9-1.9002 7 o lasis 8 093 d4l o Wl sl 395 9 AL W Idyo Alxo

D9 3y sole doliolo

o i adgd g >l ;
QIR 9 oSl (wdngo /

www.smeir.org

30 My Ve Sl (ples g JLSluy ) pw Saigwl gl wlblei sl Jlosl 51 o)
5 Sl (5,5 3w T 3

2 =7 1 . oa .
Gﬁlsl ‘51:. & 6.\491.&: O gualo
o iy oy (SlSe  pudiges 09,5 ¢ Loliul -1
o e olRile (SLlSe (gwdige i) sub«i)lS-Z
mshalvandi@tabrizu.ac.ir 5166615471 .y Ggaro c,s ™

oS> U TERERTSVIN

"

oz b by I3 S 5l sl ol 58 5 el lalgid laglhgm sl Sy s anlp S (SRl 5,52 snlb b gy e
w13 ol sblie 5liogdan sl axkd w0 &g Lol on 5 s S w5 ST s 5l o 59955 (o0 odliul (S5 IS 1400 o582 52300
A3l 5uils b Sl (6,52 g a T callin ol 53155 L8] a3l algi pae 5 (6 5E e olay RS 4 Blyios o 1400 et 3L eyl sl
oz 3 S8 by el rizmes 5 08 (b ceslio Sigul 5l )50 Sy 18wl el sl el el Sigl sl MO0 S A

Sl S1 sy (8ly el 009y ST oVgd casoll JSaskad iz g w5 eoliiul (557 e (sl e sblo; b yinds alS LB 3lguals
okl 5 ( Soy5 o9e)] e Blo gesl (i 9,5ue slacyge)] 5 o Slasl 5 5E e anTE e Sl gl ik Sl )55
G a3 b SKigl gl il ) adls a5 ols (Lt gy cnl gl b osliial SEM jislas 5 ()58 wosSns Sino S oeile

Seigl gl iy

S5 & Cuglie

58,5 oo siwnn LB ) gl 5 g0 Slbcie y 5 oo 13 Liugi ke 4 st o ,Se e (515, Vb cons (oSISLasc]
@ azg b i 000 57 Jlade 4w Jlael B WIEm® o b Slakes a5 sl jo Saskad 55,55 4 Cooglie (uizman
31 o) 4 e lS Sl 1) Lales) Jloe 51 5 IS axksd sloSe Jae 5 4l ool oS 0 oanlie _goKeug Sen yglcs

el 0aB s Slanslie g 2S5 O jg0a

Investigation of the effect of ultrasonic vibration on the microstructure and
mechanical properties of carbon steel in friction drilling process
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Article Information Abstract
Original Research Paper The friction drilling process is a new process for producing cylindrical holes. In this process, a conical tool
Received: 11 April 2021 made of tungsten carbide is used and a bush is created along with a hole in the back of the part after drilling.

First Decision: 21 May 2021

Accepted: 7 July 2021 The advantages of this new process include reducing drilling time and no chip production. In this paper, the

friction drilling process is performed by combining ultrasonic vibrations. To perform the above process, a

suitable ultrasonic horn was designed and made also a conical tool made of tungsten carbide with optimal

lljr?c);\;\;%rgfi-mng angles was used for drilling. St37 steel material type was selected for workpiece. To investigate the effects of

Machining ultrasonic vibrations on the friction drilling process, micro-hardness tests, surface roughness test, corrosion

Ultrasonic vibration test, and metallographic imaging (light microscope images and SEM images) were used. The results of this

Corrosion resistance study indicated that the ultrasonic vibrations assisted friction drilling process increases the micro-hardness
about 13 percent at special rotational speeds and vibrations intensities. Also, the corrosion resistance of the
workpiece increased by about 57 percent in the case of applying vibrations of 96 W / cm? intensity. According
to the metallographic imaging, it was observed that the grain size and the amount of cavities of the workpiece
are reduced due to the application of ultrasonic vibrations and these results is expressed qualitatively and
comparatively.

JEgNW J.,Jy u)|)>d.,5‘5n obu\\) C‘)?""G’)‘)} S Klas! doddo —1

Sy b )lso) o Hlpl g L5 axdad ole Jlasl e RVRES L;l;w.;%])_é 3 &S Shol o )5F ] ew d.._s]).e 5
S5 ashd olge Sloul> g IS0 oss (o) Sl (YL Olyge Slpl SOl il polaisl e olen 4 Fligw oy
S e des Jsb b (s S olml o om0 0580 oolitul cul 1SS a5 i ) lages a5 by e

Pgbiee )5 axks Celd 5l ol S5 L g e0s sylo 00l e anl B ol osd e
Please cite this article using: T Lo ool o5 @ ylee 3 e el 4y gl )l (6l

M. Shalvandi, A. Aghaei, Investigation of the effect of ultrasonic vibration on the microstructure and mechanical properties of carbon steel in friction drilling process,
Iranian Journal of Manufacturing Engineering, Vol. 8, No. 7, pp. 1- 9, 2021 (in Persian)


http://www.smeir.org
mailto:mshalvandi@tabrizu.ac.ir
mailto:mshalvandi@tabrizu.ac.ir

ST Lle (s 33gkis Sguaite

e 33T )3 S 3Y5d Lo oIsa 9 i3 2 Sasgunlpidol sbiblas ol Jlacl )3l w54

by 5o Sgul,dyl olils) wge Sldl obieen
7506 9 (S50l SIS cmy s g% ! 50 (6 )5 g
w‘ AW w‘d).: ‘Sfb)j} L wsl.n.a K9y 2

e gy 2
Cwalbesly St37 (10, @S oY g8 o imghy opl 4o colaiuls g0 cole
ools las 1 Jgam ;0 St37 554 ) PO S SO 2 mm
ol 00l
ce:lel . A .

bbbl o Ollos 5 9,4 Slles ulﬁfb &, Sldes
Sl o 1) adgl wlowy Sla 25 9 00 G 5l 5 B9 695 2
35 Cow w lag,y yohie cpeed @ H WP RN VUK
Eio e 0 0l 18 665 o 680°C les b aads
0 e glos 4 (e, B lag e 5 ariS igels (5>
Dixile 0,95 Jlo

sboye il Sl (SBhol 5w anld o
ol saal 1 S yo o] lasuin a5 03,5 oo oolaul

(& yagilyS 3l oanlawsds SI37 359 (olowds oS 31 Jou
Table 1 Chemical composition of St37 given by SES test

ok () 52 g0 jplio

(©) o5 0/048
(Si) s 0/098
(Mn) 5520 0/460
(P) s 00024
(S) 5,555 00012
(Cr) a5 0/049
(Mo) onlse 0/001
(Cu) e 0/059
(Ni) Jses 0027
(W) ks 0/014
(Fe) ool 99/1

30

Eb
Do

oolazwls g 5l 5 (Sesleds ﬁy@.‘il L)
Fig. 1 Schematic of tool used in the experiental tests

! Annealing

7 o jlouis 8 055 1400 Mol pl 35 9 il wadie

ol pRell s a4 (Shaol ()5 wnl)
3992 33 (Sl 5,570 a1 plnl loj) 6, miils
olael o a5 5,9 b diwgn he ol (Mb‘sn ast 3
Vb Coel 5l 0gd e slml dalad cuty jo g 5l 25 >
9 0995 (339 B3y » O U497 4 3L Inj el 0 05
Anlp )0 Guizmes 9ge og), |y ead slml he oy
SBlo 5 )l 352s S il ule (SWhasl o529
[1] wlioe coms @ 55 oV mhans
5 ool pae) (Sogll (mals' Gy, ol sllye e
Al e i3 (o 5 095 5 oo ol aiile JI57 Sz ol
ool algs pae 5 (Jsere )¢ s b anlite 5o
Slaglgw jo ol sleslatwl (g, ol sle Cosgass 1oy ol
sy sk culia el ke s o

Sy

Lol )l al adlal aS aes o lis ouls ploil Dlado
SEhre anld sy, p Gk SLEE Ssul sl
O Sogwldl Slales )l 0,5 w@ilsl L (g 99 (g9,
ail,d jo cadoll &)l lade D35 o s (5, 5F g
Syl a0 Jlade ol s Sogul gl clilas )l ol
[2] 028 o S E 300 a3
[3] 25,5 o0 55 o 5,500 ial38l

a2l LS 5 eSS JUl o (38l (nl i

assle ylad [5] OHlen 5 5l cada) aline adow o
Sl ¢ g anld ol 5l Gy Slse sy o
39 5ST s Gl slod 50) Lagbie S axkd o S
5 bl mals 35S Job ol ply (39,50 Slse o
Wgd e SIS 6y gla S LS

sohy, gl b Seigul gl il 38l IS 5bay
ol s s o l,8 Seae o Sl 5,5 mile
Sl ® Bl (o) 0% (il 50 SIS e @100, o
oabails p Sgul gl Gliles )l L Sl 575w

9 Al é,LMa 49 ‘Sﬂila,pl Lg)lfél)s.w Sl Judo a



ST Lle (s 33gkis Sguaite

e 33T )3 S 3Y5d Lo oIsa 9 i3 2 Sasgunlpidol sbiblas ol Jlacl )3l w54

(0107 mmirev <o g9,y Jlaia ) Lo iles] (>l Jgaz 2 Jgur
Table 2 Design of experiment table(feed rate=0.07mm/rev)

Il s L olols )l was W Lol | als
V 5ty Jlee! N ol (5 52)
1 - 2800 -
2 - 1800 -
3 - 2240 -
4 250 1800 18945
5 150 1800 19241
6 200 1800 18945
7 150 2240 18988
8 200 2240 19148
9 250 2240 18945
10 300 2240 18945
11 300 2800 18945
12 200 2800 18945
13 300 2800 18945
14 250 2800 18945
15 150 2800 18945

=52

)M}JM‘)J 9 R el).o.b LY o&)‘o& 6“%113. (S§4e gomo )45..4.13 JS.w
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speed of 2240 rpm. a)- without ultrasonic vibration. b)- with vibration
intensity of 48 W/cm2
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Fig. 13 Tungsten Carbide particles in specimens frictional drilled with
2240 rpm with vibration intensity of 96 W/cm2
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Fig. 14 Maximum reduction of corrosion rate in specimens with
vibration intensity of 96 W/cm2
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Fig. 12 SEM results of specimens after drilling with 2240 rpm tool
speed. a)- without ultrasonic vibration. b)- with vibration intensity of 96
Wicm2
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