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Fig.1 Schematic diagram of the VSR system platform
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Table 1 Comparison results of aluminum plate natural frequency before and after VSR

. REPEK ek
WK/ Hz [1R7¢ AR L
Pl P2 P3
o —Br 75.51 76.85 78.37 80.43 3.22
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Table 2 Comparison results of aluminum plate residual stress before and after VSR
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Fig.2 Schematic diagram of aluminum alloy rectangular thin

plate fixed at one end
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Fig.4 Natural frequencies and mode shapes of the rectangular thin plate fixed on one end along Z direction

(a)order No.1; (b)order No.2; (¢)order No.3; (d)order No.4.
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Table 3 Natural frequency variations of the quenched plates fixed at one end

miH — g/ Hz IR/ Hz — K/ Hz PR/ Hz
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A BRITEA R 162 1007 2793 5396
PRI GE) 2.5 4 11.8 43

3 FHIREFIER TR B B R R B 20

Pzhh Jr-7 B R AW IR 3 T DL il ik 3h
H LR & S SO AR, 2R
PRESAG R, JEHXS TEH 2 R 1F , R 1
RIS k5 2 ST RCRAG ME LA DRI 5 e B0 IR 30 4 5l
P T2 R A e AR Y, BN 3 18 7 LA BT YR )

X, STUIN SR R B AR AR D T, R 4
HA X8 TE IV g 45 R I g 2 AR X L T AR A PR
A AA 6 J Al

BURE D 2.1 3 R B A, Ferp LARER K Z )
PEAT PRSI B3 AL B, 10 2 M Ry VA JOIRZS R 2k sh it
ROHE B FL 1w 4 2 T 5 A% 7 I A A 23 A AN ] S
IR, 1 6 SRR SN R G- B MR B s
PRB A ) R G A — B [ R (2978 82 Hz) T



18 MOR OB 5 o1
HiL Yot mm
1000 1000
’ Wl
9 FRARNL I 11 ; K
1 2 3 475 6 7 o AR i
s ' R 5 \ h / =
10 o R
St
1= 100 e
B S BRI IR S50 B6 SRR G

Fig.5 Distribution of the surface residual stress measuring points
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Fig.6 Schematic diagram of the VSR system platform
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Table 4 Surface residual stress measurements along rolling direction of the aluminum alloy plate

i H - Uik 2 BRERARNY F1/MPa
PRATFRAY S1/MPa IRJGFEAN J1/MPa AL /Yo

1 -1123 -111.4 0.8 -164.7
2 -144 -140.8 22 -193.9
3 -197.1 -171.3 13.1 -192.1
4 -93.5 -123.2 -31.8 -59.8
5 -172.7 -153.4 11.2 -186.9
6 -51.2 -82.6 613 -126.6
7 -137.2 -94.5 311 -172.3
8 -159 -158 0.6 -81.8
9 -112.8 -89.3 20.8 -101.4
10 -136.5 -126.7 7.2 -178.7
11 -123.1 -125.8 22 -155.7

SEHME -130.9 -125.2 4.4 -146.7

PR 39.56 27.77 -29.8 44.93
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Fig.8 Variations of aluminum alloy plate surface deformation

(a)plate No.1; (b)plate No.2
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Interaction between residual stress and natural frequency in VSR

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

Abstract: By applying VSR (Vibratory Stress Relief ) technology, the influence of residual stress on natural fre-
quency as well as the influence of exciting frequency on the effect of VSR were studied to analyze the interaction
of high strength aluminum alloy plate between residual stress and natural frequency in VSR process. The results
show that the plate natural frequency is directly influenced by the residual stress distribution characteristics. The
natural frequency in each order would change followed by residual stress relaxation or homogenization caused by
stress re-distribution during VSR. Moreover, the higher the rank number is, the larger the influence of residual
stress on frequency or variation is. On the other hand, micro-plastic deformation mechanism of the material is di-
rectly determined by exciting frequency or mode shape, thereby affecting the effect of VSR.

Key words: VSR ;residual stress; natural frequency; exciting frequency ; aluminum alloy plate



