Co hoc — Co khi dong luc — Co dién ti

MO HINH KET CAU VO COMPOSITE DANG HINH CON CO PAY
NHAN PUQC BANG PHUONG PHAP QUAN TRAC DIA

Tran Ngoc Thanh, Pinh Van Hién", Vii Tung Lam, Bui Van Am

Tém tit. Céc vo tru c6 day, vo cau hodc dang than cén cé ddy chiu dp luc trong, lam
tir vt ligu composite cot soi/nén polyme bang phuong phap quan dwoc dung kha phé bién.
Két cau Vo dang than con co day la triong hop tong qudt ciia vo tru va cau. Cac mo hinh
két cdu va cong nghé qudn vé tru va cdu da co nghién ciru. Doz voi vo composite dang
thén cén, cé diém khac biét la diéu kién quan o phan chuyen tiép giita phan cén va ddy
thay doi, thém nita, do c6 géc hinh con, nén can khong ché diéu kién khong truot soi ¢ lop
quan ngang trén phan cén, tir @6, dan dén diéu kién cia mé hinh két cdu thay doi, can
duwoc nghién cieu. Vi ly do do, mé hinh todn cho thzet ké két cdu vo composite dang than
con co day nhan duoc bang phwong phap qudn trac dia dugc xdy dung. Két qua nghién
cieu ld co s cho thiét ké cac két cau thuwce va cong nghé quan san pham.

Tir khéa: Két ciu composite; Vo composite hinh ¢on; Binh ap luc composite; Quén soi.
1. MO PAU

Ket céu tron xoay lam tir vat liéu composite cdt soi do bén cao/nén polyme bang cong nghé
quin ngay cang sir dung rong réi trong dan dung va qudc phong nho vu diém ndi troi cua vat lidu
composite 1a d6 bén riéng va mé dun dan hoi riéng hon han so véi vat lidu kim loai thong
thuong. Trai qua hon nira thé ky phat trién, cac thanh tyu vé ly thuyet va cong nghé quin kha da
dang va phong phu, trai rng trén nhleu dang két cau va k¥ thuat rai soi khac nhau, trong do, chu
yéu la cac két cau dang céu, try va Xuyen v6i cac ki thudt rai soi dién hinh la trac dia va phi tric
dia. D6i voi két cdu composite duoc quan sgi, do qué trinh hinh thanh két cau gin chit v6i qua
trinh tao thanh vat liéu va cong nghé, nén dé lam chu dugc cong nghé san pham can lam chu van
de thiét ke ket cau.

O khia canh 1y thuyét, c6 hai cach tiép can 1a 1y thuyét lu6i (ly thuyét vat liéu composite don
hudng) va ly thuyét lién tuc (ly thuyét vat liéu composite di hudng) trong thiét ké vo composite
tron xoay. Ly thuyét lién tuc chinh xac hon 1y thuyét lu6i bdi mo hinh vat liéu phan anh Gng xu
thuc cia vat li€u composite chinh xac hon, song 1y thuyét ludi don gian hon, phu hop vai cac
loai vat liéu composite cot sgi do bén cao nhu sgi cacbon, thuy tinh, kevlar, aramid,...

Dbi voi két cdu dang than con c6 day (hinh 1), mot dang két cdu tong quat cua vo dang tru cd
day va cau, cac mo hinh toan ly thuyét hau nhu chua dugc quan tam.

Vi ly do d6, md hinh toan cho thiét ké vo composite dang than con co day duya trén ly thuyét ludi
duogc nghién ctru phat trien. Trong khuon kho bai bao, ky thuat rai sgi trén cac day duogc gioi han la
quan trac dia- mot ki€u quan ma ve 1y thuyét s€ khong c6 hién tugng trugt sgi theo phuong ngang.

Hinh 1. M6 hinh vo binh dp luc than con lam tur vat lieu composite.
2. XAY DUNG MO HINH TOAN
2.1. Pic trung hinh hec va vt Iy ciia vé con c6 day dwge quin sgi
V6 hinh c6n ¢6 hai day duoc mé ta nhu hinh 2, ¢6 cac dic trung hinh hoc gdm cac ban kinh
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16 cuc o1, T2, ban kinh tai phan chuyén tiép giﬁ’a phan con va phan déy (bén kinh xich dao) Rcl,
Rez, chiéu dai phan con L va goc con . Gia thiét, vo da diéu kién quan két hop bai cac 16p quan

xoan bao kin va 16p quin ngang gia cudng cho phan con; cac day vo thoa man diéu kién quan
trac dia (phuong trinh Clairaut) [1]:

r.sinf3 = const (1)

r

Hinh 2. Kinh tuyén ciia vé hinh cén cé day.
Céc dic trung hinh hoc va vat 1y ciia day vo dugc quan soi trong hé toa do cuc (I, z, 6) dugc

mé ta nhu hinh 3 va hinh 4. Phan b soi va ndi luc trong phén t6 vo duge mé ta nhu hinh 5.
Trong do:

- p va R¢ 12 ban kinh 18 cuc va ban kinh phan chuyén tiép gitra ddy va phan con;

- B1a gdc quén, 1a goc tao bai tiép tuyén cua quy dao soi voi duong sinh vo;

- Ry va R, 12 ban kinh cong cua cung kinh tuyén va cung vi tuyén cta vo, dugc xac dinh nhu
cong thuc 2 va 3 [2, 3]:

3
oo ety @
1 rn
R2= r =r.\/1—i—r'2 (3)
cosa

- o 1a gbc tao bdi vecto ban kinh Rz va ban kinh huéng tam r;

-7’ var’’ 1a dao ham bac nhat va bac hai cua r theo z;

-pvagqlaap suat bén trong va lyc phan bd duong tai 16 cyc, g = pr, /2 véi vo co 16 cuc
déng kin va g = 0 véi vo ¢6 16 cuc ho.

- N1 va N2 14 Iyc trén don vi dai theo phuong kinh tuyén va vi tuyén;

- W va t 12 bé rong va chiéu day cia bang soi;

- o¢ la ing sudt tac dung doc truc soi;

- 01 V& o 1a cAc g suét thanh phan trén phuong kinh tuyén va vi tuyén.

Hinh 3. M& hinh ddy vé hinh cén va cdc tham sé hinh hoc, vt Iy lién quan.
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Hinh 4. Cdc thanh pfwfn noi luc Hinh 5. Phan bé soi va luc soi
trong phdn o vo. trong lop vo composite.

2.2. M6 hinh toan mé ta bién dang diy vé composite dang than con

Biét rang, mot bién dang day \ t6i uu céq thoa man 2 diéu kién: (1)- !—|inh dang can bang; (2) -
Khong trugt soi. Tuy nhién, do diéu kién quan dugc gi6i han la quan trac dia, nén bién dang day
v6 chi can thoa man diéu kién thar qhﬁt. Theo [2], mdt vo composite ¢6 hinh dang can bang thi
ndi luc phat sinh trong vo phai can bang vai luc kéo sgi do ap luc trong p gay ra.
a. Ngi [y phét sinh trong vé trong theo 1y thuyét vé phi mé men

Xét can bang lyuc trén phuong z (hinh 3), ta cd [4]:

2.r.N,.cosa=2.1 I p.r.dr+ 2.n.rpq 4)

Tiép theo, xét can bang luc theo phuong phap tuyén cua vo (hinh 4), ta c6 [4]:
N, N .
R R =p (5)

Thay coso tir (3) vao (4) tim dugc N; va thay N1 vao (5) tim dugc N2:

2 2
N = p_R2 (I’ —C.i‘p
1 2 rz

2 2
PR, R, [ -Cur,
N,=—=|2-—| —— 7
2 2 Rl 7‘2 ( )

(6)

Trong do6, C = 0 tmg véi v6 ¢6 16 cuc dong kin va C = 1 ung véi vé ¢6 16 cuc hé.
b. Noi lie phdt sinh trong vo theo Iy thuyét vit liéu composite 16p
Xét phan t6 vo ¢ chita cac soi duge quan tao thanh goc ddi ximg £ nhu hinh 5. Khi do, ing
suat trung binh trén phuong kinh tuyén va vi tuyen cua vo dugc xac dinh nhu sau [2, 4]:
o, =0, .cos’ B (8)
o, =0, .sin’B 9)
Mat khac, cac thanh phén ung sudt (oc,,0,)co thé duoc xac dinh theo cac thanh phﬁn ndi luc
(N1, N2) va chiéu day h ciia vat liéu composite:
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6, =N /h (10)
c,=N,/h (11)
Két hop céc cap phuong trinh (8)-(10) va (9)-(11), ta duoc:

N
tan’ p=—2 12
p N (12)
c. Phuong trinh vi phdan mo ta bién dang day vo hinh con
Do day vo dugc quan tric dia phai thoa méan phuong trinh Clairaut (1), nén tai diém 15 cuc co
gbc quan B=90° va ban kinh r = rp, ta co:

r.sinf=r sin90° =r, (13)
Tur do, suy ra:
sinB sinf r.lr T,
tanff = = = 14
cosf \/l—sm B \/ r /r \/rz—rpz (14)

Bang viéc thay N1 va N2 ¢ (6) va (7) vao (12) véi Ry va Ry duge xac dinh nhu (2) va (3), tan3
duoc xac dinh nhu (14), nhan dugc phuong trinh vi phan mo ta bién dang day nhu sau:

},2 2 12
r"=[ : > - 2.r J1+r (15)
r

2 2
—r° r —=Cr r
P p

Pé tién cho viée khao sat, ta chuyén phuong trinh (15) vé dang khong thir nguyén bang cach

dat r=r/R.,7=2z/R:
72 27 |1+F7
A [l B, LA | (16)

=2 2
ro—r r-—Cr r
p P

Diéu kién dau dé giai phwong trinh (16) 1a: tai 7=0,7(0)=1,7'(0)=+tany, ¢ d6, dau (-)
g v6i day nho, ddu (+) tng v6i day 16n ctia vo hinh con.

V6i cac truong hop ma vo ¢ 16 cuyc dong kin va hé, phuong trinh vi phin mé ta bién dang
day vo duoc suy ra tir (16) lan lugt nhu sau:

72 —2
7":[_2 P —2]“_’" (17)

727 1470
f"=["_2 S (18)
ro—r r

2.3. Rang budc ciia géc hinh cén theo diéu kién khﬁng trugt soi

Do vo6 hinh con duoc gia thiét 1a gom 16p quan xodn bao kin v6 va 16p quin ngang gla cucmg
lyc trén phan con, trong khi, ban kinh cua hinh con thay doi tuyén tinh theo toa do z va goc quan
ngang luon khong dbi bang 900 nén diéu kién Clairaut khong dam bao, tirc 1a 16p quan ngang s&
duoc quan theo quy dao phi tric dia, do Vay, s¢i ludén co6 xu huong truot.

Biét rang, trong quén phi tric dia, hé s6 truot cla soi A laty s0 giita luc thp tuyén va luc phap tuyén
vuong goc voi truc soi, co quan hé voi cac tham so6 hinh hoc cua vo va goc quan Snhu sau [4, 5]:
(1 +r” ).(r'.sinB +7.B'.cosP)

A= (19)
(1+r‘2).sin2B—r.r".cos2[3
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Khi 6, voi soi quan ngang trén phan con c6 goc = 90°, tir (19), ta co:

' dr(z)
A=r'(z)=—"= (20)
dz,
Mat khac: r(z,)=R_+z_.tany. Vay:
A=r'(z,)=tany (21)
Diéu kién khong truot ciia soi khi quan phi tric dia [6]:
A<[A] (22)

Trong do, [A] 1a h¢ sb trugt cho phép, chinh 1a hé so ma sét finh giira soi va khudn quén,
Truong hop quan uét: [A] = 0,2; Truong hop quan khé: [A] = 0,4 [7].
Khi 6, diéu kién rang budc ctia goc con y la:
v <arctan[A] (23)
Ung v6i trudng hop quan w6t jmax = 11,3° va quan kho jmax = 21,80,
2.4. Bai toan xac dinh chiéu day 16p vit liéu composite
Do gia thiét & phan con gdm cac 10p quan xodn va quan ngang, cac thanh phan ndi luc N; va
N> tai xich dao s€ duoc xac dinh nhu sau:
N, =0_.h, cos’B, (24)
N, = csc.hc.sin2 B.+ cs(..hh.sin2 90° (25)

Trong d6: he, hn 1a chiéu day 16p quan xodn va quan ngang tai xich dao; f 1a goc quéan & xich
dao. Mat khac:

2
R r
N, =L 1—c{—PJ (26)
2.cosy R,
R
N, =2 27)
cosy

Gia thiét rang, khi chiu tai, ing suat kéo doc soi 1a nhu nhau trén moi tiét dién, khi d6, chiéu
day cua céc lop quén can dam bao rang dudi tac dung cua aip suét phé huy po, tng suit kéo ot s&
dat t6i gia tri d6 bén doc soi cia vét liéu composite [oc]. Bang viéc két hop cac cap phuong trinh
(24)-(26) va (25)-(27), va chuyén vé dang khong thir nguyén, chidu day 16p quin xoén va ngang
dugc xac dinh nhu sau:

—2
= p(1-C7}) (28)
¢ 2[o,lcosy.cos’B,
— P,
[ S— 2
) o .oy .sin B (29)

Chiéu day trén day duoc xac dinh tir gia thiét ring dién tich tiét dién cta 16p composite va
tong sO lugng soi trén mat cat bat ky vuong goc vai truc tdm vo la khong doi. Khi do, phan bo
chiéu day trén day dugc xac dinh nhu sau [4]:

h — cosP

h=—=h
R, “T.cosP,

(30)
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3. MOT SO KET QUA TiNH TOAN

Trong phan ndy, chung ta s& tinh toan bién dang day va chiéu day vét liéu composite cho két
cAu hinh ¢én ¢6 13 cuc dong kin. Trén co s& mo hinh toan, phﬁn mém toan hoc Mathcad duoc st
dung dé tinh toan véi 1oi gidi phuong trinh (17) bang phwong phéap tich phan sd. Két qua tinh
toan bién dang ddy vo composite dang hinh con cho hai truong hop goc y= 0° va y = 10° véi céc
ban kinh cyc rp khac nhau chi ra tir hinh 6 dén hinh 8.
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Hinh 6. Bién dang day vdi goc y= 0. Hinh 7. Bién dang ddy nhé hinh cén véi goc y= 10°.
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Hinh 8. Bién dang day 16m hinh con véi géc y= 10°,

C6 thé thiy, so véi trudng hop goc = 0° (twong g vi vo tru hoidc cau), trudng hop goc y=
10°, bién dang day nho ctia hinh con c6 d6 doc thap hon, chiéu cao day ciing thap hon, nguoc lai,
bién dang day 16n c6 do dbc va chiéu cao day 16n hon.

Ciing trén co s md hinh toan va chwong trinh da xay dung, mot truong hop cu thé cua vo
composite dang hinh c6n c6 cac tham sb: Rer = 50 mm, Rez = 100 mm, y= 10°, ap sudt phat huy,
Pb = 45 MPa duoc tinh toan cho vt liéu composite cbt sgi cacbon/nén epoxy c6 d6 bén [oc] =
2000 MPa (hinh 9). Két qua chi ra, chiéu dai phan than con, L = 283,6 mm, chiéu day 16p quén
xo4n & phan xich dao cua day 16n hcz =12 mm, Chleu day lop quan ngang, hy = 2,24 mm. Néu

biét chiu day va bé rong bing soi quan, sb 16p quan va s6 vong quén s& duge xac dinh.
110

Lép quén ngang — T

70 | L&p quéin xodn
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Hinh 9. Bién dang vé hinh cén va phdn bé chiéu day tinh todn.
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4. KET LUAN

Tur phan tich dac trung hinh hoc va vat Iy ctia vo composite dang hinh ¢on chiu ap lyc trong,
diéu kién vé hinh dang can bang vo va khong trugt soi, da xay dung mo hinh todn mo ta bién
dang d4y hinh con, diéu kién rang budc khong truot sgi ctia goc con, ciing nhur cac cong thirc xac
dinh chiéu day cac 16p quin. Két qua 1a co s thiét ké két cau vo composite dang than con bao
gom ca vo dang tru va cau.
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ABSTRACT

STRUCTURAL MODEL OF CONICAL COMPOSITE SHELL OBTAINED
BY WITH GEODESIC WOUND DOMES

Two-dome cylindrical shells, spheres or two-dome conical shells made of fiber
reinforced polymer materials by using the filament winding method are applied popularly
in fields. The structure of the two-dome conical shell is the general structure of the
cylindrical shell and sphere. Structural models and winding process of the cylindrical
shell and sphere have been studied before. For composite conical shells, the winding
condition at the equator between the dome and cone is changed, and moreover, since
having the conical angle, the non-slippage condition of fibers when winding hoop layers
must be controlled, thus, the mathematical model for designing the structure of shell is
changed that should be investigated. for that reason, the mathematical model for
designing the geodesic wound composite conical shell will be built. The studied results
will be the basis for true structure design and product-winding process.

Keywords: Compsite structures; Conical composite shells; Composite pressure vessels; Filament winding.
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