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1.0  Introduction Lecture
	1.1  Student responsibilities
		1.1.1  House cleaning
		1.1.2  Economic use of all materials
1.1.3 Personal attire and equipment

	1.2  Course syllabus – instructor to handout paper that Includes class schedule, entire grading system for modules, writing assignments and tests along with phone numbers

1.3 Safety – Include the use of high work boots (sneakers of any type are not acceptable); cotton hat, flip-up style welding helmet for slag, welding sleeves or coat, safety glasses at all times, SMAW/GMAW gloves, cotton work pants without any frays.

1.4 Reference materials – Available in college bookstore

1.4.1 Lab Manual:   “Semiautomatic Welding Techniques”

1.4.2 Text:  “Welding Principles & Applications” 7th Ed. By Larry Jeffus

		1.5.3   Handouts: Distributed by instructor

1.5 First aid – Any and all injuries must be reported to the instructor.  Instructor must report then to the program manager.

1.6 Safety

1.6.1 Eyes - ultraviolet rays cause “sore eyes” from arc flash; affects the cornea.  Infrared rays cause cataracts over a long period of time; affects the retina.

1.6.2  Skin - ultraviolet rays causes 1st and 2nd degree burns.  Infrared rays are a contributing factor for skin cancer.

1.6.3 Personal attire - standard cotton work pants and long sleeve shirt, leather work boots (high top), and cotton hat with long brim and high dome.

	           1.6.4	Welding attire – polycarbonate safety glasses, flipup or “photo cell” style welding helmet only, flame retardant coat/jacket, long gauntlet welding gloves.



  2.0   Gas Metal Arc Welding (GMAW) – Technology/Definition of the Process                                            

            A fusion process whereby the base metal is brought to and beyond its melting  temperature by means of an electric arc that is drawn between a continuously fed solid electrode and the base metal without the use of mechanical pressure; it must have an externally fed shielding gas; process operates in semiautomatic, automatic and mechanized modes of operation.
	2.1   Variables of the process
	
            	2.1.1  Wire feed speed – how much electrode is fed through the contact tip in a given period of time.  Wire feed speed is measured in inches per minute (ipm) or meters per minute (mpm).  Welders can measure the wire feed speed by the following procedure: 

			2.1.1.1  Feed the electrode for a period of 5 seconds

			2.1.1.2  Measure the length of electrode that was fed

	2.1.1.3  Multiply the length of electrode by 12 to obtain how many inches per minute of electrode is being fed at that particular wire feed speed setting.

	
		2.1.2  Travel speed – how fast the electrode is moving across the weld seam in a linear direction.  Weaving slows down the linear rate of travel speed.  Travel speed is measured in inches per minute (ipm) or meters per minute (mpm).  Travel speed can be measured practically by the welder with the help of a co-worker in two ways:

			2.1.2.1   The first way is to weld for 30 seconds as determined by your co-worker telling you when to start and when to stop the weld.

			2.1.2.2   Next measure the length of weld deposited and multiply it by 2.  This will give the travel speed in inches per minute (ipm).

			2.1.2.3   The second way to determine travel speed is to measure how long it takes for a welder to make a weld.







2.1.2.4   Next measure the length of weld deposited and place it in a fraction over the time it took to make the weld.  Example:  

                                                       

			2.1.2.5   Then equate the fraction above to an unknown value (X) over 60 seconds, see equation below:

					                            


			2.1.2.6   Cross multiply: 
						            

			2.1.2.7   Isolate X by dividing both sides of the equation by 52 sec.:

                                        

			2.1.2.8   Solve for X:

                                           


			2.1.2.9   This method works for any length of weld over any amount of time.

	
2.1.3   Amperage – is defined as the rate of flow of current in an electrical circuit.  In welding we define it as the melting rate of the electrode; the higher the amperage the faster the electrode melts.  In semiautomatic welding processes the amperage is controlled by the wire feed speed; the higher the wire feed speed the higher the amperage.  






	2.1.4   Voltage – is defined as the amount of pressure or force needed to cause current to flow in an electric circuit.  In semiautomatic welding processes we refer to voltage as the “heat” because as the voltage increases so does the arc length and so does the width of the puddle.  Increased arc length and increased puddle width make the puddle more fluid which feels like more heat is added to the arc.  
	
       		2.1.4.1   When setting up a semiautomatic welding process set the voltage first based off of the welding procedure or recommended parameters for electrode diameter and desired transfer mode.

		2.1.4.2   Never adjust voltage while the power source is under load, i.e. welding.

           	2.1.5  Shielding – provided by externally supplied gas or by gas created from flux that is either externally or internally supplied.  Molten and even heated metal must be protected from the oxygen and nitrogen in the air that we breathe.    
	                      
2.1.6  Electrode stickout vs. standoff distance vs. electrode extension: 
              
2.6.1.1 Compare the picture below to the one on page 250 of the textbook.

2.6.1.2 Most important of all of these is the contact tube to puddle surface distance.  This is controlled by the welder and effects the resultant weld bead produced.  



                                      




2.2 Power source - Constant Voltage/Constant Potential (CV/CP) 

                    2.2.1  Compare to Constant Current (CC) power sources.  
          
                    2.2.2  Current types and polarity 
	
                    2.2.3   Nameplate information

		2.2.3.1  Primary power requirements

		2.2.3.2  Secondary output capability

		2.2.3.3  Duty cycle

		2.2.3.4  Serial number for ordering parts

	         2.2.4  110 volt outlet to energize wire feeder

	         2.2.5  Slope and Inductance control 

		2.2.5.1  In short circuit transfer mode more slope/inductance will smooth out the arc.  Slope and inductance are mostly used with the short circuit transfer mode.

		2.2.5.2  In axial spray transfer mode less slope/inductance will smooth out the arc.
		
                    2.2.6  Voltage control

		2.2.6.1  Controlled by the dial on the front of the power source.

		2.2.6.2  At a given wire feed speed adjusting the voltage will change the arc length, increasing voltage increases the arc length.
          2.3   Wire feed unit 
             
                   2.3.1  Types of feeders

	2.3.1.1  Push type – pushes hard electrodes through the welding gun conduit liner to the location of welding from the wire feeder unit.

	2.3.1.2  Push-Pull type – uses a drive in the wire feed unit to push and a wire drive unit in the gun to pull the electrode.  This system is used to feed soft electrodes like aluminum or copper. 

	2.3.1.3  Pull type – the drive mechanism is only in the welding gun and is used for soft electrodes.  A problem is that there is increased wear and tear on the drive motors because of their size to fit into the welding guns.

 	2.3.1.4  Spool guns – spool of electrode and wire feed mechanism are located inside the welding gun.  Used for soft electrodes or where long distances from the power source are required.  Guns are bulky and cause operator fatigue.

	2.3.2  Feed roll types – must match the size of electrode

		2.3.2.1  Smooth Vee – used for hard electrodes

		2.3.2.2  Knurled Vee – used for tubular electrodes

		2.3.2.3  Smooth U – used for soft electrodes like aluminum

	2.3.3  Electrode containment mechanism

			2.3.3.1  Secures the spool or reel of electrode on the wire feeder unit.

		2.3.3.2  Provides a braking mechanism so spool or reel does not continue to unwind when gun trigger is let go.  Too much or too little drag can cause wire feed problems.

		2.3.3.3  Some wire feeders have a cover to protect the spool or reel of electrode from shop dust and dirt which can contaminate the weld.
		
2.3.4  Electrical power to feeder unit

	2.3.4.1  Welding current supplied from welding power source is typically connected to the welding gun terminal block on the feeder.

2.3.4.2  110 volts to run the feed motor and power the other features of the feeder unit is typically supplied from an outlet on the power source.

	2.3.5  Shielding gas to feeder unit

	2.3.5.1  Externally supplied shielding gas is fed into the gas solenoid valve on the feeder unit.

	2.3.5.2  The gas solenoid valve is a mechanical valve that is electrically activated to provide an on/off switch for the flow of shielding gas.


		2.3.5.3  From the solenoid valve shielding gas is delivered to the welding gun at the welding gun terminal block on the feeder unit.

             	2.3.6  Wire feed speed adjustment

			2.3.6.1  Dial on the front of the wire feed unit

		2.3.6.2  Dial setting is a percentage of motor speed not inches per minute of wire feed speed.

	2.3.7  Guide tubes – must match the size of the electrode

		2.3.7.1  Placed on either side of the feed rolls to assist in the proper feeding of the electrode into the feed roll mechanism.
           
          3.4    Welding gun and cable assembly parts 
                    3.4.1  Nozzle - guides the shielding gas to the weld area.
                  
                    3.4.2  Contact tip – transfers welding current to the electrode.  
                 
                    3.4.3  Gas diffuser - distributes the shielding gas all around the inside of the nozzle; provides anchor for the conduit/liner; provides connection to the contact tip.
                 
                    3.4.4  Conductor tube / Gooseneck -  provides insulated passageway from the terminal block in the gun to the gas diffuser for shielding gas, electrode, and welding current. 
                
                    3.4.5  Gas hose to gun - provides externally fed shielding gas to the cable   assembly and then to the gas diffuser from the solenoid valve in the feeder.
                
                    3.4.6  Current carrying cable - provides welding current to the gun from the power terminal on the feeder to the cable assembly into the tube conductor to the diffuser and contact tip.
               
                    3.4.7  Conduit / Liner - provides an insulated passageway for the electrode the entire length of the gun and cable assembly from the exit side of the feed roll mechanism to the to the gas diffuser at the front end of the gun.
          
                     3.4.8  Cable cover - provides protection of all components inside the gun / cable assembly (gas hose, welding current cable, conduit / liner  and trigger control wire).

 
                 
                     3.4.9  Terminals – located at the back end of the gun assembly where it hooks into the exit side of the feeder mechanism.  The second terminal block is located at the front end of the gun in the handle assembly.  The terminals provide connection for the welding current, conduit / liner, gas hose, and trigger control wire.  

     3.4.10 Trigger control wire – the trigger controls the welding current contactor inside the power source, the gas solenoid valve and the feed drive motor to all start when the trigger is engaged.   

          3.5   Types of shielding gases and their applications 
	
                    3.5.1   Inert / Inactive gases – Argon and Helium do not react with molten metal.

	3.5.1.1  Mostly used for non-ferrous materials. 

	3.5.1.2  100% Argon or Argon/Helium blends are most popular.

	3.5.1.2.1  Helium adds more heat to the puddle.

	3.5.2  Reactive gases – Carbon Dioxide, Oxygen, and Nitrogen react by oxidizing molten metal.

		3.5.2.1  Mostly used for ferrous materials. 

		3.5.2.2  100% Carbon Dioxide, Argon/Carbon Dioxide blends, and Argon/Oxygen blends are most popular.

		3.5.2.2.1  Nitrogen blends more popular outside of United States.

	3.5.3  Gas cylinders are identified solely by their label.  If label does not exist do not use.
                                              
3.6   Gas cylinder setup

	3.6.1  Use of safety chain and safety cap.

	3.6.2  “Bear hug” method to lift cylinder required for some roll around power sources.







	3.6.3  Flowmeter regulator.

		3.6.3.1  Gas flow is measured in cubic feet per hour (cfh).

		3.6.3.2  Refer to flowmeter manufacturer’s instructions on how to adjust the flow rate, when not available read the flow rate at the center of the ball float.

 3.7   Power source setup

	3.7.1  Select current type and polarity.

	3.7.2  Set voltage based on electrode diameter and desired transfer mode.
			
           3.8   Feed unit setup 

		3.8.1  Shielding gas hook up and setting the flow rate via the flowmeter.

		3.8.2  Secure source of electrode (spool or reel) on the feeder.

		3.8.3  Thread the electrode through the guide tubes, feed roll mechanism, and into the gun/cable  assembly.

			3.8.3.1  There should be no feed roll pressure when threading the electrode into the feed roll mechanism.

			3.8.3.2  Remove contact tip from front end of welding gun prior to threading the electrode into the gun/cable assembly.

		3.8.4  Adjust feed roll pressure.  

			3.8.4.1  Too light a feed roll pressure and the electrode will feed consistently.

	3.8.4.1.1  The electrode should not stop when you squeeze it between your thumb and forefinger with light to medium pressure.









			3.8.4.2  Too much feed roll pressure can damage the electrode. 

		3.8.4.2.1  Look for flat spots or deformation on the surface of the electrode exiting the gun, if noticed reduce feed roll pressure.

		3.8.4.2.2  Look for metal chips around the feed roll mechanism, if noticed reduce feed roll pressure.

 3.9   Welding gun and cable assembly setup.  

	3.9.1  Verify proper size liner is installed via back end of gun/cable assembly.  

	3.9.2  Secure back end of gun/cable assembly to the exit side of the feed roll mechanism.

	3.9.3  Check the condition and size of the contact tip and gas nozzle.
        
3.10  Metal transfer modes   

		3.10.1  Short circuit transfer mode (GMAW-S)







		3.10.1.1   Description of Short Circuit - Electrode melts at surface of the puddle; melts off in drops equal to the dia of the electrode; dead short exists during the transfer; no arc length; shielding gas 100% CO2 or argon CO2 mixture; addition of argon reduces spatter as it increases heat at the arc; high narrow bead profile; minimal penetration; minimum fusion; uses .023” to .062” dia wire; sounds like bacon frying; used in all position welding; lowest heat input of the transfer modes available.
		3.10.2  Globular transfer mode




		3.10.2.1  Description of Globular - Melts before/above puddle surface; melts off in globs bigger than wire dia.; arc length exits between glob and puddle; shielding gas CO2 100% or CO2/Argon/02 mixture of any kind; some spatter; wide and convex bead profile; deep penetration; deep fusion; uses .035 to 7/64" wire; sounds like an irregular arc; used in all welding positions with flux cored electrodes.



	3.10.3  Axial spray transfer mode





	3.10.3.1  Description of Axial Spray - Melts before puddle surface in a cone-shaped arc; melts off in drops that are smaller than wire dia; cone-shaped arc should be about 1/4" in height; no spatter; flat and wide bead profile; deep fusion; medium to high penetration; uses .035” wire to 0.62” wire dia; smooth/quiet arc; used on ferrous and nonferrous materials in the flat and horizontal positions without pulsed arc; used in vertical and overhead positions on non ferrous materials without pulsed arc and ferrous materials with pulsed arc; highest heat input of all the transfer modes.











		3.10.4  Pulsed arc transfer mode (GMAW-P)



			3.10.4.1  Description of Pulsed Arc Transfer – The voltage and wire feed speed are synergistically ramped up and down to provide a short hot pulse of axial spray then a cool arc where no metal is transferred.  This allows the puddle cool providing more control to the operator.  Pulsing allows the benefits of axial spray transfer to be used out of position because of the increased puddle control.

          3.11   Advantages of GMAW

3.11.1  Production oriented; may be automated for high operator factor; very little or no post weld cleanup; little or no spatter produced; no slag produced; less operator skill required when compared to SMAW; less operator fatigue; high deposition rate; high utilization of filler/electrode; reduction of smoke and fumes.

     3.12   Disadvantages and Limitations of GMAW
                 
                     3.12.1  Not as portable as SMAW; equipment is not as durable; high initial cost; limited in outside use; limited application on different materials as compared to SMAW.
       






         3.13   Industrial Applications 

		3.13.1  GMAW-S is used for sheet metal and light plate (<3/8” thick) applications as well as for open root pipe joints.  GMAW-S can be used in all positions but due to its low heat settings and risk of lack of fusion most welding codes place extra limits on the use of GMAW-S.

		3.13.2  GMAW Globular transfer is not as popular today mainly due to the excessive spatter as well as advanced welding power sources that can perform pulsed spray transfer.  Globular transfer with the GMAW process is usually used with 100% CO2 which provides deep penetration.

		3.13.3  GMAW Axial Spray transfer is limited to flat and horizontal welding positions.  It provides medium to deep penetration and virtually no spatter.  Without pulse it is limited to plate welding applications due to its high heat input.  Axial spray transfer is a very productive method of welding where applications allow for its use. 
                    
         3.14   Process Troubleshooting  

		3.14.1  Mechanical – Most problems center around electrode feeding.

		3.14.2  Electrical – Most problems center around physical electrical connections and fuses.

		3.14.3  Process – Most problems center around power source settings and technique details.

      3.15   AWS electrode classification for GMAW carbon steel

		3.15.1  ER70S-6

                             	E = electrode
		       	R = Rod
                           	 70 = minimum tensile strength X 1,000 = psi, i.e. 70,000 psi
                            	S = solid electrode
                            	6 = chemical composition of the electrode

4.0   Lab Exercises:  GMAW-S

         4.1   Padding - flat position

         4.2   Tee joint - 2F


	4.1              Padding with Stringer Beads - Flat Position GMAW-S
Right/Left Side View


 (
  1/2"
)
 (
  1/2"
)





OUTCOMES:
Upon successful completion, the student will be able to:
 
      1.   Deposit a pad of weld 2" wide and 5" long using stringer beads only to the extent of not     having any low or high spots in excess of 1/16",
   
      2.	 Become comfortable using semi-automatic equipment to the extent of not being nervous,
  
      3.	 Understand the basic operation of power source and feed unit to the extent of safely   operating it and have the ability to troubleshoot equipment and process problems.
EQUIPMENT:

CV/CP power source and all of its accessories
Welding helmet
Welding gloves
Safety glasses with sideshields
Pliers
Wire cutter (dikes)
Welding coat or jacket
Welding hat

MATERIALS:

Mild steel 5/16" x 3" x 5" long or equivalent
.045” dia E70S-6 electrode or equivalent
Ar 75% CO2 25% or equivalent


PROCEDURE:

1. Put all necessary equipment and materials in work area.

2. Put on personal protective equipment (PPE).

3. Conduct safety check of all equipment and set up CV/CP power source for DCRP/DCEP using shielding gas at 35-45 cfh with short circuit transfer.

4. Set up one piece of mild steel material on work table.  Position it so it is flat position at about waist high.

5. Attach the ground/work cable to your work table.  Locate GMAW gun and cable assembly and examine gas nozzle and contact tip condition.  Feed the electrode out of the gun by tapping gun trigger and trim electrode with wire cutters to a contact tip to work distance of approximately ½ to ¾”.  Hold gun vertically above the work piece and make the electrode contact the work piece where you want to start the weld bead.  

6. While making electrode contact to the base material put hood down over your face by nodding your head.  Do not use your hands!

7. Depress gun trigger that will activate wire speed, welding current and shielding gas at the same time.

8. Immediately move torch sideways and back to your starting point of weld bead.  Visible stick out of electrode (beyond the nozzle) should be about 3/8" with the contact tip recessed inside the nozzle no more than 1/8".   Adjust voltage and wire feed setting so you are welding with short circuit transfer mode.

9. While still maintaining sideward torch movement, move torch forward in the direction of travel, making sure your weld puddle and bead is approximately 3/16" wide and 3/32" high.  Visible wire stickout is about 3/8" or what you need to see the transfer.  Adjust amperage/wire feed and your voltage so that the welding wire melts off at the surface of the puddle in short circuit transfer mode.






10. You must maintain rapid sideward movement of the torch at all times when depositing a stringer bead.  Penetration occurs only when the electrode or arc is leading the puddle at, as long as it is there before the puddle gets there.

11. After depositing a stringer bead approximately 5" long, continue to deposit additional beads overlapping the previously laid bead up to its high point by using rapid sideward movement of the torch.

12. Make sure nozzle of your gun is kept fairly clean from spatter.

13. Have the instructor listen to your evaluation of the pad after you feel you have met the objectives of this module.

POINTS TO REMEMBER:

1.  If you cannot see where the bead is going, check the shade of your filter lens, dirty clear plastic lenses and proper position of yourself in relation to the puddle location.

2.  Weld using both the pushing and pulling travel angles.

3.  Watch for arc flash.

4.  * The electrode must always melt off at the surface of the leading edge of the puddle in order to maintain short circuit transfer mode.

5.  * If the electrode melts off above the surface of the puddle, increase the wire speed or decrease voltage setting so you can still use an optimum welding range.

6.  * If the electrode is melting off inside the puddle and you feel a stubbing vibration in the gun, decrease the wire speed or increase the voltage setting still maintaining optimum welding range. 

7.  * Always make sure your electrode enters the puddle at the leading edge (tapered end of puddle) and not in the middle of your puddle.

8.  Cut off excess wire stickout before creating an arc to approximately 3/8" visible stickout.

9.  Clean your nozzle of spatter as required.

10.  Use two hands on the gun at all times.



4.2                                                   Tee Joint (2F) - GMAW-S
Right/Left Side View



OUTCOMES:
Upon successful completion, the student will be able to:

      1.   Deposit a 3/16” fillet weld in 2F position using a tee joint design to the extent that it will pass a "break test" using either the push or pull travel angle.
 
      2.   Understand the basic relationship between wire feed speed, travel speed, voltage to the extent that you can make the necessary machine adjustments to fit the application.
 
      3.   Be comfortable using semi-automatic equipment to the extent of not being nervous.
EQUIPMENT:

CV/CP power source and all of its accessories
      Welding helmet
      Welding gloves
      Safety glasses with sideshields
      Pliers
      Wire cutter (dikes)
      Welding coat or jacket
      Hat
      Fillet weld gauge

MATERIALS:

      >5/16" x 4" x 5" steel plate
      0.045” dia. E70S-6 electrode
      Ar 75% CO2 25% shielding gas or equivalent


PROCEDURE:

1. Repeat procedure steps #1, #2, and #3 in module 4.1.

2. Setup two plates and tack weld them together to form a tee joint in horizontal position (2F) as per sketch.  Tack welds are to be placed on the side to be welded and are to be incorporated into the finished weld bead.

3. Repeat procedure steps #5 and #6 in module 4.1.

4. Move torch to extreme end of seam using approximately 45° work angle to the flat plane and approximately a 0 travel angle.  Once the weld has started adjust the travel angle for the pushing or pulling technique.  Make sure the electrode is in contact with vertex of seam to be welded prior to pulling the trigger to start the weld.

5. Put hood down over your face by nodding your head.  Do not use your hands!

6. Depress trigger on gun to activate wire speed, current, voltage and shielding gas with approximately a 3/8” visible stickout.

7. Pause at extreme end of the seam in the beginning of the weld to preheat the parent metal.

8. Move torch forward with a rapid sideward movement so as to keep the electrode entering the puddle at the leading edge of the puddle.  Maintain approximately a 3/16" puddle width with a slightly convex contour.  Visible stickout is 1/4" to 3/8".  Adjust wire feed or voltage so that the electrode melts off at the surface of the leading edge of the puddle.  The fillet weld produced will be 3/16" in size as per fillet weld gauge.

9. Conduct a “break test” on each tee joint until you are satisfied that you have met the objectives of this module. 

10. Have the instructor listen to your evaluation of your own words.
POINTS TO REMEMBER:

1. Weld using either pushing or pulling technique with the short circuit transfer mode. 
2. Watch for arc flash.
3. Cut off excess wire stickout before creating an arc, this should equal the visible stickout you desire.

4. Clean your nozzle and contact tip of spatter as required.
5. Remember the relationship of wire feed and voltage with respect to the wire melting off at the surface of the puddle.


5.0  GMAW - Axial Spray Transfer  

5. Safety   
5.1.1  Skin
1.   Eyes 
1.  Personal attire
5.1.4  Protective gear
5. Equipment   
5.2.1 Types of power sources
1. Amperage output 
1. Duty cycle

5.2.2. Wire feed systems and their applications

1. High wire feed speeds required 

1. Water cooled guns

2. Shielding Gases for Axial Spray Transfer  
                                         
2.  Flow rates for Axial Spray
5.3  Transfer mode of axial spray  
5.4  Advantages of Axial Spray Transfer
5.4.1  Very little smoke is produced

5.4.2  Virtually no spatter is produced making axial spray the most efficient transfer mode, almost all of the electrode goes into making the weld.
5.4.3  Penetration and fusion are easily obtained 

5.5   Disadvantages/Limitations of Axial Spray Transfer 
                  5.5.1  Extremely hot arc causes operator fatigue and higher risk of burns.

5.5.2  Axial spray transfer is limited to flat and horizontal welding positions only.

5.5.3  Requires heavy duty equipment.
5.6  Industrial Applications     

		5.6.1  High heat works well with materials that have a high thermal conductivity like aluminum.

		5.6.2  Used mostly in fabrication shops, limited field use.

		5.6.3  Used for thicker materials where production is a concern.

		5.6.4  Process is commonly mechanized or even automated.

		5.6.5  Used for piping when it can rotated, used for structural and bridge components built in a shop, tanks and pressure vessels, and wherever production is a major concern.

5.7 Troubleshooting causes of weld discontinuities

		 5.7.1   Porosity - insufficient gas coverage due to spatter build up on gas nozzle,  arc cone is too long, excessive travel angle, excessive stickout, excessive shielding gas flow rate (cfh). 
	     
5.7.2   Lack of Penetration - excessive arc cone height, arc cone not leading the puddle (riding on top of the puddle).
        
5.7.3   Undercut - excessive arc cone height, arc cone not directed to vertex of joint. 
            
 5.7.4  Overlap - arc cone height too short, travel speed too slow, excessive travel angle. 	
            
5.7.5 Cracks - excessive arc cone height, puddle cooling too fast, lack of crater      fill, excessively wide beads, travel speed too slow.

			5.7.6   Lack of Fusion - excessive arc cone height, arc cone not leading the puddle, excessive travel angle.

6.0    Lab Exercises – GMAW Axial Spray Transfer

         6.1  Padding - Flat position (steel)

         6.2  Tee joint - 2F (steel)

         6.3  Padding - Flat position (aluminum)

         6.4  Tee joint - 2F (aluminum)


6.1         Padding With Stringer Beads - Flat Position on Steel Plate
Right/Left Side View
                                                                                 1/2"
 (
1/2"
)



OUTCOMES:
Upon successful completion, the student will be able to:

     1.   Understand the fundamental knowledge of axial spray transfer mode via demonstrating the approved setup of the equipment to create axial spray transfer.
    
     2.   Form a pad of weld metal to the extent that there are not any low or high spots in excess of 1/16" on steel plate.
    
     3.   Become comfortable while using this equipment to the extent of not causing any injuries.

EQUIPMENT:

    CV/CP power source in excess of 225 amp capacity with and all of the accessories
    Welding helmet
Welding coat or jacket
    Welding gloves
    Safety glasses with sideshields
    Pliers and hat
    Wire cutter (dikes)
    
MATERIALS:

     3/8" x 2" x 6" steel plate or equivalent
     0.045 diameter E70S-6 electrode
     98% AR / 2% O2 shielding gas






PROCEDURE:

1. Put all necessary equipment and materials in work area.

2. Put on personal protective equipment (PPE).

3. Conduct safety check of all equipment and set up CV/CP power source for DCRP (DCEP) using 98% Argon 2% O2 shielding gas for axial spray arc transfer mode.  Set shielding gas at 45-50 cfh on flowmeter.

4. Locate plate on work table.   Position it so it is in flat position at about waist high.

5. Attach the ground/work cable to your work table.  Locate GMAW gun and cable assembly and examine gas nozzle and contact tip condition.  Feed the electrode out of the gun by tapping gun trigger and trim electrode with wire cutters to a contact tip to work distance of approximately ¾” to 1”.  Hold gun vertically above the work piece and make the electrode contact the work piece where you want to start the weld bead.  

6. While making wire contact at the starting point, put hood down over your face by nodding your head while both hands are on the gun and cable assembly. 

7. Depress trigger on gun which to activate wire feed current, voltage, travel speed, and shielding gas at the same time while electrode touches base metal.

8. Immediately move your gun back to your starting point of the bead.  Visible stickout of the welding wire is ½” to ¾” from contact tip to where the arc cone is created.  

9. Pause momentarily at starting point of weld bead for preheat of base metal and gas coverage purposes.

10. Then move the torch in the direction of travel to deposit the weld bead.  The bead face will be approximately 3/8" wide and 3/16" high.  A pushing travel angle is recommended, however try a pulling travel angle as well.

11. Adjust your wire feed, travel speed and voltage to produce an arc length or "arc cone" of 1/4" in height.  It is very important that you understand at this time why you are adjusting your wire feed and voltage settings to control "arc cone" height.  Your voltage will be considerably higher than the voltage used on short circuit transfer mode. 

12. After adjusting the settings on your power source and wire feeder to produce an "arc cone" of 1/4" in height you should not be able to see the droplets of metal being transferred across the "arc cone".  Start depositing a weld pad 2" wide by 6" long with about 3/16" buildup.  You will use only stringer beads of approximately 3/8" wide.

13. After you feel you have met the module objectives and understand the process itself, have the instructor listen to your evaluation of your own work.  

POINTS TO REMEMBER:

1. If you cannot see where the bead is going, check for dirty lenses, proper shade of filter lens, and proper position of yourself in relation to the puddle location.

2. * Watch for arc flash and arc burn.  Cover all exposed areas of your body.

3. Make sure you maintain an "arc cone" of 1/4" in height without being able to see metal droplets being transferred across the "arc cone".

4. Cut off excess wire stickout before creating the arc.

5. Use two hands on the gun at all times.

6. Make sure you maintain a visible wire "stickout" of ½” to ¾” while welding at all times in addition to 1/4" arc cone height.




6.2                                     Tee Joint on Steel Plate (2F)
Right/Left Side View



OUTCOMES:
Upon successful completion, the student will be able to:

1.   Understand the fundamental knowledge of axial spray transfer mode via machine setup to produce this transfer mode,

2.   Deposit a 1/4" fillet weld on a horizontal tee joint to the extent of passing a "break test",

3.   Become comfortable while using this equipment to the extent of not causing any injuries.

EQUIPMENT:

CV/CP power source in excess of 225 amp capacity with and all of the accessories
Welding helmet
Welding gloves
Safety glasses with sideshields
Pliers
Wire cutter (dikes)
Welding coat or jacket
Hat
Fillet weld gauge

MATERIALS:

3/8" x 4" x 6" steel plate or equivalent
0.045” E70S-6 electrode
98% Ar 2% O2 shielding gas 


PROCEDURE:

1. Repeat procedure steps #1, #2, and #3 in module 6.1 above.

2. Setup two plates and tack weld them together to form a tee joint in horizontal position (2F) as per sketch.  Tack welds are to be placed on the side to be welded and are to be incorporated into the finished weld bead.

3. Correctly position the tee joint in 2F as per sketch.

4. Move torch to extreme end of seam using approximately 45° work angle to the flat plane and approximately a 0 travel angle.  Once the weld has started adjust the travel angle for the pushing or pulling technique.  Make sure the electrode is in contact with vertex of seam to be welded prior to pulling the trigger to start the weld.

5. Repeat procedure steps #6 through #9 inclusive in module 6.1 above.

6. After momentarily pausing at the end of the weld seam, move the torch or gun in the direction of the seam to be welded.  The filler weld produced will be 1/4" in size as per fillet weld gauge.

7. Repeat procedure step #11 in module 6.1 above.

8. Adjusted the settings on your power source and wire feeder to produce an "arc cone" height of 1/4".  You should not be able to see the droplets of metal being transferred across the "arc cone".  

9. Conduct a "break test" and evaluate the results in relation to how and why you set the dials on your equipment.  Have the instructor listen to your evaluation.

10. After you feel you have met the module objectives and understand the process itself, have the instructor listen to your evaluation of the "break test" specimen.  

POINTS TO REMEMBER:

1. If you cannot see where the bead is going, check for dirty lenses, proper shade of filter lens, and proper position of yourself in relation to the puddle location.

2.  * Watch for arc flash and arc burn.  Cover all exposed areas of your body.

3. Make sure you maintain an "arc cone" of 1/4" in height without being able to see metal droplets being transferred across the "arc cone".

4. Cut off excess wire stickout before creating the arc.


5. Use two hands on the gun at all times.

6. Make sure you maintain a visible wire "stickout" of ½” to ¾” while welding at all times in addition to 1/4" arc cone height.

6.3              Padding With Stringer Beads - Flat Position Aluminum Plate
Right/Left Side View

										     1/2”
 (
 
1/2”
)




OUTCOMES:
Upon successful completion, the student will be able to:

     1.  Understand the fundamental knowledge of axial spray transfer mode via machine setup   via verbal evaluation,
    
     2.  Deposit a pad of weld metal using stringer beads to the extent that there are not any low or high areas in excess of 1/16",
    
     3.  Become comfortable while using this equipment to the extent of not causing any injuries.

EQUIPMENT:

CV/CP power source is excess of 225 amp capacity with and all of the accessories
Welding helmet
Welding gloves
Safety glasses with sideshields
Pliers
Wire cutter (dikes)
Welding coat or jacket
Welding hat

MATERIALS:
100% Argon shielding gas
3/8” x 4" x 6" (size is subject to availability)
3/64" dia ER4043 or ER5356 electrode

PROCEDURE:

1. Put all necessary equipment and materials in work area.

2. Put protective equipment on.

3. Conduct safety check of all equipment and set up the power source for DCRP (DCEP) using argon shielding gas @ 45 - 50 cfh for axial spray arc transfer mode.  

4. Set up one piece of aluminum material on work table.  Position it so it is in flat position at about waist high.

5. Attach the ground/work cable to your work table.  Locate GMAW gun and cable assembly and examine gas nozzle and contact tip condition.  Feed the electrode out of the gun by tapping gun trigger and trim electrode with wire cutters to a contact tip to work distance of approximately ¾” to 1”.  Hold gun vertically above the work piece and make the electrode contact the work piece where you want to start the weld bead.  

6. While making electrode contact to the base metal, put hood down over your face by nodding your head while both hands are on the gun and cable assembly.

7. Depress trigger on gun to activate wire speed current, voltage, travel speed, and shielding gas at the same time the electrode touches base metal.

8. Immediately move your gun back to your starting point of the bead.  Stickout of the welding wire is about 3/8" from nozzle before the arc is created and increased to 1/2” while you are welding.  Your "arc cone" height is about 1/4".

9. Pause momentarily at starting point of weld bead for preheat of base metal and gas coverage purposes.

10. Then move the torch in the direction of travel to deposit the weld bead.  The bead face will be approximately 3/8" wide and 3/16" high.

11. Adjust your wire speed and voltage on the power source and feeder to produce the desired visible stickout of 3/8" to 1/2" in addition to an "arc cone" height of 1/4".  You will find out that the wire feed speed is quite high from what you are use to having in 
      GMAW-S.  The travel speed will be increased considerably.

12. After you have adjusted the settings and the arc is stabilized, start producing a pad 2” wide and 8” long of weld via using stringer beads as per sketch.  Quench your plate material in water numerous times to observe the cold plate's reaction to the axial spray arc transfer mode.



13. Present your work piece and verbal evaluation to instructor for approval.  You have a total of two pads to accomplish this.
POINTS TO REMEMBER:

1. Make sure you have proper amount of shielding gas while welding.  The bead should have an area of no less than 1/16" wide all around the edge of the bead showing up as  whitish gray in color while you are welding.  This is where the aluminum oxide (shiny material) does not exist.

2. Watch for arc flash and arc burn.

3. Make sure you maintain an "arc cone" height of 1/4" long.

4. Cut off excess wire stick out before creating the arc.

5. Use two hands on the gun and cable assembly at all times.

6. Make sure the visible stick out from contact tip to "arc cone" is about 1/2" to ¾” long in addition to a 1/4” arc cone height.

7. Evaluate your work piece in the acceptable manner.
























6.4                               Tee Joint (2F) on Aluminum Plate
Right/Left Side View




OUTCOMES:
Upon successful completion, the student will be able to:
  
1. Understand the fundamental knowledge of axial spray transfer mode on aluminum via machine setup to produce this transfer mode along with a verbal evaluation,

2. Deposit a 3/16" fillet weld on a tee joint in 2F position to the extent that it will pass a visual test and "break test",

3. Become comfortable while using this equipment to the extent of not causing any injuries.

EQUIPMENT:

CV/CP power source in excess of 225 amp capacity with and all of the accessories
Welding helmet
Welding gloves
Safety glasses with sideshields
Pliers 
Wire cutter (dikes)
Welding coat or jacket
Welding hat
Fillet gauge

MATERIALS:

100% Argon shielding gas
3/8" x 3" x 6" (size is subject to availability)
3/64" dia ER4043 or ER5356

PROCEDURE:

1. Repeat procedure steps #1, #2, and #3 in module 6.3.

2. Setup two plates and tack weld them together to form a tee joint in horizontal position (2F) as per sketch.  Tack welds are to be placed on the side to be welded and are to be incorporated into the finished weld bead.

3. Correctly position the tee joint in 2F as per sketch.

4. Move torch to extreme end of seam using approximately 45° work angle to the flat plane and approximately a 0 travel angle.  Once the weld has started adjust the travel angle for the pushing or pulling technique.  Make sure the electrode is in contact with vertex of seam to be welded prior to pulling the trigger to start the weld.

5. Repeat procedure steps #6 through #9 in module 6.3. 

6. Then move the torch in the direction of the seam.  You will deposit a 3/16" fillet weld with a slightly convex contour as per fillet gauge.

7. Repeat procedure step #11 in module 6.3.

8. To assist in the adjusting the settings you are to use the “backstep technique” while producing fillet welds that are no longer than 6” each.  Perform a “break test”.  Evaluate the results in front of the instructor.

9. When you understand the reason this procedure, technique and the reaction of aluminum to heat, have the instructor see your work and listen to your evaluation.  You are permitted a total of three joints to accomplish this.

POINTS TO REMEMBER:

1. Make sure you have proper shielding gas while welding.  The bead should have an area of no less than 1/16" wide all around the edge of the bead showing up as a whitish grey in color while you are welding.
2. Watch for arc flash and arc burn.
3. Make sure you maintain a visible stick out of 1/2” in addition to a 1/4” arc cone height.	
4. Use two hands on the gun and cable assembly at all times.
5. Cut off excess electrode stickout before creating the arc.
6. Evaluate your work piece in the acceptable manner.



7. Flux Cored Arc Welding (FCAW) 

7. Technology of process: fusion welding process that brings the base metal up to and beyond its melting point via an electric arc that is drawn between a continuously fed tubular (flux cored) electrode and the base metal with or without externally fed shielding gas without pressure while in the semiautomatic, automatic and mechanized mode of operation.

7.2   Safety (review)
	     7.2.1   Eyes 
                7.2.2   Skin
7.2.3   Lungs 
                7.2.4   Personal attire
7.2.5   Protective gear
	7.3   Equipment

7.3.1   Types of power sources

7.3.1.1  Required amperage output based on electrode size. 

7.3.2  Wire feed system

	7.3.2.1  Use of knurled vee groove feed rolls.

         7.3.3   Identification and purpose of welding gun assembly parts

			7.3.3.1   Heavy duty guns required for electrodes sizes ≥ 1/16” dia. 

                7.3.4   Methods of shielding 
                           
 7.3.4.1  Self shielded flux cored arc welding (FCAW-S) obtains its shielding  solely from the flux that is inside the electrode. 
                          
                           7.3.4.2  Gas shielded flux cored arc welding (FCAW-G) obtains is shielding from both the flux inside the electrode and an externally supplied shielding gas.



               7.3.5    Regulator flow meter

		7.3.5.1  Typical gas flow rates are 30 – 45  cfh based on size of electrode being used as well as the size of molten puddle produced.

  7.4  Transfer Modes   

7.4.1  Globular transfer is used when a cooler setting is needed or for out of position work.  The settings should be at the top end of the globular transfer mode so globs come off the end of the electrode in a line and do not produce a large amount of spatter.

7.4.2  Spray transfer is used when production speed is paramount.  Used mostly in the flat and horizontal positions but can be used out of position with a short arc length.

7.5   Advantages  

  7.5.1  Can be used in all positions.

  7.5.2  Less precleaning of base metal required compared to GMAW.

  7.5.3  High deposition rate.
      
7.5.4 Electrode is more versatile on various metals due to flux composition.

7.5.5 Produces high quality welds.

7.5.6 High operator appeal, easier to run than GMAW.

7.6   Disadvantages/Limitations  

               7.6.1  Produces smoke, self shielded electrodes a lot of smoke.

	    7.6.2  Slag can become trapped in the weld, takes time to remove, and creates eye injury risks.

	    7.6.3  Electrodes are more expensive than GMAW electrodes.

	    7.6.4  Current technology is limited to ferrous materials.

7.7   Industrial Applications  

               7.7.1  Self shielded electrodes are primarily used for outdoor structural steel applications.  Hard facing build up on excavating, mining, and cement mill type of equipment is popular as well.

7.7.2  Gas shielded electrodes are mostly used in fabrication shops building a large variety of industrial equipment similar to GMAW. 

7.8   Troubleshooting cause of flaws produced  

7.8.1  Porosity - “sloppy” globular transfer mode, excessive  contaminants on the base metal and/or damp or damaged electrodes.   

7.8.2  Cracking - excessively wide beads, excessive voltage, very slow travel speed.

7.8.3  Slag inclusions – electrode is not leading the puddle “riding on top of the puddle”, too much voltage or not enough wire feed speed.

7.8.4  Undercut – too much voltage, arc is not directed in vertex of weld joint. 
 
    7.8.5  Overlap – too much voltage, slow travel speed.

               7.8.6  Lack of penetration - arc is not directed to vertex of joint, too much voltage,  lack of torch movement, electrode is not leading the puddle “riding on top of the puddle”.   
                7.8.7  Lack of fusion – too much voltage, lack of torch movement.

      7.9    AWS electrode classification 
			
7.9.1  E71T-1

                             	E = electrode
                          7 = minimum tensile strength X 10,000 = psi, i.e. 70,000 psi
				1 = position (1 = All, 0 = Flat & Hor.)
                            	T = tubular
			 1 = Usability and performance characteristics
     8.0   Lab Exercises
	8.1  Padding, Flat position
           8.2  Tee Joint - 2F

8.1              Padding With Stringer Beads - Flat Position Steel Plate 
Right/Left Side View
							            1/2"

 (
1/2"
)      

OUTCOMES:
Upon successful completion, the student will be able to:

1.   Deposit a pad of stringer beads 2" wide and 6" long to the extent of not having any low or high spots in excess of 1/16",

2.   Become comfortable using heavy duty semi-automatic equipment to the extent of not being nervous,

3.   Understand the basic operation of the power source to the extent of not causing any injuries,

4. Discuss and demonstrate the fundamental knowledge of globular transfer mode on steel to the extent of knowing the reason why, when something happens via verbal evaluation.

EQUIPMENT:

CV/CP power source in excess of 250 amp capacity with and all of the accessories
Welding helmet
Welding gloves (long gauntlet)
Welding coat or jacket
Safety glasses with sideshields
Welding hat
Pliers
Wire cutter (dikes)
Metal fume mask (optional)

MATERIALS:

3/8" x  4" x 6" steel plate
1/16" dia E71T-1 electrode or equivalent
Ar 75% and CO2 25% shielding gas 


PROCEDURE:

1. Put all necessary equipment and materials in work area.

2. Put on personal protective equipment (PPE).

3. Conduct safety check of all equipment and set up CV/CP power source for DCRP using  Ar 75% CO2 25% at 30-45 cfh.

4. Locate one piece of mild steel material on work table.  Position it so it is flat position at about waist high.

5. Attach the ground/work cable to your work table.  Locate FCAW gun and cable assembly and examine gas nozzle and contact tip condition.  Feed the electrode out of the gun by tapping gun trigger and trim electrode with wire cutters to a contact tip to work distance of approximately ¾” to 1”.  Hold gun vertically above the work piece and make the electrode contact the work piece where you want to start the weld bead.  

6. While having the electrode contact the base metal, flip hood down by nodding your head.

7. Activate welding gun by depressing trigger in handle while using something less <3/4" stick out distance from end of contact tip to work surface.

8. Relocate welding gun to starting point of weld bead as soon as possible while still maintaining 3/4” to 1 1/2” visible stick out.  The electrode must melt off very close to the surface on the puddle or gas holes can form.  

9. Move welding gun forward using sideward movement, if necessary to produce a weld puddle approximately 1/2" wide.  Your buildup is approximately 3/16" to 1/4".

10. After completion of a weld bead approximately 6” long, repeat the entire welding procedure in a padding sequence as per sketch.

11. Evaluate each bead after it has been formed and slag has been removed before depositing the next one.

12. When you feel that you have met the objectives of this module, have the instructor see your work and listen to your evaluation.  







POINTS TO REMEMBER:

1. If you cannot see where the bead is going, check for the proper shade of filter lens, dirty clear plastic lenses, and proper position of yourself in relation to puddle location.

2. Weld using push or pull technique however pull is more popular.

3. Watch for arc flash and arc burn.

4. The electrode must always melt off just above the puddle surface at or near the cutting edge of the molten puddle.   This keeps spatter to a minimum.

5. Cut off excess wire stick out before creating an arc.  Do not create an arc with a 3/4” visible stickout.

6. If the electrode melts off in big globs in random direction above the surface of the puddle, increase the wire speed or decrease voltage setting.

7. If the electrode is melting off inside the puddle and you feel a stubbing vibration in the gun, decrease the wire speed or increase the voltage setting.

8. Always make sure your electrode enters the puddle at the leading edge (tapered end of puddle) and not in the back half of the puddle.

9. Make sure you have good ventilation to help eliminate the smoke and fumes.

10. Use two hands on the gun at all times.

11. Evaluate your work piece in an approved manner.






                                             

8.2                                        TEE JOINT 2F - FCAW 
Right/Left Side View

OUTCOMES:
Upon successful completion, the student will be able to:

1. Deposit a 1/4" fillet weld in a horizontal position tee joint to the extent that it will pass a visual test and "break test",

      2.  Understand the basic operation of the power source to the extent of not causing injuries,
 3.   Become comfortable using heavy duty semi-automatic equipment to the extent of not being nervous,

5. Verbally evaluate your work piece in an acceptable manner.

EQUIPMENT:

CV or CP power source in excess of 350 amp capacity with all of the accessories
Welding helmet
Welding gloves (long gauntlet)
Safety glasses with sideshields
Welding coat or jacket and Welding hat
Pliers
Wire cutter (dikes)
Fillet gauge
Metal fume mask (optional)

MATERIALS:

3/8" x 4" x 8" steel plate
1/16" dia E71T-1electrode or equivalent
Ar 75% CO2 25% shielding gas 
PROCEDURE:
1. Repeat procedure steps #1, #2, and #3 in module 8.1.

2. Setup two plates and tack weld them together to form a tee joint in horizontal position (2F) as per sketch.  Tack welds are to be placed on the side to be welded and are to be incorporated into the finished weld bead.

3. Repeat procedure steps #5 to #8 inclusive in module 8.1.  Hold the torch somewhat vertical with enough lead angle to accommodate anticipated arc blow.

4. Cut off excess wire stick out before creating an arc.

5. If the electrode melts off above the surface of the puddle in random directions, increase the wire feed or decrease voltage setting.

6. If the electrode is melting off inside the puddle and you feel a stubbing vibration in the gun, decrease the wire speed or increase the voltage setting.

7. Always make sure your electrode enters the puddle at the leading edge (tapered end of the puddle) and not in the back half of the puddle.  Measure each fillet weld with fillet gauge to get 1/4" size of fillet weld.

8. Conduct “break test” and relate the appearance of the break to what you did while welding.

9. Have the instructor listen to your verbal evaluation.  

POINTS TO REMEMBER:

1. If you cannot see where the puddle is going, check for dirty lens, proper shade of filter  lens, and correct position of yourself in relation to puddle location.

2. Weld using forehand or backhand technique.

3. Watch for arc flash and arc burn.

4. Adjust your wire speed and voltage so that the filler rod melts off at or near the surface of the leading edge of the puddle.

5. Cut off excess wire stick out to <3/4” before creating an arc.

6. Make sure you have good ventilation to help eliminate the smoke and fumes.

7. Use two hands on the gun at all times.

8. Evaluate your work piece in the acceptable manner.

9. Submerged Arc Welding (SAW)  

9. Technology of the Process: Fusion process whereby the base metal is brought up to and beyond its melting point by an electric arc that is drawn between a continuously fed solid electrode(s) and the base metal in the semiautomatic, mechanized and automatic operational mode without the use of pressure.  The arc is hidden under a blanket of granular flux that also serves as a shielding mechanism for the puddle.

	9.2   Safety 

                    9.2.1  Arc flash risk – arc is buried beneath the granular flux, flux must be deep enough to shield the light from the arc, this is determined by the flux nozzle to work distance which should be this only is present when there is insufficient flux to cover the arc.  Flux cone to work distance should be no less than ½”.
	         9.2.2  Personal attire - standard works clothes and leather work boots (high top).

 	         9.2.3  Personal Protective Equipment (PPE) - safety glasses with polycarbonate  lens and welding gloves.
9.3 Equipment 

9.3.1 Types of power sources - CV/CP generally used for semiautomatic applications.   CC and/or CV/CP units are used for mechanized and automatic applications.  All units are usually at 100% duty cycle.  

9.3.1.1  Types of current that can be used are DCRP, AC, DCSP listed in order of their use in industry.  DCRP is the most popular.

9.3.2  Wire feed systems - generally push systems are used in semiautomatic hand held welding and pull systems are used in automatic applications for round and strip electrodes.  
  			
                      9.3.3  Guns - semiautomatic applications use similar equipment as FCAW but heaver duty for larger electrode sizes and heat build-up.  Automatic guns are less sophisticated and are usually move across the weld joint by a mechanical gantry or tractor type system.  

9.3.4  Flux delivery and recovery system – flux s usually feed with compressed air and flux s removed with a vacuum system.  Flux is extremely hot and can absorb moisture, factors to consider when designing or selecting a flux delivery and recovery system.

           9.4   Fluxes  

	9.4.1  Types

9.4.1.1  Fused – flux materials are melted into a glass like substance n an over then ground into the desired size.  Fused fluxes are less likely to absorb moisture than bonded fluxes.

9.4.1.2  Bonded – flux materials are bound together into particles that each particle has proper portion of flux materials.  These fluxes are highly susceptible to moisture pick up than fused fluxes.

9.4.2  AWS flux classification system

9.4.2.1  A particular flux may have different classifications depending on what classification of electrode it is paired with.  In other words the flux classification is dependant on the type of electrode that is going to be used with the flux.  

9.4.2.2  Refer to the textbook for details on the classification system.  
		
	9.5   AWS electrode classification system  
 
	        9.5.1  Refer to the textbook for details on the classification system.

	9.6   Semi-automatic vs. mechanized/automatic

                    9.6.1  Semiautomatic is challenging to learn because there is not arc to view only a pile of deposited flux.

9.6.2  Mechanized or fully automatic system provide much more consistency in results and is much more easily controlled.  Very high deposition rates can be obtained.

	9.7   Welding variables – Very similar to GMAW and FCAW processes.

	9.8   Process variations – the submerged arc welding is a very versatile process and can be configured in numerous ways to produce better results.  Some of the more common variations are listed below.   

1. Strip cladding – a strip electrode is used to produce very wide weld beads for use as a corrosion resistant overlay on a cheaper base material like carbon steel.  

1. Tandom or Multiple Arcs  - Multiple electrodes are feed into the same puddle to increase penetration and travel speeds.  This method is used extensively in large diameter pipe manufacturing.

1. Use of metal cored electrodes in place of solid electrodes for the purpose of increasing deposition rates.

1. Use of DCSP with contact tip to work distance of 3 inches or more that allows the electrode to be preheated before entering the puddle which significantly increases the deposition rates compared to DCRP with ¾” to  1-1/2” contact tip to work distances.
9.  Troubleshooting welding discontinuities 

9.9.1  Tubular or elongated porosity - caused by insufficient flux layer, excessive contact tip to work distance,  excessive voltage or insufficient wire feed speed. 

                    9.9.2  Lack of penetration,  lack of fusion, undercut, overlap -  inability of the operator to locate the actual electrode location in a groove or fillet weld.  Check the curvature (cast) of the electrode coming out of the contact tip.  Travel speed may be too fast or slow and voltage may be too high or too low.

9.10   Procedure for starting using semi-automatic mode: 
            
   9.10.1  create good ground connection to work piece; make sure compressed air is on for the flux tank and delivery system; activate the gun trigger to first stage to allow flux to flow out of the nozzle to create a minimum of 1/2” high pile of flux where the start of the bead is located; activate the gun trigger to the second stage to make electrode feed out of the contact tip; cut electrode off at 45 angle to create a 1/2” stickout; lightly scratch the electrode on the base metal surface at the point where the bead is to start; while scratching, activate the gun trigger all the way in to establish a welding arc under the blanket of flux while constantly moving the torch; once puddle is established, move the torch assembly forward and adjust “standoff” as required so that there is a little red glowing thru the flux layer. 
9.11   Advantages 
9.11.1  High deposition rates can be obtained. 

                    9.11.2  Minimal protective equipment needed for operator.

		9.11.3  High quality welds are produced.
		9.11.4  Very versatile and adaptive process.

9.12   Limitations/Disadvantages 

                      9.12.1  Limited to flat and horizontal positions only.

9.12.2  Flux requires extra handling storage procedures.

9.12.3  Equipment is expensive mainly due to its heavy duty nature.

9.12.4  High heat input process that can cause cracking and severe distortion.

            9.13   Industrial Applications – used in heavy fabrication shop and big manufacturing plants.  Typically material thicknesses are ≥3/8” due to the high heat input.  Process is easily automated and very productive when a large amount of welding is required.  Most common shop use is on machinery equipment, pressure vessels, tanks, heat exchangers, and bridge and structural steel components.
	   10.0  Lab Exercises
	 10.1  Padding, Flat position

















10.1         Padding With Stringer Beads - Flat Position Steel Plate 
Right/Left Side View


 OUTCOMES:

     Upon successful completion, the student will be able to:

     1.  Understand the fundamental knowledge of submerged arc welding via troubleshooting all welding and mechanical problems,

2. Deposit pad of weld metal using stringer beads to the extent that there are not any low or high areas in excess of 1/16”,

     3.  Be comfortable while using this equipment to the extent of not causing any injuries,
6. Set welding parameters based on WPS.

EQUIPMENT:
CV/CP power source in excess of 350 amp capacity with all of the accessories
Welding gloves
Safety glasses
Pliers
Wire cutter

MATERIALS:

>3/4” steel plate or equivalent
5/64” diameter or equivalent SAW filler metal
Appropriate flux that is compatible with the filler metal





PROCEDURE:
1. Put all necessary equipment and materials in the work area.

2. Put on personal protective equipment (PPE).

3. Conduct safety check of all the equipment and setup of the CV/CP power source and feeder for DCRP using the appropriate flux.

4. Setup the gun and cable assembly with the appropriate contact tip and nozzle along with the flux delivery system.

5. Setup one piece of steel plate on the work table at below waist high.  Attach the ground cable to the work piece via bolted clamp.  Remove the contact tip and nozzle from gun.

6. Hold the SAW gun and cable assembly in a fairly straight line.  Activate the gun trigger so that the wire can be fed out through the cable assembly without losing the flux.  Cut the wire off at a 45 angle so that you can make good electrical contact with base metal when starting to weld.  Attach the contact tip and nozzle to the gun.

7. Set the feeder program for 150 to 180 ipm wire feed speed with 32 volts.

8. After you cut the electrode to a 1/2” visible stick out, hold the gun and cable assembly in such a way that the torch gooseneck is as perpendicular to the base metal as possible.  Make sure the electrode is in good contact with the base metal at a point where you want to start the bead by scratching or scraping the electrode on the base material.

9. While the electrode is in good contact with the base metal, activate the gun trigger halfway down so that the flux is deposited around your starting area.  

10. After there is at least 1/2” buildup of flux around the starting point, fully activate the gun trigger so that electric current may go to the electrode and create an arc.  Do not raise the torch while making the initial start of the bead.

11. Move the torch forward at a pace so that there is enough flux buildup around the puddle in order for you to see some red color through the flux.  The nozzle should be kept at least a 1/2” above the plate material.  Adjust wire feed, volts and amps as required by using the buddy system.

12. Continue depositing weld beads in a pad formation until there are four beads overlapping each other at the high point.

13. Quench your plate material in water.

14. Present your work piece and verbal evaluation to the instructor for grading.  You may weld a second pad to show that the difficulties that you encountered in the first pad has been addressed.

POINTS TO REMEMBER:
1. Be on the alert that you may get minor flashes from the arc particularly if there are any  restrictions with the flow of flux to the puddle area.

2. Make sure you maintain a distance of at least a 1/2” from the gun nozzle to the plate surface.

3. Cut off the electrode stub from the gun before you restart an arc regardless of how clean it looks.

4. Use two hands on the gun and cable assembly at all times.
5. Have another student set your power source for voltage and the wire feeder for the wire speed and amperage while welding.

6. Evaluate your work piece in the acceptable manner.
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