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MO DAU
1. Ly do thwe hién dé tai
Composite l1a loai vat liéu dugc cAu thanh tir hai hodc nhiéu vat liéu thong thuong
nham muc dich phat huy céc tinh chit tot ciia cac loai thanh phan va tao cho composite
6 nhiéu tinh chat wu viét hon hin cac vat liéu thong thuong. Vi vay, vat liéu composite
duoc st dung rong rai trong moi linh vuc: Pi¢n nang, hang khong, xay dung, dong tau,

dan dung, y té.....
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Vit liéu composite dwgc rng dung trong moi linh vue
Hién nay, vat liéu composite & nudc ta dugc ing dung rat manh trong linh vuc
dong tau dé ché tao than tau, két ciu va noi that. Cac két cAu phan 16n 1a tim va vo duoc

cAu thanh tir nhiéu 16p composite. M6t s6 hinh anh minh hoa sau:

_ edd
M LONG PHU TOURIST 100K

Tau hai than Long Pha 17



Tau tuan tra Con C6 01 bang composite

Tau ddy vo composite phuc vu vén tdi Song

Tau danh ca bang vat liéu composite

Vit liéu composite dwgc rng dung trong déng tau



Vit liéu composite ngay cang thong dung do c6 cac wu diém sau:

- C6 kha nang két hop linh hoat véi mot s6 vat liéu khac nhim tang do bén va
gidm gia thanh.

- Nhe, bén véi moi truong an mon, ¢o tinh tro véi moi trudng, khong bi nude
bién va hau ha an mon.

- D@ thi cong, d& stra chita, d& tao dang, c6 d6 bong bé mit va tinh thAm my cao,
thiét bi thi cong don gian.

- Tubi tho cao: trén 20 nim.,

Bén canh nhiing uu diém trén, vat liéu composite van con ton tai nhitng nhugc
diém nhu: thAm thau, dé chay, d& mai mon, d6 climg va do bén va dap thap.

Trong dong tau béng vat liéu composite & Viét Nam, dé cai thién nhirng nhugc
diém trén, bén canh cdt soi thuong bo sung vao nén polyme cac hat gia cuong. Nhu vay
trén thuc t& xuat hién composite ba pha: nén polyme, soi gia cudng va cac hat.

Trong thyc té dong tau vat lidu composite, theo yéu cau k¥ thuat dé chong lai tia
tlr ngoai, chéng thim va ting d6 cimg bé mit chdng hién twrong xam thure vo tau, Cac Co
so dong tau trong nudc da bo sung vao nén polyme cac hat TiO,. Ngoai ra, dé lam vat
liéu kho chay hon ho ciing da bd sung vao nén polyme chat phu gia chong chay
FiregardB cho cac san pham nhu: Xudng cap ctru, thiét bi xir Iy nude thai hodc khu vuc
budng mdy cua tau cao téc nham dap tng cic yéu cau vé an toan chéng chay cia Quy
pham. Tuy nhién méi dung lai & dang thir nghiém chua c6 mot cong trinh nghién ctru
nao vé chung. Van dé dit ra, khi bd sung vao nén polyme cac hat gia cuong thi co tinh
clia tAm va két cau vo s& thay doi (anh huong dén d6 bén kéo va udn [18]). Nghia 1, can
phai kiém soat duoc anh hudng cua ti 16 cic pha thanh phan dén do bén cua két cdu ma
van dap tmg duogc cac tiéu chi mong mudn nhu: chdng thim hoidc chong chay....

Mait khéc, trong linh vuc tau thuyén phuc vu du lich va van tai, mot trong nhirng
van dé dang quan tAm & Viét Nam hién nay 1a muc tiéu nang cao toc do tau nhung khong
thay d6i nhiéu vé cong suat may, dong thoi véi cac tau hoat dong khu vyc duong song
hodc song pha bién, diéu kién giam do tao song cua dong theo dé dam bao cho céc
phuong tién thay khac hoat dong an toan 13 vin dé dang duoc quan tim. Giai phap hiéu

qua nhat dé dat duoc cac myc tiéu trén 14 trang bi hé théng canh ngam.



Hién nay, cac co sé dong tau trong nudc dang c6 nhu cau nghién ciru ché tao tau
canh ngdm phuc vu chuong trinh du lich cao toc va tuan tra kiém soat trén bién ddo. Tuy
nhién canh cua cc tau nude ngoai chii yéu ché tao bang kim loai (hop kim nhém hoic
Inox) c6 d6 bén cao ma Viét Nam chua c6 cong nghé.

oA

|

e

B ’ '/7" \f \,,

I"!“ k¢ f!’f.’f’

xi n -

Tau canh ngam dwgc ché tao bing hep kim nhém [143]

Cénh nang 1a bd phan c6 két cAu tir cac tAm chiu tai trong 16n va phtre tap. Viéc
mét 6n dinh cta ching s& din dén suy giam luc nang, va do d6 lam mo di vai tro chi
yéu ctia canh (mét 6n dinh ctia toan bo con tau). Do d6, viée nghién ctru 6n dinh cta tim
cd vai trd quan trong. NCS chon tdm c6 soi thily tinh do bén cao va cac hat gop phan
chéng thdm, chdng hién twong thily phan va chéng mon do xam thuc lam d6i tuong
nghién ctru.

Vi vdy, nghién ctru 6n dinh ciia tAm va panel (tim c6 d6 cong R/b>5, R 1a ban
kinh cong ctia tim) composite ba pha c6 ¥ nghia thuc tién, nham giai quyét van dé on
dinh két cdu tau nodi chung va canh nang cua tau canh ngam noi riéng, va tng dung to
hop vat liéu nay trong ché tao két cdu tau thity ma cac co sé dong tau trong nudc dang
guan tam.

2. Muc tiéu nghién ctru

Vén dé nghién ctru 6n dinh cua tAm composite ba pha phuc vu dong tau hién nay
& trong nude chwa co cong trinh nao dé cap téi.

Xuat phat tir tinh hinh thyc té ché tao tau thiy ciing nhu cac két cau khac tir vat
liéu composite, vi¢e sir dung cac hat phu gia hodc hat gia cuong nham cai thién nhitng
nhugc diém cta composite 13 van dé dang duoc quan tAm nghién ciru va giai quyét. Khi
c6 thém cac hat phu gia hodc hat gia cudng vao thanh phan cta composite thi mdi 16p

vat liéu composite c¢6 ba pha: nén, hat va soi gia cuong. Muc ti€u cua luan an gém:
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- Nghién ctru xac dinh cac mod dun dan hdi cho composite ba pha, phu thudc vao
céc tham s6 va ty 1€ vat liéu thanh phﬁn.

- Xay dung co s& 1y thuyét xac dinh 6n dinh tinh tim composite ba pha chiu tai co
hoc. Trén co sé d6 nghién ctru danh gia anh huéng cua cic yéu td nhu: thanh phan vt
lidu, kich thudc hinh hoc va tai trong 1én 6n dinh tim composite ba pha dung trong ché
tao két cAu tau.

- X4y dung co sé 1y thuyét xac dinh 6n dinh dong cta panel composite ba pha chiu
tai thiy dong. Trén co s& d6 nghién ctru danh gia anh huong cia cac yéu td nhu: thanh
phan vt liéu, kich thudc hinh hoc va tai trong 1én 6n dinh ctia panel composite ba pha
dung trong ché tao két ciu tau.

- Trong khuon khd cac thiét bi hién c6 trong nudc va Vién Nghién Ciru Ché Tao
Tau Thaty, ché tao mot s6 mau vat liéu va tAm composite ba pha. Xac dinh cac mé dun
dan hoi cho composite polyme ba pha bang thuc nghiém va thir nghiém xac dinh d6 bén,
kha nang khac cua vat liéu nay.

3. Poi twong va pham vi nghién ciru
3.1. Poi twong nghién ctru

- TAm va panel bang vt liéu composite ba pha theo thir ty 12 tim vo ciia két cau
tau va 16p vo cua canh nang tau canh ngam.

- Vit liéu composite ba pha nén polyme trén co s& soi thuy tinh véi hat titan oxit
(T10O2). Nhitng vat liéu nay dang c6 mat tai thi truong Viét Nam hi¢n nay.

3.2. Pham vi nghién ctru

- TAm va panel composite polyme ba pha.

- Tiéu chuén 6n dinh tinh va dong.

- Xay dung cac phuong trinh co ban nghién ctru 6n dinh tinh cta tim tryc huéng
ba pha trong ba truong hop: Chiu nén dong thoi theo hai phuong; Chiu nén theo mot
phuong; Chiu tai cit (goi tat 1a tai co hoc) duoc dung trong dong tau.

- Xay dung cac phuong trinh co ban nghién ciru 6n dinh dong ctia panel composite
ba pha.

- Khao sat tinh toan sb cho mot sb truong hop vat liéu cu thé.

4. Noi dung nghién ciru
1/ Tong quan vé tinh hinh nghién ctru 6n dinh tinh va dong cua tim composite

trong va ngoai nudc.



2/ Xac dinh cac md dun dan hdi cho composite ba pha phu thudc vao cac tham sd
va ty 1¢ vat liéu thanh phan.

3/ Xay dung cac phuong trinh co ban nghién ctru 6n dinh tinh ctia tim composite
ba pha chiu tai co hoc. Trén co s¢ d6 nghién ctru danh gia anh hudéng cua cac yéu tb
nhu: thanh phén vat liéu, kich thudc hinh hoc va tai trong 1én 6n dinh cua tAm composite
polyme ba pha.

4/ Xay dung cac phuong trinh co ban nghién ctru 6n dinh dong ctia panel composite
ba pha chiu tai thuy dong. Trén co sé d6 nghién ctru déanh gia anh hudng cia cac yéu to
nhu: thanh phﬁn vat liéu, kich thudc hinh hoc va tai trong lén 6n dinh cua panel
composite ba pha.

5. Phuwong phap nghién ctru
5.1. Phwong phap ly thuyét

Luan an s€ st dung cac phuong phap dang dugc dung rong rai trong co hoc vat
rin va co hoc vat lidu composite nhu: 1y thuyét tAm mong, phuong phap Bubnov-
Galerkin va Runge-Kutta dé thiét 1ap va giai cac phuong trinh co ban véi nghiém giai
tich. Pong thoi két hop tinh toan trén phin mém Excel, Matlab. Cac két qua tinh toan
theo cach tiép can trong luan an, dugc so sanh véi két qua thu dugc cua tac gia khac
bang phuong phap khac, hodc voi phan mém Ansys duoc sir dung phd bién hién nay,
trong nhirng truong hop cé thé dé kiém tra do tin ciy cua phuong phap.
5.2. Phwong phap thuc nghiém

Ché tao mau, 1am thyc nghiém xac dinh cac hé sé vat liéu composite ba pha va
xéac dinh d6 bén cua tdm (c6 kha ning chdng chay) composite polyme ba pha tai phong
thi nghiém Vién NCCT Tau Thuy theo cac quy dinh hién hanh cta Pang kiém.
6. Y nghia khoa hoc va thire tién cia dé tai

Vit liéu composite ba pha 1a loai vat li¢u phat huy dugc dac tinh co ly cua cac
thanh phan chinh (nén va ct), dong thoi khai thac duoc vai tro cia pha thir ba thuong
1a cac hat gia cudng trong viéc chdng chay, chéng tham, giam cac bién dang khong dan
hoi,...va duge sir dung chil yéu trong cac két cdu xay dung, giao thong, dong tau va ca
cac két cau trong cong nghiép,...phuc vu dan sinh va an ninh quéc phong. Pic biét
polyme soi thuy tinh va hat titan oxit, dugc xem 1a sgi va hat gia cuong tt va phé bién
¢ Viét Nam hién nay.

Véi nhitng két qua nhan dugc theo giai tich, cac cong thic duoc biéu dién tudng
minh qua cac tham s tinh chét vat liéu va hinh hoc cua tAm, tir d6 chiing ta c6 thé thay
d6i cac tham s6 nay dé lya chon tam hop 1y, dap tng yéu cau k¥ thuat.
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Luén 4n s& cung cap nhitng co s khoa hoc vé tng xtr cua vat liéu composite ba
pha va cac phuong trinh co ban nghién ciru 6n dinh tim ba pha 13 bai toan c6 ¥ nghia
thyc tién thudng gip trong cong nghiép dong tau, phu hop véi chuyén nganh va dap tng
phuc vu nhu cau thuc tién cta co sé 1a Vién Nghién Ctru Ché Tao Tau Thuy, noi NCS
dang lam viéc.

Két qua nghién ctru ctia luan an ciing c6 thé 1am tai liéu gop phan phuc vu nghién
cuu, giang day cho sinh vién, hoc vién cao hoc nganh K¥ thuat tau thuy, nganh Co hoc
k¥ thuat, Todn co va céc linh vuc li€n quan dén Co hoc & mét s6 truong dai hoc ky thuat
va cac Vién nghién ctru c6 lién quan dén co hoc vat liéu composite.

7. Cau tric cia luin an

Luan an c6 cau trac: Mo dau, bon chuong, két luan va kién nghi, danh muc cac
bai bao cua tac gia da cong bd lién quan dén luan an, danh muc tai liéu tham khao va
cac phu luc.

Mé dau

Chuong 1: Tong quan vé linh vyc nghién ctru.

Chuong 2: Xac dinh mé dun dan hdi cho composite ba pha.

Chuong 3: On dinh tinh cta tim composite ba pha dudi tic dong cua tai co hoc.
Chuwong 4: On dinh dong cuia panel composite ba pha dudi tic dung cua tai thity dong.
Két luan va kién nghi

Danh muc cac cong trinh nghién ctru di cong b cua tac gia c6 lién quan dén luan an.
Tai liéu tham khao

Phu luc

8. Han ché ciia luin 4n

Céc nghiém dugc tim theo phuong phdp ban giai tich, phuong phap nay c6 uu
diém 1a cac két qua nhu luc t6i han, cac dap tng phi tuyén tinh va dong duoc biéu dién hién
qua cac tham sd dau vao nhu tinh chét vat lidu, kich thudc két ciu, luc ngoai tac dong,....
va do vy c6 thé thay d6i cac tham sé ndy dé lua chon phuong an thiét ké hop 1y va chu
dong diéu khién ung xu cua két cau. Tuy nhién, c6 nhuogc diém v6i hinh dang phuc tap,

thuong khé tim dang nghiém do vay phai sir dung phuong phap phan tir hitu han.



CHUONG 1:
TONG QUAN VE LINH VU'C NGHIEN CUU

1.1. Vat liéu composite ba pha

Hién nay vat liéu composite duoc img dung rdng rii trong linh vuc dong tau dé ché
tao than tau, két ciu va noi that. Cac két cau phén 16n 13 tAim va vo duge cAu thanh tur
nhiéu 16p composite. Composite 12 loai vat lidu dugc ciu thanh tir hai hodc nhiéu loai
vat liéu thanh phén khac nhau nhim dat dugc céac tinh nang uu viét nhu: chéng tham,
chéng chay, chiu dugc nhi¢t dé cao, do cing cao... hon han cac vat liéu thong thuong
[13, 15].

Vit liéu composite gom mot thanh phan lién tuc goi 1a vat lidu nén (hay pha nén) va
cac thanh phan cbt (cac pha gia cuong). Vat lidu nén c6 tac dung phdi hop lam viéc hai
hoa ctia toan khbi composite, phan bd lai ndi luc, chéng chiu cc tac dong 1y-hoa cua
moi trudng, trong khi tac dung ndi bat cia cac pha gia cuong 13 lam cho composite trd
nén cimg hon, lam tét hon kha nang khac nhu kha nang chdng lai bién dang khong dan
hoi, gidm sy phat trién ctia vét nit va céc khuyét tat trong vat liéu,...

Thanh ph?m gia cuong gém so1 hodc cac hat. Cac sg¢1 lam tdng kha nang chiu luc
ctia két cdu, con cac hat thuong lam gidm sy ran nit, gidm su xuat hién céc bién dang
déo va ting kha ning chdng thim, chdng chay cho composite. Chinh vi vay, su két hop
soi va hat trong composite 1am cho composite hoan hao hon, dap tng tot hon cac yéu

cau cua ky thuat hién dai.

Hinh 1.1. M6 hinh composite polyme ba pha
Trong déng tau bang vt liéu composite & Viét Nam, dé cai thién nhimg nhwoc

diém da néu, bén canh co6t sgi thuong bo sung vao nén polyme cac hat gia cuong. Nhu
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vay t6 hop vat liéu composite thuc té s& 1a ba pha: nén polyme (nhya), soi gia cuong va
cac hat (hinh 1.1).
1.1.1. Nhya [15]

C6 hai loai nhya polyme: nhyua nhiét déo va nhua nhiét cirng.

- Tinh chit ctia nhua nhiét déo: c6 thé tao hinh dugc nhiéu 1an nho sdy ndng va lam
nguoi lién tuc. Co thé sir dung lai nhya nhiét déo.

- Tinh chét ctia nhya nhiét ctimg: cho phép tao hinh mét 1an. Thuc vdy, sau qué trinh
polyme hoa, nho nhiét do va chit xuc tac, nhua cho ta mot két cau hinh hoc nhét dinh,
khé pha vo. Nhua nhiét cing c6 co tinh cao, dac biét 1a do bén nhiét cao hon han nhya
nhiét déo.

Vi nhiing 1y do trén nhua nhiét ciing ngay cang dugc ing dung nhiéu trong nganh
vat liéu composite noi chung va trong linh vuc dong tau noi riéng.

Céc loai nhua nhiét cing chinh hay duoc str dung trong cong nghiép dong tau gom:

- Nhya polyester khong no: nhya polyester, nhya vinyleste.... Theo thyc té sir dung
nhya polyester khdng no chiém khoang 40-60% trong luwong ciia vat liéu composite.

- Nhuya epoxy.

Nhua polyester c6 hai loai thuong dung trong nganh vat liéu composite: Nhua
orthophthalic duoc tng dung 1am cac san pham da dung chu yéu dit trong bong ram it
chiu anh hudng cua nhiét va nhya isophthalic lai c6 kha nang chiu méi truong ngoai
troi, chiu hoa chat tét nén duoc tmg dung nhiéu cho nganh cong nghiép bién, san xuat
cc bdn nude, két dau...

Hién nay trén thi trudng da co ching 40 dén 50 chung loai mang tén goi polyester
dung lam vat liéu composite. Nhirng ma hiéu nhua quen thudc trén thi truong Viét Nam
co nguén tr Bic Au (Pan Mach, Na Uy), Uc, Han Quéc, Nhat Ban va Trung Quéc.
Trong cong nghiép dong tau, nhwra polyester phai duoc cac té chirc Pang kiém qudc té
thir nghiém, cap chimg chi cong nhan chit lvong méi dugc thi cong dong méi.

Trong thyc té san xuat, cac co sé dong tau composite & Viét Nam thudng dung céc
loai nhya ¢6 ma hiéu nhu sau: 9509, 8201, C114, 8120, UC123LC, 901...img dung cho
tung muc dich st dung khac nhau.

Thong thudng nhua polyester sit dung tai Viét Nam c6 mau nhat, c6 thé pha lodng
nhd styren dé giam do nhét va dé dang hon trong qua trinh thi cong, lugng styren nay cé

thé 1én dén 50%.



Polyester c6 tudi tho ngin do sau mot thdi gian c6 hién twong ty déng ran. Thong
thudng, dé ngin ngira hién tuong nay nha san xuit d thém vao mét it chét &e ché trong
qua trinh tong hop polyester.

Nhya duoc cung cap tir nha san xut co thé 1a dang ty nhién hay da pha ché. Trong
qua trinh san xuit can luu ¥ dén van dé nay, tranh tinh trang nhya polyester khé xay ra
dong ran hodc déng rin qua nhanh khi gip chat xtc tac.

Tuy thudc nhu cau sir dung, c6 thé kiém soat toc do trung hop mong mudn bang
viéc diéu chinh luong chat xtic tac va xuc tién. Qua trinh déng ran xay ra dugc goi l1a
qua trinh polyme hoa, khi d6 polyester rt ctirng chiu duoc tai trong va hoa chat. Trudc
khi ding, can hoa tron déu hdn hop nhya va cac phu gia khac trudce khi cho chat dong
rin vao, va loai bo bot khi trong nhua tranh anh huong dén qua trinh gia cong san pham
composite, anh huong dén tinh chét co 1y cia san pham. Vi ti 18 chat xuc tac va xiic
tién hop 1y s& cho vat liéu nhiing tinh chat tSt nhat.

Dé nhuya polyester khong no dong ran thuong st dung cac chit xdc tién hay con goi
1a chat gia toc nhu Peroxid, MEKP (Methyl Ethyl Ketone Peroxide), BPO (Benzoyl
Peroxide)... Tuy n6 chiém ty 1¢ trong luong rat nhé (khoang 1%) nhung khong thé thiéu.

Trong d6, MEKP duoc dung phd bién véi nhua polyester khong no. Pay 1a chat hoa
ctmg str dung nhiéu nhét trong cong nghé composite. N6 dugc ché tao bang cach cho
Methyl Ethyl Keton phan trng v&i Hydro Peroxid, c6 dac loai nudc cho ra MEKP. Trén
thi truong MEKP & dang dung dich 1éng chira 9% oxy hoat tinh véi tén thuong mai la
Trigonox V388.

Khi nhuya polyester két hop v6i chat gia téc & nhiét do binh thuong s& dong ran lai.
Trong qué trinh thi céng vo tau, thoi gian dong ran phi hop dam bao yéu cau ki thuat
cling nhu cong nghé thi cong 1a khoang mot gid. San pham cdu thanh tir vat lidu
composite polyme dugc dong cing va dinh hinh theo khuén mau da dinh.

Nhuya Polyester ¢6 nhiéu wu diém ndi bat nhur:

- Cug, co tinh sau khi dong ran trong dbi cao.

- Khé nang bam dinh cao.

- On dinh kich thudc.

- Kha nang thim vao soi cao.

- Chéng moi truong hoda hoc, tac dong cua tia cyc tim, chiu dugc nude bién.

- Gia thanh ré.
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- Hép thu lugng nudc nho.

- Thén thién v6i moi trudng, khong gay tac hai cho ngudi va hang héa khi tiép xuc

v6i no.
Biang 1.1: Cac thong s6 ky thuit ciia nhua Polyester [15]
Khéi luong riéng 1200 kg/m?
Mo dun dan hoi kéo 2.8 + 3.5 GPa
Mo dun dan hoi ubn 3.0 + 4.0 GPa
Ung suat pha hity kéo 50 + 80 MPa
Ung suét pha hity uén 90 + 130 MPa
Bién dang pha hiy kéo 2+5%
Bién dang pha hiiy uén 7+9%
Do bén nén 90 + 200 MPa
Do bén cat 10+20 MPa

1.1.2. C6t soi thity tinh [15]

Soi thuy tinh (duong kinh khoang vai chuc micron) dugc ché tao tir thuy tinh ¢ nhiét
d6 nong chay véi thanh phan chira silic, alumin, manhé...

C6 nhiéu loai soi khac nhau duogc phan loai theo ciu tao:

- Soi thuy tinh E duoc ing dung chung cho tAt ca céac linh vuc, tinh dan dién tot,
kha nang khang nudc cao.

- Soi thuy tinh D ¢6 kha nang cach dién cao nén dugc dung trong ché tao linh kién
dién tir vién thong.

- Soi thity tinh C ¢6 d6 bén cao ding 1am ché tao cac 16p phu chi tiét may, cac két
ciu chéng dn mon hoa hoc.

- Soi thily tinh R va S dung dé ché tao cac két cau c6 do bén co hoc cao [15].

Trong linh vyc déng tau, soi thuy tinh duoc dung phd bién 14 soi thay tinh E. Loai
soi ndy c6 dudng kinh tinh bang don vi micron. Vi du: mdi soi thuy tinh dung 1am tim
CSM c6 duong kinh khoang 8 +~15um.

Soi thuy tinh lién két voi nhau thanh cac san pham:

- B6 s0i (Strand) gdm nhiéu soi don két hop.

- Soi thay tinh ¢6 chiéu dai ngan (Chopped Strand)
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- Vai thuy tinh Chopped Strand Mat — CSM (hinh 1.2) dugc dét tir cac nhom sgi
thity tinh ¢ chiéu dai khoang 50 mm, duoc sip xép tiy ¥. Loai vai ndy duoc nha ché tao
dét theo tiéu chuan vé do day va phan loai theo trong lugng riéng. C4c loai CSM dang
dung trén thi trudng la: 250 g/m?2, 300 g/m?, 450 g/m?, 600 g/m?. Vai duogc bo thanh ting
g0i c6 khoi lwong 3050 kg, chiéu rong khoang 1m.

Hinh 1.2. S¢i thuy tinh dang Chopped Strand Mat [27].

- Vai thay tinh (Woven Roving Glass) dugc dét thanh tdm bang cach dan bo soi
thanh ludi, tim vai c6 phuong soi theo hai chiéu vudng goc thuong duge dung trong
dong tau. Pic tinh co hoc thuy tinh nhém E: ti trong 2600 kg/m?; gidi han bén kéo 3400
MPa; mé dun dan hoi kéo: 73 GPa [15].

- Soi thuy tinh ¢6 thé duoc két hop lai thanh day thiy tinh, mdi diy c6 khoang 60
dén 120 soi. Trong cong nghé gia céng san pham bang phuong phap sung phun, cac
cudn day thuy tinh lién tuc dugc su dung.

- Céc tAm vai c6 tén goi Woven Roving Glass (hinh 1.3) dugc dét tir cac soi thuy
tinh. Trén thi trudng thuong cung cap cac loai vai sau: loai c6 khoi lugng riéng 600g/m?,

800g/m? va 1000g/m?.

Hinh 1.3. Vii thuy tinh dang Woven Roving [27].
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Ngoai soi thay tinh, ngay nay soi Kevlar va soi carbon ¢6 do bén cao (nhe hon soi
thuy tinh) ciing duoc ing dung nhiéu trong linh vuc déng tau do gia thanh vat liéu giam
nhd cai tién cong nghé ché tao vat lidu soi. Soi thuy tinh E thudng duge dung 1am vt liéu
composite ¢ nudc ta, sgi co nguén géc tir Bai Loan, Han Quéc, Nhat va Trung Quéc.

Trong két ciu v6 tau ludn c6 mit CMS va WR. TAm CMS 1a tdm vo6 hudng, tim
WR 14 tAm vai duoc dan hodc dét theo hudng 0%90° hoic + 45° duoc phan bd déu nhau.
Tuy thudc cong nghé ché tao va thiét ké san pham ma quyét dinh sd 16p, thir ty xép 10p,
chiéu day 16p. Thanh phan soi nay chiém khoang 40 + 60% trong luong cta vat liéu
composite.

1.1.3. Hat (hay bét) [15]

C6 thé thém vao nhua mot sb chat phu khi ché tao vat liéu composite nham cai thién
co tinh vt liéu theo mong mudn va gop phan lam giam gia thanh san pham, khac phyc
mot s6 khé khan khi gia cong.
1.1.3.1. Hat dung lam c6t [15]

Co thé dung hat [am ¢t dé cai thién co tinh ctia nhya. Theo dic trung hinh hoc, hat
dugc phan loai thanh: hat cau va hat khoéng phai cau.

+ Hat cau: Uu diém: dang cau tranh tap trung ng suat, vi thé n6 gop phan lam giam
dd nhay cua nhya voi cac vét nut. Hat cau c6 thé dic, co thé rong, duong kinh co thé 1a
khoang vai chuc nm hoac khoang 10 dén 150 um tuy theo loai hat duoc sir dung. Trong
thuc té thuong hay sir dung mot sb hat nhu: TiO2, graphit, SiO, Talc, thuy tinh, carbon,
phenol...

Hat thity tinh: Uu diém chinh 1a giam gi4 thanh san pham, c6 thé lam ting mé dun
riéng cua nhya va lam tang kha nang chiu nén cua vat li¢éu composite.

Hat TiO,: Uu diém cai thién kha nang chéng tham va tiang kha nang chiu mai mon
cua vat li€u composite [16].

+ Hat khong phai cau: Trong s cac hat ting cudng khong c6 dang cau, mica 14 loai
hay duoc ding nhat. Mica duoc st dung dudi dang "vay” véi kich thudc ngang tir
100+500pum, bé day tr 1+-20pum. Thong thudng, tron mica vao nhya nhiét déo hodc nhi¢t
cung dé ché tao cac thiét bi dién, dién tu.
1.1.3.2. Hat khong dung lam c6t [15]

Céc hat khong dung 1am cbt dugce dung véi muc dich lam giam gia thanh coa

nhua hoac cai thién mdt so tinh chat ciia nhua.
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1) Hat gia thanh thdp: Cac loai hat nay duoc "chiét” tir d4, khoang chit ... do d6 gia
thanh ha. Thuong dung cac loai hat sau: CaCOs, kaolin, talo, feldspath, Silic... Nhin
chung, vi¢c tron thém céc loai hat dan dén:

- Lam tang khdi lugng riéng vat ligu nén, mo6 dun dan hdi, do cung, do on dinh
kich thudc.

- Lam giam: gia thanh, do bén kéo va d6 bén udn.

2) Hat dan dién, dan nhiét: Nhya hitu co 1a vat cach dién va cach nhiét. Nha ché tao
thém vao nhwa mot sb thanh ph?m dan dién, dan nhiét dé phuc vu cho cac nhu cau riéng.
Céc loai hat chinh hay str dung nhu: sét, déng, nhom, bac, so1 kim loai...

1.2. Nhirng két qua nghién ciru lién quan dén luin an

Céc két qua nghién ciru cia cac nha khoa hoc trong nudc va nude ngoai tap trung
vao nhitng van dé: Nghién ciru vé 6n dinh, dao dong ciia tim va vo composite 16p tuyén
tinh va phi tuyén hinh hoc, tim va vé composite 16p chiu tai co hoc c6 xét dén anh hudng
ctia nhiét 46 va d6 4m; tim va vo composite 16p co gia cudng; tim va vo composite 16p
¢ xét dén bién dang truot ngang hoac theo mé hinh bién dang bac cao, tam composite
ap dién, tim composite c6 co tinh bién thién bang phuong phap giai tich va phuong phap
phan tir hiru han.

Vé on dinh dong cia tAm va vo composite 16p phan 16n st dung phuong phap
giai tich dé x4y dung cac phuong trinh, 4p dung phuong phap Bubnov-Galerkin cho mdt
s trudng hop tAm va vo voi cac didu kién bién va tai trong don gian, tién hanh khao sat anh
hudng ctia cac yéu to dén luc t6i han va dap img dong ctia két cau. O Viét Nam céac két qua
nghién ctru vé 6n dinh dong cuia tim va v composite con chua nhiéu.

Tu lich st phat trién tau canh ngﬁm, cho th?iy viéc ché tao va dua vao su dung
tau canh ngdm déu trai qua qua trinh thuc nghiém trén nhiéu mé hinh khac nhau. Van
dé thiét ké, ché tao va tinh toan 6n dinh cho hé thong canh ctia tau canh ngam van chua
dugc phod bién, cac cong ty ludn giit bi mat thiét ké va cong nghé.

1.2.1. Tinh hinh nghién ctru trén thé giéi
+»» Composite ba pha

Nghién ctru s6m nhat vé két cdu composite ba pha cia Newton va Fowler [87] vao
nam 1972, 1a thi nghiém vé nén 6ng composite ba pha (g@)m: nhua, soi va 14 kim loai).
Dua trén két qua thi nghiém, tac gia d& xuit mot phuong phap tinh luc t6i han va thoi
diém mét 6n dinh cua két ciu dng. 9 mau dng véi soi, s6 16p va cach sap xép 16p khac
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nhau dugc ché tao cho thi nghiém nén doc truc. Cac dng bi pha huy do sy phan tach giita
cac pha va phan tach doc truc trong cac pha. Can cir trén kiéu hu hong quan sat dugc,
tac gia da du doan duoc tai téi han bang tinh toan 1y thuyét. Két qua thi nghiém va ly
thuyét pht hop véi 6/9 trudng hop. Nam 1973, [50] trinh bay cac thi nghiém vé tim
composite ba pha phan 16p (nhua, soi va la kim loai) tua ban 1¢ hai canh di dién va chiu
nén trén hai canh nay. 8 tdm chir nhat duoc ché tao véi cac thanh phén 14 kim loai khac
nhau (nhoém, thép, titan) va cach sap xép cac pha, cling nhu phuong soi khac nhau. Céc
ung xu bién dang lon, mién sau khi mét 6n dinh duoc do dac. Chuong trinh thir nghiém
nay dugc thiét ké nham nghién ctru bién dang 16n, nhimng dic trung sau khi mét on dinh
clia tAm va theo cach nay cung cdp nhing hiéu biét xa hon vé nhing dic trung hu hong
clia cac thanh phan két ciu composite nhiéu pha. Bén canh d6 bai bao ciing trinh bay
mot s6 kho khin trong viée ché tao tim composite phin 16p ba pha va cac bién phap ky
thuat dé khac phuc. Tuy nhién, nhiing nghién ctru ndy chua phan anh duoc nhitng du
bao vé su thay ddi co tinh cua vat liéu va kha nang chiu tai cua két cau vao ty 1€ gia
cudng cia ting pha ciing nhu su phan bd ciu tric, va con han ché do cong nghé ché
tao,...va khi d6 hau nhu chua c6 cong bd nao vé tinh chat co 1y cta vat liéu composite
ba pha.

Khi nghién ctru mé hinh composite ba pha, dau tién phai xac dinh dugc mé dun
dan hoi ctia composite hai pha chi bao gom nén va c6t. Cac nghién ciru vé composite
hai pha duoc trinh bay va dé cép trong cac cong trinh [39, 119]. Trong [39], Christensen
st dung gia thiét ty 1€ cac hat don 1a nhd. Sau do, vao nam 1995, Noriko Katsube trinh
bay mot phuong phap giai tich khac dé tinh toan cac hing sb dan hdi cho vt liéu
composite hat don hinh cau [102]. Tac gia st dung 1y thuyét Gng suat trung binh va thé
tich bién dang trung binh, va két qua thu duoc phu hop voi két qua cua Hashin (1983).

Céc nghién ctu co hoc vé vt lidu composite ba pha bao gé)m nén, soi va hat da
som dugc dé xuat nghién ctu trong [120] vao nim 1996. Y tudng nghién ctru vé
composite ba pha ctia cac tac gia Vanin G.A va Nguyén Dinh Pirc nay sinh khi nghién
ctru vat liéu composite carbon-carbon c6 céu trac khoéng gian: Thuc té cho thiy cac mo
dun dan hdi truot cua vat liéu composite carbon-carbon 3D gitta thuc nghiém va tinh
toan 1y thuyét khac nhau qua xa, va tac gia dat van dé phai 1y giai hién twong nay. Soi
trén kinh hién vi dién tir cho théy c6 vo van 16 rong bot khi xudt hién trong vat liéu (cac

16 rdng nay co thé chiém ty 1& dén 15 + 20%). Nguyén nhan xuat hién cac 15 rdng bot
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khi 1a do qué trinh graphit hoa, 0 vat li¢u khi ché tao composite carbon-carbon ¢ nhi¢t
d6 cuc cao (1én dén hang vai nghin d6). Dé tinh toan anh hudng cua cac 16 réng bot khi,
cac tac gia da dé xuat mo hinh composite ba pha 3Dm gém nén carbon, cic sgi carbon
va 16 rdng hinh cdu, két qua tinh toan cho thay cac bot khi rdng 1am giam mé dun dan
hdi cta vat liéu [120], nhung néu xem pha thi 3 13 hat vat chat (khong rdng, c6 mo dun
dan hdi cao) thi tinh nang vat li¢u lai duoc cai thién [120, 122]. Luu y trong [122] tac
gia d3 dé xuat cong thirc méi tinh md dun dan hoi ctia composite hai pha va da tinh dén
tuong tic gitta nén va cac hat. Mo hinh composite ba pha 3Dm dugc tac gia dé xuat giai
quyét theo mo hinh composite hai pha lién tiép: Ban ddu gdp nén véi cac hat dé tinh cac
mé dun dan hoi, composite nhu vy duoc goi 13 composite nén gia dinh, & budc tiép
theo: xac dinh cac moé dun dan hoi cia composite giita nén gia dinh va cac soi gia cudong.
Theo thuit toan nay, tac gia da nghién ctru tinh toan cdc md dun dan hoi va tinh toan
hién tuwong tir bién ciing nhu hé s6 dan no nhiét cho composite ba pha 3Dm [100-101,
123-124].

Nim 1997, Vanin G.A. va Nguyén Dinh Ptic d dua ra cong thire tinh toan mo
dun dan hdi cho composite hai pha don cac hat cau, co tinh dén tuong tac giita nén va
cac hat [122], két qua cho thay méi quan hé phi tuyén gitra mo dun dan hoi va ty 18 cac
hat don trong composite. Gan day nam 2004, mot sd két qua tinh toan mo dun dan hdi
cho composite hai pha véi nén polystyren va céc hat titanium oxit dugc Thomas va cac
cong su nghién ctru va kiém tra bang thuc nghiém trong [115].

Composite ba pha gém nén va hai pha khac déu 1a cac hat don (tur vat li¢u khac
nhau) dugc xem xét va nghién ctru trong [40] (g0m nén, hat cau va spherical annulus)
va [97] (gdm nén va hai pha hat déu 14 cac hat cau). Composite ba pha gdm nén va céc
pha hat déu dugc xem 13 composite ddng nhét, dang hudng.

Composite ba pha gdm nén va hai pha déu 13 sgi ciing dd dugc nghién ciru vao
nam 2005 trong bai bdo cua Iwahori va cac cong su [61]. Bai bdo nay trinh bay hang
loat thi nghiém tinh dé xac dinh d6 bén cho vat liéu composite hai pha (nén nhya epoxy
EPIKOTE 827 va soi carbon nano CARBERE-Nhat) va 3 pha (nén nhua epoxy
EPIKOTE 827, soi vai TORAYCA C6343 va s¢i carbon nano CARBERE-Nhat) nham
danh gia tac dung cua vi¢c bo sung soi carbon nano vao vat li¢u composite. Kiém tra
véi d6 dai khac nhau 1a 1000nm va 5000nm, va hai ti 1& khdi luong khéc nhau cua soi

carbon nano 13 5% va 10%. Piéu kién luu hoa véi chat EPIKURE WR 1a 100°C trong
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2h, kém theo luu héa & nhiét dd 175°C trong 4h. Thi nghiém sirc bén cua vat liéu & trang
thai tinh cho két luan réng: viéc bd sung soi carbon nano cai thién dac trung co hoc cia
composite hai pha va trong khi d6, v6i vat liéu 3 pha, khong 1am thay doi dang ké do
bén va mé dun dan hoi cua vat liéu: Tang strc bén nén, md dun dan hoi giam trong thi
nghiém kéo va uén, ting nhe trong thi nghiém nén. Nhu vay, khi bd sung soi carbon
nano vao nén epoxy va composite hai pha (nén epoxy va soi vai) thi cai thién dic tinh
co hoc cua vat liéu composite hai pha va ba pha.

Nam 2003, cac tac gia Afonso va Ranalli & nghi mot phuong phap don gian dé tinh
toan cac hé s dan hoi cho vat liéu composite ba pha (nén, so1 ngén hodc dai, hat) su
dung hiéu tng shear lag va phan ttr dai dién [19]. M6 hinh tinh toan cho vat liéu hai pha
str dung phuong phép soi gia tudong. Phan tinh toan cac hé sb dan hoi cho vat liéu ba pha
duogc thuc hién b::ing phuong phap phén tor dai dién: vat liéu ba pha thuc té dugc thay
thé boi nhitng phan tir dai dién don 1é chi gdm hai pha 1a nén va mot trong hai pha gia
cudng. Sau d6 cac hé sé dan hoi dugce tinh toan cho cac phan tir dai dién nay, tiép theo
st dung luat phan phéi don gian dé tinh toan céac hé s cho vat liéu ba pha tir cac hé $6
dan hoi va ti 18 thé tich ctia cac phan tir dai dién d6. Két qua tinh toan cho ca truong hop
hai pha 13n ba pha déu phit hop véi két qua thuc nhiém. Tuy nhién, bai bao chi trinh bay
phan tinh todn cho mé dun Young.

Fu va cong su [53] cong bd két qua nghién ciru vé cac hé sb dan hoi cua vat lidu
composite lai (hybrid composite) gdm céac pha hat don, soi ngan va nén polyme sir dung
luat phan phdi va phwong phap phan 16p. Trong phuong phéap st dung lut phan phdi,
tac dong qua lai giira soi va hat khong dugc tinh dén. Trong phuong phap phén 16p, vat
liéu hai pha gébm nén va hat duoc coi nhu nén gia dinh két hop vdi soi trong tinh toan
stt dung 1y thuyét phan 16p composite nhu & [120].

Nam 2010, Mogilevskaya va cong sy di dua ra phwong phap méi xac dinh cac hé sb
dan hoi ctia composite [85]. Trudc ddy thuong sir dung hai phuong phap truyén thong
dé tinh toan cac hé sd dan hoi cho vat liéu composite 14 phan tir thé tich dai dién
(representative volume element, RVE) va phan tir tudn hoan (repeating unit cell, RUC).
Hai phuong phap nay déu sir dung nhitng phan tir vat liéu hiru han véi cac diéu kién
bién phuc tap duogc chon theo céac gia thiét va diéu kién cua nguoi thuc hién. Trong bai
bao nay tac gia dé xuat mot phuong phap moi sir dung phan tir vo han khong dong nhat

dé tinh toan cac hé so6 dan hoi cho vét li¢u composite, cé tinh toan dén su tuong tac trén
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bé mit gitra cac pha vat liéu. Mt s6 vi du so sanh két qua tinh toan mé dun dan hdi cho
thay su phul hop véi cac két qua ciia cac tac gia khac. Uu diém cua phuong phap méi so
v6i hai phuong phap truyén théng RVE va RUC 1a khong c¢6 nhirng diéu kién bién phtrc
tap ma chi yéu cau diéu kién dit luc tai vo cung, dé dang g dung cho nhirng diéu kién
tuong tac bé mit khac nhau giita cac pha vat liéu, va khong can budc trung binh hoa tng
sudt va bién dang ctia mién khong ddng nhit.

Trong [75], cac tac gia dd nghién ctru vét liéu composite ba pha gdbm nén epoxy, cic
hat ceramic va cac hat &p dién va nghién ctru tinh chét cach dién, cach am cua vat liéu nay.
% On dinh tinh ciia tim composite

Birman va Bert [28] da sir dung 1y thuyét vo tru dai, ké dén anh hudng cua tinh
khong thoai dé nghién clru cic (mg xir vong va sau vong ciia cac vo tru composite 16p
c6 gan gia cudng chiu dong thoi tai nén co hoc va trudng nhiét do. Ho di chon cach tiép
can giai tich trong nghién cru va da xem xét cac tiéu chuan dé xay ra hién tuong hop
d6i voi vo tru co gan gia cudng.

Reddy J.N. [105] va Timoshenko S, Krieger S [116] trinh bay 1y thuyét va phan
tich tmg xr co hoc ctia tim va vé composite 16p. Brush va Almroth [29] 1y thuyét 6n
dinh thanh, tim va v6. Kolli va Chandrashekhara da phan tich on dinh tinh va dong ctia tim
composite 16p co gia cudng [64]. On dinh phi tuyén cia cac vo cau thodi lam tir vat lidu truc
huéng va composite phan 16p da duoc giai quyét trong cac nghién ciru [36, 44, 86].

Ung xtr cia cac panel composite 16p da duoc nghién ctru bdi Chang va Librescu
[35], panel rit nhay vdi ap luc ngoai va s& bi vong ngay khi c6 ap luc ngoai tac dung.

On dinh cua cac panel tru 1am tir vét liéu dong nhat dang hudng duoc nghién ciru
bdi Yamada va Croll [133]. Librescu va cac cong su di str dung cach tiép can theo hudng
gii tich dé nghién ciru trang thai sau vong ciia cac panel phang va cong lam tir vat liéu
composite phan 16p dudi cac diéu kién tai trong khac nhau nhu 1a tai nén doc truc, ap
luc ngoai va su két hop ctia cac loai tai nay dbi v6i panel try va phang lam tir vat liéu
phén 16p trong cac cong trinh [74].

Shen va cac cong su [109, 110] da st dung 1y thuyét 16p bién cho bai toan 6n dinh cua
v6 try, cho cac két qua tai téi han chinh x4c hon méac du kha phuc tap vé mat toan hoc.

Nghién ctru trang thai sau khi két cAu mat 6n dinh (Postbuckling analysis) trong
[35,59,86,131].

Nghién ctru trang thai mat 6n dinh (buckling) cia panel tru khi chiu tai ap lyc hodc

luc tap trung ngang [38,42,133].
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Lawrence C. Bank va Jiansheng Yin [67] nghién ctru 6n dinh cua tdm truc huéng
tua don trén cic canh mang tai, tr do va han ché quay trén cac canh khong mang tai. Da
thiét 1ap phuong trinh siéu viét dic trung dé nghién ctru tham sé va gidi thiéu duong
cong 6n dinh nhu 12 mot ham cta cac hé sé tim di huong. Su can thiét dé dinh rd hé s
poisson trong tdm v&i cac canh ty do di duogc néu bat. Puong cong 6n dinh cling da
dugc gidi thidu d6i voi vat liéu composite riéng. Nhitng dudng cong nay duoc ding dé
danh gia tai 6n dinh d6i v6i tam composite v6i cac canh ty do va han ché quay. Gidi
thiéu diéu chinh dang ciia dudng cong 6n dinh, dudng cong nay duoc dung dé xac dinh
gia tri hé s6 ngam boi két hop vai dit lidu thr.

Leissa [68] d4 gidi thiéu mot cach tong quat on dinh cua tim composite 16p va
panel vo véi cac truong hop ciia tim tryc hudng, tam 16p khong ddi ximg, anh hudng ciia
su khong hoan hao, phan tich img xtr sau khi két cAu méat On dinh, tim duoc tang dJ cling,
on dinh cua panel vo tru c6 tinh dén khong hoan héo chiu tai nén hodc cat, tai két hop nén
va cat, va tai khac véi lién két trén cac canh ciia tim, panel 1a twong d6i da dang.

On dinh cta tAm tryc huéng gan nhu tét bang tim dang hudng di duoc thao luan
v6i nhiéu bai viét tAm co gan va trong nhitng bai viét v6i tAm vat liéu composite nhu:
Jones [63], Lekhnitskii [72], Vinson va Sierakowski [128] va Whitney [129]. Leissa [69]
trinh bay vé nhitng can nhic lién quan dén 6n dinh cta cac tim composite 1am tir cac 16p
c6 soi song song lién tyc. Cac tAm nhu vy bi anh hudng boi 1y thuyét 6n dinh cia tim
truc huéng hodc di hudng vai cc 16p duoc xép chdng 1én nhau d6i xting mit phang giira
tam. Tam 16p khong dbi xtng doi hoi mot Iy thuyét phirc tap hon voi tuong tac udn - kéo.

On dinh dong cua tim (hodc panel) composite

Frederic va Paolo Manganelli [51] da nghién ctru dap tng dong hoc cua panel
composite c6 d6 cong ddi twong ctia than tau chiu s6ng va dap. Tac gia dat van dé: thong
thudng trong k¥ thuat dbi v6i nhitng tau dua, viéc phan tich vo dua trén nguyén 1y tinh
toan panel dau tién hoic dua trén huéng ddn dong méi va phan cip thuyén dua xa bo clia
ABS 1994. Theo phuong phap truyén théng, dua vao phan tich mot panel dd biét chiu
phan bd ap luc déu, voi gidi han hé sb bién ddi ap luc “c” ddi voi anh hudng cua do cong
panel. Theo ABS anh huéng duy nhét béi sitc bén udn 16p da nhung khéng tinh dén anh
hudng do cit 161, diéu ndy c6 xu huéng 1am hu hong 16n dén két ciu sandwich. Vi vay,
can phai nghién ciru chi tiét anh hudng cta d6 cong panel theo sudt chidu day 15i chiu cat

trong két cAu sandwich ctia vo chiu tic déng do s6ng va dép.
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Tac gia da don gian hoa phuong phap phan tich panel vo tau chiu song va dap
khéng dung phan mém riéng. So sanh tiép can tiéu chuan, phuong phap nay di duoc
don gian dua trén mot miéu ta hop 1y hon vé phan bé ap luc va mé phong ding hon vé
anh hudng cta do cong panel trén ing suit cét cta 16i trong dap tng mang riéng biét.

Chi tiét sy phan b Gmg suit va bién dang, va sir dung tdi wu phan 16p panel véi
nhirng gid1 han dugc thyc hién va dg tin cy cua phuong phap. Trong d6 anh hudng cua
mang 13 dang ké trong su giam bét ing suat cit 161, khoi luong két cdu ciling c6 thé duoc
luu y, lya chon vat li¢u 161 tuong xirng bén hon.

Bo6 qua tac dung cta dong hoc va thuy dan hdi dé don gian dén mure ti thiéu cho
viéc tinh toan, két qua tinh dugc so sanh véi thtr nghiém mo hinh thuy dan hoi.

Sohn va Kim nghién ctru tinh toan 6n dinh va timg xir sau khi mat on dinh cta két
cAu tAm khi chiu tai khi dong-nhiét [112] .

Faltinsen [48] gi6i thiéu 1y thuyét dong luc hoc tau téc do cao, trong d6 c6 phan ly
thuyét canh va tau canh ngdm. Vellinga [125] gi6i thiéu so bd vé cach thiét ké, ché tao
va lai xudng canh ngam.

Howard Loveday [57] gi6i thiéu thiét ké, ché tao thuyén budm hai than canh ngdm:
1y thuyét thuy dong va thiét ké canh ngam, tinh toan lyc nang va stc can. Thu thap s6
lidu két qua giita thuc nghiém va 1y thuyét dé so sanh danh gia cac yéu to anh huong
dén strc can nhu: ¢6 va khong ¢ canh ngam, toa do trong tdm tau... Tuy nhién khong dé
cap dén tinh toan bén, 6n dinh hé théng canh.

Martin [81] gi6i thiéu tiéu chuan thiét ké két cdu tau canh ngam, tir tiéu chuan nay
c6 thé lya chon két cAu dam bao bén, 6n dinh va tudi tho.

Drela[141,142] da gidi thiéu biéu thire tinh do vong cua canh, dién tich va mé men
quan tinh ubn cua tiét dién canh may bay.

Steven De Lannoy [145, 146] gi6i thiéu phuong phap xay dung biéu thirc tinh mé dun
chéng udn va mé men quan tinh ubn cua tiét dién ngang dic, réng vai 16p da phan bd déu
hodc khong déu. Cac gia tri nay dung dé xac dinh tng suat va d6 vong cia canh ngam.

Eric Besnard [46,47] gidi thi¢u phuong phap thiét ké t6i wu tau chay nhanh bé tri
canh ngdm. Phuong phap nay dugc ding dé xac dinh ti s6 luc nang/stc can (L/D) dat
dugc 16n nhit nho viée bd tri canh-thanh giang hop 1y nhit tai te d6 di chuyén cao (16n
hon 75hl/h) vé6i lyc nang 5000 va 10000 tan. Chung gdm: phuong phap panel tinh dong

chay 3D quanh mot mé hinh ¢6 cdu hinh tiy ¥, céng cu ti wu tiét dién ngang canh, cong
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cu thiét ké tiét dién ngang thanh giang, va cong cu phan tich két cdu. Tuy nhién, tac gia
chi giéi thiéu mé hinh hoa phan tir hitu han cta canh va thanh giing; su phan bd tai
trong va diéu kién bién. Ba kiéu tai trong chi phdi dén thiét ké sirc bén 1a: Tai trong dtng
(xac dinh boi khéi lwong va tai trong cta tau), tai ngang (dwoc mé phong két hop mat
t61 han cua song dap va khi tau doi huéng véi tbe do cao) va strc can cua tau. Hé s an
toan 1a 200% duogc st dung cho tai dung. Tai ngang dugc lya chon 1a 50% cua tai ding
va duoc md phong khi lyc tip trung cung cap trén thanh chéng tai 60% chiéu chim. Luc
can duoc danh giad dua trén hinh dang hinh hoc cua canh, voi hé s6 an toan 500%. Luc
can dugc cung cdp tai cing vi tri nhu tai ngang nhung theo hudng streamwise. Su phan
bb tai ding 1én canh duogc thira nhan 13 déu. Sy phan bd tai ngang va stic can & giita cac
thanh chdng 13 can ddi véi tong tai trong dung duoc thuc hién boi mdi thanh chéng riéng.

Mit khéc, tac gia gidi thiéu phan tich két cau: Tiéu chuan thiét ké két cau bao gom
sttc bén udn cua canh, két hop strc bén ubn va sirc bén hudng truc cila thanh chbng, va
6n dinh toan bo két cau cua hé théng canh — thanh chéng. Tai 6n dinh toan bo hé théng
xap xi 30 1an tai cung cap, vi vy khong lo ngai dén thiét ké. Noi lyc ciia hé thong sinh
ra tlr stc can 1a thi yéu. Vi vay, anh hudng 16n dén tiéu chun thiét ké 1a Iyc udn 1én
canh va két hop luc udn va luc huéng truc 1én thanh chéng do tai trong ding va tai trong
ngang. Piéu ndy ciling cho thiy rang Gmg suit hudng truc trong thanh chng chi 1a mot
phan nho (it hon 5%) ctia tng suat cuc dai. Pé hiéu qua trong viéc tiép can nghién ctru,
luc udn duge su dung nhu Ia chi s6 an toan dé hiéu chinh canh va kich thuéc thanh
chdng, va khoang cach giita cac thanh chong. Boi vi luc uén thay doi doc theo sai canh
va thanh chéng, diéu nay 1a thuan loi dé st dung nhitng day cung 16n hon tai nhimng vi
tri toi han trén canh va thanh chdng, va nhitng day cung nho hon cho nhitng mién duéi
g suat. Sy lya chon day cung nay doi hoi danh gia két qua tir phan tich két cau, su
thay d6i mo hinh phan tir hitu han va sy dau tw may tinh méi dé chay cho viéc phan tich
tiép theo. Qua trinh lya chon nay duoc 1dp lai cho dén luc strc bén udn 13 thoa man moi
noi trén canh va thanh chéng.

Tuy nhién, tai liéu nay chi gidi thidu so b vé thiét ké ti wu, khong hudng dan va
cling khong dua ra két qua tinh toan bén két cau, ciing nhu on dinh toan hé thdng canh.
1.2.2. Tinh hinh nghién ctru trong nwéc

Trong nhitng ndm gan ddy, ¢ nudc ta di c6 mot sé két qua nghién ciru quan trong

vé linh vuec:
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% Composite ba pha

Str dung phuong phap tiép can trong [120], khi tinh dén tuwong tac gitra hat va nén,
Nguyén DPinh Duc di dé xuit cong thire tinh toan mé dun dan hoi cho composite véi hat
cau rong trong [120] c6 thé 4p dung tinh cho composite khi don cac hat nano [98], trén
co s& do trong [99], tic gia dua ra thuit toan xac dinh cac mé dun dan hoi cho
nanocomposite ba pha (trong composite ba pha, c6 hai pha hat, trong dé c6 cac hat nano)
theo mo hinh hai pha lién tiép, va ap dung tinh hé s6 din né nhiét cho composite ba pha
gdm nén polyme, soi va hat gia cuong theo thuit toan sir dung hai pha lién tiép da duoc

trinh bay trong [92].

Nguyén Pinh Puc, Tran Quéc Quan va DS Nam [89] da phan tich dap tmg phi
tuyén clia tim composite polyme ba pha tya don chiu tai nén theo mét truc. Co sé tinh
dua trén 1y thuyét tAm co dién vé6i su tinh todn twong tac giita nén va soi, thong sé hinh
hoc, va su khong hoan hao hinh dang ban dau. Str dung phuong phap Galerkin, méi lién
hé tuong minh tai — d6 vdng dugc xac dinh. Nghién ctru ndy cho thdy anh hudng cua
soi, hat, thong s6 hinh hoc va su khong hoan hao ciia tim 1én dap tung phi tuyén ctia tim
dudi tac dung cua tai nén theo mot truc nhu sau:

- Gia tang ti I¢ so1 va hat trong composite polyme ba pha cai thién kha ndng mang
tai cia ching, nhung anh hudng cta soi 1a 16n hon.

- Kha ning mang tai cta tam d6i xtmg cao hon so v&i tim khong d6i xtng.

- Hinh dang ctia tim anh hudng dang ké dén 6n dinh cta ching.

Nguyén Dinh Puc va Binh Khic Minh [95] trinh bay két qua xac dinh bang thuc
nghiém mot s6 md dun dan hdi cho composite polyme ba pha, nén polyester dugc gia
cudng bai soi thily tinh va cac hat titanium oxit theo nhing ty 1& khac nhau. Két qua
kiém tra cho thay sy phu hop kha tot gitta Iy thuyét va thuc nghiém.

Nguyén Pinh Puc va Dinh Khic Minh [96] trinh bay két qua nghién ctu giita 1y
thuyét va thuc nghiém uén tAm composite ba pha, nén polyester duoc gia cudng boi soi
thily tinh va céc hat titanium oxit dung trong déng tau. Két qua kiém tra cho thay su phu
hop kha tdt giita 1y thuyét va thuc nghiém.

Trong cac cong b [8, 89, 92-95] tac gia da xac dinh mo dun dan hdi composite
polyme ba pha phy thudc vao cac tham sb va ty 1& vat lidu thanh phan bang phuong phap
1y thuyét. Két qua duoc so sanh véi thue nghiém 1a phu hop.
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Pé dap tmg céac tiéu chi nhu: chéng thdm, chéng chay, ting d cing cia vat liéu
composite, ngudi ta thudng don composite cbt soi va hat. Composite ba pha ngay nay
duogc str dung rong rai. Tuy nhién méi chi c6 cac nghién ctru tinh cht nhiét [92], udn c6
tinh dén bién dang cit phi tuyén [93], nghién ctru cac tmg xtr cua vat liéu ba pha khi
thay ddi cac pha thanh phan va tng xtr udn cho tim nén polyme soi thuy tinh hat titan
[8] va hién tugng tir bién ciia composite ba pha [94].

Nguyén Dinh Purc va cac cong su [88] da nghién ciru cac hat nano composite con
lam ting cudng hé sé chuyén do6i nang luong trong cac tAm pin mit troi. Bai bao trinh
bay khao sat dap tng dong hoc phi tuyén va dao dong cta tim pin mit troi nhiéu 16p
nanocomposite hinh chit nhat khong hoan hao chiu tai co hoc st dung 1y thuyét tim c6
dién. TAm pin mat trd1 nanocomposite bao gém 5 16p: Al, P3HT:PCBM, PEDOT:PSS,
IOT va thuy tinh. Cac phuong trinh chuyén dong va twong thich xuét phat tir Iy thuyét
tam cb dién dugce sur dung dé xem xét anh huong sy khong hoan hdo hinh hoc ban dau
va tinh phi tuyén hinh hoc theo Von Karman — Donnell Sense. Phuong phap Galerkin
va phuong phap Runge — Kutta bac bon duoc sir dung cho nhirng biéu thirc tudng minh
v6i méi lién quan bién do va tan sb. Két qua sd cho thay anh hudng ciia thong s hinh
hoc, chiéu day tam, sy khong hoan hdo, va tai co hoc 1én dap tmg dong hoc phi tuyén
va dao dong phi tuyén cua tAm pin mit trdi nanocomposite.

% On dinh tinh ciia tém composite

bao Huy Bich va Khuc Van Phu [5] da thiét 1ap cac hé thirc co ban cua vo tru
composite 16p co dang luon song. Phat trién y tudng cua Seydel, tic gia da thiét lap
dugc quy ludt ing xr ctia vo tru composite 16p luon song co tinh dén yéu td phi tuyén
hinh hoc. Tinh toan sb 6n dinh ctia v6 tru composite 16p lwon song, phan tich anh hudéng
clia cac yéu t6 dén kha ning 6n dinh, so sanh két qua khao sat voi vo tru tron. Tac gia
d3 x4y dung bai toan 6n dinh ctia vo tru composite 16p c6 tinh dén yéu té phi tuyén hinh
hoc dudi tac dung cua tai trong tinh va dong. Khao sat anh hudng cia mot sb yéu t6 hinh
hoc va vat li€u cia vo composite 16p, anh hudng cua bién do tai trong, tan sd tai trong,
hé s6 can va 15 khoét dén kha ning 6n dinh cua vo tru composite 16p.

Hoang Vin Tung va Nguyén Dinh Puc [9, 55] d3 sir dung tiéu chuan tinh vé 6n
dinh va phuong phap tiép can giai tich dé nghién ctru 6n dinh phi tuyén bao gdm cac
g xir vong va sau vong ctia mot sd loai két cau tAm va vo khi chung 1am tir vat liéu

23



FGM chiu céc loai tai co, nhiét va co - nhiét két hop. Tac gia da xac dinh tai toi han caa
céc két chu va khao sat kha nang lam viéc cuia chiing khi tai tac dung vuot gia tri téi han.
% On dinh dpng ciia tim (hodc panel) composite

Nguyén Dinh Dtrc [91] di phan tich nhitng dic trung dao dong vuot 4m tAm, vo
mong FGM trén nén dan hoéi dudi tac dung cua tai khi dong. Dua trén 1y thuyét tim, vo
c¢6 dién va 1y thuyét khi dong vuot Am phi tuyén cta Ilyushin, nhin dwgce phuong trinh
chu dao ctia tAim, vo FGM chuyén dong trong dong khi vuot am. Ap dung phuong phap
Galerkin voi 10i giai gan ding dé thiét 1ap cac phuong trinh dap ing dong hoc phi tuyén
xé4c dinh van tdc t6i han. Két qua s6 cho dap trng dong cua tdm, vo FGM thu dugc boi
phuong phap Runge-Kutta. Két qua nay cho thay anh huong cia thong sb hinh dang,
dic tinh vat liéu, su khong hoan hao, nhitng diéu kién ban dau va nén dan hoi 1én dic
trung dao dong vuot am.

Bui Tién Cudng [2] st dung phuong phap PTHH tinh 6n dinh ctia tAm composite
16p chiu tai trong diéu hoa tac dung trong mit phang trung binh. Pi xay dung cic mién
6n dinh, mién cong hudng vai cac thong sd khac nhau ctia tim composite: tan so riéng,
tan so tai trong, bién do tai trong, kich thudc tam, ti 18 cdt, goc dit cot va chiéu day cho
thay anh huéng ctia cac thong s6 nay t6i 6n dinh ciia tim chit nhat composite 16p.

Tran Thé Vin [17] st dung phuong phap PTHH dé nghién ctru dao dong va on
dinh phi tuyén ctia tim composite 16p chiu tac dung dong thoi cta luc khi dong va nhiét
d6. Xac dinh duoc gia tri ap suét tGi han va dap tng dong flutter ctia tdm sau gi6i han
6n dinh theo hai mé hinh lyc khi dong: tuyén tinh va phi tuyén. Panh gia dugc muc do
anh huong cua cac yéu td nhu: tai trong, kich thudc hinh hoc, vat liéu, nhiét do, diéu
kién bién va chiéu cao khi quyén dén on dinh khi dong ctia tam.

Ping Puc Cuong va Pang Van Phude [4] thuc hién nghién ctru khoa hoc “Thiét
ké, ché tao thir nghiém thuyén canh ngdm chay bang sttc ngudi ¢ Viét Nam”. Thuyén
canh ngam chay bang strc ngudi 12 loai thuyén Kayak (mot nguoi) c6 gin hé théng canh
ngam dudi ddy thuyén. San pham van con nhidu van dé can hoan thién vé 1y thuyét, thiét
ké va cong nghé ché tao dé dugc ing dung trong nganh du lich sinh thai.

Uninship [147] t6 chirc hoi thao vé “Thiét ké ché tao tau canh ngam phuc vu du

lich bién”. Hoi thao moi dimg lai & gidi thiéu thiét ké so bo tau canh ngam, tinh toan
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thily dong luc nang, chon céng suat may chinh va kiém tra bén hé thong canh ngdm bang
vat liéu composite. Tuy nhién, cac két qua nghién ctru van chwa c6 co so dé so sanh va
danh gia hodc dya trén bat ky mot tiéu chudn nao vé thiét ké tau canh ngam.

Nguyén Minh Nhat [14] sir dung phan mém Ansys Fluent dé xac dinh liuc ning va
luc can tac dung 1én h¢ théng canh, phan bd ap suét trén bé mit canh. Bén canh do, tic
gia sir dung phan mém Ansys Static Structural dé x4c dinh ing suat va bién dang cta hé
théng canh b?mg vat liéu composite theo cac chiéu day khac nhau. Sau do, kiém tra hé
théng canh theo cac thuyét bén Tsai-Wu va bién dang 16n nhét, va lya chon duoc két
céu hé thong canh phu hop cho tau canh ngdm CN-01.

Tuy nhién, két qua nghién ctru chi xét cho tai trong tinh, chwa dé cip dén 6n dinh
ctia hé thdng canh dudi tac dung cia tai trong dong trong diéu kién thoi tiét song gid, va
cling chua xét dén dao dong cta hé thdng canh 1a nguyén nhan giy nén hién tuong moi
anh huong dén tudi tho cua hé théng canh va céc trang thiét bi trén tau.

Ngoai ra, theo [1] 6 bén co cau canh phai duoc kiém tra dudi tic dong tai trong
do luc thang dung c6 tri s6 xac dinh nhu sau:

D6i voi canh mili:  Pr=kFy;  DOi voi canh 14 Pa=0.75kFu

trong d0: k - hé sb tng véi chiéu cao tinh toan séng h (khi tau hoat dong trén canh) 1y
bang: 2.2khih=15m;2.0khih=13m; 1.8khih<0.8m;

Véi chiéu cao song trung gian tri s6 k dugc xac dinh theo phép noi suy bac nhit;

Fif, Fta - luc ndng & canh phia miii va lai;

Do bén co cau canh phai duoc kiém tra khi chiu tac dong dong thoi cia lyc nang
Fir, Fa va tai trong ngang do lyc tap trung ngang (kN), c6 diém dit & vi tri ndi gitta thanh
chéng va canh c6 tri s6 duge xac dinh theo cong thuec:

P. = 20.59x103Av? /1,
trong do: lo - khoang cach gitra cac diém dit lyc nang & canh phia mii va 1ai, m;

Luc tong hop Pc dugc phan b giira cac canh ty 16 thuan véi hinh chiéu ving dién
tich ngap nude cua chung trén mit phang doc tim.

Céc luc Fi, Fa, Ps va Pa phin bd déu theo day cung cua canh va c6 hudng vudng

gdc v6i mit phiang phia dudi cua chung (hinh 1.4).
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P; hoac P,
Hinh 1.4. Phan bd e trén canh
Tir d6 co thé théy tai liéu da quy dinh cach xac dinh lyc nang va luc can tic dong lén
canh c6 tinh dén hé sd chiéu cao song, nghia la h¢ s6 1am viéc cta hé théng canh trong diéu
kién thyuc t&. Tuy nhién, tai liéu khong hudng dan cach tinh bén va 6n dinh hé thong canh.
1.3. Két luan chwong 1

Chuong nay di giéi thiéu tong quan vé vat liéu composite ba pha va két qua nghién
clru trong nude va trén thé gidi vé 6n dinh tinh, dong cta tim va vo composite 16p va
cac van dé lién quan dén composite polyme ba pha. Qua d6 cho thdy mot s van dé vé
phan tich ung xtr ctia két cdu composite con chua dugc nghién ctru, hodc con nhiéu van
dé co thé tap trung nghién ctru siu hon la:

- On dinh (tinh va dong) cuia tAm composite ba pha.

- On dinh (tinh va dong) cua v composite ba pha.

- Cac bai toan lién quan dén t6i wu hoa két ciu; Gng xtr cua két ciu tdm va vo
composite ba pha khi tinh chat vat liéu thay d6i theo nhiét do.....

- On dinh cta cac két cdu tAm vo khi chiu tic dong dong thoi cta nhiéu loai tai
trong khac nhau: tai co va tai nhiét, tai co-nhi¢t-di€n, va tai co-nhiét-khi dong két hop.

- Dao dong tu do va phi tuyén cua cac két cdu tAm, vo composite ba pha.

- Cac van dé vé 6n dinh dong luc hoc, tinh phi tuyén hinh hoc, tinh khong hoan
hao hinh dang ban dau ctia composite ba pha.

- Nghién ctru cac két cau chiu tai trong dac biét (nhét 1a tai xung dong, tai trong nd,.. )

- Nghién ciru cac két cdu c6 hinh dang phirc tap nhu ban tron, ban xién, cac loai
panel hinh tru va hinh ndn, cac vo nén va vo cu bang composite ba pha.

- Céc nghién ciru vé tim va vo khong sir dung 1y thuyét ¢ dién (phép tuyén mit
giira sau bién dang van thing nhung khong con vudng goc voi mit giita sau bién dang
(hiéu tng truot), tinh dén bac nhét hodc bac cao hon.
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Nhu vay c6 thé thdy con rat nhiéu van dé vé composite ba pha con mé. Tir nhiing
yéu cau thuc tién (dd néu trong phan mé dau) va nhitng huéng mo da dé cap, NCS tiép
can dé xuat hudng nghién ciru vé 6n dinh tinh va dong ctia composite ba pha ding trong
ché tao két cdu tau thuy. Dé giai quyét van dé, NCS tap trung nghién ctru cac van dé cot
16i sau:

- X4c dinh mo dun dan hdi caa composite polyme ba pha phu thudc vao cac tham
sO va ty 1é vat liéu thanh phan.

- Nghién ctru 6n dinh tinh ctia tim (vach, boong tau....) composite 16p truc huéng ba
pha chiu tai nén dong thoi theo hai phuong; chiu nén theo mot phuong va chiu tai cat.

- Nghién ctru 6n dinh dong cua panel composite ba pha dung trong ché tao canh
nang tau canh ngam (tir gidi han cho phép cia moé men udn va ng suat 6n dinh uén doi
v6i bién dang canh ngam, xdy duyng mé hinh tinh toan thiét ké canh ngam bang vat liéu

d6ng nhat dang huéng tir d6 chuyén doi vé vat liéu bat dang hudng composite).
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CHUONG 2:
XAC PINH MO PUN PAN HOI CHO COMPOSITE BA PHA

Hién nay, c6 hai phuong phap chu yéu dé xac dinh cac mé dun dan hoi cia vat liéu
composite ba pha la: thuc nghiém va giai tich. Uu diém cua phuong phap thue nghiém
1a x4c dinh chinh x4c mo dun dan hdi cho composite, tuy nhién véi composite ba pha la
vat liéu nhiéu thanh phan nén thyc nghiém khéng phan anh dwgc anh huéng cua cac pha
vat liéu thanh phén 1én tinh chét co hoc cua composite mot cach téng thé nhu thé nao.
Phuong phap giai tich dugc xay dung nhu sau:

2.1. Xac dinh cac hé sé6 dan hdi cho composite ba pha
2.1.1. M6 hinh vét liéu composite ba pha cot soi va hat gia cwong

Trong cong nghiép dong tau, hién nay cac tu ¢d vira va nhé ¢ Viét Nam chi yéu
duoc ché tao tir vat lidu composite. bé tdng kha nang chéng tham, chéng chay, mai mon
va ting d6 cting cua vat liéu, bén canh cac cdt soi thuong bo sung vao nén polyme cac
hat gia cudng. Nhu vdy, trén thuc té xuat hién composite ba pha: nén polyme, soi gia
cudng va cac hat. Gia thiét mdi 16p ciia tim 1a composite ba pha c6t soi dong phuong,

khi d6 mo hinh composite polyme ba pha nhu hinh 2.1.

;»,J

Hinh 2.1. M6 hinh compeosite polyme ba pha c6 s¢i va hat gia cwong

Pbi voi vat liéu composite polyme hai pha thong thudng, viéc xac dinh cac hé s6
dan hoi ctia vat liéu kha don gidn va da dugc nhiu tai liéu cong bd. Van dé dat ra doi
véi vat liéu composite ba pha la lam thé nao dé tinh toan duoc cac hé sb dan hoi cua vat
liéu, déng thoi phai duoc thé hién qua cac tham sb co hoc - vat Iy va phan bd hinh hoc

cua cac vat liéu thanh phan.
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2.1.2. M hinh tinh toan xac dinh cac hé s6 dan héi ciia vat liéu composite ba pha

Pén nay, da co nhiéu nghién ctru xac dinh hé s6 dan hdi cua vat liéu dbi véi
composite dong phuong [13,104,119]. Vit liéu dong phwong thudng van dugc xem nhur
dang hudng ngang v6i 5 hé s6 dan hoi [13,15]. Nhirng két qua méi va hién dai nhét theo
2 cach tiép can doc lap cua Pobedria B.E. [104] va Vanin G.A. [119] da xéac dinh duoc
thém hé sb tht 6 cua vat liéu nay.

Composite ba pha di dugc dé xuit nghién ctru va giai quyét, van dé khoa hoc dit ra
theo cac phuwong phap trong [13,97], tirc 1a dwoc giai quyét timg bude theo mé hinh hai
pha trén quan diém dugc mo ta boi cong thie:

1Dm = Om +1D (2.1)

Budc thir nhat: xem xét composite hai pha gdm: pha nén ban dau va cac hat don,
composite nhu vay dugc xem 13 ddng nhit, dang hudng va c6 2 hé sb dan hoi. Viée xac
dinh cac hé s6 dan hoi cho composite don cac hat cau Om dd duogc xac dinh trong
[13,119], trong d6 [13] di tinh dén twong tac gitta cac hat v6i nén. Cac hé sb dan hoi cta
composite Om liuc nay dugc goi la composite gia dinh.

Budc thit hai: x4c dinh cac hé s6 dan hdi cia composite giita nén gia dinh va céac soi
gia cuong.

2.1.3. Xac dinh cac hé s6 dan hoi cia vat liéu

Gia thiét cac thanh phén cuia composite (nén, so1, hat) déu la déng nhat, déng hudng,
khi d6 ching ta s€ ky hiéu Em, Gm, vm, Wm; Ea, Ga, Va, Va; Ec, Ge, Ve, We trong tng 1a céc
mé dun dan hoi, hé sb poisson va ti 1¢ thanh phﬁn (theo thé tich) ctia nén, soi va cac hat.
Tu day vé sau, cac dai luong lién quan dén nén sé viét c6 chi sb 1a m; lién quan dén soi
s& c6 chi s6 a va hat 13 chi sb c. Theo [120], nhan duoc cac mo dun dan hdi ciia composite
gia dinh nhu sau:

- 1-y (7-5v, H
G =G : m
"1+, (8-10v, H (2.2)

_ 1+4y G, LEBK )
K :Km l/lc m ( m)_l (23)
1_4l//chL(3Km)
- G. /G -1
Véi: L= Ke 4Pé“,Hz m_"c G
K, m 8-10v, +(7-5v, )"
3 G. (2.4)
E; re s
G; = 2t Voii=m,a,c
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E,v duoc tinh tir K,G nhu sau:

9KG -
VvV =

E=—— -2
3K +G 6K - 2G

G,K : Mo dun dan hoi truot va md dun khoi cta nén gia dinh

3K - 2G
(2.5)

M6 dun dan hoi composite ba pha ¢t soi dong phwong dugc ching toi chon xac

dinh theo cac cong thirc cua G.S Vanin [119] vé6i 6 hé sé doc 1ap nhu sau:

Ell = l//a Ea + (1_‘//a )E + 8Gl//a (1_ V/a )(Va _V)

— G
2_1//a A +(1_l//a)(la _1)67

20—y Nz -1+ (r. -y -1+ 2%)66 20-y,)+ 1+ wa})g

2
22— %“'i— ——2 42 _
R B S R S PARE P AR ARE AT
G — G
_1+l//a+(1 V/a)E o Z+‘//a+(1_l//a)a
G,=G 22 G,,=G 2
G _

a

R Ve | A .2

Z_V/a +}_ﬂ/la +(1_l//a)(Za _1)E

a

E1q

V(’)'I }:3—4‘7, Za :3—4Va ;V12 - E_22v21

2.2. Tinh toan so va thue nghiém

2.2.1. Tinh toan s6

(2.6)

Xem xét anh hudng cua soi va hat toi tinh chat co 1y cua vat liéu composite ba pha

theo thudt toan néu trén, xét vat liéu composite ba pha c6 cac dac trung trong bang 2.1:

Bang 2.1: Thong s vt liéu thanh phan composite

‘ Vit liéu Mo dun dan hoi (GPa) H¢é s0 poisson
Nén polyester AKA (Viét Nam) Em=1.43 vm=0.345
Cot soi thuy tinh (Han Qudc) Ea=22.0 va=0.24
Hat TiO2 (Australia) E. =5.58 v¢=0.20
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Thay cac gia tri trong bang 2.1 vao cac cong thirc (2.2) + (2.6) xac dinh dugc cac hé

sO dan hoi cta vat liéu composite ba pha nhu trong bang 2.2.

Bang 2.2: Két qua tinh toan cac hé s6 dan hoi cia vat liéu composite ba pha

Ve va | Eunn(GPa) | E»2(GPa) | Gi2 (GPa) | G23 (GPa) Va1 V23

0.2 0 1.935 1.935 0.691 0.691 0.42 0.037
0.2 | 0.05 2.808 2.179 0.736 0.732 0.41 0.111
0.2 | 0.10 3.799 2.374 0.783 0.776 0.40 0.153
02 | 015 4.791 2.553 0.834 0.823 0.39 0.181
0.2 | 0.20 5.786 2.728 0.889 0.874 0.38 0.202
0.2 | 0.25 6.783 2.905 0.947 0.929 0.37 0.219
0.2 | 0.30 7.782 3.088 1.010 0.988 0.36 0.236

Do thi biéu dién modi quan hé ti I¢ thanh phan vt liéu véi cac hé s6 dan hoi cua

composite ba pha.

Eyy, B,y (GPa)

9

8 /.

7 .

6 Quan h¢ E; voi vy, (y.=0.2) /?

’ /l' /?

4 /.r

3 o

2 7/' —* Quan h¢ Ey, v6i v, (y.=0.2)

1

o | . . \Va (%)
0 0.1 0.2 0.3 0.4

Hinh 2.2. D6 thi quan hé giira E11, E22 v6i wa
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Gy, Gy3 (GPa)

1.2

0.8

0.6

0.4

0.2

Quan hé Gy, voi vy, (y.=0.2)

Quan hé G5 voi v, (y.=0.2)

T T T | \lla. (%)
0 0.1 0.2 0.3 0.4

Hinh 2.3. P6 thi quan hé giita G12, G23 véi ya

0.25
0.2
0.15
0.1
0.05

Quan hé v,; voi vy, (y.=0.

Quan hé vy; voi vy, (y.=0.2)

0 0.1 0.2 0.3 0.4

Hinh 2.4. Db thi quan hé giira v21, v23 v6i ya
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2.2.2. Thue nghiém

Muc tiéu lam thuc nghiém dé kiém ching két qualy thuyét vira tim duogc. Vat liéu
thanh phan ché tao mau nhu trong bang 2.1.
Quy cach ché tao miu theo 4 t6 hop: 1) 20% TiO2+15% Soi; 2) 20% TiO2+20% Soi; 3)
20% TiO2+25% Soi; 4) 20% Ti02+30% Soi va quy trinh ché tao vat liéu composite ba
pha dugc thyc hién nhu sau:
- Can dong ty I¢ vat li¢u thanh phﬁn. Trudc tién, tron TiO2 vao nhya polyeste ¢ dang sét
dé trong vong 4h dé hai thanh phan nay thim thiu vao nhau, sau do tron theo ty 1& quy
dinh. Str dung may khudy véi toc do 750 vong/phut, khudy trong vong 24h cho TiO:
hoa dong déu vao trong nhyra.
- Bit dau gia cong mau, tién hanh cho dong rin vao hdn hop nhya va TiO2, va khudy
déu trong vong 1 phut.
- Sau khi di chuan bi k¥ ludng khuon va phu 1én bé mit 16p chéng dinh, 1a cong doan
trat, xép cot soi 1én khudn va sau d6 can than trat tiép 1én timg 16p ¢t nhitng 16p nén
da duoc tron ky voi cac chét xuc tac hoa ran. Dé tranh tao ra nhirng bot khi va dé tam
déu nhua vao cbt, thudng dung con lin sit lin déu tir dau tAm dén cudi tim mau.
Mau kéo dugc gia cong theo tiéu chuan BS EN ISO 527-4: 1997 voéi kich thudc
bxh=10x3+4mm nhu hinh 2.5.

MAU THU TRUOC KHI KEO

Hinh 2.5. Chuén bi méu kéo truwéc khi thir
Thiét bi thir 12 may HOUNSFEILD H50K-S ctia Anh, kha ning tai tbi da 50000N, do
chinh x4c cua luc va do dan dai theo thir tu 13 £0.5% va +0.05% dugc thé hién & hinh 2.6.

33



Hinh 2.6. Thiét bi thir van niing HOUNSFEILD H50K-S
Két qua tinh toan 1y thuyét theo cong thirc (2.2)+(2.6) so sanh vé6i thuc nghiém
[18] (hoac Phu lyc C) dugc trinh bay trén bang 2.3.
Bang 2.3: Két qua so sanh giira 1y thuyét va thwe nghiém khi cé mit 20% TiO:

Két qua (MPa
Composite ba pha ¢t qua ( )
Eu E22
209%Ti0, + 1576WE00 Thuc nghiém 5064.9 2680.3
+ 7
o112 2o%0 L§ thuyét 4791.1 2553.2
+ 65% nhua AKA 7
Sai s0 5.71% 4.98%
209%Ti0, + 20%6W800 Thyc nghiém 5620.1 2951.7
+ 7
01 1M 2070 L§ thuyét 5785.9 2728.2
+ 60% nhua AKA 7
Sai s0 2.87% 8.19%
209%Ti0, + 2596W800 Thyc nghiém 6570.2 3106.1
01102 + 0 7
Ly thuyeét 6782.9 2905.4
+55% nhwa AKA Y
Sai s6 3.14% 6.91%
0% TiOn + 309%\W800 Thyc nghiém 6258.4 2663.4
0102 + () ;
Ly thuyét 7782.2 3088.4
+50% nhua AKA y e
Sai s6 19.58% 13.76 %

Tuong tu, két qua 1y thuyét va thuc nghiém véi vat liéu nhya 9509 (Malaysia) va

soi thuy tinh E (Trung Qudc) theo cac bang 2.4 va 2.5 nhu sau:

Bing 2.4: Thong sb vat li¢u thanh phin composite

Vit liéu Mé dun dan hoi (GPa) H¢ s6 Poisson
Nén polyester 9509 (Malaysia) m = 1.50 vm=0.34
Cot soi thuy tinh E (Trung Qudc) Ea=25.0 va=0.24
Hat TiO2 (Australia) Ec =5.58 v¢=0.20
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Bang 2.5: Két qua so sanh giira 1y thuyét va thuc nghiém khi c6 mit 5% TiO

Composite ba pha Két qua (MPa)
Eun E22

506TiO, + 25%6W800 + Thuc nghi’ém 7905.6 2497.2
20% nhua 9509 Ly thuyét 7367.5 2629.0

: Sai sO 7.30% 5.01%

506TiO, + 309%6W800 + Thuc nghi,ém 9104.7 2695.4
65% nhua 9509 Ly thu},/ét 8529.0 2805.7

) Sai sO 6.75% 3.93%

506TiO, + 409%W800 + Thuc nghi’ém 11389.2 3353.0
55% nhua 9509 Ly thu},/ét 10858.1 3190.3

) Sai sO 4.89% 5.10%

Bang 2.3 va 2.5 cho thay:

-Trong thuc té thi cong vat liéu composite, ti 1& tot giita c6t va nén 1a vao khoang
45%+55%, két hop két qua nghién ciru cho thiy c6 su phut hop kha tot giita két qua tinh
theo 1y thuyét v6i thuc nghiém.

- Anh hudng cia soi dén co tinh cta vat liéu tét hon so vé6i hat TiOa.

Qua két qua thu dugc cho phép chiing ta ty tin khi sir dung cong thire tinh cac hé sb

dan hoi cua vat liéu va thuat toan da dugc dé cap ¢ trén.

2.3. Két luan chuwong 2

Trong chuong 2, luan an d3 giai quyét dugc ndi dung sau:

Xéac dinh dugce cac md dun dan hoi cho composite ba pha, phu thudc vao cac tham
s6 va ty 18 vat liéu thanh phan.

Phuong phép giai tich dugc trinh bay trong phan nay, dugc xay dung trén co s¢ mod
hinh bai toan co hoc, thuong dua vé mé hinh composite ba pha cdt soi (thuong 13 hinh
try) don cac hat (thuong xem 1a c6 dang hinh céu) dé xac dinh md dun dan hdi cua vat
liéu. Phuong phép nay c6 vu diém 1a mé dun dan hoi duoc xac dinh phu thudc vao tinh
chét va ty 18 phan b cua cac vat liéu thanh phan, vi vay chi can thay dbi cac thong sb
nay, chiing ta c6 thé nhan dugc cac composite méi véi cac tinh nang co hoc-vat 1y khac
nhau va chiing ta ciing c6 thé tinh toan du bao trudc cac gia tri cta chiing, 14 co s¢ tinh

toan thiét k€ to1 vu hoa vat liéu mai.
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CHUONG 3:
ON PINH TiNH CUA TAM COMPOSITE BA PHA DUOI TAC PONG
CUA TAI CO HQC

Trong thuc té dong tau vat liéu composite, theo yéu cau k¥ thuat dé 1am vat liéu
kho chay hon, cic Co sé dong tau trong nudc di bd sung vao nén polyme chit phu gia
chdng chay Firegard B cho céc san pham nhu: Xudng cip ctru, thiét bi xir Iy nudc thai
hozc khu virc budng may cua tau cao téc nham dap ng cic yéu cau vé an toan chdng
chay ciia Quy pham. Tuy nhién, khi b6 sung vao nén polyme cac hat phu gia chéng chay
thi co tinh ctia tim s& thay d6i: strc bén kéo va udn giam 13.2% va 43.8%; mo dun dan
hoi kéo va ubn giam 12.5% va 39.9% ([18] va phu lyc D). Bén canh d6, dé chéng lai tia
tor ngoai, chéng tham, tdng co tinh va d§ cing bé mat chéng hién tuong xam thyc vo
tau, cac nha ché tao tau da bo sung vao nén polyme cac hat TiO2. Ti 18 hat hop 1y dap
g toan bo cac tiéu chi d6 14 5% TiO2 [16]. Nhu vay, khi co tinh ctia tim thay d6i dang
ké s& anh hudng dén kha ning chiu tai va 6n dinh cua két cau.

Do yéu cau khéc nhau vé san pham dap tng cho nhiéu muc dich str dung nén pha
thi ba ciling khac nhau va ti 1¢ hoa tron vao nén polyme ciing khac nhau. Trong phan
nay sé trinh bay 10 giai vé 6n dinh tinh ctia tim composite ba pha dudi tac dong cua tai
nén ddng thoi theo hai phuong, nén theo mot phuwong va tai cit (goi tat 1a tai co hoc) xét
cho trudng hop cu thé pha thir ba 1a hat TiO2 va ciing chinh 1a phuong phap tong quat
khi thay thé pha nay bang mot chat don khac.

3.1. Phén loai 6n dinh va tiéu chuén 6n dinh

3.1.1. Phén loai on dinh

tai p tai p

o diém ré nhanh

Bl ' o diém cuc tri
o diém cuc tri

I
I
@ I
I
I
|

do vongw We do vOongw
Hinh 3.1a. Mt 6n dinh theo kiéu ré Hinh 3.1b. Mét 6n dinh theo kiéu
nhanh (mit 6n dinh loai 1); (1) - cho tim  cyec tri (mat én dinh loai 2) ciia cac

hoan hao, (2) - cho vé hoan hio két cAu vé

36



Xuét phat tr hai quan niém khac nhau vé trang thai to1 han cua Euler va Poincarre,
c6 thé chia thanh hai loai mit 6n dinh véi cac dic trung nhu sau (tham khao [11)).
3.1.1.1. Mit 6n dinh theo kiéu r& nhanh
Mit 6n dinh theo kiéu r& nhanh (bifurcation type buckling) nhur dugc minh hoa
trong hinh 3.1a 13 trudng hop tai t6i han dat duogc tai diém r& nhanh, tirc 14 két cau van
chua bi mat 6n dinh khi tai chua dat gi tri t6i han, va khi tai dat t6i han thi két cau bi
mat 6n dinh ngay lap tirc. Cac dic trung clia mat 6n dinh loai nay ([11,68] goi 1a mét 6n
dinh loai mot) la:
+) Dang can bang c6 kha nang r& nhanh.
+) Phat sinh dang can bang méi khac dang can bang ban dau vé tinh chat.
+) Trude trang thai ti han dang can bang ban dau la duy nhat va on dinh, sau trang
thai toi han dang can bang ban dau la khong on dinh.
3.1.1.2. Mit 6n dinh theo kiéu cue tri
Mat 6n dinh theo kiéu cuc tri (extremum type buckling) nhu dugc minh hoa trong
hinh 3.1b la truong hop tai téi han dat dugc ¢ diém cyec tri cta duong cong d6 vong —
tai trong, tic 1a két cu bi vong ngay tir khi dit tai, va khi do vong dat dén gid tri W, thi
su mat on dinh xay ra. Cac dac trung cua mét 6n dinh loai nay ([11] goi la mét 6n dinh
loai hai) la:
+) Dang can bang khong phan nhanh.
+) Bién dang va dang can bang ctia két ciu khong thay d6i vé tinh chat.
Gia tri chia tai P tuwong Gmg véi khi d6 vong ting ma khong can tang tai trong goi 1a tai
ti han. Trang thai gi6i han x4c dinh tir diéu kién dp/dw =0.
3.1.2. Céc tiéu chuin on dinh
Nghién ciru 6n dinh ctia hé dan hdi c6 mét sd tiéu chuén sau day [6,11].
3.1.2.1. Tiéu chuin chuyén dong
Theo tiéu chudn nay, hé cAn bang 6n dinh néu nhu dau tién n6 & can bang, sau d6
kich dong né mat it, thi tu nd s€ c6 xu hudng trd lai vi tri ban dau, sau khi thyc hién mot
dao dong nho.
3.1.2.2. Tiéu chuan tinh
Theo tiéu chudn nay, ta can khao sat két ciu & trang thai 1éch khoi dang can bang
co ban. Vi mot gia tri ndo day cia tai c6 thé ton tai dang can bang méi dong thoi véi
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dang can bang co ban. Néu ¢ trang thai 1éch nay sy can bang c6 thé thyc hién duoc thi
ta cAn tim gia tri P cla tai trong tir cac diéu kién can bang tinh hoc ctia két cdu ¢ trang thai
léch dé ddi chiéu voi gid tri P cua tai trong da cho & trang thai ban dau (xem [11]) va

+) Néu p < p*, két cdu can bang 6n dinh.

+) Néu p > p*, két cdu mat 6n dinh.

Khi su can bﬁng o trang thai 1éch khong thé thuc hién duoc thi ta can can ct vao
tai tac dung trén két cAu dé du doan ung xXur on dinh. Néu d6 vong tang thi sy can bé‘lng
1a khong 6n dinh (nhu tng xtr hop cta két cdu vo) con néu d6 vong giam thi sy cin bang
1 6n dinh.
3.1.2.3. Tiéu chuin ning lwong

Theo tiéu chuan nay (4p dung cho hé bao toan), diéu kién du dé hé on dinh 12 &
trang thai can bang 6n dinh thé ning toan phan cta hé c6 gia trj cuc tiéu.

Luan 4n st dung tiéu chuan tinh vé 6n dinh [6,11]. Sy mét 6n dinh xay ra khi tai
tac dung dat gia tri t6i han tai diém r& nhanh, ttc 12 gia trj tai trong lam két cAu chuyén tir
dang can bang 6n dinh ban dau (trang thai cn bang co ban, do vong bang khong) sang
dang mét On dinh. Trén quan diém do, cac tai t6i han tai diém r& nhanh (trong truong hop
tdn tai) s€ dugc xac dinh bé“mg 2161 han cua ham d6 vong — tai trong tién dén khong.
3.2. Phwong trinh co ban 6n dinh tinh

Tam composite 16p va panel vo ngay cang duoc sir dung nhiéu trong linh vuc
hang khong, dong tau va nhitng tng dung khac. Sy hiéu biét dung ddn vé tai t6i han mat
6n dinh, mode hinh dang va ing x1r sau mat On dinh 1a can thiét cho viéc thiét ké két cAu
nhe va dang tin cdy.

TAm composite 16p duoc ché tao nhiéu 16p, moi 16p duogc tao thanh boi soi théng
song song (soi thuy tinh, boron, graphite) dugc gan va két dinh nhau bai vat liéu nén
(nhua Polyester, Vinylester, Epoxy). Tam 16p vudng trudng hop riéng cua tam truc
huéng, khi truc doc ciia nhitng 16p ké nhau 1a vudng goc, trong khi tim 16p goc xay ra
khi nhitng 16p ké nhau lan lugt dugc dat mot goc +0 va —0 dbi voi canh cia tm.

Theo [15, 21-22,27, 37,68] phuong trinh chii dao 6n dinh ctia tim composite 16p,
cling nhu trong bai bao khoa hoc [43], cho thiy rang tinh phirc tap cta phuwong trinh cha

dao khac nhau 16n phu thudc trat tu xép 16p.
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bé x4c dinh ung XU cua tAm,
Xét tim composite 16p dit trong hé toa

d6 dé cac Oxyz. Trong d6: Oxy la mat

phing giita cua tAm va z hudng theo

chiéu day h cua tdm. Theo Kirchhoff

gia thiét rang: Bién dang cua phap
tuyén vi mat trung binh 13 Hinh 3.2. TAm composite 16p
mot doan thing vudng goc véi mit bién dang ciia mit trung binh. Do d6, ing xir cia
tam duoc biéu dién béi moi lién hé sau:
u =1y —z2%; (Leissa, 1985, [68])
ow (3.1)
“ay

Trong d6: u, v, w lan luot 1 thanh phan chuyén vi doc theo phuong x, y Va z, Va Uo, Vo

v=v0_

la chuyén vi tai mot diém cua mit trung binh. Uo, Vo vVa Wo 1a ham ctia x va y. Str dung
phuong trinh bién dang — chuyén vi theo 1y thuyét dan hdi phang cb dién c6 [68]:
ou v ov  Ou

Ey = a; gy - 5; ny - a ay ’ (32)
Trong dé: &, &y 13 bién dang theo phuong x va y, yxy la bién dang cit, phuong trinh (3.1)
duoc viét lai nhu sau:

k

S X
g+zky,

3.3
7xy 7>(<)y kxy ( )

Trong do: €2, €J va y3, 1a bién dang clia mit trung binh, va kx, ky va kxy 12 d6 cong ctia

tam chiu uon.

[ O [_ 9o ]
0 0x 0x?
“\_| m ]’Ex | o, (3.4)
y | = P) ) y|1=1" 2
y dy
0
O T It
[ dx 0y u 0x0y

Pinh luat Hooke cho tim composite dugc xac dinh nhu sau:

O, Q. Q, Qg &y
o, | = le sz Qze &y |
(e} le Q26 Q66 K 7xy )

ka

(3.5)
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Trong d6 k 1a s6 16p
Qu=Qu " +Q,8" +2(Q, +2Qq,)s°c?
Q= (Qu + Qy —4Qq)e?8% + Qs +¢ )
Q' =Qu5* + Q" +2(Q, +2Qq,)s’c

(3.6)
Q' 16— (Q11 -Qp, - ZQee)CSS + (sz -Qp, - 2Q66)CS3
les = (Qll - le - 2Q66)C83 + (sz - le - 2Q66)C33
Q 66 (Qll + sz 2Q12 B ZQGG)C252 + Q66(C4 + 54)
s = sin6; ¢ = cosO; 0 1a goc gitra phwong cua sgi va hé toa do.
Va:
Eyy Eiq
Q11 = Eaz 2 1
— ===V — V12V21
Eqq
o o Fn _Eng 3.7
22 = _@sz = E. 11
E11
E
Q12 = % = V120Q22; Qe = G12
(trong do: 1, 2 1a phuong ctia soi)
Luc va md men cua tim composite dugc xac dinh nhu sau:
O-xx
N = l ] dz (3.8)
N Txy k
[ M,
M = VA |:O-yy] dZ (39)

Trong do: oxx va oyy 1a trng suat phap, va txy l1a img suat cat.

Moi lién h¢ luc va m6 men véi bién dang maét trung binh va dd cong cua tam nhu sau:

[ N ] [ Ay1412 A16 B11 B1z B ] E’(‘)

Ny Aqz AypAz6B12 Bay Bayg Ey

Ny _ A1 Aze Age B1s B2e Bes y)?y

M, B11 Biz B1g D11D12D16 k, (3.10)
M, B3 Byy Byg D12D3; Do ky
Myl L Bi6 B26 BesD16D26 D - Ky ]

Hoac dudi dang rat gon:

MEEATH (1)
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Trong do:

Ai = i(Qilj)k(hk —hk_l), i,j=12,6
Bij :%i(Qu)k(hkz _hkz,l), i,j=12,6 (3.12)

1& A .
Dij zéé(Qij)k(hs _hka,l), 1,]=12,6

Mit khéc, tim chiu 4p luc q theo phuong z va luc mang (Nx, Ny, Nxy). Do d6, c6 hé
phuong trinh can bang nhu (Leissa, 1985, [68]):
ON, N 0N, aw,

— =0 3.13a
ox 0y O 0x ( )
N, ON, _ dw,

— = 3.13b
ax dy QO dy 0 ( )
an aQy 2 (o] 62 0 62W0

—+ N 2N N, — =0 3.13c
ox Ty " axz T Mwgagy T gy T4 (3.130)
Va:
oM, OM,,
— 3.14a
oM, oM,
_ 3.14b
Yo ox + oy ( )
Do Qx va Qy, ciing nhu % va 06_‘/\;) la kh& nho. Thé phuong trinh (3.14a, 3.14b) vao
(3.13a, 3.13b, 3.13¢) tr6 thanh [68]:
N, Ny,

= 3.15a
0x + dy 0 ( )
oN,, ON,

—=0 3.15b

ox ay ( )
0°M, _0°*M,, 0°*M, 02w, 2w, d%w,

N 2N, ——+ N =0 3.15¢

a2 0xdy + dy? TN TNy 6x6y+ Y 0y? Tq ( )

Biéu thuc trudng chuyén vi c6 dang:
uy = ub + Aug
Vo = v + Av, (3.16)
wo = w + Aw,
Trong d6: (ub, vi, wl): 1 trudmg chuyén vi trude khi mat 6n dinh
(ug, Vo, Wp): 12 truong chuyén vi kha di bat ky (thoa man diéu kién bién va diéu kién
lién tuc)

A: 1a dai luong rat nho, khong phu thude vao toa do diém khao sat.
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Hién tuong mat 6n dinh duge xem nhu mot qua trinh sinh ra mot su thay d6i vo cing bé
tir vi tri cAn bang.
Két hop (3.16) va (3.11) s& dugc quan hé sau:

— Aol i _ N
{N—Ae + Bk'+ A(As + Bk) = N* + AN (3.17)

M = Be' + Dk' + A(Be + Dk) = M' + M
Thé (3.16) va (3.17) vao phuong trinh (3.15¢) dwgc mot phuong trinh bac nhit cua A,
b6 qua cac s6 hang bac 2 cua L. Phuong trinh ndy théa mén voi moi A, néu céc sb hang

cua A triét ti€u, co:

02 ML 0*ML, 0?Mj 92w 32wt 02wt
ez +2 axa;y+ dy? R +2N95ya 60+Nyl ayzo+ql =0 (3.18)
0°M, o 0°M,, N 02M,, N 02w, N 02wg
dx2 0xdy  0y? * 0x2 X 0x2
| | (3.19)
2 2 ZWO 2Wl
2N 2N N N =
TNy 5y 6y+ Y o 6y+y6y * yay2+q 0

Phuong trinh (3.18) tring v&i phuong trinh (3.15¢) cho phép ching ta xac dinh cdu hinh
dan hoi (cAu hinh ban dau) trong trudng hop bién dang ngang 16n. Pay 1a phuong trinh
khong hoan toan tuyén tinh, tuy nhién, dé don gian, khi xac dinh cAu hinh dan hoi ta st
dung 1y thuyét tuyén tinh.
Vi w{ kha nho nén ta bé qua sb hang do cong cta tdm chju udn trong phuong trinh
(3.19). Khi iy phuong trinh nay trg thanh.

0*M, _0°My, 0°M, 92w, 92w, 3%w,

+2 + Y 4 N + 2N 4N}

= 3.20
ax2 | “Toxay | ayz | X gx2 % axay TNy gy2 T4 =0 (3.20)

Phuong trinh (3.20) thiét 1ap phuong trinh mét 6n dinh. Thé phuong trinh (3.10) vao
(3.15a; 3.15b; 3.15c), két hop dwa (3.20) vio ta co:

0%u o°u, o%u 0%V, 0%V
All O A’lﬁ AGG 0 A16 + (A12 A66) 26 20
X oy 0y 21
a W, 53 0w, (3.212)
—Bu——=- PV 3816 ox gay (B 2866)8 X0y 826?20
0° 0°
Aso 2+ (A + A%) Aza 0 4 A% +2A26 A %
(3.21b)
83 3 3 63
- BleaTV\glo_ (B 2866) V;y 3826) GV; Bzz a;’\;o =0
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o'w, o'w, o'w, 0w, o'w,

D,— v 4D168 35";/+2(D12 2D66) 8y +4D268 8y0 +D,, ﬁy“
o, ou, o’u ou v
Bll ox 3 3516a 28y (B 2866) 8y 826 8y30 o B16 GX?? (3_210)
3 3 3 2
_(Blz+2866)%_3826 6V02_Bzza\/é):Nx6V\zl +2N, aWo"i'NyaVZo*‘q
ox oy oxoy oy OX Y oxoy oy

Trong trudng hop tim nhiéu 16p d6i xting (Bij=0) cac phuong trinh mang tach
biét voi cac phuong trinh udn, va vai trudng hop udn thuan tay: u, = v, = 0 (3.21a) va
(3.21b) triét tidu. Khi d6 cac phuong trinh (3.21a, b, ¢) duoc viét dudi dang sau:

0w, 0w, 0*w, 0w,
Dy — 3 + 4D 75— ay +2(Dyy + 21)66)—2 57t D255, -
9*w, 2w, 02w, 02w, .
+ Dyy —— ay 7 _NXW-I_Znym-'_NYE)_yZ-Fq

D6i voi tam truc hudéng d6i ximg (D16=D26=0) phuong trinh (3.22) tro thanh:

4 4

o'w dtw 9w,
Dy —— It +2(D12+2D66) 22

02w, 2w, 2w,

= N,—=2+2N +N
* 0x? Yoxoy 7 0y?

(3.23)

+q

Phuong trinh (3.23) chinh 1a phuong trinh 6n dinh ctia tam truc hudng.

Déi voi tAm 16p khong dbi xtng, ton tai trong tac gitta udn va kéo ciia mit phang
giita tam. Hién tugng nay dugc minh hoa trong nghién ctru ciia Reissner va Stavsky
[106] nim 1961. Twong tac giita udn va kéo 1a gidng nhau di bit gip trong bién dang
vo vat liéu dang hudng, bac ciia hé phuong trinh vi phan chi dao gia ting gidng nhau tir
bbn (d6i v6i tim bat dang huéng) dén tam, sb didu kién bién 1a riéng biét gia ting tir hai
dén bon cho mdi canh, va van dé 6n dinh giai quyét s& kho khan hon.

Phan tich 6n dinh tdm tryc hudng xuat hién 1an dau duoc ing dung cach day gan
mot thé ky dé giai quyét tAm ding hudng co gan va sau d6 duoc st dung rong rai dé
nghién ctru tim gd dan. Tuy nhién, toc do 4n ban ciia két qua nghién ctru gia ting nhanh
chong bit dau cach ddy nira thé ky khi panel composite soi duoc phan tich cho tng dung
trong nganh hang khong. Nhiéu tai liéu nghién ctru vé 6n dinh cua tim composite da
dugc viét trong [20,25,26,70,71], va s6 tay thiét ké [49].

Nhue vy, tie nhitng tai liéu va huéng g dung réng rai trong thuc té, bén canh

do hau hét vt liéu composite ding trong dong tau ¢ Viét Nam hién nay c¢é cdu hinh truc
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héng, NCS Iiya chon tam triec hudng dé lam co sé xdy dung phwong trinh 6n dinh tinh

cho tdm composite ba pha.

3.2.1. On dinh ciia tim trwe huéng ba pha chiu nén dong thoi theo hai phwong
Theo (3.23) phwong trinh chii dao 6n dinh cta tim truc hudng chit nhat tya ban

1é trén bdn canh va chiu nén déu véi luc trong tmg 1a Nx= -No va Ny= -BNo, khdng c6

tai trong ngang la:

4 4 4 2 2
Wy 2*w, d*w, a°w, a°w,
D11 aX4‘ + 2(D12 + 2D66) ax26y2 + DZZ ay4 = _NO axz - ﬁNO ayz (324)
A gaa gaa N < A _ 92wy 92wy _
Diéu kién bién: - Khix=0vax=a:wy, =0; M, = —Dii—5 — 1252 = 0

aZWO 62W0
0x2 T P22 dy?

-Khiy=0vay=b:wy, =0; M, = —Dy, =0

Thé ham d6 vdng w, (x, y) = A, sin % sin ”bﬂ (théa man diéu kién bién) vao (3.24)
cho ta nghiém sau:

_ m?[Dyym* + 2(Dy, + 2Dgg)m?n?R? + Dypn*RY]

No = a?(m? + fn?R?) (3.25)

Trong d6: Wo: 1 d6 vong ciia tim

R = a/b: ti s0 chi€u dai/chi€u rong tam

Q11e3 e’ Eyy )
D.i =|(R,—1 1 =|(R,—1 1] ——=
11 [( Q )a+ ] 12 [( Q )a+ ]121—V122RQ
lee3 e’ Vi2E>; 1
D12=—=_—2; V12=V21_
12 121 — Vi Rg R,
. Q11€° _ e’ Ey,
Dz, = [(1 = Rg)a + Ry 12 - [(1 = Rg)a + Ry 121 4R, (1271 (3.26)
ed @3
Do = QL =—0G;
12 12
_ 1 R,(n—3)[R,(n—1) +2(n+1)]
T A +R) (2 — D(1+R,) )

Dij (i, j =1, 2, 6): 1a 6 cting udn ciia tim dang xét.

Ro = Ezo/E1: ti s6 giita cic mo dun.

Re =eo/ego: Ti s6 tong chiéu day 16p 0%tong chiéu day 16p 90°.
e = eo + ego: Chiéu day cua tAm.

n: La s6 16p (chi d6i véi cong thire 3.26) .
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E11, E2, vo1, Gia: 14 cdc hé sb cua vat liéu composite ba pha dugc xac dinh theo cong
thic (2.6)

Thé cac biéu thic Ei1, Ez, va1, Giz trong (2.6) vao (3.26), sau do thay vao biéu thiic
(3.25) ta duoc biéu thire Iyc No phu thude vao ya, ye, a/b va e, twong tng 1a ti 16 thé tich
cua soi, hat va kich thudc hinh hoc cua tam:

No = Nepopeaspe)
72 [(Py + DPym* + 2 (vauPy + 5 Gy ) m?n?R + (Z2-p)ptre|  (B27)
a’(m? + Bn?R?)

Trong do: P; = (RQ - 1)a = (@— )a va P, =

E11

e Eyy e’ En
121-v},Rg 12 1_1,%2%

Phurong trinh (3.27) la phuong trinh véi cdc bién: ya, we, a/b va e dwoc ding dé nghién
ciru 6n dinh cia tam triee hwdng ba pha chiu nén dong thoi theo hai phwong.
Luc téi han twong Gmg véi cac gia tri m va n 1am cho No nho nhat. Véi m =n = 1 biéu

thtrc (3.27) tré thanh:

72 [(Py+ 1P, +2 (varPy + S Gro ) B2 + (22— Py P,RY]

11 (3.28)
a’(1 + BR?)

Nth(lJl) =

3.2.2. On dinh ciia tAm truc huwéng ba pha chiu nén theo mot phwong
Xét tAm chir nhét tya ban 18 trén bon canh (diéu kién bién nhu muc 3.2.1) va chiu nén
theo phuong x, khi d6 =0 va (3.27) tr¢ thanh:

No = Neyopeiasv.e)

12 [(Py + DPym* + 2 (vauPy + S Gy ) m?n?R? + (22— P ) PpntRY]  (3:29)

11

m2a?
(3.29) la phuwong trinh véi cdc bién: wa, we, a/b va e dwge ding dé nghién civu 6n dinh

ciia tam trwc hudng ba pha chiu nén theo mét phwong.

1/4
Gi4 tri bé nhat cuia No tng v6i n = 1 xay ra tai R = [m(m + 1)]%/2 (;;—J_’;) la;
E11
2 4 ed 2p2 Ezp 4
T [(P]_ + 1)P2m + 2 (V21P2 + A Glz)m R° + (E11 Pl) PzR ] (330)

Nth (m) 1) =

m2 a2
3.2.3. On dinh ciia tAm trwe hwéng ba pha chiu cit

Xét tAm truc huong ¢ kich thude a x b, ngam bdn canh, chiu tai cat déu béi luc Nxy.
Piéu kién bién:- Khix=0vax=a: wy=0; % =0
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. R ow
-Khiy=0vay=h: W0=0;a—y0=0

On dinh cua tdm truc hudng chiu tai cit dd nhan duoc su quan tdm xem x¢&t boi
Bergmann va Reissner, Schmieden va Seydel cach day gan thé ky. Lich sir tom tit dong
g6p sém nay duoc tim thiy trong nghién ctru ciia Lekhnitski [72] va Stavaky & Hoff
[113]. Truong hop tAm truc hudng vo han (a/b = wo) chiju tai cit thuan tay da co 101 giai
chinh x4c vé mode hinh dang va tai 6n dinh t&i han béi Bergmann & Reissner theo cling
cach thue di dung trude day boi Southwell va Skan ddi véi tim dang hudng. Nam 1946,
Smith ciing thu duge mot bo sb liéu hiru ich ddi voi tim CCCC chiu tai cit. Thong sd
tai ks dugc biéu dién d6i voi do cing 1/0 va hé s6 hinh dang B. Tran Ich Thinh [15] va
Bertholot [27] sir dung phwong phap Ritz thu dugc 15i giai gan dung cho bai toan on
dinh cuia tim truc huéng chiu cat. Loi giai gan dung duoc tim dudi dang mot chudi kép
bién phén ly véi cac ham 1a da thtrc, lugng giac hodc hypebol va phai thoa mén diéu
kién bién. Khi dinh thitc ma tran hé s6 Amn cia hé béng khong, ta s€ tim dugc tai trong
t6i han St twong ing véi gi tri nho nhét cta S. Han ché ciia phuong phap nay 1a nghiém
hoi ty cham va phép xap xi véi hai s6 hang (M=N=2) cho két qua xa vdi gia tri thyc.

Baharlou [24] sir dung phuong phéap Ritz véi 25 gidi han ham dai s6 dé phan tich
tam tryc huéng CCCC c¢6 cac thong s sau: a/b=1, C1=D11/D2=10, Co=(D12+2Dgs)/D2=1.
Ong da thu duoc cac thong s6 on dinh dbi v6i tai nén mot truc, nén thuy tinh (ox=oy) dong
thoi hai truc va tai cat déu. Nhirng gia tri cho biét nay 14 toan bo gidi han sat trén dé c6
101 giai chinh xac. Truong hop tai cit ciing dugc nghién ctru bai [49,73,79,80].

Leissa [68] da gidi thi¢u nghién clru ciia Housner va Stein [56, 114], tac gia da
sir dung phuwong phap niang lwong sai phan hitu han dé phan tich 6n dinh cta tim truc
huéng CCCC chiu tai cat déu. Két qua s6 vé thong sé 6n dinh ks dugc cho trong bang
3.1 v6i pham vi rong cua hé sb6 hinh dang B va thong s6 do cung 0, dugc xac dinh tr
(3.31). Dit liéu nay duoc vé& ¢ hinh 3.3, va duoc so sanh voi két qua tam SSSS, cho thiy
rang nhimng thay d6i mode hinh déng t6i han xay ra d6i véi tiam CCCC & rang hon ddi

v&i tAm SSSS.

9 = vD11D22 B = b 4Dy k. = b2Nyy
=7 = 24D Y (3.31)
3 22 2 D11D232

Trong do: D3 = D12 + 2Des
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Tt (3.31) tai cat duoc xac dinh:

_ ks7T24\/ D, D3, (3.32)

xy b2

Thé (2.6) vao (3.26) sau d6 thay vao biéu thirc (3.32) ta thu duoc St tai 6n dinh t6i han
clia tim composite polyme ba pha chiu cit phu thudc vao ya, e, a/b va e nhu sau:

) lcs7r24\/(P1 +1)P, [(i—i —p,) P2]3 (333)

Il’aﬂl’c%:e) b2

Sth = S(

Thong s6 On dinh ks duoc xac dinh tir tra bang 3.1 voi1 céc gia tri:

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

Opapee) =

23
V21P24+75G12

Phuwong trinh (3.33) la phuwrong trinh véi cdc bién: ya, we, a/b va e dwoc ding dé nghién

ctbu on dinh cia tam truc hwong ba pha chiu cdt.
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Hinh 3.3. Théng s6 on dinh cit d6i v6i tAm true huéng CCCC [68]
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Bang 3.1: Xac dinh thong s6 6n dinh cit ks d6i véi tim truc hwéng CCCC [68]

0 B Ks 0 B ks
0.2 1.0 32.56 1.25 1.0 13.87
0.8 26.31 0.8 11.68
0.6 22.21 0.6 10.46
0.4 18.91 0.4 9.39
0.2 17.34 0.2 8.80
0.1 17.31 0.1 8.98
0 17.13 0 8.45
0.4 1.0 21.63 1.667 1.0 12.91
0.8 17.92 0.8 10.90
0.6 15.43 0.6 9.80
0.4 13.62 0.4 8.86
0.2 12.64 0.2 8.34
0.1 12.89 0.1 8.58
0 12.51 0 7.93
0.6 1.0 17.86 2.5 1.0 11.93
0.8 14.89 0.8 10.11
0.6 13.06 0.6 9.07
0.4 11.60 0.4 8.31
0.2 10.64 0.2 7.84
0.1 10.95 0.1 8.12
0 10.69 0 7.32
0.8 1.0 15.94 5.0 1.0 10.94
0.8 13.34 0.8 9.31
0.6 11.84 0.6 8.33
0.4 10.55 0.4 7.74
0.2 9.99 0.2 7.33
0.1 10.16 0.1 7.66
0 9.63 0 6.72
1.0 1.0 14.81 0 1.0 9.92
0.8 12.44 0.8 8.48
0.6 11.08 0.6 7.57
0.4 9.89 0.4 6.97
0.2 9.27 0.2 6.79
0.1 9.11 0.1 7.17
0 8.99 0 6.11
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3.3. Khao sat 6n dinh ciia tim composite ba pha duwéi tac dong ciia tai co hoc

Khéo sat tim composite ba pha ¢ kich thudc axb, tam dugc lam tir nhya AKA, soi
thiy tinh va hat TiO2 g6m 07 16p 0° va 90° theo thir tir xép 16p ky hiéu 7(90/0)=[90/0/90/0/90/0/90]
va 7(0/90)=[0/90/0/90/0/90/0], tim dugc cdu tao tir cac vat liéu thanh phan nhu sau:

Nén AKA ; Em=1.43 GPa . v, =0.345
C6ot soi thuy tinh E.=22.0 GPa v, =024 (3.34)
Hat TiO: ; Ec = 5.58 GPa - v,=0.20

3.3.1. On dinh ciia tim trwc huéng ba pha chiu nén dong thoi theo hai phwong
Thay céc gia tri (3.34) vao cong thirc (3.28) ta c6 két qua trong cac bang sau:

Biang 3.2: Anh hudng ti 1¢ soi 1én lue t6i han ciia tam chiu nén hai phuwong

yc=0.2 (ti 18 hat khong d6i) - Tam 16p 7(90/0), v6i =1, b=0.4m va m=n=1.

Va En Ez Re D11 D12 G D2 Des R=a/b Nih

(%) (GPa) (GPa) (Pa.m®) (Pam’®) (GPa) (Pamd) (Pamd) (N/m)

020 5.78 296 0.75 2281 1095 0.98 20.72 3.49 2 1534.93
025 6.78 323 0.75 2645 1262 1.07 23.80 3.81 2 1755.72
030 7.78 352 0.75 29.96 14.11 117 26.78 4.17 2 1967.91
035 878 384 0.75 33.29 1541 128 29.62 4.58 2 2170.76
040 9.78 420 0.75 36.44 16.51 1.41 3236 5.04 2 2364.98

ye=0.2 (ti 18 hat khong d6i) - Tam 16p 7(0/90), v6i =1, b=0.4m va m=n=1.

WYa Enu Ex» Re D11 D2 G2 D2 Des R=a/b Nth

(%) (GPa) (GPa) (Pa.m® (Pa.m®) (GPa) (Pa.m®) (Pa.md) (N/m)

020 578 296 133 24.73 1095 098 18.79 3.49 2 1445.87
025 6.78 323 133 2890 1262 107 2136 3.81 2 1642.68
030 778 352 133 3289 14.11 117 23.85 4.17 2 1832.33
035 878 384 133 36.66 1541 1.28 26.25 4.58 2 2014.63
040 9.78 420 133 40.21 16.51 1.41 2859 5.04 2 2190.65
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Bang 3.3: Anh huéng ti 1¢ hat 1én Ic téi han ciia tAm chiu nén hai phwong

y2=0.2 (ti 18 soi khong d6i) - Tam 16p 7(90/0), v6i p=1, b=0.4m va m=n=1.

e Eiu  Exn Re D11 D1z G D2 Des R=alb Nih
(%) (GPa) (GPa) (Pam?®) (Pam’® (GPa) (Pamd®) (Pa.m?) (N/m)
020 578 296 0.75 2281 10.95 098 20.72 3.49 2 1534.93
0.25 587 312 0.75 2290 10.77 1.04 2090 3.71 2 1551.00
030 596 328 0.75 23.03 10.61 1.11 21.13 3.95 2 1570.60
035 6.06 346 0.75 2322 1046 1.18 2141 4.20 2 1593.66
040 6.17 3.64 0.75 2345 1033 125 21.72 448 2 1620.19

ya=0.2 (ti I¢ soi khong déi) - TAm 16p 7(0/90), véi B=1, b=0.4m va m=n=1.

Ve En Ex Re D11 Dz G2 D2 Des R=a/b Nth
(%) (GPa) (GPa) (Pa.m®) (Pa.m® (GPa) (Pa.m®) (Pa.md) (N/m)
020 578 296 133 24.73 1095 098 18.79 3.49 2 1445.87
025 587 312 133 2473 10.77 1.04 19.07 3.71 2 1466.01
030 596 328 133 24.79 10.61 1.11 19.38 3.95 2 1489.51
035 6.06 346 133 24.89 1046 1.18 19.73 4.20 2 1516.34
040 6.17 364 133 25.04 1033 125 20.13 4.48 2 1546.52

y=0.2, p=1, b=0.4, R=2 ;m=n=1 v,=0.2, p=1,b=0.4,R=2 ,m=n=1
I I
° 0 0.1 0.2 0.3 0.4 0.5V4(%) 150 0 0.1 0.2 0.3 0.4 0.5V(%)

Hinh 3.4. Anh huéng cia tilé sgilén  Hinh 3.5. Anh hwéng cia ti 1¢ hat 1én
lwc t6i han ciia tAm chiju nén dong thoi lwe t6i han ciia tim chiu nén dong thoi
hai phuwong hai phwong
Nhén xét: - Khi ti 1é soi va hat ting khd néing chiu nén theo hai phirong ciia tam ting.
Tam truc huwong co ti 1é 25% soi + 20% hat co kha nang on dinh t6t hon 12% so véi
tam truc hwong co ti 1é 20% soi + 25% hat. Nhw vay, ti Ié soi co vai tro quan trong chu
dao trong viéc chiu lyc va dam bao tinh on dinh ciia tdm khi chiu nén theo hai phuong.
- Trinh tw xép 16p dnh hwéng dén on dinh cia tam, giita hai tam gid tri chénh léch tiv

5+8% (tdm 7(90/0) chiu lyc tot hon tam 7(0/90)).
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Bang 3.4: Anh huéng R=a/b 1én lIwc téi han ciia tim chiju nén hai phwong

ve=0.2 va y,=0.4 - Tam 16p 7(90/0), v6i p=1, b=0.4m va m=n=1.

R=a/lb vy, Eu Exz Re D11 Dz Gz D2 Des Nth
(%) (GPa) (GPa) (Pa.md) (Pa.m®) (GPa) (Pam’) (Pa.m?® (N/m)

1.00 040 9.78 420 0.75 36.44 16.51 141 3236 504 3761.70
200 040 9.78 420 0.75 36.44 1651 141 3236 504 2364.98
400 040 9.78 420 0.75 36.44 16,51 141 3236 5.04 2079.61
6.00 040 9.78 420 0.75 36.44 16,51 141 3236 5.04 2032.22
800 040 978 420 0.75 36.44 1651 141 3236 504 2016.13

we=0.2 va y:=0.4 - TAm 16p 7(0/90), véi =1, b=0.4m va m=n=1.

R=alb vy, Eu Exn Re D11 D1z Gz D2 Dss Nith
(%) (GPa) (GPa) (Pam®) (Pam’) (GPa) (Pam®) (Pam?) (N/m)

1.00 040 9.78 420 133 4021 16.51 141 2859 504 3761.70
200 040 978 420 133 40.21 1651 141 2859 5.04 2190.65
400 040 978 420 133 4021 1651 141 2859 5.04 1861.71
6.00 040 978 420 133 4021 1651 141 2859 5.04 1806.24
800 040 9.78 420 133 4021 1651 141 2859 504 1787.33

Biang 3.5: Anh hudng ciia e 1én Iyc t6i han ciia tim chiju nén hai phwong

we=0.2 va ys=0.4 - TAm 16p 5(90/0)=11(90/0), véi =1, m=n=1, b=0.4m va R=2.

e Eu E2 R " Du D2 Gur D22 Dss Nith
(m) (GPa) (GPa) ¢ (Pa.m®) (Pam®) (GPa) (Pa.m’) (Pa.m%) (N/m)

0.0025 9.78 420 0.67 0.39 1363 6.02 141 1144 184 845.66
0.0035 9.78 420 0.75 043 36.44 1651 141 3236 5.04 2364.98
0.0045 9.78 420 0.80 044 76.44 3508 141 69.78 10.71 5073.53
0.0055 9.78 4.20 0.83 0.45 138.31 64.06 141 128.66 19.55 9321.11

we=0.2 VA ya=0.4 - TAm 16p 5(0/90)+11(0/90), v6i p=1, m=n=1, b=0.4m, va R=2.

e Ein Ex R " D11 D12 G DFY) Des Nih
(m)  (GPa) (GPa) ¢ (Pa.m®)  (Pa.m®) (GPa) (Pa.m®  (Pa.md) (N/m)

0.0025 9.78 420 150 021 1546 6.02 141 961 184 760.96
0.0035 9.78 4.20 133 0.29 4020 16,51 141 28.60 5.04 2191.34
0.0045 9.78 4.20 1.25 0.33 82.77 35.08 141 6345 10.71 4780.51
0.0055 9.78 4.20 1.20 0.36 147.96 64.06 1.41 119.02 19.55 8874.74
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y=0.2, y,=04, f=1, b=0.4,m=n=1 v, =0.2, y,=0.4, p=1, b=0.4, R=2, m=n=1
4000 10000 === 16p 5 (90/0)=11(30/0)
\ 9000 [Tam 16p_5.(0/90)+11(0/90) /
3500 //
\ 8000 7
3000 //
7000
\ /
2500 C — 5000 P
£ Y~ 5 /
£ 2000 === £ 5000
£ S /.
z
1500 Z 4000 -~
/
3000
1000 /
2000 —
500 | — — — - [Tam I6p 7 (90/0) 1000
0 [T4m I6p 7 (0/90) R=alb 0 / -
0 2 4 6 8 10 0 0001 0002 0003 0004 0005 0.006

Hinh 3.6. Anh huwéng ciia hé s6 R=a’/b  Hinh 3.7. Anh huéng ciia chiéu day e
Ién luc téi han cia tam chiu nén dong  1€n luc téi han cua tim chiu nén dong
thoi hai phwong thoi hai phuwong
Nhén xét: - Khi hé s6 R tang luc toi han cua tam chiu nén do”hg thoi theo hai phuong
gidm, méi dau giam nhanh sau d6 giam chdm tiém cdn téi gid tri nho nhdt Ny, =
- %% = 1995.84 va 1763.4 () theo thit tu tdm 16p 7(90/0) v 7(0/90) [do p=1
tam chiu lic nén déu, theo [68] truong hop ndy la dang nén thiy tinh (oy/ox=1) khi dé

théng sé on dinh: % =1].
- Tam truc huéng cé ti 1é hinh hoc tang 2 lan (R=2), kha ndng oén dinh giam 37% khi
chiu nén theo hai phuwong.
- Tam truc hwong co ti ¢ hinh hoc tang 2 lan va thay thé 5% soi bdng 5% hat (khi do ty
l¢é soi la 20%), kha nang chiu luc toi han giam 44%. Cho théy 20% soi chwa phai la ty
1é hop Iy (phdi Iom hon 20%) ciia tam composite trong viéc chiu lic.
- Khi chiéu day ting kha nang chiu lic ciia tam tang, tam 16p 7(90/0) chiu lyc tot hon
tam 16p 7(0/90) tir 5 = 11%.
- Tdm true hwéng cé ti 1é 25% 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 cia tam sé giam 11.6 + 12.3%.
- Tam truc huong co ti 1¢é 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 cia tam sé giam 11 + 12%.
Nhuw vay, ti l¢ hinh hoc co vai tro quan trong trong viéc chiu lyc va dam bao tinh on
dinh ciia tam khi chiu nén theo hai phwong.
3.3.2. On dinh ciia tim trwe huéng ba pha chiu nén theo mét phwong

Thay céc gia tri (3.34) vao cong thirc (3.30) ta c6 két qua trong cac bang sau:

52



Bang 3.6: Anh huéng ti 18 s¢i 1én Irc t6i han ciia tim chiu nén mét phwong

ye=0.2 (ti 18 hat khong d6i) - Tam 16p 7(90/0), v6i B=0, b=0.4m va m=n=1.

Va Ein Ex» Re D11 D12 G2 D22 Des R=a/b Nih
(%) (GPa) (GPa) (Pam?®) (Pa.m’®) (GPa) (Pam?®) (Pamd) (N/m)

020 578 296 0.75 2281 1095 0.98 20.72 349 1.449 5563.17
025 6.78 323 0.75 26.45 1262 107 2380 381 1452 6367.34
030 7.78 352 0.75 29.96 14.11 117 26.78 4.17 1.454 7138.42
035 878 3.84 0.75 3329 1541 128 29.62 458 1456 7873.51
040 9.78 420 0.75 36.44 16.51 141 3236 5.04 1.457 8574.99

ye=0.2 (ti 18 hat khong d6i) - Tam 16p 7(0/90), v6i B=0, b=0.4m va m=n=1.

Ya En Exn Re D11 D12 G2 D2 Degs R=a/b Nth
(%) (GPa) (GPa) (Pa.m® (Pa.m® (GPa) (Pa.m®) (Pa.md) (N/m)

020 578 296 133 2473 1095 0.98 18.79 349 1515 5535.65
025 6.78 323 133 2890 12,62 1.07 2136 3.81 1525 6328.89
030 7.78 352 133 3289 14.11 117 2385 4.17 1533 7089.39
035 8.78 384 133 36.66 1541 1.28 26.25 458 1.537 7814.84
040 978 420 133 40.21 1651 141 2859 5.04 1540 8508.09

Bang 3.7: Anh hudng ti 1¢ hat 1én lye téi han ciia tam chiu nén mét phuong

ya=0.2 (ti 18 soi khong d6i) - Tam 16p 7(90/0), v6i p=0, b=0.4m va m=n=1.

Ve Ein Ex Re D1 D12 G2 D22 Des R=a/b Nin
(%) (GPa) (GPa) (Pa.m®) (Pam®) (GPa) (Pa.m®) (Pa.md) (N/m)

020 578 296 0.75 2281 1095 098 20.72 3.49 1449 5563.17
025 587 312 0.75 2290 10.77 1.04 2090 3.71 1447 5618.08
030 596 328 0.75 23.03 10.61 1.11 21.13 3.95 1445 5685.96
035 6.06 346 0.75 2322 1046 1.18 2141 420 1443 5766.60
040 6.17 364 0.75 2345 1033 125 21.72 4.48 1442 5859.95

w2=0.2 (ti 18 soi khong d6i) - Tam 16p 7(0/90), v6i p=0, b=0.4m va m=n=1.

e En Exn R D11 D12 G2 D22 Des R=a/b Nth
(%) (GPa) (GPa) (Pa.m®) (Pam®) (GPa) (Pa.m®) (Pa.md) (N/m)

020 578 296 133 2473 1095 098 18.79 3.49 1515 5535.65
025 587 312 133 2473 10.77 104 19.07 3.71 1509 5593.19
030 596 328 133 2479 1061 111 1938 395 1504 5663.50
035 6.06 346 133 24.89 1046 118 19.73 420 1.499 5746.39
040 6.17 364 133 2504 1033 1.25 20.13 4.48 1494 584184

Nhdn xét: - Khi ti I¢ soi va hat tang kha nang chiu nén theo mot phwong cua tam tang,

anh huong cua soi lén on dinh cua tam tot hon hat.
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- Tém c6 ciing kich thiede kha ndng chiu lyc theo mét phwong gap it nhdt 3.6 lan doi véi
tam chiu lyc theo hai phuong.

- Tam truc hudng co ti 1é 25% soi + 20% hat co kha nang on dinh tot hon 13% so véi
tam truc hwong co ti lé 20% soi + 25% hat chiu nén theo mot phwong. Nhw vay, ti lé soi
co vai tro quan trong trong viéc chiu lyc va dam bao tinh on dinh cua tam khi chiu nén

theo mot phuong.

v=0.2, =0, b=0.4, m=n=1 v,=0.2, p=0, b=0.4, m=n=1
10000 =="="—="TTgm Tp 7 (90/0) 5000
9000 [Tém l6p 7 (0/90)
5850 ¢
8000 < /
_~ 5800
7000 /
~ 5750
= 6000 A
s ~ = 5700 ~
Z 5000 £
z Z 5650 >
Z 4000 IS
Z 5600 —
3000
5550 =
2000 e I
1002 5450 i
[Tam lép 7 (0/90) 0
0 01 0.2 03 0.4 0.5 v,(%) 5400 0 o 2 s od 0,5%(/0)

Hinh 3.8. Anh hwéng ti1¢ sgilén lwe  Hinh 3.9. Anh hwéng ti 18 hat 1én luc
t6i han ciia tAm chju nén theo mét phuong  t6i han ciia tim chiu nén theo mét phuong

Bang 3.8: Anh hudng R=a/b Ién lyc téi han ciia tam chiu nén mét phwong
yc=0.2 - Tam 16p 7(90/0), v6i p=0, b=0.4m va m=1+5, n=1.

R=alb v, Eun E» Re D11 D12 Gz D2 Des Nin
(%) (GPa) (GPa) (Pa.m®) (Pam®) (GPa) (Pam®) (Pa.m?®) (N/m)

1.457 040 9.78 420 0.75 36.44 1651 141 3236 5.04 8574.99
2523 040 9.78 420 0.75 36.44 1651 141 3236 5.04 7868.93
3569 040 9.78 420 0.75 36.44 16.51 1.41 3236 5.04 7692.41

4607 040 9.78 420 0.75 36.44 1651 141 3236 504 7621.81
5.643 040 9.78 420 0.75 36.44 1651 141 3236 504 7586.50

yc=0.2 - Tam 16p 7(0/90), v6i p=0, b=0.4m va m=1+5, n=1.

R=a/b y. Eu Exn Re D11 D1z Gz D2 Dss Nth
(%) (GPa) (GPa) (Pam®) (Pamd) (GPa) (Pamd) (Pam?®) (N/m)

1.540 040 9.78 420 133 4021 1651 141 2859 5.04 8508.09
2668 040 9.78 420 133 40.21 1651 141 2859 5.04 7810.95
3.773 040 9.78 420 133 4021 1651 141 2859 504 7636.66
4870 040 9.78 420 133 40.21 16,51 141 2859 5.04 7566.95
5965 040 9.78 420 133 4021 1651 141 2859 5.04 7532.09
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Bang 3.9: Anh huéng ciia e 1én lwce téi han ciia tim chiu nén mét phuong

ye=0.2 vd y,=0.4 - Tam 16p 5(90/0)+11(90/0), véi p=0, b=0.4m, m=n=1.

e Enu Ex p a Du D2 Gr D22 Des Nth
(m) (GPa) (GPa) ¢ (Pam®) (Pamd) (GPa) (Pamd) (Pamd) (N/m)
0.0025 9.78 4.20 0.67 0.39 13.63 6.02 141 11.44 184 3121.02
0.0035 9.78 4.20 0.75 0.43 36.44 1651 141 3236 5.04 8574.99
0.0045 9.78 4.20 0.80 0.44 76.44 3508 1.41 69.78 10.71 18233.23
0.0055 9.78 4.20 , 0.83 0.45 138.31 64.06 1.41 128.66 19.55 33297.92

we=0.2 va y,=0.4 - Tam 16p 5(0/90)+11(0/90), vai =0, b=0.4m, m=n=1.
€ Enu Ex p a Du1 D1 G D22 Des Nth
(m) (GPa) (GPa) ¢ (Pa.m®) (Pam®) (GPa) (Pa.m®) (Pa.m®) (N/m)
0.0025 9.78 4.20 150 0.21 1546 6.02 141 961 184 3075.01
0.0035 9.78 4.20 1.33 0.29 40.20 16.51 141 28.60 5.04 8508.49
0.0045 9.78 4.20 1.25 0.33 82.77 35.08 1.41 6345 10.71 18146.05
0.0055 9.78 4.20 1.20 0.36 147.96 64.06 1.41 119.02 19.55 33190.04
V=02, ,=0.4, =0, b=0.4,m—1+5 n=1 e=0.2, y,=0.4, B=0, b=0.4,m=n=1
O I N
8400 \\\ 25000 //

\ 10000 /
N /
AN 5000

0 e(m)
0.001 0.002 0.003 0.004 0.005 0.006

7800

7600

R=a/b
7400 0
4 6 8

Hinh 3.10. Anh huéng ciia hé s6 R=a/b Hinh 3.11. Anh hwéng ciia chiéu day e
1én lyc téi han ciia tim chiu nén theo  1én e téi han ciia tam chiu nén theo

mot phuong mot phuong

Nhén xét: - Khi hé sé6 R tang thi lyc toi han cua tam chiu nén theo mot phuong giam,

moi dau giam nhanh sau do giam cham tiém cdn toi gia tri nho nhat Ny, =

2 ,
— =222 — 7515.89 va 7462.38 (=) theo thit tw tam op 7(90/0) va 7(0/90) [trong d6
gidi tri nhé nhdt ciia thong sé on dinh: == = 2( |21 4 212720s6y 1 [6g),
T D33 D33

- Tam truc huwéng cé ti 1é hinh hoc tiang 2.5 lan (R=2.5), kha nang on dinh giam 10%
khi chiu nén theo mot phuong.

- Tdm trwec hiedng c6 ti 16 hinh hoc tiang 2.5 lan va thay thé 5% soi bang 5% hat (khi dé
1y 16 soi la 20%), kha ndng on dinh giam 17% khi chiu nén theo mét phwong.

- Khi chiéu day tang kha ndng chiu lwc ciia tam tang, hai tam 16p 7(90/0) va 7(0/90) ¢é
tinh on dinh twong dwong khi chiu nén theo mét phwong.
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- Khi chiéu day thay déi tir 2.5+5.5mm, néu thay thé 5% soi bang 5% hat (khi do 1y 1é
soi la 20%) thi 6n dinh cia tam sé giam 8 < 12%.
Nhuw vay, ti Ié hinh hoc co vai tro quan trong trong viéc chiu luc va dam bao tinh on
dinh cia tam khi chiu nén theo mot phuong.
3.3.3. On dinh ciia tAm trwe huéng ba pha chiu cit

Thay céc gia tri vat liéu thanh phan (3.34) vao cong thic (3.33) ta co két qua
trong cac bang sau:

Bang 3.10: Anh hwéng ciia ti 1¢ s¢i 1én lwc t6i han ciia tim chiu tai cat
we=0.2 (ti 1¢ hat khong doi) - Tam 16p 7(90/0) c6 Re = 0.75, voi a=0.8m, b=0.4m.
Va Ein E2 Dn D G2 D2 Des B 0 Stn
(%) (GPa) (GPa) (Pa.m® (Pam®) (GPa) (Pam®) (Pa.m?®) (N/m)
0.20 578 296 22.81 1095 098 20.72 349 0.512 1213 13077
025 6.78 323 26.45 1262 107 2380 381 0.513 1239 15071
030 7.78 352 2996 14.11 117 26.78 4.17 0.514 1261 16988
035 8.78 384 3329 1541 128 29.62 458 0.515 1278 18822
040 9.78 420 36.44 1651 141 3236 5.04 0.515 1292 20573
we=0.2 (ti 18 hat khong doi) - Tam 16p 7(0/90)] ¢6 Re = 1.33, v6i a=0.8m, b=0.4m.
Va Eix Ez Du D1z Gz D2 Dss B 0 Sth
(%) (GPa) (GPa) (Pam®) (Pam® (GPa) (Pam’) (Pamd) (N/m)
0.20 578 296 2473 10.95 098 18.79 3.49 0.536 1.203 12559
025 6.78 323 2890 1262 1.07 2136 381 0.539 1.227 14401
030 7.78 352 3289 14.11 117 23.85 4.17 0542 1.247 16177
035 8.78 384 36.66 1541 1.28 26.25 458 0.544 1.263 17881
040 9.78 420 40.21 16.51 141 2859 5.04 0.545 1.275 19517

Bang 3.11: Anh huéng ciia ti 1¢ hat 1én lwc téi han ciia tim chiu tai cit

ya=0.2 (ti ¢ so1 khong déi) - TAm 16p 7(90/0) c6 Re=0.75, v4i a=0.8m, b=0.4m.

e Eirx Ex Du D1z Gz D2 Dss B 0 Sth

(%) (GPa) (GPa) (Pa.m® (Pa.m® (GPa) (Pa.m®) (Pa.m?) (N/m)
0.20 578 296 2281 1095 098 20.72 349 0.512 1.213 13077.31
0.25 587 312 2290 10.77 1.04 2090 3.71 0.512 1.202 13173.44
030 596 3.28 23.03 1061 1.11 21.13 395 0.511 1.192 13296.58
035 6.06 346 23.22 1046 1.18 2141 420 0.510 1.181 1344855
040 6.17 3.64 2345 1033 1.25 21.72 448 0.510 1.170 13627.68
ya=0.2 (ti 18 soi khong d6i) - Tam 16p 7(0/90) c6 Re=1.33, v6i a=0.8m, b=0.4m.

Ve Eix E2 Du Dz G2 D2 Dss B 0 Sth

(%) (GPa) (GPa) (Pam®) (Pamd) (GPa) (Pa.m?® (Pa.m?®) (N/m)
0.20 578 296 24.73 10.95 0.98 18.79 349 0.536 1.203 12558.92
0.25 5.87 3.12 2473 10.77 104 19.07 3.71 0.534 1.194 12682.85
030 596 328 2479 10.61 1.11 19.38 3.95 0532 1.184 12833.52
035 6.06 346 2489 1046 1.18 19.73 420 0530 1.174 13010.33
0.40 6.17 3.64 25.04 10.33 125 20.13 4.48 0.528 1.164 13213.07
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y.=0.2,a=0.8, b=0.4 v,=0.2, a=0.8, b=0.4
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Hinh 3.12. Anh huéng ciia ti1¢ s¢ilén  Hinh 3.13. Anh huéng ciia ti I¢ hat 1én
lwe t6i han ciia tAm chiu tai cit Ire t6i han ciia tAm chiu tai cat
Nhdgn xét: - Khi ti ¢ soi tang kha nang chiu cdt cuia tam tang, anh huong cua soi lén on

dinh cia tam chiu tai cdt tot hon hat rdt nhiéu.
- Tam I6p 7(90/0) c6 khd néng chiu cdt tot hon tam 16p 7(0/90), nghia la vé phwong dién
dat I6p: s6 16p theo phwong vudng goc nhiéu hon sé c6 sirc bén cdt tét hon.
- Kha nang chiu cdt cia tdm cé thanh phan (ya=0.4, yc=0.2) gap (1.48+1.51) lan kha
nang chiu cdt ciia tam cé thanh phan (ya=0.2, yc=0.4).
- Tam truc hwong co ti lé 25% soi + 20% hat co kha nang on dinh tot hon 12.6% so véi
tam truc hwong co ti lé 20% soi + 25% hat khi chiu tai cdat. Nhw vay, ti lé soi co vai tro
quan trong trong viéc chiu luc va dam bao tinh on dinh cua tam khi chiu cdt.
Bang 3.12: Anh hwéng hé s6 R=a/b Ién lyc téi han ciia tAm chiu tai cit
we=0.2, ya=0.4 - Tam 16p 7(90/0) c6 Re=0.75, v&i b=0.4m.
R=alb E;; Ex» Du D1z Gz Dz D B 6 Sth
(GPa) (GPa) (Pa.m®) (Pa.m®) (GPa) (Pa.m®) (Pamd) (N/m)
1.25 9.78 420 36.44 1651 141 3236 5.04 0.824 1.292 24560
150 9.78 420 36.44 1651 141 3236 504 0.687 1.292 22595
200 978 420 36.44 1651 141 3236 5.04 0515 1.292 20573
250 9.78 420 36.44 1651 141 3236 5.04 0412 1.292 19441
3.00 978 420 36.44 1651 141 3236 5.04 0.343 1.292 18963
ye=0.2, ya=0.4 - Tam 16p 7(0/90) c6 Re=1.33, véi b=0.4m.
R=alb Eun Ex» Du Dz Gz D22 Des B 6 Sth
(GPa) (GPa) (Pamd) (Pa.m®) (GPa) (Pam?® (Pa.m?® (N/m)
125 978 420 40.21 1651 141 2859 5.04 0.871 1275 23929
150 9.78 420 40.21 1651 141 2859 5.04 0.726 1275 21565
200 9.78 420 40.21 16.51 141 2859 5.04 0.545 1.275 19517
250 9.78 420 40.21 1651 1.41 2859 5.04 0436 1.275 18400
3.00 978 420 4021 16.51 141 2859 5.04 0.363 1.275 17824
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Bang 3.13: Anh huéng ciia chiéu day e Ién lire téi han ciia tim chiu tai cit
we=0.2 va y»=0.4 - Tam 16p 5(90/0)+11(90/0), b=0.4m va R=2.

€ R o Du Dz Gz D22 Des B 6 Sth
e
(m) (Pam®) (Pam®) (GPa) (Pam®) (Pa.m?) (N/m)

0.0025 0.67 0.39 13.63 6.02 141 1144 184 0522 1.289 7406.36
0.0035 0.75 0.43 36.44 1651 141 3236 504 0515 1.292 20573.01
0.0045 0.80 0.44 76.44 3508 1.41 69.78 10.71 0.512 1.293 43979.16
0.0055 0.83 0.45 138.31 64.06 1.41 128.66 19.55 0.509 1.293 80602.20
we=0.2 va y»=0.4 - Tam 16p 5(0/90)+11(0/90), b=0.4m va R=2.

€ R o D11 D12 G D2 Des B 6 Sth
e
(m) (Pamd) (Pa.m®) (GPa) (Pamd) (Pa.m?) (N/m)

0.0025 150 0.21 1546 6.02 141 961 1.84 0.563 1.258 6852.04
0.0035 1.33 0.29 40.20 16.51 141 28.60 5.04 0.544 1.276 19523.12
0.0045 1.25 0.33 82.77 3508 141 6345 10.71 0.534 1.283 42285.33
0.0055 1.20 0.36 147.96 64.06 1.41 119.02 19.55 0.528 1.286 78099.10

v=0.2, y,=0.4, b=0.4 v=0.2, y,=0.4,2=0.8, b=0.4
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Hinh 3.14. Anh huéng ciia hé s6 R=a/b Hinh 3.15. Anh hwéng ciia chiéu day e
1én lwe t6i han ciia tam chiu tai cit 1én lwe t6i han ciia tam chiu tai cit
Nhdn xét: - Khi hé s6 R tang lyc toi han cua tam chiu tdi cat giam, moi dau giam nhanh

sau do giam chdm dan. R ting tiv 1.25+2.5 lan thi Sn giam 0.77 lan.

- Tdm trwec hiedng cé ti 1é hinh hoc ting 2 lan (R=2), kha ndng on dinh giam 28%.

- Tdm truc huwdng cé ti 1é hinh hoc tang 2 lan va thay thé 5% soi bang 5% hat (khi dé ty
lé soi la 20%) kha nang on dinh giam 37%.

- Khi chiéu day tang tiv 2.5+5.5mm khd néng chiu cdt cia tam ting 10.88 va 11.4 lan
theo thir t tam 16p 7(90/0) va 7(0/90).
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- Tam tric hwéng cé ti 16 25% soi + 20% hat, khi chiéu day thay doi tir 2.5+5.5mm va
néu thay thé 5% soi bang 5% hat thi én dinh cia tam sé giam 12 + 12.6%.
- Tam truc huong co 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 cia tam sé giam 7.5 ~ 8.1%.
Nhuw vay, ti Ié hinh hoc co vai tro quan trong trong viéc chiu lyc va dam bao tinh on
dinh cua tam khi chiu tdi cdt.
3.3.4. So sanh két qua véi mot sé nghién ciru khac

On dinh cta tAm truc hudng céac canh tya don chiu tai déng thoi theo hai phuong
va theo mot phuong duoc thao luan boi nhiéu tac gia khac nhau [29,31-34,41,45,54, 68].

Trong muc nay két qua s& dugc so sanh véi nghién ciru cua Leissa [68] nhu sau:

- Két qua giong nhau khi cho hé sé hinh dang R ting thi luc t6i han Nn(1,1) cia tam
chiu nén dong thoi theo hai phirong giam dan tiém cdn t6i gid tri nhé nhdt Ny, =

Kx A DZZ
7-[2

= 1995.84 va 1763.4 (—) [68] theo thir tu tam I6p 7(90/0) va 7(0/90) [trong

do: % =1].

7-[2
- Két qua ciing giong nhau khi cho hé s6 hinh déang R tang thi liec t6i han Nin(m,1) ciia

tam chiu nén theo mdt phiong giam dan tiém cdn téi gid tri nhé nhdat Ny, =

i’;” 22 = 7515.89 va 7462.38 () [68] theo thit e tdm Iop 7(90/0) va 7(0/90)
Kx _ D1q D12+2D66
[trong do = 2( Dzz oo, ) ].

3.4. Két luan chwong 3
Trong chwong 3, ludn dn da gidi quyét dicoc mét s6 ni dung sau:

- Pa thiét lgp dwoc cac phwong trinh (3.28), (3.30) va (3.33) ding dé phdn tich
on dinh cia tam truc huwong ba pha chiu tai co hoc.

- Bd khdo sdt on dinh ciia tam truc hwéng ba pha dwdi tdc dung ciia tdi nén theo
hai phwong, nén theo mét phirong va tdi cdt. Xdc dinh dwoc dnh hwdng ciia tham sé vit
liéu Va ti 1¢ thanh phan soi, hat, kich thude hinh hoc tam (hé sé R va chiéu day e), va
cau hinh lén lyc t6i han cia tam.

Két ludn rit ra tiv két qud nghién civu:

- On dinh tinh cua tAm composite ba pha chiu anh hudng 16n boi cac yéu té thanh

phan vt liéu va thong s hinh dang cia tAm:
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Khi ti 1€ sgi1 tang kha nang chiu nén, cit clia tAm tang manh, tuy nhién khi ti 1€ hat
tang kha nang chiu nén, cit clia tAm tang it. Tam truc hudng co ti 1€ 25% so1 + 20% hat
c¢6 kha ning 6n dinh tot hon 12+13% so véi tAm truc hudng co ti 18 20% soi + 25% hat.
Vi vay, ti 1€ soi ¢6 vai trd quan trong chu dao trong viéc chiu lyc va ddm bao tinh on
dinh (dudi tac dong tai co hoc) cua tam.

Khi thong s6 hinh déng R tang thi luc t&i han ciia tim chiu nén dong thoi theo hai
phuong, mot phuong va chiu cat giam, méi dau giam nhanh sau d6 giam cham tiém can
t61 gia tri nho nhat (d6i voi nén theo hai phuong Ny min = 46%Nin(1,1) va nén theo mot
phuong Nx min = 87%Nin(m,1)). Do d6 can lua chon thong sd nay mot cach hop ly dé
dam bao tam lam viéc 6n dinh ma khong lam ting trong luong ciia no.

Tam c6 cung kich thudc kha ning chiu lyc theo mot phuwong gap it nhat 3.6 1an
d6i voi tAm chiu luc theo hai phuong.

Tam tryc hudng co ti 18 hinh hoc ting 2 1an (R=2), kha ning 6n dinh giam 37%
khi chiu nén theo hai phuong.

Tam truc hudng co ti 18 hinh hoc tang 2.5 1an (R=2.5), kha ning 6n dinh giam
10% khi chiu nén theo mot phuong.

Tam tryc hudng co ti 18 hinh hoc ting 2 1an (R=2), kha niang 6n dinh giam 28%
khi chiu tai cit.

Nhu vay, ti 1€ hinh hoc c6 vai trd quan trong trong viéc chiu luyc va dam bao tinh
6n dinh cta tdm duédi tac dung cua tai co hoc.

- Khi chiéu day ting kha nang chiu nén, chiu cat clia tim ting. Chiéu day thay doi
tir 2.5+5.5mm va néu thay thé 5% soi bang 5% hat (khi d6 ty 1¢ soi 1a 20%) kha ning:
+ On dinh cua tdm (khi chiu nén theo hai phuong) s& giam 11.6 + 12.3%.

+ On dinh ctia tim (khi chiu nén theo mot phuong) s& giam 8 + 12%.

+ On dinh cua tdm (khi chiu tai cat) s& giam 12 + 12.6%.

Nhu vay khi bd sung cac hat gia cudng dé cai thién cac tiéu chi: lam cho vat liéu
kho chay hon théa man quy pham (nhu cac két cAu trong budng may hodc cac thiét bi
khac nhu: Xuéng ctru sinh, thiét bi xtr 1y nudce thai...), chéng tham, tang do cung bé mat
clia tam thi s& anh hudng dén stc bén kéo, udn [18] va on dinh cia két cau. Két qua
nghién ctru trén 13 co sé khoa hoc giup cac co s¢ dong tau trong nudc thiét ké, ché tao
cac két cAu tau va cac trang thiét bi trén tau thoa mén cac tiéu chi: do bén, vat liéu cham

chay theo yéu cau ctia quy pham, va c6 gia thanh san pham hop 1y nhat.
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Mot sb két qua nghién ciru trong chuong 3 da dugc bao céo va dang trong “Danh
muc cac cong trinh nghién ciru d cong b cua tac gia c6 lién quan dén ludn an”, tai lidu sb:

4. Pham Van Thu, Trinh Van Binh, Huynh Tén Pat, Nguyén Van Dat, Nguyén
Dinh Puc (2016). Nghién ciru xac dinh ng suét tinh toan cho tim composite 16p truc
hudng dung trong dong tau. Ho1 nghi Khoa hoc toan quéc Vat liéu va Két cau composite,
Co hoc, Cong nghé va tmg dung, Pai hoc Nha Trang, 28-29/7/2016, trang 675-682.

7. Pham Van Thu, (2018). The buckling of orthotropic three-phase composite
plates used in composite shipbuilding. Journal of Science, Mathematics- Physics,
Vietnam National University, Hanoi, VVol.34, N4, pp 92-109.
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CHUONG 4:
ON PINH PONG CUA PANEL COMPOSITE BA PHA

Chuong ndy dé cip dén van dé tinh 6n dinh (khai niém 6n dinh trong phan nay
1a 6n dinh dong — viét tat: 6n dinh) cho canh nang cua tau canh ngadm dang duoc cic co
so déng tau trong nudc quan tAim nghién ciru. Nhu trong phan dit van dé, canh ngam
chiu Iyc 16n va phtc tap (hinh 4.1.a). Viéc tinh 6n dinh canh duoc giai quyét nhu sau:

- M6 hinh tinh canh: Theo thyc té, két ciu canh cta cac tau canh ngam duoc bd
tri ngang (tinh theo mit cat ngang) thong thuong c6 4 try d& canh duoc lién két cing
vao vo day. Hai tru gitra c6 khoang cach 16n nhat, hai try hai bén dugc dit gan hon (hinh
4.1.b). Nhu vay, c6 thé thdy kho khan nhat 1a giai quyét dugc bai toan on dinh d6i véi
canh khi lién két cing trén hai try giita. Phan canh con lai (ké ca phan cong x6n) do
duoc lién két cing véi tru hai bén dugc dit gan hon nhiéu so véi hai tru giita, nén canh

s& 6n dinh hon va cong viéc tinh on dinh sé& tuong ty nhu hai try gitra.

==

Hinh 4.1.a. Tau canh ngadm (Hydrofoil boat) [143]

- Nghién ctru thiét ké va tinh 6n dinh canh ning cua tau canh ngdm lam tir vat liéu
composite ba pha bang phuong phép giai tich. Phuong phép nay cho 10i giai rd rang xac
dinh bién dang, kich thudc hinh hoc ciia canh tir ing suat 6n dinh va mé men udn cho
phép, va khao sat anh hudng ctia mot sé yéu td dén on dinh cta canh composite ba pha
chiu tai thuy dong. Co s6 1y thuyét dya trén tiéu chuén thiét ké két cdu tau canh ngadm (Mo
hinh twong duong tir canh vat liéu dong nhat ding hudng sang canh vit liéu composite),

1y thuyét tAm c6 dién va ham ung suat tinh cho hinh dang canh phi tuyén.
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Hinh 4.1.b. B6 tri cAnh ning gin vao vé tau cAnh ngim

- Khéo sat 6n dinh canh ngdm: Pua vé bai toan khao sat 6n dinh panel, tuong tir
nhu cac nghién ctru trong linh vyuc vat liéu composite nganh hang khong: [25,107] tac
gia da dé xuat 3 kiéu panel: T, I va HAT, khao sat v6i 4 mirc d¢ tai khac nhau; va t6i uvu
vat liéu boi: giam 16p, giat 16p (vé mat canh), thir tu xép 16p va hudng soi dbi véi cac
panel (MUt canh, dé canh, gan gia cuong) nham giam khéi lwong ciia canh dén mirc toi
thiéu. Hodc twong ty nhu [51] tac gia d3 don gian hoa phuong phap phan tich panel vo
tau chiu song va dap hodc [17] nghién ctru dao dong va on dinh phi tuyén ciia panel
composite chiu tdc dung déng thot cua luc khi dong va nhi¢t 4o (da dé cap chuong 1).

Trudc tién, dé giai quyét van dé can xac dinh cac gidi han cho phép dé canh ngam
dam bao 6n dinh & cac ché do khi tau hoat dong. Sau ddy 1a mot sb tiéu chuan 6n dinh
dugce xem xét danh gia cho di twong nghién ctru:

4.1. Tiéu chuin 6n dinh
4.1.1. Tiéu chuin Budiansky-Roth [30]

Phuong phap nhan biét gidi han on dinh theo dap ung thoi gian cua dao dong
(Tiéu chuan Budiansky-Roth). Phuong phap nay ap dung cho ca bai toan 6n dinh tuyén
tinh va 6n dinh phi tuyén. Thyc hién tich phan hé phuong trinh vi phan chuyén dong dé
xac dinh dap ung dong cua tam, sau d6 dua vao tiéu chuan 6n dinh Budiansky-Roth dé
xac dinh bién d¢ d6 vong td1 han. Tiéu chuin On dinh Budiansky-Roth dugc phat biéu
nhu sau: Duéi tac dung cia tai trong dong, dap (mg chuyén vi cta hé theo thoi gian véi
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bién d6 tang dan, trong do xuat hién thoi diém bién do tang dot ngot thi hé mat on dinh.
Céc gia tri tng voi thoi diém 1an can thoi diém bién do tang dot ngodt duoc goi la cac gia
tri to1 han.

4.1.2. Tiéu chuén thiét ké két cAu tau canh ngam (Hydrofoil ship) [81]

Tiéu chuan [81] di duoc nghién ciru thyc nghiém va tong hop sb liéu trong diéu
kién méi trudng bic Pai tiy duong, dap ing nhitng dic trung dé phat trién mot phuong phép
hop 1y x4c dinh tiéu chuan thiét ké két cdu tau canh ngdm. Phuong phap nay 1a twong ddi
téng quat, ing dung ché tao tau canh ngdm co luong chiém nudc dén 280 tin.

Piéu kién tai dugc phan tich cho cé hai trang thai hullborne va foilborne dé xéac
dinh phan bé ap luc va tai trong bang phép thong ké, diéu nay duoc du tinh trén cac khu
vuc khac nhau cua than tau. Cac tai trong nay dugc so sanh véi cac thong sd tai thiy phi
co hién c6 va lam sang to cac diéu kién theo kinh nghiém trong qua khir vé thiét ké thuy
phi co. Phan tich cac két cau dién hinh cho viéc udn toan bo than tau, két cdu boc day, két
céu doc, két cau boong va két cAu chiu tai dugc thuc hién dbi v6i ste bén tinh, d6 bén moi,
d6 cimg trong cac diéu kién tai. Xac dinh tai trong bang phuong phap thong ké cho cac
thanh chdng va canh nang, nhung danh gia dap tmg ctia diéu khién tau, chi tiét canh va két
cau thanh chéng khong dugc trinh bay trong nghién ctru nay.

Ttr phan tich két ciu két luan rang ca stc bén tinh va do bén moéi phai dugc xem
xét trong thiét ké két ciu tau canh ngﬁm. Trong vi du tau cu thé, 46 bén moéi 1a yéu to
quyét dinh cho udn toan b than tau va thiét ké cuc bd cac khu vuc phia trudc cua day
tau, trong khi d6 strc bén tinh hodc d6 cting 12 quan trong nhat trén cac khu vuc gitta va
sau cua than tau va két ciu boong. Goc ting canh cd dinh rét thip (5 — 6°) din dén ap
luc cuc bo rat 16n va gia tdc ha canh cao diéu nay co thé tré thanh téi han dbi véi viée
xé4c dinh strc bén tinh uén toan bo than tau.

Trén co s cac két qua nghién ctru, cong viéc thir nghiém 1a can thiét dé thiét 1ap
rd rang hon mdi quan hé giira sirc bén tinh thiét ké va tai nhat thoi cao boi va dap khi
tang goc canh cd dinh thap, va nhitng dic trung riéng ctia d6 bén moi nén dugc xac dinh
d6i voi két cau vo day vat liéu nhom mdi han dic thu. Po ludng g xir ciia thin tau va
song khi tdc do ha dot ngot ¢ thoi diém tiép can ha canh phai dugc thuc hién trong nhiing
di€u kién tai thyc.

Thiét ké két cau tau canh ngidm hoat dong & bién hd 1a thir thach. Khai thac hi¢u
qua kha ning téc do cao cua tau canh ngam co tim quan trong dic biét trén két ciu co
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trong lugng nhe, va diéu kién hoat dong trong ca hai ché d6 hullborne va foilborne c6
thé ap dat tai trong 16n 1én két cau.

Dic biét, nhitng tién bd nhanh chéng trong thiét ké tau canh ngdm 16n ma khong
can nén tang dang ké cua hoat dong thuc nghiém tng dung, doi hoi mot hé théng phan
tich hop 1y dé thiét l4p cac tiéu chuan thiét ké két ciu phu hop. Muc dich cua bao céo
nay 1a kiém tra cac dic trung moi truong va dic trung két cdu cia tau canh ngam trong
ca hai ché do hoat dong hullborne va foilborne & viing bién hé dé xac dinh tich hop céc
tiéu chuén tai thiét ké hop 1y va bang cac vi du c6 thé ap dung cho mot thiét ké dién hinh.
4.1.2.1. Phwong phap xac dinh ng suat 6n dinh va mdé men uon cho phép

Theo [81] ting suat 6n dinh uén va mé men udn cho phép cila canh va thanh giang
(tru chng) tau canh ngam duoc xay dung nhu sau: M6 dun cia tiét dién canh dugc tinh
bo1 mot chuong trinh may tinh ty dong ddi v6i mot chudi canh NACA ¢ d6 khum va
d6i xtng nhu 1a mot ham cua chiéu day vo canh véi su thay doi chiéu dai day cung.
Trén co so md dun tiét dién nay, do thi thiét ké xac dinh mé men ubn cho phép ddi véi
tiét dién canh thay dbi theo chiéu dai day cung, chiéu day vo va vat liéu, duoc thiét lap
va trinh bay ¢ hinh 4.2 va 4.3.

Ung suit 6n dinh uén cho phép cua hinh 4.2 dugc xac dinh nhu sau [81]:
1) Pbi voi gia tri thap cua b/t duoc gia dinh bang tng suét chay cua vat liéu.
2) Béi véi gia tri 16n cta b/t duoc xac dinh tir phwong trinh 6n dinh chung dbi véi tim
phang hinh chit nhat.

oo = KE (%)2; (Martin, 1965, [81]) (4.1)
Trong do:
oer: Ung suét on dinh dan hoi ban dau (Ung suét on dinh ubn cho phép) (Ksi);
K=3.62x0.75*=2.72 - H¢ sd 6n dinh.
E: M6 dun dan hoi cua vat lidu (Ksi);
t: Chiéu day ctia tim hodc vo (inch);
b: Bé rong ctia tim khong tira (hinh 4.2) — khoang cach gan chiu luc (inch);
3) Pbi voi nhirng gid tri trung gian cua b/t, s bién thién tuyén tinh giita cac bude (1) va
(2) duoc st dung theo cac gia tri duoc dé nghi cua so tay két cdu Alcoa va tai liéu thiét

ké thép do bén cao ciia USS.
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Céch st dung céc hinh 4.2 va 4.3 dugc giai thich nhu sau:

1) Gia dinh mot tiét dién canh, chiéu dai day cung, chiéu day vo, vat li¢u va bé rong
panel khong tua.

2) Nhap vao hinh 4.2 véi gia tri tinh toan ctia b/t va ké duong thing dung t6i vat lidu
duoc lua chon. Ung suét 6n dinh udn cho phép la gié tri doc bén trai.

3) Nhép vao hinh 4.3 chiéu dai day cung gia dinh va ké dudng thing dung 1én trén t6i
tiét dién canh nay, sau d6 ké theo chiéu ngang sang trai t6i chiéu day vo duoc gia dinh.
Ké dudng thang xudng dudi téi ing suat udn da thiét 1ap & bude (2) va sau d6 ké ngang

sang phai. Gia tri doc 12 m6é men uén cho phép.

o ¢

< >

130 4~ Titonium (13V-11Cr- 3Al)

140 +-

120 4

110 4 Steel (HY-80)

100 - ‘

Ou (KSI)

Steel (T-1)

Steel (ASTM - A7)

60 + Steel (321 Stainless)

Z A\

AN

0 4
Alyminum (5456-0)

0 1 I 1 1 1 1 1 1 1 1 1 1 b/t
1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 5 60 70 8 9 100 110 120 130 140

Hinh 4.2. Puong cong on dinh ciia 16p da [81]
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Mo dun tiét dién ngang Z (in"3)

Hinh 4.3. M6 men udn cho phép ciia canh va thanh giang [81]
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T hinh 4.2 lvu ¥ nhitng quan sat sau:
Ung suét 6n dinh vo rat nhay v6i nhitng thay doi nho cta nhitng gia tri b/t.
Tai nhitng gia tri b/t 16n hon 60 khong thuan tién cho viéc sir dung thép stc bén cao.
Déi voi nhitng gia tri b/t gitra 20 va 60, thép strc bén cao 1a nhitng vat liéu hiéu qua hon
va dbi voi gia tri b/t it hon 20 hop kim Titanium hiéu qua hon thép sirc bén cao.
Kiéu két cau nhiéu nhip, gia tri b/t thip 13 can thiét dé dat duoc tng suat 6n dinh vo cao.
4.1.2.2. Xac dinh kich thwéc canh ngim tir tiéu chuén 6n dinh

e Doi v6i treomg hop canh bing vt li¢u nhom
Do [81] chua 4p dung canh bang vat liéu composite, nén trudc tién gia sir canh ngam
duoc ché tao tir vat liéu nhém 5456 co dic tinh: oen=19 (Ksi) va E=10300 (Ksi), canh
c6 bién dang NACA 16-018. Theo [81] kich thudc canh, ing sut on dinh uén cho phép
va mb men udn cho phép duogc xac dinh nhu sau:
Buée 1: Chon canh c6 chiéu dai diy cung c=4(ft)=1219.2 (mm) (gi4 tri nho nhat trong
[81]), chicu day vo t=Ys(inch)=12.7 (mm) va bé rong panel khong twa b=305.3 (mm).
Khi d6 b/t=24.
Theo [60] co dit liéu tiét dién ngang ctia canh NACA 16-018 nhu bang 4.1:

Bang 4.1: Hinh dang chiéu day co sé clia canh NACA 16-018

(0/;‘ . (0/2’ , (VIV)? VIV AvalV
0 0 0 0 1.744
1.25 1.938 0.903 0.950 1.140
2.5 2.708 1.092 1.045 0.883
5.0 3.764 1.217 1.103 0.657
7.5 4,548 1.271 1.128 0.541
10 5.186 1.302 1.141 0.468
15 6.202 1.332 1.154 0.376
20 6.996 1.357 1.165 0.318
30 8.126 1.399 1.183 0.245
40 8.782 1.426 1.194 0.198
50 9.000 1.447 1.203 0.162
60 8.752 1.452 1.205 0.131
70 7.904 1.421 1.192 0.102
80 6.298 1.306 1.143 0.073
90 3.776 1.051 1.025 0.042
95 2.122 0.837 0.915 0.024
100 0.180 0 0 0
Ban kinh L va E. bang 1.584 % ¢
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Tur dir liéu trong bang 4.1 s€ c¢6 hinh dang canh NACA 16-018 nhu hinh 4.4:

h=219.5

c=1219.2

Hinh 4.4. Hinh dang tiét dién cAnh NACA 16-018

Buwéc 2: Vao hinh 4.2 véi gia tri b/t =24 va ké duong thang ding t6i vat liéu nhom 5456
xéc dinh duoc ing suat on dinh udn cho phép 1a o, = 17.12(Ksi).

Buée 3: Hinh 4.3 voi chiéu dai day cung 1a 4 (ft), ké duong thang dimg 18n trén toi tiét
dién canh NACA 16-018, sau d6 ké theo chiéu ngang sang trai t6i chiéu dy vo t=1/2(inch). Ké
duong thang xubng dudi t6i tmg suat 6n dinh udn cho phép va sau do ké ngang sang phai xac
dinh dugrc gid trj md men ubn cho phép M., = 151.9x103(ft — Ib) = 206026.5(N.m).
Budc 4: Xac dinh m6 men chdng udn va mé men quan tinh cho phép theo [12,13,27,62]:

M

O = —Wy 7 (4.2)

y.cp
Trong do:
My.cp: M6 men udn cho phép (d6i véi truc y — hinh 4.4) ciia mat cat ngang canh.

Wy.cp: M6 men chdng ubn cho phép (dbi vai truc y) ctia mit cit ngang canh.

]y.cp
Wyep =

(4.3)

NS

Trong do:

Jy.cp: M6 men quan tinh cho phép (d6i véi truc y) ctia mit cit ngang canh.

h: Chiéu day canh (theo truc z)

Thay s6 vao (4.2) va (4.3) c6: Wy.cp= 17.45x104(m3) va Jy.cp= 1.92x104(m?) (*)
Buwéc 5: Thiét ké canh ngdm théa man céc gi tri cho phép

Hinh 4.5 cho thy canh ngam thoa mén (*) c6 cac théng sé k¥ thuat nhu sau:

- Hinh dang hinh hoc va dac trung vat li€u cua canh:
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c=1219.2— -
k=127 ‘

227

tg=12.7 h=219.5
12.7 b=303.3—

Z

Hinh 4.5. Tiét dién ngang canh dang NACA 16-018 théa mén (*)
+ Hinh dang NACA 16-018;
+ Chiéu dai day cung: ¢ = 1219.2 (mm);

+ Chiéu day cta canh: h=219.5 (mm);

+ Chiéu day vo canh: t = 12.7 (mm);

+ Khoang cach gitra cac gan chiu lyc: b =305.3 (mm);

+ Chiéu day cac gan chiu lyc: tg = 12.7 (mm);

+ Vat liéu: Nhom 5456;

+ Ung suét chay ciia vat liéu: oen = 131 (MPa);

+ Mo dun dan hoi cia vat lidu: E = 71016 (MPa);

- Théng s6 dong luc hoc [140]:
+ Hé s6 lyc nang 16n nhat: CLmax=1.068  + GOC L/Dmax: 7.0°
+ GOC Crmax: 15° + C.=0.86 (L/Dmax)
+ Ti s6 luc nang/stic can 16n nhat: + Zero-lift angle: 0

L/Dmax:33.523

Drag Polar for NACA 16-018

Lift Coeflicient

0.00 0.05 010 015 0.20

Drag Coefficient

— 100000 —— 200000 300000 —— 400000 500000
Hinh 4.6. Sy phu thugc giira lwc nang va sirc can [140]
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Lift for NACA 16-018

2

1
IS
)
S

2 0
O
=
.|

-1

-15 -10 -5 0 5 10 15

Angle of Attack (degrees)

— 100000 —— 200000 300000 —— 400000 200000

Hinh 4.7. Sy phu thudc giita hé s6 lwc nang va goc tin [140]
(Ghi chu: Trong hinh 4.6 va 4.7 cac s6 100000 + 500000 14 cac s6 Reynolds)

Tir cac thong sé dong luc hoc cua canh két hop hinh 4.6 va 4.7, va theo [48,81,143] ta

xac dinh dugc luc nang tac dung 1én canh:

1
L = EPCLSVZ (4.4)

Trong do:

p = 1025(kg/m3): khéi luong riéng ctia nude bién;

V: tbe do cua tau, V = 20(m/s);

Cv: hé s6 luc nang, C. = 0.86 (khi L/D 16n nhét);

S: dién tich canh thay Iyc chiéu theo hinh chiéu bang phuong dong chay,
S=c's'=1.2x4=4.8(m?); ¢’ va s’ theo thir ty 14 hinh chiéu 1én phuong dong chay ciia dy
cung va sai canh.

Mé men uén cuc dai xudt hién & cdac mut dam cé dinh (xét cho truong hop nguy hiém

canh & gitta hai tru A6 ¢é khoang cdch la 16n nhat) nhie sau:

I12
M, =25 (4.5)

12
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Trong do:

Tai trong phan bé w' = kL/S,; L: luc
nang tac dong lén canh;

[ =2(m): khoang cach hai tru do
canh (hai tru gitta — hinh 4.8);

k = 2.2: hé sb Gmg véi chiéu cao tinh
toan song h (khi tau hoat dong trén
canh ldy bang: 2.2 khi h=1.5m; 2.0
khi h = 1.3 m; 1.8 khi h < 0.8 m)
[2,46,47];

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

Hinh 4.8. Hé thi")ng canh nang Hydrofoil [48]

Do vong cuc dai cua canh tai vi tri gitta hai ngam:
w'l4

fmax = m (4.6)

Trong do6:
E =71016 (MPa): M6 dun dan hoi cta vat lidu;
Jy= 2.143x10* (m*): m6 men quan tinh mit cit ngang (dd xac dinh & budc 5);

Mcpl?

Thay céc gid tri vao (4.6) va két hop (*) c6: fmax=0.0013<f;,, = - = 0.0019 (m)®

2E]y.cp
(Thoa man) (***).
Ung sudt uon ciee dai sinh ra 6 I6p da trén canh:
Omax = M]L;xz 4.7)
Trong do:
z =h/2=0.11 (m): tai vi tri 16p da trén canh;
Thay cac gia tri vao (4.7) tac0:  omax = 79.45< o¢r = 118.04 (MPa) (Thoa man) (¥***).
Nhdn xét:
Két hop (**), (***) va (****) canh c6 tiét dién nhw hinh 4.5 théa mén 6n dinh tinh
v6i khoang cach 2 ngam 16m nhét 1a 2 (m).
e Doi véi trueomg hop canh biang vat liéu composite.

Pua canh bang vt liéu nhom d xét ¢ trén vé vat liéu composite theo mé hinh twong
duong nhu sau:
- Kich thwéc va hinh dang (bén ngoai) thity dong hoc la giong nhau;
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- Cdc gia tri nhu: M6 men uon cuc dai xuat hién o cac mut dam co dinh, do vong cuc
dai cua canh, wng suat uon cuc dai sinh ra o lop da trén canh déu nam trong gioi han

cho phép da dé cdp ¢ trén.

Nhin vao cac biéu thirc (4.5), (4.6) va (4.7) cho thdy: hai md hinh nay trong dwong khi
gia tri do cirng cua mo hinh canh vat liéu nhom bﬁng do cung ctia mo hinh canh vat liéu
composite, nghia 1a: Eadai = EcJc (k¥ hiéu: chi s6 Al, C 1an luot 1 ctia canh nhom va
canh composite). Mat khac, do do bén cta vat lidu composite khac nhau theo cac
phuong, phuong c6 do bén kém nhat 14 45° [18]. Pé dam bao bén theo moi phuong, &
day sé 14y gi tri strc bén va d6 cing theo phuong 45° dé tinh toan. Hodc sap xép cac 16p
so1 theo thtr ty nhu hinh (4.9), vat li¢u tua d'?lng hudng va dugc img dung nhiéu trong
ché tao may bay. Bén canh d6, mé dun dan hoi cua vat liéu composite co stc bén cao

chi bang 1/4+1/2 1an ctia nhom.

Hinh 4.9. Vit liéu twa dang huéng [139]
Dé lya chon duge mot canh vat lidu composite tuong duong vdi canh vat li¢u nhom, dau
tién, hiéu chinh dan kich thudc canh va céc gan gia cuong, lya chon dugc mdt canh co
tiét dién ngang v6i moé men quan tinh phu hop véi gia tri mong mudn, vi vay thu duoc
hé s6 do cung twong duong voi do cing cua canh nhom.
T nhiing luan giai trén canh composite c6 kich thudc nhu sau tuong duong véi canh

bang vat li¢u nhom:
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Hinh 4.11. M6 phéng miit cit ngang ciia mdt canh ngam [60]

Canh composite dugc lya chon c6 kich thudce va dac trung vat liéu nhu sau:

+ Hinh dang NACA 16-018;

+ Chiéu dai day cung: ¢ = 1219.2 (mm);

+ Chiéu day cua canh: h=219.5 (mm);

+ Chiéu day vo canh: t =20 (mm);

+ Khoang cach gitra cac gan chiu luc: b =260 (mm);

+ Chiéu day cac gan chiu lyc: tg = 50 (mm);

+ Vat liéu composite dd bén cao: 45% nhya Epoxy, 50% soi Cimax va 5% hat gia cudong
TiO2;

+ Mo dun dan hoi ctia vat lidu: lién hé véi do vong cta canh nhu sau:

Bang 4.2: Méi lién hé d§ vong ciia canh khi mé dun dan hoi vt liéu thay doi

Vit liéu E (MPa) f(m)
Nhom 71016 0.001889
Composite 38000 0.001525
nt 35000 0.001656
nt 31000 0.001870
nt 20000 0.002898
nt 15000 0.003864
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4.1.2.3. Xac dinh d6 vong cho phép tir tiéu chuin 6n dinh

Tuong tu nhu muc 4.1.2.2, khao sat va tinh d§ vdng cho phép cua canh NACA

16-018 bang vat liéu nhdm 5456 véi chiéu dai day cung ¢ = 1 + 7 (ft) dugc thuc hién

nhu sau:

- Buéc 1: Dya vio hinh 4.2 va 4.3 xac dinh tng suat 6n dinh un cho phép va mé men

ubn cho phép cua canh. Thay céac gia tri ndy vao cong thic (4.2), (4.3) va (4.6) xac dinh

duge mO men quan tinh cho phép ciia mit cit ngang canh (]Cp) va do vong cho phép

(f.,) cia canh c6 chiéu dai day cung ¢ = 4 + 7(ft)(nhu muc 4.1.2.2) va dugc tong hop

theo bang 4.3 sau:

Bang 4.3: Cac gia tri cho phép cia canh NACA 16-018 c6 ¢ = 4 + 7(ft).

Stt | Chiéu Ung suat on | M6 men uon | M6 men quan | Do vong cho Chiéu
dai day | dinhudncho | chophép | tinh cho phép phép day
cung phép oer Mcp (N.m) Jep (M) fep (M) t (mm)
¢ (ff) (N/m?)
84,444,263 85,894.7 | 1.119x10~* | 13.512 x 10* | t = 6.350
107,503,098 | 155,598.0 | 1.592 x 10* | 17.202 x 10 | t=9.525
o1 4 118,474,040 | 206,574.3 | 1.918 x 10* | 18.958 x 10 | t=12.70
129,384,308 | 300,031.0 | 2.551 x 10* | 20.704 x 10 | t=19.05
133,162,637 | 401,183.0 | 3.314x 10* | 21.308 x 10* | t = 25.40
133,162,637 | 518,704.4 | 4.285x 10* | 21.308 x 10 | t=38.10
76,181,582 95,680.7 1.550 x 10* | 10.863 x 10* | t = 6.350
101,774,931 | 182,376.1 | 2.212x10* | 12.500 x 10 | t=9.525
114,439,226 | 249,010.1 | 2.686 x 10 | 14.600 x 10* | t=12.70
0 5 126,667,773 | 369,467.4 | 3.790 x 10* | 17.000 x 10 | t=19.05
132,784,804 | 500,867.1 | 4.659 x 10 | 18.940 x 10* | t = 25.40
133,162,637 | 653,351.4 | 6.025x 10* | 18.987 x 10* | t=38.10
67,954,755 | 103,643.0 | 2.092x10* | 8.721x10* |t=6.350
95,928,175 | 209,421.2 | 2.994x 10* | 12.311x10* | t =9.525
110,302,370 | 295,760.7 | 3.678 x 10* | 14.156 x 10* | t=12.70
0 > 123,953,995 | 448,067.0 | 4.958 x 10* | 15.908 x 10* | t=19.05
130,743,955 | 608,380.1 | 6.382x 10* | 16.779 x 10* | t=25.40
133,162,637 | 808,682.4 | 8.329 x 10* | 17.090 x 10* | t=38.10
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Stt | Chicéu Ung suat 6n | M6 men uén | M6 men quan | Do vdng cho Chiéu
dai ddy | dinhudncho | chophép | tinhcho phép phép day
cung phép oor Mcp (N.m) Jep (M%) fep (M) t (mm)
¢ (ft) (N/m?)
59,749,990 | 107,934.6 | 2.726 x 10* | 6.971x 10* | t=6.350
90,108,997 | 239,001.7 | 4.002 x 10* | 10.512x 10* | t =9.525
106,088,293 | 346,737.1 | 4.931x10* | 12.377 x 10* | t=12.70
o > 121,240,218 | 532,938.6 | 6.632x 10* | 14.144 x 10* | t=19.05
128,705,864 | 727,235.9 | 8.525x10* | 15.015x 10* | t=25.40
133,162,637 | 997,641.9 | 11.304 x 10* | 15.535x 10* | t=38.10
51,776,890 | 110,582.2 | 3.515x 10* | 5,537 x 10* | t=6.350
84,444,263 | 268,048.4 | 5.225x10* | 9.031x10* |t=9.525
101,774,931 | 398,781.0 | 6.449x10* | 10.884 x 10* | t=12.70
0 ° 118,529,198 | 625,772.5 | 8.690 x 10* | 12.676 x 10* | t =19.05
126,667,773 | 863,395.3 | 11.219x 10* | 13.546 x 10* | t =25.40
133,162,637 | 1,200,435.3 | 14.838 x 10 | 14.241 x 10* | t=38.10
44,258,843 | 111,188.8 | 4.479x10* | 4.369 x 10* | t=6.350
78,917,423 | 295,538.3 | 6.678 x 10* | 7.790x 10* | t=9.525
97,392,622 | 450,246.6 | 8.243x 10* | 9.614x 10* |t=12.70
00 o5 115,807,147 | 734,353.0 | 11.307 x 104 | 11.432x 10* | t=19.05
124,632,440 | 1,012,854.7 | 14.491 x 10* | 12.303 x 10* | t = 25.40
133,162,637 | 1,434,455.0 | 19.208 x 10* | 13.145x 10* | t=38.10
37,667,453 | 108,714.0 | 5542x10* | 3.453x10* |t=6.350
73,445,741 | 321,738.2 | 8.412x10* | 6.732x10* | t=9.525
93,004,797 | 504,247.8 |10.411x10“| 8525x10* |t=12.70
o ! 113,065,790 | 848,805.2 | 14.416 x 10* | 10.364 x 10* | t =19.05
122,597,107 | 1,177,349.1 | 18.441 x 10* | 11.238 x 10* | t = 25.40
132,103,602 | 1,691,249.5 | 24.584 x 10 | 12.109 x 10 | t = 38.10
Mit khac: Thé phuong trinh (4.7) vao phuong trinh (4.6) ta co:
12 o
fop = ﬁ% (4.8)
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Phuong trinh (4.8) biéu dién mdi quan hé giira do vong cho phép vé6i cac bién: Binh

phuong khoang cach hai try d& canh(1); Ung suit 6n dinh udn cho phép(o,,); M6 dun

dan hoi vat liéu canh (E) va khoang cach 16n nhat tir 16p da dén dudng trung hoa canh

(2). Trong phan nay xét cho trieong hop khodng céch hai tru dé (l = Z(m)) va vat liéu

canh khéng doi.

- Bwéc 2: Dya vao hinh 4.2 va bang 4.1 xac dinh tng suit 6n dinh ubn cho phép va mé

men quan tinh cho phép cta mit cit ngang canh (]cp). Thay cac gia tri nay vao cong

thie (4.2), (4.3) va (4.6) xac dinh dugc md men udn cho phép cuia canh (Mcp) va do

vaing cho phép (f;,,) cia canh c chiéu dai day cung ¢ = 1 + 3(ft) va duoc tong hop

theo bang 4.4 sau:
Bang 4.4: Céac gia tri cho phép cia cAnh NACA 16-018 c6 ¢ = 1 + 3(ft)
Stt| Chiéu | Ungsuiton |M6 menquéantinh| Mémen | D¢ vongcho | Chiéu day
dai day | dinh udn cho | cho phép Jep (M*) | udn cho phép t (mm)
cung phép ocr phép Mcp fep (M)
c (ft) (N/m?) (N.m)
133,162,637 | 0.035838 x 10* | 17,396.6 | 85.443 x 10* | t = 6.350
133,162,637 | 0.039732 x 10* | 19,286.8 | 85.443 x 10* | t =9.525
133,162,637 | 0.042247 x 10 | 20,507.7 | 85.443 x 10* | t=12.70
o ! 133,162,637 | 0.044474 x 104 | 21,588.7 | 85.443 x 10* | t =19.05
133,162,637 | 0.044835 x 10* | 21,764.0 | 85.443 x 10* | t = 25.40
133,162,637 | 0.044837 x 10* | 21,765.3 | 85.443 x 10* | t =38.10
118,529,198 | 0.124475 x 10* | 26,891.9 | 38.027 x 10* | t = 6.350
129,384,308 | 0.173481 x 10* | 40,911.5 | 41.510x 10* | t=9.525
133,162,637 | 0.214732 x 10* | 52,118.5 | 42.722x 10* | t=12.70
0 : 133,162,637 | 0.277040 x 10 | 67,241.6 | 42.722x 10* | t=19.05
133,162,637 | 0.317286 x 10 | 77,009.8 | 42.722 x 10* | t = 25.40
133,162,637 | 0.352917 x 10 | 85,658.0 | 42.722 x 10* | t = 38.10
101,774,931 | 0.440949 x 10 | 54,5325 | 21.768 x 10* | t =6.350
118,529,198 | 0.630126 x 10 | 90,756.9 | 25.352 x 10* | t=9.525
126,667,773 | 0.800074 x 104 | 123,146.7 | 27.092 x 10* | t=12.70
0 3 133,162,637 | 1.087045 x 10 | 175,896.2 | 28.482 x 10* | t =19.05
133,162,637 | 1.311174 x 10 | 212,162.8 | 28.482 x 10* | t =25.40
133,162,637 | 1.606221 x 10 | 259,904.8 | 28.482 x 10* | t = 38.10
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Nhdn xét: Két hop bang 4.3, 4.4 va phuong trinh (4.8) cho thay: Do vong cho phép ctia canh
(f.») phu thudc vao chiéu dai day cung canh (c) va tmg suat 6n dinh uén cho phép (o).

Nhu vy, dé d& xac dinh d6 vong cho phép ctia canh can thiét 1ap mdi lién hé ham
s giita fep Va céc bién c, o,,.

Bang phuong phap binh phuong tdi thiéu s& xay dung duoc cic dudng cong va
cac ham hdi quy ctiia mdi lién hé trén. Noi suy cac gia tri chwa biét tir ham hoi quy vira
tim cho ta gia tri 46 vong cho phép tmg véi timg chiéu dai ddy cung va tmg suat 6n dinh
udn cho phép. Thtr tu thuc hién theo cac budc sau [3]:

Budre 1 : Tim mbi quan hé ham s giita hai dai luong X va Y.

Trong d6: X 14 bién s6 cua chiéu dai day cung canh (c) va ung suat 6n dinh udn cho
phép (o.,); Y 1a ham s6 ctia d6 vong cho phép ( fcp).

Sau d6 1ap bang twong quan gitra X va Y

X X1 X2... Xi.... Xn....
Y Y1 Y2... Yi... Yn....

Bwéc 2: Tir bang trén lap mi quan hé: Y = £(X).
Buwéc 3: Str dung phuong phap binh phuong nho nhat, tim ham gan dang £ (X).

Buéc 4: Str dung ham xap xi ¢ dang:

Y=aX+0b (4.9
Buéc 5: Lap bang tinh tong ctia X va Y trong ham hoi quy
n > X DY yX% |
1
2...
n
> > Xi >Yi Y X2

D¢ tong cac binh phuong ctia céc sai sO trén la nho nhat:

n 2

S= Zn:vf =>(aX; +b-Y;) — min (4.10)

i=1

Nhu viy: a, b phai théa man hé phuong trinh:

(S _o (ﬁzzi(ax, b-Y,)X, =0
oa { ﬁa i=1

i@S < o5 n (4-11)
=~ -0 oo _ . v
b la ziz_ll(ax,+b =0
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Trong hé phuong trinh (4.11), xac dinh ham hdi quy céc gid tri cua Yi tmg véi cac
gia tr1 Xj tuong ung.
Pé danh gia do tin cay ctia ham hdi quy, sé& st dung hé sé xac dinh R2.
,322 Z X i2 ZYi Xi
_ i=1 _imt
Py =

R?=_ =L _
>Y? > X (4.12)
i=1 i=1

Vol
Tinh chat ciia hé s6 R? s& cho biét % su bién dong cua Y dugc giai thich boi cac
bién s6 X trong ham hoi quy. Trong k¥ thuat, thong thuong 0.95 < R?< 1 cho thiy su

phU hop ctia mé hinh hoi quy.
Buée 6: Xac dinh cac hé s a, b, R?
Tir két qua bang 4.3, 4.4 1ap bang tinh trong Excel, ta co:

Bang 4.5: Cac hé s ciia phwong trinh hoi quy cho méi lién hé giira f cp VA C, O,y

. Hé so
Stt Thong so canh

a b R?

Canh c6 chiéu dai day
01 3.208236226 x 105 | 0 | R? = 0.999
cung ¢ = 2(ft)

Céanh c6 chiéu dai day
02 2.138850140 x 10 0 R’ = 0.999
cung ¢ = 3(ft)

Canh c6 chiéu dai day
03 1.600151054 x 105 | 0 | R? = 0.999
cung ¢ = 4(ft)

04 | Céanh cé chicu dai day
1.283388059x 105 | 0 | R* = 0.999
cung ¢ = 5(ft)

05 | Canh c6 chiéu dai day
1.069412075x 105 | 0 | R* = 0.999
cung ¢ = 6(ft)

06 | Canh cé chicu dai day
9.166389217x 10¢ | 0 | R?* = 0.999
cung ¢ = 7(ft)
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Buée 7: Lap ham hoi quy

Bang 4.6: Phwong trinh hdi quy d véng cho phép ciia canh

A o HAM HOI QUY
STT| THONG SO CANH
Phuwong trinh D tin cay
Canh c6 chiéu dai day
01 y = 3.208236226.1075x | R? = 0.999
cung ¢ = 2(ft)
Canh c6 chiéu dai day
02 y = 2.138850140.1075x | R? = 0.999
cung ¢ = 3(ft)
Canh c6 chiéu dai day
03 y = 1.600151054.10">x | R? = 0.999
cung ¢ = 4(ft)
Canh c6 chiéu dai day
04 y = 1.283388059.107°x | R? = 0.999
cung ¢ = 5(ft)
Canh c6 chiéu dai day
05 y = 1.069412075.107°x | R? = 0.999
cung ¢ = 6(ft)
Canh c6 chiéu dai day
06 y =9.166389217 .10 °x | R? = 0.999
cung ¢ = 7(ft)

Buwéc 8: Dung duong cong hdi quy.

Tir bang 4.3, 4.4 va 4.6 xdy dung duoc cac duong cong hdi quy thé hién & hinh 4.12:

Nhdn xét:

- Qua céc s6 lieu khao sat tir do thi hinh 4.2, 4.3 va bang 4.1 d3 xay dung dugc ham va

duong cong hdi quy cia do vong cho phép cia canh NACA 16-018 1am tir nhom 5456

Vvé6i chiéu dai day cung ¢ = 2 =+ 7(ft).

- Két qua cho thiy d& dang xac dinh duoc gia tri d6 vong cho phép théng qua cac ham

hdi quy.

- Cdc gid tri d6 vong cho phép (hinh 4.12) la tiéu chuan ddnh giG on dinh cia két cdu

canh ngam.

- P6 véng ti 1é thudn véi binh phwong khodng cdch hai goi (gid tri trén hinh 4.12 dwoc

xdy dung véi khodng cdch hai goi | = 2(m)).
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0.0045
0.004 - fen (M) A
0.0035
0.003
o c=2(ft)
0.0025 — ¥ c=3(ft)
0.0015 - W c=5(ft)
0.001 A c=6(ft)
e X c=7(ft)
0.0005 —
O T T T T T T 1
o, (MPa)
o < b/ G, & V4 ve /. er
‘e, 9, 9, %, 9, 49 <% %
v “g, "9, ‘g, ‘g 0.00 0.00 0.00

Hinh 4.12. Pwong cong hdi quy d§ véng cho phép ciia canh
4.2. Phwong trinh 6n dinh ddng ciia panel composite ba pha chiju tac dung ciia tai
thiy dong

Xét panel composite ba pha 1 16p vo ciia canh nang di lya chon & phan trén chiu
tac dung cua tai thuy dong: luc nang q: va lyc can g2 nhu hinh 4.13. Panel nay dugc dat
trong hé toa o dé cac Oxyz. Trong d6: Oxy 13 mat phang gitra ctia panel va z huéng
theo chiéu day panel —h/2 < z < h/2. Ban kinh cong, chiéu dai, chiéu rong va chiéu day
cua panel lan lugt 1a R, a, b va h.

O day 1y thuyét vo co dién duoc str dung dé thiét 1ap phuong trinh cha dao va xac
dinh dap Gng phi tuyén cua panel composite. Cac thanh phan bién dang cach mit gitta
cua panel mot khoang z 1a €y, €, yx,, dugc biéu dién qua cac thanh phan bién dang mit
gilta £9, €0, ¥, va céc thanh phan d6 cong va dd xodn ky, k,, k. Cac thanh phan bién dang
mit giita va do cong, do xoan lién hé cac thanh phan chuyén vi u, v, w theo cac phuong
x,, z dua trén gia thiét phi tuyén hinh hoc Von Karman ([30], [91], [105]):

X
a 7 3

q| :

Hinh 4.13. Hinh dang va hé toa dj ciia panel composite ba pha trén nén dan hoi

k

0
) 1+z) k|, (4.13)
Yy sy kxy



Véi:

& U, +wW./2
0 |_ 2 19

g |= v,y+vvyy/2 wW/R |,
0

Yy U, +v, +ww,

Trong d6: ddu (,) chi dao ham riéng theo bién twong tmg.

binh luat Hooke cho panel composite dugc xac dinh nhu sau:

O-x Qll Q12
o, = le sz
Oy . QlG Qze
Trong d6 k 14 s6 16p

Q=Quc" +Q,8" + Z(le + ZQes)SZCZ

Qllz = (Qll + sz - 4Q66)CZSZ + Q12(54 + 04)

Q= QllS4 + Q22C4 + 2(Q12 + 2Q66)8202

Q= (Qn -Qp,— 2Q66)CSS + (sz —Qp,— ZQee)CS3
lee = (Qll - le - ZQGG)CS3 + (sz o le - 2Q66)C35
Q'es=(Qu +Q,, — 2Q;, — 2Q45 Je?s? + Qe +5*)

s = sin0; ¢ = cosh; # 1a goc gitra phuong cia sgi va hé toa do.

QlG gx
Q26 gy
Qs A\ )y

k,
ky
Ky

Va:
Qi = E1x _ Eyy .
11 — Epo 2 T ’
1—=22y 1=v12V2q
Eq1 12
0,, = Ey; _Eyp 0
22 = Fay 11
1—-=2y2  Ep
E11

V1,E
Q12 = ——2—=v1,05,; Qes = G2

1-v12V2q

(trong do: 1, 2 1a phuong cua sQ1i)

Luc va md men cua panel composite dugc xac dinh bdi:

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)



Thé phuong trinh (4.13) va (4.15) vao phuong trinh (4.18) cho ta mbi lién hé:
(Nx’ Ny’ N ) (Au’ A, A16)g "'(Anv A Aze)g +(A16’ A Aee)?’xy

+(Bll’Blz’B )x (BlleZZ’BZG)k "’(Ble1BzeiBee)k (4.19)
(MX’My'Mxy) Bn By, BlG €y +(B12 B, Bze)g +(816 By 866)7 .
(Dw Dy, D16)kx (Dlz’ D,,, Dze)k +(D16’ Dy, D66)kxy’
Trong do:
A =2Q)(h =N i j=126
k=L
1
B, =22(Q) (h=h.). i j=126 (4.20)
k=1

14, -
ij =§Z(Qij)k (hk3 _hk3—1)’ 1,]=126
k=1

Phuong trinh chuyén dong phi tuyén ctia panel composite dya trén Iy thuyét tim c6 dién

nhu ([27], [91], [105]):

d%u
Nx,x + ny’y = pPq F (4213.)
d%v
ny'x + Ny’y = p1 F (421b)
MX'XX + 2Mxy'Xy + My’yy + NXWXX + 2nywxy + Nyww
o*w (4.21c)

2 Ny
+0,+0, -kw+k,V W+?:p1¥

, 2 2
Vi gia thiét Volmir (Volmir 1972) u<<wv<<w, o) gtu —0,p, Ztv —»0 phuong trinh

(4.214a, 4.21b, 4.21c¢) tr¢ thanh:
N,,+N,,, =0, (4.22a)
Ny« +N,, =0, (4.22b)
M, t2M, , +M,  +Nw, +2N, w, +Nw,
N o*w (4.22¢)
2
+0,+0, —kw+k,V W+?y =Py
Trong d6: p1=ph véi p=1550 (kg/m®) 1a khdi luong riéng ciia panel composite va qi, gz
13 Iyc ning va lyc can thuy dong dugc xac dinh theo cong thire (4.4) ¢ phan trude véi

hé s6 luc nang va hé sd strc can theo thi ty C1L=0.86 va C«=0.03 [48,81,143].
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Tinh toan tir phuong trinh (4.19) ta co:

>(<) = Ai*le + A:ZNy + Ai*ﬁny - Bl*lkx - B1*2ky - Bl*kay’
g\? = A1*2Nx + A;2Ny + A;6ny - Bglkx - Bszy - B;kay’ (423)
>(<)y = AI*GNX + A;6Ny + At":Gny - Bl*ka - BSﬁky - BSGk

Xy !

Trong do:
* Azz’%e _A226 * AlGAZG _A12A\36 * A12A26 _AZZA.‘LG
Au - A ’A12 - A ! Aie - A
* Au'A&se _Aize * A12A16 _AnAze * A11A22 _A122
Azz - A ! Aze - A Ase - A

A= A1 Ay Age — A A% + 2A41,A16A56 — A2, Age — A2 A5,
Bl*l = Alen + Al*2812 + A:6Bl(i , Bl*z = Al*lBlz t Aszzz t AfaBze

Bl*G = Alew + Nsze + A;Bee, le = A;Bn T A;2812 t A;GBIG

B;z = A:z By, + Az*z By, + A;6 By, B;G = Al*z By + A;Z By + A;es Bss

By, = AsBu + AuBi + ABis, By = AsBy + AgByy + Ay,

B = A:Bys + ABy + A B

Thé thém mot 1an nita phuong trinh (4.23) vao Mij (4.19), sau d6 thé Mijj vao phuong
trinh (4.22¢) dan toi:

(4.24)

N, + ny,y =0,
ny,x + Ny,y =0,
pf (4.25)
17, %0 + I:)2 fyyyy + F)SW,xxyy + P4W,xxxy + PSnyyy + P6W,xxxx + I:)7Wyyyy + F?waxyy + I:)S'JW,xxxy
+B W, tNW, +2N w, +Nw  +0 +0, —kw+k,V w+? = ply
Trong do:
P1: B;m Pz = Bl*Z’ Pe, = Bl*l +B;z _28;6! P4 ZZB;B _B;u
Ps = 281*6 - Bgzl Pe = BllBl*l + BlZB;l + BlGBgl’
* * * (4-26)
I:)7 = Blz BlZ + Bzz Bzz + Bze Bezi
Rs = BnBl*z + BlZ Bzz + Ble Bgz + BlZ Bl*l + Bzz le

*

66"

+B,,B,, +4B,B, +4B,B,, +4B,B
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*

Pg = 2(811816 + BlZ B;G + BlG Bgs
+B16 B1*1 + Bze B; + Bee Bgl)’

*

Plo = 2(812 BlG + Bzz B;G + BZG Bge + BlG sz

+BZG B;Z + BGG B(:Z)

f (x, y) 1a ham mg suat duoc xac dinh boi:

N,=f N, =f, N, =—Ff, (4.27)
Cho panel composite khong hoan hao, phuong trinh (4.25) duoc dua vé dang:

Pfox TPf . +PW , +PW . +Pw  +Pw  +Pw

+1P;3W‘XXW ngwﬁxxxy ; F’lox\y/yvynyy i f'y);y(wyxxs+ Wwix)— 2 fyxyx(;wyXy :way) (4.28)

+ f,xx(W,yy + nyy)+ a, +q, —kKWw+k,Vw+ ?" =p aat—\ZN

Trong d6 w'(x, y) 1a ham dai dién cho tinh khong hoan hao hinh d4ng ban dau cua panel.
Phuong trinh twong thich hinh hoc panel composite khong hoan hao dugc cho dudi dang:
Exyy T Eyax ~ Yayay = Wiy — WaxWyy + 2W, Wi,y
Wox (4.29)
R
Tir mbi lién hé (4.23) két hop véi (4.27) c6 thé viét:
8)? = Ai*lf,yy + Ai*Z f,xx - Ai*ﬁ fxy - Bl*lkx - B1*2ky - Bl*ﬁkxy'
3 = A1*2 f,yy + A;2 f,xx - AZe f,xy - lekx - B;Zky - B:ekxy’ (430)
>(<)y = A1*6 f,yy + A;G f,xx - A\:G f,xy - BIka - Bzeky - Bg6kxy’

Thé phuong trinh (4.30) vao phuong trinh (4.29), cho phuong trinh tuong thich véi mot

* *
_W,xxW,yy - W,yyW,xx -

panel composite khong hoan hao nhu:

Azzfxxxx + Elfxxyy + Ailfyyyy - 2A;6fxxxy - ZAiﬁfxyyy + Bglw,xxxx + Bikzw,yyyy
2 *
Wiy — WaW,y, + 2w, w (4.31)
FEoWanyy + EsWoxy + EsWyyy — [ 72 777 AYEXY ) =
2W.xxyy 3W. xxxy 4V xyyy < _W,xxW,;/ y— W,yyW,jc .

O do:

E =2A,+A,E,=B,+B,-2B,

(4.32)

*

E,=2B, -B

M 281*6 + Béz-

4.2.1. Truwong hop panel tua ty do

Panel composite ba pha xem xét trong trudng hop nay la tua tu do va chiu lyc nang qa,
luc can g2 va chiu luc nén doc truc Px va Py lan luot tai mat cat ngang cua nd. Vi vay

diéu kién bién la:
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W= ny: My = O, Nx = -Pxh taiX:O, a
_ (4.33)
W:ny:My:O, Ny:-Pyhtaly=0,b
Nghiém gin dung cia w va f thoa min diéu kién bién (4.33) duwoc thira nhan boi
(Nguyén Pinh Puc [91])
(w,w')=(W, gh)sin 4, xsin g,y (4.34a)

f =A4A;cos2A,x + A, cos 26,y + A3 sin A, x sin &,y

1 1 (4.34b)
+A, cos A, x cos 8,y — Ethy2 — EPyhx2

A =mrxl/a,s, =nz/b,W: bién do cua do vong va £ : la thong s6 khong hoan hao.
Hé sb A (i =1=+4) dugc xac dinh boi viéc thay thé phuong trinh (4.34a, 4.34b) vao
phuong trinh (4.31):

1 6 1 4
—WW +2uh =
2K 2 W t2uh). A == N

(F2F4_F1F3) (F F FF)
F22_F12 F2 F2

A= 2W(VV+2yh)

(4.35)

A= W, A=

O d6 F (i =1+4) duoc cho trong phu luc A.

Sau d6, thé phuong trinh (4.34a, 4.34b) vao phuong trinh (4.28) va ung dung
phuong phap Galerkin cho két qua phuong trinh:

(FpFy — F1F3) (FpFy — F1F3) (F2F, — F1F3)
. Ap + P, FZ_F? 5y + Py 72— F? 2,62
ab (F,F; — F1F,) (FyF; — FiF,)
T _P4_ FZ—FZ _P5 FZ—FZ +P6A$H+P76‘;1L-+P8/1$n§7’21 W
2 1 2 1
(F,Fy — FiF3) 45
TR — k(A5 + 80
1

- E AmOn ( + P, A11) B 6R,1422 Am] WW + 2uh)

(4.36)

ab/( 1 1
- S+ WW + uh)(W + 2uh
64<A;2 e ) (W + ph)(W + 2uh)

8 (F,F, = FyFy)
32— F2

AnSaW (W + ph) + —— (PAZ + P,82)(W + puh)

4(q, +q,) 4h P, abp, 0°W

Anb, A0, R 4 Ot?
Trong d6: m, n 14 s6 18. (4.36) 1a phuong trinh cht dao co ban dép tmg dong phi tuyén

cua panel composite ba pha tya tu do dudi tac dung cua tai thuy dong.
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Ttr phuong trinh (4.36), tan s6 dao dong ctia panel hoan hao (u=0) duoc xac dinh

gan dung boi biéu thic tudng minh sau:

w0, = /—M (4.37)
P1

O d6: bi (i = 1,2) dugc cho trong phu luc A.
4.2.2. Truwong hop panel ngam bén canh
Panel composite ba pha xem xét trong truong hop ndy 1a ngam bdn canh va chiu luc
nang g, luc can g2 va chiu luc nén doc truc Px va Py lan luot tai mat cét ngang cua no.
Vi vay diéu kién bién la:

w = O0wW/0x=Nxy=0, Nx=-Pxh taix=0, a

W = 0wW/0y=Nxy =0, Ny=-Pyhtaiy=0,b
Nghiém gan diing ctia w va f thoa mén diéu kién bién (4.38) c6 dang:

(w,w*) = (W, uh)(1 — cos 21,,x)(1 — cos 26,,y) (4.3%)
f =0Q;cos24,x + Q,cos 28,y + Q3 cos4d,, y + Q, cos 2A4,,x cos 26, y

(4.38)

+ Qs cos 24,,x cos 46, y+Q¢ cos 41, x cos 28, y + Q5 cos 4A,,x (439)
1 1
+ Qg sin 21,,x sin 26,y — EP,Chy2 — EPyhx2

A, =mn/a, 8, = nw/b, W: bién do ciia d6 vong va H: la thong s6 khong hoan hao.

Hé s6 Q;(i = 1 =+ 8) dugc xac dinh boi viée thay thé phuong trinh (4.39a, 4.39b) vao

phuong trinh (4.31):
_ [w+2un)s}+24%B3,] _ |w+2un)a3,+258%B7,]
Q1= 242,43, W. Q. = 28243, w
_ (W+2uh)A2, _ (FiF3—FF,)
Qs = 326247, W, Q. = Fi—F, w,
= /ﬁn&% W (W + 2uh)
s = 20t 4. 1 812,62, + 32014, H (4.40)
A2 52
Qs o W(W + 2uh), Q;

T 3204 A%, + 812,62E, + 20247,

2
n

5
=" WW +2uh
32,4, (Wt 2uh)

Q _ (F{F4—F,F3)
R

O d6 F;(i = 1 + 4) duoc cho trong phu luc B.
Sau d6, thé phuong trinh (4.39a, 4.39b) vao phuong trinh (4.28) va ung dung

w

phuong phap Galerkin cho két qua phuong trinh (Phu luc E):
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B3 (FyFg+F2Fy) B} (Fy Fg+F2Fy)
—>—ab[8ﬂ$nA—;P1+4/1fan6—FZ4p1_|_861‘1¥A+2P2+46;l{ 1Fe+I2Fy P, —

1712 11 F1—F
403,67 Py — 124,Ps — 126,P; — 423,67 Py + 2.25k; + 3k, 3, + 3k;8%| W —
4 4
4ab 2,57 [HA R o (P—j + P—Z)] WW + 2uh) + 823,62 |22 4 222 4

A22 11 AZZ

(4.41)

(F{Fg+F,Fy) 16A%, 54 54
e W W+ uh) — =2 il P AR L E— n
A11 ZAmA22+8/1m8nE1+326nA11 A22

163,675 _ 32AhSHFy
3204, 45, +8A%, 62E1+265A%5,  ab(Fy—F,)

52P,)(W + ph) + (q1 +q, — ﬂ) ab = abp,

] W(W + 2uh)(W + uh) + 3abh(22,P, +

22w
ot2

O d6 Fe duge cho trong phu luc B.
Trong d6: m, n 14 s6 1&. (4.41) 1a phuong trinh chu dao co ban dép tmg dong phi tuyén
cua panel composite ba pha ngam 4 canh dudi tdc dung cua tai thuy dong.

Tir phuong trinh (4.41), tan s6 dao dong ctia panel hoan hao (u=0) duoc xac dinh

gan dung boi biéu thic tudng minh sau:

— _ (bl + bz) (4_42)

P1

wmn

O d6: bi (i = 1,2) duoc cho trong phu luc B.
4.3. Kiém tra dd tin ciy ciia chwong trinh tinh

Bd chuong trinh tinh ctua luén an ¢6 tén goi 1a BUCKLING OF PANEL duoc
viét bang ngdn ngir Matlab dé tinh dao dong ctia tim theo phuong phap Galerkin (ding
dé thiét 1ap hé phuong trinh dai sé cho toan mién bai toan. Dung tap cac nit roi rac nim
trong mién bai toan cling nhu trén bién dé biéu dién ma khong roi rac mién bai toan. Khi
ta lay tich phan trén ca mién bai toan thi tat ca nit rdi rac déu tham gia vao hé phuong
trinh dai s6). Tac gia d3 str dung bo chuong trinh nay dé tinh va so sanh chuyén vi caa
panel v6i két qua phan mém Ansys va dong thoi so sanh véi nghién ciru ciia Berthelot
[27]. Két qua duogc tinh véi cac thong s6 dau vao: - Tam cé kich thudce (Dai x rong x
day): axbxt = 1mx 0.31m x 0.02m (hinh 4.10); Thir tu xép 16p cia cac tAm:
[0/90/0/90/90/0/90/0]s va [90/0/45/-45/-45/45/0/90]s, chiéu day cac 16p gidng nhau; Pic
trung vat ligu: 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) (theo bang 4.2); chiu tai thay tinh phan b déu
Py ="kL1/c=387860(N/ ) (xic dinh tir cac cong thire 4.4 va 4.5).

88



4.3.1. Truwong hop tim trwe hwéng - [0/90/0/90/90/0/90/0]s

Berthelot [27] d3 nghién ctru vé phan tich Gmg xtr ubn cua tm truc hudéng trong

hai trudng hop: 4 canh tua ty do va 4 canh ngam. Bai toan duoc tac gia tinh bang phuong

phap giai tich, két qua duoc so sanh danh gia thé hién & bang 4.7.

Bing 4.7: Két qua so sanh kiém tra dd tin ciy chwong trinh tinh véi tAim truc huéng

Truong hop Gia tr1 d§ vong cuc dai cua panel W (m) Chénh 1éch (%)
' Buckling of Panel | Berthelot [27] Ansys gitra (2) va (4)
1) ) ©) (4) ()
4 canh tya ty do 0.001222 0.001199 0.001244 1.77
Ngam 4 canh 0.0002476 0.000272 0.000256 3.28

Tinh toan theo Buckling of Panel cho két qua tot gan voi két qua cua [27], va khi so
sanh vé6i tinh bang phan mém Ansys cho két qua véi do chénh léch 1a 1.77+2.18%, vi
vy bd chuong trinh Buckling of Panel du db tin cay dé tinh.

Hinh 4.14. Tinh uén tim true hwéng bing Ansys vo6i trudong hop cac canh tua tw do

x 10°

v, =0.5, y_=0.05, h=0.02m, R=2.764m,

16r axb=1x0.31m, p=0.1, V=20 m/s, Simply |
141 Supported Plate, Layers: [0/90/0/90/90/0/90/0]5 i

=
N
T

— 1k i

W
o
(o]

T

o
)]
T

o
N
T

o
N
T

0 0.002 0.004 0.006 0.008

t(s)
Hinh 4.15. Tinh theo Buckling of Panel véi tim truc hwéng cé cac canh twa tw do
89
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HODAL SOLUTION

I

wa:O.S, WC:O.OS, h=0.02m, R=2.764m,
3r axb=1x0.31m, u=0.1, V=20m/s, Clamped |
Plate, Layers: [0/90/0/90/90/0/90/0]5
N O O O O
~—~ 2 R
E
=
1ﬁ
O U ru r u u r U U r
0 0.002 0.004 0.006 0.008
t(s)

0.01

Hinh 4.17. Tinh theo Buckling of Panel véi tAm trwe hwéng 4 canh ngam
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4.3.2. Truwong hop tAm xép 16p [90/0/45/-45/-45/45/0/90]s

Bang 4.8: Két qua so sanh kiém tra dd tin cay chwong trinh tinh véi tim

composite xép 16p [90/0/45/-45/-45/45/0/90]s

Gi4 tr1 do vong cuc dai cua panel W (m) Chénh léch (%)
Truong hop . ‘
Buckling of Panel Ansys gitta (2) va (3)
1) (2) ©) (4)
4 canh tua tu do 0.001395 0.001372 1.65
Ngam 4 canh 0.0003114 0.000319 2.38

Két qua tinh theo Buckling of Panel sat v4i tinh theo phan mém Ansys v6i d6 chénh léch

la 1.65 + 2.38%, vi vy bg chuong trinh Buckling of Panel du dg tin cay dé tinh.

Hinh 4.18. Giai Ansys tam 16 [90/0/45/-45/-45/45/0/90]5 v6i 4 canh twa tw do
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x 10

2 [ T T L T
Wa:0.5, \VC:O.O5, h=0.02m, R=2.764m,
axb=1x0.31m, u=0.1, V=20 m/s, Simply
r Supported Plate, Layers: [90/0/45/—45/—45/45/0/90]5
B
s 1- f
=
0.5~ .
O r r r r
0 0.002 0.004 0.006 0.008 0.01
t(s)
Hinh 4.19. Tinh theo Buckling of Panel tam [90/0/45/-45/-45/45/0/90]s 4 canh twa
tu do

Hinh 4.20. Giai Ansys tam 16p [90/0/45/-45/-45/45/0/90]s véi trwong hop 4 canh ngam
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x 10

,=0.5, y,=0.05, h=0.02m, R=2.764m,

axb=1x0.31m, u=0.1, V=20m/s, Clampedf
Plate, Layers: [90/0/45/-45/-45/45/0/90]5

A AN
gzﬁ ]
JVVVVVUVVYY

t(s)

Hinh 4.21. Tinh theo Buckling of Panel tim [90/0/45/-45/-45/45/0/90]5 4 canh ngam
4.4. Khio sat anh hwéng ciia mot so yéu t6 dén on dinh ciia panel composite ba pha
chiju tai thiy dong

O muc 4.1.2.2 di xac dinh hinh dang, kich thudc hinh hoc ctia canh théa man tiéu
chuan thiét ké két cau tau canh ngam [81]. Ap dung toan bd két qua tinh cta phan nay tir
tinh luc nang dén xac dinh cac gia tri cho phép cua canh, dé khao sat anh hudng cia mot
sO yéu tb dén g xir ctia panel khi chiu tac dung cua tai thuy dong. Tir d6 thu thap duoc
mot bo s liéu vé 6n dinh cua panel ciing chinh 14 6n dinh ctia canh ngdm dang xét.

Trong linh vyc hang khong, nhiéu cong trinh [25,26] da tap trung nghién ctru vé do
bén, On dinh cta két ciu tim, vo, gan va thiét ké t6i uu trong luong canh ctia may bay tir
panel composite 16p v6i diéu kién bién ctia cac canh chi xét 13 tura don. Diéu d6 cho thiy:
truong hop tua don dam bao tot vé hé sé an toan cho két cau hang khong, vé mit cong
nghé thuc té cho thdy khong thé co két cau tuyét ddi cing dé xét panel ngam 4 canh. Tur
d6, dbi v6i canh nang tau canh ngdm do 1a két ciu chiu tai 16n phic tap, dé dam béo an

toan trong phan nay s& khao sat cho truong hop panel tya tu do (Phy luc FI).
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Av4

- /.
CANH SAU =
i
X = 0.5Lf
z=-h

Hinh 4.22. Tau canh ngidm v6i cAnh ngip hoan toan trong nuéc ¢é tim hinh hoc &
(+0.5L¢,0,-h) dwoc biéu thi cing véi vé tau va thanh giing

Tau canh ngam hoat dong trong séng & diéu kién canh chiu tai (foilborne), tai trong

thuy dong tac dong 1én canh duoc biéu dién dudi dang [48]:
P = Py sin(wt — kx) (N/m?) (4.43)

Trong do: - P, = kL/S (k va L da xac dinh ¢ phuong trinh (4.4) va (4.5))
- : Tan s va dap cua tai trong thuy dong Ién canh (w = w, + w2V /g, wo: Tan s6 song
[48]);
k=W /g =?%7/,[48], A Chiéu dai song (A =34 (m) véi chidu cao song h =
1.5 (m) [103];
- Vi The do tau;
-x =+ Lf/z = 1416 (m) : Toa do x ctia canh sau va canh trude (hinh 4.22)

Khao st panel composite ba pha c6 kich thudc (chiéu dai x chiéu rong x chiéu day):
axbxt=1.0mx0.31m x 0.02m 1a 16p vé cta canh nang c6 hinh dang va kich thudc

nhu hinh 4.10 (myc 4.1.2.2), chiu tai trong thuy dong P (xac dinh tir cong thic 4.43),

panel duogc lam tir cac vat li€u thanh phr?m nhu sau:

Nhuya Epoxy ) Em = 3.50 GPy; vm = 0.33
Soi Cimax : Ea=58.85 GP;; va = 0.240 (4.44)
Hat gia cuong TiO2 Ec =5.58 GPq; ve = 0.200

Xac dinh anh hudng cia cach b tri 16p, ti 16 vat liéu thanh phan, kich thuéce hinh
hoc, su khong hoan hao ban dau, tdc d6 cua tau, khoang cach hai canh 1&én dap Gng dong

phi tuyén ctia panel composite ba pha.
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4.4.1. Anh huéng cia cach bd tri 16p

Hinh 4.23 cho thiy dap tng dong ctia panel composite ba pha trong 03 trudng hop
v6i thtr ty xép 16p va phuong soi khac nhau c6 anh hudng dang ké dén on dinh cia
tam. Trong ba trudong hop khao sat, cach bd tri 16p [90/0/45/-45/-45/45/0/90]s cho dao

dong cua panel 1a 16n hon so véi cac cach bo tri 16p khac.

-3

x 10
Lg V05,2005, h=002m, R=2Tedm, — Panel [90/0/45/-45/-45/45/0/90], |
gi’r‘ngl; éu’;goife”(m;t%: V=20mis, — Panel [30/0/30/0/0/90/0/50],
Al panel [90/0/90/0/90], i
|
- A A A A
/2 N A WY AN WY A\
oa ”"ﬂ, \.m M,‘ W'“:,l M‘/‘ "'- ’,w;" m,m
L 4 V. 4
L®) ¥ W / \.J ,
Nd W N\
N/ \ W o
v W N o/
o5 1 15 2 25 3 35 4 45 5

Hinh 4.23. P4p g dong ciia panel composite ba pha véi trinh tw xép 16p khac nhau

Bang 4.9: Anh hwéng ciia cach bo tri 16p dén bién dang ciia panel

R=2.764m, y:=0.5, v=0.05, E11=31.009 (GPa), E2,=6.016 (GPa)

Stt Cich b tri 16p Kich thwéc Bién Nhin xét
(m) dang (m)
1 | Panel [90/0/90/0/90]s 1x0.31x0.02 | 0.001263 | Théa min®
2 | Panel [90/0/90/0/0/90/0/90]s 1x0.31x0.02 | 0.001401 | Théa man®
3 | Panel [90/0/45/-45/-45/45/0/90]s | 1 x 0.31x 0.02 | 0.001639 | Thoa man®

(Ghi chi: @ So sanh véi gia tri cho phép di dé cap & muc 4.1.2.2)
Nhu trinh bay ¢ phan 4.1.2.2, cach bé tri 16p [90/0/45/-45/-45/45/0/90]s 1a vat liéu twa
dang hudng dam bao bén theo moi phuong, két hop véi két qua khao sat cho thiy panel

on dinh, lya chon cach b tri 16p nay dé xét dap ing dong cho cac truong hop tiép theo.
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4.4.2. Anh huéng cia kich thwée hinh hoc panel
Hinh 4.24 va 4.25 minh hoa anh huéng cua chiéu rong b; chiéu day h 1én dép tmg

dong phi tuyén cia panel composite ba pha. Bién dang ctia panel gia ting khi ting chiéu

rong b va khi giam chiéu day cta panel.

4+

W(m)

[ [ T
v,=05, y_=0.05, h=0.02m,

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

Panelaxb=1x0.31m
.............. Panelaxb=1x0.36m
......... Panelaxb=1x0.41m

Hinh 4.24. Anh hwéng ciia b 1én dap wng dong phi tuyén panel composite ba pha

Bang 4.10: Anh huéng chiéu rong b dén bién dang ciia panel

Panel [90/0/45/-45/-45/45/0/90]s v&i wa=0.5, wc=0.05,

E11=31.009 (GPa), E22=6.016 (GPa)

Stt Kich thwéc panel (m) Bién dang (m) Nhan xét
1 axhbxh=1.0x0.31x0.02 0.00162 Théa man®
2 axXxbxh=1.0x0.36 x0.02 0.00326 Khong théa man®
3 axbxh=1.0x0.41x0.02 0.00601 Khéng théa man®

b <310 mm khi d6 két ciu canh 6n dinh.
Bang 4.11: Anh huéng chiéu day h dén bién dang cia panel

Nhin vao hinh 4.24 va bang 4.10 cho thay khoang cach giita cac gan chiu lyc ctia canh

Panel [90/0/45/-45/-45/45/0/90]s,

v6i ya=0.5, yc=0.05, E11=31.009 (GPa), E2»=6.016 (GPa)

Stt

Kich thwdéc panel (m)

Bién dang (m)

Nhan xét

1 axbxh=10x0.31x0.020 0.00162 Thoéa man @
2 axbxh=10x0.31x0.018 0.00223 Khong thoa man @
3 axbxh=10x0.31x0.015 0.00388 Khong théa man @
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x 10

4 [ L [ L [ L [ [ L
\ya:O.S, \uC:O.OS, h=0.02m, —Panelaxbxh=1x0.31x0.02m

3l R=2.764m, u=0.1, V=20m/s =+=Panelaxbxh=1x0.31x0.18m |
Simply Supported Plates --=-Panelaxbxh=1x0.31x0.15m

Hinh 4.25. Anh hwéng ciia h 1én dap tng dong phi tuyén panel composite ba pha
4.4.3. Anh huéng ciia toc do tau

Hinh 4.26 cho thay anh hudéng cua téc d6 tau 1én dép Gmg dong phi tuyén cia

panel composite ba pha. Bién dang cta panel gia ting khi van tdc ting.

-3

x 10
[ [ [ [ [ [ [ [ [
\ya:0.5, WCIO.OS, R=2.764m, \V = 18m/s
15r axbxh=1x0.31x0.02m, p=0.1, | weee V = 20m/s i
Simply Supported Plates. —rmemems V =22m/s

0.5

W(m)

" [
0 05 1 15 2 25 3 35 4 4.5 5
t(s)

Hinh 4.26. Pap g dong phi tuyén ciia panel composite ba pha véi van toc khac nhau
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Bang 4.12: Anh huéng van téc ciia panel V dén bién dang ciia panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thudc a x b x h= 1 x 0.31 x 0.02m,
R=2.764m, c6 ya=0.5, y=0.05, E1;=31.009 (GPa), E»,=6.016 (GPa)

Stt Téc d) cia panel (m/s) Bién dang (m) Nhan xét
1 V=18 0.00130 Théa man
2 V=20 0.00162 Théa man O
3 V=22 0.00196 Khong théa man @

Qua hinh 4.26 va bang 4.12 cho thiy bién dang cua panel gia ting khi van tdc tau ting,
khi panel dat dén van toc t&i han Ve, = 21.5(m/s) bién dang cua panel dat dén gia tri

cho phép f., = 0.0019 (m)® va lyc nang t6i han tac dong 1én panel sé 1a:
1
Qien = Lep = kzpCLSVtzh sin(wt — kx) =138,523.6 (N)
4.4.4. Anh huéng ciia sw khong hoan hio ban dau

Hinh 4.27 va bang 4.13 cho thay anh hudng ciia sy khong hoan hio ban dau lén
dap tmg dong cla panel composite ba pha. Khi p ting tir 0 = 0.1, bién dang cta panel
tang va khi p tang tir 0.1 + 0.3 bién dang cua panel giam. Anh hudng cia thong sé p 1én

bién dang cta panel 1a nho, c6 thé bo qua anh hudng cua sy khong hoan hao ban dau

cua panel.
x 10
T T T [ T [ [ T T
1.5 v, =05, y_=0.05, R=2.764m, — =0 1
axbxh=1x031x002m, V=20m/s |77~ ufO.l
Simply Supported Plates [T pn=0.3
1ﬁ —
E
=

3 3.5 4 4.5 5

2.5
t(s)

Hinh 4.27. Anh huéng ciia thong s6 khong hoan hio p 1én dap vng dong phi

tuyén ciia panel composite ba pha
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Bang 4.13: Anh huéng sy khong hoan hao ban diu p dén bién dang cia panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thudc a x b x h=1 x 0.31 x 0.02m,
R=2.764m, c6 ya=0.5, y.=0.05, E11=31.009 (GPa), E2,=6.016 (GPa)
Stt | Sw khong hoan hao cta panel Bién dang (m) Nhan xét
1 p=0 0.001613 Chénh 1&ch nhd.
2 H=0.1 0.001620 Chénh 1&ch nhd.
3 H=0.3 0.001596 Chénh 1&ch nhd.

4.4.5. Anh huéng cia ti 18 vat liéu composite ba pha

Hinh 4.28, 4.29 va 4.30 trinh bay anh huong cia soi va hat 1én dap tng dong luc
ctia panel composite ba pha. Thay rd sy gia ting mat do cua soi s& giam bién do dao dong
clia panel va mat do ciia hat cang nhiéu s& giam kha niang chiu uén cua panel.

-3

15X 10 [ [ [ [ [ [ [ [ [
axbxh=1x0.31x0.02m, v =05, y =0.05
R=2.764m, u=0.1, V=20m/s, a ©
Simply Supported Plates, | v,=0.55,y =0
1, -

W(m)

2.5
t(s)

Hinh 4.28. Anh hwéng ti 18 soi, hat ., y. 1én dap &ng dong panel composite ba pha
Bang 4.14: Anh hwéng ciia ti 1¢ s¢i va hat dén bién dang ciia panel

Panel [90/0/45/-45/-45/45/0/90]s, a X b x h=1 x 0.31 x 0.02m, R=2.764m

Stt Pac trung vat li¢u Bién dang (m) Nhan xét
1 | ya=0.55va y=0: 0.00153 i
E11=33.737(GPa), E»=6.122(GPa) Anh huong cia
so1 tot hon so
2 | ya=0.5 va y=0.05: 0.00162 .
vo1 hat.

E1,=31.009(GPa), E2,=6.016(GPa)
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v,=0.35,ax bxh=1x0.31x0.02m, —y =0.20 7

R=2.764m, u=0.1, V=20m/s, |
Simply Supported Plates. | —emee
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Hinh 4.29. Anh huwéng ciia ti 1¢ hat y. 1én dap tng dong panel composite ba pha

Bing 4.15: Anh hwéng ciia ti 1¢ hat dén bién dang ciia panel

Panel [90/0/45/-45/-45/45/0/90]s, a X b x h=1 x 0.31 x 0.02m, R=2.764m va y,=0.35
Stt Pac trung vat li¢u Bién dang (m) Nhan xét
1 | ye=0.2: 0.002082 Khi ti 1€ hat tang
E11=22.914(GPa), E2=5.756(GPa) kha ning chiu uén
2 | ye=0.1: 0.002100 cta panel tang.
E11=22.797(GPa), E22=5.588(GPa) Tuy nhién anh
3 | ye=0.0: 0.002112 huong 13 yéu.
E11=22.686(GPa), E22=5.421(GPa)
Bang 4.16: Anh hwéng ciia ti 1¢ s¢i dén bién dang ciia panel
Panel [90/0/45/-45/-45/45/0/90]s, a x b x h = 1m x 0.31m x 0.02m,
R=2.764m va y=0.05
Stt Pac trung vat liéu Bién dang (m) Nhan xét
1 | ya=0.30: 0.00233 Khi ti 1€ soi tang
E11=19.993(GPa), E2»,=5.332(GPa) bién dang panel
2 | ya=0.40: 0.00189 giam. Anh huong
E11=25.493(GPa), E»2=5.675(GPa) ctia s¢i tot hon hat
3 | ya=0.50: 0.00162
E11=31.009(GPa), E2,=6.016(GPa)
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W(m)

x 10

25

=
Ul
T

[ [ [

axbxh=1x0.31x0.02m,
\VC:O.OS, R=2.764m, u=0.1,

V=20m/s, Simply Supported

[ [

Plates.

Hinh 4.30. Anh hwéng ti 1€ s¢i ya 1én d4p wng ddng ciia panel composite ba pha

4.4.6. Anh hwéng kich thuéce hinh hoc, ti 1é thanh phan sei, hat 1én tin s6 dao dong

cua panel composite ba pha

Tan s dao dong riéng cua panel phu thudc vao ti 18 thé tich cua hat, soi va kich

thude hinh hoc ciia panel. Chiing giam khi gia tang ti 1¢ thé tich cua hat e va ting chiéu

rong cua panel, va anh hudng cua sg¢i Ién tan s6 dao dong riéng 16n hon cua hat.

Bang 4.17: Anh huéng kich thwée hinh hoc, ti 1¢ thanh phin sei, hat 1én tin sb

dao dong riéng ciia panel composite ba pha

Wa | We wmn (rad/s)
a=1.0m,b=0.31m a=1.0m,b=0.36 m
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 4.17 cho thay vé6i canh c6 khoang cach gitta cac gan gia cudng b=0.31m s&

c6 tan s6 dao dong cua panel 16n gip 1.32 1an véi canh c6 khoang cach cac gan gia

cudng 1a b=0.36m (nghia 13 suy giam d¢ ctng cta canh 1.32 1an).
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4.4.7. Anh huéng cia khoang cach hai canh

Két qua nghién ctru dua trén phuong trinh (4.43) cho thdy: Vung hoat dong, diéu
kién thoi tiét (chidu cao song, chiéu dai séng...) va khoang cach hai canh anh huéng 16n dén

tai trong dong tdc dong 1én panel canh va dugc minh hoa & hinh 4.31, bang 4.18 nhu sau:

-3

25 x10 T T T T T T T T T
\ya:0.5, \VCZO.OS, R=2.764m, X = 4m
2 axbxh=1x03Lx0.02m, u=0.1, . izgm .
V=20m/s, Simply Supported Plates. —— % = 10m

@)
-3
25 X 10 T T [ { { [ T T T
y,=05, y_=0.05, R=2.764m, p=0.1, x =12m
2 axbxh=1x0.31x0.02m, V=20m/s ~m - X = 14m .
Simply Supported Plates. = X =16m
- - - X - 18m

(b)
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-4

15X 10
=0.5, y _=0.05, R=2.764m,
axbxh=1x0.31x0.02m, u=0.1,
10+ V=20m/s, Simply Supported Plate. .

0 1 2 3 4 5
t(s)
(©)
T T T T T T T T T

\ya:0.5, WC:O.OS, R=2.764m, X =20m q

axbxh=1x031x002m p=01, |77 X =24m

V=20m/s, Simply Supported Plates. | e X =28m B
X =32m

W(m)

x10°
1.5*\|;a:0.5, y=0.05, R=2.764m, X =16m |
axbxh=1x0.31x0.02m, u=0.1, | .eeesss X = -16m

| V=20m/s, Simply Supported Plates.

t(s)
(e)
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x10°

1.5+ wa=0'5’ WC=0'05’ R=2764m,

1k

axbxh=1x0.31x0.02m, pu=0.1,
V=20m/s, Simply Supported Plates.

L L

— Xx=33m
—~—- X = 34m
senensn Y = 35m
—es X = 36m

t(s)
(f)

Hinh 4.31. Anh huéng khoang canh hai canh l1én dap ing dong panel

Bing 4.18: Anh hwéng khoang cich hai canh truée, sau dén bién dang ciia panel

Panel [90/0/45/-45/-45/45/0/90]s v&i kich thuéc ax b x h=1m x 0.31m x 0.02m,
R=2.764m, c6 ya=0.5, y=0.05, E1;=31.009 (GPa), Ez2=6.016 (GPa)

Stt | Khoing céch hai canh L; = 2x (m) | Bién dang (m) Nhin xét

1 X =4 0.00222 Khong théa man @
2 X = +6 0.00249 Khong thoa man @
3 X = +8 0.00259 Khong théa man @
4 X =+10 0.00255 Khong thoa man @)
5 X =+12 0.00245 Khong théa man @)
6 X =+14 0.00207 Khong thoa man @
7 X =216 0.00162 Théa mian O

8 X =+17 0.00140 Théa man

9 X =+18 0.00162 Théa man
10 X =+20 0.00207 Khong théa man @)
11 X = +24 0.00260 Khong thoa min @
12 X = +28 0.00254 Khong thoa mian @)
13 X =+30 0.00224 Khong théa man @)
14 X = +32 0.00185 Théa man
15 X =33 0.00163 Théa mian O
16 X = +34 0.00140 Théa man
17 X = +35 0.00163 Théa man
18 X =36 0.00185 Théa mian O
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Bing 4.18 cho thiy:

- Khoang cach hai canh quyét dinh dang ké tai trong tac dung 1én canh do hién tugng
cong huong va dap cua song gay ra.

- Bién dang canh phu thudc vao khoang cach hai canh va ving hoat dong cua tau:

+ Cénh bién dang 16n nhét khi vi tri canh trudc va canh sau x = /4 + nA/2
(n: 12 s6 tu nhién).

+ Tai trong tac dong 1é€n canh va bién dang cua cénh 1a bé nhét khi vi tri canh
trude va canh sau X = nA/2 (n: 1a sd nguyén duong), va co gia tri twong duong véi
truong hop tai thuy tinh.

- Trong nhitng vung cong huong 16n do va dép cia song giy ra (nhu x = £24) canh
dang chon chwa théa mén, do vay liwa chon phuong an ting chiéu day canh va Gng xir

cua canh duogc thé hién nhu sau:

X 10
[ [ L [ [ L L
2 \Ua=0.5, \.|IC=0.05, R=2764m, — [ = 0.020M
axb=1x0.31m, u=0.1, x=24m, —— E = 88§§m
V=20m/s, Simply Supported Plates. =~ | *®*®"""® =0.0Zom
15 Ply Supp == wm= s ) =(0.024m

1
g 0.5
=
0
-0.5
-1
_15 [ [ [ [ [ [ [ [ [
0 0.5 1 15 2 2.5 3 3.5 4 4.5 )
t(s)
Hinh 4.32. Phwong 4n ting chiéu day va ing xir ciia panel
Bang 4.19: Phwong 4n ting chiéu day va ing xir ciia panel
Panel [90/0/45/-45/-45/45/0/90]s, kich thudc a x b= 1m x 0.31m, R=2.764m,
X = 24m, ¢6 ya=0.5, y.=0.05, E11=31.009 (GPa), E2>=6.016 (GPa)
Stt Phuwong an ting chiéu day Bién dang (m) Nhéan xét
1 h =0.020m 0.00260 Khéng thoa man (1)
2 h =0.022m 0.00200 Khong théa man (1)
3 h =0.023m 0.00176 Théa man (1)
4 h =0.024m 0.00152 Thoéa man (1)
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Két lugn: - Panel ax b xt=1.0m x 0.31m x 0.023m théa mdn trong trwong hop canh
chiu céng hwéng ciia séng va dip I6n nhit. Nhw viy cdnh c6 hinh dang, kich thwéc
nhw hinh 4.10 véi chiéu day la 23mm théa mén 6n dinh trong hai trwong hop tdii
trong tinh va dong.

- Trong phan nay, tiéu chuan thiét ké két ciu tau canh ngam [81] dugc st dung ma khong
dung Budiansky-Roth [30] vi phai theo tiéu chudn k¥ thuat ctia nganh déng tau. Tuy
nhién, Luén an ciing da tinh va so sanh giita két qua theo Budiansky-Roth [30] va tiéu
chuan thiét ké két cdu tau canh ngam [81] (tir trang 96 dén trang 106) va cho thdy: Khi
xay ra mat 6n dinh theo [81] thi van chua xay ra mat 6n dinh theo [30], diéu d6 c6 nghia
[81] yéu cau khit khe hon so v6i [30]. Theo [81] hién twong mat 6n dinh x4y ra khi bién
dang vuot qua gia tri cho phép, luc nay hé vin chua xuét hién thoi diém bién do ting
d6t ngot nhu nhan biét danh gia theo tiéu chuan [30].

Mit khac, do tau canh ngdm hoat dong ¢ dai toc d6 20 + 40(m/s), véi dai tbe d6 nay
khong xay ra thoi diém bién d6 ting dot ngot, vi vay viéc ap dung két qua khao sat dap
rng dong cua canh theo tiéu chuin cua nganh déng tau [81] 1a phu hop.

4.5. Khao sat cho mdt tau canh ngdm c& nhé bang vt liéu composite

4.5.1. Thong sb tau

- Chiéu dai 16n nhét Lmax = 16.10 m
- Chiéu dai thiét ké Lx = 14.29 m
- Chiéu rong 16n nhat Bmax = 3.30m
- Chiéu rong thiét ké B = 2.70m
- Chiéu cao man D = 1.53m
- Chiéu chim trung binh d = 0.63m
- Hé s6 béo: a = 0.91

B = 0.64

8 = 0.42
- Luong chiém nuéc W = 12 Tén
- Cong suat may Ne = 500 HP
- S6 khach n = 30 ngudi
- Thuyeén vién: N = 5 nguoi



4.5.2. Thong s6 hé théng canh

CANH SAU

1
DN Thiét ké \\ ! J DN Thiét ké
- T - - b

1955 -

S S
N ~N
164 3 q
"Q A\l 1, <I 8
1800 = 600 -
3000 5

154.9
Bz
154.9

- 6703
552

670

670.3

1800 - ¥
3000 -

DN Thiét ké

CANH TRUGC

DN Thiét ké

1199

n

520 - 620 »/”\QL
o
)

880

320 -, [
1240

Hinh 4.33. Hé thong canh thwe ciia tau UNINSHIP 2014
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4.5.3. Tinh lwc nang, lirc cin va 6n dinh canh (Tham khéo phu luc F)
4.6. Két luan chwong 4
Trong chwong 4, lugn dn di gidi quyét dwoc mét sé ndi dung sau:
- Xay dung dugc ham va duong cong hdi quy cua do vdng cho phép cua canh NACA
16-018 lam tir nhdm 5456 vai chiéu dai day cung ¢ = 1 + 7(ft) 1am co so tinh chon

két cau dam bao 6n dinh theo [81].

- Thiét 1ap duoc (4.31) va (4.36) la cac phuong trinh cha dao co ban dap tng dong phi
tuyén cta panel composite ba pha dudi tac dung cua tai thily dong trong hai truong hop

tat ca cac canh tya don va ngam.

- Thiét 1ap duoc (4.32) va (4.37) 1a cac biéu thic xac dinh tan s6 dao dong cua panel

composite ba pha trong hai trudng hop tat ca cac canh tua don va ngam.

- P khao sat anh hudng cua cac yéu to: Cach b tri 10p, kich thude hinh hoc, toc do tau,
ti 1€ thanh phén vat li€u, sy khong hoan hdo hinh dang ban dau, chidu dai bude song va
khoang cach hai canh 1én dap ing dong cua panel composite ba pha dudi tdic dung cua tai

thiry dong. Két qua da danh gia duoc mirc do anh hudng cta cac yéu to dén 6n dinh ciia panel.
Két ludn rit ra tiv két qud nghién civu:

- Anh huéng cta su khong hoan hao hinh dang ban dau dén bién d6 cua do vong canh

1a khong dang ké, vi vay co thé bo qua anh hudng cia thong sd nay.

- Banh gid dugc muc do anh hudng cua cac yéu td nhu: Kich thude hinh hoc, téc do cua
tau 1én On dinh dong cua panel. Tir d6, lya chon vi tri hop 1y cho cac gan gia cuong doc,
ngang cho canh va gidi han duoc toc d6 cua tau dam bao két cau canh hoat dong 6n dinh

dudi tdc dung cua tai thuy dong.

- On dinh cua panel composite ba pha chiu anh huéng 16n boi cac yéu t6 thanh phan vat
ligu. Khi gia tang mat do cia soi s€ gidm bién do cua dd vong va mat do cua hat cang
nhiéu s& giam kha nang chiu uén cta panel. Ti 1¢ tot nhat cua hat nén lay y¢=0.05 véi
muc dich ting cuong do cing bé mit ciia panel chong hién twong xam thuc khi canh
chuyén dong voi toc do cao. T6 hop vt liéu composite dap tng cac tiéu chi trén 1 nén
Epoxy NPEL-128S, s¢i Cimax va hat gia cuong TiO2 vdi ti I¢ soi, hat theo thir ty ya=0.5
va y¢=0.05.
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- Anh hudng cta kich thude hinh hoc, ti 18 thanh phan soi hat 1én tan s6 dao dong cia
panel composite ba pha 1a dang ké. La co s& dit liéu can thiét dé xem xét danh gia dao

dong cua céac két cau composite trong duong.

- Xac dinh dugc khoang cach hop 1y hai canh tranh hién tugng cong hudng cua song va

dap vao hé thdng canh, ting 6n dinh doc cta tau, ting hiéu qua sir dung va tinh kinh té.

Két qua nghién ctru trén 1a co sé khoa hoc giup cac co s dong tau trong nudc
thiét k€, ché tao cac két cau tau noi chung va canh nang tau cdnh ngam noi riéng thoa

mén bén, 6n dinh theo quy pham va tiéu chuan thiét ké két cau tau canh ngam.

Mot s6 két qua nghién ctru trong chuong 4 da dugc bao cdo va diang trong “Danh
muc cac cong trinh nghién ciru da cong b cua tac gia co lién quan dén luan an”, tai lidu so:
1. Pham Van Thu, Tran Quoc Quan, Homayoun Hadavinia, Nguyen Dinh Duc (2014).
Nonlinear dynamic analysis and vibration of imperfect three phase polymer
nanocomposite panel resting on elastic foundation under hydrodynamic loads. Proceeding
of The Third International Conference on Engineering Mechanics and Automation
(ICEMA 2014), Hanoi, October- 2014, ISBN: 978-604-913-367-1, pp. 499-508.

4. Pham Vin Thu, Trinh Vin Binh, Huynh Tén Pat, Nguyén Vin Pat, Nguyén Dinh
Pric (2016). Nghién ctru xac dinh Gng suat tinh toan cho tdm composite 1p truc hudng
dung trong déng tau. Hoi nghi Khoa hoc toan qudc Vat liéu va Két cdu composite, Co
hoc, Cong nghé va trng dung, Pai hoc Nha Trang, 28-29/7/2016, trang 675-682.

6. Nguyen Dinh Duc, Homayoun Hadavinia, Pham Van Thu, Tran Quoc Quan (2015).
Vibration and nonlinear dynamic response of imperfect three-phase polymer

nanocomposite panel resting on elastic foundations under hydrodynamic loads. J.

Composite Structures, Vol.131, pp.229-237 (Elsevier, SCIE, IF=3.12)
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KET LUAN VA KIEN NGHI
1. KET LUAN
Nhitng dong gop mdi cua ludn dan
- Thiét 14p dugc phuong trinh va tinh 6n dinh tinh ctia tAm truc huéng composite polyme
ba pha chiu tai nén theo mot phwong, nén dong thoi theo hai phuong va tai cit.
- Thiét 1ap dugc phuong trinh va tinh 6n dinh dong ctia panel composite ba pha chiu tai
thiry dong trong hai trudng hop tat ca cac canh tua don va ngam.
- Xay dung duoc phuong phap tinh 6n dinh dong cta canh nang tau canh ngam bang
phuong phap giai tich dua trén tiéu chuan thiét ké két cau tau canh ngam.
- Panh gia duoc muc d6 anh hudng cua cac yéu to nhu: tai trong, cach bd tri 16p, tham
s6 va ti 1& thanh phﬁn vat liéu, kich thudc hinh hoc 1én 6n dinh tinh, dong cua tam
composite polyme ba pha. Do viy c6 thé thay dbi cac tham sé nay dé lya chon phuong
an thiét ké hop 1y va chii dong diéu khién Gmg xir ctia két cau.
- B0 s liéu tinh toan cua luan an c6 thé dung dé tham khao cho cac nghién ctru tng
dung trong tinh toan thiét ké két cAu tau thily néi chung va tau canh ngdm néi riéng.
2. KIEN NGHI
- Thuyc té tau composite loai nho lip may trong truc thiang thudng hay rung va on. Diéu
nay do nhiéu nguyén nhan gay ra, mot trong nhitng nguyén nhan chinh la do két cdu mat
6n dinh khi 1am viéc. Thuc vay, trong d6ng tau quy pham chi quan tim dén kiém tra bén
doc tau, diéu nay chi dung cho toan bd tau, nhitng ving chiu tai trong cao va phirc tap
nhu budng may va khu vuc ham 1ai, vom dudi chan vit thi két ciu van chua du ctng,
mat 6n dinh dan dén dao dong giy ra rung dong va 6n. Két cdu mat on dinh dan dén
moi, vi vay trong tinh toan két cau thuong phai tinh thém phan 6n dinh dé két cau bén
theo thoi gian 1am viéc [81]. Nhu vdy, nhitng két qua nghién ctru trén 13 co sé tham
khao, kiém tra va tinh toan liua chon cac két cau tau thay dam bao 6n dinh.
- Bé két cAu canh ngam lam viéc 6n dinh, hiéu qua, can cha y dén do cing viing ving
két cu day tau khu vuc lap hé théng canh. Ving day tau lap hé thong canh mat 6n dinh
dan dén hé thdng canh dao dong gay ra moi, két ciu lam viéc trong thoi gian dai gay ra
hu hong. Vi vy trong tinh toan két cdu nay nén tinh thém phan 6n dinh theo [81] dé
toan bo hé thé)ng két cau 6n dinh khi tau lam viée trong déu kién song gi6 va khi tde do

tau ha dot ngot ¢ thoi diém tiép can ha canh.
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Lan 3 10.14 2.97 75.29 5640.3

ya 15% Soi + 20% TiO
Lin 4 1024 | 3.17 101.70 4812.7 i %mResin s A2
Lan 5 10.13 2.95 67.85 4730.7
LAn 6 10.27 | 3.00 88.69 5163.6

Trung binh 85.29 5064.9
- Kich 3::3;: mat Ung suat | Modul dan héi Vat lieu
~ N 61 (MPa) E(MPa) o
R{ng Day
Lan 1 10.02 3.63 90.99 5532.6
Lan?2 10.10 3.62 90.92 5440.3
Lan3 10.04 3.57 74.55 5110.8
Lain 4 10.12 3.66 135.25 6441.2 20% S¢i + 20%TiO,
Lan5 10.00 3.58 75.42 5232.7 + 60% Resin AKA
Lian6 10.06 3.66 104 .49 5812.5
Lan7 10.08 3.60 98.24 5770.4
Trung binh 95.69 5620.1




s x
T Hien :;‘:g)“ MU | Ung sust | Modul dan héi Taviien
Ronz | Day | © (MPa) |  E;(MPa)
Lin 1 10.00 | 3.00 93.37 5752
Lin 2 1049 | 3.5 154.44 7000
Lan3 10.23 3.20 118.87 6604 25% Sqi + 20%TiO
Lz:n4 1021 | 3.10 117.93 6500 it A2
Lin5 10.15 | 3.28 120.03 6725
Lan6 10.10 3.40 130.77 6840
Trung binh 122.57 6570.2
- Kich g:::; méu Ung suat | Modul dan héi Vit licu
- 6, (MPa) | E;(MPa) :
R{ng Day
Lin 1 10.50 | 3.49 174.81 7370.8
LAin 2 1040 | 3.38 148.50 6880.4
Lin 3 940 | 3.16 60.40 5220.7 T
Lim 4 1004 | 3.26 105.99 6251.2 & 0% Rodn Al A2
Lin 5 10.00 | 3.20 74.54 5620.5
Lin 6 10.10 | 3.8 101.23 6206.7
Trung binh 110.91 6258.4

Nguwoi thue hién

T ke

Vi Vin Du

___/

Fhan Cuin Song
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Product Code : Phuong 1 - 15%soi
Batch Reference : Tensile Test

Date : 02/06/2016
Operator :Vu Van Du

Py
Temperature,.~ /‘g DUC VA 5N
Product degGription ¥
ﬁdﬁtﬁi\:

Relative hiir

Machine Settings

Load Range
Extension Range
Test Speed

Gauge Length
Preload

Lower Secant Point
Upper Secant Point

: 40000N

:9.000 mm
:1.0000 mm/min
:50.000 mm
:0.0000 N
:0.0000 %

: 0.0000 %

(o]
NGHIEN cuu ~k\’ Auto Reverse : OFF
GHE TAO “J
_;aumwthi
o‘&wzﬁ%ﬁ@/ 5% Resin AKA
Distance between grips: 115mm
Max stress: 85.29 (MPa)
Modulus of elasticity: 5064.9 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus  Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm”2 %
1 3.030 10.20 - 84.13 5.521 -
2 3.110 10.16 - 94.06 5.580 -
3 2.970 10.14 - 75.29 5.623 -
4 3.170 10.24 - 101.7 8.836 -
5 2.950 10.13 - 67.85 5.324 -
6 3.000 10.27 - 88.69 6.716 -
Mean - 85.29 6.267
Std. Dev. - 12.36 1.352
Range - 33.85 3512
Median - 86.41 5.602
Maximun - 101.7 8.836
Minimum - 67.85 5.324
P99 - - -
Graph
Force N

4000

2400

2000

1600

1200 -

400

0.5

1.5

2.0

2.5

3.0 3.5

4.0

4.5 5.0
Extension mm



First Page inputs

Machine Settings

Product Code : Phuong 1 - 20%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date : 02/06/2016 Test Speed : 1.0000 mm/min
Operator YU Van Du Gauge Length - 50.000 mm
Temperature 77 ouC V4 2] Preload :0.0000 N
Product descriptio VIEN site Lower Secant Point  : 0.0000 %
Relative humiglit . *%';*.:f‘ ‘ Upper Secant Point : 0.0000 %
TR i il Auto Reverse : OFF
CHE TAO oy
N\ it THUY S5/
Comments 2\ TAU THUY /o7
: NS B4 HAA A .
Material: 20%s0i+20%Ti02+60% Resin AKA
Distance between grips: 115mm
Max stress: 95.69 (MPa)
Modulus of elasticity: 5620.1 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm~"2 %
1 3.650 10.20 - 90.99 7.469 -
2 3.620 10.16 - 90.92 5875 -
3 3.570 10.14 - 74.55 4476 -
4 3.660 10.24 - 135.3 8.028 -
5 3.580 10.13 - 75.42 5131 -
6 3.660 10.27 - 105.5 7386 -
7 3.600 10.08 - 98.24 6.614 -
Mean - 95.69 6.426
Std. Deyv. - 20.62 1.316
Range - 60.70 3.552
Median - 90.99 6.614
Maximun - 135.3 8.028
Minimum - 74.55 4.476
P99 - - -
Graph
Force N
7500 -
6750 -
6000
[ :10 [ MOVSURUUNIIE SUVUEIONG SRR s SESRERISIE RS T B
: T4
4500 | -
3750
o TP I SNUUUUI: SN SRR (" o & ITPE. NN N FR—m— S—
2250 -
1500 -
Pl T = il TSNS SN TSNS WSS, SR S SR IR
0
4.0 45 5.0

VI

Extension mm
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Product Code : Phuong 1 - 25%soi
Batch Reference : Tensile Test

Date : 02/06/2016
Operator - VuVan Du

Temperature /30\;< \724

Product descripti site
Relative humidt VIEH 70957\
f Gmgri\ c UU ")\
\,‘\* CHETAO ),
\ AU THUY /?H

Dlstance between grips: 115mm
Max stress: 122.6 (MPa)
Modulus of elasticity: 6570.2 (MPa)

Machine Settings

Load Range : 40000N
Extension Range :9.000 mm

Test Speed : 1.0000 mm/min
Gauge Length : 50.000 mm
Preload : 0.0000 N

Lower Secant Point : 0.0000 %
Upper Secant Point  : 0.0000 %

Auto Reverse : OFF

Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]

Specimen No  Thickness Width  S.Modulus Max Stress  Elong at Max  Attributes

mm mm N/mm”2 N/mm~”2 %
1 3.000 10.00 - 93.37 5321 -
2 3530 10.49 - 154.4 9.419 -
3 3.200 10.23 - 118.9 7.152 -
4 3.100 10.21 - 117.9 9.140 -
5 3.280 10.15 - 120.0 6.870 -
6 3.400 10.10 - 130.8 7.186 -

Mean - 122.6 7.515

Std. Dev. - 19.88 1.532

Range - 61.07 4.098

Median - 119.5 7.169

Maximun - 154.4 9.419

Minimum - 93.37 5.321

P99 - - -

Graph

Force N
7500 -
[y £-{0 [ O |

6000

4500

3750

3000

2250

1500

750 o

0.00 0.75 1.50 2.25

3.00

VIl
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6.75 7.50
Extension mm



First Page inputs

Machine Settings

Product Code : Phuong 1 - 30%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date : 02/06/2016 Test Speed :1.0000 mm/min
Operator :Vu Van Du Gauge Length :50.000 mm
Temperature _..230C Preload : 0.0000 N
Product descriptio /uc VCO o snte Lower Secant Point : 0.0000 %
Relative humidi C/ . 2 Upper Secant Point : 0.0000 %
o/ N I r Auto Reverse : OFF
{’/ ( '\]GH‘FN (‘UU "
Comments K\l{ \ Ct HE TAO o)
\% TAU THUY /&)
Material: 30%Sso0N:: o\|02/+§d"%éesm AKA
Distance between AL ]
Max stress: 110.9 (MPa)
Modulus of elasticity: 6258.4 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm~2 N/mm~”2 %
1 3.490 10.50 - 174.8 9475 -
2 3.380 10.40 - 148.5 9.536 -
3 3.160 9.400 - 60.40 3.855 -
4 3.260 10.04 - 106.0 8.150 -
5 3.200 10.00 - 74.54 5510 -
6 3.280 10.10 - 101.2 6.548 -
Mean - 110.9 7.179
Std. Dev. - 43.56 2.280
Range - 114.4 5.681
Median - 103.6 7.349
Maximun - 174.8 9.536
Minimum - 60.40 3.855
P99 - - -
Graph
Force N
7500 .
6000 - ,//’ ;
3750 | _ . ,/ SN AR O (SRS
e i
3000 ../.(./u-:.’.. . s
g .‘6'
2250 o / o <ol DTN, SUN: KSURUUNUN SR
/;//,4/'/ i
1500 - s
3
750 - :
S
" Ve ‘ i . = . N - ; ;
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0

VIl

Extension mm



TRUGNG DAI HOC NHA TRANG
VIEN NGHIEN CUU CHE TAO TAU THOY
VR LAB 02

Tel:0258. 3715189 - 3714476 - 3714377 Fax : 0258. 3714025
Web site: www.vientauthuy.com.vn

Emall wentauthuy@gmall com

Research

SHIP

—<Development
/-"'"‘--n
Z00C VA
K gk %

A i O,
/ ,O/ VIEM \

,!/m( GHIEN cUU \ 1

\\CHE TAO |, i
TAU THUY /v:‘i“'
(‘\‘_/ 7

#'¥3:yéu cdu (Clien): Ong Pham Van Thu
2 Ding cho (Used for) : Ki€m tra co tinh vt liéu composite
3. Phuong phap thit (Methods of Testing): BS EN ISO 527- 4: 1997
4.Thiét bi thit (Test equipment): M4y thit HOUNSFEILD H50K-S
KET QUA THU NGHIEM
TEST RESULT
Thit nghiém kéo (Tensile test):

EUKET QUA KIEM NGHIEM
TEST RESULT
No: 27.2-2016/VR LAB 02

Kich: thudc Ung sust | Modul dan héi - =
TT (mm) Vat liéu
Rong | Day 6,(MPa) E,(MPa)
Lan 1 10.24 3.52 9.66 2810.2
Lain 2 10.40 3.61 7.33 2574.5
Lin 3 1012 | 3.50 9.69 2795.5 15% Sgi + 20%TiO,
Lin 4 10.11 | 3.1 8.55 2660.7 +65% Resin AKA
Lin 5 1002 | 3.54 7.24 2560.8
Trung binh 8.49 2680.3
— Kich :::g)c mat Ung sud't | Modul dan héi Vat licu
Rong | Diy 6,(MPa) E,(MPa)
Lan 1 10.04 | 242 10.97 3017.6
Lin?2 1002 | 2.40 8.45 2872.4
Lin 3 1005 | 243 14.88 3080.2 2% g1+ 2% 110,
< + 60% Resin AKA
Lain 4 10.01 | 241 8.43 2836.5
Trung binh 10.68 2951.7




- Kich ::;‘fg; M| Ung susit | Modul dan héi —
R 5 Gz(MPa) Ez(MPa) : ’
R{ng Day
Lan 1 10.23 3.50 12.89 3100.5
Lan2 10.30 | 3.60 11.24 2907.6
Lin3 10.15 3.60 13.72 3204.6 25% Soi + 20%TiO,
Lin4 10.18 3.62 11.44 2943 .4 +55% Resin AKA
Lan5 10.24 3.60 15.91 3374.2
Trung binh 13.04 3106.1
r iy :f;‘:g)‘ MU\ Ung susit | Modul dan hoi —
- - 6,(MPa) E,(MPa) T
R{ng Day
Lan 1 10.00 3.50 13.10 3150.8
Lz‘?n 2 10.10 | 3.53 1272 3100.6 30% Sei + 20%TiO,
Lz:n 3 10.00 | 3.51 3.37 1700.0 50 %' Resin AKA
Lin4 9.80 3.40 9.10 2702.0
Trung binh 9.57 2663.4

0; .zing 06 nim 2016

Ngudi thye hién dbe

Vii Viin Du Yhan E{m f&my
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Machine Settings

Product Code - Phuong 2 - 15%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date . 02/06/2016 Test Speed :1.0000 mm/min
Operator ; : Vu Van Du Gauge Length :50.000 mm
Temperatur, \m 52230C Preload £ 0.0000 N
Product de% F@H‘ Composite Lower Secant Point : 0.0000 %
Relative h,(.u Q 0 Upper Secant Point : 0.0000 %
5‘ < )} Auto Reverse : OFF
: s/
Comments\©). 2 4
D) 7
Material: 15%30|+2@%TT(52+65% Resin AKA
Distance between grips: 115mm
Max stress: 8.493 (MPa)
Modulus of elasticity: 2680.3 (MPa)
Test Results [ SECM-004 | Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm”2 %
1 3.520 10.24 - 9.663 0.680 -
2 3.610 10.40 - 7.325 0.480 -
3 3.500 10.12 - 9.693 0.643 -
4 3.510 10.11 8.548 0.585 -
5 3.540 10.02 - 7.236 0.489 -
Mean - 8.493 0.575
Std. Dev. - 1.199 0.090
Range - 2456 0.200
Median 8.548 0.585
Maximun - 9.693 0.680
Minimum - 7.236 0.480
P99 . ] y
Graph
Force N
400
: <
240
Y0 PR NN SN W ol JN WO NUNF VN SST— S———
160 TR I
SR WO N 400 WUUUITS NS NN SUNNPRUNN SN S SO SO——
B T L S e e S R
° o.go 0.65 010 015 0.20 025 0.30 0.35 0.40 0.45 0.50

Xl

Extension mm
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Product Code : Phuong 2 - 20%soi
Batch Reference : Tensile Test

Date : 02/06/2016
Operator S Vu Van Du

Relative hu

Machine Settings

Load Range
Extension Range
Test Speed

Gauge Length
Preload

Lower Secant Point
Upper Secant Point

: 40000N

:9.000 mm

: 1.0000 mm/min
: 50.000 mm
:0.0000 N
:0.0000 %
:0.0000 %

[ NGHIEN CUU Auto Reverse : OFF
CHE TAO
Comments \\1 AU THUY
{Di e
Material: 20%3013-{20%5&@ -+60% Resin AKA
Distance between grips: 115mm
Max stress: 10.68 (MPa)
Modulus of elasticity: 2951.7 (MPa)
Test Results [ SECM-004 | Secant Mod. Test (Elong@Max Stress) [XHead|
Specimen No  Thickness Width ~ S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm”2 %
1 2.420 10.04 - 10.97 1.100 -
2 2.400 10.02 8.455 0.721 -
3 2.430 10.05 - 14.88 1.076 -
4 2.410 10.01 - 8.429 0.597 -
Mean - 10.68 0.874
Std. Dev. - 3.041 0.253
Range - 6.451 0.503
Median - 9.714 0.899
Maximun - 14.88 1.100
Minimt;)nll 8.429 0.597
P99 - - -
Graph
Force N
2§ e P S
360 S FU—— ——
320 A ........................
240 | -
200 - -
160 RS cree s s /,/ . ........................ RSSO SR
80 -
1
40
0.000 0.075 0.150 0.225 0.300 0.375 0.450 0.525 0.600 0.675 0.750
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Machine Settings

Product Code : Phuong 2 - 25%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date : 02/06/2016 Test Speed :1.0000 mm/min
Operator _MuVan Du Gauge Length :50.000 mm
Temperature 5 0236G N\ Preload :0.0000 N
Product description /@‘}/: \gogm itey Lower Secant Point : 0.0000 %
Relative humidity / Q%‘/ . ‘bl/(}mlm \\ Upper Secant Point : 0.0000 %
ff , [ NGHIEN LU R Auto Reverse : OFF
**. CHE T,@\f) o /y
Comments NG TAU THUY/X{;/{,.
oty
Material: 25%s0i+20% Tid2455% Resin AKA
Distance between grips: 115mm
Max stress: 13.04 (MPa)
Modulus of elasticity: 3106.1 (MPa)
Test Results [ SECM-004 | Secant Mod. Test (Elong@Max Stress) [XHead)]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm”2 %
1 3.500 10.23 . 12.89 0.880 -
2 3.600 10.30 - 11.24 0.970 -
3 3.600 10.15 - 13.72 0.950 -
4 3.620 10.18 - 11.44 0.990 -
5 3.600 10.24 15.91 1.250
Mean - 13.04 1.008
Std. Dev. - 1.906 0.141
Range 4.670 0.370
Median - 12.89 0.970
Maximun - 1591 1.250
Minimum - 11.24 0.880
P99 - - .

Graph
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Extension mm
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Machine Settings

Product Code : Phuong 2 - 30%soi Load Range : 2000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date : 02/06/2016 Test Speed :1.0000 mm/min
Operator :Vu Van Du Gauge Length :50.000 mm
Temperature e 230C Preload : 0.0000 N
Product descrlpﬂ ¢ va pGomposite Lower Secant Point : 0.0000 %
Relative hu ,r\ % Upper Secant Point : 0.0000 %
5 - ""\\\-. Auto Reverse : OFF
/ ( NGHIEN CUU Y
Comment \ ‘\ CHETAO Jyj;
\9\ TRU THUY /&4
Material: 30°/$§?\)1(,+2Q%1]Qﬁ+50% Resin AKA
Distance between: gg‘np% J45mm
Max stress: 9.57 (MPa)
Modulus of elasticity: 2663.4 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width ~ S.Modulus Max Stress  Elong at Max  Attributes
mm mm N/mm~*2 N/mm~2 %
1 3.500 10.00 - 13.10 0.819 -
2 3.530 10.10 - 12.72 0.884 -
3 3.510 10.00 - 3.371 0.250 -
4 3.400 9.800 - 9.104 0.645 -
Mean - 9.572 0.650
Std. Dev. . 4.509 0.285
Range - 9.728 0.634
Median - 10.91 0.732
Maximun - 13.10 0.884
Minimum - 3.371 0.250
P99 : - -

Graph
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TRUGNG BAI HOC NHA TRANG
VIEN NGHIEN cUU CHE TAO TAU THUY
VR LAB 02

Tel:0258. 3715189 - 3714476 - 3714377 Fax : 0258. 3714025
Web site: www.vientauthuy.com.vn

Email : vientauthuy @ gmail.com

== Research

\ sHIP

—=Development

EUKET QUA KIEM NGHIEM
TEST RESULT
No: 12.2-2017/VR LAB 02

2 Dung cho (Used for) : Klem tra co’ tinh vt liéu composite
3. Phuong phédp thit (Methods of Testing): BS EN ISO 527- 4: 1997
4.Thiét bi th (Test equipment): Mdy thit HOUNSFEILD H50K-S

KET QUA THU NGHIEM
TEST RESULT
Thi¥ nghiém kéo (Tensile test):
r SIcH :1‘::; M| Ung sust | Modul dan héi —
- : o; (MPa) E{(MPa) o
R{ng Day

Lin 1 984 | 3.73 201.7 7634.8

Lin2 990 | 3.75 258.3 7982.3

Lan3 9.94 3.76 231.7 7798.6 25% Sgi + 5%Ti0,

Lin 4 992 | 3.72 2244 8241.7 +70% Resin 9509

Lin5 9.96 3.73 2292 7870.4
Trung binh 228.7 7905.56

T ek 1:111111:’:; e Ung suat | Modul dan hdi Vat licu
- z o; (MPa) E,(MPa) ;
R{ng Day

Lan 1 1023 | 297 2922 9113.1

Lin2 1028 | 2.69 288.4 10021.4

LAan3 10.49 | 290 156.3 7136.2 30% Soi + 5%Ti0,

LAn4 1026 | 2.62 3422 10235.2 +65% Resin 9509

Lin5 1028 | 266 177.2 9017.8
Trung binh 237.3 9104.7

XV



- Reh I::g)c M| Ung sust | Modul dan hoi Vieliea
Rong Day o1 (MPa) E;(MPa)
Lin 1 9.85 2.68 309.9 12944.7
Lin 2 10.02 2.82 236.5 11300.3
Lan3 10.10 2.95 246.9 10721.4 40% Sgi + 5%TiO,
Lin 4 10.18 | 2.83 263.0 11679.4 +55% Resin 9509
Lin5 1027 | 2.84 285.3 10300
Trung binh 268.3 11389.2
Nha Trang, ngay 28 thang 02 nim 2017
Ngudi thyc hién 7 VLA 0

T N

(<N

Vii Vin Du

o OU A I
/Z@’M(ioc
fo/ VIEN N7
E',m NGHIEN CUY)

/
(o

Fham O fé’dfgr

XVI




First Page inputs

Machine Settings

Product Code : Phuong 1 - 25%s0i Load Range - 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date . 28/02/2017 Test Speed :1.0000 mm/min
Operator :Vu Van Du Gauge Length :50.000 mm
Temperature ; Preload : 0.0000 N
Product description //OL ite Lower Secant Point : 0.0000 %
Relative humldlty / V,ZQ % \% Upper Secant Point : 0.0000 %
l MGMU‘ cliu 4‘\ Auto Reverse : OFF
* ’
Comments W CHE TAO \oll
\\%' TAU THUY §’
Material: 25%soi +‘§Q@'\r©2ﬂqf esin 9509
Distance between grips: 44
Max stress: 228.7 (MPa)
Modulus of elasticity: 7905.56 (MPa)
Test Results [ SECM-004 | Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm~”2 N/mm”2 %
l 3.730 9.840 - 201.7 9.615 -
2 3.750 9.900 - 258.3 1045 -
3 3.760 9.940 . 231.7 1024 -
4 3.720 9.920 - 224.4 8.990 -
5 3.730 9.960 . 227.2 10.80 -
Mean - 228.7 10.02
Std. Dev. - 20.23 0.7199
Range - 56.63 1.810
Median - 227.2 10.24
Maximun - 258.3 10.80
Mininug]ll - 201.7 8.990
P99 - < .
Graph
Force N
10000
9000 « ‘e
8000 ................. 5
7000 ¢
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2000 ) S e »/
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First Page inputs

Machine Settings

Product Code : Phuong 1 - 30%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date : 28/02/2017 Test Speed :1.0000 mm/min
Operator :Vu Van Du Gauge Length : 50.000 mm
Temperature :230C Preload : 0.0000 N
Product descriptit omposite Lower Secant Point : 0.0000 %
Relative humidi Upper Secant Point : 0.0000 %
. e Auto Reverse : OFF
I 7/ NGHIEN CUU %
Commenté_.\*\ CHE TAO /, j
o \B\ TAU THUY /&
Material: 30%80j+ 5% TIOZ465% Resin 9509
Distance betw '\’gr_lgg"}jémm
Max stress: 237.3 (MPa)
Modulus of elasticity: 9104.7 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width ~ S.Modulus Max Stress  Elong at Max  Attributes
mm mm N/mm”2 N/mm~”2 %
1 2.970 10.23 - 222.2 9.120 -
2 2.690 10.28 - 288.4 9.960 -
3 2.900 10.49 - 156.3 11.95 -
4 2.620 10.26 - 342.2 9.660 -
5 2.660 10.28 . 177.2 6.540 -
Mean - 237.3 9.446
Std. Dev. - 77.51 1.945
Range - 185.9 5.410
Median - 222.2 9.660
Maximun - 342.2 11.95
Minimum - 156.3 6.540
P99 - - -
Graph
Force N
10000 -
|
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8000 | ,
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First Page inputs

Machine Settings

Product Code : Phuong 1 - 40%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date . 28/02/2017 Test Speed :1.0000 mm/min
Operator - VUuVan Du Gauge Length :50.000 mm
Temperature,ZZouC ¥4 5;5230C Preload :0.0000 N
Product de QN Oemposite Lower Secant Point : 0.0000 %
Relative hii dity_P1 ;_'ﬁ_"NU-Lj 6‘\"0 Upper Secant Point : 0.0000 %
NGHIEN &5 5l Auto Reverse : OFF
\ CHETAD  Jo )
S\ TAU THUY gﬁ
\ J
NG e
Material: 40%80i-4/5%F©2+55% Resin 9509
Diastance between grip: 115mm
Max stress: 268.3 (MPa)
Modulus of elasticity: 11389.2 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width ~ S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm”2 %
1 2.680 9.850 - 309.9 9.070 -
2 2.820 10.02 - 236.5 8.940 -
3 2.950 10.10 246.9 9.945 -
4 2.830 10.18 - 263.0 1052 -
5 2.840 10.27 - 285.3 1143 -
Mean - 268.3 9.980
Std. Dev. - 29.63 1.037
Range - 73.38 2.490
Median - 263.0 9.945
Maximun - 309.9 1143
Miniml};}l] - 236.5 8.940
P99 s .
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HIEU KET QUA KIEM NGHIEM

TEST RESULT
No: 12.2-2017/VR LAB 02

C'H!: T[\U
\ AU THOY
O,

L
S /y/ ¢u cau (Clien): Ong Pham Vian Thu
Z\Dung cho (Used for) : Kiém tra co tinh vt liéu composite
3. Phudng phéap thit (Methods of Testing): BS EN ISO 527- 4: 1997
4.Thiét bi thit (Test equipment): Mdy thit HOUNSFEILD H50K-S

KET QUA THU NGHIEM

TEST RESULT
Thi nghiém kéo (Tensile test):
- Kich ::::g;: M| Ung sust | Modul dan héi Vat licu
Ronz | Day 6,(MPa) E,(MPa)
Lan | 9.51 3.12 11.01 2232.6
Lin 2 1038 | 2.77 8.695 1915.3
Lin3 10.18 | 3.07 15.26 2810.7 25% Sqi + 5%Ti0,
Lin4 1036 | 2.94 16.74 2907.2 +70% Resin 9509
Lin 5 940 | 2.69 13.25 2620.4
Trung binh 12.99 2497.2
. i :::fg)" M | (1o sust | Modul dan héi ——
N 6,(MPa) E(MPa) ‘
R{ng Day
Lin 1 3.92 9.74 14.23 2694.1
Lin2 4.00 9.91 21.57 3383.2
Lin3 3.75 9.57 12.86 2516.6 30% S¢i + 5%Ti0,
Lan 4 3.80 9.78 7.09 1980.4 +65% Resin 9509
Lin5 3.89 9.80 16.53 2902.8
Trung binh 14.46 2695.4

XX



Kich thu du | . , 5
fch thufe mau | . cust | Modul dan hoi n
TT (mm) Vit liéu
~ N 62(MPa) E;(MPa)
Rong Day
Lan 1 10.10 | 2.93 12.22 3261.0
Lin 2 1001 | 3.07 18.22 3503.5
Lin3 10.06 | 3.07 1587 3284.2 40% Sgi + 5%Ti0,
Lan4 9.88 3.16 13.77 3296.7 +355% Resin 9509
Lin5 9.98 2.93 17.67 3419.8
Trung binh 15.55 3353.0
Ngudi thyce hién

=

P

Vii Vin Du

XXI




First Page inputs

Machine Settings

XXII

Product Code : Phuong 2 - 25%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date . 28/02/2017 Test Speed :1.0000 mm/min
Operator : Vu Van Du Gauge Length : 50.000 mm
Temperature LZIOC Vi Preload : 0.0000 N
Product description /2\\ o/nfpﬁsif\\\ Lower Secant Point : 0.0000 %
Relative humidity /79,4 70%=" X Upper Secant Point : 0.0000 %
"i/* NGHIEN CUU Auto Reverse 2 IOFF
"\ CHETAO
Comments "‘QI‘;T“\\‘;”AL! THUY
NN/
Material: 25%soi + 5%TiO2+70%Resin 9509
Distance between grips: 115mm’~
Max stress: 12.99 (MPa)
Modulus of elasticity: 2497.2 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm~2 N/mm”2 %
1 3.120 9.510 - 11.01 0.7740 -
2 2.770 10.38 - 8.695 0.6760 -
3 3.070 10.18 - 15.26 0.9980 -
4 2.940 10.36 . 16.74 1248 -
5 2.690 9.400 2 13.25 0.7620 -
Mean - 12.99 0.8916
Std. Dev. - 3.228 0.2321
Range - 8.049 0.5720
Median - 13.25 0.7740
Maximun - 16.74 1.248
Minimum - 8.695 0.6760
P99 : : -
Graph
Force N
360 -
240 - 2 .
200 BT
160
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First Page inputs

Machine Settings

Product Code : Phuong 2 - 30%soi Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date . 28/02/2017 Test Speed :1.0000 mm/min
Operator ,;”/f)/-\jcw “‘f Van Du Gauge Length :50.000 mm
Temperature /7.0 \82} Preload :0.0000 N
Product descr fgh ViEN site Lower Secant Point : 0.0000 %
Relative humi NGHIEN CUOY Upper Secant Point : 0.0000 %
"\\ CHE TAO Auto Reverse : OFF
\ - \\ 2
AL‘ T r‘UY \#/4
Comments \\\fq, ‘\ /> {k/
\ ’ LE';('E/N?"\ 4
Material: 30%soi + 5%Ti©2+65% Resin 9509
Distance between grips: 115mm
Max stress: 14.46 (MPa)
Modulus of elasticity: 2695.4 (MPa)
Test Results [ SECM-004 | Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm~”2 %
1 3.920 9.740 - 14.23 0.6600 -
2 4.000 9.910 - 21.57 1312 -
3 3.750 9.570 - 12.86 0.7240 -
4 3.800 9.780 - 7.090 3.184 -
5 3.890 9.800 - 16.53 0.8980 -
Mean . 14.46 1.356
Std. Dev. - 5.286 1.053
Range - 14.48 2.524
Median - 14.23 0.8980
Maximun - 21.57 3.184
Minimum - 7.090 0.6600
P99 - - -
Graph
Force N
1000
900 +
700 -
600 o
r 1 g
500 Aot 2
./ 3
/"
400 s
,~/
0.000 0.125 0.250 0.375 0.500 0.625 0.750  0.876  1.000 1.125 1.250
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First Page inputs

Machine Settings

Product Code : Phuong 2 - 40%so0i Load Range : 40000N
Batch Reference : Tensile Test Extension Range :9.000 mm
Date . 28/02/2017 Test Speed :1.0000 mm/min
Operator < CV. Van Du Gauge Length : 50.000 mm
Temperature S Preload : 0.0000 N
Product description: ViiGom Lower Secant Point : 0.0000 %
Relative humldlt \JFrllEVO%’U B\ Upper Secant Point  : 0.0000 %
CHE TAO U/ Auto Reverse sOFF
\ \mu THOY :/
Comments V(\ el »f /
94 Ho“
Material: 40%soi + 5%TTO2755% Resin 9509
Distance between grips: 115mm
Max stress: 15.55 (MPa)
Modulus of elasticity: 3353.0 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress Elong at Max  Attributes
mm mm N/mm”2 N/mm”2 %
1 2.930 10.10 - 12.22 0.7760 -
2 3.070 10.01 - 18.22 1.570 -
3 3.070 10.06 - 15.87 1386 -
4 3.160 9.880 13.77 0.8800 -
5 2.930 9.980 - 17.67 1272 -
Mean - 15.55 1.177
Std. Dev. 2.548 0.3377
Range 6.002 0.7940
Median - 15.87 1.272
Maximun - 18.22 1.570
Minimli_;xf - 12.22. 0.7760
P99 2 .
Graph
Force N
750
875
600
525
5
450 + :
375 | i
300 1o
226 fouf \
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75 '
0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0 45 5.0
Extension mm
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PHU LUC D:

KET QUA THU CHAY VA THU CO TiNH CUA VAT LIEU
COMPOSITE
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TRUGNG DAI HOC NHA TRANG
VIEN NGHIEN CUU CHE TAO TAU THOY

VR LAB 02
Tel : 0258 . 3714377 - 3715189 Fax : 0258 . 3714025

V),

Research

gﬁp’mfm Web site: www.vientauthuy.com.vn
@ 0 04\\ Email : Vientauthuy@gmail.com
0 nr ] A\
20.1- 201/ r,]ﬂﬁ g\ KET QUA THU NGHIEM 24/03/2016
VR LAB cHE TAD U Page 01/05

N THOY
1. Don vi yeu M Ong Pham Vin Thu.

2. Diing cho (Used for) : Kiém tra kha niing chéng chay ciia vat li¢u.
3. Phwong phap thir (Methods of Testing): UL94, ASTM D635, D3801 & D5048
4. Pi¢u ki¢n thir (Test Conditions): nhiét d¢ 27°C va 39 4m 70%

KET QUA THU NGHIEM
1. Vatli¢u thir: Vit li¢u composite khong c6 phu gia chim chay - Firegard B.
. . aa Keét qua thii i
STT Thong tin thir Mau 1 ' Miu 5? Agil::f?tl l;l(fu 4 ‘ Miu 5 g::;
A. Thir chdy ngang — Tiéu chuén d4dnh gia UL 94HB hodc ASTM D635-98
1 | Chiéu day (mm) 26 | 24 24 [ 23 24
2 | Mu chdy (C6 hay khong) Co Co Co Co Co
3 | Chay nhd giot (C6 hay khong) Khong | Khong | Khong | Khong | Khong
4 | Vi tri mét trude ngon Itra Téi Toi Toi Toi Toi
100mm | 100mm | 100mm | 100mm | 100mm
5 | Thoi gian chdy (s) (tir 25mm dén | 137 | 173 115 | 168 | 123
100mm)
6 | Toc do chay (mm/ph) 2 26 39,1 26,8 36,6

Nhin xét: Toc d§ chay trung binh 32,3mm/ph.

B. Thir chdy dirng — Tiéu chuin danh gid UL 94V hoic ASTM D3801-00

1 | Chiéu day (mm) 23 24 23 23 23

2 | Mau bi chay téi ngam giir mau (C6 | Co Co Co Co Co | Khong
hay khéng) thoéa mén

3 | Vat liéu chdy nho giot gdy chay | Khong | Khong | Khong | Khong | Khong Th~6a
cotton (C6 hay khong) man

4 | Thoi gian chay tiép cho mdi mau | >30 >30 ~30 >30 >30 | Khéng

- " . xk ¥ X (73s- (70s- (65s- (65s- (63s- | thda méan
riéng biét sau khi dot mau lan 1 (s) 44mm) | 73mm) | 56mm) | S6mm) | 62mm)

W

Thoi gian t, + t3 - - . . =

6 | Tong thoi gian chay tiép (t; + t,) > 250 Khong
cho 5 mau (s) thdéa man

Nhin xét: Miu khong théa mén cAp V-0, V-1 va V2 ciia UL 94V

Két lugin: Vit li¢u dé chay véi toc dd chay 32,3mm/ph (xem phu luc)

XXVI




2. Vatli¢u thir: Vit li¢u composite c6 phu gia chdm chay (ti 1€ véi nhya 1a 14%)

ST T i Két qua thir Ghi
T i M1 [ Miu2 | Miu3 | Miud | M5 | chi
A. Thir chj %ggrxg Igé@\muan d4nh gia UL 94HB hoiic ASTM D635-98
1 | Chiéujddy (mm)io )] 2,9 2,7 2,7 2,7 2,8
2 | Mau CK@\(@@J hay kH6ie) Co Co Co Co Co
3 | Chay nm@]@t (—CQM khong) Khong | Khong | Khong | Khong | Khong
13< | 13< 0< 7= <
% | vimmgt tm@ﬁm - (mm) 25mm | 25mm 215mm 25mm 215?11m
5 | Thoi gian chdy (s) (tr 25mm dén - -
100mm)
6 | Toc do chay (mm/ph) s . - - -
Nhan xét: Mit truwéc ngon lira khong vugt qua vach 25mm.
B. Thir chdy dirng — Tiéu chuin ddnh gia UL 94V hoiac ASTM D3801-00
1 Chleu day (mm) 2,7 2,9 2.7 2,7 2,7
2 | Mau bi chay t6i ngam gitt mau (Co | Khong | Khong | Khong | Co Co | Khong
hay khong) thoa man
3 | Vat liéu chdy nho giot gy chay | Khong | Khong | Khong | Khong | Khong
cotton (Co6 hay khong)
4 | Thoi gian chdy tiép cho mdi mau | ! I ! 1 1
riéng biét sau khi dot mau 14n 1 (s)
5 | Thoi gian t, + t 32 4 30 >60 | >60 | Khong
thoa mén
6 | Tong thoi gian chay tiép (t; + t) >250 Khéng
thoa man

cho 5 miu (s)

Nhin xét: Miu khong théa mén cip V-0, V-1 va V2 ciia UL 94V

Két lu@n: Khi pha phu gia véi ti 1€ 14% vt li¢u chim chdy hon va thoi gian chay >
20s vét sé bi chay (xem phu luc).

3. Vatli¢u thir: Vit li¢u composite c6 phu gia cham chay (ti 1€ véoi nhya 13 20%)

ST A Két qua thir Ghi
T Thong tin thir Méu1 | Méu2 | Méu3 | Méu4 | Mau's | chi
A. Thir chdy ngang — Tiéu chuin d4nh gia UL 94HB hodc ASTM D635-98
1 | Chiéu day (mm) 2,7 2,5 2,8 2,8 2,7
2 | Mau chay (C6 hay khong) Khong | Khong | Khong | Khong | Khong | Thoa
man
3 | Chay nho giot (Co hay khong) Khéng | Khong | Khong | Khong | Khong Th~6a
man
4 | Vi tri mdt trude ngon lra (mm) 12< 13< 8 < 14 < 14 < Thoa
! 25mm | 25mm | 25mm | 25mm | 25mm man
5 | Thoi gian chay (s) (tir 25mm dén = -
100mm)
6 | Toc dd chay (mm/ph) - - =

Nhin xét: Khong c6 dau hi¢u boc chay sau khi Idy ngudn ddt ra khéi maiu, vat

liéu théa man UL 94HB

XXVII




B. Thw chay dirng — Tiéu chuén dinh gia UL 94V hoiac ASTM D3801-00

cho 5 miu (s)

1 Chleu day (mm) 3,0 3,3 3,0 3.2 3,0
2 | MAu bi chdy téi ngam giir mau (Co | Khong | Khong | Khong | Khong | Khong | Thoa
hay khong) i
3 | Vat liéu chay nho giot gy chdy | Khong | Khong | Khong | Khong | Khong |  Thoa
cotton (Cé hay khong) —
4 | Thoi gian chdy tiép cho mdi mau | 0<10 | 0<10 | 0<10 | 0<10 | 0<10 | Théa
riéng biét sau khi dot mau 1an 1 (s) e
5 | Thoi gian t, + t3 0<30 [0<30 [0<30 [0<30 |0<30 Thoa
man
6 | Tong thoi gian chay tiép (t; + tp) 0<50 Thoa
man

Nhan xét: Khong ¢6 dau hiéu boc chay sau khi lay nguon dot ra khéi miu, vat

li¢u théa min cip V-0 cua UL 94V

C. Thir chiy bé mit - Tiéu chuén dinh

ia UL 94-5V hodc ASTM D5048-97

1 | Chiéu day (mm) 2 2,7 2,7 2,8 2,8
2 | Thoi gian chay tiép cong thoi glan 0<60 | 0<60 | 0<60 | 0<60 | 0<60 | Théa
phat sang du ctia mdi mau riéng —
biét sau khi dung ngon ltra thir 5 dé
d6t mau, (s)
3 | C6 hay khong mau vat lidu chdy | Khong | Khong | Khong | Khong | Khéng Théa
nhd giot gy chay cotton .
4 | Chay xuyén qua bé mat (Co hay | Khong | Khong | Khong | Khong | Khong | Thoéa
khong) =

Nhén xét: Khéng c6 dau hiéu bdc chay sau khi lay nguodn dot ra khéi miu, vat

li€u théa méan UL 94-5VA

Két lugn: Khi pha phu gia véi ti 1€ 20% vét lu;u khong bit lira, kha ning chdng chdy
ciia vat li¢u dat dwge cap 94-5VA ciia tiéu chuidn UL 94 cho phép danh gia kha ning
chong chay ciia vat li€éu composite (xem phu luc).

NGUOI THUC HIEN
TESTED BY

Vii Van Du

- f/um Otedn ﬁfwy

1. Céc két qua thir nghiém ghi trong phiéu nay clu ¢6 gid tri ddi v6i mAu do khach hang gii dén./Test result are valid for the namely submitted sample(s) only.

2. Tén mdu, tén khach hang dugc ghi theo yéu ciu ciia noi giri/Name of sample and customer are written as customer's request

XXVIII




THU NGHIEM VAT LIEU CHAM CHAY

ong c6 phu gia chim chay - Firegard B.

Hinh: Thir chdy ngang khéng cé phu gia. Hinh: Thir chay dimg khong c6 phu gia.

2. Vatli¢u composite c6 phu gia chim chay (ti I¢ véi nhya 1a 14%)

MU LORSMTE L0 808 T3 i vy 1ot

) f

Hinh: Thir chdy ngang c6 phu gia 14%. Hinh: Thir chay dimg c6 phu gia 14%.

XXIX



Hinh: Thir chay ngang c6 phu gia 20%. Hinh: Thir chay dung co6 phu gia 20%.

XXX



TRUGNG DAI HOC NHA TRANG
VIEN NGHIEN cUU CHE TAO TAU THOY
VR LAB 02

Tel:0258. 3715189 - 3714476 - 3714377 Fax : 0258. 3714025
Web site: www.vientauthuy.com.vn

T Research 7
Developme , : 8
Email : vientauthuy @ gmail.com

SN . o
%ﬂ N NBHIEU KET QUA KIEM NGHIEM
{1/ nariEN cUU

® , TEST RESULT
K CHE TAD ¢ No: 20.1-2016/VR LAB 02
\ TAU *mmf Qg/
cau (Clien): f)ng Pham Viin Thu
2. Dung cho (Used for): Kiém tra co tinh vit liéu composite
3. Phwong phip thir (Methods of Testing): QCVN 56-2013/BGTVT [1]

4. Thiét bj thir (Test equipment): May thir HOUNSFEILD H50K-S
KET QUA THU NGHIEM
TEST RESULT
1. Vit liéu composite khéng c6 phu gia chim chay
1.1. Thir nghiém kéo (Tensile Test)

, x
TT - I:::)c mat ['Tng sufit M? .dun dan Vat liu
(MPa) | hdi(MPa) -
R{ng Day
Lin1 | 248 | 3.89 209.5 171272
Lin2 | 2492 | 379 174.5 14287.8
Lin3 | 2511 | 366 | 2137 182207 | V3t 1Ku composite
Lin4 | 2499 | 356 | 2068 168643 Ocl;%fn |y é"‘yg'a
Lin5 | 2477 | 377 194.7 15991.9
Trung binh 199.8 16500.2
1.2. Thir nghiém udn (Bending Test)
T e I:::; " Gng sui MIG - Gin Vat lidu
(MPa) h6i (MPa) B
R{ng Day
Linl | 2930 | 3.63 290.2 12607.1
LAn2 | 2940 | 3.80 241.0 11217.9
LAn3 | 2935 | 3.84 | 2533 11497.0 Yit‘liéu C,O“l‘lpﬂs_“e
Lin4 | 2970 | 3.76 | 2851 12367.5 s é';g'a
Lan 5 29.60 | 3.83 251.3 11982.6 )
Trung binh 264.2 11934.4

XXXI
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e,

2. Vit li¢u composite ¢6 20% phu gia chim chay
2.1. Thir nghiém kéo (Tensile Test)

O m——

=

022 \Kich thude mau | ,
,QF*‘// 2N N A\ = SHENGS Ung suat Mb dun dan Vit s
(/ NGHIEN CUU ) () (MPa) | hdi(MPa) dtli¢u
K eugao || Rong | Day
S\ TAn0Y f57526 | 358 | 1765 15834 1
NCEAng <2539 | 389 170.9 13468.1 o .
Lan3 | 2542 | 3.94 173.5 13659.5 V?; ';g})‘/“"g‘l’o?“e
5 ¢6 20% phu gia
Lind | 2565 | 3.88 166.4 13548.7 chgm chiy
Lin5 2525 | 3.91 179.9 15648.8
Trung binh 173.4 14431.8
2.2 Thir nghiém uén (Bending Test)
Kich thuée miu | : 5
1 ¢ M Ung sust | Modul dan héi N
TT (mm) 6,(MPa) E,(MPa) Vit liéu
Ring Day 2 .
Lan 1 2956 | 4.06 146.4 7012.1
Ldn2 | 2992 | 4.06 144.4 6824.4
Lan3 29.85 | 4.06 142.4 6846.2 V‘s‘; ‘2'3}3/00:11’0§“e
5 ¢6 20% phuy gia
Lin 4 30.12 | 3.90 154.6 78241 chgmeliy
Lan 5 2975 | 3.97 154.9 7327.5
Trung binh 148.6 7166.9

3. So sdnh dic tinh co hgc ciia vit liéu composite khi ¢6 phu gia chim chay

THU KEO THU UON
T VAT LIEU Ungsuat | Mddun | Ungsuiat | Mé dun
L dan hdi dan hdi
(MPa) (MPa) (MPa) (MPa)

Nhya 8201 + 3WRS800 +

1 2M300 199.8 16500.2 264.2 11934.4
Nhuya 8201 + 20% phu gia

2 | chim chdy + 3WR800 + 173.4 14431.8 148.6 7166.9
2M300
Khi ¢6 20% phu gia cham

3 | chay tham gia co tinh vit 13.2 125 43.8 39.9
li¢u composite gidm (%)

XXXI1I




Nhdn xét:

Dé vat liéu composite dap tmg yéu ciu chdng chay theo [1], cin phai b sung vao nén
polyester 20% phu gia chdm chay. Khi do, co tinh ctia vat liéu sé& thay d6i nhu sau:

Ung sudt kéo giam 13.2%.
Mb dun dan hdi kéo giam 12.5%.
Ung suét udn giam 43.8%.
Mé dun dan hdi uén giam 39.9%

Nha Tran/ NG thiang 03 nim 2016
Ngudi thye hién @{;}‘l\)fj "4'\

& — (7
&

3) \"*‘\'\)‘ o
) ez
Vi Vin Du Shan Cudin f&my
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First Page Inputs Machine Settings

Product Code .- : Mau Thu FRP Load Range : 30000 N

Batch Reference . Tensile Test : Extension Range 2 9.000 mm

date . 24/03/2016 Test Speed ©1.0000 mm/min
operator - Nguyen Vo An Gauge Length :50.00 mm
temperature : Preload - 0.0000 N

Lower Secant Point : 0.0000 %
Upper Secant Point : 0.0000 %

product description z€or
relative humidity /%,\V 0%

/1S s 2 Auto Reverse - OFF
,![,/m NGHIEN CUU K\
Comments i\*’ CHE TAO |,
% - —— <
, N2\ TAU THUY /F
Material: Composntg\o,g,G g /
Distance between grip::115mm

Max stress: 199.8 (MPa) ~——
Modulus of elasticity: 16500.2 (MPa)

Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]

Specimen No  Thickness Width ~ S.Modulus  Max Stress Elong at Max Attributes
mm mm N/mmA?2 N/mmA2 % )
1 3.890 24.82 - 209.5 15.54
2 3.790 24.92 - 174.5 12.56
3 3.660 25.11 - 213.7 15.70
4 3.560 24.99 - 206.8 14.99
5 3.770 24.77 - 194.7 14.15
A Y
Mean - 199.8 14.58
Std. Dev. - 15.84 1.286
Range - 39.21 3.141
Median - 206.8 14.99
Maximum - 213.7 15.70
Minimum - 174.5 12.56
P1 - - -
P99 - -
- Graph
Force N :
25000 T """"""""""" """"""""""" """""""" """""" """""""""" H
e e B e o e e P
20000
17500 A
15000 1
12500 A
10000 -
7500 A
5000
2500 1
0 ; : i i ! : H : :
0 1 2 3 4 5 6 7 8 9 10

Extension mm
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First Page Inputs Machine Settings

Product Code - Mau Thu FRP Load Range - 5000 N

Batch Reference : Bending Test Extension Range :10.000 mm
Product Description Composite Test Speed :1.0000 mm/min
Date /Ob 16 Test End Point  : 9.000 mm
Operator ///O/N‘ Vg An Preload - 0.0000 N
Temperature T\ Auto Reverse :ON

Relative Humidj |yc, . G,J@%':UU ),X\\

f\“

Comments | -\ C'hETTiUY "’/j
; NG\ R ’A(

Material; 3vsoo+éw13@g+m;ua

Span:58 mm . i

Max stress: 264.2 (MPa) N

Modulus of elasticity: 11934.4 (MPa)

A Y
Test Results [ COMX-001 ] Compression to Extension [XHead]
Specimen No Max Load Displacement at Max Attributes

N mm

1 1288 6.260

2 1176 5.790

3 1260 5.930

4 1376 6.460

5 1254 3.960

Mean 1271 5.680

Std. Dev. 71.94 0.9972

Range 199.8 2.500

Median 1260 5.930

Maximum 1376 6.460

Minimum 1176 3.960

P1 - -

P99 - -

Graph
hY
Force N
2000 - o oy et e i e ‘
L e S e R S S —
s e s B e I R
1400 +

1200 A

1000 -

0 ‘ | 9 10
) Extension mm
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First Page Inputs Machine Settings

Product Code : Mau Thu 20% Chat Cham Chay Load Range : 30000 N
Batch Reference : Tensile Test Extension Range :9.000 mm
date : 24/03/2016 Test Speed - 1.0000 mm/min
operator X Nguyen Vo An Gauge Length :50.00 mm
temperature : e Preload - 0.0000 N
product description, fan ﬁg\\ Lower Secant Point : 0.0000 %
relative humidity / % Upper Secant Point : 0.0000 %
/(D uU K\\ Auto Reverse : OFF
*

)

\% pLEf””(
Material: Nhua 82 %Qﬁbﬁb@m}%
Distance between grip: iﬂ’ﬁiﬁm/
Max stress: 173.4 (MPa)
Modulus of elasticity: 14431.8 (MPa)

Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]

Comments \\

Specimen No Thickness Width  S.Modulus Max Stress Elong at Max Attributes
mm mm N/mmA"2 N/mm*"2 %
1 3.580 25.26 - 176.5 13.83 -
2 3.890 25.39 - 170.9 14.78 -
3 3.940 25.42 - 173.5 14.94 -
4 3.880 25.65 - 166.4 14.35 -
5 3.910 25.25 - 179.9 15.28 -
Mean - 173.4 14.64 <
Std. Dev. - 5.171 0.5614
Range - 13.49 1.450
Median - 173.5 14.78
Maximum - 179.9 15.28
Minimum - 166.4 13.83
P1 - - .
P99
Graph
Force N
25000 R — ,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,, e ...............
2215700 ] RIS AP SR ) S ,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,, i
15000LWWM.WWMHNWNAW£ ,,,,,,,,,,,,,,,,
10000 - .,”m”.?,m. ”mné ,,,,,,,,,,,,,,,,,, :
5000 1
2500 4y
5 ‘ : ‘ ; ‘
0 0.8 1.6 2.4 3:2 4.0 4.8 5.6 6.4 7.2 8.0

Extension mm
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First Page Inputs

Product Code : Mau Thu 20% Chat Cham Chay

Machine Settings

XXXVII

Load Range : 5000 N
Batch Reference . Bending Test Extension Range :10.000 mm
Product Description Composite Test Speed :1.0000 mm/min
Date f/“{z{?{?&{@g Test End Point  : 9.000 mm
Operator JoiNguyenoAn Preload :0.0000 N
Temperature .‘(0/' 238EMN  \%\ Auto Reverse :ON
Relative Humldtty [ At(j?@%..sf Uu x}\
i\ & Ch: TAD .
Comments \\ D\VAU TrlU( ‘é/’
\ \
Material: Nhua 8201\%\’2@76@? é ay
Span: 64mm
Max stress: 148.6 (MPa)
Modulus of elasticity: 7166?9 (MPa)
Test Results [ COMX-001 ] Compression to Extension [XHead]
Specimen No Max Load Displacement at Max Attributes
N mm
1 743.3 6.500 -
2 741.8 6.010 -
3 729.8 6.340 .
4 738.0 6.170 -
5 756.8 6.430 -
Mean 741.9 6.290
Std. Dev. 9.834 0.1994
Range 27.05 0.4900
Median 741.8 6.340
Maximum 756.8 6.500
Minimum 729.8 6.010
P1 - -
P99 - -
Graph
Force N
1000 y-rorrs MO P T P S TR —
- 900 1
800 1
700 4
600 -
5001 ;
400
300 = |
200 |
100 =
O K i : : {
0 1 2 3 4 5 6 7 8 9 10

Extension mm



TRUONG bAI HOC,NHA TRANG
VIEN NGHIEN CUU CHE TAO TAU THUY
VR LAB 02

Tel: 0258 3715189 - 3714476 - 3714377 Fax : 0258 3714025
Web site: www.vientauthuy.com.vn

Email : vientauthuy @ gmail.com

PHIEU KET QUA KIEM NGHIEM
TEST RESULT
No: 30.1-2014/VR LAB 02
1. Pdn vi yéu cdu (Clien): Ong. Pham Viin Thu
2. Diing cho (Used for): Kiém tra co tinh v4t liéu composite.
3. Phudng phap thit (Methods of Testing): QCYN 56: 2013/BGTVT.
4.Thiét bi thi¥ (Test equipment): Mdy thit HOUNSFEILD H50K-S
KET QUA THU NGHIEM

== Research

SHIP

—Development

TEST RESULT
1. Thit nghi¢m kéo (Tensile Test):
Kich thudec miu . Modu}
TT (mm) (MPa) dan hoi Vit liéu
Rjng Day (MPa)
Lan 1 25.66 3.75 409.0 38688.4
Lan 2 26.58 3.80 431.2 36221.9
Lan 3 25.73 3.78 450.3 36379.5 | CIMAX (90/0/+45/:45/0/90) +
Lan4 25.49 3.79 474.5 35988.7 Nhya Epoxy
Lan5 25.94 3.85 500.2 43048.1
Trung binh 453.0 38065.3
2. Thit nghiém U6n (Bending Test):
Kich thuée miu Ung sust Modu}
TT (mm) dan hoi Vit liéu
. i (MPa)
R{ng Day (MPa)
Lan 1 30.36 3.73 546.0 30808.8
=it 298 373 | 5672 | IMCOL |o\ay (00/0/45/45/0/90) +
Lan 3 31.10 3.73 594.9 33977.6
= Nhwa Epoxy
Lan4 31.15 3.73 530.7 32711.2
Trung binh 559.7 32489.4
Nha Trang,

Ngwdi thue hién

" Ve

<

Vi Vin Du
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First Page inputs

Machine Settings

Product Code : Cimax Load Range : 50000N
Batch Reference : Tensile Test Extension Range 2 9.000 mm
Date 1 21/11/2014 Test Speed : 1.0000 mm/min
Operator P Gauge Length : 50.000 mm
Temperature 70 02 Preload :0.0000 N
Product description /"7 Gempos; Lower Secant Point : 0.0000 %
Relative humidity | [0( nGHAAY Gu Upper Secant Point : 0.0000 %
'\ CHE TAO Auto Reverse : OFF
BN\ TAU THOY /&
Comments N A
Material: CimaxS ‘
Diastance betweengrip: 115mm
Max stress: 453.0 (MPa)
Modulus of elasticity: 38065.3 (MPa)
Test Results [ SECM-004 ] Secant Mod. Test (Elong@Max Stress) [XHead]
Specimen No  Thickness Width  S.Modulus Max Stress  Elong at Max  Attributes
mm mm N/mm”2 N/mm”2 %
1 3.75 2566 - 409.0 1774 -
2 3.80 26.58 . 4312 1872 -
3 3.78 25.73 - 4503 1945 -
4 3.79 25.47 - 4745 19.92 -
5 3.85 25.94 . 500.2 2117 -
Mean - 4530 19.402
Std. Dev. - 35.70 1.289
Range - 91.1 3.430
Median . 4503 19.45
Maximun - 500.2 2117
Minil‘l]l}l)nll - 409.0 17.74
P99 : : :
Force N
76000
67500 -
60000 !
52500
&
45000
v 2 3
37500
1
30000
22500
15000 -
7600
’ OAL;)O 1.26 2.60 3.76 5.00 6.25 7.50 8.75 10.00 11.28 12.50

XXXIX
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First Page inputs

Machine Settings

Product Code : CIMAX Load Range : 5000N
Batch Reference : Bending Test Extension Range : 10.000 mm
Product description Composne Test Speed : 1.0000 mm/min
Date = 1142014 Test End point - 9.000 mm
Operator / u Preload - 0.0000 N
Temperature /a? () Auto Reverse : ON
Relative humidity/{, [ N G““ ‘VUU
( CHF TAO
'r <
Comments TAU THOY ’\Q%
3 v &b = “\)\//
Material: Cimax \%/
Span: 62mm
Max stress: 559.7 (MPa)
Modulus of elasticity: 32489.4 (MPa)
Test Results [ COM-001 ] Compression to Extension [XHead]
Specimen No Max Load Displacement at Max Attributes
N mm
1 2480 3.79
2 2544 3.76
3 2768 3.84
4 2473 3.51
Mean 2566 3.725
Std. Dev. 138.35 0.1471
Range 296 0.330
Median 2512 3.775
Maximun 2768 3.840
Mmlmli)n’ll 2473 3510
P99 - :
Force N
4000
3600 -
3200 |
2800 >
2400 44
2000
1600
1200 ¢
800 -
400
0 i :
O 1 2 4 (o] 8 8 9 10

XL
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PHU LUC E: THIET LAP PHUONG TRINH ON PINH PONG CUA
PANEL TRUONG HQP NGAM 4 CANH

Truong hop Panel ngam 4 canh:
- Tai x=0 va x=a: W=@= N, =0, N, =—Ph

ox 7 g § (1)
ow
- Tai y=0 va y=b: W=5= N,, =0,N, =-Ph
Nghiém gin dung cia w va T thoa méan diéu kién bién (1) c6 dang:
( W)=(W |, zh)1-cos24, X)L cos23,y) (2a)
(X, y)=Q,cos21, x+Q,cos25y+Q,cos4d y+Q, Cos24,XC0S 25y +

51032/1 xcos45ry+Q6cos4/I Xcos20.y+Q, cosﬁ/I X+, sin24, Xsin 268y

2b
—~=Phy’ ——Phx (2b)
2 2

Trong d6: 1, _nz. o, =nf
a
Hé s6 Qi (1=1+8) duoc xac dinh boi viée thay thé (2a) va (2b) vao phuong trinh tuong
thich bién dang (3) di theo sau:
A;Z f,xxxx + El f L XXYY + Al*l fyyyy - 2A;6 f,xxxy

—2A f]nyy + Ble + BlZW’yyyy

| XXXX

| XXXy

2 *
Wiy =WeWy, + waywxy ~0
W Wy =Wy W

Thé cac gia tri dao ham cua f, w, w'vao (3). Pua cac dao ham cua vé vé trai va cac dao
ham ctia w, w” vé vé phai, (3) tré thanh:

1611 Q,cos 24, X +161"Q, cos 24 xcos 25,y +161;Q, Cos 21 XCos 45,y +
2564 Q, COS 44, XC0S 25, Y + 256 15Q, cos 44, X +1641Q, Sin 24, XSiN 28, V.

+E2W‘XXW +Ew ., + E4W'nyy 3)

*
A22

1622,62Q, COS 24,,XCOS 25, Y + 6422, 57Q, COS 24, XCOS 48, Y + 641, 5:Q,C0S 44, X COS 25,y

+E; A )
+16 47,0, Qg siN 24,,XsIN 20,y

+

A1y
+25654Q5 C0S 21,,XC0S 465,y +165,Q,C0S 41,,X COS 25,y +165.Q, Sin 24, Xsin 25,y

165.Q, c0s 25,y + 2565, Q, cos 45,y +165.Q,C0S 24, XC0S 25, Y ] _

-164,6,Q,8in 24, xsin 26,y —32; 6,Q; sin 24, xsin 45,y 1284 5,Q, sin 44, xsin 26, y
245 -
*°1-16125,Q, C0s 24_XC05 25,y

24" ~161,6.Q,sin 24,xsin 25,y — 1284, 5°Q, sin 21,,Xxsin 45,y —324,5-Q,sin44,_xsin25,y | _
16 =

| - 164,,0-Q, COS 24, X COS 25,y

—B;,[16A}, W (cos 28,y — 1) cos 2A,,x] — Bi,[W (=166, cos 26,y +

166, cos 2A,,x cos 28, y)] — 16E,W A2,5% cos 26,y cos 21,,x +

16E;W A3 6, sin 26,y sin 2A,,x + 16E,W A,,,83 sin 28,y sin 21,,x +

(4W A,,,6,, sin 28,y sin 21,,x)? — W?(4A2, cos 2A,,x —

422 cos 28,y cos 2A,,x) (462 cos 26,y — 462 cos 2A,,x cos 26, y) +

32W A, 8, sin 28,y sin 2A,,x uhA,, 8, sin 28,y sin 24,,x — 4W (413, cos 2A,,x —

XLI



422 cos 28,y cos 2,,x)uh8?% cos 26,y (1 — cos 24,,x) — 4W (462 cos 28,y —
462 cos 2A,,x cos 28, y)uhA2, cos 2A,,x (1 — cos 28,,y) (4)

Pong nhét hai vé pt (4) co:

1.1674 A0,Q, = [BW 27252 + 16Wph 257 +164WB” |
W[W +240)07 +22B;,

270,

2,256/ ArQ, =—BW 2257 +16Wh 257 |
=Q =" (stzlff\’;f b
3.165°A'Q, =8W2 252 +16Wh 2 5% +165WB;,
W[W +240) 2 + 2678,

=Q =

=Q,=

26 A,
4.2565° A Q, = —[BW2 257 +16Wh 257
_ WW+2u0)2
T s,
5.1.

1643 AQ, +16 25 57E,Q, +1653A,Q, +32755, Ay + 324,03 AQ, = —1ON 2457 — 3Wph 257
—16AWB,, —165WB,, — 1612 5°WE,
5.2.
164, A,Q; +164,6,EQ, +166, A'LQ, + 3246, AQ, + 324,65, AQ, =164 5 WE, +164, G WE,
bat: F= A;A;rz + ﬂ;é‘ani + 5:A1*1
Fz = Uwsn&n A;s + Zﬂ“mé‘r? Ai*e
Fy= (-8~ 2ph 282~ 1By~ 6By, — A267E, )
F,=(26,E +1,6E,)
=Q,= (FlFS_F2F4)N - Q= (F1F4_F2F3)N

F-F F2-F;
6. 16%52(25 + 64%6}12 EQs+ 2565: A:1Q5 = &Nzﬂ%é‘nz +16W/1h/12m5nz
W(W +2u0)2% 57

m— = < <
R 21N, +81252E, + 325 A,

7.8N2 287 +16Wh A, 57 = (25675 Ay, + 642,52, +165, A1)Q,
~0Q, - BW 21267 +16Wh A% 67 _ WW +2h) A2 57
25611 A, + 6412 5°E, +165 A, 322 A, +8A25°E, +25 A
Thé (2a) va (2b) vao phuong trinh chuyén dong panel (5) di theo sau:

Plf,xxxx + F)2‘f + P3Wxxyy P4VV,XX + PSnyyy + PGW XX + F)7W + I:>8Wxxyy + P9W

+ Plowxyyy + ]yy;,yy(wxx "Z‘W,xx - Zf,xy Wy +W><y)+ f,xx Wy tWy)+G+0, —k1W

XXXy

o ©)
+k2V W+F:p1?

XLII



Pt (5) tré thanh:

p 164 Q, cos 24, x+161:Q, cos 24, xcos 25,y +164: Q, Cos 21, XCOS 45,y +
2561, Q, COS 44,,XC0S 25, Y + 25611 Q, €0S 44, X +1611.Q, Sin 24, XSiN 25,y

+P, (165;‘(32 C0S 25,y + 25645, Q, Cos 45,y +165.Q,C0S 24, X C0S 25, Y )
+25605Q, cos 24, XC0S 45,y +165.Q,C0s 41, X COS 25,y +165:Q, sin 24, xsin 25,y

+ P;(16W 2,62 cos 28,y cos 2A,,x) + P,(—16W A3,5,, sin 28,y sin 24,,x)

+ Ps(—16WA,,83 sin 28,y sin 21,,x) + Ps(16A%, W (cos 28,y — 1) cos 21,,x)

+ P,(W(—166; cos 28,y + 168 cos 2A,,x cos 28, y))

+ Pg(16W 42,52 cos 28,y cos 2A,,x) + Po(—16WA3,5,, sin 28,y sin 24,,,x)

+ Pio(—16WA,,,8; sin 28,y sin 21,,,x)

—457°Q, c0s 25,y —165°Q, cos 49,y — 45°Q, COS 24 _XC0S 23,y
+ (—1652(55 C0s 24 xC0s 48,y — 45°0), Cos 44, xC0s 26,y — 4570, sin 24 xsin 28,y — P.h )"

n m n

[W (422, cos 2A,,x — 422, cos 28,y cos 24,,x) + 4uhA2, cos 24,,x (1 — cos 268,,y)]
_9 [4/’Lm5nQ4 sin24,xsin 28,y +84,,5,Q, sin 24,xsin 45,y — 452Q, cos 24, XC0S 25, Y
+81,0,Q, SiN44,,XSin 25,y +44,0,Q, COS24,XC0S 20,y
(4W A,,,6,, sin 26,y sin 2A,,x + 4uhA,, 8, sin 26,y sin 24,,x)
—422Q, 0824, X —44Q, c0s 24, XC0S 26,y — 442 Q, COS 24, XCOS 43,y —
16;,Q; C0s 44,08 25,y —164Q, c0s 44, X — 47, Q; Sin 24, xsin 26,y — P h

(W (4682 cos 28,y — 482 cos 2A,,x cos 28, y) + 4uhS2 cos 28,y (1 — cos 22,,x))
+q1 + 42 — kW +KkW cos 25,y + kW cos 24, x — kW cos 24, xcos 25,y +

K AW A cos 24, X — AW A2 cOS 24, X COS 25, Y Ph o o°w
2 —_—= -
+4WS2 cos 25,y — AW S? cos 24, X COS 25,y R "ot

= (16 P.Q, ~16 WP, Jcos 24, X+164 PQ, cos 24, X €05 23, y +16.4*, PQ, €05 24, XC0S 45, y
+ 25647 BQ, cos 44, X COS 25,y + 256 4% PQ, cos 44, X +16 A% PRQ, sin 24, xsin 5,y +165, P,Q, cos 25,y

+2560, P,Q, c0s 43,y +166, P,Q, €0s 2, XC0S 25, Y + 2566, P,Q; C0S 24, X C0S 46, Y

+165,P,Q, C0s 44, XC0s 25,y +165, P,Q, sin 24, xsin 26, y +16W A 52 P, c0s 24, XC0s 26,y
~16WA 5 P, sin24_xsin 25,y —16WA_6°P, sin 24_xsin 26,y +16WA WP, cos 24_Xc0s 26,y
+16W5'P, cos 24, xC0s 25,y —16W5. P, cos 25y +16WA2 2P, c0s 24_XC0S 26, Y

~16WA 5 P,sin 24_xsin 26 y~16WA_ &P, sin 24_xsin 26,y —16W.2 5°Q, cos 24 Xc0s 26,y

+16W,22 6°Q, 0s 24X 08”28y 16,012 5°Q, c0s 24X €0 26, y +164 A%, 57Q, 005 24 X C0S* 26y
—BAWAZ 52Q, coS 24,,X COS 45, Y + AW A2 52Q, COS 2.1,,X COS 25, Y COS 485, Y — 641 A2, 5°Q, cos 21,,X COS 45, Y
+ 641022 57Q, cos 2,XC0S 25,y €S 45,y —16W A2 57Q, cos® 2,XCos 25, Y +16WA2 5°Q, cos® 24, X cos® 25,y
—16,h A% 57Q, cos? 24,XC0S 25,y +161h A% 57Q, cos® 24, x cos” 28,y —64W A2 52Q, cos® 24, X COS 45,y

+64WE 52Q, cos’ 24, X C0s 268,y cos 46, y — 641 12 5°Q, cos® 24, X Cos 48,y
+6440 22 57Q, C0s” 2, XC08 25, C0s 46, y —16W.A2,6°Q, C0S 24, X COS 44, X C0S 26,y
+16WA 5°Q, c0s 24, XC0s44_xcos® 25,y —16m A 5°Q, oS 24X C0S4A_XC0S 26, Y

XL



+16.022,5°Q, COS 24, X COS 44, X COS® 25,y —8WAZ, 5°Q, sin 44, xsin 25,y + W22 5°Q, sin 44, xsin 45,y
—81 7, 5°Q,sin 4, xsin 25,y +4uh 2 52Q, sin 44, xsin 46,y —32W A2 62Q, sin” 2, xsin® 26,y
—324h 2 5°Q, sin? 24_xsin® 26,y —64W.L 52Q, sin 24, xsin 25, ysin4d, y
~64402252Q, sin? 24, xsin 26, ysin 46, y —64WA2 52Q, sin 24, xsin 44, xsin* 25,y
—6440 22, 52Q, sin 24, xsin 41, xsin® 26,y —8WA% 52Q, sin 44, xsin 45y -8, A2 62Q, sin 4, xsin 46,y
~1642 5°WQ, cos 24, x€0s 25,y +1642 §°WQ, cos? 21, x€0s 26, y —16uhA% 52Q, C0S 24 X C0S 25, Y
+164022 52Q, cos® 21 xc0s 25, y —16WA% 52Q, cos 24, xcos’ 26,y +16WA2 5°Q, cos® 24, xcos’ 268,y
~16uh1% 5%Q, cos 24, X c0s” 20,y +164 A2 672Q, cos? 24, x cos? 25,y —16WA2 62Q, €S 24, X C0S 25, Y COS 45 Y
+16WA2 62Q, cos® 24, X €S 26, y €08 46, y —164 A2 62Q, COS 24, X COS 25,y COS 45 Y
+16uh A% 57Q; cos’ 24, X €S 25, Y €0S 46, y —BAWAZ 62Q, cos 44, X cos’ 26,y
+BAWAZ 52Q, C0S 24, X COS 44, X c0s” 25,y — 644012, 52Q, cos 42, xcos” 25,y
+64uh 22 62Q, cos 24, X Cos 41, xCos” 25,y —64WA2 5°Q, cos 41, X C0S 26, Y
+64WA2 52Q, cos 24, XCOS 44, X C0s 25,y —64uh A% 62Q, cos 44, XC0S 25, Y
+64uhA%57Q, c0s 24, X COS 42, X C0S 26, Y —8WAZ 52Q, sin 24, Xsin 45,y +4WA2 62Q, sin 44, xsin 46, y
—8uhA2 57Q, sin 24, XSiN 48, y + 4112 52Q, sin 44, xsin 48, y— 422 P.h(W  + sh)cos 24, x
—452PN(W 4+ 40)cos 25,y -+ 4h(22 P, +57P, W+ 4h)cos 24, X €05 26,y +0, +0, —kW
+k,W cos 25,y + kW cos 24, X —k,W c0s 24 X C0s 25, y + 4k, WA cos 24, X —4k,WAZ €0 24, X C0S 25,y

P.h o*w
+4k, W57 c0s 25,y — 4k, W57 c0s 24, X €08 26, Y —% =h
= (164 P.Q, ~164°WP, + KW + 4k W2 )cos 24, X+ 2564 P.Q, COS 44, X +

(165:P,Q, —16WS*P, + kW + 4k W52 )cos 25,y + 25657 P,Q, €0s 45,y + (165 PQ, +165:P,Q, +16WA 52P,
+16 WP, +16WS P, +16WA2 52 P, —16WA25°Q, —16,4M 2 5°Q, —16 22 5°WQ, —16,h A% 6°Q, — kW — 4k WA,
— 4K WS?2) cos 24, X Cos 25, Y + (16 45, B,Q, + 2565, P,Q, —64WA2,52Q, —64,M A% 57Q,) COS 24, XCOS 45, Y

+ (256/1;‘n PQ, +165;1 PQ; - 64W/1§15an7 -64 ,uh/ﬁﬁanﬁ C0S4A4.XC0S20,Y + (16/1‘;1 PQ, +165;1 P,Q,
—16WA 5, P, —16WA,,6°P, —16W.A, 5, P, —16WA,5°R,,) sin 24,,Xsin 28,y + (16WA%5°Q, +16,4h22,57Q,
—lﬁ\lenéfQ4 -16 yh/lfn5an4) oS ZXWXCOS2 20y + (64W/1§15an3 + 64,uh/1§15an3 —16\Nﬂ,fn5an5

-16 ,uhﬂfndeS) C0S 24,,XC0S 26,y 0S4,y — (16W/1,2n5an4 +16 yhﬂfnﬁanl, —16/112715nZ\NQ1
~16,022,6°Q,) c0s* 24X 008 25,y + (1BWA.5°Q, +16m A 67Q, +16WAL57Q,

+16,402257Q,) cos? 24, xcos? 25,y — (6AW A2, 52Q; + 64, A2 57Q;) cos® 24,,X COS 45, Y + (64W A, 57Q,
+6410 12 6°Q, +16WA 5°Q, +16,0425°Q; ) cos” 24 XC0s 26,y cos 46,y — (16WA 5°Q,
+16,4h2.52Q, —6AWA2 52Q, — 64,0 22,52Q,) COS 24, X COS 44, X COS 285, Y + (L6W.A2,52Q, +161h 12 52Q,
+BAW AL 52Q, + 6410 A% 57Q,) COS 24, X COS 4.2,,XCOS? 25,y — (BWAZ 57Q, +81h 22, 57Q,) Sin 4.4, XSiN 25,y
+ (N 57Q + 4402 67Q, BN 52Q, ~BLhE07Q + ANJE 57Q, + 442 57Q,) sin 42, xsin 45,y
— (B2WA2 52Q, + 3240 A% 52Q,)sin? 24, xsin? 25,y — (64AWA% 52Q, + 64,012 52Q,)sin? 2, xsin 25, ysin 4,
—(BAWAZ 52Q, + 641022 57Q;, ) sin 24, xsin 44, XSin? 28,y — (64W A2, 5°Q, + 64,0 1% 57Q,) cos 44,,x cos® 28,y
— (BWA57Q, ~8uE,67Q,)sin 26, ysin 45,y — 42 Ph(W  +zh)cos 22, x—467PN(W  +ph)cos 26,y
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Ph &
+4h(/1§1PX +32P, XW + 1)cos 24, x 00 26,y + (0, +q, — kW —%) = plg—tvzv (6)

DAp dung phuong phap Galerkin — Nhan hai vé (6) vO1 (1—cos 24, x)(1—cos285,y) va

,ra b
tich phan 2 vé | d | dy (6) o thanh:

_a (164; P,Q, 164 WP, + kW +4k,WA2) - a?b (165, P,Q, —16WS, P, + kW +4k,W5?)

+ %(161;; P.Q, +166,P,Q, +16WA% 5P, + 164 WP, +16W4 P, +16W A2 57P, —16WA2 62Q,

WQ, ~164h7;,6,Q, —kW — 4k WA* -4k W5;) - aIb (16WA2 67Q, +16401%52Q,
~16WA76,Q, ~164h476,Q,) + %b (64WA7,67Q; +644h A7 5,Q; —16WA7 6, Q5 ~161hA75,Q5)

+ %b(lswzfn(sf@ +1640 22 62Q, —1622 52WQ, —164h 2% 52Q,) + %b(lewzfnanz@ +1640 1% 52Q,

+16WA57Q, +1640A%5°Q,) —%b(64w,1;5§Q5 +64,h12 57Q, +16WA2 52Q; +16,h4257Q; )

- QN2 510, +1647207Q, ~SAVHIQ, ~644h E57Q;) - S UBNA 610, +164n2207Q,

- (N 57Qu + 324570 + 2 (BANESIC:

—164hA257Q, 16425

n

+64WA2 52Q, —64uhA252Q,)

6402 57Q,) + 22 (N2 520, + 64102 57Q,) + 3abh(IW -+ 2P, +52P, )

h R
+(0, +9, —kW —%)ab - Plab(a? (7)

= =2 (16144,P,Q; — 1645 W Ps + 2k, W + 4 W A3, + 1667:P,Q; — 16W 5P, +
4k, W 2) + %2 (1645, PLQy + 1667P, Q4 + 16WAL52P; + 16145, WPs + 16W 6P, +
16W 12,82P; — 32WA2,62Q, — 32uhA2,62Q, — 32A2,62WQ, — 32uhA%,82Q, —
kW — 4k, WAZ, — 4k, WS2) — 22 (—32WAZ,62Q, — 32uhA%,62Q,) +

2 (64WAZ82Q; + 64uhA%52Q; — 32W2%,62Qs — 32h2%,62Qs) —

2 (32WAL,82Q0 + 320hAZ,82Q5 — 64WA2,52Q; — 64uh1%,62Q;)

+3abh(W +yh)(/1$nPX +§,12Py) + <q1 +q, — klw_%h> ab = abpl?;T‘: (8)

Thé cac gia tri Qi vao (8) trd thanh:
_ab L6t wiw + zuh)&é + 212 B, ]
2 212,45,
WI(W + 2ph)A%, + 285B3,]
26341

+ 166, P,

(F\F3 — FyF)W T 1654P (F\F; — F,F)W
F, - F, N N
WI(W + 2uh)A%, + 262B;,]
26243,

+ 16W22,62P,

ab 4
+ T [164;,P;

+16AL, WP, + 16WSEP, + 16WA%,62P — 32W 22,52
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WI[(W + 2uh)A?, + 262B;,] WI[(W + 2uh)82 + 24%,B;,]

—32uh )2 52 — 3212,52W
HiLmOn 26247, mon 205,45,
WI(W + 2uh)é2 + 212, B;
—32uhA2,52 LC Hh) n mBal kW — 4k,W A2, — 4k, W §2]
202,45,
ab (FiFs — F,F )W (FiFs — F,F )W
—— —32w 12,52 — 32uh)2, 52

WW + 2uh)A? WW + 2uh)A?
326247, 326247,
WW + 2uh) 22,82
224 A5 + 812,62, + 326447,
W (W + 2uh) 22,82
_ 3ounpz 52— W+ 260) i
204 A% + 8A2,82E, + 326447,
WW + 2uh)A2,52
— —|32(W + uh) 22,82
[ W+ k) A 2 822,678, + 26741,

2
WW + 20h)n | | sapn(w + i) 2P,+67P))
322245,

ab 5 o2
+§ —64W A%, 65

— 32WA2,62

+ 64(W + puh)A%,62
aZ
(‘h +q, -k W—?> ab = abp; —— Ot2

B3q

:>——(16)L4 LPW — 1645 W Ps + 2ky W + 4k, W A%, + 1661P, W j“ -

11

(F1F3—FyF )W _ _ 8WAZ 52P3 _

(F1F3=F;F)W

16W64P7 +4k2W62 _814 Pl 64P2

F1—-F; F1-F,

814 WP, — W8P, — 8WA2,62P, + 16W 212,52 312 + 16phW 23,52 222 Biz 4
11

16W 222 52 f% + 16uhW 13,52 = 551
22
16W/1$n5%w 16u hﬂz 52M) +@(_W(W +,uh) —
1—F2 Fi—-F; 4 Aqq
WW+2uh)(W+uh) ) a_ (SnW(W+2uh)(W+uh)
M oAk A5, +8A%,82E,+3284 A%, 4 A,

1644, SAW (W +2uh) (W +ph) . 52 52
3224, 4%, +81%, 82E1+284A11) 4ab [ P,W(W + 2uh) +2 P,WW + th) +

2, LI (7 - ) + —SnW(jV”“h) (W + k)| +3abh( W +uh)(ﬁmP +67P) +

1 22

W+ 2k2W/12 + 2k, W82 —

161,64

+

Pyh 92
g1+ qz — kW — R ab = abp, — 9t2

——ab (8%, 22 P, — 424, (Ff—FzF‘”Pl +86P, 22 — 453 (B b 432 52p,
22

) F1—-F;

1224, — 1264 P; — 423,82Py + 825,82 22 (W + uh) + 822,62 22 (W + ph) —
11

812,67 L2 (4 i) + 125k, + 3k, A%, + 3k262) W — /14
1—F2

16683
243, A%, +8A% 62E +328 A%,

A11

] WW + 2uh)(W + ph) — 2285 |
22
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1617,
3247, A%5,+81%, 6251+26;‘;A11

2uh) — 4ab ( j—) WW + 2uh)(W + uh)

] WW + 2uh)(W + uh) — 4abi2,52 ( ) ww +

22 All

11

P,h 0w
+3abh(W + ph)(A%,P, + 82P y) + <q1 +q, — kW — T) ab = abp, — 32

bat Fy = /1an21 5:{312 + 22 52E2
Fo+FyFy) Fg+FyFy)

——ab [824, 22 p, + 42, T p 4 gt Bizp, 4 457 (1T
2 1~

2 2 Al 1—F2

403,8%P; — 120, Pg — 1284P; — 403,67 Py + 2.25k; + 3k 23, + 3k, 87| W —

P, —

B12 331

APy +67
4ab 12,52 [MH + (Pl Z)| W W + 2uh) + 823,57 +
( : F1—-F, Azz A11 4 11 AZZ
() S
] W(W + uh) — [17 4, b rea3,00m, 13260 AT, Azz
162_%64 _ 32A76nF1

2
3204, A%, +8A%,862E1 +28 %A%, ab(Fl—Fz)] WW + 2uh)(W + ph) + 3abh(/1me +

Pyh
53R, )W +uh) + (g + 4, = =) ab =
62
ot?

abp, 9)

(9) 1a phuong trinh cha dao co ban dap tng dong phi tuyén cta panel composite ba pha

dudi tac dung cua tai thuy dong trong truong hop ngam 4 canh.
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PHU LUC F: KET QUA TiNH LUC NANG, LUC CAN VA ON DINH
CANH CUA TAU UNINSHIP 2014
F.1. Lwc nédng, lyc cdn canh
Ly thuyét thuy dong co ban ciia thiét bj nang rat phirc tap va khong thé ap dung dé thiét
ké tau canh ngam mdt cach truc tiép. Tuy nhién, cac phuong phap k¥ thut ban kinh nghiém
dé tinh thity dong luc canh da duoc phat trién va dugc st dung trong thue té [138, 143].
F.1.1. Luc ndng canh
F.1.1.1. Cdnh cé ti 6 mdt thip
Véi cac canh c6 ty s mat thap (A < 2), cong thirc nira kinh nghiém cta hé sd

nang trong pham vi rong ctia goc tan o (1én dén 20-40°) Ia:

C, = (acz j sina + 2sinofsin a|cos ; (F.1)
oa ),
trong d6 do ddc dudng cong luc nang & goc tin nho la:
(GCZJ B 1.8m,
oa 2
° 1.8+cosA ?»74+4 (F.2)
(cosA)

Hinh F.1. Cdnh quét, canh thing tuwong vmg profile trong mdt cdt ngang chudn [138]
F.1.1.2. Cdnh cé ti sé6 mt cao
V&i canh ¢6 ti 6 mit cao, loai co thé hoat dong sat mat nude (hinh F.2), hé sb

luc nang c6 thé tinh nhu sau:

oC
CZ:[ Zj(oc-i—oco—Aoco); (F.3)
oo
kh[GCzj
oC, ) oo ),
(80()_ (8CZJ k,1+¢ (F.4)
1+ — G
oo ), ™. 6
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trong d6 o 1a goc tan 1ap dat (tinh bang radian) giita dudng ndm ngang va duong day

cung n6i mép dan va mép theo ; A 1a ti s6 mat hiéu dung cia canh.

4 L water surface

X

*_,_._
u

Hinh F.2. So' d6 cdnh trong dong chay[138]

V6i canh c6 profile mong dang phang-16i, d6 déc duong cong luc nang (6Cz/da)1
duoc chon 14 5.5. Cac profile nhu vay thuong duge sir dung trén hau hét tau canh ngam ché

tao & Nga. Vi cac dang profile ndy, goc tin hiéu dung ao c6 thé dugc xac dinh nhu sau :

o, =1.92£—1.7.1031(6.3—Ioglo Re); (F.5)

trong d6 t 1a goc dong cua canh theo (tinh bang radian)

K, :1—(0.5+8exp{— 2(%)0‘6:]; (F.6)

1 t
Ao, =05 —-1|—; .
o (kh ]C (F.7)

trong d6 h 1a chiéu chim canh.

Cac thong sb €, ¢, 0 trong phuong trinh F.4 tinh dén anh huong cua dang canh, ti
s6 mit, chiéu chim va vi tri thanh giﬁng trén dong theo phia sau canh. Véi canh hinh
chit nhat, € xap xi bang 0,1 va 0,2 tuong tng v4i A bang 3 va bang 8.

Méi twong quan theo kinh nghiém ddi v6i thong sb ¢ 1a:

h 2/3
=1+exp| —5.35 — , _
G xp{ (ck) } (F.8a)
: 0.16
hodc theo biéu thuc [143]: ¢=0.85+ ———=
Vhi(ch) (F.8b)
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Bang F.1: Gia tri hé s6 anh hudng cta thanh giang 6

als=0 als=0.6 als=1
h/s =0.3 1 1.1 1.7
h/s=0.7 1 15 2.7

Bang F.1 chua cac gia tri dé nghi d6i véi thong s6 6 nhu mot ham cua chiéu chim
canh va vi trf cua hai thanh gidng d& canh (hinh F.3). Cac thanh gidng dwoc dinh vi theo
khoang cach nhu nhau tinh tir tim canh va khoang cach giira chung bang a; Véi canh

khéng c6 thanh giang thia =0 ;

struts

Y

5

Hinh F.3. Cdnh véi thanh giang [138]

Néu cénh c6 goc nghiéng nho so v6i mit phang ngang, né c6 thé dugc thay boi
mot canh nadm ngang & chiéu siu ngay gitra canh (dé tinh lyc nang). Néu goc nghiéng
16n, 6 thé str dung phuong phap CED dé tinh.

F.1.2. Luc cdn canh
F.1.2.1. Cdnh c6 ti s6 mdt thip (7. < 2)
Hé s6 can dugc tinh theo biéu thic:

Cy =Cyo +K(sina)? +2sin cx|3; ((F.9)
trong d6 K 13 ham cua ti s6 mit (K = 0.4 khi A =0.5 ; va K =~ 0.85 khi A =1.5) va Cxo la
hé s6 strc can khi luc nang bang zero va c6 thé xac dinh theo cong thirc sau :

4 2
t t t
Cyn=2C.|1+2—+100| — +0.075n, —; )
e { . (C” ‘A (F.10)

v6i t 1a chiéu day profile, ¢ 1a ddy cung, nt 13 sé mép t, va Cr 13 hé sd sirc can ma sat
dugc tinh theo cong thuc Schlichting:

0.455

" (log, Rey™® "4

F

v6i Re = pUc/p 1a s6 Reynold theo day cung canh, p 1a do nhét dong luc hoc ctia nudc;



F.1.2.2. Cdnh c6 ti sé6 mdt cao (3<A<8)
Strc can cua canh c6 ti s6 mit cao, loai c6 thé van hanh gﬁn mat nudc, bao gém
3 thanh phan chinh: sitc can hinh déng, sirc can theo va stc can song:
Cx = Cxp + Cxi + Cxw (F.12)
Véi canh phang — 161 van hanh ¢ goc tin duong, cong thirc khac dbi vé6i strc can hinh
dang la:

Cy, = 2CF{1J{(mp +0.5)k3—0.5}cz}

h (F.13)
My ~ 0.38+0.66Cz;

trong d6 Cr, kn, duogc tinh theo cic phuong trinh F.11; F.6, va ¢ dugc tinh theo biéu thic:

(pzl—exp{— 2(%) | } (F.14)

Heé s6 strc can theo tinh theo biéu thuc [142]:
C21+8 ( h
i =—=——¢ — F.15
a- 22 L) (F15)
trong d6 ¢ va 0 gidng nhu trong phuong trinh F.8 va bang F.1; Vi canh hinh chir nhat,
& xap xi 0.02 va 0.06 tng voi A bang 3 va 8, hodc c6 thé tinh bang cong thic:

(A -1)

§=10"" (F.16)

Hé sb stre can song khi s6 Froude du 1on, duoc xac dinh theo phuong trinh:

C? 2h 27 2h
C. = Z @ - 1-—e - : F.17
' 2Fn? xp( aniJ{ Fn? xp{ anﬁH’ (F.17)

voi: Fn, = U/@; : 6 Froude

F.1.2.3. Sirc cin thanh giing
Strc can cua thanh giang (dung dé d& canh c6 ti s6 mit cao) bao gdm chu yéu la
cac thanh phﬁn bién dang, phun nudc va sui bot, tinh theo biéu thuc sau:

U2
X = (Cq, +Cs, +CSC)pTAS; (F.18)

trong d6 S biéu thi cho céc thanh giang, As = Cshs 13 dién tich mot mit ctia phan chim
ctia mot thanh gidng, hs 1 chiéu cao phan chim cua thanh gidng, cs 1a diy cung ctia mit

cit ngang thanh giang. Cac biéu thirc thuc nghiém duoc sir dung dé tinh nhu sau:
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Co, = 2(3.882—5 + 0-9JCF : (F.19)
S

Trong d6: Cr tinh theo phwong trinh F.11 sir dung hé sé Reynold theo ddy cung cua

thanh giang.
t.) ¢
Ce. :0.24[—5J s . (F.20)
CS hS
t, Y[, h
Co==| = | 14— (F.21)
81 cg csFng,

F.2. Két qud tinh lwc nang va lwc cin ciia tau UNINSHIP 2014
Két qua tinh Iyc nang va lyc can cua tau duoc thé hién qua bang F.2 sau:

Bang F.2: Két qua tinh lyc nang va luc can cta tau UNINSHIP 2014

STT | HANG KET QUA GHI
MUC CHU

1) ) 3) (4) () (6) (1) (8) 9)

01 |v(m/s) | 12.00 | 13.00 | 14.00 | 1500 | 16.00 | 17.00

02 |V(hllg) | 23.30 | 2524 | 27.18 | 29.13 | 31.07 | 33.01

03 | Rr (kG) 8345 | 898.0 | 963.2 | 1030.3 | 1094.6 | 1158.2

04 | N (HP) 351.6 | 409.8 | 473.4 | 5426 | 6149 691.3

05 0los 0.13462 | 0.13463 | 0.13464 | 0.13465 | 0.13466 | 0.13467

06 oloT 0.13460 | 0.13461 | 0.13462 | 0.13463 | 0.13465 | 0.134654

07 Khs 0.93878 | 0.93878 | 0.93878 | 0.93878 | 0.93878 | 0.938782

08 Knt 0.95843 | 0.95843 | 0.95843 | 0.95843 | 0.95843 | 0.958431

09 Aaos | 0.00228 | 0.00228 | 0.00228 | 0.00228 | 0.00228 | 0.002282

10 Aaor | 0.00152 | 0.00152 | 0.00152 | 0.00152 | 0.00152 | 0.001518

11 | (0Cz/0a)1 | 5.50 5.50 5.50 5.50 5.50 5.50
12 £s 0.13000 | 0.13000 | 0.13000 | 0.13000 | 0.13000 | 0.13000
13 eT 0.14000 | 0.14000 | 0.14000 | 0.14000 | 0.14000 | 0.14000
14 cs 1.10899 | 1.10899 | 1.10899 | 1.10899 | 1.10899 | 1.10899
15 cr 1.08913 | 1.08913 | 1.08913 | 1.08913 | 1.08913 | 1.08913
16 0s 1.05 1.05 1.05 1.05 1.05 1.05
17 07 1.10 1.10 1.10 1.10 1.10 1.10

18 | (6Cz/0a)
3.60 3.60 3.60 3.60 3.60 3.60

s
19 | (0Cz/0a)
T 3.82 3.82 3.82 3.82 3.82 3.82

20 | Cis(Czs) | 0.44447 | 0.44452 | 0.44456 | 0.44460 | 0.44464 | 0.44467

LI



21 | CL7(Cz7) | 0.54216 | 0.54220 | 0.54225 | 0.54229 | 0.54233 | 0.54237

22 Mps 0.67335 | 0.67338 | 0.67341 | 0.67344 | 0.67346 | 0.67349

23 MpT 0.73782 | 0.73786 | 0.73789 | 0.73791 | 0.73794 | 0.73796

24 Crs 0.00314 | 0.00310 | 0.00306 | 0.00303 | 0.00300 | 0.00297

25 Crr 0.00319 | 0.00315 | 0.00312 | 0.00308 | 0.00305 | 0.00302

26 Ps 0.89260 | 0.89260 | 0.89260 | 0.89260 | 0.89260 | 0.89260

27 oT 0.92707 | 0.92707 | 0.92707 | 0.92707 | 0.92707 | 0.92707

28 Cxps | 0.00800 | 0.00790 | 0.00780 | 0.00772 | 0.00764 | 0.00756

29 Cxer ] 0.00881 | 0.00869 | 0.00859 | 0.00849 | 0.00840 | 0.00832

30 ds 0.03200 | 0.03200 | 0.03200 | 0.03200 | 0.03200 | 0.03200

31 o1 0.03600 | 0.03600 | 0.03600 | 0.03600 | 0.03600 | 0.03600

32 Cxis 0.01523 | 0.01523 | 0.01524 | 0.01524 | 0.01524 | 0.01525

33 Cxit 0.01919 | 0.01920 | 0.01920 | 0.01920 | 0.01921 | 0.01921

34 Fncs | 4.69237 | 5.08340 | 5.47443 | 5.86546 | 6.25650 | 6.64753

35 Fncr | 4.94619 | 5.35838 | 5.77056 | 6.18274 | 6.59492 | 7.00711

36 Cxws |0.00299 | 0.00271 | 0.00245 | 0.00222 | 0.00202 | 0.00183

37 Cxwr | 0.00409 | 0.00369 | 0.00333 | 0.00301 | 0.00272 | 0.00247

38 Csps 0.00565 | 0.00558 | 0.00551 | 0.00545 | 0.00540 | 0.00534

39 Cspr 0.00575 | 0.00568 | 0.00561 | 0.00555 | 0.00549 | 0.00543

40 Css 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000

41 Fnsc 6.99497 | 7.57789 | 8.16080 | 8.74372 | 9.32663 | 9.90955

42 Csc 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000

43 Cxs 0.02622 | 0.02584 | 0.02549 | 0.02518 | 0.02490 | 0.02464

44 Cxr 0.03209 | 0.03158 | 0.03112 | 0.03070 | 0.03033 | 0.03001

45 Cst 0.00565 | 0.00558 | 0.00551 | 0.00545 | 0.00540 | 0.00534

46 | Ls(N) 44511 | 52244 | 60596 | 69568 | 79160.0 89371

a7 Lt (N) 51392 | 60320 | 69963 | 80320 | 91394 | 103182

48 L (N) 95903 | 112564 | 130559 | 149889 | 170554 | 192553

49 S (m) 11.00 11.00 11.00 11.00 11.00 11.00

50 as(m) | 5.8946 | 5.8946 | 5.8946 | 5.8945 | 5.8945 | 5.8945

ol ar(m) 5.1054 | 5.1054 | 5.1054 | 5.1055 | 5.1055 | 5.1055

52 Rs(N) | 203.21 | 235.03 | 268.90 | 304.87 | 342.98 | 383.24

53 Rr(N) | 213.15 | 246.16 | 281.31 | 318.64 | 358.19 | 399.98

54 R (N) 430.37 | 497.42 | 568.82 | 644.64 | 724.96 | 809.82

Nhdn xét: Tau lwot hoan toan khi lyc ning tic dong lén canh sau Ly = 60596(N)
va canh truée Ly = 69963 (N).
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F.3. Kiém tra on dinh cdnh sau ciia tau.

Xét canh nang sau cua tau cd tiét dién ngang nhu hinh F.4. Canh c6 bién dang
mat trén 16i va mat dudi phang, ¢ chiéu dai day cung ¢ = 670 (mm). Dic tinh vt liéu
cua canh nhu bang F.3.

Bang F.3: Dac tinh vat li€u cua canh nang tau UNINSHIP 2014

PAC TRUNG VAT LIEU CANH NANG

Nhua epoxy: E,, = 3.50(GPa); v,, = 0.33
Soi CimaxE: Ef = 65.00(GPa); v¢ = 0.24

Hat TiO2: E. = 5.58(GPa); v, = 0.20

28 14

: t
60

T Y0 _l_

—— 14— ‘

| 670 |

Hinh F.4. Cdnh ndng dang phang — 16
Do canh ¢6 hinh dang dic biét (phang — 16i) va kich thudc nho hon nhiéu so voi
hinh dang canh NACA dang xét & muc 4.1.2.1. Nén trinh tu kiém tra on dinh canh theo

cac budc sau:
Buiéc 1:Xdc dinh ieng sudt chdy va tng sudt én dinh cho phép
- Xdc dinh ikng sudt chdy cia vit ligu canh:
Ung suét chay cta vat lidu canh duoc xac dinh theo phwong trinh (F.22) [144] va duoc
thé hién & hinh F.5:
0y = |1+ (V;Ef /ViErn)) [VinOym (F.22)
Trong do:
Oyc: Ung suét chay ctia composite
Ve, Vin: Thanh phan soi va nhua trong t6 hop vat liéu composite.
Ef, Ep,: MO dun dan hdi cua soi va nén.

0ym: Ung suat chay cia nén.
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CelPes iTE

o MFFTET %

o STRAND

Hinh F.5. Ung sudt chay ciia vit liéu composite [144]
Tur bang F.3 va phuong trinh (F.22) ta ¢ bang F .4:

Bang F.4: Ung suat chdy cua vat liéu canh bang composite

STT THONG SO KY THUAT GIA TRI GHI CHU
01 | Thanh phan soi (%) 50
02 | Thanh phan nén (%) 50 TiO2: 5(%)
03 | Mo dun dan hoi cua soi (GPa) 65.00
04 | M6 dun dan hdi ca nén (GPa) 3.676 TiO2: 5(%)
05 | Ung suit chay ctia nén (MPa) 13.50
06 | Ung suat chay cua vat liéu canh bang 126.11

composite (MPa)

- Xdc dinh ieng sudt on dinh cho phép
Theo [46, 47], tai trong tac dung 1én canh gdm c6 03 thanh phan (hinh F.6) chi
phéi dén thiét ké strc bén, 6n dinh hé thong canh:
+ Thanh phan 1: Tai trong dimg (x4c dinh boi khdi lwong va tai trong cua tau).
+ Thanh phan 2: Tai ngang (duoc mo phong két hop mit téi han cta song dap va khi
tau d6i hudng vai toe do cao).
+ Thanh phan 3: Stic can cua tau.
Trong do:
% Hé s6 an toan 200% duoc sir dung cho tai dimg.
¢ Tai ngang dugc lya chon 50% cua tai ding va dugc mo phong khi lyc tap trung cung
cap trén thanh chdng tai 60% chiéu chim.

% Luc can duoc danh gia dya trén hinh déng hinh hoc ctia canh, v&i hé s6 an toan 500%.
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\\\\\\\\;}X\«zm cha tad
Hinh F.6.Tdi trong tac dung lén canh
Qua d6 cho thay:

+ Két qua tinh lyc can Ry = 269(N), luc can tng v6i 500% 1a: 1345(N). Luc ndy nho,
xem nhu bo qua trudng hop nén canh theo phuong chuyén dong cua canh (phuong day

cung).

+ Do tiét dién ngang cta canh sau bé (S = 0.028m?), luc nén doc truc canh (phuong

sai canh) nho nén bo qua.

Nhu vdy, chi c6 thanh phan tai trong dtng tac dong 1én canh nang. Do d6 canh chiu udn

ngang phang cd hai thanh phan noi luc: luc cat va mé men udn.

Mit khac, ¢6 nhiéu két qua nghién ctru 6n dinh cta tim va vo, cac phuong phép
nay cho két qua gan dung, thuong két hop gitra 1y thuyét va thyc nghiém dé nang cao
d6 chinh x4c ctia phuong phép. Theo [68, 81, 139, 140, 141] ting suat 6n dinh cho phép
clia tAm, vo duoc xac dinh boi cong thirc sau:

2 2
Ocr = % <£) (F.23)
Trong do:
t,b: Chiéu day, chiéu rong cta tim va vo; t = 14(mm), b = 142(mm).
E,v: M6 dun dan hdi va hé sb Poisson cua vat liéu tua dang huéng; E = 34085(MPa),
v=20.3
k: H¢ s6 on dinh phy thudc diéu kién bién, dang tai, ti s0 /..
Do m6 hinh tinh canh nang phang-16i gibng mé hinh cua tiéu chuan thiét ké tau canh
ngam [81], tir tai trong tac dung dén diéu kién bién va ti s6 t/b, nén hé sé 6n dinh cua
canh 1a giéng nhau. Tir bang 4.3 va 4.4 ta c6 hé s6 on dinh k ciia canh c6 chiéu dai day
cung ¢ = 670(mm), t/b = 0.0986 la: k =0.203158091.
Thay s6 vao cong thire (F.23), ta c6: o, = 60.84(MPa)
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Nhdn xét: Do tng sudt 6n dinh cho phép cta 16p da trén canh nho hon ung suat chay
ctia vat lidu canh, nén gia tri 0., = 60.84(MPa) 1a gia tri tng suit 6n dinh cho phép
cua canh.
Bwoc 2:Xac dinh do vong cho phép cuia canh

Tir gid trj mg sudt on dinh cho phép ctia canh vira tim dugc & trén, thé vao ham hoi
quy trong bang 4.6 va dung phuong phap ndi suy dé xac dinh gia tri can tim (bang F.5):
Bang F.5: D6 vong cho phép cia canh nang tau UNINSHIP 2014

STT THONG SO KY THUAT GIA TRI | GHI CHU
01 | Ung suit 6n dinh cho phép ctia canh (MPa). 60.84
02 | Po vong cho phép ctia canh (m) 0.000371@

Buwéc 3: Kiém tra én dinh ciia canh trong trwong hop tdi trong tinh

St dung cac cong thire (4.5), (4.6) va (4.7) trong muc 4.1.2.2 dé tinh kha nang chiu luc
clia canh véi luc nang Ly = 60596(N)(da xac dinh ¢ bang F.2). Két qua tinh dugc thé
hién & bang F.6.

Bang F.6: Tinh on dinh cta canh nang tau UNINSHIP 2014 trong truong hop tai tinh

STT THONG SO KY THUAT GIA TRI | GHI CHU
01 |Saicanhs (m) 3
02 |Khoang cich hai tru do canh 1 (m) 0.902
03 |Hé s6 k tmg véi chiéu cao tinh toan song h = 1.5(m). 2.2
04 |Lyc nang tac dong 1én canh Ls (N) 60596

05 |Tai trong phan bd trén 1(m) chiéu dai canh w’ (N/m)| 44437
06 |Mo6 men udn cuc dai xuat hién & mat dam Mmax (N.m) 3013

07 |Mb dun dan hoi cua vat liu E (MPa) 34085
08 |MO6 men quan tinh mat cat ngang canh Jy (mm?) 6290764.8
09 |DJ vong cuc dai cua canh fimax (M) 0.000357
10 |D¢ vong cho phép ctia canh (m) 0.000371
11 |Ung suét udn cyuc dai sinh ra ¢ 16p da trén canh (MPa)|  17.24
12 |Ung suét 6n dinh cho phép o, (MPa) 60.84
13 |Két luin Thoéa man

Buéc 4: Kiém tra én dinh ciia cdnh trong trwong hop tdi trong dong

Twong ty nhu phan 4.4, khao sat panel composite ba pha 16p da ciia canh phang 16i
co6 kich thudc: axbxt = 0.902m x 0.142m x 0.014m, c6 dac trung vat liéu nhu
bang F.3 va co cach bé tri 16p [90/0/45/-45/-45/45/0/90]s. Xac dinh anh huong ctia chiéu dai
budc song, khoang cach hai canh, kich thudc hinh hoc, tdc do cla tau, su khong hoan hao
ban déu, ti 1 vat liéu thanh phan lén dap (mg dong phi tuyén ctia panel composite ba pha.
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1. Anh hwéng ciia chiéu dai buwéc s6ng
Hinh F.7 minh hoa anh huéng chiéu dai budc séng 1én dép tmg dong phi tuyén cua

panel composite ba pha. Bién dang cta panel gia ting khi chiéu dai budc séng giam.

Bang F.7. Anh hudng chiéu dai budc song A dén bién dang cua panel

Panel [90/0/45/-45/-45/45/0/90]s,a x b x h = 0.902m x 0.142m x 0.014m, R =
0.961m, c6 P, = 0.5, ¢, = 0.05, E;; = 34.085 (GPa), E,, = 6.028 (GPa)
Stt | Chiéu dai buéc soéng A (m) Bién dang (m) Nhin xét
1 A=34.0 0.0001236 Thoa méan @
2 A =30.2 0.0001293 Théa man @
3 A =205 0.0001374 Théa man @
-5
10
14X [ L L [ L [ L L L
v_=0.5, v =0.05, R=0.961m, = \Nave length = 34.0m
12- 'a c _ ]
axh xh= 0902 x 0,142 x 0.014m, u=0.1, === Wave length = 30.2m
----- Wave length = 20.5m | |

V=20m/s, Simply Supported Plates.

[EY
o
]

W(m)

Hinh F.7. Anh hwéng chiéu dai buéc song A lén dap g dong phi tuyén panel

2. Anh hwéng ciia khodng cdch hai cinh

Hinh F.8a, F.8b minh hoa anh hudng cua khodng cach hai canh Ly = 2x 1én dap

rmg dong phi tuyén ctia panel composite ba pha. Bién dang ctia canh tuan theo quy luat

trong bang 4.19 (muc 4.4.7).

LVIII



x 10

12 L L L L L [ [ L L
v,=0.5, y =0.05, R=0.961m, — X = 5.5m
107 axbxh=0.902x0.142 x 0.014m, u=0.1, === Xx=75m
8- V=20m/s, Simply Supported Plates. ~  |==== X=9.5m | |

W(m)

1
(o]

L
0 0.5 1 15 2 2.5 3 35 4 4.5 5
(s)

Hinh F.8a. Anh huéng khodng cdch hai canh 1én dap g ddng phi tuyén panel

Bang F.8. Anh huong khoang cach hai canh trudce, sau dén bién dang cta panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thuéc a x b x h = 0.902 x 0.142 x 0.014m,
R =0.961m,co6 ¢y, = 0.5, ¢, = 0.05, E;; = 34.085(GPa), E,, = 6.028(GPa)

Stt | Khodng cach hai canh Ly = 2x (m) Bién dang (m) Nhan xét

1 X=%55 0.0001236 Thoa man @
2 X =75 0.0001314 Théa man @
3 X=%9.5 0.0001303 Théa man @
4 x=%115 0.0001294 Théa man @
S X =135 0.0001129 Théa man @
6 x =155 0.0000932 Théa man @
7 x =170 0.0000753 Théa man @
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x 10

12 L L L L L L [ L L
" v,=0.5, y =0.05, R=0.961m, — X = 11.5m |
axbxh=0.902 x 0.142 x 0.014m, u=0.1, === X=13.5m
8- V=20m/s, Simply Supported Plates | ===es X =15.5m -
X =17.0m
6
4
E
= 2
=

0 0.5 1 15 2 2.r5 3 3.5 4 4.5 5
t(s)

Hinh F.8b. Anh hwéng khodng cdch hai canh 1én dap iing déng phi tuyén panel.
Nhin xét:Khoding cdch hai canh quyét dinh ddng ké tdi trong tdc dung Ién canh do
hién twong céng hwéng va dip ciia séng gay ra. Khi thiét ké can lwa chon khodng
cdch hai cdnh hop ly dé tranh hién twong nay.

3. Anh hwéng ciia kich thwéc hinh hoc panel

Hinh F.9a va F.9b minh hoa anh hudng cta chiéu rong b; chiéu day h 1én dap Gng
d6ng phi tuyén cta panel composite ba pha. Bién dang cta panel gia ting khi ting chiéu
rong b va khi giam chiéu day cua panel.

Bang F.9a. Anh huéng chiéu rong b dén bién dang cua panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thuéc a x h = 0.902m x 0.014m, R =
0.961m, c6 ¢, = 0.5, 3, = 0.05, E;, = 34.085 (GPa), E,, = 6.028 (GPa).

Stt Kich thuéc panel (m) Bién dang (m) Nhén xét
1 | axbxh=0.902x0.182 x 0.014 0.0004554 Khong théa mén @
2 | axbxh=0.902x 0.162 x 0.014 0.0002564 Thoa man @
3 | axbxh=0.902x 0.142 x 0.014 0.0001236 Thoéa man @
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L L L [ L

L L L L
v,=0.5, v =0.05, R=0.961m, — b =0.182m

3L axh=0.902 x 0.014m, p=0.1, V=20m/s, ===} =0.162m -
Simply Supported Plates. ~— |..... b = 0.142m

3 [ [ [ [ [
0 0.5 1 15 2 2.5 3 3.5 4 4.5 5

t(s)

Hinh F.9a. Anh huéng chiéu réng b lén ddp vmg déng phi tuyén panel
Nhin vao hinh F.9a va bang F.9a cho thay khoang cach giira cac gan chiu luc ctia canh
16n hon 162 mm bién dang cta canh 16n hon gia tri cho phép. Khi thi cong can luu y
dén vi tri cac gan gia cudng ding theo thiét ké.

-4

x 10
3 L L L L L L L L L
\|/a=0.5, \|Ic=0.05, R=0.961m, — 1 = 0.010m
2.5~ axhb=0.902 x 0.142m, p=0.1, V=20m/s, === h=0.012m 7
) Simply Supported Plates. | ... h = 0.014m

r [
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
t(s)

Hinh F.9b. Anh huéng chiéu day h lén dap iing dong phi tuyén panel
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Bang F.9b. Anh hudng chiéu day h dén bién dang cua panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thuéc a x b = 0.902 x 0.142m,
R =0.961m, co6 ¢, = 0.5, . = 0.05, E;; = 34.085 (GPa), E,, = 6.028 (GPa)
Stt Kich thudéc panel (m) Bién dang (m) Nhén xét
1 axbxh=0.902x0.142 x 0.010 0.0003668 Théa man @
2 axbxh=0.902x0.142 x 0.012 0.0002114 Théa man @
3 axbxh=0.902x0.142 x 0.014 0.0001236 Théa man @

4. Anh hwong toc dé ciia tau
Hinh F.10 cho thiy anh hudng cua téc d6 tau 1én dap tng dong phi tuyén cua

panel composite ba pha. Bién dang cua panel gia tang khi van toc tang.

x 10"
[ [ [ [ [ [ L L [
1.5 v,=0.5, y=0.05, R=0.961m, —_—\/ =24 m/s .
axbxh=0.902 x 0.142 x 0.014m, p=0.1, ——\/=22m/s
Simply Supported Platess. | .iaa. V = 20 m/s

W(m)

1 r r r r r
0 0.5 1 15 2 25 3 35 4 45
t(s)

Hinh F.10. Dap tng dong phi tuyén cta panel composite ba pha v&i van toc khac nhau

[ L [ L

Béng F.10: Anh huong vén téc V dén bién dang cua panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thuéc a x b x h = 0.902 x 0.142 x 0.014m,
R =0.961m, co Y, = 0.5, ¢y, = 0.05, E;; = 34.085 (GPa), E,, = 6.028 (GPa)
Stt Toc d) cia panel (m/s) Bién dang (m) Nhan xét
1 V=24 0.0001914 Thoa man @
2 V=22 0.0001604 Thoa méan @
3 V=20 0.0001236 Thoa méan @

5. Anh hwong ciia sw khéng hoan hdo ban dau
Hinh F.11 va bang F.11 cho thdy anh huéng ctia sy khong hoan hao ban dau p 1én

dap tmg dong cla panel composite ba pha. Khi p ting tir 0 + 0.3, bién dang cua panel

giam. Anh hudng cua thong sé p 1én bién dang cua panel 1a nhé c6 thé bé qua.
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12 L L L L L L L L L
y,=0.5, y_=0.05, R=0.961m, — 201
101~ ax b x h=0.902 x 0.142 x 0.014m, ——— 0 i
8 V=20m/s, Simply Supported Plates. | H 0.3
- pu=u. ]

W(m)

x 10

&

[
2.5 3 3.5

t(s)
Hinh F.11. Anh huéng thong s6 khong hoan hao p 1én dap tmg dong phi tuyén panel

Bang F.11: Anh huong sy khong hoan hao ban dau p dén bién dang ciia panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thuéC a x b x h = 0.902 x 0.142 x 0.014m,
R =0.961m, c6 Y, = 0.5, 1, = 0.05, E;;, = 34.085 (GPa), Ey, = 6.028 (GPa)

Stt Sw khong hoan héo cua panel Bién dang (m) Nhan xét
1 p=0 0.0001240 Théa man @
2 n=0.1 0.0001236 Théa man @
3 =03 0.0001213 Thoa man @

6. Anh hwong ciia ti Ié vit liéu composite ba pha

Hinh F.12a, F.12b va F.12c trinh bay anh hudng cua soi va hat 1én dap Gng dong

cua panel composite ba pha. Théy 0 sy gia ting mat dJ cua soi s€ giam bién do dao

dong cua panel va mat do cua hat cang nhiéu s€ gidm kha nang chiu uon cua panel.

Bang F.12a: Anh huong cua ti I¢ soi va hat dén bién dang cua panel

Panel [90/0/45/-45/-45/45/0/90]s,a x b x h = 0.902m x 0.142m x 0.014m,

R = 0.961m
Stt Pac trung vat li¢u Bién dang (m) Nhan xét
1 | ya=0.5 va yc=0.05: 0.0001236 Anh huéng
E11=34.085(GPa), E2,=6.028(GPa) clia soi tdt
2 | ya=0.55 va yc=0: E11=37.119(GPa), 0.0001158 hon so v6i
E22=6.133(GPa) hat.
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12 [ L [ L [ L [ L [
R=0.961m, u=0.1, V=20m/s,
10+ ax b xh=0.902 x 0.142 x 0.014m,

Simply Supported Plates.

—— v,=05,y_=0.05

- - \Va:O_SS, WC:O

W(m)

L [ L [

[
0 0.5 1 15 2 2.5 3 35 4 45 5
1)

-8 r r r r

Hinh F.12a. Anh hudng ti 1 soi, hat a, e 1én dap tmg dong panel composite ba pha
Bang F.12b: Anh huong cua ti 1¢ hat dén bién dang cuia panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thuéc a x b x h =
0.902m x 0.142m x 0.014m, R = 0.961m, c0 , = 0.35

Stt Pic trung vit lidu Bién dang (m) Nhin xét
ORS00 e
2 [ we=0.1: E11=24.950(GPa), 0.0001624 kha nang chiu uon

E2=5.603(GPa) b pal?il cne
3 | ye=0.2: E11=25.066(GPa), 0.0001570 h‘g; llzn ae?l
E2,=5.772(GPa) g la yeu.
x 10"
15+ L\,/azo.ss, R=0.961m, u=0.1, L L L — LW — L g
ax b xh = 0.902 x 0.142 x 0.014m, ———y=01
V=20m/s, Simply Supported Plates. | WC: 02
1k ¢ .

W(m)

[
0 0.5 1 15 2 2.5 3 35 4 4.5 5
1(s)

Hinh F.12b. Anh hudng cua ti 18 hat ¢ 1én dap tng dong panel composite ba pha
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x 10

L L [ L [ L [ L L

15l v,=0.05, R=0.961m, p=0.1, V=03 |
axbxh=0.902 x0.142 x 0.014m, ——=y =04
V=20m/s, Simply Supported Plates. | ... Waz 05
a
1 -

[
0 0.5 1 15 2 2.5 3 35 4 45 E
O

Hinh F.12c. Anh hudng ti 18 soi ya 1én dap tng dong cua panel

Bang F.12c: Anh hudng ca ti 18 soi dén bién dang cua panel

Panel [90/0/45/-45/-45/45/0/90]s, kich thuéCc a x b x h =
0.902m x 0.142m x 0.014m, R = 0.961m, c0 ¢, = 0.05.

Stt Pac trung vat li¢u Bién dang (m) Nhan xét
1 | ya=0.3: E11=21.838(GPa), 0.0001836
E2»=5.349(GPa), G12=1.70(GPa) Khi ti 1€ s¢i tang

bién dang panel
2 | y.=0.4: E1=27.953(GPa), 0.0001487

giam. Anh hudng
E2»=5.688(GPa), G1.=1.836(GPa)

cua soi tot hon

3 | ya=0.5: E11=34.085(GPa), 0.0001236 hat
E2»=6.028(GPa), G1.=1.985(GPa)

7. Anh hwéng kich thwde hinh hoc, ti Ié thanh phén sgi, hat lén tin sé dao dong ciia
panel composite ba pha

Tén sb dao dong riéng cua panel phu thudc vao ti I¢ thé tich cua hat, soi va kich
thudc hinh hoc cila panel. Chiing giam khi gia tang ti 1¢ thé tich ctia hat yc va tang chiéu

rong cua panel, va anh hudng cua s¢i Ién tan s6 dao dong riéng 16n hon cua hat.
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Bang F.13: Anh hudng kich thudce hinh hoc, ti 1¢ thanh phﬁn soi, hat 1én tan sb dao dong

riéng cua panel composite ba pha.

wmn (rad/s)

a=0.902m, b =0.142m

a=0.902m, b =0.182m

h=0.010m

h=0.012m

h=0.014m

h=0.010m

h=0.012m

h=0.014m

055 0

7.3710e3

8.8448e3

1.0319e4

4.5346e3

5.4399¢3

6.3454e3

0.50 | 0.05

7.1112e3

8.5330e3

9.9549¢3

4.3747e3

5.2480e3

6.1216e3

0.450.10

6.8442e3

8.2127e3

9.5813e3

4.2104e3

5.0509¢e3

5.8917e3

0.40 | 0.10

6.5534e3

7.8637€3

9.1740e3

4.0314e3

4.8362e3

5.6412e3

Bang F.13 cho thiy véi canh c6 khoang cach giita cac gan gia cuong b=0.142m

s& ¢6 tan sd dao dong ctia panel 16n gip 1.63 1an v6i canh c6 khoang cach cac gan gia

cudng 1a b=0.182m (nghia 13 suy giam do cing cta canh 1.63 lan).

Két lugn: Canh sau ciia tau UNINSHIP 2014 ddm bdo én dinh khi cé diic tinh vit
liéu nhw bang F.3 va kich thwoc nhw hinh F.4.
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PHU LUC F1: KET CAU CANH NGAM BANG COMPOSITE DANG NACA 16-018

Canh nang

Gan doc Gén ngang

\ Lép vo canh

/, B / .F :l\, Panelax b x t
2000 | ' _ c=1219.2 _

20 100

50

1200
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s'=4000
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