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Whatis Free Cutting Steels ?

Free Cutting or Free Machining Steels are those with
enhanced machinability.

The term machinability is manifested by following main

characreristics :
a) Speed of machining
b) Surface finish of the machined components

o)

Tool life of the cutting tools employed

for machining operation

In any commercial machining operation an optimum
performance of a free cutting steel in relation to above three

parameters is highly desirable.

Metallurgy of Free Cutting Steels

Presence of elements such as Sulphur (S), Lead (Pb),
Tellurium (Te), Selenium (Se), Bismuth (Bi) in steel, impart
the properties necessary for free machining. The presence of

these elements basically ensures easy dispersal of chips

during machining, thereby reducing the machining force,
and improving tool life and surface finish of the machined
component.

Sulphur and sulphur+lead bearing free cutting steels are
widely used in engineering industry where the criteria for free
machining have to be necessarily satisfied.

Presence of sulphur in steel leads to formation of manganese
sulphides which are basically responsible for free machining
properties.

Manganese is an essential alloying element in Free Cutting
Steel apart from sulphur. It is the composition and
morphology of manganese sulphides which decides the
machining performance of a Free Cutting Steel.

The composition of Manganese Sulphides (MnS) is
controlled by the individual levels of manganese and sulphur,
Mn/S ratio and the deoxidation practice employed in the
manufacture of steel.

The morphology of MnS is defined by the parameter
length/width ratio, popularly known as L/W ration for
sulphides. Other elements such as phosphorous, nitrogen,
oxygen also play a supplementary role in deciding the overall
machining performance of free cutting steel.

Typical Co-relation of Machining Parameters with Elemental Levels
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It is observed that in a certain The
(Machining) drilling operation, the
level of sulphur has a direct relation

with the machining force.

surface finish of a
component is dependent upon
the combined levels
phosphorous and nitrogen.
significant improvement results
by close control of their levels.

Free machining steels are generally
used after cold processing such as
drawing, peeling, grinding etc. The
extent of cold work employed in
converting black bar of free
machining steel into bright bar,
decides its surface hardness, which
in turn is responsible for its
machining performance.
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Process of manufacture

In order to achieve the desirable features of free machining steels, Sunflag have designed and implemented a
manufacturing process. The outline and salient features of this process are as under
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Use of right raw material free of undesirable tramp elements.

Low tramp levels due to use of virgin raw materials such as DRI, Pig Iron
Rapid and controlled melting

Consistent transfer chemistry suitable for efficient secondary treatment

Eccentric bottom tapping
Complete slag free transfer of liquid metal inta the trearmenr ladle
Use of alloy hopper to dewridise the high @, containing metal

Deoxidation to ensure alloy recovery,
Alloy additions to attain desirable evals
'S' Addition to attain final level - lumpst
L cored wire
Argon bubbling throngh refrartary poreus plig o amain complere mixing &
flotation of non metallics
Temperature and compasition contel,
Control of desirable metallurgical paraneters such as Mu/S.S/Pb (in leaded swel).

Rate of wire addition controlled to achicve recovery of calcium.
Complexing with Cal) and avoiding formation of MnO. Si0), stringer type
inclusions harmful to mechanical and machining properties,

100% shroud casting { ladle-tundish, rundish mould)

Control of casting temperarure

Preheated, MgO lined tundish for minimum erosion during castng

Controlled electromagnetic stirring for preventing macro segregacion of lead and sulphur,

Chemistry - All elements including tramps checked and monitered.
Surface quality - 100%: checking and defect rectification

Macro quality - end billets identified and properly cropped.
Dimensional and physical - length, rhombeidity, dimension.

Billet reheating temperature - soaking and preheating zones.

Billet surface temperature

Descaling

Control of finishing temperature.

In line process checks for dimensions, surface quality - end cutting and length of bars
Surface quality - 100% checked - picklingfvisual

Internal quality - Ultrasonic lasting & Internal Macr

Sulphur distribution and chemisty
MnS Morphology - 1./% rati:.

Bundle Size
Method of bundling
Strapping
Identification - label
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Certification of quality

* Surface condition : Free from harmful defects.

® As rolled hardness - Free Cutting Steels < 150 Bhn

® Macro etch test - (ASTM-E-381) * Inclusion rating - (ASTM - E-45) 2.5 max each - B,C,D
* Spark/Spectral test - 100% bars

* Micro structure - Sulphide morphology (Aspect ratio)

International Specifications of Free Cutting Steels

Country Grade Chemistry
C Mn Si P S Pb
1S 11C10S25 Min  0.08 0.80 - - 0.20 0.15
(Indian) Max  0.15 1.20 0.10 0.06 0.30 -
BS 220M07 Min - 0.90 - - 0.20 0.20
(British) Max  0.15 1.30 - 0.07 0.30 -
EN ENTA-Pb Min  0.07 0.80 - - 0.20 0.20
(British) Max  0.15 1.20 0.10 0.07 0.30 -
AISI 12114 Min - 0.85 - 0.04 0.26 0.15
(American) Max  0.15 1.15 - 0.09 0.35 0.35
DIN C Mn Si P S Pb Al
(German)
9SMn28K -/0.15 0.90/1.30 -/0.05 -/0.100 0.27/0.33 - -
9SMnPb28K  -/0.16  0.86/1.35  -/0.06  -/0.11 0.24/0.36 0.15/0.35 -
SU1A28 -/0.18 0.70/1.05 -/0.45  -/0.060 0.08/0.15 - 0.020/0.050
R10S10U -/0.18 0.70/1.05 -/0.45 -/0.060 0.08/0.15 - 0.020/0.050
45520U 0.39/0.53 0.66/1.15 0.07/0.33 -/0.065 0.15/0.28 - -
Sizes and conditions of Supply
Condition of Supply Shapes Sizes
1. Black Hex 15.5 mm - 38 mm A/F
Round 5.5 mm - 100 mm dia
2. Drawn Hex 14 mm - 36 mm A/F
Round 10 mm - 50 mm dia
3. Peeled & Ground Round 10 mm - 90 mm dia

Industry Serviced by Sunflag's Free Cutting Steels

* Automobile - through manufacture of various machined components
* Auto components and spares manufacturers

¢ Textile machinery manufacturers

* Engineering Industry - Viz. Manufacturers of machine tools

¢ Power production industry

Designed & produced by shells Advertising Inc. Ph. : 0712 2438282, 2428889, 9422805595
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