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Abstract- High-quality products and shorten manufacturing lead time are very important factors addressed 

by many companies. Typically, low-quality products are induced by inconsistent of manufacturing process 

performance. To get a constant laser power in Infrared (IR) Laser Marking process was a common problem 

facing by many engineers in the manufacturing industry. This consequences might effect on laser marking 

characteristics such as the possibility of burn marking or blur marking particularly on the products. 

Therefore, the objective of this paper is to study the interaction between Infrared (IR) Laser Marking input 

parameters such as current (amp), frequency (Hz), water flow (l/min) and laser beam size (mm) on laser 

power (watt) as the main response. Furthermore, the response of laser power from Infra-Red laser process 

can be predicted when all combinations of parameters are tested. The IR marking machine was deployed and 

experimental studies were conducted in order to meet this objective. The experiments were based on Design 

of Experiment (DOE) and Response Surface Methodology (RSM) because second order model or polynomial 

equation was needed to fit for the response. The relationship between input and output parameters can be 

visualized by 3D graphs which were developed from Mathematical modeling. Based on the experiment results, 

the parameters that have significant effects on the laser power are current, laser beam size and water flow. 

However, frequency does not have a significant factor in this study. 

 

Index Terms- Infrared (IR) laser marking, current, frequency, water flow, and laser beam size, laser power, 

response surface methodology, design of experiment. 

                                                                     
 

 

 

I. INTRODUCTION 

 

 
Laser application is widely used not only in the manufacturing but also in the medical field. Besides 

metal cutting process which integrated with numerical control (NC) for axes motion, alphanumeric 

marking also applied laser capabilities but with lesser penetration rate. Company’s logo, 

alphanumeric, barcode number and product’s ID are examples of laser marking applications in the 

industry. The laser which is an acronym for “Light Amplification by Stimulate Emission of 

Radiation” has many advantages such as high productivity, flexible penetration rate and easy to cut 

harder materials.  

Stable laser power is very crucial for any manufacturing process related to the laser. If there are 

variations in terms of laser power, it could potential damage the products or the products no longer 

can be used. As a result, high-yield performance would not able to achieve if the problem remains. 

Electronics and semiconducting lasers are multilayer semiconductor devices that generate a coherent 

beam  with specific size of monochromatic light by laser action.  
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 Technically, in order to get consistent laser power, a diode, and the lens must be in a good 

condition. The diode is a source of light which it will deteriorate along the time. Furthermore, 

mechanical alignment and parameter settings also are critical prior to getting good laser power. From 

time to time, laser power must be measured especially before the laser marking process happen. This 

is to avoid any degradation of laser power. Generally, statistically process control is being used to 

monitor the laser power. This is a normal practice in the industry by technical personnel to ensure the 

laser marking process does not induce any defects on the products. Figure 1 shows a schematic 

diagram on how the IR laser is produced. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Mechanism on how IR laser is produced 

 

 

II. LITERATURE REVIEW 

 

     The laser marking machine is one of the useful machine that process for the production in the 

semiconductor industry where the application to mark to their product as such as on the metal, 

plastics,  ceramics,  glass, wood and leather as well as painted surfaces and  photographic emulsions. 

Golub et al carried out experimental study for focused-beam interaction with rubber, wood, fabric, 

and plastics for the case of a 30-W infra-red laser. From the experimental results, effective laser heat-

hardening of steel is achieved by 3-kW CO which laser by means of a computer-generated reflective 

focusator [1]. There are a more or less pronounced burning or ablation of the surface such as plastics 

and varnishes which basically leads to a relief structure. Hofman et al developed a method to mark 

plastic materials by using laser pulses of shorter wavelength as the main factor to the process which 

are not absorbed by the tested material [2]. There were importance  methods  that using  the  

techniques  to  enhance  the  power densities  to  levels  sufficient  to  etch  the surface of the material 

to be marked. One of the most fundamental laser profile measurements is the beam width. It is a 

measurement of primary significance because it affects many other beam parameters. For example, 

the beam width gives the size of the beam at the point where measured. A statistical measurement of 

the width of the beam is also a significant factor in determining the stability of the laser output. [3] 

The significance of the beam profile is that the energy density, the concentration, and the collimation 

of the light are all affected by it. Also, the propagation of the beam through space is significantly 

affected by the beam profile. [3]. The most popular systems are lamp-pumped Nd: YAG lasers, which 

produce near-infrared light at a wavelength of 1,064 μm, and CO2 lasers, which produce light at the 

10.64 μm wavelength.  

 

 

III. RESEARCH METHODOLOGY 

 

     The experiments were performed on IR Laser Marking machine. The laser marking input 

parameters selected are current, frequency, water flow and laser beam size. The output parameter of 

laser process is called laser power which measures in Watt. There are many factors influence the 

output parameter in any laser marking process which are voltage, current, frequency, cooling rate, size 

diameter of laser and much more. The experiments were performed under the designed full factorial 

procedure. Table 1 shows factor and level for laser marking parameters. The output response study is 

Laser Power (Watt).  
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Table 1 The factors and level for laser power check experiment data. 

 

No. Parameter Unit 
Low 

Level (-) 

High Level 

(+) 

Center 

point 

A Current  Ampere 25 35 30 

B Frequency  Hertz (Hz) 10000 30000 20000 

C Water flow  l/min 6.5 11.5 9 

D Laser beam size  mm 1.00 1.40 1.20 

 

 

     The 24 experiment with 4 center points had been conducted for the full factorial experiment. In the 

actual experiment, all the analysis were based on RSM with face-centered central composite design 

(FCCD) or face central cube design (FCD). Design Expert Software version 9 was employed to 

determine the main effects of the process parameters. Analysis of variant (ANOVA) was performed to 

find the dependent variables that affect the laser power as an output response. The analysis of variance 

(ANOVA), full factorial experiment, and central composite design (CCD) experiment was conducted 

in order to discover the most significant factors as well as to develop mathematical models of the IR 

laser marking machine output response. 

 

 

IV. RESULT AND ANALYSIS 

 

     Based on full factorial design analysis, it was found that the responses give a significant curvature. 

From ANOVA table, curvature was significant when Prob>F is less than 0.05. Therefore, a 

polynomial of a higher degree such as second order model had been used for further analysis. Based 

on Table 3, it shows experimental results for Laser Power in laser marking IR machine (CCD). From 

CCD ANOVA table, the ranking for input parameter that the most influence on the laser power (watt) 

is able to determine by referring the value of Prob > F. Table 2 describes the highest influence 

parameters until the lowest significant effect on Laser Power (Watt). Mathematical modeling or 

regression model obtained from CCD as below in equation 1.1. and 1.2 where model fit for a 

quadratic equation. Both equations were derived based on RSM data analysis from Design Expert 

software. The final equation can be classified in terms of coded factors and actual factors.  
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      Table 2 Experimental results for Laser Power in laser marking IR machine (CCD) 

  Factor : A Factor : B Factor: C Factor: D Response 1 

Std Run Current (Amp) 
Frequency 

(Hz) 

water flow 

(l/min) 

Laser Bem 

size (mm) 

Laser power 

(Watt) 

15 1 25 30000 11.5 1.4 8.929 

5 2 25 10000 11.5 1 3.388 

13 3 25 10000 11.5 1.4 8.207 

16 4 35 30000 11.5 1.4 40.057 

10 5 35 10000 6.5 1.4 45.288 

25 6 30 20000 9 1.2 15.663 

7 7 25 30000 11.5 1 3.708 

3 8 25 30000 6.5 1 3.693 

9 9 25 10000 6.5 1.4 7.874 

14 10 35 10000 11.5 1.4 38.202 

4 11 35 30000 6.5 1 29.534 

12 12 35 30000 6.5 1.4 46.847 

2 13 35 10000 6.5 1 28.049 

27 14 30 20000 9 1.2 15.773 

21 15 30 20000 6.5 1.2 16.213 

22 16 30 20000 11.5 1.2 15.200 

11 17 25 30000 6.5 1.4 8.773 

18 18 35 20000 9 1.2 33.700 

23 19 30 20000 9 1 11.100 

24 20 30 20000 9 1.4 30.033 

1 21 25 10000 6.5 1 3.213 

17 22 25 20000 9 1.2 5.407 

19 23 30 10000 9 1.2 14.800 

26 24 30 20000 9 1.2 15.758 

20 25 30 30000 9 1.2 16.113 

28 26 30 20000 9 1.2 15.820 

8 27 35 30000 11.5 1 27.261 

6 28 35 10000 11.5 1 26.232 

 

Table 3 Input parameter ranking that effect on the output response, laser power 
 

Analysis of variance table [Partial sum of squares - Type III] 

Rank 

No. 

Source F p-value 

Model Value Prob > F 

1st A-Current 1002.61 < 0.0001 

2nd D-Laser Beam Size 140.39 < 0.0001 

3rd D^2 28.86 < 0.0001 

4th AD 25.69 < 0.0001 

5th AC 5.71 0.0263 

6th C-Water Flow 4.89 0.0382 
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Both equations can be used to make predictions about the response for given levels of each factor.  

 

Final Equation in Terms of Coded Factors: 

Laser power = 16.44 + 14.55A - 1.02C + 5.45D - 1.17AC + 2.47AD + 4.13 D²             (1.1) 

 

Final Equation in Terms of Actual Factors: 

Laser Power = + 112.65011+ 0.78464* Current + 2.39007* Water Flow - 294.83514* Laser Beam 

Size - 0.093227* Current * Water Flow + 2.47104* Current * Laser Beam Size + 103.30602* Laser 

Beam Size^2               

(1.2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 3D response surface for Laser power in laser marking IR machine (AD) interaction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 3D response surface for laser power in laser marking IR machine (AC) interaction 
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     Theoretically, the size of laser which typically in diameter is depending on many factors including 

the tooling. The Laser Power (Watt) would increase significantly when the size of tooling change 

from small hole to the big one. Figure 2 shows that the interaction between the current and laser beam 

size,(AD). Basically, when machine settings for current and laser beam size set at a high value, higher 

Laser Power (Watt) was able to obtain. Figure 3 shows the 3D graph from the interaction between 

current and water flow (AC) affecting Laser Power (Watt). In order to obtain higher laser power, 

current (amp) must set at a high level, but water flow needs to set at low level. When water flow 

circulates inside the cooling compartment, less heat would be losses to surrounding. It means more 

energy of current (Amp) able to absorb, thus, gives better performance to produce Laser Power 

(Watt). Therefore, slow water flow is a must prior to getting higher Laser Power (Watt). All these 

three factors are statistically significant to the Laser Power (Watt). 

 

 

 

     Confirmation run was conducted in order to evaluate margin error between theoretically prediction 

and confirmation test results. Basically, the objective of confirmation run is to evaluate whether the 

optimum parameters predicted were in allowable range. The margin error should be less than 15% 

[8,9]. Based on confirmation run, all the results are less than 15%, thus, indicating the model that 

were developed for current, frequency, water flow and laser beam size are reasonable accurate. All the 

actual values are within 95% prediction interval (PI). A total three confirmation tests had been carried 

out consists of three-run for entire inputs parameter as well. 

 

V. CONCLUSION AND RECOMMENDATION 

 

Conclusion 

• All parameters selected for this experiment current, frequency, water flow, and laser beam 

size are able to rank from the highest to the lowest influences to the laser power.The Frequency (Hz) 

does not have significant effects on the responses in RSM. 

• Mathematical models developed to predict the various machine characteristics are statistically 

valid and sound within the range of the factors investigated. 

• The margin error obtained from all responses studied in this research were all accepted as the 

results within prediction interval (PI). 

 

Recommendation 

• The parameter range must be re-evaluated especially for current (amp) which optimum 

condition of IR laser marking process can be obtained. 

• Other response can be studied such as laser groove for the same input parameters. 
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