Numerical Analysis of Metal Transfer in GMAW  
G. Wang*, P. G. Huang*, and Y. M. Zhang**

*   Department of Mechanical Engineering, University of Kentucky

** Center for Robotics and Manufacturing Systems and Department of 

     Electrical and Computer Engineering, University of Kentucky
Abstract

The characteristics of metal transfer in gas metal arc welding (GMAW) are simulated by a new transient two-dimensional numerical model. Advanced CFD techniques used in this model include a two-step projection method for solving the incompressible fluid flow; a volume of fluid (VOF) method for capturing free surface; and a continuum surface force (CSF) model for calculating surface tension. The electromagnetic force due to the welding current is estimated by assuming several different kinds of current density distribution on the free surface of the drop. The simulations based on the assumption of Gaussian current density distribution show that the transition from globular to spray transfer mode occurs over a narrow current range and the size of detached drops is non-uniform in this transition zone. The analysis of the calculation results gives a better understanding of this physical procedure. Comparisons between calculated results and experimental results are presented. It is found that the results computed from the Gaussian assumption agree well with those observed in experiments.  

1. Introduction

Metal transfer describes the process of the molten metal movement from the electrode tip to the workpiece in gas metal arc welding (GMAW). A better understanding of the metal transfer process is important for improvements in the quality and productivity of welding. While several distinct modes of the metal transfer have been classified [1], the globular and spray transfer modes have received attention from many investigations. In the globular transfer, the diameter of the drop is much greater than that of the electrode. Spray transfer can be further classified as drop (projected) spray or streaming spray, depending on the diameter of the drop in relation to that of the electrode: approximately the same in drop spray or much smaller in streaming spray.  It is found experimentally that a sharp transition in the drop detachment frequency and size occurs when the mode changes between the globular and spray transfer modes. A bifurcation in the drop detachment frequency and the drop size has been observed in the middle of the transition current range [2-4].

Theoretical description of droplet formation in GMAW is complicated by the effects including the dynamic nature of droplet growth, thermal phenomena in the wire, and heat transfer from arc. Because of the complexities associated with these effects, models in the literature for prediction of metal transfer in GMAW are typically based on simplified descriptions of the effects influencing the process of droplet formation. The two most well-known models of metal transfer are the static force balance theory (SFBT) [5,6] and the magnetic pinch instability theory (PIT) [7,8]. The SFBT considers the balance between gravity, electromagnetic force, plasma drag force and surface tension. The PIT considers perturbation due to the radial magnetic force acting on an infinite cylindrical column of liquid metal. Nemchinsky [9] developed a steady-state model to describe the equilibrium shape of a pendant droplet with a simple approximation for the current density distribution in the droplet. The above models [5-10] are basically static approaches and unable to predict the dynamic behavior of the drop growth during metal transfer. Simpson and Zhu [11] developed a one-dimensional model, which considered the forces acting on the droplet. The model makes the first predictions of droplet shape as a function of time.

Recently, several time-dependent, two-dimensional models have been developed to predict metal transfer. Haidar and Lowke [12,13] developed a model for the prediction of droplet formation that included the arc. This model can predict the transition current from the globular to the spray transfer mode in fair agreement with experimental data. In the transition zone between the two modes, the model predicted the presence of both small and large drops. However, the droplet detachment was not addressed and the inclusion of the arc complicated the calculation. The accuracy of computational results is influenced by discontinuity assumptions on the free surface, such as a surface pressure boundary condition. In a recent study by Fan and Kovacevic [14], the droplet formation, detachment and transport phenomena are considered together with the weld pool. An approximation was used to get the current density distribution in the droplet by assuming uniform axial current density distribution over horizontal cross section of the droplet. The calculation was carried out only for the globular transfer.  Further, Chio, Kim and Yoo [15,16] considered the effect of the welding arc under the assumptions of a uniform and linear current density on the droplet surface. The predicted results are in reasonably good agreement with the experimental data although the transition current is not determined accurately. 

Previous models for the prediction of metal transfer have been unable to make accurate predictions of the transition between the globular and spray transfer modes. In this work, a new transient two-dimensional model is developed to simulate the droplet formation, detachment and transport in the globular and spray modes. The transient shape of the droplet is calculated using the fractional volume of fluid (VOF) method [17], which is shown to be more flexible and efficient than other methods for treating complicated free-boundary configurations. Gravitational force, surface tension force, and electromagnetic force play fundamental roles in the process of droplet growth and detachment. The continuum surface force (CSF) model [18] used in this study eliminates the need for interface reconstruction, simplifies the calculation of surface tension, and enables accurate modeling of fluid flows driven by surface forces. As the welding current generates the electromagnetic force exerted on the pendant drop, it is essential to include the effects of the current with suitable boundary conditions. 

2. Numerical Schemes

The numerical schemes employed are based on a finite-difference solution of a coupled set of partial differential equations governing unsteady incompressible fluid flow [19]. The two-step projection method [20] is the basic algorithm for solving this set of partial differential equations. Free surfaces are captured by the volume of fluid (VOF) method [17]. Surface tension of free surfaces is modeled as a localized volume force derived from the continuum surface force (CSF) model [18].

2.1 Governing Equations 

In order to simplify the numerical model, the physical process is assumed to be axisymmetric, and the material properties are assumed to be constant. The motion of fluid within the drop is governed by the incompressible Navier-Stokes equations (continuity and momentum equations):
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where ( is the fluid density, p is the scalar pressure, ( is the viscous stress tensor, and 
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 is body force which includes the gravitational force and the electromagnetic force. 

The basic scheme for the two-step projection method is to break the computation of the governing equations for unsteady incompressible flow (1) and (2) into two steps. Time discretization form of governing equations is given by following:
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In the first step, a velocity field is computed from viscosity, advection and body forces, i.e., neglecting the influence from the pressure gradient. In the second step, the velocity field is changed under the influence of pressure only. Since the velocity field must satisfy the continuity equation as well, one Poisson equation is obtained for solving the pressure field.

2.2 Tracking the Free Surface
The transient shape of the droplet is calculated using the fractional volume of fluid (VOF)[3] method, which was pioneered by Hirt and Nichol. This method has been proved to be a powerful tool when dealing with the problem of free surfaces. A detailed discussion of this method can be found in the literature. Its main features are discussed briefly below. 
Free surfaces are reconstructed by means of a scalar field F(
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For incompressible flow, the VOF function might be regarded as the normalization 
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 is the constant fluid density. The discontinuity in F is a Lagrangian invariant, propagating according to 
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The discretization form of the above equation contains terms of F fluxes through the faces of the computational cells. The VOF method is based on the use of reconstructed free surface and donor-acceptor differencing to compute fluxes of fluid advected through the cell faces. The free surface is reconstructed either horizontally or vertically in a surface cell, depending upon its slope obtained from the value of F in neighboring cells. The position of a free surface depends upon the value of F. A donor-acceptor differencing is identified by direction of velocity.

2.3 Modeling of Surface Tension

Surface tension at a free surface is modeled with a localized volume force prescribed by the continuum surface force (CSF) model. Instead of a surface tensile force or a surface pressure boundary condition applied at a discontinuity, a volume force acts on fluid lying within finite thickness transition regions continuously. Surface tension modeled with the continuum method eliminates the need for interface reconstruction, and can be easily calculated by applying an extra body force in the momentum equation. 

In its standard form, the surface tension force per unit interfacial area is
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It can be reformulated as a volume force by satisfying Green’s Theory:
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The volume force 
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The free surface curvature ( follows from the expression
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where 
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For incompressible flow, g(x) is given by:
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2.4 Calculation of Electromagnetic Force

The effect of welding current on the metal transfer includes its determination for the electromagnetic force, which is part of the body force in the momentum equation (2). The electromagnetic force generated by the welding current and self-induced magnetic field is expressed as: 
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where the self-induced magnetic field is derived from Ampere's law 
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and the current density is calculated from the Ohm's law 
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The electric potential as the only unknown variable can be calculated by solving current continuity equation
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2.5 Boundary Conditions

The boundary conditions for solving governing equations to specify the fluid flow are shown in Figure 1.

(1) The input velocity of molten metal is assumed to be the same as the wire feed rate;

(2) The problem is assumed to be axisymmetric.  Hence, the calculation domain is taken as one side of centerline; 

(3) No slip at the solid boundaries;

(4) For simplicity and minimization of the computing time, the velocities of the gas are specified by setting them to zero (F = 0) and the pressure to atmospheric pressure.

The boundary conditions for solving the Laplace equation to determine the distributions of the potential and current density within the drop, and thus the influence of the electromagnetic force are 
(1) An isopotential line (( = 0) is set at the inlet section;

(2) There is symmetry about the centerline;

(3) The current density distribution on the drop surface cell (i, j) is assumed as
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where Jsij represents the current density on the surface cell (i, j), I the welding current, and Si,j the surface area of the free surface cell (i, j). The distribution function f(i, j) is difficult to determine, since there is no experimental measurements of the current density on a GMAW drop surface available in the literature due to the difficulty of making such measurements in the harsh environment of the arc next to the free surface of a drop. The two kinds of current density distribution assumed in the early study by Chio, Yoo and Kim [15] are as follows:

Uniform current density distribution:       f(i, j)=1                                    
     (18)

Linear current density distribution:          f(i, j)=zj                                              (19)

where zj represents the distance between the free surface cell (i, j) and solid-liquid interface of the electrode. The calculated results were in broad agreement with the experimental data and suggested that the assumption of the linear current density predicted the experimental results more accurately than the uniform current density. But the transition current is not captured quite accurately using these two current density distribution models. 

In this work, a Gaussian current density distribution on the drop surface is proposed:
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where X is the arc (curve) length on the drop surface between the lowest point on the drop and the free surface cell (i, j), and D is the diameter of the electrode. The assumption is proposed based on the current density distribution over the workpiece, on which a Gaussian distribution has been detected by previous experiments. 

3.  Results and Discussions

Results are presented for the physical model based on the work of Kim and Eagar [21]. Simulations are carried out for a mild steel electrode with 1.6 mm diameter and a feed rate of 70 mm/s. The welding current varies from 150 to 320 A which covers the range of globular and spray metal transfer. The material properties taken from the work of Chio, Yoo and Kim [15] are listed in Table 1. The calculations are performed using different assumptions of current density distribution over drop surface as mentioned above.     

Figures 2, 3 and 4 show drop development under the assumption of Gaussian current density distribution for welding currents of 160 A, 300 A and 250 A respectively. These cases represent the globular transfer with large drops in the low current range, the streaming spray transfer with very small drops in the higher current range and the transition from the globular to spray transfer with non-uniform drops in a narrow transition current range. 

Figure 2(a) shows the droplet development at a current of 160 A. The vibration of the drop can be observed at the beginning of the drop formation due to the influence of electromagnetic forces. The drop grows at the tip of the electrode with a classic pendant drop shape, due to gravity and surface tension in the presence of decreasing electromagnetic force. Drop detachment occurs after the neck shrinks. The drop detachment period is about 320 ms. The diameter of detached drops is about 4.4 mm with slight variations. 

Figure 2(b) shows the details of calculated potential and velocity distributions within the droplet for the selected instant of time at a current of 160 A. The current density and electromagnetic force are determined by the potential distribution. The current direction (marked in the figure) is vertical to the curve of potential contour and points to the low potential. The magnitude of current density calculated from the gradient of potential depends on the distance between contours of potential with same value. Different regions with concave contour and convex contour for potential distribution are identified. The current diverges and the electromagnetic force with a downward component arises in the region with concave contours of potential distribution. The current converges and the electromagnetic force with an upward component arises in the region with convex contours of potential distribution. 

There are two distinguishing regions with concave potential contour upside and convex potential contour downside observed before the neck forms in figure 2(b). At t = 45 ms, the electromagnetic force dominates the drop behavior compared to the gravitational force. The upside flow driven down by the electromagnetic force with downward component collides with the downside flow driven up by the electromagnetic force with upward component. There is a counterclockwise vortex and a clockwise vortex formed. The competition between the two streams causes the observed vibration of the droplet. The magnitude of the current density decreases with the increase of pendant drop size, according to the observation of the enlargement in distance between contours with same value. Hence, the gravitational force dominates the flow instead of the electromagnetic force as the drop becomes larger. The upside flow driven downward by gravitational force and electromagnetic force overcomes the downside flow driven upward by electromagnetic force. Eventually, the electromagnetic force with an upward component can no longer compete with the gravitational force and the flow is driven down to hit the bottom of the drop. There is another region with convex potential contour developed above the neck after it forms in the drop. The flow driven up by the electromagnetic force with the upward component forms a clockwise vortex above the neck. From the distribution of the potential, the electromagnetic force accelerates the drop detachment after the neck shrinks not only as an inward pinch force but also as a detaching force.                                   

Figure 3(a) shows the droplet development at a current of 300 A. The electromagnetic force dominates the droplet detachment process compared to the gravity. The drops become much smaller and the drop detachment frequency is much greater. The average drop detachment period is about 3.3 ms with drop diameter of 0.96 mm. 

Figure 3(b) shows the details of the distributions of the calculated potential and velocity within the droplet for a selected instant of time at a current of 300A. There are two distinct regions with convex contour up and concave contour down in the observed potential distribution. A clockwise vortex and a counterclockwise vortex are induced by the electromagnetic force with an upward component and a downward component, respectively. The current density is very high within the drop compared to the 160 A case. The electromagnetic force dominates the behavior of flow compared to the gravitational force. The surface tension can not compete with the electromagnetic force before the drop grows larger. The small drop is detached by the electromagnetic force pinching inward and pulling apart. 

Figure 4(a) shows the droplet development at a current of 250 A. The gravitational force and electromagnetic force both affect the droplet detachment process in the middle of the transition from globular to spray mode. The electromagnetic force helps generate a series of small drops. However, the electromagnetic force is not large enough to detach the whole drop and excess fluid accumulates on the tip of electrode. The electromagnetic force becomes weaker as this excess fluid drop grows. When enough fluid accumulates at the tip of the electrode, the electromagnetic force will not be able to detach the droplet fluid. A large drop forms and is finally detached by the gravitational force. Hence, a bifurcation in the drop detachment frequency and the drop size is captured by the calculation. There is a large drop formed and detached between every few small drops. The phenomena are consistent with the experimental observation in pervious studies [2].

Figure 4(b) shows the detail of instantaneous potential and velocity distributions within the droplet for the 250 A case in the middle of transiting from globular to spray mode. A small drop forms on the tip of electrode with the similar potential and velocity distributions as the 300 A case, while a large drop forms with the potential and velocity distributions similar to when the current is at 160 A. 

      The predicted average drop sizes by using Gaussian current density distribution over the drop surface for different welding currents are shown in figure 5. They are compared with the experimentally measured data [21] as well as the results calculated from assuming constant and linear current density distributions. As seen in Figure 5, the average measured drop size decreases with increasing welding current. There exists a transition current range from 230 to 260 A, over which a significant change in the drop size occurs and the metal transfer mode changes from the globular to spray. The images captured in early studies also showed highly non-uniform in drop sizes in the middle of the transition from globular to spray mode. The predicted results by using a Gaussian current density distribution show better agreement with the experimental data than the results obtained using a constant or linear assumption. In particular, the transition current range and the behavior of drop development in this zone are predicted quite accurately by using Gaussian current density distribution assumption. 

4. Conclusions

A robust numerical method employing advanced techniques in CFD has been applied to simulate the dynamic process of metal transfer in GMAW. The assumption of Gaussian current density distribution on the drop surface, compared to a constant or linear distribution, is proved to be a more reasonable approach to actual physical conditions by these calculations. 

This numerical method with Gaussian assumption not only gave the more accurate estimation for the profile and size of droplet in metal transfer process, but also captured the transition current range between the globular and spray transfer mode quite accurately, and confirmed the characteristic behavior of drop development observed by experiments. The analysis of the computed results provides better understanding of the main factors that dominate the metal transfer process under different current ranges in GMAW. It can be used as a theoretical support for the improvement of experimental techniques in GMAW. 
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Fig. 2(a) -- Drop profiles at the current of 150A

     t = 45 ms                                                         t = 100 ms

      t = 150 ms                                                        t = 356 ms [image: image27.png]250
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Fig. 2(b) -- Potential and velocity distributions within the droplet at 150 A
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Fig. 3(a) -- Drop profiles at the current of 300A
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Fig. 4(a) -- Drop profiles at the current of 250A
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            t = 8 ms                                                                t = 9.6 ms

Fig. 3(b) -- Potential and velocity distributions within the droplet at 300 A
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             t = 36 ms                                                             t = 205 ms

Fig. 4(b) -- Potential and velocity distributions within the droplet at 250 A
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     Fig. 5 -- Comparison of predicted average 

     droplet sizes with experimental results 
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50 ms                 54 ms                 82 ms               120 ms              164 ms              180 ms              200 ms             206 ms








30.8 ms             32.8 ms             35.2 ms               36 ms               36.8 ms              38 ms              41.2 ms                48 ms
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8 ms                  16 ms                20 ms                24 ms                 26 ms               27.2 ms             27.6 ms             28.8 ms
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Fig. 1 -- Schematic sketch of metal transfer process in GMAW with boundary conditions
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Table I.  Material Properties of the Electrode





Mass density (                          7860 kg/m3


Kinematic viscosity (               2.8 ( 10-7 m2/s


Surface tension coefficient (    1.2 N/m


Electrical Conductivity (         8.54 ( 105 mho/m


Permeability (                          4( ( 10-7 H/m





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���





� EMBED mplayer  ���








[image: image36.png]250




[image: image37.png]250




[image: image38.png]250




[image: image39.png]250




[image: image40.png]250




[image: image41.png]250




[image: image42.png]250




[image: image43.png]250




[image: image44.png]250




[image: image45.png]250




[image: image46.png]250




[image: image47.png]250




[image: image48.png]250




[image: image49.png]250




[image: image50.png]250




[image: image51.png]250




[image: image52.png]250




[image: image53.png]250




[image: image54.png]250




[image: image55.png]250




[image: image56.png]250




[image: image57.png]250




[image: image58.png]250




[image: image59.png]250




[image: image60.png]250




[image: image61.png]250




[image: image62.png]250




[image: image63.png]250




[image: image64.png]250




[image: image65.png]250




[image: image66.png]250




[image: image67.png]250




[image: image68.png]250




[image: image69.png]250




[image: image70.png]250




[image: image71.png]250




[image: image72.png]250




[image: image73.png]


[image: image74.png]930




[image: image75.png]


[image: image76.png]


[image: image77.png]930




[image: image78.png]930




[image: image79.png]930




[image: image80.png]930




[image: image81.png]930




[image: image82.png]930




[image: image83.png]930




[image: image84.png]


[image: image85.png]930




[image: image86.png]930




[image: image87.png]930




[image: image88.png]


[image: image89.png]930




[image: image90.png]930




[image: image91.png]930




[image: image92.png]930




[image: image93.png]930




[image: image94.png]930




[image: image95.png]930




[image: image96.png]930




[image: image97.png]g160




[image: image98.png]g160




[image: image99.png]g160




[image: image100.png]g160




[image: image101.png]g160




[image: image102.png]g160




[image: image103.png]g160




[image: image104.png]g160




[image: image105.png]g160




[image: image106.png]g160




[image: image107.png]g160




[image: image108.png]g160




[image: image109.png]g160




[image: image110.png]g160




[image: image111.png]g160




[image: image112.png]g160




[image: image113.png]g160




[image: image114.png]g160




[image: image115.png]g160




[image: image116.png]g160




[image: image117.png]g160




[image: image118.png]g160




[image: image119.png]g160




[image: image120.png]g160




[image: image121.png]g160




[image: image122.png]g160




[image: image123.png]g160




[image: image124.png]g160




[image: image125.png]g160




[image: image126.png]g160




[image: image127.png]g160




[image: image128.png]g160




[image: image129.png]g160




[image: image130.png]g160




[image: image131.png]g160




[image: image132.png]g160




[image: image133.png]g160




[image: image134.png]g160




[image: image135.png]g160




[image: image136.png]g160




[image: image137.png]g160




[image: image138.png]g160




[image: image139.png]g160




[image: image140.png]g160




[image: image141.png]g160




[image: image142.png]g160




[image: image143.png]g160




[image: image144.png]g160




[image: image145.wmf]-

0

.

2

-

0

.

1

0

-

0

.

0

1

4

-

0

.

0

2

8

-

0

.

0

4

2

-

0

.

0

5

6

-

0

.

0

7

-

0

.

0

8

4

-

0

.

0

9

8

-

0

.

1

1

2

-

0

.

1

2

6

-

0

.

1

4

-

0

.

1

5

4

-

0

.

1

6

8

-

0

.

1

8

2

-

0

.

1

9

6

-

0

.

2

1

-

0

.

2

-

0

.

1

0

0

0

.

1

0

.

2

[image: image146.wmf]-

0

.

2

-

0

.

1

0

-

0

.

0

1

4

-

0

.

0

2

8

-

0

.

0

4

2

-

0

.

0

5

6

-

0

.

0

7

-

0

.

0

8

4

-

0

.

0

9

8

-

0

.

1

1

2

-

0

.

1

2

6

-

0

.

1

4

-

0

.

1

5

4

-

0

.

1

6

8

-

0

.

1

8

2

-

0

.

1

9

6

-

0

.

2

1

-

0

.

2

-

0

.

1

0

0

0

.

1

0

.

2

[image: image147.wmf]-

0

.

2

-

0

.

1

0

-

0

.

0

1

4

-

0

.

0

2

8

-

0

.

0

4

2

-

0

.

0

5

6

-

0

.

0

7

-

0

.

0

8

4

-

0

.

0

9

8

-

0

.

1

1

2

-

0

.

1

2

6

-

0

.

1

4

-

0

.

1

5

4

-

0

.

1

6

8

-

0

.

1

8

2

-

0

.

1

9

6

-

0

.

2

1

-

0

.

2

-

0

.

1

0

0

0

.

1

0

.

2

[image: image148.wmf]-

0

.

4

-

0

.

2

0

-

0

.

0

4

-

0

.

0

8

-

0

.

1

2

-

0

.

1

6

-

0

.

2

-

0

.

2

4

-

0

.

2

8

-

0

.

3

2

-

0

.

3

6

-

0

.

4

-

0

.

4

4

-

0

.

4

8

-

0

.

5

2

-

0

.

5

6

-

0

.

6

-

0

.

4

-

0

.

2

0

0

0

.

2

0

.

4

[image: image149.png]930




[image: image150.png]930




[image: image151.png]930




[image: image152.png]930




[image: image153.png]930




[image: image154.png]930




[image: image155.png]930




[image: image156.png]930




[image: image157.png]930




[image: image158.png]930




[image: image159.png]930




[image: image160.png]930




[image: image161.png]


[image: image162.png]


[image: image163.png]930




[image: image164.png]


[image: image165.png]


[image: image166.png]930




[image: image167.png]930




[image: image168.png]930




[image: image169.png]


[image: image170.png]930




[image: image171.png]930




[image: image172.png]930




[image: image173.png]250




[image: image174.png]250




[image: image175.png]250




[image: image176.png]250




[image: image177.png]250




[image: image178.png]250




[image: image179.png]250




[image: image180.png]250




[image: image181.png]250




[image: image182.png]250




[image: image183.png]250




[image: image184.png]250




[image: image185.png]250




[image: image186.png]250




[image: image187.png]250




[image: image188.png]250




[image: image189.png]250




[image: image190.png]250




[image: image191.png]250




[image: image192.png]250




[image: image193.png]250




[image: image194.png]250




[image: image195.png]250




[image: image196.png]250




[image: image197.png]250




[image: image198.png]250




[image: image199.png]250




[image: image200.png]250




[image: image201.png]250




[image: image202.png]250




[image: image203.png]250




[image: image204.png]250




[image: image205.png]250




[image: image206.png]250




[image: image207.png]250




[image: image208.png]250




[image: image209.png]250




[image: image210.png]250




[image: image211.png]250




[image: image212.png]250




[image: image213.png]250




[image: image214.png]250




[image: image215.png]250




[image: image216.png]250




[image: image217.png]250




[image: image218.png]250




[image: image219.png]250




[image: image220.png]250




[image: image221.wmf]-

0

.

2

-

0

.

1

0

-

0

.

0

1

-

0

.

0

5

-

0

.

0

9

-

0

.

1

3

-

0

.

1

7

-

0

.

2

1

-

0

.

2

5

-

0

.

2

9

-

0

.

3

3

-

0

.

3

7

-

0

.

4

1

-

0

.

4

5

-

0

.

4

9

-

0

.

5

3

-

0

.

5

7

0

0

.

1

0

.

2

[image: image222.wmf]-

0

.

2

-

0

.

1

0

-

0

.

1

4

-

0

.

3

3

-

0

.

5

2

-

0

.

7

1

-

0

.

9

-

1

.

0

9

-

1

.

2

8

-

1

.

4

7

-

1

.

6

6

-

1

.

8

5

-

2

.

0

4

-

2

.

2

3

-

2

.

4

2

-

2

.

6

1

-

2

.

8

0

0

.

1

0

.

2

[image: image223.wmf]-

0

.

2

0

-

0

.

1

-

0

.

2

5

-

0

.

4

-

0

.

5

5

-

0

.

7

-

0

.

8

5

-

1

-

1

.

1

5

-

1

.

3

-

1

.

4

5

-

1

.

6

-

1

.

7

5

-

1

.

9

-

2

.

0

5

-

2

.

2

0

0

.

2

[image: image224.wmf]-

0

.

4

-

0

.

2

0

-

0

.

0

0

2

-

0

.

0

6

-

0

.

1

1

8

-

0

.

1

7

6

-

0

.

2

3

4

-

0

.

2

9

2

-

0

.

3

5

-

0

.

4

0

8

-

0

.

4

6

6

-

0

.

5

2

4

-

0

.

5

8

2

-

0

.

6

4

-

0

.

6

9

8

-

0

.

7

5

6

-

0

.

8

1

4

0

0

.

2

0

.

4

[image: image225.bmp]_1053966162

_1053970656

_1053972476

_1053974914

_1053975521

_1053975741

_1053975171

_1053973008

_1053974547

_1053974773

_1053973487

_1053974278

_1053973197

_1053972830

_1053971550

_1053972118

_1053972297

_1053971981

_1053971019

_1053971300

_1053971410

_1053971172

_1053970865

_1053968729

_1053969622

_1053970180

_1053970487

_1053969745

_1053969150

_1053969468

_1053969004

_1053967743

_1053968290

_1053968462

_1053967873

_1053968167

_1053967116

_1053967441

_1053967546

_1053967274

_1053966399

_1053966623

_1053966821

_1053966251

_1053681772.unknown

_1053944460

_1053953964

_1053965705

_1053965962

_1053966071

_1053965857

_1053954635

_1053955188

_1053955960

_1053954972

_1053954263

_1053945537

_1053946558

_1053953781

_1053946108

_1053946449

_1053946282

_1053945885

_1053944718

_1053945196

_1053944559

_1053940602

_1053943620

_1053944029

_1053944200

_1053943756

_1053943364

_1053943499

_1053941333

_1053942580

_1053940922

_1053941218

_1053940794

_1053938771

_1053939231

_1053940261

_1053940412

_1053939851

_1053940042

_1053939535

_1053939727

_1053939327

_1053938971

_1053939088

_1053938866

_1053937883

_1053938407

_1053938555

_1053937975

_1053682129.unknown

_1053937675

_1053937791

_1053682193.unknown

_1053937517

_1053681812.unknown

_1053505307.unknown

_1053506480.unknown

_1053506499.unknown

_1053506531.unknown

_1053513091.unknown

_1053506492.unknown

_1053505528.unknown

_1053505922.unknown

_1053505978.unknown

_1053506151.unknown

_1053505913.unknown

_1053505394.unknown

_1020463296.unknown

_1053504705.unknown

_1053504872.unknown

_1053504893.unknown

_1020469015.unknown

_1020461528.unknown

_1020462764.unknown

_988014625.unknown

