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Hole Quality During Orbital Drilling of KFRP Composites
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Abstract Delamination and fuzzing defects during drilling of KFRP composites are too severe to meet the re-
quirements in assembling process. Therefore, orbital drilling is proposed to drill KFRP composites in this study. Single
factor experiments are conducted to investigate the hole quality and inhabitation mechanisms in different working con-
ditions. Delamination factor, fuzzing area and diameter deviation are presented to characterize the hole quality. The
experimental results indicate that there are close influences of eccentricity, spindle speed and cutter geometry on hole
quality. When four—flute end mill with waved edges is used, hole quality is the best in working condition of e=0.5 mm
and N=4 000 r/min. The delamination factor and diameter deviation are 1.27 and 1.2% respectively, and reduction of

fuzzing area from drilling with two—flute end mill is 13.7%.
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Fig.1 ~Schematic diagram of orbital drilling
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Fig.3 Characterization of defects
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Fig.4 Hole quality with different eccentricities
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Fig.5 Eccentricity influence on delamination factor
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Fig.9 Spindle speed influence on delamination factor
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Fig.12  Hole quality with different cutter geometries
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Fig.14  Cutter geometry influence on fuzzing area

15y 71 BB FLAR i 22 FO 520, BT Y 7]
BETIRYFLAR I 22 B/ A 1.29% , T = T1 BE T DT Y
FUR A 22 de R, A8 3 17.0% o 1T =TI S2. 88 T 4 S T

A IRIERE 25, T ARG TT R S T HAIA

PR i1 32 05 S8Rk, P el ) k2 g AR v

CIRTAOPEDAR: e SN DL WA RIS R A N RBu L SR ]
i PR INAEE BT L LA IR 225/

7

15

10

FLAE 2 /%

o 2 70w
=7 =7 i W71
PARCE:pii|

(&1 15  JTEIASRUGFLAR i 22 B 5
Fig.15  Cutter geometry influence on

diameter deviation

PR, £5 6 i i o3 )25 R O B T RRURIFLAR O 22
WOV U 188 7] W FLBT i et R BRI )
BT JE TR TR AR TR UGB Sz Bk T AH HHA
HI 5 B S 2 /N T B0 70 A S s ) R R K
A7 55008 D VT R AR T R B, I B 3 & KFRP
AR IR B FL T
3 it

(1) BEAC R BN, 43 2 T B T A
FLAR 22 #B bl 2 A, OB 0.5 mm B (9 432 R 7
FEE A 1.0 mm FEAK T 3.7% 1 55.3%,
LA 2 H 18.2% M & 9.2% ., N, B /INE) O E
BEREAT R KFRP & &4 MR FLERIE

(2) HFHLRPLEF S hr s B & AT, 76 &
TR T, K 2T 2 e Lk U B O A A R Y
B L, 02 - R B T AU LA e 22 Y R T G
SRR TR g, A 4 000 v/min IR ESEFL
(1) JoT & B i, 4 )= R R R T T AR S EE 6 000 v/
min BHEAK T 7.4% 1 27.3%.,

(3) ZJITWRZ8E A DA T R dy H
bR AN T A il e gk 0 B ) SR B LU
Hil, TR 32 B T B 7180 5 i)
Va7 7] AL AR T T BT ik 18k T R
FEERI I | BeNE A 208 D VT MR AR TR B 25

BRI A R, 78 F 4% 3 4 000 v/ min 1L IR
0.5 mm MY THLF, R HEIE W 7] 88 71 1) KFRP & &
R e gt AL o 2 B 4

5% ik

[1] YE L, LU Y, SUZ, et al. Functionalized composite

FHIMRI T2 hip://www.yhelgy.com 2018 4E 45 3 11



structures for new generation airframes; a review[ J]. Composites
Science & Technology, 2005, 65(9) :1436-1446.

[2] YILBAS B S, AKHTARS S. Laser cutting of Kevlar
laminates and thermal stress formed at cutting sections[ J ]. Optics
& Lasers in Engineering, 2012, 50(2) :204-209.

[3] KHASHABA U A, EL-KERAN A A. Drilling analysis
of thin woven glass—fiber reinforced epoxy composites[ J]. Journal
of Materials Processing Technology, 2017, 249:415 - 425.

[4] S8, mPEREE TR AR CHEARRIBIFE D], 7
HHLT RS, 2006.

[5] A3CK, XUBLR, sk, 5. D5 er 4 25 bk
B TE AT T]. R ESEEL, 2013, 27(4) :71-74.

[6] PERSSON E, ERIKSSON I, ZACKRISSON L. Effects
of hole machining defects on strength and fatigue life of composite
laminates[ J ]. Composites Part A, Applied Science & Manufactur-
ing, 1997, 28(2) :141-151.

(7] FEJRL 05 4 25 4 52 B RHOD I 528 0 T8 R W5
[D]. REHT K%, 2013.

[8] XUBLR, skind, £52,5. TR S5 0OARE 5
PRI T TR T]. TR R T2, 2013, 43(4) :95
-98.

[9] DURAO L M P, GONCALVES D J S, TAVARES ] M
R S, et al. Drilling tool geometry evaluation for reinforced com-
posite laminates[ J]. Composite Structures, 2010, 92(7) :1545-
1550.

[10] HOCHENG H, TSAO C C. Effects of special drill hits
on drilling—induced delamination of composite materials[J]. In-
ternational Journal of Machine Tools & Manufacture, 2006, 46
(12/13) . 1403-1416.

[11] DENKENA B, BOEHNKE D, DEGE J H. Helical

FHIMEITZ, http://www.yhclgy.com 2018 4F o530

milling of CFRP —titanium layer compounds[J]. Cirp Journal of
Manufacturing Science & Technology, 2008, 1(2) .64-69.

[12] LIU C, WANG G, DARGUSCH M S. Modeling, sim-
ulation and experimental investigation of cutting forces during heli-
cal milling operations[ J |. International Journal of Advanced Man-
ufacturing Technology, 2012, 63(9-12) :839-3850.

[13] Ede. e TAPRHRIESE FL 3l 12 a5 [ D], K
A2, 2012.

[14] 55, &L, 88 5%, C/E G PR IESE Il
FLIT A B R P A LB D ] BUAR T AR A2 4k, 2012, 48
(15):173-181.

(150 XN, skfE, M) 5. BREF 43T 2 5 b RHR i
BEALYIEI Ty B T A [ 1], A bR, 2014, 31
(5):1292-1299.

[16] BRAT, BHKHE, BRIRIR. L 4t & M RHIRE BE AL
H A BFEIRIRATFE[T]. DA HURS A Sk THR, 2014,
(6):8-11.

[17] BRINKSMEIER E, FANGMANN S, RENTSCH R.
Drilling of composites and resulting surface integrity [ J]. CIRP
Annals — Manufacturing Technology, 2011, 60(1) :57-60.

[18] WAN Y Z, CHEN G C, HUANGY, et al. Character-
ization of three —dimensional braided carbon/Kevlar hybrid com-
posites for orthopedic usage[ J]. Materials Science & Engineering
A, 2005, 398(1/2) .227-232.

[19] ZJEik, PRk, XM, 5. BBl B AR EAT =
il R E A R AT [) ] s iR, 2009, (6) :58~
60.

[20] WrEmn. B BURe Al B 4 AR THOR AT 5[ D],
F TR, 2004,



