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ABSTRACT

CFRP(Carbon Fiber Reinforced Plastics) has many industrial applications due to its low weight and high
strength properties. Due to its superior properties, for example, excellent resistance to fatigue wear, corrosion,
and breakage from fatigue, it has been widely applicable to aircraft, automotive, and medical industries and so
on. The main machining for CFRP is drilling, and route milling. In case of drilling, the machining defects such
as the delamination of each layer, uncut fiber, resin burning, spalling, and exit burrs are inevitable. The issue to
remove such kind of defects is necessary to make CFRP parts successful. From this point of view, this paper
investigates the removal effectiveness of machining defects existing at exit region with different type of tool
geometries. Consequently, based on the experiments, the tool geometry is most impact factor to remove uncut
fiber or resin.
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Table 1 Experimental conditions in deburring

Parameters Type
. Type MD CFRP Composite
Workpiece -
Thickness Smm
Spindle speed (rpm) 1500/3000
Feed (mm/rev) 0.03/0.167/0.33
Tool diameter 6mm

(a) Daewoo ACE-V45 (b) Deburring MD CFRP

Fig. 4 Experimental setup
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Table 2 Tool selection according to geometry

Tool Characteristic
No Category Company | Product name |Diameter| Purpose Picture
1| Carbide drill | WIDIN SSD060 6mm Drilling
. Hole
2 | Carbide reamer | SANGSIN GEM C100 6mm .
extension
3| Rotary burr YG1 SB-1IML 6mm | Deburring
2-Blade Endmil Milling for .
4 . SSOBOM [SSOBOM-D3A55| 6mm
compression wood
4-Blade Endmil Milling for S
5 . YGlI GUF40060 6mm
compression CFRP -
6-Left blade |KENNAM Milling for
endmil ETAL CFRP
Table 29} Zo] Fe7l & 659 75 A Age 7+ FFEE 0033, 0167, 0.33mm/rev,
st 7FE7E T Bl fle FTER Bl 1500, 3000rpme] 7FEZ7edA 334 tHH S &
25U CFRPE 9142t ve) AAlE 378 & o A& HEe FakeA vm % 2N
dol Fastthal AHg Zo] 1 o]fidd 1 &% 3ttt Taguchi AWl oleiA &7F ), 573
o e FTFest 2] oo, A%, OEEE oA W AAR T WHE
AR W Z1AIA Aol ul v ZElE vt JAAE o, JARANES ol8std AFAS &
wb Qe A EYE wAsel W AT ZEA AetAc
et WE AN o ALY FTE Yool
LEXow ZASE ¢ t¥ol, Fig 2 % 3.2 AgAL
2ol Azt 0° 7] 45~80°, 225~260° 4] H
wo] WA & Aabdo) Qe Hwof =
7t Bl g2 dapeel _6 F Comparison of deburring depend on each tool geometry
ol A mi= B A Fdd o, e m0033 mOMET =03
& THAE FTEE 45-80°, 225~260° B YA
BT vt v AATL HA kg Ths el &
ohowkRel g Z wid) el ojTold B
g FTAE i ¥ B o] RithE Wt a.f -
Aato] AHE TRbe] &am= mAa Wk AA 5@ :
50
2 7hs4el Bt i 3
~6¥ BT F 3w T HYs tme 5 F “

o= shk= FTola 1 Qe A4 7HIbE
Ty BZR Wey, CFRP U89 58 AL
Hu Je FTECIH 487 5 TFE fET
Fdo] Ao HEZYA de=doja 6 TTFE
6= o] Foizl i, HAgA d=do|t}

w
=1

—
(=
L
e
L

Tool

Fig. 6 Comparison of deburring on

- 19 —

0.167

0.033

each tool



o
-

g gol w2 CFRPY 7[gZ23 A A A AF : 57| AVFES A, Al6H, A4s

Main Effects Plot for BRR Contour Plots of BRR
Data Means Feed*Speed Tool*Speed
Speed Feed Tool &3
80
o . go2 g"
60 Ot
c 5 1500 2000 2500 3000 1500 2000 2500 3000
(o] pee
% i s , 6 Tool Feed BRR
40 & < 20
. . B 20 - 30
o . ‘ = B 30 - 40
= B 40 - 50
B 50 - 60
20 g 2 || > 60
10 0.1 ’ 0.2 03
1500 3000 0033 0167 0330 1 2 3 4 5 6 Feed
Fig. 7 Main effects plot for burr removal rate Fig. 8 Contour plots of burr removal rate
Fig. 6] A3 =& ®H 69 6 Fd A Residual Plots for BRR
=] 0.167mmrev, 3000pmel A 73%2] W AA g PR . et
_ — i
&2 Wy 2t M EUT T HAEE 3 . 55 : e
g 3 LA L)
W ZEeRgR7E 0.033mm/rev, 3000rpmoll Al 62%2] g %0 B
(-9 . H
W AALE Bl v g B .
- _ e 0 :
Minitab 178 ©]3}e] BRRo 9&g wx= Thos 0 n @ a & @
Residual Fitted Value
=2 BX3F = > 3
OIXI- o]-(%;‘—y ﬁ:ﬂl— Flg 751]— ZEE]- o:rL :9:] Histogram Versus Order
R4} o]$&50] WEIL BRRO| HNE FFL : n :
- . _ 15 » 2 1
uu] &R RE FTo] 7|eted et vX e dF i N\ A N
34 ; F 0Ny N
& 2 Ro vehta 53, oW 37U W Ee EFF a1 V' i
Fee v 7 AR S BAo] A8 | H L % g
[12] -20 -10 0 10 20 LS 10 15 20 25 30 35
‘—9:]:'4‘5‘)‘ —J—t]% (2)9]' Z;]_'E]' Residual Observation Order

Fig. 9 Residual plots for burr removal rate
BRR(%) = 21.8+0.00055Speed - 88Feed+3.89Tool+61

Feed*Feed+0.746Tool*Tool+0.0072Speed*Feed -
0.00035Speed*Tool+4.7 Feed*Tool 2

@ BRRE SAARAMOR EHF Ao, Table 3& 7+ 1zsh B AA&e] BAS B
TS (Spindle  speed), O] F E(Feed), & E2(ANOVA; Analysis of Variance)2.Z UERH
FEl(Tool type)d] UAA7F BRRO 7]ost= A=<} Fo|t}. BRRO| WX Hare ZEHE I} 57.23%
SAEE ARE AT Fig 82 A AR g g0 g0 00s%, oESE 378%E 71
Bl IR BRRE WERHa Sl WAAY wW ) g ge) As s zrEgug
e xﬂﬂg, 4%&1%1 u‘H %L W AALE EZ] - Jg_?g] Asketae) Aol % Sare



=
N
P

A

Seto] ek :

=7 AZLESE A, Al6d, M4z

Table 3 ANOVA for buir removal rate

Source DF Seq SS Adj SS Adj MS F-Value P-Value Contribution
Regression 8 9565.4 9565.39 1195.67 5.58 0 62.33%
Speed 1 6.9 0.83 0.83 0 0.951 0.05%
Feed 1 580.6 124.72 124.72 0.58 0.452 3.78%
Tool 1 8782.3 45.23 45.23 0.21 0.649 57.23%
Feed*Feed 1 14.3 14.31 14.31 0.07 0.798 0.09%
Tool*Tool 1 124.7 124.69 124.69 0.58 0.452 0.81%
Speed*Feed 1 15.4 15.36 15.36 0.07 0.791 0.10%
Speed*Tool 1 7.3 7.31 7.31 0.03 0.855 0.05%
Feed*Tool 1 339 33.93 33.93 0.16 0.694 0.22%
Error 27 5780.9 5780.93 214.11 37.67%
Total 35 15346.3 100.00%

DF=Degree of freedom; SS=Sum of squares; MS=Mean square

Deburring mechanism of right blade tool

mmp Cutting direction
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