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7055 G S ELASEN, Aa w1 Tsl. W
¥4 1000 mm X 2400 mm X 27 mm(K: X & X JF)
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T 15%PAGUAFR 0 0O I 1 ARKFE, 1 HURE 11
7 5%NaCl+5%KNO; ¥ (5 £ 43550 (1) [B] % A1
PAG VBN ER IR 24 0 20 °C

F1 7055 B S RELEER G SRR EL %)
Table 1 Chemical composition of 7055 aluminum alloy hot

rolling plate (mass fraction, %)

Zn Mg Cu Zr Fe Si

7.99 1.90 2.20 0.11 0.056  0.0037
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Fig. 2 Quenching residual stress distributions with various

water temperatures (rolling direction)
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Fig. 3 Quenching residual stress distributions with various

water temperatures (transverse direction)
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Table 2 Quenching residual stresses (QRS) and reduction ratios (RR) with various water temperatures (minus sign means

compressive stress)

Water RD-Center RD-Surface TD-Center TD-Surface
temperature/'C  QRS/MPa RR/% QRS/MPa RR/% QRS/MPa RR/% QRS/MPa RR/%
20 195.4 - -189.0 - 154.0 - -196.4 -
40 154.1 21.1 -168.7 10.7 147.7 4.1 -187.9 43
60 1193 39.0 -148.9 212 116.1 24.6 -142.5 27.4
80 79.8 59.2 -80.0 57.7 47.4 69.2 —60.5 69.2
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Fig. 4 Quenching residual stress distributions with various

PAG concentrations (rolling direction)

Fig. 5 Quenching residual stress distributions with various

PAG concentrations (transverse direction)
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Table 3 Quenching residual stresses (QRS) and reduction ratios (RR) with various PAG concentrations (minus sign means

compressive stress)

PAG RD-Center RD-Surface TD-Center TD-Surface
Concentration ~ QRS/MPa RR/% QRS/MPa RR/% QRS/MPa RR/% QRS/MPa  RR/%
0%(20 C) 195.4 - —189.0 - 154.0 - —196.4 -

5% 136.8 30.0 —138.5 26.7 92.4 40.0 —-156.3 20.4
10% 78.7 59.7 —-102.6 45.7 68.7 55.4 -120.3 38.8
15% 70.4 64.0 —63.0 66.7 53.0 65.6 -101.8 48.2
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Fig. 6 Quenching residual stress distributions with various

quenching mediums (rolling direction)

Fig. 7 Quenching residual stress distributions with various

quenching mediums (transverse direction)
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Table 4 Quenching residual stresses (QRS) and reduction ratios (RR) with various quenching mediums (minus sign means

compressive stress)

RD-Center RD-Surface TD-Center TD-Surface
Quenching Medium
QRS/MPa RR/% QRS/MPa RR/% QRS/MPa RR/% QRS/MPa RR/%
20 C 195.4 - —189.0 - 154.0 - -196.4 -
5%PAG 136.8 30.0 -138.5 26.7 92.4 40.0 -156.3 20.4
5%NaCl+5%KNO; 213.0 -9.0 —207.2 —-9.6 169.4 —10.0 —222.3 -13.2




275 12

AR % REFEKA

JHR 7055 4545 4 JEEAR R K A R ) A

2471

A AP BB, TR, SRR R
T30 AL HI B RIE X, ﬁﬁﬂéﬁkﬁi@ﬂ#lﬁm‘?
SN ER R AL GRIER, S &N DALk R
KV HV e I T F K 1, }}\'rfu%ﬁlﬁn%ﬁ‘]?ik%%
RN IR

1) BEAG 7K T A KR AR Y ) 7K 28 W BRI, R
I Fy oA [ . £ 60 °C 2 T BRAK HL 3 22 1E 1,
1t 60 “CZJa FRAR LIRSS . 75 80 C/KMLI, B
IR B K IE 2] 69.2%

2) BEAG PAG MBIy KAR AR N ) 7K P38 i B
G, FRAIC B 451 52 50 TR G K5 2218 8 K1 #5. 2 PAG
WEEN 15%00), FARLLEIHE RN 66.7%.

3) VKA TTE N ) IK A R BN IR
5%NaCl+5%KNO; %7+ 20 ‘C/K. 5%PAG il Al
EET 20 C/K, 10%NaCIHKNO; T IR K 5% 43 3
DT 25 10.0%.

REFERENCES

[1] DURSUN T, SOUTIS C. Recent developments in advanced
aircraft aluminum alloys[J]. Materials and Design, 2014, 56(4):
862-871.

(2] ¥, SRHHI, XRIEK, IPERH, SRPREL FRZESC. TN AL

JE B B kG #7055 456 e U MERE R sE D).
*/ﬁ‘ﬁ%)%‘%%&, 2014, 24(5): 1141-1150.
FENG Di, ZHANG Xin-ming, DENG Yun-lai, LIU Sheng-dan,
WU Ze-zheng, GUO Yi-wen. Effect of pre-ageing temperature
and retrogression heating rate on microstructure and properties
of 7055 aluminium alloy[J]. The Chinese Journal of Nonferrous
Metals, 2014, 24(5): 1141-1150.

[31 ZHENG Y L, LI C B, LIU S D, DENG Y L, ZHANG X M.
Effect of homogenization time on quench sensitivity of 7085
aluminum alloy[J]. Transactions of Nonferrous Metals Society of
China, 2014, 24(7): 2275-2281.

[4] ROBINSON J S, TANNER D A, TRUMAN C E. 50th
anniversary article: The origin and management of residual stress
in heat-treatable aluminium alloys[J]. Strain, 2014, 50(3):
185-207.

[S] ZHANG Z H, WANG W P, FU H D, XIE J X. Effect of quench
cooling rate on residual stress, microstructure and mechanical

Science and

property of an Fe-6.5Si alloy[J]. Materials

Engineering A, 2011, 530(11): 519-524.

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

KOPUN R, SKERGET L, HRIBERSEK M, ZHANG D S,
STAUDER B, GREIF D. Numerical simulation of immersion
quenching process for cast aluminum part at different pool
temperatures[J]. Applied Thermal Engineering, 2014, 65(1/2):
74-84.

LIN G Y, ZHANG H, ZHU W, PENG D S, LIANG X, ZHOU H
Z. Residual stress in quenched 7075 aluminum alloy thick
plates[J]. Transactions of Nonferrous Metals Society of China,
2003, 13(3): 641—644.

Hi B, V8 K. PAG VKA BUA IR ZNS 2A12 S PEREN
] AR 3E 4, 2012, 33(5): 43-47.

SHEN Kun, XU Dong. Influences of cooling rate of PAG
quenching medium on properties of 2A12 alloy[J]. Heat
Treatment Technology and Equipment, 2012, 33(5): 43—47.
B, RsE, i, KER. BUNEERE SRR

Ny S g N (3], T AT R4 R AR R, 2009, 19(6):
1006—1011.
LIAO Kai, WU Yun-xin, GONG Hai, ZHANG Shu-yuan.

Application of integral method on residual stress calculation
along depth in aluminum alloy thick plate[J]. The Chinese
Journal of Nonferrous Metals, 2009, 19(6): 1006—1011.

RS, R, M, 1 BT REEREEN R SR
TR P ER R A B D AR D], o B AT 5 G s AE 4k, 2007,

17(9): 1404-1409.

TANG Zhi-tao, LIU Zhan-qgiang, Al Xing, WAN Yi. Measuring
residual stresses depth profile in pre-stretched aluminum alloy
plate using crack compliance method[J]. The Chinese Journal of
Nonferrous Metals, 2007, 17(9): 1404—1409.

ZHANG Z, YANG Y F, LI L, CHEN B, TIAN H. Assessment of
residual stress of 7050-T7452 aluminum alloy forging using the
contour method[J]. Materials Science & Engineering A, 2015,
644: 61-68.

VAIDYANATHAN S, FINNIE I. Determination of residual
stresses from stress intensity factor measurements[J]. Journal of
Basic Engineering, 1971, 93: 242-246.

PRIME M B, STEINZIG M L. Beyond the streetlight effect: a
united future for relaxation and diffraction methods for residual
stress measurement[J]. Advanced Materials Research, 2014,
996(996): 234-242.

WANG Q C, KE Y L, XING H Y, WENG Z Y, YANG F E.
Evaluation of residual stress relief of aluminum alloy 7050 by
using crack compliance method[J]. Transactions of Nonferrous
Metals Society of China, 2003, 13(5): 1190—1193.

KOTE, BWGR, BB, HmEf. 7055-T7751 S T
B A B AR N ) A VRG], LRSS B 34k, 2016, 45(1):
18-21.

SONG Han, YANG Yin-fei, CHEN Bo, ZHENG Xiao-wei.
Evaluation of residual stress in depth profile of 7055-T7751



2472 R 4 A AR 20174F12 7

pre-stretched aluminum alloy plate[J]. Machine Building & study of heat transfer in aluminum castings during water
Automation, 2016, 45(1): 18-21. quenching[J]. Journal of Materials Processing Technology, 2010,
[16] XIAO B W, WANG Q G, JADHAV P, LI K Y. An experimental 210(14): 2023—-2028.

Quenching residual stress of 7055 aluminum alloy
thick plate with various quenching mediums

LI Ya-nan', ZHANG Yong-an', LI Xi-wu', LI Zhi-hui', WANG Guo-jun’, YAN Hong-wei',
JIN Long-bin', XIONG Bai-qing'

(1. State Key Laboratory of Nonferrous Metals and Processes,
General Research Institute for Nonferrous Metals, Beijing 100088, China;
2. Northeast Light Alloy Co., Ltd., Harbin 150060, China)

Abstract: Large residual stress produces after quenching in 7xxx series aluminum alloy and quenching medium
influences the quenching residual stress obviously. In this work, the effects of quenching medium type, temperature,
concentration on quenching residual stress were studied by using the crack compliance method. The results show that the
quenching residual stress with typical distribution decreases slowly at first and then decreases rapidly with water
temperature rising, while decreases rapidly at first and then decreases slowly with the increasing of PAG concentration.
The stress level of each quenching medium from high to low is as follows: 5%NaCl+5%KNO; solution (mass fraction),
20 C water, 5%PAG solution (volume fraction). After quenching at 80 ‘C water or 15%PAG solution (volume
fraction), the reduction ratio of residual stress level is above 60%, thus the reduction of quenching residual stress is
obvious.

Key words: 7055 aluminum alloy; quenching residual stress; crack compliance method; quenching medium
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