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Tom tit

Trén co s6 xay dung hé toa dé quan thiét ldp diéu
kién can bang cia bdang quan gom sei cét va
nhua nén trén bé mat khuén quan, tir diéu kién do
xay dung phicong trinh cdn bang cua Vo tru tron
xoay chju ap luc trong nhdn dioc bang phuwong
phap qudn, xay dung phuong trinh tong quéat xac
dinh quy lugt bién doi cua goc quan, bién dang
ddy vé, khoi lwong va thé tich vo; gidi cdc phwong
trinh d@é xdc dinh quy lugt va bién dang cia day
V6 trong treong hop qudn phi trac dia. Qua dé,
da thiét ldp dwoc cong thire xdc dinh chiéu day
cac 16p quan (qudn xodn, quan ngang) trén phan
tru va phan chém binh phu thuge vao géc qudan,
ap sudt pha huy, dé bén cua vt liéu.

T khoa: Qudn phi trdc dia, binh chju ap
compozit, cdng nghé quan.

Abstract

Based on the coordinate system, the equilibrium
conditions of bandwidths or fibers and matrix on
the surface of the winding pattern will be
represented in this paper. From these conditions,
calculate the equilibrium equations for a shell of
revolution under internal pressure; define a
governing equation determines the change of
winding angle, the shape of the dome, weight and
total volume of the vessel; the solution of these
equations for determining the rules and
deformation of the dome in the non-geodesic
trajectories. Thereby, the equations of the
thick-walled composite cylinder and dome (using
helical and hoop winding) depend on the winding
angle, destructive pressure and strength of
materials can be given.

Keywords: Non-geodesic winding, composite
pressure vessels, winding technology.
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1. Gigi thigu

Binh chiu &p hinh try 1am bang vat liéu compozit c6
thé tich 1am viéc tir vai lit dén hang tram lit, 4p sut nén
tir 20 dén 30Mpa, dung chira khong khi, nito va héli...
Str dung vat liéu compozit trong ché tao binh chiu ap
hinh tru cho phép giam khdi lugng tir 1,5 dén 2,5 lan,
¢6 tinh an mon tdt, tudi tho cao va an toan trong sir
dung. Binh chiu &p hinh tru dugc 1am bang cng nghé
quan. Cong nghé quan dé tu dong hda va ting ning suat
trong ché tao cac chi tiét tir vat lisu compozit nén
polime. C6 nhiéu so dd quan khac nhau, véi gisi han
ndi dung bai bao di vao cong nghé quan theo duong phi
tric dia la cach quan ma khéng thoa man phuong trinh
Klero: rsinf} = const. [1]

Vén dé tinh toan két cau binh compozit hinh tru
kin bang phuong phap quan phi tric dia la bai toan
thiét ké bién dang chom thoa man diéu kién chbng
trugt cua soi trén nén tang cua ly thuyét lusi. Bai bao
d3 nghién ctru tdng hop va hé thdng héa dugc ly
thuyét tong quét vé thiét ké binh compozit hinh tru
kin, dua ra duoc mé hinh toan tong quat cho thiét ké
bién dang chom binh, thiét 1ap dwoc cong thirc xac
dinh chiéu day cac 16p quin (quin xoin, quin
ngang) trén phan hinh try va phan chém binh.

2. Xay dung co sé Iy thuyét mé hinh quan sei phi
trac dia
2.1. Quy dgo phi tric dia

Hinh 1. S can béng luc cia sei véi luc ma sat
trén méi phan ti¢ ciia l6p vé
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Xét mot phan t6 soi trén bé mat vo tron xoay nhur
Hinh 1. Lyc soi trén don vi chiéu dai hoat dong trén
bé mat vo 6 thé xac dinh nhu sau [2]:

f R.Ag=2F.sin(Ag/2)~F.Ag (1)
f, R, Ap, =2.F.sin(Ap,/2)=F.Ap, (2)

f,=Af, 3)

Trong d6: A 1a hé sb ma sat truot giira soi (hodc
b6 soi) va bé mit vo, con duoc goi 1 hé sé truot.
Tu ba phuong trinh (1), (2) va (3) ta dugc:

ﬂ:fﬂ/fn:Rn/Rgzkg/kn (4)

Trong d6 kg va kn 12 d6 cong tric dia va do cong
dang phép tuyén.

Goi [A] 12 hé s truot cho phép, néu A 16n hon [A],
soi S& bi truot trén bé mat vo. Do do, diéu kién dé soi
khong bi truot Ia:

®)

Hinh 2. Céc thong sé hinh hec va hé tea d@ vé tron xoay

Xét bé mat phan chom dang tron xoay: S(z,0) = [z,
r(z)cos0, r(z)sind]" vai z la toa do truc, 0 la toa do géc
var la toa do hudng tim duoc miéu ta nhu hinh 2. Theo
nghién ciru [1], d6 cong dang tric dia va do cong phap
tuyén duoc xac dinh theo phwong trinh sau:

K _d£+ r'.sin g

°ds raler? (6)
K = r'.cos’ 4 sin’p @)

" \/(1+ r?)? ra1+r?

Trong d6 »’ va r” 1a dao ham bac nhat va bac hai
cuartheo z; # la goc tao boi gitta dudng di cia soi
va huéng kinh tuyén caa vom; s Ia chiéu dai cua soi.

Thay thé phuong trinh (6) va (7) vao phuong
trinh (4) ta dugc:

di,B__/1 r'.cos’f  sin’p
Ja+r?ye  rai+r?

r'.sin g (8)
ral+r?

ds

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-
Vi soi tao vai dudng kinh tuyén mot géc B (Hinh 3),
khido dg3/ds codang:

dg _dp dz ds, ds 1 cosp (9
ds dz ds, ds dz [14r%

Bién d6i va can bang hai vé cua dp/dS trong
phuong trinh (8) va (9) ta duoc:
ﬂ:_/{r .cosf _5|nﬁ.tanﬁ)_ r'tan g (10)
r

1412 r

Trong d6 A’ 1a dao ham bac nhét cua /3 theo z.

Hinh 3. Méi lién hé hinh hojc ciia z, s, smva 8
Sép xép lai phuong trinh (5) va (10), diéu kién dé
sgi khong bi trugt nhu sau:

(1+r'2 ).(ﬁ'.r.cosﬁﬂ'.sinﬂ)

A:
(1+ r'zjsin2 p-rr " cos? g

(11)

V6iL=0: r'sin g+r.f.cosp =0 12)

Vé phai cua phuong trinh (12) chinh 1a dao ham
cua r.sinf theo z. Do d6 gia tri r.sinf} = constant. Pay
chinh 1a phurong trinh Clairaut ung véi quy dao dang
trac dia. Trong cac truong hop khac (A= 0), duong
quan soi xuét phat tir dang tric dia s& duoc goi la phi
tric dia.

2.2. Céc luc tac dung va sw can bang luc trén lép
Vo tron xoay

Hinh 4. Céc luc tac dung vao phan té duwgc tach ra tir vé
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Duéi tac dong cua ap suat p, (p = 0) trong vo s&
xuit hién cac tng luc kinh tuyén N; va tng luc vi
tuyén No.

Phuong trinh can bang lyc tac dung 1én mot phan
tir vo bat ky c6 dang:

2.N1.R2.d¢2.sin(dé¢1) +

+2.N2.R1.d¢1.sin(d—§2)— p.R.d¢4.R,.d¢g, =0
(13)
Do do la v6 cung nho nén sin(de/2)=dep/2.

RUt gon phuong trinh (13) ta dugc:
NN (14)
R R
Trong d6 Ry va R, 1a ban kinh duong kinh tuyén
va vi tuyén ciia duong cong dang xét. Theo nghién
cau cua [2], [3], [4], cac gia tri nay dugc xac dinh
nhu sau:

R ey (15)

R =" —r\1+r? (16)

> cosa
Xét can bang luc theo phuong doc truc (truc z)
cua vo, ta co:

r
2.7.r.N,.cosa = 2.7ZJ- prdr+2zrg (A7)
fo
Thay thé cosa trong phwong trinh (16) vao
phuong trinh (17) dé tim Ny, dong thoi thay N; vao
phuong trinh (14) ta duoc:

2
N, :LRZ(M_M) (18)
2 p.r
N, = PR, [2_&[1+MH (19)
2 R, p.r

Ung suét trung binh theo phuong kinh tuyén va
vi tuyén (o1, 62) ¢6 thé duge xac dinh théng qua cac
luc (N1, N2) va chiéu day (h):
o =N (20)
h
N, 1)

O, =——

h
Xem xét vi tri hai bang quan rong t va day w.
MGi bing quan nghiéng vai duong sinh géc quan .
nhu Hinh 5. Khi d6:

o, =M:U.0052ﬁ (22)
Y26t ¢
F,.sin .
7=t e @)
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Can bang va két hop hai cap phuong trinh (20) va
(22), (21) va (23), ta dugc:

tan? S5 = N, (24)
N1
Fy(oy)
F F
ﬁ il i Oc

\<\
5 X F;(03)
£| wp.cosp \X Vi tuyén
Vi
- r
i Wy w,
-~

Hinh 5. So'dé phan bé cét spi trén bé mgt vgt thé tron xoay
2.3. Cic phwong trinh xdc dinh dwong kinh tuyén
cria vom

Tir trang thai can bang luc da phan tich & trén,
cac phuong trinh xac dinh dwong kinh tuyén cua
vom s& dugc trinh bay trong muc nay.

Thay thé Ry va Ry tir cac phuong trinh (15) va
(16) vao phuong trinh (18) va (19) twong ung, sau do
thé phuong trinh (18) va (19) vao phuong trinh (24).
Sau khi bién déi ta dugc:

2r? 1417 (25)

r'=|tan’ -
P 2.9.1, r

2 2
re—r, +

Két hop cac phuong trinh (10) va (25) ta duoc hé
phuong trinh vi phan xac dinh cac duong kinh tuyén
cua vom.

Viét cac phuong trinh (25) va (10) trong toa do
khong thir nguyén bang cach dat F=r/R,z=2/R,
s€ thu dugc hé phuong trinh méi nhu sau:

2.r° 1+77
r'=|tan’ B - —
P F2_p24 2-q-ro r (26)
0 PR
Bl =2 (sin pranpg f".cosﬂ)_ r.tang
L r N r

Trong trudng hop phan 16 dau cuc c6 dang déng,
ldy q = p.re/2 va phuong trinh dau tién caa hé phuong
trinh (26) sé trd thanh phuong trinh (27). Trong khi do,
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néu phan 16 dau cuc duoc mg dé lam dau phun cua
d6ng co tén lira thi g = 0 va phuong trinh dau tién cua
hé phuong trinh (26) trd thanh phuong trinh (28).

_|2
Pre (t afp— 2)1+_r 27)
r
=2 =2
P taHZB _ 2.7 1+_r (28)
-2 22
P13

Hé phuong trinh vi phan (26) duoc giai bang
cach sir dung phuong phéap sé véi didu kién ban du

la Z(0)=0,7(0) =1,7(0) =0, B (0) = fuq V& A

duoc dua ra nhu mot hiang sé hoic mot ham phan
phdi nhat dinh.

2.4. Hign twong chéch ciia dwong kinh tuyén co sé
va gidi phap higu chinh

z .,

Pl

tM  Kinh tuyén1

3 //;‘17"5”'%

P \
:
7sp F
o -
L L}T Iy

Kinh tuyén 2

| P
r
LJE

Hinh 6. Hinh mé td dwéng kinh tuyén cia lép vé
composite theo tinh toan khéng xem xét téi diéu kign va

£y

7
0 ‘RH'

hinh hgc lién quan trong thac té
Puong kinh tuyén caa vom duoc chi dinh boi hé
phuong trinh (26) ludn c¢6 diém mo rong ma tai do
huéng cua do cong thay ddi (Hinh 6). Pbi véi quan
soi tric dia, ban kinh huéng tam tai diém nay la

1j =0.1225. 1 [3]. Déi véi quan dang phi tric dia,

bang céach giai hé phuong trinh (26) va tim gia tri T
theo diéu kién ban kinh duong kinh tuyén I6n nhat,
Ri, s& thu dwoc F. Do sw udn cong nay, viéc lap

dudng cong kinh tuyén 1a bat bugc. Nhu trén Hinh 6,
duong cong 1 (cung EF) duoc xac dinh bang cach
giai hé phuong trinh (26), duong cong 2 (cung FP) la
duong cong sau hiéu chinh.

Dé dam bao dwong cong la 15i trong vang lan can

cua dau cuc, ban kinh huéng tdm cua diém F, T,

phai I6n hon Tj [3]. D6i véi truong hop phan 15 cuc
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dong, c6 thé sir dung giai phap hiéu chinh dugc gisi
thiéu boi Vasiliev [5], bang céch sir dung hé phuong
trinh (26) vé6i q = 0 1a diéu kién ban dau, tai Z =0,

r0)=r(z) S (O

curvel
£(0) = B(z, )‘Curm va A. Tuy nhién, doi véi phan 16

dau cuc mo, giai phap nay rat kho thuc hién vi
dudng cong 1 va dudng cong 2 c6 cung hé phuong
trinh, do d6, khong thé thyc hién dugc do phan giai
cia hé phuong trinh ctia duong cong 2.

Dé giai quyét van dé trén, tac gia dé xuat mot
vong cung tron c6 ban kinh kinh tuyén, Ry (Hinh 6)
dé diéu chinh duong cong. Piéu nay hoan toan hop
1y vi 6 dai cua cung tron hiéu chinh thuong ngén,
do d6, xu hudng truot cua soi co thé bi bo qua.

Phuong trinh hiéu chinh cung tron dugc xac dinh
nhu sau:

(z+Ry, .sina, -z, F +(F+R,.cosa, T, )=R2 (29)

a; = arccos[(1+ fz)’M]

2.5. Chiéu day lép vé compozit
a. Chiéu day lép compozit tgi phan mai vom

Tai phan méi vom, goc quan cua soi thay doi tir
feq — m2. Phuong phap nay goi 1a quan xoan. Xét
hai truong hop phan 15 tai dau cuc:

- Trueong hop mét, cac 16 dau cuc c6 dang dong:
khi d6 va tai duong xich dao, R1 — o, va R; = R, do
d6 tir phuong trinh (18) va (19) ta duoc:

p.R
N, =2 (30)
)
N, =p.R (3)

Két hop cac phwong trinh (20), (22) va (30),
chiéu day nho nhat cua vat liéu tai xich dao dugc xéac
dinh nhu sau:

p.R

SO <\ 32
“ 2o, ]cos’ B, %2

Trong do [og] 1a do bén kéo cua vat lieu

compozit va Beq la géc quan tai xich dao.

Dé xac dinh chiéu day cua vat liéu tai phan vom,
gia st rang téng sé luong soi di qua mat phing bt
ky 1a khong ddi. Ta co:

R.cosp
h=h q

_— 33
€ r.COSBeq ( )

Trong toa d6 khéng thir nguyén:

SO 63 (8-2020)
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_Peq____p (34)
eq R 2.[00].C052[36q
= h = cosp
h=—=hggq———
R r.cosfeq (35)

- Truong hop 2, c&c 16 dau cuc c6 dang dong:
Tién hanh tuong ty nhu truong hop trén, chiéu day
nho nhit cua vt liéu & xich dao Ia:

heg _ PAL-Tg) o
R 2.[00].C0$2Beq

Heq =

Chiéu day cua vat liéu doc theo kinh tuyén cua
vom xac dinh theo phuong trinh (35).

b. Chiéu day tgi phan than giia cia binh

Trong trudng hop cac 16 ddu cuc ¢ dang dong,
néu chiéu day tai phan than giita cua binh (8 = 90°)
bing khéng, tir ba phuong trinh (24), (28) va (29),

tan2B(0) phai bing 2, khi d6 kinh tuyén cua vom s&

bi thoi phong tai chinh duong xich dao va tro thanh
duong cong 16m. Vi ly do nay, I6p quéan tai phan
thaan giira s& duoc yéu cau. Péi véi truong hop 16
cuc ma, 16p quan soi c6 thé khong can thiét khi béan
kinh cua I3 cuc gan bang 1.

Khi yéu cau I6p quan tai phan than giita (he), luc
tac dung 1én phan nay la N2, khi d6 chiéu day tuong
ung la:

N, = o(h.sin? B, +h..sin?90°) @37)

Can bang phuong trinh (30) va (37), lép
quan nho nhat tai phan giira c6 dang nhu sau:
b pR-[o, Jh,,.sin? B, (38)
: [o:]
Trong hé toa do khong thu nguyén:
ol s’ (39)

[o.]

=3

c

3. Két qua va ban luan

V6 duoc quan theo dudng phi tric dia khi A # 0,
bién dang d4y va géc quan dugce xac dinh theo cac cong
thuc (26) véi hé sb trugt A dugc tinh toan theo (11).

Dé xac dinh bién dang day theo (26), can phai
xac dinh dugc quy luat cia goc quan phi tric dia.
Vi gia tri A # 0, viéc giai phuong trinh goc quén
phi tric dia (26) dwoc tinh toan bing phwong phap sé
(phuong phap lip Runge-Kutta), diéu kién ban dau la
g6c quan tai 16 cuc B, = 90° va hé sd trugt phai
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dugc xac dinh trudge. Tuy nhién trén thuc té hé sé
truot luon thay d6i doc theo duong quéan cua soi theo
cong thic (11). Vi vay giai ¢ong b cac phuong trinh
(26), (11), la rat phic tap.

Nhu da dé cap o trén, dé quan khong truot hé s6
trugt phai ludn ludn nho hon hé s6 ma sat tinh téi da.
Giai cac phuong trinh néu trén bang cach ghép gia tri
hé sé truot trén bién dang mat cong bién thién don
diéu theo r dudi dang:

A=f

Trong d6 f 1a hé s ma sat tinh giita bang soi
quan vai bé mat khudn quan.
3.1. Trwong hep khi 16 cwe dwoc déng kin bang cac
madt bich

Truong hop nay g=p.ro/2, két qua giai (27) c6
tinh dén qui luat phan bd (39) xac dinh dugc quy luat
thay d6i g6c quan £ nhu mo ta trén (Hinh 7). Trén
co sO do da giai dugc phuong trinh (26) va tim dugc
bién dang dién hinh ddy vo Gng véi cac gia tri 7,
nhu (Hinh 8).

a1 1 1 |
TP I .ol . - e
L=
o

T [
it

(39)

1-7
1-7’

H—

Hinh 7. Géc qudn S theo cac tpa d ban kinh zva r
Véi q = p.rof2

1

09|
08|
0.7
04

@
—_—
i
a8 8 0.4
03
02

o1

0

a 01 0.2 03 04 (1) 08 07 02 09 1
pld), pl dy_reeax)
Hinh 8. Bién dgng ddy vé khi quén theo dwong

phi trdc dia véi q = p.ro/2

3.2. Truwong hep khi 16 cuc dwoc mé
Truong hop nay huc phan bé q = 0, két qua giai (28)
V6i céc diéu kién du va biéu dién két qua dudi dang dd
thi nhan dwoc su phu thudc cua géc quan vao cAc toa do

va bién dang day vo nhu (Hinh 9) va (Hinh 10).
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03 [ [ 13 15
RSl s

Hinh 9. Géc qudn B theo cAc toa dé ban kinh z va r vdi
g =p.ro/2

09|
02|
0.7
04|

i raax

LILILE ¥

03
02|
0.1

o o1 0z 03 04 05 08 03 0E 08 1
pld) . pld max)

Hinh 10. Bién dang ddy vé khi quén theo dwong phi trdc
diavéiq=0

4. Két luan

Trén nén tang cua ly thuyét ludi, bai bao da xay
dung dwoc mo hinh toan tong quét cho thiét ké bién
dang chom binh theo dwong quan phi tric dia. Pa
thiét lap duoc cong thie xac dinh chiéu day céc 16p
quan (quan xodn, quan ngang) trén phan hinh tru va
phan chom binh phu thudc vao géc quan, &p suat pha
hity, d6 bén vat liéu compozit.
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