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ABSTRACT: Present paper describes a study with the purpose to highlight the importance 

of establishing, by means of algorithmic models, the preheating temperature value of pieces 

subjected to arc welding, value in discussion being a determining factor evaluating the 

quality of a welded joint.  

Optimization was performed using the physical criterion for three types of high temperature 

resistant steel, and for this three significant parameters were involved: chemical 

composition, hardness and linear energy of the welding process, therefore obtaining an 

optimal solution at the crossing of the two functions of time used for elaborating calculus.    
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1. INTRODUCTION 
 

Considering technological processes of 

mechanical tooling of a piece subjected to 

arc welding, of great importance is 

considered to be establishing preheating 

temperature value the referred piece must 

have before welding operation is initiated 

[1].   

In the process of arc welding, preheating 

metallic components up to a certain 

temperature value, Өpr, has the purpose of 

reducing the rate of cooling, vr, in the areas 

of welded joint and of thermal influenced, 

referred in this situation as ZIT [2]. 

This method is used to reduce the 

probability of pore development, thus areas 

of welded joint and of ZIT are more likely 

to be closer to a stable structure. [3]. 

Therefore, this leads to obtaining rigid 

welding joints but with a valid plasticity in 

terms of quality [3], [4]. 

 

2. FIELDS OF INTEREST ON 

COMPONENTS MATERIALS  

 
Steel materials used in constructions 

subjected to weathering form a rust layer 

over a period of 1 to 3 years, due to 

presence in their composition of Cu and Cr 

elements.[5] This is the main cause for 

which the preheating of considered steel 

materials is needed.  

Before welding, rust layer must be removed 

from 10-20mm area of weld surface. [6]. 

Mechanical and technological properties of 

tested materials are in accordance with EN 

10216 -1,-2 standards and are required to be 

quality certified, including bending. [7], [8]. 

For establishing the algorithm we have 

considered three types of steel.[9] Their 

structure is given in table 1, as follows: 
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Table 1. Steel structures used for study 

Basic material 

Chemical structure, % 

Observations  C* Si Mn P* S* 

Cr Mo Ni Al  Cu 

P265GH 

(1.0425) 

 0,20  0,40  1,40 max. 0,025 
max. 

0,020 SR EN  

10216/2 - 2007  0,30  0,08  0,30 -  0,30 

0,28 0,07 0,30 - - 

0,161 0,36 1,36 0,02 0,02 
Experimental 

0,28 0,08 0,29 - 0,12 

13CrMo4-5 

(1.7335) 

0,10 - 0,14 ≤ 0,35 0,40 - 0,70 max. 0,025 
max. 

0,020 SR EN  

10216/2 - 2007 0,70 - 1,15 0,40 - 0,60 ≤ 0,30 - ≤ 0,30 

0,95 0,52 - - - 

0,112 0,35 0,46 0,018 0,017 
Experimental 

0,88 0,48 0,16 - 0,15 

10CrMo9-10 

(1.7380) 

0,08 - 0,14 ≤ 0,5 0,30 - 0,70 max. 0,025 
max. 

0,020 SR EN  

10216/2 - 2007 
2,00 - 2,50 0,90 - 1,10 ≤ 0,30 - ≤ 0,30 

0,09 0,31 0,44 0,019 0,018 
Experimental 

2,10 0,98 0,19 - 0,10 

 

Preheating temperature Өpr is determined 

using three important parameters for the 

welding process: chemical composition for 

base materials of pieces, MB, number of 

cooling paths after welding, nr and 

thickness of components involved in 

welding process, δ, with relation 1. 

 
 arctgXPCPCHM cmcm  46171110150767189  

(1) 

 

The theory of thermal field in the electric 

arc welding makes possible expression of 

t8/5 according to the linear arc energy and 

the preheating temperature Өpr with 

equations 2 and 3: 
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where t8/5 is calculated in seconds, and E is 

in kJ/cm. 

3. ALGORITHM USED FOR 

OPTIMISATION BASED ON 

PHISICAL CRITERION  

 

Correlation between welding technologies 

and maximum hardness HM from ZIT is of 

great significance because following aspects 

are no longer considered to be an issue for 

welding process: 

 Welding parameters can be controlled 

by the means of maximum hardness 

HM from ZIT [10]; 

 In the equation of time t8/5 linear 

energy of spring E, as well as 

preheating temperature Өpr are 

involved, such that we are able to 

determine, using the link between two 

factors: for given E-value of Өpr in 

such way that HM value will remain 

between admissive limits, and vice 
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versa, for given  Өpr – value of E.  

 Values for E and Өpr can be optimised 

in order to reduce costs and power 

consumption. 

Optimisation of energy consumption can be 

accomplished using objective functions 

through differentiation [11]. These 

functions assume elaborating complex 

calculus. Therefore physical criterion is 

more convenient as solution for 

optimisation. 

Maximum efficiency of the pair (E, Өpr) is 

accomplished when their product reaches 

the highest value.  

4. DETERMINATION OF 

OPTIMAL SOLUTION FOR 

GIVEN CASE STUDY  

 

Optimisation by physical criterion assumes 

giving values for Өpr between limits 

0..5000C and determining the corresponding 

E values for common values of  t8/5 between 

limits 3..60s.  

In Table 2 are shown results obtained for 

product (E, Өpr), considering values for t8/5 

and Өpr are known. 

Table 2. Optimisation using physical criterion 

t8/5 Өpr 

[0C]  

E E · Өpr t8/5 Өpr
  

[0C] 

E  E · Өpr 

[s] [kJ/cm] [s] [kJ/cm] 

3 

252 3.15 793.80 

10 

215.00 10.55 2268.25 

257 3.11 799.27 220.00 10.70 2354.00 

262 3.05 799.10 225.00 10.02 2254.50 

4 

240 4.29 1029.60 

20 

200.00 22.34 4468.00 

245 4.20 1029.00 202.50 22.07 4469.18 

250 4.12 1050.00 205.00 21.80 4305.00 

6 

230 6.46 1485.80 

40 

185.00 45.85 8482.25 

235 6.33 1487.55 187.50 45.25 8484.38 

240 6.19 1485.60 190.00 44.52 8458.80 

8 

220 8.75 1925.00 

60 

175.00 70.55 12346.30 

225 8.58 1930.50 177.50 69.50 12336.30 

230 8.40 1932.00 180.00 68.54 12337.20 

 

Using values from Table 2 a graphical 

representation has been made, shown in 

figure 1, of the two parameters, E and Өpr , 

as time functions: E=f1(t8/5) and Өpr= 

f2(t8/5).  Өpr has a linear shape while E has a 

curve allure.  

At the cross-section of the two graphical 

representations the optimal value for 

product of pair (E, Өpr) can be obtained. 

 

Software used for graphical representation 

was Grapher13 [11].  

Reading Figure 1, values for calculating 

optimal solution can be acquired, as 

following:  Өpr=196.187 and E=26.187 for 

t8/5=27.578. This means that we obtain an 

optimal value for product of pair (E, 

Өpr)=5137.548. 
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Figure 1. Graphical representation for determining optimal solution  

 

5. CONCLUSIONS 
 

Analysing the obtained results can be 

concluded that maximum values for product 

pair (E, Өpr) are more flattened on the 

temperature range 0..5000C.  

One of the main reasons is that values for 

variation steps are very small. 

Optimisation achieved using physical 

criterion method above all gives the 

possibility to obtain maximum efficiency. 

Optimisation was effectuated in stages in 

order to be able to elaborate a function of 

two variables, E and Өpr. 

It confirms in this case physical couple’s 

optimized efficiency. 
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