COMPANY NAME:

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR FLUX AND METAL CORED ARC WELDING

SPECIFICATION No.:

Scope

This Welding Procedure Specification covers welding and related operations of steel structures
which are fabricated in accordance with the terms outlined in CSA Standards W47.1 and W59,
latest revisions. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in succeeding paragraphs or detailed on
applicable Welding Procedure Data Sheet(s) shall require a new Welding Procedure Specification
and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done semi-automatically using the FCAW (Flux Cored Arc Welding) or MCAW
(Metal Cored Arc Welding) process.

Joints shall be made following the procedural stipulations indicated in CSA Standard W59, and may
consist of single or multiple passes in accordance with the accepted Welding Procedure Data
Sheets to which this specification refers.

Base Metal

The base metal shall conform to the specifications of steel groups 1, 2, 3 as per Table 11.1 or Table
12.1 of CSA Standard W59. Other groups may be welded providing Welding Procedure Data
Sheets are accepted by the Canadian Welding Bureau.

Base Metal Thickness

Base metal thicknesses from 3 mm (1/8") to UNLIMITED THICKNESS inclusive may be welded
under this specification providing the respective Welding Procedure Data Sheets have been
supplied and accepted for the appropriate weld size.

CWB Acceptance Engineer or Supervisor
Acceptance

Filler Metal



The filler metal shall be certified by the Canadian Welding Bureau as conforming to CSA Standard
W48.

Storage and Conditioning of Electrodes

Electrodes shall be dry and free from surface rust and foreign material.

Shielding Gas

The shielding gas shall be a welding grade having a dew point of -40°C (-40°F) or lower. The
shielding gas/electrode combination shall be as shown on the accepted Welding Procedure Data
Sheets.

Flux cored arc welding with external gas shielding shall not be done in a draught or wind unless the
weld is protected by a shelter. This shelter shall be of material and shape appropriate to reduce
wind velocity in the vicinity of the weld to 8 km/hr. (5 mph).

Position

The welding shall be done preferably in the flat position, but other positions such as horizontal,
vertical and overhead are permissible providing the proper Data Sheets are supplied and approved.

Preheat

The minimum preheat before welding will comply with Table 5.3 of CSA Standard W59. Minimum
preheat to be maintained or exceeded during welding.

If welding is interrupted for some time so that the temperature of the base metal falls below the
minimum preheat temperature, then arrangements will be made to preheat again prior to
recommencing welding.

The weldment shall be allowed to cool to the ambient temperature, without external quench media
being supplied. In other words, do not cool using water or by immediate placement in frigid
conditions which will cause a quick temperature change.

Heat Treatment and Stress Relieving

This will not be applicable to structures welded under this specification, unless a specific Data Sheet
showing all the parameters is submitted to the Canadian Welding Bureau and acceptance is
obtained.

Electrical Characteristics

The welding current shall be direct current (straight or reverse polarity) using a constant voltage type
power supply. The range of parameters will be as per electrode manufacturer's instructions and will
be shown on the Welding Procedure Data Sheet.



Welding Technigue

Refer to the Data Sheet for the precise variables to be used in welding a particular thickness and
joint configuration, position and parameters, i.e. stick-out, gas flow rate, travel speed, passes and
layers, etc.

The selection of the torch angle depends on joint type, material thickness, edge preparation, in
addition to the degree of skill and experience of the operator.

Generally, the forehand technique provides better visibility of the weld joint and a flatter weld puddle.
The backhand technique yields better penetration. Torch angle is usually maintained with 10 to 20
degrees on either side of vertical.

Preparation Of Base Material

The edges or surfaces of parts to be joined by welding shall be prepared by oxy-acetylene machine
cutting. Where hand cutting is involved the edge will be ground to a smooth surface. All surfaces
and edges shall be free from fins, tears, cracks or any other defects which would adversely affect
the quality of the weld.

All loose or thick scale, rust, moisture, grease or other foreign material that would prevent proper
welding or produce objectionable fumes, shall be removed.

Quality

Cracks or blow holes that appear on the surface of any pass shall be removed before depositing the
next covering pass. The procedure and technique shall be such that undercutting of base metal or
adjacent passes is minimized. Fillet and butt welds shall meet the desirable or acceptable fillet weld
profiles shown in Figure 5.4 of CSA Standard W59. The reinforcement in groove welds shall not
exceed 3 mm (1/8") and shall have a gradual transition to the plane of the base metal surface In
general, the weld quality will be such as to meet the requirements of Clause 11.5.4/12.5.4 of CSA
Standard W59.

Weld Metal Cleaning

Slag or flux remaining after a pass, shall be removed before applying the next covering pass. Prior
to painting, etc., all slag shall be removed and the parts shall be free of loose scale, oil and dirt.

Treatment of Underside of Welding Groove

Prior to depositing weld metal on the underside of a welding groove, the root shall be gouged, or
chipped to sound metal, unless otherwise specified on the applicable Data Sheet.



COMPANY NAME:

COMPANY ADDRESS:

WELDING PROCEDURE SPECIFICATION
FOR GAS METAL ARC WELDING

SPECIFICATION No.:

Scope

This Welding Procedure Specification covers welding and related operations of steel structures
which are fabricated in accordance with the terms outlined in CSA Standards W47.1, W59, and
AWS D1.3 latest revisions. The attached Data Sheets form an essential part of this specification.

A change in any of the essential variables contained in succeeding paragraphs or detailed on
applicable Welding Procedure Data Sheet(s) shall require a new Welding Procedure Specification
and/or a new Welding Procedure Data Sheet(s).

Welding Procedure

The welding shall be done semi-automatically using the GMAW (Gas Metal Arc Welding) process.
Joints shall be made following the procedural stipulations indicated in CSA Standard W59, and may
consist of single or multiple passes in accordance with the accepted Welding Procedure Data
Sheets to which this specification refers.

Base Metal

The base metal shall conform to the specifications of steel groups 1, 2, 3 as per Table 11.1 or Table
12.1 of CSA Standard W59. Other groups may be welded providing Welding Procedure Data
Sheets are accepted by the Canadian Welding Bureau.

Base Metal Thickness

Base metal thicknesses from 16Ga to UNLIMITED THICKNESS inclusive may be welded under this
specification providing the respective Welding Procedure Data Sheets have been supplied and
accepted for the appropriate weld size.

CWB Acceptance Engineer or Supervisor
Acceptance




Filler Metal

The filler metal shall be certified by the Canadian Welding Bureau as conforming to CSA Standard
W48.

Storage and Conditioning of Electrodes

Electrodes shall be dry and free from surface rust and foreign material.

Shielding Gas

The shielding gas shall be a welding grade having a dew point of -40°C (-40°F) or lower. The
shielding gas/electrode combination shall be as shown on the accepted Welding Procedure Data
Sheets.

Welding shall not be done in a draught or wind unless the weld is protected by a shelter. This
shelter shall be of material and shape appropriate to reduce wind velocity in the vicinity of the weld
to 8 km/hr. (5 mph).

Position

The welding shall be done preferably in the flat position, but other positions such as horizontal,
vertical and overhead are permissible providing the proper Data Sheets are supplied and approved.

Preheat

The minimum preheat before welding will comply with Table 5.3 of CSA Standard W59. Minimum
preheat to be maintained or exceeded during welding.

If welding is interrupted for some time so that the temperature of the base metal falls below the
minimum preheat temperature, then arrangements will be made to preheat again prior to
recommencing welding.

The weldment shall be allowed to cool to the ambient temperature, without external quench media
being supplied. In other words, do not cool using water or by immediate placement in frigid
conditions which will cause a quick temperature change.

Heat Treatment and Stress Relieving

This will not be applicable to structures welded under this specification, unless a specific Data Sheet
showing all the parameters is submitted to the Canadian Welding Bureau and acceptance is
obtained.

Electrical Characteristics

The welding current shall be direct current (reverse polarity) using a constant voltage type power
supply. The range of parameters will be as per electrode manufacturer's instructions and will shown
on the Welding Procedure Data Sheet.



























)

When radiographic inspection is required, the procedures, techniques, and
acceptance criteria shall be in accordance with Clause 7.6 of CSA W59,2.*

When ultrasonic testing is used agreerment as to the procedures and
acceptance critetia shall be in accordance with Clause 7.7. of CSA W69.2.

Repair Work

(0

(it)

-

Repair of Defects-

All welding repairs shall be’ made by suitably preparing the site of the
defect, followed by welding and, if required, finishing the weld flush with
the adjacent surface (see Clause 5.12 of CSA W59.2) to satisfy the
requirements of Clause (g).*

Correction of Distortion-

Members distorted by welding, and requiring rectification shall be
straightened at ambient temperature by mechanical means, of by a
combination of mechanical means and o contiolled amount of localized
heat*

if localized heating is to be applied in any straightening operation, the
complete procedure shall be filed with, and approved by, the engineer.
Maximum holding times at vaiious temperatures for aluminium alioys prior
to corection of distortion shall be in accordance with Table 7 of CSA
W59.2*



Tensile Strengths for Welded Aluminium Alloy
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**TABLE 1

Specified Minimum

(With No Postweld Heat Treatment)

MINIMUM UTS

MINIMUM YS*
ALLOY MPa - (KS) MPa (KSh
1050 60 8.7) 20 (2.9)
1060 60 8.7) 20 (2.9)
1100 80 (11.6) 25 (3.6)
1350 60 (8.7) 20 2.9)
3003 100 (14.5) 35 (5.1)
3004 150 “(21.8) 60 (8.7)
5005 110 (16.0) 40 (5.8)
5052 170 (24.7) 70 (10.2)
5083 260 (37.7) 125 (18.1)
5086 235 (34.1) 105 (15.2)
5154 200 (29.0) 90 (13.1)
5254 200 (29.0) 90 (13.1)
5454 205 (29.7) 90 (13.1)
5456 280 (40.6) 135 (19.6)
6005 170 (24.7) 100 (14.5)
6061 170 (24.7) 110 (16.0)
6063 120 (17.4) 70 (10.2)
6101 130 (18.9) 80 (11.6)
635 170 (24.7) 110 (16.0)
7004 275 (39.9) 165 (23.9)
7005 275 (39.9) 165 (23.9)

*0.2% offset in 50mm gauge length
UTS = ultimate tensile strength

YS = vield skrength
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The convexity shall not exceed: C = 0.1s + 1.5 whefe s = size in mm

(a) Acceptable Fillet Weld Profiles

IasufGaent Excessive Excessive Overlap Tasuffscie ne loadequate
throst Conventy Usndercut kg Pepetruion

(b) Unacceptable Fillet Weld Profiles

‘ * Figure 1
Fillet Weld Profiles
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The required size, S, of a fillet weld (see Figure 2) to give an effective throat, E, shall be
given by:

S=2Fsin(8/2) + G

where
G = gap, mm

8 = angle between fusion faces

The gap shall not exceed 5mm, but gaps less than Tmm may be neglected.

* FIGURE 2

EFFECTIVE THROAT OF FILLET WELDS
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*** Figure 3

COMPLETE JOINT PENETRATION GROOVE WELDS

(a) First Side Welded

sa

»

L

0 _ (i

(b) Back of first pass gouged to Sound Metal

(c) Second Side Welded

Preparation. Gouging and Welding of Buft Joints
from both sides.

—p—

Welding of Butt Joints from one side on Backing
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* TABLE 2

GROOVE DEPTH OF PARTIAL JOINT PENETRATION GROOVE WELDS

WELD GROOVE GROOVE WELD MINIMUM
METHOD TYPE ANGLE, O POSITION GROOVE
‘ ) DEPTH
GMAW J-U- o all effective
GTAW  —emeeemmsememoeme cemoeeeeees positions throat
PAW V-bevel Q= 60° '
GMAW V-bevel 45° 5 O < 60° Flat,
vertical
GTAW afl effective
PAW V-bevel 45° £ 0 < 60°  positions throat
T plus 3mm
GMAW V-bevel 45° < 0 < 60° horizontal
overhead -

m

rd

EFFECTIVE THROAT OF PARTIAL JOINT PENETRATION GROOVE WELDS

[

BASE METAL THICKNESS OF MINIMUM EFFECTIVE
THICKER PART JOINED, MM THROAT, MM

3to 5 2*
Overbto 6 3*
Over 6to 13 5
Over 13 fo 20 6
Over 20 to 40 8
Over 40 fo 60 10
Over 60 to 180 13
Over 150 16

e s

* Minimum size for dynamically ioaded structures shall be the
lesser of plate thickness or Smm.



-t
o

~Jla

R = convexity
b = weld widih
For statically loaded structures R < 1.5 + 0.2b

D R Al 2l

For dynamically loaded structures R s 1.5 + 0.15b

(a) Acceptable Groove Weld Profiles in Butt Joint
Welded from Both Sides

R = convexity

b = weld width

For statically loaded structures R < (1 + 1.2b) = 5
For dynamically loaded structures R = (1 + 0.6b) s 4

(b) Acceptable Groove Weld Profiles in Buit Joint
Welded from One Side

" at P r———
'.‘ " /l " N
-~ Jr sl y ! T T

¥ Y b r )

. . L M

N H ) y ¥ J
v‘ N——ee?
Excesgive {ntulicent Excenove

Coavexity throat Underaut

(¢c) Unacceptable Groove Weld Profiles in Buit Joints

* FIGURE 4

GROOVE WELD PROFILES
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* TABLE 5

BASE METAL ALLOY GROUPINGS

O
NOMINAL COMPOSITION, MASS %

GROUP ALLOY Cu Mn Si Mg Zn Cr n Zr Al

] 1050 - - - - - - - - 99.50 min
1060 - - - - - - - - 9%.60 min
1100 012 - - - - - - - 99.00 min
11350 - - - - - - - - 99.50 min
3003 012 1.2 - - - - - - Remainder

2 3004 - 1.2 - 1.0 - - - - Remainder
5005 - - - 0.8 - - - - Remainder
5052 - - - 2.5 - 0.25 - - Remalnder
5154 - - - 3.5 - 0.25 - - Remalnder
5254 - - - 3.5 - 0.25 - - Remainder
5454 - 0.8 - 2.7 - 012 - - Remainder

3 5083 - 0.7 - a4 - - 015 - - Remainder
5086 - 0.45 - 40° - 015 - - Remalnder
5456 - 0.8 - 5.1 - - 70.]2 - - Remainder

4 6061 0.28 - 0.6 1.0 - 0.20 - - ‘Remainder
6063 - - 0.4 0.7 - - - s - Remainder
6101 - - 05 0.6 - - - - Remainder
6351 - 0.6 1.0 0.4 - - - - Remainder

5 7004 - 0.45 - 15 4.2 - - 0.15 Remainder
7005 - 0.45 - 14 4.5 0.13 0.04 014 Remainder

o e

* FILLER METAL ALLOY GROUPINGS

et P ——
NOMINAL COMPOSITION, MASS %

GROUP ALLQY Cu Mn St Mg Cr Ti Al

1 5183 - 0.8 - 4.8 015 - Remainder
5356 - 0.12 - 50 0.12 0.13 Remainder
5554 - 08 - 2.7 012 0.2 Remainder
5556 - 08 - 5.1 012 0.12 Remainder
5654 - - - 35 025 010 Remaindet-

2 4043 - - 5.2 - - - Remainder
4047 - - 120 - - - Remainder
4145 4.0 - 10.0 - . - Remainder

3 1100 0.12 - - - - - 99.0% min

W




BASIC WELDING SYMBOLS and THEIR LOCATION SIGNIFICANCE

LOCATION OF ELEMENTS OF A WELDING SYMBOL
N . Locaton | '
Finish symbol . /'f,':;"“;,‘:;‘,‘:; by Prics S ¢ Fille 1Plug oz St Bier | Swd  Arcspol
Contour symbol F Length al Watd - . ——
i ' Spmoot §
Elizctive Theaat \ ’--—s ’ Firtd Wald symool Al . / I ;
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T/ / E i "é:: \.\] ot Joimt : ! | W Bymeol | :
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Ottaul tefetence -‘—V s—- Rrlrance Line 30 Arvow s I I \ :
I Sdeerf Nyt Not | Not N
: it Ot Set ot Not
e O s ane St 1:,""',] Etmern s e s | OOCTL Uses | Uiks | Ums | Umo U
FLUSH CONTOUR SYMBCL

SUPPLEMENTARY SYMBOLS

Where process 1o

n

oreviations 8fe to

Weld 1 Fieid | Mel | D100 CONTOUR o4 InCiuded 1n the
All-Atoundl Wed | Thru jcomsumama i gy | Convex | Concave | il of 1he waiding
fYMDQI, reference rg

macato Tabie A D».

=
e

|~

ugnation of Weta-
ng ang Aliza Pro.
catual Oy Letren,
‘ ot AWS 2.4-29

Fisth CONTOUr SYMODO! inhiCates
lace 0l weld 1o D& maoe

aopfomimatety lush, \‘

SR
"

when used wiinout 3
SUrtace tinish SYMool.
1anaicates weld wiin-
oul subsequent Livithing

1 BASIC JOINTS BUTT JOINT

o
=
m
-
[+
2
-
P

CONVEX CONTOUR SYMBOL

Fintsh symMDAl tuser 5 $tangacdl sndcates

12

Arrow ol
welding
symool

Welg-alt-around svmbal

ndicates 1Nat weld exienas \e
comptalely atgund Ih# IOIAI\)

method, ol 0D121nING S0eCITIAd CONtou!

Lt not dearee ot hinan
Convea contour symbot
indicates tace ot weig 16 [;_/
e fin1shed 10 CONver / (4

Other nae
ot int contout by gringing
2 BASIC JOINTS T-JOINT ! FIELD WELD SYMEBOL 13 COMPLETE JOINT PENETRATION
Arrow nt —— ArtQw sige Flag oointy sway Ingicates compiete (01
weiding ﬁ al ont trom tne arrow Denetcation aroove ,l,v;,d
symooal SRR T Fielg weld symbat W58 recammanoetian) 4 /‘ reaargiess Of 1vDe OF weid
Dee IngICates tNat weld 1§ cr o1d 10T OrEDATILION
to be made at aplxe
ctner than that bt
Utner sioe /A8l CONSTAUCTION & 70 b use0 on Oesion Orawana
o jont oniv see Ulause 4 1 1 1 .3
3 BASIC JOINTS CORNER JOINT ] MELT-THRU SYMBOL 1® MULTIPLE REFERENCE LINES
First ooecaion shown o0

Arrow pae
ol joint

Arrove pl

Any 3pDlICaDIe weld 3vMbOl—

/—.\4ﬂ

Size (heigntt
~ Omitsion inaicates
no soecisl daght

reference Line NEAresy J(row

Second ooeration . ar
wpElementary data

Thnlﬂnoeullon,or/ /

welding
bo gevired
Hymoo! 01:2;';:(:‘: o 1est information
&4 BASIC JOINTS LAP JOINT § JOINT WITH BACKING 15 FINISHING OF WELOS
Qther 51Qe With groove-weld 1ymbol Finithing of walds other than cleaning 1s
ol (oint NOTES indicated by sitabis contour and hinth
~ Mpterat IM} and rymbols. The {ollowang finsshung symbats
Arrow of l,':;!es oumnentions ot Dacking \ndicate the method.not the odgree, of finith:
welding L ek pacting | CrChibsing A - Rolling
Arrow sige removed aties welding. G ~Grinding H ~ Hammenng
of jaint - See Ciavie OL6 M~ Machining
5 BASIC JOINTS EOGE JOIRY | 0 JOINT WITH SPACER 13 ABBREVIATIONS

Arrow 1108
at joinTt

Arrow gt
welding
symbal

Jownt

With moghlied groove -welg 1ymoot

NQOTES
see
\/"'J;ﬂ—_/b<hfules

oimenyions af
soacer x soecihed

~ SeeCiause D16

~ Mgrenal IM) and
Doubie-Devel sympo!

GTSM:— Gouge To Sound Metal
CP — Complete Penetration

PP — Partial Penetranion

Extracted from W59.2-M1591
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BASIC WELDING SYMBOLS AND THEIR LOCATION SIGNIFICANCE

V.Groove Bavel-Groove U-.Groove

—_[ Location
!Simihcm

Flaru-Bevei-

Flare .\ .Groowve Groove

4-Groove

V4

L . -

AN

VK

e "\ 5‘?-%20'"

VBV

N VAN N '54?,{;;5“

~
=
hd

J NS /
/J_L
e

{1 NE : d ! (BOTH
TN | 75 | [4sives
17 DOUBLE-FILLET WELDING SYMBOL " SINGLE-V-GROOVE WELDING SYMBOL

Omiyion of deotn

Sica llengin ot lca) Lengtn — m m, E;IE:::""M ano

O d e throat
PNT NS i B LA a‘rxw. g o

prec it LR T eTIoN

Soecilicanuon,

orocess. of
qtner retecunce

Datween abruol
cnanges n ditection
Jr & amenonea

N DNw S
s

13 feQuired.

E(tective / Groova angte
nrost

DOUBLE-BEVEL-GRDOVE WELDING SYMBOL

18 CHAIN INTERMITTENT FILLET WELDING SYMBOL 25
Puch - Atcow Dot Ommnuion ol 0ep1n Ot orecaration
{distance between ) (oeaca ::sembu ang effective throal inQicates Total
2 e contrest of Eftective gepth O DreDArNON — tvmmelncl
. Yo" Q De preasred 10 ca18 0f AOUbIE Yroova weids ~
increments 1nroat
k \ eQu M 10 1he thicknell of the memper
Si¢e lienath ot legh Lenath of L_... and.hence, cOMPiete |0 L oeneiration
incremenrs grodve weid 13 required
R WELDING SYMBOL FOR GROOVES WELDED
19 STAGGERED INTERMITTENT FILLET WELDING SYMBOL 26 FROM BOTH SIDES WITH BAEKGOUGING
Prten O_nlv aenth o1 OreDaranon 1 required in the wélﬂmq symbpoit
' [distance petween .
+ rentres ol PO, W aTee
" \ ncrements s hd
Size llength of leql Lengih of GTSM nionilies total eftective theoat i3 equal 10 [he thiCkness of matenal.
increments See Clause D1.2 of Aopenaix O,
20 PLUG WELDING SYMBOL 7 BACX-WELDING SYMBOLS
Pitch - Any uingle aroove welkd with § pass (rom the Other side with no toeciat
Included anale tenitance Detwesn entiicaton o the tail i3 conndered 8 Qroove weld with 3 back weld
ol countersink centees! Ol wells Secona opcranon
xr % ~ ?
Sien — . . Oieptd ol H¥ing 10 mm Frest overation
{mam, ol hoie 1OMITSton INgIcates
at root) fetling 13 cOmpDie Lo
21 SLOT WELDING SYMEOL 28 BACKING WELDING SYMBOLS

Oepinh ot (dling in mm
1OMrtIon INOIKCIICS
hilling 11 comptete)

Urientatton, location,

and all dimensions

other than geotn of fiiling
31 shown on tha dréwing

By-m

Any 1001 Groove weld with 2 0211 trom one si0e identihed in the tart
by “backing welgt™ is consxgared 10 D & GIOOVE Weld with & Dacking weld,

Secono ooeration
\ gﬁ < saczine

Ferst operation

Lot T8 SOwCE w3
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COMPANY NAME:

COMPANY ADDRESS:

- WA47.2/W59.2

WELDING ENGINEERING STANDARDS
W.E.S. & GENERAL SPECIFICATION

General Notes

This Welding Engineering Standard is'pre.p‘ared in accordance with CSA W47.2-1987.

Alt welding shall be performed in accordance with the requirements of CSA W47.2-1987
and conditions laid down in CSA Standard W59.2-1991 or latest revisions to the above
mentioned Standards.

All welders and weiding operatfors shall be qualified in accordance with CSA W47.2. They
shall be allowed to weld only in the level (I, It or ilf), category (F, H, V, Q), process and
electrode group for which they are qua_h:fied.

Any weldmg fabrication sub-contracted by this Company shall be sublet only to
oomnanias cerdified by the Canadian \Mc.jri;ng Burequ under CSA WA7') The

ST TN uca AVAE R AL 2 A~ ) 'y LA St WA TRANATE OAAT N A W Ral TN

subcontractor's CWB approved procedures may be used if satisfactory.to the prime
fabricator, otherwise the fabricator may prowde the approved procedures for use on
pertinent sub-contracted work. :

Changes or revisions in welding standards shall be submitted o the Bureau for approvail
in accordance with Clause 3.6 of CSA Standard W47.2.

Only welding consumables cettified by the Canadian Welding Bureau to AWS A5.10 shall
be used. Each welding Procedure Data Sheet will designate the filler alloy to be used
for the joint, the applicable codes and the number of the Welding Procedure
Specification which governs the Data Sheet applications.

Aluminium base metal to be welded by this firm shall conform to the requirements of
Clause 3.5 of CSA W59.2. Refer to Table 1 for allowable base metals and matching fiter
atioys.

Cweg ENGINEER OR SUPERVISOR

X This spoce 1o be sfamped by P. Eng. if Div. 1 or Div. 2 company
Welding Supervisor's signature if Div. 3 company.
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Unless called for otharwise on a specific Data Sheet, vertical welds shall be made with
the progression of each pass in an upward direction. It welds are o be made in a
verfical down sequence, the operafor and procedure shall be qualified on a separate
basis.

All surfaces to be welded shall be free from water stain, excessive aluminium oxide, paint,
grease cutfing fiuids and moisture or any other material that may cause porosity, or
adversely affect the quality of welds.*

All surfaces to be welded, after having been cleaned of oil and grease, shall be scrafch-
brushed before welding fo remove excessive oxide. In multl pass welds the weld bead
and adjacent area shall be scratch-brushed between passes. A hand or powelr-driven
staintess steel wire brush shall be used. The brushes shall be kept exclusively for use with
Aluminium and be kept ciean and free flom contamindanis.*

Welding shall not be done when the adjacent metal fempetrature within a distance not
less than the metal thickness or 75mmis fower than 0°C. Maximum temperatures shail not
exceed those specified in Clause 5.14* of W59.2.

The operator and the work shall be adequately protected against the direct effect of
wind, rain and snow.*

Welding shall not be done when the work surfaces are damp.* =~

NOTE: Information pertaining to the folfowing iterns shall be detailed on the welding
procedure dota sheefs submitted to the CWB for approval:

‘), Profite of typical joint to be welded

2) Type of joint (l.e. butt, corner, fee, efc.)

3) Type of weld
4) Preparation and fif-up
5 Weld Symbol
)] Thickness range.
Fillet Welds
Acceptable and Defective Profiles
Refer fo Figure 1.
Minimum and Maximum Fillet Sizes Permissible
The minimum fillet size shall be given by the least of
t or (1/5 + 3), or 6mm

where

t = the thickness of the thicker material, mm *
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The maximum fillet size permitted along the edge of a plate shail be:

(i) The thickness of the connecting plate for plate 5mm or less in thickness.*

(i) 1mm less than the thickness of plate for plate émm or more in thickness, unless the
weld is designated on the detail drawing fo be built out to obtain full throat
thickness.*

Effective Dimensions of Fillet Welds

Refer to Clause 4.3.3, CSA W59.2 and to Figure 2.

Groove Welds

Complete Joint Penetration Groove Welds

A complete joint penetration groove weld is defined as one made from one side on a
backing or on both sides combined with back gouging to provide complete joint
penetration and fusion of weld and base meial throughout the depth of the joint. Refer
to Figure 3.*

Partial Joint Penetration - Minimum Depth of Bevei "

The minimum groove depth of partial joint penetrafion groove welds shall be as shown
in Table 2 for single or double partial joint penetration groove welds, The effective throat
may be measured as described in Clause 4.2.3.3. and 4.3.3.4. of W59.2 and as detailed
in Table 3.

Acceptable and Defective Profiles
Refer to Figure 4.

Shop Standards

(@) Splicing.

(b) Preparation of Material

(c) Assembly Practices

(d)y Allowable Workmanship Tolerances from Detailed Drawings
(e) Control of Distortion

() Weld Terminations

(@) Quality of Welds

(h) Welding Inspection

0] Repair Work

(@ Splicing

Shop splices in each component of along built-up member shall be made before
the component is incorporated into the complete member. *

Filer plates may be used in the splicing of parts of different thickness;, or in
connections where, due to existing geometic alignment, offsets must be
accommodated to permit single framing* (see Clauses 4.4.2 & 4.4.3, W59.2).



()

-4 -
Details for the use of filler plates will be supplied by the designer.

Preparation of Material

Edge preparation shall be accomplished by disc grinding, shearing, plasma-arc
cutting, sawing, chipping, planing, milling, routing or other method approved by
the engineer.*

When disc grinding is used for edge preparation, high speed flexible grinding discs
shall be used. The grinding disc shall be suitable for aluminium and be maintained
free of lubricants and other foreign material.*

When shearing is used for edge preparation, the shear blade shall be kept sharp
and free of foreign material. The sheared edge of aluminium shall be filed, planed
or routed to remove any metal that can possibly entrap foreign material such as
cutfing oil.*

To allow effective cleaning surfaces and edges fo be welded shall be smooth,
uniform, and free from fins, cracks, and other defects that could infroduce porosity
or oxides into the weld.*

When plasma arc cutting is used for the edge preparation of heat-treatable alloys,
3mm of material shall be removed from the cut edges by mechanicat means. This
includes both butt and T-joints. Note, plasma arc cutting of heat treatable
atuminium alloys may produce lameliar fissures.*

In plasma arc cutting of non heat-freatable alloys, the arc shall be adjusted and

_directed to avoid cutting beyond the prescribed lines. Surface roughness of the

cut surfaces shaii be no greater than 25um for material up to 100mm thick and
50um for material 100-200mm thick, except that the ends of members not subject
to calculated stress at the ends may meet the surface roughness value of 50um.
Roughness exceeding the permissible amount and occasional notches or gouges
greater than Smm deep on otherwise satfisfactory surfaces shall be flared into the

cut surface by machining or grinding to a slope not exceeding 1in 10.*

At cut edges, occasionat notches or gouges less than 10mm deep in material up
to 100mm thick, or less than 15mm deep in material thicker than 100mm may, with
the engineer’s approval be repaired by welding.*

The removal of temporary welds or of unacceptable work and the back gouging
of welds may be effected by machining, sawing, air carbon arc, plasma. arc, or
impact chipping.*

Back gouging of welds shall produce a groove having a profile and a depth
adequate to ensure tusion with the adjacent base metal and penetration into the
root of the previously deposited weld metals.*

Re-entrant corners shall have a radius of not less than 10mm. The cormner radius
and its adjacent cuts shall meet without offset and without cutting past the point
of tangency.*

s
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Note: Equipment used for preparing aluminium should be used solely for this
purpose fo prevent contamination of the base material from forelgn
materials.

Assembly Practices

Corner and T-joints shall be brought into contact as closely as is practicable. The
separation between parts shall, in general, not exceed 2mm. If the separation is
greatfer than 2mm, the legs of fillet welds shali be increased by the amount of the
separation, or the contractor shall demonstrate that the required effective throat
has been obtained. Separations up to 8mm may be welded using backing
material where required.*

Backing material shall be of ceramic, giass fape, ausienific stainiess sfeei, or an
aluminium alloy of the same group number as the base metal (see Table 3). The
backing shall be in contact with the root side of the components being welded.
If atuminium backing is to be left permanently in place, it may be aftached by
continuous or intermittent fillet welds.*

Whenever practicable, the work shall be positioned so that groove welds are
made In the flat position and filet welds are made In the flat or horizontal
position.* -

Separation between faying surfaces of l[ap joints and of the backing in butt joints
shall not exceed 2mm. The use of filler plates to correct poor fit is prohibited
except as approved by the engineer* and made in accordance with Clause 4.4
of CSA W59.2.

Abutting parts to be joined by groove weids shali be properly aligned. An offset
in alignment not exceeding one-tenth of the thickness of the thinner part, but in
no case more than 3mm, may be allowed as a departure from the specified
alignment. In correcting misalignment in such cases, the parts shall not be drawn
in to a slope greater than 1:25. Measurement of offset shali be based on the mid
planes of the parts, unless otherwise specified on the drawings.*

Parts to be joined shall be brought into correct alignment or required preset and

" held in position by such means as fixtures, sfrongbacks, clamps or guy lines, or tack

welds until the welding has been completed. The use of fixtures is recommended
when practicable since they can bring the paris into line along the fotal length.
The fixtures or tack welds shall be adequate to resist the forces developed during
welding.* -

Tack welds shall be made by a qualified welder in accordance with an approved
welding procedure, and shall be subject to the same quality requirements as the
final welds. Tack welds which are to be incorporated into the final weld shail be
made with filler metal of the same composition, and shall be cieaned thoroughly
before incorporation. Tack welds not incorporated into finot welds shall be
removed by mechanical means.*
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Temporaty welds shall be made by a qualified welder in accordance with an
approved welding procedure. Strongbacks, clips, hangers, and other temporary
parts that have been welded in place to facilitate assembly shall be removed to
give a smooth metal surface, free of defects.*

Allowable Workmanship Tolerances From Detailed Drawings

Tolerances shall be detalled on the individual welding procedure data sheets,

Suggested guidelines of workmohship tolerances are as follows:

1) Root face + 1/16" (1.6mm)
2) Root Opening of Joint with backing + 1/4" (6.4mm)

- ¥/16" (1.6mm)
3) Root Opening of Joints without backing + 1/16" (1.6mm)
4) Groove angle of joint +10°-5°

Control Of Distortion And Shrinka_qe Stresses

In assembling and joining parts of a'structure or a built-up member, and in welding
reinforcing parts to a member, the procedure and sequence shall be such as fo
minimize distortion and shrinkage.* .

Insofar as is practicable, all welds shall be deposited in a sequence that will
balance the applied heat of welding while the weiding progresses.*

Before the start of welding on a member in which shrinkage or distortion is fikely to
affect the adequacy of the member or structure, the contractor shall prepare a
welding sequence for appioval by the engineer, if requested.*

The direction of genetal progression in welding on members shall be from points
where the parts are refatively fixed in position with respect to each other toward
points where they have greater relative freedom of movement.*

Joint expected to have larger shrinkage shall normally be welded before joints
expected to have lesser shrinkage and with as little restraint as possible.

In making welding under condifions of severe shrinkage restraint, the welding shall
pe caried continuously fo completion or to a point that will ensure freedom from
cracking before the joint is aliowed to cool below the minimum specified preheat
and interpass temperature. :

Weld Terminations

Welds shall be started and stopped in a manner that ensures sound welds.*

if extension bars or run-on and run-off plates are used, they shall be of the same
alloy group as the base metal (see Table 5), and shail be removed upon
completion and cooling of the weld. The ends of the weld shall be made smooth
and flush with the edges of the adjacent parts.*
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When it Is impossible to teiminate a weld on an extension bar or run-off plate,
consideration should be given to terminating the weld in a low sfress area.*

The techniques for terminating a fillet weld, or a cover pass bead, within a joint

include:

(a) reversing the direction of travel for a distance sufficient to create a smooth
transition;

(o) | increasing travel speed to’réduce crater size;

(©) providing suitable build-up, and dressing the crater area flush with the weld

] vz vy m *
urface by mechanical means.

@

Crater defects in weld beads, that are intended to be incorporated into final
welds, shall be removed by mechanical means prior fo additional welding.*

Quality Of Welds

M

Weld Profiles-
- insufficient throat is not permitted. *
- Welds shall be fiee from overlap. *

- Continuous undercut depth shall not exceed the smailer of t/5 or
Imm on each side of the joint, where t is the member thickness.
isolated undercut shall not exceed 2mm in depth, nor shall the
length of undercut greater than 1mm in depth exceed 15mm. The
intervals between such isolated cases of undercut shall exceed
100mm.*

Groove Welds-

- Reinforcement at the centre of the weld in butt and corner joints
shall not exceed the values given in Figure 4 (a) and (b) and, if
present, shall be built up uniformly to blend smoothly into the surface
of the base metal to a maximum at the centre of the weld.*

The ends of butt joints shall be of sound metal and momtc:m the
profile of the welded joint.*

- Groove welds shall be free of the defects shown for butt joints in
Figure 4(c).*

Fillet Welds-

The faces of filet welds shall be in accordance with Figure 1 (a).*




(iD)
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- Filet welds in any single continuous weid shall be permitted to
underrun the nominal size required by 1.5mm without correction,
provided that the undersize weld does not exceed 10% of the length
of the welds and does not occur af the ends of web-to-flange welds
in girders for a length equal to twice the width of the flange.*

. Fillet welds shall be free of the defects shown for fillet weld profiles
in Figure 1 (b).*

Surface Defects-

- Surface cracks in the weid shall not be permitted.*

- Lack of fusion shall not be permitted.*

- Weld termination craters shall not be permitted (see Part F).*

- if surface finishing -reveals porosity then the section shall be
inspected for internal porosity (see Clause (jii)) . *

Internai Defecis- .

>

Cracks shall not be permitted.*

- Dispersed pososity shall not exceed the limits specified in Figure 12.
For linear porosity or similar indications, Table 8 shalt apply. (Ref. to
CSA W59.2).* o

- individua!l discontinuities such as porosity, lack of fusion and
incomplete penetiation shall not exceed the limits specified in Table
8. (Ref. to CSA W59.2).*

(h) Welding Inspection

0

Visual inspection-

The extent of visual inspection by the inspector shall be as stipulated in the
confract*

A visual inspection procedure and an outline of inspection pomts shctl be
prepared by the inspection organization.*

Inspection shall include matetial, consumabiles, surface preparation, fit-up,
and welding practices including pre- or post-heat treatment, weld profile,
and geometry.*

Surfaces to be inspected shall be free of any extraneous material or
substance which might interfere with interpretation

Welded joints shall be visually inspected to check for the presence of
surface discontinuities as given in Clause (g).*



)

(iH

Non Destructive Testing-

When nondestructive testing Is required as patt of the contract, in addition
to the visual inspection required in this Standard, it shall be so stated in the
information furnished to the bidders. This information shall designate the
welds 1o be examined and the extent of examination of each weld and
the method of testing.*

For detecting discontinuities that are open to the surface, liquid penetrant
inspection by the methods set forth in ASTM Standard E165 may be used.
Procedures and acceptance criteria shall be in accordance with Clause
7.5 of CSA W59.2.*

When radiographic inspection is required, the procedures, techniques, and
acceptance criteria shall be in accordance with Clause 7.6 of CSA W59,2.*

When ultrasonic testing is used agreerment as to the procedures and
acceptance critetia shall be in accordance with Clause 7.7. of CSA W69.2.

Repair Work

(0

(it)

-

Repair of Defects-

All welding repairs shall be’ made by suitably preparing the site of the
defect, followed by welding and, if required, finishing the weld flush with
the adjacent surface (see Clause 5.12 of CSA W59.2) to satisfy the
requirements of Clause (g).*

Correction of Distortion-

Members distorted by welding, and requiring rectification shall be
straightened at ambient temperature by mechanical means, of by a
combination of mechanical means and o contiolled amount of localized
heat*

if localized heating is to be applied in any straightening operation, the
complete procedure shall be filed with, and approved by, the engineer.
Maximum holding times at vaiious temperatures for aluminium alioys prior
to corection of distortion shall be in accordance with Table 7 of CSA
W59.2*



Tensile Strengths for Welded Aluminium Alloy
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**TABLE 1

Specified Minimum

(With No Postweld Heat Treatment)

MINIMUM UTS

MINIMUM YS*
ALLOY MPa - (KS) MPa (KSh
1050 60 8.7) 20 (2.9)
1060 60 8.7) 20 (2.9)
1100 80 (11.6) 25 (3.6)
1350 60 (8.7) 20 2.9)
3003 100 (14.5) 35 (5.1)
3004 150 “(21.8) 60 (8.7)
5005 110 (16.0) 40 (5.8)
5052 170 (24.7) 70 (10.2)
5083 260 (37.7) 125 (18.1)
5086 235 (34.1) 105 (15.2)
5154 200 (29.0) 90 (13.1)
5254 200 (29.0) 90 (13.1)
5454 205 (29.7) 90 (13.1)
5456 280 (40.6) 135 (19.6)
6005 170 (24.7) 100 (14.5)
6061 170 (24.7) 110 (16.0)
6063 120 (17.4) 70 (10.2)
6101 130 (18.9) 80 (11.6)
635 170 (24.7) 110 (16.0)
7004 275 (39.9) 165 (23.9)
7005 275 (39.9) 165 (23.9)

*0.2% offset in 50mm gauge length
UTS = ultimate tensile strength

YS = vield skrength
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The convexity shall not exceed: C = 0.1s + 1.5 whefe s = size in mm

(a) Acceptable Fillet Weld Profiles

IasufGaent Excessive Excessive Overlap Tasuffscie ne loadequate
throst Conventy Usndercut kg Pepetruion

(b) Unacceptable Fillet Weld Profiles

‘ * Figure 1
Fillet Weld Profiles
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The required size, S, of a fillet weld (see Figure 2) to give an effective throat, E, shall be
given by:

S=2Fsin(8/2) + G

where
G = gap, mm

8 = angle between fusion faces

The gap shall not exceed 5mm, but gaps less than Tmm may be neglected.

* FIGURE 2

EFFECTIVE THROAT OF FILLET WELDS
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*** Figure 3

COMPLETE JOINT PENETRATION GROOVE WELDS

(a) First Side Welded

sa

»

L

0 _ (i

(b) Back of first pass gouged to Sound Metal

(c) Second Side Welded

Preparation. Gouging and Welding of Buft Joints
from both sides.

—p—

Welding of Butt Joints from one side on Backing




-15-
* TABLE 2

GROOVE DEPTH OF PARTIAL JOINT PENETRATION GROOVE WELDS

WELD GROOVE GROOVE WELD MINIMUM
METHOD TYPE ANGLE, O POSITION GROOVE
‘ ) DEPTH
GMAW J-U- o all effective
GTAW  —emeeemmsememoeme cemoeeeeees positions throat
PAW V-bevel Q= 60° '
GMAW V-bevel 45° 5 O < 60° Flat,
vertical
GTAW afl effective
PAW V-bevel 45° £ 0 < 60°  positions throat
T plus 3mm
GMAW V-bevel 45° < 0 < 60° horizontal
overhead -

m

rd

EFFECTIVE THROAT OF PARTIAL JOINT PENETRATION GROOVE WELDS

[

BASE METAL THICKNESS OF MINIMUM EFFECTIVE
THICKER PART JOINED, MM THROAT, MM

3to 5 2*
Overbto 6 3*
Over 6to 13 5
Over 13 fo 20 6
Over 20 to 40 8
Over 40 fo 60 10
Over 60 to 180 13
Over 150 16

e s

* Minimum size for dynamically ioaded structures shall be the
lesser of plate thickness or Smm.
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R = convexity
b = weld widih
For statically loaded structures R < 1.5 + 0.2b

D R Al 2l

For dynamically loaded structures R s 1.5 + 0.15b

(a) Acceptable Groove Weld Profiles in Butt Joint
Welded from Both Sides

R = convexity

b = weld width

For statically loaded structures R < (1 + 1.2b) = 5
For dynamically loaded structures R = (1 + 0.6b) s 4

(b) Acceptable Groove Weld Profiles in Buit Joint
Welded from One Side

" at P r———
'.‘ " /l " N
-~ Jr sl y ! T T

¥ Y b r )

. . L M

N H ) y ¥ J
v‘ N——ee?
Excesgive {ntulicent Excenove

Coavexity throat Underaut

(¢c) Unacceptable Groove Weld Profiles in Buit Joints

* FIGURE 4

GROOVE WELD PROFILES
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* TABLE 5

BASE METAL ALLOY GROUPINGS

O
NOMINAL COMPOSITION, MASS %

GROUP ALLOY Cu Mn Si Mg Zn Cr n Zr Al

] 1050 - - - - - - - - 99.50 min
1060 - - - - - - - - 9%.60 min
1100 012 - - - - - - - 99.00 min
11350 - - - - - - - - 99.50 min
3003 012 1.2 - - - - - - Remainder

2 3004 - 1.2 - 1.0 - - - - Remainder
5005 - - - 0.8 - - - - Remainder
5052 - - - 2.5 - 0.25 - - Remalnder
5154 - - - 3.5 - 0.25 - - Remalnder
5254 - - - 3.5 - 0.25 - - Remainder
5454 - 0.8 - 2.7 - 012 - - Remainder

3 5083 - 0.7 - a4 - - 015 - - Remainder
5086 - 0.45 - 40° - 015 - - Remalnder
5456 - 0.8 - 5.1 - - 70.]2 - - Remainder

4 6061 0.28 - 0.6 1.0 - 0.20 - - ‘Remainder
6063 - - 0.4 0.7 - - - s - Remainder
6101 - - 05 0.6 - - - - Remainder
6351 - 0.6 1.0 0.4 - - - - Remainder

5 7004 - 0.45 - 15 4.2 - - 0.15 Remainder
7005 - 0.45 - 14 4.5 0.13 0.04 014 Remainder

o e

* FILLER METAL ALLOY GROUPINGS

et P ——
NOMINAL COMPOSITION, MASS %

GROUP ALLQY Cu Mn St Mg Cr Ti Al

1 5183 - 0.8 - 4.8 015 - Remainder
5356 - 0.12 - 50 0.12 0.13 Remainder
5554 - 08 - 2.7 012 0.2 Remainder
5556 - 08 - 5.1 012 0.12 Remainder
5654 - - - 35 025 010 Remaindet-

2 4043 - - 5.2 - - - Remainder
4047 - - 120 - - - Remainder
4145 4.0 - 10.0 - . - Remainder

3 1100 0.12 - - - - - 99.0% min

W




BASIC WELDING SYMBOLS and THEIR LOCATION SIGNIFICANCE
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BASIC WELDING SYMBOLS AND THEIR LOCATION SIGNIFICANCE
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COMPANY NAME:

COMPANY ADDRESS:
W47.2/W59.2

WELDING PROCEDURE SPECIFICATION
FOR GAS TUNGSTEN ARC WELDING
OF ALUMINUM

SPECIFICATION No.:
Scope

This Welding Procedure Specification covers welding and related operations of aluminum structures
which are fabricated in accordance with CSA Standard W59.2, "Welded Aluminum Construction”,
and has been prepared to meet the requirements of Clause 7.1 of CSA Standard W47.2,
"Certification of Companies for Fusion Welding of Aluminum®.

A change in any of the essential variables contained in the succeeding paragraphs or detailed on an
applicable welding procedure data sheet will require a new welding procedure specification and/or
a new data sheet.

Welding Process

The welding shall be done using the Gas Tungsten Arc Welding (GTAW) process.

Joints shall be made by single or multiple pass welding, from one or both sides, as indicated on the
approved Welding Procedure Data sheets referring to this specification.

Base Metal

The base metal alloys used shall conform to the materials listed in Table 1A of CSA Standard
W47.2. Other alloys may be welded provided approved data sheets are available.

Base Metal Thickness

Base metal from 3.0 mm to unlimited thickness may be welded under this specification provided
that the Welding Procedure Data Sheets have been supplied and approved by the Canadian Welding
Bureau. Thicknesses less than 3.0 mm may be welded providing data sheets have been approved
by the Canadian Welding Bureau.

CwB ENGINEER OR SUPERVISOR

X This space to be stamped by P. Eng. if Div. 1 or Div. 2 company.



Welding Supervisor's Signature if Div. 3 company.



Filler Metal

Filler metal shall be certified by the Canadian Welding Bureau as conforming to the requirements
of ANSI/AWS Standard A5.10.

The choice of filler metal shall be in accordance with Table 3 of CSA Standard W59.2.*

Filler metal shall be stored in a dry, clean place adequately protected from the weather or
environment hazards until actually needed. The storage area temperature shall be maintained at a
uniform temperature approximately the same as that of the welding location.

Precautions shall be taken to ensure that all opened packages of filler rods or spools of electrode
wire are protected from the weather or other contaminants. Filler metals that are contaminated
with foreign matter shall not be used.*

Shielding Gas

The shielding gas shall be welding grade argon, helium, or an argon-helium mixture and shall be
limited to those specified on the fabricator's approved welding procedure data sheets. The
welding gases shall have a dew point of -40° Celsius, or lower, at 101 kPa.

The gas distribution system shall be free from leaks to prevent air or other contaminants from
entering. The containers or storage systems should not be used when the pressure falls below 2000
kPa (290 psi).*

Position

The welding shall preferably be done in the flat position. The horizontal, vertical and overhead
positions may be used provided approved Welding Procedure Data Sheets referring to those

positions and the Welding Procedure Specification are followed.

Preheat/Heat Treatable Alloys

Preheat is not normally required when fusion welding aluminum, however, when welding thick
sections, preheating is sometimes used to avoid cold-start defects, to achieve heat balance
between dissimilar thickness or to remove moisture. Care shall be taken to ensure temperature
control, particularly, when fabricating the heat treatable and the 5XXX series alloys that contain
more than 3% magnesium.

When fabricating heat treatable and 5XXX alloys containing more than 3% magnesium, the
interpass temperature shall be allowed to fall below 150° Celsius before starting the next pass.*

Electrical Characteristics

The welding current shall be alternating or direct current with positive or negative electrode. In
general, ACHF (high frequency) is preferred for welding aluminum.
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MANUFACTURER'S RECOMMENDED WELDING PARAMETERS

This table shows the recommended parameters for all electrodes to be covered by this specification.

When AC TIG welding of aluminum, it is good practice to "ball" or round the end of the electrode
before welding to keep the arc steady. Otherwise, the arc may weave or move from side to side.
DC welding of aluminum may be used; however, each joint design and welding specification
requires its own procedure.

AC TIG Welding

Before welding is started, electrode size, current setting and gas flow should be selected to suit
the material thickness and welding position being used from an approved data sheet.

Striking the Arc: When the electrode is brought within 1/8" to 1/16" of the plate, the welding arc
will be initiated. The arc is then adjusted to the desired length. When hot, the electrode must
not touch the work or contamination will result. This contamination will cause a dirty sputtering
arc that will not produce a clean or satisfactory weld instead of the smooth humming sound that
is desired. The arc length should be from 3mm to 10mm (1/8 to 3/8 inch) depending on the
location and the type of joint being welded.

The torch angle is usually 5 to 15° forehand and the work angle 90° when welding in the flat
position (see Fig. 1). The arc may have to be directed at the thicker member to obtain equal
melting when joining unequal thicknesses. Hold the torch at the starting point until the arc has
produced a bright, clean puddle of molten base metal (approx. 3 - 5 seconds). Move the torch
steadily forward at a uniform rate while feeding the filler rod to the leading edge or side of the
puddle. Do not add filler material until a good puddle has been established. Hold the welding
rod at an angle of 20 to 30° to the work, slightly off centre to the line of the joint, and feed into
and withdraw from the molten puddle (but not out of the shielding gas) at frequent, regular and
short intervals. The torch is moved back slightly when the filler is added to allow the filler rod to
be introduced into the molten puddle.

The torch is then moved forward to advance the puddle once the required bead size is obtained.
This backward and forward motion is repeated smoothly and uniformly in steps of approximately
1.5 - 5mm (1/16 to 3/16 inch). When no filler material is being used, it is not necessary to use
this motion.

Shielding Filler Metal Filler Metal | Positio Tungsten Amperage Polarity | Voltage Electrode Nozzle
Gas Classification Diameter n Diameter Stickout Size
& Type
Welding Technique
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When breaking the arc, withdraw the torch from the work while the filler rod is still being added
to feed the crater as it solidifies. The arc is run onto the cold filler rod as the gun is withdrawn
and is broken quickly. The arc may have to be re-struck several times while adding filler if the
crater is not completely filled. To produce crater-free stops on thin gauge material or on shallow
weld beads, increase the arc travel speed. This increase in speed should be sufficient to
eliminate the melting of the parent metal. Use run-on and run-off tabs wherever possible.

Other positions (horizontal, vertical and overhead) are also practical when TIG welding. The
techniques are, in general, the same as described above for the flat position, except that slightly

lower current are used. This lower current will keep the weld puddle small enough to prevent it
from sagging before solidification takes place.

Figure 1

Preparation of Material

Edge preparation may be accomplished by disc grinding, shearing, plasma-arc cutting, sawing,
chipping, planing, milling, or routing.

When disc grinding is used for edge preparation, high speed flexible grinding discs shall be used.
The grinding disc shall be suitable for aluminum and be maintained free of lubricants and other
foreign material.

When shearing is used for edge preparation, the shear blade shall be kept sharp and free of
foreign material. The sheared edge of aluminum shall be filed, planed or routed to remove any
metal that can possibly entrap foreign material such as cutting oil.

To allow for effective cleaning, surfaces and edges to be welded shall be smooth, uniform and
free from fins, cracks and other defects that could introduce porosity or oxides into the weld.
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All surfaces to be welded shall be wire brushed prior to welding to remove existing oxides. In
multi-pass welds the weld bead shall be wire brushed between passes. The brushes shall be of
stainless steel and be kept exclusively for use on aluminum and be kept clean and free of
contaminants.

When plasma arc cutting is used for the edge preparation of heat-treatable alloys, 3mm of
material shall be removed from the cut edges by mechanical means. This includes both butt and
T-joints. Note, plasma arc cutting heat treatable aluminum alloys may produce lamellar fissures.

Cleaning should be done just prior to welding but if welding is delayed, the cleaned material shall
be covered with polyethylene sheeting, paper or other similar protective covering, to guard
against contamination.

Back gouging of welds shall produce a groove having a profile and a depth adequate to ensure

fusion with the adjacent base metal and penetration into the root of the previously deposited
weld metals.

Note: Equipment used for preparing aluminum should be used solely for this purpose to prevent
contamination of the base material from foreign materials.

Weld Quality

Insufficient throat is not permitted.**

Weld termination craters shall not be permitted.**

If the surface finishing reveals porosity then the section shall be inspected for internal porosity.**

Welds shall be free from cracks, lack of fusion, lack of penetration, and essentially free from
undercut, overlap, or surface porosity.**

Continuous undercut depth shall not exceed the smaller of T/5 or 1 mm on each side of the joint,
where T is the member thickness.**

Isolated undercut shall not exceed 2 mm in depth. Undercut greater than 1 mm in depth shall not
have a length greater than 15 mm, and shall not be closer than 100 mm to another 2 mm
undercut.**

Fillet welds shall have a degree of convexity not exceeding 0.1s + 1.5 mm where s = size of the
minimum leg length in mm.**

Fillet welds shall conform to the profiles shown in Fig. 11 of W59.2. Fillet welds shall be free of
the defects shown in Fig. 11 of W59.2. **



Essential Variables

The following are considered essential variables for Gas Tungsten Arc Welding (GTAW) as per
Clause 8.2.3.4 of CSA Standard W47.2:

(1)a change in base metal alloy group as per Table 1A of CSA W47.2;

(2)a change in filler metal alloy group as per Table 1B of CSA W47.2;

(3)the omission of aluminum backing material or the substitution of other than aluminum backing
material;

(4)a change in current of + 15% and/or arc voltage of + 2V;

(5)a change from ac current to dc current, or vice versa;

(6)a change from dc electrode negative to dc electrode positive, or vice versa;

(7)a change from constant current to pulsed current, or vice versa;

(8)a change of + 25% from the specified travel speed;

(9)a change of + 25°C in the specified preheat;

(10) achange from a single gas to any other single gas; a change from a single gas to a mixture
of gases or vice versa; a change of + 10% in the specified composition of gas mixture;

(11)  anincrease of 50% or more, or a decrease of 20% or more, in the flow rate of shielding
gas;

(12) a change of electrode size;

(13) a change in welding position, except as provided for in Clause 8.3.1 of CSA W47.2;

(14) a change in direction of progression in vertical welding;

(15) a change in specified joint geometry;

(16) a change from welding from one side to welding from both sides or vice versa;

(17)  a change of cleaning procedure.

Data Sheets

The attached data sheets form part of this specification.**
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