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Abstract

In order to improve the transport efficiency of carrier rocket and reduce the launching cost of
rocket, the composite material storage tank instead of metal storage tank is the most direct and
effective way. In this paper, a new design scheme of non-lined composite material storage tank is
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proposed. The design of the winding line and the winding layer is carried out based on the plane
winding and the grid theory, and the winding scheme of the tank cylinder segment is put forward
ultimately. Based on the classical laminated plate theory and Tsai-Wu failure criterion, single-angle
strength checking is carried out to ensure the safety of the overall tank structure. The connecting
structure of the upper and lower head pole hole and the design of the through hole are presented.
By using ABAQUS, the solid model of the tank is established, and the finite element simulations of
the winding layer, rubber layer, upper and lower flange connection structure of the tank under
internal pressure are carried out. The feasibility and safety of the designed tank structure are
discussed, and the improvement scheme for the existing problems in the design is proposed.
The research work of this paper provides a theoretical basis for the forming of composite storage
tanks.
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Figure 2. NASA’s 5.5 m composite cryogenic
storage tank

[ 2. NASA £ 5.5 m E &M RHUKRIFE

DOI: 10.12677/jast.2022.103007 66 [ bR 2 R R


https://doi.org/10.12677/jast.2022.103007

Mg 2%

2. ¥R

A EMENEAR AR IC & 8 WA, ARG LR B SoE A an i 3 FrR . AR ELAE 9 300
mm, BN 299.86 mm, B E B E N 112.5 mm, WAE L. TR 12 WEERTE, BRERKEHY 150
mm, EPfih 93.68 mm, ZEZer L. FHFLEAR S8 120 mm A1 60 mm. 5] 3(b) ik 22 i R A M el
TAegses “CIFE” WM, EHEAE M gESeE AR Iy 6061 £5 G 4R T700 FREM IR S A4 K.

R SCAEX E A M BN AR G FEAT BB, AN & R —Fh Lol akss, SAMEICFrstmEN
0.8 MPa.

RIESRETE A

@) (b)

Figure 3. Composite material storage tank. (a) Tank; (b) Connection structure
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Figure 4. Plane winding

4. FHESREE

FHEIVIE SR PR i, BIA BRI, SN A 72 A I RS P ) 43 e S 5 11 47 A
FRAIFAAR QSRR AR, SR BTHIVA A 3~ 264, R B0 A 0 N, AR [ B2 9 0 N, 2o A (2):
1
N, =ERP 2
N, = RP
Horf R AP 435 f 2 A R 28 285 78 52 11 A P 5 o
M T AR it DA TR, BRI 02 & R s 2 e ok e . A Bk R AR
PRGN 1) RS DB R ISR, o 5 77 7T LASRAS, WRR Y Se 2 4F e I ¢, R I R 2 LT YR P t
NAREG):
.1 R
“ 2(cosa) [of]
) _2—(tana)2. RP
90 2 [Ut :|

@)

Hrr, [of]x%éw’“éﬁﬁﬁiffﬁﬁjﬁ, W 4.2 GPa. SINIRIRIESLT YEnm LA R Ak, PRI e g Ge el 4 )5
N
tigs: :tfa/k 4)
BICFESHARN (), () T L5 B R FH R 2k HR 0.7, 1548 e g 5 2 (1 21 4 )5 FE 4 0.0223 mm,
W gise 7 A 4L FE Y 0.0273 mm, 25 8 2 UE A1 92 bR T 22 R LR GEIF J )= 522 1 B

Table 1. Winding order
=1 BRI
17 90° 17 90°
2 2 2 2

] B BCAE Rl 1) A3 AR ) 77 B9 LR IR K (5) -

&) [A AN
4 — 4 5
[gej {Am Azj (N«)J ©

DOI: 10.12677/jast.2022.103007 68 5] b A 2 i R R


https://doi.org/10.12677/jast.2022.103007

Mg 2%

Forr Ay AR R RE R A B0 B, R B U kAN SRR B AT R, 3 LA B R AL s B QLY
A, ) AR E i (6):

h2 — LI L
A = L./z Q)dz = ;Qigk) (z-24)= :1Qi2 t, (©)

K
o g ol k BREALIERE, QLY A k SR AL Rl R
3 (6) (1) P el £ Qﬁk) Al (7) R 15
611 = an4 + 2(Q12 + 2Q66 )CZSZ + Q2254
622 = Qll54 + 2(Q12 +2Q4 )CZSZ + szc4
612 = (Qn +Qp —4Qg )CZS2 +Qp (C4 + 54)

_ (7
Q16 = (Qn _Q12 - 2Q66)035 _(sz _Q12 - 2Q66)CS3
626 = (Qll - le - 2Qee )C53 - (sz _le - 2Qee )CBS
666 = (Qll +Qp - 2Q12)CZS2 + Qg6 (CZ s’ )2
Hrc=cos(a), s=sin(a), o NAHARFENZESH, LHNIERFE Q 28 3(8):
E __E
Qu = 1-v,0, e 1-v,0, (®)
E
Q12 = D=2 'Q66 :GlZ
1-v,0,
HrA By, By G Flo 435 A MR EMR IR ) L b, B DB E AR b .
e =X (5) A =X (7) 15 i B 77 5K (9)
Oy gn (§12 (§16 &y
Oy |= 921 922 926 &y 9)
Tyy Qs Q2 Qe |7 Xy
Hrbry, =0, 9 NFHIERE T, ] 13 220457 1 ) 14 77 9 K(10)
o, g, ¢ s*  2cs
o, |=TQ| ¢ |, T=|s* ¢ -2 (10)
7, Yy —cs cs c’-s?

N Tsai-Wu 226 0 4 20 8] DL 3t HE 1 & AN 28 S8 A e B R SO AT R B2 Bk, %820
Tsai-Wu KB/ T 1, SR 274,

3.2. FE=EEEHRIT

TES GMENE BT 58 B 75 ZEXT A AR LA R 5 AT Wi, Wil 3(b)Fm. ISR
6061 fE & &Mk, EBRAMAIENE L ENE, WL AMEE 5 ANE 22 1N BE LIRS B ld A, TEAH
B PRI EFHEN— R E S TR IER ., g S asEad kEs:, REil
AT YR Se S B REAR SE R A Y, Fe 24 58 U R 6 B

NIRRT, ¥ 16 MEFLI BAEANEZ M Sy, by NI E LA
7558 6 mm Al 4 mm.

DOI: 10.12677/jast.2022.103007 69 5] b A 2 i R R


https://doi.org/10.12677/jast.2022.103007

Mg %

4, IR RBFIRTER
4.1. PFEARTER

AR A A IR TR I 5] 3(a) From . BB 28 R ALHE =70 ALy 120 mm 95 22 4 45
th, BEMEYESZ ALY 60 mm ik 2R . AR R SIEESZ D, HHE A
BHESEHGRIE WCM @B #oe, RISk, ooy C3D8, HyciiiE Y 380000;
HERAHER W, FFEE A0 0 o0, $IuRADN C3D8R, i H Ity 329456, #ifif
A RNBTHE S 0.8 MPa. HI T HRSUBEA I 5 Ak, MBS IR AT R AL A0 3, DASE TR Dy infE i AL i
G ARk, TSR Do IR R BB SN R PRI R o 0 I PSRRI A 2031
BATABRTHIN, ARIEM B B N-196°C . WARBR R i L TRVEZERG M RO I EAMIE, Ko itk
AT
4.2, BREARTEM

5 s NICAR S 0 R S RHESRRAE F RIS AR AR T i K3 N A2 2 o 4] 5(a) AT L
HAMBESS R B R T2 N A B I KB Y 2227 pes AL TR B B By, 12 KON ZIR e e 58 15 3 17)
PESGL AL, T YRS L IR ZAL R T R B ()AL, BN R AEHES R 1R
REMAEI AP RN N-5491 pe i TS E BN LN, 55 5Kt 2 iRiesEse 5
A SR AL KN 15 i S BRIE AL, KR 23 DX A 5K 3 N ARAE 20 A ELAEEY 21« 2A—5000 pe
FeAi o IR T IR 32 RAE B8 28 /N T T700 AP RHVFF RIAZ 15000 pe, BTBA, 78 H IRAIGHE
BN N R SRS R ) 2 Al

LE, Max. Principal LE, Max. Principal
(Avg: 75%) (Avg: 75%)
+2.227e-03 e -4.105e-03
+2.062e-03 -4.221e-03
+1.898¢-03 -4.336e-03
+1.733¢-03 -4.452¢-03
+1.569¢-03 -4.567¢-03
+1.404¢-03 -4.683¢-03
+1.240e-03 -4.798e-03
+1.075e-03 -4.914e-03
+9.105e-04 -5.029¢-03
+7.459¢-04 -5.145e-03
+5.814e-04 -5.260e-03
+4.168e-04 -5.376e-03
+2.523e-04 -5.491e-03
Max: +2.227e-03
Elem: TANK-1.72732
Node: 5711
Y Y
‘l‘ Step: Step-1 ) 1 Step: Step-1
Z X Increment 1: Step Time = 1.000 VA X Increment 1: Step Time= 1.000
Primary Var: LE, Max. Principal Primary Var: LE, Max. Principal
(@) (b)

Figure 5. The maximum principal strain cloud diagram of the composite winding layer of the tank. (a) At room temperature;
(b) At low temperatures
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Figure 6. The maximum principal stress cloud of the rubber layer of the tank. (a) At room temperature; (b) At low tempera-
tures
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Figure 7. The maximum principal stress cloud of connection structure of storage tank at room temperature. (a) Stress cloud
diagram of upper flange; (b) Stress cloud diagram of lower flange
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Figure 8. The maximum principal stress cloud of connection structure of storage tank at low temperatures. (a) Stress cloud
diagram of upper flange; (b) Stress cloud diagram of lower flange
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Figure 9. The maximum principal stress cloud of the upper connection of storage tank at low temperatures. (a) Stress cloud
of the inner flange; (b) Stress cloud of the outer flange
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Figure 10. The maximum principal stress cloud of the lower connection of storage tank at low temperatures. (a) Stress cloud
of the inner flange; (b) Stress cloud of the outer flange
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