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N¢i dung:

1. Pa thiét 1ap duge phuong trinh va tinh 6n dinh tinh cua tam truc hudng composite
pglyme ba pha chiu tai nén theo mét phuong, nén ddng thoi theo hai phuong va tai
cat.Xéac dinh dugc gia tri luc téi han ciua tdm truc hudng composite polyme ba pha trong
truong hop tat ca cac canh cua tam 1a tya don va ngam. Dong thoi, da danh gia duge mirc
dé anh huong cua cac yéu td nhu: tai trong, tham sb va ti 1& thanh ph?m vét li¢u, kich
thudce hinh hoc 1én 6n dinh tinh cua tam composite polyme ba pha.

2. Da thiét 1ap dugce phuong trinh va tinh 4n dinh dong cua panel composite polyme ba
pha chiu tai thay dong trong hai trudng hop tit ca cdc canh tua don va ngam. Panh gia
dugc mirc d§ anh hudng cua cic yéu t6 nhu: Cach bd tri 16p, kich thude hinh hoc, toc do
tau, s khong hoan hao hinh déng ban déu, thanh phi‘m vat liéu 1én 6n dinh dong cla panel
composite polyme ba pha. Da khao séat anh huong cua kich thudc hinh hoc, ti 1¢ thanh
phén soi hat 1én tin sb dao dong clia panel composite ba pha. Xéc dinh duge gia tri lyc toi
han, tdc do toi han ciia panel composite ba pha chiu tai thiy dong. o

3. Xay dyng dugc phuong phép tinh 6n dinh cua canh nang tau cinh ngdm bang phuong
phép giai tich dya trén tiéu chudn thiét ké két cAu tau canh ngam.Xéc dinh dugc (mg suat
ubn 6n dinh cho phép, mé men uén cho phép cta canh. Tir dé xdc dinh dugc kich thudc
hinh déng hinh hoc cta canh thoa man tiéu chuan thiét ké két cau tau canh ngam.

4. Trong qué trinh thyc hién ludn an da ché thir thanh cong vt liéu composite polyme ba
pha (nén polyme, sgi, hat) va tién hanh thuc nghiém xéc dinh cdc mo dun dan hoi cua \fz_it
liéu. Két qua cho thdy composite ba pha co nhing vu diém noi trdi hon so voi composite
hai pha chi c6 nén va soi. Tir do, két qua nay duoc de nghi str dung dé nghién ciru 6n dinh
tinh va dong cua cac két cAu composite ba pha trén thyc te.

TM Tip thé huéng din Nghién ciru sinh
Ngudi huong dan chinh
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MO DAU

1. Ly do thwe hién dé tai

Trong thyc té dong tau vat liéu composite, dé chéng tham, ting do cing bé mit,
Ché)ng hién tuong xam thuc vo tau va lam vat liéu kho chay hon, cac co s dong tau
trong nudc di bod sung vao nén polyme c4c hat TiO2 hodc phu gia chéng chay Firegard
B. Nhu vay t6 hop vt liéu composite s& 13 ba pha: nén polyme (nhya), soi va cac hat.
Tuy nhién méi dimg lai ¢ dang thir nghiém chua c6 cdng trinh nghién ctru ndo vé chung.

Hién nay, cic co sé déng tau trong nude dang cd nhu cau nghién ciru ché tao
tau canh ngadm bang vat liéu composite. Canh nang 14 bd phan c6 két ciu tir cac tim
chiu tai trong 16n va phtic tap. Viéc mat 6n dinh cua chung s& din dén suy giam luc
nang, va do d6 1am mo di vai tro chii yéu cta canh (mat 6n dinh cia toan bo con tau).

Vi vay dé tai "Nghién civu on dinh ciia tdm composite ba pha diing trong ché
tao két cdu tau thiiy” cta luan 4n 13 van dé cap thiét co ¥ nghia khoa hoc va thuc tién.
2. Muc tiéu nghién ctru
- Xéac dinh 6n dinh tinh ctia tim composite ba pha dudi tac dong cia tai co hoc.
- Xéac dinh 6n dinh dong cia panel composite ba pha chiu tac dung cta tai thuy dong.
3. Po6i twong va pham vi nghién ctru

Tam va panel composite ba pha (nén polyme trén co s& soi thuy tinh véi hat
TiOy) theo tht tu 12 tim vo cua két cau tau va 16p vo cua canh nang tiu canh ngam.
Pham vi nghién ciru 1a sy on dinh tinh (ctia tim tryc hudng ba pha trong ba truong
hop: nén ddng thoi theo hai phuwong; nén theo mot phurong va tai cit) va dong.
4. Phwong phap nghién ciru
- Luan an sir dung 1y thuyét tim mong, phuong phap Bubnov-Galerkin va Runge-
Kutta dé thiét 1ap va giai cac phuong trinh co ban voi nghiém giai tich. Cac két qua
tinh dugc so sanh véi két qua thu duoc cta cac tic gia khac va voi phan mém Ansys
dugc sir dung phd bién hién nay dé kiém tra do chinh xac cta luan an.
- Ché tao mau, lam thyc nghiém xac dinh cac hé sd vat lidu composite ba pha tai
phong thi nghiém Vién NCCT Tau Thuy theo cac quy dinh hién hanh cta Pang kiém.
5. Y nghia khoa hoc va thue tién ciia dé tai

Céc cong thirc duge biéu dién tuong minh qua cic tham s tinh chét vat liéu va
hinh hoc cua tam, tir 6 chung ta c6 thé thay dbi cac tham so nay dé lya chon tim hop
ly, dap ing yéu cau ky thuat. Két qua nghién ctru sé cung cip nhing co s¢ khoa hoc vé
g x1r clia vat liéu composite ba pha va cic phuong trinh co ban nghién ctru 6n dinh
tam ba pha 1 bai toan c6 y nghia thyc tién thudng gip trong cong nghiép dong tau.
6. Cau triic ciia luin an

Luan 4n gdm: mé dau, bon chuong, két luan kién nghi, danh muc cdng trinh
nghién ctru cta tic gia lién quan dén ndi dung lun 4n, tai liéu tham khao, cac phu lyc.
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CHUONG I: TONG QUAN VE LINH VU'C NGHIEN CUU
Trinh bay cac két qua nghién ctru trong nudce va trén thé giéi vé composite ba
pha, 6n dinh tinh va dong cua tAim composite. Tir cic cong trinh d3 cong bd, nhiing
yéu cau tir thue tién va nhitng huéng mé da dé cap, NCS tip trung nghién ctu:
- X4c dinh mo6 dun dan hdi cia composite ba pha phu thudc vao cic tham sb va ty 18 vat
liéu thanh phan.
- Nghién ctru 6n dinh tinh ctia tim (vach, boong tau....) composite 10p truc hudng ba
pha chiu tai nén dong thoi theo hai phuong; chiu nén theo mot phwong va chiu tai cat
(goi tat 13 tai co hoc).
- Nghién ctru 6n dinh dong ctia panel composite ba pha 16p vo canh nang tiu canh ngam.
CHUONG II: XAC PINH MO PUN PAN HOI COMPOSITE BA PHA
C6 hai phuong phap xac dinh cic mo dun dan hoi cua vat lidu 1a: thyc nghiém va
giai tich. Uu diém ctia thuc nghiém 14 x4c dinh chinh x4dc mo dun dan héi cho composite,
tuy nhién voi composite ba pha 1& vat liéu nhiéu thanh phan nén thuc nghiém khong phan
anh duoc anh hudng cia cac pha vat liéu thanh phan 1én tinh chit co hoc clia composite.
2.1. Xac dinh cac hé sé6 dan hdi cho composite ba pha
2.1.1. M hinh vét liéu composite ba pha cét s¢i va hat gia cwong
Gia thiét mdi 16p cua tdm 1a composite

21

ba pha cdt soi ddong phuong, khi d6 mé hinh
composite polyme ba pha nhu hinh 2.1. Véan

dé dat ra dbi vé6i vat liéu composite ba pha 1a

lam thé nao dé tinh duoc cac hé sb dan hoi
vat liéu, déng thot phai dugc thé hién qua cac y
tham s6 co hoc - vat 1y va phan bd hinh hoc  Hinh 2.1. M6 hinh composite polyme
clia cac vat lidu thanh phan. ba pha c6 s¢i va hat gia cuong.
2.1.2. M hinh tinh toan xac dinh cac hé s6 dan héi ciia vat liéu composite ba pha

Composite ba pha di duoc dé xuit nghién ctru va giai quyét, van dé khoa hoc
dit ra theo cac phuong phép trong [13,97], tirc 1a duoc giai quyét ting budc theo md
hinh hai pha trén quan diém dugc mé ta boi cong thirc:

1Dm = Om +1D (2.1)

Budc thir nhat: xem xét composite hai pha gém: pha nén ban dau va cac hat
don, composite nhu vay dugc xem la déng nhat, déng hudéng va co6 2 hé s6 dan hoi.
Céc hé s6 dan hoi ctia composite Om lic ndy duoc goi la composite gia dinh.

Burde thir hai: x4c dinh céc hé sd dan hdi ciia composite gitta nén gia dinh va céc soi gia cudng,
2.1.3. Xac dinh cac hé s6 dan hoi cia vt liéu

Gia thiét cac thanh phan ctia composite (nén, soi, hat) 1a dong nhit, ding
hudng, khi d6 ching ta ky hiéu Em, Gm, vm, Ym; Ea, Ga, va, Wa; Ec, Gc, Ve, e trong tng
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la cdc md dun dan hoi, h¢ s6 poisson va ti 1€ thanh phan (theo the tich) cua nén, s¢i va

cac hat. Theo [120], nhan dugc cac md dun dan hdi ciia composite gia dinh nhu sau:

= 1- c7_5VmH . 1+ 4w G L(3K -1
G =0, l// ( ) K — Km l//c m ( m)i1 (22_23)
1+, (8-10v, H -4y G. L(3K. )
Vi L=Kc;4lém; H__ GlG -1 ;
Ke+—" 8—10v_+(7-5v_)—m
| e (2.4)
G; = i Véii = m,aq,c. E,;duqc tinh tur K,a nhu sau:
2(1+vy) S
E- 215 ,_IK-26
3K +G 6K — 2G (2.5)

G,K : Mb dun dan hoi trugt va md dun khdi cia nén gia dinh

Mo dun dan hoi composite ba pha ¢t soi dong phwong dugc chiing toi chon xac
dinh theo cac cong thic cia G.S Vanin [119] v6i 6 hé sé doc 1ap nhu sau:
86y, (L-v, \va—v)

— G
Z_Wa + XV, +(l_l//a)(;(a _1)67

Ell = l//aEa +(1_l//a)E+

2y -1+ (D -1v2w) S v )+lv) S
E,,=1—+ 42

E, 8G — G — G
H Z_Wa+Wa+(l_WaXZa_1)E /1/+l//a+(1 Wa)g
G — G
_1+Wa+(1_Wa)a o Z+l//a+(1_l//a)a
G12:G —a;stzG S~
G — — \G
1_Wa+(1+Wa)E (1_l//a)}(+(l+ll//a a

£ E (1—t//a)ﬂ_c+(1+waz)§ 2(1—l//a)(ﬂ_c—1)+(za—1)(}—1+2wa)§

— 22 a a
Vy, = ——2 2 2|9 e _

E 86| - G G
e z+wa+(1—wa)g 2—wa+wa+(1—wa)(za—l)g

Vzl:‘—/_ (;_(+1X‘_/_Va)ya _
G

V6i y=3-4v; 2, =3-4v, v, = ?Vzl
22

2.2. Tinh toan s6 va thue nghiém
2.2.1. Tinh toan s6

Xem xét anh huong cua soi va hat t6i tinh chat co 1y ctia composite ba pha theo
thuat toan néu trén, xét vat li¢u composite ba pha cé cac dac trung trong bang 2.1:

Bang 2.1: Thong s6 vat liéu thanh phan composite.



Nén polyester AKA (Viét Nam) Em=1.43 vm=0.345
C6t soi thuy tinh (Han Qudc) Ea=22.0 va=0.24
Hat TiO2 (Australia) Ec =5.58 v¢=0.20

Thay cac gia tri trong bang 2.1 vao cac cong thiac (2.2) + (2.6) xac dinh dugc
cac hé s6 dan hoi ciia composite ba pha dugc biéu dién nhu ¢ cac hinh 2.2 + 2.4,

Ew By (GPa)

2 Quan hé Ey; voi v, (y.=0.2)
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2 uan hé E,, vor y, (y.=0.2)

1
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Hinh 2.2. D6 thi quan hé giira E11, E22 - ya

G2, Gy3 (GPa)
1.2
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1
0.8 -
0.6 Quan hé Gy, v6i v, (v=0.2)
0.4
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0 T T T Wal (%)
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Hinh 2.3. D6 thi quan hé giita Gi2, G2z -ya

2.2.2. Thwe nghiém

Muyc tiéu lam thyc nghiém dé
kiém chung két qua 1y thuyét vira tim
duoc. Vat liéu thanh phﬁn ché tao mau
nhu trong bang 2.1. Quy cach ché tao
mau theo 4 to hop: 1) 20% TiO2+15%
Soi; 2) 20% TiO2+20% Soi; 3) 20%
TiO2+25% Soi; 4) 20% TiO2+30% Soi.
Mau kéo dugc gia cong theo tiéu chudn

BS EN ISO 527-4: 1997 véi

bxh=10x3-4mm nhu hinh 2.5.
Thiét bi tht HOUNSFEILD H50K-S ctia Anh, tai tdi da 50000N, d6 chinh x4c cta luc
va d6 dan dai theo thir tu 13 £0.5% va +0.05% duoc thé hién ¢ hinh 2.6.

Hinh 2.5. Chuin bi mAu tht.

Va1

O|45 ‘V'23

0.4 —:LI*.*.
0.35
0.3 Quan hé v,, voi vy, (W,:O.Z)

0.25
0.2
0.15
0.1 -
0.05

O T T T T
0 0.1 0.2 0.3

v, (%)
U.4

Hinh 2.4. D6 thi quan hé gitra va1, vo3 v6i ya

Hinh 2.6. Hounsfeild H50K-S




Két qua tinh toan 1y thuyét theo cong thirc (2.2)- (2.6) so sanh véi thuc nghiém
[18] duoc trinh bay trén bang 2.3.
Bang 2.3: Két qua so sanh giita 1y thuyét va thuc nghiém khi ¢ mat 20% TiO».

Composite ba pha Két qud (MPa)
Eu1 E2
. Thuc nghié 4. 26830.
+65% nhua AKA Y Uye : :
Sai sO 5.71% 4.98%
. Thuc nghié 5620.1 2051.7
20%TiOs + 2096W800 L"I,C Eg o Ser's 2328 >
+60% nhwa AKA y thuyct : '
Sai s0 2.87% 8.19%
. Thuc nghié 6570.2 3106.1
20%TIO. + 25%6W800 Lu'ct?lg l‘ctm 6782.9 2905.4
+55% nhua AKA Y. YE : :
Sai s6 3.14% 6.91%
. Thuc nghié 6258.4 2663.4
20%T10; + 30%W800 Lu'ctr}ig l‘im 7782.2 3222 4
+50% nhua AKA Y YE ' :
Sai s0 19.58% 13.76%

Ngoai ra, con c6 két qua 1y thuyét va thuc nghiém véi vat liéu nhya 9509 nhu sau:
Bang 2.4: Thong sb vat lidu thanh phan composite.

Nén polyester 9509 (Malaysia) Em=1.50 vm=0.34
C6t soi thuy tinh E (Trung Qudc) Ea=25.0 va=0.24
Hat TiO2 (Australia) Ec.=5.58 v¢=0.20

Bang 2.5: Két qua so sanh giita 1y thuyét va thuc nghiém khi c6 mit 5% TiOa.

. Két qua (MPa)
h
Composite ba pha il =
. Thuc nghid 7905. 2497.2
S%0T10z + 25%W800 + Lu'ct;llg l‘etm 722? g 2629 0
70% nhya 9509 Y HYe ' :
Sai s6 7.30% 5.01%
. Thuc nghié 9104.7 2695.4
S%TIO; + SU6WE00 + Lu'ctrlig l‘etm 8529.0 2805.7
65% nhua 9509 Y HYe : :
Sai s6 6.75% 3.93%
. Thyc nghié 11389.2 3353.0
SITIO: + 40%W800 + Ll{ctig l‘im 10858.1 3190.3
55% nhuya 9509 Y UYE - :
Sai s6 4.89% 5.10%

Bang 2.3 va 2.5 cho théy: - Trong thuc té thi cong vat liéu composite, ti 1€ tdt gitra ot
va nén 1a vao khoang 45%+55%, két hop két qua nghién ctru cho thay cé su phu hop
kha tbt giita két qua tinh theo 1y thuyét véi thuc nghiém.

- Anh huong cuia soi dén co tinh cta vat liéu tot hon so véi hat TiO2.

Qua két qua thu dugc cho phép chung ta ty tin khi st dung cong thirc tinh cac hé sd

dan hoi cua vat li¢u va thuat todn da duoc dé cap & trén.
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2.3. Két luan chuong 2
Xéc dinh dugc cac mo dun dan hdi cho composite ba pha, phu thudc vao cac tham
s6 va ty 1& vat liéu thanh phan. Uu diém cta phuong phap nay la c6 thé tinh, du bao
trudc cac gia tri cia mo dun dan hoi, 1a co s tinh thiét ké t6i wu héa vat liéu moi.
CHUONG III: ON PINH TINH CUA TAM COMPOSITE BA PHA DUOI
TAC PONG CUA TAI CO HQC

Trong thuc t& dong tau vat liéu composite, khi bd sung vao nén polyme céc hat
phu gia chdng chay, hodc hat TiO, dé ting do cimg bé mit va chdng hién trgng xam
thue vo tau thi co tinh cua tm sé thay d6i [18]. Nhu vay, khi co tinh cua tim thay doi
dang ké s& anh hudng dén kha nang chiu tai va on dinh cta két cau.

Trong phan ndy sé& trinh bay 10i giai vé 6n dinh tinh cta tAm composite ba pha
dudi tac dong cua tai co hoc xét cho truong hop cu thé pha thi ba 1a hat TiO2 va ciing
chinh 14 phuong phép tong quat khi thay thé pha nay bang mot chat don khac.

3.1. Phan loai 6n dinh va ti¢u chuin 6n dinh

3.1.1. Phan loai 6n dinh

- Mt 6n dinh loai I 1a truong hop tai ti han dat duoc tai diém r& nhanh.

- Mét 6n dinh loai II 1a truong hop tai to1 han dat dugc & diém cuc tri cta dudng cong
do vOng — tai trong.

3.1.2. Céc tiéu chuin 6n dinh

Dé nghién ctru 6n dinh tinh ctia hé dan hdi, cac tiéu chuan c6 thé sir dung: tiéu
chuan chuyén dong, tiéu chuan tinh, tiéu chuin ning luong...Luan 4n st dung tiéu
chuan tinh ddi v6i bai toan nghién ciru 6n dinh tinh.

3.2. Phwong trinh co ban 6n dinh tinh

Tir nhitng tai lidu [20, 25, 26, 70, 71] va s6 tay thiét ké [49], va hudng ing dung
rong rii trong thuc té, bén canh d6 hau hét vat liéu composite dung trong déng tau &
Viét Nam hién nay co cAu hinh truc hudng, NCS lya chon tam truc huong dé 1am co
so xay dung phuong trinh 6n dinh tinh cho tim composite ba pha.

Phuong trinh 6n dinh cua tAm tryc hudng la:

04W0 4W0 64W0
Di4 Era + 2(D13 + 2Dgg) W + Dy, 6—y4
=N 0"wy + 2N 07wy +N 0wy + o2
* gy Y oxay Y gyz 1

3.2.1. On dinh ciia tAm truc hwéng ba pha chiu nén ddng thoi theo hai phwong
Theo (3.23) phuong trinh chii dao 6n dinh ciia tim truc huéng tya ban 18 trén
bdn canh va chiu nén déu véi luc Nx= -Nova Ny= -BNo, khong co tai trong ngang 1a:
o* 0w, 0*w, 0%w, %w,

Wo 0
D11W +2(Dy, + ZDse)W + Dy, W = _NOW — BN,

(3.24)



2W0 aZWO

Diéu kién bién:- Khix=0vax=a:w, = 0; M, = —D;; —= ) 1252 = 0
2
-Khiy:Ovéy:b:w0=0;M ——Dlzaa“;o Dzzaa—;vo=0

Thé ham wy(x,y) = Ay sm—sm Y vao (3.24) cho ta nghiém No phu thudc vao
Wa, e, alb va e, twong tmg 14 ti 18 thé tlch ctia so1i, hat va kich thu6c hinh hoc cta tAm:
NO = N(lpaﬂl’c’a/b'e)
3
12 |(Py + DPym* + 2 (vy1P, + S Gy ) m?n2R? + (22— P ) Pn*RY|  (3.27)
6 E1s
a?(m? + Bn?R?)

Eq11 e3  Eqq
Trong do: P R, —1 a—(—zz—l)avaP— =—
g do 1= ( Q ) Eiq 27 121 —vZ,Rg  121- ﬁz?f

Phuong trinh (3.27) la phuwong trinh véi cdc bién: wa, we, a/b va e duwoc ding dé
nghién ciru on dinh ciia tam triee hwéng ba pha chiu nén dong thoi theo hai phwong.
Luc téi han twong Gmg véi cac gia tri m va n 1am cho No nhé nhat. Véi m =n = 1 biéu
thure (3.27) trd thanh:

m? [(P1 + 1P, + 2 (v21P2 + %Gu) R* + (

) ] a’(1+ BR?)
3.2.2. On dinh ciia tam trwe hwéng ba pha chiju nén theo mot phwong

B Pl) P2R4] (3.28)

11

N (1,1) =

Xét tim chit nhat tua ban 18 trén bon canh (diéu kién bién nhu muc 3.2.1) va
chiu nén theo phuong x, khi d6 f=0 va (3.27) tr¢ thanh:
No = Napea/ve
n? |(Py + DPym* + 2 (var Py + %Glz) m*n?R? + (22— p) Pn*R*|  (329)

11

B m2a?
Phuong trinh (3.29) la phuwong trinh voi cdc bién: ya, we, a/b va e duwoc dung dé

nghién ciru on dinh ciia tam triee huéng ba pha chiu nén theo mét phwong.

Ez2
E11

1/4
Gia tri bé nhat cia No (rng véi n = 1 xay ra tai R = [m(m + 1)]*/2 <ﬂ> la:

Nth(mi 1)
63
T[Z [(Pl + 1)P2m4 + 2 (V21P2 + ?Glz)msz + (

222 _ p,) P,R*| (3.30)

E11

. m2a?
3.2.3. On dinh ciia tim truc hwéng ba pha chiu cit

Xét tim composite truc hudng, kich thudc = a x b, ngam bon canh, chiu tai cit Nxy.

, 2 ) a A . N d
Diéu kién bién:- Khix=0vax=a: wy, =0; %2 0

-Khiy=0vay=b: w,=0; oy =0

Két hop [119, 120], [27] va [56, 114] ta thu dugc Sw tai 6n dinh t6i han cta tim
composite polyme ba pha phu thudc vao ya, ye, a/b va e nhu sau:



2* Ea _ 3

kst \/ (P +DP (72~ ) P, (3.33)
lparwc%’e) o bz

Trong do6: Thong so 6n dinh ks dugc xac dinh tir [68]

Stn = N(

E
J (P +1)P2(522~P1 )P,

e(lpaﬂpc:e) = B(

IljarllJC'%'e)

o3
V21P2+ 5 G12

Phurong trinh (3.33) diing d@é nghién civu 6n dinh cia tam truc hieéng ba pha chiu cdt.

3.3. Khao sat 6n dinh ciia tim composite ba pha duwéi tic dong ciia tii co hoc
Khio sat tdm composite ba pha c6 kich thudc axb, xép 16p

7(90/0)=[90/0/90/0/90/0/90] va 7(0/90)=[0/90/0/90/0/90/0], tim dugc ciu tao tir:

Nén AKA ; Em=1.43 GPa ; v, =0.345
Cot soi thuy tinh Ea=22.0 GPa v, =0.24 (3.34)
Hat TiO> ; Ec = 5.58 GPa - v, =020

3.3.1. On dinh ciia tAm truc hwéng ba pha chiu nén ddng thoi theo hai phwong
Thay céc gia trj (3.34) vao cong thirc (3.28) c6 két qua minh hoa & céc hinh sau:

3.3.1.1. Anh hwéng ti Ié sgi, hat \én lc t6i han ciia tim chiu nén hai phwong:

- Khi ti 1é sgi va hat tang khd nang chiu nén theo hai phwong cia tam ting. Tam truc

huong co ti 1é 25% soi + 20% hat co kha nang on dinh tot hon 12% so véi tam truc

huong co ti l¢ 20% soi + 25% hat.

y=0.2, B=1, b=0.4, R=2 ,m=n=1 y,=0.2, B=1, b=0.4, R=2 ,m=n=1
2500 1650
.
-7 1600 z
2000 > i
Ve -~
Lz 1550 > =
g 1500 P g - -
Z ~ £ 1500 ——
£ Z S
Z 1000 E
/ 1450
500 — 1400
| — — — - [Tim16p 7 (90/0) — — — - [Tam 16p 7 (90/0)
[Tam 16p 7 (0/90) [Tam L6p 7 (0/90)
0 1350
0 0.1 0.2 03 0.4 0.5Va(%) 0 0.1 0.2 0.3 0.4 0.5Vc(%)
Hinh 3.4.4Anh hudng cua ti 1é soi lén lyc toi han Hinh 3.5. Anh huong cua ti 1é hat |én lyc t6i han
cuia tam chiu nén dong thoi hai phuwong cua tam chiu nén dong thoi hai phuong.

- Trinh tw xép 16p dnh hwéng dén on dinh cia tam, gitva hai tam gid tri chénh léch tiv
5+8% (tam 7(90/0) chiu lwc tot hon tam 7(0/90)).

3.3.1.2. Anh hwéng ciia hé sé R=alb, e lén lyc tdi han ciia tim chiu nén hai phwong
- Tdam trye hiedng c6 ti 1é hinh hoc ting 2 lan va thay thé 5% soi bang 5% hat (khi dé
ty lé soi la 20%), kha nang chiu lyc toi han giam 44%. Cho thcfy 20% soi chua phai la

1y 16 hop Iy (phdi 16n hon 20%) ciia tdm composite trong viéc chiu lyc.
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- Tam tric hwéng cé ti 1é 40% soi + 20% hat, khi chiéu day thay doi tir 2.5+5.5mm va
néu thay thé 5% soi bang 5% hat thi 6n dinh cua tam sé giam 11 + 12%.

=02, y,=0.4, B=1, b=0.4,m=n=1 . =02, y,=0.4, B=1, b=0.4, R=2, m=n=1
4000 10000\ ————FFm 16p 5 (90/0)=11(90/0)
\ 9000 [Tam I6p 5 (0/90)+11(0/90)
3500 7
\ 8000 /
3000 /
\\ 7000 /'
z B0 - = 6000 /
2 2000 ~—— 2 5000 /’
£ £ /
N Z 4000 y
3000
7
1000
2000 Z
500 — —— - [Tam I6p 7 (90/0) 1000 /
o [Tm 16p 7 (0/90) Realb 0 e(m)
0 2 4 6 8 10 0 0001 0002 0003 0004 0005 0006
Hinh 3.6.4nh huong ciia hé s6 R=a/b |1&n lyc téi Hinh 3.7. Anh huong ciia chiéu day e 1én lyc t6i han
han cia tam chiu nén dong thoi hai phuong cua tam chju nén dong thoi hai phuong.

3.3.2. On dinh ciia tAm trwe huéng ba pha chiu nén theo mét phwong

Thay céc gia trj (3.34) vao cong thirc (3.30) c6 két qua minh hoa & céc hinh sau:
3.3.2.1.Anh hwéng ti ¢ soi, hat Ién lic t6i han ciia tdm chiu nén mét phwong.
- Khi ti 1é soi va hat tang kha ndng chiu nén theo mét phwong cia tam tang, dnh
hwong cua soi lén on dinh ciia tam tot hon hat.
- Tam truc hwong co ti 1¢ 25% soi + 20% hat co kha nang on dinh tot hon 13% so véi

tam truc hwdng co ti lé 20% soi + 25% hat chiu nén theo mot phuong.

.=0.2, =0, b=0.4, m=n-1 ,=0.2, p=0, b=0.4, m=n=1
10000 F===—="TT4m 6p 7 (90/0) 5000
9000 [Tam 16p 7 (0/90) 5850 /
8000 // 5800 /
7000 5750 - /4
= 6000 / £ 5700 /
2 5000 Z 5650 2
£ £ ,
2 4000 Z 5600
3000 5550 Z
7
2000 5500 ———
1000 5450 i [Tanri6p 779070y
0 (%) 5400 [Tam 16p 7 (0/90) (%)
0 01 0.2 03 04 05 0 01 0.2 03 0.4 05
Hinh 3.8.4nh hudng ciia ti 1¢ sgi [én lyc tGi han Hinh 3.9. Anh huong cua ti 1é hat lén lyc téi han
cua tam chiju nén theo mot phuwong. cua tam chiu nén theo mot phuwong.

3.3.2.2.Anh hwong R=alb, e Ién lic t6i han ciia tdm chiu nén mét phwong.
- Tam truc huéng cé ti 1é hinh hoc tang 2.5 lan (R=2.5), kha néing én dinh giam 10%
khi chiu nén theo mot phuong.
- Khi chiéu day thay doi tir 2.5+5.5mm, néu thay thé 5% soi bang 5% hat (khi dé ty 1é
soi la 20%) thi 6n dinh ciia tam sé giam 8 + 12%.
Nhu vay, ti Ié hinh hoc co vai tro quan trong trong viéc chiu lyc va dam bao tinh on
dinh cia tam khi chiu nén theo mot phuong.
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v:=0.2, y,=0.4, B=0, b=0.4,m=1+5n=1
8800
— — — - [Tam I6p 7 (90/0)
[TAm 16p 7 (0/90)
8600
8400 \\
E 8200
- \
£ 5000 \
7800
\ ~
7600 ==
R=a/b
7400
0 2 4 6 8
Hinh 3.10.4nh huong ciia hé s6 R=a/b lén lyc tdi
han cua tam chiju nén theo mot phuwong.

v=0.2, y,=0.4, =0, b=0.4,m=n=1
35000

[Tm I6p 5 (90/0)=11(30/0) /
Tém 16p 5 (0/90)+11(0/90!
30000 LTam lip 3(0-00)

25000

20000 /
15000 /

/
yd

0 e(m)
0 0.001 0.002 0.003 0.004 0.005 0.006

Nith (N/m)

10000

5000

Hinh 3.11.A7nh’hu'éng cia chiéu day e lén luc tGi
han cua tam chiu nén theo méot phurong.

3.3.3. On dinh ciia tim triwe hwéng ba pha chiu cit

Thay céc gia tri (3.34) vao cong thirc (3.33) ¢6 két qua minh hoa & céc hinh sau:
3.3.3.1. Anh hwéng ciia ti Ié soi, hat 1én lyc t6i han ciia tim chiu tdi cdt.
- Tam truc huong co ti 1é 25% soi + 20% hat co kha nang on dinh tot hon 12.6% so
véi tam truc huong co ti 1é 20% soi + 25% hat khi chiu tai cat. Nhw vay, ti lé soi co
vai tro quan trong trong viéc chiu lyc va dam bdo tinh on dinh cua tam khi chiu cdt.
- Khd néng chiu cdt cia tam cé thanh phan (ya=0.4, ye=0.2) gip (1.48+1.51) l1an kha
nang chiu cdt ciia tam cé thanh phan (ya=0.2, yc=0.4).

=02, a=0.8, b=0.4 v,=0.2,a=0.8, b=0.4

25,000 16,000
14,000 —
20000 Z F————— ===
~ 12,000
7
g s E 10,000
= 15000 > Ew
— ~Z
B - S 8000
10,000 &
: / 2 6000
5,000 4,000
| — — — - [Tm 16p 7 (90/0) 2,000 S
4m 16 — — — - [Tamlép
0 (Tam16p 70501 (oe) 0 | [Tam iop 70/90) |
0 01 02 03 04 5 0 01 0.2 03 04 05’

Hinh 3.12.Anh huong ciia ti I¢ soi 1én luc 161 han Hinh 3.13.4nh hudng ciia ti Ié hat Ién lc t6i han
ciia tam chiu tai cdt. ctia tém chiu tdi cat.

3.3.3.2.Anh huwéng hé sé R=a/b, e Ién luc t6i han ciia tm chiu tdi cdt.

- Khi hé s6 R tang thi lyc toi han cua tam chiu tdi cdt giam, maoi dau giam nhanh sau
do giam chdm dan. R ting tir 1.25+2.5 lan thi Sngiam 0.77 lan.

- Tdam trye hiedng c6 ti 1é hinh hoc ting 2 lan va thay thé 5% soi bang 5% hat (khi dé
ty 16 soi la 20%,) khd ndng on dinh giam 37%.
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y=0.2, y,=0.4, b=0.4 y.=0.2, y,=0.4, a=0.8, b=0.4
30,000 90000 ="z iep 5 (90/0)-LL(9070)
80000 [Tém lop 5 (0/90)+11(0/90)
25,000 N /
\ 70000 /
. 20,000 N = 60000 /
| T—m=———- = /
Z =
~ 15,000 2 50000 /
S =
S & 40000
X = Vi
2 10,000 2 /
30000 /
5,000 20000
— — — - [Tim16p 7 (90/0) 10000 /
0 [Tam lp 7 (0/90) Realb //
0 1 2 3 4 5 6 0 e(m)
0 0.002 0.004 0.006
Hinh 3.14. Anh hwéng ciia hé s6 R=a/b lén luc < . T T »
g i ’ Hinh 3.15.4nh huong cua chiéu day e lén luc toi
toi han cua tam chiu tdi cat. han cua tam chiu tdai cat.

3.3.4. So sanh két qua véi mot sé nghién ciru khac

Trong hai trwong hop: nén dong thoi theo hai phiong va mét phirong, thu dirge
két qua giong voi nghién ciru ciia Leissa [68].
3.4. Két luan chwong 3
- Pd thiét ldp dwoc cac phwong trinh (3.28), (3.30) va (3.33) ding dé phan tich én
dinh cua tam truc hwdng ba pha chiu tai co hoc.
- Bd khao sat én dinh cia tam truc hwong ba pha chiu tdi co hoc. Xac dinh dwoc anh
hwong cua tham s6 vat liéu va ti 18 thanh phdn soi, hat, kich thude hinh hoc tam (hé s6

R va chiéu day e), va cau hinh lén on dinh cua tam.

CHUONG IV: ON PINH PONG CUA PANEL COMPOSITE BA PHA
M6 hinh tinh canh dugc biéu dién ¢ hinh 4.1.b. Nhu viy, co thé thay kho khin

nhat 13 giai quyét duoc bai toan on dinh ctia canh khi lién két cing trén hai try giira.

Hinh 4.1.a. Tau canh ngdm (Hydrofoil ~ Hinh 4.1.b. BJ trf canh ning gn vao vo
boat) tau canh ngam.

Trude tién, dé giai quyét van dé can xac dinh cac gidi han cho phép dé canh
ngam dam bao 6n dinh. Sau day 1a mot sé tiéu chuan 6n dinh dugce xem xét danh gié:
4.1. Tiéu chuén 6n dinh
4.1.1. Tiéu chudn Budiansky-Roth.
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Dudéi tac dung ciia tai trong dong, dp tmg chuyén vi ciia hé theo thoi gian voi bién
d6 tang dan, trong d6 xuat hién thoi diém bién do ting dot ngdt thi hé mat on dinh. Cac gia
tr1 img v thot diém lan can thoi diém bién do tang dot ngdt dugc goi 1a cac gid tri té1 han.
4.1.2. Tiéu chudn thiét ké két ciu tau canh ngam (Hydrofoil ship) [81]
4.1.2.1. Phwong phdp xdc dinh teng suit én dinh va mé men uén cho phép

Theo [81] x4c dinh dugc tng suit 6n dinh udn va mdé men uén cho phép cua
canh va thanh giang (tru chdng) tdu canh ngam.
4.1.2.2. Xdc dinh kich thwéc cdnh ngam tiv tiéu chudn én dinh.

e Doi v6i treomg hop canh bing vt li¢u nhom.

Gia st canh ngam duoc ché tao tir nhdm 5456 c6: oen=19 (Ksi) va E=10300 (Ksi).
Chon canh NACA 16-018 c6 c=4(ft), chiéu day vo t="4(inch) va bé rong panel khong
tua b=305.3(mm). Khi d6 b/t=24, theo [81] xac dinh dugc hinh dang va kich thudc
canh thoa man ng suat 6n dinh udn va mé men udn cho phép nhu hinh 4.5.

Tir thong sd dong luc hoc cia canh c-1p192
[140], va theo [48,81,143] xac dinh

duoc luc nang tac dung 1én canh:

t=12.7 ‘

74—=305.3

1
L =35pC,SV? (4.4)

, , Hinh 4.5. Tiét dién ngang canh dang NACA
Mo men uon cuc dai xuat hién o cac

g - ba man (*
mut dam co dinh: 16-018 thoa man (*)

w'i?

— (4.5)
12
Thay cac gia tri vao (4.5) ¢0: Mmax = 155144<Mcp= 206026.5(N.m) (Thoéa man) (**)

Do vong cuc dai cua canh tai vi tri gitta hai ngam:

Mopax =

_ 46

fmax - 384‘E]y ( . )
, 2

Thay cic gid tri vao (4.6) vd két hop (¥) O fma=0.0013<f., =3;”;jl =
y.cp

0.0019 (m)® (Thoéa man) (***).
Ung sudt uon ciee dai sinh ra & I6p da trén canh:
Mmax

Omax = Tz 4.7)

Trong d6: z = h/2=0.11 (m): tai vi tri 16p da trén
canh;

Thay cac gia tri vao (4.7) ta c0: omax = 79.45< o¢r =
118.04 (MPa) (Thoa man) (***%*),
Nhin xét: Két hop (**), (**%) va (****) canh ¢c6  Hinh 4.9. Vat liéu tya dang
tiét dién nhuw hinh 4.5 théa man én dinh tinh véi huéng [139]
khodng cdch 2 ngam lon nhit la 2 (m).
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e Doi véi trueomg hop canh bang vat liéu composite.
Dua canh nhém di xét & trén vé composite theo mé hinh twong duwong nhu sau:
- Kich thuéc va hinh dang (bén ngoai) thity dong hoc la giong nhau;
- Cac gia tri nhu: M6 men uon cuc dai, o vong cuc dai cua canh, ung sudt uén cuc
dai sinh ra ¢ 16p da trén canh déu nam trong gi6i han cho phép da dé cdp o trén.
Hai m6 hinh nay tuong duong khi gid tri d cirng cia mo hinh canh véat liéu nhom

bang d0 cing ctia md hinh canh

composite, nghia la: Eadar = Eclc.
Mt khac, dé dam bao bén theo moi

phuong, ¢ day sé 1ay gia tri d6 bén

va d6 ctimg theo phuong 45° dé tinh ’ .
Hinh 4.10. Tiét di¢n ngang canh composite

[18]. Hodc sip xép cac 10p soi theo - A
tuong duong vdi canh nhom.

thtr ty nhu hinh (4.9), vat li¢u tya
dang huéng. Hiéu chinh dan kich thudc canh va cic gan gia cuong, lya chon duoc
canh co tiét dién ngang voi moé men quan tinh phi hop véi gia tri mong mudn. Tir
nhitng luan gidi trén cdnh composite c6 kich thudc nhu hinh 4.10 twong duong voi
canh nhém.
4.1.2.3. Xdc dinh a6 vong cho phép tir tiéu chudn én dinh

Tuong tu 4.1.2.2, thong ké s liéu tinh d6 vong cho phép caa canh NACA 16-
018 bang vat liéu nhém 5456 véi ¢ = 1 + 7 (ft). Mit khac: Thé (4.7) vao (4.6) ta co:

12 o,
= < 4.8
Jev 32E z 4.8)

Bang phuong phap binh phuong tdi thiéu xay dung duoc cic duong cong va

ham hoi quy ctia mai lién h¢ ham so gitra f.,, va céac bién c, g,

Bang 4.6: Phuong trinh hoi quy d6 véng cho phép ciia canh.

A £ . HAM HOI Y
STT THONG 50 CANH Phuong trinh0 2 Do tin cay
01 |Cénh cé c = 2(ft) y = 3.208236226.10 5x R? = 0.999
02 | Canh c6 c = 3(ft) y = 2.138850140.10%x R* = 0.999
03 | Cénh cé ¢ = 4(ft) y = 1.600151054.10 5x R* = 0.999
04 | Canh c6 c = 5(ft) y = 1.283388059 .10 °x R? = 0.999
05 | Cénh cé ¢ = 6(ft) y = 1.069412075 .10 °x R? = 0.999
06 | Céanh cé c = 7(ft) y =9.166389217 .10 °x R? = 0.999

Tir cac s6 liéu thu thap xay dung duoc cac dudng cong hoi quy thé hién & hinh 4.12:
Nhin xét: - Két qua cho thiy dé xac dinh duoc gia tri ¢ vdng cho phép thong qua
ham héi quy.

- Cdc gid tri thu dwoc ¢ hinh 4.12 1a tiéu chudn danh gid én dinh ciia canh ngam.
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- PG vong ti 1é thudn véi binh phwong khoang cach hai goi (gia tri trén hinh 4.12 dwoc
xay dung véi khodng cach hai goi I = 2(m)).

0.0045
0.004 Ten (M) @/@@

0.0035
0.003

/K)K ® c=2(ft)

0.0025 — x c=3(ft)

0.002 /4‘— o c=4(fY)

0.0015 e m c=5(ft)

0.001 A c=6(ft)

' B X c=7(ft)
0.0005

0 . . . . . . . o, (MPa)
7 T S A A N
0 SO0, 0. % Yo ‘9 2 %
o % % % D g, 0-00 000

Hinh 4.12. Pudng cong hdi quy d6 vong cho phép cua canh

4.2. Phwong trinh én dinh dpng ciia

panel composite ba pha chiu tic dung
cua tdi thuy dong.

Xét panel composite ba pha 1a 16p

vo cua canh nang cé kich thudc va chiu

tac dung cua tai thuy dong: luc nang q1 va
luc can g2 nhu hinh 4.13. O day ly thuyét ~ HInh 4.13. Hinh dang va hé toa d6 cua
Vo b dién duoc sit dung dé thidt lap panel composite ba pha trén nén dan hoi.
phuong trinh chii dao va xac dinh dap tmg phi tuyén cta panel composite.

Phuong trinh chuyén dong phi tuyén cta panel composite dua trén 1y thuyét
tam c6 dién ([27], [91], [105]), két hop gia thiét Volmir (Volmir 1972)

o%u o

U<<W,V<<W,p —)0,pl¥—>0

ar ta co:
N.,+N,, =0, (4.22a)
N, +N,, =0, (4.22Db)
Mo t2M+M, o +Nw, +2N w, +Nw,
+Q, + 0, —kW+k,Vw+ % = plaai_\gv (4.22c)

Trong d6: p1=ph véi p=1550 (kg/m®) 1a khdi luong riéng ciia panel composite va qu, gz
dugc xac dinh theo cong thic (4.4) voi cac hé sé CL=0.86 va Cx=0.03 [48,81,143].
Cho panel composite khong hoan hao, phuong trinh (4.25) duoc dua vé dang:
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Pf

2 F o TP fy +RW L +PW L +RW L+ RW +PW
+ PBWXXW + P9W,X><xy + Plowxyyy + f,yy(W,xx +W,*X><)_ 2 f,xy(wxy + foy)
ow

atZ

Trong d6: w'(x, y) ham dai dién cho tinh khong hoan hdo hinh dang ban dau cua panel.

(4.28)

fow, +w,) -+ k2w 4 =
T Wy +W )+ 0+, KWK, W+F—p1

4.2.1. Trwong hop panel twa tw do
Xét panel tua tu do, chiu luc nang q1, Iuc can g2 va chiu luc nén doc truc Py va

Py. Vi viy diéu kién bién la:

W = Nyxy=Mx=0, Nx=-Pxh taix=0, a

: (4.33)
W = ny: My:O, Ny:' Pyhtaly=0,b
Nghiém gan ding ctia w va f théa man diéu kién bién (4.33) co6 dang [91]:
(w,w") =(W, uh)sin 4, xsin 3,y (4.34a)
= A, cos2A,,x + A, cos 28, y + A; sind,,x sin§
f 1 m 2 nY 3 m nY (4.34b)

+A, cos A, x cos 8,y — %P,Chy2 — %Pyhx2
A =mzxla,s, =nz/b,W : bién d6 ciia d6 vong va x : 1a thong s6 khong hoan hao.

Thé phuong trinh (4.34a, 4.34b) vao phuong trinh (4.28) va ung dung phuong
phap Galerkin cho két qua phwong trinh:

[ (F,Fy — F1F3) (FyF, — F,F3) (FyF, — F1F3) ]
ab (FpF5 — F1F4) (F2F3 - F1F4)
(FyF, — F1F3) A7,
| - Fzz_Flz _?—k1—k2(/1$n+5%) ]
2 1 1 1 6,
- [glm% (Pl =, TP A_’il) R, E] W(W + 2uh) (4.36)
b1 sar Lo \waw + umyaw + 2um)
6a\ay, on A, M # #

8(F2F4_F1F3)
3 F2-F?
4(q1+q;) 4h P, abp, 0*W
Ambn  AmOn R 4 0t2
Trong d6: m,n 1a s6 1&. (4.36) 1a phwong trinh chu dao co ban dap tng dong phi tuyén

abh ) )
A6 W (W + ph) + - (P22, + P,62)(W + uh)

cua panel composite ba pha tya ty do dudi tac dung cua tai thuy dong.
Tir (4.36), tan sb dao dong cua panel hoan hao (u=0) dugc xac dinh gan dlng nhu:

Wmn = _M (4.37)
\I P1

4.2.2. Trwong hop panel ngam bén canh
Xeét panel ngam bdn canh, chiu luc nang qi, luc can qz va chiu lyc nén doc truc
Py va Py. Vi vay diéu kién bién la:
w = 0w/0x=Nyy =0, Nx=-Pxh taix=0,a (4.38)
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W =0wW/0y=Nxy =0, Ny =-Pyhtaiy=0,b
Nghiém gan dung ciia w va f thoa man diéu kién bién (4.38) c6 dang:

w,w*) = (W, uh)(1 — cos 21,,x)(1 — cos 28,,y) (4.39a)
f =0Q;cos24,x + Q,cos 28,y + Q3 cos4s,, y + Q, cos 2A4,,x cos 26, y
+ Qs cos 21,,x cos 48, y+Qg4 cos 44,,x cos 26, y (4.39)

1
+ Q5 cos 44, x + Qg sin 24,,x sin 26,y — —P ) hy? — —P hax?
A, =mrxla,s, =nx/b,W:bién dd cua do vong va s : la thong sO khong hoan hao.

Thé phuong trinh (4.39a, 4.39b) vao phuong trinh (4.28) va tng dung phuong
phap Galerkin cho két qua phuong trinh (Phu luc E):

——ab [ /14 Bz1 P1 + 4/14 (F1Fg+F,Fy) Pl + 854 Bip PZ + 454 (F1Fg+FyFy) P2 _
™ a3, F1—-F, Al F1—-F,

4/12 62P3 - 12/14 P6 - 1264P7 - 4'/12 62P8 + 2 25k1 + 3k2172,n +
4
3k, 62| W — 4abA%,82 [Ma + (2 + 2)] W(W + 2uh) +
-2

*
A22

Bi, . B FyFg+F,F.

812 52[ iz Ba | (BFetholfy) 4)]W(W+,uh) ——[17
AL, AL, Fi-F, A11 (4.41)
163,87 417 5% 167,67

245 AL, +8A% 62E +328 A%, A, 322 AL, +8A% 82E +28 5 A%,

3243, 6% Fy

] W (W + 2uh)(W + ph) + 3abh(A2,P, + 62P,)(W + uh) +

ab(F1 -F )
2w

P
(Ch +q; — _) ab = abp1 9tz
Trong d6: m,n 1a s6 1¢. (4.41) 1a phuong trinh cha dao co ban dap Gng dong phi tuyén

cua panel composite ba pha ngam 4 canh dudi tac dung cua tai thuy dong.

Tir (4.41), tan s6 dao dong cua panel hoan hao (u=0) dugc xac dinh gan dlng nhu:
by +b
_ | (by + b;) (4.42)
P1
4.3. Kiém tra dd tin cy ciia chwong trinh tinh.

wmn

Bd chuong trinh tinh cta luan 4n dugc xay dung trong moi truong Matlab cod
tén Buckling of Panel. Tac gia da s dung bd chuong trinh nay dé tinh va so sanh véi
phan mém Ansys va [27]. Thong s6 dau vao: Panel c6 axbxt=1mx0.31mx0.02m (hinh
4.10); Tha ty xép 1op: [0/90/0/90/90/0/90/0]s va [90/0/45/-45/-45/45/0/90]s;
E11=31.009(GPa), E2>=E33=6.016(GPa), vi2=v13=0.3, v23=0.43, G12=G13=1.985(GPa),
G23=1.966(GPa), tai P, = 387860(Pa)

4.3.1. Trwong hop tim trwe hwéng - [0/90/0/90/90/0/90/0]s
Bang 4.8: Két qua so sanh kiém tra do tin cdy chuong trinh tinh voi tAm truc hudng.

Truéng hop Gia tri d0 vong cuc dai cua panel W (m) Chénh 1éch (%)

' Buckling of Panel | Bertholot [27] | Ansys gitra (2) va (4)
(1) (2) 3) (4) (5)
4 canh tya tu do 0.001222 0.001199 0.001244 1.77
Ngam 4 canh 0.0002476 0.000272 0.000256 3.28
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Chénh 1éch gitra (2) va (4) 1a 1.77-3.28%, Buckling of Panel du d6 tin cdy dé tinh.
4.3.2. Truong hop tim xép 16p [90/0/45/-45/-45/45/0/90]s
Bang 4.9: Két qua so sanh kiém tra voi tim xép 16p [90/0/45/-45/-45/45/0/90]s.

Truomg hop Gia tr1 do vong cuc dai cua panel W (m) Chénh 1éch (%)
i Buckling of Panel Ansys gitra (2) va (3)
1) (2) 3) (4)
4 canh tua tu do 0.001395 0.001372 1.65
Ngam 4 canh 0.0003114 0.000319 2.38

Chénh léch giira (2) va (3) 14 1.65 + 2.38%, Buckling of Panel dui d9 tin cy dé tinh.
4.4. Khio sat anh hwéng ciia mot s6 yéu t6 dén 6n dinh ciia panel composite ba
pha chiju tai thiy dong

Céanh ngam 1a két cdu chiju tai 16n phirc tap, dé dam bao an toan trong phan nay s&
khao sat cho truong hop panel tya tu do.

Tau canh ngdm hoat dong trong séong ¢ diéu kién canh chiu tai (foilborne), tai
trong thuy dong tac dong 1én canh dugc bicu dién dudi dang [48]:
P = P, sin(wt — kx) (N/m?) (4.43)

Khao sat panel composite ba pha c6 kich thuéc a x b x t=1.0m x 0.31m x 0.02m
1a 16p vo cua canh nang c6 hinh dang va kich thuéc nhu hinh 4.10 va muc 4.1.2.2, chiu
tai trong thuy dong P (x4c dinh tir cong thuc 4.43), panel dugc lam tr cac vat li€u
thanh phan: Nhua Epoxy c6: Em = 3.50 GPa, vm = 0.33; Soi Cimax c6: Ea= 58.85 GP,,
va = 0.240; Hat gia cuong TiO2 c0: Ec = 5.58 GP,, vc = 0.20 (4.44)

= u x % CANH TRUGC =
cAnnsau | Y ; x=05L,
| z=-h
x =0.5L.
z=-h f
Hinh 4.22. Tau canh ngam v6i canh ngap e
hOéll’l toan trong nudc cO tam hinh hOC Lsl ¥a0S: v =005, h=002m, R=2.764m, ——Panel [90/0/45/-45/-45/45/0/90],
& (20.5L1,0,-h) duoc bidu thi cing voi vo oy A Ve s,
té.ll Vél thanh gl%ll’lg 18 Panel [90/0/90/0/90]

4.4.1. Anh hwong cua cdach bo tri lop

Hinh 4.23 cho thdy dép tng dong A A /\ A
cua panel composite ba pha trong 03 Mv v v v
t()

w(m)

truong hop x€p 16p va phuong soi

khac nhau anh huong dang ké dén 6n i 4 | 5
: , £ . Lo 1a Hinh 4.23. D4p g dong cta panel composite
dinh cua tam. Cach bd tri 16p ba pha véi trinh tur xép 16p khac nhau,
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[90/0/45/-45/-45/45/0/90]s cho dao ddng cta panel 16n hon so véi cac cach b tri 16p
khac.

Tam 16p [90/0/45/-45/-45/45/0/90]s (muc 4.1.2.2) 1a vat liéu tua ddng hudng dam bao
bén theo moi phuong, két hop véi két qua khao sat cho thay panel 6n dinh, lwa chon
cach bd tri 10p nay dé xét dap tmg dong cho cac trudong hop tiép theo.

4.4.2. Anh hwéng ciia kich thwéc hinh hoc panel.

x10° x10°
; . ; ;

——Panelaxb=1x0.31m —Panelaxbxh=1x031x0.02m

~=-Panelaxbxh=1x0.31x0.18m
-=-Panelaxbxh=1x0.31x0.15m

T T T
wa:O.E, \VC:O.OS, h=0.02m,

R=2.764m, p=0.1, V=20m/s
Simply Supported Plates

:
=05,y =0.05, h=0.02m,

R=2.764m, 1u=0.1, V=20ms, - Panelax b=1x0.36m i o

Simply Supported Plates. |- Panelaxb=1x0.41m

W(m)

L i L L i i L L L L L L i i
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5

Hinh 4.25. Anh hudng cta h 1én dap tmg
dong phi tuyén panel composite ba pha.

Hinh 4.24. Aph huong cua b 1én dép Gng
dong phi tuyén panel composite ba pha.

Hinh 4.24 va 4.25 minh hoa anh hudng cta chiéu rong b; chiéu day h 1én dap
tmg dong phi tuyén cia panel composite ba pha. Bién dang cua panel gia ting khi
tang chiéu rong b va khi giam chiéu day cta panel.

Nhin vao hinh 4.24 cho thiy khoang cach
gitta cac gan chiu lyc cua canh phai
<310mm khi d6 két ciu canh 6n dinh.
4.4.3. Anh hwéng ciia toc dp tau

Hinh 4.26 cho thay anh huong cta
tbc d6 tau lén dap tng dong phi tuyén

x10°

. T
V=18m/s
e \/ = 20m/s
......... V= 22mis

: . : :
,=05, y,=0.05, R=2.764m,

axbxh=1x0.31x0.02m, p=0.1,
Simply Supported Plates.

clia panel composite ba pha. Bién dang

cua panel gia tang khi van toc tang. oo sz as s a5 4 s

4.44. Anh hwong ciia sw khong hoan

hado ban dau

Hinh 4.26. B4p ting dong phi ,tuyé’n cta panel
composite ba pha véi van toc khac nhau.

Hinh 4.27 cho thdy anh huéng cua sy khéng hoan hio ban dau p 1én dap tng
dong cua panel composite ba pha. Khi p ting tir 0 + 0.1, bién dang cua panel ting va
khi p ting tir 0.1 = 0.3 bién dang ciia panel giam. Anh huéng ciia thong s p 1én bién
dang cua panel 14 nhé c6 thé bé qua.

4.4.5. Anh hwéng ciia ti I¢ vt ligu composite ba pha.
Hinh 4.28, 4.29 va 4.30 trinh bay anh hudng cua sg¢i va hat 1én dap ung dong

ctia panel composite ba pha. Thiy rd sy gia ting mat do cua soi s& giam bién do dao
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dong cua panel va mat d§ cua hat cang nhi¢u s€¢ gidm kha nang chiu uon cua panel.

Anh huodng cua soi tot hon hat

.x10°

T : T T
v,=05, y =0.05, R=2.764m,

axbxh=1x0.31x0.02m, V=20m/s
Simply Supported Plates

— 0
----- p=0.1
------ p=0.3

T T T T
axbxh=1x031x0.02m,
R=2.764m, pu=0.1, V=20m/s,
Simply Supported Plates.

L | L i i
25 3 35 4 45 5
(s)

L r L L
0 05 1 15 2

Hinh 4.27. Anh huéng cta thong sd

khong hoan hao p 1én dap img dong phi
tuyén cua panel composite ba pha

. | . C .
25 3 35 4 4.5 5
1(s)

‘ L L L
0 05 1 15 2

Hinh 4.28. Anh huong ti 1€ soi, hat a,

ye 1én dap ung dong panel composite ba
pha

x10°

T T T T
2 \ya=0.35, axbxh=1x0.31x0.02m,

R=2.764m, n=0.1, V=20m/s,
Simply Supported Plates.

axbxh=1x0.31x0.02m,
iR W, =0.05, R=2.764m, 1=0.1,

V=20m/s, Simply Supported Plates.

L L L
35 4 45 5

ZTS
t(s)

Hinh 4.29. Anh huéng cua ti 18 hat e 1én
dap ung dong panel composite ba pha.

L r L L L L L
15 2 25 3 35 4 4.5 5

1)

Hinh 4.30. Anh huéng ti 18 soi ya 1én dép
ung dong cua panel composite ba pha.

4.4.6. Anh hwéng kich thwée hinh hoc, ti 1¢ thanh phan sgi, hat lén tan so dao dpng

cua panel composite ba pha.

Bang 4.18: Anh hudng cac yéu tb 1én tan sb dao dong ctia panel composite ba pha.

Ya Ye wmn (rad/s)
a=10m,b=031m a=1.0m,b=0.36m
h=0.015m | h=0.018m | h=0.020m | h=0.015m | h=0.018m | h=0.020m
055| 0 | 2.3375e3 | 2.8033e3 | 3.1139e3 | 1.7769e3 | 2.1283e3 | 2.3628e3
0.50 | 0.05 | 2.2570e3 | 2.7066e3 | 3.0065e3 | 1.7156e3 | 2.0549e3 | 2.2813e3
0.45|0.10 | 2.1744e3 | 2.6077e3 | 2.8966e3 | 1.6529e3 | 1.9797e3 | 2.1978e3
0.40 | 0.10 | 2.0842e3 | 2.4994e3 | 2.7763e3 | 1.5842e3 | 1.8974e3 | 2.1065e3

Bang 4.18 cho thdy vé6i canh c6 b=0.31m sé& c6 tan sé dao dong cua panel 16n gip 1.32

1an S0 v&i canh c6 b=0.36m (nghia 1a suy giam do cing cta canh 1.32 1an).

4.4.7. Anh hwéng ciia khodng cdch hai canh.

Hinh 4.31 cho thdy: Bién dang canh phu thudc vao khoang cach hai canh va ving

hoat dong cua tau do hién twong cong huong va dap cua song gay ra:
+ Céanh bién dang 16n nhat khi vi tri canh 14 x = A/4 + nA/2 (n: 1a s6 tu nhién).
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+ Bién dang ctia canh 13 bé nhét khi vi tri canh 1a x = nA/2 (n: nguyén, duong).

4 .
x 10 x10°
:

15

: : : l : l l ‘ : : ‘
v,=0.5, y =0.05, R=2.764m, 25 =05, y,=0.05, R=2.764m, X=20m
axbxh=1x0.31x0.02m, u=0.1, axbxh=1x031x002m p=01, |77 X =24m

10+ V=20m/s, Simply Supported Plate. 4 2 V=20mis, Simply Supported Plates. | : - 22:

t(s)

(@) (b)

Hinh 4.31. Anh huong khoang canh hai canh 1én dap tng dong panel.

4.6. Két luan chwong 4

- Xay dung duoc ham va dudng cong hdi quy d6 vong cho phép cua canh.

- Thiét 1ap duogc (4.36) va (4.41) la cac phuong trinh 6n dinh ciia panel composite ba
pha dudi tac dung cua tai thuy dong trong hai truong hop tua don va ngam.

- Thiét 1ap duogc (4.37) va (4.42) 1a cac biéu thuc xac dinh tan s6 dao dong cua panel
composite ba pha trong hai truong hop tua don va ngam.

KET LUAN

- Thiét lap dugc phuong trinh va tinh on dinh tinh cua tAm truc hudéng composite
polyme ba pha chiu tai nén theo mot phuong, nén dong thoi theo hai phuong va tai cat.
- Thiét 1ap dugc phuong trinh va tinh on dinh dong ciia panel composite ba pha chiu
tai thity dong trong hai trudng hop tit ca cac canh twa don va ngam.

- Xay dung dugc phuong phéap tinh 6n dinh ciia cdnh ning tau canh ngidm bang
phuong phép giai tich dua trén tiéu chuan thiét ké két cAu tau canh ngam.

- Panh gia dugc mac d§ anh hudéng cia céc yéu td 1én On dinh tinh, dong cua tam
composite ba pha. Do vay c6 thé thay ddi cac tham s6 nay dé lya chon phuong 4n thiét
ké hop 1y va chu dong diéu khién g xir ctia két cau.
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