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Abstract: After solution treatment of 7075 aluminum alloy plates, the residual stresses were respec-
tively investigated in the processes of spraying quenching and immersion quenching with the same me-
dium. Firstly, the finite element model was established for the spray-and immersion-quenching. The
blind-hole method and crack compliance method were respectively adopted to measure the residual
stresses, thus validating the FEM of quenching processes. The comparison analysis show that the

simulated values of the residual stress distribution are in good agreement with the experimental meas-
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urement data. Secondly. the influence of plate thickness on the residual stress distribution was re-
vealed for the spray quenching and immersion quenching. Obviously, the quenching cooling rate and
plate thickness are critical to residual stresses. The residual stress remains unchanged when the plate
thickness is more than 70 mm in the immersion quenching. However, the spray quenching can make
the residual stress increase uniformly. In addition, the residual stress can increase with the increment
of cooling rate. The residual stress in plates with thickness less than 30 mm is small. The surface
compressive stresses, induced by the spray quenching, decrease faster than the interior tensile stresses
when the plate thickness varies from 30 mm to 100 mm. Nevertheless the interior tensile stress de-
creased rarely if the plate thickness is from 30 mm to 60 mm. The difference between spraying
quenching and immersion quenching gets smaller and smaller. Moreover, the advantage of spray
quenching on immersion quenching is gradually decreased with the increase of plate thickness.

Key words: 7075 aluminum alloy; quenching; residual stress; cooling temperature; Finite Element

Model(FEM)
AT G M 7 AR R B R AR I T R I 5 T 2
1 3 3 Vo 038 AR X 18 4 IR R KR AR Y B AR L

TRAEERT Al-Zn-Mg-Cu R, &
AT B R AR = AR IR R A A FH T AL
i L R G T i B SR R L 0 el i AR Y R I )
SE P, = B AT RS RTINS
G HLA R IR SR B L M RE A AR Y
Mot X TR B TAS IR 24 5% A 1 )
G3 A RN LA B — 02 AT RT3 A G Y
[, EARVE K T2 RE KiRfb 5 A 4 r e,
RS B A Il B B 3 B R A I SR AR N T A . L
P T RS TARE .

Wi & A B OT 7 BLE R 1Y &, i2 - IR JT T
12 SR ALV X il I 25 A B AR R R — b
AT Z A 80 J7 ¥ A AUAT LR >k 10 i H gE AN
Wit Ak ¥ it #2 . Tanner 48 A7 iz HI M B M
S AH S5 A 1 O TR X BR AR N ) #EAT T A3 AL AR
BT X AT B B AL DL SR I 5,
iz S N 0 B TR B A M XA 4k i
12008 W% Ik R 35 T A R K T 2L S B T O [m] Y
LA R[] A 0TI BE T AR AR N B S
B TR KOS Y AE B, Prime % AN
T 6 SR P 2 80 30 B Tk 0 SE AR 7 S HEAT T AR AR N
WA RN W | R S QT £ DAY I VARl A e )
3 A IS

VKA TR U — i B 5 e T KR
B AR N 0 0 B ORI BE Ve R AR R R
V8 0 PR ) B L BB AR AT KA 1 BIL A P BB AR

RN T AZTY 23 /I8 AT JC 36 PR TR 58 BE 0 S T 3
o B A R RE S /N AR Y R AT A BERIE ST A [ A A K
T AR SOR R £ 1 (28 W 2L g R
AR X 7075 B 4 R AR IE AT WL RIS 15 4
KA BRITAT B #r o 9 55 52 36 I A5 1 45 R R AT
X EE B IE TP KA BRIT O BT R AT AL . 7
1308 i i i 2 & T N RSP QN W B TR
JBE X B A IO F) 52 o LA

2 RAAFZRLDHREMH

VR AR ) AL 8 T S I S ) A,
LA T H

A s—;+§;€ Slta—eZl =0, W
K xs v 2 WAL T SO0 B AL bR A AR S
HERE o WA B 5 ¢ o IR L g b B AH
R P, X H ALY PR KA o B AN 1o i B
AR R B T, 0, g, =0,

AL PRAL P 0] 1 3 B A5 R B R M 5
KA TR] B R g e A R A X O i R A
4, B

—A

+

ar or or | _ _

et gyt Sone| = HOTL = To,
(2)

Ken,,n n ik H MR T8 T

PRR R s TR A B



5 10

R AR A5 T075 B G B SRRV JCER AR N T 9K 5 23 B 97

3 HRAT*

WIS — A m ARt R,
TG S N I AR EAE R AR AR 22 B) A2 A iR A G
o R T E T R Sy AR AN B AR B A
R

(A RE A 45 1] [R] 1 3850 0 32 282 FAAR A Jo

(2) 78 W% AR 2K Bt g I [i) o [ 975 T B 79 52 1) ¢
KA 5 I 5

(3)TE JEE A AV KCRERITA R TC N I 5 VR K
TR K

(4) 7.0 B O 20 2176 A8 S 52 )

3.1 RIREN

7075 A ARV K BN (=280 mm., FE
BN w=26 mm,/EE N h=12 mm, F5EMHTFH
WEIRLEE Ry 473 °C LKA TR 26 °C YK, VR K B
£ t=8 min,

7075 FR A A MORHIY O 25 M e 2 BUR ) B
PERES B A N R 1 fge 2 PR, AR S5 A o
B fo 10 2 T X AR R B Ik 3 TR
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x1 105 EBEEHNNEHEESH

Tab.1 Performance parameters of 7075 aluminum alloy

W FREERE ERGRE IR 3 5
T/C E/GPa o./MPa o/(10 "K'

0 73 330 286.7 22.6

25 72 000 277.3 23.5

50 71 200 253.3 24.0
100 69 070 220.0 24.9
200 61 870 125.3 28.4
300 53 870 77.3 29.9
400 48 530 32.0 31.4
500 44 500 20.0 31.7

T2 105 BEEHAYMIBERSH

Tab. 2 Material parameters of 7075 aluminum alloy

M PR A Ak o )i
T/C /kW(mXC) /J(kgXC)™' p/(kg+m ")

0 155 830 2 800

25 156 860 2 788

50 158.3 870 2 781
100 161 900 2 775
200 175 970 2 750
300 185 1020 2725
400 193 1120 2 700
500 197 1320 2 675

x3 WRABRRE

Tab. 3 Convective heat transfer coefficients

RBEVEK Ll RUPA

W XA RR/10° IRE XA R R/ 100
/C (kWem?*-C"H /T kW-m?*-C "

50 200. 1 32.9 0.8
100 4 68. 8 7.9
150 9 77. 2 9.1
200 13.5 116. 2 23.9
250 17.5 159. 8 12.4
300 16 204.9 2.9
350 13 250. 8 2.1
400 11 296. 6 1.5
450 9 324.9 1.1
500 7 417. 4 1.2
550 5.8 459.5 0.3
* 0
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(a)Finite element model
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Fig.5 Residual stresses along OA axis in immersion quenching
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Fig. 6 Residual stresses along OB axis in spraying quenching
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