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Parametric Study for Hole Machining in Natural Fiber Composites

Dong-Woo Lee*, Jung-Suck Oh**, Jung-Il Song*"

ABSTRACT: In this study, natural fiber composites including flax fiber reinforcement was manufactured. It was tried
to find optimum design of drill and machining factor for minimizing the damage during hole machining in natural
fiber composites. Taguchi optimization was used for minimizing the number of experiments and evaluation of the
effect of machining factor during hole machining in natural fiber composites. The experimental results indicate that
the newly designed drill distributes cutting resistance well and minimizes surface roughness and produces fine
surfaces. Developed new drill has been dispersed in the cutting resistance during processing, it was possible to obtain
the smooth hole surface. Also, it was found that optimal rotational speed and feed rate of drill for hole machining.
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Table 1. Manufactured composites for hole machining study

Designation Resin Fiber volume fraction
(vf.%)
CFRP Epoxy 0.48
FFRP-UD Epoxy 0.25
FFRP-RD Epoxy 0.25

2.2 Ch 7N B

CFA AR A Qo] oA (Taguchi) HpAto]] 9
o AR QA EE SR, Aol st AXE o) §
3o} Alofat 4 Gt QIAHERE Y 7743t AL (Robust design)
2 g 5 g AEAe] AFolch Ao AHgHE 2
A (factor) 9 43 (level) & AT ¥, T @A NS
Hg5h APASE 40} shuld A A JFL 7
L HHA4E AT 5 9] el s} Aol 1y
A5 31 Gk o 41 A1 21 & 747 (robust) 4179k
Eg3to] ALgata Qi ZALAL 9% 89 W F

] A G W e JFL Bk 9
st HhH o2 A% o 2 H](Signal to Noise Ratio, ©]3} S/
NE)E AR-3IC} S/N B] 9] the| 2 ¢ A|4l(dB)S AME5
<l ol= FAlolA AREsh= THelolth thA| 7] R ol A
HAPEE Al 57 ol tisho] e A =5 yebdch
SINBl= =245 o 3o tsiA Edstthe &ol=
2 5255 Frh 540 wheba sNu|of gt go)rt g
2t o, FFo] Z2 F kol A FAro] A&4=5 S/NH|

Lo
S/NH] Alzef 9 Aagol] AE=e dEd 9
H| = =
el 9 ol AbEEel dEE &

2.3 S2o| My
MEA AAE =2 7]&of CFRPE] 2 7h-2 $lafiAl
k=] o] ARGE AL QL= AlE-S Farste] A2bekelow Fig.

13} gt

A, Type B, Type C Al 72| =& HAA 513t 542
2 7l Sue] 9Ae Bere] 2Ud Al wehe
TFAEEIR, Bhe] 532 43 & 4 gl gARIe|th
Type A= A4S H-9](Primary Edges)E 140°%2} 160° 7
ARS Feof ehntsto] vhef o] Bbx|of aupA ol 47} A
MR o7 7lgo] Bl Y K9] (Primary Edges)?] stageS T+
o] stages Lpo 4] Mate] Aafo] X7 wHyo] Hi o
zZ}eloltt. =2 9] bodyH- 2] Helix angle Zt=+= =3 A, B,
C R ANHOR AT 15-40%E2 A bt Ba



Parametric Study for Hole Machining in Natural Fiber Composites 37

14 gFALo] AAlA o] CNCRE mAlo] 73

e By (Prlmary Edges)2] 7F4A1]7) S5
ﬁ%—g‘ AT = ¢ 9es =29 Y H(Primary
1565, 16422 = 772 o] AAsle] o]
7 Qla =] centerF-9]& F 1 mm
SHohs AAS oo] 2418 7
2 ZolF7] 9ol I HE o) A}els)
Stk o] WAFe] A9 Thgol B W 3 S 2
A sto] BEkaA 7h o] v Aw E3F EHo] 94
o 27 742] uhe] Hao] YAt Thrlo] St
W& 74gol =it
Type C E2o] 5 9] 92 Fo] 270 =ae| 7}
Fuo] At o] F AFUA0] HolAE 4L AE
3t9=)|, o]= 33 (Thrust force)2 HAMX 7= &3b7} 9)
o] FAFO] 7= 2step O 2 7FFFO RN 7HF A7t
7129] Type A, B HH= 5mm 2] ik gro] 9
A Bgahe] 71 B2 P of £& Gl

K
o9 —
g 2

_>I i

ol

ok

}:01.

o

4
2 N e
ot
u |

e, ol FII"
ox
|o
l-ﬂi

o i
2
o°1'

3: >
th

g 9 ok

%

rlo TL‘

2.4 713 9IX}
AAMH BdA=e 24 & 7S $184] Table 29} 2
o] 7}-5 = 9] 3/ H(Shape), = 2] 3|5 & & (Speeds), =

/

0 &’-0\5

?030
8
8
01000
100
~_156.00°
164.00°

\

(c) Type C

Fig. 1. Designed shape of three drill

Table 2. L9 Orthogonal array

No. Shape Speeds (RPM) | Feeds (mm/min)
1 Type A 1800 10
2 Type A 2500 15
3 Type A 3200 20
4 Type B 1800 15
5 Type B 2500 20
6 Type B 3200 10
7 Type C 1800 20
8 Type C 2500 10
9 Type C 3200 15
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(a) Entry plane

(b) Exit plane

Fig. 2. Comparison of machined hole surfaces
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Fig. 3. Exit plane of drilled hole in CFRP
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Fig. 4. Exit plane of drilled hole in FFRP-UD
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Fig. 5. Exit plane of drilled hole in FFRP-RD

(c) Low roughness (RD)

(d) High roughness (RD)

Fig. 6. Machined hole surface of FFRP
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Table 3. Roughness of drilled hole surface

No. Roughness (pm)
CFRP FFRP-UD FFRP-RD
1 0.31 0.56 1.33
2 0.32 0.96 3.80
3 0.29 1.15 4.67
4 0.30 1.88 2.65
5 0.42 1.92 6.22
6 1.56 3.81 4.78
7 0.41 1.46 2.78
8 1.47 3.73 3.92
9 0.42 2.70 7.40
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Table 4. ANOVA for CFRP

2

Source DF AdjSS | AdjMS | F-Value | P-Value
Shape 2 71.14 35.57 3.16 0.240
Speeds 2 44.32 22.16 1.97 0.337
Feeds 2 128.54 64.27 5.71 0.149
Total 8 266.50
Table 5. ANOVA for FFRP-UD
Source DF AdjSS | AdjMS | F-Value | P-Value
Shape 2 24.840 12.4202 31.94 0.030
Speeds 2 112.009 | 56.0046 144.00 0.007
Feeds 2 21.698 10.8489 27.90 0.035
Total 8 159.325
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Table 6. ANOVA for FFRP-RD

Source DF AdjSS | AdjMS | F-Value | P-Value
Shape 2 164.89 82.444 12.41 0.075
Speeds 2 56.19 28.096 423 0.191
Feeds 2 10.29 5.147 0.77 0.563
Total 8 244.66
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