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Tém tit

Ly thuyét dam Euler — Bernoulli con dugc goi 1a ly thuyét dam dai, thudng bé qua anh huéng ciia quan tinh
quay va bién dang trugt. Khi c6 ké dén céc yéu td do ta c6 thé dung 1y thuyét dim Timoshenko. Cic dic trung
ctia dAm nhu tan s6 riéng, dao dao dong riéng, hé sb can, ciing nhu cic dap ting dong luc hoc sé c6 nhiing thay
ddi nhét dinh. Trong nghién cifu nay sé st dung phuong phap gidi tich d€ khio sat ddp ting dong luc hoc ctia
dam Timoshenko chiu tai trong di dong véi nghiém dao dong dang gidi tich. Dya vao dang nghiém d6 dé c6
nhitng ddnh gi4, nhan xét vé cac anh hudng clia cac yéu td dén dap ting dong luc hoc nhu anh hudng clia cac hé
s6 can, tai trong, van toc tai trong dén dao dong va ting suit ctia dam.

Tir khod: dam Timoshenko; dim Euler — Bernoulli; tan s6 riéng; dang dao dong riéng; dao dong riéng; dao
dong cudng biic; tai trong di dong.

ANALYSIS OF FORCE VIBRATION WITH THE DRAG COEFFICIENT OF TIMOSHENKO BEAM UN-
DER MOVING LOAD BY USING ANALYTICAL METHODS

Abstract

Euler-Bernoulli beam theory is known as the long beam theory that excluded the rotatory inertia and shear
deformation effects. The Timoshenko beam theory applies for cases that include these factors. The beam char-
acteristics such as nature frequencies, mode shapes, drag coefficient, as well as dynamic responses will have
changes. This study will apply analytical methods to investigate the dynamic responses of Timoshenko beams
under moving loads that have vibrational solutions analytic forms. Based on these solutions to make assess-
ments, comments on the effects of factors on dynamic response such as effects of drag coefficients, loads and
load velocity on vibration and stress of the beam.

Keywords: Timoshenko beam; Euler — Bernoulli beam; nature frequencies; mode shapes; free vibration; force
vibration; moving loads.
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1. Giéi thiéu

Céc nghién ctiu vé dao dong ctia dim hoic cau dudi tic dung ciia tii trong cudng biic di dong da
dugc céc tac gia trong nudc quan tim kha nhiéu [1-14], trong d6 céc tic gia sit dung cic ly thuyét
dam nhu Euler — Bernoulli, dim Timoshenko d€ di xac dinh dao dong riéng va dao dong cudng biic
clia cdc md hinh dim dudi tic dung ctia tai trong di dong, tai gi6 hoic tii cudng biic bing cic phuong
phéap khac nhau. Trong d6 [1, 3] thi xét dén trudng hop hoat tai khai thac tic dung 1én hé dam lién tuc
va tac dung lén tim ding huéng [3], mot s& nghién ctiu vé dao dong clia dAm c6 vét nit [4, 12, 14],
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mot s6 nghién cifu vé dam c6 vat liéu di huéng nhu [9-11, 14]. Trong céc nghién ciiu hau hét tic gia
dung phuong phap s6 d€ phan tich cac dap ting dong luc. Trong [9] tac gia c6 dua ra phuong trinh vi
phan cip 2 12 chudi cic bic clia dao dong, tiép d6 cac tic gia gia dinh khai trién tai phan bd cudng
biic ¢6 dang chudi tuong ing véi chudi bic ciia dao dong va iy ra nghiém giai tich bac bat ky ctia
dao dong theo bic tuong Gng ctia ham cudng biic. Tuy cac nghién ctu trong nude kha phong phi nhu
da néu trén, nhung van dé vé bai toan dam Timoshenko c6 k& dén can thi con rat it dé cap, day cling
1a van d& can lam phong phi hon bing cac khao sat cu thé ma nghién citu nay hudng téi.

V6i cdc nghién cifu clia tac gia trén thé gidi, van dé nay da dudc nghién cifu tir 1au, cac nghién cifu
khd diy dd va phong phi [15-22]. C4c nghién ctiu nay da s6 st dung cic phuong phép s6 dé danh
gi4 cac dap ing dong luc hoc va déu chua xét dén anh hudng ctia hé sb can trong ciing nhu cn ngoai
dén nghiém ctia dao dong. Trong nghién citu [15], tac gia da khao sat dap ting dong luc hoc clia dAm
Timoshenko chiu tai trong di dong bing phucng phép s6, trong d6 chua ké dén anh hudng cia can.
Con trong [16], cic tdc gia da dua trén nghién citu d6 d€ xét tai di dong c6 gia tbc. Cac nghién ciiu
[17, 18] tdc gia da st dung dang dao dong riéng dé xac dinh tan sb riéng clia cdc dAm c6 lién két khic
nhau, stt dung dang nghiém ham Green dé nghién citu dap tng dong luc hoc, ham Green cling dudc
st dung trong [21, 22] d€ x4c dinh ddp ting ctia dAm c6 va khong c6 vét nit, ¢ gidm chin. Viéc st
dung st dung dang dao dong riéng da dudc st dung dé phan tich dap ing dong lvc hoc trong [14, 23].

Trong nghién ciiu nay, cac tic gia da tip trung vao phan tich dao dong cudng biic ¢6 cac thanh
phan can trong va cin ngoai ctia dam Timoshenko. D€ 1am dudc diéu do, tac gia thuc hién bién ddi
dua phuong trinh dao dong tir dang phuong trinh dao ham riéng vé dang phuong trinh vi phan thudng,
day 1a cac phuong trinh vi phan mo ta dao dong tuyén tinh cudng biic ¢ can. Nghiém giai tich dugc
dua ra c6 dang tudng minh. Tt d6 d4nh gid anh hudng clia mot s6 yéu t6 dén dap ting dong luc.

2. Phuong trinh dap wng dong luc hoc

2.1. Phuong trinh ddp ving dong lic hoc cia dam Timoshenko

p(x,t)

Xét dam chiu tai trong phan bd p (x,1) theo
phuong ding. Khi do, do vong w, géc xoay mat
cit ngang ¢, mdomen uén M va luc cit Q la cic
ham ctia toa do x va thdi gian ¢

w(x, 1), (6,0, M(x,1),0(x,1) (1) !
Phuong trinh dao dong ctia dAm theo 1y thuyét z
dam Timoshenko c6 dang [6, 7, 14, 17]: Hinh 1. Dam chiu tai trong ¢ (x, 1)
0w (x,1) ow(x, 1) 00(x,1)
A - = p(x,t 2
pA— T+ B Y P p(x, 1) (2)
¢ (x,1)  OM(x,1)
pl () 222D —0®N=0 ©)

or? Ox
véi B = const 1a hé s6 can ngoai, p 1a khéi lugng riéng ciia dam, A 1a dién tich mit cat ngang, u = pA
12 phan bd khéi lugng trén don vi dai ctia dim.

Ta c6 goc xoay clia mit cat ngang:

ow ow
tang = — Q=@+ 7y => Y=

o Fri 4)
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Déi v6i dam Timoshenko, géc xoay ¢ clia mit

cat ngang k€ trén bang tdng géc xoay ¢ do bién 2 Y
dang udn gay ra va géc xoay y,, do bién dang trugt -
gay ra (Hinh 2). Bién dang udn gay ra

Khi k€ dén cén trong clia cdc 16p vat lidu, day

I3 Ic can sinh ra do sy ma sét gitta céc 16p tinh thé Bién dang truot gy ra
ctia vat liéu khi chiing trugt tuong ddi trén nhau, \\> /y

thuc nghiém cho thiy thanh phan ma sit can nay

clia vat lidu ti 1& v6i van tdc bién dang, do d6 quan

o A, ) Hinh 2. Céc thanh phan géc xoay
hé ung suat-bien dang c6 dang:

Oexx (x,2,1)

ot )

Oxx = Elexn(x,2,0) +

), oy =G (yxz(x, )+ a%)

trong d6 « 14 hé s6 can trong clia vat liéu. Ta thiy rang véi vat liéu dang hudng thi hé s6 nay 12 khong
ddi theo cac phuong, véi vat liéu di hudng thi day 1a vin dé can xem xét k§ ludng hon.
Nhu vdy khi ¢6 can phuong trinh dao dong c6 dang [6]:

0w (x, 1) ow (x,1) ’w  0p Pw ) 3
H—gn TP 04 (W Tox a(ax%z - M)) = P ©
82¢ (x,0) 82¢ (x,0) 6¢3 (x,0) ow OPw op\\ _
pl—atz - EI( axz + a aXQat ) — kGA (a - ¢ + a (% - E)) =0 (7)

trong d6 E 1a modun dan hoi, I 12 mémen quan tinh mét cit ngang, G 1a médun dan hoi trugt, k 13 hé
s6 hiéu chinh cit, 8 12 hé s6 can ngoai ctia két cau.

Nhu vy ta thu dudc hai phuong trinh dao ham riéng mo ta dao dong cudng biic c6 can clia dAm
Timoshenko thudng v6i hai an 1a w (x, ) va ¢ (x, 1).

3. Dao dong tu do ciia dam va phuong trinh xac dinh dang dao dong riéng

Dé don gian, khi x4c dinh tan sb riéng ctia dAm ta thudng st gia thiét bd qua anh hudng cia can,
khi d6 phuong trinh dao dong tu do ctia dAm véi cac hé s6 can duge bd qua (a = 8 = 0), tif phuong
trinh (6) va (7) c6 dang:

w (x, 1) w0 B
oz GA(W‘&)-O ®)
% (x,1) 0%¢ (x,1) ow _
pIT—EIT—KGA(a—(b)—O (9)

3.1. Ham dang riéng tong qudt ciia dao dong

Theo phucng phap phan li bién s6, nghiém ctia phuong trinh dugc biéu dién dusi dang tich cia mot
ham phu thudc vao khong gian x va mdt ham phu thudc vao thoi gian 7 cé dang [6, 7, 14, 17, 19, 20]:

w(x, 1) = W)T (1) (10)
¢(x, 1) = ()T (1) (11)
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trong d6 W(x), ®(x) 1 cic dang dao dong riéng ctia dam theo toa do x; T() 12 ham bién do dao dong
theo thoi gian 7.

St dung dang nghiém (10), (11) thay vao cac phudng trinh (8) va (9) rut ra dugc cac ham dang
riéng cta dao dong [6, 19]:

- Trudng hop w < w,. Ta c6 ham dang riéng clia dao dong udn va géc xoay:

W(x) = a; sinh8x + ap coshBx + a3z sinéx + ag cos éx (12)
®(x) = arhgsinh Bx + arhg cosh fx — as fe sinéx + a3 fg cos Ex (13)
trong do:
ho=p+ L) (e 2 (14)
A= «GB)> ¢ kGE
2
1 1 1 1 1 wp A
S D D a2t —dp? | 2 2 15
p ZJ (KG+E)pw +\/(KG+E)pw pe (EKG EI) (1)
S ERATS A (W A
=—A\|l—=+= —+—= -4 ——-—1>0 16
£=5 (KG+E)pw+ (KG+E)pw pe (EKG EI)> (16)
GA
We = || — (17)
pl

w, goi 1a tan s6 cat (cutoff frequency), ddy 1a gid tri todn hoc, thuc té ky thuét rat khé hodc khong
thé c6 tan sb riéng nao cia dam diing bang gia tri nay. Do d6 céc tinh toan sau nay sé khong xét dén
trudng hdp tan sd dao dong riéng biang tan sb nay.

Nhu vdy nhd mdi quan hé gitta c4c phuong trinh dao dong ma ham dang riéng ctia chuyén vi uén
va ham dang riéng gdéc xoay c6 li€n hé vdi nhau.

- Trudng hop w > w,. Ta c6 haim dang riéng clia dao dong udn va géc xoay:

W(x) = by sinnx + by cos nx + by sinéx + by cos éx (18)
D(x) = =by fy sinnx + by f; cosnx — by fe sinéx + b3 fe cos Ex (19)
trong do
w’p
=(n- — 20
Jn (77 KGT]) (20)

Véi cic diéu kién bién khac nhau, cic dam sé c6 dang dao dong riéng cu thé khac nhau va nhd céc
dang riéng ta c6 thé xac dinh tan sd dao dong riéng tuong tng.
3.2. Xdc dinh cdc tan sé dao dong riéng va dang dao dong riéng tuong iing

DE€ tinh todn dao dong cudng biic ctia dim Timoshenko, cin phai biét tan sb dao dong riéng ctia
nod, dé xic dinh tan sb dao dong riéng niy bai bao niy tham khdo mot sd tai lidu [5-7, 19].

Diéu kién bién ctia dim hai dau gdi twa nhu Hinh 3. Tai x = 0 va x = [ déu c6 do vong bing 0,
momen bﬁng 0, thay (10) va (11) vao cic diéu kién bién trén ta dugc:

W(©0)=0, @ (0)=0, W()=0, & ()=0 Q1)
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Am?_._ﬁ
/
z

Hinh 3. DAm mot diu ngam hai dau gbi tua

- Xét truong hdp w < w:
+ Tan s6 riéng: Thay cac phuong trinh (12), (13) vao (21) ta thu dudc phuong trinh dic trung xdc
dinh tan s riéng:

(& + Bhg) sin &l sinh I = 0 (22)

St dung phuong phép sb gidi phuong trinh (22) véi w ; 1a gia tri can x4c dinh ta s& tim dudc cic
tan so riéng:
w;Vv6i j=1,2,...,Ng sao cho w; < w,

Ngoai ra, tif cong thiic (14) dén (17) va chi y dén w < w, ta suy ra dudc:
Efe +Bhg >0 (23)
vado 8 > 0 nén sinh Bl > 0. Do d6 phuong trinh ddc trung (22) ciing suy ra:

Sin§l=0:>§j=%r,j=1,2... (24)

+ Dang dao dong riéng: Ung véi tan sb riéng trén thu dudc cac dang dao dong riéng thi j ing véi
tan s6 riéng thi j:

W(x) = a3 sin %Tx (25)
;(x) = asf cos %x (26)
trong do, theo cong thic (14) va (24) thi
wpl
D _ J 27
f { I G jn] @7
- Xét truong hdp w > w,:

+ Tan s6 riéng: phuong trinh dic trung xic dinh tan sb riéng

(£fe = nfy) sinnlsiné&l = 0 (28)

St dung phuong phap s6 giai phuong trinh dic trung véi w; 12 gid tri can xdc dinh, ta sé tim dudc
cdc tan s6 riéng w; sao cho w; > w,.
+ Dang dao dong riéng: Tuong tu ta thu dugc dang dao dong riéng:

Wi(x) = bs sin ?x, ;(x) = by £ cos X (29)

Nhu viy ham dang riéng ctia dao dong udn va dao dong géc xoay khong doc 1ap ma c6 lién hé
v6i nhau. Ung v6i mdi bac dao dong sé c6 mdt tan sd riéng va dang dao dong riéng tuong dng. Trong
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Bang 1. Thong s6 ctia dim thép

Ki hiéu Gia tri Ki hiéu Gia tri
l 7,62 m G 8,18 x10'" N/m?
p 7860 kg/m? K 5/6
A 5,9 x107° m? @ 1074 s
E 2,14 x10'" N/m? B 0,01 kgm™'s™!
I 4,58 x10™> Nm? h 0,09 m (chiéu cao dim)

hai trudng hop 1a tan sb riéng dudi tan sb cit va tan sb riéng trén tin s6 cit thi ham dang dao dong 1a
gibng nhau.

- Thi du tinh todn: PE€ tinh todn ta sit dung cac thong sb nhu Bang 1 [19].

Tir thong s6 Bang 1 ta ¢ tan s6 cat we = 33424, 73 rad/s (5319,7 Hz). Trén Bang 2 1a két qua
tinh todn tan s6 riéng ctia dim Timoshenko, theo d6 s6 tan sd dudi tan sd cat 1a 31 bac. Két qua tinh
toan ciing dugc so sanh v6i dam Euler — Bernoulli [5] cho thiy su sai 1éch tan s gitta hai ly thuyét
dam do anh hudng ctia quan tinh va bién dang cit giy ra trong ly thuyét dim Timoshenko, su sai 1éch
nay ting nhanh khi bac dao dong ting 1én, két qua la tuong tu v6i cac nghién ctu trude [17, 19, 20].
Trén Hinh 4 13 cdc dang dao dong riéng ting vdi cac bac dao dong tir 1 dén 4, ta thiy cac dang riéng
clia dao dong c6 hinh dang 12 phu hop véi diéu kién bién ctia dam.

Bang 2. Tan s6 riéng (Hz) ctia dim Timoshenko hai dau gbi tua

. Dim Dam Sailéch . Dim Diam Sai léch
¢ Timoshenko Euler—Bernoulli (%) ac Timoshenko Euler— Bernoulli (%)

1 12,403 12,436 0,26 8 689,471 795,961 13,37
2 49,214 49,747 1,07 9 846,246 1007,389 15,99
3 109,300 111,932 2,35 10 1012,106 1243,690 18,62
4 190,940 198,990 4,04 15 1932,414 2798,303 30,94
5 292,035 310,922 6,07 31 5193,707 - -

6 410,315 447,728 8,35 32 5399,756 - -

7 543,510 609,408 10,81 50 9071,964 - -

Hinh 4. Céc dang dao dong riéng ctia do vong W (x) va géc xoay @(x) ctia dam
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4. Dao dong cudng birc ctia dam chiu tai trong di dong

Xét dam chiu tai trong di dong nhu Hinh 5. : Xp | P,

4.1. Dao dong cudng biic : >
Trong 1y thuyét dam Timoshenko, ta thiét 1ap ! i ! : I ] 3&!\

dudc 2 phuong trinh vi phan dao dong la céac z

phuong trinh dao ham riéng (6), (7) dng véi hai

4n s6 can xdc dinh 1a do vong w (x, ) va géc xoay

¢ (x,1). ) o o
Do ham dang riéng c6 dang giong nhau trong ca hai trudng hgp tan so riéng trén va dudi tan so

cat nén cong thiic nghiém viét lai:

Hinh 5. Dam chiu tai trong di dong

w0 = ) Wi@ae(®); g1 = > Oe0)gi(®) (30)
k=1 k=1
trong do
2
k k k wipl
Wi(x) = cksin”Tx; () = Cif cos ”Tx; £ = 7” - ﬁ 31)
ta chon Cy = 1 (hoac bﬁng -1).
Thé biéu thiic (30), (31) vao phuong trinh dao dong udn (6), bién déi ta dudc:
% ko1
D lao + B+ awd) 4o + o |sin Zx = L p(x.n (32)
k=1 K ! H

DAy 12 phuong trinh vi phan thudng cip 2, nhung & dang chudi véi cic 4n s6 12 gx(f). Phuong trinh
nay la chua thé giai truc tiép dugc (bang phuong phap sb ciing nhu phuong phap giai tich) vi sb an
nhiéu hon va s6 phuong trinh. N6 chi c¢6 thé gidi dugc khi ta chi sit dung dang dao dong dau tién ting
v6i k = 1. Mot sb nghién ctiu st dung phuong phap s6 thuong khong dién dat rd viée giai phuong
trinh nay.

D€ c6 s6 phuong trinh biang s an, ta nhan hai vé phuong trinh trén véi sin ? roi lay tich phan

ca hai vé theo x tit 0 — [, chd y dén phép tinh tich phan sau:

l l .
fsin k"Tx sin ?dx _] g hik=r (33)
o 0O khik#r
Ta dugc phuong trinh
2
G,(1) + (g + awf) (1) + W2q,(t) = " f p(x, 1) sin ?dx (r=1,2,..) (34)
0

Chon tii trong di dong 1 luc Po chuyén dong véi van tdc vy = const, tai trong dudc gid st dit trén
mién phan td dx. B4 qua anh hudng clia trong luc, khi d6 ham phan bd tai trong c6 dang:

p(x,1) = L(xp)Po6 (x — xp)
= L(xp)Poyd (x — vot)
50
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trong d6 L(xp) 12 ham tin hiéu, n6 s& bang 1 khi tai van trén dAm va bang 0 khi tii di chuyén qua dam;
6 (x — xp) 1a ham Delta Dirac, n6 cho gia tri bang 1 tai vi tri c6 tai di qua:

+00
o _J 1 khiO<xp<lI
fé(x—xP)dx—l, L(xP)—{ 0 Khixps! (36)
Ta c6 tinh chit ciia ham Delta Dirac
+00
ff(x)(S(x — xp)dx =f(xp) 37

Suy ra ta co
+oo I
f H (xp) f(0)8(x = xp)dx = H(xp) f f)8(x = xp)dx = H(x,) f(xp)  (r=1,2,..)  (38)
—0 0

Phuong trinh (38) viét lai dang
Gr + 26,4, + W q, = hy sin (Q1) + hy cos (1), véir=1,2,...n (39)

trong do:
2
26, = (/—3 + awf); hi= SLEP =00 Q= ilvo (40)
H u

Trong phuong trinh (39) thi g, 1a 4n véi r 1a cac bac dao dong ctia dim; w,, 6, va Q, 1an lugt 1a
tan sd dao dong riéng, 12 hé s6 can va “tan s6” cudng biic déu bac r cia dam.
Nghiém ctia phuong trinh (39) bao gdm nghiém riéng va nghiém thuan nhét [5, 23, 24]:

+ Nghiém riéng clia phuong trinh (nghiém cudng btc binh 6n) c¢6 dang
q, = M, sin (1) + N, cos (£,1) 40

trong d6 M, N 1a cac hang s can xac dinh. Thé phucng trinh (41) va cic dao ham clia né vao phuong
trinh (39), sau d6 dong nhit hai vé ta thu dugc:

o (w? - Q%) hy +26Q,h) ) (w? -2y W)
L (-0 +48202  (62-Q2) +480.2
N ~26,Q:hy + (w? - Q%) hy _ 26,0, )

(@ -Q2) +4620°  (02-072) +462Q°
+ Nghiém thuin nhét ctia phuong trinh (phuong trinh c6 vé phéi bing 0)
g" = e [C} cos w,t + Cy sin w,1] (44)
trong d6 Cy, C; 1a cac hang s6, xac dinh tir diéu kién dau.
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Nghiém t6ng quat ctia phuong trinh c6 vé phai 1a:
gr = M, sin Q,1 + N, cos Q1 + ¢ " [C} cos w,t + C, sin w, 1] (45)

Pé x4c dinh hé sb Cy, C; ta st dung diéu kién dau:
Piéu kién dau: Chon diéu kién diu ldc tii trong Py bat diu di vao dam, khi d6 chuyén vi va van
téc chuyén vi bang 0.

10=0,w(0)=0,w(0)=0=1=0,¢,(0)=0,4,(00=0 (46)
Thé biéu thifc nghiém (45) vao diéu kién dau ta tim dudc:

_ 6N, - M,Q,

Wy

Ci=-N; G
Viy nghiém giai tich cta bién do dao dong la:

N;6 + M,Q,

Wy

gr = M, sin Q,1 + N, cos Q,t — e " [N, cos w, + sin wrt) L(r=1,2,..) (47)

Thé (47) vao cong thidc (30) ta c6 biéu thic gidi tich nghiém ctia phuong trinh

w(x,t) =q sinﬂ—lx+q2 sinz—jlrx +...+qrsin$+... (48)
hay
w(x, t) = (M1 sinQqt + NjcosQf — e“s"(Nl coswit + 1\716%11\/[191 sinwlt)) sin ﬂ—lx
+ (M2 sin Qo + N, cos Qpt — e % (N2 COS wot + N26+2MZQZ sin wﬂ)) sin 2%6 + ...

(49)
Tir cac nghiém dao dong trong phuong trinh (47) va (49) cho thiy: ham bién do dao dong g, c6
hai tan s6 1a tan sb dao riéng w, bac r va tan s6 “cudng buc” Q, bac r; con dao dong udn w (x, 1) c6 hai
day tan s6 1a ddy tan sb riéng (ddy tin sb cao) va ddy tan s6 cudng biic (ddy tan sb thip); cic phuong
trinh trén ciing cho thiy chi cic dao dong & tin s6 cao mdi phu thudce truc tiép vao hé s6 can &, va khi
hé s6 can ting 1én thi cic dao dong nay s& bi dap tat bt di, tir cong thiic xdc dinh hé s6 can (40) ta
thiy né ti 1¢ v6i binh phuong tan s6 riéng w,, do d6 khi bic dao dong ting 1én (tan sb riéng bac r xap
xi bang 72 tan sb bac 1) thi hé s can ting rit nhanh (xip xi bang #* 1an tan s6 bac 1), do d6 thanh
phan cdc dao dong ting vdi tan sb riéng bac cao sé bi dap tit nhanh chong.
D& md phong sb, ta st dung thong sd6 dam nhu Bang 1 vdi tai trong di chuyén Py = 55 kg, toc do
di chuyén vy = 10 m/s. Thdi gian di chuyén qua dam 1a

=L _07620) (50)

Vo

Trén Hinh 6(a) 1a do thi ctia ham bién do dao dong ng véi cac bac dao dong, cho ta khang dinh
lai ring bién do dao dong tap trung chii yéu & tin s6 bac 1, khi bac ting 1én né giam rat nhanh va gan
nhu khong dang ké. Trén hinh ciing cho thiy & dao dong bac 1 thi thanh phan dao dong ting véi tan
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s6 cao thé hién 16 rang (cic dudng ring cua), & cic dao dong tlf bac 2 trg 1én thanh phan dao dong c6
tan sb cao 1a khong dang ké.

Nhu vy, thanh phan dao dong c6 tan s6 cao chiu dnh hudng ctia hé s6 can, hon nita khi bac dao
dong tang 1én thi thanh phan dao dong tan sb cao sé bi dap tat. D& danh gia anh hudng ctia hé sb can
dén dao dong nay ta xét cac trudng hop ctia can anh hudng dén dao dong bic 1 trong cic trudng hop
nhu sau: trudng hop 1 13 bé qua dnh hudng ctia can khi d6 & = 8 = 0, v6i tin s6 bac 1 nhu Bang 2, ta
x4c dinh dugc hé sd cin theo (40) §; = 0; trudng hop 2 xét hé s6 can trong va cin ngoai nhu Bing 1
laa =107, 8 = 0,01 kgm~'s™!, v6i tAn sb bac 1 nhu Bang 2, ta xdc dinh dudc hé sb can 6, = 0,62;
trudng hop 3 gia sit ting hé sb can trong va can ngoai tuong tng 1a & = 2,5.107* 5,8 = 0,02 kgm''s!,
tuong tu xac dinh dudc hé sé can 6; = 3,0. Trong Hinh 6(b) cho thiy anh hudng ctia hé sb can dén
bién d6 dao dong bic 1, ta thiy ring dao dong tin sb cao gidm dang ké tir trudng hop 1 dén trudng
hop 3.

‘_61=0 == 20,7 0,62 5,=30

E
£ T-
o E
U‘- -
6 ‘ ‘ % | I I J
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Time[s] Time[s]
(a) Céc bac ciia dao dong vé6i hé sb can (b) Anh hudng ciia hé sb cin dén dao dong
a=10",8=0,01 béc 1

Hinh 6. Ham bién dd ctia dao dong uén

. R l l 3l

Trén Hinh 7(a) 1la dao dong uon (theo thdi gian ¢) cia dam tai cac vitri x = —, x = 3 vax = 7

khi tai di chuyén, trong d6 tinh toan dugc 1ay dén dao dong bac 3, trén hinh cho thiy bién d6 dao dong

16n nhét tai vi tri gitta dim. Con trén Hinh 7(b) 12 dd vong clia toan dam (theo x) tai cic thdi diém
T T 3T l l 3l

t= =5 vat= T ting v6i thoi diém tai trong di chuyén dén céc vi tri x = 7575 vax = T
Ta thiy ring do vong ctia dam 1a 16n nhét tai vi tri giita dAm va tai thai diém tai trong di chuyén dén
vi tri do.

Trén Hinh 8 13 dao dong udn tai vi tri giita dAm, khi van tdc cta tai trong khong ddi 1a vo = 10 m/s
con do 16n cia tai trong thay ddi lan ludt 13 Py = 40 kg, P = 55 kg va Py = 70 kg. Trong trudng hop
nay chuyén vi ting 1én khi tai trong ting tuong dng.

TN

< & . 9 < N . < 2 T . P < . 0 9. o .~ X
Trong Hinh 9 Ia chuyén vi ctua toan dam tai thoi diém ¢ = ) (Gng v6i thoi diém tai & gitta dam)

khi van tdc clia tai trong khac nhau con do 16n khong ddi Py = 55 kg. Ta thdy rang khi van t6c thay
déi thi do vong thay ddi khong nhiéu do 16n, nhu trén Hinh 9 d§ vong 16n nhét dng véi cac van toc
khac nhau 1an lugt 12 5,16 mm & vy = 5 m/s, 5,45 mm 6 vy = 10 m/s va 4,92 mm & vy = 15 m/s. Pic
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X =12 = = mx=[/4 srerrnn X =31/4

w [mm]
w [mm]

-6 . : s w -6
0 0.2 0.4 0.6 0.8 0 2 4 6 8
Time[s] x [m]
(a) Dao dong tai cac vi tri (b) Do vong clia dim tai cdc thdi diém

Hinh 7. Dao dong udn ctia dAm chiu ti di dong

biét 1a do vong nay s€ c6 do vong 16n nhat tai mot van tdc gidi han v,y nao d6, véi van tde nhd hon
hoic 16n hon gid tri gidi han d6 thi déu cho d6 vong khac nhau. Trong bai bdo nay khong khio sat
gid trj chinh xdc vy, ndy, tuy nhién bang cach thay ddi van téc khi vé dd thi ciing c6 thé xdc dinh gan
diing ctia n6 trong vi du nay 1a vg, = 10 m/s.

w [mm]
w [mm]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 1 2 3 4 5 6 7 8
Time[s] x [m]

Hinh 8. Dao dong ubn tai vi tri gita dim khi tdi ~ Hinh 9. Chuyén vi clia dAm tai thdi diém ¢ = T/2 khi
thay d6i van toc thay d6i

4.2. Ung sudt dong ciia dam

Tt cong thidc (30), (31) ta c6 bi€u thiic goc xoay va bién dang dai ti dbi

o0 = Y [P 0reos (51)
0 k k
Exx = —za—i =z Z %fék)% (1) sin NTX (52)
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Do d6 theo dinh luat Hook, ting suat phap 16n nht trén bién theo cong thiic (5) 1a

nk . 7k — 7k . . knx
Oxx = EZmax Z Tfé:(k)Qk (¢) sin TX + @EZmax Z ng(k)Qk(t) s ——

k=1

Tit phuong trinh (53) cho thiy tng sut 12 cdc ham tuan hoan, khong chi phu thudc vao ham bién
d6 dao dong ubn g, ma con phu thudc vao ca van toc bién dang ctia né ¢,, day la su khac biét gitia

ting suét tinh va ing suat dong.

Trén Hinh 10 1a Ging suAt dong & gilta dAm tai bién dudi (zmax = //2) theo téc do di chuyén cda tai
trong. Khi téc do di chuyén ting, gid tri 16n nhét ciia ¥ng sut ting 1én khong nhidu (o = 8,55 N/m?
khi vg = 5m/s, o = 8,80 N/m? khi vo = 10 m/s va o = 8,91 N/m? khi vo = 15 m/s), nhung khoang
dao dong (bién do dao dong) lai ting dang k& 1an ludt 1a 0,46 N/m?, 0,91 N/m? va 1,4 N/m?, day sé
12 nguyén nhan lam giam dang k€ gi6i han mdi ctia vt liéu. Trén Hinh 11 1a d6 thi dao dong udn va

)

{ing suit theo thdi gian va khong gian, gid tri ting suét nay thay ddi theo ca vi tri va thdi gian.

6
0 108 o x10 51108
2 0
2
-4
E
Z 4
06
-6
-8
-8
-10
-10 -10
0 08 Ti ! 5% 0.2 0.4 0.6 0.8 0 0.2 0.4
imes] Time[s] Timel[s]
Hinh 10. Ung suat dong ctia dam tai vi tri bién x = 0,5/, z = 0, 5h
10°
2 -
0
—— 04 ——
17 ~ 0
0 E o2
£ 2 |?
E3q=2 &4,
g 6.6
-4
5 8 -8 Time[s
0.5 6
10
_6 -
3’ ime[s] 10 7
6 4 8 4 5 0
x[m] 2 0o © ‘ x[m] 0

Hinh 11. D9 vong va dng sut theo khong gian x va thdi gian ¢

5. Két luan

Trong khudn khé bai béo, nghién ctiu da dua ra 16i gii giai tich cho dép ting dong luc hoc cla
dam hai dau gbi tua chiu tii trong di dong va c6 can dua trén cac khai trién theo cic dang dao dong

riéng, tir d6 tac gia da thuc hién cac khao sat s6. Két qua khao sat s6 cho thay:
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- Dao dong ubn w (x, f) ¢6 hai ddy tan s6 1a ddy tan sb riéng (ddy tan sb cao) va diy tan sb cudng
biic (ddy tan sb thip); chi cac dao dong & diy tan sb cao mdi phu thudc truc tiép vao hé sb can &, va
khi hé sb can ting 1én thi cic dao dong nay sé bi dap tat nhanh chéng;

- Ung suét 1a cac ham tudn hoan, khong chi phu thudc vao bién dang ma con phu thudc vao ci
van tdc bién dang; khi tdc do di chuyén cia tii trong ting 1én thi gid tri 16n nhit cla Ging suit ting 1én
khong nhiéu, bién d6 dao dong ctiia né lai ting dang ké.

Ngoai c4c d4nh gid vé ddp ung dong luc & trén, 10i gidi gidi tich ndy cling c6 thé 4p dung vao céc
nghién ctfu 1am phong phii hon vin dé nay: céc loai tai trong khéc tac dung 1én dam, nhiéu tdi trong
di dong trén dim, ddnh gid 6n dinh dong luc, dinh gid vé cong hudng, diéu khién gidm dao dong cho
dam.
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