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Abstract: Maintaining stable conditions during cladding of Ni-alloys is of great importance for achieving a uniform quality of the cladded layer. As cladding of Ni-alloy is 
performed by the MAG-CMT welding process with a four-component gas on the base material (membrane wall), it cannot be always performed with the same tolerances. 
Therefore, the MAG-CMT welding process requires constant real-time monitoring and detection of faults in the cladded layer. This paper presents a model based on fuzzy 
logic. The created model is tested to confirm the proposed prediction model. The prediction accuracy was 93.67%, which proves that the created model can be used for 
cladding in new automated welding systems. Application of the obtained model shall enable the development of a monitoring system that can identify and classify certain 
defects occurring during the MAG-CMT welding process. 
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1 INTRODUCTION 
 

When cladding process is performed with Ni-alloy, 
traditional cladding with MIG/MAG welding technology is 
not delivering good results, since there is an increase in the 
content of delta ferrite, causing the occurrence of high-
temperature corrosion. The MAG-CMT process (Cold 
Metal Transfer) proves to be a better alternative, as it, with 
its method of droplet transfer, lowers the proportion of 
delta ferrite and reduces the possibility of high-temperature 
corrosion occurrence [1]. 

Nickel-based alloy (IN625) is usually used as a 
protection of 16Mo3 steel against high temperatures that 
occur in certain parts of plants or in waste incineration 
boilers, because the increased content of Ni, Cr and Mo in 
such alloy generally increases the corrosion resistance of 
the material [2-7]. 

The MAG-CMT procedure is usually applied in 
automatized processes primarily because of favorable ratio 
between low costs and high quality of manufactured parts, 
as well as shortened welding duration [8-10]. Therefore, 
cladding processes by MAG-CMT technology take place 
in automated and robotized systems in order to increase 
productivity of welding [11]. Machine learning has proven 
to be efficient in prediction and classification of welded 
joints and it delivers high percentage of accuracy. Fuzzy 
logic as one of the machine learning techniques is efficient, 
as proved by scalograms obtained on the basis of the 
Morlet wavelet transform of the welding current 
characteristics, and applied on classification and prediction 
of the depth of penetration in the welded joint during the 
gas metal arc welding (GMAW) [12]. 

Current research is based on the application of CMT 
cladding (3D printing) by using statistical method and 
Taguchi experimental design for the purpose of 
optimization of cladding output parameters and for 
determining of certain correlations between the welding 
parameters and the characteristics of the cladded layer [13]. 
Penetration of the welded joint is possible to be determined 
by using the classic method of preparing macro grindings 
of the welded joints. However, instead of using that classic 
method of destruction, prediction of the penetration depth 
of the welded joint is facilitated by CCD cameras and by 

determining the temperature in the local area of the welded 
joint by using Support Vector Machine (SVM). SVM as a 
model effectively predicts the penetration status of a 
welded joint made by the CMT welding process [14]. In 
addition to the SVM method, predicting penetration and 
porosity on the surface of the welded joint is also possible 
by using the combination of the Scheme Combining 
structural similarity index (SSIM) and the perceptual loss 
function, which improve the results of predicting the 
morphology of the melt, while another model is used for 
classification. The developed model applies 10 time 
intervals, and within each interval there are five prediction 
frames [15]. Welding parameters and monitoring of 
welding parameters (current and voltage characteristics, 
temperature, camera control, sound) are of great 
importance for creating a system for prediction and 
classification of the welded joint quality [16, 17]. Based on 
statistical indicators, two machine learning techniques, i.e. 
decision tree and support vector machine (SVM), are 
applied to classify welded joints as of their quality and to 
monitor defects, such as porosity, burn through and lack of 
penetration [18, 19]. 

In additive manufacturing processes, monitoring of the 
welding parameters for each layer is important in achieving 
the quality of the weld. Sensors for monitoring of the 
welding pool and sensors for measuring the main welding 
parameters are applied to design models based on residual-
based network to quantitatively predict the weld 
reinforcement of the deposited layer [20]. The application 
of various statistical methods enables the assessment of 
influence of individual input parameters on responses, so 
for CMT welding additive manufacturing (WAAM) 
technology, the application of the Taguchi experimental 
design enables the insight into the quality of the welded 
surface with the application of self-made HNS wire with 
0,99 wt% nitrogen content (n %) [21]. 

Nickel alloys are usually welded by TIG (Tungsten 
Inert Gas) procedure that causes large heat affected zone 
(HAZ), large deformations and residual stresses. In order 
to avoid poor performance of TIG procedure, Metal Active 
Gas - Cold Metal Transfer technology is recommended 
instead. MAG-CMT process facilitates reduced heat input 
during welding by applying certain changes in the welding 
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parameters and by controlling wire flow in the weld pool. 
The selected MAG-CMT welding process has the same 
technological aspects as the conventional MAG (Metal 
Active Gas) welding process, however there is a new 
feature that allows the wire to go into and out of the weld 
pool. Such process allows exceptional stability and 
constant arc length [22-25]. In comparison with some other 
processes of Ni-alloy surfacing or cladding, MAG-CMT 
procedure exhibits greater advantages [26-31], such as 
greater arc stability, reduction of joints, usage of less power 
sources, reduction of the ratio of welded joint/heat affected 
zone, improved properties of the microstructure, reduction 
of residual stresses and deformations in welded joint, 
reduced delta ferrite content on the Ni-alloy surface, 
reduction of the cooling time of the welded joint, as well 
as 30% lower temperature when compared to conventional 
MIG/MAG (Metal Inert Gas/Metal Active Gas) process. 

The MAG-CMT procedure is usually applied in 
automatized processes primarily because of favorable ratio 
between low costs and high quality of manufactured parts, 
as well as shortened welding duration [29, 32, 33]. 
Therefore, cladding processes by MAG-CMT technology 
take place in automated and robotized systems in order to 
increase productivity of welding [34, 35]. Characteristics 
of coated layers made of Ni-alloys are the following: delta 
ferrite content shall be less than 5 % on the surface of the 
Ni-alloy layer; there shall be minimal mixing of the base 
material and the filler material while maintaining 
appropriate level of bonding; uniform thickness shall be 
achieved along the entire coated surface, and rough 
transitions between passes shall be reduced [36]. The 
microstructure of Ni-alloy layer obtained by MAG-CMT 
process is dendritic, with increased content of nickel and 
chromium. The structure itself can change significantly if 
there is significant mixing of the base material and Ni-alloy 
cladding layer. In such case, Fe and C in the base material 
shall cause the change in the microstructure within the 
melting line zone [27, 38]. The type of shielding gas used 
for arc welding process proved to have great influence on 
obtaining different results related to cladding with Inconel 
625 alloy [23, 36, 37]. 

Satisfactory results related to Ni-alloy cladding layer  
are achieved by applying the mixture of Ar + He + CO2 + 
H2 gasses, in which He and H2 increase thermal 
conductivity and improve melt spreading. Small 
percentage of CO2 enables good stability of the electric arc 
[37]. 

Monitoring of the main MAG-CMT welding 
parameters enables the evaluation of the welding process 
stability. Experiments are carried out to determine the 
possibility of using on-line monitoring of the welding 
process stability aiming to detect and possibly avoid 
defects and to achieve appropriate quality of the welded 
layer. 

During MAG-CMT welding, two main phases take 
place, the arcing phase, which is the phase of constant 
voltage of the electric arc, during which there is no 
separation of the droplet in the pool. The second phase is 
the short circuit phase during which the droplet separates 
in the pool and mechanical pulling of the wire occurs. The 
change in the wire feed can range up to 70 Hz [39, 40]. The 
main welding parameters are: 
- welding current strength, I / A 

- welding voltage, U / V 
- wire feed rate, vwire / m/min 
- welding speed, vweld / m/min 
- gas flow rate, fg / l/min 
- droplet detachment frequency, fdroplet / Hz 
- arc length correction, ALC / % 
- dynamic control, DC / % 
- distance of the contact conductor from the base 

material, ltip / mm. 
New welding processes enable more precise control of 

the metal droplet transfer into the weld pool while 
maintaining the electric arc stability. There are various 
synergic controls of the MAG welding process developed 
so far, which means that the welding current is controlled 
by adjusting the wire feed rate. Such processes enable 
synchronization of power sources and wire feeders via 
microprocessors to maintain the arc stability. All welding 
sources depending on the wire flow rate and current 
strength apply almost the same processes [40, 41]. 

At the Fig. 1., there is a schematic presentation of the 
welding cycle, of the welding current strength, and the 
method of droplet detachment during CMT welding. 
 

 
Figure1 The MAG-CMT process - 1. During arc ignition, the filler material moves 
towards the weld pool, 2. When filler material reaches the weld pool, the arc is 
extinguished - current is lowered, 3. Wire back-drawing detaches the droplet 
during short circuiting - short circuit remains with low current, 4. There is an 

additional wire back-drawing and the process is repeated continuously 
 

The basic curve related to current strength in the 
MAG-CMT process consists of peak welding currents (Ib) 
lasting in the time interval (tb), current at waiting of short-
circuit (Iw) and short-circuit cycle time (ts = tn + td). The 
short-circuit cycle consists of an increased value of the 
short-circuit current (In) that takes place in a certain time 
period (tn) and the current strength at detachment (Id) that 
takes place in the time interval (td). The rate of the current 
strength increase up to the peak values equals the angle 
αb1, while the decrease rate from the peak current depends 
on the angle αb2. Changing the values of all above-
mentioned parameters can affect the quality of the welded 
joint [45, 46, 31].  
 
2 EXPERIMENTAL TESTS 
 

The cladding process was carried out on a Fronius VR 
7000 CMT welding machine with a CNC interface. The 
experiment is carried out as shown in Fig. 2 and Fig. 3. 
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Figure 2 Equipment for experimental test 

 
The test samples are prepared by cutting the segments 

out of the membrane wall, which consists of two tubes and 
the plate, as shown in Fig. 3. Both the tube and the plate 
are made of steel 16Mo3 (W. Nr. 1.5415). Electric arc 
welding (EPP) is applied to join the pieces. Prepared 
samples are shown in Fig. 4. Thermanit 625, Mat. No. 
2.4831 with a diameter of 1.2 mm is used as a filler 
material. The material is highly resistant to corrosion and 
to cracking caused by corrosion at high temperatures that 
can reach up to 1100 °C [38]. The four-component gas 
CRONIGON Ni10 is used as a shielding gas. 
 

 
Figure 3 Experimental interface 

 

 
Figure 4 Layout of the membrane wall assembly 

 
 

3 USAGE OF THE FUZZY LOGIC IN ADJUSTING THE 
HEIGHT OF THE CLADDED LAYER 

 
The theory of fuzzy logic can be applied in researching 

of technical systems, as well as in other researches. The 
fuzzy logic method is a new approach to issues of 
managing more complex systems that are difficult to be 
presented and described by mathematical models. It is also 
suitable for systems with a larger number of inputs and 
outputs that exhibit ambiguity between interactions [47, 
48]. In this paper fuzzy logic technique was applied to 
create expert system that will be able to predict influence 
of variable process parameters on analysed response. Also, 
that system will support monitoring and control of Ni 
alloys cladding process with the aim of enhancing its 
quality. 

Input parameters (portion of helium, gas flow, arc 
length correction) are processed by the fuzzy logic to show 
their influence on the output parameter, i.e. on the height 
of the cladded layer (Tab. 1.). 
 

Table 1 Central composite experimental design 
INPUT PARAMETERS OUTPUT 

Portion of 
helium / % 

Gas flow / 
l/min 

ALC - Arc length 
correction / % 

Height of the 
cladded layer / 

mm 
15 30 0 2.2 
15 10 30 2.05 
15 10 0 1.98 
15 20 0 2.18 
15 30 30 2.46 
15 20 30 2.23 
30 20 0 2.35 
30 30 30 2.43 
30 20 0 2.3 
30 20 0 2.25 
30 20 30 2.4 
30 30 0 2.29 
30 20 30 2.28 
30 10 30 2.51 
30 10 0 2.48 
30 20 30 2.41 
45 10 0 2.36 
45 20 30 2.54 
45 30 0 2.58 
45 30 30 2.65 
45 20 0 2.45 
45 10 30 2.48 

 
According to the data contained in the Tab. 1., the 

input and output parameters are selected. In this 
experiment, the influence of input parameters on the output 
parameter is shown by using fuzzy logic. The fuzzy 
inference system consists of four steps [49]: 
1. Fuzzification. 
2. Inference. 
3. Aggregation. 
4. Defuzzification. 

In the first phase of inference, a certain number of 
fuzzy sets are selected for each input parameter and their 
membership functions are defined. Functions are usually of 
triangular, trapezoidal and Gaussian shapes. The fuzzy 
rules are selected in the second phase. The form and 
number of fuzzy rules depend on the quality of available 
data. This is the key phase of this method. By applying 
these rules, distinct values of all input parameters are 
joined with as many membership functions of each output 
parameter as there are selected rules. Fig. 5 shows the 
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structure of fuzzy inference for the selected input and 
output parameters.  

 

 
Figure 5 The fuzzy inference system 

Membership functions for inputs and output are 
presented in Fig. 6. As it is visible, first two input 
parameters are described with three Gaussian membership 
functions: L (low), M (medium), H (high). Third input 
parameter was defined by two Gaussian membership 
functions: L (low) and H (high). The output was described 
by seven Gaussian membership functions: VL (very low), 
L (low), LM (low medium), M (medium), MH (medium 
high), H (high), VH (very high).  

In the third step, values of the membership functions 
obtained in the previous step are unified for each output 
parameter. Thus, each output parameter gets one fuzzy set 
with defined membership functions. The FIS (fuzzy 
inference system) rules for evaluating the value of the 
output parameter are also determined. 

 

 

 
                                                                          a)                                                                                                                                 b) 

 
                                                                           c)                                                                                                                             d) 

Figure 6 Membership functions for inputs: a), b), c) and the output: d) 
 

In the fourth step, the fuzzy value of each output 
parameter is obtained, which can be shown by the inference 
diagram (Fig. 7.). Continuity is one of the most important 
properties of defuzzification. The defuzzification method 
is continuous if an infinitesimal change in the input 
parameter does not cause a sudden change in any output 
parameter, which is why the center-of-gravity method is 
chosen. 

Calculations of the numerical value of the linguistic 
output parameter can be seen in the inference diagram. The 
gravity below the membership coefficient for individual 
linguistic set is superimposed into a new fuzzy set (shaded 
surface) and the center of gravity is calculated.  

After fuzzy logic model was defined, its prediction 
accuracy needs to be confirmed. In order to do that 
comparison between experimental and fuzzy logic 
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predicted output values was performed. As validation 
measures mean absolute percentage error (MAPE) and 
coefficient of determination (R2) were applied, Fig. 8. 

Results from Fig. 8 (MAPE: 0.014 %, R2: 0.936) 
proved high prediction accuracy of developed fuzzy logic 
model of the cladded layer height response. Consequently, 
developed model can be further engaged for creation of 
response surface plots to discuss process parameters effects 
on analysed response values. Response surface plots are 
shown in Fig. 9. In these plots two process parameters are 
variable while the third was kept constant on levels 0% and 
30%. 
  

Figure 7 Fuzzy inference diagram 
 

 
a)                                                                                                                            b) 

Figure 8 Comparison of experimental and predicted output values with calculated: a) mean absolute percentage error (MAPE), b) coefficient of determination (R2) 
 

In Fig. 9a and Fig. 9b, it can be observed that the values 
of the height of the cladded layer of Ni-alloy are increased 
when it comes to the arc length correction of 30% 
compared to the arc length correction of 0%. Fig. 9a shows 
a decreasing trend in the value of the height of the cladded 
Ni-alloy layer with a decrease in the proportion of helium 

in the shielding gas mixture, and a decrease in gas flow 
when correcting the shown arc length from 0%. Fig. 9b 
shows a trend of decreasing the value of the height of the 
welded layer by reducing the proportion of helium in the 
shielding gas mixture, and by reducing the gas flow when 
correcting the length of the port by 30%. 

 

 
a)                                                                                                                       b) 
Figure 9 Response surfaces when arc length correction is constant at: a) 0 %, b) 30 % 

 
4 CONCLUSION 
 

Based on the model created with the help of the fuzzy 
logic technique obtained by on-line monitoring (welding 
current strength) of the MAG-CMT welding process, it is 

possible to evaluate the process stability and to classify the 
welded joints into two groups (good, bad) upon visual 
inspection of the cladded Ni-alloy. It is concluded that the 
ALC parameter - arc length correction significantly 
influences the process stability at changes in the portion of 
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helium in the shielding gas mixture of 15%, 30% and 45%, 
whereby a more stable electric arc is obtained with an arc 
length correction of 30%. Prediction of these models were 
confirmed by MAPE and R2 values. 

A MAG-CMT welding machine is used for cladding 
of the samples, yet it should be investigated how other type 
of welding device with different current and voltage 
characteristics would influence the obtained results. 
Further research should also determine the influence of the 
defined parameters on the corrosion properties of Ni-alloy 
(Inconel 625), and the possibility of extending the service 
life of parts cladded with Ni-alloy. Based on the created 
models for the current-voltage characteristics, further 
research should be undertaken to improve the cladding in 
order to avoid defects and to achieve the required 
geometric characteristics of the cladded Ni-alloy. 
 
5 REFERENCES 
 
[1] Monika, S., Agnieszka, K., Agnieszka, R., & Bogdan, R. 

(2018). Microstructure, microsegregation and nanohardness 
of CMT clad layers of Ni-base alloy on 16Mo3 steel. Journal 
of Alloys and Compounds, 751, 86-95. 

  https://doi.org/10.1016/j.jallcom.2018.04.102 
[2] Soltysiak, S., Selent, M., Roth, S., Abendroth, M., 

Hoffmann, M., & Biermann, H. (2014). High-temperature 
small punch test for mechanical characterization of a nickel-
base super alloy. Materials Science & Engineering A, 613, 
259-263. https://doi.org/10.1016/j.msea.2014.06.105 

[3] Morales, M., Chimenos, J., Fernandez, A., & Segarra, M. 
(2014). Materials Selection for Superheater Tubes in 
Municipal Solid Waste Incineration Plants. Journal of 
Materials Engineering and Performance, 23, 3207-3214. 
https://doi.org/10.1007/s11665-014-1100-y 

[4] Silva, C. C., Miranda, H. C., Motta, M. F., Farias, J. P., 
Afonso, C. R. M., & Ramirez, A. J. (2013). New insight on 
the solidification path of an alloy 625 weld overlay. Journal 
of Materials Research and Technology, 2, 228-237. 
https://doi.org/10.1016/j.jmrt.2013.02.008 

[5] Elango, P. & Balaguru, S. (2015). Welding Parameters for 
Inconel 625 Overlay on Carbon Steel using GMAW. Indian 
Journal of Science and Technology, 1-5.  

[6] Kulawnski, D., Hoffmann, M., Lippmann, T., Lamprecht, 
G., Weidner, A., Henkel, S., & Biermann, H. (2017). 
Isothermal and thermo-mechanical fatigue behavior of 
16Mo3 steel coated with high-velocity oxy-fuel sprayed 
nickel-base alloy under uniaxial as well as biaxial-planar 
loading. Journal of Materials Research, 32, 4411-4423. 
https://doi.org/10.1557/jmr.2017.344 

[7] Hasan, A. A., Abid Ali, A. R. K., & Al-Ethari, H. (2025). 
Mechanical properties and microstructure of Al-17Si-2Fe 
and Al-6.7Si-2Fe functionally graded alloys by sequential 
casting. Journal of Materials and Engineering, 3(2), 250-
257. https://doi.org/10.61552/JME.2025.02.009 

[8] Fink, C. & Zinke, M. (2013). Welding of nickel-based alloy 
617 using modified dip arc processes. Welding in the World, 
57, 323-333. https://doi.org/10.1007/s40194-013-0034-6 

[9] Gebauer, J., Fojtik, D., & Podešva, P. (2016). The 
development of the high speed current sensing system. 17th 
International Carpathian Control Conference (ICCC), 
Tatranska Lomnica. 
https://doi.org/10.1109/CarpathianCC.2016.7501095 

[10] Talalaev, R., Veinthal, R., Laansoo, A., & Sarkans, M. 
(2012). Cold metal transfer (CMT) welding of thin sheet 
metal products. Estonian Journal of Engineering, 18, 243-
250. https://doi.org/10.3176/eng.2012.3.09 

[11] Rajković, V., Despotović, B., & Žubrinić, D. (2011). 
Application of "CMT" process for membrane walls cladding. 

6. Međunarodno znanstveno-stručno savjetovanje SBZ 2011 
Suvremene tehnologije i postupci pri izradi tlačne opreme, 
zavarenih metalnih konstrukcija i proizvoda, Slavonski 
Brod.  

[12] Chengnan, J., Seungmin, S., Jiyoung, Y., & Sehun, R. 
(2020). Prediction model for back-bead monitoring during 
gas metal arc welding using supervised deep learning. IEEE 
Access, 8, 224044-224058. 

[13] Lehmann, T., Jain, A., Jain, Y., Stainer, H., Wolfe, T., 
Henein, H., & Jawad Qureshi, A. (2020). Concurrent 
geometry and material-based process identificationand 
optimization for robotic CMT-based wire arc additive 
manufacturing. Materials & Design, 194. 

[14] Rongwei, Y. & Lianfa, B. (2020). CMT penetration status 
prediction based on temperature field distribution of weld 
pool. Optik - International Journal for Light and Electron 
Optics, 206(2020), 164301. 

[15] Suresh, S., Premnath, P., Balaji, C., Kavinkumar, P., & 
Bharathraj, B. (2024). Friction stir welding: A 
comprehensive review of non-metallic particle 
reinforcement in joints. Journal of Materials and 
Engineering, 2(3), 207-219.  
https://doi.org/10.61552/JME.2024.03.006 

[16] Chathaa, J. S., & Handa, A. (2025). Strength and 
microstructural analysis of bi-metallic rotary friction welds 
between stainless steel 304 and 316. Journal of Management 
and Engineering Sciences, 2(1), 49-56.  
https://doi.org/10.61552/JMES.2025.01.005 

[17] Jun, L., Housen, X., Xiaoyu, C., Jing, H., Lianfa, B., & 
Zhuang, Z. (2020). Online welding quality diagnosis based 
on molten pool behavior prediction. Optics & Laser 
Technology, 126. 

[18] Syed, Q. M., Syed, S. H., Ashok, K. D., Kumar, K. R., & 
Kumari, S. A. (2021). A study on weld defects classification 
in gas metal arc welding process using machine learning 
techniques. Materials Today: Proceedings, 43(2021), 623-
628. 

[19] Yongchao, C., Rui, Y., Quan, Z., Heming, C., Wei, Y., & 
Yu, M. Z. (2021). Real-time sensing of gas metal arc welding 
process - a literature reviewand analysis, Journal of 
Manufacturing Processes, 70(2021), 452-469. 

[20] Jun, L., Huiying, H., Yumin, S., Lianfa, B., Zhuang, Z., & 
Jing, H. (2021). Quantitative prediction for weld 
reinforcement in arc welding additive manufacturing based 
on molten pool image and deep residual network. Additive 
Manufacturing, 41(2021). 

[21] Xiaoyong, Z., Kehong, W., Qi, Z., Yong, P., Jian, K., Yong, 
H., & Dongqing, Y. (2021). System study of the formability, 
nitrogen behaviour and microstructure features of the CMT 
wire and arc additively manufactured high nitrogen Cr-Mn 
stainless steel. Materials Today Communications, 27(2021). 

[22] Benoit, A., Jobez, S., Paillard, P., Klosek, V., & Baudin, T. 
(2011). Study of Inconel 718 weldability using MIG CMT 
process. Science and Technology of Welding and Joining, 
477-482. 

[23] Dutra, J. C., Silva, R. H. G. E., Marques, C., & Vivian, A. B. 
(2016). A new approach for MIG/MAG cladding with 
Inconel 625. Welding in the World, 1201-1209. 

[24] Frei, J., Boian, A. T., & Rethmeier, M. (2016). Low heat 
input gas metal arc welding for dissimilar metal weld 
overlays part I: the heat-affected zone. Welding in the World, 
459-473. 

[25] C. H., B. D., B. L., & D. M. (2012). Overview of modern arc 
processes and their metal transfer methods in the case of 
GMA welding. The 6th International Conference- 
Innovative technologies for joining advanced materials, 
Timisoara. 

[26] Frostevarg, J., Kaplan, A. F., & Lamas, J. (2014). 
Comparison of CMT with other arc modes for laser-arc 
hybrid welding of steel. Welding in the World, 649-660. 



Iva DEANOVIĆ et al.: Prediction Model for Cladding of Ni-Alloys During CMT Welding Process by Using Fuzzy Logic  

Tehnički vjesnik 32, 4(2025), 1265-1271                     1271 

[27] Solecka, M., Petrzak, P., & Radziszewska,A. (2015). The 
microstructure of weld overlay Ni-base alloy deposited on 
carbon steel by CMT method. Solid State Phenomena , 119-
124. 

[28] Colegrove, P., Ikeage, C., Thistlethwaite, A., Williams, S., 
Nagy, T., Suder, W., Steuwer, A. & Pirling, T. (2013). 
Welding process impact on residual stress and distortion. 
Science and Technology of Welding and Joining, 717-725. 

[29] Fink, C. & Zinke, M. (2013). Welding of nickel-based alloy 
617 using modified dip arc processes. Welding in the World, 
323-333. 

[30] Popescu, M., Rosu, R. A., Locovei, C., & I. A. (2013). 
Perianu. Joining of metallic composite materials by CMT- 
pulse. Metal, Brno. 

[31] Selvi, S., Vishvaksenan, A., & Rajasekar, E. (2018). Cold 
metal transfer (CMT) technology - An overview. Defence 
Technology, 28-44. 

[32] Gebauer, J., Fojtik, D., & Podešva, P. (2016). The 
developement of The High speed current sensing system. 
17th International Carpathian Control Conference (ICCC), 
Tatranska Lomnica. 

[33] Talalaev, R., Veinthal,R., Laansoo,A., & Sarkans,M. (2012). 
Cold metal transfer (CMT) welding of thin sheet metal 
products. Estonian Journal of Engineering, 243-250. 

[34] Rajković, V., Despotović, B., Marsenić, T., & Magdalenić, 
V. (2009). Robots application for membrane panels cladding 
and collector. 5. Međunarodno znanstveno-stručno 
savjetovanje SBZ 2009 Robotizacija i automatizacija u 
zavarivanju i ostalim tehnikama, Slavonski Brod. 

[35] Rajković, V., Despotović, B., & Žubrinić, D. (2011). 
Application of "CMT" process for membrane walls cladding. 
6. Međunarodno znanstveno-stručno savjetovanje SBZ 2011 
Suvremene tehnologije i postupci pri izradi tlačne opreme, 
zavarenih metalnih konstrukcija i proizvoda, Slavonski 
Brod. 

[36] Despotović, B., Žubrinić, D., & Samardžić, I. (2014). 
Comparison of the results of Alloy 625 cladding with two 
shielding gases in boiler production. Zavarivanje i zavarene 
konstrukcije, 101-111. 

[37] Egerland, S. (2009). Status and Perspectives in Overlaying 
under Particular Consideration of Sophisticated Welding 
Processes. Quarterly journal of the Japan Welding Society, 
50-54. 

[38] Silva, C. C., d. Miranda, H. C., Motta, M. F., Farias, J. P., 
Afonso, C. R. M., & Ramirez, A. J. (2013). New insight on 
the solidification path of an alloy 625 weld overlay. Journal 
of Materials Research and Technology, 228-237. 

[39] Kah, P., Suoranta, R., & Martikainen, J. (2013). Advanced 
gas metal arc welding processes. The International Journal 
of Advanced Manufacturing Technology, 655-674. 

[40] Prakasham, G., Krishna, L. S. R., & Kumar, A. S. (2016). A 
Review on the Effect of Various Process Parameters in Cold 
Metal Transfer (CMT) GMAW Welding. International 
Journal of Engineering Research, 432-435. 

[41] Nuno, V. da C. P. (2010). Advances in Gas Metal Arc 
Welding and Application to Corrosion Resistant Alloy Pipes. 
Shrivenham, Swindon: Cranfield University. 

[42] Zhou, C., Wang, H., Perry, T. A., & Schroth, J. G. (2017). 
on the Analysis of Metal Droplets During Cold Metal 
Transfer. Procedia Manufacturing, 694-707. 

[43] Azar, A. S. (2015). A heat source model for cold metal 
transfer (CMT) welding. Journal of Thermal Analysis and 
Calorimetry, 741-746. 

[44] Tucman,T. (2008). CMT proces - nova revolucija u 
digitalnom zavarivanju.5. SEMINAR - Aluminij i aluminijske 
legure . rukovanje, priprema, zavarivanje, Pula. 

[45] Chen, M., Zhang, D., & Wu, C. (2017). Current waveform 
effects on CMT welding of mild steel. Journal of Materials 
Processing Technology, 395-404. 

[46] Hirata, E. K., Beltzac, L. F., Okimoto, P. C., & Scotti, A. 
(2016). Influence of current on the gross fusion efficiency in 
MIG/MAG welding. Welding International, 159-167. 

[47] Čatipović, N., Peko, I., Grgić, K., & Periša, K. (2024). Multi 
Response Modelling and Optimisation of Copper Content 
and Heat Treatment Parameters of ADI Alloys by Combined 
Regression Grey-Fuzzy Approach. Metals 2024, 14, 735. 
https://doi.org/10.3390/met14060735 

[48] Dragičević, M., Begović, E., Ekinović, S., & Peko, I. (2023). 
Multi-Response Optimization in MQLC Machining Process 
of Steel St50-2 Using Grey-Fuzzy Technique. Tehnički 
vjesnik, 30(1), 248-255. 
https://doi.org/10.17559/TV-20220222080715 

[49] Peko, I., Nedić, B., Dunđer, M., & Samardžić, I. (2020). 
Modelling of Dross Height in Plasma Jet Cutting Process of 
Aluminium Alloy 5083 Using Fuzzy Logic Technique. 
Tehnički vjesnik, 27(6), 1767-1773. 
https://doi.org/10.17559/TV-20191031133310 

 
 
Contact information: 
 
Iva DEANOVIĆ, mag. ing. mech. 
(Corresponding author) 
University of Zagreb, 
Faculty of Mechanical Engineering and Naval Architecture in Zagreb, 
Ivana Lučića 5, 10000 Zagreb, Croatia 
E-mail: ivasamardzic@unisb.hr, iva.deanovic@fsb.unizg.hr 
 
Dejan MARIĆ, PhD, Assistant Professor 
(Corresponding author) 
University of Slavonski Brod, 
Mechanical Engineering Faculty in Slavonski Brod, 
Trg Ivane Brlić Mažuranić 2, HR-35000 Slavonski Brod, Croatia 
E-mail: dmaric@unisb.hr 
 
Ivan PEKO, PhD, Assistant Professor 
University of Split, 
Faculty of science Split, 
Ruđera Boškovića 33, 21000 Split, Hrvatska 
E-mail: ipeko@pmfst.hr 
 
Sanda ŠIMUNOVIĆ, mag. ing. mech. 
University of Slavonski Brod, 
Mechanical Engineering Faculty in Slavonski Brod, 
Trg Ivane Brlić Mažuranić 2, HR-35000 Slavonski Brod, Croatia 
E-mail: ssimunovic@unisb.hr 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


