	Trade of Sheet Metalwork

	Module 3:
	Thermal Processes

	Unit 10:
	MMA Welding Depositing Straight Weld Runs

	
	Phase 2 


Table of Contents

6List of Figures


7List of Tables


8Document Release History


9Module 3 – Thermal Processes


9Unit 10 – MMA Welding Depositing Straight Weld Runs


9Learning Outcome:


9Key Learning Points:


10Training Resources:


10Key Learning Points Code:


12Layout of Typical Plant


14Equipment


15The Manual Metal Arc Process


17Manual Metal Arc Welding Equipment


18Types of Joints


22Welding Positions


24Welding Symbols


28New Welding Symbols


33Terminology


34Angle of Bevel


34Arc Length


35Tack Weld


35Types of Run


36Heat Affected Zone


36Penetration


38Advantages of D.C. Welding


39Types of Welding Plant


39Direct Current (d.c.)


40Alternating Current (a.c.)


40Effect of Short Circuiting


41Electrodes


41Functions of the Electrode Coating


42Types of Electrode Coating


42Welding Current


43Electrodes


44American Welding Society (AWS) Classification System for Electrodes


44Mild Steel Electrodes


44First and Second Digits


44Third and Fourth Digits


45The Arc


45To Strike the Arc


46Removing the Electrode


48Welding Techniques


48Current Too Low


48Current Too High


48Correct Current


48Arc Length


49Speed of Travel


49Angle of Electrode


50Distortion


50Longitudinal Distortion


50Transverse Distortion


51Angular Distortion


52Control of Distortion


52Expansion and Contraction in Welding and Cutting Processes


54Safety


54Remember


57First Aid


58Preparation for Welding


59Safety in Manual Arc Welding


59Equipment


60Eye Protection


60Recommended Filters


60Screening and Protective Clothing


61Weld Defects and their Causes


61Lack of Penetration


61Lack of Fusion


61Porosity


61Slag Inclusion


61Undercut


62Overlays


62Cracking


62Blowholes


62Burn Through


62Excessive Penetration


63Common Weld Faults


64Weld Variations


64Arc Too Short


64Arc Too Long


65Travel Too Slow


65Travel Too Fast


66Current Too Low


66Current Too High


67Correct Run


68Manual Metal-Arc Welding


68Reinforcement (building up)


68Reinforcing in Flat Position


69Hard Facing


69Tack Welds


70Self Assessment


73Answers to Questions 1-7. Module 3.Unit 10


76Bibliography


77Index




List of Figures

11Figure 1 - M.M.A. Welding - Reinforcement (Build Up)


12Figure 2 - Layout of Typical Plant


16Figure 3 - Manual Metal-Arc Welding Process


26Figure 4 - Welding Symbol Location 1


26Figure 5 - Welding Symbol Location 2


28Figure 6 - Method of Representation


29Figure 7 - Intermittent Weld


34Figure 8 - Angle of Bevel


34Figure 9 - Arc Length


35Figure 10 - Tack Weld


35Figure 11 - Types of  Run


36Figure 12 - Heat Affected Zone


36Figure 13 – Penetration


41Figure 14 - Functions of the Electrode Coating


43Figure 15 – Electrodes


49Figure 16 - Angle of Electrode


50Figure 17 - Longitudinal Distortion


50Figure 18 - Transverse Distortion


51Figure 19 - Angular Distortion


64Figure 20 - Arc Too Short


64Figure 21 - Arc Too High


65Figure 22 - Travel Too Slow


65Figure 23 - Travel Too Fast


66Figure 24 - Current Too Low


66Figure 25 - Current Too High


67Figure 26 - Correct Run




List of Tables

25Table 1 - Welding Symbols


29Table 2 - Elementary Symbols


42Table 3 - Types of Electrode Coating


42Table 4 - Current to Use when Welding Mild Steel Plate


43Table 5 -Electrodes


60Table 6- Recommended Filters


63Table 7 - Common Weld Faults




Document Release History

	Date
	Version
	Comments

	27/09/06
	First draft
	

	09/01/07
	Implemented edits from Brendan Deasy.
	

	07/04/14
	2.0
	SOLAS transfer

	
	
	


Module 3 – Thermal Processes
Unit 10 – MMA Welding Depositing Straight Weld Runs
Duration – 7 Hours

Learning Outcome:
By the end of this unit each apprentice will be able to:
· Select electrode type and size
· Adjust power source to the required setting

· Identify and state precautions and regulations

· Strike and maintain arc, deposit a series of beads on 8 mm plate to form reinforced pads

· Identify surface weld defects

Key Learning Points:

	Sc Rk
	Ancillary equipment – proper earthing and connections.

	Rk
	Welding terms.

	Rk
	Types of weld and weld symbols.

	Rk
	Electrodes – types, sizes, flux coating, function of flux.

	Rk Sk
	Arc striking, arc gap, maintaining arc, electrode angle.

	Rk Sk
	Welding technique – speed of travel – amperage/current control.

	H Rk
	Distortion causes and correction.

	H Rk
	Safety precautions – hazards.

	H Rk
	Protective clothing – skin and eye protection.

	Rk
	Identification of surface defects – causes and correction.

	Sc
	Basic electricity. AC/DE sources.


Training Resources:

· MMA welding power source
· Figure 1 and hand-outs

· 3.2 rutile electrodes

· Safety clothing and ancillary equipment

· 200 x 150 x 8 mm mild steel plate

Key Learning Points Code:
M = Maths
           D= Drawing     RK = Related Knowledge Sc = Science

P = Personal Skills
Sk = Skill
   H = Hazards
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Figure 1 - M.M.A. Welding - Reinforcement (Build Up)
Layout of Typical Plant XE "Layout of Typical Plant" 
[image: image2.jpg]



Figure 2 - Layout of Typical Plant
A. Wall Switch (Isolator)

B. Connecting Cable

C. Welding Set

D. Welding Cable

E. Electrode Holder

F. Welding Electrode

G. Return (earth) lead

H. Current regulator (fine)

I. Current regulator (coarse)

Write the answers to these questions in your notebook.

You may refer back in the notes if necessary.
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1. Write down the correct names of the following in your notebook.

A. B. G. E. D.

Equipment XE "Equipment" 
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Welding plant
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Earth clamp
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Electrode holder.

The Manual Metal Arc Process XE "The Manual Metal Arc Process" 
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When two wires which form part of an electrical circuit are brought together and then pulled slowly apart, an electric spark is produced across their ends.
This spark, or arc as it is called, has a temperature of up to 3,600°C. As the arc is confined to a very small area it can melt metal almost instantly.
If one of these wires is connected to the job and the other to a wire rod or electrode, as it is usually called, the heat of the arc melts both the metal of the job and the point of the electrode. The molten metal from the electrode mixes with that from the job and forms the weld. It is important to realise that tiny globules of the molten metal from the electrode are forced through the arc (they do not fall by gravity). If this were not so it would be impossible to use this process for overhead welding.
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Figure 3 - Manual Metal-Arc Welding Process

Manual Metal Arc Welding Equipment XE "Manual Metal Arc Welding Equipment" 
To create the arc discussed earlier it is necessary to have a voltage to drive the current (which supplies the required heat) through the circuit. A voltage of between 60 and 100 V is required to create the arc, but once it has been obtained only 20-40 V are required to maintain it.

The following stages occur when creating an arc:

1. With the welding plant switched on, and before welding commences, no current passes through the leads and the ammeter reads zero. A voltage has been applied to the circuit, however, and the voltmeter will read the open-circuit or no-load voltage (i.e. between 60 and 100 V).

2. When the electrode is brought into contact with the job a large current, called the short-circuit current, passes through the leads, and the ammeter will deflect a large amount. While this is happening, however, the voltage drops almost to nothing. The tip of the electrode becomes hot because of the resistance created between it and the job.

3. If the electrode is slightly withdrawn an arc is formed between the electrode and the job. The air between the two conducts the welding current. As the arc is formed the voltage rises to between 20 and 40 V and the current falls to the value to which it has been set (i.e. the welding current).

4. The arc is then in the normal welding condition. The heat generated by the arc melts both the workpiece and the electrode, and metal is deposited in the weld pool. During the depositing of the weld metal, variations in both the voltage and current of the arc can occur and the welding plant must be capable of coping with these changes.
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Types of Joints XE "Types of Joints" 
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Fillet
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Square Butt
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Single Vee Butt
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Double Vee Butt
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Single U Butt
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Double U Butt
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Single Bevel Butt
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Double Bevel Butt
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A. Single J Butt









B. Double J Butt
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Corner Joint
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Single Vee Butt
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T Joint
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Double Vee Butt Joint
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Lap Joint
Welding Positions XE "Welding Positions" 
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Overhead
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Inclined
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Flat
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Horizontal Vertical
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Vertical

Welding Symbols XE "Welding Symbols" 
The basic requirements of the British standard BS499 schedule of symbols for welding comprise of:
1) A symbol for the type of welded joint.

2) An arrow, elbow and reference line to indicate the position of the weld.

3) The addition of weld details where necessary.

4) Symbols for supplementary instructions.

	Type of Weld
	Symbol

	Single Fillet
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	Double Fillet
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	Square Edge Butt
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	Single ‘Vee’ Butt
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	Double ‘Vee’ Butt
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	Single Bevel Butt
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	Double Bevel Butt
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	Single ‘U’ Butt
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	Double ‘U’ Butt
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	Single ‘J’ Butt
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	Double ‘J’ Butt
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	Edge
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	Seal
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	Sealing Run
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	Weld All Round
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	Weld on Site
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	Backing Bar
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	Flush Finish
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	Spot
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	Radiograph
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Table 1 - Welding Symbols
The symbols for the different types of welds are applied to drawings in the following manner.

If the welding symbol is placed above the arrow line as shown on the left in Figure 4 it means that the weld should be made from the other side of the joint as shown on the right in Figure 4 and not the side to which the arrow is pointing.
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Figure 4 - Welding Symbol Location 1

Where the welding symbol is placed below the arrow line, as shown on the left in Figure 5 this means that the weld should be made on the side of the joint indicated by the arrow as shown on the right in Figure 5.
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Figure 5 - Welding Symbol Location 2

If the weld symbol is placed on both sides of the arrow line, this means that the joint should be welded from both sides.
Write the answers to these questions in your notebook.
You may refer back in the notes if necessary.

1. What do the following symbols signify?
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Note: A lot of these symbols have now been updated and are listed in the following pages. It is important to be aware of the older symbols as they will be on old drawings which may still be in use.

For all up to the minute weld symbols see ISO2553 Third Edition on Welded Joints/Seams.

New Welding Symbols XE "New Welding Symbols" 
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Figure 6 - Method of Representation

The various categories of joints are characterized by a symbol which in general is similar to the shape of the weld to be made.

[image: image104.jpg]


The symbol shall not be taken to prejudge the process to be employed.

The elementary symbols are shown in Table 2.
If the joint should not be specified but only be represented that the joint will be welded, brazed or soldered, the following symbol shall be used.

	No.
	Designation
	Illustration
	Symbol

	2.
	Square butt weld
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	3.
	Single-V butt weld
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	10.
	Fillet weld
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	12.
	Spot weld
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Table 2 - Elementary Symbols
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Figure 7 - Intermittent Weld
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Terminology XE "Terminology" 
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A 
Toe

B 
Root
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A
Throat Thickness



This is the shortest 


distance from the root 

to the surface of the 


deposit.
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A
Leg Length


B
Leg Length



This is the distance 


from the root to the 


toe of a weld 



measured along the 


weld face.

Angle of Bevel XE "Terminology:Angle of Bevel" 
The angle of an edge which is cut or chamfered.
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Figure 8 - Angle of Bevel

Arc Length XE "Terminology:Arc Length" 
The distance between the tip of the electrode and the surface of the weld pool.
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Figure 9 - Arc Length

Tack Weld XE "Terminology:Tack Weld" 
A short weld used in assembly to hold the work-pieces in position during welding, usually ¼˝- ½˝ long.
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Figure 10 - Tack Weld

Types of Run XE "Terminology:Types of Run" 
1. Root Runs
The first runs deposited in the root of a joint where there is more than one run.
2. Filler Runs
The build up runs between root and capping runs.

3. Capping or Final Runs
The weld runs which make up the top layer of the joint.

4. Sealing Run
A weld deposited on the root side of a weld after completion of the main weld.
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Figure 11 - Types of  Run

Heat Affected Zone XE "Terminology:Heat Affected Zone" 
In this area, the parent metal has a change in mechanical properties due to the heat from welding, but it has not been melted.
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Figure 12 - Heat Affected Zone

Penetration XE "Terminology:Penetration" 
This is the depth the molten metal from the electrode penetrates the parent metal.
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Figure 13 – Penetration

Write the answers to these questions in your notebook.

You may refer back in the notes if necessary.

1. What is throat thickness?


2. What is leg length?


3. Where is the toe of a weld?


4. What is arc length?


5. What is the top weld run called?


6. What is the name of a weld deposited on the root side of a weld after completing the main weld?

Advantages of D.C. Welding XE "Advantages of D.C. Welding" 
1. Allows welding of non-ferrous metals.

2. It’s portable.

3. Deposits a smoother weld.

4. It’s safer in damp conditions.

5. Reverse polarity available ⅓ or ⅔ heat option.
Types of Welding Plant XE "Types of Welding Plant" 
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Direct Current (d.c.) XE "Types of Welding Plant:Direct Current (d.c.)" 
With this system the current passes in one direction only. The heat generated is split into two parts, two-thirds goes to the positive pole and one-third to the negative pole. This is important as it determines the design of the electrode to be used.

If a light-coated electrode is connected to the positive terminal it quickly becomes too hot to use for welding. But if the workpiece is connected to the positive terminal and the electrode to the negative terminal, the weld pool becomes the hottest part and the electrode stays beneath its critical heat value.

The polarity of the electrode, when using d.c. for welding, is most important and the electrode manufacturer's recommendations should be strictly adhered to, except in exceptional circumstances where the work must be kept as cool as possible. The terms used by British Standards for electrodes state that:

Electrodes connected to the positive terminal are called electrode positive, and electrodes connected to the negative terminal are called electrode negative.

Basic equipment -

(1) A generator driven either from d.c. mains (motor generator) or by a petrol or diesel engine;

(2) An a.c./d.c. motor generator set; or

(3) Rectifying equipment.

The generator must supply an open-circuit voltage of about 60 V which will drop to approximately 20 V when the arc is struck. Generators can be obtained with various current ratings from 100 to 600 A, and the modern types automatically adjust themselves to allow for the voltage fluctuations of the arc. Normally only one welder can work from a set.

Alternating Current (a.c.) XE "Types of Welding Plant:Alternating Current (a.c.)" 
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With a.c., the direction of the current flow continually changes. This reverse in direction takes place 50 times per second. Because of this reversal of the current flow the two poles are maintained at the same temperature, and reversal of the terminals has no effect as is the case with d.c.

The a.c. plant consists of a transformer which will reduce the supply voltage down to the required open-circuit voltage, i.e. 60 100 V. Various types of set are available giving different current ranges. Depending on the set, current values from 20 A up to 500 A can be obtained.

Alternating-current welding plant is cheaper to .buy than the equivalent direct current set, requires less maintenance, is quieter in operation, and the running costs are ,lower: The use of a.c. equipment is dependent upon an a.c. supply being available, and therefore when welding on sites it is not usually possible and a d.c. engine-driven generator is used.

Effect of Short Circuiting XE "Alternating Current (a.c.):Effects of Short Circuiting" 
When the welder strikes his arc the welding generator is subjected to a short circuit and the current passing through the windings of the generator increases. If this increase in current is not controlled the windings will overheat, resulting in damage to the generator. In most cases this short-circuit current should not exceed 150% of the normal welding current and overload devices are fitted to protect the equipment.
Electrodes XE "Electrodes" 
Functions of the Electrode Coating XE "Electrodes:Functions of the Electrode Coating" 
The six main functions of the electrode coating are as follows:

5. To act as a flux and remove the impurities from the surfaces being welded.

6. To form a slag over the weld, this does the following: protects the molten metal from contact with the air; slows down the cooling rate of the weld, helping to prevent brittleness of the weld; and provides a smoother surface by preventing ripples caused during the welding process.
7. It forms a neutral gas atmosphere, which helps to protect the molten weld pool from oxygen and nitrogen in the surrounding air.

8. It helps to stabilise the arc, allowing a.c. to be used.

9. It can add certain constituents to the weld by replacing any lost during the welding process.

10. It can speed up the welding process by increasing the speed of melting of the metal and the electrode.
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Figure 14 - Functions of the Electrode Coating
Types of Electrode Coating XE "Electrodes:Types of Electrode Coating" 
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Table 3 - Types of Electrode Coating

Welding Current XE "Electrodes:Welding Current" 
Table 4 shows the approximate current to use when welding mild steel plate. It is important that the manufacturer’s instructions regarding the particular electrode being used are refer to.
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Table 4 - Current to Use when Welding Mild Steel Plate

Electrodes XE "Electrodes:Electrodes" 
When a piece of metal is heated in the atmosphere it combines with the oxygen and nitrogen to form oxides and nitrides which combine with the metal. If these were allowed to form in the weld it would result in poor quality, weak and brittle weld.

It is therefore necessary to protect the weld area from the air. This can be done either by surrounding the weld area by an inert gas or by the use of suitable fluxes.

It is usual, with manual metal arc welding, to use coated electrodes. These electrodes consist of a metal core surrounded by a layer of suitable flux coating.
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Figure 15 – Electrodes
	Electrical Conditions for Electrodes
	Welding Positions

	These are indicated as follows:

D+ 
= direct current with electrode positive

D- 
= direct current with electrode negative

D± 
= direct current with electrode positive 
   or negative

A.C. 
= alternating current
	Approved welding positions for an electrode are indicated as:

H = horizontal

F = flat

V = vertical

D = downband

O = overhead


Table 5 -Electrodes
American Welding Society (AWS) Classification System for Electrodes XE "Electrodes:American Welding Society (AWS) Classification System for Electrodes" 
Mild Steel Electrodes XE "American Welding Society (AWS) Classification System for Electrodes:Mild Steel Electrodes" 
The method of classifying of electrodes is based on the use of a four-digit number, preceded by the letter 'E' for 'Electrode'.

The first two digits designate the minimum tensile strength of the weld metal (in 1,000 psi) in the as-welded condition.

The third digit indicates the position in which the electrode is capable of making satisfactory welds.

The fourth digit indicates the current to be used, and the type of flux coating.

For example, the classification of E6012 electrodes is derived as follows:

E 601 2 = Metal arc welding electrode.

E 601 2 = Weld metal UTS 60,000 psi min.

E 601 2 = Usable in all positions.

E 601 2 = Rutile type coating: AC or DC negative.

The detail of the classification is shown below:
First and Second Digits XE "American Welding Society (AWS) Classification System for Electrodes:First and Second Digits" 
E 60xx 
As-welded deposit, UTS 60.000 psi min. for E 6010, E 6011, E 6012, E 6013, E 6020, E 6027 UTS.

E 70xx 
As-welded deposit, UTS 70.000 psi min. for E 7014, 7015, 7016, 7018, E 7024 and E 7028.

Third and Fourth Digits XE "American Welding Society (AWS) Classification System for Electrodes:Third and Fourth Digits" 
The third and fourth digits indicate positional usability and flux coating types e.g.

Exx10
High cellulose coating, bonded with sodium silicate.
Deeply penetrating, forceful, spray-type arc. Thin, friable slag. All-positional. DC electrode positive only.

Exx11 
Very similar to Exx10, but bonded with potassium silicate to permit use on AC or DC positive.

Exx12
High rutile coating, bonded with sodium silicate. Quiet are, medium penetration. all-position at. AC or DC negative.

The Arc XE "The Arc" 
To Strike the Arc XE "The Arc:To Strike the Arc" 
11. Lower your welding shield.

12. Point the electrode downwards and away from the body at an angle of 65° - 80° to the plate surface.

13. Lower the electrode holder until the electrode striking end is about 25mm away from the position at which the weld deposit is about to start.

14. Strike the electrode against the plate and immediately withdraw it slightly to make the welding arc.

Electric current supplied from a power source passes through a welding lead and the electrode. The electrode is held a short distance from the workpiece and as the current jumps from the electrode to the workpiece a hot and brilliant arc is formed. The arc is formed before metal is transferred.
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Removing the Electrode XE "The Arc:Removing the Electrode" 
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To free an electrode stuck to the workpiece:

Jerk the electrode up and sideways away from the workpiece.
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If this fails to free the electrode, open the electrode holder and move the holder away.

Keep your shield on. If possible switch off welding machine.
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Remove the electrode with a pliers or hammer and chisel.

Do not touch electrode with bare hand.
Write the answers to these questions in your notebook.

You may refer back in the notes if necessary.

1. At what angle should the electrode be to the workpiece when striking the arc?


2. What is the first thing to do before attempting to strike an arc?


3. Give two ways of removing an electrode which has stuck to the workpiece.

Welding Techniques XE "Welding Techniques" 
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Current Too Low XE "Welding Techniques:Current Too Low" 
If the current value is too low the resulting weld has poor penetration, due to the lack of heating to create complete fusion. The weld filler metal tends to heap up on the surface of the plate without fusing to it and the arc has an unsteady sputtering sound.

Current Too High XE "Welding Techniques:Current Too High" 
When the current value used is too high the electrode becomes red hot and a large amount of spatter takes place. This can result in blowholes being formed in the plate, excessive penetration resulting in weld metal beads on the underside of the plate, undercut along the edge of the weld and excessive oxidation and slag which is hard to remove. The arc has a fierce crackling sound.

Correct Current XE "Welding Techniques:Correct Current" 
With the correct current the arc has a steady crackling sound. The weld formed has good penetration and is easily controlled.

Arc Length XE "Welding Techniques:Arc Length" 
The arc length is the distance between the tip of the electrode and the surface of the weld pool. It should be approximately equal to the diameter of the wire core of the electrode being used. When this distance is correct the electrode metal is deposited in a steady stream of metal particles into the weld pool. If the arc length is reduced it becomes difficult to maintain the arc, due to the increase in welding current that takes place, and it can result in the electrode becoming welded to the weld pool. Also, if the arc length is increased the welding current is reduced, resulting in a poor weld being produced, and the protective gas shield produced from the electrode surrounding the weld pool cannot efficiently prohibit the formation of oxides, etc., in the weld.
Speed of Travel XE "Welding Techniques:Speed of Travel" 
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A fast rate of travel results in a thin deposit of the filler metal and can result in insufficient fusion of the filler metal with the base metal. The surface of the weld has elongated ripples and a porous crater.

Too slow a rate of travel gives a wide thick deposit of the filler and it can allow the slag to flood the weld pool making it difficult to deposit the filler metal. The surface of the weld appears as coarse ripples and has a flat crater.

Angle of Electrode XE "Angle of Electrode" 
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Figure 16 - Angle of Electrode
When the weld is completed with the correct current, arc length, speed of travel and electrode angle, the deposit will be of regular thickness and width and the surface will have even, smooth ripples, and be free from slag entrapment and porosity.

Distortion XE "Distortion" 
Longitudinal Distortion XE "Distortion:Longitudinal Distortion" 
If a weld is made on one side of a flat strip of thin plate, the plate will bend upwards as it cools.
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Figure 17 - Longitudinal Distortion

Transverse Distortion XE "Distortion:Transverse Distortion" 
When a butt weld is made between two thin plates that are free to move, the plate edges will be drawn together. The edges in advance of the weld may overlap.
Put a series of tack welds along the joint to prevent distortion.
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Figure 18 - Transverse Distortion

Angular Distortion XE "Distortion:Angular Distortion" 
If a fillet weld is deposited between two plates in a T-joint, the angle between the plots will be reduced as the weld cools.
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Figure 19 - Angular Distortion

Control of Distortion XE "Control of Distortion" 
Expansion and Contraction in Welding and Cutting Processes XE "Control of Distortion:Expansion and Contraction in Welding and Cutting Processes" 
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As has been seen earlier, when a piece of metal is heated it expands and, on cooling down, contracts. With welding and cutting processes the heating takes place over a localized area of the metal and expansion can only take place in that portion of the metal. The subsequent contraction that takes place on cooling can result in forces causing distortion or, even worse, cracking of the metal. When a weld bead is deposit​ed on the joint between two plates, the molten metal passing through the arc is at a very high temperature. The arc melting the edges of the joint and the filler and base metal fuse together. As the arc moves across the joint the deposited bead starts to cool and considerable contraction forces are set up in the weld area.

As the deposited metal was at a higher temperature than the parent metal it will contract more and also, since its volume is greater, there is a large volume of metal shrinkage. The result is distortion of the joint. The following are several ways of controlling the effect of distortion during welding: (a) presetting; (b) backstepping or stepwelding; (c) jigging; (d) preheating. They are described below.

(a) Presetting entails setting the joint out of alignment prior to welding so that after contraction has taken place the joint is aligned.
(b) Backstepping or stepwelding entails welding the joint in short steps, ensuring that expansion and contraction zones are placed next to one another.
(c) Jigging entails holding the metal being welded in a jig, restraining the distortion mechanically.

(d) Preheating entails heating the metal to be welded prior to welding, and has the effect of allowing equal contraction to take place in both the weld and parent metal.
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When the weld is made with a large number of small runs the distortion is greater.
To control the distortion the following points should be remembered:

1. Design
Remove distortion by using: 
(a) Minimum number of joints.
(b) Easily reached joints.
(c) Correct weld size for the strength required.
(d) Welds balanced about material axis.


2. Parent metal
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When welding is balanced heat input is balanced, thus eliminating angular distortion.
Reduce distortion by using: 
(a) Correct weld sequence.
(b) Correct deposition technique which ensures minimum heat input.


3. Joint preparation
Reduce distortion by using: 
(a) Smallest included angle possible.
(b) Smallest root gap possible.
(c) Double-sided preparation when parent metal is thicker than 5/8˝.
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Safety XE "Safety" 
Remember XE "Safety:Remember" 
Welding rays are very dangerous. Always wear a welding shield.
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Always wear safety clothes as welding produces sparks and hot metal.
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Always wear goggles when chipping slag as it will be hot and sharp.
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Always screen your welding from other trainees to avoid risk of radiation.
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Never weld enclosed tanks without consulting your instructor as there is a risk of explosion.
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Always examine welding cables for damage and report faults to your instructor immediately.
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First Aid XE "Safety:First Aid" 
Always notify your instructor if you get grit in your eye.

Don’t try to remove it yourself.
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Use an eye bath and eye lotion to wash eyes if you get “flash” or “arc eye”.

Repeat this every four hours.
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Preparation for Welding XE "Preparation for Welding" 
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1. Make sure that outer clothing is free from oil, grease or flammable material.

2. Protect your arms from exposure to arc rays.

3. Cuffs on overalls and turn-ups on trousers are lodging places for sparks, try to cover them up.

4. Ensure that the welding shield contains the correct filter glass and that it is not cracked or damaged.

Safety in Manual Arc Welding XE "Safety in Manual Arc Welding" 
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Equipment XE "Safety in Manual Arc Welding:Equipment" 
The power supply for arc welding may be either a.c. or d.c. The voltages used are in the order of up to 100 V and currents of up to 600 A. It is therefore essential that adequate precautions are observed to protect both the operator and other personnel in the area from the risks associated with electricity. The following points should be observed when using arc welding equipment.

15. Make sure that the welding circuit is correctly earthed.

16. The welding cables should be adequately insulated. Never use damaged cables.
(See illustration 'A').

17. Ensure that the welding cables are free from kinks and that they do not become crushed or pinched under heavy loads. (See illustration 'B').

18. Check that the power source is disconnected from the supply before attaching cables to the terminals.

19. Always use a fully insulated electrode holder when welding in confined spaces, or where it is difficult to get access to the weld without touching the surrounding metal (See illustration 'C').

Eye Protection XE "Eye Protection" 
It is essential to protect the eyes and face from the arc. The use of a face mask or head shield with the correct filter glass is essential.
Recommended Filters XE "Recommended Filters" 
	Shade (B.S. 679)
	Metal Arc Current

	9 EW
	Up to 100 A

	11 EW
	100-300 A

	13 EW
	Over 300 A


Table 6- Recommended Filters
Screening and Protective Clothing XE "Screening and Protective Clothing" 
Adequate screening around the welding area should be erected to protect the workers in the immediate vicinity. The operator should also be protected from the splashing metal and sparks given off the welding by wearing a leather apron, spats and gloves. When working on a site or in damp conditions the use of rubber-soled boots is also advisable.
Note: Be careful welding containers which had previously contained inflammable material.
Weld Defects and their Causes XE "Weld Defects and their Causes" 
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Lack of Penetration XE "Weld Defects and their Causes:Lack of Penetration" 
Lack of penetration is the failure of the filler metal to penetrate into the joint. It is caused by:

· Incorrect edge penetration

· Incorrect welding technique

· Inadequate de-slagging

Lack of Fusion XE "Weld Defects and their Causes:Lack of Fusion" 
Lack of fusion is the failure of the filler metal to fuse with the parent metal. It is caused by:

· Insufficient heat

· Too fast a travel

· Incorrect welding technique

Porosity XE "Weld Defects and their Causes:Porosity" 
Porosity is a group of small holes throughout the weld metal. It is caused by the trapping of gas during the welding process, due to chemicals in the metal, dampness, or too rapid cooling of the weld.

Slag Inclusion XE "Weld Defects and their Causes:Slag Inclusion" 
Slag inclusion is the entrapment of slag or other impurities in the weld. It is caused by the slag from previous runs not being cleaned away, or insufficient cleaning and preparation of the base metal before welding commences.

Undercut XE "Weld Defects and their Causes:Undercut" 
Undercuts are grooves or slots along the edges of the weld caused by:

· Too fast a travel

· Too great a heat build-up

· Bad welding technique
Overlays XE "Weld Defects and their Causes:Overlays" 
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Overlays consist of metal that has flowed on to the parent metal without fusing with it. The defect is caused by:

· Insufficient heat

· Contamination of the surface of the parent metal

· Bad welding technique

Cracking XE "Weld Defects and their Causes:Cracking" 
Cracking is the formation of cracks either in the weld metal or the parent metal. It is caused by:

· Bad welding technique

· Unsuitable parent metals used in the weld

Blowholes XE "Weld Defects and their Causes:Blowholes" 
Blowholes are large holes in the weld caused by:

· Gas being trapped, due to moisture

· Contamination of either the filler or parent metals

Burn Through XE "Weld Defects and their Causes:Burn Through" 
Burn through is the collapse of the weld pool due to:

· Poor edge preparation

· Too great a heat concentration

Excessive Penetration XE "Weld Defects and their Causes:Excessive Penetration" 
Excessive penetration is where the weld metal protrudes through the root of the weld. It is caused by:

· Too big a heat concentration

· Too slow a travel

· Incorrect edge preparation
Common Weld Faults XE "Common Weld Faults" 
When you first start to weld you will find that you have some defects in the welds. These are explained here with their causes.
	Defect
	Cause

	Uneven Welds
	Moving the torch along the joint too quickly or slowly, zig zaging movements not the same.

	Fused portion not in joint but to one side
	Not playing the torch over the joint equally at each side.

	Holes in the joint
	Holding the flame too long in one place and overheating the metal.

	Oxide inclusions
	Not cleaning the base metals (metal being welded) properly before starting. Inclusions will be seen as black specks on the surface of broken welds.

	Adhesions
	Not enough heat to one side of a joint or welding speed too high. As a result the weld metal will break clearly from the metal surface on one side.

	Overheating
	Moving flame too slowly.


Table 7 - Common Weld Faults
Weld Variations XE "Weld Variations" 
Arc Too Short XE "Weld Variations:Arc Too Short" 
Ripples irregular in height and width.
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Figure 20 - Arc Too Short

Arc Too Long XE "Weld Variations:Arc Too Long" 
Coarse ripples evenly spaced. Crater flat and blistered.
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Figure 21 - Arc Too High

Travel Too Slow XE "Weld Variations:Travel Too Slow" 
Coarse ripples evenly spaced. Crater flat.
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Figure 22 - Travel Too Slow

Travel Too Fast XE "Weld Variations:Travel Too Fast" 
Elongated ripples. Crater porous.
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Figure 23 - Travel Too Fast

Current Too Low XE "Weld Variations:Current Too Low" 
Irregular ripples with slag trapped in valleys. Crater irregular.
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Figure 24 - Current Too Low

Current Too High XE "Weld Variations:Current Too High" 
Coarse ripples evenly spaced. Crater hollow.
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Figure 25 - Current Too High

Correct Run XE "Weld Variations:Correct Run" 
Smooth ripples evenly spaced. Crater sound.
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Figure 26 - Correct Run

Manual Metal-Arc Welding XE "Manual Metal-Arc Welding" 
Reinforcement (building up) XE "Manual Metal-Arc Welding:Reinforcement (building up)" 
This is the process of adding to or building up the thickness of a section by depositing metal on the surface. If the deposited metal has wear-resistant properties it is known as hard facing.

	Material
	½˝ (12.5 mm) mild steel,
1 off, min. 6˝ (15.0 cm) x 8˝ (20.0 cm)

	Preparation
	Clean surface

	Electrode
	8 s.w.g. (4.0 mm) Class 2

	Current
	150-170 amperes


Reinforcing in Flat Position XE "Reinforcement (building up):Reinforcing in Flat Position" 
Example Procedure EP8
20. Deposit a straight run near the edge of the plate about 6" (15.0 cm.) long.
21. Deposit second run alongside directing the electrode at about 60° into the angle formed by the toe of the first run and the plate surface.
22. Maintain the angle of 65° - 75° to the surface of the plate in the direction of travel.
23. Use weaving technique carrying the electrode end over one-third of the width of the first run.
24. If correctly deposited the second run will be built up to the height of the first run and a flat junction obtained.
25. Deposit the third and subsequent runs in a similar way to the second, alongside and fusing into its preceding run.
26. Continue deposition until the pad of metal is about 4" (10.0 cm.) wide.
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Visual Examination

Cool and saw through the reinforced section and plate, and visually examine the cross-section.
A correctly deposited reinforcement should be free from marked valleys or ridges at the junctions between the runs. There should be no trapped slag, and the deposit should be free from porosity.
Hard Facing XE "Reinforcement (building up):Hard Facing" 
Example Procedure EP9
(This is an optional procedure)
27. The type of electrode chosen should be one that has similar operating technique to that of a Class 2 electrode, i.e. an electrode with a tutile type covering.
28. Repeat the deposition as for EP8.
29. Turn the plate through 90° and deposit the second layer with runs transverse to the runs of the first layer.
Note that in hard facing procedure it is usually necessary to deposit at least two layers in order to achieve full hardness. The hardness of the first layer will be affected by dilution with the parent metal.

	Material
	½˝ (12.5 mm) mild steel,
1 off, min. 6˝ (15.0 cm) x 8˝ (20.0 cm)

	Preparation
	Clean surface

	Electrode
	8 s.w.g. (4.0 mm) hard facing type (not tubular)

	Current
	Mean recommended value for the electrode


Visual Examination

Repeat the visual examination as for EP8 provided the deposit is not too hard to saw.

If desired make a series of hardness tests on the surface of the deposit after preparing a small flat area with a file and smooth emery paper.

A wide range in hardness readings indicates variation in alloy content of deposit. This can be caused by excessive arc length or by grove variation in arc length during deposition.
Tack Welds XE "Manual Metal-Arc Welding:Tack Welds" 
A tack weld is a short weld used to help assemble and to maintain the position of parts during welding.

Tack welds should be between three and four times the plate thickness, up to a maximum length of 1 ½ ˝ (3.0 mm.) at the ends of the joint.
For intermediate tack welds the length should be between two and three times the plate thickness, up to a maximum length of 1 ½ ˝ (35.0 mm).
Self Assessment XE "Self Assessment" 
Questions on Background Notes – Module 3.Unit 10

1.     If your weld has irregular ripples in height and width, what is wrong?

	


2.    If your weld has coarse ripples evenly spaced and a flat crater, what is wrong? 

	


3.    If your travel is too fast, how does this affect your weld?

	


4.    What happens if the current is to high?   

	


5.     What is undercut? Give two causes of undercut. 

	


6.    What is porosity? Give two causes of porosity. 

	


7.    What is lack of fusion? Give one cause of lack of fusion.

	


Answers to Questions 1-7. Module 3.Unit 10

1.

	                     The current is too low resulting in poor penetration. The weld

                     filler metal tends to heap up on the surface of the plate. 


2.

	The current is too high. The electrode becomes too hot and a

large amount of splatter takes place, this can result in blowholes

forming in the plate, excessive penetration results in weld metal

beads on the underside of the plate. The arc has a fierce cracking

sound. 




3.

	                     A fast rate of travel results in a thin deposit of the filler metal

                     and can result in insufficient fusion of the filler metal with the

                     base metal. The surface of the weld has elongated ripples and  

                     a porous crater.        




4.

	                     Weld appearance has coarse ripples evenly spaced and a hollow

                     crater. Weld may suffer from excessive penetration undercut.

                     Also see Answer 2. 




5.   

	                     Undercuts are groves or slots along the edges of the weld 

                     caused by:

a. Too fast a travel rate.

b. Too great a heat build-up.

c. Bad welding technique.


6.    

	                     Porosity is a group of small holes throughout the weld metal 

                     caused by:

                     a.    The trapping of gas during the welding process

                     b.    Chemicals in the metal.

                     c.    Dampness

                     d.    Too rapid cooling of the weld.

 


7.  

	                     Lack of fusion is the failure of the filler metal to fuse with the

                     parent metal caused by:

a. Insufficient heat.

b. Too fast a rate of travel.

c. Incorrect welding techniques. 
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