B2 % B AW noF ¥ R Vol. 26, No.4
1994 £ 7 A ACTA MECHANICA SINICA July, 1994

B RGH E HEz ST EIAR

R A

(RBIT KM A A% £, 4L 100081)

WE AXHREZERFNEHZHNENL FERNE URSZHEXMIELE
TR TR RIRE, F23¢ B B4 R A

XA ERBRE ARRSH HHED

Al

ERBRRMEIRBTER S, ARREHGERG. HERED, TEF
ARNWBRIE. AXHFRIETERALN —KIFHKZ3, 2 ABHES FriEEH
BEEE FRBARRNATWES. MRXEKEHME, ETBHERT  E%
BYRIAERFT, FROETBARERHELRT -

SCHR [1] X KRRIBR T SEEXMAR MR AT BRE, HEH T At
H#E. LB L, X ASMEREA SR IETE ALKM A B2 3).

. FRR RS HHENFERHE

WHERFEWNTEE o ) LR qo(s= 1, ,n) XTAE, EHEIRE 9
I Yeraen RIIESEH 4K AFR ¥

illg

fﬁ(qs,qsyt):() (ﬁ:l,---,g;s:L---,n) (1)

RGCHIE WA Y Y

d T IT

a9 dfp
dt 8q, Jq, ]

=Q,

H T RREHEE, Q. B XA, r HHRKF, T

=Z ﬁaq, (s=1,---,n) (3)

D ERERBEES T HIRE.
AXTF 1993 4E 6 A 28 HFIHE . 1993 4F 10 J 9 HEBIBHHR.



£ 4 M WA : FRBRARNHBZENS5EZEENTEE 471

RET CERBARKT S GFRRT Ao TIEENMATRES ZHOREH, RN
S, UEER SR,

2 1 0f, 0f " of,.  Of
Zgz Alaq:a'qﬁ + 37‘”"377

B=1s=1I=1
AP = S5 (22 v,
m=1k=1 8
+g_?;: aaBt - agtkaqk} 0 (7:1759) (4)

Heh A, HBIBET W KBRY, B, A —RKBAY, To AFERAEKBT R
BB, A=A, Aa H A TR (5,0) IARBARTR, MW

(BA;“ OA s BAkm)

k,m;s
{ ] aqm 3Qk aq.s

(5)

HFERE [Are] B 55— Christoffel iC 5. HA—MMIKLH (1) GHMIL, R [Ar,]
AR, SERBTRA (4) TR X

BX TEERBREEHFME A =08=1,---,9) KiEZ, HFHETBRLN
Effz:pr=iE

Lk XAREHFELARM B 23 “BH” EXMIEREARERLN-

MR ERE L, MR (4) THESIEZERE A HENFEN T LER

2
— 8fy 67 8fy = A, SN .
Za— f Za';z Al{_ZX_:[k m's]qum

s=1 m=1k=1
0Bk . 0Ty 0B, <= 0Ak, | _
+XX3% )k+%+5;‘77“§(3r“}—°
(re1,o,0) ©)
MRIWFRZETZCEIRREREN, A

Bs:TOZ()v

2% A% (6) A

n

- af’y . af‘y - a.f"y = Asl
g+ 2L+ Y =2 -
=1 6!]1 « ot ; £l ;l A { m=1

1 (7)

> [kymi s]dudm + Qu} =0
)"'7g)

(y=1

MRRM (6) ML, NETBAFFEERIZS; K2, MREHF (6) AWML,
RS REARFEE hiZ )

A (6) XS Q, BREMN, BRI AR, TICEEMEE R X4
Apg=0(8=1,--,9) B, & (2) LA GLIH 1) HERL.



472 5 2 2 # (1994 %) % 26 %

= FBREEBEIHRBEE

THAR="2MEMNBMIETEREN H Hhiz3).
1. Appell-Hamel [a)§8

—REA m YRLAEZMIZES, EREHZE N EREETBAR
2= (" +§°)"/? (8)
BRLEBRZENIN EHIMAIN Q1,Q2,.Qs REEHHTTEN
mi = Q) — A&(&2 + y2) /2
mij = Q2 — Ay(&? + %) ~1/? 9)
mz = Q3 — mg + A

M QI =Q2=Q; =00, FARRBHRELH Appell-Hamel 6] .

A

E4 Q=T @2=Y 4qg3=2z2
i T tmidt+ i3+ )
FRAE
Ajn=Apy = Asz=m, Ag=0(s#k)
B,=Ty=0
A=m3 Ay =A7Apn=Ap=m? Ag= 0(s # k)
& (6) Bt
of Ny af An 3 Aas
L ST Al NN 20, 5 4 2% - -0
i & 1t 5 A QT go A (@smma)
Bp —(g2+ ¢2) " V%(q1Q1 + 2Q2) + Qs —mg =0 (10)

LHEIEISTT Q1,Q2,Qs TR &M (10) BY, A ATRER A TR ARHN H HZE).
B, B Q1= d1, Q2 = d2, Q3 = d3 +mg. X T Appell-Hamel [B}fH, Q1 =Q2=Qs =0,
WA (10) ARSL. BB,  Appell-Hamel [MBIARFFAEIEE B RGN H HIZEF).

2. YannurneEiKo)E

BEERECETEH LRENTCS TEEMAHES, LK (=y), THAN
0. SRR N . .

T = Em(:i:z + %)+ 5JC(;'?2

Her J. AERGET RO c HELMHEINE. FZERBARN

rsind —ycosd =0

&

=z, ¢=y, g=10



%4 M R ERB AN E fHE s 5B HEK 473

AR BALESh B R
f=disings —gacosqz3 =0 (11)
mgy = Q1 + Asings, mgs = Qp — Acosqs, J.Gz3 = Q3 (12)

H Q1,Q., Qs AMEIMAIS 1. HATH

Ay = A =m, Aszz=J.,, Aqa=0(s#1)

B, =Ty =0, Ay =md., Asy=ml., Azz=m?

A =m?J,
K (6) ik y

(d2sings + s cos gs)ds + (1 sings — @ cosgs) = 0 (13)
HERBILR (1), R (13) TERER

mg143/ cosqs + Q1 sings — Q2 cosgz =0 (14)

MERME (14) BUKE, BAEBREFEETBEREN B HIED)
Q1 =Q:=Q;=0H0, BN Yannvirus TR, HERMEF (14) 5

g1z =0 (15)

XA R LR ER S CE IR TR (12) MR

G1=4¢, =4, &=4i {16)
R4 (15) A §igs =0 (17)
R (17) B AN @ =0 @#0 (18)
ERDIEZEAR 1), A 3 =0 (19)

& (18) . (19) RARTRIE O A HEEd R OMSEMESERD). KNBRIRA
BRRGHMRAERE, SREARFFEIRTLEEHT. FE Q) HBE_4
Wi
B=0, {40, B0, dfsing— Bcose =0 (20)
REATREONTE ELED AR, XB AR [ B W X
B HE (1) BHBZAR
R=8=d=0 (1)
ERRTRIOEILRE.
Hit, YEREIMMERGEWERR 1) 0, EELAEZERARNEHEZ
3. SR ABERXRR (17) B, ERERETBREN—BEZ. —BH23H
fRE HOCRR [2,3) 5.



474 71 ¥ ¥ 1# (1994 ££) % 26 %

3. ZEBRIE)E
2N o B RERIEHBEKEE ERSRES.
BERGAAR (z,y) K Euler f§ (v,0,0) AT 4R, ZhREHR

T = %m(i2 + 9% + %%ma2(¢2 + 6% + ¢* + 299 cos §)
R BARERRICE SR S &M
& + a(psinfcosy — fsinyh) =0
¥+ a(psinfsiny + cos ) = 0
A a=1v q0=0,06=9p =1 =y WUINEMLYREN
T = Sl + @) + 5 ma?(@ + 6 + & + 2nda cosa) (22)

fi =da +a(gssingacosq; — gasing;) =0

(23)
f2 = g5 +a(gzsingssingy + gz cosqy) =0
REBEHMF BN
%maz(fil + §zcos g2 — gagzsings) = G ‘
gmaz(iiz + 143 singz) = Q2 +a(—Arsings + Az cosqy) (24)

2 . s . - . . . AY
gmaz(q;; + g1 cos g2 — q1g2singz) = Q3 + asinga(A; cosq + A2 sing:)

mis =Qs+ A1, mds = Qs+ Az

He Qu, -+, Qs AFEMI IR
HRFIEHBEFHRE, ETTIHE. B

2 2
An = Agy = A3z = gmaz, Az = Azl = gmaz cosqz, Aga=Ass=m

) 3
A=m? (gmaz) sin® gy

2 2 9 2
Au = mz(gmaz) y A13 = _mZ(gma2) COs g3, A12 = A14 = A15 =0 )

2 2
Agp = m2(gma2) sin?gs, Mg =g =02 =Ay5=0,

2 2
Az = Ayz, Azz = mz(gmaz) , Az =AQ34=A0235;=0,
2 N2

Ay = m(gma ) singe, Ay =~AQ42=A243=»02845=0,

2 3
Ass = m(gmaz) sin® gy, As1 =5y =As3=0~A254=0



L NE WA ERBARARNE dES S TEHHMHK 475

B= (23) 11 HE
-% = % =0, % = —asingy, —1 = a cos q; sin ¢
01 Oq 042 043
a—fl =1, % =0, % = acosqy, ——3 = asing; sing; ,
044 04s 042 043
0 5] 7] ) . .
a_qu =0, a_gz =1, 3_2 = —a(gz cosg; + g3 sing; singz)
%=aq3cosq cos g2 %=%=%=
9g2 ! ' 9z Oq4  Ogs ’
% = a(g3 cosqy singz — gz sinqy), =2 aqs sin ¢ cos qz
oq 0z
0f _0f2 _08f2 _,,
0qz Oqq4 Ogs
X
[1,2;3] = [2,1;3] = —%ma2 sin g
[3,1,2] = [1,3;2] = —ma?sin g,
[2,3;1] = [3,2;1] = —%maz sin gy
H4 [k,m;s] =0.
&4 (6) & i
ofi.  Of1. 0ft Bs1 | Ofi Dg2 | Of1 Asz | 3f1 By
20 o 2 G0 A Yo A tam A T ow A
Ofi Bss\ (S o)
—_— — e slg ] =
50, 2 )L 2y 2o (R ¥ Qa0
0fa 8fs = [0f2 Ay  Of2Bs  8f2 D | Of2 Au
5, 1 g, 127 ;(aq’l A Tog A tog A "o A
8f2 Aus S .
= - k, m; m ] =0
36, A )( kZ::lmzzl[ , M; S|qkg +Q)
il

—a(g2 cos g1 + g3 sinqi sin gz)¢1 + agagz cos i cos gz

. 1 2 L.
+(—asing) (2—) ( - gma2q1q3 singz + Qz)
2

+(a cos gq sin qg){( - ZC&)

gma2 sin® g,
1 2 L 1
+(2——) (gmaquqz sin gz + Qz)} + T—n‘Qnt =0
gma2 sin? g,

2 ...
(377"1242‘13 sin gy + Q1)



476 H =2 £ # (1994 %) % 26 %

a(gs cos ¢ sin gz — g2 sinqy )g1 + agdsgz sin g; cos ga

1 2 S
+(acos ql)( 5 ) ( - gmathqa smgz + Qz)
—ma?

. . cos
+(asing; 51nq2){< -5 12

2 L.
) (—m024243 singq + Ql)
gma2 sin? g,

5
1 2

A 1
+(24) (gmazﬁlh sin gz + Qs)} + ;n‘Qs =0
gma"’ sin? g,

. . 2 .
—~Q1cosq; cos gz — Q2 8in gy singz + Q3 cosqy + gaQ4 singz =0

—Q1sinq; cos gz + Q2 cos g singz + Q3sing; + %aQs singz =0
SRR BB AR AR 217, BP
Q=Q2=Q@3=Q:1=Q@s=0

WRBR LB IEE R ALM B HiZs). MR, ML EEIENT, ROETE
HEZ%2g), REROCFESERED). RRRBENGEREUETS. BARERERLE
REBEH, XMEEEINEAREN. A, KERRLA—BROIETEEZE),
AR BRSNS

2 £ X W
1B AKRRERE. FREFAHE A BETIKELR, 1993 451453

2 MR ETBERR LSRR LR DT LS, 1985
3 BRI, irsh i dbR: dbE kIR, 1987

THE FREE MOTION OF NONHOLONOMIC SYSTEM AND
DISAPPEARANCE OF THE NONHOLONOMIC PROPERTY

Mei Fengxiang
(Dept. of Appl. Mech., Beijing Institute of Technology, Beijing 100081, China )

Abstract This paper studies the definition and the condition of realization of the free
motion of a nonholonomic system and disappearance of the nonholonomic property related

to such motions. Three exemples are given to illustrate the application of the result.
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