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2 . )

mil( $- %)= I,
Ly = (d*+ [i- 2dlisin®o) 2, 1 . ,
> @ ,
my/ma, Li= 1/l La= 13/(Lily),

{mlz%(e» Bo) = — 11/ cos( - %)+ Hsin(Oo— %],

2

MG+ Lofcos(Op— %) — Hsin(Op— %)] &=
(&7 MOy+ Lafcos( Go— %) + Hsin( = )] S),

€ = §M+ Li[cos’( Bo— 95) - bsin( Bp— P cos( Bo— ‘Po)]% ]/2,
&= M+ L%[cosz( Bo— %)+ Usin( Bo— @) cos(Bo— o)/ Y2
1.2
. (1),  Stronge rs,
2 )
Bros(Bh— P — L3®= - rs( €/ &) [ Bocos(Bo— P0)- L3%],
0< rs SL L= Wit 4

(3)

(4)
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@3
2
M+ Lif cos’( = %) — Hsin(0o— %) cos(0o— )] > 0, (5)
1.3
0,4 A 0B A , (3) (4
B= rib+ ra® = b+ ra%, (6)
ri= (M&+ rsMé&-— r58%82)8]18§2,
ro= L3(1- ri)arccos(Bo- %),
r3 = Lil(r1+ r5818§1)cos(eo— %),
ra=1- ri- r581&31,
,3 r , rar3— rir4= r*
, 02B B 01A B ,
F= ris®+ rop®, = riph+ ra H, (7)
r1B 2B T3B T4B ( )
. ; (6)
(7). )
2
1 9 9
* 0 OZB 12> l1+ d,
0.4 A 0.B . x1= 0,22= ¢
X1+ x1 = Jf1cos &
.. inx1— L3isinx2< A , 8
X2+ QPan= Jacos @ (- sin o ) (8)
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Ly= Igl7Y, A= diTh

n(n €7)
( (L) ) , .
Vi= 23, V2= a2, Poincar
> = {(xl, Vi,x2, Vo, 1) € R*x S| sinvi— Lisinaz= A}, (9)
S = {t(mod(Zn]T)) |t ER* } Poincar pP:x7 3 (1, n)
Po incar . P . 1
. ) , (x10-, Vio-, Vao-,
to-) (x10r 5 Vior, Voor, tor ) , Pr:(x1w0-, Vio, Vo, to ) I~ (%10,
Vior, Vaor, tor), 2 . Pu:(xi0, Vior,
V20+,t0+)|_>(x11-,V11-,V21_,t1_) €= (x11-, Vie, Voo, tr) (8) F,
, P >~ Poincar P
P= Pu°pPr:x" Z,(xl(},Vl(L,Vm,t(})|_> (x1-, V-, Vo, &+ ), (10)
i1— to= O(mod(2W @) ) , (xu-, Vir, V2i-) = (x10-, Vio-, V2o- ) ,
(1, n) . (ln) .
; (6),
: (8) ,
x1= (r1Vi+ r2Vao+ hiinQg)sin(t - to) +
(x10— hicos@g)cos(t— to) + hicos ¥,
X2 = (rsVio+ r4VZOQ+ ha Osin o) sinf (i — to)] + (1)
(x20— h2cos @o)cos/ (¢t — to)]+ h2coswx,
(1, n) , t1= to+ 2nTlW ® (x11=, Vie,x21-, Vor ) = (x10-, Vio-,
x20-, Voo ) = (x10, Vio, x20, Vao)® (11) (L n) ’
Sy Z0, Sa Z0 (12)
So = asix 10+ aszxzo’ Co = acixio+ aczxzoj (13)
ad ad

aq = (02S%LS%,,[hzr2+ hi(= ra— ror3+ rirg) [(rar3— r1r4){— QhoSu(— 1+ Cop) %
[2horo+ hi(— 1+ ri—= ra— rors+ rira)] + hiSa.(- 1+ C,) X
[2hir3+ ho(= 1= ri+ ra— ror3+ rire)]y,
ast = Q3 SHSau(~ 1+ Cu)(= 1+ Can)[ hor2—
hi(ra+ ror3— rira)](ror3— rira)(— 1= ri— r4+ ror3— rir4),
asa = OOhTSAS3.(~ 1+ Cu)(~ 1+ Can)[~ hora+
hi(ra+ ror3— rira)] (ror3— rira)(— 1= ri— ra+ ror3— rir4),

acl1 = — (*)ZS%LS%,,(— 1+ Cn)[hzrz— h1(r4+ ror3— r1r4)](r2r3— r1r4) X
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[— 2h1r3+ h1(1+ ri— r4+ rorz— r1r4)],
aca= @ 8383, (= 1+ Can)[ hara— hi(ra+ rars— rire)](rars— rirs) X
[— 2h1r2+ hl(l— ri+ r4a+ rorz— r1r4)],

So= sin( @o), Co= cos( @o), Sn= sin(2nT/ @), Cu= cos(2nT/ ©),

Son = sin(2nTY @), Crp = cos(2nTNQ/ ), n= 12 ..2
as Z0 (14)
ad (12) . Si+ C= 1, X10, X0 :
(ati+ adi)xto+ 2 asiasa+ aciac)xion20+ (de+ asz)xn— ag= 0, (15)
X10 X20 ( (14))
sinx 10— L3sinxp = A (16)
n,
(1) ag Z0,(11) X10 X2 (15) (16) , (L, n) .
3
(8 (Ln) . (9)
Poincar b (10) Poincar P,
Poincar P . (x10, Vio, Vo, to) €= P s
Poincar P= Py °Py, Poincar P Jacobi
DP(x10, Vio, Vao, to) = DP 1 ° DP 1 (x10, Vio, Voo, to), (17)
DP;(i= 1, 1) P;  Jacobi , (6) P P :(x10,
Vio-, Vao-, to-) |~ (x10¢, Vior, Vor, t0+ ), P1 Jacobi
1 0 0 O
0 ri r2 O
DP1 = , (18)
0 r3 ra O
0 0 0
DP1u P1u  Jacobi , P

x1(t) = (r1iVio+ raVao+ hi @sin®g)sin(t— o) +
(x10— hicos@g)cos(t— to) + hicos o,

Vi(e) = (riVio+ raVa+ hi9sing) cos(i— to) —
(x10— hicos @o)sin(t— to) — hi Wsin &,

w2(t) = (r3Vio+ raVao+ ha@sin@g)sin Q(1— 10)/ Q+ (19)
(x0— hacos @g)cos Q(t— o) + hacos X,

Vo(t) = (r3Vio+ raVa+ ha Osin@g) cos Q(t— i) —

(x20— hacos @) Qsin Q(t— to) — ho Wsin oy,
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(13)

(21)

ail ap ap aul
a2 a2 a3 a4

DP1 = . (20)
a3l ax ax a4

a4 a4 a3 a

an= Cy, an= S, a=- ViSo/(V2Q),
au= {sz[cﬁ(mvlw r2V) — Si(h1Co(— 1+ &)+ x10)+
Vi[ (h2CoSof &= &)+ QCo(r3Vio+ raVa) - QSszo)]}/( V2 Q),
an=- S, an= C,
an= Sof G hiCo+ Si( @h1So+ riVio+ r2Vo) + CG(xw— hi1Co)J/( V2Q),
au= @hiCoC;— @h1SoSi+ Si( “hiSo+ riVie+ r2Vw) + Ci(xi0— hiCo) -
{[— @ hiCo— Si( G1So+ riVio+ raVa) = Ci(x10— hiCo) ][ ©haSoCa+
W hyCoSof Q= Co( ©haSo+ r3Vio+ raVa) + Solxw - hz(lo)]}/l/z,
azi= 0, an= 0,
an= Co- Sof- hCot+ Bof “haSo+ r3Vie+ raVu) +
@’ Co(xn— haCo)]/(V29),
axm= 0 haCoCo— ©Oh2S0S 0+ QBSof haSo+ raVio+ raVo]+ QZCQ(xzo— h2Co) -
{[— W hoCo— Sof haSo+ r3Vio+ raVm) — L Co(x2w—- h2Co)][ h2SoCa+
W’ h2CoS o/ Q- Co( h2So+ r3Vio+ raVo) + BSo(x20- hZCO)]}/Vz,
as= 0, ap= 0, as=- So/( V2 Q),
am= [- hCSo— 9 haCoSo/ Q+ Cof haSo+ r3Vie+ raVu) —
Bo(xn- haCo)]/ Va,

So= sin( @wo), Co= cos( @wo), St = sin(t— to), Ci = cos(t— to),
So= sin®, Co= cos@, Sa= sinf Qt— o)/, Ca= cos/ Qt— to)]*

(20) (17),

all rianp+t+ rzaiz rap+t rqsaz a4
o azr riax+ rzaxs rax+ rsaas a4

DP = DP; °DP; = . (21)
0 ria r4ass as
0 r3as r4a43 a

4 3 2

N+ X+ X+ Thd+ Iy = 0, (2)

1'11:_ (a11+ rian+ rzax+ raqazz+ a44),

b= anau+ ri(— anaeu+ anan+ anau+ anayrs)-—
rarzanaxnt ri(— apau+ aran- auasn+ anas) +
ra( anaxn— axan+ axnau),

N3= rif- ananass— ananau+ ri(— apanaxn— aaenaix+
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anaxuap— apaxpau)]+ rr3(— apanan+ ananexn— aramas+

anaxay)+ ra( anazsan- anaxaus)+ r3( anaaan-—

auaiats— aidalasM— allaBas— 2riaiza2la’),

Na= (rira— rer3)(anai—- allan)(ax4as - akas),

- Iﬁ+ 40, — 8T

(23)

- Tj+ 4MT,— 8T

4.0 A

27T — 721, 1,

T+ 2718+

®= 2Mm- 91,

>

23 (M- 3M My 127)

2
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>
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23 (M- 3M My 127)

2,
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3e 0173
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Dynamic Analysis of Two_Degree of Freedom Oblique
Impact System With Non Fixed Impact P ositions

JINLi, LU Qishao, WANG Qi
(School of Science, Beijing University of Aeronautics and Astronautics,

Beijing 100083, P.R. China)

Abstract: The dynamic behavior of a two_degree of freedom oblique impact system consisted of two
pendulums with non fixed impact positions is investigeated. The relations between the restitution co-
efficient, the friction coefficient, as well as other parameters of the system and the states before or
after impact, are clarified in this oblique impact process. The existence criterion of single impact peri-
odic n subharmonic motions was deduced based on the Poincar map method and the oblique impact
relations with non _fixed impact positions. The stability of these subharmonic periodic motions was an-
alyzed by the Floquet theory, and the formulas to calculate the Floquet multipliers were given. The
validity of this method is shown through numerical simulation. At the same time, the probability dis-
tribution of impact positions in this oblique system with non_fixed impact positions is analyzed.

Key words: impact with non_fixed position; oblique impact; subharmonic motion; existence; stabili-
ty; probability distribution
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