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TOM TAT

Trong ky thudt qudn binh dp lyc composite, quan phi trdc la kj thudt rai soi theo qily dao chéch
voi duong trac dia (dwong ngdn nhdt noi hai diém trén bé mdt vé) mot khodng cdch nhat dinh,
nhiwng van dam bdo soi khong trweot trén bé mdt vo. Ky thudt nay dwoc dp dung trong quan binh
dp lire ¢6 ban kinh 16 cue cia hai déay khdc nhau. Poi véi vo tru composite ¢é ddy, hai bai todn
quan trong la: I- xac dinh bién dang day; 2- xac dinh chiéu day 16p vo composite. Bai bao nay
trong tam xdy dyng mé hinh todn d@é xdc dinh hai bai todn trén dwa trén gia thiét vt liéu composite
la truc huwong, trong do, bai toan xac dinh bién dang day dua trén ba diéu kién: I1- hinh dang cdn
b&ng, 2- khong truot soi, 3- nang luong bién dang cuc tiéu; con bdi todn xdc dinh chiéu day duoc
thuee hién nho si dung tiéu chudn bén Tsai-Wu. Két qua la co sé cho tinh todn két cau-cong nghé
qudan phi tréc dia binh dp luc composite.

Tir khoa: Binh 4p luc; Composite; Bién dang day; Chiéu day vo; Quén phi tric dia.
1. MO PAU

Thiét ké, ché tao vo composite tron xoay di va dang 1a chu dé thoi sy, thu hat nhidu nha khoa
hoc quan tim. Pdi v6i vo try composite co day, bai toan thiét ké két cau xoay quanh hai vin dé
chinh 1a xac dinh bién dang ddy vo va chleu day 16p vat liéu composite. Theo m6 ta toan hoc cua
quy dao soi, ¢6 hai kiéu quin 14 quin tric dia va quéan phi tric dia. Trong d6, quan tric dia 1a k§
thuat rai soi 1én vo ma dudi tac dong cua luc cang soi, thanh phan luc ngang tac dung 1én soi bang
khong, tuc 13, soi khong c6 xu hudng truot, nguoc lai, trong quén phi tric dia, soi khong hoan toan
nam & trang thai can bang va ludn c6 xu hudng truot.

Thong thudng, dé xac dinh hinh dang ddy vo composite tron xoay, ngudi ta gia thiét vat liéu
composite 1a don hudng, khi chiu tai, vét liéu chi chiu ing suét kéo phén bd déu theo chiéu doc
truc soi va nhu nhau trong moi s¢i. Cach tiép can nay goi la ly thuyet ludi. Viée thiét ké vo
composite tron xoay dya trén 1y thuyét lusi da dugc téng két trong nhiéu tai liéu, dién hinh nhu
cubn sach cua Vasiliev (2009) [1]. V&i su phat trién cua khoa hoc ky thuat, vat liéu composite cbt
soi/nén polyme ngay cang da dang, nhiéu loai vat liéu composite thé hién tinh truc hudng hon la
tinh don hudng. Vi vay, ve 1y thuyet thiét ké vo composite ciing doi hoi phai co cach tlep can moi.
Gan day, ly thuyet lién tuc (ly thuyét vat liéu composite truc huéng) di duoc phat trlen dlen hinh
nhu cac cong bd ciia Liang va cong su (2002) [2] cho binh ap luc composite duoc quin trac dia;
Vasiliev (2003) [3], Zu va cong su (2010) [4] cho binh ap luc composite duoc quén phi tric dia.

O trong nude, viée nghién cliru thiét ké vo composite tron xoay nhan dugc bang phuong phap
quan cling da dugc quan tdm gan day, dién hinh nhu cac cong trinh [5-8] déd ap dung ly thuyét ludi
dé x4c dinh cac tham s6 két ciu va cong nghé quan Gan day, cac cong trinh [9, 10] dé phat trién
ly thuyét lién tuc dé tinh toan bién dang va chiéu day 16p vat liéu composite ctia day vo binh ap
lwe duge quén tric dia va quin phang (mét truong hop riéng cua quin phi tric dia).

Dbi véi bai toan xac dinh bién dang day: Khi sir dung 1y thuyét ludi, do gia thiét vat liéu don
hudng nén chi cAn st dung hai diéu kién 1a: 1- khong trugt sgi, 2- hinh dang can béng. Tuy nhién,
v6i Iy thuyét lién tuc, vat lidu dugc gia thiét 1a vat liéu truc hudng, nén dé xac dinh bién dang day
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Vo can thém diéu kién rang budc bd sung. Vi vy, viéc thiét 1ap mo hinh toan va hién thuc mé hinh
dé xac dinh bién dang ddy vo trd nén phirc tap hon.

Déi véi b;‘li toan xac dinh chiéu day vo: Do vat liéu composite la} trye hudng, nén can sir dung
cac tiéu chuan pha huy chuyén cho vat li¢u composite nhu tiéu chuan Tsai-Hill va Tsai-Wu.

Tir phén tich trén, cung v6i myc tiéu van dung cac ly thuyét moi vao thiét ké V6 composite tron
xoay, trong khu6n kho bai bao, nhom tac gia trong tdm phat trién mé hinh toan tong quat dé xac
dinh bién dang va chiéu day day vo tru composite dugc quan phi trac dia.

2. COSOLY THUYET
2.1. Bai toan xac dinh bién dang day vé
2.1.1. Bdc trung hinh hoc va vdt ly cua day binh ap lyc composite

Xét mot day binh ap luc composi:[e dang try véi mot sgi dat trén bé mat dugc mo ta trong hé
toa do cuc (z, 1, 6) nhlI hinh 1. M6 so dgﬁc trung hinh hoc V;‘i vat ly lién quan nhu sau: R, rp 1a b{%ln
kinh try va ban kinh 16 cuc; f1a goc quan, la goc tao boi ti€p tuyén cua quy dao soi va kinh tuyén
vo; p 1a ap suat trong va g la lyc phén bo tai 10 cuc, q = p.ry/2 cho truong hop binh ap luc.
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Hinh 1. Hinh hoc day vo tru composite.
2.1.2. Quy dao phi trac dia va diéu kién on dinh soi
Dbi voi day vo tru composite, theo [8], phwong trinh quy dao soi quén phi tric dia nhu sau:

ﬂ,:d_ﬂ:l'(sinﬂ.tanﬂ ~ r".cosﬂj_ r'.tan B

1)

dz r 1+r% r
Trong d6: £’ 1a dao ham béac nhét cua ptheo z; A1a hé sb truot, duge chon trong gidi han
A <[A], vé6i [1] 1a hé so trugt cho phép.
2.1.3. Diéu kién hinh dang cin bang

- Cac thanh phin tng suét trén phuong kinh tuyén va vi tuyén trong day vo theo 1y thuyét vo
mong phi m6 men [8-10]:

N = +12
o :&: p.r.\/1_+r @)
? h 2.h
i N, _ p.r.\/1+7[2Jr " } )
® h 2h 1+77

Trong d6: Chi s6 @ va 6 chu thich cho phuong kinh tuyén va vi tuyén ciia vo; N 13 gia tri noi
Iirc khong thir nguyén; h 13 chiéu day vo; T, . Z, h 14 cac tham s6 khong thir nguyén ¥ =r /R,

r,=r,/R,7=2/R, h=h/R; F' va F"1a dao ham cip mot va cip hai cua T theo Z .
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- Céc thanh phan ung suét theo 1y thuyét 16p: Mo ta cac thanh phan tmg suit trong phan t6
composite nhur hinh 2. Do v6 tron xoay va tai ap suat ddi xing, nén cac thanh phan tng suit truot
theo phuong kinh tuyén phai bang khéng. Vi vy, theo [12] ta co:

2 H H
o,=0,.08" f+0,5In" f—1,5IN2p (4)
o, =0,.5I° B+0,.c08° B+1,.5IN2/ )
& d6, chi s6 1 va 2 chu thich phuong doc va ngang soi; o'va 713 img suat phap va ing suat truot.
o (81) o, (&)

0'14(51)

G, (&)

N\
Vi tuyén

Kinh tuyén

Hinh 2. Céc thanh phan img sudt-bién dang trong phdn té vo.
Dé hinh dang vo cin bang, cac thanh phan tng sut o, VA oy phai thoa méin dong thoi cip
phuong trinh (2)-(4) va (3)-(5).
Xét ty s6 7= ad o, tir (2) va (4), (3) va (5) ta co:
c rr"  tan’ B+k+2ltan
p=Z =g, T Pt ¢ ©
) 1+7 l+k.tan“ g-2l.tan g

4

Trong do: k=ovloi; | = nalon.

RO rz‘lng,’bién dang déy vo try composite co thé dugc xac dinh bﬁng viée két hop phuong trinh
(6) va (1) néu céac tham s6 k va | duogc dinh trude.
2.1.4. Diéu kién t6i wu hinh dang

Pé dinh trude cac tham sb k va |, chiing ta can mot ﬁiéu kién bd sung, duoc goi la diéu kién tdi
uu hinh dang. Hinh dang vo t6i uu khi nang luong bien dang trong vo 1a nho nhat [4, 9]. bé dap
ung di€u nay, cac thanh phan bién dang phap tuyen theo cac phuong phai bang nhau [9]:

£,=5,=5 =4, @)

Tir diéu kién (7), két hop v6i 1y thuyét dan hoi va ly thuyét 16p, c6 thé tim rang budc cho céc
tham so0 Kk va | nhu sau:

- Céc phuong trinh lién quan theo 1y thuyét dan hoi [12]:

o,V
&g =——-==.0
''E E ° 8)
o, V 9)
2 1

& d6, E1, Ez, Viz, V21 1a m6 dun dan hoi va hé s6 Poisson twong (mg clia vat lidu.
- Céc phuong trinh lién quan theo 1y thuyét 16p [12]:
1w =(&,—¢,)-sin28 (10)

- Tur diéu kién (7) va luu y, E,.v,, = E,V,, , can bang (8), (9) va bién d6i, nhan duoc:
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k=—2=—="— 2 —const (11)

R6 rang, k chi phu thudc vao cac tham s hang ciia vat liéu.

- Do diéu kién (7), nén tir (10), chﬁng ta phai ¢, y12 = 0. Vi bién dang goc trén phuong 1-2, 72
=0, nén vat liéu khong chiu ung suat trugt, tirc 1a, n> = 0, hay, 1 = 0.
2.1.5. Phuwong trinh mo ta bién dang day vo

- Phuong trinh bién dang day co so:

Do k = const va | =0, két hop phuong trinh (6) va (1), sau d6 bién ddi, nhan dugc phuong trinh
mo ta bién dang day vo dugc quan phi trac dia nhu sau:

2 =12
- [tan B+k 2J1+r

l+ktan’ g r 12)
, sin A.tan r".cos r'.tan
pre@SNLENS_[0sf) rtan
r 1+r r

- Phwong trinh hiéu chinh: Dudng cong bién dang ddy nhan dugc tir phuong trinh (12) hau hét
khong hoan chinh va xuat hién di€m uon trudce khi tién vé 16 cuc. B¢ khac phuc di€u nay, theo [8],
mot phuong trinh hi€u chinh can dugc st dung c6 dang nhu phuong trinh (13).

— R 2 _ — _ 2 j—
(Z+Rysina, -7, ) +(T+R.cose, -T; ) =R},

a; =acos((1+7?)™"?) (13)

7=7;
& d6, chi sb f cha thich cho diém hi€u chinh; R; 1a ctia cung kinh tuyén tai diém hiéu chinh.
2.2. Bai toan xac dinh chiéu day day vé
2.2.1. Tiéu chudn bén Tsai-Wu
Trong nghién ctru nay, tiéu chuén pén Tsai-Wu duoc st dung dé dg bao chjéu day vét liéu
composite. Dang mo rong cua ti€u chuan Tsai-Wu cho trang thai ing suat hai chi€u nhu sau [13]:
F.o,+F0,+2F,0.0,+F, 0 +F,.0f +F.r, + Fyrh <1 (14)
Trong d6: o,V o,dugc suy ra tir phuong trinh (4) va (5), dugc biéu dién & dang khac nhu
phuong trinh (15) va (16); z,, = 0 dua theo diéu kién t6i wu hinh dang & trén; Fi va Fjj 1a cac tham
s6 bén cua vat liéu composite dugc chi ra trong tai lidu [13].

Gl:m.Ngﬁ—n.N¢ (15)
o, = M (16)
& do6, m=sin® B/ (sin® f—cos® B) va n=cos’ #/(sin* B —cos’ ).
2.2.2. Ham xdc dinh chiéu day xich dao ciia ddy vo
Thay (15), (16) vao (14) va lay dau bang, nhan dugc quan h¢ sau:
f(h)=ah?-bh-c =0 (17)
& do, a1 = 1, by va ¢ 1a cac hé sé duge xac dinh nhu (18), (19).
b, =F.(mN, -n.N,)+F,.(mN, -nN,) (18)
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¢, =2F,(mN, -nN,)(mN, -n.N,)+F,.(mN,-nN, )2 +Fy.(mN, —n.N, )2 (19)

Giai phuong trinh (17) s& tim dugc gié tri chidu day vat liéu khong thir nguyén h .

Chiéu day h phu thudc vao cic tham sé T va 7, tic 1a phu thudc vao toa do cia diém xac
dinh chiéu day. Theo [10], phan bo chiéu day trén day vé dugc xac dinh theo quan hé (20).
_ _ cos f3
=h@=hg—

7 (z).cos S(2)

o do, Fleq 1a chidu day khong thtr nguyén tai xich dao.

(20)

Twr (20) nhan théy, vOi moi ﬁ(?) tim dugc tur (17) s€ tim dugc mdt gia tri ﬁeq tai xich dao. Do
vay, chiéu day xich dao cudi cung s€¢ dugc xac dinh nhu quan hé (21).

e = MaX {h( ). M} 1)

cos f3.

2.2.3. Ham md td chiéu day bién doi trén ddy vo
Chiéu day vat liéu tinh toan theo phuong trinh (20) c¢6 thé tuong hop tét voi chiéu day thuc caa
vat li¢u trén ddy vo ¢ khoang cach T, =T, +2W<T <1, 6 d6, Wla bé rong bang quan khong thir

nguyén, W=w/R (w- bé rong bang quin). O khu vuc gin 15 cuc, T, <T <T,, ching ta c6 thé sir
dung mot ham béc ba & mo ta su phan bd cua vat liéu [10, 14]:
h, (z2)=a,Z° +b,z* +¢,Z7 +d, (22)
& do, az, by, 2 va dy 14 cac hé s dugce trinh bay chi tiét trong cong trinh [10, 14].
3. KET QUA VA BAN LUAN

Trong phan nay, mot sé két qua tinh toan cu thé dua trén co s& 1y thuyét da thiét 1ap cho 3 loai
vat liéu composite c6 tinh chat co hoc trinh bay trong bang 1.
Bing 1. Tinh chat ciia ba logi vit liéu composite pho dung [11].

Soi thuy Soi Soi
Tinh chat tinh/ cachbon/ | aramid/
epoxy epoxy epoxy
Mo dun dan h(f)i doc theo phuong doc soi, E1 (GPa) 60 140 95
Mo dun dan hoi theo phuong vudng goc vai soi, E» (GPa) 13 11 51
H¢ s0 Poisson trén phuong 2-1, Vo 0,3 0,27 0,34
D¢ bén kéo theo phuong doc sgi, X, (MPa) 1800 2000 2500
D6 bén nén theo phuong doc soi, X° (MPa) 650 1200 300
Do bén kéo theo phuong vudng goc vai sgi, X, (MPa) 40 50 30
D6 bén nén theo phuong vudng goc véi soi, XS (MPa) 90 170 130
D¢ bén cat, X,, (MPa) 50 70 30
k 0,265 0,098 0,071

Hinh 3 trinh bay bién dang day dugc tinh todn cho ba loai vat liéu composite ¢ bang 1. Co thé
thay, khi k cang lon hay vat liu thé hién tinh di hudng cang 16n thi chiéu cao day cang cao. Piéu
nay c6 y nghia rang, v6i vat liéu composite thé hién tinh di hudng cang cao, bién dang day tinh
toan theo 1y thuyét ludi trinh bay trong cac cong trinh [5-8] 1a khéng phu hop.
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Hinh 4 trinh bay anh huong ctia ban kinh cyc T, 1én chiéu day xich dao ctia vo, h, RG rang,

eqmax *

khi tang ban kinh cyc T, lam cho chiéu day vat li¢u tai xich dao tang Ién, y rang, dé cung chiu mot
ap lyc, ban kinh T cang lom, can phai gia ¢ vat liéu nhiéu hon, hay sb 16p quén ting 1én. Tir hinh

4 ciing cho théy, do 4nh hudng cua tham s6 bén, vat lidu soi aramid/epoxy cho chiéu day nhd nhét,
tiép dén la vat liéu soi cacbon/epoxy va cudi cung 1a soi thuy tinh/epoxy.

0.06
— Soi thiy tinh/epoxy

— Sgi cachon/epoxy
0.05 |— Soi aramid/epoxy /

0.04 /

05
<]
z . E 0.03
I:‘u
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02 /
[ e thay cinhlepay | e S —
— Sgi cachon/epoxy ———
— S¢i aramid/epoxy 0 1
1.0
0 01 02 03 04 05 06 07 08 09 0 0.1 020304050607 0809
¥ »

A

Hinh 3. Bién dang ddy tinh todn cho 3 logi ~ Hinh 4. Anh huong ciia r, Ién h,.. véip =

vt ligu composite voi cdc tham 56 ban dau 10 MPava w=0,1.
r, =02, ,=0,2 vaA=0,1.

Phan bé chiéu day trén day vo duoc tinh toan tir cac phuong trinh (20) va (22) cho vt lidu soi
thuy tinh/epoxy dugc trinh bay trén hinh 5. Co the thay, phan b6 chiéu day vat ligu trén day dugc
tinh toan tir phuong trinh (20) la khong thyuc té. Chiéu day vat liéu dy béo tir phuong trinh (22)
thue té hon ddi véi két cdu thuc. Piéu nay co ¥ nghia quan trong khi dung két qua du bao chiéu
day tir nghién ciru nay két hop voi phén tich ing xir co hoc cta vat lidu bang cac phuong phap
khac nhu phuong phap phan tir hitu han.

2 [|— Biéndang dity
==+ Chicu ddy vt li¢u tinh theo (20)
—— Chicu diy vit li¢u tinh theo (22)

02 03 04 05 06 07 08 09 1 11

Hinh 5. Phdn bé chiéu day vt liéu trén dday (vdt liéu: soi thity tinh/epoxy,
r =02, 5,=02,1=01va h,=5h,).

4. KET LUAN

Dua trén ly thuyét lién tuc, phan tich hinh hoc va dic trung chiu luc ctia vo tru composite, da
x@y dung dugc cac md hinh toan xac dinh bién dang ddy vo tru composite truc hudng, quan phi
trac dia; xac dinh chiéu day vat liéu composite tai xich dao cua day vo tru dya theo ti€u chudn bén
Tsai-Wu va phan bd chiéu day trén day. Tir md hinh toan, di tinh toan xac dinh hinh dang day vo
va chiéu day vat liéu composite cho ba loai vat li€u composite gém s¢i aramid/epoxy,
cacbon/epoxy va thuy tinh/epoxy. Mot sé diém chinh rat ra la:
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- Vat li¢u composite voi 0 bén kéo theo phuong doc truc cang 16n, chiéu day 16p vé composite
cang nho.

- Ban kinh 18 cyc anh huéng dang ké dén chiéu day vat liéu trén day, khi binh 4p luc c6 ban
kinh cuc cang 16n, chiéu day vét liéu trén day cang 1on.
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ABSTRACT

Determination of shape and material thickness on dome of
non-geodesic wound orthotropic composite pressure vessel

In the composite pressure vessel winding technique, non-geodesic winding is a
technique of spreading the yarn along a trajectory that deviates from the geodesic path
(the shortest path connecting two points on the shell surface) a certain distance, but still
ensures that the yarn does not slip on the shell surface. This technique is applied in winding
pressure vessels with polar hole radii of two different domes. For cylindrically composite
shell with domes, two important problems are: 1- determining the dome profile; 2-
determining the composite shell thickness. This paper focuses on building a mathematical
model to determine the above two problems based on the assumption that composite
materials are orthogonal, in which, the problem of determining the dome profile is based
on three conditions: 1- balanced shape, 2- no fiber slip, 3- minimum strain energy; while
the thickness determination problem is performed using Tsai-Wu failure criterion. The
results are the basis for calculation of structural and winding processing parameters of
non-geodesic wound composite pressure vessels.

Keywords: Pressure vessel; Composite; Dome shape; Thickness of shell; Non-geodesic winding.
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