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FIGURE 1-2 Pipe joints welded and threaded.
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FIGURE 2-1 7he five basic joint designs.
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FIGURE 2-2 Applications of fillet welds— single and double.
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4. SINGLE-U GROOVE WELD 5. SINGLE-J GROOVE WELD
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6. FLARE V WELD 7. FLARE BEVEL WELD

FIGURE 2-3 The seven basic groove welds.



Posiciones de Soldaduras
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FIGURE 25 Welding positions— groove welds—plate.
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FIGURE 26 Welding positions—fillet welds— plate.
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FIGURE 2.7 Welding positions—pipe welds.
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FIGURE 2-10 Shielded metal arc welding. |



FIGURE 2-11 Submerged arc welding.



FIGURE 2-12 Gas tungsten arc welding.



ng.

{7

13  Plasrna arc weld,

FIGURE 2



FIGURE 2-15 Flux-cored arc welding.



FIGURE 2-17 Electrosfag welding.



FIGURE 418 Printed type marking on efectrodes.

¢, 49,




ELECTRODE
HOLDER

ELECTRODE

BASE METAL WORK LEAD

FIGURE 413 Circuit diagram.
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FIGURE4-8 Process diagram.
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FIGURE 4-63 Process diagram— CAW.



FIGURES-11 Block diagram—SAW.
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FIGURE 4-63 Process diagram— CAW.



DCEN DCEP
(STRAIGHT) (REVERSE)
POLARITY POLARITY
SMALL TUNGSTEN LARGE TUNGSTEN
ELECTRODE ELECTRODE
— M CATHODE + (~9 ANODE
WELDING WE LDING
POWER U POWER
SOURCE SOURCE
i0E e e
(=3 [=] L J
ELECTRONSL '?f}s ELECTRONS IONS
) y )
i FLOW  FLOW ey
BN
—— | ANODE — CATHODE| —

CURRENT FLOW
CONVENTIONAL

DEEP PENETRHATION
NARROW MELTED AREA
APPROXIMATE 30% HEAT
IN ELECTRODE AND 70%

HEAT IN BASE METAL

CURRENT FLOW
CONVENTIONAL
{BASE METAL
CLEANING)

SHALLOW PENETRATION
WIDE MELTED AREA
APPROXIMATE 70% HEAT
IN ELECTRODE AND 30%
HEAT IN BASE METAL

NOTE IN AC ARC 50% HEAT IN ELECTRODE AND 50% HEAT IN

BASE METAL.

FIGURE 4-36 7The tungsten arc.



FIGURE 5-13 Submerged arc head on travel carriage.



FIGURE 6-1 Torch brazing— manually applied.



FIGURE 6-9 Using oxyacetylene welding process.
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FIGURE 6-10 7he temperature of the flame.
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FIGURE 6-8 Process diagram.
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FIGURE 6-11 T7The three types of flame.
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FIGURE 6-13 The apparatus required for welding with OAW.



FIGURE6-14 Medium pressure oxyacetylene torch.
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FIGURE 6-23 Press type spot weldi
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FIGURE 6-27 Projection welding.
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FIGURE 7-2 Process diagram for air carbon arc cutting.
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FIGURE 7-11 Manual oxyacetlyene cutting operation.
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FIGURE 7-10 Process diagram oxygen cutting.
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FIGURE 7-17 Numerical controfled oxygen cut



CORRECT CUT
Cutting lines are almost vertical and not very pronounced.
Edges are square. Little slag evident.

COMMON CUTTING MISTAKES

PREHEAT FLAMES
TOO SMALL

Bottom half uneven and
wavy.

PREHEAT FLAMES
TOO LARGE
Top edge badly melted.

Middle section is smooth.
Slag evident at bottom.

CUTTING SPEED
TOO SLOW

Upper edge melted. Cut-
ing lines rather course.

CUTTING SPEED
TOO FAST
Cutting lines curve in

opposite direction of tra-
vel. Cut edge irregular.

OXYGEN PRESSURE
TOO LOW

Top edge and cutting lines
uneven.

OXYGEN PRESSURE TOO
HIGH AND/OR NOZZLE
SIZE TOO SMALL

Deep gouges into sides of
cut due to lack of control.

TORCH TRAVEL
UNSTEADY

Cutting lines erratic and
uneven.

CUTTING WAS LOST

Cut stopped at gouged
areas. Usually due to
excess travel speed or
insufficient preheating.



CHAPTERA
THE ARC WELDING PROCESSES -USING CC POWER

Tips for Welding with the
Shielded Metal Arc Process,

There is o definite relationship between (he welding
current, the size of the welding electrodes, und the
welding position. These must be selected so that the
welder bus the molten weld metal puddle under complete
control at all times. If the puddle becomes too large, it
becomes unmanageible and molten metal may run out
of the puddle, particularly in out-of-position welding.

The welder should maintain the steady frying and
crackling sound that comes with correct procedures,
The shape of the molten pool and the movement of
the metal at the rear of the pool serve ax & guide in
checking weld quality. The ripples produced on the
bead should be uniform and the bead should be smooth
with no overlap or undercut. The following seven
factors are essentinl for maintaining high guality welding.

1. Comect Electrode Type: It iy important 1o
sedect the proper electrode for each job. This

4.

should be based on information presented n the
carlier pirt of this section.

Conrect Elsctrode Size: Electrode size choice
involves consideration of the type of dlectsode,
welding position, joint preparation, weld size,
welding currend, the thickness or mass of the
base metal, and the skill of the welder,

Correct Currgnt: [f the current Is too high,
the electrode melts too fast and the molten pool
is large and ireegolar and hard 10 control. 1f the
carrent ik oo low there is not enough heat o
nielt the base metrl and the molten paol will be
oo small and will pile up and be freegular. This
s shown by Figure 4-24A,

Correct Arg Length: 11 the arc i too long, the
mesal melts: off the electrode in large alobales
which wobble from side 10 side giving # wide,
spattered, and irregular bead with poor tuston
10 the base metal, 1t may also result in porosity,
especially with low hydrogen electrodes. 1f the
arc is too short, there is not sufficient heat in
the #re ot the start 1o melt the base metal suffic-
fently and the electrode often sticks 1o the work,

FIGURE 424 Waliing vavisdNos fravey spoesf anvd cuvrant
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FIGURE 4-24 Welding variables travel speed and current.
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FIGURE 17-47 7ypes of surface cracks of welds.



TOE CRACKS
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FIGURE 17-48 We/d toe cracks and underbead cracks.



Weld Defect Class — Cracks 2 3 s
Appearance or Cross Section or Radiograph :g § §:: Probable Cause Corrective Action
Class No. 100 £ e
VT| X | design | General
Longitudinal % 1. Incorrect electrode. 1. Use proper or matched
Crack MT| X electrode.
welder | 2. High restraint of joint. 2. Reduce rigidity of weld-
PT| X ment or change welding
X sequence. Use higher
RT | X ductility welding filler
shop metal.
uT| x 3. Rapid cooling of weld. 3. Use preheat and/or inner
pass heat to reduce
VT design cooling rate.
Longitudinal 4. Improper joint pre- 4. Use proper joint for
Crack MT| % X paration, welding process.
: 5. Change center line of
- welder : weld to avoid interface
% 5. Fillet weld longitud- between parts.
inal crack.
RT| X
shop
UT| X
Crator VT | X | design | Crater Crack
Crack T % 1. Unfilled crater. 1. Filler crater with
proper technique.
T | % welder | 2. Crater crack in sub- 2. Utilize run-out-tab.
% merged arc welding.
RT| X Shon
UT| X
e || X e | prernaveres Grack
Crack MT| % 1. Incorrect electrode. 1. Use proper electrode.
Id 2. Rapid cooling. 2. Use larger electrode,
pT | x WEIGET | 3, Welds too small for higher welding current
X size of parts joined. or preheat.
AT x 3. Use larger weld possibly
shop larger welding electrode.
UT| X X

FIGURE 17-49 Collection of weld defects— cracks.
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FIGURE 17-52

Colfection of weld defects — cavities.

Weld Defect Class - Cavities =8 | fa
Appearance or Cross Section or Radiograph 2 :@’ ,%Z;; Probable Cause Corrective Action
Class No. 200 2|l «%
VT | % | design | General Surface Porosity
1. Welding over foreign 1. Clean weld bevels and
MT material on surface area adjacent to weld
wolder such as rust,.oil, and keep clean.
A PT moisture, paint, etc. 2. Use fresh dry electrades
X 2. Damp electrodes. or rebake electrodes
RT shop | 3. Improper base metals :zaéa}:zvig?n sxpoked
such as free machining CAnpne: ;
uT X or high sulphur. 3. Unh;g correct base metal
4, Welding current too possibility o use |ow
VT | X | design . hydrogen type electrodes.
4. Increase welding current,
MT Gas Shielded Welding Processes
welder 1. Incorrect shielding 1. Use specified shielding
PT gas type. gas.
B ¢ 2. |ncomp|ete gas coverage 2. Provide windshields,
RT due to breeze, defect- check efficiency of gas
shop ive gas system, clogged system such as broken
nozzle, etc. hoses, gas valves, empty
uT X tanks, clean nozzle.
% | desian 3. Moisture in the shield- 3. Check to make sure gas
E ing system. is dry or welding grade.
Check for water leaks
X in water cooled systems.
welder | 4. Poor gas coverage. 4. Use proper nozzle to
X work distance, Check gas
X flow rate, may be too
X high or too low.
shop | 5. Welding over tack 5. Utilize gas metal arc for
X X weld made with tack welding.
shielded metal arc
vT | x | design process.
MT Submerged Arc Welding
Id 1. Damp submerged arc 1. Utilize fresh dry flux or
PT weldey: flux. dry damp flux.
% 2. Contaminated surface 2. Clean surface of
of electrode wire, dirt electrode wire.
RT | % shop and/or moisture.
3. Too many fines in 3. Use fresh flux and
ut| x X flux. discard fines.




Weld Defect Class — Solid  Inclusions 2B £z
Appearance or Cross Section or Radiograph Jo: § g-l—_g Probable Cause Corrective Action
Class No. 300 S | @
VT design General
1. Slag inclusion-between 1. Remove solidified slag
MT passes. after each pass.
welder | 2. Intermittent slag inclu- 2. Remove slag at bead
PT sion at edge of bead edge. Utilize proper
X {wagon tracks). technique to avoid high
RT | x crowned bead contour.
shop 3. Irregular surface of 3. Provide for smooth bevel
uT | % bevels. surface, grind if
necessary.
: 4. Incorrect welding 4. Utilize correct welding
design 3 :
il =28 technique or wrong technique for electrode
MT current or voltage, type and joint design.
5. Submerged arc welding 5. Improper direction of
welder —flux inclusion. electrode wire. Welding
PT current too low. Elect-
X rode wire misdirected
RT | X | possible correction use
S0P, wire straightener.
UT | x Improper joint detail.
VT design
MT
welder
PT
X
RT | X shop
uUT | x X
C

FIGURE 17-53 Collection of weld defects— solid inclusions.




FIGURE 1754 /ncomplete fusion.
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FIGURE 17-55 Root penetration and joint penetration.
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Weld Defect Class — Incomplete Fusion 3 25 K2
Appearance or Cross Section or Radiograph :‘!i:’ § §§ Probable Cause Corrective Action
@ o2
Class No. 400 8] =g
VT | X | design | General
% 1. Welding speed too fast. 1. Reduce welding speed.
MT 2. Electrode too large for 2. Utilize correct size
welder joint detail. electrode.
PT | X 3. Welding current tao 3. Increase welding current
X low. for more penetration.
RT| % 4. Improper joint design 4. Utilize correct joint
shop such as excessive root detail.
ut| % face or minimum root
opening..
vT | % | design 5. Improper joint fit-up 5. Make setup correct to
such as root opening agree with joint
MT | % X too small. design detail.
PT welder | Shielded Metal Arc Welding
¥ 1. Irregular travel speed, 1. High speed will reduce
RT | complete fusion, lower
shop speed will cause com-
plete fusion.
uT | X 2. Irregular arc length 2. Maintain proper arc
3 length.
VT [ X | design
Gas Metal Arc Welding
MT I % X 1. Incomplete fusion-- 1. Direct arc at |eading edge
aldar {cold shut) of puddle. Current too
PT : low, voltage too low,
X adjust for proper pro-
BT | cedure. Pause too short
shop at dwell when weaving.
Increase pause to allow
uT X melting of base metal.
VT | X | design
MT Submerged Arc Welding—Semiautomatic
welder | 1. Incomplete root fusion. 1. Failure to direct welding
D PT electrode 1o root of
X weld joint.
R X
3 shop
uT| X

FIGURE 17-56 Collection of weld defects—incomplete fusion.
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FIGURE 17-57 Undercut fillet and groove and overlap.
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FIGURE 1758 Groove welds and various defects.

YA

-S| ZE > |«—SIZE+| ‘= SIZE»

DESIRABLE FILLET WELD PROFILES INSUFFICIENT  EXCESSIVE  EXCESSIVE
THROAT CONVEXITY  UNDERCUT

NER

|<—SIZE —=

N RN
| SIZE>TC eSIZE-=AC ~S1ZE » |« 51ZE » SIZE-+
ACCEPTABLE FILLET WELD PROFILES OVERLAP  INSUFFICIENT INCOMPLETE
. 3 LEG FUSION
CONVEXITY “C” SHALL NOT
EXCEED 0.25 OF SIZE UNACGEPTABLE FILLET WELD PROFILES

FIGURE 17-589 Contour of fillet welds.



FIGURE 17-60 Collection of weld defects—incorrect shape.

Weld Defect Class — Imperfect Shape s B € >
Appearance or Cross Section or Radiograph o 8 2= Probable Cause Corrective Action
Class No. 500 = o »
VT | X | design Undercutting 1. Use uniform weave in
1. Faulty electrode groove welding pause at
MT | X manipulation. edges. :
Waidor 2. Use prescribed wcldln«_:_]
PT | X% 2. Welding current too current for electrode size.
X high. 3. Use correct electrode
RT | % 3. Incorrect electrode size for size weld being
shop size {usually too large). made.
ut | % 4. Use correct electrode
4. Incorrect electrode for with position capabilities.
VT design welding position. 5. Adjust electrode angle to
: 5. Incorrect electrode fill undercut area.
T | % angle.
welder
PT
X
RT | X o
W |4
VT | X | design Incorrect Profile ; y
1 Excesivelraot 1. Root opening too wide.
MT | X penetration. . :
Weltlar 2. Travel speed too slow. g We‘:?:lr:? currcnldtou h'lgh‘
PT | X 3. Excessive crown or ~a-Welding speed 100 Slow.
X reinforcement. b. Weldlng voltage too
high arc length too
RT | X shop lang, correct arc length.
4. Incomplete root or 4. a. Voltage too high.
uT [ X negative root reinforce- b. Travel speed toa fast.
ment or “suck back" ¢, Root opening too wide.
VT | X | design {internal concavity).
5. Improper fillet contour | 5. Improper welding tech-
MT | X usually wide on hori- nique. Welding current
WElder zontal and not too high. Reduce welding
PT | x sufficient an vertical current. Use smaller
X leg. electrode.
RT | % 6. Incorrect electrode 6. Use proper electrode
shop type. Type.
UT | X




FIGURE 17-30 Use of standard fillet gage.



FIGURE 17-32 Navy type weld gage.



FIGURE 17-35 Using penetrant on finished weld.
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FIGURE 17-34 Principle of dye penetrant inspection.



FIGURE 17-36 Penetrant indication.
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FIGURE 17-37  Principle of magnetic particle inspection,
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FIGURE 17-39 Magnetic powder
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FIGURE 17-40 Principle of radiographic inspection.
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FIGURE 17-43 Principle of ultrasonic inspection.



FIGURE 1744 Making an uftrasonic inspection of a weld.
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FIGURE 17-45 Oscillograph display,
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FIGURE 1746  45° Use of ultrasonic inspection.
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FIGURE 20-24 Arrangements for underwater welding.



FIGURE 20-25 Underwater electrode holder for welding and cuttin g.
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Soldaduras Especiales



> i il | e | i .
oo | | ot | s | | 2 | O
LR “li~ =y ,,‘.l, i

Espesor (E)
silg, | i METAL DEPOSITADO {Kg/ml) (Acero)

18] 32 0.045 0.098

/4| 64 0.177 0.190 0.380 0.358

38| 95 0.396 0.638 0.605

1/2 | 12,5 0.708 1.168 1.066

58 | 16 1,103 1.731 1.707 1,089
3/4 119 1,692 2.380 1.049 2.130 1.449
1 25 2.839 3.987 2.578 3.554 2.322
11/4 | 32 3.768 3.380
11/2 | 376 5.193 4,648
2 51 8.680 1.736
21/2 ] 635 13.674 11.617
3 |78 18432 16.253




Eficiencia de Deposicion
(metal depositado v/s peso electrodo empleado)

s

PROCESOS EFICIENCIA DEPOSICION
O/o

Electrodo manual 60 - 70

MIG Sélido 90

MIG Tubular c/proteccion 83

MIG Tubular s/proteccion 79

TIG 95

Arco Sumergido 98




Velocidad de Deposicion
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Flujo de Gas

[ e
Proceso Flujo Gas (md/h]

MIG Solido 08-12
MIG Tubular 10-14
TIG 05-10




Factor de Operacion
(Tiempo con arco Vv/s tiempo pagado)

—*‘_ﬁ

.J.

PROCESO FACTOR DE OPERACION
Electrodo Manual H-30

Mig Solido 10- 60

Mig tubular 10- 60

Tig h-20

Arco Sumergido h0- 100




Consumibles

Pérdida de Electrodos Consumibles/100 kg.
Eficiencia Metal depositado

P | s [ |
Electrodo Manual Celulosico 60 12 b2 48 165 - -
Electrodo Manual Rutilico 70-80 12 32-42| 68-58 |145-170| - -
Electrodo Manual Bajo Hidrageno 12 12 40 60 160-170 -~ -
Mig (Cortocircuito) 93 2 9 91 110 - 17-42
Mig (Spray) 95 2 1 93 108 - 7-11
Tubular ¢/proteccion 83 1 18 82 122 - 4-20
Tubular s/proteccion 80 1 21 79 126 - -
Arco Sumergido 99 1 2 98 102 85-100 -




