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Abstract. The paper deals an experimental study on cutting composite mate-
rials (CFRP) using abrasive water jet cutting (AWJC) process. The influence of
the feed rate on surface roughness is studied using acoustic emission
(AE) monitoring. For monitoring the process two acoustic emission sensors was
mounted, on the CFRP workpiece and on the cutting head. This monitoring
technique has proved that, between process parameter (feed rate and amplitude
of AE signal) is a clear connection. The surface roughness can be predicted
using online monitoring with acoustic emission (AE).
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1 Introduction

Composite materials, like Carbon Fiber Reinforced Plastics (CFRP), are used mainly in
automotive and aerospace industry [1] because of its specific characteristics, such as:
high strength to weight ratio, high modulus, corrosion and thermal resistance [2].

Abrasive water jet is an innovative tool, which can be used for processing all kind
of materials [3]. Water jet processing uses a very high-pressure water jet, which acts
either by itself or in mixing with abrasive particles [4]. This fluid tool can be used for
machining operations, like cutting [3], milling [5] and turning [6].

Using abrasive water jet, materials like titanium alloy, aluminum, stainless-steel,
composites or even ceramics, could be processed at a high dimensional accuracy and a
good surface quality [7]. Because this tool acts with small cutting forces, low
mechanical loading and reduced interface temperature [8], abrasive water jet cutting
(AWJC) is often use in industry for CFRP cutting [9].

The main process parameters of the AWJC process are: water pressure, feed rate,
abrasive mass flow and standoff distance [4]. For manufacturing precise parts with
a low surface roughness, it is important to optimize the process parameters [10]. The
most important parameter is the feed rate because it is adjusted to obtain the quality
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characteristics [3]. Increasing the feed rate the surface roughness is increasing also, in
case of composite materials [11].

The AWJC is a complex process, which involves many parameters with a strong
effect on cutting quality. For this reason, non-destructive testing such as Acoustic
emission (AE) is used to study this process [12]. The main application of AE is online
controlling and monitoring of manufacturing processes [13].

AE is an energy wave with high frequency (20 kHz–2 MHz) and low amplitude,
propagated trough the material by a wide range of processes. Acoustic emission (AE) is
defined in standard BSEN1330-9:2000 [14]. During the last 30 years, AE has been
used in monitorization of a wide range of processes like: AWJ cutting [13], milling [15]
and turning [16], evaluation of grinding process, tool wear in turning and milling
processes.

The evaluation of the AE signals, generated by AWJC, is made analyzing the
following parameters: amplitude, frequency [12], bursts energy [13], power spectral
density [14], etc.

In this paper the influence of traverse feed rate on the surface roughness of the cut
surface is studied using AE signal generated.

The surface cut by AWJC is divided in three zones: initial damage zone, smooth
cutting zone and rough cutting zone (see Fig. 1) [4]. To understand the influence of this
main process parameter, traverse feed rate on surface quality, each zone must be
analyzed.

2 Experimental Procedure

The experimental study was conducted on an abrasive waterjet center, Omax 2626, (see
Fig. 2). It is equipped with an OMAX high pressure pump (output pressure of maxi-
mum 400 MPa) and an electronic abrasive delivery system Alffi (0–600 g/min). The
cutting system used in this experiment is new, to avoid the errors generated by the wear
of orifice and focusing tube. The process parameters used on this study are presented in
Table 1. The variation range of the process studied parameter (feed rate) was selected
within the equipment limits (0–4500 mm/min) and the common ranges used for CPRF

Fig. 1. The main zones of a surface cut
by AWJC [4].

Fig. 2. Omax 2626 abrasive waterjet center.
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cutting: 50, 1000, 2000, 3000 and 4000 mm/min. Passive piezoelectric AE-sensors of
type Vallen VS900-M were used to measure the AE. This sensor VS900-M has a high
sensitivity over a broad frequency range with compromises regarding the flatness of
response. The response frequency (fPeak) is from 100 up to 900 kHz [17].

First sensor was fixed with plastic glue on the middle of the workpiece at 30 mm
from the cutting line. This distance, 30 mm, was maintained for all the trails by moving
the sensor. The second sensor was fixed on the cutting head, like in the schematic
representation from Fig. 3.

Preamplifiers 2/4/6 Physical Acoustic were used to amplify the AE signal. The gain
could be selected between 20/40/60 dB and internal bandpass filters is 01–1.2 MHz.
For this case a gain of 20 dB was selected. Each experiment was repeated by 5 times.

The monitoring system was made using a National Instruments data acquisition
board (DAQ). This board PCI-6111 can be used to acquire AE signal at 5M samples/s
for up to four channels. The AE sensors were connected to the analogue input of the
DAQ through the connection box NI 2110. The software packages used were from
National Instruments. To control the data acquisitions was used NI LabView 2015 and
for data analyses was used NI DIAdem 2015.

Table 1. Process parameters.

Technological parameter Value

Sample thickness 6 mm
Pressure 350 MPa
Feed rate 50, 1000, 2000, 3000, 4000 mm/min
Abrasive type/size Australian Garnet/80 mesh
Abrasive mass flow 0.440 kg/min
Nozzle diameter 0.76 mm
Orifice diameter (diamond) 0.35 mm
Standoff distance 1 mm

Fig. 3. The experimental setup for AE monitoring.
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The sample is a 6 mm thickness plate of multi-layer carbon fiber reinforced plastics
(CFRP) manufactured by ECOTECH. It is made from carbon fiber prepreg (CE 8201-
200-45, 3k-fabric style 452 in twill weave 2/2) with an epoxy resin (364 g/m2) in a heat
pressing process. The CPRF specimens had the dimensions of 100 � 50 � 6 mm and
they were fixed in the clamping system presented in Fig. 3.

3 Results and Discussions

3.1 Analysis of the Signal

The analysis of the signal were done using the NI Diadem 2015 software developed by
National Instruments. For each experiment, three data files of the two AE signals were
saved.

The AE signal can be splited in 3 phases: the entering of the jet in the workpiece,
the phase where the cutting process becomes stable and the exit of the jet from the
workpiece (see Fig. 4).

The raw data of the AE signal is continuous during the cutting and a burst is
observed when the jet enters or exit from the workpiece. In this paper is analyzed the
continuous AE signal, obtained during the cutting. Making a time-domain analysis of
the raw AE signal, the signal provides a clear information about the cutting.

By increasing the feed rate, from 50 up to 4000 mm/min, the RMS amplitude of the
signal is increasing from 0.309 up to 1.2 V (see Fig. 5). In this study the RMS (Root
Mean Square) amplitude value of the raw signal is used.

For obtaining more information about the signal, a frequency domain analysis was
made. The frequency domain was obtained using the Fast Fourier Transform (FFT). To
estimate the Power Spectral Density (PSD) of the AE signal, the Hanning method was
used. The frequency domain analyzed was the response frequency (fPeak) of the
sensor, 100–900 kHz.

In Fig. 6 is represented the feed rate influence of the on Power Spectral Density
(PSD). Increasing the feed rate from 50 up to 4000 mm/min, the PSD is increasing

Fig. 4. The main phases of the AE signal obtain during the experiment.
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from 0.37 � 10−6 up to 5.7 � 10−6 V2/Hz. This variation was detected between
100–150 kHz. This observation proves that, the process parameters are influencing the
AE signal in case of cutting the CFRP material, at 100–150 kHz frequency.

3.2 Analysis of the Surface Roughness Using AE Signal

Using the NanoFocus 3D microscope the 3D surfaces topography of the cut surfaces
was scanned. In each of the three main zones 1.6 � 1.6 mm was scanned, using
a Gaussian filter 0.8.

Fig. 5. The raw data of the AE signal obtained during the cutting.

Fig. 6. The Power Spectral Density (PSD) of the AE signal.
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The surface roughness was measured on each zone of the cut surface: initial
damage zone (0.5 mm from the top edge), smooth cutting zone (in the middle of the cut
surface) and rough cutting zone (0.5 mm from the bottom edge). The surface roughness
parameter Ra and RMS Amplitude of the AE signal are presented in Table 2.

In the graphical representation from Fig. 7a is represented the influence of the
process parameter (feed rate) on the output parameters the surface roughness and RMS
amplitude of the AE signal. The feed rate range varies between 50 and 4000 mm/min
and it is used in an amount of abrasive mass flow 0.45 kg/min and a water pressure of
350 MPa.

Analyzing the variation of the surface roughness on the initial damaged zone (with
red line) it can be observed that increasing the feed rate from 50 up to 4000 mm/min
the surface roughness Ra increases from 1.87 to 2.74 lm. On the smooth cutting zone
(blue line) was obtained the best surface quality, the variation trend of the Ra is the
same with initial damage zone, it is increasing from 2.8 up to 3.1 lm.

On the rough cutting zone (green line) was observed the biggest variation of the
surface quality. Increasing the feed rate, the surface roughness Ra increases from 2.8 up
to 9.1 lm.

In Fig. 7b the influence of the feed rate on the AE signal generated during the
cutting is plotted. By increasing the feed rate between 50–4000 [mm/min], the RMS
Amplitude of the AE signal is increasing from 0.309 up to 1.2 [V]. Using the measured
values, a linear regression model was computed. The regression equation is visible in
the figure. The model is significant (p < .001) and the model fits the data well
(R2 = 0.931).

Table 2. The surface roughness parameter Ra µm and RMS Amplitude V of the AE signal.

Feed rate
mm/min

Initial damage
zone Ra µm

Smooth cutting
zone Ra µm

Rough cutting
zone Ra µm

AERMS

amplitude V

50 1.65 1.46 1.56 0.309
1000 2.01 1.85 2.7 0.695
2000 2.62 2.2 4.58 0.928
3000 3.3 3.05 5.7 0.998
4000 3.8 3.5 6.3 1.2
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4 Conclusions

This monitoring with AE of the AWJC process, in case of cutting composite materials
CFRP has been proved to be a reliable for studying and online monitoring. On this
experimental study was observed a clear connection between AE signal and feed rate.

Fig. 7. The influence of the traverse feed rate onto surface roughness (a) and onto RMS
amplitude of the AE signal (b).
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The specific conclusions from this experimental study are:

• The AE signal can be split in 3 phases: the entering of the jet in the workpiece, the
phase where the cutting process becomes stable and the exit of the jet from the
workpiece.

• Increasing the feed rate from 50 up to 4000 mm/min the RMS amplitude of the AE
signal is increasing from 0.309 up to 1.2 V. On the same time, analysing the Power
Spectral Density, it can be seen that it is increasing from 0.37 � 10−6 up to
5.7 � 10−6 V2/Hz. The frequency where the process parameter has influence on AE
signal in case of cutting CFRP is 100–150 kHz.

• The feed rate has a strong influence onto surface quality. Increasing the feed rate
from 50 up to 4000 mm/min the surface roughness Ra increases in all three zones
(from 1.87 up to 2.74 lm on the smooth cutting zone and 2.8 up to 3.1 lm in case
of initial damage zone. On the rough cutting zone was observed the biggest vari-
ation (the surface roughness Ra increases from 2.8 up to 9.1 lm).
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