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ANH HUONG CUA MO HINH PONG NHAT HOA VAT LIEU TOI HE SO
PONG LUC HOC CUA DAM SANDWICH 2D-FGM HAI PHA DUOI
TAC DUNG CUA LUC DI PONG

Bui Vin Tuyén', Pham Vii Nam'

Tém tit: Phdn tich anh huong cua moé hinh dﬁng nhat héa vt liéu dén hé sé dong lyc hoc cua dam
sandwich 2D-FGM hai pha diedi tac déng ciia lwc di dong dwoc thwe hién bang phirong phdp phan
tir hitu han. Léi ciia dam la thudn gom, trong khi hai 16p ngodi lam tir vt lidu c¢é co tinh bién doi
hai chiéu (2D-FGM) vdi tinh chdt hiéu dung dwoc danh gid bang mé hinh Voigt va mé hinh Mori-
Tanaka. Trén co so ly thuyét bién dang trueot bdc ba cai tién, phdn tr dam hai nit véi 10 bdc tw do
dwge xdy dung va sie dung dé thiét ldp phwong trinh chuyén déng dang roi rac. Pap g déng luc
hoc ciia dam gian don dwoc tinh todn véi sie tro' giip ciia phwong phdp Newmark. Két qud sé nhdn
duoc cho thcfy anh hwong ro nét cua mo hinh a"éng nhat héa vat liéu dén cac dic trung dong lyc

hoc duoc nghién ciru chi tiét.

Tir khéa: Dam sandwich 2D-FGM, luc di dong, phuong phap phan tir hitu han.

1. GIOI THIEU CHUNG

Vit liéu ¢6 co tinh bién thién (FGM) 14 loai
vat li€u composite thé hé méi, duge tao tir hai
hay nhiéu thanh phan, théng thuong 1a gbm va
kim loai, trong d6 ty phan thé tich cta cac vat
liéu thanh phan thay doi lién tuc theo mdt hoic
nhiéu hudéng khong gian. Véi sy thay ddi lién
tuc, tron ctia tinh chat co-ly theo toa do khong
gian, FGM khic phuc duoc cac nhuoce diém cb
hiru cta vat liéu composite truyén théng nhu su
tap trung Ung suat, tach 16p... V6i uu diém nay,
FGM ngay cang duoc sir dung rong rai dé ché
tao cac phan tir két cau dung trong nhiéu nganh
cong nghi€p khac nhau, dac biét trong cdc moi
truong khac nghiét nhu nhiét d§ cao, c6 su an
mon cua a-xit (Birman et al, 2007). FGM ngay
nay duoc sir dung rong rdi trong hau hét cac
nganh cong nghiép, tor hang khong, vii tru, dan
dung, ning lwong nguyén ti, quéc phong va
tham chi ca trong y hoc.

Céac cong bd vé dao dong dam sandwich
FGM t6i thoi diém hién tai chu yéu tap trung

'Khoa Co khi, Truong Dai hoc Thuy loi

vao cac tinh chat vat liéu thay d6i theo chiéu
day. Nham ting kha ning chiu tai phic tap va
dé t8i wu hoa vat lidu, cac phﬁn tr két cAu co co
tinh bién thién theo hai chiéu duge ché tao va
nghién ciru gan day. Phuong phap phan tir hitu
han dugc Rajasekaran va Khaniki (Rajasekaran
et al, 2018) sir dung trong nghién ctru dao dong
tu do cua dam Euler-Bernoulli 2DFGM c¢6 vét
nut. Gan va cdng sy (Gan et al, 2015) tinh toan
dap tmg dong luc hoc cua dim FGM
Timoshenko dudi tac dung cua luc di dong.
Songsuwan va cdng su (Songsuwan et al, 2015)
nghién cuu anh hudng cua sy phan bd vat liéu
theo chidu cao téi dao dong ciia dam sandwich
Timoshenko chiu tic dong cua tai trong diéu
hoa di dong.Tac gia Simsekva cong sy (Simsek
et al, 2017) cling dd phan tich dao dong ciia dam
sandwich FGM dudi tac dung dong thoi cua hai
luc di dong.

Bai béo ndy d tién hanh phan tich dao dong
cia dim sandwich 2D-FGM hai pha dudi tac
dong cua lyc di dong. Loi cta dam 1a thuan gém
trong khi hai 16p ngoai 1a 2D-FGM véi co tinh
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thay d6i theo ca chiéu cao va chiéu dai dam. Hai
mo hinh déng nhat hoa vat liéu, md hinh Voigt
va mO hinh Mori-Tanaka dugc sir dung dé danh
gia cac tinh chat hiéu dung cia vat liéu hai 16p
ngoai. Pap tmg dong luc hoc ctia dim vai bién
tua gidn don dugc tinh toan véi sy tro giup cua
phuong phéap tich phén truc tiép Newmark. Sy
anh huong cta hai mo hinh dén hé sb dong luc
hoc ctia ddm duogc danh gia chi tiét va thao luan.

2. MO HINH DAM VA PHUONG
PHAP TINH

2.1. M6 hinh dim

Xét dam sandwich 2D-FGM chiu tac dong
cua lyc di dong F, nhu minh hoa trén hinh 1. Ty
phén thé tich ctia pha kim loai (V) va pha gdm
(Vo) cta hai 16p ngoai dam thay ddi theo ca
chiéu cao va chiéu dai dam theo quy luat ham
Ity thtra nhu sau (A. Karamanli, 2017)
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Hinh 1. Dam sandwich 2D-FGM hai pha chiu lyc di dong
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Trong phuong trinh (1), ny va n, twong tng 1a
cac chi s mil, xac dinh sy phan bd cua cac vat
liéu thanh phan theo chiéu dai va chidu cao
dim. Hai mo hinh dong nhat hoa vat liéu 1a md
hinh Voigt va m6 hinh Mori-Tanaka dugc st
dung dé danh gia cac tinh chit hiéu dung cua
vat liéu FGM hai pha. Tinh chit hiéu dung (Py),

chéng han m6-dun dan hdi Young va mat do
khdi cia vat lieu FGM hai pha danh gia bang
mo hinh Voigt cho boi

Py=P. V. +P,V,y (2)

Theo md hinh Mori-Tanaka (Karamanli,
2017), mé-dun dan hdi Young hiéu dung (Ey) va
hé sb Poisson hiéu dung (v¢) dugc xac dinh bdi

cong thirc
__9K,G,  _ 9KG, 3)
" 3K,+G, " 3K,+G,

Trong d6 K;va Gytuong ting 1a mo-dun khéi va
moO-dun trugt hi€u dung. Cac mé-dun hi¢u dung
Ky va Gy dugc tinh tir cac mo-dun va ty phan thé
tich cua cac vat liéu thanh phﬁn theo cong thirc:

4

K- K, _ V.

K-K 1V (K- K)/ (K, +4G /3)

Gf- Gm — I/c

G-G, 1-V,G.- G)IG, +4G, (9K, +8G,)/(6K, + 12G, )i

V61 K¢; Kin; Ge; G 1a cac mo-dun khoi va mo-
dun trugt ciia gdm va kim loai. Do m6 hinh Mori-

Tanaka chi cho cac hé s dan hoi nén mat do khoi

hi¢u dung (pf) dugc tinh theo mo hinh Voigt

Str dung 1y thuyét bién dang truot bac 3 cai
tién. Nang lugng bién dang dan hdi (U) va dong
ning 7 cta dim sandwich 2D-FGM hai pha c6
dang sau:
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Trong d6 A va I;; 1a cac d§ cimg va mo-men
khéi lrgng cia dam

Phuong phap phan tr hitu han duoc sur
dung dé tinh toan dap ung dong luc hoc cua
dam trong bai bao nay. Dam duoc chia thanh
cac phan tir voi chiéu dai 14 /. Mdi phan tir ¢6

10x1 2x1

4x1

Trong do d,, d,,» va d,,s tuong tng 1a cac véc-
to cua chuyén vi doc truc, chuyén vi ngang do
udn va chuyén vi ngang do truot tai cac nit voi
dang cu thé sau. Chuyén vi bén trong phan tir
dugc nodi suy tir cic chuyén vi nit theo cong
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2 nit v6i 10 bac tu do. Cac ham dang tuyén
tinh dugc st dung cho chuyén vi doc truc,
trong khi cac da thirc Hermite dugc dung cho
ca chuyén vi ngang do ubn va chuyén vi
ngang do trugt. Vec-to chuyén vi niit phan tir
(d) c6 dang:

T T T T
d = {du’dwb’dws} ’du = {ul’uZ} ’dwh = {Whl’whl,x’WhZ’WhZ,x} ’dws = {Wsl’wsl,x’WSZ’WSZ,x}

4x1

thac: v = Nd,,, w, = Hd,,», wy = Hd,,5. Trong do
N = {No N]} vaH= {H() H] H2 Hg} la cac
ham dang (Alshorbagy,2011).

Ning Iwong bién dang dan hoi, dong nang va thé
ning ciia dam dudi dang véc to luc nit nhu sau:

m uu u H"h uw s
1 & T
—_— . — T
- 2 Z {d}[ {m}[ {d}[’ (15910) - m“wh wpWp WpWs
- m’

uw, Wy Wy wow

NE
v=>'t'd; f, =F{00H, H H, H, H, H; H,} |x,, 1alycnitcia phin ti
i=1

(10x1)

Trong d6 Kue, Kpp, K, Kap, Kus va Ky tuong
mg 14 cac ma tran do cimg phan tir sinh ra tir
kéo-nén doc truc, ubn, truot, tuong hd gitra kéo-
nén véi ubn, kéo-nén voi truot va udn véi truot;
my,,, Mypyp, Mygys, Myyp, My va Mypys tu’O’Hg
g 1a cac ma tran khdi luong sinh ra tir chuyén
dich doc truc, udn, trugt va tuong hd cua cac dai
luong nay.

Noi ghép cac ma tran do cirng va ma tran Kkhéi
lugng phan tir thanh cac ma trdn cia két cau.
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Phuong trinh chuyén dong ctua dam viét bang
phuong phap phan tir hitu han ¢6 dang nhu sau:

MD+CD+KD=F (5)

Trong d6D,D,D tuong ung la cac véc-to
chuyén vi nit, van toc nat va gia tdc nut téng
thé; M, C va K tuong tmg 1a cac ma tran khoi
luong, ma tran can va ma tran d cung téng thé.
Céc ma tran tong thé M va K duoc ndi ghép tir
cac ma tran phan tor m va k theo cach thong
thuong cua phuong phap phan tir hitu han. Ma
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tran can C cua dim sandwich 2D-FGM duoc
tinh toan trén co s& 1y thuyét can Rayleigh nhu
sau (Esen, 2019).

Pé tinh toan dap ting dong luc hoc ciia dam
voi luc di dong. Bai bao str dung phu’()’ng phap
gia téc trung binh, mot thuat toan an véi sy on
dinh khong diéu kién trong ho phuong phap tich
phan truc tiép Newmark (Newmark,1959).

3. KET QUA VA THAO LUAN

Két qua phan tich sé cho dim sandwich 2D-
FGM hai pha lam tr nhom va nhdm 6-xit véi
cac tinh chat vat liéu nhu sau (Vo et al, 2014):

« E,, = 70 MPa, r,, = 2707 kg/m’, v, = 0.3
cho nhom

« E. = 380 MPa, r,, = 3960 kg/m’, v,, = 0.3
cho nhom 6-xit

3.1. Kiém ching md hinh phin tir va
chwong trinh sb

Do chua c6 cac sb liéu cong bd vé tan s6 dao
dong riéng va dap ung dong luc hoc cua dim
sandwich 2D-FGM, Viéc so sanh duoc thuc
hién cho bai toan udn dam sandwich 2D-FGM

voi két qua da cong bd ctia Karamanl bang 1.
Va thuc hién véi bai toan do vong dong luc hoc
tai gitta dim véi két qua cia Songsuwan va
cong su (Songsuwan et al, 2018) cho dam
sandwich 1D-FGM chiu lyc di dong cho trudong
hop L/h =10, ny = 0.5, v=>50 nm/s, va ba
gia tri khac nhau cua ty s6 do day giita cac 16p
la (1-0-1), (2-1-1) va (2-2-1) trong hinh 2. B¢
vong dong luc hoc cua dam thu nhan trong tai
liéu (Songsuwan et al, 2018) trén co s& 1y thuyét
bién dang truot bac nhit va phuong phép Ritz.
Céc két qua ctia bang 1 va Hinh 2 cho thiy
voi ca ba gia tri cia ty sb do day gitra cac 16p,
két qua nhan duoc bang mé hinh phan tir hitu
han xdy dung trong bai bao nay twong dong t6t

0,n, =

v6i cac két qua trong (Songsuwan et al, 2018)
va (Karamanli,2017). B vong cuc dai w* trong
Bang 1 dugc dinh nghia nhu sau:

3
W= 100E bh max(w(x))

0

Bang 1. So sanh d§ vong I6m nhit (W) ciia dAm sandwich 2D-FGM
twa gian don chiu lyc phan bd déu

L/h=5 L/h=20

ne |n, | Ngudn (1-1-1) | (1-8-1) | (2-2-1) | (1-1-1) | (1-8-1) | (2-2-1)
0.1 | 0.1 | (Karamanli,2017) | 10.7054 | 4.7401 | 10.9470 | 10.3994 | 4.4818 | 9.1047
Bai béo 10.8634 | 4.8064 | 9.8128 | 10.4116 | 4.4848 | 9.1096

0.5 | (Karamanl,2017) | 7.5039 | 42112 | 9.5412 | 7.2199 | 3.9561 | 6.5597

Bai bdo 76124 | 42698 | 9.8473 | 7.2273 | 3.9586 | 6.5680

2 | (Karamanly,2017) | 4.8871 | 3.6275 | 4.6673 | 4.6274 | 3.3772 | 4.4070

Bai bdo 49572 | 3.6775 | 47321 | 4.6313 | 33793 | 4.4101

0.5 | 0.1 | (Karamanli,2017) | 8.4793 | 4.4862 | 5.7112 | 8.1706 | 4.4143 | 7.3680
Bai bdo 8.6148 | 4.5492 | 5.6764 | 8.1964 | 4.2298 | 7.3839

0.5 | (Karamanl,2017) | 6.5069 | 4.0580 | 7.7882 | 6.2253 | 4.2331 | 5.7569

Bai béo 6.6011 | 4.1143 | 7.3408 | 6.2338 | 3.8040 | 5.7660

2 | (Karamanly,2017) | 4.6040 | 3.5666 | 4.4251 | 4.3451 | 3.3169 | 4.1669

Bai bdo 4.6689 | 3.6155 | 4.4873 | 4.3491 | 3.3190 | 4.1706
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3.2. Anh huéng ciia mé hinh dong nhit vt

il B bio (10-1) liéu den h¢ so dong luc hoc
01 i @ Songs.suwanU-D-U s n z n o n -
Y- e A \ H¢ s0 dong luc hoc D, déac trung cho d6 vong
0.05 —— Bal bao (2-2-1) %
o songsuwan (2-2-1) | W i A . . N w(LL/ 2.t
43 0.2 0.4 0.6 0.8 1 16n nhat ta1 giua dam Dd =max g .
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Hinh 2. So sanh dwong cong do vong tai giita

A e s Trong d6 wy = FyL’/48E.I 1a @6 vong tinh 16n
dam voi thoi gian cua dam sandwich 1D-FGM

' 2 o L nhat tai gitta dam cua dam thuan nhom 6-xit.
chiu lyc di dong voi Songsuwan va cong sy

(Songsuwan et al, 2018) (L/h = 10, n.= 0.5, v =50 nvs).

Bang 2. H¢ s6 dong lue hoc ciia dim Sanwich 2D-FGM
hai pha chiu luc di dong véi L/h =5, va v =20m/s

Ny n; Mo hinh voigt Mo hinh Mori-Tanaka

(2-1-2) | (2-1-1) | (3-2-1) | (1-4-1) (2-1-2) | (2-1-1) | (3-2-1) | (1-4-1)
05 | 05 |2.6031 |24034 |2.1717 |1.7421 3.7722 ] 3.3003 | 2.8568 | 2.0730
1 |2.1528 |2.0441 |1.8997 | 1.5531 3.0782 | 2.8087 |2.4686 | 1.8571
1.7920 | 1.7231 |1.6306 | 1.4118 24109 |2.2331 |2.0365 |1.6097
5 114529 14285 |1.3930 |1.2756 1.7394 |1.6774 | 1.5919 | 1.3767
5 0.5 | 14012 | 1.3822 |1.3545 |1.2854 1.8262 | 1.7620 | 1.6722 | 1.4728
1 1.3515 | 1.3355 |1.3128 |1.2514 1.6965 | 1.6415 | 1.5662 | 1.399
1.2949 | 1.2832 | 1.2662 | 1.2161 1.5326 |1.4930 | 1.4410 | 1.3255
5 |1.2270 | 1.2206 | 1.2108 | 1.1791 1.3547 |1.3386 | 1.3147 | 1.2372

T 2.6

f ¥

o 1.849

5 ,"‘; 3 —&—(2-1-2), Voigt 1 AT ——(2-1-2), Voigt
zucy —a— (2-1-2), MT B— (2-1-2), MT
—+—(2-1-1), Voigt ——{2-1-1), Voigt
——(2-1-1-). MT —b—(2-1-1), MT
2n 100 200 300 400 H 0 100 200 300 400
v (m/s) v (m/s)
(a) nx=nz=ﬂ.5 (b} n==nz=3

Hinh 3. Méi lién hé gitta hé 56 dong luc hoc voi van t6c luc di dong
ciia dam 2D-FGM hai pha véi L/h =20
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Hinh 3 cho ta thiy sy khac nhau rd rét giita cac
hé sb dong lyc hoc nhan dugc tr mé hinh Voigt
va md hinh Mori-Tanaka. Hé sb Dd nhéan duoc tir
md hinh Voigt luén nhé hon hé sb twong tng
nhan duge tir md hinh Mori-Tanaka, bat ké van
toc Iuc di dong va dam déi ximg hay khong dbi
xtmg. Sy sai khac gitra hé sb dong luc hoc nhin
duoc tir hai md hinh ddng nhat hoa vat liéu, nhu ta
thay tir Hinh 3, c6 khuynh hudng 16 nét hon khi
van toc ciia Iuc di dong gan vai gia tri van tdc ma
hé s6 Dd dat gia tri 16n nhat. Nguoc lai, su sai
khac ndy s& giam di cho dam tmg véi tham s6 vat

-Vuigt
BT

[7+] E= (4]

151

o =

(a) D&m (2-1-2)

liéu 16n hon (Hinh 3b). Anh hudéng cta sy phin
bd vat liéu téi hé sb dong luc hoc va su khac nhau
gitra tham $6 dong luc hoc nhan dugc tir hai md
hinh déng nhat hoa vat liéu co thé thdy rd tir Hinh
4, trén d6 dd thi 3D biéu dién sy phu thudc ctia hé
s6 Dd va cac tham ny va n, duoc minh hoa hoa
cho dam sb ximg (2-1-2) va dam khong dbi xtng
(2-1-1) chiu luc di dong cho truong hop L/h = 20,
v =50 mV/s. Hinh 3 cho thiy v&i moi gia tri cua
tham s vat liéu, hé sé Dd nhan duoc tir mé hinh
Voigt luén nhé hon hé sé nhan dugc tir mé hinh
Mori-Tanaka.

(b} DAm (2-1-1)

Hinh 4. Sy phu thudc cua tham 56 dong lyc hoc Dd vao cdc tham 6 vt liéu nx va nz
ciia dam 2D-FGM hai pha véi L/h = 20, v = 50 m/s

4. KET LUAN

Nghién ciru da tién hanh phan tich anh huéng
ctia hai m6 hinh ddng nhit hoa vat liéu dén 1a mod
hinh Voigt va md hinh Mori-Tanaka dén hé sé
dong luc hoc cua dam sandwich 2D-FGM hai pha
chiu tdc dong cia lyc di dong. Phuong trinh vi
phan chuyén dong cho dam dugc xay dung trén
co sO sir dung 1y thuyét bién dang truot bac ba cai
tién ciia Bickford va Reddy. Cac cong thirc tinh
toan dya trén phuong phép phan tir hitu han cho

TAI LIEU THAM KHAO

phan tir dam hai nat véi 10 bac tu do. Phuong
phép gia toc trung binh khong ddi trong ho cac
phuong phép tich phéan truc tiép Newmark duoc
str dung dé tinh toan s cho phén tich dao dong
cta dam. Két qua nghién ctru da cho thdy voi bat
ké cac gia tri cia van tde luc di dong, tham sO vat
liéu va ty 1& ciia 16p 16 v6i hai 16p ngoai thi hé s6
dong lyc hoc Dd nhdn dugc tr mé hinh Voigt
ludén nho hon céc gia tri tuong rng nhan duogc tir
md hinh Mori-Tanaka.
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Abstract:
INFLUENCE OF HONOGENIZATION SCHEME ON DYNAMIC FACTOR OF TWO -
PHASE FGM BEAM UNDER A MOVING LOAD

Analysis of the influence of the homogenization scheme on the dynamic factor of the two-phase 2D-
FGM sandwich beam under the moving load is performed by the finite element method. The core of
the beam is pure ceramic, while the two face sheets are made of bidirectional functionally graded
material (2D-FGM) with the effective properties being evaluated by both Voigt and Mori-Tanaka
models. Based on the refined third-order deformation beam theory, a two-node beam element with
10 degrees of freedom is formulated and used to construct the discretized equation of motion. The
dynamic response of a simply supported beam is calculated with the help of the Newmark method.
The result numerical results show a clear influence of the material homogenization model on the
dynamic characteristics studied in detail and highlighted.

Keywords: 2D-FG sandwich beam, moving load, finite element method.
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