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CFRP (Carbon fiber reinforced plastic) has been widely used in different industries such as aerospace, automobile, sports
and medical. Laser processing of CFRP has a great potential for industrial applications. In this paper researched the micro
cutting and drilling of CFRP with 0.5 mm thickness using 1064 nm ytterbium nanosecond pulsed fiber laser. It also
investigated machining characteristics of micro cutting and drilling according to laser power, frequency, scan speed and
number of scan (or irradiation). Complete cutting and through-hole drilling were achieved with low frequency when the laser
power was low and with low and middle frequency when the laser power increased. However, those were not achieved a
frequency of 100 kHz. The cutting width increased when the power increased and decreased when the frequency and the
scan speed increased. The hole size increased when the power and the number of irradiation increased and decreased
when the frequency increased. In the case of micro hole array, the hole was blocked during the next hole machining when
the hole spacing was narrow. The resin was melted by the heat thus blocking the pre-drilled hole. We devised the laser
scan method, and the micro hole array with narrow hole spacing was fabricated successfully.

Manuscript received: February 1, 2019 / Revised: March 12, 2019 / Accepted: March 14, 2019

1. M2 59 557k ol CFRP 7ol 285l Sltt. o] FoilA,
OJAE o8& CFRP 7k =2 Arbde 7, tids d

SR SFESRAE (CFRP: Tt #lxlo] Adts ool =R, A7t o] 27]7k2] thekgt Kool A
o] & /3 §7Fssto] AAdA E87A7E o A2 AlE £F8 FAl
o= sl FF, AsAh Ax2, R 5 HgR AbdEorellA w2t glojAE o]83t CFRP mlA|7kgol gt =27t AL
g7k 4k ket Qleh! CERP Al27ge 14 43 k. FoJAE o g3to] CFRPoY| Ut njAl@ = &7 $1sh

sAERLS A7) 98 2 ARAYS ANA Hrh Ax vmz wsle] 2uEANE olgehiu, Bavt HesE
CFRP 7Homt auaoR Sag, et 2 AAkE  ulAZkRole felakaut 1vke] Fu] 7ol @io] Hrk. &
o] AT, SHAIYE CFRPE FAISHS shaiigol e Aol 2 AAAQ ek stolu] dlo|47h 349 mlAzke] 28
3 B4, 43T U2 oy FOR s AUskRe] e H3 gtk the stolu] dlo] 4 SAoA S njozizn]
ofelgol gtk dEAoR ganhw, 4y wlA4, FxRe,  © 2719 slARAkEel B Rss, EaF A Hel). )
3], AeAr 5O BAVL Gtk webal, AAbRe] BAAE  Aw 7k o] ddidol WAIgT do) ot dlxle] B4
Adstels welw s AAZLE o Tl CFRP 7FEHIE O Q8] thek B dlo] 1S CERPY ul7hgel] 285

2
haks] AtEar Qlek djEAos el WAvE FolA° A=7F A 9] ek webA vz X o]A1E CFRP U]A

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



784 /| September 2019

7heoll ZEsks 29 7, A, iAWt & dtehe
2ol Hash. FAH R, 75, G 9%, 18 o]
£ Faspshs ol tigh A-7F st & =wolAe
X wpolH Fo|AE o]-§3t CFRPO| vlA| det gl
S0l sl i, dEe Haskete] et AU E
£ 2= A 7 7k ke ARt

2. MK

2 Adof AREE HlolA= 20 W E29] 1064 nm 315 2k
+= Ytterbium Pulsed Fiber Laser(=@: K2 Fiber 20, A| XA}
K2 Laser System)Z JutA o g go|# n}7)7|2 8= Q)
ok Al A EFsHE FlolA 21 92 Y 20 WE
7)Z0@ 10-95%, o2l Zo 200 kHz, AJEEE )
3,000 mm/so|t}. A|2ALOA At HE ~ZEO|(RZE
Ao Marking Mate)S o|-&3lon, &8, Ful, A4

T, REESISE MAT o Qo vHESles Advkeat 7t
39 A5 skl et Ae7kse] Aol v
Z0214=(Number of Scan)&, LY 7Fa2] 7ol HhE 2134

(Number of Irradiation)& YEF A}, Fig. 12 & Agof AME-
CEBESES

2 AFollA CFRP= YHeF AJH(UD TYPC)J"’—} BAAE Al
H(Plain Woven Type) 27}A] & ARESIATHA| RAL: o7,
CFRP A|#H2 20 x 20 mm 7|2 Aets}o] /\]-—9—0]- i, FAE
0.5 mmO]E}.

3. 2|0IX == WE ojM BH JIs

3.1 7l 2=4A

glo|xe] Zd<(Power), Fu}<(Frequency), 7<% (Scan
Speed)s WZHAZ7|WA] CFRPO| A4S 7Hgsto] 7HeES
A EQkTE Ao AREE dlojA= & o] 20 WSl B
&017] wiZell 0.5 mm F72] CFRP A Aehstr] flafiAl=
dolAE 18] AH: Ao2s RESHL WAt dast
ok 2 Aol HHEATHSIRE 1003] 2 1 sk3lTh. Al 52
ol 712z AL Table 10 YA}

Fig. 2= &3 40%, 3t~ 50 kHz, 2704 1000 mm/s,
EANZIS: 1003)9] A0 Z AuksF ATt HZZE AW

HA7HES G Avtolth. AYF AW AP BAHG

033
[ 032 é r—r‘

3t ZFRREICIA 2Pl SHol HA st , @
MRS AROIT, AABYFEIA AW TF ol
th. Fig. 2t 2ol FUT AEO2 743H AL B 4 ok,

HR 25 A|HY FPofl= AaFfy mokoZ eAdG7t wAf
k], A7 LA FE(Fig 200)0] 7HeH] FE)e 7ol

Fig. 1 1064 nm ytterbium pulsed fiber laser (Model: K2 Fiber 20,
Manufacturer: K2 Laser System)

(b)

Fig. 2 Laser micro cutting results according to CFRP type: (a) UD
type, (b) Plain woven type (Power 40%, Freq. 50 kHz, Scan
speed 1000 mm/s, No. of scan 100)

Table 1 Laser micro cutting conditions

Parameters Values Remark
Power (%) 40, 60, 80, 95 Max. power: 20 W
Freq. (kHz) 20, 30, 40, 50, 100  Pulse duration: 100 ns
Scan speed (mm/s) 300, 500, 1000, 1500
No. of scan 100 Fixed
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B34 1008]0]t}. Fig. 3(a)elA] B 4 gl=o] 7has
02 J1BE(Cutting Width)sth Y7 Qe 7Ho] Qojgrzs
B 2 olr}. 99 Fig. 29] RZAA L 7H2H 2Hoz dogF
Zo] gol A7|A] kot 2bds] Hrho] =] =t} Fig. 3(b)
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Table 2 Laser micro cutting results according to power, frequency and scan speed

Power  Freq. Scan  Cutting width Power Freq. Scan  Cutting width Power  Freq, Scan  Cutting width
No. @) (kiz) speed (m) No. ©%)  (kiz) speed (pm) No. ©%)  (kiz) speed (um)
(mm/s) Front Back (mm/s) Front Back (mm/s) Front Back
1 40 20 300 6334 - 28 60 30 1500 70.14 - 55 80 50 1000  67.20 -
2 40 20 500  59.63 - 29 60 40 300 69.41 - 56 80 50 1500  65.70 -
3 40 20 1000  64.21 - 30 60 40 500 68.21 - 57 80 100 300 66.21 -
4 40 20 1500 62.94 - 31 60 40 1000  66.03 - 58 80 100 500  64.18 -
5 40 30 300 67.72 - 32 60 40 1500  66.69 - 59 80 100 1000  59.97 -
6 40 30 500  61.15 - 33 60 50 300 67.55 - 60 80 100 1500  59.30 -
7 40 30 1000  62.12 - 34 60 50 500 65.19 - 61 95 20 300 97.72  22.38
8 40 30 1500  59.99 - 35 60 50 1000  63.33 - 62 95 20 500  86.09 23.17
9 40 40 300 59.82 - 36 60 50 1500 61.30 - 63 95 20 1000 8237 27.99
10 40 40 500 5897 - 37 60 100 300 61.82 - 64 95 20 1500 8221 28.32
11 40 40 1000  59.97 - 38 60 100 500 57.77 - 65 95 30 300 8540 1633
12 40 40 1500 58.62 - 39 60 100 1000 56.86 - 66 95 30 500  79.67 17.01
13 40 50 300 55.09 - 40 60 100 1500  55.39 - 67 95 30 1000 8221 24.73
14 40 50 500 5593 - 41 80 20 300 8694 19.02 68 95 30 1500 79.02  27.96
15 40 50 1000  53.07 - 42 80 20 500 80.67 2241 69 95 40 300 81.70 2741
16 40 50 1500 5243 - 43 80 20 1000 8346 2354 70 95 40 500 80.87 16.86
17 40 100 300 52.72 - 44 80 20 1500 80.70 26.15 71 95 40 1000 7396  18.52
18 40 100 500  50.03 - 45 80 30 300 82.03 2222 72 95 40 1500 78.01 20.57
19 40 100 1000  48.51 - 46 80 30 500 79.17 16.01 73 95 50 300 75.80 1591
20 40 100 1500 45.48 - 47 80 30 1000 77.85 19.71 74 95 50 500 7457 1891
21 60 20 300 80.52 2142 48 80 30 1500 76.14 23.18 75 95 50 1000  70.19 18.23
22 60 20 500 7344 19.04 49 80 40 300 8371 2657 76 95 50 1500 69.07 19.84
23 60 20 1000 76.03 25.78 50 80 40 500 7594 1686 77 95 100 300 69.06 -
24 60 20 1500 7447 19.01 51 80 40 1000 6990 19.88 78 95 100 500  66.37 -
25 60 30 300 7295 - 52 80 40 1500 7227 20.71 79 95 100 1000  63.98 -
26 60 30 500  67.71 - 53 80 50 300 75.63 - 80 95 100 1500  63.98 -
27 60 30 1000  69.91 - 54 80 50 500 72.60 -

Fig. 3 Laser micro cutting using UD type CFRP: (a) top view, (b)
top view (by transmitted illumination), (c) bottom view, and
(d) rectangular shape cutting (side length: 5, 3, 2 mm from
left) (Laser: Power 95%, Freq. 20 kHz, Scan speed 300 mm/
s, No. of scan 100)
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Fig. 4 Cutting width (front) variation according to laser power
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Fig. 5 Cutting width (front) variation according to laser scan speed

Table 3 Laser micro drilling conditions

Parameters Values Remark
Power (%) 60, 80, 95 Max. power: 20 W
Freq. (kHz) 20, 50, 100 Pulse duration: 100 ns
e 50, 100, 200, 300,
No. of irradiation 400, 500
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Fig. 6 Laser micro drilling results: (a) top view, (b) top view (by
transmitted illumination), and (c) bottom view (Laser: power
80%, Freq. 20 kHz, No. of irradiation 400)
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Table 4 Laser micro drilling results according to power, frequency and number of scan

Through hole

Hole Hole (by transmitted No. of

Power Freq.  No. of

Through hole  No. of

by transmitted
Power Freq. No. of Hole  Hole  (by measure

No. %) (kHz) irradiation entrance  exit illumination) measureme.nt No. %) (kHz) irradiation entrance  exit illumination)  ment of
(um)  (um) Count RO of hole exit (mm)  (pm) Count RO hole
(%) (%) exit
1 60 20 50 71.54 - 0 0.0 0 28 80 50 300 80.14 11.44 5 833 2
2 60 20 100 77.59 - 0 0.0 0 29 80 50 400 783 14.18 6 100.0 2
3 60 20 200 79.44  9.03 5 83.3 1 30 80 50 500 81.88 14.08 6 100.0 3
4 60 20 300 80.23 11.12 6 100.0 1 31 30 100 50 61.13 - 0 0.0 0
5 60 20 400 7742 10.19 4 66.7 2 32 80 100 100 64.11 - 0 0.0 0
6 60 20 500 81.24  9.78 5 83.3 1 33 80 100 200 73.28 - 0 0.0 0
7 60 50 50 65.8 - 0 0.0 0 34 80 100 300 69.89 - 0 0.0 0
8 60 50 100 63.46 - 0 0.0 0 35 30 100 400 72.42 - 0 0.0 0
9 60 50 200 70.45 - 0 0.0 0 36 80 100 500 73.04 - 0 0.0 0
10 60 50 300 66.91 - 1 16.7 0 37 95 20 50 80.6 - 0 0.0 0
11 60 50 400 68.21 - 1 16.7 0 38 95 20 100 79.49 - 0 0.0 0
12 60 50 500 70.85 - 1 16.7 0 39 95 20 200 86.05 14.98 5 833 3
13 60 100 50 58.14 - 0 0.0 0 40 95 20 300 89.54 16.92 6 100.0 3
14 60 100 100 5791 - 0 0.0 0 41 95 20 400 84.22 16.82 6 100.0 3
15 60 100 200 62.51 - 0 0.0 0 42 95 20 500 84.22 23.26 6 100.0 3
16 60 100 300 61.46 - 0 0.0 0 43 95 50 50 75.49 - 0 0.0 0
17 60 100 400 64.75 - 0 0.0 0 44 95 50 100 80.02 13.23 4 66.7 1
18 60 100 500 61.53 - 0 0.0 0 45 95 50 200 84.16 16.58 5 83.3 3
19 80 20 50 77.61 - 0 0.0 0 46 95 50 300 82.14 15.63 6 100.0 4
20 80 20 100 80.52 - 0 0.0 0 47 95 50 400 86.74 149 6 100.0 4
21 80 20 200 86.13 1195 6 100.0 3 48 95 50 500 82.54 27.34 6 100.0 4
22 80 20 300 83.74 14.34 6 100.0 3 49 95 100 50 71.12 - 0 0.0 0
23 80 20 400 87.68 16.6 6 100.0 3 50 95 100 100 73.01 - 0 0.0 0
24 80 20 500 85.17 15.59 5 83.3 3 51 95 100 200 74.38 - 0 0.0 0
25 80 50 50 66.15 - 0 0.0 0 52 95 100 300 73.38 - 0 0.0 0
26 80 50 100 67.4 - 3 50.0 0 53 95 100 400 81.23 - 0 0.0 0
27 80 50 200 7441  10.66 5 83.3 1 54 95 100 500 75.61 - 0 0.0 0
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Fig. 8 Drilling results according to distance between two holes: (a)
0.5 mm, (b) 0.3 mm, and (c) 0.2 mm (Fiber direction: horizontal,
drilling direction: horizontal) (Laser: Power 80%, Freq. 20
kHz, No. of irradiation 300)
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Fig. 9 Dirilling results according to distance between two holes: (a)
0.5 mm, (b) 0.3 mm, and (c) 0.2 mm (Fiber direction: vertical,
drilling direction: horizontal) (Laser: Power 80%, Freq. 20
kHz, No. of irradiation 300)
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Fig. 11 (a) Conventional hole array machining method and (b) Hole
array machining using laser scan method
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Fig. 12 (a) Hole spacing according to scan speed, (b) single line
hole array at 1500 mm/s, and (c¢) single line hole array at
2000 mm/s (Laser: Power 95%, Freq. 20 kHz, No. of scan
100) (Fiber direction: Vertical, Scan direction: Horizontal)

Fig. 12(a)t= 2745o] e 71142 (Hole Spacing)®] #ish
2 Uehick. dlold) 271 23 05%, Ful5 20 kiz, WA
W34 1003]0]c}. ABL ke CFRPE AMEs}Sch o]
SRS SR SAolth, gl uteh a4
o FyzAe] RS 2 4 vk PHTAS Hd o

=
oL

_ﬁ
e

1

e —l>

1
2.0
3
4
5
6
D
8

(@) (b)

Fig. 13 Micro hole array with scan line spacing of 0.3 mm
according to different scan sequence (Laser: Power 95%,
Freq. 20 kHz, Scan speed 2000 mm/s, No. of scan 100)
(Fiber direction: Vertical, Scan direction: Horizontal)
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