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Lateral

Lead

T
[

' Electrode data

Electrode classification

Size
Type
Brand name

Angles
Weld time
Start
Finish

|

7
8
9
10
12

I1

Procedure sheet
Butt weld - steel sheet - flat

Sketch welding runs on diagram.
Complete the control data table below.

Weld current data

Run

.\w. \O

Material data

-

pe
Thickness

Ty




Pt
' g A W .A.'
y FYN -

rays given off

|

»
| = electric shock
—— = fumes.
1t data ‘ ( e
. Skill practice 14 | | _ %
;{un Assessment event 9 (practical) P PSR SN e =
: Butt weld - steel sheet - flat BB sormumetnstnsas s IR O o A
: ~ IF IN DOUBT ASK THE TEACHER ‘ i
10 ih Cut and relocate
11 | Suggested time Skill practice: 1 hour 10 minutes | _ / . Wy
12 Assessment: 20 minutes o
;’l Objective To butt weld 1.6 and 3.0 mm low carbon steel sheet to the requirements
;‘ given below.
|
il’ Position Flat.
f Procedure Demonstrated by the teacher.
f
' Method I.  Assemble and tack weld sheets using the sequence illustrated. \
2. Position and weld approximately 50 mm of the joint.
3. Examine weld profile and penetration before completing the weld.
4. Complete the weld and submit for inspection.
5. Cut sheets and relocate for further practice as illustrated.
6. Evaluate the weld exercise and complete the procedure sheet.
EERETT 3 | 7. For assessment, repeat the butt weld to the requirements given
mb 1 v below.
= 8.  Submit your weld and procedure sheet to the teacher.
REEsS £ ) ' Reguirements *  Correct alignment and assembly
. -- *  Smooth regular contour
' 9 *  Angular distortion 0° to 5°
;‘ : *  Weld penetration for a minimum of 20% of the weld length.
MBS, 3 _ * A maximum of two significant weld defects per 250 mm of weld
length with an accumulative defect area of less than twice the —— Root gap
square of the plate thickness. |
) %
Weld preparation

2 pieces 50 x 3.0 x 150 mm low carbon steel sheet
2 pieces 50 x 1.6 x 150 mm low carbon steel sheet

Tacking sequence

‘maximum use. Return all unused material
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Notes ‘

ANSWERS TO REVIEW QUESTIONS

Section 1

.  Any three of the following:

= heat generated
= rays given off
s electric shock
= fumes.
2 = burns the skin
= arc-eye
s stops the heart beating
= problems breathing
3. 80%.
4. (a) d.c.
(b) a.c.
(€) ‘dic:
(@)dc.

S. Harmful rays
E |  ultra-violet
e 1nfrared

Effects of harmful rays
e  burns the skin
o/ arc.eye

\
_. Ff‘ ?
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0

f a.c. transformer sets

[

d.c. motor generafor sels

e ——————

Portabi i J

!
| types.
;
|

| These machines generally Most modern types have
| consist of static step-down features that allow
| transformers and they are
f' considered as stationary

with wheels.

portability (especially the
self contained types). They
have an undercarriage fitted

power suppl J’

|

| the nearest alternating
current power point.

| The use of these machines is | Petrol or diesel engine

' restricted to the location of driven machines can be used

in any location.

higher efficiency.

|

- _}? N h - 70-90 per cent electrically 40-60 per cent electrically
TficCIenC - : .

| | efficient. A large number of | efficient but some modern
{ multi operator sets give

types compare with
alternating current
efficiency.

Bt | No polarity.
I Uilal in

A choice of polarity is
obtained by a simple

dic:h).

reversal of a switch. (d.c.- or

Arc blow Unaffected.

Arc blow occurs even in
normal current and they are

difficult to control above
300 amperes.

Maintenance As there are no moving parts

to be considered,
[

low.

maintenance costs are very

add to running costs.

Revolving and wearing parts

[nitial costs Cheaper plant as less
| construction is involved.

More costly due to generator
and motor construction.

Electrodes Restricted to use of
| electrodes that are suitable
| for alternating current only.

Suitable for all types of
electrodes.

|'

| the use of an installed power

| Cheaper running costs due to

Added costs due to the use
of electric motors or internal
combustion engines.

A variation of open circuit
voltage is possible that
permits a selection for

electrode type and welding
technique.

J supply.
I
|t roritenl b - .
 Oliage control ' Constant open circuit
| voltage.
|
|
S— |
AIT lenegth b - rll At |

|f

|

|
e y

characteristics of the

Greater tolerance in arc
length due to the

machine.

114
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. Workpiece |

Electrode holder

NFO1 Manual Metal Arc Welding 1

Student Workbook

Electrode—

_—— Welding machinery

il

Mains electricity switch

OFF ON

A typical welding circuit.

Primary
lead

Welding

Secondary leads




Any one of the following:
. porosity
» spaticr

- cracking

Section 4

| (A) Ov erhead
(B) Vertical
(C) Horizontal
(D) Flat.

(A) Double V butt weld
{B ) Lap weld
{,.Ci Fillet weld
|,.'D_‘) Comer weld
(E) Slot weld
(F) Plug weld
(G) Intermittent fillet welds
(H) Single V butt weld
|. Parent metal
2. Reinforcement
3. Fusion zone
4. Weld face
5. Weld metal

6. T1oe¢
7  Heat affect zone
8. Root

QO  Penetration
10. Leg length
Nominal throat thickness

1.
12. Throat thickness (convex fillet)

Throat thickness (concave fillet)

Incomplete penetration

Cause(s)

*  Faulty preparation work.
* Using too low a welding current.
L]

Poor operating technique

“‘h

TAFE;

116

NF01 Manual Metal Arc Welding 1
Student Workbook
December 1997

(b)
Lack of fusion
, B <
Cause(s):
= Not enough amperage.
= Incorrect joint preparation.
s Incorrect welding technique.
C
( ) ~"] Inclusions
! o d
Cause(s):
= Not removing slag from previous runs.
= Using too low a current.
= Using too long an arc length.
(d) .
Undercut
Vs
! et 3
Cause(s):
=  Using the wrong electrode angle.
= Excessive welding current.
= Incorrect operating technique.
(e)
|
Ov;rroll
D
: . 2
Cause(s):
]

Using too low a current.

=  Welding speed too slow.
=

NFOI Manual Metal Arc Welding 1
Student Workbook
December 1997

Using too large an electrode.

117




| ¢ | - ‘rccul
Q \ ) ﬁ f |l lr (‘l) N””H 'l jll!ll.l :
- || o (ause(s)
| |I lneorreac i wi ld siled -
E 4 - | 00 much current
E;
A l! s  Welding too fast
: s Incorrect welding technique
Nl {Iﬁhlﬂ j
i Wi |
| | Name Overroll
- Incorrect weld sequences (under or over welding) (b) |
(ause(s)
- Praor il Lp ey
s [lectrode too large
s  Welding speed too slow.
s Incorrect electrode angle g
a I  asaali
|i- o A
|j |
| "\ (¢c) Name Misalignment
. " (ause(s)
| M v
®* Incorrect weld procedure.
= (Careless preparation.
/ FATS A " o | | 'l
= Too few tack welds
e« Using wet or damp electrodes
e  Welding over oily or greasy surfaces. s :
- : of (d) Name. Foxcess penetration :
e Using wrong type of electrode. |
| | Cause(s). |
= [ncorrect preparation.
Section 14 2 _ A 1S o
e =  Amperage too high.

®* [ncorrect welding technique.

(a) Weld parts

i
(B) Weld face (¢) Name: Incomplete penetration '
\ Reinforcement (C) Toe ('fl'e'i'.\("(.\) % H
— L ® Incorrect preparation. ‘
k /] L " Amperage too low.
\ /J‘f - . J :

& 7 ] ® Arc length too long.
(D) Rool penetration !

(f) Name: Lack of fusion

Cause(s):
(h) We narats LY, |
b) Weld preparation = Not enough amperage.

® Incorrect joint preparation.

- = Ta ' . : Y Yiapr> 7, »
g i ik Incorrect welding technique.
(B) Root face :
e & (g) Name: Inclusions
e ‘ Cause(s).
® [Faulty joint preparation.
g — (C) Root gap S

Not enough amperage.
® Poor cleaning of prior runs.

(h) Name:  Porosity
Cause(s):
®* Damp or old electrodes.
* Electrode incompatible with parent metal.

N &
- I &
|h‘. % 4
f i
¢
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(1) Name Cracking

s SAMPLE ASSESSMENT (THEORY)
s Insufficient weld deposit. ’

s [nsufficient pre-heat.

s [ncorrect electrode. AR

o0 pass this assessment event, you are required to correctly answer eighteen questions

uggested time: ! hour

The electrical supply required to power an alternating current (a.c.) welding
transformer is:

secondary current
open circuit voltage
welding supply
primary supply.

4 = Alternating current (a.c.) welding machines are preferred to direct current (d.c.)
machines because they:

are cheaper to purchase

operate at a lower open circuit voltage
will run all electrode classifications
are the only type suitable for site work.

)i An electrical conductor is used to-

resist current flow
insulate cables
carry current
prevent shock.

l. A person operating a welding machine will receive an electric shock if
the person forms part of the circuit
the person is damp or wet
a.cC. current 1s used
high current is used.

|
:
'?_
T‘F E ; 120 NFO1 Manual M'st::d‘:;f 3::2&%: ) Manual Metal Arc Welding 1
—susti 1997 tudent Workbook 121
Decer ecember 1997
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urpose electrode 1s: | g
o0 -
100
120 »
140 g

——

Sample assessment

Sample assessment

-
The most effective method of reducing your intake (breathing in) of dangerous -_

3 : ' . : ! ' . & = . ]
fumes when welding coated materials 1s t0: 10. Arc voltage is measured when the welding machine is operating:
] useaw ell \:..-C‘_[]Eflﬂ[-cd workshop : st the pOSitive terminal.S
- \-\{:fd L‘!Uldﬂﬂrs :I-r at the prlmary connection
] useafan " between the work and the work bench

—1 use a respirator. "" between the electrode and the workpiece.
A metal that generates dangerous fumes during welding 1s: 11. E4112 and E4113 electrodes are classified as:
cellulose
rutile

cadmium
low carbon steel

hydrogen controlled
iron powder.

] silicon
—] cast 1ron. -

~ 12. An alternating current (a.c.) welding machine is called a:

The filter lens used for general purpose MMAW is a shade:

4 transformer
6 rectifier

8 inverter

10. generator.

13. An advantage of a direct current (d.c.) welding machine is:

1
|
|

ty cycle is specified for welding machines so that the operator will know the:
lower plant cost

lower operating cost

greater capacity

the ability to run all electrodes.

maximum amperage of the machine .
maximum voltage of the machine
maximum temperature range
recommended output (amps) over 5 minutes. K

14.  List four major types of hazards associated with arc welding processes.

approximate operating current (amperage) for a 4.0 mm diameter general

NFO1 Manual Metal Arc Welding 1
122 Student Workbook
December 1997
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oS,

Sample assessment

15, List two harmful rays given off by a welding arc.

16. State the names of three metals or metal coatings that produce harmful fumes
during welding.

17 List six items of protective clothing used by welders.

|8 The sketch illustrates a butt weld in the:

| i
) N la

]

N - -':;.‘_'_-' . ‘.' 5
.. o O o v
S5 e

b -
i 3

i
.

y o LF At ,1. .

o ;" A . - -

An outside corner weld joint is joined by using a: = G :

butt weld e
fillet weld --

plug weld o
slot weld. WoT R

Butt joints are preferred to fillet welds because they: 55 AR A

have greater strength

use less weld metal sl
have easier joint preparation !
produce less distortion. el

. _ LOSEE
Slag inclusions are caused by: | Ses 3

failure to clean inter-pass runs
excessive current -
excessive arc length e ,,L s
excessive travel speed. e

Indicate the following on the sketch.

= Leg lengths
®  Throat thickness
= Weld toe

24, On the sketch provided, draw and
,;f dimension an acceptable butt joint
‘ preparation.



J

—

~ 5 |

Sketch the following weld preparations.

[

On the sketch provided, draw a fillet weld
and illustrate the following weld

defects.

-'.

L

'DE
B AL

—

[ ndercut
Overroll

Slag inclusion
[ ack of penetration

PD—I’DSI )

square butt

H

Sample assessment

126
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B 13

e e g

10.
18

B 12

14.

13.

16.

Answers to sample assessment (theory)

Primary supply.
Are cheaper to purchase.

Carry current.

The person forms part of the circuit.
Use a respirator.

Cadmium.

10.

Recommended output (amps) over 5 minutes.
140.

Between the electrode and the workpiece.
Rutile.

Transformer.

The ability to run all electrodes.

= Electric shocks
= Fumes

=  Harmful rays

=  Confined spaces
s Ultra-violet

» Infra-red

® (Cadmium
B 7iIinc
®  Paint and solvents

NFO1 Manual Metal Arc Welding 1
Student Workbook 127
December 1997




Overalls or work clothes

i R
s leather apron and/or coat
e Welding gloves
s Spats
¢ Helmet
e Spals

18. Flat position.

19. High a welding current.

20. Fillet weld.

21. Have greater strength.

22.

23.

Failure to clean inter-pass runs.

# Throat thickness

—

Weld oe

—

(¢) Double U butt




Notes

TERMS AND DEFINITIONS

ambient temperature room temperature

arc blow a deflection of a welding arc commonly occurring with
4 ! : |
direct current

parent metal metal to be joined

plug weld a weld made by depogiting a fillet weld around the
edge of a round hole in one component to join it to
another surface

pre-heating the application of heat to the parent metal immediately
prior to welding or cutting

slot weld a weld made by depositing a fillet weld around the
edge of an elongated hole 1n one component so as to
join it to the surface of a touching component

o R ¥
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4 Introduction

Gas metal arc welding is a specialised welding process. This module, Gas Metal

Arc Welding 1 (GMAW1), includes:
= the basic operating principles of gas metal arc welding
= descriptions of the types of joints used, possible weld defects and ways of

correcting them _
= an outline of the types of process variables and their effect on welding

= the theory of the gas metal arc spot welding process

The module is divided into nineteen sections that focus on the welding of low
carbon steel sheet, plate and rolled structural sections commonly used in
fabrication industries.

You must complete each related section before moving on to the next and study
the theory before you attempt the practical work.

There are a number of practical exercises that teach you to weld in the flat,
horizontal and vertical positions. You’'ll also learn to use these techniques in
industrial situations.

The flow chart below shows where Gas Metal Arc Welding 1 fits into the Metals
and Engineering course.

Welding Certificate 8
~ NF72 fuet |

L

Gas Metal Arc Welding 4 -
NF14

B 7 =

Gas Metal Arc Welding 2
NFO7

Gas Metal Arc Welding 3
(non-ferrous) NF0O6

- .
— *
il s s A

i ——

Welding and Thermal Cutting
NBBO09S

LN s
o ¥=%4a
o Eye=iLy
| |
- b bl

r

- i > I - A e - - el
1‘.' ’ 1 8 - j. [ - fy - i . .,‘1 [} :'I 2 ¥ ‘_ i = I!_'_. 1 !F -T.F. - '\E,: . i!_'.. -
TV VAN IV IANG YJil
[ = = ot o - - E A
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I

The Student workbook

In this workbook you'll find: | | |
A student organiser allocating time for each session
Background theory notes relating to the process

Review questions

Work and procedure S
Answers to the review questions

Words you need 10 know
Pages for your comments about the module.

heets for the practical exercises

Review questions
The review questions
understand and summarise what

at the end of each theory section are there to help you
you are learning and to revise important points.
teacher won't be marking them. The answers

Words you need to know
There are also pages at the back of this workbook for the new words and terms

learn in this module. Some are explained for you to give you a start.

P
L oL

Working safely is an important and essential requirement for workers in the metal
During this module you'll learn to recognise welding hazards and the

Er;— .:” :-‘ r =‘. 1 F
- ' HI
o

U

OH&S workshop practices for gas metal arc welding will be reinforced.

st the end of most practical sessions you’ll be assessed on what you've done. |f
you reach the required level of competency, no further assessment will be
necessary for these sections.

Skill practice exercises won't be formally assessed but you must make sure

ou're up to the specified standard for each of these because the skills you learn

-
sed in later exercises.

{ou’ll do 2 written competency test on gas metal arc welding theory at the end of
this module « All eat '
his module. Note: all safety questions must be answered correctly.

April 1991

-

Intro
NFO2 - Gas Metal Arc Welding 1

: Mou_le Descriptor

Learning outcomes for Gas Metal Arc Welding as stated i the Nationl

1. Explain the Operatin Gt Gt S | — |
- ing principles rel |
process. P P related to the Gas Metal Arc welding

_ 2. ldentify the welding variables associated with the GMAW process

' 3. Deposit a pad weld in the horizontal position. Spot weld. Deposit weld

fillets in the flat, horizontal ' '
. : tal and vertical position; . | |
horizontal and vertical positions. T, e W S

4. & vt | ‘ |
Set the variables and demonstrate the procedures for spot welding using

—— -

the GMAW process.

- _!-""_] ey .

P b
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Student organtser

This chart provides you with

record of your progress as you work through each section.

| Gas metal arc operating principles

2 Pad weld plate - horizontal

| Assessed

Suggested

an overall picture of the content of this module. It’'s a

hours

3.0

2.0

3. i Fillet and butt weld definitions and defects 1.0
4. Fillet weld - single run - horizontal ._1,5
5. | Fillet weld - 3 run 2 layer - horizontal 2.0
5 Fillet weld - angle to plate - horizontal 2.0
7 Effects of gas metal arc welding variables 2.0
8 Corner fillet - horizontal 1D
9 Fillet weld - sheet steel - horizontal : 2.0
10 | ~illet weld - sheet steel - horizontal and vertical | 19
11. | Comner fillet - sheet steel - horizontal and 1.5
vertical
12. | Butt weld - sheet steel - flat _ 2.0
13 Sutt weld - sheet steel - horizontal 15
14. | Butt weld - sheet steel - vertical 1.5
15. | Butt weld - 6mm plate - flat 206
16. | Butt weld - rolled steel section - flat 2.5
17. | Butt weld - 6mm plate - horizontal [ 2.0 -
18. | Butt weld - 6mm plate - vertical 2.5
19. | Gas metal arc spot welding theory "‘}\Q‘}\ 1.0
1.0

- Competency test

April 1991

‘-.QF—-:—:._—.—.—_ T—

—— T e = S =
5 3 3

Section 1

NFO2 - Gas Metal Arc Welding 1 Page 9

Section 1:

Task:

Why?

To pass:

Gas metal arc operating principles

-To understand the operating principles of the gas metal arc

welding process. This section covers learni
| | | iearning outcome 1 of
the National Module Descriptor. :

O e _—
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Section 1

rechnical informa tion

If you have any questions on this section, ask your teacher for help.

1. The gas metal arc welding process

The gas metal arc welding process is very popular in the fabrication and
~struction industries because of its advantages over other types of welding.

cO

How the process works

an electric arc is formed between a wire electrode and the workpiece. Once this is
astablished, the wire electrode is fed at a set speed from a wire spool into the arc
o form a weldpool. Both the weldpool and wire electrode are fully protected from
atmospheric contamination by a shielding gas. The wire, shielding gas and electric

Cul

Gas metal arc welding equipment

The equipment for gas metal arc welding consists of:
power source (transformer/rectifier)

wire feed unit (designed to allow the wire to feed freely and evenly)
wire rolis

regulator (adjusts and maintains constant gas flow)

flow meter (adjusts and maintains constant gas flow rate)

gas cylinder

gas shielding (protects weld from atmospheric contamination)

n. contact tip

d.
)
I"'t
d.
e

) =+

Gas metal arc
welding process

nozzle

N\

%
?
é

contact tip

/- shielding gas

electrode wire *}
[

7
7
17
IZ

I_ 4
contzct fip . : electrode stickout
1O work :" | "
k] e |/‘ e _ arc length
m g
‘Workpiece

~urrent required to form the weld are activated semi-automatically by the operator.

:
- Section 1 NFO2 - Gas Metal Arc Welding 1
, g
; Gas metal arc welding plant
Lr'
;?_
| . s
;’ a. power source b. wire feed unit
. RERY 4
i :
) rectifier wire reel T
b _
g '
‘ | d. regulator
| 2 ‘
8 transformer C. wire | |
| rolls -
Inductor . I ,
'.._'1 + o - | : .
3 ,J — ' :
4 | o [:]
; < | e. flow meter
o '
KL i
|
power cable—
. welding wire: |
B Z ?
2 g :4’ > f. gas cylinder
. 317 71e=
N
"ole Y || 9 oasshielding |
A4
~h. contact tip ; - |

2. Power source

-

that a prese

- The constant voltage
welding because of t
‘welding power suppl

(potential) power supply was developed for
he need for better arc cont Rl eIen,
y has a relatively flat volt/ampere charanterict:
~voltage level can be held across its range.

L workpiece

current through the gap
A voltage forms across




¥

NFO02 - Gas Metal Arc Welding 1 Section 1
Page 12 _
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OCV (open circult voltage) Gas metal arc welding machine

operating point

p——

B |

4y
o
@
[«
-
>

L

A current

The constant potential power supply has an
almost flat volt/ampere characteristic

Power source rating
Australian Standard AS1966 rates the electrical power output of welding machines.

The machines are classified into:
s continuous duty,
s heavy auty
= light industrial
s [imited output

standard defines each of the above classes for the output (load current, load
/0itage) at a nominated duty cycle. The duty cycle allows for the fact that in any
ve minute periog, current for welding may be drawn for only part of the time. For
=xample, ¥ welding is for a maximum of three minutes in any five minute period,
71 machine can operate up to a 60% duty cycle (3/5 x 100%). All power sources
Tust carry a nameplate which shows the equipment class and the rated output at
¢ duty cycle for its class (eg 300 amps, 32 volts, 60% duty cycle). The 100%
Juty cycle output current must also be noted.

-
S

April 1991
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3. Short arc (dip transfer) metal transfer

Short arc metal transfer uses both low currents and voltages which keep the heat
nput to the workpiece to a minimum. This transfer mode minimises the degree of

distortion and is used for sheet metal and positional welds (vertical, overhead, etc).

Once an arc is struck between the wire and the workpiece, a molten pool is
formed. The end of the wire electrode dips in the weld pool and causes a short
circuit. There is a rapid rise in temperature at the tip of the wire which melts off
and forms part of the weld. The wire is fed at a constant rate and this action is
repeated up to 200 times per second.

Typical weld conditions
Volts: 15 to 24

Amps: 60 to 210
Stickout: 6mm to 15mm

Short arc (dip transfer) sequence

3

| \

r - . . - o - 5—% }-—l& :
wire fed to short circuit rise in arc Is arc heat tip about to
waorkpiece current reignited melts the short circuit

wire tip

4. Globular metal transfer

Globular metal transfer is between the dip and spray transfer modes. The metal
~russes e arc in large irregular shaped globules. It has better deposition rates
"an dip transfer but causes spatter and doesn’t look as good as full spray transfer.

Typical weld conditions

Volits: 20 to 28
200 to 280
1Z2mm to 22mm

AMps:
SﬁC “ourt:

e ————————

e

arc

Typical weld conditions
Volts: 24 to 40

Arpps: 200 and upwards
Stickout:  15mm to 30mm

Spray transfer sequence

T
=0l

& ?“'._biz-'
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f Working range for the different types of arc , m ' ' I
| 6. Shielding gas £ |
b ‘
vallige V - Shielding gases for gas metal arc welding are important for keeping the arc stable
| J - and protecting the molten weld metal from Ccontamination during welding
l
| 40 m %‘
, ﬁ EE The major function of a shielding gas is to surround the weld zone with a protective
; ! shroud of non-reactive shielding medium This removes harmful elements from the -
| | spray arc | atmosphere (oxygen, nitrogen gas) which would give a poor quality weld deposit if
30 < ff they contacted the molten metal.
| E Typical shielding gases L
globular range iﬁ’ Typical shielding gase; uged for this process Include: %
20 - argon/oxygen/carbon dioxide
~ carbon dioxide (CO,) "
short arc N - g
I argon/carbon dioxide mixtures .
| I' i.;
10 — - The recommended flow rate for argon and argon mixtures is 14 /min (14 litres per
q , | - Minute) and 18 L/min (18 litres per minute) for CO, when used with a heated
. l || regulator |
’ 7 - 1
: T T | | = Post flow of the shieldin IS N o | idifyi ¥
\ ok 08 T SR i A | | St ow.o d gas Is needed to protect the sphdsfymg weld metal from
_, | & Contamination from OXygen, nitrogen and water vapour in the atmosphere. s

. . , , it’s possible to set parameters to
=9 >fully selecting wire speed and voltage, it’s pOSsI | : o) e
;s;aa{: f:ﬁ;ctively w?thin the three modes of transfer shown above. However, if . Comparison of shielding gases

welding parameters are set outside the three circles, your welding conditions will |

become erratic and uncontrollable. i . Gas e |
: | Carbon dioxide (CO,) low cost. high heat
Summary of gas metal arc transfer modes s Moot gl
| B by spatter
| R — N LOW PR { P
e . : e . rgon + 2 argon controls spatter
positions Volts Amps | __ :| | Improves heat INnput and )
e — S - -- . STEEL i reduces cost b
13 to 23 60 to 0.6 to light gauge R , = = d
g ,r’ ” 200 1.2mm | material | Argon + CO, | recommended when, '
| (Gp) — — - 1 T : | gi * OXygen - 9ood mechanical
| Globular | flat or 20to26 |[200to | All between dip ' | properties are essential
' ,f horizontal 280 and spray : ;
RO .. e e T
Spray flat or 24t040 | 210to 0.8 to materia |
horizontal over Smm '
_ |
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7. Wire electrodes

. ; are drawn to specified sizes during manufacture. The Qef’]‘?'t‘?]'e
Elctoce W o LA compatible with the parent material they
chemical COmDOb“[:O Electrodes also contain deoxidisers such as silicon,

i 'H:epdidqE?dfil;{u-rmmum to remove oxides from the weld pool and produce
manganese ¢ :

sound quality welds.

diameters are matched with a range of operational current to produce the
Flectroge ale LS - 4 ‘
g -ed deposition rates and welds of quality.

reqguil

> on electrode wire diameters include 0.6, 0.8, 0.9, 1.0, 1.2 and 1.6mm (solid
Commo n |
wire sizes).

| | ith CO, gases. The heater
Electrically heated regulator/flow meters are used wit , g

.
—_

stops the regulator freezing.

Nater cooled guns are used with higher current densities. These have water L
lowing through the gun body to cool the welding unit. Higher welding currents can L
o€ used with this type of gun design without any increa
weignt. The disadvantages of water cooling
ihe need for a constant water supply.

Y3

se in the gun’s size or “II‘
include the higher cost of the gun and 11

Section 1 NFO2 - Gas Metal Arc Welding 1 Page 19

9. Wire feed roll tension

Most wire feed Systems consist of
machined into its circumference, t
pressure on the wire. When
Into the gun.

two feed rolls. One is 3 driven roll with a groove
he other a pressure roll that puts physical
the drive roll rotates, the wire is fed thro |

With the wire feed running, adjust the feed roller

be stopped by slight preéssure. If the roller pressure is too light the wire will feed
erratically. Too high a pressure will cause twisting of the consumable wire and
flaking of the protective Copper coating which will clog the wire liner.

pressure so that the wire reel can

10. Burn back control

-~ Modern wire feed units have a built-in burn ba
* feeding just before the weldin
- from sticking to the work.

ck control so that the wire stops
g Ccurrent shuts off. This action prevents the wire

- 11. Inching control

;i

!
s
Y
!
!
{
»
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12. Comparison of g
metal arc welding

| Capital cost
a given output size of

welding plant

NFO2 - Gas Metal Arce Welding 1

Gas metal arc welding

Higher: more complete for

Section 1

as melal arc welding (solid wire) and manual

| Manual metal arc welding

Lower: relatively simple
equipment

Higher current densities
result in higher deposition
| rates

Deposition rates

Increased arcing times
(longer weld lengths)

Lower: length of run that
can be deposited
dependent on electrode
length

e

Consumable costs Higher: electrodes by

weight are classed as
Similar but additional costs
of gases must be
considered

Lower: allow for higher
wastage of consumables
as ends are not consumed

Operator appeal / Good:

less Cleaning
control of variables
less Stopping
| thin gauge materials
greater control

Gooa:

more portable

less maintenance

ease of machine control

- Good: standard wires
considered as hydrogen
controlled giving higher

| Mechanical properties

Deposited metal

Good: greater selection of
electrodes avallable

!

3 Check the roller size to See that it matches the wire size.

}
|

Section 1 NFO2 - Gas Metal Arc Welding 3

L

-

* Remove all burrs Or other obstructions

L | thg liner has been in use for some time See that all wire shavings, dirt and
foreign material are removed. T

®" Do not over tighten locking screws to Position the liner or they will crush it

Contact tip
Check the contact tip for:

" excessive wear

®  Spatter build up

® correct size for wire being used
" Sscrewed or tightened tip

® correct fit in the gas diffuser

Roller selection
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it alignment ‘ , . | e
reed rofler and candub elig : ~ 14. Correcting weld and machine faults
—— electrode |

-

/-___ feed rollers

s

Possible cause

Speed too slow for current:
| torch angle too low
| voltage too high

| Increase speed:

raise torch angle
reduce voltage

excessive current reduce current
[ / Current too low Increase current
/ Stickout too great | Shorten stickout
o ; | Joint preparation 100 narrow Widen preparation
[ cal P Gap too small Open ga
front view | r_r/ \ .f" | : ap 100 pen g p |
. ;‘; :hf-" — electrode = | Lack of fusion Voltage too low | Increase voltage
J ~ | Spatter (excessive)
align top to bottom

Adjustment of roller alignment

Voltage too high
| Voltage too low
Incorrect shielding gas
Insufficient inductance

Blocked gas nozzle

Reduce voitage

| Increase voltage

Check selection

Increase inductance (if
possible)

Clean nozzle regularly and

| spray with anti-spatter

Irregular weld shape

Current too high for voltage
Excessive stickout

Reduce current

| Contact tip closer to work

Wire wander ' Replace contact tip
—r— i Incorrect shielding gas | Check selection
| Travel speed too low Increase speed
pressure roll ' Excessive gas flow | Set to 14 Umin
| Welding cracking | Dirty workpiece €g grease, - Clean and degrease before
S e 85 ¥ paint, scale, rust | welding
| i Weld beads too small |
adjustment bolt s 4 . Slow speed down |
5 Weld too deep Reduce current, voltage
| | _ and increase speed
d Using wrong type of wire -
correct adjustment loose wire Highly restrained weld Revi
s : | g . evise setting u
ooth rolls aligned adjust pressure o
VN pressure roll roll down
at correct tension

oA
e y -

1‘ = | =SS .

d i . S = Ok i
t_ K ,I_‘rfl:j‘-.ar‘ l} = B i )

Excessive voltage
Lack of preheat

—

procedure
Decrease voltage

Preheat

Insufficient shielding gas

| Dirty workpiece
Arc voltage too high
| Air retained in gas shiel

ding
systems

: . Purge gas lines |
Excessive gas flow rates Set 14 Umin z 4
~ Spatter blocking gas nozzle Clean nozzle ang spray i 7

| Using incorrect type of wire

Set to 14 Umin

| (Argonshield) more if in
: windy position

Clean work thoroughly

- Reduce voltage
| Check gas connections
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Possible -cause

" ' ‘ !ncorrect machine semngs Increase heat input 4 %
Cold weld | incorrect shielding gas geplace gdas : 5

| hec d tighten | |

Bad electrical connections heck an hot ‘ :

: e answers are on page 119, you've learnt in Section 1 The t‘

i Faulty diode Only a qualified electrician 4.

can test and replace faulty

_ . Short answer questions
diodes (see Instruction

r |
| Manual) | i ' ‘ i
: . ' 1. Label the 8 pieces of equipment on the diagram below:
| | | Worn. dirty contact tip Replace contact tip |
| Jerky WiiC ( Wormn. kinked or dirty conduit | Clean or replace line i
{
ﬁ iner : ! & !
| Wire spool runs too tightly Adjust brake (see Instruction | & iy Z,
Manual) k1 \ b.
Incorrect machine settings Adjust machine parameters | - | 5o 2
_ | J | | ) | |
_ , | e *
Note: Most wire feeding problems are caused by faulty contact tips and conduit | [ )
ners. If you have feeding problems, check these two items first and replace t £ D] . d. \
f necessary. i =
5. Advantages of gas metal arc welding | B | Py I #
: B - . " & O R ~
YNe ortant advantages of the process are: : | | | > .
\o fux coating on the electrode, therefore, no slag to remove B &
| ow spatter levels ‘ = - ~
~ontinuous electrode eliminates stops and starts a} | -

' ow level smoke and fumes with solid wires

Open arc, better visibility for the operator
Maximum control of weld deposit

e —— -

2
I ]
|
s High deposition rates
|
|
»
L

0 =
\ietal recovery about 98% with gas mixtures (manual metal arc welding 80% % ?%
m: =1ZIZ1
nax) =& .
| ow hydrogen quality weld metal = é' =
s Radiographic sound weld deposit with high physical values I gé priveg:
AT 2

Added advantages of short arc (dip) transfer:
s Weld in all positions a5 __ : _ .

s Gaps easily bridged in butt welds _ - — L ] |
|

k3

|

Minimum distortion due to low heat input
Weld appearance |
Ability to weld light gauge metals (0.5mm) ' L

16. Limitations of gas metal arc welding gk

s Gas cover is blown away by the slightest breeze 2. List the 3 modes of metal transfer used
= Welding over oxides can lead to weld faults

. Degreeofe.'remwedimsettmgweldmgparameters * BT L I
s Requires knowledge of equipment trouble shooting '

In gas metal arc welding:

TAFE
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g ' Section 1 NFO2 - Gas Metal Arc Welding 1 Page 27
odes of metal transfer listed in the previous answer which would
g Of the thre@ MAsSey & ates? -
: :,,L use for the highest deposition rates 8. Carbon steel welding electrodes for gas metal arc welding are copper coated
R IEUEICY. and double deoxidised.
a. Briefly explain the purpose of the copper coating:
L ian of he 08 Te R SRR R R R R I et e e
PRSI 5505 il o £ o0 o RS b. List the deoxidisers used in the electrode wire:
e L
e Jics ode of metal transfer is shown in the diagram below? e
‘ [ | » -'f -
: 3 - i
m | f { p -
| I | w *J 9. Gas metal arc welding machines have various controls eg wire feed, gas
- &3 P T SRS M SR S purge, voltage and Inching. Briefly explain the purpose of the inching control
= L\ f, |
') /h \
2 welaing with gas metal arc and burn through starts to occur. Briefly

st s Fan "‘i
—_— '8 !
' e "

Sx[ 3 n of lowering the current (amperes) without stopping the weld: B
=N e contact tip becomes worn (too large for the wire size) what effect will
> Nave on the welding?

...........
L L] - L]
lllllllllllllllllllll
------
-

-
3
F
»
¥
| -
%
L
.
i
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lllllllllllllllllll
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g Section 2: Ppad weld - horizontal
Task: To build up a pad weld on low carbon steel plate in the
horizontal position. This Section covers part of learning
outcome 3 of the National Module Descriptor.

Why? So you'll be able to rebuild worn o defective steel structures
as required by industry.

To pPass: You'll be expected to safely deposit a pad weld on low carbon
| steel in the horizontal position to the specifications on the work
| sheet for this section.

= You must follow Occupational Health and Safety workshop procedures -
your teacher will tell you what they are.

!‘ your skin.

f

;, | = Weld only on the striker plate.

e 1

' " Leave your bay clean at the end of the session.

= Turn off bay Power points at the end of the session.

April 1991 pril 1991
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| ¥ (] wons on fillet
ists of short answer and multiple choice questio v
To pass: CO”SlSES. .(.:)..-..I.-J t~rme ann defects. You'll be tested on this

IF IN DOUBT ASK YOUR TEACHER

OBJECTIVE To deposit a Pad weld on low carbon steel plate using the gas metal
arc welding process to the requirements below
POSITION Horizontal
PROCEDURE Your teacher will demonstrate
MODE OF ARC
TRANSFER Short arc, 16-24 volts and 60-200 amps used for al positional work
METHOD 1.

Set welding conditions On scrap metal, before doing the pad weld

DO A wn
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metal arc welding: Part 1

he worn to protect you from electric
al (AS 1558, 1973)

gafety procedures for gas
&qmpment must

clothung and

orotective | A
” t;mes and hot met

es (AS 1336 and AS 1338). The

n to protect your €y

s, Filer lenses 7 yst be Wort! * v - _ ” feel an
| . ors in the follow ng table are the ninimum. If you feel any |
) » - id use darker fiters (higher shade umbers). I the surface
_ ¢ she filter rises above 100°C, for example when welding
emper e ons. you should use srers made of solid glass or glass
- - h gdyed I SErsS
: i arc welding gives +# more infrared radiation than other processes
. - eae 3 rise in filter temperature. To avoid this discomfort you car put an
_, heat absorbing Titer petween the cover glass and the filter glass.
~-c mela arc .».‘eidmg | Approx range of | Recommended filter
A OCESS welding current
[ Akminiun 250 12
cog STEE 250 - 350 13
| oer materic Jp to 150 10
j 150 - 250 | 11
I ™ !
H;:I 250 - 300 | P
;ﬁ 300 - 400 ; 13
/ over 400 | 14

. have a2 Hot Work Permit for welding in a hazardous location.

separate welding and grinding

— eoroof welding screens must be used 10
C Iso be placed 10

Suitable screens should a

- e - "s & ' 48 ~riirmMe

- - - - - & - AL :!J

- - - = | g - ' & § | i i : . i | 7 7 -
revent ultraviolet radiation from INjunng co-workers nearby.

e more salety procedures on pages 48 and 56

4
W
A

April 1991

NFO?2 - Gas Metal Arc Welding 1 Page 33

Section 3

Section 3: Fillet and butt weld definitions and

defects
Task: To understand the terms used 10 describe fillet and butt weld
joint configurations and be able to identify gas metal arc
welding defects. This section covers part of learning outcome
3 of the National Module Descriptor.
Why? So you'll be able to use this knowledge in @ workshop
environment and identify gas metal arc welding faults.
To pass: Consists of short answer and multiple choice guestions on fillet
defects. You'll be tested on this

and but weld terms and
section at the end of this module.

~ April 1991
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rechnical information

1a "m0l '-]"’\'{"f,.""‘q N t!THS 59’:“0” t*‘]at l'Sﬂlt Cleﬂr.
SAaCcNel AUl < =

-- Fillet joint
{. Introduction I

-ators must know the general terms used in the trade to describe welded
= R s section contains the universal names of specific fillet

.4 8. It's vital that you learn their correct names and know
+ SO that you can use this trade language in the workplace.

/S0 an introduction to gas metal arc welding defects. Although we
e fault Tree welds, defects can and often do occur. It's Important for
B suadis ‘0 De able to name and identify faults so that you can take steps

- - -

/)

welded joints used in the construction
Industry. It's easily fabricated ang you

can quickly deposit a weld that looks
g S good.
2. Weld joints
The catio Justry uses a variety of weld joints for a range of welded
uchres.  Soletitn GEE joint depends on:
; _ - _: Shape Of ne structure |
. the thickness of the material Butt joint This weld is a single Vv butt joint
: = strength and flexibility required from the joint | CoOommonly used on Materials between
+ oeneral appearance. S to 12mm thick. Whether or not the
Section has to be bevelled for full
_ommon welded joints used in iIndustry are: fusion depends on the thickness of
= comer fillet joints - the material. This type is the
» Tee fillet joints ? | strongest of all the welded joint
s buit joints — - designs.
. DiUg ana siot joints

- This type of weld joint is often used Plua/siot io:
| 5 for hopper construction. The plate . POvsomt

¥ edges come together easily during
fabrication and make 2 strong,
watertight weld.
' | This special type of joint is used to
fasten large flat plate sections

together without buckling.
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3. Weld positions

, Yyou may be required to weld in many different positions. Some common weld
- positions are
‘ - ral
» /artical
= horizontal
g s overhead
Weld positions
!
- overhead { |
( . ;. Welds and positions r flat edge weld
; | E - vertical fillet

honzomal

T

flat butt

flat butt

;g;
| §
| | ~— plug weld
| | overhead butt — G ;
horizontal : ‘
| | | g
}, overhead ’|ap e ~— slot weld '
? l"‘-' _ corner fillet .
| ¢ horizontal fillet i
— flat
tack weld

Note: The angles shown are those through which the joint may be tilted before it's
considered to have changed position.

April 1991
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Section 3

4 Definitions of fillet and butt welded structures

Fillet weld

"R 1. Parent metal
\_/ 2. Reinforcement
3. Fusion zone
4. Weld face
| :‘*;_H_R 5. Weld metal
ey o~ 6. Toe
.. 7. Heat affected zone
7 8. Root fusion
i
2 )

SButt weld

1) (2) 1. Parent metal
Al 2. Reinforcement
3. Fusion zone
- 4. Weld face
. el S. Weld metal
6. Toe
7. Heat affected zone
8. Root fusion
9. Penetration

let weld measurements

2. Reinforcement
10. Leg length

gl 12. Actual throat thickness

11. Nominal throat thickness

April 1991
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5. External and internal weld defects

~ Weld defects can be either external or internal.

h
[

External defects can be identified Dy looking at the finished weld. Some

" Internal defects

undercut

examples are:

= undercut or overroll (overlap)

= plate misalignment

= lack of or excessive penetration

= weld craters, blowholes and spatter
= shape and size of the finished weld

can only be observed by destructive or non-destructive testing.
These include:

= porosity

= cracks

= |ack of fusion and/or lack of penetration

porosity — overroll

lack of fusion

i E
s 1',
)
n:
(i

r':- -
i

spatier

~ Overroll: a fault at the toe of a weld. Caused

iIncomplete penetration

by molten weld overflowing onto a

- surface of unmelted parent metal which leaves an unfused area.

e -
,'—_.

i’

- Undercut: a channel or groove at the toe of the weld which results in a loss of
~ cross section area and weakens the joint.

- Porosity: a group or cluster of small round holes In a weld caused by gases being
- trapped <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>