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(Ultrasonic-vibration granules medium forming, UGMF)
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Fig.1 Schematic diagram of UGMF
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Table 1 Material parameters of horn and die

Material Density, p/  Poisson’s Elastic
type (kg'm ™) ratio, v modulus, E/GPa
40Cr 7.85X10° 0.3 211

Cr12MoV 7.7X10° 0.3 207
Magnitude
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Fig. 2 Die displacement vector diagram of modal analysis
(/=20168 Hz)
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Fig. 3 Ultrasonic vibration system
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Table 2 Measured amplitudes of die

Level Power/kW Frequency/Hz  Amplitude/um
| 0.5 20188 6.7
Il 0.7 20186 8.1
I 1.0 20172 11.6
v 1.5 20170 16.5
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Fig. 4 UGMEF experimental device of AZ31B magnesium
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Table 3 Dimension parameter of die

Inner Rounded- Diameter of  Diameter of
diameter of corner of punch/ charging
die/mm die/mm mm barrel/mm
25 3 20 22
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Fig. 7 Influence curves of BHF with vibration
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Fig. 8 Rupture form of different vibration conditions



26 4558 10

WRbHE, SF: R SRR RO BUSOR 5 2123

FURCR, i = il Je,  Joie Hdei K/, T
PR B T AP ERE T X, HIL T
SEULPIVERT AL, OB N 202 i MIROR Pk s)
MO A3 2 B+ T A BRI AR T e it BTk
JRAETAE S A% J P e Sl 34 g s HLRsh e thid
BEJi) P AL AR T, AEBROR T DX SRR T e, Dt
A EARBE - A AN AR A . T I A B 5)
Pl N WAL AR AT RS A1 R, T iR
Bt TAPRHIRE L

3.3 BERINNES S ERENZMm

h T WS 75 PR R A AR WA A 2R )5
USRS 260°C 46 4F T hril e bt 4, 1k
WA TRIR BN 4 A N Rl AT A 2 . KA
LR UNRNE S AL AR 22 A e A5 # AR ERE, 2240
6K S A B S AR T BB T T B 2R,

#)° B
i.:oqn’"l?
s V.Y

~ ha £

3 e Dt N
4T A O 3.- =%

- LT %x

B9 AREIRBH&M NG 4 BMAL L (RILHRE 260 C)

WK 9 Fios.

Kl 9(a)~(c) s 73l TERBN U« PR 4 2k 6.7
pm K 11.6 pm B2 2247 B0 A2t 9 T L
Fi, AN 6.7 um I, SIS TR S AL,
FBO SRR, A A I B AS T4 D
iRl A4 S8 A 11.6 um I, ORI EEAT BT RS N .
TAREN. 44 6.7 um K 11.6 pm 3 Fh&E T K245
BLEZ 354 9.3 pmy 7.6 pm & 5.7 pm.

1 9(d)~(D Tz Ik TEH= B ah P 4 4 6.7 pm
S 1.6 pm I [UIRE A F A7 B I AOM A 2R o AR 22
AT S TR A7 (1 R SE R385, Wk 4 b 6.7
um I ERLAR LG T ICHR SN A ran i, HbEE 4
HINAS 11.6 pm I, SRLAIALRR FE K3 5 P BE o B 2

R RIS SR T kil b, gk
LR, I HAXAC M 5 PR B A5 B il 5 %
o o Ry RN R e, B AR EIRISR Bl e

Fig. 9 Microstructures of Mg alloys under different vibration conditions (Forming temperature is 260 C): (a) Flange, 4=0 pm;
(b) Flange, A=6.7 um; (c) Flange, 4=11.6 um; (d) Fillet, 4=0 pm; (e) Fillet, 4=6.7 pm; (f) Fillet, 4=11.6 um
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Fig. 10 LDR curves with different amplitudes
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Effect of ultrasonic vibration on
solid granules medium forming of sheet metals

CAO Miao-yan', LI Jian-chao®, YANG Zhuo-yun?, ZHAO Chang-cai’, BI Jiang®

(1. College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China;
2. Key Laboratory of Advanced Forging & Stamping Technology and Science,
Ministry of Education of China, Yanshan University, Qinhuangdao 066004, China)

Abstract: For the lightweight alloy sheet which is hard to deform with conventional techniques, ultrasonic-vibration
granules medium forming (UGMF) technology was put forward in this work, combining solid granules medium forming
with ultrasonic vibration plastic forming technology. Modal analysis and harmonic response analysis of the horn and the
concave die were carried out by ABAQUS with the working frequency of 20 kHz. Based on the above research, the
UGMF tools of sheet metals with a maximum output of 1.5 kW were designed and manufactured. In order to reveal the
effect of ultrasonic vibration on sheet granules medium forming, cylindrical parts thermal drawing test of AZ31B
magnesium alloy was performed. The results show that ultrasonic vibration promotes the liquidity and internal pressure
transmission performance of granules medium. Meanwhile, the ultrasonic vibration not only reduces the optimal blank
holder force and the forming load, but also suppresses wrinkle on the flange. The limit drawing ratio of magnesium alloy
sheet first rises then falls with the ultrasonic amplitudes ranging from 6.7 to 11.6 pm. In addition, the reduction percent of
forming load increases with the increase of ultrasonic amplitudes.

Key words: granular material; ultrasonic vibration; sheet metal; forming
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