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Tom tit

Dao dgng ciia diong ray xe lira trén nén dan hoi khi
€0 doan tau chay duwot tac gia xay dung bai todn
bang md hinh nghién cizu dao dgng ciia dam Euler -
Bernoulli trén nén dan héi chiu tac dung cua luc Fo
= const di dong Vi van toc v. Bai bdo di thiét lap
dirge phirong trinh dao dong cua dam s dung
nguyén Iy D’alembert. Xac dinh dwoc dé vong cua
dam va tan sé dao dgng riéng cia dam. Siz dung
phan mém matlab tinh toan va mé phong so.

Tir khéa: Dao déng cia dam, dao déng cua dam
trén nén dan hoi.

Abstract

Oscillation of train tracks on elastic foundation
when the train is running, the author constructs
the problem by studying the Euler-Bernoulli beam
on elastic foundation under the effect of force Fo
= const moved with velocity v. The article sets up
the beam oscillation equation using the
D’alembert principle. Determine the deflection of
the beam and the specific frequency of the beam
oscillation. Using matlab software to calculate
and simulate numbers.

Keywords: Vibration of the beam, Vibration of the
beam on elastic foundation.

1. Mé dau

Duong ray 1a mot yéu té co ban trong van tai dwong
sat, giup dinh hudng cho tau hoa chay ma khéng can
quan tdm nhiéu dén viéc bé 1ai nhu cac phuong tién
giao thdng khac. Khi mot doan tau chay qua, duong ray
s& chiu mot &p huc rat 1on vi cac doan tau c6 thé c6 tong
khéi lwong 1én dén hang chuc ngan tin. Néu duong ray
dao dong manh véi ap luc cia doan tau chay trén rat
I6n ¢6 thé lam dudng ray cong vénh hozc bién dang lam
mat an toan cho hanh khéch ciing nhu hang hoa trén tau,
tham chi c6 thé lam tau bj lat. Dao dong cua dudng ray
cling gy ra tiéng on 16n ciing nhu lyc ma sat cua tau
I6n. Do vay nham dam bao an toan cho doan tau ciing
nhu hanh khach va hang hoa trén tau thi viéc nghién

ctru dao dong cua duong ray 1a rat can thiét. Trong noi
dung bai bao nay, tac gia coi dao dong cuia duong ray
xe lira khi c6 doan tau chay duoc dua vé xay dung mod
hinh dao dong caia dam trén nén dan hoi khi cé tai trong
di dong véi van toc khong doi.
2. Phuong phap nghién cau

Str dung nguyén ly D’alembert dé thiét lap phuong
trinh dao dong cua dam trén nén dan hoi khi c6 tai
trong di dong khéc vé6i cac phuong phap trude day co
nhiéu tac gia nghién ciu sir dung phan tir hitu han[8].
Tir phuong trinh dao dong cua dim tinh toan duoc
nghiém giai tich v& do vng cuia dam va tan sé dao
dong. Str dung phan mém Matlab tinh toén sé.

3. Xay dung md hinh dao dgng cia dwong ray
xe lia

3.1. Nghién cizu dao déng tw do cia dam trén
nén dan héi voi hé sé cing phéan bo k
a. Thiét ldp phuwong trinh dao déng

Pé thiét 1ap phuong trinh vi phan dao dong udn
ciia dam, tuong tuong tach mot phan té nho caa dam
c6 chiéu dai dx (Hinh 1). Ap dung nguyén ly
d’ Alembert. Tir diéu kién can bang luc theo phwong z
ta co.
otw

—dm.
at?

+Q+2dx—Q—kwdx=0 (1)

Trong d6 dm = u(x)dx, véi u(x) lakhdi lugng mot
don vi dai coa dam:
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Hinh 1. Luc tac dung trén mgt phan té ciia ddm
Tir diéu kién can bing moémen cac luc, ta nhan
duogc phuong trinh:

oM dx aQ ax _
M+Tdx-M-QZ-(Q+2ax)E=0 (2
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Tu phuong trinh (2) ta thu dugc:
oM
Q—5,=0 ©))
Trong bai toan coi duong ray la dam Euler-
Bernoulli, do bo qua lec quén tinh quay va bién dang
truot cua truc dam ta co:

(p=Z—V:; M= —EI(x )"“’ aQ -Z [EI( )a 2] ()

Thé (4) vao phuong trinh (1) ta dwoc phuong trinh
dao dong cua dam:

()

DPbi v6i dam dong chét, thiét dién khong doi
phuong trinh dao dong tw do cua dam trén nén dan hoi
thu duoc la:

,u(x) Py Y+ kW +

a’w | EId*W | k
Sz T T =0 ©)
b. Nghiém téng quét ciia phuwong trinh dao djpng

Ap dung phuong phap Bernoulli, tim nghiém cua
phuong trinh (6) duéi dang:
W(x, t) = X2, Xi(x)q; (t) ()
Thé (7) vao phuong trinh (6) ta cé:
. av
_ @) _ EIX ™) |k — )2
qi®) X + U @ ®)

G(t) + w?q(t) =0 9

XM (x) — (w ——) X(x) =0 (10)

Vi At = (wz - E) £* Phuong trinh (10) dugc

viét lai:
4
XM - (2) X =0 (1)
Nghiém cta phuong trinh (11) dugc tim dudi dang

X(x) = Cycos (/ﬁ) + C,sin (zf) +

+Cscosh (lf) + C,sinh (l’l—c) (12)
Trong d6 Ci, Ca, Cs, C4 durge xéc dinh tir didu kién
bién. Nghiém cua phuong trinh (9) tim dudi dang:
q(t) = Acoswt + Bsinwt (13)
Trong d6 A, B 1a cac hing sb dugc xac dinh tir didu
kién dau.
C. Xét dao déng uon tu do ciza dam trén nén dan
héi hai dau tya ban lé
Dbi voi bai toan dao dong ubn ty do cua dam hai

dau twa ban 1& cac diéu kién bién 1a d6 véng va moémen
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udn déu triét tiéu o hai bien x = 0, x = 1.
X(0)=0; X()=0; X" (0) =0; X'(1) =0 (14)
Tur didu kién trén ta cd C; = C3 =C4 = 0, mit khéc
dé C, # 0. Ta c6 phuong trinh dic trung;
sini=0=>A=nnw véin=1,2,3... (15
Ham riéng bay gi¢ dugc viét dugi dang X = Czsinﬂ%

Wi =2 () (16)

Hinh 2. Dao dgng tw do cia dam trén nén dan hoi

3.2. Nghién citu dao déng uén cia dim dong
chdt tiét dign khéng déi dat trén nén din hoi
tuyén tinh véi hé sé cieng phan bé k, chiu tac
dung ciia luc phan b p(x,t)

Hinh 3. Dam chju luc phan bé trén nén dan hoi

Phuong trinh dao dong cua dam cé dang:

o%w | EI d*w k 1

et taw =) an
Gia sir bai toan nay cho luc phan bd p(xt) =

FocosQt, nghiém binh 6n cua phwong trinh trén duwoc

tim dudi dang w(x, t) = F, cos Qt. Thé vao phuong

trinh (17) ta thu dugc:

Fo

XV —&x=—

EIl

5—“/;‘,( - (18)

Nghi¢m ctia phuong trinh (18) c¢6 dang:

Vi

X(x) = Cy cos & + C, sin & + C5coshéx
. Fo
+ Cysinhéx — —
w2 =2
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Tir cac diéu kién bién X(0) = X”(0) = X(1) = X”(1)= 0.
Ta xac dinh duoc:

_ _ Fo
G=6= 2u(02 1)
C=r5 1 (£2)
2u(Q? ——
u( M)
_ Fo !
. tgh (&:) (19)

Vay nghiém binh 6n cta phuong trinh trén 1a:

Fo {cos 5(%—:() n

u(Q? —E) 2 cos(f%)

cosh s‘(él’;) _ 1} cos Qt (20)

2 cosh >

3.3. Mt toa xe chay déu trén dwong ray thing
dwpt md hinh héa 1a mgt luc Fo = const chuyén
dgng Véi van toc v khéng doi doc theo mgt dam
dong chat trén nén dan héi tuyén tinh véi hé sé k

A

WY

Hinh 4. Ddm chju tdi trong di dgng trén nén dan héi

Tuong ty ta cling thu dugc phuong trinh dao dong
cua dam. Sir dung ham Delta-Dirac, tai trong p(x,t) trong
bai todn nay c6 dang p(x,t) = Fyé(x — vt).

0%w | EI 0*w E

=h -
e T o Th —Hé(x vt) (21)

Ap dung phuong phap Bernoulli, tim nghiém cua
phuong trinh (21) dudi dang:

W(x,t) = X2, Xi(x)q; () (22)
Thé (22) vao phuong trinh (21) ta co:
EIX )(
52 i + (2124 5 0| 1 =
Iod(x — vt) (23)

Phuong trinh (23) suy ra:
24[:(6) + 07 q (D1 X, () = 260 —vt)  (24)

Nhan ca hai vé cia phuong trinh nay véi ham riéng
Xn(X) roi ly tich phan doc theo chiéu dai cua dam.

2116 0) + 0? g (O] ) X: ()X, (X)dx =

=2 fy8(x —v)X,(x)dx  (25)
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Do diéu kién truc giao cua cac ham riéng ta suy ra:

8( ) Xn(x)d
n(0) + @Rgn(6) = LRI o

Jy X3 (oyax
DPbi v6i dam chiu lien két hai dau ban 18
X,(x) = sinnlﬂ Do dé folX,zl(x)dx = % Do tinh
chét cua ham Delta-Dirac ta c6:
0 [ 8G = v Xy (0)dx = [ sin T8 (x -

nnv

. nm
vt)dx = ;sm (— t) = ZsmTvt (27)
Phuong trinh (26) duoc viét lai nhu sau:
G (t) + wiq,(t) = %’sin?vt (28)
Nghiém tong quét ctua phuong trinh (28) 1a:
qn(t) = A, cosw,t + Bysinw,t
+ 2F, . onm .
sin—v
nm
ul(wf = o)

Céc hiang sé A,, va B, duoc xac dinh tir didu kién
dau. Gia st cho diéu kién dau:

W) = W 0) = ) X()q:(0) = 0

i=1

oW (x,0
WD S @ =0

i=1

v (x) =

Do tinh chét truc giao cua cac ham riéng, tir diéu
kién dau ta suy ra: ¢,,(0) = 0,¢,(0) = 0 taxac dinh
duogc Ay, Bn:

2Fo——

An = O' BTl = - (29)

ulwn(wn (m)z)

Viy ta xac dinh dwoc d6 vong cua dam cé dang:
sinﬂvt—ﬂsinwnt
wn

_ 2F) woo . nmx 1 1
= anzlsm—.

L o)

W(x, t) (30)

Vi tan sb dao dong riéng w? = iI(T) +§ va

tan s dao dong cudng buc Q,, = @

4. Ap dung s liéu md phéng sb

Xét duong ray xe hira thang cé chiéu dai L = 100
m, d6 cing udng trung binh EI = 54.10°Nm?, khdi
lugng trén mot don vi dai trung binh p = 750kg/m. Xe
lra duoc coi 1a mot luc F = 4000N chuyén dong véi
van toc v khong ddi doc theo dam ddng chét trén nén
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dan hoi tuyén tinh véi hé s k = 1,5.10°N/m?2. Ta xéac
dinh dwoc tin s dao dong riéng dau tién cua dam tya
khop 1a o1 = 44.7221rad/s.

Chuyén vi giFa ddm véi v =30 km/h Chuyén vi gi@a dam véi v =40 km/h

Chuyén vi gifFa dam véi v =50 km/h Chuyén vi gi@a dam véi v =60 km/h

Chuyén vi gia dam véi v =70 km/h Chuyén vi gi@a dam véi v =80 km/h

Hinh 5. Chuyén vj tai gii¥a ddm véi cac vén téc di
déng khac nhau

Van tc di dong dugc coi la van téc cua tau chay
Vi tbe a6 30km/h, 40km/h, 50km/h, 60km/h, 70 km/h,
80km/h sir dung phan mém matlab cho ta biét dugc
chuyén vi tai gitra cia dam. Qua d6 thi cho ta thiy véi
van téc cang cao thi chuyén vi tai gitra dim cang lén.
Téc gia thay rang két qua chwong trinh dung véi suy
luan thyc té, véi khéi lugng cua tau rat I6n chay trén
dam dan hdi véi tde @6 cao thi chuyén vi, dao dong
ctia dam sé& cang Ién. Dao dong cua dam cé thé xdy ra
hién tugng cong huong khi tan s6 ok = Q.

5. Két luan

Bai bao da nghién ciru dao dong cua dudng ray xe
lra khi 6 tau chay. Trong bai toan nay dua vé nghién
ctru dao dong ctia dam trén nén dan hoi khi ¢ tai trong
di dong vai van toc khong ddi. Tac gia thiét lap duoc
phuong trinh dao dong cua dam trén nén dan hoi véi
tai trong di dong sur dung nguyén ly D’alembert, tinh
toan duoc tin sé dao dong cua dam va chuyén vi cua
dam. Téc gia &p dung sb sir dung phan mém matlab dé
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tinh toan véi cac van toc di dong khac nhau cho két

qua. Néu van tdc chay tau cang nhanh trong cling mot

thoi gian thi chuyén vi tai gitra dam cang lon. Do vay,
van toc chay tau cang 16n thi duong ray dao dong cang
manh.
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