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Table 1 Parameters of immersion quenching

Workpiece

Quenchant . .

temperature before 5 Quenching time/s
temperature/ ‘C

quenching/C
477 66 500

*2 MEESK

Table 2 Performance parameters

Temperature/ Elasticity Poisson’s Temperature/ Yield

T modulus/MPa  ratio C strength/MPa
0 72450 0.29 66 221

100 69690 0.29 250 212

200 64860 0.29 300 150

300 58650 0.29 350 87

400 53820 0.29 400 60
- - - 4717 26

£3 MRS

Table 3 Material parameters

Tempe Thernjla'l Thern}al Specific heat/  Density/
rature/ conductivity/ expansion/ RN 3
T kwmC) xigfct  Tke© o gem

0 0.11 - - 2.796
20 - 21.8 837 -
100 0.12 23.6 896 2.768
200 0.14 24.5 963 2.768
300 0.15 25.4 - 2.74
400 0.16 - 1130 2.713
477 - - 1193 -
500 0.17 - - 2.685
600 - - - 2.657
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Table 4 Convective heat transfer coefficient

Temperature/ ConveCtiO? Temperature/ Convecti06n
C coef./;}O »1 C coef./ZX}O ;
kW-(m™C) kW-(m*C)
50 200.1 350 13
100 4 400 11
150 9 450
200 13.5 500
250 17.5 550 5.8
300 16 _ )
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Fig.2 Comparison of residual stresses distributed along x-locus: (a) x-component, (b) y-component, and (c¢) z-component
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Fig.3 Comparison of residual stresses distributed along y-locus: (a) x-component, (b) y-component, and (c) z-component
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Fig.5 Simulated results of finite element analysis: (a) temperature vs

time and (b) equivalent plastic strain vs time
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Table 5 Cooling process of the surface

Cooling time/s
77°C Initial Change 2 Change 3
Surface Center Surface Center Surface Center Surface Center
300 0.88 328 0.88 320 7.75 9.79 599 7.46

275 1.15 381 1.15 3.66 9.58 1043 6.51 7.88
200 3.17 6.11 267 543 10.09 12.57 695 9.40
100 15.07 17.68 7.80 10.90 21.07 23.60 10.98 14.13
70 4237 4571 16.50 20.20 47.94 51.23 18.47 22.39

Change 1

* 3405 -
Fz6 HRNT
Table 6 Residual stresses
Convection coefficient curve dIi{r(z:l(}i?ogn Tg;irr::\t/ie;s]e

Stress at the surface/MPa  -78.21 -79.93

Initial  Stress at the center/MPa  98.19 78.85
Stress amplitude/MPa 176.40 158.75
Stress at the surface/MPa  -78.51 -80.20

Change 1 Gress at the center/MPa 98.98 79.28
Stress amplitude/MPa 177.49 159.48

Stress at the surface/MPa 0.45 -0.02

Change 2 Stress at the center/MPa 1.19 0.50

Stress amplitude/MPa 0.74 0.52

Stress at the surface/MPa -4.09 -2.32

Change 3 Stress at the center/MPa 65.15 9.38
Stress amplitude/MPa 69.24 11.70

7t Change 2 MIZE15HL N, K2 A FL)Z B P
HEHhEE 5 Initial 15 OCAT LG, Y92 B0 W) 4G B B B i o1
W R SEGE R B, Bk 70 C IR R 45 5
BN 13.15%F0 12.08%. JCie A& L J7 7)1 Je A 7] 77
Ak AN )y, MIELT Initial 5500 F BI5E 4 N 7Kk
R B A, LA J e VRS ) 7 ) PR L g s L 4 ) B IR
99.6%H1 99.7%. %45 RARGF I UE T #5875 (R4
TEW/N) BIIERYE

7t Change 3 MIZET5HL T, K2 A FL)Z B P
W25 Initial 500 EL, ¥R B A BT 4G B B 15 W
WAL ZE G SR DI CE B, BE 70 C R
i) 23 3 FEAK 56.41%F1 51.02%. 18 S LI 7 1) 3d
BT 5 5% 438, AHEE T Initial 500 R HU5R 4 N
KT K BEAR L 1) RS o) g o) PR S ) TG L 23 il
FEAIC 60.7%F1 92.6%. Z%45 RAR U HIGIE TR & &
R P 3 R AR I T PR ) IR 9 /N AR T D 1 TR A v
3.2 BAKIZHMH

FK LA EBSE B iR, SR L2
BREAR A = 1 S BT AT — AT LA 2 AT TN T
R A A B AR R KA I, R KA
AR s #hKS BRK AR T W) ek v KR Ve A
i, WA TR B K R TR K S

KL, KPR 7 v 3 PPN A A kR K LA S
T gk 5 56 R A5 S [ 6 9 e B R Bl 21OV b S
WEF B, WK 11 s,

HE AT AN, KT ERTE 2 EKTE)
E DR A AN R SR RN PO S S P N AL P
TETTE 3 X N HAG BRI e R 8.
11 RS TE L AP N RV IR LS N S i
PO TV K 2T % 2 R N IR/, VKL
Tr%E 1 AT K 207 % 2 AR N ) AR AR .



* 3406 Wi B RS 47 %
F7T BHRERLZEH
500
Table 7 Parameters of spray quenching —0—108 L-(m™s)", 200 kPa 2
- —o— 130 L-(m™s)”, 100 kPa
Quenching scheme 1 2 3 400 70 L-(m™s)". 10 kPa
Workpiece temperature O
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Fig. 11 Convective heat transfer coefficient of spray quenching Fig.12 Cooling curves of spray quenching of the surface (a) and
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Table 8 Residual stresses

. Rolling Transverse
Quenching scheme direction direction
Stress at the
surface/MPa -61.55 -36.01
Scheme 1
Stress at the center/MPa  141.30 90.79
Stress amplitude/MPa 202.85 146.80
Stress at the
surface/MPa -28.27 -22.13
Scheme 2 gyreqq at the center/MPa  141.18 46.23
Stress amplitude/MPa 169.45 68.36
Stress at the
surface/MPa -25.50 -15.36
Scheme 3 Stress at the center/MPa  118.89 34.40
Stress amplitude/MPa 144.39 49.76
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Formation Mechanism and Control Strategy of Residual Stresses for Quenching
7075 Aluminum Alloy Thick Plate

Qin Guohua', Lin Feng',Ye Haichao '
(1. Nanchang Hangkong University, Nanchang 330063, China)
(2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: During the operation of machining process, the release and re-distribution of residual stresses is crucial to machining
deformations of aircraft structural parts. Hence, the non-uniform plastic deformations, which are caused by the high temperature gradient
field in the quenching process, will give rise to residual stresses. Therefore, a finite element model was established for the quenching
process in the present paper. The simulated residual stresses are in good agreement with the experimental data both in the amplitude and in
distribution. On this basis, the proposed method was further used to analyze the formation mechanism of residual stress in the quenching of
7075 aluminum alloy thick plate. It is concluded that the final residual stresses have been already determined when the plastic deformations
in the central layer is over at the end slip time. The final residual stresses remain unchanged even if the temperature continues to drop.
Finally, the performance-controlled and deformation-controlled method is suggested for residual stresses. Because the
deformation-controlled region can strongly impact the final residual stresses whereas the performance-controlled region has a few changes
of the final residual stresses, the adjustment of the convective heat transfer coefficient in the deformation-controlled and the
performance-controlled region, can accelerate the cooling velocity and reduce the final residual stress.

Key words: 7075 aluminum alloy thick plate; quenching; convective heat transfer coefficient; performance-controlled region;

deformation-controlled region; residual stress
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