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1. Calculation of carbon equivalent
[bookmark: _Hlk109124222]Formula
[image: ]
Where t = thickness of the material
Cekv is a prerequisite for guaranteed weldability

2. Calculation of carbon equivalent

The International Welding Institute has designed the formula in the following form:

Formula

[image: ]

This formula is valid for the following material composition:
(for steel whose carbon content is˃0.18 weight%.)
0.45 for steel sheet thickness lower than 4 mm
0.35.for thickness25 mm
0.3 for 50 mm; suitable, steel can be welded without pre-heating

3. Calculation of carbon equivalent
The Czech standard ČSN EN 1011 specifies the relation that is probably the most often used these days
· For the elimination of hydrogen cracking
· Designates the carbon equivalent as CET:
Formula
[image: ]

4. Calculation of carbon equivalent
This formula is valid for the following material composition:
Table [image: ]

5. Calculation of the pre-heating temperature
According to Séferian:
Formula
[image: ]
s = thickness of the material
Suitable for carbon and low-alloyed steels where C ˃ 0.1%








6. Calculation of the pre-heating temperature
According to It and Bessy:
Formula
[image: ]
H = content of diffuse hydrogen (ml/100g)
K = joint stiffness diffusion coefficient = 69.s for blunt joint (66.s for angle joint)
S = material thickness (mm)
Other calculation relations are set in the Czech standard ČSN EN 1011-1











7. Calculation of the cooling time
For three-dimension heat flow
Formula [image: ]
Where:
T0 = temperature of the sheet while welded
Q = heat input
F3 = weld joint factor








8. Calculation of the cooling time
For two-dimensional heat flow
Formula/vzorec
[image: ]
Where:
T0 = temperature of the sheet while welded
Q = heat input
d = sheet thickness
F3 = weld joint factor
 






9. Power properties of electrodes
[bookmark: _Hlk109126112]Aimed at:	- monitoring the weight usage of electrodes
- monitoring the productivity of welding
WELDING POWER
Pn = Gn/t (g/min)
Where Gn = weight of welded metal caterpillar (g)
	t = time of surface welding of the welding caterpillar whose weight is Gr (min)
MELTING POWER
Pr = Gr/t (r/min)
Where: Gr = weight of the melt electrode core (g)
	t = time of melting the electrode core whose weight is Gr (min)
10. Power properties of electrodes
Aimed at:	- monitoring the weight usage of electrodes
- monitoring the productivity of welding
ELECTRODE YIELD 
nj = (Gn/Gr).100 (%)
Where: Gn = weight of welded caterpillar metal (g)
	   Gr = weight of the melt electrode core (g)
MELTING COEFFICIENT
[image: ]
Where: Pr = melting performance/power (g/min)
	l = medium permissible welding current (A)

11. Amount of energy consumed per …
Can be related to:
- Amount of melt metal Nr
	Nr = (U.l.t)/Gr (W.min/g)
- Amount of surface-welded metal Nn
	Nn = (U.l.t)/Gn )W.min/g)

Where:  	U = welding arc voltage (v)
   	l = welding current (A)
t = burning time of the welding arc (min)
Gr = weight of the melt electrode core (g)
Gn = Weight of the surface-welded caterpillar metal (g)
Nr or Nn = specific consumption of power energy (W.min/g)

12. Diffusion
Due to basic diffusion equations, the dependence of the diffusion coefficient D on the temperature t has been empirically found: 
Formula
[image: ]
Where: D0 is the frequency factor
	Q is activation diffusion energy
	k is the Boltzmann constant

The depth of the diffusion layer X can be expressed, using the second Fick law, as the dependence of the diffusion coefficient (D) and the time (t)

Formula 𝑥	= 2𝐷. 𝑡𝑑


Where: x if the diffusion depth (cm)
	D is the diffusion coefficient (cm2.s-1)
	t is the diffusion time (s)


13. Coefficient of the weld shape (form)
Picture
[image: ]
Formula	where c = h + a
	Welding method
	Ratio b/h

	Electric arc
	2:1

	Plasma
	1:1 up to 1:2

	Electron beam
	1:5 up to 1:30

	Laser
	1:5 up to 1:20




14. Influence of the welding method
Heat input of electric arc welding
The heat input into the weld bath (Q) is an important parameter, influencing the properties of weld joints (especially in the case of hardly-weldable materials); its size can be calculated using the following relation:
Formula
[image: ]
Where:
ɲ - Efficiency of the welding method (-) 
U - Arc voltage(V)
l - Welding current (A)
v Welding speed (mm/s)

15. Heat efficiency of individual welding methods
Heat input of electric arc welding
Q = ɲ . (U.l)/1000.v (kJ/mm)
	Method no.
	Welding method
	k

	12
	Welding under flux
	1.0

	111
	Manual arc welding with coated electrode
	0.8

	131
	Arc welding with melting electrode in inert gas; MIG welding
	0.8

	135
	Arc welding with melting electrode in active gas; MAG welding
	0.8

	114
	Arc welding with filled electrode without protective gas
	0.8

	136
	Arc welding with electrode filled with flux in active gas
	0.8

	137
	Arc welding with electrode filled with flux in inert gas
	0.8

	141
	Arc welding with tungsten electrode in inert gas
	0.6

	15
	Plasma welding
	0.6




16. Temperature field
Modified differential equation of heat conduction.
A simplified form of the equation for the temperature of any point in a heat-influenced region can be expressed as follows:
Formula
[image: ]
Where:
T = temperature of the chosen place (°C)
To = initial temperature (°C)
q = heat performance of the welding source (J.A-1)
c = heat capacity (J.g-1°C)
p = specific weight (g.cm-3)
[bookmark: _Hlk109128900]ʎ = heat conductivity coefficient (W.cm-1.s.°C-1)
v = welding rate (cm.s-1)
s = material thickness (cm)
t = time (s)
p/ʎ = α heat conductivity coefficient (cm.s-1)



17. Calculation of the characteristic parts of the ARA diagram
Calculation of the temperature of the emergence of martensite
[bookmark: _Hlk109129224]Formula
[image: ]
Calculation of the temperature of the final martensite change
Formula
[image: ]
Calculation of the temperature of the emergence of the bainitic structure
[bookmark: _Hlk109131118]Formula
[image: ]


Heat input
Values in picture/hodnoty v obrázku
Formula/vzorec					Formula/vzorec
[image: ]Energy amount per length unit 
[bookmark: _Hlk109129579]Q1…..Welding input(kJ*mm-1)				Q2…..Welding input(k*cm-1)	
I……Welding current (A)					I……Welding current (A)
U…….Welding voltage (V)				U…….Welding voltage (V)
V1…..Welding rate (mm*s-1)				V1…..Welding rate(cm*min-1)

Formula      [image: ]		Qsv 	Energy loaded into welding joints
                                        Qcel	Total energy of the arc



18. Heat input – real
Table
Q3 = Q1,2*ɲ
ɲ … efficiency factor
	Welding technology
	Efficiency of the process ɲ

	
	Extent
	Recommended
	Resources

	111 – MMAW (SMAW)
	0.66-0.85
	0.8
	(1,3)

	[image: ]




Welding MAG- 135				Formula
[image: ]
Ψ…. Wire diameter  0.8 (mm)
ɲ…Efficiency coefficient 0.7
I     Welding current 110 (A)
U….Welding voltage 20 (V)
v…..Welding speed 2 (mm/s)
f….Joint coefficient = surface weld

Welding MAG-135-pulse			Formula [image: ]
Ψ…. Wire diameter  0.8 (mm)
ɲ…Efficiency coefficient 0.7
I     Welding current 110 (A)
50%lp, 50%lb (e.g. time of the pulse)
U….Welding voltage 20 (V)
v…..Welding speed 2 (mm/s)
f….Joint coefficient = surface weld
Welding rate
Joint coefficient = surface weld
[bookmark: _Hlk109131671]Formula [image: ][image: ]

MAG-135  Welding 
[image: ]
	Welding parameters

	Weld caterpillar
	1
	2
	3
	4
	5
	6
	7
	8

	Current I (A)
	143
	204
	182
	182
	208
	218
	209
	203

	Voltage U (V)
	16
	18
	17,8
	18,4
	18,2
	18,3
	18
	18,3

	Time (s)
	190
	185
	145
	180
	190
	189
	190
	185

	Speed vs (mm.s-1)
	2.11
	2.16
	2,76
	2,22
	2,11
	2,12
	2,11
	2,16

	Heat input Q (kJ.mm-1)
	2.92
	1.44
	1
	1,28
	1,53
	1,61
	1,54
	1,26


Formula/vzorec			Q - ?  Maximum Q condition
	Q =	(Q1 + Q2 ….Q10 )/10			Qmax˂/=Q
					Q1, Q2 …. or Q
ESF II project of the University of West Bohemia in Pilsen, reg. number: CZ.02.2.69/0.0/0.0/18_056/0013239
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