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A Roadmap for Application of High Power Ultrasonic Vibrations in Metal
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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. 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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draw force on copper wire with on—off ultrasound [28]

5 S plodus sled =il gl b SLales )| SaS & g 25T (g0)] 9 UK
Dol d LISl fog 5 @l b (e pon (225 )3 9508 2 -

327

450 — T
5 7 6
—l—
400
2
R~
N
gsso 2 R S
o N~ \
on
g
= 300
8
p=]
w2
3
250
1/
200
1e+4 1e+5 1e+6

Endurance (N, cycles)

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. 8 a- S-N curves of specimens with and without ultrasonic peening
and b- Ultrasonic peening tool [25]
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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]
2 Sl g5pm ke 5 (2o JSs slagys GhalS o (s alal, 12 S
Sgol s 8w 6 5ol Slles

1 L
900 1000

10 o lesis 16 093 1395 5o (e Swille  Swiye

iy Sty G SE ss jo S alS caw g ool Jlad Sogol 3

Rl

(..\:Lo...ua") u}ol)s JLo.:' j‘ o ‘;u\.&fef 9 ;MW -3-1-5
Sisle wogeld g5l Jlesl G s Sseld Sascss b
Lo iS55 il anmgs 5 Gl L 5 00 o8 5o s ools i S
S MBS e Fy gl b Sabcsus g aml bl T edud plSol
olala,l (e gy 5l G (Sadcss oy SIY ales 5l laase )
YL Sals g olg 4 (go,lge yo el omuay cpl i, 5155 1) Dol yd
Sl bl i Jlade [0 e 4 b og ogd Jlesl cole 4y gl
[52] 54 o0 0038 A0S 39log ailiw] lake

S0y 5 o S S Sl Sligkos 1o wilewy (Sadpy
ol eyl (0,85 (15 8% 3 o sl 13%) a saslice Dol b Slole )|
5y sl 5 Sy il 5 Sl o Jol & 1y ey (o
53] wols s o pl>alb

00l Seius¥l Jgoo i -4-1-5
L Lol cailon,S™ ledl oole D i malS 4 lidore jiioy ax S
S b g SVl Joow rals [ Slas Glaass 5l (gogame olaws gl
poe p olaime 5| gyl 5 [10] Wlosgy Szl 4>l o oole L8,
[54,49] Wlaslis amo Saw¥l axb 0 ol clils,l 6, l5,50

RUIH Y- TP W CUPS SN IRV PR APE S

abisdo Pl slos iul381-5-1-5

abaxMo dgazme sles iulidl ojlae el o Gigold Clile )l Jleel b
L oYL Gles g a0 Saold Slales )l Jlael b ojlse (S 50 00,5 0
sxoge Ol ol cawl adly (251581 200°C b Les 4l 30-20 cusds
Shsle (o o oyl locue (( Sws sloS 5 pda Siwsul g o
Slals )l Jleel aawly 4 Lo iol38l Jolge o iote brails 5y0 g 0ole
[56,55] wloaks 8yxe gl

K395 Jolge 25
Y (2o Ss loanlp je Sgolp Slales ) Jleel 51 gy saliate &
5 Lpislle cwyp 4 asiwy Sl lronsay 5 lalic LS o el
Sy 4 olge JL8) o Dgold lils )l Jlesl davly 4 a5 oleoayyy
B o oud plo lapislSe 5 esssy Cdél 0gd w5 Wl e
).ol L)"‘ J..Ja Lloas 4..3152.’ (5455.-.:5;& Sloslice )| a5 coul @La,w)s
i pls osle ) leg e 5 (255ws e ()2 S bl pue
el Syl b il ) S8 4y S

Saped Oyl a lils Sgol 3 mo IS [2] sl ] Sl bl
SISl als il anily Sldos Cou 38 maw § g2 p Bl
Sgi Sty S5 i 5 b slrali sl g5l e ol g 05 S
Ol el mhaw SKhol [0 0 5 S B Lo (o)l ol
los 5 atslSl 5ol 1) oole Saadl k3, 5 olsls) b S p om
oalS jo Seald g o Sl el Ssbinl sla s 8 e p
5yl 0SS ss Sl slag s

L icd ot p2y-1-2-5

330



Ubled 9 Gadale vlgss)

1308 GBS sl kT 3 ) w390l 53 YL Ylgs libslas )l 3y )5 (Sgamw 9 o () 2

S sl Gl a5 Slbdcgeme 0wl iS4 Slols )l
Sl s Jose Gl @ 4 clils)l Jlel ol 252
5 0,5 eolitul Kty joalal anle Q5,2 Gy S5 JEl gladegere
5 500 UL 4y oLl | JUl oails, aieS 4 sl 1y p3Y Slogges
Sl 8
ashd g9y 5 A e BB g el Saio glaanlp s
Ol 3 (297 48re 5 odg Vb g5 5k s 4 am ;s awl polg
Jloel aile) 053 Jlasl B L 5l 4 ool el g anl el
loald el o (lacSadly Sgold )5 o> 50 dnin 4 Lils)|
& 3 S Dy &y DA Jlael g 355 5 ene S il
2l walyS lag s el e s ioslhe mls B 5 4 lojes sk

Dgeol P Slidsd oy T-6
Sl ganaib s alie Clidss 5 dlie ol ,o sndal) zbs il
ey 5o Slision 5l (g3gamme slasi L 5 WS (o0 B (plRals (oole
o oo )5 slal jo oSS slaanld o Gesl 8 Sliles )l Jlesl
o5 5l ok 53 0590l 555l8 cnl 5l eslanal wslasdly b S
Wlube g9, ldes (Ol 5 LSO 6,8 e wile Jxio
o oly Lot SuBls axg b el (B S ag; g Dgeld (godiad
s s el (T (il taio (g ylid Sy Dlinkos b | (55
Gl slhonlp o Seold olils) Jhel glogne Gaa b
WS 18 500550 b 5 SIS 5 begatails Suoj oanl o (e IS
@ Sgolp olals)| &5 glaald 5l )l 1ogal B ples Sl -
o @l 4 g bl Sass sl olal o ead Jleel bagl
G, 5o solitul sy 5,5k8 ! Ceul p3Y slal ol L5 Dgol b
e s bwgandls olet wb jshie o 358 QS Saie
S5 S B (353 oalats CblB b (10KW 250> 1) 9L olgs b s
Bl esle g (b Bl asls 5 Gly (JuS sl Soo
L (loag s
Coenl SIVL glaglys 5o gl o ol (g5 MWl 5 Bras 4 axg
5 SIS glagd

¥ oo (el 065 (alp
Dy oy g Sl g gs 4 S0 (e o o slacs

Cloanls plSis S el 0s3 a3 cladlge (opelis -2
49 WS (oo i Hakd g Il G 550 Luld g Lag s oaa SO
3 &GPl B L g e JSs axl o il (655 Gds alauly
Jolse ol 0gd oo odalice Lo yiali8l Lol dacgese g jwgiandlys
Oy 2alS 5 0sdse (A asgemme wilig)) S8 )0 edS wazge
5 olS P aedas 055 D508 lawge Sl esliiul ls oo 1) wlil )
w33l et b 0SS Sl 53 sy LS sla iy, 08 A
Sl (6,5L8 pl o Cdpinn sleasyY gl s Slilss )|

5 Gros RSkl banld Gl gl el ol pleiS); -3
aile mlio ,o oolitul oy aio Slabd olal wluly 5,502l
aleo ol jo Slahad Clél sl 5 jls oledS )5 4y 5L Ladles 5 Loass]
il o &81) Sl 2l o oolital 0,50 sladiges §I S5 s
Sl g sshs; 5l s Vb Olg lo pwgrandl 3l oslitl LS 5
2 U s e by S (ol gl b Lol el
e 050 F S5 slalnl g Slalad

331

4 Oeol B (g5l Wged gl s Jiuw 50080 5l bl )l el )5l
50 el iy jwgrandl 3 oles Jlade 4 il asels g legmyles alal,
Wgd oo Trhe 5 0 b e el bl (S asldl

55l ilise Slge p gold olils,l Jlesl et esle gy
(ST porinsll (A ppsiagll s Sl Sl olys b (55, Jli S
Slson @l § ezl ol 485 pll g oVg il lagll
Slalssyl @ ,8b )y LT Gl AL i Al paiiel]
RGN L VIR JU S VISRV

e lper b ey oS g (e S Sl slag s
Slagys Jloel plie 10 0)90 b fwg bawgs olas )| aels leiS )5
als @uj}f w,z ;l e o gf RO l;\f,;i" Sl
wﬁﬁx-“w%&k;swsyb“ﬂbwu@&
sl b (efin) 5 odis o cpile o8 > aiibe yiowb i,
o oy Jlesl Skl glyls 5 wled oo Joo YU jolial Lol o5 iy
Omed 4y Bl s Ll p FelS bas Soliul (b Jleel cow g ol
Sy o Wb @ldS)n b s by Sl eslaial o o
awodis b as pdile G aiile win] o 5L 3L 51 e 0l Sl
5] sl oo 5L a8 o by i b oYhw S o

S5 s 53 (L 15,2, 25) jrgy aleicS i cpo 36 13 S
lals,)l 31 ool cdl 5l Glasl glp YU Soliw! 59,0 L slaanl s
@l 08 ooliiul e SledS ) curo b glaiten 5l Wk Sgold
ol La3) Sl (5555 st 1 @led S5 b ) s s diged
ool aals (o ian 25 SledS 5 LK) olw ws g (Lloges ;o Yo
REXPPPTIER

Sl Sl Jlas! Ll 1B Ll casdad oy liles )| Jlosl
4 el Jol> S 8,5 sl el 51 (S 5 Il b askd o
Jleel 3 ool o] 4 ool ) Jlael el S ankad cols Coxdg Joo

Loading

11 1:1.5 | 1:2.0
Green Gold Silver
© (0] - (0) _]

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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