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Fig. 1 Engineering stress—strain curves of 2219 aluminum

alloy sheet along different directions
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Table 1 Mechanical properties of 2219 aluminum alloy sheet

along different directions

Yield Ultimate Total

Direction  strength, tensile strength, elongation,
o/MPa oy/MPa 0/%
0° 92.6 155.5 28.5
45° 95.9 146.1 30.0
90° 95.8 141.8 30.1
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Fig.2 CNC sheet stretch forming equipment
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Fig. 3 Schematic diagrams of dome and petal parts for 3 m rocket tank: (a) Dome; (b) Petal part
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Fig. 4 Partition scheme for petal parts
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Fig. 5 Strain distribution measurement method for petal parts
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Fig. 6 Specimen for measuring mechanical properties

distribution of petal parts (Unit: mm)
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Fig. 7 Forming process of 2219 aluminum alloy gore (1:1 ratio): (a) Pre-stretch forming; (b) Solution and quenching; (c) Final-

stretch forming; (d) Completed petal part
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Fig. 8 In-plane principal strain of 2219 aluminum alloy petal

part: (a) First principal strain ¢; (b) Second principal strain &,
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Fig. 9 Normal strain and equivalent strain distribution of
2219 aluminum alloy petal part: (a) Normal strain; (b)

Equivalent strain
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Fig. 10 Strength distribution of 2219 aluminum alloy petal

parts: (a) Yielding strength; (b) Tensile strength
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Fig. 11 Relationship between tensile strength and deformation

in stretch forming process

135

—
w
(e}

125

120

Microhardness, HV |

115

0 2 4 6 8 10 12 14
Deformation/%

B 12 BERE SR N KR

Fig. 12 Relationship between hardness and deformation in

stretch forming process

3 Z5ip

1) I RS RASEDE T 2219 86 & MR E
B fH T A2 A 47 BBl P ()R T 2 A A, ot D A ) A
TR T M, R FALE 1%~15%, SR i
PEA B IX SRS RN AR TE 7%~12%, AR AT

2) i TEIPE A P D RS e i B 2 v T A2, 3
10 MPa ZeAq . O T4 ARG SE Dy 312.8~
346.9 MPa, FiHLHkE N 421~442.2 MPa, THJEEEA
123~132 HV.

3) WA B R S AR T R NG R R
FE—NHRTE BN, WEABEARE, Db 5%
T8 (G5 RUNAR) B IE LU 2 o 8T 06 R RAUT
PURLIRE BTG 00 R . YU 5 B FORE FBF 25 B AR T 12 1
I .



530 &4 2 0 GALKE, S 2219 8RS EE M T R A S sl A 289

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(8]

MR, ARSRVE, EREL 0 om, KM PEETE
WA A R I FEEA D). B BRACAS, 2018, 10: 4-10.

YE Pei-jian, ZHOU Le-yang, WANG Da-yi, PENG Jing,
ZHANG He. Development and prospect of Chinese deep
space exploration[J]. Space International, 2018, 10: 4—10.
JESR, HE, £ 5. ENSMUE K EHEEEE )R
SR, FANTR, 2017, 23(6): 737-742.

ZHOU Ya-qiang, LOU Lu-liang, MOU Yu. Lift capacity
evolution of typical launch vehicles in China and abroad[J].
Manned Spaceflight, 2017, 23(6): 737-742.

A L, Zai K, BRI B ECKETET AL G R AR K
JES R BishliEs R, 2007, 10: 36-40.

YAO Jun-shan, CAI Yi-fei, LI Cheng-gang. Development
and application of manufacturing technology of launch
vehicle structure[J]. Aeronautical Manufacturing Technology,
2007, 10: 36—40.

W THA. SEHERL O BOE AR R BUR 5 K R 35 (T]
iRl HR, 2012, 1: 1-4.

ZENG Yuan-song. Application and development trend of
advanced sheet metal forming technology[J]. Aeronautical
Science & Technology, 2012, 1: 1-4.

R, RANE, R, KB ) A8 RS LY T
2R R AT SR A A [0, SRR RIR, 2015, 40(2):
8—-14.

HUA Kai-xuan, YU Xiao-lu, WANG Ke-zhi. Analysis of
research status on forming processes and quality control of
heavy pressure vessel thick-wall sealing head [J]. Forging &
Stamping Technology, 2015, 40(2): 8—14.
VOLZ M P, CHEN P S, GORTI S, SALVAIL P
Development of aluminum-lithium 2195 gores by the stretch
forming process[C]// National Space and Missile Materials
Symposium, Huntsville, AL, 2014: 23-26.

BLUNCK R D, KRANTZ D E. Room temperature stretch
forming of scale space shuttle external tank dome gores.
Volume 1: Technical[R]. San Diego: General Dynamics/
Convair, 1974.

PeE L, BT, EER, VR BRI AR &
HRROR AR MURBIESROA, 2002, 5: 17-22.
YAO Jun-shan, ZHOU Wan-sheng, WANG Guo-qing,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

MENG Fan-xin. Development of structural materials and
welding technology for space storage tank [J]. Aerospace
Manufacturing Technology, 2002, 5: 17-22.

FOE. KIAETS KRR &ITED]). A eaaEn
T,2017, 46(2): 6-9.

WANG Zhu-tang. Aluminum alloy fuel tank of Long
March-5 rocket[J]. Nonferrous Metals Processing, 2017,
46(2): 6-9.

AR, WEE, TR, £, PEE WA
2219 &SIV RE R T]. MR A
2441, 2016, 37(4): 45-49.

ZHOU Rong-rong, HE Ai-guo, FANG Hua-chan, WANG Bo,
LUO Feng-hua. Effects of pre-deformation on microstructure
and mechanical properties of 2219 aluminum alloy[J].
Transactions of Materials and Heat Treatment, 2016, 37(4):
45-49.

HouR, FWHE, HEdE, ERE, PR, & B
RIS 2219-T6 486 & XL LA LI ) # ML RE R
). b EE SRR, 2016, 26(7): 1365-1371.
HUANG Yuan-chun, WANG Ye-jun, XIAO Zheng-bing,
REN Xian-wei, XU Tian-cheng, LI Yin. Effect of reaging on
microstructures and mechanical properties of 2219-T6 alloy
fork-like ring[J]. The Chinese Journal of Nonferrous Metals,
2016, 26(7): 1365—-1371.

LU Y, WANG J, LI X, CHEN Y, ZHOU D, ZHOU G, XU W.
Effect of pre-deformation on the microstructures and
properties of 2219 aluminum alloy during aging treatment[J].
Journal of Alloys and Compounds, 2017, 699: 1140—1145.
WANG H, YI Y, HUANG S. Influence of pre-deformation
and subsequent ageing on the hardening behavior and
microstructure of 2219 aluminum alloy forgings[J]. Journal
of Alloys and Compounds, 2016, 685: 941-948.

HE H, YI Y, HUANG S, ZHANG Y. Effects of cold
predeformation on dissolution of second-phase AlLCu
particles during solution treatment of 2219 Al-Cu alloy
forgings[J]. Materials Characterization, 2018, 135: 18—24.
AN Li-hui, CAI Yang, LIU Wei, YUAN Shi-jian, ZHU
Shi-giang, MENG Fan-cheng. Effect of pre-deformation on
microstructure and mechanical properties of 2219 aluminum
alloy sheet by thermomechanical treatment[J]. Transactions
of Nonferrous Metals Society of China, 2012, 22(Sl):
$370—s375.



290

hEA O RYR 2020 £ 2 A

Deformation and strength distribution of
stretch formed 2219 aluminum alloy thin-walled curved parts

AN Li-hui"?, YUAN Shi-jian'

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. Capital Aerospace Machinery Company, Beijing 100076, China)

Abstract: In order to investigate the deformation and strength distribution of thin-walled 2219 aluminum alloy curved
parts in stretch forming, grid strain analysis and uniaxial tensile tests were used to test the strain and mechanical
properties of the curved part in every sub-region. Then the deformation and strength distribution in the whole area were
obtained. The results show that the equivalent strain ranges from 1% to 15% in the whole area, but the equivalent strain in
the effective central zone of the curved part ranges from 7% to 12%, which is relatively uniform deformation. Moreover,
the yield strength in the effective central zone ranges from 312.8 to 346.9 MPa, while the tensile strength ranges from 421
to 442.2 MPa. The strength is directly proportional to the amount of deformation, and both the tensile strength and
hardness increase with the increase of deformation. All the testing data of the gore show greater than expected mechanical
properties of the stretch formed 2219 aluminum alloy curved parts used for dome of rocket tank.

Key words: 2219 aluminum alloy; stretch forming; petal parts; deformation; strength
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