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Study of the effect of machining parameters on delamination in rotary
ultrasonic machining process of glass fiber reinforced polymer composite
by diamond core tool
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Glass fiber reinforced composites pose numerous industrial applications that are because of suitable
mechanical and physical properties. Drilling is a common method to connect fiber reinforced material
structures. Rotary ultrasonic machining is one of the new methods in machining of fiber reinforced
composites that is highly attractive in recent years. Fiber reinforced composite laminates in machining
operations, especially in drilling operations which are subjected to stress concentration, tend to be
delaminated. Delamination damage is strongly influenced by factors such as tool material and geometry and
also machining parameters. Therefor in recent years, new tools such as diamond core drills are used in
drilling of fiber reinforced composites due to their lower force creation and simultaneous drilling operation
and hole internal grinding. In this research, delamination of glass fiber reinforced composites (GFRP) with a
percentage of 65% fiber in rotary ultrasonic machining process using diamond core drill regarding
machining parameters have been discussed. According to conducted experiments, it was observed that
cutting speed increment and feed rate reduction, decreases the delamination damage and improves hole
quality. Also based on achieved results, a statistical relationship between machining parameters and
delamination in Minitab software offered. According to the resulting model, cutting speed has a greater
impact on the amount of delamination.
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1. Epoxy
2. Polycrystalline Diamond (PCD)
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2.SCHOTT
3. Visual Measurement Machine(VMM)
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1. Ultrasonic C-Scan
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1. Regression



ol Sasuw 9 (5idl y de=xo

o S MbaYAY Gliae 2 GI)isble G yiol)l 43l aslloe

Slatee pw 03gaome 13 (LAp Sy g Soy0ke S g (SaSOYAY
(V) alal,) 0 &l oolitl 3,50

F4 = 149516 + 0.00273397 F — 0.0145555 V ()

e shn S s e Y a0 &S o]
e p 1y 58U pien Ghp Cepe Wdbioe Ghuie Sy
by oy 5l oy Wlgiso ol ol oslos Bl 3l 5 0 s SasaYay
Ak 5 97e (950 e 2 (B
Sade mSlas coasdll)] Joo o ¥ Jgaz 0 odelcewsd guli awlio
el sl eslatul b lgr co aps co plis a8 ail oo LYIYY (Jol> glas
Sroeh CwieeelS Ul o SasavaY cwngin sl Jue
oy YU o b oaias awldl 5l 5l ooliial b adct GLII L sniia i

Oy

&5 i -F
@ s g w0 6 oesle byl b gl cnl 5o
oy ot auldl S 5l solital b Spogsile lils )l oS
anledl IRl 28,5 )8 sy Syge aded SUII L oaliigsl Cyjenals
Ol il 5o polie g oadgamails jlsle b awladl 1579, sl)ls jloaiun
il S banTp cal o (G5 5 )5 e Slides gly o0 bl
3 oghior G mtle Sliles plnl jo @yl zge o5 25800 plox]
5 sl g el a5 coge Dsodsile Slils)l e Sk
4ol o &l el Crge g 4LAS foates bl Il 51 5l ool ,
SalB ) jae g oad atllS Il Gl Sl aseas jo 0gd e I3l GBI
L g Syogsile o, ¢ g Al o5 Conl o0 crgs pol ol iy oo
30 g 00 Adyo &) ygyde duie Bl 1 jloaiue awledl Il 5l eolazul
oozl 5,50 BLII L ool shi slacyj5elS (6,5 pdle jo al sledls
DS 1B
Wil cnl 5l eslital b lacejgmals” ()8 0mdle yo Sl
Jake i iagh ol 5 Bl el Flo Sata¥e¥ sl
9 S5 I8 pwyn 250 Sadayay ke 6,5 ale byl
Wl Jool> o gl jloaias awledl )l b laiole;T ploxl 51 ey
zrge o Dgoile (5 E g a0 (Lhy ey Sl )
9y GRS ey a5 09 o0 Elyges (69559 50 SabaYY s SialS
il oe HgbeaS g
CoheS Sl crge il cnl jo g5y S Jlade I8 Y
cleay a5 w0 w3l ) (SadaYay lade g oulds Flygw e
byl i )l e s I
Fally a5 o jasin (g)lel Juloo Sl ool b agly cnl yo -
Sls (SasaVay jlade ol ;50 o i LS p Ce e
9 S oetle syl o wSsue 1B a5l eslanal L -F
1 el 7 spam sl b a5 wb ) oyl e SasaYay e
SUIL oadlusl lacejonls jlge Sy 9 S )3 (nlnle
Do Ge8le wlils )| S @ Jloaius awldl Il 5l colaiwl i s
ke Gl (FasaYay coul ol5 caz 5 wiles sl s,
3565 )18 ool 3,90 Vb (B S 5 05 S92

w0 plis gl nl Wg) eizres ged Cugli | by (Soieas
Slp Vb Ghp gl s onl o0t Glade w5l eslitl oS
aslddl il 51 oslil plSin Fligw o0gy5 ,5 SadaVay 5l olisl
Al e clis loaiins

g Fa (SasaVay jloe o iz by o2 dlal) golaws
o3gazme 5 alizes dlse ;0 ()5 et Sla el )l bl (pwiin sla el ly
U e Lalgy ool LEY Fe FADL cudl oas 1)) ggiie slacae o
3 Sudaday jlds p )l Jld g By Se e wSey0te S
o wims e ol )bl lebdos s o (LS Elige (295 5 50959
ols (SabaYa¥ lae ply sylel 5 (Sozd b (it (b ey
S 536 I |y 9,0 ey il (pliize (Bl [FY A
Lev] asls

el el Slibae e JI331 o0 5 eslinal L mghy ol 5o
el 00l 0ols (LS Y Jaa o QT s as wl plosl Wosls (o il jlg
ool (1Sl fp AW 4 w3l o ol Folad F Joaz o P jlads
1y 70 ool mhas yladse bl oo 4z g8 B 5 ppe g0 4z, il
Jod B /40 5l 2aS P jlade g 2,8 oo Ll j0 aesls Judss gl
5 hn e bl g3 e gl s Ges ol e [F0] wil
56 bl 9o e g aibige +/00 Sl 2eS P Jlaial lade (59,00
(DF) olil az o jlade uizmen iyl Saba¥ay lade 5 gwldl
39 g Ceol 00 oolatul el)ly jo gl A wib o Sledbl Jlade (Il
S0t 3 P e bl sl ealosliiul SlMbI e Lrk
ol ot Cawsdy S vae plaS e golil A lade il e LSS
dolms g (MS) Slagye 5eSlen aizad 5 (SS) Slagyo gyarme e
G Ve 1o P lake Jas )0 5 90yS o 43 eolitul 3,50 Pl
(MS) by (xNlee lade 0,05 oo 1,8 oolaiwl 5)50 Dlawlowe ;0 5 00
5 odel Cuwods olj] az o Jlade , (SS) Wluye fgezme jlade pandi L
Geb &5 sao e plis (SadaYa¥ p ) el e s ke 506
2 ilhign W Camsl SIS sy e 355 e canlie T Jpaz
B oeile el 50 2 @l Az esoleSy clear (agh o
Al e sy LSS (SS) Slasye ggazme 9 (MS) Slasye Kilo laie
S smign S5 s al 3 (5) Sl gpan sllas a3k
aS 0,5 S G Olgsed Je cnl 5l eolatul b 1 laesls &l s VeIV
ilos Jo8 LB lade

Ehism 69359 » (Sxbaday ke gl Guilyly Jelow mli ¥ Jgue

(P) Jloiml  golilazyo Slape ke Slaye ggemme oyl )l
(DF) (MS) (SS)
DERRTARR \ L VAEAe e VAFA e e
DERR VSR \ </+Vvaya. o ./-yvava. u;)..,
S
S[eAYATA  ofe e VYLAR s

Soates awldl 15l b jlgs Sao@gdle anld sl bl Joo (556
b S s Hl38l p s SaS 4y 9 ¥ Jgoo b 5l eolannl b .l oauis sl
Shre o G)L"—‘ aayl; S bosls o b g ,S, G)LJ Sldos bl

1. Minitab

9US 9 pole dy s

<
<

es0l8 s)

)

[ ¥



J 93018 5)9Ud 9 polc s yuis

(Y]

<
-1

ol Sasuw 9 (5idl y de=xo

o S MbaYAY Gliae 2 GI)isble G yiol)l 43l aslloe

[26] Debnath, K. Singh, I. and Dvivedi, A., "Rotary Mode Ultrasonic Drilling Of
Glass Fiber-Reinforced Epoxy Laminates,” Journal Of Composite
Materials, Vol. 49, No. 8, pp. 949-963, 2014.

[27] Bertsche, E. Ehmann, K. and Malukhin, K., "An Analytical Model Of
Rotary Ultrasonic Milling," Int ] Adv Manuf Technol, Vol. 65, Pp. 1705-
1720, 2013.

[28] Uhlmann, E. and Spur, G., "Surface Formation In Creep Feed Grinding Of
Advanced Ceramics With And Without Ultrasonic Assistance,” CIRP Ann
Manuf Technol, Vol. 47, No. 1, pp. 249-252, 1998.

[29] Li, Z.C. Jiao, Y. Deines, T.W. Pei, Z.J. and Treadwell, C., "Rotary Ultrasonic
Machining Of Ceramic Matrix Composites: Feasibility Study And
Designed Experiments,” Int ] Mach Tool Manuf, Vol. 45, Pp. 1402-1411,
2005.

[30] Standard Test Method For Tensile Properties Of Polymer Matrix
Composite Materials, Annual Book Of ASTM Standard, 08.01, D 3039M-
95a, 1997.

[31] Torabizadeh, M.A., "Tensile, Compressive And Shear Properties Of Uni-
Directional Glass/Epoxy Composites Subjected To Mechanical Loading
And Low Temperature Services," Indian Journal Of Engineering Material
Science, Vol. 20, Pp. 299-309, 2013.

[32] Tsao, C.C. And Hocheng, H., "Evaluation Of Thrust Force And Surface
Roughness In Drilling Composite Material Using Taguchi Analysis And
Neural Network," Journal Of Material Processing Technology, Vol. 203,
pp. 342-348, 2008.

[33] Feito, N. Diaz-Alvarez, J. Diaz-Alvarez, A. Luis Cantero, J. and Henar
Miguélez, M., "Experimental Analysis Of The Influence Of Drill Point
Angle And Wear On The Drilling Of Woven Cfrps," Materials, Vol. 7, pp.
4258-4271,2014.

[34] Liu, J. Zhang, D. Qin, L. and Yan, L., "Feasibility Study Of The Rotary
Ultrasonic Elliptical Machining Of Carbon Fiber Reinforced Plastics
(CFRP), " International Journal Of Machine Tools & Manufacture, Vol. 53,
pp. 141-150, 2012.

[35] Hocheng, H. and Tsao, C.C, "The Path Towards Delamination-Free
Drilling Of Composite Materials," Journal Of Material Processing
Technology, Vol. 167, pp. 251-264, 2005.

[36] Wang, H. Sun, J. Li, J. and Li, W, "Investigation On Delamination
Morphology During Drilling Composite Laminates,” The International
Journal Of Advanced Manufacturing Technology, Vol. 74, No. 1, pp. 257-
266,2014.

[37] Sheikh-Ahmad, ].Y.,, "Machining Of Polymer Composites,” First ed.,
Springer, New York, USA, Pp. 197-201, 2009.

[38] Davim, J.P., and Reis, P., "Drilling Carbon Fiber Reinforced Plastics
Manufactured By Autoclave-Experimental And Statistical Study,”
Materials And Design, Vol. 24, pp. 315-324, 2003.

[39] Khashaba, U.A., "Delamination In Drilling GFR-Thermoset Composites,”
Composite Structures, Vol. 63, Pp. 313-327, 2004.

[40] Tsao, C.C. and Hocheng, H. "Taguchi Analysis Of Delamination
Associated With Various Drill Bits In Drilling Of Composite Material,"
International Journal Of Machine Tool And Manufacture, Vol. 44, pp.
1085-1090, 2004.

[41] Davim, J.P. and Reis, P., "Study Of Delamination In Drilling Carbon Fiber
Reinforced Plastics (CFRP) Using Design Experiments,” Composite
Structures, Vol. 59, pp. 481-487, 2003.

[42] Hakimi, E. and Amini, S., "Study Of Delamination In The Process Helical
Milling Of Carbon Fiber-Reinforced Polymer Composite,” In Persian,
Journal Of Science And Technology Of Composites, Vol. 2, No. 4, pp. 51-
58, 2016.

[43] Razfar, M.R,, "Machining and Tool Principles," In Persian, First ed,
Amirkabir University, Tehran, Iran, pp. 185-205, 2011.

[44] Amini, S. Barani, A.R. and Paktinat, H., "Machining and Cutting Tools," In
Persian, First Ed., Kashan University, Kashan, pp 25-44, 2013.

[45] Bayazidi, E. Oladi, B. Abbasi, N. and Afaridoun, K., "Statistical Analysis
with Minitab 16," First Ed., Aabed, Tehran, Iran, pp. 123-142, 2012.

&l -0

[1] Davim, J.P. Campos Rubio, J. and Abrao, A.M., "A Novel Approach Based
On Digital Image Analysis To Evaluate The Delamination Factor After
Drilling Composite Laminates,” Composites Science and Technology, Vol.
67, pp. 1939-1945, 2007.

[2] Nagarajan, V.A. Sundaram, S. and Rajadurai, ].S., "A Novel Approach
Based On Digital Image Analysis To Evaluate Refined Delamination
Factor For E-Glass 21xk43 Gevetex/LY556/DY063 Epoxy Composite
Laminates," Engineering Manufacture, Vol. 225, Part B, pp. 1977-1982,
2011.

[3] Konig, W. Wulf, C. Grass, P. and Willerscheid, H., "Machining Of Fiber
Reinforced Plastics,” Ann CIRP, Vol. 34, No. 2, pp. 536-548, 1985.

[4] Pei, ZJ. Khanna, N. Ferreira, P.M. "Rotary Ultrasonic Machining of
Structural Ceramics-A Review," Ceram Eng Sci Proc, Vol. 16, No. 1, pp.
259-78,1995.

[5] Hocheng, H. and Tsao, C.C,, "Effects Of Special Drill Bits On Drilling-
Induced Delamination Of Composite Materials," International Journal of
Machine Tools & Manufacture, Vol. 46, pp. 1403-1416, 2006.

[6] Konig, W. Grass, P. Heintze, A. Okcu, F. and Schmitz-Justin, C.,
"Developments In Drilling And Contouring Composites Containing
Kevlar," Production Engineer, Vol. 63, No. 8, pp. 56-61, 1984.

[7] Hocheng, H. and Puw, H, "On Drilling Characteristics Of Fibre-
Reinforced Thermoset And Thermoplastics," Int ] Mach Tools Manufact,
Vol. 32, No. 4, pp. 583-92, 1992.

[8] Hocheng, H. Puw, H. and Yao, K., "Experimental Aspects Of Drilling Of
Some Fibre Reinforced Plastics,” Proceedings Of The Machining Of
Composite Materials Symposium, Chicago, Illinois, ASM Materials Week,
pp. 127-38,1992.

[9] De Albuquerque, V.H.C. Tavares, J.M.R.S. and Durdo, L.M.P., "Evaluation
Of Delamination Damage On Composite Plates Using An Artificial Neural
Network For The Radiographic Image Analysis,” Journal of Composite
Materials, Vol. 44, No. 9, pp. 1139-1159, 2010.

[10] Persson, E. Eriksson, 1. and Zackrisson, L., "Effects Of Hole Machining
Defects On Strength And Fatigue Life Of Composite Laminates,"
Composites Part A: Applied Science and Manufacturing, Vol. 28, No. 2, pp.
141-151, 1997.

[11] El-Sonbaty, I. Khashaba, U.A. and Machaly, T., "Factors Affecting The
Machinability Of GFR/Epoxy Composites," Composite Structures, Vol. 63,
No. 3-4, pp. 329-338, 2004.

[12] Chen, W., "Some Experimental Investigations In The Drilling Of Carbon
Fibre-Reinforced Plastic (CFRP) Composite Laminates,” Int ] Mach Tools
Manufact, Vol. 37, No. 8, pp. 1097-108, 1997.

[13] Hocheng, H., "Machining Technology for Composite Materials," First ed.,
Woodhead Publishing, Cambridge, pp. 333-364, 2011.

[14] Arola, D. Ramulu, M. and Wang, D.H., "Chip Formation In Orthogonal
Trimming Of Graphite/Epoxy Composite,” Composite Part A, Vol. 27, pp.
121-133, 1996.

[15] Davim, J.P. and Reis, P. and Conceicao Antonio, C., "A study on milling of
glass fiber reinforced plastics manufactured by hand-lay up using
statistical analysis (ANOVA)," Composite Structures, Vol. 64, pp. 493-
500, 2004.

[16] Lopez de lacalle, L. N. and Lamikiz, A. and Campa, F.J. and Valdivielso, A.
F.D.Z,, "Design and Test of a Multitooth Tool for CFRP Milling," Journal of
Composite Materials, Vol. 43, pp. 3275-3290, 2009.

[17] Yuan, S. Zhang, C. Amin, M. Fan, H. and Liu, M., "Development Of A
Cutting Force Prediction Model Based On Brittle Fracture For Carbon
Fiber Reinforced Polymers For Rotary Ultrasonic Drilling," The
International Journal of Advanced Manufacturing Technology, Vol. 81,
pp. 1223-1231, 2015.

[18] Campos Rubio, ]. Abrao, A.M. Faria, P.E. Esteves Correia, A. and Davim,
J.P., "Effects Of High Speed In The Drilling Of Glass Fibre Reinforced
Plastic: Evaluation Of The Delamination Factor," International Journal of
Machine Tools & Manufacture, Vol. 48, pp. 715-720, 2008.

[19] Kumabe, J., "Fundamentals and Application of Vibration Cutting," Jikkyo
Publishing, Japan, 1979.

[20] Azarhoushang, B. and Akbari, ]., "Ultrasonic-Assisted Drilling of Inconel
738-LC," International Journal of Machine Tools & Manufacture, Vol. 47,
pp. 1027-1033, 2007.

[21] Takeyama, H. and Kato, S., "Burrless Drilling By Means Of Ultrasonic
Vibration," Annals of CIRP, Vol. 40, No. 1, pp. 83-86, 1991.

[22] Zhang, D.Y. Feng, X. J. Wang, LJ. and Chen, D.C,, "Study On The Drill
Skidding Motion In Ultrasonic Vibration Microdrilling," International
Journal of Machine Tools and Manufacture, Vol. 34, No. 6, pp. 847-857,
1994.

[23] Zhang, D.Y. and Wang, L.J., "Investigation Of Chip In Vibration Drilling,"
International Journal of Machine Tools and Manufacture, Vol. 38, No. 3,
pp. 165-176, 1998.

[24] Zhang, L.B. Wang, L.J. and Wang, X., "Study On Vibration Drilling Of Fiber
Reinforced Plastics With Hybrid Variation Parameters Method,"
Composites: Part A, Vol. 34, pp. 237-244, 2003.

[25] Arul, S. Vijayaraghavan, L. Malhotra, S.K. and Krishnamurthy, R., "The
Effect Of Vibratory Drilling On Hole Quality In Polymeric Composites,"”
International Journal of Machine Tools & Manufacture, Vol. 46, pp. 252-
259, 2006.



