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Tém tit

Bai todn xdc dinh tham sé két cdu - cong nghé
dong vai tré quan trong trong qud trinh thiét ké,
ché tao cdc két cdu trong ky thudt néi chung ciing
nhuw binh compozit néi riéng. Pé xdc tham sé két
cdu binh compozit can gidi quyét hai bai todn nhé
sau: 1- xdc dinh bién dang ddy binh dam bdo diéu
kién khong trwot sgi va can bdng noi luc bén trong
binh theo Iy thuyét lién tuc, 2 - la xdc dinh bé day
16p qudn xodn sir dung tiéu chudn Tsai-Wu cho vit
liéu di hwong. Trén co s¢ hinh dang bién dang cia
binh, can xdc dinh tham sé cong nghé nhw quy dao
SO, bé rong bang soi,... phuc vu cho qud trinh ché
tao binh. Két qua bai béo la co sé cho viéc thiét
ké ché tao binh compozit.

Tir khoa: Tham s6 ké'tr cau - céng nghé, binh
compozit, cong nghé quan.

Abstract

Determining  structural —and  technological
parameters is essential in the design and
fabrication of engineering structures, particularly
composite pressure vessels. To define the
structural parameters of a composite cylindrical
vessel, two sub-problems must be addressed: (1)-
determining the dome profile of the cylinder to
satisfy the conditions of no fiber slippage and
internal force equilibrium within the vessel, and
(2) - determining the thicknesses of the hoop
winding layer and the helical winding layer based
on the Tsai-Wu failure criterion for anisotropic
materials. Based on the geometry of the dome
profile, the technological parameters—such as
fiber trajectories and fiber band width—are
determined to ensure uniform fiber distribution
over the mold surface. The results of this study
provide a theoretical foundation for the design

and fabrication of composite pressure vessels.

Keywords: Structural-technological parameters,
composite tanks, winding technology.

1. Mé dau

Trong nhitng nam gan day, binh compozit chiu luc
hinh try da trd thanh san phém chu dao trong cac
nganh céng nghiép doi hoi thiét bi nhe, bén va an toan,
dac biét 1a trong cac hé théng Iuru trit khi nén cho cac
thiét bi lan trén bién trong dan dung va trong quén su
la than vé dong co tén lra nhién li¢u ran,... Binh
compozit dang try c6 day thudng dugc san xudt bang
cong nghé quin va dugc nhidu nha khoa hoc trén thé
gidi quan tdm nghién ctru. Trén thé gidi ciing nhu tai
Viét Nam, cac nghién ctru chii yéu tap trung vao bai
toan thiét ké va t6i uu hoa hinh dang day binh
compozit, tiéu biéu 1a cic cong trinh dya trén 1y thuyét
ludi cia Vasiliev (2009) [1], Dinh Vian Hién (2020)
[2], ciing c4c nghién ciru theo Iy thuyét dan hoi cia
Vasiliev (2003) [3], Zu va cong su (2010) [4]. Dé danh
gia kha nang chiu lyc ctia binh compozit, nghién ctru
[5], [6] da sir dung phuong phap phan tir hitu han dé
phan tich qui trinh tién trién pha hay cta binh
compozit, dong thoi danh gia anh hudng cia cac
khuyét tat trong vat liéu dén co ché va mirc d6 pha hury
ctia két cau.

Viéc thiét ké va ché tao binh compozite khong chi
dung lai ¢ viéc xac dinh bién dang day ma doi hoi phai
giai quyét tong hop nhiéu bai toan lién quan dén xac
dinh céc tham s6 két cau - cong nghé. Véi muc tiéu
xéc dinh tham s két cdu, bai bao tién hanh tong hop
co s6 1y thuyét dé xay dung mo hinh toan mé ta bién
dang day binh compozit dya trén 1y thuyét ludi va ly
thuyét lién tuc. Trén co s bién dang day, chidu day
binh va goc quén s¢i dugc xac dinh bao dam kha ning
chiu luc cua binh. Str dung két qua tham s6 két céu,
xdy dung phuong phap xac dinh quy dao sgi dé bao
dam sgi phan bd déu trén khuon, xac dinh bé rong
bang sgi tranh hién tuong trugt soi trong qua trinh
quin va xéac dinh sb 16p quén, sé vong quin thyc té.
Két qua nghién ciru duoc ap dung dé thiét ké, ché tao
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va thir nghiém binh compozit soi cacbon T700/nén
epoxy. Binh thir nghiém dat 4p suét pha hay Ppn =
36MPa, qua d6 budc dau danh gia va khang dinh tinh
tin cdy ciia phuong phép xac dinh cac tham sé két cau
- cong nghé duogc d& xuat.
2. Co s 1y thuyét
2.1. Ddac trung hinh hoc - vit ly ddy binh
compozit

Xét mot day binh compozit dugc mo ta trong hé
toa do cuc (z, r, 6) chiu ap luc trong p dugc dat mot
bang soi quén nhu Hinh 1. Mot sb dac trung hinh hoc
va vat Iy ctia day binh ap luc lién quan dén nghién ciru
nay nhu sau:

- R, r, 1a ban kinh phan try va ban kinh 13 cuc cua
day.

- f1a goc quén, 1a goc tao bai tiép tuyén cua quy
dao soi v6i tiép tuyén cua kinh tuyén cua vo binh;

-p,qlaap suit binh va luc doc truc tai 16 cuc;

- Ty, T> 1a ndi lyc theo phuong kinh tuyén va vi
tuyén;

-R;, R;- ban kinh cung kinh tuyén va vi tuyén [2]:

12 3
R =N+ (1)

"

7’

r =r.\/1+r’2 (2)

CcCosx

Ry =

Trong d6, »',7" - 12 dao ham bac nhat va béc hai
cua r theo z.

Hinh 1. M6 hinh hinh hoc day binh compozit

2.2. Xdc dinh tham sé két cdu binh compozit
2.2.1. Bai toan xac dinh bién dang day binh
compozit

Dé giai quyét bai toan xac dinh bién dang day binh
compozit, ta cAn giai quyét hai bai toan nho:

- Bai toan quéin s¢i dam bao sgi khong bi truot trén
bé mat khudn quan.

- Cac bai toan cén bang cac noi lyc trong vo binh
compozit.

Ky thuat va Cong nghé Hang hai

a, Diéu kién soi khong trueot trén khuon
Pé dam bao §Qi khong truot, hé s6 truot 1 gitra sgi
va khudn phai ndm trong gidi han cho phép [2]:
A=<[1] 3)
& d6, [A] 1a hé sb trugt cho phép.

Heé s6 trugt cho phép giita soi va khuon theo so do
qun phi tric dia dugc mo ta nhu sau [2]:

N1+77 (7' sin B+7.".cos )
A= @)
V147" sin® B—rr".cos’ B

Dbi véi day compozit quan theo so db tric dia, soi
khong c6 xu hudng truot, tic 4 =0 phuong trinh quy
dao soi tric dia tré thanh nhu sau [2]:

r.cos 3 = const (5)

b, Diéu kien can bc%ng noi lyc trong binh
compozit

Dudi tac dung ap suit trong p trong binh xuét hién
c4c thanh phén néi luc 7 va 7> [2]:

2
R, . 241, — P,
pr

U

O]

2

R R
7, _ P 2-2(1+
2 R, pr

2qrp — prj )]

Duéi tac dong cua ap luc p trong vo binh compozit
xuét hién cic thanh phan tmg suat nhu Hinh 2.

V oales)
On -
0:(€;) : g o4(e;)
N
e Tn
y 9d

"’% l 02(€;)
Hinh 2. M ta ting sudt trén phén té vé binh
compozit

Vi binh compozit ¢6 dang vo tron xoay ddi xtmg
qua truc va truc cua binh trung véi hudng chinh cia
vat liéu compozit di huéng nén cic thanh phan tng
sudt va bién dang truot trén vo déu bang khong [1].
Theo ly thuyét co hoc ciia vét liéu compozit [1], mdi
quan hé gitra ng suit va bién dang trén vo binh
compozit c6 dang nhu sau:
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5 > .

o, =Z=O'd.cos pP+o,.sin” S ®)
5 2 2

o, :I:O",.Sll’l p+o,.cos” 9

_g,.sin’ f—g,.co8’

10
sin* f—cos* B (19)
_g,.sin’ f—¢,.cos’ B an

sin* B—cos* B

Od VY
g, =—2L-2go

! Ed En " (12)
g =2r tu o 13
" E E (13)
Ed 'vdn :En'vnd (14)

O do, oy, on, &, & la Gng suat va bién dang theo
phuong doc va vudng goc vai truc soi; Eq, En, Vdn, Vnd
1a mé dun dan hdi va hé s Poisson cua vat lidu
compozit theo phuong doc va vuong goc truc soi, % -
chidu day binh compozit.

Tir (1), (2), va (6) - (14) ta co ty sb ov/oy:

o, tan® B +n 2 rr
22 - — =
o, l+ntan”f A

(s)

Trong d6, ty s6 n = ow/ou ty sb Ung suat dic trung
cho tinh di hudng cua vat liéu compozit.

Theo [3], vt liéu bat dau chuyén tir trang thai dan
hoi sang trang thai déo khi thé nang bién dang dat dén
mot gia tri nhat dinh. Do d0, khi ning lugng bién dang
dat dén gia tri cuc tiéu, két ciu do s& c6 kha nang chiu
luc cao nhét. Vi vdy, sit dung nguyén 1y ning luong
bién dang cuc tiéu dé 4p dung dé thiét ké hinh dang
day vo binh compozit tdi wu. Theo [3], dé day vo dat
t6i uu gi4 tri bién dang ciia vo theo phuong kinh tuyén
va phuong vi tuyén phai bang nhau:

=& (16)
Két hop (16) vai (10), (11), (12), (13) ta duoc:

o, E(0+v,)

o, B E,(1+v,)

= const (17)
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Tur (15), (17) ta nhan dugc phuong trinh mo ta bién
dang day:

., | tan® B+n 2.7 1+r"”
r= 1 8 2 C 2 (18)
t+ntan” . r°=C,r,
Trong d6 hé sb ban kinh 15 cyc C, = _2q
pr,

Két hop (18) va (4) ta nhén duoc h¢ phuong trinh
xac dinh bién dang day binh compozit quan phi tric
dia theo 1y thuyét lién tuc, két hop (18) va (5) ta nhan
dugc hé phuong trinh xac dinh bién dang day binh
compozit quén tric dia theo 1y thuyét lién tuc. Khi gia
trj hé s6 di huéng bang 0 hay n = 0 ta nhan phuong
trinh bién dang day theo 1y thuyét ludi. Dé giai hé
phuong trinh xac dinh gbc quén va bién dang d4y binh
compozit ta dung didu bién
2(0)=0.7(0) = R.r'(0)=0.50) = Bra  trong d6 fra
- gbc quén tai vi tri xich dao.

2.2.2. Xdc dinh chiéu day binh compozit

Do vat liéu compozit 1a vat li¢u di huéng nén dé
xéc dinh chiéu day day binh compozit can st dung cac
tiéu chudn pha huy chuyén dung cho vat liéu compozit,
dién hinh nhu tiéu chuan Tsai-Wu [3]. Tiéu chudn
Tsai-Wu d6i v6i day binh compozit dugc xac dinh nhu
sau [1]:

X,0,+X,0,+2X,0,0,+X,.0.+X, 0. =1 (19)

0 d6, o,va 0, nhandugc tir phwong trinh (8),
9), X4 X, Xan, Xag, Xun - 12 cac tham s6 bén cua vat
liéu compozit dugc xac dinh theo [1] .

Thay (8), (9) vao phuong trinh (19) ta duoc
phuong trinh xac dinh chiéu day d4y binh compozit:

W —xh—y=0 (20)

Trong d6:
x=X,mI,—nT}))+ X, (mT, —nT,),
y=2X,,(nT, —nT)(mT, ~nT,) - X, (mT, - nT,)?
-X,,(mT, —nT,)*,m=(sin® B)/ (sin’ f—cos’ ),
n=(cos’> B)/(sin’ B —cos’ )

Giai phuong trinh (20) s& tim dwoc gia tri chidu
day déay binh compozit 4. Do ndi luc 7;, 7> va goc
quan f 1a ham phy thudc vao z nén phan bo chiéu day
trén day vo dugc xac dinh theo quan hé sau :

h=h(z)= hxd.cos—xd
r(z).cos B(z)

O d6, h, 1a chidu day tai xich dao.

2n
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2.3. Xdc dinh tham sé cong nghé quin binh
compozit
2.3.1. Xdc dinh quy dao soi quan

Xét mot biang soi c6 bé rong ¢ quin 1én vo binh
compozit nhu Hinh 3. Mi vong quan bing soi quin
thuc hién quan tir day thir nhat quan sang day thi hai
va quay tro lai day thir nhit. Dé dam bao viéc rai soi
déu, diém dau va diém cudi phai quan tring nhau sau
mdi vong quin hay khuén quén quay mot sb nguyén
1an 360°. Tuy nhién trén thyc té, diém dau va diém
cudi ciia biang soi sau mdi vong quéan luén 1éch nhau
mdt goc bang bude goc A¢. Dé dam bao viéc rai déu
bang soi 1én khudén quan budc goc A¢ can 1a ude cia
2 (hay 360°), tirc 1a sau mot sb vong quan diém dau
va diém cudi trang nhau. Do budc goc A¢ trén thyc té
thuong khong phai wéc 27, nén tai hai dau 15 cuc bang
s0i s& dugc ngam lai tai phan bich véi cac g6 ur, Pu2
dé nhan dugc budc goc hidu chinh A¢*= 4@+ dur+ du
13 u6c cua 27, trong d6 @u; ¢uz -1an luot 1 goc ngam
lai tai 16 cuc 1 va 1 cyc 2. Ngoai chirc ning diéu chinh
budc goc, viéc ngam soi tai 16 cuc con dé gitt bang soi
trach hién tugng truot soi trong qué trinh quéan. Dé xac
dinh 15 quy dao soi, trude hét can xac dinh goc quay
ctia khuén quén sau mdi vong quan.

T 77T
W/ 7

L Zar |
Hinh 3. So d6 cong nghé quén bang soi trén khuon

1- Bich, 2- Khuon qucfn, 3- Soi quén
Goc quay ciia khudn quén sau mot vong quéan dugce
biéu thi nhu sau:

=G+ +4, (22)

Trong d6 @, ¢,,, & - lan luot goc quay cia
khudn quan khi quan day tht 1, goc quay cta khuon
quin cia day thir 2, goc quay cua khuoén quan phan tru
sau mot vong qun.

Goc quay khuén quan khi quin phan try:

# =2 tan(p,) @3)

Goc quay cua khudn quan khi phan day [7]:

du=2[an(p, 0 s )

Ky thuat va Cong nghé Hang hai

N

g (25)
"

bro =2 [ tan(B,(2).

Trong d6,1,z,,, 2,5, B, (2), B,5(2) , - 1an luot 1a
chiéu dai phan tru, chiéu cao day 1, day 2, géc quin
day 1 va day 2 theo z.

Goc léch diém dau va diém cudi sau khi quay duoc
mot vong duoc tinh theo cong thirc:

Ap =¢— [i} 2
. (26)
2r

Trong do, [¢/2ﬂ] =1,2,3.. 1a sb nguyén vong
quay cta khuén quén trong mét vong quin.

Xéac dinh goc ngam bang sgi tai mat bich la:

by =g =222 @7)

Goc A¢*- 1a bude goc thuc té, duoc lua chon voi
c4c gid tri gn bang cac goc quan dugce lya chon sau:
360°,240°,180°,120°,90°, 72°, 60°....

Goc quay thuc té cia khudn quin sau mot vong:

¢th =g+ ¢s (28)

O do, @, - 1a goc quay cua khudn do do rong biang
s0i, @, - 1a goc quay ciia khudn thuc té.

2.3.2. Xdc dinh bé rong bang soi

Trong ly thuyét quén, bang soi dugc coi nhu mot
soi do day bang khong, trén thuc té bé rong cua soi
luén khac khong, vi vay trong qué trinh quan mot phan
bang sgi c6 kha nang bi trugt kéo theo ca bang bi truot
nén can lya chon do rong phu hop. Xét so dd rai soi
trén mat cit thiét dién khudn quin nhu Hinh 4. Xét
bang soi c6 bé rong ¢ duge quan dudi goc quén g, dudi
tac dung luc kéo bang sgi duoc ap sat vao bé mit
khuén quén tao ap luc Py. Tai vi tri mép ngoai bang
soi luc tiép tuyén Prgayra do d6 cong ciia khuon.

-
. — —

Hinh 4. So dé dit si lén mdt cit thiét dign khuén
quén véi luc cing sgi (2) va khéng cé lwe cing soi (1)
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Pé dam bao diéu kién chéng truot bang soi:

P = PN.tan(%) <P.[4] (29)

Bé rong cua bang soi tinh theo thiét dién khuén
quén la:

t
tIﬂC =
cos 3

(30)

Trong d6, t- bé rong bing soi, £, bé rong bing
soi theo mit cét thiét dién khuon quén.

Goc quay ciia khuon quan do anh huong do rong
bang soi:

t t

g :%:R.cosﬂ GD

Két hop cong thirc (30) va (31), bé rong cta bang
soi can thoa man diéu kién sau:

t <2R.cos f.acrtan A (32)

Pé dam bao nang suét quén dat cuc dai nén lya
chon bing quén c6 bé rong cuc dai
fox = 2R.cos facrtan[A]. Tuy nhién bé rong bang
s¢i dugc lya chon thuc té # theo thong s clia nha san
xuét, vi vay bang sg¢i dugc lya chon can théa mén
<t
2.3.3. Xdc dinh vong qudn, 16p qudn, chiéu day
thuc té.

Goc quay thuc t€ cua khudén quan sau mot vong:

f 33)

¢th :¢+¢st :¢+RCOSﬁ

Sb vong quén xodn dé tao thanh mot 16p kin trén
bé mat khudn quén la:

2
N, = ROUNUP[—”J (34)
O d6 ham ROUNUP - 1a ham 1am tron 1én.

Xac dinh s6 16p quan xoan:

h
n, = ROUNUP| =L (35)
: 2h,
Trong do, 7, - day cua mot 16p biang quan thyc té
sau tim nhya hxd - chidu day 16p quén xoén.

Chiéu day 16p quén thyc té:

LJOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

h, =2nh (36)

3. Két qua va ban luan

3.1. Két qua tinh todn tham sé két ciu - cong
nghé ché tao binh compozit

Trén co so 1y thuyét da trinh bay trén, nhom tac
gia tinh toan xac dinh tham s6 két cdu - cong nghé ché
tao binh compozit tir sgi cacbon T700/ epoxy chiu ap
luc phé huy p,,=36MPa. Sir dung ham Odesolve trong
Mathcad dé giai hé phuong trinh mé ta bién dang day
vé6i ban kinh 16 cuc hai day 7,/=r,,=29mm, R=58mm
ta nhan goc quan & ca hai day theo chiéu cao day nhu
Hinh 5 v6i goc quin trén phan tru f,=30°. Véi cac
tham s bén cta vat liéu compozit tir sgi cacbon T700/
epoxy [9], nhém téc gia xac dinh chiéu day 16p quén
va bién dang day cua binh compozit nhu Hinh 6. Cac
tham s cong nghé dwoc trinh bay Bang 1.

40 —
35
30
Z 25
20
15 /
10 /
S
0
30 40 50 60 70 80 20
B(z)

Hinh 5. Sw phu thugc ciia géc quén vao chiéu cao ddy

(i diy 1 qudn conpazit

i

i

'
TN DR u RN E N W oK s OBOW RN A N B W om0

Hinh 6. Bién dang va chiéu day binh compozit

Bing 1. Cic tham sé cong nghé ché tgo binh

compozit
Budc goc (4¢9*) 240°
Goc bu tai méat bich (@, =@,,) 33°
B& rong bang soi (1): 4mm
S6 vong quén xodn (N:): 79
S6 16p quén xodn (ny): 3

3.2. Ché tao va thir nghiém binh compozit

Qua trinh ché tao binh compozit biang cong nghé
quén duogc bit du bang viéc chuén bi 16p lam kin va
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Hinh 7. Quén binh compozit sgi cacbon T700/ nén epoxy

lap dat 1én may quén. Nhwa nén epoxy duoc pha voi
chat dong rin m-phenylenediamine theo ty 1¢ 1:0,15
va db vao thung tdm nhua. Dya trén cac tham s két
cAu da dugce xac dinh, thiét 1ap chuong trinh quéin binh
compozit trén may quan 4VFW-600 tai Vién Tén lira.
Soi cacbon sau khi dugc séy kho & nhiét do 60°C
trong 4 gi& dugc din qua thing tim nhya va quan déu
trén bé mat khuon theo goc quéan da tinh toan, véi toe
d6 quay cua khuon 1a 30 vong/phut. Sau khi hoan
thanh qua trinh quan, binh compozit dugc déng rén
tryc tiép trén may quin va tiép tuc sdy ¢ nhiét do 50°C
trong thoi gian 8§ gio.

Sau khi ché tao, binh compozit dugc tién hanh thir
nghiém bén v&i méi truong thir 1a dau thuy lyc AW6S
theo tiéu chuan Viét Nam TCVN 7388:2004. Trong
quaé trinh thtr nghiém, dau thuy luc dugc bom vao binh
v6i toe do ting ap sudt déu SMPa/phit. Khi ap sut
dat 38MPa, ap suit trong binh giam dot ngot, dong
thoi xuét hién vét nit va hién tuong ro ri dau tai khu
vuc gan cd binh va ving xich dao. Két qua thir nghiém
cho thy ap sudt pha huy thuc t& 16n hon ap suit pha
hity tinh toan, véi sai sb khoang 5,56%. Diéu nay cho
thay phurong phép xéac dinh céc tham sb két cdu - cong
nghé dugc dé xuét trong nghién ciru c6 do tin cdy va
pht hop véi thue té.

4. Két luan

Duya trén md hinh hinh hoc va déc trung chiu luc
cua binh compozit, nhom tac gia da xay dung mo hinh
toan mo ta bién dang day vé binh compozit theo ly
thuyét lién tyc. Trén cd s d6, xac dinh chiéu day binh
theo tiéu chuan pha hiy tiéu chuén Tsai-Wu. Pong
thoi, xay dung dugc phuong phap xac dinh quy dao
s0i, bé rong bang soi quén, sd 16p quéan xoan phuc vu
cho qua trinh ché tao binh compozit.

Trén co so ly thuyét da thiét lap, sor dung ham
Odesolve trong phin mém Mathcad dé giai phuong
trinh mo ta bién dang day va xac dinh chiéu day binh
compozit ¢6 tham sb R=58mm, 7,/=r,=29mm va ap
sudt pha huy p=36Mpa. Tir két qua tinh toan, da ché
tao binh compozit soi cacbon T700/ nén nhya epoxy
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Hinh 8. Thir nghiém pha hity binh compozit

va thir nghiém thanh cong vai ap suét pha huy thuc té
ppi=38MPa. Két qua chimng minh, cac phuong phap
tinh toan tham sd két cau - cong nghé dé thiét ké, ché
tao binh compozit dang tin cay va phit hop véi thuc té.
Céc két qua cua nghién ciru 13 co sé cho viée tinh toan,
thiét ké va ché tao binh compozit phuc vu cic tng
dung trong linh vuc lin bién.
Loi cdm on

Nhom tac gia xin bay to 101 cam on chan thanh téi
Vién Tén lira - Vién Khoa hoc Cong ngh¢ Quéan sy da
dua ra cac yéu cAu va hd trg dé thuc hién cong trinh
nghién ctru nay.
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