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Table a. Comparison of various joining methods

Design Small Large L Ease of Visual
Method Strength variability parts parts Tolerances | Reliability | ...~ inspection Cost
ArC 1 2 3 1 3 1 2 2 2
welding
Resistance 1 2 1 1 3 3 3 3 1
welding
Brazing 1 1 1 1 3 1 3 2 3
Bolts and 1 2 3 1 2 1 1 1 3
nuts
Riveting 1 2 3 1 1 1 3 1 2
Fasteners 2 3 3 1 2 2 2 1 3
Seaming, 2 2 1 3 3 1 3 1 1
crimping
Adnesive 3 1 1 2 3 2 3 3 2
bonding

Note: 1, very good; 2, good; 3, poor
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Table b. General characteristics of joining processes

Joining Operation Advantage Skill I__evel Wel_d_lng Current Distortions C(_)st of
process required position type equipment
Shielded Manual Portab_le High All ac, dc 1to?2 Low
metal arc and flexible
Submerged Automatic ngh_ LOV\.' 0 FI"fu and ac, dc 1to?2 Medium
arc deposition medium horizontal
Gas metal Semiautomatic or Works with Low to Medium to
: : All dc 2103 :
arc automatic most metals high high
Gas tungsten Manual or Works with Loyv to All ac, dc 2103 Medium
arc automatic most metals high
Semiautomatic High Low to :
Flux-cored arc of automatic deposition high All dc 1to3 Medium
Portable .
Oxyfuel Manual and flexible High All - 2to4 Low
Electron beam, | Semiautomatic Works with Medium :
laser beam or automatic most metals to high Al i 3105 High
Thermit Manual Steels Low Flfflt and - 2to4 Low
horizontal

*1, highest; 5, lowest
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Filler rod Welding torch
Molten Flame 2100°C 1260°C
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- Solidified
Base metal N2 == =25 eld metal .
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(Pressure gas welding) ;5 ,Lis ¢ ,5b9>
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CQHQ + 02 mixture

Torch
‘ withdrawn
' Torch
Flame heating

[ N ¢ " of surfaces - " D ( \ i

| " .

‘ I Upsetting
| b= S L~

— Flash N

(a) (b)

Schematic illustration of the pressure gas welding process; (a) before, and (b) after. Note the formation of a flash at the joint,
which can later be trimmed off.
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Table c. Approximate specific energies required to melt a unit volume of commonly
welded metals

Specific Energy, u

Material J/mm3 BTU/in3
Aluminum alloys 2.9 41
Cast irons 7.8 112
Copper 6.1 87
Bronze 4.2 59
Magnesium 2.9 42
Nickel 9.8 142
Steels 9.7 137
Stainless steels 94 135
Titanium 14.3 204

'Q)b«,si:"“‘*fm}l" b—i)y-‘ﬁs-o)a u0‘9->¢bu .0)9T Cwwdo ‘MTJ,S L5°‘>}Lf3u539-?' ala s dumdid o LQ&.JsLQ) QJ;
2

l, 6K e s il gl (€ g ¢ o, ool o¥gd (D0 pouingll (@ i 5l 09,5501 g Saxkad 31 .cwl ¥+ mm

19 2 S S e YOI ) sl 3 osil oy (mess Sl jo sl




Solution:

For aluminum, note from Table c that the specific energy required is u = 2.9 J/mm?. From Eq. (12.5) then:
v =eVI/uA = (0.75)(20)(200)/(2.9)(30) = 34.5 mm/s.
Similarly, for carbon steel, u is taken from Table ¢ as 9.7 J/mm?, leading to v = 10.3 mm/s.

For titanium, u=14.3 J/mm3, so that v = 7.0 mm/s.
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Welding machine AC or DC

power source and controls Solidified slag (a) Schematic illustration of the shielded metal
arc welding process; about one-half of all
Work  Arc Electrode large scale industrial welding operations use
cable holder Coating this process. (b) Schematic illustration of the
Electrode , Electrode  Shielded metal arc welding operation.
S\ALE 48 Shielding
- O N -
Work I I gas
v T Base metal
| P
N Electrode |
cable Weld metal ~ Arc
(@) (b)
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Solution:

The cross-sectional area of the weld is calculated from the given geometry as:

_bh_ (10)(10)
A=—=———=50

mm-.

The specific energy needed to melt the steel electrode is taken from Table 12.3 as 10.3 J/mm?.
Therefore, Eq. (12.5) yields:

v=eVI/uA - I=vud/eV = (10)(10.3)(50)/(0.75)(20) = 343 A.
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(Submerged Arc Welding-SAW) 5,04 3 owed 59>
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Electrode-wire reel

Flux hopper

Voltage and
current control

Unfused-flux
recovery tube

Wire-feed motor
Electrode cable
Contact tube
Workpiece
Weld backing

Voltage-pickup
leads (optional)

Gr&md

Figure 12.7
29 Schematic illustration of the submerged arc welding process and equipment.
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Solid wire electrode

Current conductor -

Nozzle

Shielding gas

Arc (‘g %

— Shielding gas

Wire guide and

contact tube

— Solidified weld metal

r Base metal

Molten weld metal

Figure 12.8

Feed control
Control system

Wire

Gas out /®
°0
Gun control Gas in
Gun )
Workpiece — .
/’ 0.0
Wire-feed / ~
drive motor
Contactor control 110 V supply
(b)

$— Shielding-gas source

+— Voltage control

Welding machine

(a) Gas metal arc welding process, formerly known as MIG welding (for metal inert gas). (b) Basic equipment used in gas metal arc

welding operations.
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Axial Spray Transfer

Globular Transfer

Short-Circuiting Metal Transfer
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Current-carrying guide tube
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—— Arc
Solidified weld metal —— Base metal

Metal droplets covered with
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molten puddle

Molten
weld metal

Figure 12.9
Schematic illustration of the flux-cored arc welding process; this operation is similar to gas metal arc welding.
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Figure 12.11 NN =

Equipment used for electroslag welding operations.
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Electrode conduit

Gas *

Welding gun

\J
Water out

Welding wire

Fixed shoe
Primary shielding gas

Gas box

Supplementary
shielding gas

Moveable shoe

Figure 12.10

ELECTRODE

ELECTRODE
FEED ROLLS MOLTEN SLAG

WELD POOL
SOLIDIFYING WELD METAL

WELD METAL

INBOARD SHOE /

WORKPIECE 2 /

o

Schematic illustration of the electrogas welding process.
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