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ARTICLE INFORMATION ABSTRACT

Metal forming is a conventional manufacturing process whereby a material with simple form is
subjected to plastic deformation and results in industrial end products. Reduction of forming forces and
improving product quality has been a promising subject for investigators and artisans. For this purpose,
primary methods such as increasing material temperature and modern methods such as use of high
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power low amplitude ultrasonic vibrations were introduced. In ultrasonic assisted forming, high power
ultrasonic transducer produces low amplitude high frequency mechanical vibrations which were
transmitted to material subjected to deformation and contacting surfaces of tool/workpiece. Results
show reduction of forming forces and tool wear as well as improved surface integrity and dimensional
stability that lead to increasing production rate and process efficiency. Considering the importance and
capability of ultrasonic assisted metal forming, this paper is concerned with application of ultrasonic
vibration on metal forming processes. To this purpose, fundamental principles and mechanisms of
application of high power ultrasonic were introduces and discussed. Also, industrial future of this
technology as well as its advantages, range of application and its restrictions were mentioned.
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Fig. 2 Power Ultrasonic components: Converter, Booster and Horn [5]
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Fig. 4 Stress-strain curves of tensile tests of aluminum single crystals;
(a) dashed curves indicate straining during ultrasonic irradiation at 20
kHz, (b) solid curves indicate no irradiation in different temperatures
[14]
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Fig. 3 Ultrasonic applied to metal forming processes [9]
B35 slaanlp p cisolp ke Jlesl ot 3 JSb

Extrusion

! Ultrasonic Impact Treatment (UIT)
2 Incremental Forming
® Equal-Channel Angular Pressing (ECAP)

10 o plais 16 053 1395 (55« )0 Splo ks


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.25.6
https://mme.modares.ac.ir/article-15-5417-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-23 ]

[ DOR: 20.1001.1.10275940.1395.16.10.25.6 ]

Ublad 9 Shadsle vigss)

S SIS ST 13 H3 9u0lp3 YL Ylgs bbbl )l 3 39)L5 Gemw 9 iaww (w22

(UIT) wguolys (g,5 yuser -3-4
Wiged ;0 (S Wlowy 15 Slml Jdo 4 B9z Sldee 5
oyl o LS 5 pl a5 Wl o 9929 4 gz b Cwnd 0 SlaS s
Slys g Lol Jlol .0g n iged (Kt jor (1815 g 15 55 a3
Slowy A5 SRl case Sgold S wnlp s opalid
5ol L Bis woole v o o285 wlewy 55 sl a4 gled
e S 5 abatey [21,20] esle Fos j3 (o225 Wlowy oS
g e (e il JSB 2lal

5 03,5 Lblas)l anl cnl 58 (2040 kHz) YL GulS 3 b ol s
20-40UM aiels 5 uilS 5 e b s pugandls ol sl e o
[22] awo e JUanl (cp) ooijanye 4 |, olals)l 5 oS oo il
G5 RS e dlge gl b Ghex arsl 4 sl slags by
5 S (Sl ol Ml S 5 ey )l 4 paaS
(6 JS) 09 il yae (a8l Azt yo g osle (50,55

Dol GBSy by gl Slles ats) )0 Slide o Faslr
Soer Slp BeSeilivl Sy @ (gugy Olaiedil Gl cers awgs
Sl elony cole g iluas slaop)lS )3 (S9,93 5 (Sows (olo>
Sllas sl pll b 0 ane) ol 4o [24,23] 098 b 1980 Lo
gy ST o 4 G asle (e S eyl Bgalp T S
ST paiesll 5 YU plSoial Ysh o slazsls o¥sh wiile Gilisee Slge
b ol

Slowy i Jlol b Spolp il Jleel axisls oly oy
O (S ol Ml cage (e adly SO a5 5 5Lad
Jlosl crpimman 555 o0 cilizs Slge 5 Jlail sla S5 (sl 50-200%
Wsni ghaw 55 Samme st sbml b slgs 5l S 0 Dol il
T USs ogiee Ghale 5 (S5 & pglie Jlw 5 S &Y Sbml oo
SN Sz 5 Sarimgold o)bgs 6, sz ki alise (slannl 3l
AL el Slas 5 ams oo L (S plSoinl (Al 50 1) ©gel )b
el aliin glaail$ S0 ) o Dgol b ()5 S a8

(S oSl gl b 6,5 S 51[26,25] o San 5 allae
AIBOB2 pgeiagll 5 ()53 S35 Y58 (sh9z oVLail sl Soo g (50,55
G55 Seel B 6,8 S Jlesl b wssse plis s 08T oy n )
4 Cuglie § 70% 5 120% b a5 4 Sias yes 330MPa 4 300MPa
St SIS g sladiged plp 6 U (5 pKeix Jlake 4 (5005

Vibrating transducer tip

Ultrasonic impact tips
with guides

.‘1;“‘_._ ,.’2‘7\‘5.2),'.

Stress pulse
through pin

Weld surface
Stress waves
into weld

Plastic deformation
from stress waves

Fig. 6 stress pulse transmission in ultrasonic peening [9]
Sgold 5,518 anlb e )kl 4 lpl lawg olpo Jlesl 6 JS&

10 o plais 16 0,53 1395 (55« )0 Splo ks

15 i 5| syl sline Syl p Blbles,) Jlosl abanly 4 SlSla]
[18] el 38,57 )1 3 aics (0

b Groe GiS 0l o 1) ool wliles)l 51 [16,11] (Sgiws )5
=S5 5 e ysb 4 (eled) B 5 ((s90) A 4 Sliles| Jloel
25 slagys alS 5 |y i lilas)) 3B 5 UKD 08 )
23 oo (LS Grae ALS

L Sgulydsl oleds 5 (59700 Slilas | JHLT] ()50 5 Loz
e oyl Bres S anl o (LDR) 16*" GRS s
s 4y Syl gl il ) Jlae] a5 0305 eanlics oy oS sy
g od osle JS& jss Cuoglie 5 Staol 2ol s B L5 5G9
JLDR ko ond 3,5 3y sl oo Lialiil |y LDR ameii o
Josl) 294 5 (5 G5 4 ks (3l )| Jlosl) 2.86 4 (Jene by,) 2558
28l Gl (B 5 55 555 4 G35 ) plojen

4 St12 V58 Gy Geee 25wl [18] Aol 5 Wl
Comd 9 (PSS Glog sy Dyl Slalas )] Jl gy e 0.5 Culies
el ) Jlasl b amilys bl wiols 3 sy Sype |y (iiS o>
022§ IS S o 5 4l 2alS 11.3% _as S5 g5, Saol
o oo lis 1y (1al581 5% sgas jo a8 el a8l 10138123

Sy p |y ©gald Job il )| Jleel S119] (Jogw) 5 dlloe
o olkd (A3l mhe CuhS s S oulee 5 shee s slad
50wl o gl asels L8 axlllas 5,50 AA-B061 i 5l alg) Sl
B! (4-13%) elad gz 50 L5 5y ol Dgol VL ol
byl Jlasl b cpioren 05 g0 oanlive yoid Ko Slez ;o g 0ol
cho 55 e Ll il il aises > )5 gl e Opol
S dged s g oyt F5 Ol b oodleay aid cvmlin I ls
il JalS gl b

$29p,8 oy, Sliss a5 5g T eads samlie il 5 oyl s
5 2pdyse b (lslag Sae Lawgs 6551 ©32) ez sl 5l oS
logl Coles 5o casl Jlnl g ankd (oo ( SWhaol Llpd jois ) Sl i
L pax ki gouste Jolge alanly 4y (2o S0 Ll pd psd sty ole
b 5 po S alEin ool Suelyy whgold olilayl jpim pac
i g 278 JB S bl @ Wlgiee S e a8 Cul oole (aoSS

Aol anils g5l

3000 b Apparent force drop \":‘— g ‘\
>,
'z 5 \
2500 | Nonvibrated —~ | —_ Forming
B /o "\ discontinued
= 2000 | .
o3 \
2
<€ 1500
20
.8
g 1000
3
2
500
0 L L 1 1 L L L L
0 A 2 3 4 5 6 7 .8

Displacement (mm)
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Fig. 9 Wire drawing work. a- Experimental wire drawing setup and b-
draw force on copper wire with on—off ultrasound [28]
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Fig. 7 Fatigue curves for welded joint in steel Weldox 420 in the as-
welded and improved conditions: 1- as welded, 2— UIT treated using
indenters of diameter 5 mm, 3— hammer peened, 4— shot peened, 5—
TIG dressed, 6- TIG dressed and UIT treated using indenters of
diameter 5 mm, 7— UIT treated using indenters of diameter 3 mm [24]
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Fig. 10 Different ways in which the pressing tool may be excited into
ultrasonic vibration [36]
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Fig. 11 (a) Linear shrinkage in hot pressing of iron powder under
pressure of 130 kgf/cm? (1) with and (2) without ultrasonic in different
temperatures and (b) relationships between vibration amplitude of
various 27 kHz dies and 20 kHz upper and lower vibration punches,
and compact density of copper compacts
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Fig. 12 Linear relation between apparent forming force drop and static
forming force in ultrasonic cold forging [11]
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Fig. 13 Effect of amplitude increasing boosters gain (1, 1.5, 2, 2.5) on
changing the force required to obtain peak loading [5]
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