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VE TTJ CHAN CUA DAM 
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CO MOT BO TAT CHAN OONG LUC . . . . 

NGUYEN vAN DINH, THAI MANH cA.u 

Trang [1,2] d& khio sit cic b9 tilt ch3:n dt$ng llrc m;;tnh va ytiu d~t vio diy chju kich d9ng tlf 
chan ye'u. Tic dv.ng cUa b9 d.t ch3:n dOi v&i day duyc thg hi~n b~ng him Di-ric; d<,mg dao dl}ng 
rieng ella h~ day - b9 tlt -ch.3:n d1.rqc khai tri~n th~mh chu6i vO h~.n thea cic d<_mg dao_ dt?ng rieng 
cua day. Trong [3[ dii khio sat t\r chO:n ella day c6 m?t b? tat chO:n d?ng lvc m~nh; d~ng dao d<)ng 
rieng dta h~ drr<;rc tlm & d<Iong gi&i n9ii stl: dvng phuang phip trung blnh d~ x1iy d1p1g nghi~m b 
xS:p xi thU: nh~t khOng hoin chinh. 

Bai bao nay xet b? d.t chiln d<)ng lvc m<'nh d~t vao d'am; S1lc d'!ng phtrcrng phap trong [3[, 
xay dv-ng nghi~m ti~m c~n (y xap xi thli- nhit hoin chinh. -

1. HJ!; PHUONG TRINH VI PHAN DAO DQNG 

Khio sit d'am llng tr\1. dii f. , ch!u lien ket tv·a & hai d'au milt, c6 khOi hrqng cUa m9t don 
vj dii Ia 11-, s.hiu tac dvng ella lvc kich d9ng y~u phan bb theo chi~u dli diim theo phrrang_ thing 
dU-ng (Hinh 1). 

Hinh 1 

T~i B c<ich 0 m{)t do~n OB = b c6 d~t h9 tttt chin d{)ng lJ!c li kh5i hrgng m treo b d'a.u 10 
so c6 d9 cU·ng c, chiu 1\l'c d.n nh&t, h~ s5 A. 

H~ phrrcrng trl.nh vi phiin dao d<)ng Ia: 
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azy(!) a•ylll - (ayll)) 
~-'at'2 + EJ --ax< - eR i)t , 

8 zy121 a•yl2l _ (ayl2l) 
~-'at'2 + EJ --ax<- eR i)t , b :'0 x :'0 £ 

- [' ay(bt)l mZ + c[Z- y(b,t)] = -d Z- a: . 
Dieu ki~n bien: 

(ll(o t) = azylll(o,t) = (21(£ t) = a2yl2l(£,t) = 0 
y I 8x2 y ) a X2 • 

Di'eu ki~n lien tvc: 

ylll(b, t) = yl 21(b, t)= y(b,t), 

· ayl 1l(b,t) ayl2l(b,t) ay(b,t) 
= ax ax 

a2 yl 1 i(b, t) o2 yi 2 l(b, t) 
ox 

a2 y(b, t) 
= 8x2 8x2 BxZ 

Di'eu ki~n cin b!ing t;;ti nUt B b m6i thCti digm (bmTc nhiy ~~a ll;l'c d.t t;;ti B): 

' [ z (t l - y(b, t) l +e>. [ Z(t) - ay~~· t) l = -EJ[ a'y~,~~b, t) - a' Y~~~b, t) ]. 
Gii thie't r!ng him kich d{lng tl! cha':n c6 d<!-ng: 

(
ay) (ay) · (ay)' 

R 3t = h, at - h, at ' 

2. DAO DQNG RIENG 

D~t e = 0 h~ (1.1) - (1.4) suy bign thimh: 

azy(l) a•yll) 
0 EJ 0 0 ~-' at2 + --ax< = ' 

azy(2) a•ul2) 
p--0- + EJ-·-"- = 0 

8t 2 8x4 l 

mZo + c[Zo- yo(b,t)] = 0. 

(1) (0 t) = azy~l) (o, t) = (2)(£ t) = azy~2) (£, t) = 0 
Yo , ax2 Yo ' 8x2 · 

v6' 1(b, t) = vb21 (b, t) = Yo(b, t), 

ay6' 1(b,t) _ avb21 (b,t) _ ayo(b,t) 
ax - ax - ax 

o2y6'1 (b, t) o2y621 (b, t) o2yo(b, t) 
= = 

2 

(1.1) 

(1.2) 

(1.3) 

(1.4) 

(1.5) 

(2.1) 

(2.2) 

(2.3) 

l .... l r ,: 
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(2.4) 

Theo phrrcmg phap pharr ly bie'n s5(4J, chung ta tim nghi~m cua h~ (2.1)- (2.4) du-&i d~ng: 

y~11 (x,t) = yi'i(x)acoswt, 

Yb21 (x,t) = y(Zi(x)acoswt, 

Zo(t) = ZacosoJt. 

Thay (2.5) vao (2.1)- (2.4) chung ta tim dm;rc: 

ylll(x) = Cpin Ix + C2shix, 

y1 2 l(x) = c3 sin I(x- ey + c.sh I(x- e), 

trong d6 {1/ £) 4 
= p.w2

/ EJ, 0 1 - 0 4 , Z !a cac lt~ s5 th<la man h~ phuang trinh: 

C1 sin ~b + Czsh~b =Ca sin ~(b- £) + C4sh~(b- £), 

I I I I 
C, cos lb + C2chlb =C, cos l(b- £) + C4chl(b- £), 

-01 sin Ib + C2sh~b =- 0 3 sin I(b- £) + C,shi(b- £), 

1 ( 2) . I 1 - c- rnw Z =01 sm -b + C2sh-b, 
c . £ £ 

c[ z- ( cl sin Ib+ Czsh I b) l =- EJ(1J3 
[ (- cl cos Ib+ Czchib)-

- (- Ca cos I(b- e)+ C,chi(b- £)) ]. 

(2.5) 

(2.6) 

(2 7) 

Tir di'eu ki~n c6 nghi~m khOng t"arn t}nrCrng cda h~ (2. 7), chllng ta suy ra phtrcrng trlnh t'an sO: 

Phu-crng trlnh nay xic cljnh mQt day vO h~n t'a.n sO ri€ng Wn(n = 1, 2, ... ). Thea each ph an 
tich trong [3], chUng ta thiy r1ing so v&i phrrang trlnh t'fin s6 rieng thinh l~p dm!c nhCt phll'ong 
:Phip sU· d\).ug trong [5], plnrang phip dang sU· dlJ-ng c6 1YU difm vi cho dliy dli ca.c tlin sO rieng, 
k~ ci khi x[y ra hi~n tm;mg trU.ng tk sO: (gifra d'am c6 bQ tat cha:n, d'am khOng c6 b9 tit chiin va 
rieng h9 tlt chan ) . 

Ccic d~ng dao d{)ng ri€ng crl_a h~ c6 tinh cJlJ:t tr¥'C giao: 

• e 
j p.Y~,11(x)Y,[ 1 1(x)dx + j p.Y,~,ZI(x)Y,: 2 1(x)dx+ rnZmZn = Mnbmn· (2.9) 
0 • 
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3. TV CHAN DON TAN 

Trlt l<:fi xet h~ kich d9ng (1.1) - (1.4), cln\ng ta xay d\fng nghi~m xgp xiMng phrrang phap 
ti~m c_~n cho che' d9 tv- ch3:n dan t'an g'a.n t"an sO rieng thtl- nha:t w1. Gill. thie't d.ng w 1 li t'an sO 
dan va khOng c6 ci?ng hrr&ng gifra w1 v&i ccic t'an s5 khic cda. h~. 

Neu dirng l~i It xgp xi thU. nhitt hoan chlnh [5], chllng ta tim nghi~m drr&i d~ng : 

= 
y1 1l(x,t) = Y}'i(x}acos,P+e L y~ll(x)u.,(a,,P), 

n=l 

= 
y!Zl(x,t) = Y? 1(x)acos,P+e L Y.FI(x)u,(a,,P), ( 3.1) 

n=l 

Z(t) = Z1a cos ,P + e{ uo(a, .P) + L Z,u,(a, .P)}. 
n=l 

d ·yl'l() y1 2 l() Z I'' d d- ._ I' h'tt ' ,. ' '·- I' I' trong o 1 x , 1 x , 1 a cac ao qng neng t 1u· n a u·ang rrng vcn tan so neug t 1u· n 1at; 
Un(a, tPL (n = 0, 1, 2, ... ) la cac haln tu'an hofm phlU tlm cti.a '¢;, elm kY 21r; cic d<_ti hrqng a va 
tP li cac him ella t dm;:rc xac d!nh tir h~ phuung trinh: 

da 
dt = cA 1(a), 

do)! dt = w1 + cB,(a). 

The (3.1) viw (1.1)- (1.4), chll y Mn (3.2), stl- dvng (2.9) chung ta nh%n dmrc ket qua: 

uo(a,.P) = ~[Z,-Y1 (b))aw 1 sin,P, 
c . 

() 
h;3. 

u1 a,,P = -M a wlsm3t};, 
32 1 

aw,sin,P · [ n Zn( )2 3 (n) 2 2 ] sin3,P 
un(a, .P) =- M ( 2 _ 2 ) h 1 -. ).-z z,- Y,(b) - 4h3 a w 1 -

4
M ( 2 _ 9 2 ). 

,. w,. w 1 . 1 rt Wn w 1 

(n = 2, 3, 4, ... ) trong d6 

b ' 

h~ = h, [j (Y1
111 (:t))

2
dx+ J (Y1

121 (x))
2
dx], 

0 ,, 

b ' 

h; =h3 [j (Y1
111 (x})

4
dx+ J (Y1

121 (x})
4
dx], 

0 b 

b ' 

h\"1 =h1 [/ Y1i'l(x)Y,!'i(x)dx + J Y1
121(x)Y21(x)dx], 

0 b 

b ' 

h~n) = h3 [j (Y1( 11 (x)) 3 Y~ 1l(x)dx + J (Y? 1 (x)) 3 Y~ 2 1(x)dx], (n = 2, 3,4, ... ). 

0 b 
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(3.2} 

(3.3) 

(3.4} 

(3.5) 



Nhrr v~y blng phrrcrng phap khac, chung ta lq.i tlm drrqc ke't qua (3.3) dii. c6 trong [1,2]. 
Nghi~m ti~m c~ & x5p xi thrr nh5t hoim chlnh (3.1) da chrqc xac djnh theo (3.4), trong d6 a va 
1/J duyc xac djnh theo (3.3). 

Qua vi~c khio sit che' elf? tv ch5n ctan t"an 1 c6 th~ thiiy ding vi~c bi~u di~n d~ng dao d/?ng 
rieng & d~ng him lieu tvc khlt vi de'n dlp 2, khlt vi tirng khUc de'n c5:p 3 cho plH~p th5y rO diem g6c 
cU.a d;;to him cip 3 cda dao d{ing ngay trong xip xi thU: nh5:tj tir {3.4) chUng ta thily inh hrr&ng 
crla hrc k:ich d9ng tl! chfin vi cic d<,mg dao d{mg rieng, n1nrng chi c6 cic dieu hOa thlr nJdt vi thU: 
ba rna thOi. 

Tir (3.3) chUng ta cling thliy rlmg vi%c tfing h~ sO d.n >.. se d%p tiit <hrqc da.o d(~mg oL1. cCJ h~ 
ho~c lim giim bien d9 dao d(jng dirng ella ca h~. 

-< " 4. TV CHANDA TAN 

Khio sit h~ kkh d<}ng (1.1}- (1.4L gib. sti· r~ng tOn t<)-i ch€" d9 dao d(}ng t\r chitn g'an hai t'an 
sO ct'au tien WI, w 2 c-da dao d()ng rieng dta ca h~ vi kh&ng c6 n<?i c9ng hrr&ng giiia w1~ v&i w 2 ; giiYa 
w 1 , w 2 v&i c.ic t"an s5 khic. 

0 x.ip xi thU· nhat hoP,n chi.nh, chU.ng ta tlm nghi~m du·6i d<_lng: 

= 
y( l) (x, t) = Y1(l) a 1 cos 1/;1 + Y2(1) a2 cos 1/;2 + £ L Y,[ 1l (x)un( a1, az, 1/;1, 1/;z), 

n=l 

= 
yl 21(x, t) = ypl a1 cos 1/J 1 + yp) a2 cos 1/J2 + e L Y,~ 2 ) ( x)un(a,, a2, V;l, 1/J2), (4.1) 

n::::l, 

= 
Z(t) ~ z,a,cos,P, +Z2a2cos1/J2+e{uo(a,,a2,1/Jl,1/J2) + LZnun(a,,a2,,Pl,,P2)}. 

n=l 

Trong d6 "'111 (x), Y,P1(x), z1 la cac d~ng dao cli?ng riihtg th(r j(j = 1, 2) tl]'(:rng rrng v&i din 
sO rieng thiT j ctla ca h~, un(a11 a2 , t/; 11 t/J2) (n = 0, 1, 2, ... ) 13. cic hJ.m tu'an hoin phii tim nia 
1/J1, Vo2 chu ky 211'. 

Cic d;::ti hr9'Jlg a1, a2 , ¢1, 1/;2 Ht cic him phii tlm ella t chrqc xic d!nh tlr h~ phtrOTlg trlnh: 

(4.2) 

Thg (4.1) vito (1.1)- (1.4), cln\ y Mn (4.2), str dvng (2.9) chUng ta nh~n drrqc ket qda: 

( 4.3) 

( 4.4) 
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r 
I 
' 

h
(3) h(3) 3 

40 a1w1 · •1, 

M ( 
i 3 

2 ) sin 3¢z + sm3~,, 
4 1 w 1 - 9w2 32M, 

( n = 3, 4, 5, ... ) ( 4.5) 

trong d6 
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b ' 

hj} 1 = h, [j (Y1
111 (x)((Y2{1i(x)) 1dx + J (Y1

121 (x))' (YP 1(x)) 1dx], 
0 b 

" ' 
hj:i = hs[j (Y}'1(x))'(Y2

111 (x)) 1dx + J (Y1
121 (x))' (YP1(x))'dx], 

0 " ,, ' 
hj:"1 = h1 [ J (Y1(1) (x))' (Yi'1 (x)) 1Y,~ 1 i(x)dx + J (Y11

21 (x))' (Y21
21 (x)) 1 YJ 2 1(x)dx], 

(4.6) 

0 b 

b ' 

hjJni = hs[/ (Y}'l(x))'(Yd')(x)) 3 Y~ 1 i(x)dx+ J (Y11
21 (x))'(YP1(x)) 1Y2i(x)dx]. 

0 '6 

(n=3,4,5, ... ) 

Chung ta da xii.y d'!Ilg drr<!c nghi~m ti~m c~n I! x~p xt thU· nHt holm chlnh. KhAo sat (4.3), 
(4.4) chung ta th~y: 

- Nghi~m dirng a1. = a 2 = 0 se &n d!rih ne'u: 

hg,i- >.[Z1 - Y1 (b)[ 2 < o, 

h~~i- ..\[Z2 - Y2(bW < 0. 

Til-e Ia vi~c t.3.ng h~ sO d.n ). se 5n dinh h6a vi tri cin b'ang ella h~.· 
- N ghi%m dlrng a1 = 0, a2 "f 0 th6a mlm : 

(3) 

A2 > ho(~ 1 { h~~~ -).[Z,- Y,(bW}. 
. 2h22 

- Nghi%m dlrng a2 = 0, a, I 0 th6a man: 

(3) 

A,> h41~ 1 {h~~~ -J.[Z2- Yz(bW}· 
2h22 

- Nghi%m dlrng a1 I o, a2 "f o thOa man (4.3), (4.4) se 5n ilinh n€u: 
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(4.7) 

( 4.8) 

(4.9) 

(4.10) 



D~ ding thiiy rling bie'u thiTc th-fr hai luOn d1tqc th6a min, cOn di~u ki~n th-IT nhiit thrrCmg 
khOng d:U"qc thda min [2], n€n ch€' d9 niy thuCrng khOng bn d~nh. 

5. V AI NH~N XET 

1. BKng phrrang ph<ip bi~u di~n d~ng dao d_9ng ri€ng b&i him lien tvc khi vi de'n cfip 2, khl.. 
vi tirng khlic de'n d{p 3, chUug ta th[y rO diJm g6c ella dao dC}ng I:J d<_to ham cilp 3 ngay trong xfip 
xi thrr nhk 

2. Kh<io sat nghi~m ti~m c%n & x~p xi thrr nhit hoim chlnh, chling ta thay inh hu:&ng cda h,rc 
kich d\)ng t¥' chin R(ayjBt) va cac d~ng dao d\)ng rieng t&i phlin hoan chlnh Clla nghi~m, phlin 
nay chi c6 cic ciieu hOa thU: nha:t, thiT ba vi m9t sO hfru h~n d,c di~u hOa t5 hqp mil thOi. 

3. L~p du·qc cc\c ke't qda cta c6 trong [1,2]. Khi tang h~ s8 cin A ella b9 tit- chin d<)ng hfc, c6 
thg d~p t.!t dao d{lng tv- cha'n lw¥ lim giim bien d{) dao d9ng dlrng cUa hf. 

Dia chi: Nh4n ngay S/8/1990 
Vi~n G" Vii'n KHVN 
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SUMMA;RY 

ON SELF-EXCITED VIBRATIONS OF BEAM WITH ONE DYNAMIC ABSORBER 

In this work, self-excited vibrations of beam with one strong dynamic absorber were studied 
by the method in [3]. 

From the solutions refinement of the first approximation it is seen that the self-excited force 
and particular forms influence to the corripleted parts of solutions, the dynamic absorber may be 
used to damp the self-excited vibrations near to one or two particular frequencies of system and 
to decrease the amplitude of stationary vibrations. 
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