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Article Information Abstract
Original Research Paper Characteristics such as excellent mechanical properties, high heat resistance, corrosion resistance and
Received: 15 February 2024 low density have made composites like carbon fiber widely used in various industries including
Accepted: 13 May 2024 medical, aerospace and automotive. However, due to characteristics such as poor thermal conductivity,
low cutting surface quality and high strength, it is difficult to cut it using conventional methods. The aim
Keywords: of this article is to design and build a type of cutting tool that uses ultrasonic waves to reduce the
Ultrasonic Cutting Tools cutting force and improve the cutting surface quality of carbon fiber workpieces. In this research, the
Horn design and construction of the horn part of the cutting tool is specifically discussed. First, a stepped
Modal Analysis horn is designed by performing analytical calculations, and then by adding a conical part with different
Numerical Simulation angles to it, the effect of changing the angle on the amplitude amplification, modal spacing and stress
Carbon Fiber distribution has been investigated by finite element simulation method.The results of numerical

simulation show the insignificant effect of changing the angle of the conical part on the result. Finally,
the optimized design is built.The results of experimental tests show that the use of ultrasonic waves has
a significant effect in reducing the cutting force up to one-sixteenth and significantly improving the
quality and straightness of the cutting edge of the carbon fiber workpiece compared to the case without
ultrasonic assistance.

Please cite this article using: o Lod ool hd wjlee 5l e cul & gl )l (sl

Javadian S, Moradi M, Mohammadi A, Mosadegh P. Designing and manufacturing of the ultrasonic cutting tools for cutting of polymeric based
composites. Iranian Journal of Manufacturing Engineering. 2024 April 20;11(2):82-90. doi: 10.22034/IJME.2024.442180.1928 [In Persian]


http://mjmec.ir/
http://mjmec.ir/
http://www.smeir.org/
https://doi.org/10.22034/IJME.2024.442180.1928

OblSan 9 Ylslea Luw Grotl Gl 5980l b2 Sl gl ylT i g Hal dlw 9 Ak

dodio —
5 hé DYgame Ladlse « Sij Gemen ubio )9 ohy Shogas b oolse ) eble 5 ip waz Glaby, 4 LS
Sigul il gloal SSTL Bp 65918 Loy, ool 5 (oSl ol (B wa slroged gl (sl p GlEERS o guiata
o 3l b Ugls gy olgeind (o 50 Sisml ] 6y5ld 605,54 sl 35 sl (oodleo olmy ams gl 55 il oo
5 $20kS YO [ Slse il b Slaso ip Il SOl eslinad Y] LKen 5 padis D] ol sty (5155 Sipclass
Gl g eog Sl Fev s o (o 2 e gl lagialejl Geb is S aalllas oy glagtalejl jo 1) canlucléss
g axdllas oy90 3l ans fpaiz o b sl Sagul I Zlael 1 eslaul sl ouls plodl (g i Cdgg b oy wlge S
5 0l B8 S5 lp celie lagig, i 5 Sigul il Jase 5 5l (b o alacosgame ool w85 )5 colizl
O (S yealS s giluand g dgume ladl hgy 5l eslaiwl Sl L SU A ooMe 098 and U 1) (5,9l (pl drwgy (il 3
25 S o0 S8 Sigusl Al S sl Lk rizes 5 pieems 0,8es 5 Sl L8, ) s S0 5 G Jelow
85 bl g wiols plowl Sigul AT B Jll po (25 el pslaie 4 g3Me Yo 00 Jlu 3 [Y] (alSo) 5 90157 o5 ctiag,
G SLpiars Lk Sg 5 (8] pitas Jloge lodatiin s $lr 6550 seb & wSlg e Sgame Glell sla o
Gt i b by gladis oSt oK 40 Lt LRl (glais aix by sl (gl (ol sl g colizl
Pl b [F] len 5 GulSd Yo o8 Jlo 50 098 o0 Juolo i 3590 4ials g 5 plmns Sodbpoalas (uilS 5 Lai L 132
OIS ead slml &l A ] eal e S8 g ans Sgs el e (Sils 5B ) plsteial (g, 2 028 Olides
Gawdid ;0 Dl g el odaline BB and Soi jo (ol ol Ol oad pulais (uilS )8 (oS L as wsidl o byl Lass S
il @ (0] GiSan 5 Jlege Yo¥Y Jlo o slbige 35,50 Jloge (s 5 (bt slapiSany (59, 2 00 9 45
G oeile @l bas il Blasay 5 YL Bl Cos® 4 plitws jolieay Sisulill 090 Gt laanase
5 eo¥sd Sigul 2T slayy98 (55, » Sgamme Lol solas )l BT axsls Segal 1 Zloel S L (55034 sy jalS
lah (oS5 Gl 0 Shee wg3ve Gl p jl Jol> @S b Billae ol plowl 25 g Al amsls (oS8 090 Sl
4 cend §0)8ee oo g (el o po (A Cugl 5 l JB g pleimslal 5 p i slal cadssB-laly slagyee ongn
laases g >k 5 (3 sl 4 Gop ylpl 0 ,Sles «Ssul T 3y iliie gloo )5 p0 wili oo e laawass plo
Ll gy ) eolital Cens el 22y & (225 5 (Slonlme 2labsl odzy ladidsn Jelos [7] atl e aily
il (oodlS 3 galold g 5 s8 el Cagl b 4 30 & Sl AT G Il ()90 S (b sl Sgane
o b awglio (5 05l 90 4y wilgl co (s00e (ilwand ol b)) rwiore Sl e o Cwl (59,0 (50l il alils
28 Dy shelos gy b g a8 slogiales]

ok JSS sy (S8 ol ala el 59, (b e Sennd aysly 31 s T B Jll (b o Bk ol 5o
SFgelS (Siludnd SIS 4 oad ol 25 SSlas g ansls (Al o po dapuilS 8 ple I (ol 58 (sjlulaa (il )|
S5y 2 oo slagile] Grizmes sl oad wisle 5 (Hhb iyl a5 ()58 coeslie polie GBI I ey 5 00s )]
el 00l plowl 33 A ylnl 0 Shes (owyp lp )5 SUI iz 1 T ankad

S gl AT iy 5131 &390 2150 Y
[v] O 5 g5l il o ogllae aeS (63959 Bl b (9,5 sl yiSTas 4 oliiws « Sigul T oy 1l b o
iS58 5 edle gd e (g Sy LRl el Wl bl WilS 5 0 Sogel Tl asals ol38l 4 wsls LS

B8 18 axein 90 Wb B ol awais glacuogase

AY Y oolots V) 0098 N E-Y cwiuand)l el 3dss 5 il wiiye



OblSa 9 Yladlga L Grotl Gl 5980l b2 Sl gl ylT i g Hal dlw 9 Ak

082 P b Syl yb omai — VY
o o) S s g Il oS \ SeiwsS T ilaal asb oo solitul Ssgul T oy 5l 4o Sgo gloel YL JLsl b (solse
oz &l 0o Izl Jlail Joro 5o ol a8 (3L e 5 08 Ceaglin b zse s508 wrge (b Il enims JSA5 gl
Sgd oo oolaiwl ol (SweST uilael 9 YL s 0o L Ti-ALI6-V4 poiles L) 7075-T6 poiog)! wiile (s0lge 5l 0y 00
el oas oolitul g3 (6,15 eile Culils 5 colio Crosd s 4 7075-T6 poiagll 5LIT 51 e gaios ol o Al

FskS 00 B Ve S8 o3l Sl Al sodgiand 5 ) Khsr (s imtle 5 5,50y wile oo )5 sl
sl vnlie il 3 godgamme Sl 5l ey aibice 35 B0 o Jloge alols sy cenbie i JBlas L5 e sslinl
29 Jsb Bl 050 ;0 a5 oad Sk (AT 4 Ak 5 (90 sl Jold Sigul T s (Sl gl
g 4l yilen (155 5 551 (rteS b ogdioe wige (wily eSS el p (b gt e g S il S 2
g als o5 olge S 0 sy 0 Shas o ulS B« Sigul AT oy Il (S8 03l yo 0gd ol il olral>
(b Sl oad Sl iz 4z b gy ool 5o (3] wtlice i e dlse i sl 35k Fr 4 S0 (slauils
285 8l esle 5 (b lue 35,055 VY Gl 8 L jugianl s

oS 5 sleanals Sl ey plal (o sl ablise yag )N B0 BV e gue o (IS gaiels Sedgul T i I3 o
Mo Sy lraly Gl (] 055 0 eslinal j2aS wilS 3 5 i (> slaaiels 1 05 plal slp g piin (Wl
(gmin Slaseie 31 e aiels Cog (o pd Bl ()90 SAIS Cugh cupd 5 (5399 4l (e Jale 98 5l Silie il e
9 (e (55 B slome v g labad (25 JooS Gl caliwg 0 )5 53 58,5505 13 b 03gr 098 iz 5 o0l
D]

5 Bl slasge oS 5 pae g CSle by (i @je eateld Cugli lade «Sigal T o Il ¢ 9 (samais ol o
Cugli e (p e g 039 dwiin (p 5o p)p lal ()92 @) Sladwaia G o aites (ALb (Shy (n Fete Ao
lo 5l iahaio mhaw SWSL i Jome 40 L5 35 pe5 g (55,8 Sl sl oyyem 50 [NV ] o ls e lus cas lime 4 | aials
> 5l gy wolaiwl Loyl pl j0 (SogS i b aaldd 0o g el GuilS 3 o o doll Lo 4 5 el i bawse
ool el Al sgas Mol 1) 8150 ol ol jo Sim Sl g calisie ladwain oS5 b Gl 45 sed oo gl wais
0L il 1) )90 anals Cosli (Fiz elS Ll (See £5590

Slr s b 5 e Sl Jo sy 4 o sl 5 cel oad Ll laly S50 & ()58 A Tl Gekod cnl 5
Ll Jo SeS b g o Jloel awiin (59, 2 4l S5 51 (plagdlal s 090 o0 oaliitnl sgaze 521 ol g (ool (55lu o
A dleS cwy (60 Slas slodasls Ol sd sgase

2 1P 9 390 132 Julxi g (5 3wt sl (et — Y
Sawddy (ol (slaly (5592) 4,0 A by yFue aysly b (yy98 Jobo ¥ 9 ) Laily jleslinal 5V Jouo Slasin 4y azgi b lal 5o
)90 9 et Sgaome [yl by lawg oSG o 63,5hes sladasls Ol 5,500 sholy b oyen slal e VY] il ool
VUSE e YV s (iS5 L egiandly olyen a4 Sl T (b I 1 oled el 48818 o g o)

el 00 o0ls UL.MJ

L=5 — 11480mm) = M
—ﬁ— (mm)—f
c= E M
p

1 Acoustic Impedance

‘Jo)Leaiu\\D)}A‘\Z""W.))Lob.ﬂ_\._EJ}S}\;\.SquwA.LQ(e A&



OISR 9 Ylislea Lus Groths Al B2 5920l b3 Sl SasgalylT it g H3al 3w 9 Al
gl 21 G 5l Slasein V Jgaor
Oy o po S Jgae S o askad g9
- P (Kg/m?)
XY YA YA)- A7075-T6 S
CAR Yy YV SPK Axs
. YAy Y.y YASA St304 &

B:la,Feandl;

Sgul T oy I3l (gomans Joe 5l g, lmail Sled Y Sl

e ool Gl @l (o) 5 Sl S 5l ol amain g ol & ar i b S Ml 59, 52 Joge sladelos sl L

58,5 ko b g w¥olas goae Jo 3l eslatnl b ales oo weSLI (ygzmen Sgame ledl (sla)l38le 5 09d oo Jlos! acgorns (5,
2l S B b Ll o s, 4 o b aled Ain 5 slad 05 4] 5588 bl oSl dly bl
sl alls gelaie Jo a0 g oaio LSis syl cgei ol aiiled co byloll wogume 1521 Jo o 859l oo 2ol (g5luas
Y Josz mls 5l as jeblan .l ol w)p alizee slagss 5 o3Il b S5t b gl Joe Yo VY aseus oSl l58le 5 50
W35l 62l jlws Ol mls a5 el Jb jo cpl 9wl oo Gili8l divss J> loj i o3l (ralS b cogd o cvalin
Sl ek Ve ojlal b asdl 2alS 6 RS L S pledl 0uld S8 SIS ar g b Gedes cnl po lple
2V Jsaz 3 el 53 Slasin g slal b 0)98 ilwaned Jl s peal ¥ S8 o el ould Sl alies J> g (g 5luainn

! 00 °‘3)5T u"’?SLJ )l)ﬁlf).»

e 03Il 4 gl Stanly Gliae oy 0 ¥ Jou

Jsl 4 e (Job iS58 J= ok e Slass e o3l oledl s
Hz) (s) - (mm) -

21329 15 448 4 C3D20R

21289 16 760 3 C3D20R

21262 23 4002 2 C3D20R

21239 118 25422 1 C3D20R

Ad

Y oolots V) 0098 N E-Y cwiuand)l el 3dss 5 il wiiye



OblSa 9 Yladlga L Grotl Gl 5980l b2 Sl gl ylT i g Hal dlw 9 Ak

uT, UT2

+5.188e-06
+4.672e-06

+4.156e-06 N
+3.641e-06 C ’
\/

+1.578e-06
+1.062e-06
+5.467e-07
+3.100e-08
-4.847e-07
-1.000e-06

ODB: Job-1.0db Abaqus/Standard 2022 Sun Feb 04 21:45:45 Iran Standard Time 2024

X
Y vg Step: Step-2
Increment 3: Frequency = 2.2000E+04
z Primary Var: UT, UT2 Complex: Real
Deformed Var: UT Deformation Scale Factor: +2.128e+02
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(MPa) - (Hz) (Hz) (Hz) (degree) (mm)
115.8 5.198 22413 <15000 21975 90 93.4
115.7 5.156 22405 <15000 21959 105 93.7
115.6 5.130 22307 <15000 21967 120 94.4
1159 5.117 22184 <15000 21984 135 95.4
116.0 5.105 22014 <15000 21969 145 96.3
115.6 5.128 24315 21408 21983 155 97.8
114.2 5.042 23410 20603 21989 165 100.3
110.2 4.848 22332 19633 21965 170 103.2
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