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Efficient Cutting Technology of CFRP (The 2nd)

Hiroshi MIZUE*-Tomokazu HASHIGUTI*
*Machinery and Metallurgy Section

=
=]

7

CFRP(Carbon Fiber Reinforced Plastic=/%&E#EiHE{L. 7T AF v NZHL, HIRORVALBI OB &4 RV EH

WTCO/IN L HEBRZFTV, SIEIHT - T HLEEEE - I TR S

WZDWTHIRT, XA YEVRa—T 7 Hfasiiz CFRP # 4

LENDBIME BRIV, NIEOERNREHH TR THY, SIHHEHIME R, INLROSE D3 @O LA
HoNTz. EF, WHOBE A @ RINEHE L2~V IVINLIZ LD RHT TIE, EBVHEEZEL T, TEOEEREICRE
7257, 1V ERIBTZ0 0 Z 5 M OPLA BEHRSEHIET, TRDERESIHSNDOZEND) T,

1. &I

R FBARAEL, BRI T AL I 1/4 LAF, LARE T 8
RELL BB PEEAA L TWA. CFRP 13, R FEMHEA
REICE S TR LICE GBI CTHY, BITE, Mz —
T, AR, w7 S P AN R A o T
W5, &5, HBVEPEZE T, PR AR K oI5
I 57280, BIROR A B I8 KA oo B B B 5
7R E~OIEHBEREESN TS,

— T IRFEWHEIL, PaTFNI R EDOEBM BRI T
EEY VM EL, £z, BIERFEL DN o7 [
DD, EBIT, IEZOBIEIIN T2V T, bk FE D
T HEREAH RS, fIEM OIF<BERE 1IN TRED
KT B E /> TND.

AT —~TIE, K% O% TR CYLELARDEHINTIC
DN, TIRO TRV - RUAZ W TN T B 217
W, THOF4, MLREREITOWTRF L.

2. EBRAFE

AL T HEOEARMLRES, Table 1 12777, 95 Tool
A, B, C, D I3, 2013 ‘EEEICE L LEZ OO
L. AEEMHEH LT AL, Tool E, F, G Tho.

Tool E (X CFRP M THOBHEAE&RNILT, £E CDV
BAYELRa—T 4 70N TH5. Tool F 1% CFRP i
THORBE ARV T, /LT T LT Lt R 2 AT
YRa—T 4 TN THD. Tool G IZFBIEA &R
(ALTON a2—7 1> 7 Bfisihie 4 NOWHAAI =T =
FILTHS.

Wl st L7022 CFRP 1%, H—Ro 77 A8 — TR L
T700S ZEHL T\, ETFEOREIZ 0° /90° FEffkz 1
B30, WEELT UD(==F AL at A d =815 mk)
Z 07 /90° /45° [-45° HHEERIEL, B LIERIIEL ~
Uo7 ALLTES 6mm KB LIZb D THS. K FEMHEDO(L

Table 1 Specifications of Tools

Symbol Tool Type g e
of tool Diameter Specifications
mm
Two-flutes
. Square end cutting edge
A Eng (r)nlll Cemented carbide
' (AL, TN coating
Flute length 20mm
Cemented carbide
B Drill Cr coating
6.0 Point angle 140°
Normal type
Drill Cemented carbide,

C 6.0 Diamond coating
’ Point angle 120°

Drill Cemented carbide,
D Diamond coating for CFRP

6.0 Point angle 90°
E Drill Cemented carbide,
6.375 Diamond coating for CFRP
Drill Cemented carbide,

F Diamond coating for CFRP
6.375 Multi angle

Four-flutes

Square end cutting edge
Cemented carbide
(AL,Ti)N coating

Flute length 13mm

End mill
6.0
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Table 2 Specifications of carbon fiber (T700S)

Tensile Strength MPa 4900
Tensile Modulus GPa 230
Elongation % 2.1
Density g/cm3 1.8

*from TORAY US website
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Table 4 Cutting conditions

Cutting conditions Tool E, F
R 35 fk A Yo A 7« R B ;
Table 3 fRFEMHMENL B RO T AT 07l Cutting speed m/min 60
4 e F7 A& (Rotational speed min) (2996)
. - WLZERE — A, 1D ki e Feed per revolution mm/rev 0.05
=) A o 2 PR SR
T1100G | MR - FBHEH Ty, AR—Y (Feed speed F mm/min) (150)
T1000G | BHRE - FRER | $TH B Ryyh, AR—y Workpiece CFRP
Workpiece thickness mm 6.0
T800S | ML - it | izl — i, AR—>
Coolant Dry (Suction)
. o
T7008 | s e A0 TUIE, FERE
T300 | e R S, TR, Table 5 Cutting conditions

TORAY JP U7 H#AR&Y

Fig.1 Setup for experiment

Cutting conditions Tool G
Cutting speed m/min 100
(Rotational speed min1) (5305)
AXlal depth of cut in 1.0 3.0
circumference mm
Setting feed speed mm/min *1| 600 | 800 | 1200 | 800
Real feed per revolution 01 o013l 02 | 0.13
e Domfrev ) T T
Real feed speed mm/min  *1| 539 | 706 | 1048 | 708

Cutting direction Up cut milling

Workpiece CFRP

Workpiece thickness mm 6.0

Coolant Dry (Suction)
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Fig.2 Cutting pass for helical end milling
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Table 6 Conditions of cutting edge

Number Tool E Tool F
of holes | Major cutting edge | Major cutting edge
—0—Tool A
400 + ——Tool B

300 r

200

Cutting force of Z direction (N)

100

Tool ABCD : Result of fy2013
Tool EF : Result of fy2014

0 1
0 50 100 150

Number of holes

200

Fig.3 Relation between number of holes and
cutting force
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Table 7 Cutting force (drill)

Number| p ) Tool F Tool D
of holes
1st | 100N 2s
7 axis e -
10th | ’ e
Z axis —M-‘- ..... B ik,
|_Data of Y-axis are duplicates
50th - L
7, axis gl G ot S| NG
100th i
7 axis - m‘ A
200th
7 axis A
X axis g
| O
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Table 8 Conditions of hole (Hole diameter: 6mm)

Number Tool E Tool F

1st

of holes in | out in | out

10th

- u!‘u‘u‘

100th

elelelo)

200th
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Fig.4 Relation between number of holes and
wear of corner



Table 9 Conditions of cutting edge

F800 Z3
End cutting edge

F800 Z1
End cutting edge

Number
of holes

1st

10th

50th

100th

BEFEDIREIX, 2013 4EELRIMET, FoB 7 7alidhE
BENT RN RDENTHL 2> TND.

322  HIEIEHR
Fig.5 2/l s Z @5 o EEEH OB E =T
Fig.6 (27l 4k & X il )5 16 O HIHL BT o BfR 7R T

@O Z#h5 o EEtE, 1 )8E Z Uh5AE2 1.0mm O
LA, EVHEZEMSE IS KL

@ Z i mogEEEL, %0EE F800 0G4, 1 4
] Z YA EE 1.0 25 3.0mm ([ZHINS T8 60%
HRLTZ.

@ X il J7 i O BIEIHHL(Y 67 b FED, 180 Z 1)
AR 1.0mm DA, EVHRELINSETHRER
EAIZ A BN/ oT.

400
2 L
§ 300
5
g L
5
N
%200
8
5
“b;o —e— F600 Z1
% 100 —=— F800 Z1
© | ——F1200 Z1
—O— F800 Z3
O 1 1 1 1 1 1 1 1 1 1
0 50 100
Number of holes

Fig.5 Relation between number of holes and
cutting force (Z axis)
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Fig.7 Schema of cutting area in circumference at
helical end milling
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Table 11 Conditions of hole (Hole diameter: Smm)

Tool G
F800 Z1

Tool G
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Number
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