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TOM TAT

Theo xu thé, binh dp lic composite ngay cang dwoc ding réng rdi dé thay thé cdc binh dp luc
kim logi. Mot tiéu chi danh gia binh ap luc composite la chi so hiéu qud két cdu (Fp), Fp =
Po.VIW = po.VI(p.Vs), 0 d6, pv, V, W, pva Vs lan lwot la dp sudt phd hity, thé tich bén trong, khoi
leong binh, khoi lwong riéng va thé tich vo composite. Nhuw vdy, hiéu qua cua binh ap luc phy
thudc vao cdc tham so vit liéu, chiéu day va phan bo chiéu day trén vo, ciing nhu cdc tham so
lién quan dén hinh dang vé va toa dé 16 cuc. T rong khi, chiéu day va Pphdn b chiéu day Vo lai
phu thugc vao co tinh vt liéu va cac tham so két cdu-cong nghé qudn (trdc dia, phi z‘rac dia
hodgc phdng). Nham t6i wu thiét ke bai bdo trong tam xdc dinh dnh hidng ciia mét so tham soé két
cdu va vt liéu dén hiéu qua két cdu ciia ddy vé binh dp lwc composite don hwéng dang tru.

Tir khoa: Hi¢u qua két chu; Vo tru composite; Binh ap lyc composite; Quén soi.
1. MO PAU

Phat trién cac két cau composite chiu ap luc trong nhan dugc bang phuong phap quan 1a mot
xu thé, trong do, co két cdu dang tru c6 day nhu céc binh ap luc chira khi nén, chat 16ng ap suit
cao hodc vo dong co tén lira,... V& mit thiét ké, mot hudng tiép can don gian nhung kha hiéu qua
1a gia thiét vat liéu composite don hudng, khi chiu ap, nén chi dong vai tro lién két, soi dong vai
tro hap thy tai hoan toan gidng nhu dang ddy mém dé cin bang luc cua toan két ciu. Cach tiép
can nay goi 1a 1y thuyét ludi. Theo k¥ thuat rai soi, c6 3 kiéu quin co ban:

- Quén tric dia 1a kiéu rai soi 1én bé mit vo ma dudi tac dung cua lyc cang soi, khong co
thanh phén luc ngang tac dong 1€n soi, tic 1a sgi khong c6 xu hudng truot;

- Quén phi tric dija 13 truong hop tong quat chung cua cac ky thudt quan, & do, soi luén c6 xu
hudng truot khi quan dudi tac dong caa luc céng SQi;

- Quin phing 1a trudng hop dic biét cua quéan phi tric dia, & do, 801 dugc rai theo quy dao
nam trong mit phang. Do quy dao soi bi rang budc, nén soi luén ndm & trang thai khong can
bang, tuc 1a, ludn c6 xu hudng trugt.

Trén thé gidi, viéc nghién ctu phat trién cac vo tru co day dua trén ly thuyét Iudi da duoc
phat trién qua nhiéu nam va da duoc tong két twong ddi da dang trong tai liéu [1]. O Viét Nam,
cling da c6 mot sb nghién ciru vé thiét ké va ché tao binh ap lyc dang tru co day, dién hinh nhu
cac cong trinh [2-5], da dat duoc mot sd thanh tyu vé 1y thuyét nhu xay dung duoc md hinh toan
xac dinh bién dang vo, chiéu day 16p composite,... va xéc dinh cac théng s6 cong nghé quan.

Pé danh gia mot binh ap lyc, co nhiéu tiéu chi khac nhau, song mét tiéu chi phd dung 1a chi
s6 hiéu qua két cau:

Py V
F = 1
= ®
& do, pv, V va W 1a ap suat pha huy, thé tich bén trong va khdi luong cua vo.
) Nh}r vy, mot binh ap lyc (,iuqc ti uu theo chi sb hiéu qua két cAu 12 binh c6 kha nang chiu ap
tot nhat, the tich chura 16n nhat, nhung khoi lugng 1a nho nhat. Tuy nhién, cac nghién ciru mang
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tinh phd quat dé phan tich va danh gia muc d6 hiéu qua két cdu cia binh ap luc duoc quéan soi
theo cac k¥ thuét néu trén con chua day du, nhat 1a & Viét Nam con chua dugc nghién ctru.

K& thira cac thanh tuu trude do, trong khuon khd bai bao, nhom tac gia trong tim phan tich va
danh gia chi so hiéu qua két cau ctia day vo tru composite don hudng theo 3 k¥ thuat quan da néu
deé lam co sé toi uu thiét ke binh ap lyec.

2.COSO LY THUYET

2.1. Cac tham s diic trung lién quan ciia ddy vé tru composite

E Sor ‘ J g L)
p

a) b)
Hinh 1. Ddc trung hinh hoc cua ddy vo tru composite:
a) Quan xoan; b) Quan phang.

Xét mot day vo tru composite (day binh ap luc) duoc quan xodn (tric dia va phi tric dia) va
quan phang nam trong hé toa do cuc (r, z, €) nhu hinh 1. M6t s6 tham s6 dac trung chinh gom:

- R va rp 1 ban kinh xich dao va ban kinh 16 cuc ctia vo;

- B1a gbc quéan (goc tao bai tiép tuyén clia soi va kinh tuyén cua ddy vo);

- & va y1a khoang céach 1éch tdm va goc quin ban dau trén phan tru (hinh 1b);

- p va g 1a ap lyc bén trong vo va luc phan bd duong tai 16 cuc, q = p.ry/2 voi vé c6 1 cuc
doéng kin bang nap va g =0 cho vé ¢6 10 cuc ho.
2.2. Phwong trinh bién dang day vé tru composite

Bién dang day vo tru composite duoc thiét ké duya trén diéu kién hinh dang cin bang va diéu
kién khong trugt cua sgi. Cho 3 trudong hop cua k¥ thuat rai s¢i, phuong trinh mo ta bién dang
day vo dugc xay dung theo ly thuyét ludi nhu sau:

- Quén tric dia [6]:

—2 _2 =12
o T 27 1+7
' :[rzprz_rz C FZJ'( r | @)
“'p T ~plp
Goc quén, 5, dbi vai quén tric dia can thoa man diéu kién Clairaut sau:
rsing=r, (3)
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- Quén phi tric dia [3, 5]:

=2 =12
F":(tanzﬁ— . 2-2 _2]'14‘_"
-C, I, r @)
sin B.tan r".cos r'.tan
B'= A ﬁ B —.2IB _rw B
1+7 r

& d6, A 1a hé s6 phan anh khuynh hu’orng trugt cua soi (goi tit 1a hé sd truot), nd can phai thoa
man diéu kién:

14 <[4] 5)
- Quén phflng [4, 5]:
2
Fll: th}/_rl (7tg7+§) _ ZFZ 1+Fl2 (6)
V1+T7 \/r (ztgy +8)’ rP-C 2| T

Trong céac phuong trinh (2) — (6), 7', T, va Z la ban kinh huéng tam, 16 cuc va toa dd truc

khong tha nguyén, F=r/R, T,=r, /R, Z=2/R; C, bang 0 hodc 1 tng v6i vo ¢6 18 cuc dong

]12‘1 gia tri tuyét ddi cua hé sb trugt va hé sb truot cho phép, dbi vai qu?in udt,
[2] 0,2, con dbi véi quan kho [A] ~ 0,4 [7];

Ngoai sir dung cac phuong trinh (2), (4) va (6) dé xac dinh bién dang day vo tru composite,
can st dung thém phuong trinh hiéu chinh (7) dé nhan dugc duong cong bién dang day du do
hién twong chéch cua dudng kinh tuyén day [5].

(z+Rysing, —Zf) +(F+R;,.cosa, —Ff)z =R?

a, =acos((1+7%)™?)

kin va ho;

(7)

7=7;
& d6, chi sb f cha thich cho cac tham s6 tai diém hiéu chinh; ﬁl l1a ban kinh kinh tuyén khong thur
nguyén; « la goc giita ban kinh huéng tim va ban kinh cung vi tuyén.

Dé giai cac phuong trinh (2), (4) va (6), can mot sé diéu kién sau:

- Piéu kién lién tyc: Tai xich dao (Z=0), T =1 va r'=0; Tai diém cuc (Z = Z,), T =T,

- Diéu kién 16i: Véi 0<Z <7, 7"<0;

- Diéu kién bién: 0<T <1.
2.3. Chiéu day 16p vat liéu trén day

Chiéu day vat liéu tai xich dao cua day vo composite don huéng va phan bd chiéu day vat
liéu trén day vé dugc xac dinh nhu phuong trinh (8) va (9).

- Chiéu day tai xich dao [5]:

~  p(1-C,F)

= 8
“ 2]o,].cos’ B, ®)
- Phéan b chidu day trén day [5]:
— — Cos
h=h,.— P (9)
r.cosp
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2.4. Hiéu qua két cAu cia day binh ap luc

Nhu da trinh bay, chi sb hiéu qua két cau cua két cAu composite tron xoay chiu ap luc duoc
xac dinh theo cong thirc (1). Poi véi day vo tru composite, chi s6 hi€u qua két cau dugce dien dat
chi ti€t nhu sau:

pb.jﬁ.rzdz
Fo=——2 (10)

p.f 2..rhy1+r?dz
0

Trong do: z, 1a chiéu cao ddy; p 1a khdi lwong riéng cua vat liéu composite; h 1a chiéu day cua
vO composite.

Dé thuan tién cho viéc khao sat, chi s6 hiéu qua két ciu khong thir nguyén ( lfp) duoc stir dung

bang viéc thiét 1ap quan hé sau:

F =F .ﬁ e (11)
P ZIh N1+T%dz
trong do, Z, va h tuong Gng 1a cac gia tri khong thit nguyén cua z, va h, Z,=2,/R va
h=h/R.
3. KET QUA VA BAN LUAN

Dau tién, dé truc quan, chung ta s€ sir dung cac phuong trinh 2), (1), (8) va (9) dé xac dinh bién
dang day va phan b chiéu day trén day vo tru composite dugc quin tric dia (hinh 2 va hinh 3).

1.5

\

13 08

0.7
0.6
0.5
In 0.4
03
02
0.1
0.0

1.2

. %
=1
U}

LR

Phin b vt
liéu trén day

1.1
1.0
0.9

] Bién dang ]
day vo

08
0.7
0.6
0.5
04
03
0.2
0.1
0.0

0 010203040506070809 1 1.1
T

000102030405060708091.0
7

Hinh 2. Bién dang day vo tru composite dwoc Hinh 3. Bién dang day vd_phdn bo vat ligu
quan trac dia voi ban kinh cuc khac nhau. trén day cho truong hop, T,= 0,2 va vat liéu

composite soi thiy tinh/epoxy.
Tir hinh 2 cho thdy, khi thay d6i ban kinh cuc T, lam thay ddi dang ké hinh dang cua duong
cong bién dang ddy. Do su thay doi ndy, thé tich chira bén trong va chidu day 16p vat liéu trén
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day s& thay doi, tirc 1a s& dan dén sy thay d6i vé chi s6 hiéu qua két cau. Hinh 3 chi ra bién dang
day va phan bd chiéu day vat lidu trén day cho truong hop ban kinh cuc, r, = 0,2 va vat ligu
composite cdt soi thay tinh/nén epoxy co do bén kéo doc truc soi, o, = 1800 MPa [8], ap suit
pha hily yéu cau, pp = 45 MPa. Rd rang, chidu day vat liéu composite ting dan theo chiéu giam
cua ban kinh hudng tdm T theo quy lut duoc chi ra ¢ cong thirc (9). Tir quy luat nay, c6 thé tim
thé tich (kh01 luong) cua vat lidu trén day bang phuong phap tich phan dé xdc dinh chi s6 hiéu
qua két cdu. Luu y: O phan tiép theo, cac tinh toan chi s6 hiéu qua két cAu s& mic dinh cho
truong hop vt liéu composite 1a cdt soi thity tinh/nén epoxy c6 co tinh nhu trén va ap suat pha
huy yéu cau pp = 45 MPa.
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Hinh 4. Anh huong ciia dg bén vat liu oz Hinh 5. Anh hwong ciia ban kinh T,
dén chi so F. dén chi so pr.
Tiép theo, chung ta s& khao sat anh hudng ctia do bén vat liéu composite dén chi sd hiéu qua
két cau cho truong hop day voé tru c6 10 cuc dong kin dugce quan trac dia (truong hop cia binh ap
luc), T,= 0,2 - hinh 4. Quy luat phu thudc cua chi s6 hiéu qua két ciu ( F,) vao do bén kéo cua

vat liéu composite (o¢) 14 mang tinh hién nhién déi v6i day vo duge thiét ké theo 1y thuyét ludi,
tire 1a, khi vat liéu c6 dd bén kéo cao hon, can sur dung it vat liéu hon dé chiu cung mot ap luc
bén trong, hay khoi lugng vo giam, tic la hi¢u qua két cau tang 1én.

Hinh 5 trinh bay sy phu thudc cia chi sé |E vao ban kinh cyc T, cua ddy vo dugc rai s¢i theo
quy dao tric dia. C6 thé thy, chi sb F phu thudc vao ban kinh T, theo quy luét parabol 16i, &
do, gia tri chi s6 hiéu qua két cdu téi wu dat dugc (mg véi ban kmh r, tr 0,5 -0,6. Két qua tinh

toan ddi voi ddy vo quan ph1 trac dia trinh bay & bang 1 cho théy, gia tri h¢ s6 trugt (1) hau nhu
khong anh huéng dén chi s6 F , trong khi, ban kinh cyc T, anh huong dén chi s6 F la tuong tu

voi day vo dugc rai sgi theo quy dao tric dia.

Bing 1. Chi s6 IEp ciia day vé quan phi trdc dia.

Bén kinh cyc, T,

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0.1 5.428 | 6.545 | 7.611 | 8.457 | 8.987 | 8.988 | 8.151 | 6.184
0.2 5.428 | 6.545 | 7.611 | 8.458 | 8.987 | 8.991 | 8.152 | 6.182

Sau cung, ching ta s€ xem xét anh huorng ctia cac tham s6 két cdu (&, y) dén hiéu qua két cau
cua day vo tru dugc quan phang Do quén phing 1a mot trudng hop dic biét cua quan ph1 tric
dia, nén cic cap tham s6 dau vao (&, ») phai dam bao cho bién dang day vo théa min diéu kién

Hé sb truot, A
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khong trugt cua soi (5). bdi véi truong hop qu'fm uot, [/1] ~ 0,2, vung lya chon cac tham s6 (e,
7) dugc tham khao trong cong trinh [5] trinh bay & hinh 6. Do giéi han cta cac tham sb (&, ),
nén & day, chi khao sat & tir 0 dén 0,2 va ytir 0 dén 25°, tirc 14 ing véi trudng hop cac cap tham
s6 (€, ») hop 1y véi ki thuat quan wét. Két qua xac dinh chi sb lfp theo cac tham s (& , ) duoc
biéu dién dudi dang biéu d6 ddng muirc chi ra & hinh 7. C6 thé thdy, hiéu qua két ciu cua day vo
quin phéng ting khi cac gid tri & va yting. Ttc 13, dé dat hiéu qua két ciu tdt, cac tham s & va
ynén chon gia tri 16n, tuy nhién, theo [5], gia tri € va y16n lai lam tang khuynh hudng truot soi,
tirc 1a 1am gidm tinh on dinh cua cong nghé quén. Vi viy, viéc lua chon hai hoa gia tri cua cap
tham sb (&, ) dé vira dam bao d6 6n dinh cong nghé, vira nang cao hiéu qua két cau cta binh ap
luc 14 can thiét dat ra.
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Hinh 6. Viing tham sé (€ , ) cho thiét k¢ HInh 7. Su phu thude cua chi 56 F, vao cac tham
bién dang day vo quan phang [5]. s6 (€, y) ciia day vé qudn phang.
4. KET LUAN

D3 tong két Iy thuyét va chi ’tié't hoa cong thirc xac dinh chi sé hi¢u qua két cau, tir do, dd xac
dinh anh hudng cua cac tham so khac nhau dén chi s6 hi€u qua két cau cua day vo try composite.
Mot s0 diém cot 161 rit ra:

- Béi véi day vo tru duge quén tric dia va phi tric dja: quan hé gitra chi s6 hiéu qua két cAu
pr va ban kinh cyuc T, theo quy lut parabol 161, & do, gia tri hi€u qua két cau tbi wu dat dugc

ung véi gia tri ban kinh Fp tor 0,5-0,6; hé ) truot A hau nhu khong anh huéng dén chi s hiéu

qua ket cau F, ctia ddy vo duge quan phi trac dia;

- Doi véi ddy vo tru duoc quan phang: Chi so hiéu qua két cau F, 1a ham dong bién cuia cac

tham s6 & Vva y v6i pham vi tham s6 & tir 0 dén 0,2, ytir 0 dén 25° (ving tham s6 dam bao cho
bién dang day khi quan uét khong truogt), tic 1a, dé dat hi€u qua két cau tot, can lga chon cac
tham s0 €, y16n trong mién khao sat.
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ABSTRACT

Evaluation of structural performance of filament wound
monotropic composite domes of cylindrical vessels

Following the trend, composite pressure vessels are increasingly being used to replace
metal pressure vessels. One criterion for evaluating composite pressure vessels is
structural performance (Fp), Fp = po.VIW = pu.V/(p.Vs), where py, V, W, p and Vs are
failure pressure, internal volume, shell mass, density and shell volume, respectively. Thus,
the efficiency of the pressure vessel depends on the composite material parameters, the
thickness and thickness distribution on the shell, as well as structural parameters related
to the shell profile and coordinates of the polar hole. In turn, the shell thickness and
thickness distribution depend on the material's mechanical properties and the winding
processing- structural parameters (geodesic, non-geodesic or planar). In order to
optimize the design, the paper focuses on determining the influence of some structural and
material parameters on the structural performance of filament wound monotropic
composite domes of cylindrical vessels.

Keywords: Structural performance; Cylindrical composite shells; Composite pressure vessels; Filament winding.
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