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Abstract. Metal casting molds are widely used in the field of mechanical man-
ufacturing and mass production. Mold materials require good temperature resis-
tance, high thermal wear resistance. However, the mold surface is susceptible to
dirt from the casting material or material oxide layer. Therefore, the need to clean
the surface to reuse the mold is necessary. The layer of material that adheres to
the surface is also metal, so it has good adhesion, making it difficult to clean.
In addition, the required cleaning process does not affect the substrate layer, the
size, and roughness of the cleaned surface. In this paper, a cleaning method for
SKD61 steel mold material by fiber laser in nano-second pulse emission mode
is proposed. The effect of pulsed fiber laser parameters of the laser source which
includes the average power, the pulse width, and the repetition rate in the clean-
liness of the treated surface, and cleaning efficiency are analyzed in detail. The
experimental results showed that the selection of appropriate technical parameters
can completely remove the contaminants, without affecting the substrate material
and improve the roughness of the treated surface.
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1 Introduction

Metal casting molds are complex assemblies, working in an etched environment under
the influence of thermal cycles and mechanical loads. Therefore, the mold material
requires good mechanical properties under high temperature working conditions. The
life of themold is determined by the number of castings achieved. During casting,molten
metal is injected into the mold with high injection pressure and flow rate. At that time,
the molten metal will diffuse into the mold surface. At the same time, the elements in
the mold material (especially iron) will diffuse into the molten metal. These processes
can result in the dissolution in the material and intermetallic compounds between the
mold metal and casting metal [1–3].

When creating an intermetallic compound, the casting material will adhere to the
surface of the mold. The adhesive layer affects the mold surface quality, causing dimen-
sional errors or reducing the quality of the molded product. Removing the metal stains
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layer on the mold surface by the mechanical method will be difficult due to the small
coating thickness of 2–5 μm, the high hardness, and the good adhesion of the coating to
the substrate [4, 5]. Meanwhile, the thermal method has disadvantages due to the influ-
ence on the mechanical properties or the geometrical parameters of the element [6, 7].
Now a day, chemical methods are commonly used using corrosive chemicals [8, 9]. This
chemical is usually mainly based on a combination of strong acids (HF) and the oxidants
(Hydro peroxide - H2O2). Although this method is being applied in production, it has
many disadvantages such as: an uneven layer of material removed, long cleaning time,
chemical waste that is harmful to the environment. An ultrasonic vibration method is
also used for mold cleaning [10]. However, this method is not effective with metal stains,
and high adhesion. Laser cleaning of soiled materials is a method with many advantages
such as high cleaning speed, controllability of the cleaning process, and the ability to
clean any different materials. Excimer laser working at 248 nm is recommended to clean
TiN coating because of the absorption coefficient of this coatingwith the highest excimer
[11–13]. Excimer laser is also used to make paper or rubber injection molds [14, 15].
Especially the femtosecond pulse laser is effectively used in self-cleaningmode [16–18].
However, the laser sources used all work in the femtosecond pulse regime, when light
decomposition molecules play a dominant role. While the research related to the metal
mold cleaning mechanism in which the thermal expansion effect plays a dominant role
is still limited.

In this paper, a cleaningmethod for cleaning temperature resistancemechanical parts
by using fiber laser in the nanosecond pulse emission regimewas proposed. Themold pin
element with a conical shapemade of heat-resistance steel SKD 11was used as a sample.
SKD11 steel has good mechanical properties even at high temperatures up to 700 °C.
The cleaning process should ensure the geometric size and surface roughness of the pin.
The productivity and quality of cleaning metal stains on the pin were investigated. An
influence of the set of technological parameters and the working parameters of the laser
beam on the surface quality was shown through the surface roughness of the pin were
studied and analyzed in detail. The depth of the removal material layer was precisely
controlled by controlling the parameters of the laser source (average power, pulse width,
repetition rate) and the working parameter of the laser beam (scanning speed). The
experimental results show that by optimizing the technological parameters of the laser
source, the ability to remove themetal stains on the heat-resistancematerials and improve
the surface quality of the mechanical elements after cleaning was fully possible.

2 Materials and Methods

2.1 Pulsed Fiber Laser Cleaning System

The cleaning system using fiber laser is shown in Fig. 1. A 50W fiber laser source with
a center wavelength of 1064 nm is used to clean the metal stains on the pin surface.
Laser radiation is transmitted in an optical fiber with a length of 2 m for easy mounting
during machining. The pulse width can vary between 25–250 ns. The specifications of
the fiber laser surface pin cleaning system are shown in Table 1. The peak power (Ppeak)
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and pulse energy (E) of the laser source is given by:

Ppeak = Pa

τ × fr
= E

fr
(1)

where Pa, τ , fr are the average power, pulse width, and repetition rate, respectively. The
material removal mechanism occurs depending on the pulse energy of the laser beam
and the absorption coefficient between the layer and substrate. For lasers working in
the continuous regime, the depth of removal material, h, is determined by the optical
absorption coefficient, α, and Beer-Lambert’s law:

h = 1

α
ln

(
E

Et

)
(2)

where h, α E,Et are the thickness of the removal layer, the optical absorption coefficient,
laser fluence, and the threshold value of the fluence, respectively [19]. The maximum
peakpower of the systemcan reach25kW. In addition, the layer ofmaterial to be removed
is metal, the thermal expansion mechanism is the main mechanism in the cleaning pro-
cess. The technological parameters of the laser source such as the wavelength, the pulse
width, and the repetition rate were used to improve the surface quality and roughness of
the mechanical elements after the cleaning process.

Table 1. Specification of laser cleaning system

Average output power 50 W

Wavelength 1064 ± 5 (nm)

Pulse duration range 25–250 (ns)

Repetition frequency range 70–500 (kHz)

Maximum peak power ≥25 (kW)

Single pulse maximum energy ≥0.67 (mJ)

Output power instability <7 (%)

Spatial beam quality <1.5

Fig. 1. Pulsed fiber laser cleaning system.
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2.2 Samples and Measurement Devices

In this study, a cylindrical mold pin with a diameter of 150 mm made of SKD61 steel
was used as a cleaning sample, Fig. 2. The pin with chemical composition were shown
in Table 2. This steel is commonly used in hot working dies, with high temperature
resistance. During casting, molten metal is injected into the mold with high injection
pressure and flow rate. When the mold has no protective layer, the molten metal will
diffuse into the mold surface. These processes can produce the dissolution of the mold
material and intermetallic compounds between the mold metal and casting metal. When
creating an intermetallic compound, the casting metal will adhere to the mold surface.
In Fig. 2, the layer of casting metal is aluminum alloy adhered to the pin. The adhesive
layer is not cleaned, it may scratch the surface of the product. The sample was clamped
with a 3-jaw chuck and rotated at a constant speed during the cleaning process.

Table 2. Chemical composition of SKD61 steel (%)

C Si Mn Ni Cr Mo V

0.0992 0.205 4.42 0.601 1.44 0.0098 0.0073

Fig. 2. Pins and dirt on the latch surface. (a): design sketch of the pin. (b): pins under test

The surface roughness of the samples was measured using a contact roughness meter
(SJ-310, Mitutoyo Corp). The machine has the highest resolution of 0.002 m, and the
output signals were recorded and plotted in real time. Moreover, the sample surface
was imaged using an electron microscope (Digital Microscope DP74, Olympus Corp) to
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measure the size of the scanning area and qualitatively evaluate it. The roughness tester
and electron microscope are shown in Fig. 3a and 3b, respectively. During the study,
the technical parameters including average power, pulse width, and repetition rate were
varied to verify their impact on the surface roughness of the sample. The samples surface
was measured and evaluated with both a roughness tester and a microscope.

Fig. 3. Testing instruments. (a): Optical microscope; (b): Roughness tester

3 Results and Discussions

To determine the effect of the average power on the surface roughness of the samples
under test, the average power varied from 30% to 90% in a step of 20%. Parameters such
as pulse width, repetition frequency were kept unchanged. The experimental condition
was presented in Table 3. The cleaned sample surface was observed by a microscope
with 10x magnification, Fig. 4. The power greater than 30%, the metal adhere on the pin
surface was removed. For the adhesive aluminum alloy, the average power increased,
and the roughness decreased. Therefore, the power of the laser source could be changed
rapidly to remove the metal layers attached to the surface, and it also was possible to
improve the surface roughness.

Table 3. Experimental parameters to verify the effect of power variation.

Parameter Value (units)

Average output power 30, 50, 70, 90 (%)

Pulse duration range 100 (ns)

Repitition frequency range 100 (kHz)

Scanning velocity 5 (m/s)

The second technical parameter is the pulse width. The pulse width is a factor that
greatly affects the pulse peak power and affects the thermal expansion process on the
pin surface through the heat transfer mechanism of the material. Narrow pulse width can
produce high power and excite the temperature in the machined area to change rapidly
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30% 50% 70% 90% 

Fig. 4. The effect of power variation on the pin surface.

and generate stress to peel out the adhesive material. In the experiment, the pulse width
was controlled between 50 ns and 200 ns. The experimental conditions were shown in
Table 4. The roughness of the surface after cleaning was shown in Fig. 5. The narrower
the pulse width, the lower the roughness. In this experiment, the pin surface roughness
decreased from Ra = 1.68 μm to Ra = 0.99 μm as the pulse width decreased from
200 ns to 50 ns (Table 5).

Table 4. Experimental parameters to verify the effect of pulse width on the roughness of cleaned
samples.

Parameter Value (units)

Average output power 50 (%)

Pulse duration range 50, 100, 150, 200 (ns)

Repitition frequency 100 (kHz)

Scanning velocity 5 (m/s)

To determine the effect on the roughness of the cleaned surface, the repetition rate
was varied from 100 kHz to 250 kHz. Other parameters were maintained throughout the
process. The experiment results were shown in Fig. 6. The repetition frequency affects
the superposition of pulses in the pulse train. Therefore, the repetition directly affects
the heat transfer on the pin surface. The overlap tends to cause the high temperature to
remain constant throughout the scanning time. This effect is different from the pulse
width effect. While the pulse tended to increase the thermal stress on the surface due to
the high instantaneous energy, so the cleaning speed was faster. The repetition frequency
tended to melt and flatten the crests to improve the surface texture. By controlling the
repetition frequency, the roughness Ra = 0.28 can be achieved at a repetition frequency
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Table 5. Experimental parameters to verify the effect of repetition rate on the roughness of cleaned
samples.

Parameter Value (units)

Average output power 50 (%)

Pulse duration range 100 (ns)

Repitition frequency 100, 150, 200, 250 (kHz)

Scanning velocity 5 (m/s)

50 ns 100 ns 150 ns 200 ns 

Fig. 5. The effect of pulse width on the pin surface.

Fig. 6. The effect of repetition frequency on the pin surface.
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of 250 kHz. This is the best roughness when changing the technological parameters of
the laser source.

4 Conclusions

The influence of the technological parameters of the source on the interaction of the
laser beam with the metal layer on the surface of the heat-resistant material was studied
in detail. Surface quality after the cleaning process was assessed by the 2D roughness of
the surface. Each parameter showed a different level of influence on the surface rough-
ness. Average power and pulse width were the determining factors for the generation of
shock waves on the surface of the cleaned part. These parameters were used to control
the cleaning rate and improved the surface finish of the cleaned metal. However, the
repetition frequency was the most impact to improve the roughness by maintaining a
high constant temperature on the surface and smoothing the surface waviness.Moreover,
the study also showed that the nano-second pulsed fiber laser cleaning method can also
be applied to a variety of materials in the mechanical field, even those with high heat
resistance materials.
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