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We report here laser cutting of carbon fiber reinforced plastic (CFRP) with an IR fiber laser 
(average power: 2 - 3 kW). The CFRP samples contain thermoplastic resin (CFRTP; carbon fiber 
reinforced thermo-plastic) or thermosetting resin as binding plastic.  Well-defined laser cutting free 
of debris around the groove was performed for various type of CFRP plates by the laser irradiation 
with a fast beam galvanometer scanner on a multiple-scan-pass method.  The laser-induced damage 
in the samples was observed and analyzed by microscopic X-ray Computed Tomography.  Laser 
cutting with a high speed beam scanning exhibits a clean top and excellent sidewall quality along 
with a negligible heat-affected zone.    
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1. Introduction 
Laser-induced cutting of various materials has led to 

inventions of numerous industrial processes that have 
redefined the speed of production-line manufacturing and 
the strength of industrial manufacturing applications.  
Reliable systems composed of rapid and easy operations 
with excellent repeatability can be designed with solid-state 
lasers. The laser cutting process achieves high-precision 
cuts with narrow kerfs where complex contours demand 
precise, fast and force-free processing [1, 2].  In particular, 
considerable attention has been given towards the cutting 
of carbon fiber reinforced plastic (CFRP) and carbon fiber 
reinforced thermo-plastic (CFRTP), composite materials of 
resin matrices and reinforced carbon fibers, since, in spite 
of the difficulty involved, they are high strength, and yet 
lightweight materials, and is increasingly being used for 
various applications in automotive and aerospace fields.  
The use of lasers for these composite materials can involve 
several approaches, such as fiber laser processing [3 – 26], 
UV laser processing [15, 21, 27-38], picosecond laser 
micromachining [39-48], femtosecond laser 
micromachining [43, 49, 50],  disk laser processing [51, 
52], YAG laser processing [53-64], CO2 laser processing [5, 
19, 22, 24-26, 57, 65-77], and theoretical model/analysis 
[78-84]. In addition, another advantage of laser processes is 
flexibility of groove shaping in accord with laser scanning 
tracks. To explore the possibility of 3D laser processing, 
cutting of CFRP for a three-dimensional molded sample 
was performed with a five-axis laser cutting machine [3]. 

In this paper, we report on the laser cutting of CFRTP 
and CFRP plates with a cw fiber near-IR laser (λ= 1084 
nm).  Well-defined cutting free of debris around the groove 

was achieved for CFRTP and CFRP by the laser irradiation 
with a fast beam galvanometer scanner on a multiple-scan-
pass method [3–5, 8–11, 16, 17, 36, 55, 71]. The laser-
induced damage in the samples was observed to estimate 
heat-affected zone (HAZ), by microscopic X-ray 
Computed Tomography (X-CT).  

 
2. Experimental 

Two different types of samples of three-mm-thick 
CFRTP plates were employed for the laser cutting. These 
were prepared by injection molding (chopped PAN-type 
carbon fiber (Cf= 30 wt%) in ABS-resin (ABS; co-polymer 
of acrylonitrile-butadiene-styrene, Toray Industries Inc.) 
and PPS resin (polyphenylene sulfide, Toray Industries 
Inc.).   

Three-mm-thick CFRP plates of PAN-based carbon 
fiber was also used for the laser cutting.  The CFRP sample 
used in this study was commercially available prepreg 
laminate consisting of thermoset epoxy resin with PAN-
based carbon fibers. The lamina consists of unidirectional 
fiber stacking parallel and perpendicular to the fiber 
direction (cross-ply 0/90°, 12-ply layers, Cf= 70%). 

We used a near-IR laser (Furukawa Electric, Yb-doped 
fiber laser, wavelength λ= 1084 nm, multi-mode (fiber core 
diameter: 50 µm), average power P= 2 - 3 kW).  The laser 
was operated in the cw-mode or the qcw-mode (duty 40 %, 
repetition rate 800 Hz).  The laser beam on the sample 
surface was scanned with a galvanometer scanner by 
multiple-scan-pass irradiation in the air (scanning speed: 
3.6 m s-1, without assist gas). The beam was focused on the 
laser-incident sample surface with an f-theta lens (f= 306 
mm).  In addition, the cutting procedure of double scanning 
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line with the gap of 0.1 mm was also employed for the 
complete cutting of three-mm-thick CFRP-epoxy sample in 
order to acquire wide kerf width of the groove. 

The internal damages of laser-cut samples were 
observed with a micro X-ray Computed Tomography 
system (Yamato Science Co.; TDM1000H-Sμ/TDM1600H-
II, X-ray filament: LaB6). 

 

3. Results and Discussion 
3.1 Laser cutting property of CFRTP (thermo-plastic 
resin) 

The cross-sectional and 3D images of CFRTP-ABS 
sample after cw fiber laser irradiation on a multiple-scan-
pass method are shown in Fig. 1. Laser scanning speed was 
set at 3.6 m s-1.  As the laser-pass-number at cw 2kW-laser 
irradiation increases, the depth of cutting grooves increases 
proportionally (Fig. 1(a)). In addition, the observation from 
the direction perpendicular to the grooves proves that the 
depth of a groove is uniform until the plate was completely 
cut. The kerf width of the groove on the laser beam 
incident surface is estimated to be 500 µm.  The internal 
kerf of the groove in bulk region is ca. 200 µm, as shown in 
Fig. 1(a).  The 3D image of CFRTP-ABS shows only a few 
debris deposited on the laser-incident sample surface (Fig. 
1(b)) [23, 33]. 
 
 
 
 
 

(a)  
 

1 mm    
 

 (b)  
 
Fig. 1 X-CT image of three-mm-thick CFRTP-ABS plate cut by 
cw fiber laser irradiation on a multiple-scan-pass method. Laser 
scanning speed on the sample was set at 3.6 m s-1; Laser-pass-
number: 1, 2, 5, 10, 15. (a) cross-sectional image of the CFRTP-
ABS plate, (b) volume rendering 3D-image. 
 
 
 

Figure 2 shows the cutting depth of three-mm-thick 
CFRTP-PPS and CFRTP-ABS plates plotted as the 
function of the laser pass-number.  Linear relation between 
the cutting depth and laser pass-number was observed for 
both of CFRTP-PPS and CFRTP-ABS. The complete 
cutting of the CFRTP-PPS and CFRTP-ABS plates 
required the multiple-scan-pass irradiation of 27 passes and 
15 passes, respectively, at the scanning speed of 3.6 m s-1 at 
cw 2kW-laser irradiation.    

We have already reported that other types of CFRTP in 
the resin of, such as, polycarbonate (CFRTP-PC) and 
polyamide (CFRTP-PA, nylon6) also indicate the linear 
relation with the fiber laser irradiation [3, 8-10]. The above 
results indicate that constant etching rate as far as the 
thickness of 3 mm was acquired for various CFRTP 
samples; the depth of a groove of CFRTP samples can be 
precisely controlled by the laser pass-number. 
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Fig. 2 Cutting depth of the three-mm-thick CFRTP plates by cw 
fiber laser irradiation on a multiple-scan-pass method (cw 2kW-
laser irradiation). Laser scanning speed was set at 3.6 m s-1; red-
colored circle: CFRTP-ABS (ABS resin), blue-colored circle: 
CFRTP-PPS (polyphenylene sulfide). 
 
 

High resolution X-CT images of the CFRTP-ABS and 
CFRTP-PPS samples are shown in Figs. 3 and 4. The 
internal kerf of the groove in the bulk region is ca. 200 µm, 
as shown in Fig. 3(a), so that the aspect ratio of the groove 
is ca. 15. Figure 4(a) indicates that the internal kerf of 
CFRTP-PPS is ca. 100-200 µm.   

Cross-sectional image of Fig. 3(a) clearly shows the 
formation of micron-sized voids (dark spots in the image) 
in the subsurface of internal wall at the groove. As the 
micron-sized voids are produced by thermal damage during 
the laser irradiation, the voids are present on the entire 
surface of the internal wall (Fig. 3(b)).  It is worth noted 
that the micron-sized voids appear only within the 100-µm-
thick surface layer of the internal wall of the groove, 
suggesting that thermal damage as HAZ (heat-affected 
zone) during the laser irradiation of the CFRTP-ABS 
sample was effectively suppressed. The formation of 
micron-sized voids of CFRTP-PPS sample was observed 
within the 130-µm-thick surface layer of the internal wall 
of the groove (Fig. 4(a)).  Laser irradiation on CFRTP-PC 
and CFRTP-PA also induces micron-sized void formation 
within the 100-µm-thick surface layer of the internal wall 
of the groove [3, 8-10].    
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(a) 

0.3 mm   

 
(b) 

0.5 mm 
Fig. 3 High-resolution X-CT images of the three-mm-thick 
CFRTP-ABS plate; (a) cross-sectional image, (b) cutting-surface 
image.  The sample was cut by cw fiber laser irradiation at the 2 
kW average power with the scanning speed of 3.6 m s-1 and 15 
passes. 

3.2 Laser cutting property of CFRP (thermoset epoxy 
resin) 

Cutting depth of the three-mm-thick CFRP-Epoxy 
plate (PAN carbon fiber, thermoset epoxy resin) was 
plotted as the function of the laser pass-number for cw 3.3 
kW-laser irradiation (Fig. 5). The cutting rate for the 
single-line cutting was fast and constant for the first 1-15 
passes (ca. 2 mm in 15 passes), and rapidly decreased for 
the 15-40 passes. The cutting depth was almost saturated 
for the 40-50 passes, resulting in incomplete cut of the 
sample plate. This would be because of the narrow kerf of 
this case, which causes bottom disturbance. The kerf width 
of the groove on the laser beam incident surface is 
estimated to be 350 µm, as shown in Fig. 6(a).  The internal 
kerf of the groove in the bulk region is 0-100 µm. Similar 
suppression of cutting rate was observed for the single-line 
cutting of two-mm-thick CFRP-Epoxy plates [3]. 

 

 

 
(a) 

0.3 mm     

 
(b) 

0.5 mm 
Fig. 4 High-resolution cross-sectional X-CT images of the three-
mm-thick CFRTP-PPS plate; (a) cross-sectional image, (b) 
cutting-surface image. The sample was cut by cw fiber laser 
irradiation at the 2 kW average power with the scanning speed of 
3.6 m s-1 and 27 passes. 
 

 
The three-mm-thick CFRP sample was successfully cut 

at cw 3.3 kW by scanning the laser in a doubly line with a 
gap of 0.1 mm. The kerf width of the groove on the laser 
beam incident surface is estimated to be 450 µm. The 
internal kerf of the groove in the bulk region is ca. 150-100 
µm, as shown in Fig. 6(b). These results indicate that 
sufficient kerf width is required for effective etching of 
CFRP. In other words, combination of double-line scanning 
and multiple-scan-pass irradiation of 50 passes with the 
scanning speed of 3.6 m s-1 enables fine and complete 
cutting of a CFRP plate as thick as 3 mm at the average 
power as small as 3.3 kW. 

Laser beam Laser beam 
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Fig. 5 Cutting depth of the three-mm-thick CFRP-Epoxy plate by 
cw fiber laser irradiation on a multiple-scan-pass method (cw 
3.3kW-laser irradiation). Scanning speed was set at 3.6 m s-1; 
green-colored circle: single line cutting, black-colored circle: 
double line cutting (line gap: 0.1 mm). 
 
 

 
 
 

 (a)       (b)  
 

0.3 mm                              0.3 mm     
 

 
(c) 

0.5 mm 
 

Fig. 6 High-resolution X-CT images of the three-mm-thick 
CFRP-Epoxy plate. The sample was cut by cw fiber laser 
irradiation of 3.3 kW average power with the scanning speed of 
3.6 m s-1 and 50 passes; (a) cross-sectional image of single line 
cutting, (b) cross-sectional image of double line cutting (line gap: 
0.1 mm), (c) cutting surface of double line cutting. 
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Fig. 7 Cutting depth of the three-mm-thick CFRP-Epoxy plate by 
quasi-cw fiber laser irradiation on the multiple-scan-pass method 
of the single line (qcw peak power: 4.7 kW, duty: 40 % (average 
power: 1.9 kW), repetition rate: 800 Hz). Laser scanning speed 
was set at 3.6 m s-1. 

 
 

(a)  
 

(b)  
 

(c)  
 

(d)  
 

(e)  
 

(f)      
 

(g)      
 

Fig. 8 X-CT images of the three-mm-thick CFRP-Epoxy plate. 
The sample was cut by qcw fiber laser irradiation of 4.7 kW peak 
power with the scanning speed of 3.6 m s-1 (duty: 40 % (average 
power: 1.9 kW), repetition rate: 800 Hz); Cross-sectional X-CT 
image at parallel to the scanning direction (a) 5, (b) 10, (c) 15, (d) 
20, (e) 25 passes, (f) Cross-sectional images perpendicular to the 
scanning direction with 5, 10, 15, 20, 25 passes, (g) Volume 
rendering 3D images. 
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(a)  (b)  
 

0.5 mm               0.5 mm    
Fig. 9 High-resolution cross-sectional X-CT images of the three-
mm-thick CFRP-Epoxy plate at two different observation 
directions.   The sample was cut by qcw fiber laser irradiation of 
4.7 kW peak power with the scanning speed of 3.6 m s-1 and 30 
passes, (a) Cross-sectional image parallel to the scanning 
direction, (b) Cross-sectional image perpendicular to the scanning 
direction. 
 
 

In Fig. 6, fiber-pull-out and resin-matrix recession are 
clearly observed. Both the phenomena depend on the 
direction of fiber long axis with respect to the scanning 
direction of the laser beam [3, 16].  Figure 6 also shows 
dark areas of the cutting surface of CFRP-Epoxy sample. 
The thickness of this dark areas was estimated to be 150 
µm as a maximum along the lateral direction of the sample 
plate.  The areas are attributed to the thermal damage of 
resin matrix. 

Upon the laser irradiation with the quasi-cw mode, the 
peak power of the fiber laser increases up to 4.7 kW at a 
duty of 40 % and a repetition rate of 800 Hz (average 
power: 1.9 kW).  Cutting depth of the three-mm-thick 
CFRP-Epoxy plate was plotted as the function of the laser 
pass-number at qcw laser irradiation (Fig. 7).  After the 25-
30 passes of laser irradiation, full cutting of the sample was 
completed with the cutting procedure of single line (Fig. 8). 
At the 15 to 30 passes, the etching rate per pass was 
gradually saturated. The kerf width of the groove on the 
laser beam incident surface is estimated to be 450 µm.  The 
internal kerf of the groove in the bulk region is ca. 100 µm.   

The depth of dark areas at the cutting surface of CFRP-
Epoxy sample was estimated to be 150 µm as a maximum 
for the lateral direction analyzed from the X-CT images at 
two different observation direction, as shown in Fig. 9.  
The above results shows that the kerf width of the groove 
on the surface of CFRP-Epoxy was strongly dependent on 
the laser power incident onto the sample [3, 57, 69]. 
 
 
4. Summary 

We have performed micro-cutting of CFRP in ambient 
air upon a multiple-scan-pass irradiation with a cw near-IR 
laser.  Laser cutting with high speed beam scanning 
exhibits a clean top and excellent sidewall quality along 
with a negligible HAZ. It was confirmed that the pulse 
power is an important parameter for the complete cutting of 
a CFRP-Epoxy plate with a thickness of 3 mm. 
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