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processing technique known as submerged static friction stir
processing for modifying the surface grain structure of the
material, thereby generating a multi-modal grain structure.
In the present invention since the working material is
completely immersed in the coolant, this maintains the
working temperature of the system. Further the present
invention does not involve long processing steps and do not
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1
METHOD FOR MODIFYING SURFACE
GRAIN STRUCTURE OF THE MATERIAL
AND APPARATUS THEREOF

FIELD OF THE INVENTION

The present invention relates to the surface grain refine-
ment of the material. In particular, the present invention
relates to the ultra fine grain refinement of the material in
solid state, for developing multimodal grain structure.

BACKGROUND OF THE INVENTION

Advanced structural assemblies are commonly fabricated
from a plurality of structural members secured together to
form a built-up structure. The structural members are typi-
cally forged, machined from stock material or cast into
various configurations from various metals and metal alloys.
These structural assemblies during operation are subjected
to several static and cyclic loads, as well as a variety of
environmental conditions, including temperature variations,
acoustic and vibrational interferences, all of which create
mechanical and thermal stresses on the material. While these
operational stresses generally exist throughout the indi-
vidual structural members, certain regions of the structural
member are subjected to comparatively higher magnitudes
of stress. High operational stresses can lead to micro-
cracking or fracture of the structural members, which results
in eventual failure of the structural assembly. In addition,
due to the large number of parts and fasteners utilized in the
construction of structural assemblies, maintenance, repair
and replacement of structural members is time consuming,
labour intensive, and expensive over the life of the assembly.

Generally, strength and ductility of metal alloys are
inversely correlated to each other. Advanced applications
demand for metals and metal alloys having high strength and
good formability. In certain applications, high strength met-
als are to be formed into complex geometries which is very
tedious, time consuming and costly process. Often high
strength material tends to form cracks on the surfaces while
undergoing tensile strain during bending or forming opera-
tions. Such cracks tend to propagate through the bulk
material, resulting in premature failure.

In seeking to enhance the strength, toughness and fatigue
resistance of structural members and, thus, increase the
useful life of structural assemblies, designers have modified
the dimensions of the structural members in the regions of
high operational stress, for example, by increasing the
thickness of the members in these regions. Designers have
also experimented with substituting more exotic and, typi-
cally, more expensive types of materials for use in the
fabrication of the structural members. Structural members
are subjected to precipitation hardening whereby the mem-
bers are solution heat treated and then aged at predetermined
temperature schedules to improve the grain structure and the
material properties of the members. However, the precipi-
tation hardening process can be time intensive and provides
only limited improvement of material properties, and even
selective increase in the thickness of a structural member
can negatively increase the overall weight of the structural
assembly, as well as resulting in increased material cost.

Accordingly, there remains a need for improved structural
members and methods of manufacture that will increase the
operational life of structural assemblies. The improved
structural members must have enhanced strength, toughness
and fatigue resistance, especially in those regions subjected
to high operational stresses.

20

25

40

45

60

65

2

It is commonly recognized that the grain structure of
structural members has significant influence on the material
properties of the structural members. The strength, plasticity
and toughness of the material are improved with the
decrease of the grain size. Increase in strength by micro-
structure refinement leads to significant loss in ductility. This
is mainly attributed to the limited accommodation of high
dislocation density in finer grains.

The grain structure is one of the primary factors that
influences the formability, toughness, weldability, corrosion
resistance and strength of the structural members. The
medium and thick plate alloy material is mainly obtained by
rolling, and the grain in the material after rolling is coarse
and uneven. Therefore, it is a hot research topic to improve
the comprehensive mechanical properties of the material by
tailoring the grain structure. An innovative approach to
circumvent this is the development of bi-modal structures
with finer grains embedded in coarser structures. However,
development of multi-modal or bi-modal structures is chal-
lenging and involves multiple processing steps with long
processing times. This limitation restricts the practical uti-
lization of bi-modal structures.

In seeking to improve the material properties of structural
members constructed of metals and metal alloys, it has been
proposed to refine the grain size of the structural members
through a severe plastic deformation processes. Equal chan-
nel angular extrusion is one of the most commonly used
severe plastic deformation process. Equal angle extrusion
involves forcing a workpiece, using pneumatic or hydraulic
pressure, through a die having a 90° bend. In theory, equal
angle extrusion refines the existing grain structure of the
workpiece such that the resulting material exiting the extru-
sion die will exhibit a reduction in grain size. However,
difficulties associated with large loads on the die and crack-
ing of the workpiece, can adversely affect the properties of
the material exiting the die. As a result, equal angle extrusion
has not been used in large-scale production.

Thus, there remains a need for an apparatus for refining
the grain structure of workpieces to thereby provide struc-
tural members having improved material properties, such as
formability, weldability, toughness, corrosion resistance,
and strength. The apparatus should be capable of operating
on workpieces that are formed of a variety of metals and
metal alloys and that have a variety of configurations. The
apparatus also should be cost effective and should be scal-
able for use in large-scale production operations.

Friction stir processing (FSP) is a process for modification
of pure metals and alloys and/or preparation of composite
materials. FSP was basically derived from the process
known as Friction stir welding (FSW). FSW was developed
in 1991 for non-weldable or difficult to weld materials.
Based on principles of FSW, Prof. Mishra from University
of Missouri developed friction stir processing in the year
2001. The basic purpose of FSP is microstructural refine-
ment of materials. Friction stir processing (FSP) involves
passing a rotating FSP tool/probe through a metallic material
to locally create a microstructure providing improved
mechanical properties. The FSP operation is typically per-
formed at room temperature but the friction and metal
deformation involved raises the local temperature to just
below the solidus temperature so that the friction stir pro-
cessed material is annealed and fully recrystallized. Since
the material does not undergo melting during FSP, such as
occurs during fusion welding, overaging in the heat affected
zone is significantly less. Friction stir processing has been
demonstrated for a variety of metals and metal alloys,
including aluminum, titanium, bronze, and steel materials.
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The FSP approach has been used to locally improve the
mechanical properties in high-stress areas of cast metal parts
but has not previously been applied to enable grain refine-
ment to provide a multimodal grain structure.

Accordingly, the present invention provides a novel and
simple method for grain refinement of a metal surface,
which can effectively generate bimodal grain structures in
metals and metal alloys.

CN106011422 discloses a high-strength steel with
bimodal scale ferrite structure and a low cost preparation
method thereof. Ordinary low carbon steel is adopted as a
raw material plate, cold deformation and two-phase region
quenching are carried out to obtain a bimodal scale structure
with fine quasipolygonal ferrite grains distributed around
coarse polygonal ferrite grains, the fine quasipolygonal
ferrite grains plays a role of strengthening phase, and the
coarse polygonal ferrite grains guarantee the steel plasticity.
The high-strength steel prepared by the preparation method
provided by the invention has excellent comprehensive
mechanical properties, yield strength, tensile strength, and
yield ratio. At the same time, the process is simple and the
production cost is low.

CN104558670 provides a novel method for preparing a
bimodal structure through supercritical carbon dioxide. The
method is characterized in that a plurality of fillers fill
polystyrene, polymethyl formamide and other polymers,
then the supercritical carbon dioxide is utilized to process,
and the one-step method is carried out, so as to simply and
effectively prepare a bimodal foaming material; the process
is simple, the efficiency is greatly increased, and meanwhile,
the applicable scope is wide; a literature report shows that
the method for preparing the bimodal foaming material
includes a two-step pressure release method and a multi-
foamer method. However, the processes of the two methods
have some problems such as complex process, high device
requirement, and selection of a nucleating agent, and there-
fore, the preparation of the bimodal foaming material is
certainly limited.

CN105385820 provides a grain refinement method of a
medium-thickness plate alloy material. According to the
method, grain refinement is performed on the medium-
thickness plate alloy material through a friction stir process-
ing technology. The method includes the following steps that
under the condition that a stirring head rotates at a high
speed, a stirring needle is slowly punctured into the medium-
thickness plate alloy material till the shaft shoulder of the
stirring head makes contact with the surface of the material,
then the stirring needle marches forwards in the material,
and first-time friction stir processing is completed; the
friction stir processing operation is repeated, till grain refine-
ment of the medium-thickness plate alloy material is com-
pleted. Finally a superfine, compact and uniform equiaxed
fine-grain or ultrafine grain structure is obtained.

U.S. Pat. No. 6,712,916 discloses a process for enhancing
the superplasticity of metal by involving friction stirring at
least a segment of a single piece of bulk metal to impart
superplasticity thereto and thereby yield a single superplas-
tic metal.

U.S. Pat. No. 6,398,883 discloses a method for selectively
improving the strength, toughness and fatigue resistance of
a structural member. The process includes positioning a
friction stir welding probe adjacent the region of the struc-
tural member having comparatively high operational stress.
A rotating friction stir welding probe can then be inserted
through the outer surface of the structural member proxi-
mate to the region of high operational stress to locally refine
the grain structure of the high-stress region. The rotating
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friction stir welding probe can be moved through the struc-
tural member along a path corresponding to the region of
high operational stress. The friction stir welding probe can
be withdrawn from the outer surface of the structural mem-
ber to thereby define a threaded opening at least partially
within the region of the structural member having a locally
refined grain structure. If desired, the structural member can
be precipitation hardened prior to or after the inserting step.

The above patents discloses the friction stirring of the
surface to refine the surface grain structure of the metal alloy
and does not teach anything about the bimodal or multi-
modal structure formation. In the above said methods usu-
ally, the primary processing step is followed by one or more
secondary processing steps such as annealing/cryogenic
treatments at different temperatures for long time durations.
This increases the complexity as well as the associated cost.
Further in the above method, aim to develop refined grain
structures which results in trade-off between strength and
ductility of the metal alloy. Therefore for above reasons
there is need in the art to provide a method for developing
multimodal structure on the surface of the metal alloy, which
have high strength and good formability. The present inven-
tion also provides a simple, cost effective and hassle-free
apparatus for obtaining such structure. The present invention
provides a single step processing and does not involve long
processing steps and do not need any specialized equipments
as is the case for existing techniques.

OBIJECTIVE OF THE INVENTION

The main objective of the present invention is to provide
a method for modifying the surface grain structure of the
material, thereby providing a multi-modal grain structure.

Another objective of the present invention is to provide a
method for modifying the surface grain structure of the
material, which has high strength and good formability.

Yet another objective of the present invention is to pro-
vide a method for modifying the surface grain structure of
the material, which is cost effective and time efficient.

Still another objective of the present invention is to
provide a method for modifying the surface grain structure
of the material, where solid state of the material is main-
tained.

Still yet another objective of the present invention is to
provide an apparatus for enabling the surface grain structure
of the material, to achieve the foresaid objectives.

SUMMARY OF THE INVENTION

The present invention provides a simple, cost effective
and hassle-free method and apparatus for modifying the
surface grain structure of the material, thereby providing a
multi-modal grain structure having high strength and good
formability. An apparatus (100) for modifying surface grain
structure of the material, thereby generating a multimodal
grain structure, comprising of: a work station (101), for
accommodating the working material; a fastening means, for
holding the working material in position; a spindle (102)
provided with a collet and a probing pin, for processing the
working material; a motor, for rotating the spindle (102) and
probing pin; a controller, for controlling the operation of the
said spindle (102); a chamber (103), for accommodating the
working material along with the fastening means and flow-
ing coolant; a cooling unit (106), for supplying coolant to the
chamber (103), wherein said coolant is circulated through
the chamber by means of inlet (104) and the means for outlet
(105); and a power source, for supplying power to the said
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cooling unit (106), the said motor and the said work station
(101). In the present invention since the working material is
completely immersed in the coolant, this maintains the
working temperature of the system. Further the present
invention provides a simple, single step and time efficient
method for modifying the surface grain structure of the
working material for generating multi-modal structures
employing the said apparatus.

BRIEF DESCRIPTION OF THE DIAGRAMS

FIG. 1 shows the apparatus set-up for enabling surface
grain refinement according to the present invention for
generating multi-modal grain structures.

FIG. 2 depicts the bimodal structure generated in the
working material as a result of surface grain refinement
according to the present invention.

While the invention is amenable to various modifications
and alternative forms, specifics thereof have been shown by
way of example in the drawings and will be described in
detail. It should be understood, however, that the intention is
not to limit the invention to the particular embodiments
described. On the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention as embodied by a method for
modifying surface grain structure of the material and an
apparatus thereof, succinctly fulfils the above-mentioned
need(s) in the art. The present invention has objective(s)
arising as a result of the above-mentioned need(s), said
objective(s) being enumerated below. In as much as the
objective(s) of the present invention are enumerated, it will
be obvious to a person skilled in the art that, the enumerated
objective(s) are not exhaustive of the present invention in its
entirety, and are enclosed solely for the purpose of illustra-
tion. Further, the present invention encloses within its scope
and purview, any structural alternative(s) and/or any func-
tional equivalent(s) even though, such structural
alternative(s) and/or any functional equivalent(s) are not
mentioned explicitly herein or elsewhere, in the present
disclosure. The present invention therefore encompasses
also, any improvisation(s)/modification(s) applied to the
structural alternative(s)/functional alternative(s) within its
scope and purview. The present invention may be embodied
in other specific form(s) without departing from the spirit or
essential attributes thereof.

Throughout this specification, the use of the word “com-
prise” and variations such as “comprises” and “comprising”
may imply the inclusion of an element or elements not
specifically recited.

An apparatus (100) for modifying surface grain structure
of the material, for generating a multimodal grain structure,
comprises of: a work station (101), said work station (101)
is fixed on a vertical milling machine; a fastening means,
wherein a working material of required dimension is fas-
tened to the said work station (101) by the said fastening
means; a spindle (102), positioned above the work station
(101) at a pre-defined height, wherein said spindle (102) is
movable and height adjustable, wherein said spindle (102) is
rotated at pre-defined speed; a collet, affixed inside the
spindle; a probing pin, accommodated inside the collet; a
motor, said motor is operatively connected to the spindle
(102); a controller, said controller controls the spindle (102)
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movement, rotating speed and height adjustment; a chamber
(103), positioned on top of the work station (101), wherein
said chamber (103) accommodates the fastened material,
and are provided with a means for inlet (104) and a means
for outlet (105); a cooling unit (106), said cooling unit (106)
conducts a cooling medium to the chamber (103) through
the said means for inlet (104) and the said means for outlet
(105); and a power source, said power source supplies power
to the said cooling unit (106), the said motor and the said
work station (101).

In the preferred embodiment, wherein the said chamber
(103) is a 4-wall chamber, wherein said pre-defined speed of
the spindle (102) ranges from 50 rpm to 5000 rpm.

In the preferred embodiment of the present invention,
wherein said probing pin is a non-deformable tool, wherein
said probing pin is made of a harder material than the
material whose surface grain is to be modified.

In the preferred embodiment of the present invention, the
said apparatus (100) in particular the cooling unit (106) is
further provided with a controlling means (107), said con-
trolling means (107) controls the temperature and volume of
the said cooling medium to be conducted to/from the cham-
ber (103). Said cooling medium is a liquid coolant, wherein
the coolant’s temperature ranges from —100 to +30 degree
Celsius.

A method for modifying the surface grain structure of the
material, comprising of:

fastening of the working material to the work station

(101) by means of the said fastening means;
supplying power to the work station (101), the motor, and
the cooling unit (106) by means of the power source;
circulating the cooling medium from/to the cooling unit
(106) to/from the chamber (103) through the said
means for inlet (104) and the said means for outlet
(105), to maintain a pre-defined temperature of the
chamber, wherein the working material is submerged
by the cooling medium in the chamber (103);
rotating the said probing pin affixed to the spindle (102)
at a pre-defined rotational speed, wherein the said
motor provides rotational energy to the spindle (102),
wherein said spindle (102) rotates at a pre-defined
rotational speed, thereby rotating the said probing pin;
bringing the rotating probing pin in contact at a specified
location of the surface of the working material, wherein
the said probing pin penetrates through the material at
a pre-defined depth;
continuing the process i.e. rotation of the probing pin at a
pre-defined rotational speed for a pre-defined time
period at a specified location on the surface of the
working material;

removing the rotating probing pin from the material after

the pre-defined time period of rotation; and

shutting off the power supply of power from the power

source.

In the preferred embodiment of the present invention,
wherein said pre-defined rotational speed of the probing pin
ranges from 50 rpm to 5000 rpm, more preferably ranges
from 1000 rpm to 2500 rpm. wherein said pre-defined depth
penetration of the probing pin through the material is limited
up-to 50% of thickness the material. wherein said predefined
time period of the rotation of the probing pin is modulated
based on required length of the multimodal structure, pref-
erably predefined time period of the rotation of the probing
pin ranges between 30 seconds to 60 minutes. wherein said
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pre-defined temperature of the cooling medium ranges from
-100 degree Celsius to 30 degree Celsius.

Example 1

In an exemplary embodiment, the working material
selected is stainless steel material (112). Said working
material of required dimension and thickness of more than
0.6 mm having coarse grain structure (108), is fastened on
the work station (101) by fastening means. The cooling
medium used is a mixture of distilled water and ethanol in
equal proportion. Said cooling medium is conducted from
the cooling unit (106) to the said chamber (103) through the
said means for inlet (104). The temperature of the cooling
medium is -30 degree Celsius. The pre-defined temperature
of the cooling medium in the chamber is set to be =30 degree
Celsius. The cooling medium circulates from/to the chamber
(103) to/from the cooling unit (106) through the said means
for outlet (105) and the said means for inlet (104), to
maintain the pre-defined temperature of the chamber. The
pre-defined rotational speed of the probing pin is set as 1800
rpm. Said probing pin a non-deformable tool is made of
tungsten carbide material. wherein the probing pin is harder
than the working material. The rotating probing pin is
brought in contact with the surface of the working material
at a specified location (113). The rotating probing pin
penetrates through the working material through a pre-
defined depth. Said predefined depth is 0.3 mm. The rotation
ofthe probing pin is continued at the specified location (113)
on the working material for a pre-defined time period. Said
pre-defined time period is selected based on the required
length scale of the multimodal structure, in the preferred
example the pre-defined time period is 10 minutes. After
processing for the pre-defined time period the rotating probe
is removed from the material and the supply of power from
the power source is discontinued. The said processing gen-
erates a multi-modal structure on the surface of the working
material i.e. the stainless steel. Said multi-modal grain
structure is a coarse grain bi-modal grain structure. Wherein
the bi-modal (109) grain structure having a coarse grain
(110) of 10 pm while fine grains (111) of nearly 500 nm,
located at the grain boundaries of coarse grains.

Example 2

In an another exemplary embodiment, the working mate-
rial selected is a stainless steel material. Said material of
required dimension and thickness of more than 0.6 mm, is
fastened on the work station (101) by the said fastening
means. The cooling medium is a mixture of distilled water
and ethanol in equal proportion. Said cooling medium is
conducted from the cooling unit (106) to the chamber (103)
through the said means for inlet (104). The temperature of
the cooling medium is —30 degree Celsius. The pre-defined
temperature of the cooling medium in the chamber (103) is
set to be —30 degree Celsius. The cooling medium circulates
from/to the chamber (103) to/from the cooling unit (106)
through the means for outlet (105) and the means for inlet
(104), to maintain the pre-defined temperature of the cooling
medium in the chamber (103). The pre-defined rotational
speed of the probing pin is 1800 rpm. Said probing pin a
non-deformable tool is made of tungsten carbide material.
Wherein the probing pin is harder than the material. The
rotating probing pin is brought in contact with the surface of
the material at a specified location. The rotating probing pin
penetrates through the material at the pre-defined depth.
Said predefined depth is 0.3 mm. The rotation of the probing
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pin is continued at a specified location on the material for the
pre-defined time period. Said pre-defined time period is
selected based on the required length of the multimodal
structure, in the preferred example the pre-defined time
period is 5 minutes. After processing for the pre-defined time
period the rotating probe is removed from the working
material and the supply of power from the power source is
discontinued. The said processing generates a multi-modal
structure on the surface of the working material i.e. the
stainless steel. Said multi-modal grain structure is a coarse
grain bi-modal grain structure. Wherein the bi-modal grain
structure having a coarse gain of 15 pm while fine grains of
nearly 1 um, located at the grain boundaries of coarse grains.

It will be apparent to a person skilled in the art that the
above description is for illustrative purposes only and should
not be considered as limiting. Various modifications, addi-
tions, alterations, and improvements without deviating from
the spirit and the scope of the invention may be made by a
person skilled in the art.

We claim:

1. An apparatus (100) for modifying surface grain struc-
ture of a material, for generating a multi-modal grain struc-
ture, comprising of:

a. a work station (101), for processing the working

material;

b. a fastener, wherein the working material of required
dimension and thickness is fastened to the work station
(101) by the fastener;

c. a spindle (102), positioned above the work station (101)
at a pre-defined height, said height of the spindle (102)
from the work station is adjustable, said spindle (102)
is movable, wherein the spindle (102) is rotated at
pre-defined speed;

d. a collet, affixed inside the spindle (102);

e. a probing pin, accommodated within the collet;

f. a motor, said motor is operatively connected to the
spindle (102), wherein said motor provides rotational
energy to the spindle (102);

g. a controller, said controller controls the movement,
rotation speed and the height adjustment of the said
spindle (102);

h. a chamber (103), positioned on top of the work station
(101), wherein said chamber (103) accommodates the
fastener, coolant, working material held in place by the
fastener, an inlet (104) and an outlet (105);

i. a cooling unit (106), said cooling unit (106) conducts a
cooling medium to the said chamber (103) through the
said inlet (104) and the said outlet (105) wherein said
coolant temperature ranges from -100 to +30 degree
Celsius; and

j. a power source, said power source supplies power to the
said cooling unit (106), said motor and said work
station (101),

wherein the probing pin rotating at a speed of 1000-2500
rpm generates a bi-modal grain structure comprising
coarse grain of 15 um and fine grain on the boundaries
of about 1 pm.

2. The apparatus for modifying surface grain structure of
the material, as claimed in claim 1, wherein the said cooling
unit is further provided with a controller (107), for control-
ling the temperature and volume of the said cooling medium
to be circulated to/from the chamber.

3. The apparatus for modifying surface grain structure of
the material, as claimed in claim 1, wherein said work
station (101) is fixed on table of a vertical milling machine.
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4. The apparatus for modifying surface grain structure of
the material, as claimed in claim 1, wherein said chamber
(103) is a 4-wall chamber.

5. The apparatus for modifying surface grain structure of
the material, as claimed in claim 1, said pre-defined speed of
the spindle (102) ranges from 50 rpm to 5000 rpm.

6. The apparatus for modifying surface grain structure of
the material, as claimed in claim 1, said probing pin is made
of a material harder than that of the working material.

7. The apparatus for modifying surface grain structure of
the material, as claimed in claim 1, said cooling medium is
a fluid coolant.

8. A method for modifying surface grain structure of a
material, for generating a multi-modal grain structure, com-
prising of,

a. fixing the working material to the work station (101)

b. supplying power to the work station (101), the motor,

and the cooling unit (106) via the power source;

. circulating the cooling medium from/to the cooling unit
(106) to/from the chamber (103) through the inlet (104)
and the outlet (105), to maintain a pre-defined tempera-
ture of the chamber, wherein the working material is
submerged by the cooling medium in the chamber
(103) wherein said pre-defined temperature of the cool-
ing medium in the said chamber (103) ranges from
-100 to +30 degree Celsius;

d. rotating the said probing pin affixed to the spindle (102)
at a pre-defined rotational speed, wherein the said
motor provides rotational energy to the spindle (102),
wherein said spindle (102) rotates at a pre-defined
rotational speed, thereby rotating the said probing pin;

e. bringing the rotating probing pin in contact at a
specified location of the surface of the working mate-
rial, wherein the said probing pin penetrates through
the material at a pre-defined depth;

o
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f. continuing the rotational process of the probing pin at
a pre-defined rotational speed for a pre-defined time
period at a specified location on the surface of the
working material;

g. removing the rotating probing pin from the material

after the pre-defined time period of rotation; and

h. shutting off the power supply from the power source,

wherein the probing pin rotating at a speed of 1000-2500

rpm generates a bi-modal grain structure comprising
coarse grain of 15 um and fine grain on the boundaries
of about 1 pm.

9. The method for modifying surface grain structure of the
material, as claimed in claim 8, said pre-defined rotational
speed ranges from 50 rpm to 5000 rpm.

10. The method for modifying surface grain structure of
the material, as claimed in claim 8, said pre-defined depth of
penetration of the rotating probing pin through the working
material is up to 0.3 mm of the material.

11. The method for modifying surface grain structure of
the material, as claimed in claim 8, said predefined time
period of rotation of the probing pin is modulated based on
required length scale of the surface grain modification
and/or the multimodal grain structure.

12. The method for modifying surface grain structure of
the material, as claimed in claim 8, said predefined time
period of rotation of the probing pin ranges between 30
seconds and 60 minutes.

13. The apparatus for modifying surface grain structure of
the material, as claimed in claim 1, said pre-defined speed of
the spindle (102) ranges from 1000 rpm to 2500 rpm.

14. The method for modifying surface grain structure of
the material, as claimed in claim 8, wherein said pre-defined
rotational speed ranges 1000 rpm to 2500 rpm.

* * * Ed *
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