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TOM TAT 

Mo^hinh dao dong ciia 6 to khi î ua ciu dugc mo hinh hoa boi mgt he kh6i lugng - 16 xo -
giam chandi chuyen tren d im dan hoi. Bai bao irinh bay mot kit qua nghien cuu moi v i xac 
dinh van toe ten han cua 6 to khi qua ciu Van t6c ten han ciia 6 to tinh theo mo hinh moi nho 
hon nhieu so voi van toe toi han tinh theo cong (hue cu. 

Tir khoa: dao dgng dan hoi, mo hinh hoa, van t6c toi han ciia 6 to, mo phong s6, dim img suil 
truoc 

Trong cac tai lieu ve dao dgng ki ihuat va vi kT thuat ciu duong truoc day khi mo hinh hoa 
dao dgng ciia q to qua can dam nguoi ta ihucmg sir dung mo hinh mot lire di chuyin tren dim 
gian don co thiet dien khong doi (Hinh 1) 

Hinli J Md hinli nioi lire di chuyen iren dkm 

Bang tinh toan giai tich nguoi ta nhan dugc cong thirc ,xac dinh van t6c toi han cua 6 to [ 1 - 4] 

kTT I EI , 

trong do / la dg dai ciia dim. EI la do cirng ch6ng u6n, jU la kh6i lugng mgt don vi dai cua dim 
Khi tinh den img sua! Inroc cua dim be tong c6t thep cong ihirc xac dinh van t6e toi han bac 
nhat cua 6 to co dang [7] 
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'!• EI E 

T fl p 

trong do E la modun dan h6i, EI la dp ctttig chong u6n, / la chigu dai ditm, fl la kh6i lining m§t 
don vi dai ciia dim, e^ la bi^n dang dai ty d6t ban dau, p la ban kinh cong ciia lop ttung h6a 
ctia dStn, Viec sit dtmg mo hinh co hoc gian don, thay thg 6 to bang mpt Ittc CO dp itim khong 
d6i di chuyin tren Ham vtti van toe khong doi la qua tho. J. G, Panovko da chi ra nhieu sai ISm 
khi stf dtmg mo hinh don gian tten [ 5 - 6 ] , 

Trong bai bao nay ta thay 6 to bang mpt he dao dong nhu Hinh 2, Ta thiet l^p phucmg trinli 
dao dpng cho mo hinh ca hpc nay, Sau do tinh loan dao dpng uon ciia cau dam be tong du ting 
luc ducri tac dtmg cua vat the di dpng, Tren ca sa mp hinh chinh xac htm ta riit ra bieu thue xac 
dinh van toe ttifi han ciia 6 to kht qua ciiu va anh huting cita ijng suat truoc ttii dao dong cua cSu, 

2, DAO DONG UON CUA DAM CO iTNG SUAT TRUdC CHJU TAC DVNG CUA 
VAT THE DI DONG 

Trong doan nay ta se xet bai toan dao dpng uon ctia dam dan gian CO ting suat ttuoc, chiu 
tac dung cua vat the di dpng (Hinh 2) 

Htnh 2 Mo hinh 6 to di tten eau. 

Xet dam dan gian chieu dai 1 co img sudt tntac, chiu tac diuig ciia vat thS di dpng. Gia thigt 
khoi lupng don vi dai cita djm n = pA,do cimg chdng u6n EI la nhiing dai lupng khong dji 
tten toan chieu dai ciia djm. Ttong do p la mat dp kh6i lupng, A la dien tich mat cit ngang, E 
la mo dull dan hoi, I la mo men quan tinh thijt dten cita dim. 6 to chuydn dong tren dim xem li 
mot vat ran chuyen dong tinh tten Co kh6i lupng m dat tren he 16 xo - giam chin, dp cling 16 xo 
la k, he so giam chan la d, vat the chuySn dpng tren dim voi van t6c v khpng ddi. Gia thijt ttong 
suot qua tnnh chuyen dptig, vat the khong tach khoi dira, Chpn he toa dp nhu Hinh 2, Triic Ox 
ttung vat true ciia dam khi dam chua bi uon, ttuc Ow thing dimg huong xu6ng duai. Gpi z la toj 
dp tttyet doi cua vat the theo phuong thing diing. Goi y la khoang each toong d6i giiia vat lhi vi 
dam, w, la dp vong cita dim tai diim vat th i t i ip xuc vai dim, Ta co he thitc 

z = >' + » ' , ; w, = tv ( j : , r ) ^___ (3) 

De thuan tien cho viec tinh toan dao dpng tu dp cita d im khi vat thi di dpng khong c6 mjt 
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tten dam, ta gan vao vat the di dong mot tin hteu biiu dien bine ham tin hieu logic. Ham tin hieu 
logic dupc dinh nghia nhu sau 

i(() = 
1 khi 1„<I<T 

0 khi Kl^, t>T (4) 

ttongdo t„ la thai diem vat the bit diu chuyin dong tten dim, T la thai dtim vat thi kit thiic 
chuyen dong tren dam, 

Khi do cac phuang trinh mo ta dao dpng uin ctia dim c6 ling suit ttuac chiu tac dtmg cita 
vat the di dong la mpt he h6n hop phuang tt^nh dao ham tieng va phuang tttah vi phan thuang 

L{t)(mz -bdz-tkz)^ L{t){mg + dw^ + kw^) (6) 

trong do 

P(x, z, 0 = L{t){mg - mz)S{x - vt) (7) 

De giai cac phuong trinh nay ta cin biit them cac diiu kien bien va cac dieu kien diu 
Cac dieu kien bien trong bai toan nay co dang 

. = 0: M.(0,t) = 0, ^ ^ = 0,.v = ; ,|.(,,,) = 0, ^ M M . o 
dx- dx' 

Cac dieu kien dau 

^vix,Ql)=g,(x).wix.O)J-^^^g.(x). z(0)=z„; z(0)= 

(8) 

(9) 

. Ap dling phuang phap Ritz-Galerkin ta tim nghiem cua cac phuang ttinh (5), (6) voi cac 
dieu kien bien (8) dual dang 

ttong do sin—-^ la cac ham rieng ciia dim hai diu ban li c6 ling suit ttuac, con 11^(1) la cac 

ham ciin tim. 

The cac bieu thuc (10) vao phuong trinh (5) va (6) va thitc hien mot s6 biin doi cia, tich ta 
nhan duac he phuang trinh vi phan duai dang ma Iran nhu sau [7] " 

q = B(t)ii+C(t)q+f(() „ , j 

trong do 

<i\ 
ll 

II, 

L - J 

q = 

?i 

ll 

1, 

.-J 
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Ma ttan B(t) la ma ttiin \-u6ng cap n+I 

B(/) = 

• *„(() 6,,(0 ••• 6„„„(0 

A,,(t) b.Al) - b,,,^„(t) 

* , . . . i i ( ' ) * i . . i i 2 < ' ) ••• ' ' i . . . ) ( . . n ( ' ) . 

(12) 

ttong do 

, , , , , l d . sltvt . rltvt \EIh'{slt 
*„(' = - i ' ) -—sm——sm— S, ^ ' 

IpA I I { pA 

i , „,(!) = i ( / ) — s i n ^ ^ (s=l„..,n) 
IpA I 

- J . 6 ' (r, s=l,...,n) 

h,^,.(t) = L(t) — sm 
m I 

(r=l,...,n) 

Ma tran C{t) la ma tran vuong cap n+l va co dang 

C„(() C„(0 ••• c-„„„(0 

CjlW C;j(0 ••• c',|„„(() 
C(0 = 

5..i»W -'i-iinW ••• %.n,M,(t) 

(13) 

trong do 

<:„(l) = — - - - s m — — s i n — S\ — +£o— — ,r,s = l,. 
IpA I I '[pA\ I ) V w , 

•',(,i.ii(') = i(l)-—sin ,s = l,.. ,„ 
IpA I 

^-„„,„(') = i W - s m ^ , . = l,...,„ 
m I 

-̂u.,.„.„(O = - z . ( 0 -
m 

Vecto f(/) CO dang 

'-Ifi.fi.-W 
trongdo f,=0,s = l,...,ri; f^^^ =g ^ 

(14) 
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t5e giai he phuang trinh vi phan (11) ta can phai biet cac dieu kien dau. Ciic dteu kten dau 
nay dupc suy ra tir (9) 

* ( 0 ) = ?,„, ?,(0) = ^,„(/ = l , . . , „ ) , ?,_,(0) = z„, ?„ , (0) = i„ (15) 

Be tinh loan dao dong uon ciia cau d im ducii tac dung ciia the the di dpng ehitng toi dii xay 

dung mpt chuang trinh tinh VIBEAM 01 - BKHN dua tten^phin mim da nang MATLAB. 

3, XAC DPVH VAN TOO Ttil HAN CUA 6 TO KHI QUA CAU BANG 
PHUONG PHAP SO 

Su dung chuang trmh VIBEAM 01 - BKHN [7] tinh tpan dao dpng ciia hat lpai ciu d im 
be tpng dtt img luc dien hinh 6 Viet Nam, Dp la cite ciu Dong Ha dai 32,4 m va ciu Bung dai 

20,4 m. 

3,1 Ti'nh toao dao dpng uon ciia cau Dong Ha 

So heu cau Dong Ha 

( = 32,4 (m) /3 = 2.5xlO-" {kg I m') 

p = pA = 2352{kglm) £ = 0 . 3 1 5 x 1 0 " (Nhn-) 

£ / = 7656920000(^11=) fc' = 0 , A' = 0 

So lieu cac 6 to; Trong bat bao nay ta se tinh loan dao dong uin cua ciu duai tac dung cua 
6 loai xe 

6 to khac nhau dupe danh so nhu sau-

Xe s i 1. XC 6 16 MITSUBISHI PAJERO SPORT KG4WGNMZLVT5 

M = 2100 (kg) , k - 85799 (N/m), d = 5068 (Ns/m) 

Xes6 2. x e o t o t o M A T l Z 

M = 1024(kg), k = 46154(Nm) , d - 2660 (Ns,'m). 

Xe s i 3, xe 6 to to.HlNO FG8JJSB 

M = 9880(kg) , k-646160 (Nm) , d = 39596 (Ns'm). 

Xe s i 4: xe 6 to to.HlNO XZU720L 

M . 5 8 7 2 ( k g ) , k - 4 5 l 8 1 0 l N ' m ) . d = 22996(Ns/m) 

Xe s i 5: xe 6 to lp HUYNDAl HD 170 

M - 1 3 0 3 2 (kg) , k = 871210(Nm), d - 52692 (Nsm) 

X e s 6 6; xe 6 to to ZIL 130 

M - 6 1 2 0 (kg), k = 463590 (Nm), d - 22812 (Ns m). 

Cac kit qua tinh loan cho tren va Bang 1 \ a Hinh 3. 
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^/. Van tdc tm han moi V, / van tflc toi han li thuyet v,j ciiao to trenCauDongHa, khifg =0. 

So thti tu xe 

1 

2 

3 

4 

5 

6 

v,;[km/h] 

174,5 

185,5 

207,3 

218,2 

218,2 

218,2 

v„,[kmlh] 

629,82 

629,82 

629,82 

629,82 

629,82 

629,82 

7 = v,;/v,. 

0,28 

0,30 

0,33 

0,35 

0,35 

0,35 

3.2. Tinh toan dao d̂ ng u6n cua cau Biing 

So lieu cau Biing: 

/ = 20.4 [m] p = 2.5x10' [kg I m^) 

M = pA^22n{kg/m) £ = 0.315x10" (N/m^) 

EI = 4l57000SOO{Nm^) b'=0, b'=0 

Cac ket qua tinh toan trinh bay tren Bang 2 va Hinh 4. 

fldng 2. Van toe ten han mdi v̂^ / van t6c ten han li thuygt v,̂  cua 6 to tren Ciu Biing, khi £•,,=0-

So thli tu xe 

1 

2 

3 

4 

5 

6 

vllkmlh] 

87,27 

87,27 

98 

163,6 

109,1 

109,1 

v,Jkm/h] 

749,09 

749,09 

749,09 

749,09 

749,09 

749,09 

' " A l 

0,12 

0,12 

0,13 

0,22 

0,15 

0,15 

Qua ket qua tinh toan eho hai loai ciu va vat sau loat 6 to khac nhau ttinh bay tren Hinh 3 
va Hmh 4 cung nhu tten cac Bang 1 va 2 ta nit ra mpt si icit lu|n sau: Van tic ttii han mot ciia 5 
to nho han van toe tcri han tinh toan gin ddng theo cac cong thiic (1) va (2), Ti lp giiia van tic 
tai han cua 6 t6 tinh theo mo hinh chinh xac han V,*, va van tic ttii han U thuyit cu v„ctia ciu 
Dong Ha, khi f„=0,khoang 30 - 35 %, con ciu Biing la 12-15%, 
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î  \ —'' 

y£ 

'7^ // 

' 

/^^ 

— > 

' 

-11 

..-(.a..2 
=-0OtX>4 

j i=-0 LtU06 

11=-0 01.K.lg 

„ - - 0 0010 

\ 

J^ 

- // 

^/ 

•^•^ 

- V - O 

—v" 
K."J6 

" • " • ^ 

W/i/j i. Do vong tai mat cat giua zhi Dong Ha khi 6 to di qu; 
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Hinh 4 Dp vong t^i m|it cit giua ciu Bung khi 6 to di qua. 
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4. .\SH HlTONG CUA I T N G SUAT TRU'dC DEN DAO DONG U O N CUA CAU 

De nghien ciru anh hirong ciia iing suat truoc den do vong dpng lire ciia cau khi 6 to di qua 
ta xet hai mo hinh dao dpng: Cau Dong Ha va cSu Biing. 

a) Cau Dong Hd: Ta cho mpt so gia tri ciia £•(, tir do tinh duoc \'an toe toi han ciia ddm theo 
cong thlic 

Cac ket qua tmh dupc ghi Iai trong bang sau 

£« 

a\ (rad/s) 

v,h(m/s) 

(km/h) 

0 

16,96 

174,95 

(629,82) 

- 0,0002 

16,25 

167,59 

(603,32) 

- 0,0004 

15,50 

159,90 

(575,64) 

- 0,0006 

14,72 

151,81 

(546,52) 

- 0,0008 

13,89 

143,27 

(515,77) 

-0,001 

13,01 

134,19 

(483,1) 

Cac ket qua tinh cho tren Hinh 5, 

„ X 1 o"' 

1 - - . y::^^^^"^ 

-^ •cS2>~^y/'" 

\ / 
• - \ / 

1 200 400 600 800 

• -

^ = 0 

SQ—0 0002 

6^=-0 0004 

E^=-0 OOOiS 

Sjj^-O.OQOS 

^ - 0 001 

1000 120 
v[km/h] 

Hinh 5 Bien do dao dong Ion nhat tai giira ciu Dong Ha theo van tdc \CTI n = 1. 

Tir do lhi ta thiy: Kin he s6 img suk trong dkm cang 1cm (diu am) thi bien do dao dong 
Ion nhat lai mat cat ^iira dam cang Ion, Ung suat truoc c6 anh huong Ion d lan can gia" m van 't6c 
toi han. KJii xa van toe toi han anh huong cua iing suat truoc khong dana ki 

b) CSu Bung: Tinh toan tuong tir ta co bang van t6c ten han cua 6 to tinh theo cone thiic (2) nhu 
sau 
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£o 

ffl| (rad/s) 

Vft (m/s) 

(km/h) 

0 

32,04 

208,08 

(749,09) 

- 0,0002 

31,10 

201,93 

(726,95) 

- 0,0004 

30,12 

195,59 

(704,12) 

- 0,0006 

29,11 

189,04 

(680,54) 

- 0,0008 

28,07 

182,25 

(656,10) 

- 0,001 

26,98 

175,21 

(630,76) 

D6 thi do vong dpng tai mat ch giiia cau Bung dupc bieu dien tren Hinh 6. 

^^^^^^^ \' 
y10^^ 
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Hinh 6. Bien dp dao dong Icm nhat tai giiia ciu Biing theo van toe voi n = 1 

Tir cac ket qua tren ta suy ra cac kit luan sau-

^ - Khi gia tn ciia he so irng suat Irong dam cang ion (voi d iu am) thi bien dp dao dpng 1cm 
nhai lai mat cat giua dam cang Itjn. 

- Ung suat tmoc c6 anh huong Ion a lan can gia tri van t6c toi han. Khi xa van t6c loi han 
anh hucmg cua irng suat truoc khong dang ke 

Kh! sii dung mo hinh dao dong ciia dim duoi tac dung ciia vat thS di dpng, van t6c ten han 
cua 6 to chl vao khoang 10 den 40 % van t6c tcri han tinh theo li thuylt cu. Van t6c tai han na^ 
phu thuoc vao chieu dai ciia cau va cac tham s6 dong lire khac nhu do cimg ch6ng u6n, khoi 
tupng don vi chieu dai cua dam,.,. 

Ung suat truac co anh huong Ion a lan can gia tri van t6c toi han. Khi xa van toe toi h^n 
anh hucmg ciia img suat truoc khong dang kl 
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ABSTRACT 

ON THE CRITIAL VELOCITY OF A VEHICLE MOVING ON THE BRIDGE 

Nguyen Van Khang, Nguyen Thi Van Huong, Nguyen Due Phong 

Hanoi University ofScience and Technology, No I, Dai Co Viet Hanoi 

Email, khane.nguvenvan2lii.husl.edu.vn 

Vibration model of a vehicle on the bridge is modeled by a mass - spnng - damper system 
moving on an elastic beam This paper ptesents the results of a new study on detemiining the 
critical velocity of a vehicle moving on the beam bridge. The cntical velocity of the vehicle 
calculated according to the new model is much smaller than that calculated accoiding to the old 
fonnula. 

;fc>*o,-J.,^elastically vibration, modeling, cntical velocity of the vehicle, numencai simulation 
prestressed beam. 




