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Abstract. This study examines the effect of pre-heat treatment 
on laser engraving of aspen thermowood. We used an 
infrared CO2 laser with a wavelength of 10640 nm to engrave 
aspen thermowood samples with different pre-treatment 
temperatures, including one non-treated sample (base). The 
samples had a similar moisture content of about 8%, but 
exhibited different shades of brown depending on the pre-
treatment temperature. The engraving depth and width were 
measured for each sample, and 8 graphs were constructed to 
analyze the results. Our findings show that pre-treatment 
temperature has a significant effect on the efficiency of laser 
engraving, with higher pre-treatment temperatures resulting 
in deeper engraving lines. The study provides valuable 
insights into the optimization of laser engraving parameters 
for aspen thermowood, and demonstrates the potential of 
pre-heat treatment to improve the quality of laser-engraved 
wooden products. 

Keywords: Aspen thermally modified wood, CO2 laser 
engraving, laser processing parameters. 

I. INTRODUCTION 
The use of laser technology has become increasingly 

common in various industries since its development in the 
1960s. Laser sources are utilized in different technological 
processes such as marking, engraving, hardening, 
cladding, cutting, and welding [1], [2], [3]. Lasers have 
been employed in the wood industry for several decades, 
primarily for engraving and preparing various design 
applications in the furniture industry. [4] 

Wood is a popular decorative and construction material 
worldwide. Synthetic wood substitutes cannot compete 
with natural wood, as it saturates the air with oxygen and 
has a pleasant aroma. The heat treatment method, based on 
Finnish pioneers, provides long-lasting protection for 
wood against the effects of nature, which extends its 
service life [5]. 

The laser processing technology is considered one of 
the most promising methods for engraving. The process of 
laser processing is complex and depends on three groups 
of factors: laser source parameters, technological process 
parameters, and the structure and physical properties of the 
material being processed [6], [7], [8]. 

In this method, the material is ablated from the laser 
impact zone under the influence of the absorbed laser 
electromagnetic energy. The objective of this study is to 
investigate the laser ablation process with infrared laser 
radiation of 10.6 mm wavelength (CO2 laser) on aspen 
thermowood samples. 

II. MATERIALS AND METHODS 

A. Thermally treated wood 
This study uses aspen timber that has been processed 

by drying the wood by heating it to 180 - 230°C. In this 
process, a comprehensive heat exchanger performance 
evaluation model and average heat transfer with changes 
in physical properties can be observed [9], [10]. Wood is 
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affected by changes in physical and mechanical properties 
with moisture content, moisture adsorption, water 
absorption and volume swelling ratio are reduced, while 
hygroscopic hysteresis is improved with increasing 
temperature [11], [12]. Free sugars are carbonized during 
heat treatment, so it is resistant to rotting, deformation and 
parasites [13]. Timber quality is directly related to wood 
moisture content, temperature, and relative humidity 
control during the drying process. In the process of thermal 
modification, exposure to high temperatures permanently 
changes the properties of wood, the most obvious changes 
and color changes. The wood chosen for processing can be 
freshly sawn or pre-dried.  [14], [15], [16], [17]. 

The period of thermal treatment of aspen timber takes 
place with an average time cycle of 36h, as a result of 
which all the samples used in the experiment are treated 
uniformly at different temperatures.  

 
Fig. 1. Heat-treated aspen wood samples. 

As seen in Fig. 1, heat-treated aspen timber changes 
tone to a warm brown. The timber is known to start to 
change tone at roughly 180°C. In this study, six samples 
of aspen wood were used, including one untreated board 
and five boards that were heat-treated at temperatures of 
180°C, 195°C, 205°C, 214°C, and 225°C, respectively. 
The moisture content of all samples was determined to be 
8% using a digital wood moisture meter HT632. The heat-
treatment process used in this study involves a rather 
complex process of drying the wood, which is important 
to consider in the analysis of the results. 

B. Equipment 
For the engraving of the aspen plank samples, a CO2 

laser system (SUNTOP ST-CC9060) with a wavelength of 
10640 nm was used (see Fig. 2). 

 
   Fig. 2. CO2 laser system SUNTOP ST-CC9060. 

The technical specifications of the SUNTOP ST-CC 
9060 laser system are presented in Table 1. 

 

TABLE 1.  LASER SYSTEM SUNTOP ST-CC9060 TECHNICAL 
SPECIFICATIONS 

Laser type CO2 laser 

Operation mode CW 

Wavelength 10640 nm 

Maximum output power 100 W 

Workspace (Cutting area) 900 x 600 mm 

Precision 0,02 mm 

Scan speed 0 – 1000 mm/s 

Laser Safety Class 4 

Cooling system Water cooling 

Data formats used dxf, plt, bmp, dst,ai 

Total power 1500 W 

 

For measuring the depth and width of the engravings, 
we used a Dino-Lite Edge AM7115MZT digital 
microscope (shown in Figure 3).  

 

 
Fig. 3. Dino-Lite Edge AM7115MZT digital microscope. 

 

The specifications of the digital microscope Dino-Lite 
Edge AM7115MZT are provided in Table 2. 

TABLE 2. DINO-LITE EDGE AM7115MZT MICROSCOPE TECHNICAL 
SPECIFICATIONS 

Resolution 2592 × 1944 pixels 

Operating System Windows 

Magnification 20x~220x 

Unit Dimension 10.5cm (H) x 3.2cm (D) 

Lighting 8 white LEDs 

METHODOLOGY 
In this experiment, six aspen wood samples with 

dimensions of 13 x 90 x 200 mm were laser engraved using 
different power densities qS and scanning speeds v. The 
power densities used for engraving were 9.3, 2.59, 4.14, 
5.39, 6.75, 7.80, and 8.45 (×105) W/cm2, as listed in Table 
4. Each set of parameters was used to engrave five lines, 
with a distance of 2 mm between each line and a length of 
25 mm. The depth h [mm] and width d [mm] of the 
engraved lines were measured, and graphs were 
constructed as a function of the laser parameters.  
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The power output of the laser was measured using an 
OPHIR F150A-BB-26 laser power meter before starting 
the experiment. The recorded power values can be found 
in Table 3. 

TABLE 3.  AVERAGE POWER DEPENDENCE ON RESONATOR PUMP 
COEFFICIENT (KP, %) 

KP, % 10 15 20 25 30 35 40 

P, W 7.3 20.3 32.5 42.3 53.0 61.2 66.3 

The power density qS [W/cm2] was calculated using 
formula (1): 

                                   𝑞𝑞 =  𝑃𝑃
𝑆𝑆

                                    (1) 

where P [W] is the power and S [cm2] is the cross-sectional 
area of the laser beam on the surface of the material to be 
engraved, as given in formula (2): 

                                   𝑆𝑆 = 𝜋𝜋 𝑑𝑑2

4
                                   (2) 

with d [cm] being the diameter of the laser beam (d = 0.01 
cm). The calculated power density values in W/cm2, 
corresponding to the measured power values in W (shown 
in Table 3), are presented in Table 4. 

TABLE 4.  CALCULATED POWER DENSITY VALUES  FOR THE CO2 LASER 
SYSTEM 

P, W 7.3 20.3 32.5 42.3 53.0 61.2 66.3 
qS ×105, W/cm2 0.93 2.59 4.14 5.39 6.75 7.80 8.45 

 

 A matrix of laser technological parameters was 
generated using the computer program RDWorksV8 
(shown in Fig. 4), which supports DXF, AI, and PLT 
formats and facilitates laser cutting and engraving 
operations.  

 
Fig. 4. Matrix of engraving lines in computer program 

RDWorksV8. 
 

All six aspen wood samples, including one natural 
aspen wood sample and five aspen thermowood samples, 
were engraved according to the matrix created in 
RDWorksV8 (see Fig. 5). 

 
Fig. 5. Photograph of the six aspen wood samples engraved 

according to the created matrix, including five aspen thermowood 
samples and one natural aspen wood sample on the right. 

 

To measure the depth of engraved lines, all six aspen 
wood samples were cut using a circular saw in two pieces 
through the middle of the engraved lines. 

Depth measurement on one of the samples using Dino-
Lite Edge AM7115MZT digital microscope is shown in 
Fig. 6 and width measurement is shown in Fig. 7. 

 

 
Fig. 6. Measurement of engraving depth on an aspen thermowood 
sample that was heat-treated at 195°C. (magnification x32). 

 

Fig. 6 shows a heat-treated sample at 195°C with five 
cuts obtained using a power density qS = 8.45×105 W/cm2 
and scan speed v = 50 mm/s. Depth of the cuts are 
measured and calculated average depth h = 4.14 mm.  

 

 
Fig. 7. Line width measurement (magnification x32) - aspen 

thermowood sample heat-treated at 214°C. 
 

Fig. 7 shows a heat-treated sample at 214°C with five 
cuts obtained using a power density qS = 4.14×105 W/cm2 
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and scan speed v = 100 mm/s. The width of the cuts is 
measured, and the calculated average width is d = 0.4 mm. 
The width of engraved lines is measured on the top surface 
of aspen wood samples, where it is maximum. 

III. RESULTS AND DISCUSSIONS 
The study results are presented in graphs that depict the 

impact of laser power density and scan speed on the width 
and depth of laser engraving lines. The graphs illustrate the 
relationship between line width and depth as a function of 
energy density and scanning speed for aspen thermowood 
samples that have been heat-treated at different 
temperatures. Specifically, two graphs depict the 
relationship between line width (d) and power density (qS) 
at two scan speeds (50 mm/s and 200 mm/s) for aspen 
thermowood samples that have been heat-treated at 180°C 
(Fig. 8) and 225°C (Fig. 9), respectively. 

 

Fig. 8. Dependence of the line width d on the power density qS at two 
different scan speed v for aspen thermowood sample heat-treated at 

180°C. 
 

 
Fig. 9. Dependence of the line width d on the power density qS at two 
different scan speed v for aspen thermowood sample heat-treated at 

225°C. 
 

The average line width at low scan speed 50 mm/s is 
0.46 mm for aspen thermowood heat-treated at 180°C, and 
0.34 mm for aspen thermowood heat-treated at 225°C. The 
average line width at high scan speed 200 mm/s is 0.25 
mm for aspen thermowood heat-treated at 180°C, and 0.24 
mm for aspen thermowood heat-treated at 225°C. The 
graphs for these samples are presented in Fig. 8 and Fig. 
9, respectively. From these graphs, it can be seen that 
changes in the line width are small depending on power 
density, with the width of the lines slightly bigger at lower 
power density and smaller at higher power density. 

Fig. 10 and 11 show the dependence of the line width 
d on scan speed v at two power density qS 2.59∙105 W/cm2 
and 8.45∙105 W/cm2 for aspen thermowood sample heat-

treated at temperature 180°C (Fig. 10), and aspen 
thermowood sample heat-treated at temperature 225°C 
(Fig. 11). 

 

 
Fig. 10. Dependence of the line width d on scan speed v at two different 
power density qS for aspen thermowood sample heat-treated at 180°C. 

 

 
Fig. 11. Dependence of the line width d on scan speed v at two different 
power density qS for aspen thermowood sample heat-treated at 225°C. 

 

The line width decreases non-linearly with increasing 
scanning speed for all engraved samples. The minimum 
line width is observed at the highest scanning speed of 200 
mm/s, reaching a value of 0.2 mm for aspen thermowood 
samples heat-treated at 180°C. Similarly, the maximum 
line width is observed at the lowest scanning speed of 50 
mm/s, reaching a value of 0.47 mm for the same sample. 
The trends are similar for the other samples as well. 

The rate of width changes tg d(v) [s-1], which depends on 
the scan speed, is calculated using equation (3). 

𝑡𝑡𝑡𝑡 𝑑𝑑(𝑣𝑣) =  ∆𝑑𝑑
∆𝑣𝑣

   (3) 

where Δd = dmax - dmin is the difference between the 
maximum and minimum depth, and Δv = vmax – vmin is the 
difference between the maximum and minimum scan 
speed. The calculated results of the rate of width changes 
are shown in Table 5, with units of s-1. 
 

TABLE 5. THE RATE OF WIDTH CHANGES tg d(v) DEPENDING ON SCAN 
SPEED 

tg d(v), s-1 
qs  105, W/cm2 

2.59 8.45 

180°C 0.001 0.002 

225°C 0.001 0.001 
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 Fig. 12 shows the dependence of the line depth h on 
power density qS at two scan speeds v of 50 mm/s and 200 
mm/s for the sample of natural aspen. 
 

 
Fig. 12. Dependence of the line depth h on power density qS at two 

different scan speed v for the sample of natural aspen. 
 

 Fig. 13 shows the dependence of the line depth h on 
power density qS at two scan speeds v of 50 mm/s and 200 
mm/s for the aspen thermowood sample heat-treated at 
temperature 225°C. 
 

 
Fig. 13. Dependence of the line depth h on power density qS at two 
different scan speed v for aspen thermowood sample heat-treated at 

225°C. 
 

The graphs on Fig. 12 and Fig. 13 show that line depth 
is smaller at low power density and bigger at high power 
density. The maximum depth of 4.93 mm is reached at 
power density of 8.45∙105 W/cm2, scan speed 50 mm/s for 
aspen thermowood sample heat-treated at temperature 
225°C, but minimal depth of less than 0.1 mm is reached 
at power density of 0.93∙105 W/cm2 and scan speed 200 
mm/s for both samples. The graphs for the other samples 
are similar and are in this interval. The increase in line 
depth is close to linear. 

The rate of depth changes tg h(qs) [
𝑚𝑚𝑚𝑚

𝑊𝑊×𝑐𝑐𝑚𝑚2] depending on 
power density is calculated using equation (4). 

𝑡𝑡𝑡𝑡 ℎ(𝑞𝑞𝑠𝑠) =  ∆ℎ
∆𝑞𝑞𝑠𝑠

  (4) 

Were Δh = hmax – hmin is difference between max depth and 
min depth, and Δqs = qs max - qs min is difference between 
max power density and min power density. The calculated 
results of the rate of depth changes are shown in Table 6. 

 

TABLE 6. THE RATE OF DEPTH CHANGES tg h(qs) DEPENDING ON POWER 
DENSITY 

tg h(qs), 𝒎𝒎𝒎𝒎
𝑾𝑾×𝒄𝒄𝒎𝒎𝟐𝟐 

v, mm/s 

50 200 

base 0.381 0.164 

225°C 0.607 0.213 

 

 Two figures below show the dependence of the line 
depth h on scan speed v at low-power density qS = 2.59∙105 

W/cm2 (see Fig. 14) and high-power density qS = 8.45∙105 

W/cm2 (see Fig. 15) for the sample of natural aspen and 
aspen thermowood samples heat-treated at temperature 
195°C and 225°C. 
 

 

Fig. 14. Dependence of the line depth h on scan speed v at power 
density qS = 2.59∙105 W/cm2. 

 

 
Fig. 15. Dependence of the line depth h on scan speed v at power 

density qS = 8.45∙105 W/cm2. 
 

The depth is bigger at low scan speed 50 mm/s, and 
smaller at high scan speed 200 mm/s. The maximum depth 
of 4.93 mm is reached at power density 8.45∙105 W/cm2 on 
aspen thermowood sample heat-treated at temperature 
225°C, but minimum depth of 0.17 mm at power density 
2.59∙105 W/cm2 on sample of natural aspen. The decline 
of the lines on the graphs are non-linear. 

The rate of depth changes tg h(v) [s-1] depending on scan 
speed is calculated using equation (5). 

𝑡𝑡𝑡𝑡 ℎ(𝑣𝑣) =  ∆ℎ
∆𝑣𝑣

   (5) 

Where Δh = hmax – hmin is the difference between the 
maximum depth and the minimum depth, and Δv = vmax - 
vmin is the difference between the maximum scan speed and 
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the minimum scan speed. The calculated results of the rate 
of depth changes are shown in Table 7. 

TABLE 7. THE RATE OF DEPTH CHANGES tg h(v) DEPENDING ON SCAN 
SPEED 

tg h(v), s-1 
qs  105, W/cm2 

2.59 8.45 

base 0.007 0.017 

195°C 0.005 0.017 

225°C 0.006 0.022 

 Calculation of depth change Δh in percent depending 
on heat-treated aspen wood obtained using equation (6). 

                    𝛥𝛥ℎ = �ℎ𝑚𝑚𝑚𝑚𝑚𝑚
ℎ𝑚𝑚𝑚𝑚𝑚𝑚

− 1� × 100%                 (6) 

Table 8 shows calculated depth change in percent for 
aspen thermowood samples compared to non-treated 
aspen wood sample. Depth measurements are taken for 
lines engraved at the max power density qs = 8.45×105 
W/cm2 and min scan speed v = 50 mm/s. 

TABLE 8. DEPTH CHANGE Δh IN PERCENT FOR ASPEN THERMOWOOD 
SAMPLES COMPARED TO NON-TREATED ASPEN SAMPLE AT MAX POWER 

DENSITY qS = 8.45 × 105 W/cm2 AND MIN SCAN SPEED V = 50 mm/s 

T, °C h, mm Δh, % 

0 3,80 0,0 

180 4,02 6,0 

195 4,14 9,2 

205 4,20 10,7 

214 4,48 18,0 

225 4,93 29,8 

IV. CONCLUSION  
In this study, the laser engraving process was used to 

investigate the effects of power density and scan speed on 
the depth of engraved lines on natural aspen wood and 
aspen thermowood samples. The results showed that the 
depth of engraved lines is affected by both power density 
and scan speed, with higher power densities and lower 
scan speeds leading to deeper lines. Heat treatment of the 
aspen wood samples also had a significant impact on the 
depth of the engraved lines, with higher temperatures 
leading to deeper lines. 

 The rate of depth changes was calculated for both 
power density and scan speed, and the results were 
presented in Tables 6 and 7, respectively. Table 8 showed 
the depth change in percent for the aspen thermowood 
samples compared to non-treated samples at the maximum 
power density and minimum scan speed. 

The findings of this study could have important 
implications for the use of laser engraving in the 
woodworking industry, particularly in the production of 
decorative or functional wooden objects. By 

understanding the factors that affect the depth of engraved 
lines, manufacturers can optimize their laser engraving 
processes to achieve the desired results.  

Further research could investigate the effects of other 
laser parameters, such as pulse duration and spot size, on 
the depth of engraved lines. Additionally, more detailed 
analyses could be conducted to examine the 
microstructural changes that occur in the wood during the 
laser engraving process, as well as the effects of different 
types of wood on the engraving results. 
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