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Bui Vin Tuyén', Nguyén Pinh Kién®

Tém tit: Trong bai bdo nay, dao dong ciia dam don gian cé co tinh bién thién (FGM) trong méi
triwong nhiét dd cao chiu kich dong cia hee diéu hoa di ddng dwege nghién ciru bang phwong phdp
phd‘n tik hitu han. Dam gid thiét dwoc tao tir hai vdt lidu thanh phdn la gém va kim loai voi cac tinh
chdt cua vt liéu phu thudc vao nhiét do. Trén co so Iy thuyét dam Euler-Bernoulli, phuwong trinh
chuyén déng cho dam dwoc thiét ldp tir nguyén 1y bién phan Hamilton. Pdp iing dong luc hoc cia
dam dwoc tinh bang phwong phdp tich phén truc tiép Newmark. Két qua sé da chi ré anh huwdng
ctia nhiét @, tham sé vt liéu, tan sé kich dong va van téc cua luc di dong dén dao dong cua dam.

Tir khéa : DAm FGM, nhiét d6 cao, dao dong, luc diéu hoa di dong, ph?m t hiru han.

1. GIOI THIEU

Vit lidu co co tinh bién thién (FGM) duogc
phat minh vao nam 1984, 1a loai composit mai
dugc tao tir hai hay nhiéu vat liéu thanh phan,
thuong 1a gdbm va kim loai, voi ty 1¢ thé tich cua
vat liéu thanh ph?m thay ddi lién tuc theo mot
hodc vai huéng khong gian mong mudn. Cac
tinh chit hiéu dung cia FGM thay d6i lién tuc,
vi thé FGM tranh dugc cac nhuoc diém cua vat
liéu composit truyén théng nhu sy tach 16p va
tap trung Ung suat. Nho sy két hop giita kha
ning chiu nhiét tét ctia gdm va sy bén cua thép,
FGM c6 tiém ning tng dung cao trong nhiéu
nganh céng nghiép cao nhu hang khong vii try,
dong tau, 6to, xay dung, dd gia dung... Pac biét
FGM c6 thé st dung trong cac méi trudng khéc
nghiét nhu nhiét d6 cao, chiu mai mon va axit. ..

Theo hiéu biét cta cac tac gia, chua c6 cong
bb nao vé dao dong cua dam FGM trong moi
truong nhiét d6 cao chiu kich dong ctia luc diéu
hoa di dong, va dé tai nay duoc quan tim nghién
clru trong bai bao nay. Cu thé, trén co so ly
thuyét dam Euler-Bernoulli va phuong phap
phan tir hitu han, cac tac gia s& tap trung nghién
ctru anh hudng cua nhiét d6 dén dép tmg dong
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luc hoc cia dim FGM don gian. Phuong trinh
chuyén dong cho dam dugc thiét 1ap dua vao
nguyén ly Hamilton. Pap tng dong luc hoc
dugc tinh toan véi su trg giap cua phuong phap
tich phan tryc tiép Newmark. Anh hudng cua
cic tham sb vat liéu va luc di dong toi ing Xt
dong luc hoc cia dam dugc khao sat chi tiét.

2. XAY DUNG CONG THU'C

2.1. Cac phuwong trinh co bian

Xét dam FGM don gian v6i chiéu dai L,
chiéu cao h, chiéu rong b trong hé truc toa do
(x0z) nhu minh hoa trén hinh 1. Dam chiu kich
dong cua mot luc diéu hoa F=FCos(Qt), di
chuyén tir dau trai sang dau phai véi van toc
khong doi v.
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Hinh 1. Dam FGM

Gid thiét ddm duge 1am tr hai vat liéu thanh
phan 1a gém va kim loai v6i ty 18 thé tich cua
gém (V,) va kim loai (V,,) thay d6i theo chiéu
cao cua dam theo quy luat ham s mil.
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Tinh chat hiéu dung (moédun dan hoi E, hé sb
Poisson u, hé sé gidn nd nhiét a...) dwoc danh
gid qua mo hinh Voitg c6 dang

P(2)=(P —Pm)(5+1j +P, @

h 2

Trong d6: n 1a tham sb vat liéu, xac dinh su
phan bd ctia cac vat liéu thanh phﬁn; chi sd ‘¢’ va
‘m’ ding dé chi pha gbm va pha kim loai; P, P,
tuong Ung 1a tinh chat cia gébm va kim loai
(mddun dan hoi E, hé sd Poisson u, hé sb gian
nd nhiét a...) phu thudc vao nhiét 46 T(K) duoc
xac dinh (Touloukian, 1967).

P=PR(P,T"+1+BT+PT*+PT*)  (3)

Trong d6: Py, P, P, P, va P3 1a cac hé s6
dung dé x4c dinh tinh chét cua vat liéu trong
moi truong nhiét do

Theo 1y thuyét dim Euler-Bernoulli, chuyén
vi clia mot diém bat ky trén dam, u; va us, theo
cac phuong x, z cho boi

uy (x,z,8) =u(x,t) —zw, (x,1)

T A T S . )]
2 27772
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uy(x,z,t) = w(x,1)

Trong d6: u(x,f) va w(x,f) tuong ung la
chuyén vi theo phuong x va z cia mot diém nam
trén mat gitra cia dam. Bién dang va ung suat
doc tryc la:

&, =U, —ZW &)

o,=E(zT)e, (6)

Ning luong bién dang dan hoi ciia dam la:

1L
v :E-I.O |:A“u’zx _2A12u,xw,xx + A22W,2Xx:|dx (7)

P

Ning lugng bién dang do ting nhiét do xéac
dinh theo (Mahi, nnk 2010):

U, = %J.OL N,w’dx ®)

Téng ning lugng bién dang cta dam la:

U=U,+U, 9)

Trong cac phuong trinh (7) va (8) thi A4,
Ay, A2y tuong ung 1a d¢ cing doc truc, 6 cung
tuong hd giita uon-doc truc va do cimg chdng
udn; Nt 1a luc doc truc sinh ra do tang nhiét do.
Céac dai Ivgng nay duogc dinh nghia nhu sau.
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(A A ) =[ B(2T) 1 2.2) e N, = E{ 2 Ttz . (10)
Pong nang cua dam 1a:
T = %j:[lu (6 + W)= gt + L > |ae - (11)

Trong d6 L1, L, I twong Gng la cac mod
men khoi lugng duoc xac dinh bdi.
(11 1) = [ p(2.T)(1,2,2 ) dd (12)
A
Thé ning cua lyc diéu hoa di dong dugc cho
dudi dang don gian la:
V =—F, cos(Qt)w(x)S (x —vt) (13)

Trong do: Fy 1a bién dd cua luc, Q la tan sb
kich dong cua lyc, &(.) 1a ham Dirac delta, x la
tham s toa do tinh tir dau trai ciia dim, v 1 van
toc cua luc. Ap dung nguyén 1y Hamilton ta co
thé viét phuong trinh vi phan chuyén dong cua
dam khong xét dén céc luc can.

]117;2_112".‘& _Al M +Alszm +IVTW)or =0

Ll =Ly W, — At + AW, = FiCOSEXNX—VE)

2.2. Cong thirc phin tir hiru han

Dé giai hé phuong trinh (14) ta ding phuong
phap phan tir hitu han. Gia st dam dugc chia
thanh mot s6 phan tir hai nat (i,/) c6 chiéu dai 1a
1. Véc to chuyén vi nat ciia mot phan tt, d, 1a

T

d={u w, 0, (15)

Trong d6: Chi s6 “T” sir dung dé chi chuyén
vi cia mdt vecto hodc ma tran; u;, w;, 6, tuong
ung la chuyén vi doc truc, chuyén vi theo
phuong ngang va goc xoay cta nut i; u;, wj,
tuong tng 1a chuyén vi doc truc, chuyén vi theo
phuong ngang va goc xoay ciia nut j. Chuyén vi
doc truc u va chuyén vi ngang w duoc biéu dién
qua chuyén vi nut 1a:

u=N'd, w=N!d (16)

Trong d6 N, va N, tuong ung la cadc ma tran
ham dang cua u va w. Thay (16) vao cac phuong
trinh (8), (9), (11) ta c6 thé biéu dién cac biéu
thirc nang lugng dudi dang sau day
U, :%idipd :%idT (k, +k,, +k,  )d

i=1

(14)

pow 0y

(17)

U= % idiTd = % id’kfwd

i=1 i=l

T= % Zd’md = % Zd’ (m, +m_ +m,+m,)d
i=1 i=1
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Trong phuong trinh (17), Ky, Kiw, Kuw lan
lugt 1a ma tran d6 cing doc truc, ma tran do
cimg twong hd gitra doc truc va chéng ubn, ma
tran do cung chéng udn; k', 12 ma tran do
cung sinh ra tu viéc tang nhiét do; my,, My,
m,,, My, lan luot 14 ma tran khéi luong nhat
quén sinh ra tur chuyén dich doc truc; chuyén Vi
ngang; tuong tac gitra chuyén vi doc truc - goc
quay va goc quay cua tiét dién ngang. Ma tran
d6 cimg va ma tran khéi lugng nhat quan tong
thé cua dam K, M c6 duoc tir viéc ghép nbi cac
ma trin phan tir.

Phuong trinh dao dong cta dim dudi dang
cong thirc phan tir hiru han 1a:

MD+KD = F, (18)

Trong cong thuc trén véc to luc nat Fex duoc
biéu dién dudi dang.

E_={000..0..0 FN, N,

[,OFN, FN,,..0..000" (19)

Trong d6 cac s hang khac khong thé hién
phan tir ¢6 lyc tac dung, con cac phan tir khong
¢6 lyc tac dung bang 0. Dung phuong phap tich
phan tryc tiép Newmark dé giai phuong trinh
trén. Trong nghién ctu nay, dung phuong phap
gia toc trung binh trong ho cac phuong phap
Newmark vi phuong phap nay 6n dinh khong
diéu kién ( Geradin va Rixen, 1997).

2.3. Cac trwong hop tang nhiét do

2.3.1. Nhiét dj ting déu (UTR):

DAm ban dau & trang thai tu do véi nhiét do
phong (To=300K). Nhiét d6 duoc gia thiét ting
déu ca mit trén va mat dudi voi luong ting la
AT theo chiéu cao cta ddm AT=T-T,

2.3.2. Nhiét dj ting tuyén tinh (LTR):

Gia thiét mot dam dat trong moi truong nhiét
d6 v6i mat trén (giau gdm) c6 nhiét do 1a T, va
mat dudi (giau kim loai) c6 nhiét d¢ phong la
Tin. Nhiét d6 phan b theo chiéu day cua dam 1a
ham tuyén tinh (Ebrahimi, nnk 2015)

I
T=T + AT(% +2) Vi AT=Te Ty (20)

2.3.3. Nhi¢t dp tang phi tuyén (NLTR):

Trong mét sd truong hop, truong nhiét do
phan bd theo chiéu day ctia dim 1a ham phi
tuyén cta toa do z. Truong nhiét do phi tuyén
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nhan dugc tir 161 giai phuong trinh truyén nhiét
Fourier voi rang bude la nhiét d6 tai mat trén
ctia dam (z=h/2) 1a T, va tai mat dudi (z=-h/2) la
Trn. Cu thé, phuong trinh truyén nhiét Fourier
cho bai cong thirc

d dT h h

_E[ (z,T)Z}:O; T)=TsT()=T, 21)

Giai phuong trinh (21) cho két qua
z 1
—h/2 K‘(Z, T) dz
L
fzh dz
- k(z,T)

3. KET QUA VA THAO LUAN

Xét dam don gian dugc to hop tir hai vat liéu
thanh phan 13 thép khong gi (SUS304) va nhom
oxit (Al,03). Cac hé sb phu thudc vao nhiét do
ciia SUS304 va AL0; duoc ldy tir (Mahi, nnk
2010). Tham s6 hinh hoc cho dim: L=20m,
h=1m, va b=0.5m. Bién do cua luc di dong
Fo=100 kN. Budc thoi gian sir dung cho phuong
phap Newmark la At= DTMSTEP, trong do
DT=L/v 1a tong thoi gian dé lyc di hét chiéu dai
dam va nSTEP 1a sé budc thoi gian, duge iy
bang 500 trong nghién ciru nay. Van téc v thay
doi tir 0-300m/s v6i budc thay do6i 1a 1m/s. Dam
dugc chia thanh 20 phan tir. Piéu kién bién cho
dam don gian la diéu kién vé chuyén vi: tai x=0,
ul,u3=0; tai x=L, u3=0. Lyc bat dau di chuyén
tir du trai (x=0,t=0) sang dau phai cta dam véi
van toc khong doi.

Hinh 2 cho ta bt tranh vé sy thay ddi cia
modun dan hdi theo chidu cao ciia dam trong
truong hop nhiét do phong va nhiét do ting déu
AT=100K. Hinh 2 cho thiy khi nhiét d6 ting Ién
thi médun dan hoi giam di voi bat ctr gia tri ndo
ctia tham sb vat liéu n. Béang 1 so sanh tham sb
tan s6 cia dam nhan duoc trong nghién ctru nay
véi cac gia tri khac nhau ctiia n va nhiét do voi
két qua cua (Ebrahimi, nnk 2015). Tham sd tan
sd p dugc dinh nghia nhu sau:

o’
u=2 Pn
n \E,

Trong d6: v, 1a tan s6 co ban cua dam; r,, va
E,, 1an luot 1a khoi lugng riéng va mo dun dan

V6i AT=T-T,  (22)

T=T,+AT

(23)
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hoi cua thép ¢ 300K. Phuong trinh (18) véi véc
to luc niat Fo,=0 khi d6 dam dao dong tu do.
Dao dong tu do cia dam c6 thé biéu dién dudi
dang (K - ®’M)D = 0. Giai phuong trinh ndy ta
nhan duogc céc tan sb dao dong tu do (v) cua
dam. Trong cac tan s6 d6 tan sd thdp nhat
khac 0 1a tan sb co ban cia dam. Bang 1 cho

thiy tin s6 nhan duoc trong nghién ctru nay
rit gan véi két qua tinh bang giai tich cua
(Ebrahimi, nnk 2015). Nhu vay, tinh ding dan
va tinh chinh xac cta cac cong thirc trong bai
bao nay dugc khing dinh va cé thé dung dé
phan tich dao dong ctia dam dudi tac dung cia
lyc diéu hoa di dong.

0.5 0.4 — T
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AT=1D0K E
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Hinh 2. Anh hwéng cia nhiét @6 dén Médun dan hoi cia dam.
Bang 1. So sanh tham s6 tin s6 ciia dam véi L/A=20
n=0.1 n=0.2 n=0.5
Ebrahimi | Baibio | Ebrahimi | Baibao | Ebrahimi | Baibao
UTR 4.6536 4.6053 4.3867 4.3514 3.8974 3.8768
AT =20K LTR 4.7055 4.6553 4.4413 4.4046 3.9554 3.9347
NLTR 4.7018 4.6559 4.4334 4.4058 3.9354 3.9368
UTR 4.4516 4.3944 4.1782 4.1350 3.6779 3.6510
AT =40K LTR 4.6111 4.5515 4.3452 4.3010 3.8554 3.8307
NLTR 4.6020 4.5529 4.3279 4.3034 3.8141 3.8349
UTR 4.0148 3.9377 3.7212 3.6610 3.1834 3.1442
AT =80K LTR 4.4188 4.3382 4.1476 4.0874 3.6458 3.6149
NLTR 4.3956 4.3410 4.1087 4.0923 3.5591 3.6238

Hinh 3 va 4 thé hién mdi quan hé giita tham s6
do vong dong va van tdc cua luc véi cac gia tri
khéac nhau cta » trong hai truong hop nhiét do la
taing déu va ting phi tuyén. Tham s§ do vong
dong duoc dinh nghia nhu sau: fD = max
(W(L/2,8)/Wy), trong @6 W(L/2,¢) 1a 0 vOng dong
tai vi tri gitta dam va W, la d6 vong tinh 16n nhat
cia dam thép dudi tac dung cua luc F tai giita
dam, tic 12 Wy=F,L’/48E,l, véi 1=bh’/12 1a
momen quan tinh. Cac hinh 3 va 4 cho ta thdy
tham sd vat lidu va nhiét do dong vai tro quan
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trong toi dap tmg dong luc hoc ciia dim FGM.
Khi tham sb vat liéu n tang thi tham s6 do vong
dong s& tang va truong hop ting tuyén tinh thi
tang manh hon. Diéu nay co thé giai thich ring
khi n ting thi thé tich kim loai trong dam s& ting
lén do d6 mo dun dan hoi cua dam s& giam dan
dén do vong dong sé ting.

Hinh 4 cho thdy sy khéc nhau ciia trudng nhiét
d6 phan bd trong dam anh huong nhu thé nao t6i
ung xu dong luc hoc cua dam. Truong nhiét do
phéan b phi tuyén, nhu ta thiy & hinh 4 1am tham
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s6 do vong ting manh hon dang ké so voi truong
nhiét d tuyén tinh. Dic biét, véi AT=150K, tham
s0 d6 vong dong cta dam véi trudng nhiét do phi
tuyén ting dot bién. Ly do cia didu nay la gia tri
AT=150K rit gan voi gia tri nhiét do t6i han
(172K). Khi nhiét do gan nhiét do toi han, do
cting chéng udn cta dim suy giam manh va vi thé
d6 vong dong ting manh. Anh hudng cta van tde
luc di dong dén tham s do vong dong twong tu
nhu truong hop dam dit trong moi truong nhiét
do trong phong. Hinh 5 biéu dién mdi lién hé giita
tan sd cua luc di dong voi tham s6 do vong dong
v6i cac gia tri khac nhau cia vén toc, v=10, 20,
40, 80 m/s, va n=1. Trong ca 2 truong hop ting
nhiét d6 cho thay tham sb fD chiu anh huong rd
nét boi tan s6 lyc kich dong Q va hién tugng cong
hudng xay ra khi Q tién gan téi tan s6 dao dong
co ban cta dim (Vi AT=0 thi tin sd co ban 1a

®1=46,9048 rad/s; vo1 AT=100K, thi ®;=40,1869
rad/s cho nhiét d6 phan bé phi tuyén va ©,=30,5725
rad/s cho phan bd tuyén tinh). Hinh 6 minh hoa méi
lién hé giita d6 vong tai giita dAm véi thoi gian cho
cac gia tri khac nhau cta vén toc, v=10, 20, 40 s,
va tan s6 cua luc Q=0, 15, 30 rad/s. Hinh 6 cho thﬁy
khi nhiét do tang thi khong chi d6 vong giita dam
tang ma hinh dang cua dudng cong dao dong biéu
thi quan h¢ d¢ vOng-thoi gian ciing khac nhau. Nhu
ta thiy & hinh 6, nhiét 4o dong vai tro quan trong toi
ung xtr dong luc hoc cta dim FGM. Hién tuong
tang dot bién cia do vdng gitra dam lién quan toi
hién tuong cong hudng khi tan sé kich dong Q gin
voi tan s6 dao dong co ban nhu giai thich ¢ trén.
Chang han truong hop hién tuong nay xay ra trong
truong hop nhiét do ting tuyén tinh va tan sb Iyc
kich dong Q =30 rad/s vi tin s6 ndy rt gan voi tin
sO co ban cia dam, ©;=30,5725 rad/s.
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Hinh 3. Méi quan hé giita tham s6 dé vong va van toc cia lwc di dong (2=0)
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Hinh 4. Anh hwéng ciia nhiét @6 dén fD (2=0, n=1I)(a) LTR, (b) NLTR

4. KET LUAN

Bai bao nghién ctru dao dong ctua dam FGM
dat trong moi truong nhiét d6 cao, chiu kich dong
ctia lyc diéu hoa di dong. Két qua nghién ctru cho
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thdy, nhiét d6 co anh hudng rat 16n dén dap tmg
dong luc hoc cua dam. Do vong dong cua dam
trong moi truong nhiét do cao ting dang ké so véi
truong hop dam dat ¢ nhiét do trong phong. Su
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tang d6 vong dong phu thudc vao su phan b cua
truong nhi¢t do theo chiéu cao dam. Bién do do
vong dong ting nhanh khi nhiét do gan t6i nhiét
d6 toi han hodc truong hop tan s6 kich dong gan
v6i tan s6 dao dong co ban cua dam. Cac két qua

40 T : -

30

fD

20

10

0

10

7.4

fD

5
2.5

40
) (radis)

nhan dugc trong bai bao 1a co s& gitip cho cac ky
sur thiét k& Iya chon cac thong s6 hop 1y cua luc va
ty 16 phan bd thé tich vat lidu dé tranh cac trudng
hop xay ra hién tugng cdng hudng, ciing nhu viée
thiét ké tdi wu két cau.

20

15

40
2 radis)

Hinh 5. M6i quan hé giiva tham sé dé véng va tan sé ciia e di dong (n=1)
(-) DT=0, (--) NLTR DT=100K, (-H-) UTR DT=100K.
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Hinh 6: DJ vong truc chudn giita dam theo thoi gian véi n=1,
(-.-) DT=0, (- -) NLTR DT=100K, (-) UTR DT=100K.
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Abstract:
VIBRATION OF FUNCTIONALLY GRADED BEAM IN THERMAL
ENVIRONMENT EXCITED BY A MOVING HARMONIC FORCE

In this paper, the vibration of functionally graded simply beam in thermal environment excited by a
moving harmonic force is studied by the finite element method. The beam material is assumed to be
composed of ceramic and metal with material properties are considered to be temperature
dependent. Based on Euler-Bernoulli beam theory, the equations of motion are derived from
Hamilton’s principle. The implicit Newmark method is employed in computing the dynamic
response of the beams. The numerical investigations are carried out to highlight the effect of the
temperature rise, material distribution and moving force parameters on the vibration
characteristics of the beams.

Keywords: FGM beam, thermal environment, vibration, moving harmonic force.
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