M HECFAN 5,58 39 & = 11 3 Applied Mathematics and Mechanics
2018 4F 11 A 1 HE Vol.39,No.11,Nov.1,2018

X E 42 .1000-0887(2018) 11-1292-08 © N FHECEEFN 124025 2, ISSN 1000-0887

VMM B EREHRIIES HFER
MR EMTFEENR

MAE, G #, EXE, EILH
(B KIZBE, 115 To8) 214064)

WE: WA WM EIR R G 5 )5 [0 B E 20 i e gt — 98 03 TR %3
A5 BRI T3 2 B XS PR RIS 5 | A BB Z R SNl 3l ) A A58 i 5, B T i gl i EE S
RGN 5h 1154 00 Euler-Lagrange J7 B HUR, 51 3R 40 B B, AR H6 8 28 P JE 0 45 1 R B A7 e
Noether XTFxM: 5 Lie XTFRMER £ A S48 5 2 LA RAS BIAHRL SR R AT 2, S 3l 7728 7 B2 1 fg i AR
IR TR RORAR . BUS L— P TIT SR AT AL A e o 22 o B kAT SEBR o0 M is JHF ot 3
WY, A8 B X B R AN AE 5 T AR BIPLAE 214 R G 3 07 2 TR 2 IR 1Y 7 S B Rz s ek, T o &
3t HORE 00 S AP0 A BRI SE E42 ) 35 e F e HL A,

% @ W DUREKR: EulerLagange ift, AFRH; <FhiRL PR

hE SRS THI22; 0316 XEERER. A DOI; 10.21656/1000-0887.380291

5 F

B BB A ROR B R FE SR TR JEHORAE 0 RS MU BLES A S5
HH LT ER /22 W R 22 P A LA [R)JE 2R B 20 B A AILB R G, B T — AN ST 18 24 4
2R R G 1 AU AR P il UG, WU & 1 25 vh 28 2o 0 e e
e TR PR R R ZRAE FURIT 580 th it DGy Ab R g8 > A B LA 114 1] B2 2y KA
P TR 1] B 5 A o oo 7 BIL R ¢ ] BT P Al 48 (1) 250 LA A1 ook 52 4 A 17 11 Al 486 5 )
AL 07 A AR e R L HAE I IV S R4 R e Bl ) MRS B T B R, E AR R S
AR S R AN T 220 ) B PR R B 4R () R L 22 O L 22 1 Bl 2 F 5 ) B R
21 R 2 N AEAR B LR R AR R B AR A i g sl e R
FEIENLINZ 1A 2R GE A 3 0 AP i B BT 55 et . (D sz R iz gy Mgl o 4 e AL Dy
FERERY 3 ) sz Bl MU A B0 g 27 e L 1) e s vt R ik,

2 115 R GER R BE R BE Y | TR R B 2 S s B e 2 A U X &
Gt i 2 )5 B XS RRME A B ST B 675 025 JR GE I N ZERAAE FNR 2 LA L) 2 R G I X AR
PEANSPHE A B HUINSC R ARG T A DA I AP B S i HA 2 R G B IR
B3, AT LAREB 29407 T DR o R P B o2 AR a2 3 T R i — A R0 ik, AR P 55K

« UWFSEHEE: 2017-11-21; #&iTHHEI: 2018-03-17
BEEWMB.: V1004 S5 AR 4 (18KIB460027)
{EE® Y. P (1988—) , J Pk, i+ GEIHAEE . E-mail: zhmlwxcstu@ 163.com).
1292



oW = VIR S WO % 1293

RGP Y )5 75 BB Noether XFFRPE"! HI Lie XFFRYE" R, H HT, HLAK 214 5 5 il i
Bl 1 B S E BER FIEUE R 53 51 505 CAD/CAE #8605 BL 5855, 26 M AL
M T i — FLAR A SCRRE K, R T IR, 54k T OT 6 B Be AT JE R, o0 75 e 14 A e e
ST AU S e 3R G0 2 02 8] 4 72 i S s 5 28 AR 2 8 DR Bl 9 4 SRy W Jo, i < e
AL it 22 70 ) ASR e B SRR RORS B2, DRLIBAR SCRIFSE U 2 1R 2 S il 8 50 ) 2 14
PRIEAISTfE R B o E A

U (SRNNEIN B2 LN W5 e DA i

142 B0 Rl o AR B AN ], P I H ARy 2203 g LA 3 A2l i gl 12 3%
SLAIAE ) BRI T SR 5 ) 4 WA ROy k. i 2l B VR SR AR o 0 T 4% ) b RN
IS - Bl Oy BRI S R G A SRS B —Bh O 1 SR e o 4 MR IR R AR . T
WO RO AT R AR I B o0 A g 2 W 5 i S AME vl IR R AL Z
KRR B8 1% 1Y Euler-Lagrange J5 2.

W RN Z IR R GRS R ZENIE By Al n ANIA B.(i=1,2,---,0) , FITL
Fiz Rl (B SRRE BB 3 W, H 2 AR 24T R /NS M Ah oh o, G 1.0 &
Guidtsr, D-H P AGERAARAL, I 2.

connecting
rod i+1

B bl h R S B2 Z{KEFTR D-H LR R

Fig. 1 The mechanical multibody system under impact Fig. 2 The multibody linkage with a D-H coordinate system
S e, RN B, 19— SRR [y, 2,117, F g, AGASEHY i 0 A
br(CER LUEREZh T 6, Wnl 2R s d,) U r, AU V,

d

d » i a[OA | .....HA_] _
Vo= = Loy = Log iy o I 2 i |
' ' dt( i) dt< o) ,; dq; Lyt =
HORRARE i — 1 WIRARFR ZR A 4 x 4 FFUARFRASIRARFE A,
cos, —cosa;sinf, sino;sinf, a;cos 0,
- sinf, cosa,cosf), —sina;cosf;, a;sinb,
A, = . (2)
0 - sin q cos « d,
0 0 0

B -

TR, X« ,a,,d, BT 0, JERTTL A



1294 MU Z2 1R 22 Gl 8 1 2% B X AR P A <1 E s i 5%

0 -1 0 0
1 0 00
b, =
0 0 00
0 0 0 0
XTI, Nt «,,a,,0, EHEL N d, 2R
0 0 0 0
0000
>, = .
000 1
0 0 0 0

IR B, (36>
de —%tr[z ZUJ(U )" 4 | »

j=1 k=1 (3)
o OA @’ A, = j ('r)"dm,
A o FRORXTHE PR .
e FY %%E‘VEHW‘% i WA B, J:E’J%j/l\ﬁlﬁﬂlﬂi WK B, (a5

E(F(H 0(1))__2(17(/) OA (1))__[ OA r (4)

Favi Sl %‘z/T{ﬁFg FO M AR ¢ 3 SRR A
LYo 2 R e AR L FCO AR T, HOE A
d (oL JaL
i) Y
5, Lagrange PREL L FAGE P A a$E T op i3 P, FIEAL 385 P, , $EJ7FE(S) ML de,
PR R i 1) 51 N 520 O S (1 N | e S B

A(G,Tj GO0 0. (6)
9¢; dq,
PR A5 21 B 2SR 2 1R 3R e il i 3 ) 2% 07 #
MAG -K=0,
" (7)
K, —ZIU P, M, = Z LUTCARE

A jﬂfﬁfiﬁﬁ}:ﬁﬁ%f!f"? EsX 'ﬁﬁﬁl\{ﬁlﬂjﬂ’ﬁﬁﬁ AL 2 R R G2 19 1) Kane 7 RE 45 542 — 201,
A M AR S B ZS 1A 2R GE R R 3l ) 27 05 Rt — B 7 AR 4, %07 R 415 28 el 3 T ) )
EARKKAR.

2 ZRGEHY Noether X FRYEFISFE 5
WU Z 1R 8)) 7124 2 88 FAFAE Hamilton 7EHEAE AR
S(y)=£2L(t,q,q)dt=£2T—th. (3)

VERE D g Rl (]t , b T 2848 Hh 3R — i BEA T i ) 3,
IS [R] A AR AR (14 JC R/ NAZ 2 -



oW = ! fif S WO % 1295

t" =t +Ar=1+¢e6(1,9.9), q; =q(1) +Aq, =q(1) +&£(1,9.9), (9)
Hip &, & RTEBR/INVA: R R
RG] SLUE Noether X FRPESEFGIEAS I (9) TAEFT & (8) 2784 I
ty d n
AS =—f {E(A@ + ;Q‘aqs} de, (10)

'1

Holt, AG = £Gy(1,,4) G, HHIEBEL, 0, HAEHT L.
IR0 BN R g, = Ag, - .M = 2 (€, - 0.6,), (10) RT3
L =~ JL =~ odL . . . u .
Thr X e X S g L R0 —0g) + 6 =0 (D)
HOALILRSE Noether XTFRYEISERIAE T £, ¢, AL HOAHE TR,
eSS A BRI 32— AT R BB ) T 0 8537 B 51 W 124
fl, A 1% RS TR I, A0 912 R T B At 30 B R
Pl T T2 Noetter XYFRYETT 1145 55— Noether <A B, B4 &9 1 5 P, TR
25 S A A2 SR B R 5E Noether S48 By

n aL
Iy = L&, + 2 g(fs -q.£,) + Gy = const. (12)
s=1 s

EE LA AR5 T 5
dI/de = 0.

3 RGN Lie XFRYEFISHE B

55 Nocther T UFEIE B AR IR RE, Lie RFRPER (1 BERFIEIE S04 7 A T BRIV
BORAEHE. - SCELJ T2 SR DR P 3 SRR 51 12 7 B — W L
q‘s:ag(t’q)’ s=1,2,-,n. (13)
IR S IR ISt (9)  BLBR P R SE 80 Lie APFRHE A BN I7 R (13) 15 13 JE BRI Hi
(9) MEAAZE H]
g =alt’, q"). (14)
AT LR AL Lie XFHRIER 2 5 N
; . do, " da,
&, —ad, ZSOE-F [; aiq,r b
5 Noether SIFREARNFIATE , — RGO T Lie XA EA—E HESETHEE. FHEZEA H Lie
XRS5 85S T 1 A TR L
UL &€, WA Lie A FiHE AT 1B LIS 4 MR G, = G, (1,q,4) 5
JEUNTR (S5 T e
"oda,  d
§T+EIHG“=O’ (16)
M| Lie XFARM: S BOH RISFH A .

a n a n a . . a n a
Iy=—& + 2 ot s 2 (&, -q&) +& —InGy + ZfsilnGN +
at s=1 aqv s=1 aqv at s=1 8qg

(15)

Z, (‘fs _qséo) af.[ln Gx —éo = const. (17)



1296 BB ZS 1A 3 SR 50 3 2 B0 FR PN <148 BRI 5T

IERED 0N WU AT RG]
dI/de = 0.

4 LBl iz H

SESE AT BT OA I AB BN m, K202 1 BT A kb LRI 3 iR, JFiG
I FATAR 80 11, 475 AB KPR R 5. D AT — S5 RT3 B KT il SRS 2R 40 ol I o oot
PR TS 45 I

@]
Ne

AN
AC \_\D
AN

Il
B
y

3 PRI ILATEY
Fig. 3 The geometric model for a planar 2-bar mechanism
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Study on Symmetries and Conserved Quantities of
Mechanical Multibody System Collision Dynamics

ZHENG Mingliang, FENG Xian, LI Wenxia, CAO Yalin
(Wuxi Taihu University, Wuxi, Jiangsu 214064, P.R.China,)

Abstract: To provide a powerful new tool for quantitative and qualitative analysis of collision
dynamics in complex mechanical multibody systems, the symmetry theory in modern analytical
mechanics was introduced into the study of mechanical multibody external collision dynamics.
Firstly, the Euler-Lagrange equation of collision dynamics was derived based on the momentum
method; secondly, the group theory was introduced, then, according to the invariance princi-
ple, the condition equations for the Noether symmetry and the Lie symmetry were obtained and
the corresponding conserved quantity form was got, which made possible an effective approach
to the analytic integral theory for dynamic equations. Finally, the collision dynamics of a planar
open-loop 2-connecting-rod mechanism was taken as an example for application and analysis.
Research shows that deeper mechanical laws and motion characteristics of mechanical multi-
body system collision dynamics can be obtained by means of symmetries and conserved quanti-
ties, and the results also lay a theoretical foundation for more precise dynamic optimal design

and advanced control.

Key words: mechanical multibody system; Euler-Lagrange equation; symmetry; conserved

quantity ; plane connecting rod
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