Tap chi Khoa hoc va Céng nghé 54 (3) (2016) 415-425
DOI: 10.15625/0866-708X/54/3/5930

VE VAN TOC TOI HAN CUA O TO KHI QUA C AU
Nguyén Vin Khang', Nguyén Thi Van Hueng, Nguyén Pirc Phong
Truong Pai hoc Bach khoa Ha Bl, S5 1, Pai Co Viét, Ha Nji

"Email: khang.nguyenvan2@hust.edu.vn

Pén Toa san: 1/3/2015; Chp nhin dang: 3/2/2016

TOM TAT

M6 hinh daadong aia 6 t6 khi quaau duoc mé hinh héadi mot hé khdi lugng — 16 xo —
giam chin di chuyn trén dm dan Ibi. Bai bao trinh bay 6t két qua nghién ¢u moi vé xac
dinh van téc ti han aia 6 to khi qua au. Van téc t6i han cia 6 t tinh theo md hinhdnnho
hon nhiéu so \6i vén t5¢ t6i han tinh theo céng trc .

Tir khéa: daodong dan Hoi, md hinh hda, an toc toi han cia 6 t6, md pbing , dam ang stat
trucgec.

1. MO PAU

Trong cé&c tai Bu v daodong K thuat va W Ki thuat cau duong trge day khi mé hinh hoa
daodong aia 6 t6 qua &u dim ngroi ta throng sr dung mo hinh rat lyc di chuyén trén dm
gian don c6 thét dién khdéngdoi (Hinh 1).

I

Hinh 1.M6 hinh nét lyc di chuyn trén dm.

Bang tinh toan gi tich ngroi ta nkin duoc cdng thirc xacdinh van toc i han aia 6 t6 [1 - 4]

thh_kl_r[/ﬂ k=1,2,3,.. 1)

trongdoé | 1a do dai aia dim, El 1ad6 cang clbng wn, 4 1a khoi luong mbt don vi dai aia dim.
Khi tinh dén tng stt treéc cia dim bé tong 8t thép cong thc xacdinh van toc ti han bic
nhat cia 6 t6 co dng [7]
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trongdo E l1a matun dan 1oi, El 1a d6 cng ckong wn, | 1a chiu dai dim, 4 1a khdi lugng nbt
don vi dai dia dim, &, 1a bién dang dai § d6i bandau, p 1a ban kinh congi@ kp trung hoa
ciia dim. Viéc sr dung md hinh ¢ hoc gian don, thay ti 6 t6 bing mjt lyc c6do I6n khong
d6i di chuyén trén dm v6i van toc khéngdoi la qua thd. J. G. Panovkid chi ra nhéu sai km
khi sir dung m6 hinhdon gian trén [5 - 6].

Trong bai bao nay ta thay 6 trlg mt hé¢ daodong nhr Hinh 2. Ta thit Iap phrong trinh
daodong cho mo6 hinh@&hoc nay. Sawid tinh toan dadong Wwn aia cu cam bé téng d tng
luc dudi té}c ding aia \at thé di dcf)ng.‘ Trén © s md hinh chl'nh’ xacdm ta rdt ra biu th’xc‘xéc
dinh van toc t6i han cia 6 t6 khi qua &u vaanh hréng aiatng sut trudc t6i daodéng aia cGu.

2. DAO PONG UON CUA DAM CO UNG SUAT TRUGC CHIU TAC DUNG CUA
VAT THE DI PONG

Trongdoan nay ta & xét bai toan dadong wn cia dim don gian coung sut trudc, chu
tac ding aia \at thé di dong (Hinh 2).
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w
Hinh 2 M6 hinh 6 tadi trén du.

Xét dim don gian chiéu dai | céieng sut trude, cHu tac ding aia vat thé di dong. Gi thiét
khéi luong don vi dai aia dim i = pA, d6 ciang ctbng wn El 1a nhiing dai lwong khdngddi
trén toan chiu dai @ia cim. Trongd6 o 1a mat do khéi lugng, A la dén tich mit cit ngang, E
la mddun dan i, | 1a mé men quan tinh ttidién aia cim. O t6 chugn dong trén dm xem la
mot vat rin chuyén dong tinh tién cé kibi lvong mdit trén K 16 xo - gam chin, d6 cang 16 xo
la k, he sb giam chén la d, it thé chuyén dong trén dm voi van toc v khdngdoi. Gia thiét trong
sut qué trinh chugn dong, \at thé khéng tach ki dam. Chon hé toa d6 nhe Hinh 2. Tuc Ox
trung Wi truc caa dim khi dim chra ki uén, truc Ow thing ding hréng xubng dréi. Goi z 1a ta
do tuyét d6i cua Vat thé theo plrong thing ding. Goi y 1a khaing cachong déi giita Vat thé va
dam, w, 1ado vong dia dim tai diém vat thé tiép xtic Wi dam. Ta c6 K thirc

®3)

z=yrws w=w(x
Pé thuan tién cho véc tinh toan dadong tr do dia dim khi vat thé di dong khong c6 rit

X=n=vt
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trén dim, ta gin vao \it thé di dong mot tin hiéu biéu dién bing ham tin Hu logic. Ham tin Hiu
logic dugc dinh ngha nhr sau

L(t)={1 khi t <t<T

4
0 khi t<t, t>T *

trong do t 1a thyi diém vat thé bit dau chuyén dong trén dm, T 1a thoi diém vat thé két thic
chuyén dong trén dm.

Khi d6 cac phrong trinh md 4 daodong wn cia dim coing stt truéc chiu tac ding aia
vat thé di dong la ndt he hon hop phrong trinhdao ham riéng va prong trinh vi phan thong
[7, 8]

o'w 0°w 0°w_ ow)_ _ _ 0°w_
E'(ax“b ax“athr”(aterbEj fBAGe T % 7) ©)
L({t)(mz+ dz+ kp= ) mg dw+  kw (6)
trongdo
p(x z = L(O(mg- mp( x Vi (7)

Dé giai cAc phrong trinh nay taan biét thém caaliéu kién bién va cadiéu kién dau.
Cacdiéu kien bién trong bai toan nay cérdy
0*w(0,t)

P =Ox=|:w(|,t)=0,azw—(|’t)

=0: t)=
x=0: w(0,t)=0, . v

=0 (8)
Cécdiéu kién dau

W(x 0)= g(x>,w<x,o>=W= 6,(0, 20)=2; 40)= 3 )

. Ap dung phrong phap Ritz-Galerkin ta tim nginh cia cac phong trinh (5), (6) i cac
diéu kién bién (8) aéi dang

w(x 9= g (hsin "™ (10

trong dé Sinrl_nx la cac ham riéngia cim haidau ban I& cotng sut truge, con g, () 1a cac
ham @n tim.

Thé cac béu thic (10) vao phrong trinh (5) va (6) va tkc hien mot s bién doi giai tich ta
nhin dugc e pheong trinh vi phan déi dang ma tén nhr sau [7]

g =B(t)q+C(t)q+f(t) (11)
trongdo
% 4 4
0, o %
= | 4= :| 5 dG=|:
R e q,
L Z_ L Z_ L Z_
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Ma tran B(t) la ma tén vudéng ép n+1

b.l.l(t) blz(t) e bm+ 1)( t)
B(t) _ bZl(t) b22(t) o b2(n+ 1)( t) (12)
b(n+l)1(t) b(n+1)2(t) b(ml)(m 1)( t)
trongdo
- 4
b, () =~ L(t) 2L sin TV gin TV _ 5| EID (iTJ 0| (hs=1..n)
| oA I I PA U
7aY
s(n+l)(t) = L(t)ﬁsnﬁll— (S=1 ..... n)
B () = LD sinr—lﬂVt (r=1,...)
b(n+l)(n+l)(t) = _L(t)a
Ma tran C(t) 1a ma tan vuéng ép n+1 va cé ahg
I Cll(t) Clz(t) Cl(n+ 1)( t) |
C(t) _ 21(t) 22(t) sz 1)( t) 3j1
(n+1)1(t) C(n+1)2(t) C(ml)(m 1)( t)_
trongdo
4 2
e (1) = 2kL(t) i STVt th—Jf E(irj +£O_E(_srj rs=1.n
| A I I PAL | Pl
AV
Coimp (D) = L(t)ﬁsml— ,s=1,...,n
Cneyr (1) = L(t)asinr—lﬂvt J=1..n
k
C(n+1)(n+1)(t) =~ L(t)a
Vecto f(t) c6 cing
f=[f,f,. f] (14)
trongdo f.=0,s=1..n; f.,=9,
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Dé giai hé¢ phrong trinh vi phan (11) taan phai biét cacdiéu kién dau. Céacdiéu kién dau
naydugc suy rat (9)
G(0)=9,, §(0)=q(i=1...n), a4, (OF 7, ‘a, (OF '3 (15)

D¢ tinh toan dadong wn cia du cam dudi tac ding aa the thé di dong chiing toia xay
dung ot cheong trinh tinh VIBEAM 01 - BKHN da trén pan mém da ning MATLAB.

3. XAC PINH VAN TOC TGOl HAN CUA O TO KHI QUA C AU BANG
PHUONG PHAP SO

Sir dung chrong trinh VIBEAM 01 — BKHN [7] tinh toan dadyng dia hai lai cau dim
bé tong d tng lrc dién hinho Viét Nam.Do la cac éu bong Ha dai 32,4 m vaua Bung dai
20,4 m.

3.1 Tinh toan daoddng uén ciia ciu Pong Ha
S liéu ciu Bong Ha:
=324  (m) p=25¢10 (kg /)
p=pA=2352kg /m E= 0.31% 18 (N /)
El =7656920000Nn?) = 0B= 0
S ligu cac 6 t6: Trong bai bao nay @atih toan dadong wn cia ciu dudi tac ding aia
6 loai xe
6 t6 khac nhadugc danh $ nhu sau:
Xe & 1: xe 6 td MITSUBISHI PAJERO SPORT KG4WGNMZLVT5
M = 2100 (kg) , k = 85799 (N/m), d = 5068 (Ns/m).
Xe & 2: xe 0 t0 td MATIZ
M = 1024 (kg) , k = 46154 (N/m), d = 2660 (Ns/m).
Xe & 3: xe 6 t6 tHINO FG8JJSB
M = 9880 (kg) , k= 646160 (N/m), d = 39596 (Ns/m)
Xe & 4: xe 6 t6 tAHINO XZU720L
M = 5872 (kg), k = 451810 (N/m), d = 22996(N§/m
Xe $ 5: xe 6 t6 t6 HUYNDAI HD170
M = 13032 (kg) , k = 871210 (N/m), d = 52692 fiN}s
Xe & 6:xe 6t0td ZIL 130
M = 6120 (kg), k= 463590 (N/m), d = 22812 [k
Cac Kt qua tinh toan cho trén vadBg 1 va Hinh 3.
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Bang 1.Van toc i han moi V:h / van toc i han Ii thuyét v,, ciia 6 t6 trénGu Dong Ha, khig, = 0.

Sothatuxe | v km/h] | VelknV B | 7=V, /vy,
1 174,5 629,82 0,28
2 185,5 629,82 0,30
3 207,3 629,82 0,33
4 218,2 629,82 0,35
5 218,2 629,82 0,35
6 218,2 629,82 0,35

3.2. Tinh toan daoddng udn cia ciu Bung
S5 lidu ciu Bung:
| =20.4 (m) p=2510 (kg /)
(= pA=2277(kg Im) E= 0.31% 18 (N /m)
El =415700080¢Nnf) K= 0= 0
Cac Kt qua tinh toan trinh &y trén Bing 2 va Hinh 4.

Bang 2 Van toc i han moi V:h / van toc ti han li thuyét v,, ciia 6 t6 trén Gu Bung, khig, =0.

Sothatwxe | v [kny B | Vilkm/h] n= v,

Vth
1 87,27 749,09 0,12
2 87,27 749,09 0,12
3 98 749,09 0,13
4 163,6 749,09 0,22
5 109,1 749,09 0,15
6 109,1 749,09 0,15

Qua Kt qua tinh toan cho hai ko cau va \6i sau lai 6 t6 khac nhau trinh bay trén Hinh 3
va Hinh 4 éng nhr trén cac Bng 1 ve} 2 ta rlt ra 60 6 két luan sau: \an toc t6i han mai cua 0
t6 nhd hon van toc t6i han tinh todn @n dung theo cac céngie (1) va (2). TI¢ gitra van toc

t6i han cia 6 td tinh theo md hinh chinh xétmh\fh va \an toc i han Ii thuyét cii v, cia Gu
Dong Ha, khi&, =0, khaing 30 — 35 %, comia Bung la 12 — 15 %.
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3 xesel

3
I-E-| 5 —CUZO
F —&,=-0.0002
-5 ——,=-0.0004
6 £,=-0.0006
A —e,7-0.0008 |
—€,=-0.0010
_8 L 1 1 L
(5 200 400 600 KO0 1000 1200
v[km'h]
xes0 3
0 ; ; ;

-0.005

-0.01 i

015k —_—e =0 |
g 0
= — & =0.0002
® 002t 0 ]
J— CO:—O. 0004
-0.025¢ £,=-0.0006 "
B —£,=-0.0008
— af):-O. 0010
-0.035 ; L :
0 200 A00 a0 00 1000 1200
v[km/h|
X¢ 305
1]
-0.01
-0.02-
.E. —&.0—0
= —&,=-0.0002
03y -£,7-0.0004 1
ao=-0.0006
A0 \d / J —&,~-0.0008 g
_ sn=—0.001 0
-0.05 : : : -
3O 200 400 600 300 1000 1200

v[km/h]

Hinh 3 Do véng ki mat cit gitra ciu Dong Ha khi 6 tati qua.

_1_.:0—0
—ED_-O,OOOZ
—-CU'——O.OOO‘-I 7
€n=—0_0006 N
—-SU:-U.UUUS |
"——FJU=—O.00| 0

wlm]

wlm]

200 1000 1200

—t:u=0
— &g -0.0002
—2,=-0.0004
£,=-0.0006
—&,=-0.0008

—en=-u_0m 0

800 1000 1200

) 0=f]
—so=-0_00t’ 12
—_— so=-0.0004
uu—-lII.OL’lOﬁ
—s:u—'-l}.OlilOS
— ao=-0. 0010

860 1000 1200

421



Nguyén Van Khang, Nguyén Thj Van Hurong, Nguyén Dirc Phong

x107

-1 - 1
E‘ v —SQ—O
3 —80=~0_U{302
15 -
— eo--~!}.!}004
5 3 0——0.0006
) —g,=-0.0008
- -—an=—0.00] 0
E ':)O 200 A0 600 ]0O0O 1000 1200
v[km/h]
Xeso 3
4]
-0.002 1
-0.004 2 1
- - —se =0
.E. 0
z _, —e,=-0.0002
gl ——&,~-0.0001 |
50=—0.0006
508 —g,=-0.0008 |
—, =-0.0010
-0.01 ! : : .
0 200 400 600 800 1000 1200
v[kmh]
Xeso S
0
-0L002 1
0004 8
-(0.006 P -
PE 2 —E.O 0
= O.008L —t 0—-0.!]00'2 |
—c 0;—0.0004
-0.01F 6,=-0.0006 |
0012 ‘—‘-80:-0.0008 B
i —EO=—G.OOIO
N ] 0 i i
W 4] 200 400 a0 B0 1000 1200

vlkm/h]

wlm]

wlm]

-0.4 1
—uU—O
—EU=-0,OOUE
-0.6 1
— 50*-0.000-1
F:n=—0.0006
-0.8} .
—x:n——0.000S
— & 00010
_10 200 460 &00 S(I)U 1 OICI(J 1200
vlkm/h]
3 xeso 4
o 10
-1
2 J
Y i —::-:U=U
—50—-0.0002
4} 1
—sn=-0.0004
St 1:0——0.0006 1
&t —5,=-0.0008 |
—30=-0.001 0
o . . . . .
0 200 400 600 K00 1000 1200
v|km/h|
- 10° . xe S.O i} . . i
-1 i
=5 ]
3|}
Y —,=-0.0002 |
——g,=-0.0004
31 ,~-0.0006 ]
&) —5,~-0.0008 |
—g,=-0.0010
-4 ' L L L ol
8] 200 A00 a0 200 1000 1200

[km/h]

Hinh 4.6 véng ti mit cit giita ciu Bung khi 6 tadi qua.
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4. ANH HUONG CUA UNG SUAT TRUGC PEN DAO PONG UON CUA CAU

Dé nghién ¢u anh hrong aia ting stit truéc dén do vengdong hrc cua ciu khi 6 tdi qua
ta xét hai mo hinh datpng: Giu béng Ha va &u Bung.
a) Ciu Pong Ha: Ta cho nt s gia ti cia &, tir 6 tinhduoc van toc ti han cia dim theo
cong thirc

Q,=q :>ﬂ— iﬂ_'_ nZE v 722EI E
Cac Kt qua tinh duoc ghi ki trong hing sau
&, 0 - 0,0002 - 0,0004 - 0,0006 - 0,0008 - 0,001
@ (rad/s) 16,96 16,25 15,50 14,72 13,89 13,01
Vin (M/S) 174,95 167,59 159,90 151,81 143,27 134,19
(km/h) (629,82) | (603,32) | (575,64) | (546,52) | (515,77) | (483,1)

Cac Kt qua tinh cho trén Hinh 5.

S e :
L ; : =-0.0002
¥ SRR : — = =-0.0004

ST L S %
TR ; ; : —— —5,—0.0008
1! i : : :

G RS T o e = D008

M
5 : : : : ———g,~-0.001
1] 200 400 a0n a00 1000 1200
W[t

Hinh 5.Biéndd daodong I6n nhit tai gitra ciu Bong Ha theo 4n tbc v6i n = 1.

Tir d6 thi ta thiy Khi hé sd tng sut trong dim cang én (u am) thi biérdo daodong
lén nht lai mat cat gitra dim cang én. Ung stit truéc cdanh hrong lon ¢ 1an dén gia ti van toc
t6i han. Khi xa vin toc t6i han anh hrong aiatng stit truée khdngdang K.

b) Cau Bung: Tinh todn trong tr ta c6 kng van toc ti han cia 6 t6 tinh theo cong e (2) nhr
sau
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£, 0 -0,0002 | -0,0004 | -0,0006| -0,0008 -0,001
@ (radls) | 32,04 31,10 30,12 29,11 28,07 26,98
Vm(m/s) | 208,08 |201,93 |19559 |189,04 |18225 |17521
(km/h) (749,09) | (726,95) | (704,12) | (680,54) | (656,10) | (630,76)

Do thi d6 véngdong ki mat cit gitta ciu Bungduoc biéu dién trén Hinh 6.

0
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<45
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..... e s D s s it s s s S e ———ED=—|:I.|:IEIDI§
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———g =-0:001
i 1 i ED
0 200 400 a00 200 1000 1200
wlandh)

Hinh G Biéndo daodong I6n nhit tai gitra iu Bung theo $n toc véi n = 1.

Tir cac Kt qua trén ta suy ra cactkluan sau:

- Khi gia tri cha k¢ 5 (ing sut trong dim cang én (wi dau am) thi biénio daodong lon
nhat lai mat cat gitra chm cang én.
- Ung stit truéc coanh hrong I6n & 1an dn gia ti van tc ti han. Khi xa \én toc ti han

anh hrong aiatng sut truéc khéngdang k.

4. KET LUAN

Khi st dung mé hinh dadong aia dim dudi tAc ding aia Vat thé di dong, \an tic t6i han
cua 0 t6 chvao khang 10dén 40 % in toc t6i han tinh theo Ii thuét cii. Van toc toi han nay
phu thudc vao chéu dai dia ciu va cac thamdésdong e khac nir do cing chdng wn, khoi
lwong don vi chiéu dai @ia dim, ...

Ung st truge coanh hrong I6n ¢ 1an dn gia ti van toc t6i han. Khi xa \an tic toi han
anh hrong aiatrng st truéc khdngdang K.
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ABSTRACT
ON THE CRITIAL VELOCITY OF A VEHICLE MOVING ON THEBRIDGE
Nguyen Van Khang, Nguyen Thi Van Huong, Nguyen Phong
Hanoi University of Science and Technology, N@di,Co Viet, Hanoi

"Email: khang.nguyenvan2@hust.edu.vn

Vibration model of a vehicle on the bridge is ma&deby a mass - spring - damper system
moving on an elastic beam. This paper presentsethdts of a new study on determining the
critical velocity of a vehicle moving on the beamdge. The critical velocity of the vehicle
calculated according to the new model is much @nétlan that calculated according to the old
formula.

Keywords:elastically vibration, modeling, critical velocitf the vehicle, numerical simulation,
prestressed beam.
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