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Dynamics analysis of a new 2T1R parallel mechanism with symbolic position
solutions and partially motion decoupled
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(1. Research Center for Advanced Mechanisms, Changzhou University, Changzhou 213164, China; 2. School of
Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Three-degree-of-freedom parallel mechanism has the characteristics of simple structure, low cost, convenient motion control, high
stiffness and large bearing capacity, and it has been widely used in industrial production and other equipment, among which 2T1R parallel
mechanism with mixed movement and rotation has higher research value. In order to develop and popularize the application of 2T1R parallel
mechanism (PM), a spatial 2TIR PM with zero coupling degree and partially decoupled motion was proposed. Firstly, the forward and
inverse solutions of the PM were analyzed, and the relation matrix between the velocity of each component and the input velocity was solved.
Then, the dynamic models of each sub kinematic chain (SKC) were established using the order single open chain method based on the
virtual work principle; and according to the order of the topological structure decomposition of the mechanism, the inverse dynamic model of
the entire mechanism was obtained. Finally, an example study was carried out on the established dynamic model, and the driving force of the
PM and the support and reaction force at the connection of two SKC were obtained, which were compared with the results of ADAMS virtual
simulation. The results show that the 2T1R parallel mechanism has the advantage of partial motion decoupling, and the effectiveness and
correctness of the established reverse dynamics model are verified by simulation comparison, which lays a foundation for its structural design
and prototype development.
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Rty o WHT B,C, BOFHE I,
FF B, C, By : ,
3.3 HAhFEFEMNEIL
EFRBRIZ BN R R, AR, B E AL A2, 155
SKC, .SKC, ,2 MFRG, T, X J1 F 5% EH
122 DT RGN ERRASN ), EHEARIET T4k
(BT D)) 43 BI7E SKC, (SKC, Ty Kl )
P,
SKC, W12 i8N .
[0X 15y 1 Qs + [0Xie 10y, + [0Xer 1 Qe +
[0X,]Q, —[0Xpc,] - [Fy]" =0 (64)
Il SKC, W8l 1207 FE R .
[6X, 5, ] Qip + [0X 1, ] O, + [6Xy¢, ] Qpc, +
[0Xcn]Qcn + [0Kne, 1@y, + [0Xpe, ] - [Fy]" =0
(65)
Hr 68X, , =J,1,6q(i=1,2,3),6X., =J,.,0q,
80X, =J 50 8q(i=1,2,3),6X, =J, 56q,6X,, =J.5q,
0Xcp=J.c,009,60.1 =J 5,09 ,00,; =J,c0q9(i=1,2,
3).,80,=1,0q,50.,=J,:5q4.
A :6X,60 ¥ Sl LA AR BE MBI A% 1, o0 E Ak
SR

Mp.c, 8 ~—Mp

_IBlclgclBl

— @, X (Icln""ncl )

—Wg,p, X (Ib’z(]z We,p, )

(63)
o, WABFRR 0-XYZ T
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B (16) ~ X 47)RAK (48) ~ 3 (56), RimT
SRIEREN S £y (i =1,2,3) LIS SKC 2/ E A 52
R F,,

3.4 WEHHITELH
3.4.1 HHAHK

EF VT 2TIR MU BA LU TR 1) HEG 5
N 2) BAFSANE M 3) A 55z s it
PRI, ERHLA BA L TR A . B0 . 7EY i
SR AT, T AR ML 15 PR 11 1 2l R e S
B YOZ T _EY) R R B A2 s R 2 A Bk
FE LRI A RS SR R4 T A R D

BT BRI N 7 5, 2B R Z T IR PG 2
WZEREAT I AL BT 0 =300 mm, [, =100 mm, [, =
200 mm, !/, =160 mm,l, =400 mm,/; =320 mm, [, =240
mm,/, =500 mm,

TEREHC 3 AN UKBhE P, Py, Py, BYH A PR3 511
Ky, =20sin(mwt) ,y, = —10sin(wt) ,y, =20sin(mwt) ,

BLRG 2T 19 S5 6 53 530 K 2 my, = 0072 8 kg,
myp =0.124 1 kg, my,, =0.076 4 kg, m,, =0.076 3
kg, mpe =0.1394 kg, m), =0.094 7 kg, my,, =0.114 1
kg, my, =0.051 2 kg, m,, =0.089 0 kg, m,,. =0.659 0 kg,

B RSB RN 1 PR,

x1 SHENEDRESH (Hkg/m’)

R L, 1, I,
HFH 1 0.1747 0.1804 0.0189
4+ B, C, 0.007 3 0.0126 0.014 4
¥4 C,D 0.0140 0.0192 0.014 4
¥4 B, C, 0.0169 0.023 8 0.0183
4 B, C, 0.014 3 0.0175 0.017 4
¥ CF 0.021 1 0.0257 0.0059

3.4.2 K H K

EHEHU LS HBRAS 1 R (54) ~ K
(65) ,7E 3K 3 kg W& T, 12 | MATLAB 115 ( Z
W PESEEINS ) AZ MG B 3K 3l 7 5 R, 4 i A HIL 32 A
ADAMS H i Tl B (i sh f BRI 5 s) .

UK Sy th &l 3 fies

XTHCE 3 (a,b) AI 0. 3K sh 1 BRiE I i 26 5
ADAMS {5 BT 2 T A — B0, AUAFFE AR T 22 3 BOPT HIE
A28 T g 57 1) 8 1 A AR IE R 1Y

MR E AR LR SR F AR A
I, RPE (64) IR E ALK Y Z Tl 3 R T AR Ak
2k, i 4 iR,

AL, X E AR RIS T RS ADAMS {5 B
B, R E — B0 IR ZEARBUN BT UER B sikb 32 R

T i 40 &
Driving force
25 v .
20 , TN . , N .
’ \ 4 N
15 \\/, \-// \~//
101 Driving force 1
z — — - Driving force 2 |
~ T e Driving force 3
ot i
s W
—10 --..,.__._‘__,._---—- R "““----v..,...—----‘
-15 .
0 1 2 3 4 5
t/s
(a) RN Sy PRI Hh 2k
25.0
20.0
150 b
10.0 —— MOTION_1.Element_Force.Y
=== MOTION_2.Element_Force.Y
Z 5o MOTION_3.Element_Force.Y
59
0
-5.0
-10.0 k.
-15.0 *
0 1.0 2.0 3.0 4.0 5.0
tls
(b) BKE S ELh 2%

B3 IXzhSiphsk

10 _— —
— Fy
3 - -Fz
0F
g€ s
—10 F
~15t
_20"—“5_—‘—‘5_——'—
25 .
0 1 2 3 4 5
t/s
() EXAESR Tt i £
15.0
10.0 T — — T
— JOINT_8.Element_Force.Y
50T === JOINT_8.Element_Force.Z
0F
z =5.0r
& -10.0 f
-15.0
) PO
-25.0
0 1.0 2.0 3.0 4.0 5.0
t/s
(b) EXACST I i FL 26
B4 ERAXZRAML
TR IERN,

EH VTR 2TIR HLA, FLE5H b 2 DG



5 8 1

FEEK, 85— P OLEIEARAT 5 AL HAZ S o AR A B L 2 TR FFERALA 3l 2404
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YIORFEH SKC AL, 12l ) ~# il J2 3 T SKC #ifh
OINURE HEAT Y B AS 21 1 2 Az i 3l A O R
(64) .7 (65)

M2z AT LRI, Kb & T E sk
SRy, ol Lha g i 2 2 Mg 7 A R 3l )
Jitk,

4 HRIE

= B IR HA 5 T B GG 1z s
il 8 KRR S KA, BRTAEE 1Tz N
Hrh BB S M sk A2 319 2T1IR FEERHLAE WA
HE RN, TR RFE) 2TIR B,
EFAR T — R A 2TIR FFECHLA , IF X Hdk T T
18 BN B AT SN 125 404 THEAR R T 3 AN EKS)
Rl SR 30 ) -1z s i A ) ST

R LS REH] .

1) Fris it 2TIR JRBALM , AR & %, A
5 0B , H B A B i, X et A R T
X HLAE HEA T S 42 ) iz sl FL

2) FETAALE ST R ALR AT T R o ek
G A BN T A AT 0 R P LR

3) MR SL T D) SR B Y AT RE T He FE LA Hh
N RBITRE , 433 N7 T 2 4> SKC Y 3l J7 24 B AR
MHUATE 3N 3 ke RAS TR, MR8 BT €7 () 3l 11 2
B A5 3] T RT R AR S I, SO 2 A~ SKC #EHE AR Y
I, IFRIH ADAMS R X5 2 57 0 JE AU AEBIL R A T
T UEN] 1% 8 AR IE AR M

EH R T RIFEEL (T R ) | Xt
IR HET T 2 2 A Lt B Ay %5 1z B
R IR B A R R s, PRIt 76 5 2R a5 T
Ve B — 29 2 2R P 2R 1 iR 22, ALY
il 5 0 R 27
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