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Varying rules and mechanism of thermal expansion coefficient for
pre-stretched 7050-T7451 aluminum alloy plate
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Abstract: Data for the coefficient of thermal expansion (CTE) of pre-stretched 7050-T7451 aluminum alloy are usually
given in average values. This may bring a comparatively large error for predicting distortion of aeronautic monolithic
components. To solve this problem, accurate measurements of the CTE of 7050-T7451 aluminum alloy were conducted.
The measurement was carried out with the help of thermo mechanical analysis (TMA) with temperature varying from 25
to 500 C. Numerical fitting method was adopted to obtain the nonlinear variation rules of CTE of the alloy with
temperatures. The inherent nature of CTE variation was revealed based on 7050-T7451 composition and metallography.
At the end, the deformation prediction analysis of the workpiece was carried out using the average CTE and accurate
CTE models, respectively. The results show that the maximum relative error obtained by the accurate CTE drops from
17.4% to 9.5% compared with that of the average CTE.
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2.1 SKEERR

LN S [E Kaiser Aluminum & Chemical Corp 2 H]
LR 7050-T7451 FREL BT, 022 B 3k
1 g AR 9.065 2 mmX 7.995 1 mmX 6.581 5
man (K ) X 35() X 85(2))F 77 151 43 SR8 AR i
B PERN ST I] o

F 1 7050-T7451 F 5 G AL 2 oy
Table 1 Chemical composition of 7050-T7451 Al alloy (mass

fraction, %)

H T WA I AR RS A1, L 4
HUR PR T RN RO B, T 20126 2 Fios. KT
AR FEHEAT P0G AN G A e, B Bh 0.5%HF+
1.5%HCI+2.5%HNO;+95.5%H,0( 5t &7 ¥1), 5 )i A1)
Olympus .27 4 AH 5 G BE L8 S Ui iR AT Ak B 5 0RF
ORIy ARI A

F 2 7050-T7451 B <5 VA N AL B 12
Table 2 Solid solution and aging treatment process of
7050-T7451 Al alloy

Sample No. Solid solution treatment and aging process
1 (475 C, 3 h)+water quenching
2 (475 C, 3 h)+water quenching+(120 C, 8 h)
3 (475 C, 3 h)+water quenching+(200 C, 8 h)
4 (475 C, 3 h)y+water quenching+(380 C, 8 h)

Zn Mg Cu Zr Si
5.93 2.23 2.16 0.11 0.019

Fe Ti Cr Mn Al
0.068 0.020 <<0.01 <<0.01 Bal.

22 RWHE

RAEE T 2R )% 200 mm X 100 mm X 58 mm &
AR, SR AT B AR SR THIBEA T 1 B AL B
3 AT IRAE IR 3 N7 1) Al B AR R 5 3 IR

I 2 7E AU BT U(TMA) BT, IR
AR 2 °C/min, P ETEHEY 25~500 C o SEMZH,
RAEAE 25 CTAA 5 min. W& RFE B IR E T R i Ui
i, (5B TMA B8 70 B g e i as i 241 70 4 s
TR 1 CIRIAEIK R 5.

FH Rigaku D/max-rc T X SHEeATHGHATIE!
YIAHAY AT, HLEH 40KV, HLA 100 mA, FIHEHE
4 4 (°) min.
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PR T D3, BEAG MR TS, TR 7 i
K R BN 1.746X 107 C B hN%] 2.231X107
T (142 °C), BT MK R BN 1.699 X107
TR HNE] 2.025 X 107° “C (138 °C). JELE T K
REN 1.921X107° C Hin#] 2.218%107° 'C (166
‘C)o x Ml y J TN LR MERS N, TR RE 2 7 A1k,
VN ) 1 31 N

Table 3 Coefficients of six-order polynomials of CTE for 7050-T7451 Al alloy

. . Coefficient
Direction
ap a, a, as ay as ag
x 18.65 ~7.62X 1072 2.73%X107° -2.57X107° 1.02X 107’ -1.79X 1071 1.13X 107"
y 17.80 —-5.24X107? 2.06X107° -1.97X107 7.91X1077 -1.39X10"°  891x107"
z 13.93 3.401 8X1072 -7.23%X107° 7.75%X107° —4.38X 1077 1.32X107%°  —1.98x 107"
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Fig. 1 CTE—temperature curves of 7050-T7451 Al alloy
along different directions: (a) Pre-stretch direction; (b) Width

direction; (c) Thickness direction
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Fig. 2 XRD pattern of 7050-T7451 Al alloy
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Fig. 3 Optical micrographs of 7050-T7451

Al alloy after different heat treatments:
(a) Raw state; (b) (475 °C, 3 h)+ (120 C, 8 h);
(c) (475 °C, 3 h)+(200 C, 8 h); (d) (475 C, 3
h)+(380 'C, 8 h); () 475 C,3 h
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Table 4  Average acrg,, of 7050-T7451 Al alloy on

different orientations

Direction b y z
aerem/(10°°CY 2434 23.14 23.68
9.18
Average CTE model
916+ Accurate CTE

Experimental results

9.14 l

912+ A (L7~L)max

Sl A (1, -[ymax

Length of x direction/mm

9.08

9.06 ' . ' : :
0 100 200 300 400 500
Temperature/C
B4 VBN SR R B R ZER E
Fig. 4 Computation of comparison of average and precision
CTE models
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5 Z5ig
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(] () TN K 2R B A A, B P I R B iR P AR
FEPERI A 4 ANk 34 R—H5 P14 K8/

2) RN ZE R, @AL T 7050-T7451 6y
S FRLARARCAS [1) 7 1) FAMZ K 22 B e PR AR AL R i i
o

3) MRIEA RIS N S SAHMRRIE, MAF R
2GR R s T IR IK R B AR A Y A T
7050-T7451 &< dn FAHMEE, GP X n AHTE K
AT HH AR5 DA R P 5 i PR R AR AR e R AR A [ 32 22 i
(58

4) KRB 5C b T 8 L ORI R O R ]
DL AR s A T TRINKS 5 o 25~500 °C 7)) ~F- 2 A K
REB AR RN TSR, &R ZER
LB 17.4%, RGN 58000 BB B vt
ZENH 9.5%.
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