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Abstract  The rocket storage tank is an important component of the launch vehicle, but the service
environment is relatively harsh. The rocket storage tank not only store liquid propellants but also bear complex
structural loads. Structural material is the foundation for the development of tank manufacture and the key to the
revolution of space vehicles. This article mainly introduces the application and development status of structural
materials for rocket storage tank at home and abroad. It reviews metal materials such as aluminum alloy, stainless
steel, titanium alloy, and composite storage tanks, systematically summarizes the revolution process and application

situation of storage tank materials, and puts forward new insights and prospects for the development direction of

storage tank materials in the future.
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Fig. 1 Typical rocket tank structure”
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Tab.1 Chemical composition and mechanical properties of AI-Mg alloys

[19,21]

7 P RLS31%(w) PAESda: 2 Bk
Ji-5 Si Fe Cu Mn Ti Al o/MPa o /MPa  8/% P
5A03(LF3)  0.50~0.80  0.50 0.10 0.30-0.60 3.2-3.8 0.15 A 195 100 16
5A06(LF6) <040 <040 <010  0.50~0.80 5.8~6.8 0.02~0.15 /i  >314 2157 215 e
AM,6 <040  <0.40 0.10 0.50~0.80 5.8~6.8 0.02~0.10 /&  >314 2157 215 JREE
5086 <040  <0.50 0.10 0.20~0.70 3.5~4.5 0.15 Ak 325 255 >10 A
5456 <025 <0.40 0.10 0.50~1.00 4.7~5.5 0.02 A 310 165 >22 e

s
T (a) RAE— 52 8K 5 (b) FRER AT 5 KT 5
() KH+BE-1—T9HEH,
Fl2  Al-Mg {4 AR 25 H 2 2k >
Fig.2 Al-Mg alloy tank structure launch vehicle!
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Tab.2 Chemical composition and mechanical properties of AlI-Cu alloys

[19]

B4 AREE 31 (w) PAE i Tkl
G
k= Si Fe Cu Mn Mg Zn Ti Zr A% Al e a'h/MPa a'i/MPa 61% [ %%
2A14 =
(LD10) 0.6~1.2 0.7 39~48 04~1.0 0.4~0.8 0.30 0.15 S T6 430 310 5
i
S147
(2B16) 0.2 0.3 5.8~6.8 0.2~04 0.02~0.10 0.10~0.25 0.05~0.15 A& T87 430 343 5
AK8 0.6~1.2 0.7 3.9~48 04~1.0 04~0.8 0.30 0.10 A T 440 372 8
piNES
1201 5.8~6.8  0.4~0.8 0.02~0.10 0.20~0.40 0.05~0.15 4Axi& HT 430 350 11
2014 0.5~1.2 0.7 3.9~50 04~1.2 0.20~0.8 0.25 0.15 S T6 485 415 13
T87 475 395 10 %M
2219 5.8~6.8 0.2~0.4 0.02~0.10 0.20~0.40 0.05~0.15 A4

T62 415 290 10
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Fig. 4 Al-Cu alloy tank structure launch vehicle
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Fig. 5 The relationship between material performance improvement
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and structural quality efficiency
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Tab.3 Chemical composition and its mechanical properties of Al-Li alloys

[31,33]

e A2 131 %(w) p i
Ji 5 Li Cu Mg Si Fe Ag Zr Sc Mn Zn Al /geem™ [ %
AR
2020 0.9~1.7 4.0~50 <0.03  <0.40 <0.40 03-0.8 <025 &E 271  3E[E1957
VAD23 09~1.4 4.8~58 <005  <0.30 <0.30 0.4~0.8  <0.10 it 272 FREE1960
01420 1.8~22 <0.05 4.50~6.00 <0.15 <0.20 0.08~0.15 K 247 JRHK1969
01421 1.8~2.2 4.50~5.30 <0.20 <0.20 0.06~0.10 0.16~0.21 At 249 JRIEK1980
BAR
2090 1.9~2.6 24~3.0 <025  <0.10 <0.12 0.08~0.15 <0.05  <0.10 A& 259  KE1984
8090 2.2-2.7 1.0~1.6 0.60~1.30 <0.20 <0.30 0.04~0.16 <0.10 <025 A& 253 K[H1984
01430 1.5~1.9 1.4~1.8 2.30~3.00 <0.10 <0.15 0.08~0.14 0.01~0.10  <0.25 A 257 FEE1986
01440 2.1~2.6 1.2~1.9 0.60~1.10 0.02~0.1 0.03~0.15 0.10~0.20 <0.05  <0.10 A 255  FREL1987
01450 1.8~23 2.6~33 <0.10  <0.10 <0.15 0.08~0.14 <0.10 <025 A 260  FREK 1988
01460 2.0~2.4 2.6~33  0.05 <0.10  0.03~0.15 0.08~0.13  0.05~0.14 A 260  JREX 1988
AR
2195 0.8~1.2 3.7~4.3 0.25~0.80 <0.12 <0.15  0.25~0.60 0.08~0.16 <025 <025 A& 271 %H1992
2297 1.1~1.7 25-3.1 <025  <0.10 <0.10 0.08~0.15 0.10~0.50 <0.05 A& 2.65  FEE1997
2397 1.1-1.7 25-3.1 <025  <0.10 <0.10 0.08~0.15 0.10~0.50 0.05~0.15 A& 2.65  F[F2002
2098 0.8~1.3 3.2~3.8 0.25~0.80 <0.12 <0.15  0.25~0.60 0.04~0.18 <035 <035 QE 270 3E[E2000
2198  0.8~1.1 2.9~3.5 0.25~0.80 <0.08 <0.10  0.10~0.50 0.04~0.18 <050 <035 AR 269 %[E2005
2099  1.6~2.0 2.4~3.0 0.10~0.50 <0.05 <0.07 0.05~0.12 0.10~0.50 0.40~1.00 4% 2.63  F[E 2003
2199  1.4~1.8 2.3~2.9 0.05~0.40 <0.05 <0.07 0.05~0.12 0.10~0.50 0.20~0.90 A&  2.64  3:[H2005
2050  0.7~1.3 3.2~3.9 0.20~0.60 <0.08 <0.10  0.20~0.70 0.06~0.14 0.20~0.50 <0.25 @ 2.70  FE[E2004
2060 0.6~0.9 3.4~4.5 0.60~1.10 <0.07 <0.07  0.05~0.50 0.05~0.15 0.10~0.50 0.30~0.50 4x& 272 3E[H2011
2055 1.0~1.3 3.2~4.2 0.20~0.60 <0.07 <0.10  0.20~0.70 0.05~0.15 0.10~0.50 0.30~0.70 #4x&  2.70  FE[E 2011
2065 0.8~1.5 3.8~4.7 0.25~0.80 <0.10 <0.10  0.15~0.50 0.05~0.15 0.15~0.50 <030 & 270 H[E2012
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Fig. 6 Al-Li alloy tank structure launch vehicle

124 Rk EN R A TS T 60 245
(R, TE IR T V2 M Rk 5 TR TAE . 7E3t
B N T N RS S RN = S R ST X N PN
SIS, FETC RN KR T2 AL S5 Jr TR E
BT FEE R, HPRR D . 20 20 60 4FAR,
FREOFERIH S141 Al-Li &t bf (IR 2% B T
TR P —E 2 B E U Y, PR T 1420
21952090 % Al-Li &4 093 748, 018 & T K
KRR P2 B RE o 7 B A R Y, 3R [ Al-
Li &4 Mt B T2 4505 0 S TR 220,
I A EWFR T 2A97 F1X2A66 Al-Li &4x, [F7 1420,
a4

22,31,36-38]

8090 %5 Al-Li & S I AERTZS SUdS 20, 2015 4,
T E A ERFRI CO19 REVEALER S5 R A 156
“ARA-LiG 4. 20214, PEB R ETEARISE BT
IR EE A 3. 35 m Al-Li 34046, Jfast 7k
R, w120 B TRE A0, AR T —iz
HOKHARY
M MR A AI-Li R A 220 LR R b
BF R 50 AW e, RILE BRI s m S
@, HitREC2 & T A-LG&mE
AN HIRE T, HEAS AT DL T2 A R B 75 K, (HJE T
B AW A TR AR IR VLR T A2 R 55 07 T AEAE
FRIMEI T2 hup://www.yhclgy.com 20244 45231



AP, SRR R R AE S8 E N Al-Li &
G e —  BEAES RD F A P R AR
A RRA A IAZE 4 Tl fbA: 7= 68 7 5 Al-Li
B 4 AR FH A i il 325 A 7 R ASE /N, RO AL-Li
B4 B CIE R 2 T H AR BT BR, Jn e 4 o
T 2% WX Te 4 H 25 N AR K 40 sk, Tk 1 7
Al-Li & 4 JE 0l PEBF 78 A0 TRk 57 5 7 18 22 i b
WG 28, AR B HOE Al-Li & &1L = g
A 1T T 28 T R 2 A il AR I e o
3 EAMBCE

FT K 325 28 2 AV TR T 2 2 D0 SR Sy 4 A R
W AI-Mg &4 Al-Cu &4 fAl-Li &4, B BEE i K
FER PO, 4 Jm k20 o LA A2 ) 5 R 4 v i
Kiz A MERE M IR E 2R . SE5a6 &M
B L, 52 A PR E A I I R R R A RE S
FEAR S5 H0 iU A 5 T L3, SR LR & M BHRR 8
AL R =R G54 A 1Y 209%0~30% . 151 40 Bk £F 4
B A2 A MR LA R A 00 5 B AN M R L 7RSS
LK L HH FH S 25 L 40058 R A T g
P R R A AN B PN 1 AP E L EE
() S EERB A, R K i s it R 8 &
J&J5 ) 2 —,
3.1 SEAMBPEEZREIUR

FUL R 235 44 WA 8 T d5e 22 14 R B AT 4 52 5 6 R
(CFRP), W3 4 Ji7R B £T HE R wi i N 56 52 & A RHEL
A F5 1 B B RN LA el AR B AT O HA R
BURPELT A R T AR A= Hil s . 2 &k
FERAIAEE T W IR SR S5 A A 1k 22, O AR
AR T S mi ., Bk E2or s 4R
AR A IR IR A6 S5 A8 4 R, RS 26 A RHE
R IR AL T & B B AHE A AR B (B R )
AT Z W AR S A ORI YA 08 F A it o T
i v AR [ 3 2k

®4 EEMBIEEBEMRERERT

Tab.4 Comparison of composite and metal properties*’
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Fig. 7 The development history of composite tank
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Fig. 8 Schematic diagram of the crack propagation and suppression behavior of fillers modified CF/EP composites
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Mechanical properties of 18Cr—8Ni austenitic stainless steel at different temperatures and fracture toughness of 316 austenitic stainless

steel at different temperatures'’™
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