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Tém tit

Bai bdo nay dé cdp dén sw phan tich ré nhanh cia
dao déng tudn hoan trong cdc ché dp chuyén dong
binh én ciia cdp banh rang tru rdang nghiéng. Ban
ddu, mét mé hinh dao déng phi tuyén cia hé
truyén déng banh rang da dwoc dia ra, trong do,
dé cieng an khép dwoc xem nhie mét ham thay doi
theo thoi gian va khe ho gita cac rang khi an
khép ciing dwoc ké dén. Dwa trén phwong trinh
Lagrange II, phwong trinh vi phin chuyén dong
cia hé da dwoc thiét ldp. Viéc phan tich sw on
dinh va khdo sat ré nhanh ciua nghiém tuan hoan
duge thue hién bang phuwong phdp tinh todn sé,
dya trén Iy thuyét ré nhanh cia Floquet. Két qua
thu dwoc la céc diém ré nhanh va dao dong cua
hé trude va sau cdc diém ré nhanh.

Tir khéa: Dao dong phi tuyén, nghiém tuan hodn,
déng lue hoc phi tuyén, ré nhdnh.

Abstract

This paper analyzes bifurcation of steady-state
periodic oscillation for a helical gear-pair system.
A nonlinear vibration model considering gear
backlash was proposed in which mesh stiffness is
considered as a time-varying function. The
differential equation of motions is constituted by
applying the Lagrange's equation of the second
kind. The stability analysis and bifurcation of the
periodic  solution are

method

branching theory. The obtained results are

conducted by using

numerical together with Floquet's

vibrational graph and bifurcation points.

Keywords:  Nonlinear  vibration,
solution, nonlinear dynamics, Bifurcation.
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1. Mé dau

Véi cac bd truyén dong banh ring, phuong trinh
dong luc hoc mo ta dao dong ctiia hé thuong 1a céac
phuong trinh vi phan phi tuyén. Trong cic ché do
chuyén dong binh 6n, hién tugng dao dong thuong

thy 1a cac dao dong tuan hoan. Tuy nhién, khi c6 ké
dén khe ho giira cac rang khi an khop, s& cho ta mot
hé dao dong phi tuyén manh, cic hé théng nhu vay,
s€ co cac dap tng dong luc hoc rat phtre tap, nhu sy
1& nhanh, dao dong hon don [8].

Nghién ciru cac dap tmg dong luc hoc ddi véi
c4c mo hinh dao dong phi tuyén cia bo truyén dong
banh rang, cho ta sy hiéu biét nhiéu hon vé su thay
dbi cac dic tinh dao dong trong quéa trinh truyén
dong. Boi vi, ngudn goc chinh ciia dao dong trong
hé truyén dong banh ring, thudng 1a hoat dong an
khép cia cac banh rang.

Mot s6 mo hinh dao dong phi tuyén ciia cap banh
ring trong qué trinh an khép da dugc phat trién trong
nhiing nam gan déy, trong d6, c6 dura vao xem xét cac
yéu t6 dong Iyc hoc quan trong, nhu, khe ho gitra cac
rang, d6 ctng an khép thay dbi theo thoi gian va kich
d6ng tir nhitng sai s truyén dong cua banh riang [1-7].

Trong nghién ciru nay, dé cap dén viéc phan tich
1& nhanh ciia dao dong tuan hoan trong cac ché do
chuyén dong binh 6n khac nhau cia cap banh ring
tru v6i rang nghiéng trong d6 c6 ké dén khe ho giita
cac rang khi an khop.

2. Mé hinh ddng lwe hoc ciia bd truyén
banh rang

Xét md hinh dao dong cua b truyén banh ring
duoc cho nhu Hinh 1 [6, 10, 11], trong d6 my, m; la
khéi lugng lugng cia hai banh rang, J;, J» 1a mémen
quan tinh ctia hai banh ring ddi voi truc quay cta no, ri,
r» 1a ban kinh vong lin cta cac banh ring, z), z> 1 sO
rang cua cac banh rang, ¢ 1a d6 can an khop va k(z) 1a
do cung an khép. Khe hé gilra cac cap rang an khdp
dugc cho 1a 2b va e() 1a ham kich dong trong qua trinh
an khop, M,(f), M »(f) 1a momen phat dong va mémen
can. Goi 1, a» 1a van toc goc cuia cac banh rang. Do s6
cap rang tham gia an khép thay doi theo timg thoi diém,
dan dén d6 cimg an khép k(7) thay ddi theo thoi gian.
Trong ché do chuyén dong binh 6n ciia cip banh ring
an khép, néu van tdc goc cia cac banh ring @i, @
khong doi, thi d6 cimg an khop k(f) s& tuan hoan theo ¢
v6i chu ky T2 = 27@. , do d6 co thé duoc biéu dién
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duéi dang mot chudi Fourier c6 dang nhu sau [12]:

k(t) =k, +ikn cos(Na,t+y,) (1)

n=1

Trong d6 . = z;a 1a tan s goc dn khép cua cap
bénh ring, N 1a s6 phan tir ctia chudi.

Puong an khop

Hinh 1. M6 hinh dao djng ciia bg truyén binh ring

Ham kich dong e(?) xuét hién do sai léch ciia mdi
budc riang. Su sai léch nay phu thudc vao 16i cua
timg cdp banh riang an khép. Ldi ndy xuit hién do
nhiéu nguyén nhan, do gia céng co khi khi ché tao,
do mai mon, do tréc rd bé mit rang,... Theo tai liéu
[12], ham kich dong e(7) 1a mot ham tudn hoan voi
chu ky T=27/a, nén co thé biéu dién theo mot chudi
Fourier nhu sau:

e(t) = ZI“ei cos(imt+ ;) 2)

Trong d6 cac hé s6 e; dac trung cho mtrc d6 hu
hong cua cép banh rang an khap.

Ta th'?iy, hé c6 2 bac tu do, ta chon cac toa do suy
rong du la cac goc quay @i, ¢ cua hai banh rang.
Bang cach 4p dung phuong trinh Lagrange loai II, ta
thiét 1ap duoc phwong trinh vi phan chuyén dong cua
hé c6 dang:

Ji¢ +nelhg — e, +EO]+rk®h=M,(t) ()

320, +n,elhp — e, +e(O)]+ nk(h =-M,(t) 4
Trong do:
Lo, —Le, +e(t)—b; e —ne, +e(t) >b
h=40; -b<np —ne,+et)<b (5
Lo —Lp, +e(t)+b; ng —ne, +e(t) <-b
Ta nhén hai vé cua (3) v6i r1/J1, cta (4) v6i -r2lJa,

r0i cong hai phuong trinh véi nhau, ta duoc:

2 2

.. .. # I. . . .
ho — L, + (JL + JL)C[rl% — 1, +€(t)]
oo r (6)
+(E+2)k(t)h=2M,(t)+-=M,(t
(31 ‘]2) (t) 3, (1) 3, ,(t)
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Pua vao toa do suy rong twong doi:
q=no —Lo, (7N

Thay (7) vao (6), ta co:

mg+cq+k(OH (t,q) = F(t) —cé(t) (8)
Trong do:
(q+e(t))—b; (g+e@)>b
H(t.q) =10; -b<(g+e@®)<b (9
(a+e()+b; (q+e(t))<-b

‘]l‘] 2

=—== 10
J,r+ 3,17 (10)

FO=mE-MO+=M,0) (D)

1

DPé xac dinh luc kich dong F(¢) trong phuong
trinh (8), nguoi ta dua ra gia thiét nhu sau [12]:
Khi b truyén hoat dong trong trang thai binh on:

@, = w, =const, ¢, =m, =const (12)

Trong trang thai nay, do ko >>k, (n =1, ..., N) va
can yéu nén ta co:

k(t)~k,, c=0 (13)
Khi d6, sai s6 truyén dong ¢(7) c6 dang:
q(t) = g, = const (14)

Trong d6 go duoc coi 1a sai s6 truyén dan tinh.
D6 chinh 1a lugng bién dang tong cong theo phuong
duong an khdp cia cac cap banh rang an khop dudi
tai trong khong d6i. Trong truong hop nay, ta coi cac
cdp rang an khop ludn tiép xac nhau, din dén:

H(t,q) ~ q, +e(t) 15)
Thay (12), (13), (14) vao (8), ta duoc:
F() = K (t) =ky(a, +e(t)) (16)
Thay lai (16) vao (8), ta duoc:
mg+cq+k(t)H (t,g) =k,q, + k.e(t) —cét) (17)

(17) 1a phuong trinh vi phan mé ta dao dong cia
b truyén banh ring trong qué trinh dn khép.
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3. Két qua tinh toan s

Dé phan tich sy 6n dinh va khao sat r& nhanh cta
cac nghiém tun hoan, mot chuong trinh tinh toan s6 da
duoc xay dung dua trén phuong phap ban don [8, 9] va
1y thuyét r& nhanh cta Floquet [8]. D¢ tinh toan s, ta
chon tn sb goc @ cta banh 1 lam tham sb r& nhanh,
cac tham s6 con lai dugc lay theo [12] nhu trong céc

Béng 1-3.

Bing 1. Gid tri cdc tham sé ciia bp truyén bdanh ring

Tham sb Gié tri Pon vi
Ji 9.3 x 1072 kgm?
J2 0.272 kgm?
71 30.46 x 107 m
2 84.86 x 107 m
qo 1.2x10° m
b 0.025 x 1073 m

Bing 2. Cdc hé sé trong chudi Fourier ciia k(t)

n kn (N/m) 7 (rad)
0 8.1846 x 108

1 3.2267 x 107 2.5581
2 1.3516 x 107 -1.4421
3 8.1510 x 10° -2.2588
4 3.5280 x 10° 0.9367
5 4.0280 x 10° -0.8696
6 9.7100 x 10° -2.0950
7 1.4245 x 108 0.9309
8 1.5505 x 108 0.2584
9 4.6450 x 103 -1.2510
10 1.4158 x 108 2.1636

Bing 3. Cic hé sé trong chudi Fourier ciia e(t)

i ei (mm) ai (rad)
1 0.01 1.047

2 0.003 -1.4521
3 0.0018 0.5233
4 0.0011 1.4570
5 0.0009 0.8622
6 0.0003 1.1966

Véi cac sb liéu nhu trén, ta cho @ bién thién
trong khoang tir 131,3 (rad/s) dén 163,4 (rad/s) sau
khi tinh toan bang phwong phap sb, ta dugc mot sd

két qua dwoc cho trong cac Hinh 2 - 7.

Tl cac két qué tinh toan cho ta thdy, tai @=131,3
(rad/s), ting véi diém A, trén Hinh 2, ta tim dwoc mot
nghiém tuan hoan 6n dinh chu ky 277e. Xuat phat tir
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Hinh 3. Pé thi nhan tir Floquet
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Hinh 7. Dao dpng khong tudn hoan tai o = 157 (rad/s)
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gia tri nay, ta cho @ tang dén 1én, tai mdi gia tri cia @,
ta tim dugc mot nghi¢ém tudn hoan 6n dinh, khi tang
dén gid tri @=143,38 (rad/s) g v6i diém A4, trén Hinh
2, tai ddy c6 nhén tir Floquet nam trén vong tron don vi
va néu ta tiép tuc ting @i, nhan tir nay s& doi vong tron
don vi theo hudng +1 (xem Hinh 3), viy tai 4> ta cé
mot diém & nhanh. Mat khéac, tir Hinh 2, ta thiy tai
diém A4, c6 mét tiép tuyén thang dimg véi dudng cong
bién d9 clia nghiém tuan hoan, theo 1y thuyét r& nhanh
diém 4, 1a diém & nhanh nép gap - chu trinh. Khi di
qua diém nay cac nghiém tuan hoan khong con on dinh
nita ching nhay dén tap hit méi c6 thé hdn loan hoic
hau tuan hoan. Trén cac Hinh 4 va Hinh 5 1a dao dong
ctia hé trude va sau diém ré nhanh A». Tiép tuc cho @,
tang 1én, dao dong ciia hé van mét on dinh, sy mét on
dinh nay ton tai cho dén gia tri @=147,5 (rad/s) (diém
By trén Hinh 2), tai day lai xuat hién mot nghiém tuan
hoan méi on dinh chu ky 277, nghiém tuan hoan méi
ndy 6n dinh cho dén @=155,86 (rad/s), khi di qua gia
tri nay thi c6 nhan tir Floquet di ra khdi vong tron don
vi theo huéng +1 (xem Hinh 3), do d6 tai dy lai xuat
hién mot diém r& nhanh (diém B, trén Hinh 2). Mt
khéc tir Hinh 2, ta thy tai diém B, c6 mot tiép tuyén
thang dimg véi duong cong bién do cac nghiém tuan
hoan, do d6 theo 1y thuyét r& nhanh diém B, 1a diém r&
nhanh nép gip - chu trinh. Trén cac Hinh 6 va 7 1a dao
dong cua hé trudce va sau diém r& nhanh B>.

4. Két luan

Bai bdo nay dd phan tich r& nhanh cta dao dong
tuan hoan di v6i bo truyén banh ring try rang nghiéng,
trong d6 ¢6 xét dén khe ho giita cac ring trong qué trinh
an khop, bang phuong phap tinh toan sd. Tir cac két qua
¢ duoc ta thﬁy, khi cho van tdc gobc cua banh dan bién
thién trong khoang tir 131,3 (rad/s) dén 1634 (rad/s),
trong hé khao sat da xuat hién diém r& nhanh nép gip
chu trinh. Khi di qua cac diém r& nhanh nay, dao dong
tuan hoan ctia hé mét tinh dn dinh va hé s& roi vao mién
dao dong hau tuan hoan hodc dao dong hon don. Cac
két qua tinh todn c6 dugc trong nghién ciru nay, c6 thé
sir dung 1am co s& cho viéc giam sat van hanh cac may
va thiét bi c6 sir dung b truyén dong banh ring.
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