BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

W47 % 57
2018 4 7H

Vol.47, No.7
July 2018

BEIRINEFAIES & 8 S5 R 1 B
A BFIIEE:

BAEE, KO, BiRdE, K&, HEBE, £ OF
(UARFBHERY, IR FE 266590)

W OE WSO RN RS S SR TR S Y S BT (KB R, 0 A e S A R B A RE 2 AR B
I 30, PS8 14 50 A 3 B R 8 v VR 9 AR R A L L B R R A i B I T e T BRI A i) B, e R R A AR B
BT L2 A A N B R S b N . AT HERI AR W TN B, DR R B D) T L YR S A R TR
HAebR, AAESE CHESKRSE . AR AR A S BROM 8 7 i 8l 0 a0k R P RE T R . 45 SRR A it
RSN S, B KB Y)Y ) R R B A A W B B, BB RS A W B e AR LA B D=10 mm, RJE
h=1.0~1.3 mm, &7 4/2= 0.04 mm, I AL 50 A & .

KRR B IRS; WREbRE; WaER, T E R
hESESES: TG386; TG146.22

XEFRIRTE: A

XEMHS: 1002-185X(2018)07-2172-07

B L A S ADUR IR N BBPERR, i R
TERE TR AN G, 383 5 BN BE A < ARORE AT S5 n A
A BESRAFBAF I OB BRI BAR, S8 4 i
B R L b AT DA R ORI X DA R ik
B, (HR OSSR T — RIUM R, kbR 4
AN B TN B P A R A L i P NI A i B i
JEE TH i T B A5 US0, Ohy T e Lk i, 51O 7R 4R
ENIVERTEROR, RS B N ARTERE .

7 YR Bl 2 BL— R g BB AT B OB AR A L,
PR ERED, EEPRRAT e, BasshinE, 2t
1 HE W AR ARCRA S T R rh i e g pd b B R T
Pl RS, I REAT 2K e v b 1 1R 4 T o R RS R
FEUSL ARk, AR E R T AR IRE A R b
W PR BOML. PRRS WML R, B
T AR BARGIA BB Wt e . AWFIELL
Ji HEGIEAT A 5, f LR B Lm0 AR Y,
KA PR G B R S AR 45 5 1K 5 ik, M it ik 3h
B e, 2B B S I B KRBT DTN ) I
AN BTG P IR EARSE WAL, O = R e < ol 7
B PVE L B, fe Bk < e 75 P Bl L OB BOR
N P S A AR AR

1 EBEIRENE S IR IR AR AT

IgF= HEA: 2017-07-08

1.1 BERE SERE SRS

S B UR RO OB B, SR “ A R liE
AR, KRR e ANy 2 Bl WA R
BT 4R, P LUK 26 g 5 O Ay AT 3% 2
JRFRIEPEIN T, e KA I TR AR s
R By L R STV 43 A 2 A A% G0 PR 0T R AR 1)
SEfth b 5| AR B 9 1 S H R R SR B R e, fE
BOE T H Sk BN y=AsinQm ) 1 & & R 30 o A 50
LY FE R B T OB AL, W 1 TR .
1.2 BEHRREEERMEYIN 850

BB T B SKAE I T3 — /KT, #y 3E EARA 1)
77 18] LURY 5 SR @ AU s R is g, B s LH Sk

Upper binder

Lower binder

o

i

Tool head
!
| H
Bra‘ckel —f
i N
Work piece

Amplitude
Z i transformer

Tool head

-

Transducer
Support

=

BT B S AR 2l Rt T AR Y
Fig.1 Ultrasonic vibration model of single point incremental

forming

BEEWMB: EEAREIEIESE (51305241); IHRA FRFHEIES (ZR2014TL040); IR FR % H R TR LI 4 (1shw20130956)
TEZEN: B, 9, 1980 44, )5, BIEER, WARBHHRZENIM 7 TRE2BE, 1LAR 5 266590, HLiE: 0532-86057207, E-mail:

suchunjian2008@163.com



557 W

SRS RSN T P W T AR R T RE R

* 2173 -

505 0 AU JR) 0 1% I i 15 23 B . R AR B PR O
BEROE T, BORHRAELE 2 BB DI AT, R TR
Bl 2 s .

BB X N BISJAL T, BB, BORH U 14
B, MM ER, Ry .

w, =1 —sina) x100% (1)
Ay MR, o RO

MWAEAEH T8I AB EReN ) oo fEH T8I
0l AB LN ) o FISEAT T BIU)IH AB _EIBY DI )
T KA, WK 3 iR,

Al CPAT TR DI AB BB YIN ) 1o M

! 70'm 90—« n— lsin 2a)°

360 4
X, b WBCRHIE R, mm; AR T H LIRS R,
mm; ro N LHEKPAR, mm; o ABIESM, () oo A
FAREE Jit BB A PR 52, MPas £ A HRBIMI A, kHz; 4K
PelE, mm; & RWEERNAL; ¢ K BSIH], 5.

2 #RENETE R IERERI B IRIT DM

2.1 BIRTEBREL

MRLER ] AZ31B 86 4, LLJTHE & TR A R WF 500
%, IBAR BT 4 Fions. BBl i, 28R
MV AEE A R RARE LR R, AR B T
FL Sy, Sl = 4E R A R oA I 5 TR .
2.2 125

WEIM B N AZ31B B:A 4, BORHR ST 100
mmx 100 mmx 1 mm; J8&JE T H AR Bl ,
P R 45 18 Sk 300 mm/min, J5 7 1 HL S AN RS A
BIYIR 7l 5/6, TRF20 0.01; HAh S E AR B 500
M, e 8nE 1 s,
2.3 BAEIRMEHEREURME AR

3 B T RO T R R L Sk T i 4R 2 1
Bt TANEER, IR RSBk — R RR N, &

1 2 4
aSEhtana(Ah+Asin(2nﬁ))X\/H En cos' a (2)
(

Work piece

v Hdx ro+AR/2 |@ w
Il | [v dr Q..
AT "0A+ Asin(2nsr)
h = i :
LN [Pt =
N | | h .

[ e

|
rJfa

K2 A RS et R AT i
Fig.2 Ultrasonic vibration deformation of single point incremental

forming process

A
C oy
ol
« ik
A
B

3 AB b 8 ) A

Fig.3 Stress analysis of AB section

80

20

40

4 AR B JRGE
Fig.4 Shape and size of parts

s AR

Fig.5 Finite element model

AN AR R AN I R] R, DA R B — S R [
77 3058 B EH SRR (R B A 4. 8 75 4k 2y F S0 E
BT 4 A I R T B o7 30 B e AR A AR, f T
1) T HSKEAMINEL y = AsinQQnft) I HRE . B,
T BT HE N C S B IR S 2 R, AR
I BT A RN IR I, F 2 ) PR AT AR,
BT OB z A . SER IR IR, T SRR RE,
A2 K SO IR A8 LS-DYNA SOLVER #E47 3K fi#
3 BEIRINBELEREIEMAR

h T HE— B IN R B 1 05 % S OGBS S
9 20 SR TR BT M R 0 5 R, 0 R )
TPE, B BES S BUR R 5 e 2 P AT B S0 R
g8, JFRAHKSZIAIL .



<2174 - Wit R RS TR 4T

F 1 AZB HEEEWMIERESH

Table 1 Performance parameters of AZ31B magnesium alloy sheet

. Density, p/ Elastic modulus, £/  Poisson Hardening Width-to-thickness ratio Strain hardening
Material 6 R > . .
X 10° kg'mm X 10" Pa ratio, u exponent, n 0° 45° 90° coefficient, K
AZ31B 1.77 4.5 0.35 0.15 1.596 1.617  1.773 1.5x10°
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Table 2 Simulation conditions

Part Amplitude, Frequency, Sheet size/ Feed speedi Layer Working depth/  Static friction Dynamic friction
A/2/mm flkHz mm V/mm-min’ feed/mm mm coefficient coefficient
A 0 0 100x 100x 1 300 0.7 20 0.2 0.1
B 0.04 20 100x 100x 1 300 0.7 20 0.2 0.1

m 0 Fringe Levels 5 Fringe Levels

8.155e+07 7.728e+07
7.435e+07 6.859¢e+0
6.715e+07- 5.945e+07
5.995e+07- 5.032e+07
5.275e+07 4.489e+0
4.555e+07 3.777e+0Q
3.835e+07 3.065e+0
3.115e+07 2.535e+0
2.395e+07 1.377e+0
1.675e+07 9.564e+0
9.553e+0 8.956e+06

Fringe Levels 4 Fringe Levels

8.437¢+07 7.836e+0
7.596e+07 7.089e+07
6.885e+07 6.386e+07-
60.174e+07- 5.682e+07
5.463e+07 4.979e+07
4.752e+07 4.726e+07
4.041e+07 3.573e+07
3.330e+0 2.870e+0
2.619e+07 2.167e+07
1.908e+07 1.464e+0
1.197e+0 7.606e+06"
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Fig.7 Forming shear stress nephograms of forming parts with different tool radii: (a) A, R=3 mm; (b) B, R=3 mm; (c) A, R=5 mm;
(d) B, R=5 mm
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Fig.13  Shear stress nephograms of forming parts with different thickness: (a) A, ~=1.0 mm; (b) B, #=1.0 mm; (c) A, #=1.2 mm,;

(d) B, ~=1.2 mm; (e) A, ~=1.5 mm; (f) B, #~=1.5 mm
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Rules of Impact of Ultrasonic Vibration Factor on Performance of Magnesium Alloy
Sheet in Single Point Incremental Forming

Su Chunjian, Zhang Ke, Lou Shumei, Zhang Ke, Xu Tingting, Wang Qing
(Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: It is very important to research and master the rule of incremental forming of magnesium alloys with ultrasonic vibration under
different process parameters for theoretical and practical application. This has significant value of theory and engineering application to
solve the deficiencies, such as plate uneven heating and heating slower, adhesion of the lubricant film caused by partial higher temperature
with the changing temperature, the decline of mold strength and service life with the increase of temperature, and to improve the progress
of the magnesium alloy plate ultrasonic vibration single point incremental forming. We took the square pyramid box for research, and the
maximum shear stress, reduction ratio, forming accuracy as indexes to analyze the influence of different parameters on the magnesium
alloy plate ultrasonic vibration single point incremental forming, including the tool head size, the thickness, and the amplitude. The results
show that the maximum shear stress and the maximum reduction are obviously reduced after applying ultrasonic vibration, and the forming
accuracy is markedly improved; when the tool head diameter is 10 mm, thickness is 1.0~1.3 mm, and the amplitude (4/2) is 0.04 mm, the
forming properties are improved most significantly.

Key words: ultrasonic vibration; single point incremental forming; reduction ratio; square pyramid box
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