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LG #49 LO 1 Interpret basic metallurgy principles and apply

Instruction sheet

Towing content coverage and topics:\
e Interpreting and applying principles of solidification and crystal structures in
metals.
e NDT methods
e Sourcing equilibrium diagram for metal or alloy.
e Interpreting equilibrium diagrams.
This guide will also assist you to attain the learning outcome stated in the cover page.
Specifically, upon completion of this Learning Guide, you will be able to:
e Interpret and applying principles of solidification and crystal structures in
metals.
e NDT methods
e Source of equilibrium diagram for metal or alloy.

e Interpret equilibrium diagrams.

Learning Instructions:

1. Read the specific objectives of this Learning Guide.

2. Follow the instructions described below

3. Read the information written in the information “Sheet.
4. Accomplish the “Self-check
5

. If you earned a satisfactory evaluation from the “Self-check” proceed to “Operation sheet
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Learning Instructions:

1.

Read the specific objectives of this Learning Guide.

2. Follow the instructions described below.

Read the information written in the “Information Sheets”. Try to understand what are being
discussed. Ask your trainer for assistance if you have hard time understanding them.

Accomplish the “Self-checks” which are placed following all information sheets.

5. Ask from your trainer the key to correction (key answers) or you can request your trainer

to correct your work. (You are to get the key answer only after you finished answering the
Self-checks).

If you earned a satisfactory evaluation proceed to “Operation sheets

Perform “the Learning activity performance test” which is placed following “Operation

sheets”

8. If your performance is satisfactory proceed to the next learning guide,

9. If your performance is unsatisfactory, see your trainer for further instructions or go back to

“Operation sheets”.
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Information Sheet-1 Correct welding equipment are selected according to work requirement

1. Introduction to correct welding equipment

1.1History of welding

e Methods for joining metals have been known for thousands of years, but for
most of this period the only form of welding was forging welding by a blacksmith.
A number of totally new welding principles emerged at the end of 19th century;
sufficient electrical current could then be generated for resistance welding and
arc welding. Arc welding was initially carried out using carbon electrodes,
developed by Bermudas, and was shortly

1.2 welding power sources
Both direct current (DC) and alternating current (AC) are used for electric arc
welding process, each having its particular applications. DC welding supply is
usually obtained from generators driven by electric motor or if no electricity is
available by internal combustion
Engines. For AC welding supply, transformers are predominantly used for almost
all arc welding where mains electricity supply is available. They have to step
down the usual supply voltage (200-400 volts) to the normally open circuit
welding voltage (50-90 volts).

1.3 The following factors influence the selection of a power source:

e Type of electrodes to be used and metals to be welded

Available power source (AC or DC)
¢ Required output

e Duty cycle

¢ |Initial costs and running costs

e Efficiency

e Auvailable floor space area and

Federal TVET Agency
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e Versatility of equipment

1.4

Welding cables

Figure 1.Welding power supply/Machine

Welding cables are required for conduction of current from the power

source through the electrode holder, the arc, the work piece and back to

the welding power source. These are insulated copper or aluminum

cables.

Table .1

Recommended Copper Welding Cable Sizes

Power Source

Awg Cable Size for Combines Length
Of Electrode and Ground Cables

sizesin | Duty 1059 1 50t0100 | 100t0 150 | 1500 200 | 2010 20
Amperes | Cycle % (Oto 1 ft'30 0 fti 46 ft'61 (61to
15m) (15to 30m) | (Oto 15m) | (46 to 61m) 78m)
100 20 6 4 3 2 1
180 20-30 4 4 3 2 1
200 60 2 2 2 1 1/0
200 50 3 3 2 1 1/0
250 30 3 3 2 1 1/0
300 60 1/0 1/0 1/0 2/0 3/0
400 60 2/0 2/0 2/0 3/0 4/0
500 60 2/0 2/0 3/0 3/0 4/0
600 60 2/0 2/0 3/0 4/0 *
Federal TVET Agency
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Figure 2.Welding Cable

e Electrode holder
Electrode holder is used for holding the electrode manually and conducting current to it.
These are usually matched to the size of the lead, which in turn matched to the
amperage output of the arc welder. Electrode holders are available in sizes that range

from 150 to 500 Amps.

Figure 3.Electrode holder

e Clamps
Clamps are used to fasten the cables to work piece or table where the work
piece is positioned so the welding circuit will be completed, and some operate

with spring pressure while others are magnetic.

Figure 4. Clamps

e Wire Brush
A wire brush is good for removing thick layers of mill scale, slag, or any other
thick impurities on a metal work piece. You'll especially want to keep a wire brush
handy for stick welding since you’ll need to brush off the flux when you’re done
welding. Keep in mind that certain metals will call for specific brushes. For

example: a metal such as aluminum will require a steel brush.
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Figure 5.Wire Brush

e Chipping Hammer
A chipping hammer is a tool used to remove welding slag from a weld and
welding spatter from alongside welds. Used by carefully swinging and hitting the
weld to shatter the slag. The chipping hammer is used for the removal of slag
after arc welding. The hammer is of robust construction and well balanced. When
working on stainless steel, a chipping hammer made of stainless steel must

always be used.

.

Figure 6. Chipping Hammer

e SMAW Installation Instruction
The machine is equipment with power voltage compensation equipment. When
power voltage movesbetween+15% of rated voltage, it still can work normally.

e When use long cable, in order to prevent voltage form going down, bigger
section cable is suggested.

e If cable is too long; it may affect the performance of the power system. So we
suggest you to use configured length.

e Make sure intake of the machine not blocked or covered, lest cooling system
could not work. Make sure the earth end of power interface has been reliably
and independently grounded.

e Correctly connect the arc torch or holder according to the sketch. Make sure

the cable, holder and fastening plug have been connected with the ground.
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“ "

Put the fastening plug into the fastening socket at the “-” polarity and fasten it

clockwise.

e Put the fastening plug of the cable to fastening socket of “+” polarity at the front
panel, fasten it clockwise, and the earth clamp at the other terminal clamps the
work piece.

e Please pay attention to the connecting polarity, DC welding machine has two

connecting ways:

1. Positive connection and negative connection.
e Positive connection: holder connects with “-” polarity, while work piece with
the “+” polarity.

“

e Negative connection: work piece with the polarity, holder with the “+”
polarity. Choose suitable way according to working demands. If unsuitable
choice, it will cause unstable arc, more spatters and conglutination. If such
problems occur, please change the polarity of the fastening plug. According to
input voltage grade, connect power cable with power supply box of relevant
voltage grade. Make sure there is no mistake and make sure the voltage
difference among permission range. After the above job, installment is finished
and welding is available.

11 1

Power Supply

- %‘ ﬁi@;.i :

Electrode Holder

. Figure 7. Installation Diagram

2 Polarity in DC Welding
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Arc welding with the electrode connected to the positive end of the D.C. supply is
called reverse polarity. *Obviously, the work piece is connected to the negative
end. A better name for D.C. reverse polarity (DCRP) is electrode-positive as
shown in Figure. 8 (a). As stated earlier in Art. Two-third of the arc heat is
developed at the anode. Hence, in DCRP welding, electrode is the hottest
whereas work piece is comparatively cooler. Consequently, electrode burns

much faster but weld bead is relatively shallow and wide.

e (&4

owWoer
Supply Supply

rode y Hlectrode

Boad
Work
- Waonk
oo
e »
FEarth Clamp - Earth Clamp

Lan) ()

Figure 8.Polarity in Welding

In DCSP welding, work piece is the hottest, hence base metal penetration is narrow and

deep. Moreover, bare and medium-coated electrodes can be used in this welding as

they require less amount of heat for melting. It is seen from the above discussion that

polarity necessary for the welding operation is determined by the type of electrode used.

It is also worth noting that in A.C. welding, there is no choice of polarity because the

circuit becomes alternately positive, first on one side and then on the other. In fact, it is
a combination of DCSP and DCRP.

A. Polarity of Welding Current.

e The electrode polarity recommendations established by the manufacturer should
be followed when a specific type of electrode is being used. The polarity

recommended may be either "straight" or "reverse." In straight polarity, the

Federal TVET Agency
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electrode is in the negative side of the circuit. With reverse polarity, the
electrode is in the positive side of the circuit.

In general, straight polarity is used for all mild-steel, bare, or lightly coated
electrodes. With electrodes of this type, the greater heat is developed at the work
piece being welded which is the positive side of the current. However, when
heavy coated electrodes are used, the gases given off in the arc may that the
opposite is true and the greater heat is produced on the negative side.

Electrode coatings affect the heat conditions differently, depending on their
composition. One type of heavy coating may provide the most desirable heat
balance with straight polarity, while another type of coating on the same

electrode may provide a more desirable heat balance with reverse polarity..

The proper polarity for a given electrode can be recognized when attempting a
weld by the sharp, cracking sound of the arc. The wrong polarity will cause the

arc to emit a hissing sound and the welding bead will be difficult to control.

B. Direct Current Arc-welding Electrodes.

In general, direct current (dc), shielded-arc electrodes are designed either for
reverse polarity (electrode positive) or for straight polarity (electrode negative)
and are not interchangeable. Many, but not all, of the direct current electrodes,
both reverse and straight polarity, also can be used with alternating current.
Direct current is preferred for many types of bare and covered nonferrous and
alloy steel electrodes. reason, will permit greater welding speed. C. Alternating
Current Arc-welding Electrodes.
Coated electrodes that can be used with either direct or alternating current are
available. Alternating current is more desirable under certain operating
conditions. Alternating current reduces arc blow (an unstable arc condition) that
is particularly harmful when welding in corners or restricted places and when
high currents, as required in thick sections, are used. Arc blow, in these cases,

causes blowholes and slag inclusions in the weld as well as a lack of fusion.
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Self-Check -1 Written Test

Name: Date:

Directions: PART I choose the brief answer for the following equation’s

1. In work piece is the hottest, hence base metal penetration is narrow and deep.
A. DCRP C.AC
B. DCSP D.DC
2. From the listed alternatives which of the following is the factors that influence the
selection of a power source
A.Available power source (AC or DC) C. Duty cycle

B.Required output D. All

Note: Satisfactory rating — 2 points Unsatisfactory - below 2 points

Answer Sheet

Score =

Rating:

Name: Date:

Short Answer Questions

Federal TVET Agency
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Principles of solidification and crystal structures in metals and alloys
Information Sheet-2 are interpreted and applied in relation to NDT methods
2.1. Introduction to bonding solidification materials

e These are materials made up from, or composed of, a combination of different
materials to take overall advantage of their different properties. In man-made
composites, the advantages of deliberately combining materials in order to
obtain improved or modified properties were understood by ancient civilizations.

e This helped to reduce cracking caused by shrinkage stresses as the clay dried
out. In more recent times, horse hair was used to reinforce the plaster used on
the walls and ceiling of buildings.

2.2. Atomic bonds and Structure
e Although the properties of the metals used widely they all had one thing in
common. No matter what their composition, no matter what changes they had
gone through during extraction from the ore, refinement and processing, they
were all made up of small particles.
2.3 Atoms
e Not so very long ago, in our early chemistry classes, we used to say that the
atom was the smallest unit of which matter was composed and was indivisible.
e Also the atom is considered as the basic structural unit of matter now, it is not
quite as simple as that, and the chemist no longer regards the atom as being in
the nature of an in destructible little billiard-ball which is held by some
mysterious force of attraction to its neighbors.
e Each atom is composed of a positively charged nucleus surrounded by a
sufficient number of negatively charged electrons so that the charges are
balanced and neutrons which carry no charge. The number of electrons

identifies the atomic number and the element of the atom.
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Fig. 1 atomic bond

2.4 Particle arrangements in solids

e Depending on their molecular structure, materials are classified in to
Crystalline and Amorphous bodies. A crystal is a perfect structure where
the small particles (atoms, ions, molecules) are arranged in order and
amorphous substances are disordered as their constituents are not arranged
in any order. Amorphous solids are that do not have a repetitive three-

dimensional.
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Fig. 2.Crystalline solids
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e Crystalline bodies remain solid, i.e. retain their shape, up to definite
temperature (melting point) at which they change from the solid to liquid
state

e During cooling, the inverse process of solidification again takes place at
the solidifying temperature. The temperature remains constant until the
material is completely melted or respectively solidified.

e Amorphous bodies (glasses and plastic materials are often amorphous),
when heated, are gradually softened in a wide temperature range and
become viscous and only then change to the liquid state. When cooling, the
process takes place in the opposite direction.

e The crystalline state of a solid is more stable than amorphous.

e Amorphous bodies differ from liquid in having lower mobility of particles.

[y

\

Fig.3. Cooling curve of a crystalline substance

>

2.5 The properties of crystals may depend up on:
e The electronic structure of the atom and the nature of their interaction in
the crystal
e The spatial arrangement of the elementary particles
e The composition and

e The shape of crystal.
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2.6 Crystal lattice, Space lattice

e A crystal lattice is defined as “the arrangement of atoms in a crystal”. 1t is
also known as space lattice. Or it is location of the constituents’ entities of
the crystal in three-dimensions. The arrangement of ions and electrons will
be disturbed when external force or pressure is applied and this leads to
defect. Atoms in space lattice are so small that they are invisible. Today, the
newest “Electron microscope” can show particles as small as ten billionths
of an inch.

e A three-dimensional crystal lattice is described by three sections a, b, and c,
which are equal to the distance to the nearest elementary particles along the
coordinate axis and three angles made by each two of these sections, a, S,
and vy .

2.7The structure of crystals is described by:
e Microstructure or fine structure, which is studied by diffraction method
like using microscope, micrometers, etc.

e Macrostructure, which is studied by naked eyes or by magnifying glass.

Fig.4 Arrangement of elementary particles in a crystal:
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2.9 Crystalline Structures
¢ Many substances, including metals, have a crystalline structure in the solid state.
Metals crystal structure forms when the molten metal cool and solidify. Whereas
crystals of other substances, for example Copper Sulphate, and sodium chloride
(salt), form when a saturated solution of compound evaporates causing the solid

to crystallize. In crystalline structure,
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e The atoms are located at regular and recurring positions in three dimensions.
The pattern may be replicated millions of times within a given crystal. The
structure can be viewed in the form of aunt cell, which is the basic geometric
grouping of atoms that is repeated.

2.10 There are three types of cubic structure

e Body-Centered-Cubic [BCC] As the name itself points out this type of crystal

structure has central atom included in the cubic shape of shared atoms. As

shown in the figure below,

Fig. 6 Body-Centered-Cubic Crystal Structure

e Face-Centered-Cubic [FCC]As shown in figure 14, this type of crystal structure
has one single atom in every face of its cubic shaped atomic arrangement and
unlike to BCC there is no atom which is fully included only by one cubic shape
arrangement, by this meaning all atoms of FCC crystal structure are shared with

neighbor cubic shaped arrangement of atoms.

Fig.7 Face Centered Cubic (FCC) Crystal Structure
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e Hexagonal-Closed-Packed [HCP] The atomic arrangement of HCP crystal
structure is more deferent and a bit complex than BCC and FCC. As shown in
figure below, atoms are arranged hexagonal prism pattern and there are
additional two atoms which are laid on the two faces of the hexagonal prism as
well as there are additional three atoms around the center of the hexagonal

shape arranged with a regular triangular pattern.

Fig.8 Hexagonal-Closed-Packed (HCP) Crystal Structure

Type Name Properties Example
FCC Face-Centered-cubic Ductile at all temps Aluminum, copper,
Nickel
BCC Body-centered-cubic | ductile-brittle transition Iron (steel) tungsten
with temp or strain rate
HCP Hexagonal-close- less ductile Magnesium, zinc
packed

Table 2 Overview of material properties with crystal structure
2.11 Non-crystalline (Amorphous) Structures:

The non-crystalline solids materials do not have their basic particles arranged in a
geometric pattern. Their particles have a random formation, and such as a result, such
substances are said to be amorphous (without shape).Many important materials are
non-crystalline: liquids and gases, for example. Water and air have a non-crystal
structure. A metal loses its crystalline structure when it is melt. Such as glass, plastics

and rubber are materials that fall into this category. Many important plastics are mixture
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of crystalline and non-crystalline forms. Two closely related features differentiate non-

crystalline from crystalline materials: -

()
Fig.9 Difference in structure between
(a) Crystalline and (b) no crystalline materials.

(b)

e Defects in crystals

The structure of real crystals differs from that of ideal ones. Real crystals always have
certain defects, and therefore, the arrangement of atoms in the volume of a crystal is far
from being perfectly regular. It is distinguished between point, linear, surface and
volume defects. The dimensions of a point defect are close to those of an inter-atomic

space..
2.12 Types of defects

e Point defects the simplest point defects are vacancies, interstitial atoms of the
base substance (interstitials), and foreign interstitial atoms .A vacancy is an
empty (interstitials), site of a crystal lattice; an interstitial. atom is an atom
transferred from site into an interstitial position. Vacancies and interstitial
atoms can appear in crystals at any temperature above the absolute zero

owing to thermal oscillations of atoms.

SC = SRR
e ¢ $<>
< PRERC SR
ata
a) b) C)
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Fig.10. Point defects in a crystal lattice: a — Vacancy;
b — Interstitial atom; ¢ — Interstitial impurity atom
e Linear defects

The most important kinds of linear defects are edge and screw dislocations (Fig. 10).An
edge dislocation in its cross-section is essentially the edge of an ‘extra’ half-plane in the

crystal lattice. The lattice around dislocations is elastically distorted.

(a) (b)
Fig.11.. Schemes of (a) Edge dislocation and (b) Screw dislocation

In semiconductors, dislocation can influence the electric and other properties, in
particular, decrease electric resistance and shorten the life of carriers. The role of
dislocation is especially important in microelectronics where the film-like crystals are
used and dislocations can play the part of narrow conducting channels through which

impurity atoms can move easily.
e Surface defect

The most important kinds of surface defects are high-angle and low angle boundaries,
stacking faults, and twin boundaries. High angles boundaries the boundaries between
grains, since corresponding crystallographic directions in adjacent grains make angles
of tens of degrees with one another (Fig. 3.3a). Each grain in turn consists of sub grains

or blocks.

Federal TVET Agency
Version -1

Page 22 of 128
October 2019

Author/Copyright TVET program title: Welding level-lll



1)
' Yoa,
tranane
seonneel
tearaees
(AR EERE I

...........

Fig.12. Schemes of (a) high —angle and (b) low angle boundaries

A sub grain is a portion of a crystal of a relatively regular structure. Sub grain
boundaries are formed by walls of dislocations which divide a grain into a number of sub
grains or blocks (Fig. 12). Angle of disorientation between adjacent sub grains are not
large (not more than 5°), so that their boundaries are termed ‘low-angle’. Low angle

boundaries also serve as places of accumulation of impurity

2.13 Deformation of materials

Deformation is a change in size and shape of a body produced under the
action of external forces. The deformation of metals is necessary to form various
types of shapes without fracture. Deformation is based on the type of strain
produced due to loading a metal. The resistance of a crystalline body is dependent
upon the bonding forces between the atoms. There are mainly two types of

deformations such as

e elastic deformation and
e Plastic deformation.

2.13 Elastic Deformation

The elastic deformation disappears as soon as the applied forces are
removed. The basis for elastic deformations is formed by reversible displacements
of metal atoms from their equilibrium positions. Fig.4.1. show temporary

deformation and the power of material coming back to its original shape.
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Fig. 13 the deformation is temporary the material comes to the original place

2.14 Plastic Deformation
e The plastic deformation takes place during enough stress is applied to deform
the lattice permanently, and the atoms do not return to their original position.
Plastic deformations based on irreversible displacements of atoms through
substantial distance from their equilibrium positions. 2.15 Mechanisms of

plastic deformation

Plastic deformation may occur in the following ways by slip, 2.by formation of

twins, and 3.deviations from regular positions of atom.

o Slip Plasticity is property of a material, which enables the formation of
permanent deformation without fracture. Shows the slip planes in a
cylindrical test piece subject to a tensile stress. The slip planes being are

ellipses. .

e L

5 Slip direction
Slip plane

Loading
axis

Fig.14.The Slip planes in a cylindrical test piece subjected to a tensile stress
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Self-Check -2 Written Test

Direction-Choose the best answer
1. In the bond electrons are shared between atoms outermost shells.

Anionic bond C Metallic bond
B Covalent bond D none
2 The smallest unit of which matter was composed and the indivisible.

A proton C atom
B electron D None

3 the same itself points out this type of crystal structure has

A BCC C HCP
B FCC D None
4 This types of crystal structure has one single atom in every cubic atom
A BCCC FCC
BHCP D .None
Note: Satisfactory rating — 2 points Unsatisfactory - below 2 points

Answer Sheet
Score =
Rating:
Name: Date:
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. TVET program title: Welding level-lll
Author/Copyright October 2019




Information Sheet-3

Equilibrium diagram for metal or alloy is correctly sourced

3.1 Introduction Equilibrium diagram for metal or alloy

Production process of steel is obtained by melting of pig-iron, steel scraps in different

furnace types such as open hearth, Pit furnace, Induction furnace =etc. [individual

assignment write steel production mechanism (raw materials, reaction zones, with a

furnace type pictures ) at least in two different furnace types]
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Fig,1. Equilibrium diagram

e Steel is an alloy of iron and carbon with carbon content maximum up to 1.7%.
The carbon occurs in the form of iron carbide, because of its ability to increase
the hardness and strength of the
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e Steel for checking microstructure of steel, its specimen is prepared by preparing

a flat mirror surface on small piece of metal through rubbing by sand papers,

polishing and buffing etc. This surface is then followed by etching with a chemical

solution.
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Figure 2.Effect of carbon on properties of steel
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Figure 3. Micro structure of steel
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3.2 .Plain carbon steel
Plain carbon steel is an alloy of iron and carbon. It has good machine-ability and
malleability. It is different from cast iron as regards the percentage of carbon. It contains
carbon from 0.06 to 1.5% whereas cast iron possesses carbon from 1.7 to 6.67%.
Depending upon the carbon content, a plain carbon steels can divided to the following
types:
1. Dead carbon steel — up to 0.15% carbon
2. Low carbon or mild steel — 0.15% to 0.45% carbon
3. Medium carbon steel — 0.45% to 0.8% carbon
4. High carbon steel — 0.8% to 1.5% carbon
e DEAD CARBON STEEL
It possesses very low percentage of carbon varying from 0.05 to 0.15%. It has a tensile
strength of 390 N/mm2 and a hardness of about 115 BHN. Steel wire, sheets, rivets,
screws, pipe, nail and chain are made from this steel. This steel is used for making
camshafts, sheets and strips for fan blades, welded tubing, forgings, chains, stamping,
rivets, nails, pipes, automobile body etc.
e LOW CARBON OR MILD STEEL
Low carbon steel is sometimes known as mild steel also. It contains 0.20 to
0.30% C which has tensile strength of 555 N/mm2 and hardness of 140 BHN. It
possesses bright fibrous structure. It is tough, malleable, ductile and more elastic than
wrought iron. It can be easily forged
o Elongated and welded. It can absorb shocks. It rusts easily. Its melting point is
about 1410°C. It is used for making angle, channels, case hardening steel, rods,
tubes, valves, gears, crankshafts, connecting rods, railway axles, fish plates, small
forgings, free cutting steel shaft and forged components etc.
e MEDIUM CARBON STEELS
Medium carbon steel contains carbon from 0.30 to 0.8%. It possesses having
bright fibrous structure when fractured. It is tough and more elastic in comparison to
wrought iron. It can be easily forged, welded, due to ductility and beaten into sheets due
to its good malleability. It can easily absorb sudden shocks. It is usually produced as

killed or semi killed steels and is harden able by treatment. Harden-ability is limited to
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thin sections or to the thin outer layer on thick parts. Its tensile strength is better than
cast iron and wrought iron but compressive strength is better than wrought iron but
lesser than cast iron. It rusts readily. Its melting point is 1400°C. It can be easily
hardened and it possesses good balance of strength and ductility.

Applications

1. Plain carbon steels having carbon % 0.30 to 0.45. Axles, special duty shafts,
connecting rods, forgings, machinery steel, spring clips, turbine, rotors, gear
shafts, key stock, forks and bolts.

2. Plain carbon steels having carbon % 0.45 to 0.60. Railway coach axles, crank
pins, crankshafts, axles, spleen shafts, loco tyres.

3. Plain carbon steels having carbon % 0.60 to 0.80. Drop forging dies, die
blocks, bolt heading dies, self-tapping screws, valve spring, lock washers,
hammers, cold chisels, hacksaws, jaws for vices etc.

3.3 HIGH CARBON STEELS

High carbon steels (HCS) contain carbon from 0.8 to 1.5%. Because of their high
hardness, these are suitable for wear resistant parts. Spring steel is also high carbon
steel. It is available in annealed and pre-tempered strips and wires. High carbon steel
loses their hardness at temperature from 200°C to 250°C. They may only be used in the
manufacture of cutting tools operating at low cutting speeds.

e HCS containing 0.7 to 0.8% carbon possesses hardness of 450-500 BHN. It has
application for making cold chisels, drill bits, wrenches, wheels for railway service,
jaws for vises, structural wires, shear blades, automatic clutch discs, hacksaws etc.

e Steel containing 0.8 to 0.9% C possesses hardness of 500 to 600 BHN. This
steel is used for making rock drills, punches, dies, railway rails clutch discs, circular
saws, leaf springs, machine chisels, music wires,

e Steel containing 0.90 to 1.00% carbon is also known as high carbon tool steel
and it possesses hardness of 550-600 BHN. Such steel is used for making

punches, dies, springs keys and shear blades.
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Steel containing 1.0 to 1.1 % C is used for making railway springs, mandrels,

taps, balls, pins, tools, thread metal dies. Steel containing 1.1 to 1.2% C is used for

making taps, twist drills, thread dies, knives.

Steel containing 1.2 to 1.3% carbon is used for making files, reamers Files, dies

for wire drawing, broaches, saws for cutting steel, tools for turning chilled iron.

Cutting tool materials imply the materials from which various lathe tools or other cutting

tools are made. The best tool material to use for a certain job is the one that will

produce the machined part at the lowest cost. To perform good during cutting, the tool

material should possess the following properties for its proper functioning.
1.

a bk 0N

Ability to resist softening at high temperature.
Ability to absorb shocks without permanent deformation.

Sufficient toughness to resist fracture and bear cutting stresses.

A low coefficient of friction between tool material and chip material.

stresses developed, during cutting, in the weakest part of the tool.

Strength to resist disintegration of fine cutting edge and also to withstand the
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3.4 Alloy steel

For improving the properties of ordinary steel, certain alloying elements are
added in it in sufficient amounts. The most common alloying elements added to steel
are chromium, nickel, manganese, silicon, vanadium, molybdenum, tungsten,
phosphorus, copper, that the titanium, zirconium, cobalt, columbium, and aluminum.
Each of these elements induces certain qualities in steels to which it is added. They
may be used separately or in combination to produce desired characteristics in the
steel.

e Effect of alloying elements in steel

The chief alloying elements used in steel are nickel, chromium, molybdenum,
cobalt, vanadium, manganese, silicon and tungsten. Each of these elements possesses
certain qualities upon the steel to which it is added. These elements may be used
separately or in combination to produce the desired characteristic in steel. Following are
the effects of alloying elements on steel.

1. Nickel: - Steels contain 2 to 5% nickel and from 0.1 to 0.5% carbon increase its
strength and toughness. In this range, nickel contributes great tensile strength,
yield strength, toughness and forming properties and hardness with high elastic
limit, good ductility and good resistance to corrosion..

2. Chromium: - It improves corrosion resistance (about 12 to 18% addition). It
increases tensile strength, hardness, wear resistance and heat resistance. It
provides stainless property in steel. It decreases malleability of steel. It is used in
steels as an alloying element to combine hardness with high strength and high
elastic limit.

3. Tungsten: - It increases hardness, wear resistance, shocks resistance and
magnetic reluctance. It increases ability to retain hardness and toughness at high
temperature. It prohibits grain growth and increases wear resistance, shock
resistance, toughness, and the depth of hardening of quenched steel. The
principal uses of tungsten steels are for cutting tools, dies, valves, taps and
permanent magnets.

4. Vanadium: - It improves tensile strength, elastic limit, ductility, fatigue resistance,

shock resistance and response to heat treatment. It also acts as a degasser
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when added to molten metal. It aids in obtaining a fine grain structure in tool

steel.

5. Molybdenum: - A very small quantity (0.15 to 0.30%) of molybdenum is
generally used with chromium and manganese (0.5 to 0.8%) to make
molybdenum steel. It increases hardness, wear resistance, thermal resistance..

6. Cobalt: - When added to steel, it refines the graphite and pearlite and acts as a
grain refiner. It improves hardness, toughness, tensile strength and thermal
resistance.

7. Titanium: - It acts as a good deoxidizer and promotes grain growth. It prevents
formation of austenite in high chromium steels. It is the strongest carbide former.
It is used to fix carbon in stainless steels and thus prevents the precipitation of
chromium carbide.

8. Aluminum: - It is used as a deoxidizer. If present in an amount of about 1 %, it
helps promoting nit riding.

9. Copper: - It improves resistance to corrosion. It increases strength. More than
0.6 per cent copper for precipitation.

10. Silicon:-It improves magnetic permeability and decreases hysteresis losses. It
decreases weld ability and forge ability. It is also added as a deoxidizer during
casting of ingots. It takes care of oxygen present in steel by forming SiO2. Silicon
steels behave like nickel steels. These steels have a high elastic limit as
compared to ordinary carbon steel..
considerably high tensile strength..

Applications

1. Because of work hardening, it is suitable for jaws of stone and ore crushers,
grinding plants, tramway and railway points and crossing etc.

2. Manganese steel in the form of bars is now widely used for screening coke.

3. ltis also used for helmets and shields.

4. ltis used for agricultural implements such as shovels etc.

6. Tungsten Steel

Tungsten when added to steel improves its magnetic properties and harden-

ability. When tungsten is added to an extent of 6% to high carbon steel, it retains the
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magnetic properties to high degree and produce field more intense than ordinary steel.
Steel having 8% tungsten gives sufficient hardness to it to scratch even glass.
Applications
It is used for making permanent magnets and high speed cutting tools.
7. Silicon steel
Silicon addition improves the electrical properties of steel. It also increases fatigue
strength and ductility.
Applications
1. Steel with Mn =1 %, Si = 2% and C = 0.4 to 0.6% has very high elastic limit and
is used for springs.
2. Steel containing 5 to 7% silicon retains its hardness and resistance to oxidation
at high temperature. It is used for making internal combustion engines.
3. Steel possessing 13% Si has a very high corrosion resistance and it can be used
in chemical industrial applications.
4. Steel possessing 1% Si and up to 0.95% Mn is suitable for structural purposes.
8. Magnetic steels
Steels having 15 to 40% Co, 0.4to 1 % C, 1.5 to 9% Cr, 0-10% W and remaining
Fe possesses very good magnetic properties. High Cobalt steels, when correctly heat
treated, are frequently used in the making of permanent magnets for magnetos, loud
speakers and other electrical machines. An important permanent magnet alloy called
Alnico contains approximately 60% Iron, 20% Nickel, 8% Cobalt and 12% Aluminum.
This alloy cannot be forged and is used as a casting hardened by precipitation heat
treatment.
9. Heat resisting steels
Heat resisting steels are practically suitable for working at even very high
temperatures. Such steels must resist the influences which lead to failure of ordinary
steels when put to work under high temperatures. Alloy steel containing 23-30%
chromium with less than 0.35% C are mainly used to impart heat resisting service in the
temperature range between 815-1150 °C. The furnace parts and annealing boxes are

generally made by this steel.

Federal TVET Agency
Version -1

Page 33 of 128
Author/Copyright

TVET program title: Welding level-lll

October 2019



10.Stainless steel
Stainless steel contains chromium together with nickel as alloy and rest is iron. It
has been defined as that steel which when correctly heat treated and finished, resists
oxidation and corrosive attack from most corrosive media. Stainless steel surface is
responsible for corrosion resistance. Minimum chromium content of 12% is required for
the film’s formation, and 18% is sufficient to resist the most severe atmospheric
corrosive conditions..
General Properties of Stainless Steels
It possesses wide range of strength and hardness, high ductility, formability, high
corrosion resistance, good creep resistance, good thermal conductivity, good machine-
ability, good weld-ability, high hot, cold workability, high resistance to scaling and
oxidation at elevated temperatures, excellent surface appearance and finish.
Classification of Stainless Steel
On basis of their structure, stainless steels are classified as follow:
1. Martensitic stainless steels
2. Ferritic stainless steels
3. Austenitic stainless steels.
These types of stainless steel are discussed as under.
I Martens tic Stainless Steels
These steels contain 12 to 16% chromium and 0.1 to 1.2 per cent carbon. The
structure consists of hard martensite phase after hardening. The general utility
chromium stainless steel with 12% chromium and 0.15% carbon are ferromagnetic and
air hardening. It is very hard and possesses high strain and high corrosion resistance
properties. (Martensitic is a solid solution of carbon in alpha-iron that is formed when
steel is cooled so rapidly that the change from austenite to parasite is suppressed,;
responsible for the hardness of quenched steel)
ii. Ferritic Stainless Steels
Ferritic stainless steels are non hard enable and contain 16 to 30% chromium
and 0.08 to 0.2 per cent carbon. Structure of these steel consists of ferrite phase which

cannot be hardened by heat treatment. They have very low carbon and possess
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considerable ductility, ability to be worked hot or cold, excellent corrosion resistance
and are relatively in expensive..
lii.  Austenitic Stainless Steel
Addition of substantial quantities of Ni to high Cr alloys gives rise to, austenitic
steel. It has good resistance to many acids (even hot or cold nitric acid). Slight amount
of W and Mo are added in such steels to increase its strength at elevated temperatures.
This steel contains 16 to 24% Cr, 8 to 22% Ni and less than 0.2% C.
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Self-check-3 Choose the best answer

Direction-Choose the best answer

1 Conventional types of crystal/bond imperfection
A body defects C angel defects
B point defects D none

2 This is an extra half plane of atoms “inserted” in to the crustal lattice.

A linear crystal defects C planar defect

B edge dislocation D None

3 The most metals are manufactured by casting molten liquid
A body grains C crystal grains
B point grains D None

4 Metals are malleable and ductile; much more so than can be explained model of

layers

A edge crystal body crystal
B dislocation crystal structured None

Note: Satisfactory rating — 2 points Unsatisfactory - below 2 points

Answer Sheet

Score =

Rating:

Name: Date:
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Equilibrium diagrams are correctly interpreted
Information Sheet 4

4.1 Introduction Equilibrium diagrams

The Fe-C equilibrium diagram in which various structure (obtained during heating and
cooling), phases and microscopic constituents of various kinds of steel and cast-iron are
depicted. The main structures, significance of various lines and critical points are
discussed as under.
Structures in Fe-C-diagram
The main microscopic constituents of iron and steel are as follows:
1. Austenite
2. Ferrite
3. Cementite
4. Partite
4.2 Austenite
Austenite is a solid solution of free carbon and (ferrite)iron in gamma iron. On
heating the steel, after upper critical temperature, the formation of structure completes
into austenite which is hard, ductile and non-magnetic. It is able to dissolve large
amount of carbon. It is in between the critical or transfer ranges during heating and
cooling of steel. It is formed when steel contains carbon up to 1.77% at 1147°C. On
cooling below 727°C, it starts transforming into parasite and ferrite. Austenitic steels
cannot be hardened by usual heat treatment methods and are non-magnetic.

4.3 Ferrite
contains very little or no carbon in iron. It is the name given to pure iron crystals which
are soft and ductile. The slow cooling of low carbon steel below the critical temperature
produces ferrite structure. Ferrite does not harden when cooled rapidly. It is very soft

and highly magnetic.

Federal TVET Agency
Version -1

Page 37 of 128
October 2019

Author/Copyright TVET program title: Welding level-lll



4. 4. Cementite

Cementite is a chemical compound of carbon with iron and is known as iron

carbide (Fe3C). Cast iron having 6.67% carbon is possessing complete structure of

cementite. Free cementite is found in all steel containing more than 0.83% carbon. It

increases with increase in carbon % as reflected in Fe-C Equilibrium diagram. It is

extremely hard. The hardness and brittleness of cast iron is believed to be due to the

presence of the cementite.
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Figure 1 Fe-C equilibrium diagram

4.5 Pearlite

Pearlite is a eutectoid alloy of ferrite and cementite. It occurs particularly in medium and

low carbon steels in the form of mechanical mixture of ferrite and cementite in the ratio
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of87:13. Its hardness increases with the proportional of pearlite in ferrous material.
Pearlite is relatively strong, hard and ductile, whilst ferrite is weak, soft and ductile. It is
built up of alternate light and dark plates.

e The line ABCD tells that above this line melting has been completed during heating
their on. The molten metal is purely in the liquid us form. Below this line and above
line AHJECF the metal is partially solid and partially liquid. The solid metal is
known as austenite.

e Thus the line ABCD represents temperatures at which melting is considered as
completed. Beyond this line metal is totally in molten state. It is not a horizontal line
the melting temperature will vary with carbon content. Line AHIJIECF

e This line tells us that metal starts melting at this temperature. This line is not
horizontal and hence the melting temperatures will change with carbon content.
Below this line and above line GSEC, the metal is in solid form and having
austenite structure.

4.6 Critical Temperatures
The temperatures at which changes in structure takes place is known as critical
temperatures, these are as follows:

1. The temperature along GSE is known as upper critical temperature. The
temperature along GS during heating as (upper critical temperature) where
austenite + alpha iron changes into austenite and vice versa.

2. The temperature along GS during cooling as Az where austenite changes into
austenite + alpha iron and vice versa during heating.

3. The temperature along line SE during heating as Acm changes into austenite
from austenite + cementite and vice versa.

4. The temperature along PSK is known as lower critical temperature (Eutectoid
temperature which is average 727 °C) when pearlite changes into austenite on
heating as denoted, by Al.

5. Paratactic Temperature which is average about 1495 °C

e CONSTITUENTS OF IRON AND STEEL

White constituent in the following figure A is very pure iron or having very low free

carbon in iron in form of ferrite and dark patches contain carbon in iron is chemically
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combined form known as carbide (Cementite). Cementite is very hard and brittle. Now if
the dark patches of the above figure are further observed, a substance built up of
alternate layer of light and dark patches is reflected in the figure B. These layers are
alternatively of ferrite and cementite. This substance is called as pearlite and is made
up of 87%ferrite and 13% cementite. But with increase of carbon content in steel portion

of pearlite increases up to 0.8% C

\ N
\\\ @
%f

Ferrite

Cementite Crystals

Areas

4

A
A B

Figure 2 Micro-structure of (A) mild steel (B) Pearlite eutectoid steel (C) High Carbon
steel
Allotropy of iron
In actual practice it is very difficult to trace the cooling of iron from 1600°C to
ambient temperature because particular cooling rate is not known. Particular curve can
be traced from temperature, time and transformation (TTT) curve. However allotropic
changes observed during cooling of pure iron are depicted in Fig. 3. When iron is cooled

from molten condition up to the solid state, the major allotropic changing occurs which

are:
1539-1600°C Molten-Fe (Liquid state of iron)
1400-1539°C Delta-Fe (Body centered)
910-1400°C Gamma-Fe (FCC atomic arrangement and austenite
structure)
770- 910°C Beta-Fe (Body centered-nonmagnetic)

Up to 770°C Alpha-Fe (BCC atomic arrangement and ferrite structure)

e First changing occurs at 1539°C at which formation of delta iron starts.
e Second changing takes place at 1404°C and where delta iron starts changes

into gamma iron or austenite (FCC structure).
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e Third changing occurs at 912°C and where gamma iron (FCC structure) starts
changes into beta iron (BCC structure) in form of ferrite, leadaburite and
austenite.

e Fourth changing takes place at 768°C and where beta iron (BCC structure)
starts changes into alpha iron in form of ferrite, pearlite and cementite.
Therefore, the temperature points at which such changing takes place into allotropic
forms are called critical points. The critical points obtained during cooling are slightly
lower than those obtained in heating. The most marked Of these range commonly

called the point of re-calescence and point of decalescence.

1700
— 1539°C
1500 — Delta Body Centered
Iron 1404°C A,
1300 |
= Gamma Face Centered
<> Iron
a 1100 |—
=
© -
= 910°C A,
5§ 900|—
[ —
— 768°C A,
700 |— Body Centered
Alpha
o Iron
500

Figure 3 Allotropic changes during cooling of pure iron

Objectives of Heat Treatment

The major objectives of heat treatment are given as under

It relieves internal stresses induced during hot or cold working.
It changes or refines grain size.

It increases resistance to heat and corrosion.

P w0 NP

It improves mechanical properties such as ductility, strength, hardness,
toughness, etc.

5. It helps to improve machine-ability.
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It increases wear resistance
It removes gases.

It improves electrical and magnetic properties.

© ® N ©

It changes the chemical composition.
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Figure 4 Heat treatment temperature ranges

v NORMALIZING
Normalizing is a defined as softening process in which iron base alloys are heated

40 to 50°Cabove the upper-critical limit for both hypo and hyper eutectoid steels and held
there for a specified period and followed by cooling in still air up to room temperature.
Objectives

e To soften metals

e Refine grain structure
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e Improve machine-ability after forging and rolling
e improve grain size

e Improve structure of weld

v' ANNEALING
It is a softening process in which iron base alloys are heated above the
transformation range held there for proper time and then cool slowly (at the of rate of 30
to 150°C per hour) below the transformation range in the furnace itself. Heating is carried
out 20°C above upper critical temperature point of steel in case of hypo eutectoid
steel and the same degree above the lower critical temperature point in case of type
eutectoid steel.

Objectives of Annealing
The purpose of annealing is to achieve the following

e Soften the steel.
e Relieve internal stresses
e Reduce or eliminate structural in-homogeneity.
¢ Refine grain size.
e Improve machine-ability.
e Increase or restore ductility and toughness.
Annealing is of two types
v Process annealing
v Full annealing.

In process annealing, ductility is increased with somewhat decrease in internal
stresses. In this, metal is heated to temperature some below or close to the lower critical
temperature generally it is heated 550°C to 650°C holding at this temperature and it is
slowly cooled. This causes completely re-crystallization in steel.

e SPHEROIDIZATION
It is lowest temperature range of annealing process in which iron base alloys are

heated 20to 40°C below the lower critical temperature, held therefore a considerable
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period of time e.g. for 2.5 cm diameter piece the time recommended is four-hours. It is then

allowed to cool very slowly at room temperature in the furnace itself.

Table 2 Comparison between Annealing and Normalizing

No. Annealing Normalizing

In this hypo-eutectoid steel is heated
to a temperature approximately 20 to
30°C above temperature the higher
1 |critical temperature and for
hypereutectoid steel is heated 20 to
30°C above the lower critical
temperature.

In this metal is heated 30 to 50°C above
higher critical temperature

It gives good results for low and | It also gives very good results for low and

2
medium carbon steel medium carbon steel
It induces gives higher ultimate strength,
3 | It gives high ductility yield point and impact strength in ferrous
material.
It is basically required to soften the ) _ _ _ .
i y req _ o It is basically required to refine grain size,
metal, to improve machine-ability, to | . _
4 improve structure of weld, to relieve

increase ductility improve, to refine |
o internal stresses.
grain size.

e HARDENING
Hardening is a hardness inducing kind of heat treatment process in which steel is

heated toa temperature above the critical point and held at that temperature for a

definite time and then quenched rapidly in water, oil or molten salt bath. It is some time
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said as rapid quenching also. Steel is hardened by heating 20-30°Cabove the upper
critical point for hypo eutectoid steel and 20-30°Cabove the lower critical point for hyper
eutectoid steel and held at this temperature for some time and then quenched in water
or oil or molten salt bath. Fig 4 shows the heating temperature ranges for hardening
process of both hypo and hyper carbon steel.

Austenite (~Fe)
above 723°C

2z

Furnace
cool

Water Sk Air cool
quench

M artensite Very fine Fine Coarse
pearlite pearlite pearlite

Figure 5 Effects of cooling of austenite transformation

e TEMPERING
If high carbon steel is quenched for hardening in a bath, it becomes extra hard, extra

brittle and has unequal distribution internal stresses and strain and hence unequal
harness and toughness in structure. These extra hardness, brittleness and unwanted

induced stress and strain in hardened metal reduce the usability the metal.
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Figure 8 Structures of tempered states of marten site, troosite

e Low Temperature Tempering
Hardened steel parts requiring tempering are heated up to 200°C and
then quenched in oil. Tempering is used to retain hard micro-structure
of martensite which increases brittleness.

¢ Medium Temperature Tempering
Hardened steel parts requiring tempering are heated in the temperature
range of 200-350°C. This process gives troosite structure. Troosite
structure is another constituent of steel obtained by quenching
tempering martensite. It is composed of the cementite phase in a ferrite
matrix that cannot be resolved by light microscope. It is less hard and
brittle than martensite.

¢ High Temperature Tempering
Hardened steel parts requiring tempering are heated in the temperature
range of 350-550°C. This process gives sorbite structure. Sorbite
structure is produced by the, transformation of tempered martensite. It

is produced when steel is heated at a fairly rapid rate from the
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temperature of the solid solution to normal room temperature. It has

good strength and is practically pearlite.

800
700 \ _
G000 \\'
500 \°X
400 N

300 \ \

Temperature °C —

o .
-

Martempering 1

Time in Sec (log scale) ——»

\ Aus Tempering

-

10°

» Bainite

Martenrite

Figure 9 Aus tempering and mar tempering process

e CASE HARDENING

Sometimes special characteristic are required in metal such as hard outer surface and soft

,tough and more strength oriented core or inner structure of metal. This can be obtained by

case hardening process. Carburizing

(1) Nit riding

(2) Cyaniding

(3) Induction hardening
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Self-check-4

Written-Questions

Direction-write the correct answer

1. Why are the Time-Temperature-Transformation (TTT) diagrams constructed?

2. How do you classify the different heat treatment processes?

3’ What are the objectives of annealing?

4.Explain the various methods of annealing?

5 'Explain various hardening methods?

Note: Satisfactory rating — 2 points

Name:

Unsatisfactory - below 2 points

Answer Sheet

Short Answer Questions

Score =

Rating:

TCT
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LG #50 LO 2.Apply principles of metals and alloys to
forming

Instruction sheet

This learning guide is developed to provide you the necessary information regarding the
following content coverage and topics:\

e Applying principles and methods for fusion welding of metals and alloys.
e Identifying and classifying defects in welding.

e plying principles and methods used to produce metal castings.

e I|dentifying and classifying defects in metal and alloy castings.

e Applying principles and methods used to produce steel forgings

e |dentifying and classifying defects in steel forgings.

This guide will also assist you to attain the learning outcome stated in the cover page.

Specifically, upon completion of this Learning Guide, you will be able to:

e Apply principles and methods for fusion welding of metals and alloys.
¢ Identify and classifying defects in welding.

e Apply principles and methods used to produce metal castings.

e |dentify and classifying defects in metal and alloy castings.

e Apply principles and methods used to produce steel forgings

¢ classify defects in steel forgings..

Learning Instructions:
6. Read the specific objectives of this Learning Guide.
7. Follow the instructions described below
8. Read the information written in the information “Sheet.
9. Accomplish the “Self-check

10.1f you earned a satisfactory evaluation from the “Self-check” proceed to “Operation sheet
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Learning Instructions:

2. Read the specific objectives of this Learning Guide.

3. Follow the instructions described below.

4. Read the information written in the “Information Sheets”. Try to understand what are being
discussed. Ask your trainer for assistance if you have hard time understanding them.

5. Accomplish the “Self-checks” which are placed following all information sheets.

6. Ask from your trainer the key to correction (key answers) or you can request your trainer
to correct your work. (You are to get the key answer only after you finished answering the
Self-checks).

7. If you earned a satisfactory evaluation proceed to “Operation sheets

8. Perform “the Learning activity performance test” which is placed following “Operation
sheets”

9. If your performance is satisfactory proceed to the next learning guide,

10.1f your performance is unsatisfactory, see your trainer for further instructions or go back to

“Operation sheets”.
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Principles and methods for fusion welding of metals and alloys

Information Sheet 1 are applied to NDT test selection due to standard

2.1 Introduction Principles and methods for fusion welding of metals

The welding procedure specification WPS should contain all the necessary
information that the operator needs to make the weld. The document should be clear,
concise, and easily understood by the operator. A clear, complete WPS will reduce the
amount of supervision required and maximize weld quality

e As small as possible, but sufficient for good penetration

e Excessive gaps should be avoided

¢ Included angle should not exceed 60°

2.2 Welding techniques

e To start so many new welders are looking for the perfect pattern to weld with and
that included myself many years ago.

e The perfect welding technique is many hours of practice! Overtime your hands,
eyes and body positioning automatically adjust to the weld needed and your

patterns change as needed.

< Stringer (drag) (whip)
« Weave -

— Clircles

U"
'/| r‘/| /
9

— crescent

— zZig zag

il
1,
NS N

— box weave

A
J f
J

|

|

N
¥

WA

— double J

i
0

Fig 1 welding technique
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2.3 .Basic Welding Positions

Fillet Welds

Flat Horizontal Vertical Overheaad
Poslition Position Poslition Position
4F

Fig.2 fillet welding

2.4. Types Weld Joints
The weld joint is where two or more metal parts are joined by welding. The five basic

types of weld joints are butt, corner, tee, lap, and edge.

e Butt joint is used to join two members aligned in the same plane is frequently
used in plate, sheet metal, and pipe work. A joint of this type may be either
square or grooved. Some of the variations of this joint are presented later in this

chapter.

Fig 3 Example of a butt joint.

e Corner joints and tee joints are used to join two members located at right
angles. In cross section, the corner joint forms an L-shape, and the tee joint has
the shape of the letter T. Various joint designs of both types have uses in many

types of metal structures.
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Fig.4 Examples of a corner joint and a tee joint.

e Lap joint: - as the name implies, is made by lapping one piece of metal over
another. This is one of the strongest types of joints; however, for maximum joint

efficiency, you should overlap the metals a minimum of three times the

thickness of the thinnest member you are joining.

Fig 5 Example of a lap joint.

e Edge joint: - is used to join the edges of two or more members lying in the
same plane. In most cases, one of the members is flanged, as shown in Fig

blow. This type has some applications in plate work, but is more useful in sheet

Fig 6 Example of an edge joint.

e Tee Joints The square tee joint (Figure A) requires a fillet weld that can be
made on one or both sides. It can be used for light or marginally thick materials.

For maximum strength, place considerable weld metal on each side of
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[N

SQUARE TEE JOINT SINGLE-BEVEL TEE JOINT DOUBLE-BEVEL TEE JOINT
A B Cc

Fig 7.amples of tee joints

2.5 Inspection and weld quality

e The term inspection usually implies a formal inspection, prescribed by a code or
by the requirements of a purchaser that is given to welds and welded structures.
The minimum requirements of welding codes are inflexible, and must be met.

e The appearance of a weld does not necessarily indicate its quality, If
discontinuities exist in a weld, they can be grouped into two broad classifications:
those that are apparent to visual inspection and those that are not. Visual

e Examination of the underside of a weld will determine whether there is complete
penetration and whether there are excessive globules of metal. Inadequate joint
penetration may be due to

2.6. Nondestructive Testing

Nondestructive testing is a method of testing that does not destroy or impair the
usefulness of a welded item. These tests disclose all of the common internal and
surface defects that can occur when improper welding procedures are used. A large
choice of testing devices is available and most of them are easier to use than the
destructive methods, especially when working on large and expensive items.

2.7 Visual Inspection

Visual inspection is usually done automatically by the welder as he completes his welds.
This is strictly a subjective type of inspection and usually there are no definite or rigid
limits of acceptability. The welder may use templates for weld bead contour checks.
Visual inspections are basically a comparison of finished welds with an accepted
standard. This test is effective only when the visual qualities of a weld are the most

important.
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Self-Check -1 Written Test

Directions: Answer all the questions listed below. Use the Answer sheet provided in the

next page:

Which type of joint is made by lapping one piece of metal over another

A. Tee joint C. Edge joint
B. Lap joint D. Corner joint
The most complicated and difficult position to work

A. Overhead C. Horizontal

B. Vertical D. Flat

Which of the following is consider to get good welding quality
A. Good penetration C. Included angle should not exceed 60°

B. Excessive gaps should be avoided D. All

Note: Satisfactory rating - points Unsatisfactory - below points

Name:

Answer Sheet

Score =

Rating:

Date:

Short Answer Questions
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Defects in welding are identified and classified from NDT test

Information Sheet-2 results due to standard

2.1 Introduction to welding defect

Welding Defects can be defined as the irregularities formed in the given weld

metal due to wrong welding process or incorrect welding patterns, etc.

e The defect may differ from the desired weld bead shape, size, and intended
quality. Welding defects may occur either outside or inside the weld metal.
Some of the defects may be allowed if the defects are under permissible limits
but other defects such as cracks are never accepted.

2.2 Welding defects can be classified into two types External and Internal
defects: External Welding Defects: The various types of external defects are
listed below

e Crack This is the most unwanted defect of all the other welding defects.
Welding cracks can be present at the surface, inside of the weld material or at
the heat affected zones.

e Hot Crack It is more prominent during crystallization of weld joints where the
temperature can rise more than 10,000-degree Celsius.

e Cold Crack This type of crack occurs at the end of the welding process where
the temperature is quite low. Sometimes cold crack is visible several hours

after welding or even after few days.

Cracks

Figure 7.1Crack
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http://www.theweldingmaster.com/types-welding-process/

Causes of Weld Crack

1. Poor ductility of the given base metal.

2. The presence of residual stress can cause a crack on the weld metal.

3. The rigidity of the joint which makes it difficult to expand or contract
the metals.

4. If there is high content on sulfur and carbon, then also the cracks
may appear.

5. Using hydrogen as a shielding gas while welding ferrous materials.

2.3 Undercut

When the base of metal melts away from the weld zone, then a groove is formed in
the shape of a notch, then this type of defect is known as Undercut. It reduces the

fatigue strength of the joint.

LVmcdercut

Figure 7.2 Undercut

Causes of Undercut:
1. If the arc voltage is very high, then this defect may occur.
2. If we use the wrong electrode or if the angle of the electrode is wrong, then also
the defect may form.
3. Using a large electrode is also not advisable.
4. High electrode speed is also one of the reasons for this defect
2.4 Spatter
When some metal drops are expelled from the weld and remain stuck to the surface,

then this defect is known as Spatter.
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Sreatthtenr

Figure 7.3 Spatter

Causes of Spatter:

1. High Welding current can cause this defect.

2. The longer the arc the more chances of getting this defect.
3. Incorrect polarity.

4. Improper gas shielded may also cause this defect.

2.5 Porosity

Porosity in the condition in which the gas or small bubbles gets trapped in the welded

zone

Porosity

Figure 7.4 Porosity

Causes of Porosity:
1. It occurs when the electrode is not coated properly.

2. Using a longer arc may also increase its chances.
3. Increased welding currents.
4. Rust or oil on the welding surface.
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2.6. Overlap

When the weld face extends beyond the weld toe, then this defect occurs. In this

condition the weld metal rolls and forms an angle less than 90 degrees.

Overlap

L\

.

Figure 7.5 Overlap

Causes of Overlap:
1. Improper welding technique.

2. By using large electrodes this defect may occur.

3. High welding current
2.7 Crater

It occurs when the crater is not filled before the arc is broken, which causes the outer
edges to cool faster than the crater. This causes a stress and then crack is formed.

Figure 7.5 Crater

Causes of the crater:

1. Incorrect torch angle.
2. Use of large electrode:

3. Improper welding technique
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Internal Welding Defects:

The various types of internal welding defects are listed below
2.8 Slag Inclusion

If there is any slag in the weld, then it affects the toughness and metal weldability of
the given material. This decreases the structural performance of the weld material.

Slag is formed on the surface of the weld or between the welding turns

slag i-r-'nclusic:n
Figure 7.6 Slag Inclusion
Causes of Slag Inclusion:

1. Slag is formed if the welding current density is very small, as it does not provide the
required amount of heat for melting the metal surface.

2. If the welding speed is too fast then also slag may occur.

3. If the edge of the weld surface is not cleaned properly then also slag may form.

4. Improper welding angle and travel rate of welding rod
2.9 Incomplete Fusion

Incomplete fusion occurs when the welder does not accurately weld the material and

the metal pre solidifies which leads to a gap which is not filled with the molten metal.

rmeosrmplete Fusioarm

Figure 7.7 Incomplete fusion
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Causes of Incomplete fusion:

1. It occurs because of the low heat input.

2. When the weld pool is very large and runs ahead of the arc.

3. When the angle of the joint is too low.

4. Incorrect electrode and torch angle may also lead to incomplete fusion.

5. Un proper bead position
2.10. Necklace cracking

It occurs in the use of electron beam welding where the weld does not penetrate
properly. Therefore, the molten metal does not flow into the cavity and results in a

cracking known as “Necklace Cracking”.

Causes of Necklace Cracking:

1. Improper welding technique.
2. It occurs in materials such as nickel base alloys, stainless steel, carbon steels
and Tin alloys.

3. Using high speed of electron beam welding
2.11. Incompletely filled groove or Incomplete penetration

These defects occur only in the butt welds where the groove of the metal is not

filled completely. It is also called as incomplete penetration defect.

e

N

Incomplete Penetration

Figure 7.8 Incomplete Penetration
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Causes of an incomplete filled groove are:
1. Less deposition of the weld metal

2. Use of improper size of the electrode

3. Improper welding technique

2.12 \Visual Inspection

e |t is the most widely used nondestructive testing technique. It is extremely

effective and is the least expensive inspection method.

e The welding inspector can utilize inspection visual inspection throughout the

entire production cycle of a element.

e Itis an effective quality control method that will ensure procedure conformity and

will catch error at early stages.

1. The surfaces and back sides of the welds shall undergo a complete visual inspection,

with the aid of optical (magnifying) appliances where necessary, to check their

external characteristics. The following characteristics shall be checked:

— Completeness

— Dimensional accuracy

— Compliance with the specified weld shape

— Absence from inadmissible external defects.

2. The dimensional accuracy shall be checked with suitable measuring instruments on a

random sampling basis. When measuring fillet weld throat thicknesses, measuring

gauges which measure with sufficient accuracy in throats which are not an exact right

angle shall be used where necessary.

paid to the following:

Weld reinforcement or top bead depression

Weld edge angles (transitions to surrounding material)
Misalignment of edges

Undercuts

Visible pores and slag inclusions

Fused weld spatter

Arc strikes on the surface of the base material

. When checking for the correct shape of weld and external defects, attention shall be
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e Concave root surface and incomplete root fusion
e Cracks
e Unequal side lengths (in the case of fillet welds).
Visual Inspection Technique
1. What — In order to perform final visual inspection, you need:
a) Adequate lighting (use flashlight as needed)
b) Weld gauges (bridge cam and finger gauges recommended)
c) Prescription glasses (as required)
2. How — Distance and angle:
a) The inspector's eyes should be within 24 inches of the surface to be
inspected and

b) At an angle of at least 30 degrees to the surface being inspected.

Visual inspection methods can be divided into three sub-groups:

e Visual examinations prior to welding: drawings, material specifications, edge
preparation, dimensions, cleanliness of the welding joint etc.

¢ Visual examination during welding: welding process, electrode selection,
operating conditions, preheat requirements, welder performance etc.

e Visual examinations of the finished weldment: weld size (using weld
gauges), defects (surface cracks, creator cracks, surface porosity, and
incomplete root penetration, undercut, under fill), warp age, base metal defects

et

1 Inspecting Weld joint visually
Visual examination is the most important and the most universally accepted method of
inspection. This procedure covers the visual examination of welding in components

such as -plates, welds, etc. by using Visual and Optical aids and Gauges.

Federal TVET Agency
Version -1

Page 63 of 128
October 2019

Author/Copyright

TVET program title: Welding level-lll



2.1.1. Ensuring Weld Quality through
There are two types of welding inspection

2.1.2. Destructive testing (DT)

e (DT) is the process of breaking the material at certain distance for
inspection.

v Mechanical tests

v' Metallurgical tests
2.1.3. Nondestructive testing (NDT)
e Nondestructive testing is also known as nondestructive examinations or
evaluation (NDE) or inspection.
v Visual Examination
v X-ray fluorescence
v Ultrasonic Examination (UT)

v' Eddy current etc.

Nondestructive testing (NDT) provides the ability to monitor various aspects of
material and product quality without compromising part integrity. Many NDT
technologies can be applied to ensure proper manufacturing and functionality. Three
such techniques— visual inspection ultrasonic eddy current and X-ray
fluorescence—can be used together in manufacturing operations to ensure use of
proper materials, identify near surface cracking and provide volumetric detection of
critical defects.
VISUAL INSPECTION PROCEDURE OF WELD JOINTS
Visual inspection should be applied in the following ways.
During welding — check:

e Electrodes — compatibility of the electrode type to the weld metal, and joint

preparation. This includes a check on the welding current, size of electrode, and

speed of deposition
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e root run — the appearance, penetration (if required) and any external defects will
give a good indication of weld quality

e slag removal — ensure that all slag is completely removed after each run —
particularly watch the toes of the root run

e inter-run — each run of weld metal is going to be part of the completed weld, so
check each run individually — one bad run may ruin the whole weld. It is much
easier to correct defects as they occur than to wait until the weldment is
completed. Watch corners, weld junctions, craters and weld toes.

After welding — check:

e the final appearance of the weld, and the presence of external defects such as
undercut, reinforcement, weld profile, craters, misalignment, porosity, cracks
and slag inclusions — the external appearance of a weld gives a good indication
of its quality

e Conformity — all welds should be checked against the drawings and/or

specifications to ensure that they meet the requirements laid down.

rillaer waeald Gaugs

Fig. 2.1 Fillet Weld Gauge

2.1.3.1. Ultrasonic testing (UT) is one of the oldest and most established NDT
technologies, having been in wide use since the mid-20th century. UT utilizes pulses of
high-frequency sound waves to detect hidden cracks, voids, porosity and other internal
discontinuities in metals, composites, plastics and ceramics. Because sound waves

travel through materials in predictable ways and reflect off defects and imperfections,
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2.1.3.2. Eddy current testing (EC) is based on principles of magnetism. It is widely

used in the aerospace industry and other manufacturing applications that require

inspection of thin metal for potential safety or quality problems.

Maximum
No. | Defect name Remarks
allowed
1 Cracks Not permitted
Porosity, gas pores | Max dimension of any area
2 elongated gas cavities | or 1mm
(worm-holes) pipes individual (as applicable)
Accumulative total for both | 20mm in weld
3 Overlap defects shall not exceed | face
20mm length
4 Lack of sidewall fusion
Accumulative total for both | 20mm in weld
5 Lack of root fusion defects shall not exceed | root
20mm length
6 Lack of penetration
Accumulative total shall o
| Individual
_ . notexceed 15mm total ‘L’ in _
Inclusions (slag/silica maximum
7 weld
etc.) L<12mm.
length (root and face
) W<3mm
independent)
10%t up to a
8 Undercut _
maximum D 1mm
9 Root concavity Maximum D 1mm
Under filllincompletely .
10 _ _ Not permitted
filled groove/lack of fill
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Self-check.2 Written-Questions

Direction-Choose the best answer

1Molten metal has higher solubility of gas than the solid

A. cracks C shrinkage
B. porosity D Pyrite

2. Those that will have no machining after casting and mold surface texture.
A. Surface crack C holes and porosity
B. embitterment effect D.None

3. Closed-die forging produces a silver of material which is forced out between the
dies

A. surface crack
B. cracks, laps and seams
C. embattlement

Answer Sheet

Score =
Rating:
Name:
Date:
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Information Sheet-3

Principles and methods used to produce metal castings are applied

to NDT test selection.

3.1 Introduction to metal casting

Casting is an economical process for creating rough metal parts. Raw castings are then

machined to produce finished products or components. It is the least expensive of all

casting processes, including die and investment casting. It may require a longer lead

time for production at high output rates (1-20 pieces/hour/mold), but is unsurpassed for

large-part productution.

3.2 the six basic principles in making sand castings are,

Pattern making

Pattern: Replica of the part to be cast and is used to prepare the mould cavity. It
is the physical model of the casting used to make the mould. Made of either
wood or metal. The mould is made by packing some readily formed aggregate
material, such as molding sand, surrounding the pattern. When the pattern is
withdrawn, its imprint provides the mould cavity. This cavity is filled with metal to
become the casting. If the casting is to be hollow, additional patterns called

‘cores’ are used to form these cavities.

3.3 Types of pattern:

e Loose piece pattern

e Solid or single piece pattern
e Split pattern:

¢ Match plate pattern:

e Gated patterns etc.

Core making: Cores are placed into a mould cavity to form the interior surfaces
of castings. Thus the void space is filled with molten metal and eventually
becomes the casting.

Molding: Molding is nothing but the mould preparation activities for receiving
molten metal. Molding usually involves: (i) preparing the consolidated sand

mould around a pattern held within a supporting metal frame, (ii) removing the
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pattern to leave the mould cavity with cores. Mould cavity is the primary cavity.
The mould cavity contains the liquid metal and it acts as a negative of the desired
product. The mould also contains secondary cavities for pouring and channeling
the liquid material in to the primary cavity and will act a reservoir, if required.

Melting and Pouring

The preparation of molten metal for casting is referred to simply as melting. The molten

metal is transferred to the pouring area where the moulds are filled.

Cleaning

Cleaning involves removal of sand, scale, and excess metal from the casting.
Burned-on sand and scale are removed to improved the surface appearance of
the casting. Excess metal, in the form of fins, wires, parting line fins, and gates, is

removed. Inspection of the casting for defects and general quality is perform.

3.4 Making a simple sand mould steps and procedures

The flask is placed on the board
Dry facing sand is sprinkled over the board.

Drag half of the pattern is located on the mould board. Dry facing sand will

provide a non-sticky layer

Molding sand is then poured in to cover the pattern with the fingers and then the

drag is filled completely

Sand is then tightly packed in the drag by means of hand rammers. Peen
hammers (used first close to drag pattern) and butt hammers (used for surface

ramming) are used.

The ramming must be proper i.e. it must neither be too hard or soft. Too soft
ramming will generate weak mould and imprint of the pattern will not be good.
Too hard ramming will not allow gases/air to escape and hence bubbles are
created in casting resulting in defects called ‘blows’. Moreover, the making of

runners and gates will be difficult.
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After the ramming is finished, the excess sand is leveled/removed with a
straight bar known as strike rod.

e Vent holes are made in the drag to the full depth of the flask as well as to the
pattern to facilitate the removal of gases during pouring and solidification. Done

by vent rod.
e The finished drag flask is now made upside down exposing the pattern.

e Cope half of the pattern is then placed on the drag pattern using locating pins.
The cope flask is also located with the help of pins. The dry parting sand is

sprinkled all over the drag surface and on the pattern.

e A sprue pin for making the sprue passage is located at some distance from the

pattern edge. Riser pin is placed at an appropriate place.
e Filling, ramming and venting of the cope is done in the same manner

e The sprue and riser are removed and a pouring basin is made at the top to pour
the liquid metal.

e Pattern from the cope and drag is removed.

e Runners and gates are made by cutting the parting surface with a gate cutter. A

gate cutter is a piece of sheet metal bent to the desired radius.

The core for making a central hole is now placed into the mould cavity in the

drag. Rests in core prints.

3.5 Two basic kinds of sand used for making molds is:

e Synthetic sand and

e Natural bonded.
friable sands In the routine testing of materials taken directly from production lines
great care is also needed to minimize errors by the use of systematic techniques

for collection and storage of samples
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3.6 SAND ADDITIVES Clays
e Clay

Bentonite, Southern (Ca- Bentonite)

Bentonite, Western (Na- Bentonite)

Fireclay

Kaolin Clay

New sand storage Reclaimed sand storage
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3.7. MOULD MAKING WITH THE USE OF A CORE
Mould making with the use of core is usually of two types namely,
¢ Dry sand core method,
e Cover core method
(1) Dry Sand Core Method
e This method of molding is widely used for small wheels or pulleys with
grooved rims and for shrouded gearing. The groove in the rim of a pulley, as

shown in Fig.5.3 may be produced by placing dry sand cores (usually dried
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oil sand) in groove while molding

Cope

Drag

FIGUREL. Cover Core Method of Molding

A cover core is a flat core used to cover the cavity in the mould. shows the pattern of
a steam hammer block which has to be cast face downwards. Firstly, the drag rammed
up with dovetail face of the pattern downward with a cover placed at each dovetail
recesses, The drag is now rolled over, cover removed and the patter is withdrawn. The

cover cores are then replaced in position

3.8 GATING SYSTEM
The passage-way which serves to deliver the molten metal into the mould cavity is
known as gating system. A gating system, consists of the following parts,

e A pouring cup which is funnel shape opening in the upper surface of the cope
above the sprue .It minimizes the splash and turbulence and promotes the entry
of the clean metal only into the down sprue. In order to prevent the entry of dirt or
slag into the down sprue, the pouring basin is provided with a skin core, strainer
core, delay screen or a sprue plug.

e A down gate or sprue which is a vertical opening (usually tubular) through the
cope.

¢ A runner which receives the metal from the down sprue and distributes to several

gate passage ways around the mould cavity. A runner may be used in large
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casting An ingrate is an opening

Open riser Vent Pouring basin (cup)

P

Flask
Cope
= Sand
Parting
line
Drag Sand

FIGURE:2 getting system

3.9 Elements of a Gating System
Gating systems refer to all those elements which are connected with the flow of
molten metal from the ladle to the mould cavity. The various elements that are
connected with a gating system are:

e Sprue

e Runner

¢ Riser Sprue

e base well

e Pouring basin

Runner extension Ingrate
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Self-check.3 Written-Questions

Direction-Choose the best answer

1Molten metal has higher solubility of gas than the solid

A. cracks C shrinkage
B. porosity D Pyrite

2. Those that will have no machining after casting and mold surface texture.
A. Surface crack C holes and porosity
B. embitterment effect D.None

3. Closed-die forging produces a silver of material which is forced out between the

dies
A. surface crack C. embattlement
B.cracks, laps and seams D.None
4. that is taken in to account when assessing the significance of defect
A. crack C. sharpness
B. shapeless D .None
Note: Satisfactory rating — 2 points Unsatisfactory - below 2 points

Answer Sheet
Score =
Rating:
Name: Date:

Short Answer Questions
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Defects in metal and alloy castings are identified and
Information Sheet-4 classified from NDT test results

4 1. Introduction to defects in metal and alloy castings

Casting is an economical process for creating rough metal parts. Raw castings are
then machined to produce finished products or components. It is the least expensive of
all casting processes, including die and investment casting. It may require a longer lead
time for production at high output rates (1-20 pieces/hour/mold), but is unsurpassed for

large-part productution.

4.2 primary Production Defects
Defects may be introduced when raw materials are made into a shape suitable for
Further processing. For convenience, the main defect types may be classified into the
Following broad descriptions. Those where the material has started out in the molten
state:

e segregation,

e holes and porosity,

e shrinkage and piping,

e inclusions,

e shrinkage and hot tears
And others where the metal is solid and is being processed further:

e cracks,

e surface defects,

e residual stresses,

e embrittlement effects

¢ Pipe and Shrinkage

e Porosity

1 Inspection of castings moulds
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Several methods arc available for inspection at castings to determine quality and the
presence of any defects as defects increase cost of production and reduce the total
production of castings. Castings can be inspected visually or optically for surface
defects. Subsurface and internal defects are investigated using various non-destructive
techniques. Non-destructive testing (NDT) is carried out in such a way that product
integrity and surface texture remain unchanged, in NDE, test specimens are removed
from various sections of a casting to test for strength, ductility, and other mechanical
properties, and to determine the presence and location of any defects.

1.2 Basic principles of the more commonly used NDT techniques.

e Visual Inspection:-
Is the simplest, fastest and common method. Inspection is done by simple
looking the surface with unaided eye and sometimes with a magnifying lens or a
low power microscopic check is cracks, shrinkage, bending, war page, misrun,
cold shots, swelling and dimension inspected thickness by using callipers,

gauges, templates etc.

e Sound Test:-
Consists of suitably supporting the part and swing it freely then tapping it with a
hammer to set up vibrations and produce a certain characteristics tone. The
sound produced is listened electronically and compared with that of sound

casting.

e Pressure test:- These are employed to locate the leaks y subjecting the casting
to pressure of one or two times the working period. The pressure gauge indicates
the presence of leakage. For testing pneumatically the casting is immersed in a
tank carrying water and air pressure is applied it there is a leak where air bubbles
will be noticed.

e Magnetic particle inspection:-

Detects surface flows and subsurface defects in ferromagnetic metals and alloys.
It is used for iron or steel and their alloys possessing magnetic properties. The

casting is first magnetized iron fillings are then sprinkled which align themselves
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in the direction of the lines of force, the defect is noticed as the iron filings

jumbled around the defect.

Fluorescent powder inspection:-

can be used on all metals to detect surface defects, castings are immersed in a
warm suspension of fluorescent powder in penetrating oil. The suspension
penetrates cracks and pores. Excess suspension is washed away in warm water

and the casting is dusted with drying powder.
Radio graphic (X-ray) exam:-

Radiant energy from an X-ray tube or gamma-ray source is passed through the
section of the casting and intensity of rays recorded on a film held on a opposite
surface defect in the form of voids or cracks are recorded as blanked area on the

film.

Ultrasonic testing of casting:-

is used for sub surface defects, almost unlimited metal distances can be
inspected. It is based on the principle of reflection of the high frequency sound
waves. If the section is homogeneous and free firm defect, the wave is reflected
back after travelling through the hole of the section. If casting contains some
defect the wave is reflected from the surface of the defect and returns in the

shorter period of time. An oscillograph is used to detect the length of time.

Surface Defects

For certain products, such as those that will have no machining after casting, the
surface finish is important and the mold surface texture is reflected in that of the casting
surface. Any blemishes or high and low spots will be carried over onto the product. For

Permanent molds, this means great attention to detail must be paid to cleanliness and

Page 77 of 128

Federal TVET Agency
Version -1
October 2019

Author/Copyright TVET program title: Welding level-lll



T
\ /‘f Primary pipe \\J'
4 .. Secondary plpe \ =

Incompletely

b . filled mold

|
s | 1
| o
ML
7 Fused in

5 § chil 'Il'é' -y

+ Mold break away and
inclusions

Hot tear \ i) ’
; ¢
¢

» Porosity

~
Unftused core support Shrinkage

Figure 1: Composite Drawing of Typical Casting Defects
e Laps and Seams
Closed-die forging produces a sliver of material which is forced out between the dies.
This is known as “flash”. The flash is removed after forging, but if the strain
Experienced during extrusion of the flash is excessive, the flash may crack.
Occasionally the cracks can run into the forging and remain when the flash has been

removed. The resultant defect is known as a flash crack.

1.3 To reduce or eliminate defects it is necessary to:-
e Correctly identify the defect
e Understand the possible and contributing causes
e Do tests to identify the root cause
e Make changes to the process or the tooling
If defects are discovered but are not too serious, it is often possible to save the casting

by welding, grinding or other salvage methods to which the customer has agreed.
e Advantages and Disadvantages Of Sand Casting:

Advantages
» Casting can be used to create complex pad geometries, including Goth external
arid internal shapes.
» Some casting operations are capable of producing parts to net shape. No further
manufacturing parts are needed.
» Casting process can be performed on any metal that can be heated to the liquid

state.
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» Some casting methods are highly suited far mass production.

» Casting is the easiest and quickest way (technique) from drawing (design) to the

production

YV V.V V V V V VYV VY

Very flexible in shape, size, material and quantity
Inexpensive tooling costs

Shorter lead times

Least expensive casting process

Least Expensive Casting Process

Castings can be up to Several Tons

Less Expensive than Machining Shapes from Bar Stock
Can Cast Intricate Shapes

Can be used with Most Pourable Metals and Alloys

4.6.2, Disadvantages of Sand Casting

>

Limitation on mechanical properties

Porosity (empty spaces within the metal - reduces the strength of metal)
Poor dimensional accuracy and surface finish

Safety hazards to humans and environmental problems

Removal of pattern of the thin and small parts is very difficult

Sand contains significant amount of dust

Wind blows sand and dust from stock piles

Workers estimate quantities for sand binder and hardener

Energy consumption of furnaces higher than normal for similar operations
Furnace tap-hole not well sealed after use

Liquid metal spills during filling of molds

Large number of rejects

Sand is lost in each cycle

Sand mixing and reclamation very labor intensive est.
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Self-check.4 Written-Questions

Direction-Choose the best answer

1Molten metal has higher solubility of gas than the solid

A. cracks

C shrinkage
B. porosity

D Pyrite
2. Those that will have no machining after casting and mold surface texture.
A. Surface crack

C holes and porosity
B. embitterment effect

D.None
3. Closed-die forging produces a silver of material which is forced out between the
dies

A. surface crack

B.cracks, laps and seams
C. embattlement
D.None

Note: Satisfactory rating — 2 points Unsatisfactory - below 2 points

Answer Sheet

Score =
Rating:
Name: Date:
Short Answer Questions
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Information sheet-5

Principles and methods used to produce steel forgings are applied to
NDT test selection.

5.1 .Introduction Concepts of metal alloy forging and NDT

5.2 The Forging Processes

Forging operations are of two varieties, those in which the metal is not confined

and those in which the metal is confined

the former processes include operations such as bending, upsetting, punching,

drawing, etc. and these are presented in detail in chapter four.

The confined metal processes require that the volume of the metal be pre-

calculated so that it will flow under pressure to all parts of the die cavity.

An extra amount of metal is usually added to the volume needed to ensure a
completed part. The flash that results is trimmed off.

A classification of the common forging processes may be given as follows:

v Open-die hammer or smith forging

v Power forging

5.3 Open-die hammer or Smith Forging

One of the oldest of type of forging process, the black smith type of smith forging

requires hand tools to shape desired parts.

This process is used when low production is required. Complicated shapes and
close tolerances are uneconomical with this process. The process is carried out

by striking the heated part repeatedly until it takes the desired shape and size.
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e Open-die forging does not confine the flow of metal, the hammer and anvil often
being completely flat The desired shape is obtained by manipulating the work
piece between blows Specially shaped tools.

e Hand forging is useful in making repairs on metal parts around the home, farm,

or shop. Itis also a good way of making tools and ornamental-iron work.
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5.4 Upsetting or jumping up
This process increasing the cross-section of a at the expense of its length. It is a
difficult process and requires skills developed over the pars. The end to be processed is

heated (it must he very hot before it is ‘jumped-up on the anvil. Upsetting involves the
following stages:

e Heat the portion to be jumped up.
e Bounce the metal on the anvil face.

e 0ld the bar in the vice and hammer the end.
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5.5. Punching and drifting
You use punches and drifts to make round or square ho in hot metals. The
advantage of punching and drifting is that they do not remove any metal, unlike
drilling, which does. The metal is left on each side of the hole. Punching therefore
ensure that the grain structure of the metal is not disturbed after forging. The
procedure for punching and drifting is as follows:
e Heat the metal to near welding heat
e Punch the hole first on the anvil
e Turn the piece above the punch hole and punch through the dark
underside of the piece.
e True up the punched hole using the drift,
Fullering

As mentioned earlier, this process involves the use of fullers in pairs. Before
drawing down fullers is carried out to produce shoulder. Fullers are not used to cut
and therefore they only change the direction of the grains of the metal In fullering:
1. Mark the length to be drawn down.

2. Hear the metal.

3. Notch or neck the point where drawing down is | start (Figure 5.17(a)).

4. Finish off the rough surface using the flatter (see below).

Bending

Bending (Figure) is not a difficult process; it does not require much skill. The stages
involved are as follows:

1. Use chalk to mark the length that is to be bent.

2. Hear the portion to be bent.

3. Place the marked line on an anvil.

4. Using the hammer bend the length to the angle required.
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Figure 5.13 Bending/forming an eye: (a) first stage

e Drawing down
This process makes the metal thinner, by reducing its cross-section. Metal to be

forged is first hammered on the back of an anvil. The process can produce tapers

that arc Hat, circular, or square. Figure 5.14 shows the steps to follow in drawing

down a circular

o e

= = _-.:') ——— ;;‘.

Figure 5.14 Stages in drawing down: 4a) first stage

e Flattening
You use the flatter with the sledge hammer to flatten filtered piece (Figure 5.18).

Flattening enables you to finish off an undulating surface.

To flatten:
1. Hold the flatter on the surface.
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2. Strike the end of the Hatter with the sledgehammer.
3. Move the Hatter to all areas and repeat step 2.

Siedgehammer

Flatter

Swaging
Swaging is the process of finishing a round or hexagonal section of bar. It is
madepossible by the use of a pair of swages (Figure 5.19). The process involves:

Page 85 of 128 Federal TVET Agency

TVET program title: Welding level-lll

Author/Copyright October 2019

Version -1



Self-check.5 Written-Questions

Direction-Choose the best answer

1. Which includes such general features as the color and texture of machined

A. fracture C spark

B appearance D none
2. It may be used to determine its identity of metals

A. fracture C.spark

B. appearance D.None

3. This test is made by simply notching a specimen and then breaking it.

A. fracture
B.appearance
C.spark
D.none

Note: Satisfactory rating — 2 points
Unsatisfactory - below 2 points

Score =

Answer Sheet Rating:

Name:
Date:

Short Answer Questions
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Information Sheet-6

Defects in steel forgings are identified and classified from
NDT test results.

6.1 INTRODUCTION forging Defects

When a forge shop begins to experience defects in their process, they should try to find

the root cause of the problem, initiate corrective action and implement procedures to

prevent its recurrence. A brief description of defects and their remedial methods is

given below:

6.2 A defect commonly found in forged parts includes;

Defects resulting from the melting practice such as dirt, slag and blow holes.
Ingot defects such as pikes, cracks scabs, poor surface and segregation.

Defect due to faulty forging design.

Defects of mismatched forging because of improper placement of the metal.
Defects due to faulty design drop forging die.

Defects resulting from improper forging such as seams, cracks, laps.

Defects resulting from improper heating and cooling of the forging part such as
burnt metal and decarburized steel.

6.3 Some common forging defects along with their reason are given as under.

Mismatched forging: due to non alignment of proper die halves.

Brunt and overheated metal: improper heating of metal at high temperature.
Fibred flow lines discontinued: because of very rapid plastic flow of metal.
Scale pits: by squeezing of scale into the metal surface during forging.

Oversize components: worn out dies, incorrect dies, misalignment of die halves.
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Typical forging

Cracking at the flash

erefore should

J’due to flash or fin from prior forging steps is forced i into. the work-piece
g, due to secondary tensile stress.

5.4 Other types of defects, occurring in the forging operations
are as follows:

e Incomplete die filling.

e Die misalignment.

e Forging laps.

e Incomplete forging penetration- should forge on the press.

e Micro structural differences resulting in pronounced property
variation.

e Hot shortness, due to high sulphur concentration in steel and nickel.
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¢ Pitted surface, due to oxide scales occurring at high temperature stick
on the dies.

e Buckling, in upsetting forging, due to high compressive stress.

e Surface cracking, due to temperature differential between surface

and center, Micro cracking, due to residual stress.

al differences resulting in pronounced propcrty variation.
8, due to high sulphur concentration in steel and nickel.
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Forging Defects

1, Blocked forging

2. Begin finighi
1. Forgingbagina 2. Die cavities ane i A

beirg flled
‘ ‘ Rib Web Leps
3, Cracks develop 4, Cracks propagate 3. Web buckles 4. Lapa in finished
In ribs through riba forging
Stages 1n internal defect formation 1n a forging Sipesinlap fonnatlog e d@g forging. dig
because of an oversized billet. to buckling of the web.

Web thickness should be increased to avoid this problem.
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Self-Check -6 Multiple Choose

Instructions: Read the following questions and choose the best answer (2points each)
1. Which one of the following is the reason for forging defects?

a. Faulty original metal  c. Incorrect die design
b. Improper heating d. all
2. A defect commonly found in forged parts includes;
a. resulting from the melting practice C. due to faulty forging
design

b. resulting from improper heating and cooling d. all

Note: Satisfactory rating — above 2 points Unsatisfactory - below 2 points

You can ask you teacher for the copy of the correct answers.

Note: Satisfactory rating — 2 points Unsatisfactory - below 2 points

Answer Sheet

Score =

Rating:

Name: Date:

Short Answer Questions

Page 91 of 128 Federal TVET Agency

TVET program title: Welding level-lll

Author/Copyright October 2019

Version -1



LG #51 LO 3.Apply heat treatment in relation to welds

Instruction sheet

This learning guide is developed to provide you the necessary information regarding the
following content coverage and topics:\

¢ Identifying reasons for performing heat treatment.
 Applying pre-heat/post-heat treatment, stress relieving, normalizing and annealing

This guide will also assist you to attain the learning outcome stated in the cover page.
Specifically, upon completion of this Learning Guide, you will be able to:

¢ Identify reasons for performing heat treatment.
o Apply pre-heat/post-heat treatment, stress relieving, normalizing and annealing

Learning Instructions:
11.Read the specific objectives of this Learning Guide.
12.Follow the instructions described below
13.Read the information written in the information “Sheet.

14. Accomplish the “Self-check

15.1f you earned a satisfactory evaluation from the “Self-check” proceed to “Operation sheet

Learning Instructions:
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11.Read the specific objectives of this Learning Guide.

12.Follow the instructions described below.

13.Read the information written in the “Information Sheets”. Try to understand what are being
discussed. Ask your trainer for assistance if you have hard time understanding them.

14.Accomplish the “Self-checks” which are placed following all information sheets.

15. Ask from your trainer the key to correction (key answers) or you can request your trainer
to correct your work. (You are to get the key answer only after you finished answering the
Self-checks).

16.1f you earned a satisfactory evaluation proceed to “Operation sheets

17.Perform “the Learning activity performance test” which is placed following “Operation
sheets”

18.1f your performance is satisfactory proceed to the next learning guide,

19.1f your performance is unsatisfactory, see your trainer for further instructions or go back to

“Operation sheets”.
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Reasons for performing heat treatment are identified in compliance with

Information Sheet-1 regulations

3.1. Introduction to heat treatment

The process of altering the physical, chemical, and mechanical properties of a metal by
applying controlled heating and cooling is known as heat treatment. It is a procedure
that is applied to improve or restore a product’s manufacturability. Heat treatments are
most commonly applied in metallurgy, manufacturing, hot forming, and welding.

e Three reasons for heat treatment

v To soften before shaping

v' To relieve the effects of strain hardening

v' To acquire the desired strength and toughness in the finished product.
e Principal heat treatments

v' Annealing

v Martensite formation in steel

v Precipitation hardening

v Surface hardening

e Visually inspect surfaces, and identify defects and pre/post heat
treatment surface preparation requirements for all of the following
conditions:

Surface corrosion

Surface contamination

Blistering, deformation

Sharp and jagged edges

Coating detachment

Heat treatment bloom

AN NI NN Y NN

Tool marks, scars and tears
e Carry out all of the following during the preparation activities:

v’ Use the correct heat treatment preparation specifications, procedures and quality
control documentation

v Adhere to procedures or systems in place for risk assessment, COSHH, personal
protective equipment and other relevant safety regulations

v’ Ensure that all tools and equipment are correctly prepared for the operations being
performed

4 Apply safe and appropriate working practices and procedures at all times

v’ Leave the work area in a safe and tidy condition on completion of the activities
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Carry out pre/post heat treatment material preparation activities on all of the

following types of material/components:
v Ferrous low carbon materials/components

Non-ferrous materials/components

v
v" Ferrous high carbon materials/components
v

Specialised steels

The material properties are more than composition — they are dependent on how

the material has been treated. Fig.1 types of heat treatment processes

HEAT TREATMENT
BULK SURFACE
ANNEALING | [ NORMALIZING HARD‘::NING I“HER‘I (AT THERMO-
~ CHEMICAL
TEMPERING
~+ Full Annealin = urizin
i MARTEMPERING | [ Flame St
.{ Recrystallization Annealing ‘ .. TR ‘ Nitriding
----- » Stress Relief Annealing | AUSTEMPERING LASER | | Carbo-nitriding
~# Spheroidization Annealing Electron Beam
Fig.1 heat treatment diagram
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Self-Check -1 Choose test

Direction-Choose the best answer

1. Selecting materials for manufacturing engineering applications
A. Selecting a material C .Choosing a manufacturing

B.Specifying a shape D .All

2..Choosing a manufacturing Low-Carbon Steels

A railway wheels
B. automobile bodies

3: cutting tools can be made by

A. Low-Carbon Steels
B.Medium-Carbon Steels

C. chisels, hammers
D.None

C. High-Carbon Steels
D.None

Note: Satisfactory rating —7points Unsatisfactory - below 7 points

You can ask you teacher for the copy of the correct answers.

Answer Sheet

Name:

Short Answer Questions

Score =

Rating:

Date:
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Processes such as pre-heat/post-heat treatment, stress relieving, normalizing
and annealing are applied according to operational standards
Information sheet-2

2.1 Types of Heat Treatment processes

Basic types of heat treatment are used today. They are annealing, normalizing,
hardening, tempering and surface hardening, and others ( austempering,

martempering, etc). More of them can be shown below figures 2.

2.2 ANNEALING

e In general, annealing is the opposite of hardening, you anneal metals to
relieve internal stresses, soften them, make them more ductile, and
improve their grain structures.

e Annealing consists of heating a metal to a specific temperature, holding it
at that temperature for a set length of time, and then cooling the metal to
room temperature.

« The cooling method depends on the metal and the properties desired.
Some metals are furnace-cooled, and others are cooled by burying them
in ashes, lime, or other insulating materials.

Purpose
e Reduce hardness and brittleness
e Alter the microstructure for a special property
e Soften the metal for better machinability
e Recrystallize cold worked (strain hardened) metals

e Relieve induced residual stresses
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e ANNEALING Types
v" Full Annealing
v Recrystallization Annealing
v Stress Relief Annealing
v Spheroidization Annealing
e Full Annealing
v' The purpose of this heat treatment is to obtain a material with high
ductility. A microstructure with coarse pearlier (i.e. pearlier having high
interlamellar spacing) is endowed with such properties.
v' The range of temperatures used is given in the figure 3 bellows.
v' The steel is heated above Az (for hypo-eutectoid steels) & A; (for hyper-
eutectoid steels)— (hold) — then the steel is furnace cooled to obtain
Coarse Pearlier.
v Coarse Pearlite has low (]) Hardness but high (1) Ductility.

910°C

Full Annealing

| W1t% C
0.8 %

Fig. 3. Shows full annealing

Recrystallization Annealing

v During any cold working operation (say cold rolling), the material becomes

harder (due to work hardening), but loses its ductility. This implies that to
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continue deformation the material needs to be recrystallized (wherein

strain free grains replace the ‘cold worked grains’).

v" Hence, recrystallization annealing is used as an intermediate step in (cold)

deformation processing. Show in the below figure 4.

v' To achieve this sample is heated below A; and held there for sufficient

time for recrystallization to be completed.

910°C

Recrystallization Annealing
. ' .

|
|
|
|
|
|
I
|
|
|
|
|
|
I
I
|

Wit%6 C

0.8 %
Fig.4. Shows Recrystallization annealing

Stress Relief Annealing

v" Due to various processes like quenching (differential cooling of surface

and interior), machining, phase transformations (like martensitic

transformation), welding, etc. The residual stresses develop in the sample.

Residual stress can lead to undesirable effects like warpage of the

component.

v' The annealing is carried out just below A;, wherein ‘recovery* processes

are active (Annihilation of dislocations, polygonization).
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910°C
723°C

‘ Stress Relief Annealing Ag

“+-

|
1
|
|
|
1
|
|
1
|
|
|
|
1
|

Witeo6 C

0.8 %
Fig.5. show at which stress relief annealing will be occurs
Spheroidization Annealing

v This is a very specific heat treatment given to high carbon steel requiring
extensive machining prior to final hardening & tempering. The main

purpose of the treatment is to increase the ductility of the sample.
v’ Like stress relief annealing the treatment is done just below A;. See fig.6.

v' Long time heating leads cementite plates to form cementite spheroids.
The driving force for this (microstructure) transformation is the reduction in

interfacial energy.

910°C

Spheroidization Ay
1

-4

|
|
|
|
|
|
1
|
|
|
|
1
|
1
|

Wit% C

0.8 %

Fig.6. shows the spheroidization annealing
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NORMALIZING

e Normalizing is a type of heat treatment applicable to ferrous metals only. It
differs from annealing in that the metal is heated to a higher temperature
and then removed from the furnace for air cooling.

e The purpose of normalizing is to remove the internal stresses induced by
heat treating, welding, casting, forging, forming, or machining. Stress, if

not controlled, leads to metal failure; therefore, before hardening steel,

910°C

-+

i Wt% C
0.8 %

Fig.7. shows the normalization place

HARDENING

e The hardening treatment for most steels consists of heating the steel to a
set temperature and then cooling it rapidly by plunging it into oil, water, or
brine. Most steels require rapid cooling (quenching) for hardening but a
few can be air-cooled with the same results. Hardening increases the
hardness and strength of the steel, but makes it less ductile. Generally,
the harder the steel, the more brittle it becomes. To remove some of the
brittleness, you should temper the steel after hardening.

o The sample is heated above Az | Acmto cause Austenization. The sample
is then quenched at a cooling rate higher than the critical cooling rate (i.e.

to avoid the nose of the CCT diagram).
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e The quenching process produces residual strains (thermal, phase

transformation).

910°C

-

f
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!

W1t%o C

0.8 %
Fig.8.shows hardening takes place
TEMPERING
o After the hardening treatment is applied, steel is often harder than needed

and is too brittle for most practical uses. Internal stresses are set up
during the rapid cooling from the hardening temperature. To relieve the
internal stresses and reduce brittle-ness, you should temper the steel after
it is hardened. Tempering consists of heating the steel to a specific
temperature (below its hardening temperature), holding it at that
temperature for the required length of time, and then cooling it, usually
instill air. The resultant strength, hardness, and ductility depend on the
temperature to which the steel is heated during the tempering process.

o Heat below Eutectoid temperature — wait— slow cooling

e The micro structural changes which take place during tempering are very
complex

NB. To remove some of the brittleness from hardened steels, tempering is

used. The metal is heated to the range of 220-300 degrees and cooled,
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Surface Hardening
Sometimes called case hardening, Case hardening produces a hard, wear-
resistant surface or a “thermo chemical” treatment whereby the surface is altered
by the addition of carbon, nitrogen, or other elements. Materials of surface
hardening only ferrous metals are case-hardened. Commonly applied to low

carbon steels for get a hard ware resistant shell, and tough inner core.

e The common techniques; Carburizing, cyaniding, Nitriding, Carbonnitriding,
Chromizing, flame hardening, boronizing, induction hardening, etc.

Carburizing
e Heating a low carbon steel in the presence of carbon rich environment at
temperature ~ 900°C
e This results in carburized steel that has a high-carbon surface and a low-
carbon interior.
« When the carburized steel is heat-treated, the case be-comes hardened and
the core remains soft and tough. Two methods are used for carburizing steel.
e One method consists of heating the steel in a furnace con-taining a carbon
monoxide atmosphere.
« The other method has the steel placed in a container packed with charcoal or
some other carbon-rich material and then heated in a furnace. therefore
v' Carbon diffuses into the surface
v" End up with a high carbon steel surface.
v' Pack parts in a compartment with coke or charcoal
v' Gas carburizing
e Uses propane (C3Hsg) in a sealed furnace: Liquid carburizing, Used NaCN,
BaCl,, Thickness 0.005 in. to 0.030 in
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CYANIDING

NITRIDING

This process is a type of case hardening that is fast and efficient.
Preheated steel is dipped into a heated cyanide bath and allowed to soak.
This process produces a thin, hard shell that is harder than the one
produced by carburizing and can be completed in 20 to 30 minutes vice

several hours. The major drawback is that cyanide salts are a toxic.

Nitrogen is diffused in the surface of special alloy steels at temperatures
around ~510°C.Steel must contain elements that will form nitride
compounds. Aluminum, Chromium

It differs from the other methods in that the individual parts have been
heat-treated and tempered before nitriding. The parts are then heated in a
furnace that has an ammonia gas atmosphere. No quenching is required
so there is no worry about warping or other types of distortion. This

process is used to case harden items, such as gears, cylinder sleeves,

QUENCHING MEDIA

Selection of a quenching depends on the harden ability of the steel, section

thickness and shape involved, and the cooling rates needed to achieve the

desired microstructure. Typically, quench ants are liquids (water, oil that could

contain a variety of additives, aqueous polymer solutions, and water that could

contain salt or caustic additives), and gases (inert gases including helium, argon,

and nitrogen). Other quenchants include fogs and fluidized beds. The common

medias water, brine, oil, and air.
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Self-Check -2 Choose

Directions: Answer all the questions listed below.
1. What process consists of tempering, normalizing, hardening, and annealing?

A. Cold forming of metals
B. Heating treatment of nonferrous metals
C. Heat treatment of ferrous metal
D. Quenching of austenitic materials

2. Which of the following conditions is required for the successful heat treatment

of metal?

A. proper size of furnace
B. proper furnace atmosphere
C. suitable quenching medium
D. all of the above

4. Which one of the following are stages / cycle of heat treatment.
A. Cooling B. Heating C. Soaking D. All

5. Reduce the hardness, improve machine ability, and facilitate cold-working

A. Hardening C. Annealing
B. Normalizing D. Tempering
Note: Satisfactory rating - 5 points Unsatisfactory - below 5 points

Answer Sheet
Score =

Rating:

Name: Date:
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LG #52 L O4.Quality assdre principles of mechanical
testing

Instruction sheet

This learning guide is developed to provide you the necessary information regarding the
following content coverage and topics:\

e Applying principles of mechanical testing.

e l|dentifying and classifying defects.

This guide will also assist you to attain the learning outcome stated in the cover page.

Specifically, upon completion of this Learning Guide, you will be able to:

e Apply principles of mechanical testing.

e |dentify and classifying defects.

Learning Instructions:
16.Read the specific objectives of this Learning Guide.
17.Follow the instructions described below
18.Read the information written in the information “Sheet.
19. Accomplish the “Self-check

20.1f you earned a satisfactory evaluation from the “Self-check” proceed to “Operation sheet

Learning Instructions:
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20.Read the specific objectives of this Learning Guide.

21.Follow the instructions described below.

22.Read the information written in the “Information Sheets”. Try to understand what are being
discussed. Ask your trainer for assistance if you have hard time understanding them.

23.Accomplish the “Self-checks” which are placed following all information sheets.

24.Ask from your trainer the key to correction (key answers) or you can request your trainer
to correct your work. (You are to get the key answer only after you finished answering the
Self-checks).

25.1f you earned a satisfactory evaluation proceed to “Operation sheets

26.Perform “the Learning activity performance test” which is placed following “Operation
sheets”

27.1f your performance is satisfactory proceed to the next learning guide,

28.1f your performance is unsatisfactory, see your trainer for further instructions or go back to

“Operation sheets”.
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Information sheet-1 Principles of mechanical testing are applied to NDT test

selection

4.1. Identifying mechanical for Testing

Testing of materials is necessary for many reasons, and the subject of
materials testing is very broad one. Some of the purposes for the testing of
materials are:

To determine the quality of a material. This may be one aspect of
process control in production plant.

To determine such properties as strength, hardness, and ductility.
To check for flaws within a material or in a finished component.

4.2. Introduction to identify types of testing

1. Destructive Testing:

Destructive testing is changes the dimensions or physical and structural integrity of the
specimen. (Itis essentially destroyed during the test

Tension
Compression
Hardness
Fatigue
Creep

2. Nondestructive testing:

Non-Destructive testing does not affect the structural integrity of the sample

Visual inspection
Eddy current
Magnetic
Ultrasonic
Visual inspection
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. Indicator.
Indentor holder
Indentor.

. Screw.

. Screw wheel.

. Weight.

Load.

®

>l
Ogagpu—

]

]

@
Figuer.1tensil test

It is obvious that there is not one type of test that will provide all the
necessary information about a material and its performance capabilities, and
there are very many different types of test that have been devices for use in
the assessment of materials. One of the most widely tests is the tensile test to
destruction. In this type of test a test-piece of standard dimensions is
prepared, and this is then stressed in an axial tension. Other tests that are
often used for the determination of strength data are compression, torsion,
hardness, creep and fatigue tests. With the exception of harness tests, these

are all test of a destructive nature and they normally require the preparation
of test-pieces to certain standard dimensions.

e B == L T A P T T

4.3 TESTING OF METALS

Metal testing is accomplished for the purpose of for estimating the behavior of
metal under loading (tensile, compressive, shear, torsion and impact, cyclic
loading etc.) of metal and for providing necessary data for the product
designers, equipment designers, tool and die designers and system designers.
The material behavior data under loading is used by designers for design
calculations and determining whether a metal can meet the desired functional
requirements of the designed product or part. Also, it is very important that
the material shall be tested so that their mechanical properties especially
their strength can be assessed and compared. Therefore the test procedure for
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oy TR

developing standard specification of materials has to be evolved. This
necessitates both destructive and non-destructive testing of materials.

. Shoulder
r Length Gauge
K. Length Y,
T 1
N
/’ \ R -

R = Fillet Radius D = Diameter

Figure.2 materials for tensile test

4.4 Tensile test

The main principle of the tensile test is denotes the resistance of a material to
a tensile load applied axially to a specimen. There are several tensile testing
machines, as in figure 15(a) shows popular bench-mounted tensile testing
machine, whilst figure 15(b) shows a more sophisticated machine suitable for
industrial and research laboratories, while in figure

Load c=8

I

(@)

()

Figure .3 Tensile testing machines
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A tensile test is carried out on standard tensile test specimen in
universal testing machine. Fig. 16A shows a schematic set up of universal
testing machine reflecting the test specimen griped between two cross heads.
Fig. 16B shows the stress strain curve for ductile material. Fig. 17 shows the
properties of a ductile material. Fig. 18 A) shows the stress strain curves for
wrought iron and steels. Fig. 18 B) shows the stress strain curve for non

ferrous material.

Upper Cross
Operating Hand Wheel Head
Test 2
Specimen s o E
NI
Q) _— &
= -4 / i
Strain Gauge or I ] % wl| |
Extensionmeter ~ i 7 |l = 2| |
1 he 97 Locking s/
= | o> }1’— Liver f
O % | ,
= TE Strain ———>
Vil 18
enlumn T A - Limit of proportionality
Operating Hand Adj ustable B - Elastic limit
Wheel Cross Head C - Yield point
Square Threaded D - Maximum stress point
Screws E — Breaking of fracture point
(A) (B)

Figure 4 Universal Tensile testing machine

Strong
Hard
[ / E ~
/ Brittle Tough
E_f :." Weak
=13 Soft
Rig ,"L\* Elastic
Strain ——>
Figure. 5 Properties of Ductile materials
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It is very important to the tensile test to be considered is the standard
dimensions and profiles are adhered to. The typical progress of tensile test
can be seen in figure 19.

H {4,/ IR

Figure 6. Typical progress of a tensile test: (1) beginning of test, no load; (2)uniform
elongation and reduction of cross-sectional area; (3) continued elongation,
maximum load reached; (4) necking begins, load begins to decrease; and (5)fracture.
If pieces are put back together as in (6), final length can be measured.

Let's now look at Figure 20 In this figure, the gauge length (Lo) is the
length over which the elongation of the specimen is measured. The minimum
parallel length (L;) is the minimum length over which the specimen must
maintain a constant cross-sectional area before the test loads applied. The
lengths Lo, L, Li. and the cross-sectional area (A4) are all specified in BS 18.

P it - T i —— b ——a ——— -

Figure 7 Properties of tensile test specimens: (a) cylindrical; (b) flat

The elongation obtained for a given force depends upon the length and
area of the cross-section of the specimen or component, since:
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appliedforce x L
Ex A

Elongation

Where L =length
A = cross-sectional area
E = elastic modulus
Therefore, if the ratio [L/A] is kept constant (as it is in a proportional
test piece), and E remains constant for a given material, then comparisons can
be made between elongation and applied force for specimens of different
sizes.

Let's now look at the sort of results we would get from a typical tensile
test on a piece of annealed low-carbon steel. The load applied to the specimen
and the corresponding extension can be plotted in the form of a graph, as
shown in Figure 21

4.5 Compression Test

Compression test is reverse of tensile test. This test can also be
performed on a universal testing machine. In case of compression test, the
specimen is placed bottom crossheads. After that, compressive load is applied
on to the test specimen. This test is generally performed for testing brittle
material such as cast iron and ceramics etc. Fig. 22 shows the schematic
compression test set up on a universal testing machine. The following terms
have been deduced using figures pertaining to tensile and compressive tests
of standard test specimen.
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Self-Check -1 choose

Direction-Choose the best answer
1. This test is generally performed for testing brittle material such as cast iron
A. tensile test C. Hardness test

B. Compression Test D.none

2.The resistance of a material to a load applied axially to a specimen.

A. Hardness test C. tensile test
B. Compression Test D.None

3.Accomplished for the purpose of for estimating the behavior of metal under
loading (tensile, compressive, shear, torsion and impact)

A. Hardness test C. Ductile cast iron

B Testing metals D.None
4.Some of the purposes for the testing of materials are:

A.To determine the quality of a material
B To determine such properties as strength, hardness, and ductility

C.To check for flaws within a material or in a finished component
D.All is the answerers
Note: Satisfactory rating —7points Unsatisfactory - below 7 points

You can ask you teacher for the copy of the correct answers.

Score =
Answer Sheet

Rating:
Name: Date:
Short Answer Questions
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Defects in metal product are identified and classified from
NDT test results

Information Sheet 2

4.1 Identify metal defects and hardness testing

It is a very important property of the metals and has a wide variety of meanings. It
embraces

Many different properties such as resistance to wear, scratching, deformation and mach
inability

Etc. It also means the ability of a metal to cut another metal.

The hardness of a metal may be determined by the following tests:

Brinell hardness test,

Rockwell hardness test

Vickers hardness (also called Diamond Pyramid) test, and

Shore scleroscope
4.2 The Brinell hardness Test

The Brinell hardness test method consists of indenting the test material with a tungsten
carbide ball of either 1, 2.5, 5 or 10 mm diameter by applying a test force of between 1
and 3000 kg. The full load is normally applied for 10 to 15 seconds in the case of iron
and steel and for at least 30 seconds in the case of other metals. The diameter of the
indentation left in the test material is measured. The Brinell harness number is calculated
by dividing the load applied by the surface area of the indentation.

The diameter of the impression is the average of two readings at right angles and the
use of a Brinell hardness number table can simplify the determination of the Brinell
hardness. Modern electronic testers offer inbuilt measuring systems with either manual

or computer assisted automatic indentation measurement.
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Indenter
Diameter D

Figure 1.Hardness test

A well-structured Brinell hardness number reveals the test conditions, for example "75
HBW 10/500/30" which means that a Brinell Hardness of 75 was obtained using a 10mm
diameter tungsten carbide ball with a 500 kg test force for a period of 30 seconds. When
testing extremely hard metals the tungsten

carbide ball indenter may not be suitable as the Brinell scale is limited to materials with
hardness values of approximately 650 HBW. For such materials the Rockwell and
Vickers tests are more suitable.

Compared to the other hardness test methods, the Brinell ball makes the deepest and
widest indentation, so the test averages the hardness over a wider amount of material,
which will more accurately account for multiple grain structures and any irregularities in
the uniformity of the material. This method is the best for achieving the bulk or macro-

hardness of a material, particularly those materials with heterogeneous structures.

4.3 Vickers hardness test

The Vickers hardness test was developed in 1921 by Robert L. Smith and George E.
Sand land at Vickers Ltd as an alternative to the Brielle method to measure the
hardness of materials. The Vickers test is often easier to use than other hardness tests
since the required calculations are independent of the size of the indenter, and the

indenter can be used for all materials irrespective of hardness.
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The pyramidal diamond indenter of a
Vickers hardness tester.

Fig 2 Vickers hardness test

The basic principle, as with all common measures of hardness, is to observe the
guestioned material's ability to resist plastic deformation from a standard source. The
Vickers test can be used for all metals and has one of the widest scales among
hardness tests. The unit of hardness given by the test is known as the Vickers Pyramid
Number (HV) or Diamond Pyramid Hardness

(DPH). The hardness number can be converted into units of rascals, but should not be
confused with a pressure, which also has units of Pascal’s. The hardness number is
determined by the load over the surface area of the indentation and not the area normal
to the force, and is therefore not a pressure. The hardness number is not really a true
property of the material and is an empirical value that should be seen in conjunction

with the experimental methods and hardness scale used.
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Figure 3 Vickers hardness test

2 > & R o L T - . :
An indentation left in case-hardened
steel after a Vickers hardness test.
Notice the difference in length of both
diagomnals and the illumination
gradient. which are both classic
indications of an out-of-level sample.
Vickers test scheme This is not a good indentation.

4.4 The Rockwell scale

The Rockwell scale is a hardness scale based on the indentation hardness of a
material. The Rockwell test determines the hardness by measuring the depth of
penetration of an indenter under a large load compared to the penetration made by a
preload.[1] There are different scales, denoted by a single letter, that use different loads
or indenters. The result is a dimensionless number noted as HRA, where A is the

Scale letter. When testing metals, indentation hardness correlates linearly with tensile
strength. This important relation permits economically important nondestructive testing
of bulk metal deliveries with lightweight, even portable equipment, such as hand-held
Rockwell hardness testers.
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4.6 Tensile testing

Tensile testing, also known as tension testing, is a fundamental materials science test in

which a sample is subjected to uniaxial tension until failure. The results from the test are

commonly used to select a material for an application, for quality control, and to predict

how a material will react under other types of forces. Properties that are directly

measured via a tensile test are ultimattensile strength, maximum elongation and

reduction in area. From these measurements the following properties can also be

determined: Young's modulus, Poisson's ratio, yield strength, and strain-hardening.

Structure/Hardness
+

Coarse pearlite
2493
31 GE0
Fine pearlite 388 41 580
Feathery bainite 401 42 500
(upper)
415 44 400
Acicularbainite A55 56 280
(lower)
h7a hE 230
Bainite & Martensie 601 G0 17h
O
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Fig 5 .Schematic universal testing Machine
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4.7 Tensile specimen

A tensile specimen is a standardized sample cross-section. It has two shoulders and a

gauge (section) in between. The shoulders are large so they can be readily gripped,

whereas the gauge section has a smaller cross-section so that the deformation and

failure can occur in this area. The shoulders of the test specimen can be manufactured

in various ways to mate to various grips in the testing machine (see the image below).

Each system has advantages and disadvantages; for example, shoulders designed for

serrated grips are easy and cheap to manufacture, but the alignment of the specimen is

dependent on the skill of the technician. On the other hand, a pinned grip assures good

alignment. Threaded shoulders and grips also assure good alignment, but the

technician must know to thread each shoulder into the grip at least one diameter's

length, otherwise the threads can strip before the specimen fractures.

Tensile specimens made from an

aluminum alloy. The left two
specimens have a round cross-section
and threaded shoulders. The right two
are flat specimen designed to be used
with serrated grips.

Y

OVERALL LENGTH
DISTANCE BETWEEN SHOULDERS
GAGE <|
LENGTH
GRIP SECTION - >
L] . ‘
W,
Y- DIA. OR WIDTH
GRIP SECTION

"REDUCED" SECTION

Test specimen nomenclature

Figure. 7 test specimen nomenclature
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The most common testing Machine used in tensile testing is the universal
testing machine. This type of machine has two crossheads; one is adjusted for
the length of the specimen and the other is driven to apply tension to the test
specimen.

There are two types: hydraulic powered and electromagnetically powered
machines. The machine must have the proper capabilities for the test specimen
being tested. There are three main parameters: force capacity, speed, and
precision and accuracy. Force capacity refers to the fact that the machine must
be able to generate enough force to fracture the specimen.

The machine must be able to apply the force quickly or slowly enough to
properly mimic the actual application. Finally, the machine must be able to
accurately and precisely measure the gauge length and forces applied; for
instance, a large machine that is designed to measure long elongations may not
work with a brittle material that experiences short elongations prior to fracturing.
Alignment of the test specimen in the testing machine is critical, because if the
specimen is misaligned, either at an angle or offset to one side, the machine will
exert a bending force on the specimen. This is especially bad for brittle materials,
because it will dramatically skew the results.

This situation can be minimized by using spherical seats or U-joints between the
grips and the test machine. A misalignment is indicated when running the test if

the initial portion of the stress-strain curve is curved and not linear
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Self-Check -2 choose Test

Direction-Choose the best answer
1. The machine must have the proper capabilities for the test specimen being tested.
A. force capacity C. precision
B. speed D. all

2. Many different properties such as resistance to wear, scratching, deformation and
mach inability

) C.Magnetic
A. Hardness testing g

_ ) D. None
B.Tensile testing

3.Test determines the hardness by measuring the depth of penetration of an indenter

) C. Tensile testin
A .Vickers hardness test g

B.The Rockwell scale D. None

Note: Satisfactory rating —7points Unsatisfactory - below 7 points

Answer Sheet

Score=_

Name: Date:

Rating:

Short Answer Questions
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Operation Sheet 1 Performing tack welding

Do the following practical exercise

e Position material and tack welding
e Position 2 plates to form an open butt joint.
e Use a 1/8” (3.2mm) spacer to make a 1/8” Root opening.

e Tack weld at both ends.

Tack Weld

Place the third plate on the assembled butt joint to form a lap joint

e Tack weld at both ends

Tack Welds Tack Weld

Tack Weld
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LAP Test

Practical Demonstration

Name:

Date:

Time started:

Instructions:

Time finished:

perform the following tasks within 2 hours.

Task 1. Layout from the prepped metal.

Task 2. Cut to the required dimension.

Task 3. Complete the welding process.

Task4. Clean the joint correctly with the wrights cleaning equipments

Given necessary templates, tools and materials you are required to
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Operation Sheet 1 | Performing tension testing

The purpose of this operation is to give trainees experience in measuring various

Strength parameters of different metals materials.

Step 1- wear personal protective equipment PPE
Step 2- to prepare materials to be tested. A36 Hot Rolled Steel blue /black
Step 3- select required Longitudinal round Tensile test (ASTM EB8) to be

performed on

Step 4-Using a micrometer, measure and record the diameter.

Step 5- . Mark two gage points 2 inches apart on the specimen with a special
indenter. Measure the exact distance between the two gage points with a
micrometer. Attach a 2-inch extensometer to the specimen at the two gage
points.

Step 6- . Place the specimen in the threaded grips and load the specimen
slowly to failure. Record the load and deflection for each 300kg load..

Step 7- . Remove the extensometer from the specimen before fracture
occurs.

Step 8 - After the specimen has been broken, push the two broken pieces
together by hand, and measure the distance between the two gage points by
means of a micrometer to determine the total plastic deformation. Measure
also the diameter of the reduced cross-section of the fractured specimen

Step 9-Tension test data A36Hot Rolled Steel Sketch

Initial diameter:

Diameter at failure:

Distance between two gage points, initial: At failure:
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LAP Test Practical Demonstration

Name: Date:

Time started: Time finished:

Instructions: You are required to perform the following individually with the
presence of your teacher.

Taskl. Perform to wear personal protective equipment PPE

Task 2Perform to prepare materials to be tested. A36 Hot Rolled Steel blue /black
Task 3. Perform -Using a micrometer, measure and record the diameter.

Task 4. Perform. Mark two gage points 2 inches apart on the specimen with a special.
Task5.Perform. Place the specimen in the threaded grips and load the specimen

Task6. Perform After the specimen has been broken, push the two broken pieces.
Task 7. Perform Tension test data A36 Hot Rolled Steel Sketch.

Task8. Perform using 5s

Shoulder
| Length | Gauge
. >

[—\ Length B E—

Q P

& ~\- R

R = Fillet Radius D = Diameter
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