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Influence of Quenching Stress Field on Natural
Frequency of Aluminum Alloy Thick Plate

HU Yonghui, WU Yunxin
(College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)

Abstract; Mathematical model of quenching residual stress filed of 7075 aluminum alloy thick plate was established to
theoretically and experimentally analyze the influences of quenching residual stress on plate natural frequency during VSR.
The results show that plate natural frequency, based on constant physical material characteristics like dimension, density
and homogeneity, etc. , is mainly influenced by the residual stress distribution characteristics while quenching residual
stress always increases plate natural frequency. And the higher the rank number is, the larger the influence of residual
stress on frequency is. Moreover, natural frequency in each order would decrease following residual stress relaxation or
homogenization caused by stress re-distribution during VSR.
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Fig. 1  Surface edge residual stress distribution of the quenched

aluminum alloy
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Fig. 2 Residual stress distribution of the quenched alumi-

num alloy thick plate along its thickness

U AH Y BRAE R 2 B, O FRIE 2 30% % T0% R K
PV AR, FLBLN g WA 249y Fi R g W (B 1Y 374 ik
AR A I BT S FE B BUT 3 A4S
W RGNS KT AR . &N J7 K 1A
B 155 A R AL RN

X S ARAR 1 2 25 L g o A i e dF AT 03— AL B
FBCEGE T 77 A5 20 M W AR BE 3 — bRy fy, 3%
F Legendre ZHC$idE S04, Legendre 2001 S5 72 5L
24 LRIV AR 9 I 7 P-4 o) R, DU 43 A 1T AR R
N JEEFE AR R 2 1 PR

PRGN G IRAIN T A I 2R S A, oA RS
KA G — ARG R, AN A A, R —
JEL RS- 17 PN AR 5 [ 3R AR I T3 7K A 24 U Sk AR AR B
NG IREA 5, HAZARK SR 5E 5 .

3 HRHES
R X G x 854 @ x b x h {19 IR AR 2 7 1 3

WK R KN ) S R e PR AR T A7 A3 (Y 5 T 51
HET R AR AR AR -
h a
y

3 HUB AR AR R

Fig. 3 Coordinate system of the rectangular thin plate
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Fig. 5 Schematic diagram of the VSR system platform
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Table 1

Comparison results of aluminum plate natural frequency before and after VSR

Frequency/Order number No queched Queched Average change
P1 P2 P3 P4

F—cv Order No. 1 75.51 76.85 78.37 80. 43 3.22
Order No. 2 123.3 122.8 127.2 130.7 5.9
fovu/Hz Order No. 1 76. 17 76. 69 77.52 79.61 2.14
Order No. 2 123.2 122.0 124.4 127.8 3.8
Af/Hz Order No. 1 -0. 66 0.16 0.85 0.82 2.17
AF=Fyvafo v Order No. 2 0.1 0.8 2.8 2.9 2.4

S —vers Ja—ve and Af showing nature frequncy before and after vibration and their change, respectively

F2 BRARENHIRAIEERI L
Comparison results of aluminum plate residual stress
before and after VSR

Table 2

Pl o,_../MPa o, _./MPa Ac,/MPa o,_../MPa Ac,/MPa

1 33.1 34.2 -1.1 31.7 2.5
2 49.3 47.5 1.8 49.1 -1.6
3 53.2 53.6 -0.4 52.1 1.1
4 27.8 30.1 -2.3 29.8 0.3
5 58.4 58.8 -0.4 56.2 2.6
6 38.7 38.5 0.2 37.6 1.1

P3 oy /MPao, _../MPa Ag,/MPa o, _../MPa Ag,/MPa

1 -123.6 -129.2 5.6 -121. 1 -8.1
2 -136.2 -127.7 -8.5 -129.3 1.6

3 -173.1 -158.4 -14.7 -155.2 -3.2
4 -150.6 -144.3 -6.3 -136.6 -7.17
5 -117.8 -131.7 13.9 -127.8 -3.9
6 -128.3 -126.4 -1.9 -120.9 -5.5

Oh_vers Oal —ver a0d 0 _ ., showing residual stress before vibration and

after vibration with order 1 and order 2 nature frequency, respectively,
Ao, and Ao, showing change of residual stress after vibration with order
1 and order 2 nature frequency, respectively
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