SECTIOB A

ANS 1

i) D - all of the above i) | B-flux

iii) | D - all of the above iv) | A - diamond

V) B - GMAW vi) |A-0.9:1

vii) | C - generates a shield viii) | D - under a blanket of granular flux

ix) | C-3 zone x) | B-45-90 volt

xi) | A -18-40 volt xii) | C - Argon and helium
xiii) | B -2 zone xiv) | C - Changing the size of one electrode

xv) | C - Spot welding xvi) {B-10V
xvii) | C - after the weld cools xviil) | B - Excessive spatter, under cutting along
edge, irregular deposits, wasted electrodes
xix) | C - Fluorescent test xx) | D - all of the above
SECTIOB B
_ANS 2 (i) ]

- Types of Flames (Fig. 3.1)

1. -Neutral Flame (Acctylene oxygen in cequal proportions)
2. Onadising Flame (Excess of oxygen)

3. Reducing Flame (Excess of acctvicne)

1. ACETYLENE FLAME C —— —_—

ACETYLEMN .
E INNER CON 2 e

L3¢ FEATHER 2y
2. REDUCING FLAME . —
3- NEUTRAL FLAME = \
e AF 2w il TORCH
n2 & C N7 Padls
OUTE R~
ENVELOPE\\ INNERE_ C°~Eg
4. OXYDISING FL E <

a F‘ng 3.1. Types of Weiding F‘l.amc_s.. b xigh
— In oxy-acetylene welding, flame is the most important tool. All the
welding cquipment simply scrves to maintain and control the
flame.
The correct type of flame is cssential for the production of satis-
factory welds.
The flamec must be of the proper size, shape and condition in order to
operate with maximum cfliciency.

_Neutral Flame

: ~— A neulral flame is produced when approximately cqual volumes

- of oxyzen and acetylenc are mixed in the welding torch and burnt

-\ at the torch tip. (Mdfre accuratcly the oxygen-to-acetylene ratio is

1.1 to 1).

— The tcmperature of the ncutral flame is of the order of about
S900°F (3260°C). a N

— The flame has a nlcchr defined inner cone™ which is light blue in

colour. It is surrounded by an outer flame envelope, produced by

" During welding, the inner cone should remain about 1.5-3.0 mm above the weld puddle. If

it touchcs the base metal it will Gamage the same.




pi o m the molten metalsand thorefore will not oxidize oF carburize
N mectal.
— _Ahec ncutral flame is commonly used for the welding of:
(¢) Mild stecl (i) Stainless sicel
175i) Cast Iron (s5°) Coppcr

() Aluminimum.

Oxidising Flame

— 1f, after the meutral flamec kas been established, the supply o
oxygen is further increased, the resule will be an oxidising flame.
An oxidising flame can be roecsgnized by the small white cone which is
'shorter, much bluer in colour and more pointed than that of the ncecutral
flame.
The outer flame envelope is much shorter and tends to fan out ar the
cnd; on the other hand the neutral and carburizing envelopes tend to come
to a sharp point. Ry o 3
“— Am oxidising flame burns with a decided loud f 5'._1;'"%»—?9?: sy
~— An oxidising flamc tends to be hotter lhanm%an;t_ral flame. This
is becausc of excess Ooxvaen and which causes the temperature Lo
rise as high as 6300°F. oy & - -

— The high tcmpcrature of an oxidizing flamc (O>: GH, =— 1.5: 1)
would be an advantage if it were not for the fact that the excess
oxygen, ocspecially at high temperatures, tends to combinc with
many mecetals to form hard, brittlc, low strength oxides. Morcover,

cn _causcs the weld bead and the surrounding

22.=5eess of oxygen causcs the - D grane
arca to have a scummy or dirty appcarance.
— For these reasons, an oxidising flamc is of limited use in welding.
It is not used in the welding of steecl.
A slightly oxidising flame is helptul swhen welding most
—AFT) Copper-basc metals ~€¥#F) Zinc-base metals, and
Aanganesc stecl and casr

(iedi) A few Iypeoes of ferrous metals, such as man
——— e

iron.
The oxidizing atmosphere, in these cases, crcates a base-metal oxide
that prioiccts the basc metal. For EXamplc. in welding brass, the zinc has a
fEndency 1o separate and fumec away. The formation of a covering copper
oxide prevenes the zinc from dissipating.

Reducing Flame

— If the volume of oxygcn supplied to the ncutral flame is reduced,
the resulting flame will be a carburising or reducing flame, i.e. rich
in acctylene.

A reducing flame can be recognized by acetylene fearher which
exists between the inner cone and the outer envelope. The outer
flame envelopc is longer than that of the neutral flame and is
usually much brighter in colour.

A _reducing flame does not complctely consume the available
carbon: therefore, its burning iemperaturce is lower and the lefi-
over carbon is forced into the molten metal. With iron and steel it
prodices Very hard, brittle substance knowi as iron carbide. This
checmical change makces thHe metal unfit for many applications
in which the weld may nced to be bent or stretiched. Metals
that tend to absorb carbon should not be welded with reducing

flamec.
A reducing flame has an approximate temperature of SSOO0CF

SOSHNC)

— A reducing Slarre may be distinguished from a carbrizing f[Tarme by

the fact that a carburizing flam= contains more acetylenc than a

reducing flame.

A carburizing flame isuscd in the welding of lead a5 for carburizing
(surface hardening) Purposcs.

A reducing flame, on the other hand, does not carburize the metal,
rather it ensurcs the absence of the oxidizing condition. It is used for
welding with low alloy steel rods and for welding thosc metals, (c.g. non-
ferrous) that do not tend to absorb carbon. This flame is very well used for
welding high carbon steel.

To conclude, for most welding operations the Newtral Flarme is cor-
rect, but the other types of flames arc somctimes needed for spccial welds,
“x.. non-ferrous alloys and high carbon steels may require a reducing
Hame, whilst zinc-bearing alloys may nced an oxidising flame for welding

Ppurposes.,
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4.5. TUNGSTEN INERT GAS (TIG) OR GAS TUNGSTEN
ARC WELDING (GTAW)

4.5.1. DEFINITION

It is an arc welding process wherein coalescence is-produced by
heating the job with an clectric arc struck between a tungsten electrode
and the job. A shiclding gas (ar%glﬁligm‘ nitrogen, cimi)id
atmospheric contamination of the molten weld pool. A filler metal may be

~ added, if required.

GAS VAILNVE
AND FLO W
REGULATOR

TUNGSTEN
ELECTRODE

GAS
NOZZLE

o e
5 WORK PIECE 3

J o
WELDING
PO WER
SOURCE
INERT
GAS
SUPPLY

Fig. 4.18. TIG welding equipment.

4.5.2. PRINCIPLE OF OPERATION

Welding current, water and inert gas supply are turned on. The arcis
struck cither by touching the electrode with a scrap metal tungsten picce
or using ¥ high frequency unit. I the first method arc is initially struck on
a scrap metal piece (or a tungsten picce) and then broken by increasing
the arc length. This procedure repeated twice or thrice warms up the
tungsten clectrode. The arc is then struck between the electrode and
precleancd job* to be welded. This method avoids breaking clectrode
tip, job conlamination and tungstecn loss. In the secopd method, a high
frequency current is super-imposed on the welding current. The welding

fomte by (e -lnline,f lh.c clcc.trodc) is brought necarer 1o the job. When clectrode

0.0‘.: " .u‘:u-s fvnhnn a distance of 3 to 2 mum from the job. a spark jumps
s the aar gap between the elect le and jc Th ail

Bamirodd and arc is established. SRR . S i YN i RESE S
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I Wela puddie is developed duce-to arc action on the Jjob.
! Welding torch is moved back. 5

T Filer rod s moved ahcad and filler metal is added to the weld puddie
1 iler rod is withdrawn. :
¥ Torch is moved o the leading cdge of the peddilc.

I welding is carmied ouwut in this sSeguenoe.

Fig 4.19 Manual TIG welding torch and tahnigque.




After striking the arc, it is allowed to impinge on the job and a molten
weld pool is created. The welding is started by moving the torch along the
joint as in oxyacctylenc welding. At the far end of the job, arc is broken by
increasing the arc lengrth. The shielding gas is allowed to impinge on the
solidifying weld pool for a fow scconds even after the arc is extinguished.
This will avoid atmospheric contamination of the weld meoctal. The welding
torch and fller metal are generally kept nclined at angles of 70-80° and
10-20° respectively with the flat work piece. A leftward welding technigue
may be used. Filler mcotal, if required, should be addced by dipping the Gller
rod in the weld pool. When doing so, tke tungsten clectrode should be
taken a littlc away from weld pool. During welding operation alternatively
filler rod and tungsten electrode will withdraw and come closer to the
weld pool (Fig. 4.19). This proceduarce will avoid contamination from the
tungsten =lectrode. Imtroducing and withdrawing of fller rod into the
molten weld pool may disturb the inert gas shielding, entrain air, oxidise
filler rod end and thus contaminate the weld pool. In order to avoid thesco
problems. it is preferred to keep the heated end of the filler rod always
within the inert gas shield cven when withdrawing the same from weld pool
during welding. Table 4.2 gives TIG wsalding parameters for differcnt
materials (A pprox. values).

Table 4.2

Flatc thicknecss O S e
Type of joine —_— Bumnt
Welding Fosition - Flat
Afarcrval Ceerverae I narrececer Dicrricser Flomwe rave
(Arvoprsh of 3 Elec- o f filicr of Argears
Lrorcec {evaeve b rered frrawva ) L asres per
rrrievaase {igarra}y
L. Mild, low alloy and 2S0—350 30 33 7
Stunaniess Sreal (DCSP)
=. Ciray cast irom 160 3.0 5.0 =
CACSDCSP)
- Al 200350 3.5 3-S5 <>
CAC)
a L 2S0-37S 3.0 3.0 r 4
(DCSP)
= Magrcesiom 100150 2.5 4.0 10
CAC)
o Silscorm hrronmnee 1LSO—2000 =5 33— >
(DCSP)

4.5.6. ADVANTAGES

1. No flux is used, hence there is no danger of flux entrapment when
welding refrigerator and air conditioner components.

2 Because of clear visibility of the arc and the job, the operator can
exercise a better control on the welding process.

3. This process can weld in all positions and produces smooth and
sound welds with less spatter. ‘ i ) ¥

4. T1G welding is very much suitable for high quality wc!dxng of thin
materials (as thin as 0.125 mm). g e

S. It is a very good process for welding nonferrous metals (aluminium
etc.) and stainless stecl. -

4.5.7. DISADVANTAGES

1. Under similar applications, MIG welding is a 1:11uch faster proccss
as compared to TIG welding, since TIG welding requaires a scpa.ratc filler
rod. {

2. Tungsten if it transfers to molten weld pool can contaminate th
same. Tungsten inclusion is hard and B, . :

3. Filler rod end if it by chance comes out of the inert gas shield
cause weld metal contamination. .

4. Equipment costs arc higher than that for flux shielded metal ar
welding.

4.5.8. APPLICATIONS

1. Welding aluminium, magnesium, copper, nickel and their allo
carbon, alloy or stainless steels, inconel, high temperature and hard sur
facing alloys like zirconium, titanium cte.

2. Welding sheet metal and thinner sections. ¢ :

3. Welding of expansion bellows, transistor cases, instrument dia
phragms, and can-sealing joints. i ; :

4. Precision welding in atomic encrgy, aircraft, chemical and instr
ment induastries. ’ y 4 :

5. Rocket motor chamber fabrications in launch vehicles.
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A -

A strip of metal located on the side opposite of the weld that provides a surface for depositing the first layer of metal to
prevent molten metal from escaping through the joint. Weld backing is used for complete penetration welds. Backing is
defined as material placed at the root of a weld joint for the purpose of supporting molten weld metal. Its function is to
facilitate complete joint penetration.Permanent backing is usually made from a base metal similar to that being welded
and, as the name implies, becomes a permanent part of the joint because it is fused to the root of the weld and is not easy
to remove.Temporary backing may be made from copper or a ceramic substance that do not become fused to the root and
are easily removed when welding is finished. This type of backing is also referred to as removable backing.Welding the
second side of a double-sided butt joint is regarded as welding a joint with backing because the first weld run put in from
the second side is supported by weld metal from the first side.For welding procedure qualification, some welding codes
classify the use of backing as an essential variable (EN 15614-1) but others classify it as non-essential (ASME Section
IX).For welder qualification, backing is invariably classed as an essential variable. This is because being able to produce
a sound weld root using backing does not demonstrate he has skill required to make a sound weld without backing.
Tack Weld: Small, preliminary welds located at both ends and the middle of a seam meant simply to align and secure
metal work-pieces before the final weld is begun. This is a precautionary measure. Tack welds are easily broken when
design alterations become apparent. A weld made to hold the parts of a weld in proper alignment before the final welds

are made. Tack welds are also used to aid in preheating.

.
ANS 3 (i)
Power source char actarsic s inear (Oiven)
1 ‘ :
ivoits) :
<50 B -
—
Fig 68
&3 arc langth volage Characteristic e
v 20 + 4
at arc length (7,) = 4 m
o v, = 2 (4 x4) =3¢ s
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— SCC = 1000 Amp

100
oV 80 volts

1000 Amp
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A filler metal is a metal added in the making of a joint through welding, brazing, or soldering. Four types of filler metals
exist—covered electrodes, bare electrode wire or rod, tubular electrode wire, and welding fluxes. Sometimes non-
consumable electrodes are included as well, but since these metals are not consumed by the welding process, they are
normally excluded.

Fusion VS. Non Fusion: When soldering copper or brass, a non-fusion process, the area has to be cleaned first. The most
common chemical used for this is muriatic acid. After the joint or area to be soldered is cleaned the metal is evenly
heated and the "flux" is applied; it's usually brushed on. When the metal is heated solder is added manually and the
metals become joined. (The same process holds true with "brazing." In brazing steel, the area is cleaned, the metal is
heated and the brazing rod is heated and dipped into the can of "flux" and used that way.) However, "welding" metals,
fusing them together, requires more than just heating the metals to be joined. When welding, the base metals along with
the welding rod or wire electrode need to be taken to high temperatures for fusion. This causes chemical reactions that do
not exist at low or moderate temperatures.
Flux, Rod, Gases And Heat: The electrode, a coated rod or wire, the base metal (s) and the heating action itself react
chemically with the oxygen and nitrogen in the air. During the process the metal must be protected from these reactions
so the strength and integrity of the welded joint can be assured. Therefore, the stick or wire electrode and the flux it
provides, cover the arc and the molten pool with a protective shield of gas and vapor. "Shielding the arc" is the term most
often used. With welding rods and wire electrodes the "flux" is applied in the factory. The flux has several functions:

e It helps to clean the metals surfaces.
It helps to join the filler metals to the base metals.
It provides a protective barrier against igniting.
It helps with heat transfer from heat source to metal surface and it helps in the removal of surface metal wastes.
It also helps the deposits of metal from the electrode.

An Electrode is a piece of wire or a rod (of a metal or alloy), with
without flux covering, which carries current for welding. At one end it |
gripped in a holder and an arc is set up at the other.

ANS 3 (iii)

1155, "ELECTRODE COATING INGREDIENTS AND
THEIR FUNCTIONS

Ihe covering/coating on the core wire consists of many materials
which perform a number of functions as listed below

I .}‘/ug forming ingrédients, like silicates of sodium*, potassium,
Signesium, aluminium, iron oxide, china clay, mica ctc., produce a slag
#hich because of its light weight forms a layer on the molten metal and
protects the same from atmospheric contamination,




2. Gas shielding ingredients, like cecllulose, wood, wood flour, s
calcium carbonate etc., form a protective gas shield around the electr:
end, arc and weld pool. ‘// w

3. Deoxidizing elemnents like ferro-mangancse, and ferrosilicon, refi
the molten metal.

4. Arc stabilizing constituents like calcium carbonate, pot
silicate, titanates, magnesium silicates, etc. add to arc stability and e
striking the same. ;

5. Alloying elements like ferro alloys of mangancse, molybdenum e
may be added to impart suitable properties and strength to the weld m
and to make good the loss of some of the elements, which vaporize
welding.

. fron powder in the coating improves arc behaviour, bead ap
anc®; helps increase metal deposition rate and arc travel speed.

In addition, the electrode covering may perform the following
tions:

f 7. The covering improves penetration and surface finish.

8. Care wire melts faster than the covering, thus forming a sl
(Fig. 4.71) of the coating which constricts and produces an arc with
concentrated heat.

9. It limits spatter, produces a quiet arc and easily removable slag.

10. With proper constituents, the slag may have quick freezing
perty and thus make overhead and vertical welding casy.

11. Coating saves the welder from the radiations otherwise e
from a bare electrode while the current flows through it during weld

J ~ 12. Suitable coating will improve mectal deposition rates.
N 13. Proper coating ingredients produce weld metals resistant to
and cold cracking.
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ock\ W
ULTRASONIC WELDING "L' 3 s‘oxxﬁ-—w*( 54
DEFINITION AND CONCEPT

— Ultrasonic* welding is a solid st:le welding process wherein coal-
escence is produced by the local application of high frequency®*
vibratory energy to the workpicces as they are held together
under pressure.

~— Actually, the workpieces arc clamped together under a modest
static force normal to their interface and oscillating shear stresses
of ultrasonic frequencies are applied approximately parallel to
:he plane of interface (Fig. 6.5) for about one second but usually
ess. -

The combined cffect of pressureand vibration cause movement of the

molecules, and bring about a sound union between the faces of

Is in contact.
Bonding of the workpicces is not dependent upon melting of their
nor does it involve high pressure and large deformations. Rather,
ding is accomplished in the solid state, without applying cxteyl . }

filler_ rdd or high a1;)/1'essur¢=s.
An ultrasonic weld is completed in about 0.5 to 1.5 seconds.
IPLE OF OPERATION o™

Refer Fig. 6.5.
~~ Since vibratory action in ultrasonic welding breaks up and
disperses moisture, oxide and other (e.g., insulation) coatings
normally, degreasing may be the only cleaning required before
welding (especially with aluminium). -

PIVOT MOUNTED CLAMPING FORCE
~ TO WELDER FRAME APPLIED THROUGH MOUNT
- 2 (AJ '
‘ ..!..VIBRATION
}., _SONOTRCDE TIP
TRANSDUCER COUPLER SRR
7 —~ANVIL
Fig. 6.5. Ultrasonic welding. ‘

the rate of vibration is so high that the note produced lics beyond the range of
hearing, the vibration is said to be Ulrasonic. :
20 kHz (Range 15 kHz t6 170 kHz). i




F

— Pieces to be welded are clamped between the welding (
trode*) tip and an anvil. Both tip and anvil are faced with
speed steel, since considerable wear can occur at the conta
faces.

— A frequency converter (not shown) converts 50 cycle line
into high frequency electrical power and a transducer (Fig,
changes the high frequency electrical power into ultrasonic
tory energy which is transmitted to the joint through the wel
tip attached to the transducer. The tip oscillates in the ¢ pl
the joint interface. (To start wnlhmnggcrmg mech
lowers the welding head, applies necessary clamping force
starts the flow of ultrasonic encrgy).

— Ultrasonic vibrations combined with the static clamping fi
induce dynamic shear stresses in the workpieees, then local
tic deformation of joint materials occurs at the interface.
ccatings and other surface films are shattered and disper
that intimate contact and bonding of the workpiece surface &
place.

g

AGES OF ULTRASONIC WELDING

Surface preparation is not critical.
No defects are produced from arc, gases and filler metals.




(iii)

(i)
()
(vi)
(vii)

(viii)
(&x)

DISADVANTAGES OF ULTRASONIC WELDING

@
(@)
(iii)
(@)
()
(vi)

APPLICATIONS OF ULTRASONIC WELDING

(1)

(i)
(iii)
(iv)

()
(vi)

(vif)

(viii)

(ix)

Dissimilar metals having vastly different melting points can
joined.

Minimum surface deformation results.

Very thin materials can be welded.

Thin and thick sections can be joined together.

Because of the low temperatures that are involved, t
characteristics of the materials are not altered and are contmu
through the weld zone. Moreover, heat-affected zone is
mized. o

To weld glass is impossible by any other means.

The equipment is simple and reliable and only moderate skill
required of the operator. 4

Ultrasonic welding is not cconomically competitive when ot
processes can be used to do the same job.

This process is restricted to joining thin materials — sheet, f
and wire. The maximum is about 3.0 mm for aluminium and
mm for the harder metals. ot :

Materials being welded tend to weld to the tip and anvil.

Due to fatigue loading, the life of equipment is short.

Hard materials will fatigue under the stresses necessary for wel
ing. JITT ¢

Very ductile matcnals will yield under ultrasonic strain witho
sliding.

Ultrasonic welding is particularly suited to the welding of
metal sections, using lap joints as in electrical resistance weldi
and cold pressure welding™ L.~

Joining of clectrical and electronic componen
Hermetic sealing of volatile substances. ‘\!*
Welding aluminium wire and sheet.
Fabricating unclear fuel elements.

The ultrasonic process also finds ‘applications involving bimet
lic junctions and in producing a variety of joint configurations.
Continuous seam welding has been used to assemble com
nents of corrugated heat exchangers.,

Strainer screens have been welded without clogging of the hol
Spot welding using special tips and anvils has been applied fi
pinch-off weld closures in copper and aluminium tubi

arc used with capillary tubes in refr geratlon and anrcotz

ANS 4 (ii)




SPOT WELDING

INTRODUCTION AND USE

— Spot welding came into use in the period 1900-1905.

— It is now the most widely used of resistance welding process

— Spot welding is employed for joining sheet to sheet, sheets
rolled sections or extrusions, wire to wire, etc.

— Spot welding is uscd for joining relatively light gauge parts (
about 3 mm thick) superimposed on one another (as a lap jo

Spot welding is a resistance welding process in which overlapy
sheets are joined by local fusion.at one or more spots by the heat gener
by resistance to the flow of electric current through workpieces that
held together under force by two electrodes, one above and the
below the two overlapping sheets (Fig. 5.1).

"’O@EZE WELD HOLD OFF

' — g

. - —— - 77—
WORK
PIECES

PRESSURE

APPLIED ON “CURRENT.. PRESSURE
D

Fig. 5.6. Stages in makingﬂmld,—-—ﬂ-ﬁrv_,—m—c—

ELECTRODE

INDENTATION
SHEET

nﬂs o
7 e WD W ﬂ\ '7
FAYING TeY
SURFACES NUGGET AFFECTED -
ELECTRODE DIA. e
TIP

Fig. 5.7. Spot welding process —details.

ADVANTAGES




T 1¢) Fast rate of production.
iy No filler rod is nceded.

[ ) Semi-amtomatic cquipments.
(i) Less-skillcd workers can do the job.
() Both similar and dissimilar mctals can be welded.
oAvr )y High reliability and reproducibiliy are obtained.
[ vy More general climination of warring or distortion of pParts.,

DISADVANTAGES

(1) The initial cost of equipment is high.

(7)) Skilled persons are needed for the maimtenance of
ment and its controls.
(i) Insomc matcrials, special surface preparation is req
(fv) Bigger job thicknesses cannot be welded.
APPLICATIONS

() Joining sheoets, bars, rods and tubes.
(i) Making tubcs and mctal furniturc.
(s2e) Welding aircraflt and astomobile parts.
(i) Making culting tools.
(v) Making fucl tanks of cars, tractors clc.
(w) Making wire [abric, grids, grills, mash weld, containers etc.
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2 mm

Thickness of each plate (t)
Welding current (1) 10 kA = 10,000 A
Welkling time (t,) 10 millisecond = 10 x 109 s
Spherical fusion zone is formad upto full thickness of each plate
ambient temperatura (T,)) = 293 k
Mehing temperatura (T} = 1793k
density (p) = 7000 kg/m?
Latent heat of fusion (L) = 300 kJ/kg = 300,000 J/kg

I

I

Specific heat {c) = 800 J&3j k
Contact Resistance (A) « 500 micro ohm = 500 x 105Q
Total heat suppiied (H) 1At
= (1000072 x500 x 105 x 10 x 10—
= 500J

As nugget is of spherical shape with radwis of 2mm.

4 3
ar = —xRx2°
3

Volume of nugget

W

= 3351 nm?
3351 x10% ¢
dansity xvolumo

= 7000 »33.51 x 10*% kg

m = 2345 x10* kg

Total heat required to form nugget is sum of neat required to raise the temperaiure from ambient
1o meiting point (sensible heat) and hesat requirad 1o change phase (Latent heat)
=5 total heat required sensicle hsat + latent haat

= mC AT+« mL

= MC{Te—Tom? + L]

= 2.345 x 104 [800 {1783 — 293) + 300,000]
351.75J

= volumne of nugget
nMass of nugget (M)

Total heat _reuuired w0 malt

total heat required 10 me_ltx 100
tctal heat sup plied

= melting efficiency

35175
500

70.35%

100

]

maeliing efficiency
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= Brarzing is definced as a group of joining processes whercin coakes—

&ence is produced by hcating to a suitablce temperature and by
using a fillcr metal having a liquidus above SO0 (S70°) and

. below the solidus of the basce mctals.
~ In brazing, mctallic parts arec joined by a non-ferrous filler metal

: or alloy.
- The filler metal is distributed betweoeen the closcly fitted surfaces

of the joint by capifiary artractior .

PENETRATION

N TO 8ase
ME TAaL NO PENETRAT
] N TO BASE rMETAL

\:‘: "
l i e, |
WELDED JONT BRAZED JOINT

Fig 11.1. Difference betrweoeen & welbded joimt smnd & Brarec] josdnt.

BERAZING PROCEDURE
The brazing procodure ncludes=s the Following stop»s
Clearnirng and proeparineg the surface to be brasodd,
FFeexwiriy Both the basc metal and Gller mcotal surfaces.
A iETverag e Dasce mmoiail parts 1o be joincal.

Fearing the joint.

A grgrivirsz baanring f§ilcr rrefal Onto the Jeraret

Ceorardirg of the brazcd jodimt.

Rerraoving ffeex residree From the com pleted joine.

'

“ : ‘J'."‘Mll-

LIMITATIONS OF BRAZING
I. Size limitation of the parts to be brazed is of major Importa
Since the Suter arca to be brazzd must be heated, large cast sections
large heavy plates cannot be casily brought up o tcmperature. -
Z. Brazing requircs tightly mating parts (O cnsure capillary Mow of
fller mctal. This involves expoeniive machining to attain the desired G
3. Flu» residues if noa properly removed can causc corrosion.
4. Brared joints do not give satisfactory results when uscd at cleva

Llcmporaturcs.
5. A cortain degree of =kill & requirced 1o perform the brazing
tions: personnel limitations may rule ourt the process.
G, Verw large assemblics, although brazablc, may be made more
nomiically by welding.
Braming Muxes and filler reds may evolve toxic fumes and poisao

- J
’.
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7 Concept of Cold (or Hydrogen-induced) Cracking
— Cold cracking or Hyvdrogen-induced-cracking is causcd Iy

combination of hydrogen present in the welding arc and has
ing of the hcat-aflected zonc duc to high hcating followed

g > .-
rapid cooling,. o
— Cold cracks occur generally i the heat-affected-zone and by

A~ the weld deposit and thercfore they arc also referred Lo as iy
o cac - e
Such cracks cannot bc seen from thce surface, but only whon

welded joint is cross-sectioned and etched. Sometimes the cracks pra

gate and rise to the surface.
Under some conditions. the cracking has been observed
delayved for 10 or 20 hours or more. In other cascs, cold ory
may be initiated immediatcly after the end of cooling, thon ¢
tinuc to develop for some hours by a mechanism of migratuwm
hvdrogen caused by dislocations and then ceasc developing




clors aﬂthNrmJMnced-crackingﬁ
« Carbon Eguivalent of steel (CE)

SR =

; Mn<%z Cr% + Mo% + Vo Cro + N5
<z, — e 7O
B = CS% + : - 5 " s

quivalent of steel, harder will be the heat
h increased risk of cracking.

Combined plate thickness™. Thicker th
rate of the heat affected zone with incre
t input rate

affccted

< pl;nlg, faster will be the
asced risk of cracKking.

i\,,_, —— )‘:)

B e (i()k.' bl
> > 1000 iloj ©s per mm

‘ ., -~ g
I~ is arc voltage y o8 W
I is welding current "
v is welding speed (mm/min)
Preheat, etc., may be added in this heat input rate.
igher the heat input rate and/or highcr the prehear and inter-
I S temperature, slower will be the hecat-affected zone cooling:
and lcssc;r will be the chances of cracking; and vice versa.
Hydrogen level in the welding consumable. Smaller the amount of
in the weld metal, lesser arc the chances of cracking.
‘g'l.nt restraint. The cold cracking tendency
herefore, more stringent welding conditio
heavily restrained joinis,

Arc cnergy =

——

increases with joint
ns arc noeccessary in
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unfused longitudinal

undercut,
undercus SESS =SS

end crater with reducton
of weld cross secton
open

end crater

weld reinforcement

too small throat
thickness

surface defects at a starn point

—
start defects N o S Fa— -
——
weld is too wide
seam width

NS SN

through-going hole
in or at the edge
burn through é % of the seam




in the unaffected
base metal

— in weld metal

longitudinal crack

—~ in fusion zone

in the unaffected
base metal

transverse crack — in weld metal

in the HAZ

in the unaffected
star shaped base metal
crack

globular

gas inclusion
pore T~

porosity o W%nany. mainly

evenly distributed
pores

nest of pores

line of pores

worm hole
elongated gas inclusion
in weld direction

Misalignment : This type of geometric defect is generally caused by a setup/fit up problem, or trying to join plates of
different thickness

Overlap: The protrusion of weld metal beyond the weld toe or weld root. It is caused by poor welding techniques and can
generally be overcome by an improved weld procedure. The overlap can be repaired by grinding off excess weld metal
and surface grinding smoothly to the base metal.

Undercutting: Undercutting is one of the more severe welding defects. It is essentially an unfilled groove along the edge
of the weld. The causes are usually associated with incorrect electrode angles, incorrect weaving technique, excessive
current and travel speed. Undercutting can be avoided with careful attention to detail during preparation of the weld and
by improving the welding process. It can be repaired in most cases by welding up the resultant groove with a smaller
electrode.

Cracking: Cracks and planar discontinuities are some of the most dangerous, especially if they are subject to fatigue
loading conditions. There are several different types of cracks and none are desired. They must be removed by grinding
back (if superficial) or repaired by welding. Cracks can occur in the weld itself, the base metal, or the heat affected zone
(HAZ) (see Figure 4). Longitudinal cracks run along the

direction of the weld and are usually caused by a weld metal hardness problem. This type of cracking is commonly
caused by a cooling problem, the elements in the weld cooling at different rates. They can also be caused by; the weld
bead being too wide, current or welding speed too high or having the root gap too large and also by shrinkage stresses in
high constraint areas. Longitudinal cracks can be prevented

by welding toward areas of less constraint, preheating the elements to even out the cooling rates and by using the correct
choice of welding consumables. If cracks do appear they can be repaired by grinding out or cutting the members apart
and re-welding. A transverse crack is a crack in the base metal beginning at the toe of the
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38.19. EDDY CURRENT TESTING
Principle or Operation

— An A _C. coil is brought up close to the weldment to be tested I

A.C. coil induces eddy currents in the weided object. These o

currents produce their own magnetic field which opposcs |

ficld of the A.C. coil. The result is an increase in the impoedan

(resistance) of the A.C. coil. Coil impedance can be measur ool

If there is a flaw in the weldment, as soon as the coil Fasses over |

flow, therc is a change in the coil impcdance which can be wired 1o Sive

warning light or sound and thus the flaw and its location can be doete
mined.

Flaws Indicated

Flaws at or close to the surface such as cracks, weld POrosity, ww
fusion or any linear discontinuity can be detected.
Procedure I
For gencrating eddy currents, the test piece is brought into the froi

& Coil carrying alternating current.
The coil may encircie the Part, may be in the form of a probe, or int
casc of tubular shape may be wound to fit inside a tube or pipc. Typi
applications are showz in Fig. 38_35.
The eddy current in the metal test picce also sets up a magnetic fig
which opposes the original magnetic ficld. The impedance of the ¢xcits

coil or of a second coil coupled to the first and in close Proximity to the

picce is affected by the prescnce of the induced eddy currents. A scoo
coil is often used as a convenience, and is called a sensing or pickuyr ol
In the case of a crack or an unwelded scam, the discontinuity mu e
oriented nearly normal to the eddy current flow to disturb it. The changs

in coil impedance caused by the presence of a discontinuity can be s

ON AND TESTING OF WELDS Coil 765
Core
Te st
piece
o4
dor-
Laminar Eddy-
flaw swurrent
Eddy -current flow flow
: (b) Horseshece - shape
A} Probe-type coil or U -shape =oil
Crack Col
Tube

> Eddy -current
Eddy~- current flow
flow (D) Internal or

) Encircling coil Bobbin - type cil

Fig. 38 35. Types of coils used in Eddy-Current Testing
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t with the surface 11 Ie

‘ =
2. The method can be used o te
moents.

st both ferrous and nen-ferrous

Disadvantages

1, The method is limited to materials with good electrical conducti-
.

#. The method is difficult to set and interpret.
Applications

-~ .EDDY.CURRE.-'\"'I' TESTING is primarily used for continuous
inspection of scamless and welded piping and tubing during pro-
duction. Testing of ferromagnetic steel, austenitic .sIainb:«s steel
copper alloy, and nickel alloy tubular products »

L ' are covered by
ASTM specifications.

ANS 6 (ii)

It’s a measure of excellence or a state of being free from defects, deficiencies and significant variations. It is brought
about by strict and consistent commitmentto certain standards that achieve uniformity inorderto satisfy
specific requirements.

Weld quality assurance is the use of technological methods and actions to test or assure the quality of welds, and
secondarily to confirm the presence, location and coverage of welds. In manufacturing, welds are used to join two or
more metal surfaces. Because these connections may encounter loads and fatigue during product lifetime, there is a
chance they may fail if not created to proper specification.

Factors to be considered:

i)Amperage

ii) Electrode Angle

iii)Arc Length

iv)Travel Speed.

v)The metals to be welded should be placed correctly, the dust on the metals should be removed, the distance between the
metals and electrode should be maintained, proper current must be produced on the basis of metal thickness.

vi) Appearance also play a

vii)proper method selection in accordance with material specification

ANS 6 (iii)

The reasons for estimating welding costs are varied, bu most often
are Lo :

(i) Compare the economics of welding with some other method of

thrirngina ar mannfastsieisos
---------- & VR sEsssssan LU lllb'.

(if) Provide data nceded for bidding a job.

(é#57) Establish information required in making a decision between
alternate designs.

(iv) Evaluatc proposed changes in procedures.

(v) Compare the economic advantages of competing welding pro-
Cesses.




WELDING COSTS

Dir[ecl Indirca
l Owverheads
Consumables-clectrodes, Labour FPlant costs
flux, shielding depreciation, mainlenanc o
gas, electricity opcrator training,

technical supcr~ision

443. FACTORS INVOLVED IN WELDING COSTS

— Before attempting to calculate welding costs, it is desirable to
have a clecar understanding of the factors that are involved in
welding costs. These factors are -

A 1. Time for preparing base plate cdges by gas cutling, shearing,
planning, shaping, grinding etc.,

2. Time for assembly,

3. Time for tack-up, 3

4. Time for positioning,

5. Time for welding,

6. Down time for changing electrodes, moving to location, changing

settings,
7. Time spent by personnel for personal purposcs,
8. Time for cleaning (e.g. removing slag ctc.)
9. Time for removal of the assembly,
10. Time for stress relieving (if required),
11. Cost of electrodes,
12. Cost of shiclding matcrials,
13. Cost of clectric power,
14. Overhecad costs.
It can be seen from this list of factors that there are various fimes other
than the tirme for welding (i.c., the arc time). A basic factor in cost formulas
that must be determined accurately in order to make sound cvaluation ol

costs is the Operating Factor (OF), %,

Arc time Arc time
< ey Ll e
OF, % Total time > 100 Arc time + Down time o T

Where down time is the time the welder spends in operations other
than welding (such as assembling, positioning, tacking ctc.), including time
for personal purposcs.

The operating factor should be as high as possible, because a high
opcrating factor means that a high percentage of the welder’s time is being
usced in joining — and joining is what gets the weldment out of the welding
booth and on to the next production station. ]




