Co ky thudt & Ky thudt co khi dong luc

PHAN TiCH ANH HUONG CUA MOT SO YEU TO PEN PAP UNG
PONG HQC CUA ONG COMPOSITE TREN LIEN KET PAN HOI
CHIU TAC DUNG CUA TAI TRONG DI PONG

Nguyén Viét Ha'", Pham Tién Pat', Lé Truong Son', Nguyén Truong Thanh?

Tém tit: Bai bdo phan tich khdo sat mét sé yéu t6 vé vit liéu (sé I6p, géc dat
cot ciia ong composite) va ddc trung nén anh huong dén ddp img déng hoc ciia
ong composite(CPS) I6p ddt trén lién két dan hoi chiu tdc dung tdi trong di déng
bén trong. Sir dung phwong phdp phan tir hitu han véi phan tir vé suy bién
(degenerated shell element) 8 mit va 1y thuyét thuan nhdt héa doéi véi composite
6p dé xdy dung phwong trinh dao dong ciia ong CPS trén lién két dan hoi chiu
tdac dung tdi trong di dong.

Tir khéa: Ong composite; Tai trong di déng; Lién két dan hoi; Phan tir vo suy bién.
1. PAT VAN PE

Két cau vo composite 16p néi chung va dng composite noi riéng duge sir dung ngay
cang nhiéu trong cac linh vuc nhu cong nghiép hang khong, cong nghiép tau thuy, co khi,
xay dung, ... Viéc nghién ctru vé& d6 bén cua cac két ciu dang binh, 6ng dan chiu tac dung
clia tai trong di dong thu hut sy quan tdm nghién ctru ciia mot s6 nha khoa hoc. Faria [1],
[2] da phan tich dao dong cua cac két cu chiu tai trong di dong, phan tich dao dong cua
mdt panel tru chiu tai trong di dong bang cach st dung phuwong phap phéan tir hitu han;
Tang [3] da trinh bay mot mo hinh dyu bao dap Gmg cua mot dng try mong ban hitu han
dudi ap luc di chuyén bén trong; Saranjam B, Bakhshandeh, K., Kadivar, M.H [4] da phan
tich dap ung dong hoc cua 6ng tru thép dudi tac dung ap lyc di dong, phan tich anh huéng
ctia ti s6 chidu dai va dudng kinh ng tru t6i dap Gmg cua ong try; Kambiz Bakhshandeh,
Bahador Saranjam [5] ciing d4 phan tich anh hudng cua ti sé chiéu day va duong kinh 6ng
try toi dap ung dong cua ap luc di dong. Theo do, két qua nghién ciru [4,5] cho thdy khi
thay di ti s6 chiéu dai voi duong kinh, ti sb chidu day voi duong kinh 6ng tru thi chuyén
vi ctia dng try ciing thay doi twong Gng...

Tuy nhién, cac nghién ctru vé& phan tmg dong hoc cua cac dang két ciu néu trén chwa
nhiéu, dic biét, cac nghién ctru moi chi dé cap dén cac két cau dang 6ng chiu tai trong di
dong voi vat liéu dong chat dang huéng; Viéc nghién ctru vé dong hoc dng tru lam bang
vat lidu composite chiu tic dung tai trong di dong bén trong dit trén lién két dan hoi con it
dugc quan tdm nghién ciru. Noi dung bai bdo tap trung trinh bay két qua tinh toan phan
Ung dong hoc cia 6ng composite dat trong nen dan hoi chiu tai trong di dong bén trong,
khdo sat danh gia anh hudng cua mot s6 yéu t6 v& vat liéu (sb 16p, goc dat cdt) va dic
trung nén dén phan tmg dong ciia dng composite 16p.

Trong bai bao tac gia st dung phan tir vé dang tham s ba chiéu suy bién (3D degenerated
shell element) dé mo hinh hoa két ciu éng composite 16p. Phan tir vo suy bién lan dau tién
duoc dé xuit boi Ahmad [6], loai phén tr nay duogc tao ra béng cach dua phﬁn tir khdi 3D vé
phin tir vo 2D bang cach loai bo cac nut trung gian theo phuong chiéu day. Phan tir vo suy
bién 3D di duoc Chung-Li Liao va chu-Ren Chen [7] sir dung dé khao sat bai toan 6n dinh
dong cta vo composite 16p. Patel, Datta va Sheikh [8] dé sir dung phan tir vo suy bién dang
tham s6 8 nut dé moé hinh manh vo trong phan tich 6n dinh va mét on dinh ctia manh vo. Tac
gia Eugerino Onate [9] sir dung phuong phap phan tir hitu han véi phan tir vo suy bién 8 niit dé
phén tich cac ciu triic vo mong va vé composite 16p. Cac tac gia Trinh Anh Tuén, Tran Hitu
Qudc va Tran Minh Ta [10] sir dung phuong phap phan tir hiru han v6i phan tir vo suy bién 8
nut dé phan tich tinh va dao dong riéng cua panel tru composite 16p c6 gan gia cuong.
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2. MO HINH TiNH TOAN

2.1. M6 hinh bai toan va phwong trinh co ban

Xét két cau ong composite nhiéu 16p (hinh 1) ¢6 chiéu dai L, duong kinh D, bé day dng
h. Ong duoc dat trong nén dan hdi chiu tac dong cua tai trong dang ap lyc di dong bén
trong. Pé mo ta nén dan hdi, bai bao sir dung md hinh nén dan hdi mot hé sé (mé hinh
nén Winkler). Khi do, nén dan hdi duoc mé hinh hoa bang céc lién két 10 xo dat tai cac
nat khi chia phan tu.
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Hinh 1. Ong CPS du6i tic dung ciia dp luc di ddng.  Hinh 2. Phdn bé dp luc [4,5].

Ap luc cho mdi diém cua dng dugc xac dinh theo cong thire sau [4,5]:
P(y,t) =Pou (t—y/V) (1)

Trong d6: Py: Bién d6 ap luc; u (t — y/V ): Ham budc don vi; V: Tbe @6 di dong ap luc.

Khi do, phan bd ap luc tai mot diém trong thanh 6ng dugc biéu din theo dd thi trén
hinh 2.

2.2. Phwong trinh co ban

Phuong trinh chuyén dong tong quat ctia dng composite chiu tac dung cua tai trong di
dong duoc thiét 1ap theo phuong phap PTHH c¢6 dang:

(M@} +[Cl{a}+[K]{a} = {P()] @)
Trong do: {a} {a}, {4} - Lan luot 14 véc to chuyén vi nuat, véc to van tdc nat va véc to

gia toc nat cta ong; [M]- Ma trén kh01 luong cia éng; [K]- Ma tran do cimg tuyén tinh
ctia 6ng; [C]- Ma trdn can nhét ctia dng; {P(t)}- Véc to lyc quy nat ctia dng.

3. MO HINH PHAN TU VA CAC QUAN HE UNG SUAT,
BIEN DANG, CHUYEN VI
3.1. M hinh phén tir

Xét phan tir vo suy bién 8 niit tir phan tir vo 3D nhu hinh 3. Hé truc toa do tong thé 1a
X,y,Z , hé truc toa do phan tir 12 x', y",z". Hé truc toa do tu nhién phan tir(£,7) trong mét
trung binh va ¢ 1a truc huéng doc theo phuong chiéu day va vudng goc v6i mit trung binh.

Céc ham dang cua phén tir ddng tham sé 8 nut trong hé truc (£,7) c6 dang sau:

1 1

Ny == (=O=m+&+n) Ny =2 (1=¢")1-n)
N, =+ EX1-n)1-E+7) Ny = 1+ &)1-7")
41; 1 3)
Ny == A =€ 1) Ny =5 (=)
Ny ===+ )1+ E-1) N, =5 (1-5)1-7)
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Hinh 3. Chuyén déi phan tir khoi 20 niit thanh Hinh 4. Truc toa dé cho
phan tie vo suy bien 8 nut. H¢ tog do cong, hé tich phan I6p.

toa dé mit va hé toa do tong thé.
3.2. Chuyén vi ciia phan tir
Véc to chuyén vi tai diém bét ky thudc phan tir vo c6 thé duge biéu dién qua ba thanh
phan chuyén vi(u,,v,,w,) va hai thanh phan géc xoay (6,,6,,) tai cac nit & mit trung
binh nhu sau [9]:

u
8 8
u=<v :ZNiui :zNiai(e) (4)
i=1 i=1

3.3. Bién dang ciia phén tir
Cac thanh phén bién dang ddi voi hé truc toa do téng thé duoc biéu dién qua chuyén Vi

8
nhu sau [9]: £ =) B.a' = Ba" (&)
i=1

3.4. Quan hé trng suit va bién dang ciia phin tir
Biéu thirc quan h¢ tng suét va bién dang tai mdi diém cua mdi 16p vat liéu duoc viét
trong hé truc thang 1,2,3 cta hé truc toa d6 dia phuong [9]:
o, =D,¢ (6)
Ma trén D, dugc xac dinh rd trong [9].

3.5. Cac phwong trinh phin tir

Phan tir v6 ctia dng duoc md hinh bang phan tir vo suy bién tir giac 8 nut, mdi nit 5 bac
tu do.

Ma trén d9 cing phén tir duoc biéu dién nhu sau:

[K.]=J (8] (o] [D][Blasdydz = (8] [O] [D][B]l/]dednds

v, v,

e e
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Tich phan phuong trinh (9) duoc chia nho ra tinh qua mdi 16p bang cach thay bién ¢

bang ¢ , » trong mdi 16p tha 1, ¢ ; chay tir -1 = +1. Viéc d6i bién ¢ thanh ¢ , theo phuong
trinh quan h¢ sau:

1
Jj= 1
Tur (9) ta c6 dugc ma trén d6 cfrng phﬁn ti nhu sau:
D t
-] Z I [0, [B]lV|-dgdédn
Ry ! ©
Ma tran khdi lwong phin tu co dang
HZIP [N [N]x| L dgazan (10)

—1-11

Xay dung phan tir ctia nén dan h01

Pé mo ta nén dan_ hdi, bai bao str _dung m6 hinh nén dan hdéi mot hé sé (md hinh nén
Winkler). M6 hinh nén duogc biéu dién bang cac lién két 1o xo. Cac ma tran do cing va
khéi lwong ctia phan tir 10 xo duge xac dinh nhu trong [11], [12].

Véc to tai trong nut phﬁn ta: {Pe} = J.[N]T ApdS (11)
s

Tién hanh ghép ndi téng thé ta nhan dugc ma tran do ciing téng thé [K ] , ma tran khoi

luong téng thé [M ] va ma tran luc tong thé{P(t)}ctia dng composite 16p.

Ma tran can Rayleigh, dugc xac dinh [13]: [C]=a[M ]+ B[K] (12)

Tir d6, ta c6 duoc phwong trinh chuyén dong tong quat ciia éng composite nhu sau:

[Map+[Caj+[K]{a} = {P@®)} (13)
4. KET QUA SO

4.1. Bai toan xuit phat

Ong tru composite 16p, chiéu dai L= 2 m, ban kinh trong r= 0,1 m, ¢6 4 16p, chiéu day
ong t = 0.004m, moi 16p 1a vét liéu composite dong phuong, chleu day céc 16p nhu nhau.
Ong dit trong nén dan hdi véi hé sé K, = 10° N/m , phia trong dng chiu tac dung cua ap
sudt p =2500N/m* di chuyén doc theo chiéu dai 6ng véi van toc V = 15 m/s. Thong s co
tinh mdi 16p vat lidu: Mo dun dan hoi E;= 145.10°N/m>  E,= 9,77.10°N/m’ E;=
9,77.10°N/m* mé dun dan hdi trugt Gy,= 4. 10°N/m*, Gy= 3,510°N/m* G3= 4.10°N/m’,
hé sb poisson v,, =0.25,v,, =0.02,v,, =0.25. Goc dat cbt: 0°/45°/0%/45°.
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Hinh 5, 6. Ung sudt phép o, , oy tai diém thudc mat cdt giita ong theo thoi gian.
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St dung phan mém Matlab ta dwgc ung suit phap theo phuong ngango, va theo

phuong

doc truc o tai diém thudc mat cét gilra éng theo thoi gian (hinh 5, 6) va dap ung
chuyén vi hudng kinh W tai diém giira dng theo thoi gian (hinh 7).
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Hinh 7. Chuyén vi huwéng kinh tai diém gitta ong theo thoi gian.

Phan tich dd thi ta thdy: Khi tai trong con ¢ xa, diém tinh c6 dao dong nhung bién do
dao dong nho. Tai trong cang tién lai gan, dao dong cua diém tinh cang tang va chuyén vi
dat 16n nhat w =9.75.10° (m) tai thoi diém t = 0,16 (s). Ung suét phap theo phwong tai di
chuyén (phuong y) 16n hon mg suat phap theo phuong ngang(phuong x). Gié tri 1on nhét

cla ing

sudtphap (N/m’) : o, =1.99.10° o, =80736

4.2. Khio sat anh huwéng ciia mot s6 thong s6 dén dap ing dong cia hé

4.2.1. Anh huéng cia s6 16p dng composite

Khao sat ong composite voi s6 10p thay ddi tir 2 lop dén 8  10p, tuong tmg voi chiéu day
6ng thay ddi tir 0.002m dén 0.008m, & day xeét chiéu day mdi 16p 1a 0.001m. Goc dit cbt
[0/45]s. Két qua ta duoc quan hé gila s6 16p 6 ong ‘composite vOi chuyén vi huéng kinh 16n
nhit va ung suat phap 16n nhat tai diém gitra ciia 6ng.

Chuyen vi huong kinh lon nhat (m)

Hinh

x10* x10°
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8, 9. Quan hé chuyén vi huéng kinh I6m nhat, vmg sudt phdp I6n nhdt véi sé I6p.

Qua két qua khao sét, ta thiy rang: khi tang s 16p tir 2 16p dén 6 16p thi chuyén vi
hudng kinh 16n nhat va img suat phap 16n nhat giam nhanh, khi tang so 16p 1én 7, 8 16p thi
gia tri cua chuyén vi hudng kinh va g suat phap gidm chém lai.

4.2.2. Anh hwéng cia géc dit cot

Chuyen vihueng kinh (m)
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Hinh 10, 11. Quan hé chuyén vi huéng kinh, img sudt phdp o, va goc dat cot.
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Xét dng composite 4 16p ¢ s6 liéu vé co tinh cac 16p nhu vi du trén. Ta thay doi goc
dit cbt theo 3 phwong an: Phuong 4n 1: 0°/45°0°%45% Phuong an 2: 45°/- 45%45°%/- 45°;
Phuong 4n 3 : 30°/60°/30°/60°. Két qua dép mg chuyén vi, timg sudt diém giita dng thé hién
trén hinh 10, 11.

Nhan xét : Goéc dit cot c6 anh huong den chuyén vi va tng suét ciia dng composite.
Vi phuong an 3 thi chuyén vi va tng suit c6 gia tri bién d6 dao dong nho hon so véi 2
phuong an 1 va 2.

4.2.3. Anh hwéng ciia do ciing nén
Khao sat anh huong cua do cung nén dan hoi dén chuyén vi va Ung suat trong ng
composite. Cho d6 cung K, cua nén blen thién tir 1.10° N/m’ den 7.10° N/m’. Két qua su

thay dbi gia tri chuyen vi va rng suat 16n nhat tai diém gitra 6ng theo thoi gian duoc thé
hién nhu trén cac d6 thi hinh 12, 13.
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10 2
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7
Ung suat phap xiema y lon nhat(N/m2)

Chuyen vi huong kinh lon nhat (m)
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Hinh 12, 13. Quan hé chuyén vi hieong kinh I6n nhdt,
ing sudt phdp lén nhdt Oy VA hE 6 nén.

4
Do cung nen Ki/m3)

Nhén xét : Phén tich d6 thi cho thay khi hé s6 do cung nen tang 1én tir 1.10° N/m’® dén
7.10°N/m’ , chuyén vi va tng suét trong két ciu giam phi tuyén.

5. KET LUAN

Bai bao khao sat anh huong mot s6 yéu to hinh hoc, vat liéu dén phan mg dong cua
ong composite chiu tdc dung cua tai trong di dong. Qua phén tich két qua khao sat cho
thdy: SO 16p cua dng composite c6 anh hudng rd nét dén dap ung dong cua dng composite.
Goc dat cot cua l6p vat liéu composite cting c6 anh huong dén phan tng dong hoc cua 6ng
composite. H¢ s6 d6 cung nén anh huong dang ke dén chuyén vi va ng suit theo quy luat:
khi hé s nén tang thi chuyén vi va tng suit ctia dng giam.

Ket qua khao sat lam co so 1y thuyet dé van dung vao trong viéc tinh toan thiét ké ché
tao dng composite dit trong cac lién két dan hodi chiu tai trong di dong.

Loi cam on: Cac tac gia xin chdan thanh cam on cdc nha khoa hoc, cdc ban dong
nghiép da co nhitng y kién dong gép quy bau dé cho bai bao dwoc hoan thanh va dat ket
qua tot.
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ABSTRACT

ANLYSING THE EFFECT OF THE SOME FACTORS TO DYNAMIC RESPONSE

OF COMPOSITE TUBE PUT ON ELASTIC FOUNDATION
UNDER INSIDE MOVING PRESSURE

In the article, some elements of the material (number of layers, corner of the

composite tube), foundation characteristics that affect the dynamic response of the
composite tube put on the elastic foundation under inside moving pressure are
analysed.Using degenerated shell element 8 node, each node has 5 dofs to model
composite tube and homogeneous theory for layer composite tube to construct the
vibration equation of composite tube on the elastic foundation under inside moving
pressure.

Keywords: Composite tube; Degenerated shell element; Finite element; Moving pressure.

Nhan bai ngay 12 thang 10 nam 2017
Hoan thién ngay 07 thang 03 nam 2018
Chdp nhén dang ngay 08 thang 6 nam 2018

Pia chi: 'Hoc vién K§ thuat quan su;

2Vién Tén ltra - Vién khoa hoc va Cong nghé quan su.
"Email: nguyenviethal2121980@gmail.com — thanhvtv2010@gmail.com.

19

6 N.V.Ha, ..., N.T. Thanh, “Phén tich anh hwong ... chiu tac dung cua tdi trong di dong.”



