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EXAMFLES FROM NEMA E\WVo

Theae symbals with harams are recommendsd and endorsed by the Amencan 'Welding
Sockely Labeling and Safe [Mmacices Commitize anwtime optional symbols are used on a
precautanary lakel.

HAFARD SOURCE OF HAFARD SYMBOL SOURCE
Clectric Shoek | Walding Cleetrode = i IS0 TMC NCMA
Clectric Shock | Wiring 50, FMC

Fumrs and Ary Sourre FLIC., NFMA
C.ages

Fumes and virdring Fumns and (Gasns 1500 FMC MERA,
o ’

Arc Rays Yielding Arc 150 FMC, NEMA,

Eleclic Shock | Welding Eleclrode and Wiiinyg 3 50, FMC MEKA

)
Vo
bay
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ERGONOMICS IN THE
WELDING ENVIRONMENT

CONFINED SPACES

MECHANICAL HAZARDS

1 TRIPPING AND FALLING
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The contrast between good and bad practice in arc welding

Bad practice

. ‘/ Hazards
Good practice
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General ventilation may be adequate if welding is of short duration and intermittent.

The most efficient way of controlling exposure to welding fume is its removal at source. There
are several methods of removing fume close to the weld:

Haz and electrode
wire feed

ed benches
Extracted booth .

Local exhaust ventilation (LEV) On-gun extraction

)
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Welding Torch (=10 ,4)
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GTAW (TIG) Connections

TIG Welding System
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single phaseJ

Fower switch
with cover or
FFB

Cooling wat

Jo

Cas pressure rvegulater
with flowmeter

e

Cooling water

(Piping for gas and water is mnot
required for manual welding.)

To be taped after cennection
side

Arc spot time controller

inlet % +JF
{a) Connection on xear
High N

frequency fuse S5A
Control circult fuse SAY

_’__Gas_p,ns.r;ﬂm_r_im contreller
=

~——_Torch select switch

4 Gas adjust switch

FPower indicacoxr lamp -
Power OM/OFF switch
Aagon weldingfmanual welding seloct swilc

Arc spot ONSO

Current HIGH/LOW select
switch

Current indicator plate

Gas outler terminal

Cratex filler contraol switch
T‘\ AC/DC cutput select switech

Current control handle
/Control switch receptacle

|

|~

%

Y 4

q

Torch swit
—=ren =2

Connection on

(b}

Fig. 1 Extermal Comnections Diagram

/Ccol:l.ng water cutlet terminal

This figure indlicates -the case where
a water—cooled torch is fitted.
Piping for water is nol necessary
when an alr-coecled teoxch is used.

front side

for Argon Arec Welding
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1 WATER QUTLET HOSE
TORCH CABLE
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WELDIMNG CABLE
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ARGON HOSE ~—___

CABLE ADAPTOR
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Fig 43 AGTAN torch.

WATER IMLET SUPPLY

\ WATER SLPPLY
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POWER 5UI

Waler ouf+ Lt turrent
valet in

{ Tungsten dctrode
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Fig, M Wi ol GTAW trch o vl wed,

Fig. 10. When high current settings are used, a water-cooled torch is needed (above 200 amperes).
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FIGURE 14.-20 Compare this TIG
holder with the holder shown in
Fig. 14-21. This TIG holder doesn't
have the long pointed cap to hold
an extra length of tungsten. You
would select this helder shape if
getting at work in a tight space
was more important to you than
having an extra-long tungsten in
the holder.

FIGURE 14-21 This TIG helder has

just been used to weld a thin edge
geam on a metal box. There is no
clearance problem in this sheet-
metal work, so the welder selected
& TIG holder with a cap to contain
an extra-long tungsten.

L

-
FIGURE 14-22 The TIG holder in
the middle is a straight-headed
pencil-shaped TIG holder. All three
TIG holders are air-cooled models.
A water-cooled holder [not shown)
would look zimilar to an air-
cooled TIG holder except that the
handle and head would be a little
thicker to make room for the cool-
ing-water lines needed for high-
amperage (up to 500 A) work.

-
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Tungsten Electrode Diameter

Cup Orifice Diameter

1/16 (1.6mm)

1/4 ~ 3/4 (6.4 ~ 9.5mm)

3/32 (2.4mm)

3/8 ~7/16 (9.5 ~ 11.5mm)s

1/8 (3.2mm)

7/16 ~ 1/2 (11.5 ~ 12.7mm)

3/16 (4.8mm)

e a1 d—

Figure 3.22 A ai-cocled GTAW toch 2

— |

TIG-24 Water-cooled Flex-Head
terch with Superflex Cables, The
terch is rated ot 180 amps at 100%
duty cycle

TIE-24 Air-cocled Flex-Head
torch with SuperFlex Ceble The
torch is rated at 80 emps ot 100%
duty cycle

51 Asaa

1/2 ~ 3/4 (12.7 ~ 19mMm)

\ -
\ Qlfm 3.23 A Haler-<cooled GTAW torch,

STAW Torch

Tungesten Electrode !
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GTAW Electrode Numbers , Colors & Alloys
AWS Code TunAztprommage Alloy Content (Ol\t/lh:XrS)
Number | Color er? Thoria Zirconia
EWP Gree 99.5 - - 0.5
n
Eth-1 985 |0.8t01.2 - 0.5
Eth-2 Red 7| 97.5 1.7t02.2 - 0.5
Eth-3 Blyé 98.95 [0.35to0 - 0.5
/ 0.55
EWZr 4 Brow 99.2 - 0.15t0 0.4 0.5
A g n
From Table 1 & 3 of AWS A5 12.69

4

75610 ) wlersidisblhs (05 —6.4mm ) w Lo alhi¥/ sda Ll = o i
leisldi 4a o (Pure Tungsten ) — (EWP ) A4l siwaiil (e 5655 of Ll s . (mm
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Table 3-7. GTAW Conditions for Nickel Alloys
Filter Shiefding Weldi
Base Metai i ™~ elding
Thickness Mmi g ectrode Gas Fiow CTurrent
lins) Qum {ini.-.i“.u' Rate {Argon) DCsp
lin,} lethl (amp)
1/32 0.030 0.040 12 t0 15 25 1o 35
1716 0.045 17116 12t0 1S 55 w0 65
/32 0.060 3/32 12 to 20 75 to 100
1/8 0.090 3732 12 10 20 110 o 135
/4 0.090 3132 1210 20 130 to 200
—

TABLE 14-5 Typical welding procedure for manual GTAW of

carbon steel

Material thickness, in.
Joint design

Current, A

Polarity

Arc voltage, V

Travel speed, in./min
Electrode type
Electrode size, in.
Filler-metal type
Filler-metal size, in.
Shielding gas

Shielding-gas flow rate, scf/h

Purging gas

Purging-gas flow rate, sci/h

Nozzle size

Nozzle-to-work distance, in.

Preheat, minimum

Interpass temperature,
maximum

Postweld heat treatment

Welding position*

| *F = flat. H = horizontal, V =

53 dsaa

Square butt

50-100
DCSP

12

As required
EWTh-2

Y32

E70S-2

Vie Or ¥a2
Argon

20

Argon

57

s

2 maximum
60°F [15.5°C]
500°F (260°C)

None
F,H V, CH

11610 1/8  1/81t0 1/4

Single-V
groove

70 to 120

DCSP

12

As required

EWTh-2

33z

E70S-2

Y32 or Vs

Argon

20

Argon

5-7

s

Y2 maximum

60°F [15 5°C]

500°F [260°C]

None
F, H, V, OH

vertical, OH = overhead.

1/4 to 1/2
Double-V
groove
90 to 160
DCSP
12
As required
EWTh-2
Y
E70S8-2
¥a2 or Va
Argon
25
Argon
b7
s
Y2 maximum
60°F [15 5°C]
500°F [260°C]

None
F, H VvV, OH
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Electrode Shapes

To produce good welds the tung-
sten electrode must be shaped cor-
rectly. The general practice is to use
a pointed electrode with DC welding

COLLET

Fig. 12. Be sure the tungsten electrode is shaped GF«INBMQ )
rly. ks
propery LENGTHWISE tramol
For 4 11K dis. e
BLUNT T3P ik w114 10 3 bomg,

and a spherical end with AC welding.
See Fig. 12. F

It is also important that the elec- i0. 4. el :
trode be straight, otherwise the gas g 5' Grmdmga wngﬂen E{ECUOdE ﬂp '
flow will be off center from the arc.
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1. Sharpen the electrode end,

(R Grind the efectrode end sharp,

2, Attach the electrode to the torch,

7 ™ [1] Attach the electrode sothat its end projects
about from the nozrzle,
Marzl
e DC { 250 ~ 500 ) A

[ Tungrien slectrods

ot L T

2 ~ 3 times the electrode diameterJ

2-1/2 TimesDO
Electrode Diameter

1. Tungsten Electrodeld

2. Tapered EndO

Girind end of tungsten on fine grit, hard abrasive wheel before welding.
Do not use wheel for other jobs or tungsten can become
contaminated causing lower weld quality.

Eng,Zahid A. AL_Amirey
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Figure 4.6 The ball diameter hould never excead 1.5 timae the elestrode
diameter. Pointed tungstens are as noted.

1 2

- \ D’g

2-1/2 TimesO
Electrode Diameter
1. Tungsten Electrodel
2. Tapered Endld
Grind end of tungsten on fine grit, hard abrasive whe el before welding.
Do mot use wheel for other jobs or tungsten can become
contaminated causing lower wweaeld guality.

= /

= =z

3

== e
b N

ldeal Tungsten Preparation — Stable Arc

. Stable Arc

. Flat

L Grimding Wheeld
. Straight Ground

AN

<

C

(5

4
Wrong Tungsten Preparation — Wandering Ao

A WanderO

. PointO

L Grimding Wheeld
. Radial Ground

[ AN

Figure 4.7 Preparing tungsten for DC electrode negative welding and AC
with wawe shaping power sources.
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FIGURE 14-19 Right and wrong ways of tipping and redressing a
GTAW tungsten electrode. (A) How to grind the ends of a tungsten
electrode. (B) Cutoff ends of electrodes up to Yis in. [1.6 mm] in
diameter. (C) How to break off ends of electrodes larger than Yie-in.
[1.6-mm] diameter but not larger than ¥s-in. [2.2-mum] diameter.

(D) How to break off ends of electrodes 53z in. (2.4 mm) and larger in
diameter. Put electrode on edge of a bench.

57 daia Eng,Zahid A. AL_Amirey



Csiwaiilf ALY J b Libae slia o Lliadl lee L) ol off Lagal) oo silf iany

dael) S AT Y O can g slgllaciv] Sps ) lgy dalid) giSLef 8 alhdY) Lés sy )
Lilhe Al Bl m geii Y O i g LaS Lgili 800 Ly g 3 jlaalls

ALl U] ain o cang 8 ilin (b gl o sil] adad s g plalll idae (o 2lg @iy 2ie Y
L) gy puil) dulae ilS 1) Lof g Lolad aladll idad 3y f (A dsala ) Ladinl) 4o 46 10
Ol b Cun 2lSY o dils alall] ihdl alo¥) i b)) g 4ild o i) 8IS _yuc
ol Ao S5 13 5 5 3T 5 se wsdl] i) die galed] paalal] 4ig) (po Lol CAlis o/ 5l
5 udlsa alalll Libee Cild)) die Sl momaall 4y pill Lulac 2Ty | dalend] Sl sl i
baill ola¥) i phll ]y G il e 5 ¢ Gl ol dmaian] o puil] _paiisn JalS

i 2 Ly Ol Arinz o lil) dusi CuilS 1) Lol g il i) dibaial] #ls g alall] Dalac iy p il 4iL8
O Al 55 5amd i g S 5Y il drdad e L jeS oo S5 ¢ pladll 9 48 po L)
LaS A g I o gl S i e (A 5230 Al 18 Joa Sl o T La 13 Lol Liilges Caplil] (5
Dlgai¥ Lbee Lgra Ny n
| L ala¥)] alalll s i phs uali ¥ £
510l 15 Y Cung bl i pb ual O i
638 4 3 ea sall Jobal Ji5 Y ALdlal) SR Jua Cuie g ghwaiil (ihd 4o 2SG0
Al 10 e Audsal) ALsdls )

Mjw/afw 8L 5 Gy 99 (AL e S G sdl) ST YT
olo ¥ Gllsl) i yhal 38 50 ili ) (5050 oA 2aSTEN

Sl 2 il o Lol g . Jani Y alalll 4isSLa 5f Gia

(6 43 duale ¥/ daliell 44 4é

O stunitl] bl Luban) 5Lialf

ML S o5l alad i glsf 6 ity OIS Y giuaadil] alad @l ) G il O s
) A il gl g o steaniil] 8 284 ians Dled Cansy 28] gl 6 ST ¢ Jalad) L))
A - lgo ol se 3ac il [ S L 5ld5 aladl] 30le 8 s 5 Jlain/ 4
v REE)
Al Glae o /o] 44y 4L
o sdll Jaidi) 445 45
b g S g gl o i) vy Gllal) i yha lgs gy N LS 5]
S L] e
Ll uléa |

58 daia Eng,Zahid A. AL_Amirey

~ QO &~ I —t —




il

Figure 4.11 1/8" Tungstens.

ELECTRODE “A” has the “ball” end. This pure tungsten was used with
alternating current with a sine wave power source on aluminum. Notice the
end is uniform in shape and possesses a “shiny bright” appearance.

ELECTRODE “B" is a 2% thoriated tungsten ground to a taper and was
used with direct current electrode negative, or a similar shape for Advanced
Squarewave applications.

ELECTRODE “C" is a 2% thoriated tungsten used with an alternating
current sine wave power source on aluminum. Note that this electrode has
several small ball shaped projections rather than a round complete “hall
end” like the pure tungsten.

ELECTRODE “D” is a pure tungsten used with alternating current sine
wave power source or balance control set to excessive cleaning action on
an AC wave controlled power source on aluminum. This electrode was
subjected to a current above the rated capacity. Notice the “ball” started to
droop to one side. It became very molten during operation and continuing
1o operate would have caused the molten end to drop into the weld pool.

W

Form of tungsten electrode tip

Good Good

< -0

\/

bright round rod
Bright sharp rod

Poor

Excessive current

ELECTRODE “E" is a pure tungsten that was tapered to a point and used
on direct current electrode negative. Notice the “ball” tip characteristic of
the pure tungsten. Pointing of pure tungsten is not recommended as the
extreme point will always melt when the arc is established, and often times
the malten tip will drop into the molten weld pool.

ELECTRODE “F" was severely contaminated by touching the filler rod to
the tungsten. In this case, the contaminated area must be broken off and
the electrode reshaped as desired.

ELECTRODE “G” did not have sufficient gas postflow. Notice the hlack
surface which is oxidized because the atmosphere contacted the electrodle
before it cooled sufficiently. If this electrode were used, the oxidized
surface will flake off and drop into the weld pool. Postilow time should be
increased so the appearance is like electrode “A” after welding.

Poor Poor

)

"
Tip melted & cut

Bmudge of base metal

-
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HELILR ARGON

Figure 4.13 A representation of the affects on the arc and bead produced
by argon and helium shizlding gasas. Note the wider arc and deeper
penetration producad by the helium shielding gas.
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Halium =

Argon = Afgﬂﬂ - ap o Arge

Argon =
oxygen 1% oxygan 5% 20%, COz

<o T <

Carbon Halium

dioxide Argen

Fig. 5-3 Effect of shielding gas on weld bead shape.

iti icldi for gas shiclded arc
In general the composition o.f the shiclding gas ¢ X
welding ogf different metals and their a:lloys can be. based on lg}c gundclﬁ
provided by table 5-6. Bead shapes obtained with different shielding gases
shown in Fig. 5-3.
' Table 56 Gases for Gas-Shielded Arc Welding Processes

Metal Shielding gasx Gz affects
" 4
Mil eals [ w) Low spatter ] .
a & COL+1-2%0, Avocids lack of fusion ;
Ar31-2%0O Beiter bead shaps )
Ar+ 20 —25% . No spauer
2% O Improved emissiviry, botler arc

Low alloy steels 4_\:+ 2 mares ande p

Ar + 5% O Improved bead shape

Ar + 20% GO,

Ar+1-5%0,
Ar+2—49% H
He+7-5% ArtZ5% CO,

Suhis are, reduced underculnng
Hotter Tunning arc
Improved bead shape

Removes surface oxides

Stainlcss steels

-

mini . Argon .
Alu e He’---zs'x- Ar Oxide removal and porosity eontrol
i Argon ' Reomoves surface oxides .
Magnesium A.r:on + 50% Hc Hotter arc, reduced porosity
ckel Al Improved conirol on base metal
o A:B-rmSO - 75% He Fluidity, good wettabilicy
Ar+2 —5%H, Hotter running arc
Cop, . Reduces sensitiviry 1o surface
per Argon cracks
He + 25% Ar Improved bead shape
MNiuogen Counteracts high thermal con-
. ductivity by high heat input are
Titanium Argon Good meial transfer

TABLE 14-3 How to select a shielding gas for GTAW

Woalding

Metal Opeoration

Argon Better arc starting, cleaning action, weld quality, lower gas
Manual consumptian,
Aluminum Argon-helium High welding speeds are possible due to higher heat praduced by
and helium,
Magnesium {ﬂrgon-helium Better weld quality. lower gas low than required with straight helium,
Machine
Helium (DCSP) Deeper penetration and higher weld speeds than ¢an be obtained with
argon-helium.
Spot Argon Generally preferred for longer electrode life. |
Carbon Welding Ease of starting. lower gas flows than helium.
Steel Manual Argon Better molten weld puddle control, especially for out-of-position welding.
Machine Helium Higher speeds obtained than with argon.
Manual Argon Permits controlled penetration on thin-gauge material
Argon Excellent control of penetration on light-gauge materials.
Argon-helium Higher heat input. higher welding speeds possible on heavier gauges.
Stainless Machine Argon-hydrogen Prevents undercutting, produces desirable weld contour at low current
Steel (up o 35% H,) levels, raquires lower gas flows.
Argon-hydrogen-  An excellent selection for high-speed tube-mill operations
helium
Helium Provides highest heat input aned deepest penetration.
Argon Easy to get molten puddle control, penetration, and good bead contaug
Copper. on thin-gauge sheets and strip.
Mickel, Manual Argon-helium Higher heat input to offset high conductivity of heavier gauges.
Cu-Mi Alloys Helium Highest heat input for higher welding speeds on heavy metal sections.
[Argun Low gas flow rate minimizes turbulence and air contamination in welds,
Titanium Manuat improves heat-allected zone.
l Helium Better penetration for manual welding of thick sections (inert-gas
backing required to shield back of weld against centamination).
Silicen Manual Argon Reduces cracking of this "hot short” metal,
Bronze
Aluminum Manual Argon Less weld penstration of base metal when welding thinner sections.
Brenze

Shielding Gan

Adventeges and Applications
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Screwed
glass
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30

2G',-Lif/mm

Float ?

10

Knob w— & Gas out
Plastic body -~ / ‘ Figure 4.15 The regulator/flowmeter regulates the flow of shielding gas
! from the cylinder to the welding torch. This meter displays the amount of
Fo' fir an gos cylinder pressure in the cylinder as well as the rate of flow.

o

Gas floweter

Obtain gas cylinder and chain

to running gear, wall, or ather

stationary support so the

cylinder cannot fall and break
1 off valve.Ol

1. CapO

2. Cylinder ValveO

Remove cap, stand to side of
valve, and open vatve slightly.
Gas flow blows dust and dirt
from valve. Close valve.O

3. CylinderO

4. Regulator/FlowmeterQd
Install so face is vertical.O

5. Gas Hose ConnectionO
Fitting has 5/8 —18 right-hand
threads. Obtain and install gas
hose.O

6. Flow AdjustO

Typical flow rate is 15 cfh
{cubic feet per hour)O

Make sure flow adjust is closed
when opening cylinder to avoid
damage to the flowmeter.O

Figure 4.14 A typical regulator/flowmeter installation. Argon Gas

-

63 4ada Eng,Zahid A. AL_Amirey



(Filler Rods) sl Dlf
- Lad ity e i () Ay pal) 03gd plall] Dloa] asadiis
. (Solid filler Rod ) ¢las <DL/ o

3 caplil JEG e (555 Gy sguall ac b 5 pdne ¢ (Tubular F.R. ) 4¢_de <DL/ o

alanlll s

V2NN

) 8 Lt ooy 2l Soid Rod sl &l

S 2S5y EEenS 2 pe BaweS iy rels

64 Aada Eng,Zahid A. AL_Amirey



2009 cld@emdis | @it eklosded |

w8 il g il Slgan) 48 o) p Cuny L] yrea JLIS) ulbii dliia pites alad Lilec 4
Maziss] 5 1655 calalll Dasf Jag g8 8 41 e o 2ains mind o laii ¢ canliall iLasS]
. plad Lilae S Cuilial/

. (4.8 mMM) i (0.8 MM) re o dslisall HLaiY/ 5 s0ase S bl <l (oS5 Al Y Dl

SIS 5 320 Gyl (e Agde Tablat] ulail) (e 488 5 diiday 3 guSa () 5S3 020 alalll AT o
C(Mag ) alad a8 dala ol jaiall elld) J3A ce 3l eSSl Jis e acllls

'

¢Agliie el b a5 o steaiill alal 8 el AlaY) (olee (e ddlise o |4 Gllia 5 e
e 8 3ol ST daga Lo Jgeanll @lld g alalll @l 1) il 3auS5a 8 o) e llin
! Al
el oSl (o sill Aol gr i 52 S 3V 5il) alal] Lagiinal) Lisell] Dhosf
(GTAW & GMAW) s/

' 4

bl a8 5 o 8 4uai (Carbon steel ) = w sSIBY sdl) slad 8 dediivial/ diliaal] o) pall
AWS/AS5.18 — 80 ) L& so¥/ Clical sall puiaAa o  sininiil] (w58 Lans] g0 962 i
WA ualind) (o il g ySIY) 0d8 oy <illiys (

(R ) diwd &DLulS 4/ (E ) ol g SIS g olasiv] Koy dilaal] o goll G Ao Sy oy (ER) @
2235y (GMAW ) Jlis conkall iveall L sil) alad s 6 ol g ISIYIS a0t s
(GTAW ) b consall  sicuniill g o8 alad 6 Daid L SLulS

(1000 X ) plalll el 2] Slgn) Ao ¢ coiljia o ilga pd ) ole dais 530 i) @
/ . 2l /i sl

( SOlid ) mof Glll 58 posiveal) AL 5 e UYL (S ) Cisa (50 4nsis ol o)l @
ATubular ) 5 2sll sdae Sl f gle YAl (T ) o ol Llua/ pisio

leddl ol de panall g olarll) S il e AYAll 7 2 e pd ) 65 A s ol @
5 ) eaayloni il g L] 138 6 sSluadly jpidial] Lasis Lunsi ) 6 ) gy oS ] 5 2] L
LI@O, ) ke s dlasdl jle IS 13 duals alalll 480 (o CpanaS oY1 SIS Y O 508 dusals]
Pl Al 6 i 55 Sl g pitial] aaS U8 ¢ Dlasl] S Gy se )Y alasid Uls

65 Aadia Eng,Zahid A. AL_Amirey



2009 sbdacsite | St e asded |

3Y pill plal! Lassivall alall) &Dls¥  dilisall g/ si¥ cpy o) (10— 4 ) pds Ssndls
o cnaall b S g sill bl g (Carbon steel ) s S

o Agieall] (7) plall] ellaad g ybasCll S a0
(AWS) C{M | Si p s [Nifjor{Me| Vicw| T |z | A
0.80}0.40 0.05 |0.02 | 0.05 ~ ¢
ERVOS-2 0.07] to | to o |to fo
1.400 0.70 0.15 (012 | 0.15
0.06{0.90]0.45
ERT0S-3 to { 1o | to
2.15]1.4010.70
D.07]1.00]0.65
ER¥0S-4 to to o 0025 D035 0 § 0 Q.05 -1 -1 ---
0.15]1.501 0.85
0.0710.90}0.30 0.50
ER70S-5 to | o | to == ] ---] to
0,19]1.40| 0.60 0.90
0.0711.40)0.80
ER70S-6 o | to o
0.15}1.85]1.15
0.07]1.50] 0.50 L I
ER705-7 to] to o
0.1512.000 0.80
ER705-G ddad sk

(Vo=t) o35 Jysa

-

- 5—bia e
Ol il ol il o g Ll 280 Mo 5Ypilly i g S 3 gl pladl Lunaily
oA Gty Laliy) iy Llead! il Lullel] CGalSall [ s Fra saae daall fis (pd doliitus]
il yilemey Lo ol llenall Lo 5l o gl (6 plall] o Lulle Lo gi LT 1) Y]
. la_pe

66 Axiia Eng,Zahid A. AL_Amirey



((asival) alalll #lus] ) Lil2Y) e

e Jpasdl jixi 1) Lol ¢ (ulwd)  aral dilhe dlazival sladl] #lil aran (557 Ol cany
AL L alie a6 ulw¥] Gare i pe zeil pudl] (cars s G (Say 40l daalio plad F Ll

A LS Ligsil Sl g Lolai dusalio ) 55 Gy il ulll of alalll Flul (ulie o i ing LaS

sl of sl pe Jiisg il (S paniis 286 D guiaall ulialls il
e 58 555 Cun e ga ) sguais 288 ¢ o il Lao giaal alalll fe i IS 1) Lol g L)
Aabiiiall sl 4388 6 ASaTl aiady 2uSTi 46 Lo

iy LS ;QJLM@)/&A‘&/}J/JLU/‘;'AEJB : /.;ngcj/;.;x;;r ¢ Ja S e
(f/jj/Jw/ﬁAMC ER s R Y Sy i g 90 5la)

o of Cisli of plu] D (ol A Liskis Ltiaal) plall) flas] (5555 5 o *

®5M/Jﬂ Lais 30 Lawien Y (Jid lgiais Sy
i KT Cuay Calsl (o plall] Fl] gy A ks *
T asid of f miadlf s Lue lgal] i gy 38 ) colia I

FUPFENTEIN NCPR

67 Aada Eng,Zahid A. AL_Amirey



2009 sbdacsite | St e asded |

( Welding Procedure ) »bdll ¢/ n/

(Preliminary Steps ) 4 saaill < obdlf - ¥,/
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el M g AL lehas y (po STl Ll je I 0l o] a2, )

s (CUP Size ) Labiell ans 5 siuniil] cihil cruliall g mnaall hadll o 2S[] 3065, ¥
nilall 48 il Hasles

- IS i iil] i § pulea I

(Joint design ) plall il s srawail Lesi aaaiy ol yual] dabic (o (sl laf jg o
-r Jid o d (veld  position”) aladlf e

alall &l g il (118 10 3/16 ) dilss o) pusd] dadic dils (o piseitl] cihad diay of cuny o
L(Butl weld ) bl i 40
. (Fillet weld ) Lds/alf 4y 5/ ill dlucs ol alad 5 (il (3]8 10 M4 ) o s v iay 5

Corner ) da sl 45 il dla sl alsd 5 il (118 pax) _isladi ¥ dile diey 5f cany o
/ .(weld

dulle L)) pa Clolgal 3 ga o S5 53] Y5 (1.5 M) S dilwall J5Y ) cung o sand] Ao 5 o
sl (22) a3 ) SSds | ar s SE Labial] il

BUTT WELD CORNER WELD

Fig. 22. Adjust the electrode so it extends beyond the edge of the gas cup.
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3 G (VERTICAL) : °
4 G (OVERHEAD) ‘ fala pn g @

1G (FLAT) R b, *
2 G (HORIZONTAL) (i paa s *
5G L] L gif 1S po puia g *
6 G A5 ° L1y o 4o gl i po puia s *
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2 E(HORIZONTAL) F ag e
\ F (VERTICAL) (slsac alaf g @
\4 F (OVERHEAD) ol s plad e o
Qs
mpeuo;ESEsnTumJn%mgu PPEQ RPOIJGI;EE-ER?EAL

'WELD

"v>/

aoF FOF @f

D-POSITION 6G
nmomussﬂ?ﬁzﬂw’r‘a&ﬁsﬁ: =159), e—posimon GGR
WELD FLAT, VERTICAL. OVE [T, K, OR ¥ CONNECTIONS)

PIPE INCLINED FIXED (45° 5% AND NOT ROTATED DURING WELDING.

)

Welding Positions for Pipe Groove welds
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Pipe Welding i NN

kil sl (Material ) goall sabey dpallall unlaal) (8 Cayatis 2 iy sl sall () 5S5 3alall 3
) & Jsanlly s Jshay laal) dlaw sale 4xgiy 53l ( Nominal diameter ) (sasY)

) diclmas @ gl (stander) bl lSlew (o Ciiaill 13¢) ddasa 3y pom Jany (10 - 1
.( double Extra strong ) 4ss e 4iclass @ 5l ( Extra Strang

TABLE 10-1 Pipe size and nominal wall thickness

Nomi-

nal  Out- Sched- Sched- Sched- Sched- Sched- Sched- Sched- Sched- Sched- Sched- Schad- Double-
Pipe side ule ule ule ule Stan- ule ule Extra uwe ule ue wle ues Exin
Slze  Dia. 5 10 20 W dad+ 0 60 Etrong B0 100 120 140 160 Strong

Yo 0405 — 0049 — — 0068 0068 — 00% 0086 - — — — =

Va 0540 — 0065 — — 0088 0088 -— QI8 ON8 — — - -

Y 0675 — 0065 — — 0091 0O — 016 0126 - - - — =

Ya 0840 — 0083 — — 0109 01® — 0147 0147 - — — 0187 02
% 1050 0065 0083 — — 0113 0113 — 01 01 — — — 0218 0308
1 1315 0.065 0109 = = 0133 018 - 0179 017 — — — 0250 0358
1% 1660 0065 0109 — = 0140 010 — 0191 011 — — — 020 038
1% 1900 0085 0109 — — 0145 0145 =— Q20 020 — — — 028 0400
2 2375 Q065 0100 — = 0154 0154 — 0218 028 — — — 0343 04%
2 2875 0083 0120 = — 0203 0203 - 027 026 — — — 035 05%
3 35 0083 0120 = — 0216 0216 — 0300 0300 — — — 0438 060
Wy 40 0083 0120 — — 0226 026 — 038 0 - — = = =

4 45 0083 0120 — — 0237 0237 — 03¥ 03% — 04% — 0531 06M
5 5563 0100 0134 — — 0268 0258 — 0375 0375 — 0800 — 0626 0790,
B 6525 0109 0134 — — 0280 0280 — 0432 042 — 0862 — 0718 08#
8 8625 0109 0148 0250 0277 0322 0322 0406 0500 0500 0593 0718 0812 0906 0875

g

10 1075 013 0165 0250 0307 0385 0366 0500 0593 0718 0843 1000 1125
12 1275 0156 0180 0250 0330 0375 0408 0562 0500 0687 0843 1000 1125 1312

140D 140 — 0250 0312 0375 0375 0438 0593 0500 0760 0937 1003 1260 1406

160D 160 — 0250 0312 0375 0375 0500 0656 0500 0843 1031 1218 1438 183 ~—
180D 180 — 0250 0312 0438 0375 0562 0750 0500 0937 1186 1375 152 1781 -—
00D 200 — 0250 0375 0500 04375 0563 0812 0500 1031 1281 1500 1780 1966 —
20D 20 — 020 - — 03 — — 050 - - = = -
240D 240 — 0260 0375 0562 0375 0687 0968 0.500 1.213 1531 1812 2062 243 —
BOD 60 —- - — = 0¥ - = 000 - - - = -
WOD W00 — 0312 0500 0626 05 — - 00 - — — =— -— =
MOD KO - — — = 0 - = B - - = - = -
%0D %0 — = — — 03 = - 0 = - - - - =
20D 480 = — = = 03 - = 0B - - = = - =
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Al legia JSo dcliall b olaild Clalbiadll Glagh casaill 5 sl o LAl gy of W Vg
GO 13 a sy (10— 1) JSAN 5 iyl

FIGURE 10-1 Tubing comes in a much wider variety of shapes, sizes,
and metal grades than pipe. Tubing isn't always used to carry pres-
sured fluids, either. This array of tubular shapes (much of it extruded
from solid steel) is an example of the tubular shapes produced by the
Babcock & Wilcox Tubular Products Group, Beaver Falls, Pennsylvania,
a McDermott company. They also make welded tubing. Many of these
tubes will be used for machine parts or as hollow shafts. When pro-
duced for those kinds of applications, the material is called mechanical
tubing.

Lo SRS by il 5 i) Clial g \giillae Con o g A Al Cligiatl) (e ayae )l ellia
call slld e s e 5, APIS”ASTM_ASME BOILER & pressure vessel code,
(10-2) &) dss Aragm oS

Uaidie s 5 aslid i Galite 658 OF (S giall Gane o (@) el o LAY L
asiad¥l s ulsilly High-alloy heat resisting steel 5, _yall a dia (Silus 3Y 5 5 & 52 S
s (Seamless tubing)  swd) A yhay de giiae (56 e sale g Adiaal) eliliall e cilial g
/ . Seam welded <M 44 yhas 54 grle

-
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TABLE 10-Z ASTM steel pipe and tubing specifications
Specification Drascription

ASTM A-53 Welded and seamless steel pipe
ASTM A-120 Black and hot-dipped zinc-coated welded and seamless steel
pipe for ordinary use
ASTM A-139 Electric-fusion-welded {arc-welded) steeal pipe {s:l.zas 4 in. and
over) .
ASTM A-134 Electric-fusion-welded [(arc-weldedd) steel pipe (sizes 16 in.and z
ower)
ASTM A-135 Electric-resistance-welded steel pipe
ASTM A-155 Electric-fusion-welded (arc-welded) pipe for high-temperature
SErvice
ASTM &-530 General requirements for specialized carbon steel and alloy pipe
ASTM A-369 Ferritic alloy steel forged and bored pipe for high-temperaturea

service

ASTM A-430 Austenitic steel forged and bored pipe for high-temperature
Service

ASTM A-381 Metal-arc-welded steel pipe for high-pressure ransmission
service

ASTM A-106 Seamless carbon steel pipe for high-temperature service

ASTM A-312 Seamless and welded austenitic stainless-steel pipe

ASTM A-333 Seamless and welded steel pipe for low-temperature service

ASTM A-376 Seamless austenitic steel pipe for high-temperature central
station service

| ASTM A-524 Seamless carbon stes] for process piping

ASTM A-335 Seamless ferritic alloy-steel pipe specially heat-treated for high-
temperature service

ASTM A-40S Seamless ferritic alloy-steal pipe sp-eu:iauy heat-treated for high-
remperature service

ASTM A-211 Spiral-welded steel or iron pipe

ASTM A-408 wWelded large outside diameter light-wall austenitic chramium-
nickel alloy steel pipe for corrosive or high-temperature service

A5TMM A-252 WWelded and seamless steal pipe pilas

ASTHM A-E56 Caold-drawn carbon steel feedwatar heater tubes

ASTHM A-254 Copper-brazed steel tuking

ASTM A-Z250 Electric-resistance-welded carbon-molybdenum alloy-stael boiler
and superheater tub-as

ASTM A-226 Electric-resistance-welded carbon steel boilar and superheater
wbes for high-pressure service

ASTM A-178 Electric-resistance-welded carbon steel boiler tubes

ASTH A-214 Flectric-resistance-welded carbon steel heat-exchanger and
condenser tubes

ASTHM A-498 Seamless and welded carbon ferritic and austenitic alloy steel
heat-exchanger tubes with integral fins

ASTM A-199 Seamless caold-drawn intermediate-alloy steel heat-exchanger and
condenser tubes

ASTM A-179 Seamless cold-drawn low-carbon steel heat-exchanger and
condenser tubes

ASTM A-213 Seamless ferritic and austenitic alloy-steel boiler, superheater,
and heat-exchanger tubes

ASTM A-249 Walded austenitic stes] hoiler, superheater, heat-exchanger, and
condenser tubes

ASTM A-512 Cold-drawn butt-welded carbon-stesl mechanical tubing
ASTM A-513 Electric-resistance-welded carbon and alloy steel mechanical

tubing
ASTM A-519 Seamless carbon steel mechanical tubing
ASTM A-511 Seamless stainless-stes]l mechanical tubing

ASTM A-D51 Welded stainless-steel mechanical tubing

76 Asdia

Eng,Zahid A. AL_Amirey



2009 | cidacedied || St ioeded |

( Pipe Welding Rods) «wli¥ alat &Dl/

Cirialll 6 ol dilise Soles £ 14l g Jaleill gl g5 428 50 i of il Liale
G (gilhael) ] JLES) Cun e aladll o) ja Y crulic 98 Lo 48 20 aualll (40 ulbs ASTM
(91 )5 dsaall 5 LS (AWS ) duwslil] Do pall lplasti Lo Gole ill5 o 50i¥)

TABLE 9-1 American Welding Society gas welding,
braze-welding, and brazing rod specifications e

AWS AL 2 Iron and Steel Oxyfuel Gas Welding Rods.
AWS ABY Copper and Copper-Alloy Welding Rods.
AWS AbB.8 Brazing Filler Metals.
AWS AB9 Corrosion-Resisting Chromium and Chromium-Nicke] Steel
Welding Rods and Bare Electrodes.
AWS A5.10  Aluminum and Aluminum-Alloy Welding Rods and
Bare Electrodes.
AWS Ab.13 Surfacing Welding Rods and Electrodes.
AWS AL.14 Nickel and Nickel-Alloy Bare Welding Rods and Electrodes.
AWS A5.15 Welding Rods and Covered Electrodes for Welding Cast Iron.
AWS AL.16 Titanium and Titanium-Alloy Bare Welding Rods and Electrodes.
AWS Ab.19 Magnesium and Magnesium-Alioy Welding Rods
and Bare Electrodes.
AWS Ab.2] Composite Surfacing Welding Rods and Electrodes.

(Consumable Inserts)  4Sleius 2iluse

o) g jal) Ua of L3 e i) ud 2235 (ARC Welding) (el ool 4 50l
(o gy 1 il A3l mhaiill 4o gi cLhe /s 'ROOL pass fusion ” st lewail Jpus
5) xd) S8 S daa b LS dad) slad PIS Lo (S5 Jae alig ¢ il (il Y] izl (s

" 4

) G/ 10~
EB RING HALF EB RING Y RING GRINNELL

(G) Standard consumable welding inserts (used primarily
¥or arc welding). The insert becomes part of the finished weld metal.
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Ol psanll (e g L aii) ) slaa lilae dulen] o slhaall (pa i) Jolii 6 L] s Loy e i) 3o
Cliulail] mns 6 ul¥] Gome Ge s slasSl) S il GRS g Guuhiil) s Lis
clila)l 4 (Welding rings ) wilwell odef dolel] £ /5] ans aia 30 (3 — 6 ) SEd s
ASSTT Joal gdl) 03gd K5 AN Aala] a1 p230T (ShoOrt Spacers ) & puad Lol sé <ld
il 8 dlbial] Coplidl pokinnds pdadl alad 5 g0 ol 5 s o glhall jind) a4
(Long Spacers )4kl Jalsdll old clilsad/y (nominal diameter ) 4w/
i) UL 8 DR 3 g g e anddld

Fig. 3-6. Welding rings 4

Long spacers ‘.‘ \ 4
. W o e S
N,

»

| Y W 2
g b B
Plain (without spacers) & i ? ’

Imperial Weld Ring Corporation

" 4

ey aSal 8 4yl malll Lo (plain rings ) cholsd ssad Y Al Clilsd) 6 Lo/
ol dils S 5 e e (3-TA ) Sy Sl ] g il ¢ 4 pllaall jiad) dad
/ L si¥) R s dogale dils g (3 — 7B ) Sy ol sé

»

Fig. 3-7. Installed weld rings

Weld ring and
Pipe ends and weld ring pipe ends together Pipe joint welded with ring

Imperial Weld Ring Corporation
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(bipes joints) cwlb¥ cdla,

- Lt g canlid dakiil deliall 6 dansivwal) aladl] < 0la g (o Slsslil Jle i lLia

(Butt welds ) 4Ll slaf dlay )
(Fillet welds ) 4l alalll dha s NN T

" 4
~

¥ L i) i Ay e 4 55 (3= 1) S o gll il &3
Aoyl iad i G AT Jeni (Bevel ) 4l JS5 e (Y = 19mm ) Sla dSLew
(grinding ) alal/ ihul s o/ (machining ) L gadll dawl o Lo/ 6Bl 38 slac) ol
et i o 40 23 (3 - 2 ) S S mals LS (Oxygen Cuiting ) glsl pais s/
Olasd LB G g gl o o glhaall débail] e 5aana dyg) o 2 il Buldliy i sui¥) Dlgi Ao il
g e ati¥) Jea 0 4dll

~

Fig. 3-1. Butt-weld bevel

37 1/2° 2 142°
3/4"" max
f‘fmmj

|

| 116 £1/327
| et o),

Plain bevel

Photo courtesy of Sawyer Manufacturing Company
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(Joint Preparation) <hasl/ s

dilisa lgd 15 'V — groove Joint " il dba s (10— 6) 28 SS9 500

Aoy Cplies lgale dhdlaal] ciag diluall s s ROOt gap 3/32" (2.4mm)ia

(Improving alalll iy yia land alS [ jlgail ani diluall 538 5 fadiians go L5 ) saslal]
i Lol g 503y e g ana JolS o L sl sle ] e 1o 1Y iglsrOOL penetration)

i Ao o8 Jard 30 lly ilaSil o lgie iy Loy cabaial) aladl] i gad 2 Cilolgk v

2 O O lgai¥] i sn it e gilil] Slga Yl ians e ilis YT el DL 4l

) dilesa U8 dale 5 i€ o ¢ Linil e iy Lao (usl s (anal 230 Slga) 5l & il ibd) e

LCblga Y Sl ) sdas o T 538
-

—‘{ ¥z in

2.4

(A)
@, 10% REINFORCEMENT
.
) : @! {
(B) (€)

FIGURE 10-6 Small-diameter pipe joint preparation for 0.154-in. (3.9-
mm) maximum wall thickness section. (A) Joint preparation and
alignment of pipe. (B) Tack-weld pipe joint. (Note that tack welds are
never full-section welds.) (C) Cross section of completed weld.

" 4

s Sle (Bl plallls o sdive i€ ol (1iN) 0 i g an/ g (S alad ] g ling Lo Gole
¥ bne e g sluio s G2 Y gl alalll finlG s 6 3 o 2 ) <l sds 22
e i Y Jshis i)Y A g ASlaw Cinai pe 3 i Y Ol (Ao <) dial o Aanis

. ¥ ASlaw deain

ey D36y g i Ao pSIil) xo b lguail fgui] ALl 5 8 g pulil] S lgSa o] psole 4
Al day b cue Cogand Liad alalll SIS 50 L0 Sl 1h4d;
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( Pipes Joints ) «wl¥ cdla,

seo coall 3g)y Jan uS 5 had S Al Lo Ladd gD s IS | alat olaic | aD sole
/9 ; > gt (D) A A~
LS (10— 5) J5i 3 s 4 LSsingle groove déadl dola/ s culiy) < s 5

Lo po Gl (gilio g (65 ) Londy 5/32 " (AMIM ) L&) Loyl ASLaws ol A iYL
. Square — groove joint d&hfdﬁa

Lol o 4ulli dihadsy jugead N #UaT 3/4" (20mm ) uls] Jead cilSlaw <l3 Lunliy) #
UV i il (75°)

U s S8 e bl dihi 20350534 " ((20mm) beiSlew jslad i canliVI g #

| — 1 1 | £

] L ]
(A) ——-I l—— Yaz

(8)

aw:\ﬂ;i._‘ \<—- 71“;—-.;3,‘;10
-
S S s T N/&x 3
3 L 3 *— Vi = Vaa
T T S

< (™

37,

100
1 -
a
b
F)

l-«-
— |
NAT L) S
%;:v;,—-l }... | S

{E)

FIGURE 10-5 Pipe-welding joint designs. (A) Thin wall. (B) Thicker
wrall. (C) Thicker wall—GTAW. (D) Standard wall—uphill welding,
rteal. (E) Heavy wall—electrical arc welding, steel. (F) Heavy wall

aluminum.
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)5l (V) cin K o L5 Aibdy g pal Aiag jyai (3 — 3 ) ady K 4 Laiy
.(U — bevel ) J/(Flat Land Bevel

Fig. 3-3. Pipe end preparation for gas tungsten-arc welding

316"

Radius
1/16™

1/4 to 3/4 in. |
pipe wall

U bevel

1/4 to 314 in.
pipe wall

1/8 to 1/4in.
pipe wall

Flat land bevel

2
—n
q

dos Ao Gib o (3-4 ) JSi 4 =i leS (Fillet Welds ) 55/ 0 oLl 45
5_taall JLLFY) onliSl ansiy Ladale (o1ll, ... 4ds/ai dlay of daili aa g

~

Fig. 34. Fillet joints

Clearance about 1/32" (0-3 nw )

RTINS
et 3857

Welded sleeve coupling Socket end welding elbow welded front and back

Slip-on welding flange,
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Pipe-Weld Joint Preparation and Design

Buit Welds. The most common tvpe of joint emploved in the fabrication o
welded-pipe systems is the circumferential butt joint. It is the most satisfactor
joint from the standpoint of stress distribution. its general field of application i
pipe 1o pipc..-pipe to flange, pipe to valve, and pipe to fitting joints. Butt joint:
may be used for all sizes, burt fillet-welded Joints can often be used to advantage
for pipe NPS 2 in and smaller.

The profile of the weld edge preparations for butt welds may be any configu:
ration the welding organization deems suitable for making an acceptable weld.
However, to standardize the weid edge preparation on butt-welded commercia,
piping components, standard weld-edge preparation profiles have been estab.
lished in ASME/ANSI B16.25. These weld-edge preparation requirements are
also incorporated into the standards governing the specific components (e.g.,
B16.9, B16.5, B16.34). Figures A2.49, A2.50, and A2.51 illustrate the wvarious
standard weld-edge profiles for different wall thickness.

3T 2D 2 vt STW2 T2t

1=74" max

1 ,

-—E i
l'* L
(a) Plain bavai Ihe” = a2

Nominal pipe wall

: ig" == 1/

{b) Compound bavel

thickness (1) End preparation
Cut square or slightly

Less than =» chamier, at manufacturer's
option

x* to 4 incl. Plain bevel as in (a) above
Con:pound bevel as in (b)

More than 74 2bove

x* = 34," for carbon steel, ferritic alloy steel, or
wrought iron; L£" for austenitic alloy ste=l

FIGURE A2.49 Basic welding bevel for all components (without backing ring, or with split
ring).

On piping, the end preparation is normally done by machining or grinding. On
pipe of heavier wall thicknesses, machining is gencrally done on post mills. On
carbon- and low-alloy steels, Ooxygen cutting and beveling is also used, particu-
larly on pipe of wall thicknesses below 1/2 in. However, the slag should be re-
moved by grinding prior to welding.
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Table 5. Shape and dimensions of grooves for hutc Joint of pipoa

Type of Shape of groove|Thicknesa|Number of| Root surface Roat emat
joine of base |welding nm -Elp Angle of groove ? ke
metal layers
TIG HIC IIG HIG TIG HIG
™ welding (welding|welding welding| walding| welding mo
Bult | Square i 153 1l to 2 - I+
Joint ’ -t = - Corner may be
of gEroove —-—-:;* T chamfered.
pipe!
i
Type of Shape of groove ‘I’hlcknesnlku-hr of| Root surface Root ga
jolnt of base |welding mn _s ’ Anele of groove Remarks
metal layers
TIC HIG T1G MIG TIG HLIG
mm welding (welding |welding |welding walding walding mm
Single A ASFRS 1 min. faz - a3 - #=80* -
v \-i - | Cuter to 90° ,.D:.‘\
£rooye diameter (hapi~"J
-, 20 co tontal |
< - 600 TEVY-
luticn}
§=B0*
te 110°
2 {var=_ ""B'lh\ll
- tical (]
o and
i hort=-
a zantal
‘“: Eix~
B ation)
E
[ Single Izisw 1 win. a2 csi B=70* [0=E0" to| & = 20 ro 50
o ¥ Quter o H0* |90 =2 te 5
EToove - diameter (hori-
with +4 - 30 o zontal
back— Zul] 1300 ’ Teve—
tng .._.b__,.[ lution}
metal a=70*
to 110°
{verri-
cal amdl
hori-
zontal
Fiea=-
| I feion)
Table 5. Continued
Type of Shepe of groove|Thickness|Number of| ERoor surface Root gap Anglz of proove Remarks
joint of base |welding [ [
- |metal layers
TIG MIG TIG HIG TIG HIG
] welding(welding |weldlng welding| welding [welding ]
Single 35053 | 1 min. 15753 e # = 60° to 70* | &= 7 max,
2 |u Qucer = 3 to 5
T | groove dlameter 1: ﬁ case
- 30 to o welding,
e 1200 it i@ prefar-
= able to malt
2 the root of
- the initisl
u layer by TIG
& welding.
{
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( Pipe Positions ) s/ sall alad glayf

Lnsl g 0 S sar [ole o pii¥) Cimippn adals 3] 5 o]y gaall olai] o yuas] sall plad £ Lia of aain
.(horizontally ) &Y/ alalll ¢/ ) A 5 ) seslall 48 jad) 4y pa e

" st s Ao rsi¥) sadd LY sl o8 sl so aund S sl M)
down hand " duc ¥/ e gll alalll ¢/ pa) SIS 50y sais o 435 " Turning
Al L) oig] Yo et g (10— 2 ) wi) S5 plalll 348 i i) o

FIGURE 10-2 Turning rolls are used to rotate round work such as pipe
or tubing so that welding iz always done in the downhand position.
Downhand welding is not only easier to do, but the weld-metal deposi-
tion rates are higher than for out-of-position work.

ertically " Losole cisui¥l ) san pudng b dogran SV o o2 Y 44 Ll
(10— 3 )i JSily cusid] Gl po pund] Y] dmaa s )y 5ll 550 4
LV ala 4 Larsiall Ll il £ L oY) A8IST 48] dualisny)

alall jag Lads "Grove weld st e AY2 "G " s dea g Cilo g i) e Ll
"F " _ep "Fillet wed “ s
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a—posITION 16 a rosIMoN 26
PIPE HORIZONTAL AND ROTATED. PE OR TUBE VERTICAL T ~md
WELD FLAT [+ 15°). DEPOSIT FILLER AND NQOT ROTATED wm"-rG 1
METAL AT OR NEAR THE TOP WELDING. "':'Emjiﬁﬂllﬂﬂ AL o L 150f150

RESTRICTION RING \

a0 P &

D—POSITION GG

c—pPosITION 56 6GR
E—POSITION
PIPE OR TUBE HORIZONTAL FIKEDEIL‘- e
WELD FLAT, VERTICAL. OVER (T. K. OR ¥ COMMECTIONS)

PIPE INCLIMED FIXED (45% =5°) AMD NOT ROTATED DURING WELDING.

ic)

Welding Positions for Pipe Groove welds

Welding Positions &l gla,/

\Q'é" -: Forehand Welding -/
dadia o deil] llis 20d5 Lol L /sl 6 44 51 038 o ppis rn gy (9 — 3 ) ad ) S/
Gish o 8 ¢ puin )f ¢ (55ale) GAL £ L of BIS o Luidil] 0d8 ubaiy | aladll slail 5 gl
i LLu.ur:.Gera[A./CJLrja JM"‘SJ"AHMY/(’SLJ/@@JH/ "'MJLF"}(U“’/JJ/

FIGURE 9-3 Learn to do

g welding. Polnt the
Qame in the direction of torct
traval
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. ( The 1GR Position ) 4wy cuwli/ dhay alat 1

Flat ) o/ JSialall 4l 275 (- Rolled horizontal ) €/ Luew g e g/ sy
. Rotation 4/ lLais/R J/ i ¢aa (or down hand

( The 5 G Position ) dumay culi/ dlay 22
fas cusy Forehand  4uidi aasing, [éif o jsme b canliy éﬁaffjlﬁ?/ahfgi
Al 6 Sl ibii A Y mr g 503 ¥) e Y e lat i i (o alall

-( The 2 G Position ) 4o cuwlif ilay alat 3

Lo sale 40U Couli¥)7) slaal 58 duein gll oip) alaedl

ALY padily Al gla Y] 45l HLLEY] I3 Sl sall alad Laidi ) 5 i YT
Lo = 5/ i g iSLaws (AT capiliY] (po £ sill i s 5l) pflani eacn 0 530/ (10-11 ) py JELI
15— )4Sew sdadagy (V) cips J<5 € 3/16"t0 3/8" (4.7 -9 mm ) cw
Yy 5/32" (4mm ) o sl dsi Gy sy, 1/16" to 1/32" (7 mm
(forehand ) J 4udislsinh 1/8" (3mm )

\i—-?so\/
__{A / 1 ¥16- TO Ya-in. (

‘hgt'!,,in_‘J "{ I""J"lil"l. (“‘-? ﬁi q ,.q.m‘

(A)

(8) (©)

FIGURE 10-11 Large-diameter pipe joint preparation. (A) Single-V-
groove joint design. (B) Three tack welds are placed 120° apart for
pipe up to 6 in. in diameter. (C) Four tack welds are placed 90° apart
on pipe that is from 8 to 12 in. [200 to 300 mm)] in diameter. Note,
again, that tack welds must not be full-penetration welds.
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--( The 1GR Position ) 4wy cuwli/ dhay alat )

Ol sll Al Gole g i yf SSiis pladl] 5 L] s gii¥) ) ) 30 L aTs dpnaia o] 03 o Liikaw L S
92 @MRS;J/R.LI&[JAAJ aMdlaf Lf[‘: SJ/"l/r’Jx' IS &u/}.!raﬂ'a‘);l.&//‘)@ju
anlll a0ds Lai e A fOOt treadle  s29 3w/ 50 a5

Ll pla ) jan padivg g gaaiall Gaeal] $ole e lglilis s Sl 4085 4 jlgail Ao 2STH 2
Al Ll LR alid] 5 0 U

a
'QE/ el pals fgdsele Coli csi¥] s puiaoll Jia 3
i A ear sll S5 ADLal) 5l (i Ao 28T 2
Ll S gaicd] Gard] xo lelliiy

B-H .; ,..,,r‘ s ,:} p .; .u/‘ .; "}'—,

ST Lld 468 leaail g ¢ ¢

=l = =k =

Figure 8.14 This welder (who happens to be left handed) demonstrates
still another style of torch and filler rod manipulation used to accomplish a
pipe weld.
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Techniques for Pipe Welding

Figures 8.11 and 8.12 Demonstrations of two comimon methods of
grasping the torch for pipe welding. There is no single “correct™ method
of doing this and each welder is encouraged to experiment with seweral
different methods until one is found that is most comfortable, and results
in satisfactory welds.

<

Figure 8.13 Demonstration of how the torch and filler rod are held to
accomplish the “walking-the-cup” method of pipe welding.

89 isda

Eng,Zahid A. AL_Amirey



Welding Position Designations

Plate Welds

Groove Welds

1G  Flat position

2G  Horizontal position
3G Vertical position
4G Overhead position

Fillet Welds

1F  Flat position

2F  Horizontal position
3F  Vertical position
4F  Overhead position

Pipe Welds

Groove Welds

2G  Horizontal position, pipe axis vertical

and is not rotated (fixed)

1G  Flat position, pipe axis horizontal and rotated

5G  Multiple positions, (overhead, vertical and flat) pipe axis horizontal and is not rotated (fixed)
6G Multiple positions, (overhead, vertical and horizontal) pipe axis in inclined 45° from horizontal

6GR Multiple positions, (overhead, vertical and horizontal) pipe axis in inclined 45° from horizontal
and is not rotated (fixed), with restriction ring

Fillet Welds

1F  Flat position, pipe axis is 45° from the horizontal and the pipe is rotated

2F  Horizontal position, pipe axis is vertical
2FR Horizontal position, weld pipe axis is horizontal and the pipe is rotated
4F  Overhead position, pipe axis is vertical
5F  Multiple positions, (overhead, vertical and horizontal) pipe axis is horizontal and is not rotated
6F  Multiple positions, (overhead, vertical and flat) pipe axis is 45° from horizontal and is not rotated
Table 6
Welding Process Comparison Based on Quality and Economics
All Positions
Applications GTAW GMAW SMAW
Carbon steel plate (over 3/16") G E E
Carbon steel sheet (to 3/16") E E G
Carbon steel structural F F E
Carbon steel pipe — 3" IPS and under E F F
Carbon steel pipe — over 4" IPS G G G
Stainless steel plate (over 3/16") G E G
Stainless steel sheet (o 3/16") E G F
Stainless steel pipe — 3" IPS and under E F F
Stainless steel pipe — over 4" IPS G G F
Aluminum plate (over 3/16") G E NR
Aluminum sheet (to 3/16") E G NR
Aluminum structural E G NR
Aluminum pipe — 3" IPS and under E NR NR
Aluminum pipe " over 4" IPS E F NR
Nickel and nickel alloy sheet E F F
Nickel and nickel alloy tubing E NR NR
Nickel and nickel alloy pipe — 3" IPS and under E F NR
Nickel and nickel alloy pipe — over 4" IPS E F NR
Reflective metals, titanium — sheet, tubing, and pipe E NR NR
Refractory metals, TA and Cb — sheet, tubing E NR NR
GTAW — Gas Tungsten Arc (TIG) E — Excellent
GMAW — Gas Metal Arc (MIG) G — Good
SMAW — Shielded Metal Arc (Stick) F — Fair

NR — Not recommended on basis of cost, usability, or quality.

-
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-:( Multiphase pipe welding ) «tdU cijal amia alal

Clidase ) zUsi s (20 mm) (10 mm ) e SSlaw @ld il e Jaladll 2ie
sl (Y a g dlia gl s At alalll e
filling pass ) il 3,0 e ( ROOt Pass ) sl dlaa e (5),0) 4ida J5l6
il Gl o825 3l 30 ol ) ZUsS Al (V) cilahaldll il S3la gl 8 (
. cover pass gl ddday ¢lgiilly
3 ) ik alad alodial g ALEH (YY) Cla of <l )l dawie plal i 3ale sac il 2K
() ASless (g ae 6 JSWBRSL 5 (
(Y ASLew (e pe 5 SV 60 padiud 33 sal) Alle Ao g 5d alal S e Jpasl )i i
S(125mm)  WeSlew gl a JADE 5 G550 ) glisd Ol 7 g el (e ale JSas
(20 mm ) aSaw & Y 4 o 3 Jaxs
-:( Multiphase in Cascad\e ) il oaed cdlad

) sy JSEN by ¢ alall dnlal) el aY) gl 8 sualaldlas e Jgeanll (Ko
Sle @ljasae Ly 3 ( Cascade method ) <sp <l 4ay 5k 48 =a s (10 ~ 12
! Ao slhaall alalll dlia

4

THIRD
Avir: EXTENSION

OFSECOND  (first layer ) sl 30% 0sSS il o gy DA (e
Sle (Ppass 2 pass 3 ) Al Al 5 el e
A ae JalSIL alalll dla g pdaie J LI in ) gl
Aapaal)l e 3anall @l joall dlad 4.8) il 480

SECOND
LAYER

| ExTENSION il
OF FIRST
LAYER

e OSan i ST e ddailaall o Caladll 1 (e Chagll
oY) ara g (weld metal ) Jleai¥) Gaza A5 Al
Aalil) 3 U sen Janl) ary s s DA ((base metal )

3.41.14,3)\.@..&4.1\ L:'_U.A;..aem\ qSi:d\ 3‘)}){4@‘5&:‘

SECCOND EXTENSION

OF FIRSTLAYER Y 4l s (8 1315 o) Akiil - (Complete fusion )
FIGURE 10-12 Schematic view s . .- L.
of cascade welding method for -?Bm = u:ud-%d\ d—‘ﬁ R L@-A‘M\ dmﬁ,-!

large-diameter pipe.

Note: - In multiphase cascade welding, you must get complete fusion of
each weld restart point.
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oy Lo Lt alall] (po £ pill 13 6 CoaT o Ll Y) jcans ciLia
.(incomplete penetration ) Ll aii

.(lack of Fusion) sail¥/ 4 =il

.(Burn Through ) 3L 4. »

.(Gas holes ) </ ie ¢

b gl alall) Sy o piusaiil] Mo Lesadla die cAlil] 4 il G pluwais

*Characteristics Defects withTig Welding

DEFECT CAUSE DETECTABLE BY
1-Flow of shield gas too _
low 1- Weldgr ould hotice
2- Flow of shield gas too black oxides forming.
high such that turbulence 2- Liquid penetrant for
draws in air. poresity open to surface.
POROSIT | 3- Air drafts blowing adiography for surface.
Y shield gas away. 4- Welder should notice arc
4- Gas supply hose, wander.
Fitting or gas passag
to torch are blockev
5- arc WanderQéA
too low 1- Welder should notice arc
INCOMPL l'speed too high wander. .
ETE 3- Eiller material feed rate | 2-Radiography or UltrasoniC
FUSION
/ 4- Arc wander
1- Striking the arc on the
TUNGSTE | work piece 1- Welder should notice
N 2- Dipping the electrode deterioration of electrode tip
into the weld puddle 2- Radiography
\/ NCLUSIO 3- current too high for
.-% N electrode diameter
1- Incorrect base metal 1- Liquid penetrate or
type magnetic particle for crack
WELD 2- Incorrect filler metal open to surface
METAL type 2- Radiography or Ultrasonic
CRACK 3- Concave weld bead for subsurface cracks
4- Crater cracks
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G gan g 4o galall phadl] 8 5 puli Cogan lgd] 5 (pe Y 4] 2nd Lild alalll Clilac ¢/ ga) Aic
plalll dihial e o piasi SIS o aB plall] Dibae G () 952y SIS 6 cnad] g L3N0 Slolga)
beali A 5 Ao [ 3 ) pad) Sl o (55 il Aol Gy jl sle _pe aalily adei Cigan 6 iy Las
0557 dadliall dibiall g Gaead) Jlgasail da o A/ i aladl] i g ie 5] gad) da o of 2aid
aall 5 ) ga da o JolaS 5 ) gad) da yo lgsd S5 drhil) e dihic ] Jeai, in [3Sa 5 i
38 aladlly oY alus pil] £/ 4l e G déline 48yl £ puin gall ) U pLai ol SIS
Ol Jlgail  da o Jolad 45 ) s da o 65 ld)) Jia 6 Ciliadl) aeed) S i s
Jg) dasii g (alitivn i sSunal] Garall oledf Gl Lolel) 5 )] ad) Cilas o ) slall) ALE 5 4 i 2l

B3

(@) Transverse Shrinkage | (d) Longitudinal Shrinkage

{b} Angular Change {e) Longitudinal Bending
() Rotation Distortion () Bucklina Distortion

Figure 1 — Basic types of welding distortion. Buckling
distortion dominates on thin panels.

I3 8 o pudill (o 2] Greal] Gl o] il lgid 2T N YIS 6 L]

ol s e 52U 33 onall lgd 55 A YIS (s pladl  slae olaly el o5 4ul3
SLaww CilS 3] Aals g pladll dln g 4 (5505 Slaa] ) Ciolga Yl ods (5357 5 (Kay 2 pana 2007

e e

95 dsdia Eng,Zahid A. AL_Amirey



2009 | cidacedied || St ioeded |

finished «Stress - Relieving) sl Lulac Lilei 4 clolea ¥ o yaliill
welds

dualiay /38 dualdiy | iaSi 4id g inar 3 ) padl 4iladi PIS 2 palall Gaeal] Gl i y2i LS
Uis 5 oslas¥) Ganall Lig pall 415 f g seail) sk LS e olats 5 48 olga)
a‘)élg_l/‘;.[/&.?j.zu Load)) Pla 5..!5/‘)' JLAA}/U_MJ/UAJJ:J

~

( stress — Relief method ) <hlgayl o yaliil § b /

>

ha dSlaw saal [ phii Cololga Yy ad el a) () mlad Y 5 pteal) jLaEY cyf i) sole
L llga) Dl o lis g 55 e Aa o]

Cholga Y po il calhii il 4 ASlewd] Lulle apli¥) COla g Ao AL Cilinks Gl 4ule
L AleS s laslia S 5 45 a LT aasidy L

v sii¥) il g alalll iha of ¢ Heating torch ) cpsad -uﬁda-‘g Ly Loasivual (5ol (1a g
d/h@/jg_//JuJ/dﬁmc_mJuqu/@@@Md/Lc/@ e oy il Luilia s3lay J jzy g
Alalll

LoS (il (0 oy ps w/wu/wy I d,w.q// L gl) 3 o8I po anaed] SlLia
RN

(Stress — Relief. Témperature) <hlgal go yaliill 5 ) o 4a 0

Clolga Y/ (o (aalsill 4y sthall 55 pad) da o 585 (soledl 0 S dpasd) (e de siaall canliSU
sl #1533 5Y) ilte Lol g Laoani 5 )l 038 5 (620 €O+ 27 € © ) lis Lo

/ . (Thermocouple)

e @Jdﬁ-u;/ si sil Temp-indicating crayons _lis (usli ali alasiuls 5/
}AJ/L,KMJJ/‘HLAS 523230 5yl g da 2]

Lilislal] oleal) £ 153 (o paed 4o glhaal) gy puill Cilas g 3 ) gad] il pdf (o el Lia 5
/ coliof Jpaad 8 e se g8 LS ASME o/ AISI sl 268 (e i

96 dsia Eng,Zahid A. AL_Amirey



2009

FIGURE 22-36 The Tempil® Divi-
sion of Big Three Industries, with
division headquarters in South
Plainfield, New Jersey, is well
known to most skilled welders for
its temperature-indicating mate-
rials. These indicators are mar-
keted through most welding dis-
tributors. For example, this
Tempstik® crayon is calibrated to
melt at 275°F. The operator is ap-
plying a mark with the material
before heating the work. At the
specified temperature, the mark
will melt and become glassy-look-
ing. You can buy an entire test kit
of these crayons, each calibrated
to be within 1 percent of the spec-
ified temperature (accuracy trace-
able to the National Bureau of
Standards). The 20 crayons in
each kit are systematically spaced
between 125°F [52°C] and 800°F
[427°C].

|.“uiwalnnt.
Carbon (%) Prehesating Reguired

Praheaat

RSN = e IV Convn Twaws cwad S deef] '.J_-'?lfh'*'-w&‘--

Up to 0.45 Preheat optional
0.45 to 0.60 Preheat to 200 to 400°F
193 to 205°C]
Ower 0.60 Preheat to 400 to 700°F
[205 wo 3I70°C]
TABLE 16-19 Suggested temperatures for preheating metals befora welding
Alloying Elamants, %™
Material c Wi N1 Mo cr
I I e o S SV N
Plain carbon steeals Below 0.20
0.20-0.30
0.30—-0.45
~ 0.95-0.80
Carbon-molybdenume-alloy staels 0.10-0.20 0.50
0.20—-0.30 0.50
0.30-0.35 0.50
Manganese steels
Silicon structural .35 0,80
Medium manganese 0.20-0.25 1.0-1.75
AISI 1330 .30 1.75
AISI 1340 0.40 1.7%
AIST 1350 0.50 1.75
High-manganese
wear-resistant steeals R 1.25 12.0
High-strength low-alloy steels
Manganese-molybdenum 0.20 1.65 0.35
Chromium-copper nickel 0.12 max 0.75 0.75
Chromium-manganese 0.40 0.90 0.4
(Thare are many exceptions to these
* weatments for HSLA steels)
Nickel-alloy steels
AIST 2015 0.15 0.50
AIST 2115 0.1% 1.50
AIST 2315 0.15 3.50
AIST 2320 Q.20 2.50
ALSI 2330 0.30 3.50
AIST 2340 040 2.50
Mickel-chromium-alloy steals
AISI 3115 0.15 1.25 0.60
AlSI 3125 0.25 1.25 0.60
AlSI 3130 0.30 1.25 Q.60
ALSI 3140 .40 1.25 0.60
AlST 3150 0.50 1.25 Q.60
AlISI 3215 0.15 1.75 1.00
AISI 3230 Q.30 1.75 1.00
AISI 3240 0.40 1.75 1.00
AlSE 3250 0.50 1.75 1.00
AlST 3315 0.15 3.50 1.50
* Not all alloying elements are shown. All steels, for example. contain manganese. To keep the table simple. we included only those elements
that will hetp you identify the steel.

Tomperaturse
Cu “FICl

Up to 200 [93]
200-300 [93—150]
300—500 [150—260]
500-B00 [260—425]
300-500 [150—260)
400-600 [205—315]
S00—-800 [260—425]

200-500 [150—260]
300-500 [150—260]
400600 [205—315)
S500—800 [260—425]
600—900 [315—482]

Mot reguired
300-500 [150-260]

200—400 [93-205]
400—-600 [205—-315)

0.55

Up to 300 [150]
200-300 [93—150]
200-500 [93—260]
200-500 [93—260]
300-600 [150—315]
400—700 [205—-370]

200400 [93—205]
300-500 [150—260]
400—700 [205—370]
500-800 [260—425]
600—900 [315—482]
300-500 [150—260]
500—700.[250—370]
700—1000 [370-538]
200-1100 [482-593)
S00—700 [260—370]
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TACK WELD

ANGLE
IRON

SUPPORT BLOCK

FIGURE 10-13 A simple angle
iron with back supports
makes a good welding jig for
joining a few pipe sections to-
gether.
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fIGURE 10-14 Welding turning rolls (shown in cross section) are used
~ \n production pipe welding.
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Horizontal Fixed — pipe (5G ) welding  (5G ) 4 g Liif ci5i¥ alat

Lo e qung 4l JS3G AL o] s 5 L] 5 ) s iy i) Sl o) ) 2
coladl 4f 5 iy

Cyny S b byt Gy (10— 15 ) S 5 LS (A ) Ll iy [y A0
A sasell f g B AL ) Do g A AL o [ AN il e ) LY a
o) dhaii 4y jlgacail 5 5 g puias S0 5 iS5 0 g B Abadill (o AS 5 pe iy i Y Liilall JinY)
L 0§ dlaing o guel Lind Al DS S dhadi

A START

FIGURE 10-15 Welding se-
quence for vertical-up pipe
‘welding. Two welders often
work on opposite sides of

pipe, starting at (A) and finish-
ing at (B), when marking
large-diameter pipe. This helps
balance welding stresses.
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FIGURE 10-16 Backhand weld-
ing method used on pipe joint
in the 2G position.
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FIGURE 10-17 Procedure for
horizontal fixed-position pipe
welding.
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FIGURE 10-19 Number of weld-metal layers increases with the pipe

wall thickness
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SECOSP  TORCH FIHSTF’ASS) g

ROD ~
FIGURE 10-20 Torch and rod ‘
manipulation for second pass
in large-groove pipe joint.

" 4

Horizontal fixed - pipe (5G ) ( 5G ) dulay Lidl cipuif alat

g welding

L g sl 80 AL oY sy (BLH) Lo qin sl 13 (6 ol sy
DAY Guilall e G 5 shadll duai @lld day g Adand) AR Y Y e g a5 s e JanYL
(el ) olal) Jalii ol el (o S 5y 5 jum e 2SH pe (10— 18) JSaI b ey LS
/ s Jiud

FIGURE 10-18 Multiple-layer
welding is required to fill up
the wall joint of pipe heavier
than %2 in. [13 mm)] thick.
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welding
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Turning volls Il your workpioce
i eylindrical, anything from o
pleco of pipe to o large preossure
vousol (Mg, 22-2), you can use
turning rolls to turn your work
steadily into the downhand posi-
Lion,

Boilers, pressure vessels, silos,
uxlos, rocket canings, and both
smalls and large-diameter plpe
and tubing are examples of wold-
ing applications using turning
rolls, Rolls also can be used to
manipulate these products during
xeray and sonic testing, The rolls
can turn the work while it is
being cloaned, painted, or in-
npected, too, KEven some things
that aren't round can bo rolled on
turning rolls. Railrond cars are an
example, If the railrond car in
mounted in support rings, the car
rides in the rings and the rings

FIGURE 22-1 The Aronson Maohine Company's Unilversal Balance can
rotate & workplece 360" around the positioner's column, and alse 100"
arvound two other axes through the part's center of gravity, Only ”‘fll“ ""_”"' rolls. .

fngor-tip prossure s needed to move a workplece welghing up to Furning rolls are simple, low-
4000 Ib (1000 kgl Into & new position, You can turn any odd-shaped cont positioners with many pro-
workplece that will fit on this machine Into any position that will ductive options (Fig, 22.9),
help you weld downhand,

(A)

FIGURE 22:2 Turning volls come in dogens of shapoes and siges, They
can turn anything from s small pipe (A) to & huge prossure vessel () if
you have the right model, Turning rolls with several vroll sots will have
driven rolls that rotate the workplece (operated by electrio motors) and
lilor rolls that turn with the workplece and simply provide support,
The objeot in all casen in to be able to weld downhand while the
workploce turns round and round,
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Testing of Welds
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Heat Affected
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