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Topic Nunber

Metallurgy & Welding

Suggested Periods

MET A7 -a

Topic Description Reference

Introduction to Metallurgy

- Definition of the Science

-« Breakdown into Extractive; Physical
£nd Mechanical Metallurgy

The Raw Materials
- Iron Ores, Ease Metal Ores
- Composition of Ores and Occurances

M neral Dressing.

- Qrushing and Ginding Metnods

- Separation Processes:
Magnetic Separation
QGavity Separation
Fl ot ati on

Aggl onerati on Processes
Sintering
- Pelletizing

The Bl ast Furnace Process

- The Burden Materials

- The Chemstry of the Bl ast
Furnace Process

- Material Bal ance

- The Qperation of the Furnace

St eel maki ng Processes

- Bessenes Process

- pen Hearth Process

- Basic Oxygen Process

A assification of Steels

Uses of various types of plain
carbon steels

Cooling and Solidification of Metal s

The |ron-Carbide-Equilibrium D agram

- The Critical Tenperature Lines

- Products of equilibriumand non
equi | i brium cooling conditions




Topic Number

Metallurgy & Welding

Suqggested Periods

- MET QE"Z_

Topic Description

10

11

12

13

14

45

Heat Treating Met hods

- Softening Processes

- Hardeni ng Processes

- Hardenability, mass effect
and ruling section

- Quenchi ng Medi as

Surface Hardeni ng Met hods

- H ane Hardeni ng

- I'nduction Hardening

- Pack Carburizing, Gas Carburizing

- Cyani di ng

- Ntriding

A loy Steels

- Effect and O assification of
al l oying el ements

Al um num Brass and Bronze

- Conposition

- Eeat creating characteristics

Cast Iron

- Conposition and properties
~ TYPes of cast irons

Reference



METALLURGY
MET  -"S-3L

TEXT:
Avner, S H —Introduction to Physical Metallurgy
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The student should be able to describe the processes
wr.ch lead-to the production of steel fromthe rav, materials.
Ee should be able to cescrioe the properties of sled by using
the Iron-Carbon-D acram and be able to use the information
to Keat Treat steg L sanples of varying carbon content.

_ The changes during Heat Treatnent will be tested by
using Hardness and Inpact testers. Processes of Case-Hardening
are discussed and applied to steel sanples.

The student should have ez understanding of the effects
of alloying netals on the properties of steel.

He should also be able to describe the properties and
Heat Treating Characteristics of Alumnum Brass and Bronze.



METALLURGY
MET _~3V: S

' SPEA FI C GBJECTI VES

The student should be able to describe the processes which
lead to the production of steel fromthe raw nmateri al s.

The stiident should be able to give a definition of

Metal lurgy in witing.

He should be able to outline, inwiting, the subjects
dealt-with in Extractive, Physical, and Mechani cal Metall urgy.

He should be able to wite a definition of Mneral Dressing.

He shoul d be able to name 4 types of iron ore and wite their
chem cal conposition.

He should be able to describe processes used to |liberate
mneral s before separation and be able to give a sketch of
the operation of Crushers, Autogenous Ginding Kills and
Rod and Ball MIIs.

He should be able to produce a sketch outlining the follow ng

separ ati on processes: Magnetic S>oarati on

Heavy Medi a Separation

Hunphrey Spiral Separation

Fl ot ati on
He shoul d be able to describe the Sintering process, nane
the raw materials, describe their, functions in the process
and be able to produce a sketch of a sinter strand, show ng
and nam ng the maj or conponents.

The student should be able to nane the raw naterials used in
the pellelising process, nanme their function, describe the
pell elizing machines with the aid of sketches, and name the
fuel used In the process and the tenperatures obtained.

The student should be able to produce a sketch of a coke oven
and be able to nane the najor conponents.

The student should be able to nane the raw material s changed

in the Blast furnace and explain their functions in the process.

The student should be able to give a sketch of a blast furnace
and be able to nane the major conponents.

The student should be able to wite the main chemcal reactions
of the Blast furnace process.



The student should be able to wite the materi al bal ance
for the E ast furnace process.

He should be able to wite the approxi mate conposition of
Pig lron.

The student should be able to nane the raw naterials used
in the Qpen Hearth process.

ke “should be able to produce a sketch of the (pen Hearth
and be able to nane the najor parts.

The student should be able to describe the Qpen Hearth
St eel - Maki ng process.

The student should be able to nane the raw materials used
i n the Easic- Oxygen-Process.

He should be able to give a sketch of the steel naking
equi pnent and nane the naj or conponents.

The student should be able to describe the steellnaking process
with the Easic-&ygen-Vessel

The student shoul d have cet'el oped an understanding of the
| ron- Carbon-Di agram and be able to apply this know edge to
the Heat - Treatnent of various Carbon Steels.

The student should be able to produce a polished and etched
steel sanple suitable for mcroscopi c exam nation by using
cutting '‘and polishing equipnent.

He should be able to identify under the m croscope the
foll owing conponents of steel: Ferrite, Pearlite, Martensite.

The student should be able to wite the conposition of
Ferrite and Pearlite.

He should be able to explain the relationship between Ferrite,
Pearlite and the Carbon Content of Steel.

He should be able to explain the transformati ons taking place
in steel when the steel is heated.

He should be able to explain on the Iron Carbon D agram
the nmeaning of the critical tenperature |ines.

He should be able to explain the nmeaning of the eutectic
and the eutectoit point, and name the respective carbon content.

He should be able to nane the types of quenching nedi a.

He should be able to describe the effect of various quenching
medi as on the hardness of steel.

Be able to determne the hardness of steel by using the
Rockwel | Tester and the Shore Scl eroscope.

Be able to describe the neasuring principle enployed by
Rockwel |, Brinell and Vickers Testers.
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Be able to explain the relationship between hardness
and toughness of steel and the inportance of the Bl ue
Brittl e Ranee.

Be able to Treasure the hardness by using the Charpy
| npact tester.

To explain the objectives of the follow ng heat treatnent
.processes: Annealing, formalizing, Tenpering.

To be able to describe the procedures used in each one
of the follow ng heat treatnent processes: Annesaling,
Nor mal i zi ng, and Tenperi ng.

To be able to 'describe the procedures used in the foll ow ng
Case hardeni ng processes: Pack and Gas Carburi i ng,
Cyaniding, Kitriding, Induction and Fl ane Hardeni ng.

Be able to nane the changes taking place on the surface of
the steel when subjected to the different case hardening
processes.

The student shoul d know whi ch effects additions of other
netal s have on the properties of steel.

The student should be able to nane 5 properties of steel
whi ch can be altered by addition of alloying netals.

He should be able to nane the changes in the properties

of steel which take place when N ckel, Chrone, - Manganese,
Mol ybdeni te, Vanadium GCobalt and Tungsten are added.

He should be able to indicate the approximate quantities
of alloying netals added to the steel.

The student should be able to describe properties and
Eeat treating characteristics of Alum num Brass and Bronze.

The student should be able to nane the conposition of
Dur al um num Brass and Bronze.

Ke should be able to nane the differences of these alloys in
respect of heat treatnment characteristics in conparison to
Car bon St eel .
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MECHANI CAL TECHN A AN
Vel di ng

MAJA . TOPICS:

Lab Theory
xy- Acet yl ene" Wl di ng 4 2
Electric Arc Wl ding 5 2
Fabri cation (Proj ect 5 2
Argon Arc Weldlmr:; 1 i
Gas Metal Arc Wl din %Mg) 1 1
Vel d/ ng Metal |l urgy A

16 12
MAJOR REFERENCE NVATERI AL (available to students)
"The Science and Practice of Wl ding" - Pat t on
"The Procedure Handbook of Arc Wl ding" - 12th H. Li ncol n

Y Acetyl ene Wl di ng Handbook" - Linde

"Wl di ng Fundanental Principles & Practices" - CWB
"Wl ding Metal lurgy” Volunme 1 & 2 - Li nnert
FI LMS
“Shielded Arc Velding | & Il1" - Mller
“"Electric Arc Wlding Processes" - Mller
“E ectrode Manufacture & Selection" - Hobart

PLANNED FI ELD TRI PS:

" Adans Wl ded Products" (C WB. approved - Fabricator)
" Dom ni on Bri dge" (Subarc Vel ding of WF Beans)



PREAMBLE:

This wel ding course will introduce the student to a "hands-on"
| ear ni ng experience of common oxy-acetylene and electric arc wel di ng
met hol s, practices and related activities. Selected exercises, filns,
and field trips will give the student a good understandi ng of the
uses and nmerits of each listed weling process, in addition to safe
wor k habits and proper welding and cutting skills. Enphasis is
pl aced on denonstration and practice.

| nvestigative procedures are adopted wherever possible, for
exanpl e:  (in approxi nate order)
- Heat Concentration and Tip Sel ection
- Effect of Hanme Type on Liquid Puddle
- Tip Size and Pressure in relation to base thickness
- Pressures in relation to make up torch
- Explosi\'e range of Acetylene (in air and oxygen)
- Arc characteristics of major electrodes
(xx 10, 11, 13, 24, 14, 16, 18, 28)
- Effect of quenching on ductiliy of selected rods
- Selection of polarity and current
- Vol t-anpere relation (neasurenent)
- Vol tage drop (measurenents)
- Mgietic effect on current and arc stream
- Advant ages of non-fusion wel di ng
- Heat input effects on distortion
- Heat conductivity in metals
- Carbon precipitation in stainless steels
- 00? * Argon mixtures affecting netal transfer

- Selection of Wlding Process in relation to heat input
and wi dth of H A Z
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xy- Acetyl ene Vel di ng

SCOPE

fusion wel di ng
. non-fusi onwel di ng
" har df aci ng
spray facing
cutting

EQU PMVENT

- types of torches, tips, accessories, maintenance
- filler metals

- personal and shop safety

- tank construction

- storage (bulk and nmani fol ds)

GASES

- characteristics and properties of oxygen and acetyl ene
- fuel mxtures used industrially

PRQIECTS
Fusi on Wl d

- 14 ga. netal using edge joint, corner joint, butt joint,
tee joint

- Cast-iron-bracket, AlumnumStrip (25 , Stainless Steel
strip (304)

Br azewel d

- tee joint (mld steel)
- castiron to steel
- al. strip (alumnweld, 33s)

Brazi ng and Sol dering

- copper tubing (50-50 sol der, silpfos , silversol der
- al. strip (359

Har df aci ng
- Stellite rod; Cast Borium
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Spr ayf aci ng

- Eutalloy torch
Qutting
- manual, sem-autonatic, circle cutting, piercing,

" structural shapes cutting,
- cutting of containers

ELECTR C ARC WELD NG

El ectrodes
classification of mld steel, lowalloy rods, stainless
steel, al, nickel, copper, hardfacing, and tocl steel
el ectrodes
sel ection
Machi nes

- characteristics of stick-electrode nmachines: of\(; arc
vol tage, V/ A curve investigation, duty cycle calcul ations
- current and polarity selection

- accessories and nai nt enance
- personal and shop safety

PRQIECTS
Bead and Wave

- flat and position 6010/11
Fillet Wlds

- 7024, 7018, 28 on 3/8" plates
- 1/8 6013 - 14 ga. strip downhand

Groove Wl d

- with back-up plate (C.W.B. Code)
- without back-plate (pressure code) (6011-7018)

Har df aci ng

"jstoody electrodes, patterns used



e Repaid Welding

- using 309-16, Al um numwel d, Nirod, Phosphor Bronze on
appropri ate applications

Carbon Arc Gougi ng

. — deno, and practice

Ressi stance Spot Wl di ng

- deno, and.practice

FABRI CATI ON

Equi pnent
- use of Ilronworker, stationary and portable grinder, hand tools

PRQIECTS

- layovt and weld angle, ironf r?m™

- lay out, cut and wel d 90° pipejoint on 4" pipe

- cut plate to fabricate I|-beam (distortion)

- forge and heat treat chisel, chipping hammer
Weld Symbols

- interpretation, measurenent of fillets

Distortion
- causes and prevention

ARGON ARC VELDI NG

- set up of machi nes, accessories, solenoids

- Tigharc characteristics
- Denonstration and practice running beads on steel
(pipe - root pass), stainless steel, al, copper strip



GAS METAL ARC WELDING

Denonstration and practice fillet welds with the follow ng equi pnent:

R, -".Innershield" Sam 400 - LN-22 Wre feeder with C" and
vari abl e inductance control (Lincoln)
- Liivde (S gna) Gasshield and Fl uxcore .-* system
- Hobart Mcrowire and CC~ (hardw re)
» -,Aixco -Mget @Qn for Al and stainless steel application

SUBARC VELDI NG

-iset up of portable equipnent with #10 Radi agraph as
Acarri age

VA D 11G METALLURGY

- Wldfaults, sizes, termnol ogy

- Wldability versus Hardenability, Wl dability tests

- Fl uxes, shielding gases, Hydrogen diffussion in welds

- HAF related to I.1.C" EquilibriumD agram

- Calculations of Admxture in welds, carbon equival ent,

preheat and post heat requirenents, heat input in joules/inch

- Selection of Wl ding processes

- Wldability of Cast Irons, AlumnumAlloys, Stainless Steels,
Tool Steels

- Velding of Q and T. steels TIGH ate

- Destructive Testing (N ckbreak, Quided Bend Test)

- ldentification of Metals (Spark, Fl ame and Chem Sol ution)
- Magna flux

- X-Ray Inspection



VELDI NG METALLURGY

Proposed Course Qutline

[t is intended that

the follow ng course outline will be taught
to continuous intake students who will be issued the follow ng texts.

"Arcwel d El ectrode Pocket Cuide" = = . cost $ 2.00
"Metals and How to Weld Thent === « cost $ k95
QUTLI NE
SECTI ON CHAPTERS QUTLI NE
1. 1*2, 3**f » le Soat '"<% All About
2. Mechanical Properties of Metals
3» Toughness and Ot her Properties
km The Metal s W Use
2« 7,8, 7. Fundanental s of Metallurgy
8. Metallurgy and Heat Treating
3* 9,10, 11, 13 9. Metallurgy and Wl ding
10, Welding Low Carbon Steels
11. Welding Medi um Carbon Steels
13. Welding Alloy Steels
k* Ik ' 1n* Metallurgy of Cast Irons
Wl ding Cast Irons
5. 15 15. Satinless Steels & H gh Chrone Al oys
6* 21 21. (Good Wl ds and How to Make Them

text,

Treere are basically five blocks to the outline, and they are set
up so that students nmay enter ANY given block and thru the aid of his
catch up .to the rest of the class. For his part, the instructor
must be organi zed and capable of relating the two texts with this

outline.



