥ 30
FEl /N 90Ty [l L, e 11 T sl F &5 %% sh 1 [l 36071y
RA M 3TIR LN .

0 3

|

SRS GTIR) M S FHGTI A

1 B I B HL A (parallel mechanism . PM) [K 8 5 ¢
A0 Bl A T E A A e B SE AL

3T IR FfBRHLAE 7E 25 8] PIURCHEE A S0 4 2 A7
FOIR M E . KRUT 283 — & 41 e s it
3TIR R LA A . GHAFFARI &% it
(1) 3T IR F BRATLAG A5 5 53 i #5435 400 7 B8 X R
AR W RE A T H TR A M R T B AR
Wo#E B #1: 2024 - 09 - 28
HEE&WH EE A RBFHES (52375007) 5 8 N GE i 15 g i s
05 W H (CJ20242061) 5 TLARAE 77 b 1 S 5 G A% 0 B T 4
i H (BE2021016-2, BE2021016-4)

- 114 -

3T BRI v] F T2 AR W S 1 .
BOURI %4 HY T Jie 5 0 0 1 28 80 3K 3l 119 O X
P2 ALK L2670 3R 30 I 6 ML Eb e 5% 78 9K 3
FEERHLA B T AE2S M 3K ). PRAUSE %758 i
BLr A il AR A 25 8] 55 22 2 B OE M IR R
Xt 22 Bl HLAG F B EAT T 2 Tk BB X L 40 BT, B
A HAT LM A2 Bk e R L AR ML R A . MAZ-
ARE 58 7 — R B AT 3T 19 = A 1 I B HL
FHLIA « SRAS AR AL 2 8h°F 5 (0 o] LR R L 3
BT AL B R T B

Az P A AN TR AR B B 4y il 4 s 3T1IR. 3T



R S 6 = At IFERAUAG B R N BT SO RE T —— R TR A 4

iz B, ATk 2R E ] E A Jr 2 BIAR P A TR
MY AT 55 e oK o 38 3 228 8 A F A5 A CGE 3Rl L 3
HESE) V4 R A BB S ZLATANOV
FUREIE T 2R IR B AL 9 SE ) 50 TE T ALY
2ot A SR AT SEBLAE 343 A . YE SR R
tE IR A 22 32 iz 3 B T ) AT oA S Y
L B A AT P04 3TV 3R.2T1R 1T 2R iz 3
MR ZH AWM . KONG & His5e T HA 9
FRAEBI A 3-RER B = [ th I BRHLAY , FFUE 5K
T ERPL S BOEAR IR 3T 6 AL AR B P

AR IR I E A is S R A A T B
A HUAE () Fr F S AL S B D) 4 . D) A 0 B
SR e NI N B I e 7 N B = A o
PRIXE . H E, AN B8 30 Fh 4509 OR S B LA i 4
ek sF B 5 B A A0 R E DG TT ) L T R — A AL
Py 52 B8 3TIR H1 3T Wy s 482 =X ML A4 1 AF 5

2 # AR 3L F J5 47 F#AIE (position and orienta-
tion characteristic, POC) J7 & 1) 3 B ML H 36 41 1%
TP BT T — B WS i T e e H 8o
3 R BRALFY L I X 1Z ALY 78 3 A A 3R 19 40
heE s s B e e REHEAT T S B R A L JF
@i T Y Rt

1 T f s T 6 A AT
Fa o Hr

Al g e J 3hF & OJF B AL (PM with alter-
nately used moving platforms, AMP-PM)7E A X
S HLAL $ I S5 AL I HT T L 4 R — E AL AR
[Fi) Ay £ ) PR AR T8 24 30 °F 5 ok 52 B XU 48 g
o AR A AR T 28 B B 3 -F 5 ki
B it STIR AN 3T WA S 2932 3l m] ROR Y 24
B BT L3 B AT AR DL R B LY
25 1a]

L1 ##igit &R HE POC o #7

HIRHLIG ) POC 5N

M, =M, (1)
X M, REE (A~ iz s Rl TR POC 4E sm iz shEl 0 .
FFEHLII A POC 4 H
M= (M, (2)
A M, W 4SR0S CR I POC 48 (T A 265
POC #7681 F- & 5 U 1 5848 ) 5 0 S IR BEHLAG 19 20 S7 (7]
755
BT POCHEE(DH. KO =HHE

PIR IR K TR A O (1
1.1.1 =F2—#3(3TIR) et s X
124 3TIR Fa i B =R i I BE ML 3 15
RAEE T (B 1 ik S ) & 155 1P,/
Ru/Ru//Ri) T8 2(Po//Roo// Roy// R I B T
BT IEBRMLAL  Horp  f5 5 )/ RN AT, ST
FEBEALG (0 B AT B B L AP AT T 5 sh Rl R, b
LR RS F& 1 —iGHE) . T
H0 BRI P, P, il T .

Bl 1 3TIR % H&EX T8 FHE LG E
Fig.1 Schematic diagram of the PM in 3T1R

output mode

i S BE 1 CIEL T b Y S8 th B sl Py
I3 A~ e 2l @) A3 B 218,z 2 | 58 &R O Py, L
Rop//Ros L Raps Jorh A5 L "R TR 1. e g al
Ry, 536 1895 — sk .

el SCBE T AR B0 S8R 11 1% 4 7 -1
5 0.3 F& 1 ZE . #-F5 0 Fiz 3l Y6 &
F NP, LP, L Py 31 F 6 1 Fizdh B 66 & ¢ R
H Ryu// R

DL Z B Ry 4R b — i g B, i 0Dl
TsZEE T I AR SAS ) POC 404

e t? t
e R e B

[t]u[(/;R J:[#(/;R% J

@
M”“:[rz(//<><R%, R_M))}
At RR B s RoR B AR (T EGE D 8
55t (dir) RoRAE (dir ) A AE— DA BRFE 8 s r' (dir) 3%
NFECdir ) A TE — DA BR300/ O (R Ry IR
AT T R BIHIZE R, Bl 26 09 7180 N AR AE 24 A R
B 2O AN 5 11 POCE R
M, =M, "M, =

t t t
':1"1(// R Jﬂ|:r2<//<>(R33»R34)):|7|:1”1(// R J
R 7E B 1R B9 3T IR i th 85 :CF , 3h °F
S1HEHAWX. Y. Z5B 8 58 Y % shiy i
« 115 -



hEHL T AR 37 B 2 13 2026 51 H

J&F DA -2 s s, e 7R # Ak
bR OXYZ W 8 F & 13 s kb i oo & 1 x4k
FRAX A TC 3 P DR B T 2 Yy AR AR A
BIATCER PLE .
1.1.2 =F3(37T) btk X

P20 3T §i A a0 F IR BEMLA T . 3 4%
oy S g b, S g T (R 2ok (e S ) L 1T (R 2
Y G S B FLAT AR TR A 4 NS R i 1A RS
SR 3 A s p R B, RS S EETh Y iB
SR B FAT . 4N R A O SOC (P,
Ru//Ris//Rusb  SOC, {Poy//Ron// Ros// R b 5 32 55
CPEL 2 vy B 355D Hh A% 2 |l Py, 4 455 2l ) e
B B, iz 3 /X RN Py LRL/Ry L
R/ Ryso

B2 3THHEXTHFENIEE

Fig.2 Schematic diagram of the PM in 3T output mode
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Fig.3 Kinematic modeling of 3-DOF APM-PM
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300 —— fHEE - B
Rz 200}
E % - ///——\
=
0
300
E -
2 E 200 e
=
100
0 ke
R -100
g —\\\_—//
B 00l
= 200
_300 1 1
0 4 8 12
B 1] #/s

10 3TIR &KX THY IR 30 77 #h 2%
Fig.10 Curves of driving force in 3T1R mode

Bl =B, B 11 R . 0~4 s 31 F &
2 A5 mm/s B 3 RE VY X 5z ol Mk, Pz 3 31 A
P,o 4~8sW.81 75 2046 mm/s¥F Yihiz s,
S PIEFN B P, 8~12sM.31°F A 204 8 mm/s
W Z 8052 8l . S Pag s 5 4 P

STIREEA R, A O F o F & 1 Ms)F
G208 AL . FE 3TIR AR 5 3T # 2 1y #1148
P A AT LR R AR TR S A B 2 A i S
BOAHTA . PR, 3T AT K 8l Iy i 4 5 3T1IR
- 122 -

2 P
(2) 30°F & 2 i 8 Bl

140 |
130 |

X ik
x/mm

YIRS
y/mm
LA
=

VALEDA 2
z/mm
S

J 3 2
i} 1) /s
(QIbez2iiE
E11 3STHEAXTHEE2MNESHNESEHNE
Fig.11 The motion trajectory and law of moving

platform 2 in 3T mode

20 1 5K 3l g i 2 AR [R]
5.3.3 ZBigkit

15 B it B L A MATLAB B %5 5% 36
T B 2l R R A 50 A bR AE S 50 R A
{8 S BOVLAG 3K 3 7 04 05 Ll 2 R0 B e il 26 A7 A
W22, H B 10T ALY BK ) g i B e it 2 5 5
FL 2 KRB & ATk Ry g g 2 AR AL K L BK B) )
TRRTCIR .
6 M it

W F 2% 4 1 AR BV AR 3% SR 1 40 R R A
AW HAE e I7 s
6.1 EItET=E

8 DRI B L LLd e XL
Fa TARE 23 8] /N 19 5 M 65 Ry B S AL R 2 2
BN AR
6.2 BIREH

WV Rz LR W Rz g 81N TR 25 (Y
SVFL . XTI ERALRG 75 R BB SR TR T
A EBHLA AT 3K TAEZS MR K. 76 FAl i TAEZS M)
I 5 RS T S8 1A% s B TH R B B 1.2 1)
KT AEZS ], 3 3TIR.3T izl A HLA TAE %
6] 53590 Ky wmy s P B SRR 2R AR 28 W) 22 iR K



AR B 6 = [ IR BEALA A FR N RO RE AT —— R B 224y &
(B4 Voo B Vo AERIZ AT 5 30 WS 5 IF 8k 330 50
. e 300
B TAEZS LAY H bR ek %K E 2
Vo™= n,+ m, (26) N _ 00 %
63 WEEH 150 &
AR 2.3 4 B LH 55 M0 B 40 10T B D200 e "
R 3 - & I LR BT A H S L L 2. Py K00 TaS0 g
K2 BHTENAFRER (a)3TIR 8K
Tab.2 Constraint ranges for design variables mm
witaR | skem | Rt | Ao 600
A [70,170] I [110.210] 550
[ [130.230] d [102.152] 500
L [75,175] e [250.350] 45 5
400
S5 PR DU E AR BLAY ROBE DAk 1Y 288 300 M 350

BE . MET3IFR., HHSHREEKREZH
MATLAB X} 2 (26) #F 47 g #2 1155, 15 2] B 45 2R
BoAs A h k. d B 12 B R B9 H A ek B0 26T
H b o 7R 1R 8 UG PR R i (RS

*3 SHEE
Tab.3 Parameter settings
4t ji B HL %L BARREL | HA T | SRR
7 100 20 0.5 0.9
5251
2 sus|
&
]
1%
o 505
495 : : : ;
0 5 10 15 20
EARIKEL n

E12 BiEHEERRBEL %
Fig.10 Curve of the objective function with the number

of iterations

RAGI TIRALHT R S A F R S 80E . 1R
J& A% 8 — B P S 8. [, =110 mm, /,=230
mm, /=90 mm, /=210 mm.,d=180 mm, e=280
mm, PG K 4 TR SHCGFH MATLAB 54

)5 B HLA TAE 25 8] 40 13 B s Je A s B9 Bl
T A 5 i) 300 5 i 2 L T S AR P R RN A 1Y)

BB HUIE . PEAL S B PR A 2 A2 5 T 2 il oxt
PR3 A X BEWIZ LA £ Z 10) BA 1 S5 04 0 1% 38
x4 MUWMEEHENSHIE

Tab.4 Parameter values of optimized

mechanism components mm
e | fifknt | fife)s s R /% 1 R R =
A 120 105.437 A 160 205.031
A 180 227.425 d 152 177.401
s 125 94.118 e 300 278.112

24
iy

0

-1200 7300 o
(b)3THER

13 U EMNEIESE

Fig.13 Workspace of the optimized mechanism

PERE .

ROEEPLAR G W8T /Y T AE =5 ) i 35 1
Ko RALST 3T IR B AR 2 8] (138 K3
Véll‘lk B Vs/ﬂk
Viw=—""17""—
Virg
199 711 mm® — 128 700 mm”*
- =55%
128 700 mm*

A Vi Vit 2090 8 SEAL BTG B9 3T IR A2 :0F 9 AR
Z3 ] AR

BEAG R » 3T B T AR 2 I 486 K 3 g
V= Vi _’ Vir _ 343 549 mm® — 219 442 mm?® o
Vir 219442 mm’

A Vi VB PR AT G A 3T B R B T4 25 )
ENE

7 R

Bl 14 s (9 A 3 A AL 36 42 i B 2l e 2
BB E . EAMAS TG 1 RA
Kui e #F) o P& 20 & A Rk £) . &
ORI RN PO . R 3 & IR Bk
HLAS RE 5¢ W BUR R IZ . 2 R B A & A5 34 A
B IS 40 i A AU R LR R CLL R AR 9
B Jas B4,

FI 30 1k A0 3 4R T SCBH Y AT e 4 8- 2
FEHMLAVE I LM, TP 5 T4 i
W

D AT AHES iz B4 f Yokl ik 21
{5 X

2B IRAT A L o, 143 FE 5 3 3 B 40A 15 1
F BT AL IS 45 1k S BUART A I 8 R

- 123 -

| AE 19 40k



hEHL T AR 37 B 2 13 2026 51 H

PIRHEREIX N

(o) EALM JRFER BRI
LaiFal 2.8 7H2 3RWMRE 4 RKm s T
S5.4VHRFETEH 6. FHL TR
BIMAVEARMIER 9.8K%E 10. eI F
LB HMHL 12 8B40 1345k
E14 KAHEHXEITE
Fig.14 Conceptual design diagram of the

application scenario

Pr & 4R L IR 3 B 4CAE VI OT 9k A L 12 18 AU
EKIEFAH.

3 EHKG BV 5 1K YR AW i X iz
RS B R ARAT . W 15a s BV TE
STIRMEAF L BHOR . HARSIEIT . B
Pl 39K Bh A A B 5 180 AR S e 4 £ TORE
TR AL MW G 18 BT T R AR P . dh P 1
X\ Y Z 59 % 3l Ak S5 IR g e 5% 45 TCR S
ooy B AT YR 37 65 158 Y Sl i i g
PLA BE ok SR MBCE Z W08t 37 RAE LIS . )
BERTE— . EAREPR LG A

OHERE RIS RTARN G EVLEF 5 2
He B W) kL f = AL X0 B, WK 15b TR, &
LI AE 3T KU L8l iz . KRS T . &

- 124 -

BLAG P 3 A 38 Sl Rl AT 37 6 2 59 R g I 4
W B B W RHE LY XL Y Z B0 Bl R R A R
CENE R AT B DUE B 0, 503

DAL B R — A B AR . A sh ikt
RAEINMEING A A S 2 AT BT

] FE A TIUS Y- 5 I HRALAG  F 3 Al 2 4k
BT L ROR e T LR AR L A T
WA o 2 () A T A 3 AR

(b) LR~ iz
L Fa 1l 2.8 P62 3 oRKmWlE: 4 RumIEHHET
54U AT & 6.9 7o SRR ARHLIRRT
9. 1884 10 THHMT 11 ELEEAEHL
12 & 40H 13 3%
E15 mEAmTEaFEINAIERER
Fig.15 Workflow diagram of APM-PM

W A B A 1R 2, = [ AT 4R 6 FH XL
1 B IFERALA A4 51 S 3TIR 5 3T iz
S, HLX P AR A B £ 5 U B R S
8 BRI TE . % T R B BB S & T BRI B A
LR e QPR JRBALI A 1 F & s
BRORE | i 2 AR Ak 2L @ LIOFBRPLIG TAE %S
6] Z Ak Ak 5 b DAk S 1 TAE 23 [ A8 K, i A
L, A S P A Ry SRR RNV B 1432 Bl 0 s O AR H
FEF i Ty B ) B BE R A T 3 19) 52 Bl 2R A
R W] 5 4 B B 6 1 3R LR 9 3K 3h 7 it 27
o Hoad 22 A,



R S 6 = At IFERAUAG B R N BT SO RE T —— R TR A 4

2% 30k

(1]

2]

[3]

[4]

L6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

KRUT S, COMPANY O, BENOIT M., et al. A New
Parallel Mechanism for Scara Motions[ C ]/ Proceedings of
the 2003 IEEE International Conference on Robotics and
Automation(ICRA 2003). New York, 2003:1875-1880.
GHAFFARI H, PAYEGANEH G, ARBABTAFTI M.
Kinematic Design of a Novel 4-DOF Parallel Mechanism
for Turbine Blade Machining[J]. The International Journal
of Advanced Manufacturing Technology. 2014, 74 (5) :
729-739.

B WL, A ALl oar R A [0 i T A 3T IR
IR BLAG B F) A e LT BB R 274l 2018, 54C11) .
151-160.

HE Leiying, TU Yekai, YE Wei, et al. Kinematics Analy-
sis of a Novel 3T1R Parallel Manipulator with Full Rota-
tional Capability [J]. Journal of Mechanical Engineering,
2018, 54(11): 151-160.

BOURI M, CLAVEL R. The Linear Delta: Develop-
ments and Applications[ C]//ISR 2010 (41st International
Symposium on Robotics) and ROBOTIK 2010 (6th Ger-
man Conference on Robotics). Munich, 2010: 1-8.
PRAUSE I. CHARAF EDDINE S, et al. Comparison of
Parallel Kinematic Machines with Three Translational De-
grees of Freedom and Linear Actuation[J]. Chinese Jour-
nal of Mechanical Engineering, 2015, 28(4): 841-850.
MAZARE M, TAGHIZADEH M, RASOOL NAJAFI
M. Kinematic Analysis and Design of a 3-DOF Transla-
tional Parallel Robot[ J]. International Journal of Automa-
tion and Computing, 2017, 14(4) . 432-441.

S . 2R NG A D 3 ) P R 43 AT 5 O AR B )
PREDFFELD ], %% 5L 5 Ml R, 2023.

WU Yanbo. Study on The Stability Analysis of Mode
Switching Force and Redundant Drive Optimization of Mul-
timode Mechanism [D]. Qinhuangdao: Yanshan Universi-
ty, 2023.

HUNT K. Kinematic Geometry of Mechanism[M]. Ox-
ford: Clarendon Press, 1990.

ZLLATANOV D, BONEV I, GOSSELIN C. Constraint
Singularities as C-space Singularities [M] //Advances in
Rokot Kinematics. Dordrecht: Springer, 2002.

YE Wei, FANG Yuefa, GUO Sheng, et al. Two Classes
of Reconfigurable Parallel Mechanisms Constructed with
Multi-diamond Kinematotropic Chain [J]. Proceedings of
the Institution of Mechanical Engineers, Part C: Journal of
Mechanical Engineering Science, 2016, 230 (18) : 3319-
3330

KONG Xianwen. Reconfiguration Analysis of a 4-DOF 3-
RER Parallel Manipulator with Equilateral Triangular Base
and Moving Platform [J]. and Machine
Theory, 2016, 98: 180-189.

TRHEF I H L 440, 55 Gz S iR EL A B AE AR AT S ARy
=P B B AE F - b L 202310760734 9 [P, 2023-
08-29.

SHEN Huiping. PAN Haiyue, LI Ju. et al. A 3-DOF
Translational Manipulator with Motion Decoupling and
China,

Mechanism

Symbolic Forward Position Solutions:
202310760734. 9[ P]. 2023-08-29.

Wik Jy . XVE L B KW, S HLES PR S E R i
(M. bt BRo i, 2012.

YANG Tingli, LIU Anxin, LUO Yufeng, et al. Theory

and Application of Robot Mechanism Topology[ M ]. Bei-
jing: Science Press, 2012

EEE . X0, 24y, 4 . A2k A - 22 e B s i i
TR WAL S H R LT, HLBR B 5 i i AR, 2013, 42
(6): 1-4.

SHEN Huiping, DENG Jiaming, LI Ju, et al. Fewer

Inputs-more Expected Outputs Parallel Mechanisms and

[14]

Application[ J]. Machine Design and Manufacturing Engi-
neering, 2013, 42(6): 1-4.

WHET, 2245, RN G5 TR AR M ITER LG A
PR TR T i R s ST DL HUBR TR 2 4, 2024, 60
(19): 40-52.

SHEN Huiping, LI Ju, ZHU Xiaorong, et al. New Meth-
od and Formula for Degree-of-freedom Calculation of Paral-
lel Mechanism Based on Optimal Paths[ J]. Journal of Me-
chanical Engineering. 2024, 60(19): 40-52.

WECE. 2248, )& 55 JFIRPLA ABLAG A9 3 $1 45 44
PEAEIM . dbat. w5 30E . 2025.

SHEN Huiping, LI Ju. WU Guanglei. et al. Topological
Structure Optimization for Parallel Robotic Mechanisms
[M . Beijing: Higher Education Press, 2025.

WHE . JRERALAS AP 2087 - 07 i 5 45 15 K
(M. At VIR RUSECR Rk . 2025.

SHEN Huiping. Topological Analysis for Parallel Robotic

[15]

[16]

[17]

Mechanisms[ M ]. Nanjing: Jiangsu Phoenix Education Pub-
lishing, Ltd,, 2025.

Wik Jy . LM R G S AR G . B854 % -8 3h 2 - 3 ) 2%
(M. dEst: HUAR Tl R . 1996.

YANG Tingli. Basic Theory of Mechanical System: Struc-

[18]

ture. Kinematics and Dynamics[M]. Beijing: China Ma-
chine Press, 1996.

WHCE . HLas APUA R IMFIEZ )22 (M. Je st s
# AL, 2021,

SHEN Huiping. Topological Characteristics-based Kine-
matics for Robotic Mechanisms[ M ]. Beijing: Higher Edu-
cation Press, 2021.

EAEF ., SRE . L PVC I ir 4P 4% B W A5 5 3
BLAS 4 5 gl 5 ke 43 BT ]. BB 5 3G . 2024
(10): 203-208.

WANG Jiarui, ZHANG Degiang. Modeling and Dynamic
Characteristics Analysis of Synchronous Belt Transmission

[19]

[20]

Mechanism in PVC Clamping and Stepping Device for
Packaging Machine[ J]. Machinery Design & Manufacture
2024(10): 203-208.

(HEE K F)

TEB®/ Tk o, 20,2000 A4 WL BFSE A . BIF5E 5 1) g 36K
HLEE ABLHY S . E-mail: 18796167749@139. com, # & F Gl fi
PEF) . 1965 4F A B L WP 52 A= S 0. RS2 07 1) A L AL
K2, R FRIB 3205 . E-mail:shp65@126. com,

A5 %A

AR TR A4 55 WA S F B = A R TR IR ALY B4R
FhBE BCHAERE AT, P EHLAR TR . 2026.37(1) 1 114-125.
ZHU Xiao, SHEN Huiping, LI Ju, et al. Topological Design and
Performance Analysis of 3-DOF Parallel Mechanisms with Alter-
nately Used Moving Platforms[ J]. China Mechanical Engineering s
2026,37(1):114-125.

- 125 -



