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A Study on the Cutting Characteristics of Glass Fiber Reinforced Plastics
by Tool Materials and Type
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Abstract

In the use of glass fiber reinforced plastics it is often necessary to cutting the components, but
the cutting GFRP is often made difficult by the delamination of composites and the short tool life.
In this paper, the machinability of GFRP by mean of tool materials and type was experimentally
investigated. By proper selection of cutting tool material and type excellent machining of this

workpiece is achieved. The surface quality relate closely with the feed rate and cutting tools.
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Fig. 1 Schematic of experimental apparatus

Table 1 Physical properties of GFRP
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Table 3 Mechanical properties of tool materials
p " Single crystal Poly crystal Cubic boron
roperties . . -
P diamond diamond nitride
Density(g/cm?) 3.52 4.12 3.48
Young’s modulus 990 810 710
(kg/mm?* x 10?)
Hardness(mHV)(kg/mm?) 9000 5100 4500
Compressive strength
; 870 770 390
(kg/mm?)
Poisson’s ratio(y) 0.07 0.07 0.22
Thermal conductivity 50 2 67 048
(Cal/cm-s-C) ’ ) ’
Coefficient ofthermal
) e 3.1 4.2 4.7
expansion(10-%/K)
L




FelAdfAst Fetade] FrAA B Pabol vt AASA] I A7 1221
TrqAel Fulo] B "aze] Aske AL olalx AR AR Yool mok Fol@E o
SAHD Aee WY 4 ook AARelel Wk £ Qe
"akde] Wi AL EeiAYoe Was 4 2rd @ FuAtAe Asgel Be Fut
W Hgoza A TFY AgHehd Feld 4+ ofdele] ¥4L Fihel 1 S4L naeln
g Felade] ngdE Ao £Yd5 sbedhal 2} sled e, Fig 9o 2 A7t vpeht AUk F
c} 34-(w) 4ol 4 9] PSD(power spectrum density)
Fig. 8¢ @44 5o we Fastelel 48E o & g} Po| EaH oo

Bl Aoz FAHE AAEES] Frbol weps .
obrlel A4S Holm ok HEARAHR E Sw= 5 [ R(Ee s @)

Blo] AAlb o] o] 4 ol A~elo] AHALY O g
a}'-/—k— ‘1"1 X\'-1—10'” )\)\0 '], EE}'v? ﬂ"] 2 10T [ R(a)) *]Zl-oéoj‘oﬂ/q -;T‘—Z_‘__“!/S]LE,' /ﬂi
olab7] wlEolm HAL el Wbt AAtelel ol

S|

PSD (N/ (rad’s) ) PSD (N (rad/s) )

PSD (N*/ (rad/s) )

|
Szl Fatgol wlsted HES & Aabzlels: 1mmz, o
8]
ES

423 (.1 mm/reva,
a4 Fo FTe AA
= A

=z = 5] A
FAAR G Falg o
3

fre4d
HEh dakRch Fraladel o oddkel  Rtypee| F7ol o3 Fab4 dodclMe PSDu
#ag 4+ vk Rtype 379 &l o} Stypes] 7o oF Fab ododelo PSDr}
0.01 0.015
o012, ~ ooz} Siype ool
g t=1mm
0.009 E 0009} £=0.1 mmrov
g v = 200 m/min
0.006}] E 0.006 |
0.003 “ £ ool
. 11 WTOVREON I o mJL Variotttate e ool
0 50 100 150 200 250 300 350 400 450 300 530 0 50 100 150 200 250 300 350 400 450 500 330
Freq. (Hz) Freq. (Hz)
(a) Single crystal diamond
0.015 0.015
0012 ~ oozt S-type tool
) t=1mm
£=0.1 mms
0.009|- E 0.009L =200 i
Py L
0.006} & o.006
a
0.003} ﬂ £ 0.003}- JL\
0 JAAAAR.LLMAAAMMAL oAl s, 0 ll jllﬂ.lnu Al " L A
0 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 450 500 580
Freq. (Hz) Freq. (Hz)

(b) Poly crystal diamond

0.015
o.mz’»
0.009 -
0.006 |-
0.003 - J
0 % TN VSN PN
o 50 100 150 200 250 300 350 400 450 500 550 ¢ 50 100 150 200 250 300 350 400 450 300 550
Freq. (Hz) Freq. (Hz)

(c} Cubic boron nitride

Fig. 9 Power spectrum density according to tool materials and type



e

2]

2}

b

7:

Al ol

-type®]

o

w3k S
Ay gk
A=A

0w

=]

],

=

[N

H

Aol A PSD

%

il
ghe

1222

A
>=
-

(f) C. B. N.(S-type)

—_ . oL
LICEt U + ol oF
ol Lo de T® o
o Mpou] BE + o=
Do o &
2ol = 1 i i
& ° = iy !
=~ ,; T o4 ll s 1!
NooF 1Dr Iy ™ o
= ol A ro H s
- o T 2]
T2 4 oj ol -— ny 0 I
S Lopl XAF I g
— T —_— >
o B o> 9 < 2
oy ° . & D
F © I ol o oy bt =
e Ayl -~ % < -
h¢ ;o._ o < T3 = Z
q e T 5
) ﬂAYO —_ OO o- = y
Ho o — AT = jas}
-~ T oo ®R ° 3
N T P <
HL ~o ile} HLP — —_—
T o ® B Me, o] ) v
— - i
T o 2 Cled
) ol ot o D
— —_ o8] ! )
R =
w2 oj X
no~ !
www s Lo
b e — -
RO de - 2 o o
ov T To
W R T
, M1 o B
o . —_
T % o7 o X
. Mf = l,er
4 PETR o2
g <~ o <! L
ool N —
.,1 uﬂu LI o s T o)
. F 7 ™) olp: = 2
A ;oo B A e ot o
o~ o5 o) _u_ o w
Al To Y o o ~ ~
‘WN f \WI AT %r —— = =
it K" o S
T i e W R 2 =
o BT < ¥ £ £
s o T Kk N 17
Lopde - % -~ =
1 omu A o ol T ) =)
_ -
N T o [ g
= ) Mo
M ol Ho o
wok Mg Y
e Ho
0 ~ ‘W ) )
i
—_— — —_—
X ool T o

0.1 mm/rev, v

{c) Poly dia.(R-type)

Fig. 10 SEM photographs of cutting surface by using tool materials; t=1mm, f
200 m/min



Aee el Roh Eel ot H29

il D% =
F ek (e) Rtype 9wty d354 375 AR
5

A
R
52
fi

a
FH |
rL
2

sbe3ee felAdaol "
a4 &5 A4S JAHT 5 AUt g2, F
Ao A4S B W@ EAEAE wlel
S-typee] B39 b A MAce|elEe F+E 4}
fstE o] B 33 Fuis AHAE 4 vt
7t gl heE7 Aol E ImmE, o)SES
0.1 mm/revz, A4S E 200 m/minZ < A & A

Fig. 11 SEM photographs of cutting surface accord-
ing to depth of cut; f=0.1 mm/rev, v=200 m/
min, single crystal diamond(R-type)

1223
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Fig. 12 SEM photographs of cutting surface accord-
ing to feedrate; t=1mm, v=200 m/min, sin-
gle crystal diamond(R-type)
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