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LESSON PLAN

Date Trade:- Welder

Name Week No:-eighteen & nineteen

Subject :- Classification of steel. welding of low, medium, high carbon and alloy steel. Effects

of alloying elements on steel. Stainless steel- types. weld decay and weld ability.

Motivations:- in previous week we learned about weld ability of metals, importance of pre-

heating, post —heating and maintenance of inter pass temperature.

PREPARATION: - Teaching Aids:-Chalk, Charts,

INTRODUCTION: -steel is a very important metal for general industry. More than 80
industry establish for steel work. So it is also important for welding.

PRESENTATION:-

Topic Information Point Spot Hint

Plain Carbon Steels

These steels usually are iron with less than 1 percent carbon, plus small amounts of manganese,
phosphorus, sulfur, and silicon. The weldability and other characteristics of these steels are primarily a
product of carbon content, although the alloying and residual elements do have a minor influence.

Plain carbon steels are further subdivided into four groups:

1. Low

2. Medium
3. High

4. Very high

Low. Often called mild steels, low-carbon steels have less than 0.30 percent carbon and are the most
commonly used grades. They machine and weld nicely and are more ductile than higher-carbon steels.
Medium. Medium-carbon steels have from 0.30 to 0.45 percent carbon. Increased carbon means increased
hardness and tensile strength, decreased ductility, and more difficult machining.

High. With 0.45 to 0.75 percent carbon, these steels can be challenging to weld. Preheating, postheating (to
control cooling rate), and sometimes even heating during welding become necessary to produce acceptable
welds and to control the mechanical properties of the steel after welding.

Very High. With up to 1.50 percent carbon content, very high-carbon steels are used for hard steel
products such as metal cutting tools and truck springs. Like high-carbon steels, they require heat treating
before, during, and after welding to maintain their mechanical properties.

Low-alloy Steels

When these steels are designed for welded applications, their carbon content is usually below 0.25 percent
and often below 0.15 percent. Typical alloys include nickel, chromium, molybdenum, manganese, and
silicon, which add strength at room temperatures and increase low-temperature notch toughness.

These alloys can, in the right combination, improve corrosion resistance and influence the steel's response
to heat treatment. But the alloys added can also negatively influence crack susceptibility, so it's a good idea
to use low-hydrogen welding processes with them. Preheating might also prove necessary. This can be
determined by using the carbon equivalent formula, which we'll cover in a later issue.
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High-alloy Steels
For the most part, we're talking about stainless steel here, the most important commercial high-alloy steel.
Stainless steels are at least 12 percent chromium and many have high nickel contents. The three basic types
of stainless are:
1. Austenitic
2. Ferritic
3. Martensitic
Martensitic stainless steels make up the cutlery grades. They have the least amount of chromium, offer
high hardenability, and require both pre- and postheating when welding to prevent cracking in the heat-
affected zone (HAZ).
Ferritic stainless steels have 12 to 27 percent chromium with small amounts of austenite-forming alloys.
Austenitic stainless steels offer excellent weldability, but austenite isn't stable at room temperature.
Consequently, specific alloys must be added to stabilize austenite. The most important austenite stabilizer
is nickel, and others include carbon, manganese, and nitrogen.
Special properties, including corrosion resistance, oxidation resistance, and strength at high temperatures,
can be incorporated into austenitic stainless steels by adding certain alloys like chromium, nickel,
molybdenum, nitrogen, titanium, and columbium. And while carbon can add strength at high temperatures,
it can also reduce corrosion resistance by forming a compound with chromium. It's important to note that
austenitic alloys can't be hardened by heat treatment. That means they don't harden in the welding HAZ.
Series
Designation Types and Classes
[ Monresulfurized carbon steel grades (plain carbon steel)
11x:x Resulfurized carbon steel grades (freecutting carbon steel)
13xx WManganese 1.75%
20x Nic kel steels
23XX Mic kel 3.50%
25x%x Nic kel 5.00%
300 Nic kel-chrormiurm steels*
3ux Mickel 1.25%, chromiumDB5% or 080%
33ux Mic kel 3.50%, chrormiurn 1 55%
A0 Molybdenum0.25%
Axx Chramiurm 0.50-0.95%, molybdenurm 0.12% or0.20%
43xx Nickel 1.80%, chromium050% or 080%, molybdenurn 0.25%*
A Nickel 1.55% or 1.80%, molybdenum 02086 or0.25%
475x Nic kel 1.05%, chromiurm0 45%, molybdenurn 0.25%*
48 Nickel 3.50%, molybdenum0.25%
S0 Chrormiurm 0.28% or 0 40%
5lux Chrormiurm 0.8006, 090%, 095%, 1.00%, or 1.05%
53000 Carbon 1.00%, chromiurm 0508, 1,008, or 1.45%
B0 Chrorme-vanadium steels
E1xx Chrormiurm 0.80%6 or 0 95%, vanadium 0.10% or0.15% min.
Tnox Heat-resisting casting alloys
A0 Nic kel-chrorme-mely bdenurm stesls*
86X Nic kel 0.55%, chromiurn050% or 065%, molybdenurm 0.2056
a7xx Nic kel 0.55%, chrormiurm050%, molybdenurn 0.25%
L= N Silicon-manganese steels
DIHH Manganese 085%, silicon 2 00%
93xx Nickel 3.25%, chrormiurm 1208, molybdenurn 0.12%
S Manganese 100%, nickel 0.45%, chromiurm 040%, molybdenurm0.12%
97xx Nickel 0.55%, chromium0.17%, molybdenurn 0.20%
SR Nic kel 1.00%, chromiurm0.A0%, molybdenurm 0.25%*
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* Stainless steels always have a high chromium content, often considerable amounts of nickel,
and sometimes contain molybdenum and other elements. Stainless steels are identified by a
three-digit number beginning with 2, 3, 4, or 5.

Steel Classification Systems

Before we look at a couple of common steel classification systems, let's consider one more high-
carbon metal, cast iron. The carbon content of cast iron is 2.1 percent or more. There are four
basic types of cast iron:

1. Gray cast iron , which is relatively soft. It's easily machined and welded, and you'll find it
used for engine cylinder blocks, pipe, and machine tool structures.

2. White cast iron, which is hard, brittle, and not weldable. It has a compressive strength of
more than 200,000 pounds per square inch (PSI), and when it's annealed, it becomes
malleable cast iron.

3. Malleable cast iron, which is annealed white cast iron. It can be welded, machined, is
ductile, and offers good strength and shock resistance.

4. Ductile cast iron, which is sometimes called nodular or spheroidal graphite cast iron. It
gets this name because its carbon is in the shape of small spheres, not flakes. This makes it
both ductile and malleable. It's also weldable.

Now let's take a look at a typical steel classification system. Both the Society of Automotive
Engineers (SAE) and the American Iron and Steel Institute (AISI) use virtually identical systems.
Both are based on a four-digit system with the first number usually indicating the basic type of
steel and the first two numbers together indicating the series within the basic alloy group.

Keep in mind there may be a number of series within a basic alloy group, depending on the
amount of the principal alloying elements. The last two or three numbers refer to the approximate
permissible range of carbon content in points (hundredths of a percent).

These classification systems can become fairly complex, and Figure 1 is just a basic
representation. Be sure to reference the most recent AISI and SAE publications for the latest
revisions.

That's a look at some basics concerning the iron-carbon-steel relationship and its influences on
welding and metal alloys. Next time we'll look at hardening and ways to make metals stronger.
We'll also consider the influences of some key alloying elements and the effects of welding on
metallurgy.

Steels Classification Chart

[ Steels = Fe + C where (C £2.14%) ]
v l ¥
] Non Alloy Steels —-{ Alloy Steel

(Plain Carbon) Steels
5 Low Alloy 5 Several types Si,
Low Carbon >AE < 5% Si-Mn, etc
C < 0.3%
Medium Carbon Medium Allo
Y
B 0.3% < C<0.5% —> 5%< ZAE <10%
Ni (cryogenic
> High Carbon Kcrvogenic) ]
05%=C<1% _>‘ Ni (Maraging) ]
- High Alloy R : -
~ Ullt;/H;ggfir;:;n —>| SAE =10% —> Cr-Ni (Stainless Steel Cr=12%) |
il e i —> Mn (Hadfield) |
Mild Steel: Non Alloy and low carbon steel with C from 0.16 to 0.29%, which is used in 85% of all steel applications in the

world.
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Ferrous alloys
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Elements Effect of element
Aluminum Strong deoxidizer. Forms nitrides and refines grains.
Chromium Fermte stabilizer. Raises tenslle strength, fatigue strength, hardness and wear resistance.
Cobalt Prevents grain growth. Retains hardness and strength at high temp. Also, improves thermal
conductivity.
Copper Raises yield point.
Wanganese Carbide stabilizer. Improves strength, hardness and hardenability. Eliminates evil effects of
sulphur.
Molybdenum | Enhances resistance to creep and minimizes temp embrittiement. Also, increases resistance
to corrosion of high chromium steels.
Nickel Arsenite stabilizer acts as graffitizers and increases basic strengths.
Neobium Forms stable carbides, enhances high temp strength and creep resistance.
Sllicon Stabilizes and hardens femite. Improves resistance to corrosion.
Titanium Forms hard and stable carbides. Stabilizes stanless steel and raises strength.
Wolframite Stabilizes carbides, improves strength and hardness and also enhances cutting power of tool.
Vanadium Refines grains and stabilizes ferites. Most of the same effects as Wolframite.
Boron Improves hardenability of steel remarkably.

Parhlad sharma

Welder Instructor

DIT haryana



www.parhladsharma.in

Stainless Steel| CIassmt&naenon vpml App“ca"ae ‘ e ‘ letne 1 e ‘
My "] il | BSL]

t__ Usedfor mndetatelneonnsne applalons nnnotnng egelals

Kl Forle | ol and r oods, dea for bl surfaces, il nent I, and
e .places il e el o tormnng i B

t

fartancin—1 VB dunabte excellent cnnostnn neststance Used okl s,
o ttantens_ttnc ..,spatulas and ether utensts t - t |
s Supenon unabtttty ial fr tond ptncessnng equnpment and
il Ausentc— | oomponens Can wnthstend Loreshe foods and frequent (leaning and

T

W e ‘nceltent eenesnnn resnstanee otten Usedforems e

nd termnng such i vets bowts andppnng =

lifing Welding

R

AR ‘
R
oA

s weld btedut more nnantnnabte ban 304 (ood cnnosnon
(it Auetenttej—- --fteststanee tndely s and et appltcatens nnt ntgnde for
-dnecttcontantwthtood‘ , t‘ t
| g | o
T ‘~Suntab|e r het 0r¢old cenosne tnnds la stt forong periods, uch
i W'_'.'c o bnnes ant nther saly tqundsl |

1 Duplex'r.—- -'Strongert 0 t 4539 ndeaJ tor sanne applncattnns—

s —— ililtioreoose foods o hng g s s
Molderum t}UStt"'t.C_ edgand ok

Parhlad sharma Welder Instructor DIT haryana



www.parhladsharma.in

SENSITIZATION (weld decay)

® \\When 18-8 stainless steel is heated to
400%900°.

" Formation of chromium carbide at grain
boundaries highest at 650°c.

® An inter- granular corrosion occurs and a
partial disintegration of the metal may
OocCcur. aud

Questions:-
1. What is steel ?
2. What is high carbon steel ?
3. What is alloy steel ?
4. What is weld decay?

Next Lesson: - Brass —types-properties and welding methods. Copper—types-properties and

welding methods.

Assignment:- Classification of steel. welding of low, medium, high carbon and alloy steel.

Effects of alloying elements on steel. Stainless steel- types. weld decay and weld ability.

Checked by......ccovvviiiiiiiiiiinn, Instructor....................
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