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3.
Welding Theory

Welding is a group of process used to join metallic or non-metallic materials welding is often done using heat. It can also be done using pressure or a combination of heat and pressure of filler material may not be used to the weld joint.

3.1
Welding with heat

Heat is used to creat welds in many welding processes. Filler materials is commonly used when welding with heat only. Shielded metal are welding (SMAW) is the process that was heat and filler materials. In the SMAW process heat is created by an arc that is struck between the electrode and the base metal.

3.2
Welding with heat and pressure 

Some welding processes use both heat and pressure filler material is Generally not used in these process. Example resistance spot welding.

3.3
Welding with pressure 

Metal or other material also may be welded together using pressure alone. Heat and filler material are not required example. Cold Welding.

3.4
Effect of Welding 

The chemical and mechanical properties of a metal are often affected when welded. For example, a stainless steel pipe which is a corrosion resistance to certain chemicals may lose its resistance at an improperly welded joint chemicals within ;the pipe may attack the weld area causing the pipe to leak.

3.5
Expansion and contraction of metal 

Expansion and contraction creates stress in the metal. The metal may relieve the stress by changing shape, or warping. In many welding applications, deformations, deformation or movement is not acceptable. Welding jigs and fixtures are commonly used to keep parts from moving, However stress remains in the parts that are clamped while being welded.

When welding a butt joint, the root opening may be reduced in size towards the end of the weld. The root opening is the space between the piece to be welded. Thus occurs because the weld metal contracts and pulls the piece together. To prevent this the pipe should be tack welded. The outer edges of the base metal may also bent toward the weld bead. To prevent this the piece may be clamped in to a welding fixture or positioned with a pressure angle to compensate for the movement.

When welding a T-joint, the vertical piece may be pulled towards the weld bead. To prevent this, place the piece in a welding fixture, another solution is to tack weld the vertical piece a few degrees from the perpendicular.

In general these are six techniques used to reduce movement and/or stress when welding.

1. Tack weld the parts

2. Align the parts to allow for contraction during welding

3. Use welding jigs and fixtures

4. Preheat the parts

5. Heat treat the weld parts

6. Use the proper welding procedures

3.6
Straightening 

If a flat plate or weldament is best or warped, heat can be used to straighten parts. An oxygen torch is used to locally, heat the metal causing it to expand. This heating must be done on the correct side of the metal, and in the correct location, to be effective. This metal will not contract to its original shape or position when it loads. 

3.7
Heat Treating.

1. Preheating:- is used to raise the temperature of the metal before welding. Preheating causes less local expansion of the part during welding. When preheating, the entire part is heated rather than one specific area. When the part cools, less contraction occurs and less stress is developed.

2. Interpass heating:-
Interpass heating is a method of heating metal while it is being welded or between weld passes. Interpass heating is commonly used on think plates and pipes, preheating is used to heat the metal to the desired temperature. Interpass heating and interpass heating are both used to reduce or minimize the amount of expansion, contraction, and stress resulting from welding.

3.8
Shielded metal are welding principles

Shielded metal are welding (SMAW) is a welding process in which the base metals are heated to fusion or melting temperature by an electric arc. The base metals, arc, electrode, and weld are shielded from the atmosphere while welding. A shielding gas is used to protect the area from the atmosphere. This gas is not pressurized . As the flux covering on the electrode melts, it creates the shielding gas. The welding melting electrode wire furnishes filler metal to the weld.

The temperature of the arc in SMAW is about 65000F-70000F (35900C-38700C)  with the suggested- diameter electrode, the heat created is enough melt any weldable metal. Mild carbon steel melts at about 25000F –27000F (13700C-14800C).

3.9
SMAW Current and polarity 

In SMAW, electrical current flows across an air gap between the covered electrode and base metal, An electric arc is formed as the current flows across the air gap.

Welding machine are either DC or AC current. Direct current may flow from the electrode to the base metal when the current flows in this direction, the electrode has negative polarity and the base metal has positive polarity. It is called direct current electrode negative (DCEN) or Direct current straight polarity.(DCSP). The current direction may be revised to flow from the base metal to the electrode, when the current flows in this direction, the base metal has negative polarity and the electrode has positive polarity . It is called direct current electrode positive of direct current reverse polarity. (DCRP). The direction selected is determined by the metal thickness, joint position, and type of electrode used.

Direct current electrode positive (DCEP) produces dipper penetration than direct  current electrode negative DCEN causes the covered electrode to melt faster and deposit filler metal of a faster rate. DCEN heats the base metal more slowly than DCEP. It is commonly used when welding thin metals.

3.10
SMAW Out fit

SMAW requires the use of proper protective clothing and various tools, supplies, and equipment. The welding out fit includes equipments required to actually create a weld. The welding station includes tools, supplies and other equipment items required to make welding safe and comfortable. A complete SMAW out fit includes the following.

· DC or AC welding machine

· Electrode and work piece leads

· Electrode holder

A complete SMAW station includes the SMAW out fit plus the following

· Ventilation

· Welding table

· Welding booth with an opaque (solid) or filtered transparent plastic screen

· Covered electrodes

· Arc welding halmet and lense

· Chipping hammer and wire brush

3.11
Arc Welding Machine

Arc welding machines produce either a constant current or a constant voltage (CV). Manual welding processes such as SMAW, requires a constant current (C.C) welding machine if a C.C welding machine is not used, large changes in current occur when ever a welder changes the arc length slightly. Since it is impossible to manually maintain a constant arc length without any variation, a C.C welding machine is used.

C.C welding machines are also called dropper or droop curve machine. This is because of the voltage versus amperage curve produced by the machines.

3.12
Selecting an arc welding machines

AC welding machines meet most welding requirements, are easy to use, and generally cost less than comparable DC welding machines. Therefore, they are widely used  in industry, on the farm, and in the home shop.

3.13
DC welding machines are more versatile than AC machines because the polarity can be changed. The ability to change the polarity allows the welder to make out of position welds and to weld thin metal more easily. It also allows the welder to very the heat applied to the metal. DCEP provides deep penetration for welds on thick metals, DCEN deposits filler metal faster. DCEN is used more easily on thin metals.

Some arc welding machines are a combination AC/DC machines. These machines can be used as AC welding machine then can easily be switched to become DC welding machines. These machines have a greater flexibility in their use. However, they are more expensive than AC or DC machines.

After selecting an AC or DC or AC/DC machines, the following variables must also be considered.

1. Input power requirements

2. Rates out put (current rating)

3. duty cycle

4. Open circuit voltage

3.14
Input power requirement :-
The input power of a welding machine must correspond with the type of power that is available. It is fairly expensive to require existing 110v power to 220v or 440v.

2.
Rated out put current:-
A welding machine  must be able to supply the current required for the welds being made, The rated out put current depends on the duty cycle,

3.
Duty cycle:-
The duty cycle is a rating that indicates how long a welding machine can be used at its maximum out put current without clamping it. Duty cycle is based on a ten-minute time period.

4.
Open circuit voltage:-  Welding machine have a maximum  voltage or open  circuit voltage. OCU is the voltage of the welding machine when it is on, but is not being used. The maximum OCV for most manual AC or DC machines is 80v. This relatively low OCV protects workers from electrical shock. The 80v OCV is still high compared to the 5v-30v closed circuit welding voltage. An OCV of 80v is required to start the arc easily. It is also necessary to maintain the arc during AC welding.

3.15
Welding leads 

· It must have a capacity of carrying up to 600 A

· It must have large (
· It must be flexible (made of standard wire)

· It must be insulated

3.16
Lead Connections 

They are connected by lugs, clamps or special terminals 

Electrode holder 

The electrode holder is held by the welder during the welding operation. It is well insulated to protect shock.

3.17
Shielded Metal Arc Welding Electrodes 

Electrode covering

An electrode covering may serve or all of the following purposes.

1. Add filler metal to the weld

2. Create protective gas shield around the arc & molten metal 

3. Creat a flux to clean impurities from the molten metal

4. Creat a hard slag covering to protect the molten bead as it tools.

5. Improve mechanical and chemical properties of the weld by adding alloying elements to the weld metal 

6. Determine the polarity of the electrode.

3.18
Electrode identification

The proper electrode diameter and classification must be determined is order to produce a good weld. The diameter of the electrode can be measured. The electrode is identified (classified) by a number located near its bare end.

The first two some times there numerals from the left indicates the minimum tensile strength (in 1000th of mpa/in2) The second numeral from the right indicates the welding position and/ or type of weld.

The numerals represents the following.

1. All position

2. Flat weld, and horizontal fillet weld

3. Flat position only

4. Flat, horizontal, overhead  or vertical down ward

The electrode identification number may also have a suffix to show alloying element that are added to the weld metal.

Example 

Identifies it an electrode





Minimum tensile 










Strength 

          E 60 10

Welding position 
Polarity and 


Special notes
    (1-4)

3.19
Electrode Amperage Requirements

The diameter of the electrode wire determines the amount of amperage required to melt it. A recommended amperage range is provided by electrode manufactures from AWS electrodes and diameters that they have produced. A rule of thumb method may be used to find a trial amperage when a manufacturer's electrode guide is not available this works for electrode diameters between ( 2.4mm) and (6.4mm) A 3.2 mm diameter electrode requires 90A-120A. Add 40A to the 90A for each (0.8mm) of diameter above (3.3mm). subtract 40 A from the 90A for each 0.8mm of diameter below 3.2mm. The amperage that is determined will be near the lower end of the recommended will be near the lower of the recommended amperage range.

3.20
Factors for selecting electrodes

1. Type of metal

2. Metal thickness

3. Groove design

4. Joint alignment

5. Available welding current

6. Welder skill

7. Deposition rate

8. Welding position

9. Depth of penetration

10. Weld bead finish

11. Additional metal properties

3.21
Type of Metal:-
The tensile strength of the deposited weld metal should be as strong as that of the base metal. The tensile strength of the steel being welded must be determined.

3.22
Metal thickness:-
One pass may be enough for metal up to (6.4mm) thick . More than one pass is needed for metal more than (6.4mm) thick steel. Wider beads are used for thicker metals. A weld bead should be 2-3 times the diameter of the electrode. A 6.4mm wide bead requires an electrode 2.4mm-4.8mm diameter A9.6mm wide bead requires an electrode 3.2mm-4.8mm diameter.

Certain electrodes wore well on sheet metal b/se they do not penetrate deeply  E6012 and E6013 electrodes work well on thin pieces of metal.

3.23
Groove Design 

In a wide V-groove joint , a small diameter electrode be used for the root pass. Larger diameter electrodes are then used for the filler and cover passes. Smaller diameter electrodes may be used for a narrow bevel, V- J, or U, groove joint.

3.24
Joint alignment 

Poorly designed or assembled joints may have large openings that are hard to skill certain electrodes are designed for use on poorly assembled joints with large root openings. E6012, E6013, E6014 electrodes are designed for use on poorly assembled joints with large root openings.

3.25
Available welding current 

A wide variety of electrodes can be used if direct and alternating current is available. The selection is more limited if only an AC or DC welding machine is available.

3.26
Welder skill 

A large diameter electrode and high amperage may be used successfully by a highly skilled welder the same electrode may not provide proper penetration for a less skilled welder.

3.27
Welding position 

The welding position must also be considered when selecting an electrode. All electrodes can be used for welds done in the flat position. Welds done in the over head position are done with EXX1Xor EXX4X electrodes.

An E6013 or E7024 Electrode produce a strong bead with a good appearance in butl and corner joints . An E6010 electrode produces strong welds in the same joints. The appearance of the bead will not as good, however.

3.28
Additional metal properties

Electrode such as the E 10016-D2 contain alloying elements in their coverings. The alloying elements are combined with the weld metal during welding alloying elements improve the strength, corrosion resistance or other characteristics of the finished weld.

Low hydrogen electrodes contain chemicals that eliminate hydrogen in the weld. Low hydrogen electrodes generally produce welds that contain fewer gas inclusions. These producers a completed weld that is stronger and tougher.

3.29
Running a bead 

Making a weld bead is known as running a bead . Two types of beads are used when welding the stringer bead and the weaving bead. A stronger bead is one made along a line without any side to side motion the width of a stronger bead must be two to three times the electrode diameter. Its height must be one eight of the bead width a weaving bead is one made along a line while the electrode is moved from side the side. Weaving beads should not be wider than this may cool before trapped impurities and air can reach the surface of the weld. Weaving beads are often used as the final pass of a multiple pass weld.

The following must be kept constant while welding 

1. The arc length

2. The electrode angle

3. The forward welding speed

4. The bead width

3.30
MIG Welding 

MIG Welding often called inert gas or metal arc welding is done by using a consumable wire electrode to maintain the arc and to provide filler metal. The wire electrode is fed through the tourch or gun at a preset control speed . At the same time an inert gas is fed through the gun in to the weld zone to prevent  contamination from the surrounding atmosphere.


Advantages of MIG Welding

· Arc visible to operator

· High welding speed

· No slag to remove

· Sound Welds

· Weld in position

Most of the welding done by all processes is on a carbon steel. About go percent of all steel is plain carbon steel. The applied techniques and end results in the MIG-Welding process are controlled by the following variables and must be understood by the learners. The variables are adjustments that are to be made to the equipment and also manipulations by the operator.

These variables can be divided in to three area

· Pre-selected variables

· Primary adjustable variables

· Secondary adjustable variables

3.31
Pre-selected variables

These variables depend on the type of material being welded, the thickness of the material, the welding position, the deposition rate and the mechanical properties. They are:-

· Type of electrode wire

· Size of electrode wire

· Type of inert gas

· Inert gas flow rate

3.32
Primary adjustable variables 

These control the process after pre-selected variables have been found. They control the penetration, bead width, bead heights, arc stability deposition rate and weld soundness.

They are:-


· Arc voltage

· Welding current

· Travel speed

Secondary adjustable variables:

These variable cause change in the primary adjustable with turn cause the  desired change in the bead formation. They are:-

· stick out

· Nozzle angle

· Wire feed speed

3.33
Stick out:- 

It is the distance between the end of the contact tip and the end of the electrode wire. From the operators view point, stick out is the distance between the end of the nozzle and the surface of the work.

3.34
Nozzle angle:-
It refers to the position of the welding gun in relation to the joint
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