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Tém tit

Bai bdo nay trinh bay viéc khao sdt ré nhéanh doi véi
dao dgng ciia xe lu rung cé hai kich déng diéu hoa
trong ché dé chuyén déng binh on. Trude tién, mot
mo hinh dong lyc hoc phi tuyén clia hé da dworc thiét
ldp. Dyea trén phirong trinh déng liec hoc, két hop véi
Iy thuyét ré nhdanh Floquet, ta xdy dyng chirong trinh
tinh todn s6, khdo sdt ré nhanh cia dao dong tudn
hoan doi véi xe lu rung. Viéc phdn tich ré nhanh
trong dao dong cua xe lu duoc thuc hién khi tham 56
ré nhanh dwoc chon la dé cimg tiép xic giita cdc
béanh lu va mat dwong. Két qud thu dwoc la cic do
thi mo ta sw ré nhanh trong dao dong cua hé theo do
cing tiép xiic va cdc do thi mé ta dao dong tuan hodn
ciia hé trong mot sé trang thdi chuyén dong binh on
trieée va sau cc diém ré nhdnh.

Twr khoa: Xe lu’ rung, dao dong tuan hoan, dong
luc hoc phi tuyén, on dinh Floquet.

Abstract

This paper presents the analysis of branching in
oscillations for a vibratory roller with two harmonic
excitations in steady motion mode. First, a nonlinear
dynamic model of the system was established. Based
on the equations of motion, combined with Floquet's
branching theory, we develop a numerical program
to perform branching analysis of the periodic
oscillations of a vibratory roller. The analysis of
branching in the vibration of a vibratory roller is
performed by selecting the branching parameter as
the contact stiffiess between the roller wheels and
the road surface. The obtained results are the
branching diagrams of the system as a function of
contact stiffness and the periodic oscillations of the
system in several steady-state motion conditions
before and after the branching points.

Keywords: Vibratory roller, periodic vibration,
nonlinear dynamic, floquet stability.

1. Mé dau

Céc xe lu thudng duoc dung cho viéc dam nén nén
duong. Khi thi cong, d6 cimg cua nén duong thay doi
sau mdi 1an ddm nén, dan dén do cing tiép xic giita
mit duong va cac banh lu sé thay d6i theo. Do do, khi
xay dung mo hinh dong luc hoc cho xe Iu trong qua
trinh van hanh, ta s€ thu dugc mét hé dong lyc hoc phi
tuyén trong d6 cac ham thé nang dan hoi s& 14 cac ham
khong lién tuc, chinh diéu nay s& lam cho cac dap ung
dong luc hoc ciia hé dao dong rét phirc tap, trong nhiing
hé nhu vay thudng xuat hién sy r& nhanh hay dao dong
hdn don [2]. P4 c6 nhiéu cong bd vé phan tich r& nhanh
trong dao dong cua cac hé dao dong trong ki thuat. Nhu
tinh toan dao dong tudn hoan cta cac hé phi tuyén manh
bang phuong phap cin bang diéu hoa da duoc cong bd
trong cac cong trinh [4 - 8]. Trong cac cong b [7, 8],
Xu et al. di tim cac nghiém tuan hoan va phan tich r&
nhanh cta h¢ dao dong trong do 10 xo va can nhét 1a
cac ham tuyén tinh timg khtic. Shaw va Holmes [9] da
tinh toan chuyén dong diéu hoa, dao dong da hai va dao
dong hdn don dbi véi hé phi tuyén mot bac ty do, voi
thanh phan dan hdi phi tuyén. Trong cong trinh [10],
Natsiavas da phan tich dic tinh dong luc hoc phi tuyén
v6i giam chan kiéu van der Pol. Véi cong bd [11],
Ponce va cong sy da nghién ctru 1€ nhanh d6i chu ky
ctia mot 16p bai toan dao dong véi cac ham tuyén tinh
timg doan. Bang thuc nghiém, Wiercigroch et al. [12]
da tim duoc dao dong hon don ciia hé tuyén tinh khong
lién tuc. Casini va Vestroni [13] da phan tich cac dap
ung dong luc hoc cia hé 2 bac tu do trong d6 co cac
ham tuyén tinh timg khuc.

Trong nghién ctru nay, dé cap dén viéc tinh toan
dao dong tuan hoan va phén tich 1& nhanh ddi véi dao
dong tuan hoan cua xe lu rung véi hai kich dong diéu
hoa, khi cho dé cimg tiép xtic gitra mat dudng va cac
banh lu thay doi.

2. Phwong trinh dgng lwc hoc ciia xe lu véi hai
kich dong di¢u hoa

MO0 hinh dao dong ctia xe lu rung véi hai kich dong
diéu hoa dugc cho nhu Hinh 1 [3], trong d6, than xe
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Hinh 1. M6 hinh dao dong ciia xe lu

duoc md hinh héa boi thanh AB ¢6 khdi lugng m, mo
men quéan tinh dbi véi khéi tim G 1a J. Banh trude
duoc md hinh héa boi khdi luwong mi, banh sau dugc
mo hinh héa boi khéi lugng m,. Su tiép xuc giita cac
banh lu va mit duong, duwgc mo hinh hoa bédi cac 10
X0 va gidm chén, tai banh trude 1a ki, b; tai banh sau
14 ky, by. Nguoi van hanh cing ghé ngdi dwoc xem nhu
mot vat ndng co khéi luong ms, li€n két voi than xe
b6i 10 X0 k3 va giam chan bs. Tr hinh 1 ta thdy hé dao
dong co 3 bac tu do, ap dung phuong trinh Lagrange
loai II[1], ta thiét 1ap duoc phuong trinh dong lyc hoc
theo cac toa do suy rong si, s2, 53 ¢6 dang:

M(@)d+C(q.9) +G(a) = F(t) (1

Trong do:
a=[s; s, Ss]T 2
My My Mg
M(@@)=|my; My My 3)
mg; Mz Mgy
Cam=[a c o 4)
G@=[a 9 0l (5)
FO=[F F Of (6)
Pit
L=a+a,; ¢=(s,—s)/L @)

Khi d6 cac thanh phan cta ma tran M(q), ma trdn

C(9,9) va véc to G(q) co dang:
m, =A +B,(h+s,)*>+C,cosp+ D, (h+s,)sing
m, = A, +B,(h+s,)* +C, cosp+D,(h+s,)sinp

m, =A,+C,cosg
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m,, = A, +B,(h+s,)? +C, cosp+ D, (h+s,)sing
m,, = A +C,cosg

My =My My, = Myg3 My, = Myg; My =My

q=H,+A(h+55)(%-5%5,)%
+ By (h+53)(8; —$,) cosp+C, (§,—$,)* sing
+D; (8 —9;)%sing

¢ =Hy+ A (h+55)(8-9,)8%
+B; (h+55)(8, —$,)° cosp+C; (8, —$,)  sing
+D; (8 —9;)%sing

Gy =—(mg / L*) (h+55)(81—%,)” +buss
g,=H,+A +B;cosp+Cy(h+s;)sing
0,=H,+A +Bycosp+C,(h+s;)sing

0; =k;(s; —9,) + myg cos g

V6i, cac hé sb 4;, B, Ci, Di (i =1, 2, ..., 9), duoc
cho boi cac cong thirc dudi day:

1
A=m+ 7 +(m+my)a; +m,(a, —a,)’]
1
A, = laam-J -m,(a, —a,)* +m;a,a,]

1
A, :mz"‘F[J +af(m+m3)+m3(a1—a3)2]

A3 — m3(a1L_a3) ’

A=A, A=mg st (mem)g

2m,

A=-A A= 12

A) =m,g +%(m+m3)g
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m m,a m,a,
Bl:L_:, Be:_%’ B, =— i » B, =—B

m,g(a, —a;)
Baz#v B, =B, By =-B;

c _2ma,@-a) . _m(a-a)@-a,)
' 12 s 1’
C3:m3La2 C4 :_stalf_?l_aS)’ CSZ%

c -MEE ) o _ma@-a)

2 L2
m;g
C8: |3_ 'CQZ_CB
2m,a m,(a, —a,) 2m,a,
D, = EZ’DZ 3|_22’D“ |_g
2m,a 2m
Ds_ L32 2, D7_ Lzal
Céc ham Hi, H», H3, H4 c6 dang:
H = 0; S, 29, "
e -8): 5 <4 ®
0; )
Hz={ ol ©)
k2(82—52), S2<52
H. = 0, s29 (10)
*lbg; s <4,
0; S, > 0.
Hy={" 7 7 11
‘ {bzs'z; s, <6, (b

Trong d6 31, 2, 83 1a lugng bién dang ban dau cua
cac 10 xo k], kz va k3.
Cac lyc kich dong F'1, F> do cac bd tao rung ciia xe
Iu khi hoat dong gay ra, c6 dang:
F, = Asin(Q,t +
1 ) (Qt+7) (12)
F, =Bsin(Q,t+,)
Dua trén phuong trinh dong luc hoc (1), sau day
ta di khao sat r& nhanh cua dao dong tudn hoan trong
van hanh xe Iu rung véi hai kich dong diéu hoa.
3. Tinh toan dao dong va khdo sat ré nhanh
Tir hé phuong trinh (1), két hop véi 1y thuyét ré
nhanh Floquet [2], mot chwong trinh tinh toan s6, khao
sat r€ nhanh trong dao dong cta xe lu rung véi hai kich
dong diéu hoa da dugc thiét 1ap. Dé tinh toan s, ta chon
hé sb do cung k 1a tham s6 1& nhanh, cac tham sb con
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lai ciia hé dao dong dugc cho trong Bang 1 [3].

V6i gia tri cac tham sé nhur trén Bang 1, cho & bién
thién trong khoang [2, 19], sau khi tinh toan, phan tich,
ta thu duoc cac két qua cho nhur trén cac Hinh tir 2 dén 8.

Bing 1. Gid tri cdc tham sé ciia hé dao dong

Tham Don Tha Gia Don
. G o
S0 vi m so tri vi
a 1.67 m a 1.67 m
as 1.4 m h 1.735 m
m 3800 kg m 3800 kg
ms 80 kg m 1400 kg
b, 15 Ns/m b, 8 Ns/m
bs 25 Ns/m ky k*10°  N/m
k> (k+2)*10°  N/m ks 39200 N/m
A 78 kN B 78 kN
0 961 rad/s 0 961 rad/s
7 0 rad » 0 rad

Tir Hinh 2 ta thdy, tai k=2,0, ta tim dwoc mot
nghiém tuan hoan 6n dinh chu ky 7=27/42 (trén Hinh
4 14 nghiém tuan hoan chu ky 7 tai k=5,0). Xuét phat
tir gid tri ndy, ta cho k ting déan 1én, tai mdi gia tri ciia
k, ta tim dugc mot nghiém tuan hoan chu kyT on dinh,
khi ting dén gié tri k=7,8 ng v6i diém R, trén Hinh 2,
khi ting k di qua gia tri nay, tir Hinh 3 ta thay c6 nhan tir
Floquet 3 vuot qua gia tri 1, theo 1y thuyét & nhanh [2],
dao dong tudn hoan chu ky T cua hé s€ mét én dinh. Vay
tai k=7,8, ta ¢ diém 1& nhanh R,. Khi gia tri cia k bién
thién qua diém nay nghiém tuan hoan chu ky 7's& mat
6n dinh, dao dong cua hé sé nhay dén tap nghiém méi
1a nghiém chu ky 27. Trén Hinh 5 mo ta nghiém tuan
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Hinh 2. Biéu d6 vé nhdnh trong dao dpng ciia xe lu
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Hinh 5. Dao dpng tuén hoan chu ky 2T tai k = 12
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Hinh 7. Dao dgng tuin hoin chu kp 3T tai k = 3,0

hoan chu ky 27. Tiép tuc cho & ting 1én, nghiém tun
hoan chu ky 27 van 6n dinh, khi k ting dén gia tri
k=15,5 tmg véi diém R, trén Hinh 2, khi di qua gia tri
nay, tir Hinh 3, ta thay c6 nhan tir Floquet 5 vuot qua
gia tri 1, theo 1y thuyét r& nhanh [2] tai day ta lai c6
mot diém r& nhanh trong dao dong. Khi di qua diém
1& nhanh Ry, dao dong ctia hé s& nhay dén tap nghiém
tuan hoan mai, nghiém chu ky 47, trén Hinh 6, mo ta
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Hinh 4. Dao dpng tuin hoin chu kp T tgi k = 5,0
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Hinh 6. Dao djng tuén hoan chu ky 4T tai k = 18,8
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Hinh 8. Dao dpng tudn hodn chu ky 3T tai k = 8,4

dao dong tudn hoan chu ky 47. Ngoai cac tap nghiém
tuan hoan chu ky 17, 27 va 4T, qua tinh toan phan tich,
trong hé dao dong nay con xuét hién cac nghiém tuan
hoan chu ky 37 dugc cho nhu trén cac Hinh 7 va 8.
4. Két luan

Bai bao nay da phéan tich ré nhanh ctia dao dong
tuan hoan dbi vé6i xe lu rung c6 hai kich dong diéu
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hoa trong cac ché d6 chuyén dong binh 6n voi tham
s6 ré nhanh 1a do cimg tiép xuc giita cac banh lu va
mit duong. Tl cac két qua co duoc ta thay, khi cho
hé sb do cimg tiép xtc k bién thién tir 2 dén 19, trong
hé dao dong xuat hién cac diém r& nhanh nhan doi
chu ky. Khi tham s6 r& nhanh k& bién thién qua cac
gia tri r€ nhanh, nghiém tudn hoan ban dau cua hé s&
mét 6n dinh va dao dong cua xe lu s€ nhay dén mot
tap nghiém tuan hoan mai c6 chu ky dao dong duge
nhén d6i, ngoai ra trong qua trinh tinh toan va phan
tich, da tim ra, ngoai cac nghiém tuan hoan chu ky
1T, 2T, 4T, trong hé con xuét hién cac nghiém tudn
hoan chu ky 37.
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