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The aim of this work is to analyze in detail the technical and energetically parameters that feature both the MIG-MAG welding procedure and that of supplying some complementary elements in order to meet the welding procedures, technologies and equipment. 

This work draws in the context in which the MIG-MAG welding implementation in Romania knows an upward trend similar to the one in the entire world. The structure of this work covers the theoretical, technological and practical aspects regarding the MIG-MAG welding procedure, offering solutions of improving both the already existing technologies and the equipment designed on this purpose. 

The subject developed in the thesis enters in the author’s concerns to find the ways and the means to modernize the welding technologies, the equipment in order to achieve technological welding operations and reducing the energetically consumptions when welding. 

CAP. 1. Present stage and the fundamental problems concerning MIG – MAG welding technology
The MIG-MAG, MAG, MIG welding procedures are mainly characterized by the electrical arc shield, by the metal pool melted by a rare and active gas and their mixture. The welding electrode is also melting, cored wire or tube wire, automated pushed as it is melting in the weld pool. The MIG-MAG procedure can be used in the mechanized automated or robotized mode. The welding equipment duty cicle ( DA ) is an important parameter : 
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ts = welding time ; tp = pause time ; tc = cicle time

The means parameters in MIG – MAG welding is :

· Welding current ( polarity, value )

· Wire speed

· Nature and diameter welding wire

· Nature and shielding gas flow

· Length of wire end

· Distance workpiece – gas nozzle

· Welding position

The metal transfer through welding arc is made by forces who act melt drops like : electromagnetic force, electrodinamic force, gravity force , and that goes to the next transfer mode :

· Short arc

· Spray arc

· Pulsed arc

· Rotate arc

For elaborate a welding technology is necessary to establish means parameters include number of layers necessary to fit welding root.

Improvement in industrial field MIG – MAG welding according to :

· Productivity

· Quality management

· Environment management.

CAP. 2. Fundamental procedures study for the MIG – MAG electric arc welding.

Metalic bond  welding is obtain by melt boundary root with electric arc, and the form is semi elipse. The speed of solidify is : 




Vs = V x cos (
After welding in welded structure appear mechanical tensions who can made malfunction in use. The analytical compute for mechanical tensions in symmetrical weld :
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For asymmetrical weld :
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MEF method for linear static analysis of MIG – MAG welded structure for transport device of 280 MVA transformer.

In MEF analysis use ANSYS Multiphysics program to compute mechanical tensions and deforms device by gravity force weight transformer.
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We compute the tension analysis in 3 different cases :

· Load transformer by 4 gravity weight forces

· Load transformer by 4 gravity weight forces and block joint.

· Load transformer by 4 gravity weight forces multiplied by 1,3.

After simulation the results show that the welding structure do not suffer deformations more then allow steel made.

The maximum value for deformation is 3,838 mm and the maximum mechanical strength is :
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much less( 74 % ) than :
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CAP 3. Contributions to study of the electromagnetic and thermal field at MIG – MAG arc welding.


The GMAW process has been widely studied, whether on researching a mathematical model to describe the complex physical phenomena arising from technological process or carrying out numerous experimental tests, and the resulting experimentation, together with experience gained in the field, are the most efficient means of determining optimum process parameters.


The greatest limitations to the empirical approach are nevertheless, the onerous burden and length of time spent. The first step in any theoretical study of welded joints is to calculate temperature distribution, which varies quite suddenly over time and in magnitude. Once temperature distribution has been noted, it is possible to analyze the mechanical behavior of the joint, in order to determine residual thermal stresses.


The mathematical theory, which describes heat transfer methods in solids, was developed by Fourier. In order to include in thermal balance the latent heat of phase changes, some authors have contrived to appear to increase the specific heat of the material to the value near the fusion temperature. Furthermore, the thermal power of the arc is described by heat flow per unit of area, with Gaussian type distribution.


The main results obtained were the expansion of the heat affected zone, the value of the depth of molten pool and the cooling curves relating to any point on heat affected zone. To describe the moving heat sources, power distribution allocated to a define volume of two semi-ellipsoids is proposed. The geometric dimensions of the two semi-ellipsoids should, however, be estimated with empirical relations, correlating them to the width and depth of molten pool. Model ensure a fusion temperature in excess of 550 0 C for the elements comprising the filler metal. In this way, part of the energy from the arc is included in the model. The remaining part was simulated by a superficial heat flux with radial symmetrical distribution and Gaussian profile. The contour conditions relating to heat fluxes into the environment comprise both radiation and convection (forced over zone reached by the shielding gas and elsewhere). The most complicated part of model concerns the description of continuous process of filler metal deposition. 


The joint studied is composed of two low carbon steel plates (S275 J0), joined by flat welding in a single pass with edges prepared in a V(Fig 1).
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Fig. 1.-Joint analyzed.

The volume of material deposited per unit of time is almost equal to volume per unit of time resulting from the product of the filled section (triangular area formed by two edges side by side) for velocity of electrode travel.
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The thermal power transferred by electric arc may be divided into two equations:





[image: image10.wmf]dir

ind

q

q

I

V

q

+

=

×

×

=

h




(2)

where 
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is the power necessary to melt and rise the filler metal to droplet temperature, while 
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 is the part of the heat flux transferred directly from the arc to joint.

Droplet temperature may be calculated according to current magnitude and wire diameter. In this case it was assumed to be equal to 2027 0 C. Once droplet temperature and wire feed is fixed it is possible to calculate the indirect equation:
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(3)

where:  
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= filler metal density



cp = specific heat of filler metal



L = latent fusion heat of filler metal
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T = temperature interval of phase change



T0 = ambiant température



Ts = solidus temperature



TL = liquidus temperature



Tg = droplet temperature

In this way the elements forming the droplet are `born` with an allocated nodal temperature, but in the next calculation instant such a link with this nodal temperature is removed, thus rendering it an unknown variable.

The solution adopted is of volumetric type, given dimension of weld bead and the Gaussian distribution on double ellipsoid is reduced to constant distribution.

The heat exchange coefficient for forced convection was calculate with :
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(4)

where :

vgas = gas outflow speed



ρgas = gas density



μgas  = dynamic viscosity of gas



Kgas = heat conductivity of gas



cpgas = specific heat of gas



D = nozzle diameter



htorch = distance of nozzle from work piece.

In this model hg is not expressed in terms of temperature calculated at a constant value, with all the heat dependent parameters evaluated at ambient temperature and completely ignoring heat flux dispersed by radiation.


There are therefore no particular problems in defining the physical thermal properties of metal in terms of temperature. It is usual to allocate a stepped transition (multiplying it by factor of 6) corresponding to the fusion temperature to take into account, at last in part convective motion in molten pool which facilitates the heat exchange with the metal in solid phase.

The heat calculation required personal computer PC 486 or better and software program ANSYS 5.0. The initial instant (t = 0) corresponds to the moment in which electrode begins to run over connecting edge of weld. After 5 sec bead deposition is complete, but analysis proceeds until (t = 30) sec to include at least the most significant part of heat transfer.

The simulation of multipass processes and more complex geometry is, relatively easy during preparatory phase of model, while the resolution phase involves only lengthy periods of formulation. 

The thermal calculation provides results which may be used for :

· to estimate optimum process parameters which ensure the required welding penetration.

· to obtain the cooling curves in heat affected zones to forecast the final  

      structure and corresponding hardness.

· to proceed with calculation of residual thermal stress, provided that all 

      mechanical, heat-dependent properties including the fusion temperature, are  

      known.

CAP 4. MIG – MAG welding equipments retrofitting improvements contributions.

Real speed welding wire determination on MIG – MAG welding process


The movement of electrode wire at MIG – MAG welding process is made with help of one or two pair of wheels drive by electric motor through gearing mechanism. Electric motor used are with electronic controllers for speed by feedback ( U, I, n ). The rub between wheels-wire is made by helical spring. In this condition the wheels speed is good establish but no for electrode wire because strength couple or non equal diameter wire may slide and appear modifies in linear speed of wire. We find a new principle to measure wire linear speed and also a control system for correction applicable for all MIG – MAG feeders.


The system consists in magnetization of wire with electromagnetic pulse following pick-up information by small induction transducer. The frequency of pick up signal is proportional to linear speed of wire, and by processing give real linear speed of welding wire. The method principal diagram is showing in figure 1 where are represented function blocks for measure speed :
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Fig. 1. Real speed welding wire determination on MIG – MAG welding process.

TD – Demagnetizor device ; TE – Induction Transducer ; TE – Receiver Transducer ; Osc – Pilot Oscillator ; Comp – Comparator.


For accuracy record, the frequency record signal must be depend to lower speed wire and may establish the distance between record and receiver transducers. The low speed of wire is :


Sw = 1 m / min  = 0,017m/sec, and minimal distance : d = Sw/t =0,017 m = 1,7 cm. 

Condition for on phase signals is :


 T = d = 1/fmax and : fmax = 1/d = 55,82 Hz.

Electromagnetic servo system for control pressure wire feeder on MIG – MAG welding equipments. 


All wire feeders are made with constant pressure by helicoidal spring. If appear rubber forces and electrode wire can skate on wheels servo system add to pressure force P a electromagnetic force by electromagnetic field generated by a pair of small electromagnets like in figure 2.
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Fig.2. Electromagnetic servo system for control feeder pressure.

CAP 5. Moderniyation of the MIG –MAG welding technologies.

The application of GMAW for micro-controller is limited by the fact that the welding process is highly complex and the information used by experienced welder cannot be used for computer control. This is mainly due to the fact that the relationship between information that welder uses, sound, light and the quality of the weld is not yet clear. Insight in the arc’s behaviour is gained by analysis of the fluctuation of various welding parameters. Most of models based on through-the-arc sensing assume linear relationship between the variables and do not explain this relationship in terms of the underlying physical processes. One of the variables that might be important for control is the length of the arc. The length of the arc can be determined with laser backlight but this is costly and the measurements cannot be used for on line control. If it were possible to determine the length of the arc from easy to measure variables, like current or wire feed rate, this information could be valuable for control. Accurate knowledge of the arc length may furthermore provide useful insight in the welding process. In this paper we will present a model that relates the length of the arc to voltage, current and wire feed rate. The arc length will be calculated for short circuit transfer mode under different conditions and for a typical spray transfer mode. The GMAW process consist an electrode wire is feed from a tube, the welding gun, at an adjustable rate. Between electrode and the work-piece  an arc is established due to the voltage drop maintained by the welding power supply. The length of arc equals approximately the distance from the tip of the electrode to work-piece, La(t), see figure : 

















           v(t)






















                                                  L(t)







  La(t)







Workpiece















 Travel speed



The combination of ohm heating of the wire and heat transfer from the arc results in melting of wire. Molten electrode material forms droplets which are transferred to base material, depending on a combination of forces : momentum change, electro-magnetism, surface tension, gravity and gas dynamic pressures. The work piece is heated by the arc, molten material and by ohm heating. An electrode wire needs the energy to heat from room temperature to the melting point : 
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where cp is the heat capacity, Tm is the melting temperature, T0 is the room temperature, ρ the specific density of electrode wire material and A the cross sectional surface of the wire. To melt, an energy of :
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(2)

is required, with cf is the fusion heat. For a certain room temperature, a parameter k can be defined as :





[image: image20.wmf](

)

A

c

A

T

T

c

k

f

M

p

×

×

+

×

×

-

×

=

r

r

0

 


(3)

which represents the energy necessary to melt a meter of electrode wire. If it is assumed that the droplets of molten material are not heated significantly above the melting temperature before detaching superheating does not affect the energy needed to melt wire. Therefore the following differential equation can be derived:
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(4)

where the power used by the welding process is :
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(5)

Both V(t) and I(t) are easy to measure in practice. Assuming that a constant proportion of the power is used to melt welding wire, integration of equation 4 results in:
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(6)

which can be written as :
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(7)

with:
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The above formula gives us a relation between relatively easy measurable welding variables : the voltage drop between the work piece and the contact tip, V(t), current through arc, wire feed rate v(t) and difficult to determine variation in distance between electrode wire and work piece, ΔLa(t). the formula has two constants : k and ηarc.
Computation of k.
The constant k is defined as :
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(9)

For the welding consumable SG2, diameter 1,2 mm have :
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Computation of ηarc.

The proportion of energy that is used to melt wire can be calculated by dividing the energy needed to melt wire by total energy used for the welding process during the time of measurement. When the measurement time is sufficiently long the contribution of Δ La may be neglected for computation :
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(11)

Note that ηarc depends linearly on k. Thus any error made in the determination of k results in some relative error in ηarc.

Computation of variation in electrode wire – work piece distance, Δ La (t).

When v(t), I(t), V(t) are known, the variation in arc length can be computed with Equation 7. If the constant k is brought outside the integral, this equation can be written as :
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The ratio of ηarc over k can be derived from equation 11 :
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(13)

The right side of this equation consists of two integrals over the whole measurement period, from t = 0 to t = tmax, and is thus independent of material constants relating to k of the electrode wire.
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