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Frictional Effect on Ultrasonic-Vibration Forming of Aluminum Alloy

Student : Jung-Chung Hung Advisor : Chinghua Hung

Institute of Mechanical Engineering
National Chiao Tung University

ABSTRACT
The purpose of this dissertation is to investigate the frictional effect of ultrasonic-vibration
during forming of aluminum alloy. This study analyses ultrasonic-vibration drawing and
ultrasonic-vibration upsetting, which are extreme cases to each other in terms of relative speed
between die and workpiece, to explore the frictional effect of superimposing ultrasonic-vibration

during forming processes.

The study focuses on four subjects: the setup of an ultrasonic vibration hot upsetting system,
the influence of ultrasonic-vibration on-hot upsetting, the frictional effect of ultrasonic -vibration
during upsetting, and the experiment and simulation of ultrasonic-vibration drawing. In this study, a
cooling mechanism was used on an ultrasonic vibration hot upsetting system to overcome
high-temperature forming difficulty at the beginning. The effects of ultrasonic-vibration on the
upsetting of aluminum alloy was then explored using this system. Results show that the
ultrasonic-vibration can significantly reduce the compression force during hot upsetting and the
reducing effect of compression force decreases while the temperature increases. Furthermore,
upsetting process was used to explore the frictional effect by superimposing an ultrasonic-vibration
parallel to the direction of forming. Experimental results of extrapolated compression test also
indicate that ultrasonic-vibration can reduce the compressive force when friction is eliminated. The
consecutive results of the hot ring compression test and temperature measurements during
ultrasonic-vibration on upsetting reveal that increasing temperature by ultrasonic-vibration may

reduce the flow stress and increase the interfacial friction.



Finally, The ultrasonic-vibration drawing experiments and finite element analysis were
performed for CD, AUD and RUD to explore the relative speed effect of workpiece and die by
superimposing ultrasonic-vibration parallel as well as perpendicular to the relative speed. For both
AUD and RUD, the drawing force fluctuated with the die vibration when drawing speed was below
the critical drawing speed and the fluctuation amplitude tended to increase with the decrease of
drawing speed. When drawing speed reaches a critical value, the fluctuation of drawing force
disappears. On the other hand, results reveal that the critical drawing speed of RUD is higher than
AUD and the frictional effect of ultrasonic-vibration vanishes when the interfacial gap speed is

Zero.

From above studies we may conclude that the frictional effect induced by
ultrasonic-vibration should associate with both the effect of interfacial gap variation and the
temperature increase in general forming procésses. The weighting of these two effects depends on
the type of forming process. Following:this qualitative.study, quantitative analysis on the frictional
effects of ultrasonic-vibration will be-proceeded in the future to be applied in practical forming

processes.
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=
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< 00985 F
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2096 f
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Bl 3-16 4R -3« F b i3 1 R BB T

4.00E+00
3.00E+00
2.00E+00
1.00E+00
0.00E+00
-1.00E+00

Magnification factor ( M)

-2.00E+00

-3.00E+00
No. of Iteration

B 3-17 Fp i % B H ¥k i 1 42 b5k < F) 3 J2 ac

7.00E+01
6.00E+01
5.00E+01
4.00E+01
3.00E+01
2.00E+01
1.00E+01
0.00E+00

Design Variable (mm)

1 2 3 4 5 6 7 8 9
No. of Iteration
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4.50E+04

4.00E+04
. 3.50E+04
S 3.00E+04
>

I 5 00E+04
S 1.50E+04
1.00E+04
5.00E+03
0.00E+00

2
<
z

1 2 3 4 5 6 7 8 9
No. of Iteration

2.68E+00
—~ 2.66E+00
2.64E+00
2.62E+00
2.60E+00

2.58E+00

Magnification factor (M

2.56E+00

2.54E+00
1 3 5 7 9 11 13 15 17 19

No. of Iteration
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7.00E+01
6.00E+01
5.00E+01
4.00E+01
3.00E+01
2.00E+01

Design Variable (mm)

—o— X1

1.00E+01 X2

0.00E+00
1 3 5 7 9 11 13 15 17 19

No. of Iteration

B 3-21 pEia i+ B2 B9 dck i KR il ac B

3.00E+00

2.50E+00

2.00E+00

1.50E+00

1.00E+00

Magnification factor (M)

5.00E-01

0.00E+00

1.00 2.00 3.00 400 500 6.00 7.00 8.00 9.00
E-01 E-01 E-01 E-01 E-01 E-01 E-01 E-O1 E-01
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B 4-5 58 A& 250°C P > CU 22 AUU F 3 % 2 f 7 = v i
- B 4-5 (a) #77 > % CU B4 & 4mm p& > B4 ' 5 10400
N> H /B4 0 25°C " 4 4710 N o @ AUU tdp b BREEE P 0 B 45
4 %8850 N> 454 i CU " i 1550 N » e " i e/ a5 4 7 g2 g
% 100°C ~200°C Ftp % #2237 - B 4-5 (b) &7 » Fl 3 i (£
SR IR AR o A F R GGE R S e
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41 R R R RAGR R E e

R 424 &£ (A6061)
BB ok 7 44 (SUS304)
E R | $6.0x 6.0mm

g N/A

F RFAHETR) 66.7%

0.003 1/s, 0.03 1/s

FEREER 25°C,100°C, 200°C, 250°C
342 25 LR i
723 a5 (f)  |#=tg(a) (P-P)
CuU N/A N/A N/A
AUU B 20kHz 5.6um
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Compressive force, N

W 4-1 de IO i BT 0 A

|
g
|

A

16000
14000 r
12000 r
10000 r
8000 F
6000 F

4000 |

—— Strain rate=0.03 1/s, CU

2000 —m— Strain rate=0.03 1/s, AUU

SR U S JEP S S, PR

Displacement, mm
(a) T=25°C » CU ¥ AUU 2_ § = =% B
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Reduced Compressive Force, N

e, N

Compressive Forc

2500
2000
1500
1000

500

—&— Strain rate=0.03 1/s|

PR S S T Y R

Displacement, mm

16000
14000
2000
0000
8000
6000

e

o
o
o
o

2000

—— Strain rate=0.03 1/s, CU

—&— Strain rate=0.03 1/s, AUU

NI N S O I T A

Displacement, mm

B 4-3 & 100°C » CU 2 AUU 2§ j7 =4 Bl
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—— Strain rate=0.03 1/s, CU
—m— Strain rate=0.03 1/s, AUU
Q ™ > Vv © Vv

Q. Q. '». \" q/.b‘ (13) (b.
Displacement, mm

16000
14000

e
o N
o o
o O
o O

Compressive Force, N

2000 —— Strain rate=0.03 1/s, CU
—8— Strain rate=0.03 1/s, AUU

Q > ® v 0 Vv

Q ‘ Q B f\" r\'. (L.b( q:.b (b‘)/ .b b‘

Displacement, mm

(a) T=250°C » CU £ AUU 2 § & (=4 B

59



2500

Reduced Compressive Force, N

Compressive Force, N

2000
1500
1000
500
0
O X @ vV "2V X R oV g X
Displacement, mm
(b) T=250°C > Bxz+ s K& & i+ 4 B
® 4-5 if & 250°C Uz 9 %% % Fl
16000
14000
12000
10000
8000
6000
4000 —e—T=25CU
—m— T=25, AUU
2000 T=100, CU
0
O X @ V" VX R gV e X

Displacement, mm

() T=25°C » CU 2 AUU # T=100"C ¥ CU § iF 4% v 5 [§]
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16000

14000

e,N

; 12000

10000

8000

6000

N
o
o
S

——T=100, CU
—&—T=100, AUU

2000 —&—T=200, CU

Compressive Forc

Displacement, mm

Voo X

T=100°C » CU 2

& 4-6 CU

16000
14000
12000
10000
8000
6000
4000

—&—T=25,CU

Compressive Force, N

—#&—T=100, CU
2000 —&—T=200, CU

——T=250, CU

SIS N S T S

Displacement, mm



Compressive Force, N

Reduced Compressive Force, N

16000
14000
12000
10000
8000
6000
4000
2000

(C))"; /E}i‘_“i'% A IRB IR E K é I

N

N

N

Vv

—&—T=25, AUU

—&—T=100, AUU
—&—T=200, AUU
~——T=250, AUU

V.0

Displacement, mm

N

v

——T=25 —#—T=100

—&—T=200 —>¢—T=250

A R

Displacement, mm

=

EGRNS
had S 28

Bl 4-7 £ AT CU & AUU § % 5 % 1 )
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16000
14000

e, N

> 12000
10000
8000
6000
4000

Compressive Forc

—A—Strain rate=0.03 1/s, CU

—— Strain rate=0.03 1/s, AUU
2000 ——©—Strain rate=0.003 1/s, CU

—%— Strain rate=0.003 1/s, AUU

SIS T N S S,

Displacement, mm

¥ AUU 2 3 5% % % )

16000
14000
12000
10000
8000
6000
4000

Compressive Force, N

—— Strain rate=0.03 1/s, CU

2000 —— Strain rate=0.03 1/s, AUU
—&— Strain rate=0.003 1/s, CU
~—>&— Strain rate=0.003 1/s, AUU

P T T S N S

Displacement, mm

Voo ™

Bl 4-9 8 & 250°C » # ik 5 CU & AUU 2 9 % 5 % [l
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Fd, N

1500

1000

500

-500

_1000 —&—T=25,CU
—#—T=100, CU
—&—T=200, CU
~——¢—T=250, CU

-1500
Displacement, mm

# 4-10 CU t % kaf

1500
1000

500

NSNS

—&—T=25, AUU
_1000 —&— T=100, AUU
—&—T=200, AUU
~—¢—T=250, AUU

Displacement, mm

Bl 4-11AUU 2 B4 £ (882 4 0 o)
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EAR LY REH AT BERE RS Y %GR
3 Kunogi #[27-29]-% &% = & Al 3 Male[ 30-31]4- Kobayashi
[32-34] 2 3 WAt 47 - RBGFRERP - M RS 4
BAFFPEARE D WL BERZIE M5 BEHRELE R
R R AR R s o B AR 2N R 2
R TE: Se:. %ﬁ“r} RIFFR ST OP LRI IR R REHS O
Je B T o J % B4 s (Friction calibration curves) =& &
Belilice Flptd Pt R A w BEL - TSR

FiE oo R ARSI R 2 L T R R A 6 R

N

35]
=

FoREFET A e LINR IRGE T G MR L R X TP
0 F]P A A 4eB 51 T A S P PR AR TR RS
AR A o AT E T AT ] 2L E  H R AEL
%M o — 7 % 31 H R [35]) & /i m BBl 50T
Z I B Mo B e f IR R R ESE B dy/h 2
P AL OREGEE RS SRR T do/hy 5 R APHERE -
4ol 5-2 #rF 0 Fdg/hg 2V B G ERF EFBATAG £UL T
PG B S Y R R ) o R P 2 AT AR
=323 BREgRA) -

Flb o AR AR B R R IRE NS £ 2 B 1 R
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4y

5.2. 1% & R4k

52.1. § %R

B3R EER DT RAER RN AT S F Az RS 5
BERETRERMTIEE NIRRT L 4o B 4-1 7T o B
FRE PEFHMOS P B REN T I A L2 F &
WA IOON g4 03 ¥ 8 TP e F Y BB L REFEF R - F &R
E A AWEA - BT RA LN IRELBAVZEREGAR

R FRELCEE QP S AU E R KR L8

B FREHG RERAF LB REIEE 4 2R
T2 R MR REN THAR R 10 ATy

B o LG AEHFB L RGT R Ak L P FRAI 2T R

HREEFETOONP » 254z f iR HE o
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522. F izt

51 A TR B OH A TS BIR B RGERGEGE
W EFHTE L 6mm- 3 &4 S5 3mm -~ dmm fo 6mm (4P § 3T E
R R dy/hy=2~15-1)4r & £ Fl4LtE @ P 2 HE B2 MoS2
o BERA] o FERR R fﬁﬁ*ﬁiﬁfiﬂ'J,"z imm/min enEig X e F o J&ﬂ’ﬁ
g j= 4 @ % 5000 N ~ 8000 N ~ 11000 N ~ 15000 N 2 18000 N -

AR A IRE B RGP IR S IE 2 0 B 2 R0 e iR Bl
F % 20kHz > @ drddRrtgk 25 5.6 um o

523. % %%

B] 5-2 & W] & @ sLH fih /R é{ﬁ;éﬁé; ( conventional compression,
CC) 2z 5 A =& H fh/R Sl 2 5% (axial ultrasonic-vibration
compression, AUC) 2. 1 2 R S L2 d,/h b 2B - M F %R DEHE
B3K T4 25°C - @ 5-2(a) #r5r > 12 5000 N~ 8000 N~ 11000 N ~
15000 N 2 18000 N % 7 A F T /& 4 f j7 » & %[ ¥+d,/h,=2~ 1.5~
L@ P BRgF s ® > B4 f 75 15000 N > do/hy=1 2
PR HE RS 3865% - § 4 BlH-L BREGEA NATHE S LA
MABITE M IE S 2 @3 d/hy=0 PR E > bt RSP E
BT RS VTUNE A P HA SRS BE NG - B

FLe iR 4 St e B 5-2 (b) #7770 RIS AZE A IRERIGET R
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12 5000 N ~ 8000 N ~ 11000 N 2 15000 N & w A H T & 4 § i >
AR ZJER R odo/h R R R EEZ Bk o d N AZ g L dRE H ph
R HEpE o BEEEF 15000 N pF oo do/hy=1 S HE e § i
56.24% - H I &% F R L H phR H5EKH 4 17.50% o 2 F %
BEBT AL IR ER T o g R MR R K

B 5-34r5-4 5 CCHr AUC 1 * Bl 5-2 ¢ = 67 I do/hy ez
PRERTEIZ LY - RE BT T PR R
TR do/hg e o AR e 0 A BREREE
2R

Bl 5-5 5 CC & AUC fm AfiEit ™2 L k4 -B%'" R
B o % CC & AUC #7254 R4 7 4g - = 15000 N p= > AUC
ERRERG ARG A 1872% 0 4 E R4 F oA F K
59.73Mpa- i } F S B SR T 0 F 4G B4 B ok T :
FoARS AR IEF TGl F o M HAL A A o d e
WAFAFRE R G BRGS0 A2 RS E NS A S
1o AR EERA G BB GonkerE S T e A2
PETR o

B 5-6 = CC-~AUC ¥ 3 5 H /R 5 ( hot conventional

compression, HCC) & % % 2 F + 9 1 ®B > B 56 (a) 2 CC-
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17 15000 N 3 /=% & v 2-15-1 2 B3 % Bz 7 7 W
HB45E k%A~ w5 45.05% ~ 49.75%4- 53.06% - B ¥ A r o o
R B P F e MoS2E U AR 0 o BT 0 TR EF
23 A2 H ket a) o B 5-6 (b) & AUC» 12 15000 N
HEEFR Y 215 1= fBH#F P RGFLFTHE > I RFE
i % A %) 5 48.06% ~ 51.26%Fr 56.24% > o B ¥ T IR 0 BE AR R
T w A MoSa 2 B A EAZE AIRE R LET o ERP
A 4 H kenha, - B 5-6(c) 2 HCC > 150°C p& > 12 15000 N
HEIEFRY 2 15 1 R T RG22 ZFFTHE > ERGEE
&% A % 5 45.93% - 50.79%9c 61:75% » 4 B¢ ¥ IR > B G

%5 bv MoS2 2 B U | PE o B ’1‘3@51}5,91;:‘ o e A2 F A
FERGHE > J AL RSO D L EH o e R
FANFERRETES LG RIFRNFET e A T0 B
Bt i chH 4o o

d B|5-7THCC & AUC 9%k % %2 Z 4 - VW iIRBl v %

BLERERT AR ZAEFM G- R 150°C’@f{‘ﬁ§‘ 7= % 15000
N*®ggd ks o d/h=0F % %% 2ER%¥56175%
o B R4 5 286.1MPa - 4B P st c ABE N CC 2 E R4 -

$ o TEEBBOCREET o ALF RIRDTE KRS 20k
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B SR RSB 150°CcHTE MR 4 2tk o T o A2
RARE G RAE S P A AR E M S ] TR
AR AFEF L ERHAER AR RS o
53. B EBBHFER

53.1. F % AR

BEBRBEHRR DT RAZA NP 4o o g ABAT G LR )
REBREZTRERTETOHEAARPT Lo FHRFFTER
P T EHE 2 s Foade I00NFE 4 »MFR253 2 15 0 LB ot
Bl gy FEIRKTLRAPFLIFEI0 A B EFT R &
HAFRERBRET % MAek L LRI DR HRPE A
700N PF o s dedg § AR TT IR A § R A RS o B P
dHCE ¢ B ORI REAEY LT

5.3.2. F S i¥ 1

52 s P RS 3 /E_I%\@‘{ﬁ( hot ring compression,
HRC) RIFFF H ik ™ « F &7 » 327 DBGEHEFE S BK L10%
20% ~ 30% ~ 40%% 50%* I &> BRBEBRGFT H > B F R
BHE R A WK LE 150°cx 200°C o AR ALY B EER T
B2 R igiE R Immimin S E S 0 P FRF &Y G R

REA R YRR KB R L AR b H



hRMBE N 2R E 2w L 6mm-~3mm: B & 5 2mm 5 A6061 45 &
EFY  RIAFERRET F > fho DR F Ay
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%51 BIEUDRET R ML S RS

R R 4 & £ (A6061)

BB 7 &4 (SUS304)

| $6.0x 3.0mm, $6.0x4.0mm ¢$6.0x 6.0mm
A MoS2

R g4 500kg, 800kg, 1100kg, 1500kg, 1800kg

1 mm/min

25°c, 100°c, 150°c, 200°c

%52 3 EBRBRGH LM LT ERGIF

S50 R 4% & (ABO6L)
ERCR IR % 4 4% (SUS304)
Ei $6.0x $3.0x 2mm
% | N/A

3 R

10%, 20%, 30%, 40%, 50%

1 mm/min

25°c, 150°c, 200°c
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F=0 0

dn

11 0 h

T )

B 5-1 M R A& H AR T LW

Engineering Strain

0.45
0.4 M
0.35 | y =-0.0245x% + 0.
4 5000N y =-0.0198x + 0.
0.25 [ msoooN
11000N
0.2 [ <15000N
X 18000N
0.15 E
y = -0.0093X T 0-1499—
0.1
0.05
0 % ——
1 1.5 2

do/ho

(@) CC 2 dy/h, *F £ 3 5 F PR35l %
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0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Engineering Strain

© 5000N

W3000N ||
11000N
15000N

y =-0.0243x + 0.

v="00035x=01424m

* *——0-0005——0:0072-
1 15 2
do/ho

(b) AUC 2 dy/h, *t £ 3 3 F RS %

Bl 5-2 CC and AUC = #55& % s - d, /hy B % ]

450
400
350
&
S 300
@ 250
et
¢ 200 |
" ,
2 150
|_
100
e
50 oozt s
do/ho=2
0 ‘
0 0.1 0.2 0.3 04 0.5 0.6

True Strain

B 5-3CC2 E &4 - %R
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350

300 -

N

o

o
|

True Stress, MPa
S

150 /
100
—&— do/ho=2
—l—do/ho=1.5
50 do/ho=1
do/ho=0

0 = ‘ ‘
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
True strain

Bl 5-4AUC 2 Bk 4 - & %

400
350 | =
300 |
s /,/’
= 250
g |
o 200
)
o 150 #/
2
= 100
—o— AUC
50 —m—cCC
Om
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

True Strain

B 5-5CCand AUC »+ 25°c » & BHix 2 2 B4 -l % d |

83



B 5-6 CC~HCCandAUC 2. * 7 % % % 7 R
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400 —e— T=25-AUC
—8— T=25-CC
—%— T=150-CC
—e— T=200-CC
< 300
o
= 250 R
%_ S
) 200
)
o 150
2
— 100
50
0 =
0 0.2 0.4 0.6 0.8 1

True Strain

B 5-7 HCC *t 25°c ~ 150°c {= 200°c £2 AUC »* 25°c » @& B#xix it

2 A R A R
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60%

— - CRC
5 .- »
% 50% <+— AUCR -
S
S 40% R
) P
c ’ »
S 30% | g )’
k= - -

< s/

S 20% f a «
B o _7
S 10% | LT
& //’ /'*-

s ol

0% &=

0% 10%  20%  30%  40%  50%  60%
Reduction in height

Bl 5-8 CRC and AURC ** 25790 2. 9 2k B i 42 i o 47

60%
. — o+ -T=25
[¢D]
D 509 || --&--T=150
% T=200
S 40% |
(D) ,
c -
[ ’ . 2
= 30% | !
c L’ /
.E "A ’/’
S 20% | Ve
46 ."’ /'/
=} __A_/'
D 10% | P
o /ﬂ__—,&‘
——x
0% ~==""T
0% 10% 20% 30% 40% 50%

Reduction in height

B 5-9 CRC %+ 25°C ~ 150°C 4r 200°C 2_ 9 3 it o 4
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(c) HRC *+ 200°C
Bl 5-10 CRC ~ HRC 4= AURC 2

E

R

W
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CRC

20% 30% 40% 50%

(a) CRC *+ 25°C

HRC

20% 30% 40% 50%
(©)HRC *+ 200°C

B 5-11CRC - HRC fr AURC 2 2 * 9 %k % % 7 Wi 3| o B
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5 60%
< — -+ - AURC
L J
E 500 | —-l—-TilSO CRC .
S T=200 CRC y
5 40% /f' =
c i R
= 300 - -
0 - P 7
= /»’ w’
e e R
S 20% - e g
10% - - -7
3 AT
D: _/_:_—."/
0% rei=-=""1
0% 10% 20% 30% 40% 50% 60%

Reduction in height

B 5-12 AURC *+ 25°C, CRC ** 150 'fr’ 200°C z
g'_,

JE L@mf

F ok B R

-1.45
-0.287

1.01 230 3.60 4.89

Bl 5-13 & &R %
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70%
60%
50%
40%
30% H
20%
10%
0%
-10%0 10% 20%
-20%
-30%
-40%
-50%

Reduction in inner diameter

Reduction in height

B 5-14 ;§ & 25°CEH>FEM A 178 9 5 S % 2 BB SE

0
0% m=0 —m=0.1
60% m=0.2 m=0.3
m=0.4 —m=0.5
50% f——m=0.6 —m=0.7
——m=0.8 —m=0.9
40% f——m=1 A T=200 HRC
¢ T=25AURC
30% |

*

20%
10%
0%
-10%0
-20% |-
-30%
-40% |
-50%

10% 209 50%

Reduction in inner diameter

Reduction in height

Bl 5-15 FEM ## ¥* CRC*;F B 200°C 9 2% & % 2 B E ¥ 5 F
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Film thermocouple
IR thermometer spot

Specimen of thin wing

(b) B R ZROF &AL

Bl 5-16 425 e > ko Rig2 B A £ R %
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!:4 L-3mm-1100kg-1.REC

- f\ /\ —Ik t}‘lermometer‘ —|
50 / t\“‘“ﬁ— —Film thermocouple —|
; i B S aaa=—e

4%

44 \

42 \

Temperature
s
=i

36

34

32

30

R

26

i b

i

011205

01215

M1z

011235 011245 011255 011305 011315 01325 011335 01345
Time 200512120

ON 2 8 & £ P4 %

L-4mm-1100kg-1.REC

— IR thermormeter

— Film thermocouple |

=y

\

Temperature

iy

b

/J

g

124753

12:48.03

124513

124623 124833 124543 124853 12:49:03 124313 12:49:23 12:49:33

Time 20051220

(b) do/hy=1.5 B 54 5 11000 N 2 & & & Rl %
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L-6mm-1100kg-2.REC

— [ thermomester

[ T e T |
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..... qu H:.-U\.-

B :-"
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/ N
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\

|

\
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|
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\

\
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1 e s T

03:34:02
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033512 033522 033532
200512121

(d) do/h=1> K454 % 3000 N 2§ & £ Rl% %
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RHMAZS IR F L G ooke L G BEEREE MRS D
Fae d i TR and Bl Hd NG B TE MeTig o B
LA EFUEGBEITFAAL R AR P4 M
B L ] [41-427

b3 ATF A dRE A Al a2 o (G d B AR e iF
ARG A ART L o] c T RPRAFIHCE 1 E 2 pHE R
Boo m L EREHE EFR R AT s A R R
P RMHER LG T T AL pHAER Y g
B 1 0 3 XA FHHEA 70 4 BT e 2 F R iR £ (AUD)
BiEw AL A iRE 2 (RUD)Z = )k 0 3 B R kb
FoA A2 i M R e L s 0 LR F R BRI FEE
Bho B PF O U7 f e did R B RIIE T RO REER
Fen B2 a4 50 I RS RBRFEHRS 5

F R HORICH 8- H AT HICE 21 B R HE R B R

95



KA RFR ot mad LI AR AR g )

m
l_s

SRR = B

o

i

6.2. K3 AFEdRPIHL L%
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B 6-1 3 AUD &2 RUD 2 42 § ik #R B S 0 £ = 27 8 47 &
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18 o B 63 A7 ¢ g en FEM A 45507 0 o SR ad £ 2
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BB & 400 —620 NE ¥ » #8m > 4 3% B 3 2 Vy=1000 mm/s
2ZE R WEZ P4 HCDTED 620NS T 4pk o d %
¥ @00 T % 0 3YAUDcRUDA fE R ™ » H b i & 40
ThhPE RF P PEEERGFTDH R " RHIRG
FRPEFRR Ao FRPEERBITIRREF > P D
U EC Qg

6.42. FHREEEHERELEEL LR

Aol b oo e 0 S AR R TR PR 4 o kde s A
WALFREE AL FEER P T 0E - F 6-8 5 CD-
AUD 4= RUD & tg lpm 2008 25 g #7173 e 38 R & 3
PAMGE RRESHSF ACDEIBENP S ARPERR
B PR RENNERS - P4 L 620 N 33 AUD
Fod P b R w g TipALEER > HEZ
93.6mm/s> g P EFRE A ERAN] FEHd N CD2 W
RAPOL o F = 3G o FREZFRETBRER P45 THE
BEGURD 0 @ AR 3R h e o ¥ AUD fr RUD & 3 > 4
P4t ST 4pk > Aa RUD ehigfh #d 2 B9 5 AUD

LT 2 Y RS R R E R

99



o

o BR s @RgRrEigriar o
6.43. & f pirb iRt RE S 2 M
el R s > 7 5d H4eA2F Aird T 5 drif

RE IR A g i o) R ERTEL Sk fE

g A P % F 10 2 F (e, M 2 10um)> B R P4 gk
A2 ke AP ABREFENE A P 5 3 R F LA
AmE LB o R RN AAE S S 5 oA 20 & ISKHz
R dAp T > 10 um iR F RE KF i T e

Bl 6-9 57 faf £ #FREFE AUD Z g, 7 £4 %
Bl R slpr  dd chFd Tl | REH Son ok &
Y5 B 6-6 T EEamL o

B 6-10 5 RUD PF » 12 = 463 I 4 428 B OBR A 47 5 42

PR kB L AUD fpagin . Hph 4 chgd % B RE 6-7

o

A7 R F 0Tl o R i@ R 5 300 mm/s &R D pEF o H

>y
nn-

PRA N TRLE T AN EA AL AR RS T 2
RUD * 4% @ n@ 7 > 2 {8 fesifh €47 5 /8 fo & 42 hiB

2o T gD AR RS TR A&

100



J\

\

Bl 6-11 5 10 pm 4= 15 % - CD ~ AUD §r RUD 2 #7 2 T &=
PP T A MR R 68 it R R

MR E2 AUD 2 RUD thief 2 B > dad 4 A A 1 R0
PABiTR oMY o3 A Z AR RUD 2 6 £:¢ & 8 i 8900
mm/s ¥ > &R G REITE o

6.44. P2 A Ltk

B 6-12 5 CD~ AUD 4= RUD &4 +:# & 300 mm/s ~ & t§ 5
10um 3 - PFsR4F R4 &~ w8/ o d B 6-12(a)*t+ » % CD 2 von
Mieses &% eha > PR B AR+ B8 4 L7 E v
(die-bearing) # & chimk » ¥ & v K4 B i 146.7MPa- ¥ -
% 5 o d B 6-12(b)* 7 2 AUD 4R 4% i B chie s = o &1 4o 2o
S AR F S B4 A GE CDApPN o A FREh> w20 R
PrwlpRRE HE AR ERS 2 AL CDT%EA
@ o 4o B 6-12(c)#7 7 2 RUD 4 » § L 4R # > 45 % &Lt in
s B4 e G2 CD A ez 4a i o § b dRE e
wdpe BB e BA LS BRI 5 E 64%

& AUD 2 RUD ® »H & p b+ 4 B35 FH -0

483 o A RUD ehied A 45 » FEM A 35 ¢ > %% 71 " ¥ 4kt ch

i%%t’ﬂ&'}{}'@i fE;‘)é\:’l)é‘f"JLL‘f__%\:,d Kiiiiiég’%to

101



¥ o d FEM A7 2 BE TP AP MNP 509 4 %

/Jlﬂ

A2t CD~AUD 4w RUD = ¥ 2 B en%»c 82 |

)

)

6.45. 423 HiRd cdRitger /1 & B EEZ B (4

B 6-13 RUD **Jtg lum~ % B F& B pF > 24 Adk

TiRtET L B BRI A R AP EARY R E
fm B £ F 4e Murakawa #7148 &R iR T 5 LR g1 i
BgA2 Ao B2 218 R AHBmAE E1 R

\rm

BATE R MO R BT Ee B R S AR Y A
BIRDEOIRIE T 5 1 pum o S Bk
ARG BEE g TR A ) 4 o
BANEFLG DR Ae FEE 2T d B R A HT Y
FRo FHERE D vape st od oo A4 s G & CD #r
Erlenzbfqpire ¥ b iRE PP v e BHRAM Y P w o
BRAAGRIPRERE 2 FRPERARERALERF > 2
B s e CD*rEFen2bf 4piusr 3 34 PRSI
Bl 6-14 2 4= 1§ 10 um ~ 3 3% & 30 mm/s ¥ » RUD 2. 5 44
et AR od BT FEHERE S Ay e RN

G o WE BB A6 FEEF A o TR AAES IR

102



Boihjrtgi DR PR RRBEDFEET TR T EEL TS
L2 B/@aliag FEEMDG VA IR o
AFAET Y o 5d pALEL B enfae A ul R R b
PRFAEFEFRH LIS RFAFTFRLEETT R D T HPE
BHREHL OFF e St R g Re R R R
BAEIHFRFLTI T RHPRER A adoe g J1* 5 T~
FHERAITOBRMGRR AFERR SN2 4 F Ko
L chis ] o d FEHREH RS SHET 0 2 AUD 4o RUD & f 1
T AR PEREUTRRAPERRF > P4 P ERE S
Hagh o P FhIRGEREE REF P B4 0 n RUD 2 &R

#HPERF AUD R PR GEE < g F Ak 2 R AP

J'_"S‘j'

S QI ARSI TR L cFEAFTE A F 2
or RSB RIAEE RS R RS
TR 1 BB P ER RS AR A
Wi Bl B2 pHE R AR RAIRE S Mo 5 g

R RER AL RS BT - FEH K ] Y

103



3061 4 AR 2 HEE
ELEAE S 2 A
= W %8
T -3 ¥ AL
=] ABAQUS standard

% 6-2 MR e i 2

iR B (V) 30-9000 mm/sec
3 32 AR R 45 ¢ £ (A1070-H)
Bl tx8k E 69GPa

A7 405 PR3 R Oy 75.73MPa

A Y 0.33

%R 3.6 g/em’

& R B 1 4

TR 14.8 g/cm’

PP e T $6.0mm

BB 3L E T $5.8mm

F 5 (R) 6.6%
FEmER (L) 16mm
¥ (W) 0.05

104



306-3 Az kRS 0E

2w wEAE () |=t@) (0-P)
CD None None None
AUD  |$#hw 14.9 kHz I, 10pum
RUD JE e 14.9 kHz I, 10um

105



Wire

I AUD

w
= R

P

=

® 6-1 AUD £ RUD 24z

R .
) LY
T el s

/A“RUD

[} (==} (=3 (=}
(=) v (=3 v
O e} e} <

d 9010y Suimel(q

600 800 1000 1200 1400
mm/s

400

200

Drawing speed Vy

Sz PP R MGE

L
=

B 6-2 CD ~ AUD 4= RUD % 5%

106



Wire

H
E
H
fa
+—>
H
RUD
v, l — Die fa IAUD
I

. "

o BEM i & 14 17

Bl 63 5423 M aFP e

200
180 |

< 160 MVH*HHHHH —
%1mf
o 120 |

wn

g 100 |
2 80
2 60 |
= 40 |

20 | —— A1070-H

O | I A N N N | | Y A Y I | L
VAV O P 9 O H & AN AN D
SOOI ISR AN

True Strain

B 6-4 4o 3= St P2 T

107



= I T A T
600 | f j ﬁ
500 | -
& 400 f -
[a ¥ -
o 300 -
2
(_8 = -
sn 200 |_ =
B
2 - g
5 1o | =
1 [ 1 I 1 l 1
0.0 0.10 0.20
Time (sec)
=30 mm/s

()Va* |

0.0

0.002 0.004 0.006

Time (sec)

(b) Vg = 1000 mm/s
Bl 655 CD 7 dfd B2+ H35%E %R

108



600
500
z
400
[l
8 300
S
&
o))
S 200 _
2
< L -
A
100 — —
1 1 I 1 I 1
0.0 0.10 0.20

B Tirp_e (sec)

(@)Vg = 30 minys
= He = A

i

.

Z 550 |
(a9}

. B ’
2

&

E 500 | 1
2

e

A IE

450 | ] Jl M
0.1075 0.1080

Time  (sec)

(b) Vg = 30 mm/sz_ 3 4 % & 3% 35w §]

109



600

500

(N)

400

300

200 — —

Drawing force P

100 {— —

0.0 | | | | | | |
0.005 0.01 0.015 0.02

Time (sec)

(c)'\_/d o 300.|r;_1m/s

Fl 6-6 AUD *: 45 15 1pumss 12 Fofeah i & 2 Jo 34 B % )

600

500

N)

400

300

200

Drawing force P

100 —]

1 I 1 I 1 I 1
0.05 0.10 0.15
Time  (sec)

0.0

(a) Vg =30 mm/s

110



N)

Drawing force P

| | I | | | |
0.0 0.005 0.01 0.015 0.02
Time (sec)

(b) V45300 mms
R[S p %
—HEEL A R
z
[a
[}
2
£
en
R=
B L -
<
I~ = =
a 200
100 |— —
1 I 1 [ 1 I 1 I 1 I 1
0.0 0.002 0.004 0.006

Time  (sec)

(c) Vg = 1000 mm/s
B 6-7 RUD ** 4= tg lpum > 1 7 Fe b 38 & 2 36 2 4 it % 5 B

111



700
650

N

550
500
450

Drawing force P

350

|
B>

200 400 600 80 1000 1200

Drawing speed Vq4 mm/s

] 6-8 CD ~ AUD v RUD 2 4 3¢ & fr3b 424 B % @]

500

N)

400

300

200

Drawing force P

100

0.0

_—
ﬂﬁéi‘f‘%

0.01 0.02
Time  (sec)

(a) Vg =300 mm/s

112



(N)

Drawing force P

600

500

400

300

200

100

0.0

0.001 0.002
Time  (sec)

(b) V4 =3000 mm/s

AL
W 6:9 AUD *45 i 10un % ﬂa__", A2 P WL

N)

Drawing force P

600

500

400

300

200 ‘

100

0.0

0.005 0.01 0.015 0.02
Time  (sec)

(a) Vg =300 mm/s

113



T { | f T [ 1 T N | { r T f
600 |— /
| 1At {( I
500 _f il
.
\% i 1
400 Ht
n-‘ 1 — 1
o 300 H4 Il
2
b= |
%0 200 H+
Z |
;-‘ | ——
5 100
L [
0.0 0.001 0.002
Time  (sec)
(b) Vg =3000 mm/s
g,
s g,
qu.f}. [r-l --?:'i .,"‘:I H’-\:?j
= HALTYS
4 W E
700 — T B I | . I . - ; -
600 |—
g 500 |- i
A, 400 |
(]
2 300 |
S
o
§ 200 |- A
S
2 00 I
1 ] 1 | | | i
0.0 0.004 0.008

Time  (sec)

(c) V4 =9000 mm/s
Bl 6-10 RUD ** 35 10um > ™ 7 fedbdid B 2 f 3 4 #5485 B

114



700
650
600
550
500
450
400
350
300
250
200

N

Drawing force P

0 2000 4000 6000 8000 10000

Drawing speed Vjy mm/s

B 6-11 CD ~ AUD 4= RUD 2_ 34 #.3f & frdo 424 B % ]

(3 t5 10pum, FEM Bt % )

30MPa
\\
ﬁ Die
65MPa
————————\
Va o joompa |
—
146.7MPa
50MPa
30MPa

(a) @ todd

115



R/ Die
90MPa =
130MPa 1
—
\ f,a
Vy .
| 146.7MPa
90MPa 1
45MPa

100MPa

133MPa

100MPa

40MPa

&
-

80MPa

65MPa
\\\\\\ ——

Vs e S
N

100MPa =
TR

55MPa = )|

65MPa \ | ]

(b) $hre A2 f M IRE b I

146.7MPa

40MPa

65MPa

(C) /i AZg kimddb

/

e

@ 6-12 CD ~ AUD v RUD 3 P > &4t 44 p 2. von Mieses & # ~ i

($ $£3% 2 300 mm/s ~ #=tg 5 10um)



&5, Mises
(Ave, Crit.: 75%)

+1. 600e+02 Dle

+1.467e+02

YEligdeint f, a

+0.000=+00

106MPa

146.7MPa

106MPa —_|

/.

40MPa

2

SOMI a
//
1

5, Mises
iAve, Crit.: 75%)

+1.600e+02 D
= +1.467e+02 Ie

[ +0.080e+00

— 120MPa
93.3MPa y

80MPa
40MPa |

(a) F#+i& & 30 mm/s

117



3, NMises

(hwve. Crit.: 75%)

. 600e+02

. B00=+00

v 133MPa

93.3MPa

5, MNises

(hve. Crit.: 75%)

.600e+02

1000=+00

106MPa

[\

80MPa

/

TN

40MPa

77 /[

(b) FFi& & 300 mm/s

118

Die

146.7MPa

120MPa

/

133MPa




gtep: Step-11 E
&, NMizes
(hve. Crit.: 75%)

+1. 600e+02
Die

+7.189e-03

L
I

146.7MPa

Step: Step-11 E
5, NMises
(hve. Crit.: 75%)

+1. 600e+0Z

Die

+1.467e+02
+1.333e+02
+1.200e+0zZ
+1.067e+02
+9.3342+01
+3.000e+01
+6.6672+01
+5.354e+01
+2.001e+01
+2 . 667e+01
+1.334e+01
+7.188e-03 .

YAl

133MPa 146.7MPa
~

106MPa

80MPa _|
40MPa

2

L

I/Q

(c) # i & 1000 mm/s

Bl 6-13 RUD ** 4515 1 um ~ % 338 B 2 R H 54 A G

119



8, Mises
thve. Crit.: 75%)

+1.600e+02

il4g7e+0z

ii33ie+03

+1.200e+02

o Di
+8. =+

1&.000=+01 e
+6.667e+01

+1.333e+01
+0.000e+00

|

f,a

4
3

133MPa 146.7MPa

133MPa

S 3
5 5
o

—

(a) HEZ 4R b g5 5 A PP

&, HMises
(Ave. Crit.: 75%)
+1.600e+02
+1.4g7e+02
Hiaty
+1. e+ -
+1.0g7e+02
+9.333e+01 Dle
+&.000e+01

Vy
/
26,7MPa

= /
67.7MPa 106MPa

—

L —"93 3MPa

2

L1 //T&E‘EEE

(b) ¥oE 4R b= o dq o BAAH 7 w3 %

B 6-14 =15 10 um ~ & £:# & 30 mm/s FF > RUD 2_ 441 & 4 » i B

120



FF  RROAREY
71 P AEH
A2 hA &P EFF ARG A RE T S b 1 BB
oo dhd P42l REES AR b 1 R AT RIS 20
2 dp i R ALY IR A 2 BBl 2 a kA
MG HE R S T A DREEEFT Y A

LA ZHEA PRESAES R N eFas B-Fa X

RS ISk LR SR s S c i ESEE S I

o

£ QTR =R N
L f&EP A7 o223 Uaq s iEAlN FEkRg
WA BRFUCER > 2 TR LR FRERIGS G

2. xR A URFHARA PR B R R 2 B A BT R

121



L #3983 hEe VAN ERR TERLT 710

2. FEAD RGN HKY P ERERFTRAAPLA L > 2
R P R EE o RBEFRERAY o

3R AFEER TR ARSI AL FHLE o
BAZR RS B ER S REFLF L P HFAAEF RIRGHES £

B B HFE LT RPREER - BREF LR OM G T2

2. BORHG RGN AL VAT RS & 3 R4 i

Flod Bt £ LS ITRF AN ELE 6 B F K

T3 iEH A4 5 2hd H - st A o
3. RFAREHFRA S R OLA 4 5 KE ER

ETTNS
.'fl

4. d rxhe BagS A BHCE B 22 dpgtiE R B
P REREFHALG AR E R TR L o

AL

m‘y

AAR B R G R LY o 1% 3 d RS B 1R

c\“

SEE R R LSS AR S 1 AR A

122



w2 T SRS REAR ARE R R EREL R
Formflr 3ESEREEFZE BERBFRHRHFHE A HN
Nd BiEF+ ol P bt " F UL A0 RgRE2
Am BEFlF od AIF T FHREET F T80
LoAg3 ards i3 0 RAEF %% 5 BT 0 B ABOURE P AL
0 SR T A R VY TR
2. BERBRRS A FoRESHT o o0 BETERLE A H 4o
3. RH MRFRBEEEH G ER T AL RIRE T FH 4 G
Btx e
4. A5 RSB L REGH R IBAERIE T AT IR § 2
Mg R o
5. R hfrE A2 B RTBEFT AL MogFE AR 2
A4 g BT pAE L o
6. AZF MiRb o RAEE - ATF A RS FHH AR R ok
FONIRE I 2 o B W el Bl MR L B AR
FFEE A HF e
ARFAFEFRAPF R LT P o G5d p AL EXE RS
W GARE  dhe R RAREFR PO S ARSI

PERPERANES S F 2 A BT R I AR KT

123



7R E RS T 4 B2 7 CD~ AUD & RUD 2§ "R~ % fih >
B fRARF M dRE e o 252 o d 4 F MAeB I e E a0 LR
BRI FIEER o P ATy LAY FEHRENBREE T E TS S
1 22- BEeRFARLEme R AT 4 ha)2
TEAIZZE  BPRL REFARLR RIS DY F i
% o

2. RUD # s Mph 4 »c g2 i i d i B3 AUD 2 4 3o
3. d FEM 2477 fF i P R ER A EH Y - R 2 &

F oS % I e PRI P L
4. AUDA-RUD 2 44 B bt s erdE 5 T30 2 F Shdh 4 £

PlEEZET - R o

o
[pat
—=$

B Bt

Ik

ARG P B EARIGR D @ R o
6. *» AUD {= RUD % SR R R B E L g R

ERAPE PP g hs A

\l
N
4
Koe

BN
W
~

TP AP ARZ Bmod RFARAFE TN E SR R
AL BT AR AR P R 21 2
SR A L A RIER S e Mg B RS A

A BE] o T R TR m2 3 o

124



%W@ﬁ@%f e ARy 5 - T TR fﬁ FhsE A5 AT 4o e
TR LI BB TR RIEED AL T FEE DT
Eg1 G2 i RARBTE cf ARG RIER T R 12
BRIt g dEda B LIA S FREA L o P 423
AFEHBREESFY 246 A2 FE DR 7 23 HPEA
AF oSV FEBLBRGERRHFIREFOLT REFB LD

@‘fﬁ'ﬁ%’ m_)%.

ﬂH—
=

\!
T
=
=
&
ﬂm
F_&
)=
N
—
<l

TN R I
BB H A LB T - RGBS RS Y 33
RE R SR RS RS 2 2 g R ha R
#1 -

R S S R T R e e R £ e L
cte 1 A b AE A F A S R $ A
W] o PR R B S S s S PR g LR

g RS I LR L LR RS L Nty £

ARG AFRRRDLEE > FREFRART ARP S v REE RS

PEERFAHERLF AP BGgRT AKRFE L FHPEE
oo AZF ART AL EHAELES DT S R RS G
FIEgd By | RER > T M Ao Bt BAg2 Mo §

3 B E PR #E R (AUD 5 V=2 7af » RUD % V=2 rafltan @)

125



PR L1 22 g FFEERE RS 7 5 ho TS Lird
M4 Foe i) 4 o W BRAUDERUD 5 Fl i dR# S w fril & X
ok hb o @ FRUD 6 BEFERS > o1 T 6 FEESH R
AT ) 4 Bt o TP M AR g A RUD R AR H P B o

e PR ARE GG REELF AIFRFDRFY > T I
W AR IR RAIRT AL DRSS T Ao FIER

R 2 TREAEE M A A AR ET AL A

S

b B R R o MR A A F TR e o

'

\\\

gd it T R § A IRE T S A 1 AR

9*/

Bz aray E- BT g

-~

Fragu B i e A% 40 1 PEab
TRAENEY NHE LN EARFFHALEN FP AR kTL Y T
MIHERREERIKAE > REFALF RIRF A1 2772 BEFPT
Rl A L
73. AREH

RHAFESG R ERL PRI TE L TP A

A5 /P‘»ﬁf@?@‘ﬁ‘f:}ﬂlﬁLlﬂ ToAHT C AHBEPARYS AIRE N ,4)32

A 1 RS kA d LR 22T g BRIESH BB
I’;;E\’ igc),@J ’ 3‘%&?, ﬂ;&ﬂ /}i%%"l\‘%\' 37 ‘4\2 1 m@# 'gz_%g_ggﬁ/é o &é‘_
BRAFET e RREEREY SF % LG 3 AgR iR B8

126



\\\

-
i

T HAER R WA AT
£OTRAF IR B R A PR N F o 2 g £ PR E (E e

Wl MR RFE SV RER LT TG R 2

B AR E 1 A A e F A

8
s o opn i s APV L 5 BB R R

Pm AT R MERERETHOOERERPEARF ALK

B & 4 g R TOR  H R R R R SR 8 4 5 e

kg
W
(-
b
g
|l
3
>
(s
~=
i
>
S
—Fu’\
A
=
F_&
>\4_
bt
&Y
hn

E}
Y
1
\_

BRE O REFRS RO REFFL FHFER Y
BRI GE e B 2 ’%ﬁ f‘:&ﬂ/ﬁjﬁf’?mlw‘l?ﬁ‘g

oo iE- WA A2 F RIRE TG RIS

127



4, A2 P oy thqg f A dREEE > 5 H - HF X B ik
Mg oo Flt o AR KLY FAIF ST O F B IR 0 B

— W BRI HAT S AR R A 4 8 B

128



10.

11.

$4 % e
F. Blaha, and B. Langenecker, Naturwissenschaften, 1955, v.42, pp. 556.
B. Langenecker, “Effects of ultrasound on deformation characteristics of metals”,
IEEE Transactions on Sonics and Ultrasonics, 1966, v.13, pp. 1-8.
G. E. Nevill and F. R. Brotzen, “The effect of vibration on the static yield strength
of low-carbon steel”, Proc. Am. Soc. Testing Materials, 1957, v.57, pp. 751-755.
R. Pohlman, and B. Lehfeldt, “Influence of Ultrasonic Vibration on Metallic
Friction”, Ultrasonics, 1966, pp. 178-185.
K. Siegert, “Influencing the friction in metal forming processes by superimposing
ultrasonic waves”, CIRP Annals-Manufacturing Technology, 2001, v.50, n1, pp.
195-200.
M. Lucas, “Vibration sensitivity -inithe .design of ultrasonic forming dies”,
Ultrasonics, 1996, v.34, pp.-35-41.
V. P. Severdenko,V. Z. Zhilkin,. “Wire- drawing with ultrasound”, Russian
Ultrasonics, 1974, v.4, nl, pp. 17-22.
V. P. Severdenko,V. S. Pashchenko, “Effect of die geometry on process of drawing
with radial ultrasonic vibrations”, lzvestiya VUZ Chernaya Metallurgiya, 1978,
pp.96-97.
K. Siegert, “Wire drawing with ultrasonically oscillating dies”, Journal of
Materials Processing Technology, 1996, pp.657-660.
M. Murakawa, P. Kaewtatip, M. Jin, “Skin pass wire drawing of stainless steel
with chlorine-free lubricant with the aid of ultrasonic vibration” Trans.
NAMRI/SME, 2000,v.28, pp.75-80.
M. Murakawa, M. Jin, “The utility of radially and ultrasonically vibrated dies in

the wire drawing process”, Journal of Materials Processing Technology, 2001,

129



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

pp.81-86.

M. Hayashi, “Study on drawing using bisected dies vibrated ultrasonically and
transversally”, Journal of the JSTP, 2001, v.42, pp.1070-1074.

J. Tsujion, “Ultrasonic vibration bending of metal plate specimens”, Proc. IEEE
1989 Ultrasonic Symposium, 1990, pp.1099-1102.

J. Tusjion, “Characteristics of ultrasonic bending of metal plates using a
longitudinal vibration die and punch”, Proc. IEEE 1992 Ultrasonic Symposium,
1992, pp.863-866.

T. Jimma, “An application of ultrasonic vibration to the deep drawing process”,
Journal of Materials Processing Technology, 1998, pp.406-412.

J. T. Buckley, M. K. Freeman, “Ultrasonic tube drawing”, Ultrasonics, 1970, July,
pp.152-158.

M. Jin, “Utility of ultrasonic.vibration-applied to metal-forming processes”,
Advanced Technology of Plasticity; 1999,pp.19-24.

J. Petruzelka, “The effect of ultrasonic.on tube drawing”, Journal of Materials
Processing Technology, 1996, pp.661-668.

M. Jin, “Fine-element simulation of ultrasonic wire drawing process”, Simulation
of Materials Processing, 2001, pp.475-479.

Z. Huang, M. Lucas, M. J. Adams, “Influence of ultrasonics on upsetting of a
model paste”, Ultrasonics, 2002, v.40, pp.43-48.

H. Kuttruff, “Ultrasonics fundamentals and applications”, Elsevier Science Pub.
Co., 1991.

K. F. Graff, “Wave motion in elastic solid”, Ohio State University Press, 1975,
pp.108-116.

A. H. Cottrell, “Dislocations and plastic flow in crystals” Oxford at Clarendon

Press, London, 1953.

130



24

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

.A. M. Mitskevich, “Motion of a body over a tangentially vibrating surface”,
Soviet Physic-Acoustic”, 1968, pp.348-351.

A. I. Mikhenlman, A. N. Mashchinov, “Effect of ultrasonic vibrations on friction
between solids”, Russian Engineering Journal, 1969, pp.42.

N. T. Rudkins, P. Hartly, 1. Pillinger, D. Petty, “Friction modeling and
experimental observations in hot ring compression tests”, Journal of Materials
Processing Technology, 1996, v.60, pp.349-353.

M. Kunogi, “ A new method of cold extrusion, J. Sci. Res. Inst. Tokyo, 1956, v.50,
pp.215-246.

H. Kudo, “Some analytical and experimental studies of axis-aymmetric cold
forging and extrusion” 1, Int, J. Mech. Sci., 1960, v.2, pp.102-127.

J. B. Hawkyard, W. Johnson, “An analysis-of:the changes in geometry of a short
hollow cylinder during axial.‘compression”, int. J. Mech. Sci. 1967, v.9,
pp.163-182.

A. T. Male, M.G. Cockcroft, “A‘method for the determination of the coefficient of
friction of metals under condition of bulk plastic deformation”, J. Inst. Met., 1964,
v.93, pp.38-46.

A. T. Male, “Friction measurement using the ring compression test”, in: Kiuchi,
Nishimura, Yanagimoto (Eds), Proceedings of the Seventh ICTP Conference, v.1,
Yokohama, 2002, pp.321-326.

C. C. Chen, S. Kobayashi, “Rigid plastic finite element analysis of ring
compression”, ASME, AMD, 1978, v.28, pp.163-174.

N. Rebelo, S. Kobayashi, “Coupled analysis of viscoplastic deformation and heat
transfer”, Int. J. Mech. Sci., 1980, v.22, pp.707-718.

S. Kobayashi, “Deformation characteristics and ductile fracture of 1040 steel in

simple upsetting of solid cylinders and rings”, Trans. ASME J. Eng. Ind., 1970,

131



35.

36.

37.

38.

39.

40.

41.

42.

v.92, pp.391-399.

M. Cooke, E. C. Larke, “resistance of copper and copper alloys to homogeneous
deformation in compression”, J. Inst. Met., 1945, 71, pp. 371.

B. N. Mordyuk, V. S. Mordyuk, V. V. Buryak, “Ultrasonic drawing of tungsten
wire for incandescent lamps production” Ultrasonics, 2004, v.42, pp.109-111.
L. Li and X. Lang “Wire Drawing With Ultrasonic Vibration (in Japanese).”
Journal of Wire Ind., 1994, v.61, No. 721.

N. Atanasiu, “Wire drawing process with axial ultrasonic vibration of the die”
Ultrasonics, 1976, v.14, pp.69-72.

K. Seiji “Environmentally Friendly Lubricating Technology in Future.” Journal of
the JSTP, 2002, v.43, NO. 492,

M. Murakawa, P. Kaewtatip, M. Jin, “Improving ironing performance using dies
subjected to ultrasonic radial vibration”, Trans. NAMRI/SME, 1999, v.28, pp.37.
Y. Meng, X. Liu, J. Chen, “A dynamic-contact model foe ultrasonic wire drawing”,
Proceeding of the ICTMP, v.1, 1997,

W. Littmann, H. Storck, J. Wallaschek, “Sliding friction in the presence of
ultrasonic oscillations: superposition of longitudinal oscillations”, Archive of

Applied Mechanics, 2001, v.71, pp.549-554.

132



	論文封面-最終版.doc
	 
	Hsinchu, Taiwan, Republic of China 

	博士論文.pdf
	摘要-最終版.doc
	英文摘要-最終版.doc
	誌   謝.doc
	目  錄-最終版.doc
	第一章 緒論-最終版.doc
	第二章 基本理論-最終版.doc
	第三章 超音波振動實驗設備設計與製造-最終版.doc
	20000N

	第四章 超音波振動於鋁合金高溫端面壓縮之影響-最終版.doc
	第五章 超音波振動於端面壓縮之摩擦影響-最終版.doc
	塑性變形體

	第六章 超音波振動抽拉之有限元素模擬-最終版.doc
	None

	第七章 結論與未來展望-最終版.doc
	參考文獻-最終版.doc


