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Hi?h—quality machining of CFRP by means of inclination milling with high helix end
mill and in-process heat-induced gas monitoring

HOSOKAWA, AKIRA

3,000,000

CFRP

Side milling tests of CFRP (Carbon Fiber Reinforced Plastics) without coolant are
carried out by DLC (Diamond-Like Carbon) and diamond coated carbide end mills. The surface integrity is
evaluated in terms of 3D Brofiles of the machined surface, generation of fluffing, delamination and
pull-out of the carbon fiber. The cutting force and tool wear with respect to the fiber orientation are
also examined. The inclination milling with high helix angle end mill is proposed in which the end mill
is tilted in such a way that the resultant cutting force acts parallel to feed direction. This unique
approach enables to reduce tool wear and to improve surface integrity of machined surface of CFRP. Gases
generated by thermal alteration of plastic in CFRP can be detected with an odor sensor.

CFRP DLC



CFRP(

CFRP

@
&)
®

1

CFRP

CFRP

@
&)
©)

CFRP

CFRP

(@)

@

CFRP
3

CFRP

In-situ

CO,, CO, NOx, SOx, H,S

(C)) CFRP
CFRP
(1)CFRP
CFRP
1 CFRP
0 CFRP
( ) 45°
4, 5
30 mm 1.5 mm
@
2
(DIA) DLC(Diamond-Like Carbon)
2
B=30°
B=60°
t DIA
10 yum DLC 0.1,0.3,0.5 um
3
CFRP
SEM

(KISTLER 9251A)

(b) Structure of CFRP plate
1 CFRP

(b) p=60°



Dynamometer |
"'_" Tool rotation n

End mill

1

I CFRP
(T74 23 ] 118) (T800S* / 3900-2B)
YHTE DLC, DIA (2-flute)

= d. [mm] 4

Rlhf B [l 30, 60

E=E t [um] B:f(g%; 0.3,0.9)
LB E v [m/min] 25 75
%L f [mmitooth]| 0.025 | 0.010
BEHA dw [°] 18-38 | 10— 30
FEARERAA ap, [Mm] 0.25
Pz FuThubk, BR
* CFRP

W
o
|

F, F, F

x 'y 'z
Ho & < DLC(:=0.3pm): B=30°
l|l® & o DLC(:=0.3um); p=60°

- F,: Normal force
| F,: Tangential force
Ff: Axial force

D
w

%]
o

—
[4,]
T

101

Cutting forces Fy F, F, N/mm

0 2 4 6 8 10 12 14 16
Number of cutting passes n,

€))

B=60° Fy F,

—45°

=
(1]
o
-~y
Fiber cutting angle 6 °
o

100 pm

AIP—coatlng DLC

0

100 pm

‘TO 20 30 40 50 60

Flank wear width VR um

Suirface B (p=60°)

45°
Top

0
(a) DLC~ AIPB =30°

Bottom

Measuring area Surface B
. S 10
Top (a}DLCA|Pp-60° Bottom 10
6
0
VB
(B=60°) (B=30°)
172
0=90° 0=+45°
6
B=30° 0=45°
0=45°
B=60°
SEM
B=30°
B=60°
B=60°



DE_CI (t=d.3 ylln)
ERTH

p=30— 1

p=60° —

0 0.05 0.1

EPISE S

F Resultant cutting force
ep Resultant force angle
8-=tan(FJE,)

4E>Fv

Feed direction Side face

2 T T T 1

0.15
mmZ/mm

0.2

F,. Vertical cutting force

%

A
£
Fy

.- Inclination angle

—‘Q—‘ v—|25I m)’mlIn
/=0.025 mm/tooth]

|
-

Vertical cutting force F, [N/mm]

1+ Q‘zs") ]
0 \'\

@ v=75 m/min e
| /=0.01 mm/tooth
(%‘20°) . ‘ ,
_25 10 15 20 25 30 35 40
Inclination angle ¢, °
9
7
p=30°
p=60°
F.
(
C))
8 F, F,
F, F, F
O
CFRP

Topurfc

BE I (¢,=0%

020

T T T T T T
v—25 m/mln

mm¥mm
=)
i
wn

v=75 m/min
[/~=0.01 mm/tooth
@:Top < :Bottom

<
—
=)

0.05

Fluffing area S

0.00

AGkv X300 100wm

100 um Top surface

f=0.025 mm/tooth -
@ :Top < :Bottom]

12 60 381 |

100 ym
TEFIENENC ¢,=319)

11
200 — T T T w T
I Tool: DLC—coated endmill (f=30°)
[ Work: CFRP (T8005/3900-2B)
150 |- v=300 m/min i
~F [ /~0.05 mm/tooth
5 | Dry
= |
Z 100} ]
= [
S
= [
50 1
" 0.5 1 1.5 2 2.5
Depth of cut @ mm
1 “ »
9 Ow
Fo( )
Or
F, 0
10 O
Or
11
DLC
®)
CFRP

CFRP



Pecat, O., Rentsch, R., Brinksmeier, E.,
Influence of Milling Process Parameters on
the Surface Integrity of CFRP, Procedia CIRP,
Vol.1, 2012, pp.466—470.

Hosokawa, A., Shimamura, K., Ueda, T.,
11 CFRP 2012, Cutting Characteristics of PVD-coated
Tools Deposited by Unbalanced Magnetron
Sputtering Method, Annals of the CIRP,
Vol.62, Issue 1, 2013, pp.95-98.

CFRP
Hosokawa, A., Ueda, T., Hirose, N, Furumoto
(6) l:, Higk}— quality machining of CFRP with
CFRP high helix end mill, Annals of the CIRP,
, Vol.63, Issue 1, 2014, pp.89-92.
(d0i:10.1016/j.cirp.2014.03.084)

F, F,
F.
(B=60°) — _—
=30° 12 ___ Crrp -
® ) DLC- 3

( 2014
) 2014 9 17

CFRP

(F 2012
y
F, F) 2012 9 16

http://www.me.se.kanazawa-u.ac.jp/lab/04.html

Teti, R., Machining of Composite Materials,
Annals of the CIRP, Vol.51, Issue 2, 2002, pp.
611-634.

Dransfield, K., Baillie, C., Mai, Y-w, | (D
Improving the Delamination Resistance of
CFRP by Stitching —A Review, Composites
Science and Technology, Vol.50, No.3, 1994,
pp-305-317.

Karpat, Y., Polat, N., Mechanistic Force )
Modelling for Milling of Carbon Fiber
Reinforced Polymers with Double Helix
Tools, Annals of the CIRP, Vol.62, Issue 1,
2013, pp.95-98.

E. Brinksmeier, E., Fangmann, S., Rentsch, ®)
R., Drilling of Composites and Resulting
Surface Integrity, Annals of the CIRP, Vol.60,
Issue 1, 2011, pp.57-60.

HOSOKAWA AKIRA

40 199493

FURUMOTO TASTUAKI

60432134

KOYANO TOMOHIRO

20707591




