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TOM TAT

Dao dong cua 6 t6 sinh ra trong qua trinh chuyén dong anh hudng dén dudng, ban than xe va ngudi ngdi
trén xe. Bdo cdo nghién ctru phuong trinh vi phan dao dong ¢ chira dao ham cép ba cua 6 t6 sir dung
phuong phap Newmark (Newmark,1959). Trong bao cdo, phuwong trinh vi phan dao dong duoc thiét 1ap
va nghiém s duoc x4c dinh. Sau do, khao sat dao dong cua 6 t6 dudi tac dong cua luc kich dong diéu
hoa.

Tir khéa: dao ham cap ba; dao dong 6 t6; phuong phap Newmark

1. Mé dau

0 t6 1a mot trong cac phuong tién van tai c6 vai tro rat quan trong trong tat ca cac linh vuc kinh té va
doi sdng. Dao dong 6 to khong nhimg anh hudng téi con nguoi (lai xe va hanh khach), hang héa chuyén
chd, do bén, do an toan chuyén dong ctia 6 t6 ma con anh huong dén tu01 tho ctia duong. Déc biét trong
qua trinh chuyén dong, khi 6 to6 dao dong lam phat sinh tai trong dong rat 16n tic dong 1én hé thong khung
vo cua 6 t0, cac chi tiét, co cau téng thanh... anh huong dén do bén va tudi tho cua chung (HO Qudc
Khanh, 2019; M . Géradin and D. Rixen, 1994; Nguyén Vin Khang, 2023). Do d6, viéc nghién ciru dao
dong ctia 6 t6 1a can thiét va hiru ich. Mot trong nhimg céng viéc quan trong clia nghién ctru dao dong 6
t6 1a thiét 1ap va giai phuong trinh vi phan dé xac dinh cac thong s dao dong.

Béo c40 gdm 5 phan. Phan 2 trinh bay phuong phap Newmark cho phuong trinh vi phan cip ba. Dya
trén dinh luat II Newton va phuong phap Newmark, phuong trinh vi phan chuyén dong cia 6 t6 dugc
thiét 1ap va nghiém b6 duge xac dinh trong phén 3. Phan 4 trinh bay vi du 6 va dd thi dao dong cua 6 to
dudi tac dung cua lyc kich dong diéu hoa. Phén 5 bao gém céc két luan chinh cta bio cdo.

2. Phwong phap Newmark gidi phwong trinh vi phan cip 3

Ta xdy dung phuong phdp giai hé phuong trinh vi phén cép ba dya trén phuong phap Newmark da c6
giai hé phuong trinh vi phan cap hai (N.M. Neyvmark, 1959; Bui Thi Thuy, 2017; Pinh Van Phopg,
2006). Trong do véc to trang thai cua hé 6 thoi diém ¢, =¢, +h dugc suy ra tir véc to trang thai da bict ¢
thoi diém t, qua céc khai trién Taylor cua dich chuyén, van toc va gia toc.

Str dung khai trién Taylor d6i véi @6 dich chuyén, van tdc va gia tdc tai thoi diém t,., taco cac cong
thue:

X, =xn+(1—a)h'5c;, +ahX,,, (1)
1
‘x".n+l x +hx +(E_y)h2x +7h2 n+l (2)
. h 1 .
xn+1=xn+hxn+7xn+ g_ﬂ h x +ﬂh xl1+l (3)

Véi a, 8,7 1a cac tham s6 lién quan dén so d6 cau phuong.
Gia sir ta c6 phuong trinh dao dong tuyén tinh cuia vat co dang
aX+a,i+a,x+a,x=[()

Trong do6 a,, a,, a,, a, la céc hang s6. Ap dung cac cong thirc (1-3) vao phuong trinh trén tai thoi
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diém ¢, tatinh duge ¥

n+l

[a,+aha,+yla,+ pha, |%,, = £, -a,[ %, +(1—a)h'5c'J—a3[xn +hi, +(%—y)h2')€n}

—a,|x,+hx +£5€ +(l—ﬂjh3'fé
4 n n 2 n 6 n

. St dung cac cong thitrc Newmark (1) - (3) ta nhan duoc gia tri cua

4)

Giai phuong trinh (4) ta dugc X'

n+l

gia toc, van toc va do dich chuyén X

n+l > xn+l Vé xn+1 .
Xdc dinh diéu kién ban ddu cua ¥ (z,) tir diéu kién ban dau cua x(z,), %(z,) va ¥(¢,) da cho:
1 . .
x(t0)=a—[f(t0)—a2x(to)—a3x(to)—a4x(t0)] (5)
1
3. Tinh toan dao djng cuia 6 t c6 chira dao ham cAp ba sir dung phwong phap Newmark
3.1. Thiet lgp phwong trinh vi phdn dao dong cuia 6 to
Goi x va u la dich chuyén ctia vat va banh xe. Gia thiét do clmg ctia 16t truc c6 the dugc bicu dién bang
mot 16 xo twong duong voi 4o cung k véi d6 dich chuyén duoc ky hi€u la z.
Ta c6 dinh luat 2 Newton:
mi =—R(t), 6)

Trong d6 m 1a khéi lugng cia vat, x(t) 1a d¢ dich chuyén, R(t) 1a ndi lyc sinh ra bén trong vat thé

1:':

dan nhot.

m
lRun

Hinh 1. M6 hinh 6 t6 cdp nguyén. Hinh 2. Phan tich lyc.
Gia tri luc R(7) bang tong gia tri lyc R, tac dyng lén gidm chan ¢, valuc R; tac dung lén 10 xo & hay

giam chan cy:

R(t)=R +R,,
(7
B =Ry = Ryey) ®)
Trong d6:
R =¢ (i-u), R2(k):k(x_z)’ RZ(C):cz(z'—zZ), ©)
=R(t)=R+R, =R +R,, (10
=¢ (k—u)+k(x-2z),
Tu phuong trinh (8) va (9) tacd:  k(x—z)=c,(2—u) (11)
Thay (10) vao (1) ta c6 phuong trinh chuyén dong:
mi =—c (x—i)—k(x-z), (12)
Rut z tr phuong trinh trén:
iic (5—g . o
_m clk(x u)+x=mx+c1x]:kx L (13)

Tu phuong trinh (13) va (11) ta dugc phuong trinh vi phan:
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k(x—z)=c2 (z'—L't),

& —mi—cX+cu =c2[

mX +c¥+kx—ci .
. —c,i,

C . GG . Cc, . .
@;mx+mx+7x+(cl+cz)x=7u+(cl+c2)u,

@bﬁ+(ﬁ+ﬂj5&+k(q+02)x=ﬁa‘+k(cl+02)u.
)

(14)
m me, m me,
3.2. Phwong phdap Newmark gidi phwong trinh vi phdn dao dong
Ta ¢6 phwong trinh vi phan dao dong cip nguyén ctia 6 t6:
k(¢ + k(c +
5&'+(£+ﬂJ5¢+7(C‘ o), Gy kare), (15)
c, m me, m mc,

Ap dung phuong phap Newmark ddi v6i phuong trinh vi phan cdp 3 ¢ phan 2, ta giai phwong trinh vi
phén dao dong trén.

Tai thoi diém t, phuong trinh chuyén dong cua hé co dang:
ko ¢). k(e +c,) . ¢ .. k(e +c,) .
t —+— —=x(t, )=— —ult, ). 16
0o £ ) M0, - 820D a6)

Vé6i x(z,),%(z,)va %(z,) lan luot 1a d¢ dich chuyén, van téc va gia téc tai thoi diém ¢, .

i =L x,l—x”1)+[1—lj i, (1——]1” (———]hz (17)
Bh B 2 2 6p
= (X, =%, )~k +(1—i)xnl +(1—i]h5&'nl, (18)
Bh Bh 28 6f
N U LU DR O
xn - ﬁh3 (xn xn—l) ﬁhz xn—l 2,8}1 xn—l (6ﬁ ljxn—l’ (19)

Thay céc phuong trinh (11), (12), (13) vao phuong trinh (10):

1 1 . | - 1 k ¢ a . a ..
ﬂh3 (x” _xﬂfl )_W'x!kl —mxnﬂ - @—1 xrz—l + C_+ ﬂhz ( x/z—l )—Exnfl + l—ﬁ xrl—l
2

+(1_ijh3@1}+m{i(% L)+ (1_—j [1——]h5€n1+(l_L)h2‘x‘nlJ (20)
6 me, | fh s 2p 2 6

c . k(c1 +c2) .
=—ii(1, ) +———=u(z,)

mc,

Ta tinh toan vé trai cua phuong trinh (20):

V{L[k_ju_} P e
g \c, m)pRr  mc, ph B ﬁhz el 2ﬂh T
ATQPITES ol I
¢, ph ﬂh 23 6
_k(Cl+cz)|:anl+[}/ 1]xnl+[i_l)hx +(L_ljh2:fnl:|’
me, | ph B 2p 6 2

Gia sir kich dong mit dudng u duoc biéu din boi ham diéu hoa
u=Usin(wt+p) (22)

Vé6i U, m,@ 13 cac hiang sb.
Ta c6 dao ham cép 1, cip 2 cua u
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i =Uwcos(wt+p), (23)
ii =-Ua’ sin(at + @), (24)
Thay (23), (24) va (21) vao phuong trinh (20) ta duoc:

(ke e Katre)y |
Br \c, m)pr mec,  fh

¢, o k(e +c,) 1 1. .
= —— —— — — ——
Uw’sin(wt, + @)+ o Uwcos(at, +(p)+[ T3 T o ¥ o

[1 J } [k Clj|: a a . (a ) (a ] }
+H—=-1|x_ [+] —+— X, t—X,_ +| ——1|%_ +| —=-1|hX,
6/ ¢, m)| ph Lh 23 64

JHare) +cz){lx,,l +[1—1}‘c,,1 +[l—ljhk’n1 +(L—ljh2 '5“'»1}'
me, Bh B 2p 64 2

Nhu vy ta di tim duoc nghiém sd x, cua phuong trinh vi phan dao dong (16) theo cac gia tri cua

(25)

X, %, ,%X,_,X_, voi %, ,X,_, vaX,_, dugc tinh nhu sau:
1 I . . 1
xn = —3(xn _xn—l)_—zxu—l _—'xn—l - __1 xn—l
Bh Bh 2Bh 63
i =% +(l-a)h%,  +ah¥, (26)

X =% +h¥ +G - ;/)hz i iR,
Gid thiét ring diéu kién ban dau cla céc cong thic trén x(0), %(0) va ¥(0) da cho.

4. Vi du sb
Liy cac sb ligu m = 5000kg, k = 10000 N/m ¢, = 8000 Ns/m,c, =10000 Ns/m véi h=0.0l,a=1/2,

y=1/4,3=1/12. Trong truong hgp u = 0.05sin (t + %) , phuong trinh vi phan dao dong co6 dang:

¥ +2.65+3.6% =—0.08 sin(t+ §)+ 0.18¢os (r +§) 27)

Véi céc diéu kién dau x(0)=0,%(0)=0,%¥(0)=0.01= x(0)=-0.0053, do thi bién do dao dong
duoc biéu dién trong Hinh 3.

R T
N il I

0 10 20 30 40 50 60 70 80 90 100
i(s)

Hinh 3. D6 thi bién dé dao dong cua o to.
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5. Két luan

Trong bao céo nay, tac gia di nghién ctru xdy dung chuong trinh tinh toan s dya trén phuong phap
Newmark giai hé phuong trinh vi phan cép hai, tim nghiém cua phuong trinh vi phan c6 chira dao ham
cAp ba. Sau d6 str dung chuong trinh thiét 1ap duoc dé tinh toan dao dong cua 6 t6. Két qua thu dwoc 1a dd
thi mo6 ta bién d¢ dao dong cua 6 t6 trén mat duorng map mo c6 dang mot ham diéu hoa.

Béo céo ciing so sanh két qua tinh toan bing phuong phap Newmark va phuong phép Runge-Kutta.
Trong vi du, c6 su thong nhat giita cac két qua bang phuong phap Newmark va phuong phap Runge-
Kutta. Thuat toan tich phan s6 Newmark mot budc dwoc trinh bay cho cac hé cp ba 1a hiéu qua va phu
hop. Theo thuét toan ndy, mot chuong trinh may tinh dugc phat trién bang phan mém Matlab.
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ABSTRACT

Calculating the vibration of a car containing the third derivative using
the Newmark method

Bui Thi Thuy
Hanoi University of Mining and Geology

The car's vibrations generated during movement affect the road, the car itself and the people sitting in
the car. In this paper, the vibrational differential equation containing the third order derivative of a car is
researched by the Newmark method. The vibrational differential equation is established and the numerical
solution is determined. Then, investigate the car's vibrations under the influence of harmonic excitation
force.

Keywords: third order derivative; car vibration; Newmark method.
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