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Course:
AG-AMIII-01.423

Agricultural Mechanics III

Unit 3: Welding

Lesson 1:
Setting Up MIG/TIG/Plasma Arc Cutting Equipment

Georgia Performance Standards: 
AG-AMIII-3 (a-c)
Academic Standards: SPS7, ELA12LSV1, ELA9RL5, ELA10W3, MM1A3, MA1P1, MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, ELA9RC2
Objectives: 

1.
Describe adjustments and controls for welding and cutting equipment.

2.
Select appropriate materials for welding and cutting equipment.

3.
Adjust welding and cutting equipment for optimum performance.

Teaching Time:
Classroom: 3 hours

Laboratory: 1 hour
Grades: 9-12

Essential Question: How do you adjust welding and cutting equipment for optimum performance?
Unit Understandings, Themes, and Concepts:

Students will learn how to set up and adjust welding and cutting equipment.
Primary Learning Goals: Students will be able to select appropriate materials for welding and cutting equipment, and adjust the equipment for optimum performance.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods

____ Selected Response

____ Informal Checks


____ Self Assessment

References:

Gas Metal Arc Welding: EW-473: Hobart

http://www.free-ed.net/free-ed/BldgConst/Welding01/welding01_v2.asp
Materials and Equipment:

Overheads

Handouts

Pliers

Welding helmet


Steel

Welding gloves
PowerPoints:

Web Resources:

Georgia Performance Standards: AG-AMIII-3 (a-c)

AG-AMIII-3:  Students will join metals together using the metal inert gas and/or tungsten inert gas welding process, and cut metal using the plasma arc torch.


a.
Describe adjustments and controls for welding and cutting equipment.


b.
Select appropriate materials for welding and cutting equipment.


c.
Adjust welding and cutting equipment for optimum performance.

Academic Standards: 

ELA9RC2 The student participates in discussions related to curricular learning in all subject areas.

ELA12LSV1 The student participates in student-to-teacher, student-to-student, and group verbal interactions.

ELA9RL5 The student understands and acquires new vocabulary and uses it correctly in reading and writing.

ELA10W3 The student uses research and technology to support writing. 

MM1A3. The student solves simple equations.

MA1P1. The student solves problems (using appropriate technology).

MA1P3. The student communicates mathematically.

SCSh2 The student uses standard safety practices for all classroom laboratory and field investigations.

SCSh3 The student identifies and investigates problems scientifically.

SCSh4 The student uses tools and instruments for observing, measuring, and manipulating scientific equipment and materials.

SP1 The student analyzes the relationships between force, mass, gravity, and the motion of objects.

SPS5 The student compares and contrasts the phases of matter as they relate to atomic and molecular motion.

SPS7 The student relates transformations and flow of energy within a system.

Teaching Procedure

Introduction and Mental Set

Since we have covered oxy-acetylene welding and arc welding, we will now move on to one of the easiest, most efficient and fastest growing methods of welding that is used in the industry today.  (At this point the instructor should escort the students into the laboratory and proceed to make a butt joint for students.) 
Discussion

1.
What is MIG welding? 

A welding process where an arc is struck between a consumable metal electrode and metal work piece. 

· The consumable electrode wire is fed to the welding torch from large wire spools which hold several hundred feet.  

· The consumable electrode is filler metal and a shield of inert gas protects the weld area.
2.
What are the characteristics of mig welding?  
Display and discuss transparency 2.1.1.


3.
What are trade names for mig welders?  
Display and discuss transparency 2.1.2.

4.
What are the advantages of mig welding?  

Display and discuss the transparency 2.1.3.
5.
What types of currents are used for mig welding? 
Display and discuss transparency 2.1.4.

6.
Types of metal transfer.  
Refer to Hobart transparency.

A.
Spray transfer method 

Display and discuss transparency 2.1.5.

Distribute and discuss handout 2.1.6.

B.
Globular transfer method 

Display and discuss Hobart transparency.

Distribute and discuss handout 2.1.7.

C.
Short circuit transfer method 

Display and discuss Hobart transparency.

Distribute and discuss handout 2.1.8.

7.
What are the parts of the mig welding machine?
A.
Wire feed mechanism 

Display and discuss transparency 2.1.9.

B.
Welding gun

Display and discuss transparency 2.1.10.

C.
Shielding gases 

Display and discuss transparency 2.1.11 and 2.1.12.

D.
Gas prices 

Distribute and discuss handout 2.1.13.

E.
Wire for mig 

Display and discuss transparency 2.1.14.

F.
Basic wire sizes 

Distribute and discuss handouts 2.1.15 and 2.1.16.

8.
Machine adjustments 

Distribute and discuss handout 2.1.17.

Display and discuss Hobart transparency.
9.
Operating a mig machine
A.
Welding procedure

Distribute and discuss handout 2.1.18.

B.
Demonstrate mig welding

C.
Tips on mig welding 

Distribute and discuss handout 2.1.19.

Summary
Since students have already been exposed to gas welding and arc welding, a lot of interest can be created by demonstrating the butt weld.  The interest will come from the speed, ease and cleanliness of the weld.  The handouts and overheads should be used to establish theory and understanding of the MIG welding process.

Evaluation

Written test

Laboratory activity:  Mig Welding

2.1.1
Characteristics OF MIG WELDING
· Uses continuous consumable wire.

· Molten puddle is completely covered with a shield of gas.

· Wire and gas are fed through a machine at a preset rate.

· Can be applied automatic or semiautomatic.

· With semiautomatic application:

-
wire feed, power setting and gas flow are preset

-
torch is operated manually with the operator directing the torch over the seam, holding the correct wire stickout distance and speed

2.1.2
Trade Names
Micro-Wire Welding 
Hobart

Aircomatic Welding 
Airco

Sigma Welding 
Linde

Milermatic 
Miller

Idealarc 
Lincoln

2.1.3
 Advantages of Mig Welding
· No flux or slag, very little splatter to remove.

· Less time to train operator because the main concern is to watch angle of welding gun, speed and stick out.

· Welding process is faster than stick welding and no need for start-stop.

· Better metallurgical benefits therefore:

· Narrower heat affected zone therefore less molecular disarrangement 

· Less grain growth, less heat transfer to parent material 

· Greatly reduces distortion

· Can weld thin stock effectively and more economically than with tig by using the short circuit transfer technique.

· Has deeper penetration, therefore, narrower beveled joint design can be used.

2.1.4
Welding Current
1.
DC with normal limits of 200 to 250 amps.

2.
DC reverse polarity (+)

A.
Optimum efficiency

B.
Heat is concentrated at the weld puddle, therefore, provides deeper penetration.

C.
Greater surface cleaning action, which is important when welding metals with heavy surface oxides such as aluminum and magnesium.

3.
DC straight polarity (-) is impractical because weld penetration is wide and shallow, splatter is excessive, and there is no surface cleaning action.

2.1.5
Three Types of Metal Transfer 
· Spray Transfer

· Globular Transfer

· Short Circuit Transfer

The Type Employed Will Depend On:
· Electrode Wire Size

· Shielding Gas

· Arc Voltage

· Welding Current

2.1.6
Spray Transfer Method
1.
Fine, uniform droplets, equal or smaller than the diameter of the electrode wire.

2.
Droplets do not interrupt the flow of current; therefore produce a nearly constant spray of metal.

3.
Requires a high current density, therefore arc becomes quiet and steady.

4.
Use of argon or argon and oxygen mixture is necessary. 

5.
Argon produces a pinching effect on the molten tip, permitting only small droplets to form.

6.
With high heat input and heavy wire, deep penetration is possible.

7.
Metal transfer produces directional force which is stronger than gravity, therefore out of position welding can be done effectively.

8.
Spray transfer method is particularly good for welding heavy gauge metal.

2.1.7
Globular Transfer Method
1.
Occurs when the welding current is low or below transition current which extends from a minimum value where the heat melts the electrode to the point which the high current induces spray transfer.

2.
The molten globule grows to 2 or 3 times the wire diameter before it separates from the electrode to the work piece.

3.
Globule becomes irregular shaped and rotates causing it to reconnect to the rod and work piece thus causing arc to go out.

4.
Results in:

A.
Poor arc stability

B.
Poor penetration

C.
Excessive splatter

5.
Use restricted to welding thin metal.

2.1.8
Short Circuit Transfer Method
1.
Permits welding thinner metal with greater ease.

2.
Practical for welding in all positions.

3.
Produces shallow penetration.

4.
Most practical at current levels below 200 Amps and fine wire 0.045" or less.

5.
The use of fine wire produces weld puddles that remain relatively small and easily managed, making all position welding possible.

6.
Gas supply - 75% CO2 and 25% argon.

7.
100% CO2 can be used where bead contour is not particularly important but good penetration is essential.

2.1.9
Wire Feed Mechanism
· Automatically drives the electrode wire from the wire spool to the gun and arc.

· May be mounted to or separate from the current supply.

· Can be adjusted to vary the wire feeding speed.

· It usually includes a welding power contractor and a solenoid to engage gas flow.

2.1.10
Welding Gun
1.
Its purpose is to deliver wire, shielding gas and welding current to the arc area.   

2.
Push type wire is pushed to it by the wire feeder. 

· Used with heavier wire diameters and with hard wires such as carbon steel and stainless steel. 

· Used where currents are higher than 250 Amps.

3.
Pull type wire has drive rolls that pull wire from the wire feeder.  

· Used with smaller diameter wires and soft wires such as aluminum and magnesium.

2.1.11
Shield Gases
1.
Protect the molten puddle from the harmful effects of hydrogen, oxygen and nitrogen.

2.
There are six inert gases which could be used as shielding gases:

· helium

· neon

· argon

· krypton

· xenon

· radon

3.
Only two can be obtained economically enough to be used for welding:

· helium 

· argon

4.
Carbon dioxide, which is not an inert gas, can only be used as a shielding gas.
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2.1.12
2.1.13
Gas Prices
Argon - 75% / CO2 - 25%
$.1000/cu. ft.

Argon - 90% / He - 7.5% / CO2 - 2.5%
$.1000/cu. ft.

He - 90% / Argon - 7.5% / CO2 - 2.5%
$.1974/cu. ft.

Helium - 100%
$.2459/cu. ft.

Carbon Dioxide (CO2)
$.32/lb.

*
Holox Prices
1/90

Gas flow will be approximately 35 cu. ft./hour but adjusted according to chart recommendations for particular welding applications.

Final gas flow rate will be made by trial and error.

2.1.14
Wire For Mig

Filler wire for mig uses an AWS classification similar to stick electrodes.

E -
identifies it as an electrode

60 -
indicates the tensil strength times 1000 PSI

S -
solid bare wire

1 -
specifies a particular classification based on the chemical composition of the wire

2.1.15
Basic Wire Sizes
· 0.020", 0.030", and 0.035" are the best for thin metal, low and medium carbon steels and low alloy high strength steels of medium thickness.

· 0.045" and 1/16"  - medium thick metals

· 1/8" - thick metals

· Use smaller diameter wire for overhead and vertical welding.

2.1.16
Wire Diameters for Gas Metal-Arc Welding
	Material Thickness

(inches)
	Electrode Size
	Welding Conditions

(arc volts)
	Welding Conditions

(amperes)
	Gas Flow

(cfh)
	Travel Speed

(ipm)

	.025
	.030
	15-17
	30-50
	15-20
	15-20

	.031
	.030
	15-17
	40-60
	15-20
	18-22

	.037
	.035
	15-17
	65-85
	15-20
	35-40

	.050
	.035
	17-19
	80-100
	15-20
	35-40

	.062
	.035
	17-19
	90-100
	20-25
	30-35

	.078
	.035
	18-20
	110-130
	20-25
	25-30

	.125
	.035
	19-21
	140-160
	20-25
	20-25

	.125
	.045
	20-23
	180-200
	20-25
	27-32

	.187
	.035
	19-21
	140-160
	20-25
	14-19

	.187
	.045
	20-23
	180-200
	20-25
	18-22

	.250
	.035
	19-21
	140-160
	20-25
	10-15

	.250
	.045
	20-23
	180-200
	20-25
	12-18


2.1.17
Machine Adjustments
· wire feed - amperage limits speed of wire feed to a definite range.  Adjustments made within that range.

· wire stickout - the distance the wire projects from the nozzle.  wire stickout influences the weld current and changes preheating in the wire.  When stickout increases, preheating increases.

· most mig application stickout should be between 3/8" and 3/4"

· micro-wires - 1/4" and 3/8"

· welding current - wide range of current can be used with each diameter wire.  This permits welding various thickness of metal without having to change wire diameter.

· Correct current must be determined by trial.

· Use machine recommendations for ranges.

2.1.18
Welding Procedure
1.
Set voltage, wire feed and gas flow to prescribed condition.

2.
Adjust the wire for proper amount of stickout.

3.
Start the arc and move the gun along the joint at a uniform speed and at the correct angle.  About 15 degrees off the vertical for flat position welding.

4.
Move the gun along the joint with a push or a pull motion.  As the gun is moved keep the wire at the leading edge of the puddle.

5.
Release the trigger at the end of the weld.  This stops the wire feed and breaks the current flow.  Hold the gun over the weld until the gas stops flowing in order to protect the puddle until it solidifies.

6.
Shut down the welding machine in the following sequence:

· turn off the wire speed control

· shut off the gas flow at the cylinder

· squeeze the welding gun trigger to bleed the lines

· hang up the welding gun

· shut off the welding machine

2.1.19
Mig Welding Tips
1.
Major advantage and disadvantage of the short circuit transfer method is low heat input.

2.
Wire feed speed controls amperage- set wire feed speed, then adjust voltage.

3.
Spray transfer method- 1/8" metal or thicker

4.
Rule of thumb:

· 1 AMP for every 0.001" thickness

· 1/8" material = 0.125" = 125 AMPS

5.
Wire burn off:

· .030" wire - 2" wire/AMP X 125 AMPS = 250 IPM

· .035" wire - 1.6" wire/AMP X 125 AMPS =200 IPM

· .045" wire - 1" wire/AMP X 125 AMPS = 125 IPM

6.
Small change in voltage makes a big change in weld bead.

7.
Do not use straight argon with steel, causes bead to be narrow and high.

8.
CO2 gives lowest tensile strength; add argon to improve tensile strength. 
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MIG WELDING

ADVANTAGES:

1) WELDING CAN BE DONE IN ALL POSITIONS

2) HIGH RATES OF METAL DEPOSTITION

3) EXCELLENT FILLING ABILITY FOR POOR-FIT JOINTS

4) HIGH WELD QUALITY

5) NO ELECTRODE STUB LOSS

6) NO SLAG REMOVAL NECESSARY

7) LESS DISTORTION DUE TO NARROW, DEEP WELD PROFILE

8)  HIGH VISIBILITY BECAUSE OF NO SMOKE

9) LESS OPERATOR TRAINING

10) METALS WELDABLE INCLUSE ALUMINUM, STAINLESS STEEL, LOW ALLOY AND MILD STEEL

DISADVANTAGES:

1) WELDING POWER SOURCES EXPENSIVE

2) SHIELDING GAS EXPENSIVE

3) HIGH ELECTRODE WIRE COST

4) MOST MACHINES REQUIRE THREE-PHASE INPUT POWER

5) NOT AS VERSATILE AS SMAW FOR MAINTENANCE- WELDING CAST IRON, CUTTING, AND CARBON ARC TORCH APPLICATIONS
Individual Learning Activity

Lesson:
Setting Up MIG/TIG/Plasma Arc Cutting Equipment
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Describe adjustments and controls for welding and cutting equipment.

2.
Select appropriate materials for welding and cutting equipment.

3.
Adjust welding and cutting equipment for optimum performance.
Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Setting Up MIG/TIG/Plasma Arc Cutting Equipment
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Describe adjustments and controls for welding and cutting equipment.

2.
Select appropriate materials for welding and cutting equipment.

3.
Adjust welding and cutting equipment for optimum performance.
Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Setting Up MIG/TIG/Plasma Arc Cutting Equipment
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Describe adjustments and controls for welding and cutting equipment.

2.
Select appropriate materials for welding and cutting equipment.

3.
Adjust welding and cutting equipment for optimum performance.
Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Essential Question:

How do you adjust welding and cutting equipment for optimum performance?
Vocabulary
Mig Welding

Welding Gun
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