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Abstract

The goal is to study a simpler and more canonical dynamic modeling method for nonholonomic
multibody system dynamics and control problems. By using the Euler-Lagrangian form of Gauss
principle, the differential equations of dynamic motion suitable for nonholonomic multibody sys-
tems in quasi-velocity form are derived. Compared with the dynamic differential equations for
nonholonomic systems, which are usually expressed in terms of energy functions and generalized
coordinates, the method of derivation presented is simple and direct, and the obtained equations
are expressed in explicit matrices of quasi-velocity consistent with the degrees of freedom. It has
strong generality and standardization, and is suitable for programming modeling and calculation
of multibody system requirements. For the example of nonholonomic system, the differential
equation of motion expressed by quasi-velocity is established, and the numerical simulation and
the corresponding dynamic characteristics are carried out. Compared with the Routh equation
with multipliers, the proposed method is superior in computational speed and can be used to
solve the constrained default and location singular problems.
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1. 518

“TEEE” R CHETERE” R 1% EXTLURM RGN RS . BN RGN RS, dE5EE
LU RGN R T . H M Hertz T~ 1894 fE iR AR B R G — LB B S LR, B ¥ 1E
JETERE R G FEA R I AT R SR AR P (0 B AR T R

e 5E 3 RR B )15 7 FE 0L E AR a0 /2% )53 1) DLP J5#(D’Almbert & Bernoulli J5#E);
2) Gauss J5UHEFN Jourdain JEHE; 3) Hamilton ¥ . H o Gauss JEHE AR A AL EEEMER 41 3h 1
AR [1].

EARER RGN 1 R R, J T R R T SRR [E 1 3h J1 2 R, X R %
S, BATRARI PR 1) ST T ER MBI/, W Routh 5 RE[2]s 2) LRI AN IR TS
JI¥T7RE, W Maggi 772 Appell 77255 [3]. IR LT REH s AR, AEEUE SR AR o R I R MR AS AR TR
[4].

BB LR RGN BN AR I T BRI A B )yt iR, IR TR L E R ISR
MERFISHNIRE M F R E(BhAE . Hamilton sR&. I FERESE) ) Uz BB E o 3 7t Refe 21, 18
HE . IR R KR, BRI R ZAAET @ T o IR R, ERET WS HT
R FEHE, WTHWESRIRS, ZMRFEHESHEIERICK. HLTE, Appell HEFHHMSHT
KRR, (AR E R RGN Appell EUTIES 3, Kane il Jourdain J5HE, 153 H#EALFRRIL 1 5)
DIy 7 R ARTESR AR FE ) SCEBN ) B S I FR0 K B R IS L, 755 5 4z B %l [4] [5]
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Figure 1. Example of nonholonomic systems
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Xc tan g -y =0 (12)

DOI: 10.12677/dsc.2020.92011 124 HH ARG S


https://doi.org/10.12677/dsc.2020.92011

Hobixe, yo oy C SAER EAKR R Oxy HIAERR, ¢ fiily CE4S x SIAIMIYE M. 4 q=[%,0 V] NI A
BRE, o=[o,0,] WIHEEERE.
4.1, BETFHEREN SR/ MIREERKRE
TP B
@, = X COS@ +Sin@y,
W, =¢ (13)
W, =X tang -y,
JUE
cosp 0 sing
J=

0 1 ol,i[qm

tanp 0 -1
PR m s T G4 2 R B

cosp 0 singcose cosp O
D=J'=] 0 1 0 ,D,=| 0 1

sinp 0 —cos’o sinp 0

—sinppa,
w=Da' = 0

COS ppay
cosp O ™ cosp O M
A'=D]AD,=| 0 1 I 0 1 :{ | }
sing 0 M || sinp 0O ¢

G-I (Aw=g)-|

T

cosp 0] | Fcosa . .
o-po-| 0 1 L _{F003¢005a+Fsm¢sma}
sinp 0] | Fsina Le

AT, g, QURNMEREFR(1L), B
M.d)l:FCOS(pCOSa+ Fsingsina (14)
Ica)z = Lc

@J‘:i?‘ﬁ%(l@ﬁﬁ?%‘n?ﬂa‘){wl}  RIAAN(3), TR SCGERE, R AR R AT E) R — i

@,
ZIRIT AR R AR
BUH LRI 2, 183 BoR T AR TR FIEZI R R K, RIUEALRR 7L E 4 W E 3l
AR, HFEEUES RX 2R TR ZE T T 0T PLZRS
4.2. EF Routh 5BRES X
i IE5E 5 2 4E 11 Routh J7 F2 1T LAFE 3.

DOI: 10.12677/dsc.2020.92011 125 B 1 R g5


https://doi.org/10.12677/dsc.2020.92011

MX. = Fcosa + Atang
My, =Fsina -4 (15)
lca, = L
TR (L) ERLATTRE(12), TG RIR G MIB) 4R, BAERMRE R QA 4 KI5 5 Brs.
4.3. P RRIRIEL A

a. TR

S Rh o A9 B 0 7 7243 5 (14) S (15), SR FR(A5) R A, FRATTTT DAAS P P 0
B SN B RRQAY S B B s 7 PRI B R4, TSR T RE(15), TR EIEar
LIFTTR(12), HERAA ST TR REBOT TR, TR H IR AR /ME £

H 75 P2 (15) F A 10T LA He

i—ngm I, tang VA L, A G S, T 7 FE(14) 8 G T I R

b. JFHHIE LRI L

K2 R 4, B R VERT U SR UL AR BRI T A B AT LR A, AEUEZ T IE
T PR3 0 B S

K3 KX 5 SRR T PO iR EE LB, R0 Rl AL Routh J7 i Tl EE DT AR KIS L, AR
T 2 B 07 FUNF TR A I, B 20 R R K

L5 LPnA, AL SER Routh T2 EL, SR AR AR 3C 3l 0 2430 K J7 2 (11) SR D AR 72 B R SE I 2l
JIEE R, THREEETR, HAEA T EHAMEIEREIL T, WA ROt G £ S B A R

5. &

[7 H i B CAZH /1 SRS B BRI AT X AR 52 B R GERI B J1 A0 T RE A B, AR SCR A v i 2
SRR T DLHEARFRTE SN Bh  oy Jr ke, B BB B AR M R, RS adhE %, A
ARERINE R VE R, G T 2 R G RIRE A EA R S ER

——Displacement of xcl

i

0.8F

0.6

Displacement

0.4F

0.2F

0

0 05 1 1.5 2 25 3 3.5 4 45 5
t/s

Figure 2. Relation diagram of centroid coordinates with time (qua-

si-coordinate method)
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Figure 3. Velocity default graph (quasi-coordinate method)
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Figure 4. The relation diagram of centroid coordinates with
time (Routh method)
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Figure 5. No-revised velocity default graph (Routh method)
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