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Small containers that have held flammable substances are extremely dangero_us if
they are welded or cut. List three of the flammable substances that are classified

as dangerous.

rEﬂiacﬁon 1
To shield the weld from the atmosphere.
A continuous wire electrode.
Oxygen and acetylene.

(a) Gas tungsten arc welding.
(b) Light fabrication, general engineering.

Submerged arc welding.

(a) Resistance or spot welding.
(b) Light fabrication, vehicle or transport industries.

To keep the surface of the metal at the required ignition temperatur

(a) Plasma arc cutting.

(b) Any two of the following:
Stainless steel
aluminium
cast iron
alloy steels
carbon steels

Section 2

}. Eyes -  protective goggles
Body -  close-fitting work clothes
gloves
safety shoes
Ventilation - open, well vertilation area or forced air ¢

Any three of the following:
| steel
copper

Y W
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Section 6

. st
greater co | Any four of the following:
welding tips
welding torch

l. =  different joint preparations
= filler metal
s  welding techniques

2. =  copper | : Any two of the following:
iy S light fabrication
: : repairs
3. Cleaning the metal's surface during welding. f:.rpm sinchingy
general maintenance
- ® copper
® steel . ®  carburising
® cast ron ®  neutral

® oxidising

3. Any one of the following:

X pa ng i : By the flame covering the weld zone
maintenance work | .

-
s leak-proof joints on small tanks _‘
s constructing furniture from hollow sections -

6 Any two of the following advantages:

s  requires much less heat input | leather gloves
®  causes less distortion head covering
s  joins a2 wide range of dissimilar metals including ferrous and non-ferrous
Section 10
Any two of the following disadvantages:
s  high consumable costs . 1 815°C
® loss of strength at moderately high temperatures (above 260°C) .
»  will corrode if in contact with ammomnia 2 release a high speed jet of OXygen on the heated section =~
7 fe Sllowing . " 0 controlling the direction of the blowpipe nozzle and combinina i
: fnyft?-’; 0 ; e°’“d13mga°“°ns°“tthmughthemm _ T

® heat
s poisonous fluxes
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: s gre 5 Any five of the following: Any four of the following:
s gre « overalls =  adjustable helmet
’ g *  Oxy-8088'es = flame resistant overalls
s leather gloves = Jeather gloves
s leather apron =  safety boots
Section 4 - Stc"{'cap pod books s  safety glasses
A =  skull cap or hat
r e Type 41 acetylene taper seat
o filles 6. PR = . . ® rays - ultraviolet and infrared
| : : ' 1.2 cutting jet hole Y ;
s weld No. 12 : nozzle size or ¢ & =  Effects - damage to eyes and skin
= Copp 7. Nozzle size: 8 Any three of the following:
s Znc Acetvlene: 100 kPa :
A ey ®  wear dry insulated boots
. 1 Cap =  wear dry leather gloves
Cleaning . metal composition ® never change electrodes with bare hands or wet gloves
. . s  cuttineg nozzle size and condition ® never cool electrode holders by immersion in water
: C :F : cas rissures ®  work on a dry insulated floor where possible
stee
s casti s sgizei f preheat flame ® never hold the electrode and holder under your arm
. ob . :
T Y s distance of nozzle from jo Section 18
) S Section 12 T :
=S O stop contamination from the atmosphere
#  |eak- ,
s const I' : E;eg s Any three of the following
®  structural
Ay two o ﬂ " boilers and pressure vessels
P— - » earth moving equipment
. ®= light fabrication (sheet metal)
yins ® general engineering
: Pre-heat
holes Eve h . x
1y tWO O yes - head shield with correct lens shade |
high ¢ safety glasses *
loss o Body - overalls ot
will c gloves =
. hea'd covering (cap or hat)
WO 0 : @) Higher eet - solid boots or shoes | Rl et
fumes == spats S i
heat (b) ?1 3 i
| (c) 30° ® | ST
isor natural ventilation
. ®  respirator
Section 14 " forced ventilation
I s flux coating Contact tip.
®  corewire
2. 6000°,
S

“
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Section 22

l. Any three of the following:
alcohol distillenes

o1l refinenes

paint factories
explosives manufacturers

=
»
»
.
s coal crushers
s flour mills
= plastics manufacturers
I Saw mills
s wheat silos
= clothing factones
g

paper mulls
Obtain a work permit.

(a) A confined working space is a location with restricted ventilation and/or

access.
(b) Any three of the following:
® tanks and containers (road and rail tankers)
®= Dbins and silos (quarries, grain handlers, mines)
=  ship hull compartments
® ducts and chutes
= pipelines (large diameters)

=  make sure there i1s adequate ventilation
®=  have an assistant outside the location watching you work
®=  have rescue apparatus on hand
®  leave gas cylinders outside the location in a well ventilated position
=  light blowpipes outside the location, wherever practicable, and remove them
from the location when not in use
®=  use low current electrical hand tools and lighting

Any three of the following:
® petroleum products

® acids

®  bitumen

s flammable solids

®  steaming
boiling
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SAMPLE ASSESSMENT (T HEORY)
ssessment event 10 (theory)

ggested time: 1 hour
 pass this assessment event you must correctly answer 3 of the 5 questions in each

i :';.f

ck the correct box.
rt 1

An inert shielding gas used in gas tungsten arc welding is:

oxygen
nitrogen
hydrogen
argon.

The welding process which uses a continuous electrode is:

0 manual metal arc welding

U oxyacetylene welding
- 0 gas metal arc welding

L) gas tungsten arc welding.

Spot welding is used for:

0 light fabrication
0 heavy fabrication
U bridge repair

0 flame cutting.

Manual metal arc welding uses:

O shielding gas mixtures L -
'D flux covered electrodes _ SO -,-"
‘U continuous bare wire electrod e et T L

€S e

0 liquid flux. _ _I-_q!f

' The welding process which uses a loose flux mixture to

LU oxyacetylene welding
U manual metal arc welding

O submerged are welding




. o e
s grec
s gre:
Part 2 | | -~
4 g ' e
: 1. Brazing flux: | D =
s diffe O shghﬂ? o S1INE
s fille [0 assists the filler metal to flow - O slightly oxidi
s weld [0 cleans the joint surfaces . e > i | .
] prevents oxides from forming while brazing 2. A braze welded joint strength is achieved through:
. copp ] does all of the above. | |
Zinc O the weld. metal thickness
2. A safety problem when brazing can be: [J capillary action
leaning O the lower welding temperature
O poor lighting - O the thickness of thc ﬁ]lermﬂ.
copp poor ventilation _
steel [0 achange from LPG to acetylene fuel gas . Braze welding is not suitable for:
cast I (] an attempt to join unlike metals. | _ _
U welding steel
T 3. When brazing, the molten filler metal is drawn between the close-fitting parts of a - 00 maintenance applications
repau joint with: - O service temperatures above 500°C
. 0 copper sheet less than 1.6 mm.
leak-| (] gravitational pull
G the creation of a vacuum
capillary action
e the melting of the parts being joined.
equL
—— 4. Brazng is ofien used instead of soldering because it is:
)Ins
{J stronger
gh a lower temperature process
S ( |
(] softer.
¢
> 5. The major element in brazing filler metal is:
1€
[ - copper
U tin
i b e
- aluminium
U iron




3.

4.

2.

% A - B ey e R R i e :"7'5-'J”' S e un e ?:;’E, 3 i
LR s [ e e R - - T i o .“:'n N W1 o RN " i b N - was NS o g L "...“ o v -
2 I." ., I[.: IL. ',:Jl_.i"‘:"“. L\ \.:. N L B s ".. ! . . N e, _' i - "' o ‘.'.‘!'- a4 -.l' ) I1I.. . o T :1- ) ) Ij' N '_. l- . . ;rq f‘{tT {‘1_. -';_':. E &Th_ :.
'T.‘{d' [ I""d - s - " " 'l F A = N ¥ i ar | £ & L T o § i i 1 i - | 1 s " _,A, ooooo
L . 5{4_-_ e - :..'l'.$ = MR ek e e e e A - . AN o i S v . L 4
.-..’"‘:'\. o g p-{ ."".""‘ LR :."‘ r wtel ;, it s g -..'- o - i i} e ) oy, - - - 4 — . . vas 4 4]

- .". L B l‘."? - :. ‘:,.
" N }*‘:. It ,_.,;:f:‘:q__s':_ -F }1:& l‘lr ::{‘.’_ o™ :.: rl:- & }’
COa '_ . du_,.: S

| -
e e
o= U o o O
e L W

O 1300°C
0 2500°C
0 3100°C
0 3900°C.

With oxyacetylene welding:

(] the parts are melted and fused together
L filler rods should not be used

L] only non-ferrous metals can be joined
[J an inert gas is used.

The colour of an oxygen cylinder is:

[J black
OO red

(J silver
] green.

Oxyacetylene welding is often preferred to other welding processes because it:

[J welds faster

[J 1s more versatile

[] 1s easier to use

0J  has no distortion problems.
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Part 6
A common fuel gas used for flame gouging is:

.

rJ

LIPS

Wn

re—
—_—
—
—
e —
—
pe—
—

Sample assessment (theory)

Sample assessment (theory)

hydrogen
oxygen
argon
acetylene.

Flame gouging 1s used on:

—
—
—
—
pre—
——
—
—_—

In companison with fuel gas cutting, the gouging process relies upon a:

| —
—
—
| —
—
| —
—
o —

low carbon steel

stainless steel
non-ferrous metals

cast 1ron.

low velocity high volume oxygen stream
high velocity low volume oxygen stream
high velocity high volume oxygen stream
low velocity low volume oxygen stream.

I'ne flame process is used extensively to:

—
| —
—
e —
—
|

| —
| —
—-

I'he angle of the gouging nozzle to the plate surface is normally:

e
-
—
-
1

L

prepare single bevel weld joints
pre-heat weld joints

remove defective welds

tnm plate edges.

ge
10°
20°
30°.

Sample assessment (theory)

Part 7
4. One function of the flux on an electrode 1s to:

(] insulate the core wire
0 form a protective slag
carry the electric current

reduce radiation.

An increase in welding current (amps) will:

make it more difficult to strike an arc

] reduce welding speed
cause the electrode to stick
increase the melting rate of the electrode.

3. Welders should:

inspect all cables for damage
always have good ventilation

wear safety glasses
do all of the above.

The temperature of the electric arc in manual metal arc welding is approximately:

EEO O

4.

160°C
800°C
2400°C
O 6000°C.

=

Manual metal arc welding:

is used for welding low carbon steel
is used for welding aluminium
can be used as a fully automatic process

uses a continuous electrode.

L 5.

O
U
O
L
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Is mMore vercas:i.

Sample assessment (theory)
Sample assessment (theory)

Part 8
Part9
l. Gas metal arc welding:
I.  When working in a confined space, the electrical equipment must be-

(J  is completely manually controlled

(] uses a tungsten electrode ] low voltage .LL
[J uses a flammable gas shield ) high voltage '
(J 1s a semi-automatic process. high amperage \

] low resistance. \

2. The welding current in gas metal arc welding is supplied to the electrode by the:
When welding is required at a saw mill:

[J feed rolls
(]  wire spool fireproof gloves must be worn
(] work all timber must be removed

the area is classed as a hazardous location
an assistant is required.

(] contact tip.

3. Excessive fumes generated by gas metal arc welding: o % g .
en working in a confined space:

(] are not harmful

] wall contaminate the weld
(]  wall require fume extraction
contain flammable gases.

an assistant is required

milk must be consumed to overcome fumes
[J table salt must be available

gas cylinders should be inside.

s

1]
——

4. The shielding gas mixture used for gas metal arc welding low carbon steel is: Before attempting to work in a hazardous location you must:

(] oxygen/nitrogen
_] nitrogen/acetylene

(] work with a mate

] 1solate the power
obtain a work permit
work only at weekend.

Which one of the following is a confined space?

(] 03to1.0mm [0 fabrication workshop
[J 0.6to]l.6mm J  building site

[J 1.0to3.0mm J  ship

[J 1.6t06.0 mm. 1 foundry.

-
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Answers to sample assessment (theory)

Part 1

l. ,-\rgon,
2 Gas metal arc welding.
3 [ ight fabnication.

Flux covered electrodes.

BN

5 Submerged arc welding.

P . . T—— . N i - i
- | € paris are melited and ficed

| I AL AUl [ USCLH *(f..’ﬂ'fhf.fr
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4. Is more versatile.
5. 3
Part 5

1. Oxidise the heated metal.

2 Melt below the melting point of the metal.

3. Machine guided cutting.
4. Brass.

5. Have a high iron content.
Part 6

1. Acetylene.

2. Low carbon steel.

3, Low velocity high volume oxygen stream.

4. Remove defective welds.

5. 30°.

Part 7

1. Form a protective slag.

2. Increase the melting rate of the electrode.

3. Do all of the above.

4.  6000°C.

5.  Isused for welding low carbon steel.

Part 8

. Is asemi-automatic process.

2. Contact tip.

3. Fume extraction.

NBB09 Welding and Thermal Cutting
Student Workbook
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art 9

Low voltage.

The area is classed as 3 hazaed
An assistant is required.
Obtaln 3 “-'Ork Ff.rm.it-

Ship.

ous location.
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TERMS AND DEFINITIONS

@ the symbol for diameter

acetone a flammable and volatile liquid used as a solvent to dissolve
and stabilise acetylene under pressure

acetylene a highly combustible gas composed of carbon and hydrogen
(C,H,) and used as a fuel gas in OXyacetylene welding and
cutting

alloy a mixture of two or more metals in solid solution

arc

an electric current crossing a gap between an electrode and the
work

automatic welding welding in which the means of making the weld are controlled
by a machine

backfire a loud popping noise caused when the blowpipe flame goes

out suddenly and re-lights from the hot work

backhand welding (rightward, backward) welding with the blowpipe flame

pointing in the opposite direction to that in which the weld
progresses - the opposite of forehand welding

backing strip material (such as metal, carbon
the root of a butt weld

blowhole a cavity in the weld metal caused by a bubble of gas becoming

trapped in the solidifying metal

blowpipe (torch) the hand held device used to mix the fuel gas and oxygen,

control the flame and direct it to where it's required

the joining of two or more metals

a welding process in which the parent metal isn't melted, but |
the joint design is similar to fusion welding - the filler metal is '

a non-ferrous alloy with a melting point lower than that of the '
metal being joined.

non-ferrous metal or alloy with am i
of the metal being joined

-
NBB09 Welding and Thermal Cutting a2 5

Student Workbook 151
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ymple ass

eSSment (theOrY)

capillary action

4.
celsius (C)
S.
Part
clear lens
I
I § combustion
Al conduction
Ob consumable

cutting attachment

cutting torch

cutfing oxygen

de-oxidising

the flow of molten filler metal between the properly fitted
surfaces of the joint

a temperature scale that registers the freezing point of water as
0°C and the boiling point as 100°C under normal atmospheric

pressure

a clear glass used to protect the filter in goggles and welding
helmets

the process of burning

the transmission of electric current or heat through a medium

material that is used for making welds eg electrodes, filler
metals, fluxes, gases

an attachment to a welding torch handle which converts it to a
cutting torch

equipment used in oxygen-fuel gas cutting designed to control
the gases for preheating and the oxygen for cutting

the jet of oxygen from the central opening of the cutting
nozzle which oxidises the preheated metal and allows the

cutting action to take place

the process of removing oxygen particularly from the weld

darea

deposition rate

diameter

the volume of metal deposited in a specified time

the distance from one side of a circle to the other measured

through the centre of the circle

downhand welding

ductility

see flat position

the ability to be permanently bent or deformed without

fracture

ferrous

a metal that contains iron

filter (lens)

a coloured lens, usually made of glass, designed to protect a

welder's eyes from glare and harmful radiation

flashback

the burning back of the flame into the torch or into one of the

gas lines

————— e

TAEE.
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flat position

flux inclusion

forehand welding

freehand flame cutting

fusion weld

I' azardous locations

horizontal welding

ignition temperature

_ parent metal

welding from above the joint when the weld face is nearly
horizontal

a chemical powder or paste which dissolves oxides, cleans the
metal and prevents further oxidisation during welding

a cavity in the weld metal containing flux caused by a
quantity of flux becoming trapped as the metal hardens

(leftward, forward) welding with the blowpipe flame pointing
in the direction of the weld, that is towards the unfinished

seam - the opposite of backhand welding

the cutting process in which the operator both holds and
guides the hand cutting torch

a joining of pieces of metal at faces made plastic or liquid by
heat pressure or both - filler metal may be used

the meaning of the term “hazardous locations” is specific and

additional to general OH&S issues related to welding &

thermal cutting in the workshop. For a full definition of the
term, refer to Australian Standard AS 1674 Part 1

welding in a position in which the line of the weld is
horizontal but the surface of the work is vertical

the temperature at which a material will ignite (burn) eg.
815°C for iron

the space left during flame cutting by the removal of metal

working by hand
a metal that does not contain iron

welding in which the filler metal is deposited from the

underside of the joint and the face of the weld is
approximately horizontal

a compound of oxygen with another element or substance -
rust and mill scale are examples of iron oxides

the process of forming an oxide eg. a section of rusting steel

a colourless and odourless gas which supports combustion -
oxygen makes up about one-fifth of the atmosphere

the metal parts being welding

- NBB09 Welding and Thermal Cutting
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flashback

capillary action

celsius (O)

clear lens

combustion

conduction

consumable

cutting attachment

catting torch

cutting oxygen

de-oxidising

the flow of molten filler metal between the properly fitted
surfaces of the joint

a temperature scale that registers the freezing point of water as

0°C and the boiling point as 100°C under normal atmospheric
pressure

a clear glass used to protect the filter in goggles and welding
helmets

the process of burning
the transmission of electric current or heat through a medium

matenal that is used for making welds eg electrodes, filler
metals, fluxes, gases

an attachment to a welding torch handle which converts it to a
cutting torch

equipment used in OXYy

gen-fuel gas cutting designed to contro]
the gases for preheatin

g and the oxygen for cutting

the jet of oxygen from the central opening of the cutting

nozzle which oxidises the preheated metal and allows the
cutting action to take place

the process of removing oxygen particular] y from the weld

darea

deposition rate

"
-
il

idmeter

downhand w elding

ductility the

frac

ferrous

the distance from ope side of a cir
through the centre of the circle

the volume of metal deposited in a specified time

cle to the other measured

see flat position

abil

ity to be permanently bent or deformed without
ture

a metal that contains Iron

filter (lens)

a coloured lens, usually made of glass,
welder’s ey

the burning back of
£as lines

designed to protect a
€s from glare and harmfy] radiation

the flame into the torch or into one of the

T, e
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flat position

flux inclusion

forehand welding

freehand flame cutting

fusion weld

hazardous locations

horizontal welding

ignition temperature

kerf
manual
non-ferrous

overhead welding

oxide

oxidisation
oxygen

parent metal
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welding from above the joint when the weld face is nearly
horizontal

a chemical powder or paste which dissolves oxides, cleans the
metal and prevents further oxidisation during welding

a cavity in the weld metal contﬁin'mg flux caused by a
quantity of flux becoming trapped as the metal hardens

(leftward, forward) welding with the blowpipe flame pointing

in the direction of the weld, that is towards the unfinished
seam - the opposite of backhand welding

the cutting process in which the operator both holds and
guides the hand cutting torch

a joining of pieces of metal at faces made plastic or liquid by
heat pressure or both - filler metal may be used

the meaning of the term “hazardous locations” is specific and
additional to general OH&S issues related to welding &
thermal cutting in the workshop. For a full definition of the
term, refer to Australian Standard AS 1674 Part 1

welding in a position in which the line of the weld is
horizontal but the surface of the work is vertical

the temperature at which a material will ignite (burn) eg.
815°C for iron

the space left during flame cutting by the removal of metal
working by hand

a metal that does not contain iron

welding in which the filler metal is deposited from the
underside of the joint and the face of the weld 1S
approximately horizontal

a compound of oxygen with another element or substance -
rust and mill scale are examples of iron oxides

a colourless and odourless gas which supports combustion -
OXygen makes up about one-fifth of the atmosphere

the metal parts being welding

153
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portability

preheat

radiation

semi-automatic
welding

shielding

slag inclusion

tack weld

tip

toxic

vertical welding

volatile

weld pool

weld contamination

weld metal

able to be moved easily

heat applied before welding or cutting begin - used to prevent
distortion, cracking and unwanted hardening

the transfer of heat through space by wave motion - all bodies

that are at a higher temperature than their surroundings radiate
heat

welding in which some of the welding variables are
automatically controlled but manual guidance is also

necessary

a process 1n which gases produced during welding exclude the
harmful elements in the atmosphere

a fused, non-metallic residue produced from some welding
processes

non-metallic material trapped in a weld
a short weld used for assembly purposes only

the generally detachable part of a blowpipe from which gas or
gases emerge for welding

poisonous

welding in a position in which the axis of the weld is almost
vertical

evaporating rapidly

the metal pool created while making the weld - it can consist
of filler metal, plate material or a mixture of both

the ox.m&mmmos of the weld pool or the generation of gas from
Organic materials which cause weakening of the weld.

metal in a welded joint which has been melted in making the
weld - the weld metal includes the filler and parent metals
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‘ Gas tungsten arc welding 1

Gas Tungsten Arc Welding 1 contains thirteen sections designed to give you:

* an understanding of the principles of this process and the hazards of using it

= the knowledge to choose appropriate welding parameters, tungsten electrodes,
shielding gases and filler rods for welding ferrous and non-ferrous materials

= a description of typical gas tungsten arc welding faults and the steps to take to

correct them
= the knowledge to assemble gas tungsten arc welding equipment safely and

competently
= practice in depositing fillet and butt welds on low carbon steel, stainless steel

and aluminium sections.

You must reach the specified competency in each related section before moving on
to the next.

In this workbook you will find:

= a student organiser allocating time for each section

* Dackground theory notes on the gas tungsten arc welding process

= review guestions at the end of each theory section to help you revise what

you've learnt
= work and procedure sheets for practical exercises

= answers to review guestions
® a page for your comments about the module.

Remember your teacher is there to help you with any part of the module you don't
understand.

Review guestions
The review questions will help you summarise what you're learning and revise the
imporiant points in each section. They’re not tests or exams so your teacher won't

Oe marking them. The answers are at the back of this workbook.

Words you need to know
You will also find a list of special words and phrases used in this module at the end

of this workbook. There is space for you to add the meanings of new or unfamiliar
terms.

Safety

Working safely is an essential requirement for workers in the metal Industries. It's
expected that you will follow all the safety procedures you've learnt from your
€xpenence In working in a welding and metal fabrication workshop.

|
|
f

e ——— P——

Gas tungsten arc welding 1

To pass

At the end of most practical sessions you'll be assessed on what you've done.
Skill practice exercises won't be formally assessed but you must make sure
you're up to the specified standard for each of these. Your results for practical
exercises will be shown by your teacher on your procedure sheets.

At ttrire end of the module you’'ll do a written competency test on the theory
sections.

To pass this module you must pass all the formal competency tests.

u |f you are assessed by your teacher as having difficulty in reaching levels of
practical competency or understanding theoretical concepts, you will then have
access to Metals Tutorial Support.

= |f you fa_il to complete a module within a twelve month period of the expected
completion date you will be asked to explain why your enrolment in that module
should continue.

Learning outcomes for Gas Tungsten Arc Welding 1 as stated i
| edint
National Module Descriptor . e

1. Describe the safety hazards Involved in gas tungsten arc welding.

Correctly assemble gas tungsten arc welding equipment.

2
3.. Explain the gas tungsten arc welding process.
4

Select the electrodes, gases and accessori : arti
: €S appropriat
tungsten arc welding task. Ppropriate for a particular gas
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7. Pertorm visual Inspection of weld samples.

6. Diagnose and rectify common faults in gas tungsten arc welding equipment. 1

e —
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Gas tungsten arc welding 1

Student organiser

This chart gives you an overall picture of the content of this module. It's a record
of your progress as you work through each section.

/ Section

hours

Suggested

Assessed

/ 1 Gas tungsten arc welding - process and
hazards

/ 2 | Lines of fusion and stringer beads - sheet 4

f steel - flat

/ 3 f Butt weld - stainless steel sheet - flat
: | (temporary backing)

--------------------
.......................................
...............................................................

;{ Butt weld - steel tube - flat (rotated)

F

4
| 5 / Power sources, polarity and tungsten
| electrodes

|

6 f Gases and filler rods
7

Fl - .

, ' Comer fillet weld - stainless steel sheet -
| ' flat

; |'

8 Fillet weld - stainless steel sheet -
| horizontal

|

9 | Gas tungsten arc weld faults

10 | Stringer beads - aluminium sheet - flat

11 | Butt weld - aluminium sheet - flat
_,r | (temporary backing)

f

| 12 | Corner fillet - aluminium sheet - flat

13 | Fillet weld - aluminium sheet - horizontal

| Competency test

1

TAFE|

Total 36 hours

Theory sections - written assessment
Skill practice section - no assessment
J] Skill competency section - practical assessment

NFO3 - Student Workbook March 1992
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Task

To pass

DANGER

Gas tungsten arc welding - process
and hazards

To understand how gas tungsten arc welding works
and the hazards of the process.

This section covers learning outcomes 1, 2 and part of
3 of the National Module Descriptor.

So you will be able to use this process safely and
competently.

At the end of the module you will do a competency

test on this topic. This consists of multiple choice and
short answer questions.

Safety

= Always wear protective clothing.

= Never leave hot metal objects unattended around the
workshop.




Section 1 - Gas tungsten arc welding - process and hazards

The process

Gas tungsten arc welding (also called TIG welding - tungsten inert gas) was
developed during World War Il as a better, faster method of welding corrosion
resistant and difficult-to-weld metals such as aluminium, magnesium and their
alloys. Gas tungsten arc welding is now used for a variety of jobs ranging from

general maintenance to extremely critical metal joining in aerospace programs.

Gas tungsten arc welding is an extension of the basic electric arc welding process
(manual metal arc welding).

Gas refers to the shielding material which surrounds the arc and moltgn pool.
Tungsten is the non-consumable electrode which conducts the electric current to

the arc. .
Arc indicates the welding is done by an electric arc rather than by gas combustion.

non-consumable
tungsten

torch

workpiece - any commercial metal — / | -
AN

weld with or
without filler e »
matenal ' Wﬁ)ﬂ)&
57 - Yy
Oorg

w

connection
inert gas shields
electrode and weld

puddle

Gas tungsten arc is an electric arc process. The heat is produced by drawing an
arc between a non-consumable tungsten electrode and the work (parent material).
The weld zone, molten weld pool and electrode are shielded form atmospheric
contamination. This inert gas shield is concentrated around the area of the arc by

a ceramic gas nozzle. Filler material may or may not be used.

Temperatures in the arc area reach 10,000°C and higher depending on the gas
shielding mixture. You will learn more about gas shielding mixtures in Section 6.

March 1992

NF03 - Student Workbook _

—

Section 1 - Gas tungsten arc welding - process and hazards

m——

Equipment

The basic components for the gas tungsten arc welding process are:
= power source
= torch with lead/gas hose
= work return lead/clamp
= gas cylinder

= regulator

= flow-meter

= tungsten electrode

= filler rod (if needed)

regulator
work return
lead/clamp flow-meter
filler
rod '-
KO
torch with B
lead/gas hose

power source

March 1992
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Section 1 - Gas tungsten arc welding - process and hazards

Power source attachments

®= pulse unit
= foot control

® remote control

tration

used for greater control of bead shape and penetration
allows the operator to vary the amperage without adjusting the
power source |

hand operated control to vary amperage or adjust pulse

gas tungsten arc welding torch

Photograph courtesy of Ceramic Nozzles Inc.

/. Gas diffuser
8. Oring
9. Orring

10. Power cable adaptor
11. Accessory kit

March 1992
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Section 1 - Gas tungsten arc welding - process and hazards

Gas tungsten arc welding torches

There are a large number of gas tungsten arc welding torches available: pencil

types which allow access to hard-to-reach weld areas, torches with flexible heads
and water cooled torches.

Torches are rated on their current carrying capacity:
air cooled 2 - 200 amps
water cooled 2 - 500 amps

Gas hoods

ceramic (alumina or silicon carbide)
fused quartz transparent type
metal (generally water cooled)

Hoods come in various shapes and sizes to suit different metals .and'applications.
Ceramic hoods are by far the most common but they become brittle in use and

have to be replaced from time to time. Small mesh screens are available to fit gas

Range of ceramic hoods

Photograph courtesy of Ceramic Nozzles Inc.

Collets

‘ Collets are used to determine the length
the electrode protrudes and to carry

current. The collet size must suite the
electrode diameter.

- - = — - —_

a = r e

Gas diffuser

A gas diffuser is used to deliver gas
evenly around the electrode.

R

Sy - - —

_W'W“ Workbook
| TAFE,




12 Section 1 - Gas tungsten arc welding - process and hazards

General purpose gas tungsten
arc welding plant

o

Photograph courtesy CIG

Assembling equipment
To assemble a gas tungsten arc plant for welding:

1 Connect the torch lead (electrode lead) and work return lead to the correct
terminals on the power source and tighten securely.

alternati | d

ating current (AC) power sources the terminals are marked
Snork/electron?de. On direct current (DC) power sources, the torch lead s
attached to the negative(-) terminals and the work return lead to the positive

(+) terminal.

2. Open the cylinder valve momentarily to blow out any dust or moisture which
may be in the gas seating valve.

March 1992
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|
3.
|
4.

'\

| S.
J.

Screw the regulator into the cylinder valve and tighten. Attach the flow-meter
to the outlet on the regulator and tighten.

Connect the gas hose from the torch to the flow-meter and tighten.

Now check all connections with a soapy water solution. If there are no gas
leaks, re-open the cylinder valve and set the flow-meter at the required flow
rate (five to ten litres per minute is recommended).

Check the tungsten electrode is the correct type for the metal being welded and
that it is tight in the collet.

Attach the work return lead clamp to the base metal to be welded.
Switch on the power source.

Set the amperage for the job and begin welding.

Blow out the cylinder valve socket
before connecting regulator, cracking-open
the cylinder valve momentarily.

@

|

Use correct key to
avoid unnecessary
strain on the valve.
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14 Segion 1< Gasang Section 1 - Gas tungsten arc welding - process and hazards
- Absence of smoke and fumes t oot ks S
s . - fumes are not produced by the gas tungsten arc
nclude: Smoke and | _ : : 2
f ov:'neeld?r:g:ﬁ?ﬁgsrisetgfl ggﬁ:fé’:f b metal contains coatings or elements such as lead or zinc. |f tl:e me{';aflu |:1 LA }
. | ' ' ‘ ntaminants, smoke an
* welding pipe, tube and hollow sections | contaminated by oil, grease, paint or other contam

= welding ferrous and non-ferrous materials. | produced by the heat of the arc. I .

| high No flux or slag
Because the process uses small diameter electrodes on low currents, a : _ _ . ‘
concentrated pcontrolled arc Is produced. This means thin materials can be easily # As flux is not required for shielding the arc, there is no slag to obstruct the
|

welded. operator's view of the molten pool or to remove between runs in multi-pass welds.
Pipes and tube and hollow sections in a range of diameters, wall thickness and f No sparks and spatter

Sizes are often welded. Some uses include: . Unlike most other electric arc processes, the gas tungsten arc process doe§n1

= butt welds on pipe lines have to transfer metal across the arc because it's added by a filler rod. This

= welding tubular frames for helicopters and aircraft process is generally spark and spatter free.

®= motor cycle frames. |

| o Welding range
A wide range of ferrous and non-ferrous metals can be welded in all posttions by ) | The process is capable of welding a wide range of ferrous and non-ferrous |
this process. Industrial materials welded include: bl materials from everyday steel to exotic and highly expensive materials used for

= carbon and low alloy steels

* stainless steel and high alloy steels

* aluminium and magnesium alloys (light metals) l
® CoOpper and copper alloys Limitations
* nickel and nickel alloys
= Utanium and other exotic materials.

l aerospace, nuclear and scientific research.
|

There are a number of limitations with gas tungsten arc process. They include:

Loss of gas cover

The gas cover is affected by the slightest breeze and the process is not used in the
field (site work) unless it’s properly screened. Inside a factory, the equipment
should not be set Up too close to open doors or windows.

Advantages | |

The gas tungsten arc welding process has a number of advantages over other
forms of welding. The main ones are: _ |
= the concentrated arc characteristics produce less distortion

nara Slow welding speeds |
* the process produces little if any smoke or fumeg Gas tungsten arc is a slow welding process but this is overcome to a degree by
* no siag or fluxes are present before or after welding

using mixed gases, or adaptin to automatic travel.
* no sparks and spatter are generated from the weld | g g Pling ©
= the process is suitable for welding many different materials.

- Weld area needs thorough cleaning
The weld area needs to be clean I inni
PR AL [ i ed well before beginning to weld, especially on

The concentrated arc allows pinpoint control of heat. The heat affected zone | alumr:nium, rtr:]agnfesiu and nilckel as these metals are affected by contaminants
, : | Mmuch more than ferrous metals.
(HAZ) is narrow and there is less distortion of the workpiece. us metals

Because of the concentrated open arc, and harmful rays there are special safety

precautions with the process. There is more information on these at the end of this | Gas tungsten arc welding is slow and Jneconomical compared with ‘Some other
section. Leam the precautions carefully and take note of what they say. Your | tp rocesses such as gas metal arc welding or mangal metal . v{eldmg The gas
health and safety and that of others working with you could depend on it ungsten arc process isn't generally used for welding material thicker than 6mm.

NFO3 - Student Workbook ' March 1992
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Health and safely hazards { | Review questions

Because the gas tungsten arc welding process has a highly concentrated arc there ' These questions will help you revise what you've learnt in Sec}ion 1. The answers
are safety precautions which need to be strictly observed for the welding are on page 79. Remember your teacher will also help you with anything you
operator’s, and other workers’ health and wellbeing. Some of the hazards are: haven’t understood so far.
® arc radiation
= electric shock/high frequency . Multiple choice questions

= asphyxiation when working in confined spaces.

diati Choose the correct answer and write the letter a, b, c or d in the box.
Arc radiation

The gas tungsten arc welding process gives off: 1. The piece of equipment for controlling the welding current when gas tungsten
= ultraviolet rays arc welding is the:
s infrared rays
= brightness (glare) a. tungsten electrode
| ' b. power source |
The rays of the concentrated arc can quickly burn unprotected skin. Protect your c. filler wire | }
eves with welding helmets fitted with the correct shade lenses. Protect other f d. gas cylinder

workers in the area from stray glare and arc flashes by screening your work.

. Gas tungsten arc welding is not recommended for use on:
Electric shock

Electric shock can be quite severe with all welding processes but with gas tungsten a. thin metal sections

arc it is effectively increased by the high frequency (HF) which is used for a non- b. tubes and pipe
touch start. There is more information on high frequency in Section S. c. non-ferrous metals D
. thick plate
Asphyxiation ] i

Welding in confined spaces (such as inside tanks, boilers and containers) produces
high levels of ozone, nitrous oxide and other gases which can cause asphyxiation.

Which of the following joints can be welded with the gas tun sten arc process?
These areas must be properly ventilated. | 9 9 9 P

a. butt joint
| b. lap joint

c. corner joint | D
d. all of the above

Which of the following metals is not normally welded with the gas tungsten arc
process?

a. tungsten
b. low carbon steel

C. copper D
d. stainless steel

B. Non-consumable electrodes used for welding with this process are made from:

' a. magnesium
b. zinc

¢. stainless steel -"
d. tungsten '

e —

T A ITAG e rilard \Ainstithnsd
ANTLA o1 Nt YYO '
L B
i | a o

NFO3G - Stwudent Workbook March 1992

In

h 1992

._‘_I_'- e




1
8 Section 1 - Gas tungsten arc welding - process and hazards

Short answer questions

6. Wr?en assegmbl{ng a gas tungsten arc welding plant on direct current (DC), to
which terminal is the electrode lead connected?

7. The gas tungsten arc process has advantages over other welding processes.
List three of these advantages:

8. List two limitations of the gas tungsten arc process:

Fill in the missing words in the following:

9. Gas refers to the — materials which surrounds the arc and molten

DOOL.

0. is the non-consumable which conducts the

electric current to the arc.

. Arc indicates the — Is done by an electric arc rather than by gas

combustion.

e
udent Workbook March 1992
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Lines of fusion and stringer beads -
steel sheet - flat

Section 2

Task To produce lines of fusion and deposit stringer beads
on low carbon steel sheet in the flat position.

This section covers part of learning outcome 5 of the
National Module Descriptor.

Why To develop the necessary manipulative skills to join a
range of weld joint preparations.

Section 2 is a skill practice exercise which is not
assessed as part of this module. However, you should
make every effort to reach the standard required. The
skills you learn in this section are used later for

exercises that are formally assessed.

To pass

DANGER

Safety

= Leam all the OH&S requirements for the gas tungsten
arc process and make sure you follow them.

= Never use trichlorethylene for cleaning or degreasing
weld surfaces. It gives off highly poisonous gases when

heated.

| = Always wear approved face and eye protection.

= Never play practical jokes when using electrical
equipment.
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Section 2 Lines of fusion stringer beads

(Skill practice - no formal assessment)

OBJECTIVE

POSITION
PROCEDURE

METHOD

REQUIREMENTS

MATERIAL

UNITS

ECONOMY

Note

IF IN DOUBT ASK YOUR TEACHER

To develop the gas tungsten arc welding manipulative
skills for welding different types of joints.

Flat
Your teacher will demonstrate.

1. Thoroughly clean weld surface and degrease ff
necessary.

. Position sheet on support surface.

2
3. Complete bead exericse and show your work to your
teacher.

4. Repeat exercise for further practice. Show your
completed job for assessment.

S. Complete your procedure sheet.

® Complete fusion of the parent metal
® Smooth regular appearance
* Dbeads to have no surface defects

2 pieces 75 x 3 x 225mm low carbon steel sheet

2

Return unused material and filler rods to the store.
Turn off the shielding gas when you're not using it.

Students will be assessed on the correct assembly of
equipment.




- Butt weld - stainless steel sheet - flat (temporary backing) 23
Section 2 - Lines of fusion and stringer beads - steel sheet - fiat Section 3 I Er

Section 3 Butt weld - stainless steel sheet - flat
(temporary backing)

= Task To deposit single run butt welds on carbon and
= stainless steel sheet in the flat position.
QO
4 This section covers part of leaming outcome 5 of the
5 National Module Descriptor.
L
g‘ Why So you will be able to competently weld stainless steel
3 d sections together in the flat position as required by
0 industry.
e
Ay
To pass You will need to complete a single run butt joint on

stain.less steel sheet in the flat position to the
requirements on the work sheet.

= Check your equipment before you use it.

March 1992
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Section 3 Butt weld stainless steel sheet - flat (temporary backing)
(Formal assessment to pass)

IF IN DOUBT ASK YOUR TEACHER

OBJECTIVE To deposit a single run butt, weld on 1 to 1.6mm stainless
il steel using a temporary backing bar.

POSITION Flat
PROCEDURE Your teacher will demonstrate.

METHOD 1. Thoroughly clean weld surface and degrease if
necessary.

. Assemble and securely tack weld the workpiece.
. Dress tack welds.

. Complete welding exercise and show your work to your
teacher.

. Cut and relocate for further practice.

. Repeat exercise and show your completed job for
assessment.

. Complete your procedure sheet.

H W

o O

\l

REQUIREMENTS correct alignment, assembly and tacking of the job

smooth regular weld contour

angular distortion 0° to 5°

penetration to be no less than 20% of the total weld
length

to have no more than 2 significant defects per 150mm
of weld length with an accumulated defect area of less
than 4 times the square of the material thickness.

\
— cut and relocate

MATERIAL 4 pieces 75 x 1 to 1.6 x 150mm stainless steel sheet
UNITS 2
ECONOMY Return unused material and filler rods to the store.
| Turn off the shielding gas when you're not using it.
tacks at 25mm pitch
NF03 - Gas tungsten arc welding 1 25
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Section 3 - Butt weld - stainless steel sheet - flat (temporary backing)

Section 4 - Butt weld - steel tube - fiat (rotated)

Section 4

Task

Thls smen GW'fC :.i; - ninc e b

To pass You will need to

tubular steel section in ma flat ’;é ki L T
requiremm on m work st “ aiﬁ- -. ol it
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Classification:

3
4

-*—

: Doesn’t comply

amps

Section 4 - Butt weld - steel tube - flat (rotated)

Weld current data
amps

| Run:
Material data

1
2
Type:

Thickness:

Surface cleaning:

Pre heat temperature:
Ceramic hood size:

Complies

!

|

nment, assembly and tacking

1g data:

;e brand
current:
electrode:
B size: &

e profile
hielding gas:
I/min:

er rod
rrod: J

it

Jlar contour
yrtion

ation

tion 4 Butt weld - steel tube - flat (rotated)

ICEDURE SHEET
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; Section 5 - Power sources, polarity and tungsten electrodes '.'l

Notes ’r B T W T g e Ly

SECtiOI'I 5 Power sources, polarity and tungsten
electrodes

Task To understand the power sources, polarit_y and
tungsten electrodes for welding steel, stainless steel

and aluminium materials.

This section covers part of learning outcome 5 of the
National Module Descriptor.

Why So you can use this knowledge in a practical workshop
environment and select appropriate operating
variables.

To pass At the end of the module you will do a competency

test on this topic. This consists of multiple choice and
/ short answer questions.

March 1992
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Power sources

| | ' iternating
The power sources for gas tungsten arc welding provide either an a
current (AC) or a direct current (DC) or a combination of both. A high frequency

HF unit can be built into the power source or obtained as an add-on unit.
= ACHF transformers

= DC generators
s AC/DC HF transformer rectifiers

® |nverters.

Gas tungsten arc welding power sources are fitted with high frequency (HF) so the
arc can self start. Self start or non-touch start means the arc can be ln.mated
without the electrode having to make contact with the workpiece. There is more

iInformation on HF later in this section.

ACHF transformers
ACHF (alternating current high frequency) transformers produce a safe and

adjustable alternating current for welding. This type of mach_ine IS generally used
for gas tungsten arc welding aluminium, magnesium and their alloys.

DC generators |
OC (direct current) generators are designed to generate an adjustable direct

current for welding ferrous and non-ferrous metals. These machines are not often
used today because transformer rectifiers and inverters are more efficient and
popular. Generators can be fitted with portable HF units for non-touch starting.

AC/DC HF transformer rectifiers

AC/DC HF (alternating current/direct current high frequency) transformer rectifiers
are the most popular type of power source. They supply either AC or DC welding
current with HF. This power source is suitable for welding all metals, both ferrous

and non-ferrous.

Inverters
inverters are a newer type of power source that is lighter, more portable and multi-

functional. Inverters can be used for different types of welding processes. They
are designed to produce DC current. More specialised and expensive types
provide AC current.

NW'MWO”@M\—\MZ

Section 5 - Power sources, polarity and tungsten electrodes

Polarity/current

When using direct current the gas tungsten arc welding process you nged to select
the correct polarity for the material to be welded. Choosing a polarity is an
important part of the welding operation because it affects the operating
characteristics of the arc, heat input and level of weld penetration.

= DC (-) negative

= DC (+) positive

= AC-HF.

DC (-) negative

DC
welding
power
supply
|
h
Lt L
" } gas @ electrons
ons /| © O
L T e
| l
work

DC straight polarity
(electrode negative)

DC (+) positive

DC
welding
power

Supply

|
|
"‘I‘.I-.‘.-‘-'l
S s
i. #
»ig
:I Ih.
M 1'-1".2
‘lr.-
A AR
Rl
i'-‘
| —
I L]
|

DC reverse polarity
(electrode positive)
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When using DC+ polarity the electrode (torch) is connected to the positive terminal
and the workpiece to the negative terminal of the power source.

The electrons flow from the workpiece to concentrate about two thirds of the heat
energy into the electrode and the remainder into the workpiece. This causes
electrode overheating and much shallower weld penetration and so DC electrode
positive is seldom used. It requires larger size electrodes on lower currents to
prevent the electrode melting into the weld pool.

AC-HF

— welding
power
. SUPply

| &
o o | =

| J* ions / @D %E electrons
re& o

work

AC-HF gives a weld penetration characteristic between that of DC negative and DC

positive. s electrical cleaning action makes it ideally suited to welding aluminium
and magnesium alloys.

Exampies of arc and weld penetration characteristics

DC (+) positive

AC alternating current

NFOS - Swdent Workbook
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High frequency systems

: : : . rces
The term high frequency, as applied to welding processes and power sou :
usually refers to electrical pulses in the frequency range of 50,000, to 3,000,000

hertz (cycles) per second at very low amperages. When high frequency is
switched on a superimposed secondary voltage is passed through the welding
circuit.

High frequency is used to provide:

1. Arc stabilisation with AC current. When an AC sine wave passes through
zero the arc cuts out, high frequency provides stable re-initiation of the arc

which produces very smooth arc conditions.

2. Gas ionisation. High frequency when used in conjunction with GTAW
provides high voltage at the tungsten tip. Since the ionisation potential of
Argon is low the high frequency voltage does create an improved ionised gas
path for the welding current to follow.

3. Arc initiation. High frequency energy, by ionising a gas path between the
electrode and work piece in GTAW bridges the physical distance making non
touch starts possible.

4. High frequency efficiency. To maintain high frequency efficiency it is
necessary to accurately maintain the contact points in the high frequency unit.
Qualified electricitians are responsible for the service of the points unit.
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X
] Tungsten electrodes
‘h/ Tungsten (chemical symbol W) is a very hard, silver-grey metal which has the
highest meiting point (3410°C) of all the metals and stays hard even when red-hot.

e, metal arc welding. They are not flux coated, do not melt in the arc or leave a slag
cover over the finished weld.

Gas tungsten arc electrodes will melt if they are the wrong type or size, if
> Ia v Excessive current is used or if the argon runs out or is turned off, if any of these
;e &C Situations occur; thin particles of tungsten can be transferred across the arc into the
um weld pool.
Irc

There are four main types of tungsten electrodes used with the gas tungsten arc
' pends on the metal being welded and the current/polarity

used.
j The four tungsten electrodes and the recomm

® pure tungsten (ACHF or DC(-))
= thoriated tungsten (DC(-))

® Zirconiated tungsten (ACHF)
® ceriated tungsten (ACHF) and DC(-)

ended current/polarity for each are:

Pure tungsten

Pure tungsten electrodes were the first used for gas tungsten arc welding but are
rarely used. |

Improvements have been made to tungsten electrodes with the addition of alloying
elements such as thorium, zirconium and cerium.

Thoriated tungsten

Thoriated tungsten electrodes contain a small percentage (up to 2%) of thorium

oxide which improves the qualities of the electrode. These electrodes are used
with direct current on negative polarity (DC-).

Zirconiated tungsten

Zirconiated alloyed tungsten electrodes are useful because they form a balled tip

and resists oxides. These electrodes are used with alternating current high
frequency (ACHF).

Ceriated tungsten
Ceriated electrodes contain small percentages of cerium which combine the

features of both the thoriated and zirconiated type electrodes. These electrodes
can be used on both ACHF and DC negative.

Section 5 - Power sources, polarity and tungsten electrodes

Electrode preparation

It's most important that you prepare electrodes properly before use. The size and

shape of the tip depends on the amount of current that has to pass through the
electrode.

When using low currents on thin metals’ grind the electrode to a point. The length
of the point can be about two to three times the diameter (thickness) of the
electrode. This is for electrodes up to 3.2mm diameter.

>‘ 2103xD =

When using higher currents taper the electrode to about twice the diameter of the
electrode and leave the tip flat.

Ball zirconiated electrodes by grinding a shorter taper; about a 45° angle with a flat
tip about half the diameter as shown below.

Before beginning to weld, draw the arc between the electrode and a striker plate to
allow the tip to ball. Copper is an excellent striker plate.
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Section 5 - Power sources, polarity and tungsten electrodes
| s

Grind thg electrode with the grind marks running lengthways on the tip as shown in

the previous examples. If you grind the electrode round the tip (as shown below), ( Review questions

Small particles of tungsten may break from the electrode and be thrown across the L
arc to contaminate the weld metal. When low amperes are used the arc can These questions will help you revise what you've learnt in Section 5. The answers
wander by following the grind marks around the tip. are on page 79. Ask your teacher for help with anything you don't understand.

Multiple choice questions
Choose the correct answer and write the letter a, b, ¢ or d in the box.

\ 1. Which of the machines listed below is not recommended for gas tungsten arc
welding aluminium?

a. ACHF transformers

b. DC generators

c. AC/DC HF transformer rectifiers D
4 | d. none of the above.

2. When using DC generators for gas tungsten arc welding the electrode (torch)
lead is connected to the:

a. work terminal

b. positive terminal(+)

| c. electrode terminal D
. d. negative terminal(-).

3. Which electrode is recommended for use on ACHF?

. thoriated tungsten
. chromium tungsten

zirconiated tungsten D
. nickel tungsten.

Qoo

4. When welding with low amperes on dc - the electrode is:

a. prepared to tapered point
b. prepared to balled tip

c. prepared to taper with flat tip D
d. no preparation is required.
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Short answer questions

5. About two thirds of the heat of direct current (DC) comes from which terminal?

6. When using the gas tungsten arc process on ACHF._ the high frequency has
some important functions. Name one of these functions:

7. List three different types of electrodes used for gas tungsten arc welding.

8. When using ACHF, the positive (+) half cycle has an effect on aluminium.
What is this effect? |

3. With the aid of a sketch show the correct preparation for a zirconiated tungsten
electrode.

10. List two advantages of using zirconiated electrodes:

NFO3 - Student Workbook March 1992
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Section 6 Gases and filler rods

Task To understand the different types of shielding'gases
and filler rods used for gas tungsten arc welding steel,
stainless steel and aluminium materials.

This section covers learning outcome 4 of the National
Module Descriptor.
Why So you will be able to choose the appropriate
- consumables for welding.

To pass At the end of the module you will do a competency
test on this topic. This consists of a series of multiple
choice and short answer questions.

DANGER

Safety

" Make sure adequate ventilation is provided when welding
In confined spaces. '

| = Always wear non-flammable clothing and footwear.
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Shielding gases and their uses ‘ Section 6 - Gases and filler rods |
arc welding process is t0 s
Cylinder colour code

The function of shielding gases in the gas tungsten roce »
protect the tungsten electrode and molten weld pool from contamination from the
Id be serious damage to the

surrounding air. Without a shielding gas there wou :
- There is an Australian Standards colour code for gas and gas mixture cylinders

so they can be easily recognised. The colours for the cylinders used with the gas

electrode and poor gquality welds would be made.
Inert gases are generally used for this process. The shielding gases and gas tungsten arc process are:
mixtures most used are: argon peacock blue
= argon (Ar) helium middle brown
argon/helium peacock blue with middle brown shoulder
argon/helium/hydrogen peacock blue with middle brown shoulder and red band.

= helium (He)
= argon/helium (Ar/He) gas mixture
= argon/helium/hydrogen* (Ar/He/H) gas mixture

* Hydrogen is not inert. It is classified as an active gas.

shoulder

Ar
Ar&n is the most widely used GTA shielding gas in Australia. It's the least (
expensive because it’s obtained from separating air during the oxygen and nitrogen
distillation process. Argon produces a moderately hot arc and is suitable for
welding all metals. It has the slowest welding speed of all the gases and gas

mixtures but the best arc starting characteristic.
colour code to

indicate main gas

Helium
Helium is the most expensive inert gas used in Australia because it’s imported from

North America. Helium produces a hotter arc and deeper weld penetration than
argon. [t can be used on all metals.

Argon/helium mixtures
Argon and helium are mixed together in varying percentages to form a range of

gases suitable for welding different materials. Either one can be the base gas.
The greater the percentage of helium, the hotter the arc temperature. For
example, three parts argon to one part helium produces a hot arc especially good
for zZluminium. Mixed in the opposite proportions, the arc is very hot with high
welding speeds and rapid melting of the metal (without the need for pre-heat) and
broad deep penetration. This mixture is an economic alterative to pure helium.

It’s used for mproving weld speeds, penetration and the shape of the weld.

Argon/helium/hydrogen mixtures
The three-gas mixtures produce a hot stable arc for welding steels (low carbon and

alloy), stzinless steels, some copper alloys and nickel. They produce a very hot
o,

arc and better welding speeds than argon/helium mixtures. As the hydrogen
content is more than 1%, these mixtures are no longer inert. The relatively small :
ry

amount of hydrogen doesn’t damage the parent material or tungsten electrode.
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*’"9_ Regulators and flow-meters u Filler rods

Regulators | . . Good quality welds with the gas tungsten arc process depend on matching the type
?U" The main function of the regulator is to reduce the high pressure from thte cyllrr;der of filler rod to the parent metal and the size of the rod to the size of the weld. The
" 0 a sale and usable operating pressure. Regulators used for gas tungsten a composition of the filler rod should be as close as possible to the parent material.
’ welding are pre-set to a maximum output pressure of 200kPa. |

~  Low carbon steels

They are colour coded, usually peacock blue, and have a right-hand threaded

connection. alloys of low carbon steel. These are usually described as semi-killed which

means the steel has been de-oxidised during manufacture but can still contain
oxygen which may cause problems during welding. Gas bubbles can form in the
weld puddle and be trapped in the finished weld as porosity.

The gas tungsten arc process is particularly suitable for the various types and
Flow-meters
=

A flow-meter is a device used to control the

ieldi h the torch to the ~The solution to this problem is to use filler wire containing de-oxidisers such as
:Jlg::to;fsar;gg]gg gl?lsc‘)\fa:g:?ers have an - silicon (Si) and manganese (Mn). This is called double de-oxidised rod. A third
adjustable valve' a float and a transparent ~ de-oxidiser, aluminium (Al), is sometimes added and this known as triple de-
’ p L
plastic or glass tube to indicate the amount of 'I' ~ Oxidised rod.
me ed in litres/min) used durin : |
?vae?d,(ng g ) g ~ Filler rods for welding low carbon steel are generally colour-coded and are
' ~ available in diameter (&) 1.6mm, 2.4mm and 3.2mm.
The valve is adjusted to the desired gas flow 1 _
rate. This is indicated by the level of float in . Stainless steel | - :
relation to the litres/minutes reading on the - The most common stainless steel for fabrication and welding are the austenitic
transparent tube. ~ stainless steel grades. Filler rods for welding these steels contain varying
ﬁ' percentages of chromium (Cr) and nickel (Ni). The 18/8 Cr/Ni is one of the most
popular.

Austenitic filler rods are stabilised with small additions of niobium (Nb) and
Molybdenum (Mo). These stabilisers are added to prevent carbide precipitation
(loss of chromium) in the heat affected zone (HAZ) area of the weld. Stabilised
austenitic stainless steel filler rods are available in 21.6mm, 2.4mm and 3.2mm.

Example of a regulator used
for gas tungsten arc welding.

Aluminium

Aluminium filler rods are available in different grades and sizes for many uses.

When welding aluminium, it's important to select the correct grade or series
number filler rod to suit the composition of the parent material.

Pure aluminium is used for the welding exercises in this module. To weld this
grade of material you will need a 1000 series (pure) aluminium filler rod.

1000 series, pure aluminium filler rods are available in @1.6mm, 2.4mm, 3.2mm
and 4.8mm.

March 1992
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Review questions §  Short answer questions a3

These questions will help you revise that you've learnt in Section 6. The answer

1. Shielding gases have an important function in gas tungsten arc welding. Briefly
are on page 80. Talk to your teacher, if there's anything you don't understand. | |

describe that function:

Muiltiple choice questions

Choose the correct answer and write the letter a, b, cordin the box.

1. The most common gas used for shielding with the gas tungsten arc welding
process is:

a. argon

b. carbon dioxide
C. acetylene

d. oxygen

2. Briefly describe what is meant by the term inert:

2.  The cylinder colour for helium is?

a. peacock blue
b. black
C. middle brown
d. maroon
3. Which of the gases/gas mixtures in the list below is not an inert gas? 4. Filler rods used for welding low carbon steel contain de-oxidisers to ¢ iminate
porosity from the weld metal. Name two: J S L
) -

—’ R

: : | 5. Stainless steels can be stabilised to prevent arbide pre
% The function of the gas regulator is to: the stabilisers that are used for this purpose:
a. regulate the amperes to the torch .

D. lower the volts from the power source
C. deliver gas to the torch D »

A
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48 Section 6 - Gases and filler rods -._r Section 7 - Corner fillet weld - stainless steel sheet - flat .t
Notes 1
N SeCtIOI'I 4 Corner fillet weld - stainless steel
sheet - flat
..' Task Deposit single run comer fillet welds on stainless steel
sheet in the flat position.
This section covers part of leaming outcome 5 of the
National Module Descriptor.
Why So you will be able to competently weld stainless steel
4 sheet sections together in the flat position as required
by industry.

To pass You will be expected to complete a single run corner
fillet weld on stainless steel sheet in the flat position to
the requirements on the work sheet.

|

| F
Safety
= Follow all the OH&S safety requirements
= Protect your eyes and skin by wearing proper safety

clothing.
= Use screens to protect others from arc rays.
L
(
— — - o March 1992
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Section 8 - Fillet weld - stainless steel sheet - horizontal
Notes

Section 8  Fillet weld - stainless steel shee

horizontal b
Task To deposit single run fillet welds on stair |
sheet in the horizontal position. y -
This section covers part of learning outcome 5 of the e =
National Module Descnptor - A
( | Why So you will able to competently weld stainless mel

sheet in the flat positio

nasrequh'edby""j__; A }




PROCEDURE SHEET

Section 8 - Fillet weld - stain

less steel sheet - horlzontal

IR - e e TR

e e e —

’ Section 8 Fillet weld - stainless steel sheet - horizontal

|

—

#
ledln_g dafu:

Machine brand - r Weld current data
Run:
Type of current: 1 amps 3 amps
| Type of electrode: 2 amps 4 amps
» L )r =
/ Cleckode size: © Material data
r,' Electrode profile Type: Classification:
;{ TP of shiskiing gws: Thickness:
' Flow =
| R S— Surface cleaning:
T fi b
| ke Pre heat temperature:
,f Size of filler rod: @ Ceramic hood size:
L t.
rA_ssf.:ammm : Complies Doesn’t comply
Corectaigment assembly andtacking | |
Smoot reguar cantour R———
Arguiar dsorton - |
Weld defects

—

S

on 8 Fillet weld - stainless steel sheet - horizontal

t to pass)

IF IN DOUBT ASK YOUR TEACHER

To deposit a single run fillet on 1 to 1.6mm stainless steel.

OBJECTIVE

POSITION

Horizontal
Your teacher will demonstrate.

PROCEDURE

1. Thoroughly clean weld surface and degrease it

METHOD

4. Complete welding exercise and show your work to your

5. Repeat the exercise and show your
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Section 9 - Gas tungsten arc weld faults
Section 8 - Fillet weld - stainless steel sheet - horizontal

nes

Section 9 Gas tungsten arc weld faults

Task To recognise gas tungsten arc welding faults.

This section covers learning outcomes 6 and 7 of the
National Module Descriptor.

Why So you will able to identify problems and take
appropriate corrective action.

( To pass At the end of the module you will do a competency
test on this topic. This consists of a series of multiple
choice and short answer questions.

Safety

* Always make sure there is adequate ventilation in your
work area.

_ _ -

| = Never leave hot metal objects unattended around the
1 \ workshop.

o March 1992 |
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Section 9 - Gas tungsten arc weld faults

Review questions

(o)
@O
o These questions will help you revise what you've _Iearm in Seption 9. The answers
§: @ 5 © are on page 81. Ask your teacher for more help if you need it.
- — _: '
) = 5 N S oo )
= ®'8 § 7 ‘§ 5 S Multiple choice questions
= o & 00 D = ' = :
= T e 5 s £%5c@ : '
; s& ¢ E 2283 Choose the correct answer and write the letter a, b, ¢ or d in the box.
@ g ¢ > 8co8
| = 2 » © O e 8= £ =
1 /5 S s5gm 3 £ B8P . . :
w 36 582 & o _g‘_f s8¢ 1. Undercut is mostly likely caused by:
€/ 2. 8835 58egx = | i rf
O/l=3 900,3C ©o 255372 a. welding over contaminated surfaces
] ol 8>x8E8g3a o § B b. adding excessive amounts of filler rod
- 292%8£325 220035 s c. using too large a gas nozzle
. =TT 0202 ceLETO d. ‘ueind too biak idin t
i 3| E<BT<NESO J£€EQX T <O . using too high a welding curren
X = = I . = o C I
: i L
~ > ( ! : ! A :
Z f} f 2. Which of the following is a major cause of weld porosity?
=
) = o
it £ | | -5 a. using too high a welding current
c . = 8 : & b. welding in draughty conditions
S - g f 5 g mEf C. using too short an arc length
§ | | o S & = £ g d. none of the above
= [ g Q = E @ £ £
] | | _SET a ® §3 £
8 | | 2888 & © 58 S . | ,
L | |8avs 8 s §8 ¢ 3. Whﬁen gas tungsten arc welding, which of the following would correct lack of
< | / SS5N 2 S o2 T fusion?
= MNP0 ® - &6 o
1R : @ g 2 5 oz e : : :
< tos? 5 = ok b= a. Increasing welding current
O/ 3585 2 Q@ £85 = b. addi fill
5028 & SR, I . adaing more filler rod
=R S B § =82c350o3 C. Increasing gas supply
| L= s = o = S s e "y A
l AR £ ;‘? 3L %’ 853830 d. depositing larger size weld D
22545223 OBLrT2T ¢
&' w s s » _ E LI z 4 Wh
tlcp? of the following would have least influence on cracking of the weld
meta
I
| / a. lack of pre-heating parent metal
| b. using wrong type of filler rod
¢. adding too much filler rod ﬂ' —
d. using wrong type of gas
c ' '
O
- »
/ =
o
/ £
/ 7
O
-
-
=

March 1992 ' - - ——————————
m’ II .' P




——

section 9 - Gas tungsten arc weld fauits

Section 10 - Stringer beads - aluminium sheet - flat :
_ y . o

e ————

———

5. Tungsten inclusions in a weld are caused by:

a. the electrode touching the workpiece

b. using too high a current for the size of electrode
c. poor electrode preparations

Section 10 Stringer beads - aluminium sheet - flat

d. all of the above

6. Contamination of workpiece surfaces is likely to cause:

a. undercut
b. porosity

Task To deposit stringer beads on aluminium sheet in the
flat position.

This section covers part of learning outcome 5 of the

c. overroll

National Module Descriptor.

d. tungsten inclusion

7. Using too fast a welding speed will result in:

Why To develop the manipulative skills to weld a range of
aluminium joint preparations.

To pass Section 10 is a skill practice exercise which is not
@ assessed as part of this module. However, you should
:- mdm;;.rt make every effort to reach the standards required. .
o overro The skills you learn in this section are used later for
d nmpo' Os‘e ofty the above exercises that are formally assessed.

Short answer questions

8. Below are four typical gas tungsten arc welding faults. Identify each one and
label where indicated:

DANGER

CHEMICAL

S

( Safety
= Follow OH&S requirements.

® When using shearing equipment make sure y
are clear of the cutting edges.

= Never leave hot metal ohjmte aro\
without first indlcatlng to oth

= When using degraaa
- white spirit, make st tha ave a
-ventilaﬂgni s should be
from welding operations
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Section 11 Butt weld - aluminium sheet - flat

(temporary backing)

Task To deposit single run butt weld aluminium sheet using
a backing bar device.

This section covers part of leaming outcome 5 of the
National Module Descriptor.

Why So you will be able to weld aluminium sheet together
In the flat position as required by industry.

To pass You will be expected to complete a single run butt
weld on aluminium sheet in the flat position to the
requirements on the work sheet.

DANGER

Safety

= Follow OH&S requirements.

= Always keep your hands clear of cutting edges when
shearing thin materials.

= Never grind aluminium on wheels used for steel.

e e — i
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Section 11 - Butt weld - aluminium sheet - flat (temporary backing)
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70 Section 11 - Butt weld - aluminium sheet - flat (temporary s 11 e S ~EN ey L S .
Notes

Section 12 corner fillet - aluminium sheet - flat

Task To deposit single run corner fillet welds on aluminium
sheet in the flat position.

This section covers part of learning outcome 5 of the 7
National Module Descriptor.

Why So you will be able to weld aluminium sheet together
in the flat position as required be industry.

To pass You will be expected to complete a single run comer .
fillet weld on aluminium sheet in the flat position to the -
requirements on the work sheet.

Safety

" Make sure you have good ve o e
acetOne. .| pe 5 iy ) il i o) .

________

dent Workbook " March 1997

March 1992
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Section 12
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Section 12 Corner ﬁl]et - aluminium sheet flat

|

amps

amps

Classification:

3
-

Doesn't comply

——

—

amps
Ceramic hood size:

amps

Weld current data
Run:
Material data

Type:

2

Pre heat temperature:

Surface cleaning:

Complies %

Thickness:

T

H




Section 13 - Fillet weld - aluminium sheet - horizontal

— — — — —

Section 12 - Corner fillet - aluminium sheet - fiat

Section 13 Fillet weld - aluminium sheet -
horizontal

Task Deposit single run fillet welds on aluminium sheet in
the horizontal position.

This section covers part of learning outcome 5 of the
National Module Descriptor.

Why So you will be able to weld aluminium sheet together
In the horizontal position as required by industry.

To pass You will be expected to complete a single run fillet
weld on aluminium sheet in the horizontal position to
the requirements on the work sheet.

Safety

= Follow OH&S procedures.

= Always screen your work from others. '

| = Arc rays can burn, keep your eyes and skin properly
covered.




Corner fillet - aluminium sheet - flat

Section 12 .

74

Section 13 - Flllet weld - aluminium sheet - horizontal
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" Section 13 - Fillet weld - aluminium sheet - horizontal
s e e T R S s
Notes

¢

- Gas tungsten arc welding 1

Answers to review questions

Section 1 Gas tungsten arc welding - process and hazards

1b. power source

2d. thick plate

3.c all of the above

4a. tungsten

od.

tungsten

DC negative (-)

Less smoke and fumes are produced. . I
Produces a concentrated arc which leads to less distortion
No slag or fluxes are used. FONT

8. affected by wind and draughts
slow welding speeds

9. shielding

10. Tungsten
electrode

11. welding

Section 5 Power sources, polarity and tu ngsten electrodes
| by '

|

1b. DC generators

2d. negative terminal A o

zirconiated

4a. tapered point
6.



Gas tungsten arc welding 1
SR i T e ol T AR R TR ey Pl

8. To assist in the surface cleaning of the material by breaking up its oxide.

TN

The electrode should be ground to a taper twice the diameter with a flat left
on the tip to one third that of the diameter.

10. Good arc starting when used on AC current.
High resistance to contamination when welding aluminium and magnesium.

Section 6 Gases and filler rods
la. argon

3b. hydrogen

4c. deliver gas to the torch

Sd. aluminium

8. To prevent the weld and surrounding weld area from contamination from the
atmosphere.

7. The gas is chemically inactive and therefore doesn'’t break down i '
- In the arc to

8. Flow-meters are used to control the amount of gas flow to the arc via the

9. silicon
manganese

10. niobium
molybdenum

a

~ Gas tungsten arc welding 1

Section 9 Gas tungsten arc welding faults

1d. using too high a weld current

2b. welding in draughty conditions

3a. increasing welding current

4¢c. adding too much filler rod

5d. all of the above | ]

6b. porosity

7a. undercut

8.

inclusion




Gas tungsten arc welding 1

March 1992

Gas tungsten arc welding .

—— = —r s

%,

alternating current
(AC)

aluminium

asphyxiation

carbide precipitation

de-oxidise

direct current (DC)

HF ignition
spark starting

HF ignition unit

HF re-ignition
spark starting

Inert gas
(0 |
Inverter
| low carbon steel
| rectifier
| stabilised
‘9

March 1992

Words you need to know

symbol representing diameter

an electric current that regularly alters its :
direction of flow; first flowing in one direction and then
reversing to flow in the opposite direction

silvery coloured non-ferrous element that is lightweight
and non-corrosive

suffocation owing to lack of oxygen

localised corrosion along the HAZ in unstabilised
stainless steel owing to a lack of chromium

the process of removing oxygen from the weld area

an electric current that flows in one direction only

ignition of an arc by a high frequency spark
applied across the arc gap

a high voltage, high frequency electrical oscillator used to

enable an arc to be initiated without contact between the
electrode and the workpiece

re-ignition of an AC arc, after extinction at

zero current, by a high voltage high frequency spark
applied across the arc gap

a gas which will not chemically combine with other
elements

a welding machine which changes rectified DC current to
AC current at a much lower frequency; this allows a

lightweight transformer to be used before the current is
finally rectified back to DC

an iron-based alloy containing between 0.08% to 0.3%
carbon

a welding machine used for changing AC current to DC
current

a stainless steel that contains small quantities of niobium
or molybdenum to prevent carbide precipitation
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Learning Notes 7292G-1

Automotive Heating & Welding Procedures

Statement of Intent

The following notes and exercises have been prepared to help you learn the principle Opcfrauons‘and
safety procedures required when using welding or heating equipment on or around automouve vehicles

and is aimed at promoting a safe working environment.

These principle operations and safety procedures have been developed over many years and are
recommended safe working practices that will maximise protection and minimise the risk of injury to you
and others when welding or heating in a potentially hazardous and dangerous environment.

The intent of this module is to provide the learner with the underpinning knowledge and skills through
instruction and practical experiences to enable them to apply simple heating and welding Pprocesses

relative to automotive service and repair operauons.

On successful completion of this module the learner should be able to:

2 state the safety precautions that must be followed when using welding or heaung
equpment on or around automotive vehicles.

» preform the procedures involved in using heat on automotive component parts to affect
their assembly or disassembly without damage.

» use the oxy/acetylene welding equipment to lap weld low carbon steel sheeting.

’ use the oxy/acetylene cutting equipment to cut low carbon steel plate.

’ use the Gas Metal Arc Welding (GMAW) process to lap weld low carbon steel sheeting.
¥ explain the procedure for welding low carbon steel sheet with the Manual Metal Arc

Welding (MMAW) process.

This module should serve as a general guide for the more experienced trade person, and as a training aid
for those newly introduced to the trade.




Automotive Heating & Welding Procedures

7292G
. tomotive Heating & Welding Procedures Learning Notes 7 e
CONTENTS OXY/ACETYLENE WELDING, HEATING AND CUTTING
Purpose and what to leam
Introduction
Oxy/Acetylene Principle Operations and Safety Procedures |
DD ;:”"e s used for welding, heating and cutting applications The oxy/acetylene process is basically a heating process and is built upon two fundamental principles, firsuy,
= E” sona *ms 5'(;‘;-' salety the acetylene and oxygen is burnt to form a flame which is the hottest combination of any two known gases
- \.q;“ D !meﬂm . T and is capable of fusing most of the common metals and their alloys and secondly, if a stream of oxygen 1s
ehicle o\r:fmem safety directed on to a heated piece of iron or steel, it is possible to cut those metals to any desired shape. These
C mpgsendm[snage principles are applied in the workshop for the cutting of steel. The principles, safety and applicauons are:
- Damage prevention g A ; ’ :
- Qcstinms Gases used for welding, heating and cutting applications

Using Heat on Automotive Component Parts

O  Temperamre measurement ! OXYGEN (0,) \ ACETYLENE (C,H,)
Heaung effect |

. g |
O Heat for the removal of component parts ;
O Practical exercises |

Natural Occuring Gas
(21% Approx. by volume in earths atmosphere)

Manufactured Gas

( calcium carbide 1o water)
- Beanng retaining ring

- Hywheel nng gear ’ E SUStams all life.

Hydrocarbon gas. (fuel gas)
O Quesuons

" Supports Combustion. Exothermic gas.

Oxy/Acetylene Lap Welding on Low Carbon Steel Sheet |

s Weld terminology | * Combustion occurs at a higher Flame temperature 335°C..
- Butt and fillet joints | (empature.
O Practical exercise | ’ Colourless.
- Lap weld 1.6mm low carbon steel Colourless. e e .
O Questions || ) i Distinctive acnd odour.
| :

xygen - Fuel Gas Cutting ~
O Principles of flame cutting i Tasteless.
O Types of fuel gasses used
O Fuel gas hazards
O Oxygen hazards
O
O

Tasteless.

Heavier than air.

Plasma cunting process ‘
w gxﬂm;xl LR L e SR Oxygen is used industrially in conjunction with acetylene for such universal purposes as metal cutting,
_ - Y ~ S §A0 CNIRg DURR LOW LEDOR Site welding, flame hardening, flame cleaning, hardfacing and heating applications. This chemical flame
Quests combination produces a flame temperature of approximately 3100°C., making it the hottest of all flames in
Metad Are Weid commercial use.

D - o

- g?l;pgdng principles . Note: The automotive industry uses the oxy/acetylene process to aid in the service and repair

. P = I of light and heavy vehicles. This involves the use of the oxy/acetylene process for metal

. 'm_ ‘L"ap' ‘wdd S o cutting, welding, and heating applications on low carbon steel.

O Questions

12l Metal Arc Welding Process

~ Describe the procedure required to lap weld 1.6mm low carbon steel

- Advantages and disadvantages of MM AW process in automotive applications
- Questions
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" Automotive Heating & Welding Procedures

Automotive Heating & Welding Procedures Learning Notes 7292G-1
PERSONAL AND SITE SAFETY I' Personal Protective Clothing And Equipment Used For Welding, Heating And Cutting
P
= - | | :]fsgrl::s[l [;houL:_]d be suitably dressed when carrying out welding, heaung or cuting operalions and 1l 1S
/ OXYGEN l ACETYLENE . meppmcesse:t e dress be comfortable and afford proper protection from the various hazards associated with
jr [ | J
Never Never: '. lsal;:f;:;sn:’ho are engaged in practical exercises in TAFE designated practical workrooms, workshops,
| : e : Dhet T s or any area off campus site used for practical training, shall be required 1o comply with industry
, . allow industrial oxygen, under . use free acetylene gas Outside € e TAFE Commissions requirements relative to protecuve clothing and equipment.
| pressure, L0 COme into contact cylinder at a pressure exceeding L
f with grease, oil, soap or fatty 100 kPa.. ] ek;lems of personal protective clothing and equipment are required (o protect the operator and others
| matter pALLE L around the welding, heating or cutting processes from burns, scalds, ultra voilet and infra red arc
[ * use acetylene in direct contact radiauon, excessive brightness and electric shock.
| . permit oxygen cylinders 1o with unalloyed copper, due (0 the
contact any electrical circuit. possible formation of EXpLOsIYe | Students will be required to wear as a minimum standard the following items:
acetylides. .
. dust clothing down with | | o | - S T —
industrial oxygen. . use the cylmd_er in a posiuon ] Process Used Oxy/acetylene Oxy/acetylene
other than upright. | - _ Heating Welding or Cutting
. venilate the air with industnal _ | r?tec"" Item
oxygen . exceed 1/5 cylinder draw off rate ! =
| e per hour maximum. J. Clothing °
! !
l . ! —_—-=-——
| o ase industrial oxygen for _' ‘_ ‘
! “ressure testing lines or . crack” an acetylene cylinder. .: Safety Boot/Shoe
f containers. | Wear
f . check for leaks with a naked ] -
." ' exceed more than 1/7 cylinder flame. | Leather =
i draw off rate per hour maximum. f Gauntlets/Gloves
f . decant acetylene from the i —_—
| e use idustrial oxygen in place of cylinder. i Face or Head
| compressed air. | Shield . )
';‘ = . use acetylene equipment 10 Fitted with approved
= smoke in close pI'OX.lmlt}’ (o pure confined areas without adequate y ————— Shade Lens
f oL ventilation. Oxy Welding Goggles |
YE ll Fitted with approved
I : . 1
| . : Note: The standard cylinder is fitted with fusible plugs,
| exposc" S e S e which melt at 100°C., allowing the gas o escape P ' Shade Lens
| industal oxygen. from overheated cylinders before an explosion | Leather Apron _
| temperature is reached.
| Note: Oxygen i alfreestale compressed b cylinders It is possible to fll the cylinders at pressures ap Leather J o
| umwmumm) to 1550 KPa without the risk of explosion. s —
| Cylinders are colour coded - BLACK Regulator max. working gauge pressure
Cylinders are colour coded - CRIMSON.

Leather or Cotton
Hat

serious damage/injury to property and personnel-
: Legend: * Yes - No Clothing’ - Material to be Industrial Quality Cotton Drill.

without the presence of air.
Note: Protective clothing worn must be free from grease or oil.
An approved Oxy/acetylene welding or Cutting Shade Lens No. S. (GW)

An approved Electric Arc Welding Shade Lens to 200 Amperes is No. 10 (EW)




cutting or heating operation.

OXY/ACETYLENE CLOSING DOWN PROCEDURE

First shut off the torch acetylene valve, then shut

off the torch oxygen valve.
Release the adjusting screw on the acetylene gas
Open the torch oxygen valve, and let the oxygen

regulator.

Open the torch acetylene valve and release the

pressure in the line.
Release the adjusting screw on the OXygen

regulator.

Close both cylinder valves.

-
=
o
—
o
>
O
=
L
5
-

When you have finished your welding,

1.
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Automotive Heating & Welding Procedures

STORAGE OF GAS CYLINDERS

Keep all cylinders, wheather empty or full away trom radiators, furnaces, or other sourCes of heat, and from
contact with electric curcuils.

The storage area should display a warning sign nouce, DANGER- NO SMOKING- KEEP FIRE AWAY.
Close the valves of empty cylinders.

Keep oil and grease away from cylinders.

Store acetylene cylinders not in use al least 8 metres from full oxygen cylinders.

cpsure that there i1s adequale ventlauon where gases are stored.

dentify the contents Of 3 cylinder by the label and not by the cylinder colour alone.

yammable gases (acetylene) stored indoors must ROt exceed S6m’ by gas volume.

void dropping cylingers. They could burst or the valves might be broken off or seriously damaged.

viinders should never be used as rollers or supports.

PROTECTION OF PLANT AND EQUIPMENT

uipment Generally

n't work with damaged equipment If any part of the plant 1s leaking or damaged, have the repairs carried
by an authonsed techmcian. In simple terms, g1ve your welding equipment the caré you would give any

er dependable tool.

bber Hose

v use hose wiuch is designed specifically for oxygen and fuel gases. i.e. Red for fuel gases and black for
gen.

-w hose should be blown out before bemg put {NLO use.

id the use of excessively long lines of hose.

ect lines of hose from becoming kinked or tangled, iripped over, or run Over by vehicles, barrows, €IC..
ect hoses from molten slag and hot metal.

10t interchange hoses, as an explosive mixture withid the hose may be the result.

er use copper mbing in 2 hose joint. Use only fimngs of an approved type.

‘ Acelylene regulalo’
Automotive Heating & Welding Procedures

Sressure — "1’ : |

b

Regulators eyhnger

As the pressures in both oxygen and acetylene cylinders ar€
much higher than the pressures required at the welding and
cutting blowpipes, it is necessary (0 Us€ a pressure reducing
device between each cylinder and the blowpipe. This device 1S
known as a gas regulator.

The following rules should be observed:

Never have greasy hands or gloves when fitting a regulator (o a cylinder.

Important: If seating is faulty do not, under any cCircu
leakage.

Never use a hammer to tighten the nut when attaching the regulator.

Having attached a regulator to a cylinder, make sure that the tee-screw is loose before opening the cylinder
valve. |

Note: If a regulator is leaking or damaged, have the repairs carried out by an authorised technician.

Welding Blowpipe

The oxy/acetylene welding blowpipe 18 designed to mix oxygen and acetylene in the correct proporuons, and
to control the volume of gases burned at the welding up.

Operational Problems

Shutting off the oxygen first and
then the feul gas.

Backfire A load "pop" or snapping sound,
from the flame going out, and if
the metal is hot enough, will

relight the acetylene.

2. Touching the work with the up.

Operating the torch at too low a
fuel gas pressure.

A loose up.

Flashback When the flame leaves the tip
and burns back into the mixing
chamber.

Dirt on the seating surface of the

10
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tve Heating & Welding Procedures

MAINTENANCE PROCEDURES

Automo

o carrying out

oot - " " Wi ds t
~ccasions when the individual neglects to exercise "reasonable care” with regar
There are OcCCas e cevalled dhat

maintenance procedures on oxy/acetylene equipment. It 1s not until an accident happens that 1t 2
with a litle thougth, the accident could have been averted. The oxy/acetylene process has added dangefsjn
average workshop pracuces, but these can be minimised if the equipment/plant 1s kept 1n good working

condinon by regular mainicnance .

Hoses

Only use standard connecuons to join hoses (o regulators, etc..

fas
0 &
= 2
J
¢
CJ

hoses periodically for leaks, etc., by immersing them in water at working pressure. Any

Always examune 0

leakage of gas can be detected DY the presence of bubbles.

Regulators

Should be of an approved Lype.

er valve, regulator and hose connections must be metal to metal. Gas leaks can be

All joints berween Cylind
jetected on these comnections by the use of clean soapy walter.

Regulator Operational Defects

e _____________—————————__"
f Defect Discription " Remedy

1 o

" Scratched bull Leaking seat between bull nose Regul'fltor seat will need |
: nose mipple  nipple and cylinder valve. | replacing.

)____—________——————-'1-——_'——_'____1
51 CREEP Marked increase in the low Remove and replace |

] pressure gauge reading when regulator seat.

blowpipe valve is closed.

i Sarging Fluctuation or variation of the Replace regulator seat.
blowpipe flame.
Whistling or ~ Whistling or humming noise Replace worn regulator |
E Humming noise during use. seal.
FREEZING  Occurs with oxygen regulators The regulator may be
in cold weather when a large thawed by pouring on
volume of gas is being used. warm, not boiling,
waler.

11

ing Notes 7292G-1
Automotive Heating & Welding Procedures Learming e

POTENTIAL VEHICLE WELDING COMPONENT DAMAGE

Introduction

Welding is used in the automotive industry to join metals in accordance with the manufacturers/clients
specifications and expectauons.

Repairs by welding can be effected with a minimum loss of time and strength, either in the workshop or Of
the field site. Parts can often be fabricated, machined and then assembled on the vehicle.

-

A correctly executed weld has distinct advantages over other methods of joining. i.e. saving of weight,
material, cost and time. etc..

When service and/or repair on a vehicle is required, it is important, that the person carrying out the repair§ 1S
aware and exercises caution when applying heat, to minimise the risk of damage through heat conduction,

radiation and hot metal globules.

Electrical/Electronic Damage

All modern automotive vehicles use some type of electrical/electronic component part. These components
and electronic control units (ECU) and sensors are very susceptible to high temperatures.

. It is very easy to cause heat damage to electrical/electronic parts on a automotive vehicle. This damage may

occur when using incorrect methods during arc and gas welding.

a Capacitors
| . Diodes Too much heat being applied to
L v component parts may result in
| operational problems being
. Transistors inbuilt into the vehicles
functional system/systems.
‘ » Wiring
I
. Wiring Harness

Note: Any arc welding process has the potential to cause damage to the ECU and other

sensors due to high voltage surges. Precaution is essential to safe guard the
components by isolating the electrical/electronic systems. i.e. disconect the battery and

ECU harness connector at the computor.

12
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Automotive Heating & Welding Procedures

SENSITIVE COMPONENT PARTS

Introduction

. ; : : - Lfler,
The mechanical properties of metals used in the construction and design of a automotive vehicle, diff
dependent to the operational service condiuon of the preforming part.

Metals are generally selected because of their suitability, some, can be stretched, twisted, compressed, €lC.,
while others offer great resistance to these actions.

\fany metal parts have special welding procedures imposed to ensure these properties are retained after

welding

Others are subject to an engineering report to Australian Design Rules and Authorised [nspection Sltation
Rules e:ow.-ermné the use of welding in accordance with Australian Standards AS 1554 Part 1 - Welding of
Steel Structures” SP (Structural Purpose) unless otherwise specified.

Examples of sensitive component parts

— —

i — — — — —
| Component Parts L Metals Used Recommendation
| — = e
| SAFETY RELATED SYSTEMS
| Alloy Steel
' * STEERING Welding, heating,
’l) bending or deforming
' cting hould
| - C Rods or of components s
| - Tiin;;::ds be avoided if at all
{ - Pitman or Idler arms possible.
| Heat Treated Steel
* BRAKES Non-Destructive
or testing is required if
these processes are
= SUSPENSION used.
| Super Saturated steel
} - struts
- Control arms
| - Springs | |
| - Stabiliser arms :
| - Cross members |

Remember: This module only deals with the arc and fuel gas welding of Low Carbon
Steel(mild steel)

13

Automotive Heating & Welding Procedures Learning Notes 7292G-1

Painted Parts, Plastic Materials and Electrical/Electronic Units

When heat from the arc or oxy/acetylene flame contacts or nears painted parts, plastic materials and

lecmcauelecuonic units, it will melt, burn or scorch the surface The resulting fumes are also a hazard 10
operator.

o S

SHORT TERM

Material

—

PLASTIC FUMES

Eye, skin, throat and
lung irritation and

burns. (¢ Clean contaminants
from the metal to be
Suffocaton. welded for a
- J minimum distance of
Poisoning. SOmm either side of
the joint.
LONG TERM y 2

Ensure that coatings
are removed safely

Lung and colon cancer, before welding.

liver damage (from

some epoxy-coated 3.

If the coatin
metals) B O%

grease cannot be

removed, use local
exhaust ventilation
PRIMERS, PAINT, GREASE | LONG TERM and airfed respirators.
FUMES

4. Appropriate local

Cancer. exhaust ventilation.

Kidney damage.

—_—

In cases where fumes occur in welding,

ventilation. Fumes are produced when the he
and produce welding fumes, which can have

Note: Of particular danger are heavy metals and treated

Lead, Nickel, Ca
surfaces,

surfaces including, Chromium,
dmium, Aluminium, Iron oxide, Zinc, Anodised ann’ow- Coated

14




Automotive Heating & Welding Procedures

Ltaming Nﬂl'ﬂ 72920' l

Welding Or Cutting Containers Which Have Held A Flammable Substance

Introduction

Serious explosions and fires may result if welding, heating or cutting is done on containers that may not be

enurely free of flammable solids. liquids, gases and dusts. Precautions are therefore necessary and must be
taken to render containers safe for such work.

The following cleaning methods are regarded as sausfactory if properly applied.

| e s B

— — — — l_r____1 —— — —
Method ‘ Procedure
e
m
Steam The filler caps and drain plugs are removed and the contents drained. Low
Cleaning

pressure steam i1s admitted into the container which is positioned so that steam
and condensauon drains from the lowest point. The steaming process should

continue for at least a half-hour after the container has become hot to the
touch.

The filler caps and drain plugs are removed and the contents drained. The

container 1s then immersed in boiling water. Degreasing agents may be added
to the water if desired provided they will have no corrosive effect on the
container. Boiling should continue for at least one-half hour.

The following additional safety measures are recommended before welding or cutting operations are
carried out on cleaned containers, and should be applied whenever possible.

The container may be filled with water (o
a2 level st below the secuon to be cut or
welded and the area above the water level
should be vented to the atmosphere.

During cutting or welding the container I
may be kept filled with a inert gas.

i.e. Nitrogen, Argon or Carbon Dioxide. |

15
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- Prevention Methods

efore doing any welding, heating or cutting on a automotive vehicle the operator needs and assess whether
ny damage is likely occur to the component, adjacent component parts or systems of the vehicle. If there is

need to disconnect, remove, shield, clean and replace component parts, this must be done in accordance

with the manufactures workshop manual recommendations. This may involve the use of special tools and
accessories Lo achieve satisfactory repair.
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OXY/ACETYLENE PRINCIPLES AND SAFETY OPERATIONS

These exercises will help y

Ou revise what you've learnt in learning outcome 1. If you are having difficulty
10 understanding or answeri

A8 any exercises then ask your teacher for help.

Ex ercises Answers

OXYGEN (0,)

a) Why is industnal oxygen used in combination with acetylene gas?

Answer: 1)

Refer to P.4/table

b) Why must you never allow industrial oxygen, under pressure, to come into contact with grease, oil, soap
or fatry matter?

Answer:
—_—mm
Refer to PS
¢) Never use industrial oxygen in place of compressed air because this can result in a
or talang place.
Refer to PS
d) Oxygen is compressed in a cylinder to what pressure?
Answer: kPa..
Refer to PS
e) Oxygen cylinders are colour coded .

Refer to P.S

f) Why should you pever dust clothing down with industrial oxygen?

Answer:

Refer to P5S

|
I
|

Automotive Heating & Welding Procedures Learning Exercises 7292G-1

OXY/ACETYLENE PRINCIPLES AND SAFETY OPERATIONS

These exercises will help you revise what you've learnt in learning outcome 1. If you are having difficulty
in understanding or answering any exercises then ask your teacher for help.

Exercises Answers

ACETYLENE (C,H,)

a) What type of fuel gas is acetylene?
Answer:

Refer to P.4/Table

b) Never use free acetylene gas outside the cylinder at a pressure exceeding kPa..

Refer to PS5
¢) What can result, if acetylene has direct contact with unalloyed copper?
Answer:
Refer to PS
d) An acetylene cylinder is used in the posiuon.
Refer to PS
e) Why are Acetylene cylinders fitted with safety devices called fusible plugs?
Answer:
Refer to PS
) To avoid the risk of explosion, acetylene cylinders are filled to a maximum pressure of:
Answer: kPa..
Refer to PS

g) Acetylene regulators are set to a maximum working gauge pressure of

h) Acetylene cylinders are colour coded




Automogve Heating & Welding Procedures

ur teacher for help.
Exercises
Answers
d
O\YA-\CET\'LENE COMB[NATION
a) The oxv/ac

Refer to P4
chemical flame COombinag

Refer to P.4

——le s baaases S El

An acetylene cylinder valve

Answer:

c) All cohnactions used for oxygen use a thread type of:

Refer to P4 Answer:
PERSONAL PROTECTIVE CLOTHING AND EQUIPMENT

s T R

heating operations are (g be mpr;te::t:e clothing and equipment to be worn when oxy/acetylene l' d) All connectios used for acetylene use a type thread of:
Answers: L 2.
3. —_— &
S \
Refer to P.6
b) List the safery items of personal protective clothing and equipment (o be worn when oxy/acetylene
weiding or cutting Operations are 10 be carried our?
Answers: L 2
3. | 4.
5. 6.
Refer to P.6

19
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Learning Exercises 7292G-3

POTENTIAL DAMAGE TO VEHICLE COMPONENTS CAUSED BY WELDING

These exercises will help you revise what you've learnt in learni

ng outcome 1. If you are having difficulty
in understanding or answering any exercises then ask your teacher

for help.

Exercises Answers
1
a) Metal joiming problems arising in the automotive industry are often solved by what welding processes?

Answer:

-_—

Refer to P.12

b) How is damage caused to electrical/electronic component parts, by welding on automotive vehicles?

Answer:
—\

Refer to P.12

c) List six (6) different electrical/electronic component parts which can be damaged by welding?

Answers: 1. 2.

3. 4.

8 6.

Refer to P.12

d) Names three (3) different types of steels that are used in the construction and design of a
automouve vehicle?

Answers: 8
= e e R R

X
Refer to P.13

e) s welding of these steels recommended?

Answer: _
Refer to P.13

Refer to P.13
| 4 = II.:n' ) ¥

Automotive Heating & Welding Procedures

DAMAGE PREVENTION METHODS

These exercises will help you revise what you've learnt in learning outcome 1. If you are having difficulty
' understanding or answering any exercises then ask your teacher for help.

Exercises vy
l
a) Name two (2) methods in which a container may be freed of a flammable solid. liquid, gas
or dust?
Answer: )
-_—_—mmm
2.
— e e s e e n e Lo
Refer to P.15
b) What two additional safety measures, should be applied before welding, heating or cutting
Operauons are carried out on cleaned containers?
Answer: 1.
-
2
-_—
Refer to P.15
¢) Can degreasing agents be added to the water if they have no corrosive effect on the container?
Answer: Yes. No.
Refer to P.15

you achieve this?

Answer:
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Learning Notes 7292G-2

// HEAT ON AUTOMOTIVE COMPONENT PARTS

f Introduction
| During this learning outcome you will preform the procedures involved in using heat on automotive

| component parts to affect their assembly or disassembly without damage.
| In order for you to complete this learning outcome you will need to have the knowledge (0 determine,
ll‘lf‘ understand and apply practical application in \€mperature measurement. heating affect, heat for the

|| removal of components and shrink fitting.

I

Il,f Temperature Measurement

f Temperature 1s the degree of hotness or coldness measured in FESPECt to an arbitrary zero in the celsius

.“ L Gl
Il scale
{ Qur sense of determining hotness by touch is extremely inaccurate, since metal will always feel colder

| than plastic, for example, even when actually at the same (€mperature.

'J" Two methods used in the automotive industry to accurately determine ([€mperature are:

|
| Temperature crayons -
_! The operator selects the appropriate crayon and makes a mark on the workpiece, if the work is

,' it the required temperature the mark changes colour. These areé available in a range from 30°C
/ o 1650°C..

_'/r Contact thermometer
| These devices are in common use, i.e. body ‘emperature (medical), atmospheric temperature,

| ome heaung systems, cooking and engine temperatures. The thermometer is meant for use in
| the range of ice to steam. (Up to 330°C.)

[,

| One other relauvely accurate way to dertermine lemperature is the use of a pine match, which chars at a
35°C. This method is normally associated with the use in alluminium and alluminium

| a
| emperature of 3
J [

| alloys.

| Heating Effect

[0 general when a body recieves heat its lemperature rises and when heat is taken away Its temperature

| In

§ "

/
|

Lally.

When a solid recieves sufficient heat it will melt to produce a liquid. If the substance continues (o
recieve beat it will eventually boil and produce a gas.

The metals metallurgical character is affected by heat and character changes are accelerated when the
[Emperature 1s raised.

Alloy steel, hardened steel and non-ferrous metals can suffer character change if the (émperature rise is
‘0 tugh. This may result in the loss of mechanical properties by either hardening or softening the base
melal.

To further complicate matters it is quite often the situation where distortional problems occur from too
‘arge an heat input.

Heat for the Removal of Components
Metals expand when heated and contract when cooled. i.e. A speciman of low carbon steel, 1f not

‘esirained i any way, will increase its dimensions in all directions .000012 times the original
dimensions for every degree Celsius the ‘emperature rises. On cooling the dimensions will decrease a
Similar amount, so restoring the specimen (o its original size and shape before heating. The figure
000012 is called the coefficient of linear expansion for low carbon steel, and is used to calculate the
“Xpansion of a specimen of low carbon steel of any unit of length, and at any desired rise in
lemperature.

23

Automotive Heating & Welding Procedures

BEARING RETAINING RING

- :

Oxy/acetylene Information

Oxygen and Acetylene regulator pressures: 50 kPa

Heating Tip Size: 15

HEAT ON AUTOMOTIVE COMPONENT PARTS I

| ha .
0 Flame Setting: Neutral r K\
I' - BE ARG BT TaiMING e

5 Cone Length: 10mm

1Y WA g al

.’;i ' Procedure Precautions
1. Place retaining ring on refactory brick.
2. Select temperature crayon (200°C) and mark 1. Wear eye protection during heating and
r the retaining ring. Preéssing operauons.
)l 3. Apply pre-heat to retaining ring until marks 2. There must be no Space between the
i change colour. bearing and the retaining ring after pressing.
[ 4. Slide the retaining ring onto the axle. 3. Do not quench the Job after completion.

S. Press the retaining ring to the bearing face.

FLYWHEEL RING GEAR

—

L Oxy/acetylene Information

| Oxygen regulator pressure: 85 kPa.

| Acetylene regulator pressure: 100 kPa.
Heating Tip Size: 20

Flame Setting: Neutral

t Cone Length: 25mm

Procedure
1. Uniformly heat rng gear until it is €xpanded

enough to be removed. |
2. Place new ring gear on refactory bricks.

3. Select temperature crayon (240°C.) and mark
the ring gear.

| .
| 4. Apply pre-heat to ring gear until marks change
| colour.

S. Locate ring gear to flywheel and tap into place.

2. Do not overheat the
will be softened.

1. Wear eye protection during this operation.

3. Do not quench the Job after completion.

Wl GE AR
(Testn emitog tor clariy)

ring gear as the teeth
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Learning Exercises 7292G-5,6&7

Learning Exercises 7292G-5,6&7
COMPARE TEMPERATURE MEASUREMENT OPTIONS

These exercises will help you revise what you've learnt in learning outcome 2. If you are having difficulty
in understanding

These exercisl*:s will help '
| YOu revise what you've learnt in learning outcome 2 [f
| . 4 - . | You are having difficult
OF answering any exercises then ask your teacher for help. 'l understanding or 4NSWering any exercises then ask your teacher for help . 4
Exercises Answers Exercises
4 Answers
a) Temperature is a degree of measure in what arbitrary zero value? A) List four (4) items of personal ' ‘ : - :
hiedfing operaticn s p protecuve clothing and €Quipment required 10 be worn when carrying out
Answer: ——
s L IR (NPT A
Answer: 1.
Refer to P.23 \ p A
J. 4
b) Name two methods used in the automouve industry to accurately determine temperature? s -
Answer: ' A —— Refer to P.6 7292G-1
2. ' | -
T ———————————————————————————— ( b) Wha[ I)fpe Of ﬂame Semﬂg IS I'eqmmd When Ca_n'ying out hear.ing operaﬁonsr’
Refer to P.23 Answer:
HEATING EFFECT ON MECHANICAL PROPERTIES Refer to P.24
AND METAL DISTORTION ¢) If overheating of the occurs, what will happen 1o the ring gear teeth?
E.tercises Answers AnSWer:
! \
a) What is likely to accur if the temperarue rise is too high for alloy steel, hardened steel or non-ferrous ; Refer to P.24
. al 1s not recommended after completion of the job?
Answer:
e Answer:
Rfcl' to P-23 :
b) If too large an heat input is applied, this will quite often result in a situation where what occurs? ( ) 0 4 -ty
€) Une method used to remove a ‘
manifold stud fro
| M a cylinder head is by the
Refer to P.23
Refer to P24
c¢) Metails when heated, if not restained in any way, will increase in dimensions for every degree Celsius the
‘emperature rises. What is the name given to this figure?
Answer:
_-“________
Refer to P.23
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Automotive Heating & Welding Procedures

Learning Notes 7292G-3

OXY/ACETYLENE LAP WELDING ON LOW CARBON STEEL SHEET

Introduction

/ During this learning outcome you will preform the procedures involved in using the oxy/acetylene
f welding process to lap weld 1.6mm low carbon steel sheeung.

[n order to complete this learning outcome you will need to have an knowledge to identify a range of
weld joints and preparations.

Welding Terminology

The pracucal applicauon of the Oxy/acetylene process is greatly assisted by placing the work in the most
~unvenient posiuon, but the acrual strength of the joint depends on the type of weld. This is controlled
Oy the angles formed by the parts to be joined. If these parts meet on the same plane, they can be joined
completely, by depositing the weld metal through the full section of the joint. This is not always possible
a/ €specially if the parts meet on opposing planes and a different type of weld is employed. The types of

| welds 1o common use for the joints described are known as:
/ Fillet Welds
I

A connecuon between the end or edge of one part and the face of the other part, which is triangular in
Cross-section.

Butt Welds

A connecuon between the ends or edges of two parts abutting each other in a straight line.

/ Joint Preparations

The following joint preparations are used with the oxy/acetylene process and are varied reliant to the
/ posiuon, type of weld and plate thickness. '

| Fillet Joints - Butt Joints
|
| Tee Immq Flanged Butt Joint
|I : . _.II . 3 é@
J Angle Joint Close Butt Joint

———x—— 1
Open Square Butt

il |
+
g
(‘__‘3
=

j L 7
e ——— I S —
Single Vee Butt Joint

S T 7/ Ao

Outside Comer Joint
P e

Weld Sizes ~
Filler and butt welded joints are designed for the purpose of carrying certain loads in service. A great
deal of welding 1s used on parts and structures whieh are either unstressed or very highly stressed. If the
welding operator deposits an undersize or oversize weld on the work, it must be understood there is the
| possiblity for the weld 1o fail in service. In order to offset this, it may involve such items as the
checlang of the blowpipe size, gas pressures in use, Type and size of filler rod, correct welding
lechmque and any other matters which affect the quality of the welded joint.

e ——_ e ———
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tomotive Heating & Welding Procedures

Learning Notes 7292G-3

— e — —

OXY/ACETYLENE LAP WELDING OF 1.6mm LOW CARBON STEEL

Oxy/acetylene Information

Oxygen and Acetylene Regulator Pressures: 50 kPa.

Welding Tip Size: 8

Flame Setting: neutral

Cone Length: § - 6mm

| Oxy/acetylene Welding Technique

Method: Forehand Filler Rod Dia.: 1.6mm

Torch Angle: 50° - 60°  Filler Rod Angle: 30° - 40°

Distance of cone from material surface: 1.6 - 3mm

Procedure

Precautions

1. Overlap the metal parts to be joined a
minimum of 8mm.

2. Place tack welds on one side spaced 25mm
apart.

3. After tacking the first side, place the job on an
anvil and lightly tap the tack welds to align the
metal surfaces closely together.

4. On the opposite side finish tacking. This will

minimise distortion during welding.

5. Before commencing to complete the joint,
ensure the metal surfaces are closely aligned.

6. During the welding operation make sure the

filler rod is kept up to the molten pool.

1. Personal protective clothing and
equipment must be worn.

2. Oxy goggles must be fitted with an
approved lens. (shade 5 GW)

3. Do not use a match or a gas lighter to
light the torch.

4. Do not walk away from the work
bench without turning the torch off.

Remember: It is your responsibility to exercise REASONABLE CARE when working and
using workshop tools and equipment. £
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Automotive Heating & Welding Procedures Learning Exercises 7292G-84&9

OXY/ACETYLENE LAP WELDING ON LOW CARBON STEEL

These exercises will help you revise what you've learnt in learning outcome 3. If you are having difficulty
In understanding or answering any exercises then ask your teacher for help.

F xercises Answers

!

a) List sux (6) items of personal protecuve clothing and equipment required to be worn when carrying out
welding operanons?

Answers: 1. ~

Refer to P.6 7292G-1

b) Name rwo types of joints used for the welding of steels?

2.

Refer to P.27

¢) What type of flame seming is required to be used when lap welding low carbon steel?

Refer to P.28

d) State the type of welding method used to join | .6mm low carbon steel?

AW . e———————————————————
Refer to P.28

e) Oxy/acetylene welding goggles musl be fitted with an approved lens. What shade lens is recommended for
use with this process?

w_______———-______—_
Refer to P.28
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Automotive Heating & Welding Procedures

Learning Notes 7292G 4

OXYGEN - FUEL GAS CUTTING PROCESS I
Introduction

During this learning outcome you will preforming the procedures required in using the oxygen - fuel gas
cutting process to cut 6mm low carbon steel plate.

[n order to complete this learning outcome you will need to have the knowledge of how oxidauon 1s
applied to cut ferrous metals.

Principles of Flame Cutting

The flame cutting process used for cutting iron and steel is dependent on a chemical reacuon between
heated iron and oxygen.

The steps in the flame cutting action are as follows:

(a) The flame is used to raise a small section of the metal to ignition temperature. The ignition
temperature for low carbon steel is about 815°C..

(b) The high speed jet of oxygen is released on the heated section.
(c) Rapid oxidauon, or burning of the metal occurs in the path of the oxygen jet.
(d) The force of the oxygen jet removes the molten oxide from the metal.

(e) By moving the blowpipe nozzle in the desired direction the oxidising acuon continues and
forms a cut through the metal. In cutung practice this cut through the steel is called the
kerf.

Types of Fuel Gases
The two most common fuel gases used for manual flame cutting are acetylene and propane. Propane is
marketed under trade names such as Handigas, Portagas and Blue Ray gas.

Fuel Gas Hazards
Acetylene - Refer t0 Gases used for welding, heating and cutting applications.

Propane - No attempt should be made to use propane with a cutting blowpipe which is
normally used with acetylene. When there is any doubt in this regard the manufacturers of the
blowpipe should be consulted.

The method of igniting propane as it issues from the blowpipe nozzle is a little different 1o the
lighting of acetylene.

Oxygen and its Hazards
Refer to Gases used for welding, heating and cutting applications.

Oxy/acetylene Cutting Process
Apart from the blowpipe, flame cutting equipment is generally identical to oxy/welding equipment.

Selection of cutting nozzles _
A number of factors can affect both the iccuracy and the quality of a flame cut surface. Good quality \

flame cutting results largely from the use of the correct gas pressures and a blowpipe nozzle of suitable
size.

To provide quidence, tables need to be consulted for information regarding requirements in relation to '
different thicknesses of steel, nozzle size and oxygen/acetylene gas pressures.
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Automotive Heabing X “ltld.il'.'li Procedures

OXYGEN - FUEL GAS CUTTING PROCESS

|
|

!

| L

| referred to as the fourth state of matter, the others being gas, liquid and solid.

| Plasma is the result of an arc heaung a gas to such a high temperature that the gas becomes ionised. At

Plasma Cutting Process

|I-lr,,
Ld

S lemperaturethe gas consists of posiuve ions, negatuve electrons and neutral atoms. Plasma is often

Power Supply

Torch with Leads |

Work Cable

Soare Paris it

| — e e ——

ing Notes 7292G4
Automotive Heating & Welding Procedures Learning

e

OXY - FUEL GAS CUTTING 6mm LOW CARBON STEEL l

Oxy/acetylene Information

Oxygen Regulator Pressures: 180 kPa.

Acetylene Regulator Pressure: 100 kPa.

Cutting nozzle Size: 8

Flame Setting: neutral

Oxy/acetylene Cutting Technique

Precautions

1. Raise a small section of the metal to

4 Ignition temperature. 1. Personal protective clothing and
equipment must be worn.
2. Release the high speed jet of oxygen onto
the heated section. 2. Oxy goggles must be fitted with an
N approved lens. (shade 5 GW)
3. Move the blowpipe in the desired
direction and a cut or kerf will appear. 3. Do not use a match or a gas lighter to
| light the torch.
I 4. Do not walk away from the work
| bench without turning the torch off.
|
Note: A number of factors can affect both the accuracy and the quality of a flame cut surface.
- These may be listed as follows:
1) The composition of the metal. 2) Cleanliness of the work.

3) Correct selection of blowpipe
and cutting nozzle.

4) Gas pressures.

| 5) Cleanliness of the blowpipe nozzle. 6) Correct cutting speed.
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Learning Exercises 7292G-10

Automotive Heating & Welding Procedures

OXYGEN - FUEL GAS CUTTING LOW CARBON STEEL

These exercises will help you revise what you've learnt in learning outcome 4. If you are having difficulty
n understanding or answering any exercises then ask your teacher for help.

E xercises Amwcr:

) List six (6) items of personal protective clothing and equipment required to be worn when carrying out
oxvgen - fuel gas cutting operations”?

Answers: 1. _ 2 J
3. 4. by m! = =
4. 6. gl B

Refer to P.6 7292G-1

5) What is the basic principle on which the flame cutting of iron and steel depends?

-

ANSWErS.

Refer to P30

¢) What type of flame setting is required to be used when oxygen - fuel gas cutting low carbon steel?

Answer:

Refer to P32

d) State the ignition temperature for low carbon steel?

Answer:
Refer to P30
¢) Name two common fuel gases used for manual flame cutting?
Answer: 5
2.
Refer to P.30

f Name the type of process used for the cutting of carbon steels, aluminium, stainless steels, nickel and
nickel alloys and many of the hard 10 cut metals?

Answer:

Refer to P31
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Learning Notes 7292G-5

Automotive Heating & Welding Procedures

nk . GAS METAL ARC WELDING PROCESS

————— =

Introduction | : | e
During this learning outcome you will be preforming the procedures required in using e

Welding (GMAW) process to join 1.6mm low carbon steel sheet. | .
In order to complete this learning outcome you will need to have the knowledge to identify the

component parts and understand how the process operates.

Gas Metal ArC

Gas Metal Arc Welding Operating Principles

An electric arc is formed between a continuous wire electrode an
established. the wire is fed at a set speed from a wire spool into the arc to form a weld pool. Both the

weld pool and wire electrode are fully protected from atmospheric contaminauon py a inert §hiclding
gas. The wire, shielding gas and electric current required to form the weld are activated semi-

automatically by the operator.

d the workpiece. Once this 1s

The Gas Metal Arc Welding (GMAW) process is very popular in the automotive industry because of its
advantages over other types of welding.

Gas Metal Arc Welding Equipment
The equipment for gas metal arc welding consists of:

a) power source (transformer/recttifier)

b) wire feed unit (designed to allow the wire to feed freely and evenly)
c) wire rollers

d) regulator ( reduces high cylinder pressure to a safe working pressure)
e) flow meter ( adjusts and maintains a constant/even gas flow rate)

f) gas cylinder

g) gas shielding (protects weld from atmospheric contamination)

h) contact tp

b. wire feed unn

a. poOwer source

|
{ rectifier
|

L HE

A transformer -

|
\ d. regulator
|
|

' inductor

—
is
&

f. gas cylnder

9. Qas shielding




Automotive Heating & Welding Procedures
Learning Notes 7292G-5
Learning Exercises 7292G-11&12

ang & Welding Procedures

| GAS METAL ARC WELDING PROCESS
<AS METAL ARC WELDING OF 1.6mm LOW CARBON STEEL

——

learning outcome 5. If you are having difficulty

u've learnt 1n
cher for help.

ercises will help you revise what yoO

GMAW Information
Mode of Transfer: Short Circuit (Dip) jerstanding or answering any exercises then ask your (€4
rises Answers
Wire Size: 0.8mm | . ~ l
st six (6) items of personal protective clothing and equipment required tO be worn when carrying out
s Metal Arc Welding (GMAW) operations’
Arc volts Setung
<> | Answers: 1. S
4. ' 6.
Refer to P.6 7292G-1

Wire Feed Rate:

hat is the purpose of the wire feed control?

Shuelding Gas Used: Argoshield 51 (Argon/Helium)
| Answers:_________________—-——————'——______—_

Precantions Refer to P34

1. Overiap the metal parts to be joi *

—inimum of 3mm : Jo—us LP er;onal protecuve clothing and y What function does the voltage control have?

1 , ' equipm

2 D tack vl o Gue sl el ZSam quipment must be worn.

apart 3 Ao wieldine bl Answer: ______  ———
3. After tacking the first side, place the | SRy S e

e —E job on an with an appr

sl s ity tp the tack welds. 10 align the pproved lens. (shade 10 EW) Refer to P34

metal surfaces closely together. ,

3. Do not strike the arc while your face 1
4. On the opposite side fnish tacking. This will unprotected from arc radia[jc):n sk d) List four safety hazards associated with the GMA Welding?
N .r:;u;umsc distoruon during welding. ‘ |
enes:: T z:;;ommm O . 4. Ensure adequate ventilation is 7 Answer: N o " S ERE 2L i i N
are closely aligned. employed to remove harmful fumes. | 3 4
: .
Refer to P34
¢) How is the weld pool and wire electrode protected from atmospheric contamination ?
Remember: Itis
. your respousibility to exercise DUTY OF CARE when
i Answer:
workshop tools and equipment working and using -
Refer to P34
f) Name a shielding gas which you have used while attending this college for general purpose GMAW of
low carbon steel? -
Answer:
35 | Refer to P35
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MANUAL M

ETAL ARC WELDING PROCESS

Introd uct:ién

yme you arc

Welding (MMAW) proce
In order to complete this learmng
is required to 1ap weld

| disadvantages O

Manual Metal Arc Welding

Manual Metal Arc Welding 1s a fusio

- 17T

atenial

| the operalor ©

\Manual Metal Arc Welding

£
¥

e —————

A welding power source
Flectrode Holder

, Electrode Cable
Rewmrn Clamp
) Return Cable

3

-
D
-

=
-
=1
-

-
—— e — —

During this learning Quict
ss to jon 1.6mm lOW carbon steel sheet.
outcome you will be showen a practical demonstration, desc

| procedure that 13
f using the MMAW pr

he consumabie electrode and the works
y 23 and slag which result rom the deposl

| eleco s ransferred across the arc [0
maintain a constant arc length.

| (MMAW) process 1§ Very popular

aquipment for Manual Metal Arc Welding consists of:

s required in using the Manual Metal Arcy

o discribe the procedure
ribing the |
low carbon steel sheet and an explanation on the advantages !
ocess in automotive applications.

eat of an arC formed between

¢ and weld pool aré shielded |
electrode. Thi

s which uses the h

The ar
aterial surrounding the

st be continuously fed forward bym

n welding proces
piece to melt the joint area.
tion of the coaung m

fill the joint and mu

in the automotive industry because ¢

vantages over other types of welding.

Manual Metal Arc Welding Equipment

- : i
3 - Screw Camp

(rransformer Of generator)

ATTACHMENTS /
’—% /
o

CABLE ATTACHMENTS

> CONNECTIONS
“?g'éc%ouomv SIDE)

i
¥
- ————

MMAW Information

Material Size: 1.6mm low carbon steel

Type of Joint: Cap Joint

Electrode Size: 2.4mm dia.

Current Setting: 45 to 50 ampere

MMAW Technique

1. Overlap the metal parts to be joined a

minimum of mm.
5 Place tack welds on one side spaced 25mm

apart.
3. After tacking the first side, place the job on an

anvil and lightly tap the tack welds to align the

' metal surfaces closely together.
4. On the opposite side finish tacking. This will
minimise distortion during welding.
5. Before commencing to complete the joint,
ensure the metal surfaces are closely aligned.

Remember:

workshop tools and equipment.

38

1. Personal protective clothing and

Arc Gap: 2.4mm Max.

Precautions

equipment must be worn.

2. Arc welding helmets must be fitted

with an approved lens. (shade 10 EW)

3. Do not strike the arc while your face is
unprotected from arc radiation.

4. Ensure adequate ventilation is
employed to remove harmful fumes.

It is your responsibility to exercise DUTY OF CARE when working and using




Learning Exercises 7292G

Automotive Healing & Welding Procedures

VMIANUAL METAL ARC WELDING OF 1.6mm LOW CARBON STEEL

| These exercises will help you revise what you've learnt in learning outcome 6. [f you are having difficulty
" n understanding Or answering any €Xxercises then ask your teacher for help.

' |Ses Answers
F xercises l

a) List six (6) items of personal protective clothing and equipment required to be worn when carrying out
Manual Metal Arc Welding (MMAW) operations’

Answers: e ot i D 5. ull %
3 ek g DA SR
6 oA e, NEGCEEE R e
Refer to P.6 7292G-1 ¢
b) List the equipment required for Manual Metal Arc Welding?
AnNswers: 1. % . ok eiescd
2 4

-4,

Refer to P37

¢) How is the arc and weld pool shielded from atmospheric contamination?

Answer:

Refer to P37

d) List four safety hazards associated with the MMA Welding?

Answer: 1. 2

3. - 4.

| Refer to P37

. e) Describe how the elecirode material is transferred across the arc to fill the joint in MMAW ?

% Answer:

? Refer to P37
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Section 12 Braze weld fillet-horizontal

Suggested 2 hours

duration

Purpose To deposit a braze welded fillet in the horizontal
position.

Objectives At the end of this section you should be able to:

= Deposit a braze weld fillet on low carbon steel sheet
in the horizontal position to the following
requirements

- correct alignment and assembly

- smooth regular weld contour

- angular distortion 0° to 5°

- an accumulated defect area of less than four

times the square of the sheet thickness in each
150mm weld length

- weld size not less than the material thickness

* Record the weld procedure

* Follow Occupational Health and Safety (OH&S)
workshop procedures

Wear safety glasses.

Take care when grinding or linishing thin sheet steel.
Wash your hands after using brazing flux.

Take care when you hold thin sheet steel for grinding.

February 1993 3
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Competency test NF04-CT8 Learning outcome 3

Complete the control data table below:

Oxyacetylene Welding 1
Procedure sheet
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Skill practice NF04-SP10

Competency test NF04-CT8 Learning outcome 3

NFO04 . Oxyacetylene Welding 1
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Skill practice NF04-SP10
Braze weld fillet, horizontal
Competency test NF04-CT8 Learning outcome 3 v

Procedure sheet

Complete the control data table below:

onze

quare of the

gth

ong the joint to allow the br

joint
g the control data on the

y

<
O
D
2
b
®
a
-
=
e
o
:
-
@
=
&
@

carbon steel

20mm low carbon steel
filler rod and complete the weld

e using the second sheet as shown

your teacher

your procedure sheet
For assessment repeat the task usin

procedure sheet

rward and back al
y through out the
your teacher

o Smooth regular weld contour

an accumulated defect area of less than four times the s
weld size - not less than the material thickness

sheet thickness in each 150mm weld len

ller to flow smoothl
correct alignment and assembl

Flux the joint and/or

Show your work to

smooth regular weld contour
angular distortion 0°-5°

Repeat the exercis
Complete

The tip is moved fo
Show your work to

Horizontal
fi

lllll

1 piece 50 x 1.8 x 150mm low
D1.8mm or 2.5mm manganese bronze
Join all short ends of filler rods

To braze weld low carbon sheel
I plece 25 x 16 x 1

Copper and brass flux

20 minutes
Number 8 or 10

m
-
-
O
y -
~N

Filler rod
Tip size
Flux
Economy
Position

Task
. Units

Gas data
g?'gUIBtor pressure: f(i\'lgr‘st;r‘pmables data
e:
2 :

flaTe type: CQH‘? ;::-llef diameter:
weld tip size: X

P angles: torch: rod:
Material data T d -
type: Weld time
thickness: ?te_lrt;‘

Inish:

Assessment

v . .
ou will be assessed on your ability to meet the following Specifications:

a correct alignment and assembly

& angular distortion 0°-5°

u weld size not less than the material thickness |

February 1993




: : 150mm low carbon steel
1 piece 25 x 1.6 x 1 S0mm low carbon steel

3

@1.6mm or 2.5mm manganese bronze
Number 8 or 10
Copper and brass flux

Join all short ends of filler rods

Horizontal

ces of the steel to improve tinning properties

g Tack weld the sheet

Flux the joint and/or filler rod and complete the weld

e tip is moved forward and back along the joint to allow the bronze
filler to flow smoothly through out the joint

S.  Show your work to your teacher

r i

i

- 6. Repeat the exercise using the second sheet as shown
- 7. Show your work to your teacher

- 8. Complete your procedure sheet

9. rzgi?:s;zzg{ repeat the task using the control data on the Method of attachment
8- proce : for maximum material use
.
®  correct alignment and assembly
- smooth regular weld contour
-angular distortion 0°-5°
an accumulated defect area of less than four times th

1. Linish bonding surfa

- |I'
. -
1_, .
m
- =
I m

~ Sheet thickness in each 150mm weld length
~ weld size - not less than the material thickness

e square of the

e owoono BujuIea] 810-v04N 159l Aouajedwog

0LdS-P04AN @onoesd IS




Oxyacetylene Welding 1

Notes

February 1993

Oxyacetylene Welding 1

79

Section 13 Braze weld lap joint-flat

February 1993

-Suggested

duration
Pu rpose

Objectives

1 hour

To deposit a braze welded lap joint in the flat position.
At the end of this section you should be able to:

* Deposit a braze weld on a lap joint in the flat

position on low carbon steel sheet to the following
requirements

- correct alignment and assembly
- smooth regular weld contour
- an accumulated defect area of less than four

times the square of the sheet thickness in each
150mm weld length

- weld size not less than the material thickness

= Record the weld procedure

= Follow Occupational Health and Safety (OH&S)
workshop procedures

@\ %

Wear safety glasses when grinding or Ilni'shing
eliminate "plate".

Oxygen and acetylene cylinders should always be
opened slowly.

Suitable protective OXy-goggles must always be \
when cutting or welding.

Always be careful when cooling welds by quenching,
especially welded pipes.

Take care when you hold thin sheet steel for ﬁnishtn@




Oxyacetylene Welding 1

Skill practice NF04-SP11 Braze weld lap joint, flat

Skill practice NF04-SP11
€ ( Competency test NF04-CT9 Learning outcome 3

Competency test NF04-CT9 Learning outcome 3

Procedure sheet

Lap Joint

Complete the control data table below:

o
L=
L=
]
=
-
@
>
8 o " Gas data Consumables data
> 2 £ regulator pressure: filler type:
S E § - . o O, CH., filler diameter:
B z g = £ ] flame type: flux:
= 3 s 5 : 5 weld tip size: | angles:  torch: rod:
= = -— — .
< E § § 3 2 Material data Weld time
S E 29 -g - 2 type start:
= s 2 § S8 thickness: finish:
g EDD® ot 2 P
> 3 2852 p 825 |
S ° 35S et s 292 ( .
2 = o £So¥s > 6 >3
S = N N - e o2 —_ )
S 3 S 0252038 98F X SEE
2 © = L0 CLEG o8 = S
= 2 - =T059%98 a5y o3 832
5 g S O 322853 535 C8uus5os
s E 3 . §P-222,288 2pr88% You wil 1
3 f = = § 2 S §§ 220 g 3 g-g, cz [ % ou will be assessed on your ability to meet the following specifications:
B H 3 3 2 SOLEXCEED G§.SVDa_ _
% = . @ 2 ;; g & 25232 é ESS S 3 2 " correct alignment and assembly
= N E —_ L h>. o ; — D s > (»)] 5-5 e \g
-— 2k o < 6 % C®0 " 555 % O = 8,'-
- o 3 O O .02 = — 2 et - O ESCo0
= , $ o ® Somat 50200255803 ~c5aEN = smooth regular weld contour
. g > © ‘o £ £ $5,--202238 88587
= _~ 5 ® g F » ® © -Eo;ma;gggg-.g tom""m% . .
.g S £ 8 & E 2 g 3 SSiFzocn0ls 855552 " angular distortion 0°-5°
_— £ = &£ = B C =
| -~ S o = = B X B E s e | |
. % - & - o o 8 Z 6 8§ & Lhdd GOnGS s ¥da ia ® an accumulated defect area of less than four times the square of the
s sheet thickness in each 150mm weld length B
| — "
| . = [ - . :
| 3 . g + g = " Wweld size not less than the material thickness
@ = = =
N T 3 £ g E 5 8§ G g | B -
|I E --# g ': 8 8 5 » L £ g \ -
m 2 2 & 8 £ = 8 3 z @ , (
;< - 2 O & > &k w £ 7 )
February 1993
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82 Oxyacetylene Welding 1 o ey orpramin .
w o

Notes . |

Section 14

Braze weld tube-flat S f

Suggested 3 hours - I
duration i

Purpose To deposit a braze weld on tubular branch sect

Objectives At the end of this section you should be able to:

= Deposit a braze weld on tubular branch sectio
the flat position to the following requirements
- correct alignment and assembly
- smooth regular weld contour
- angular distortion 0° to 5° artl
- an accumulated defect area of less than
times the square of the tube thickness |
150mm weld length .
- weld size not less than the material ] ickne:

* Record the weld proc

o

= Follow Occupational Healtl
workshop procedures




Skill practice NF04-SP12 Braze weld tube-fiat
Competency test NF04-CT10 Learning outcome

Complete the control data table below:

Oxyacetylene Welding 1
Procedure sheet

You will be assessed on your ability to meet the following specifications: |

* an accumulated defect area of less than four ti nes the ¢

.m 3 = M |
o — 1y
- g
J o - -
v 9 v S _,.m,_ )
cC T o % £
O & Sy o
o € * 5 2c B
2 2 5 £ 89 =
7] © P E 3 o m o
a g Nl © .. Qo s 2o x o
< & 2 = _ S = N
T © o= | = c % = m > e 2
w3 3 0¥ S 88 > 2
G . O o~ W M .W.. m A = 2 ® il

ing outcome 3

Competency test NF04-CT10 Learn

Skill practice NF04-SP12

SSBUXOIY} [eudjew 8y} ueY) SSO| JOU - BZIS P|IOM =
uibus| pjam wwpg| yoes ul SSauXdIy) aqm ayj Jo
9Jenbs ay) sawy inoy UBY] SS9| JO BaJe 109)3p pajg|Inwndoe U =
0G-o0 UOILO)SIp Jenbue =
INOJUOD p|am Jenbas yjoows =
Alquesse pue juswubie 1081100 =
J98ys ainpado.d
9U} UO ejep |013u02 ay) Buisn yse} sy Jeades JuBWISSaSSe 104 ‘9
198ys ainpsooud inok eeldwon g
PI®M 8y} 81e|dwoo pue pos Je)y Jo/pue juiol ey} xn|4 ‘¢
oQn} O} ydueiq pjom 3oB} pue 8|quIessy ¢
oeqn) eseasbep pue uegn ‘'z
9Qn} 1y 0) youeuq ey pue INd N0 BW L

pajejos pue jej4
SPOJ 19|} JO Spue Woys (e uop
xn|) sseuq pue jeddon

01 10 g JequinnN
9Zu0iq eseuebuRw WWE'Z 10 WWY' | &

£

WWOOE X 8qM gN 2e@ seoerd |

MOIBq peis)| uopeo)0ads QU1 01 8GN} UOQUED MO| plem ezeiq 0]
senuIW OE

sinoy ¢

suonoNIISuU|
uonIsod
Awouooy

xn|4
ez|s diL

pos Jeyild |
syun
leele
Nsey
|uewIssessy |
ewy |@10)
1211 - @QNn) pIem azeiqa |




3 Oxyacetylene Welding 1 | W TR LY - PR
__-——-—____.' — . _ - ———————— yaLk

Section 15 Butt weld cast iror
semi vertical

Suggested 2 hours Ty
duration '

Purpose To deposit a braze weld on grey c:
vertical position. - .

d 1 Objectives At the end of this section m hould be able

= Deposit a brmwgwm y ca:
vertlcal position to #L requirements
correct ahsﬂmemm
- smooth regular weld co -:.,
N i-angl.“al' diw 0° -d
- an accumulated defect |
square of the material thickness in each 1
weldlength Ea e e
weld penetration for a minimum of 20
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