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(57) Abstract: A system and a method for determining sample preparation parameters for use in the preparation of metallographic
samples with suitable sample preparation equipment; the system comprises first input means (4a) for inputting input values for a
set of preparation criteria; first storage means (2, 6) adapted to store a plurality of preparation criteria and a plurality of sample
preparation method parameters; processing means (3) adapted to calculate a set of sample preparation method parameters based on
the input values and the stored sample preparation method parameters; output means (4a) for the output of the calculated set of sample
preparation method parameters; second input means (4b) for receiving adapted sample preparation method parameters; and second
g storage means (2) adapted to store the adapted sample preparation method parameters for subsequent retrieval by the processing

means in connection with a subsequent determination of sample preparation method parameters requested by an authorised operator.
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Method and system for determining sample preparation

parameters

This invention relates to the preparation of
metallographic samples and, more particularly, to the

determination of suitable sample preparation processes.

The preparation of metallographic samples 1is a time-
consuming task and may comprise a variety of steps, such
as mounting, grinding, polishing, etching or the Ilike.
Each step may further be characterised by a number of
process parameters, such as the type of equipment used,
the type and dosing of lubricants, the type and grain
size of the polishing material, force, speed, time or the
like. The result of the sample preparation, and thus the
quality of any subsequent sample analysis, depends
critically upon the preparation method employed.
Furthermore, there 1s a vast variety of ©possible
materials, and the intended purpose of the sample
preparation may also vary considerably from for example
quality or process control to the measurement of physical
properties, the identification of phases or inclusions or
the like. Different materials and different purposes may
imply different requirements for the sample preparation.
All this implies that the determination of a suitable
sample preparation method 1s an extremely complex task

with a large number of degrees of freedom.

Therefore, there is a need for methods and a systems that
allow an efficient and uniform determination of sample

Preparation methods.

US patent no. 4,992,948 discloses a data processing unit
for controlling a machine tool including a data base

containing data regarding the machine tool, possible work
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pleces, tools insertable into the machine tool, and
individual processing methods. In operation, an .operator
enters data regarding the material of a work piece, the
type of tool and the surface quality desired of the
article to be produced. The data processing unit
determines one or more suitable sets of machining data

based on a set of stored subroutines.

However, the above prior art system involves the problem
that, as the result of a metallographic sample
preparation is sensitive to the preparation method
employed, frequent adaptations to standard ‘sample
preparation methods are necessary in order to optimise
the resﬁlts for a specific sample, a specific objective
of the preparation, or for the available equipment. These
adaptations often comprise a considerable amount of
testing based on a standard method and the individual
metallographer’s experience. For this reason a uniform
quality of the preparation is difficult to maintéin. In
particular, this is an issue for the manufacturer of
sample preparation equipment who is required to support a
large number of customers with  wvarying quality
requirements, sample characteristics and preparation

equipment.

According to a first aspect of the invention, the above
and other problems are solved by a system for determining
sample preparation parameters for use in the preparation
of a sample of a material, the preparation comprising the
use of at least one sample preparation device, the system

comprising

first input means for receiving input values for a set of

preparation criteria;
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first storage means adapted to store a plurality of
preparation criteria and a plurality of sample

preparation method parameters;

processing means adapted to determine a set of sample
preparation method parameters based on the input values

and the stored sample preparation method parameters; and

output means adapted to output the determined set of
sample preparation method parameters, 1s characterised in

that the system further comprises

second input means for receiving adapted sample

preparation method parameters; and

second storage means adapted to store the adapted sample
preparation method parameters for subsequent retrieval by
the processing means 1in connection with a subseguent
determination of sample preparation method parameters'

requested by an authorised operator.

Consequently, when a metallographer has determined a more
suitable preparation method. for a given sample he/she may
input the new method as adapted method parameters into
the system according to the invention. The adapted method
parameters are stored, thereby being available for
subsequent calculations of method parameters. Hence, when
a laboratory receives another similar sample, the system
will be able to determine a more suitable choice of
method, thereby saving considerable testing time' and
resources and reducing the reliance on individual

metallographers’ experience.

It is a further advantage of the invention that it allows
repeated preparation of samples of the same or similar

types with reproducible results.
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The first input means and the output means may be
separate or, preferably, the same computer, preferably
with a keyboard, a display screen and a pointing device.
This computer may also comprise the first storage means,
for example a database system, and the processing means.
Alternatively, it may be a client computer connected to a
server computer which comprises the processing means, the

first storage means or both.

The material to be prepared may be any material which may
be subject to metallographic analysis, for example solid
materials, such as ferrous metals such as steels, iron,
alloys or powder metals, or non ferrous metals such as
aluminium, copper, chrome,‘or molybdenum, or ceramics,
sintered carbides, composites, electronic parts,
plastics, precious metals, mineralogical materials such

as concrete, biological samples or the like.

It is an advantage of the invention that it provides a
system for accumulating, maintaining and querying a large

knowledge base of sample preparation methods.

It is a further advantage of the invention that it gives
access to a large number of sample preparation methods in
a searchable database with a variety of possible search
criteria, such as sample characteristics, available

equipment or quality requirements.

It is a further advantage of the invention that it allows
the calculation of suitable preparation method parameters
based upon a search criterion and the stored preparation
methods.

It is yet another advantage of the invention that it
reduces the need for long testing periods for the
establishment of a correct preparation process for

samples which have not earlier been prepared.
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In a preferred embodiment the set of preparation criteria
comprises a set of sample properties and identifications
of the sample preparation device. Furthermore, the sample
preparation method parameters may comprise process step
identifications, as the process may comprise a plurality
of steps. The sample preparation method parameters may
further comprise sample preparation device

identifications and process parameters.

The sample properties may comprise a material name or
identifier, shape and dimensions, hardness, the condition

and pre-treatment of the material, etc.

The process steps may comprise mounting, cutting,
grinding, polishing and etching steps and any combination
thereof.

The sample preparation device identifications may
comprise equipment type and configuration, such as the

type of grinding, polishing, cutting equipment, etc.

Process parameters may comprise any process requirements
such as duration, standard processes and procedures or
the like.

This gives the advantage that the calculated sample
preparation parameters may be adapted to a specific type
of sample, a specific machine, such as a specific type of
grinding or ©polishing equipment, specifics of the
grinding or polishing materials, such as grain size or
the 1like, or process parameters such as speed, force

duration, etc.

When the sample properties comprise quality requirements
for the prepared sample, the calculated method pérameters

may also be adapted to the desired use of the sample.A
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Different methods may be preferable for an andlysis for

inclusions than for hardness measurements, etc.

In a preferred embodiment of the invention, the second
input means is further adapted to receive ‘adapted
preparation criteria, and the second storage means is
adapted to store the adapted preparation criteria.
Consequently, an operator may, via a suitable user
interface, further input adapted preparation criteria
back into the system which are more suitable for
describing the actual sample and/or preparation
requirements. Hence, in a subsequent query for a similar

sample, more suitable method parameters may be determined

Frequent adaptations to standard sample preparation
methods are necessary in order to optimise the results
for a specific sample, a specific objective of the
preparation, or for the available equipment. However,
these adaptations are difficult to transfer to other
laboratories, which may use different types of sample

preparation equipment.

According to another preferred embodiment of the
invention, the system further comprises editing means
adapted to allow an authorised user to edit at least the
adapted sample preparation method parameters stored in
the second storage means and to store the edited data in
said first storage means. It is an advantage of this
embodiment that the adapted preparation methods may be
reviewed and possibly edited by an authorised user, for
example an expert metallographer. Upon approval of the
method, it may be stored as part of the existing
preparation methods in the first storage means, thereby
making them available to all users. According to this
embodiment, the adapted method parameters stored in- the

second storage means are only available to a selected
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group of operators, e.g. metallographers of a certain

laboratory, a certain department, etc.

For example, the editing means may comprise a computer
with a display providing a user-interface for viewing
method parameters, editing them, etc. The user-interface
may further provide functionality for storing approved

method parameters in the first storage means.

It is a further advantage of the invention that a new
preparation method, once it is established at one site,
may be made available at other sites with little delay,

thus saving testing time and cost.

It is yet a further advantage of the system that new
methods are made generally available only after approval
of the method by an authorised user, thereby increasing

the reliability of the system.

In a preferred embodiment the sample preparation device
is connected to said output means via a communications
interface and adapted to receive said calculated sample
preparation method parameters. The communications
interface may be any suitable interface for examplée via a
serial or parallel connection, a wireless conneétion, a
communications network such as a local area network or
the 1like. This gives the advantage that caléulated
preparation method parameters may be transmitted directly
to one or more selected preparation devices, and the
sample preparation process may even be controlled from a
single computer. A less efficient and error-prone manual

transfer of parameters may thus be avoided.

According to another preferred embodiment of the
invention, the system comprises a server data processing
system and a client data processing system connected via

a communications network, the client data processing
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system including the first input means, the output means,
and means for sending a request to the server data
processing system via the communications network, the
request comprising the input values; and the server data
processing system including the first storage means and
the processing means. The communications networks may be
any suitable communications network, such as a local area
network, a wvirtual private network, the Internet, a
dedicated dial-up connection or the like. This gives the
advantage that a central database of existing and
approved preparation methods may be maintained, while the
local laboratories have access to the database via a
client system, for example a computer running a client
program, such as a browser. The processing means for the
calculation of the method parameters may be located on
the server side or on the client side, or it may be
distributed between both sides. In one embodiment, the
client data processing system further comprises the
second storage means. Hence, the adapted preparatidn

methods are stored locally.

In a further preferred embodiment the processing means is
adapted to interpolate between the sample preparation
method parameters stored in said first .storage means.
This gives the advantage that i1f a combination of two
existing methods is most suitable, such a combination may
be calculated. For example, existing methods may be based

upon equipment which is not available at a given site. In

‘this case a proposed set of process parameters for the

available equipment may be calculated on the basis of the

known methods.

According to a second aspect of the invention the above
and other objects are achieved when a method of
determining sample preparation parameters for use in a

preparation of a sample of a material, the preparation
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device, the method comprising the steps of
receiving input values for preparation criteria;

determining a set of sample preparation method parameters
based on the input wvalues and a plurality of sample
preparation method parameters stored in a first storage

means;

outputting the set of sample ©preparation method
parameters on a first output means, 1s characterised in
that the method further comprises the step of storing an
adapted set of sample preparation method parameters in a
second storage means for subsequent retrieval in
connection with a subsequent determination of sample
preparation method parameters requested by an authorised

operator.

In a preferred embodiment the method further comprises

the steps of

processing the second set of sample preparation

parameters by a supervisor; and

storing the processed set of sample preparation method

parameters in the first storage means.

The invention further relates to a server data processing
system for determining sample preparation parameters for
use in a preparation of a sample of a material, the
preparation comprising the use of at least one sample
preparation device, the server data processing system

comprising

means for receiving a request from a client data

processing system via a communications network, the
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request including input values for a set of preparation

criteria;

first storage means adapted to store a plurality of
preparation criteria and a plurality of sample

preparation method parameters;

processing means adapted to determine a set of sample
preparation method parameters based on the input values

and the stored sample preparation method parametérs; and

means for sending a response to the «client data
processing system including the determined set of sample

preparation method parameters;

characterised in that the server data processing system

further comprises

means for receiving a request including adapted sample

preparation method parameters; and

second storage means adapted to store the adapted sample
preparation method parameters for subsequent retrieval by
the processing means in connection with a subsequent
determination of sample preparation method parameters

requested by an authorised operator.

The invention further relates to a client data processing
system for determining sample preparation parameters for
use 1n a preparation of a sample of a material, the
preparation comprising the use of at least one sample
preparation device, the server data processing system

comprising

first input means for receiving input values for a set of

preparation criteria;
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means for sending a request to a server data processing
system via a communications network, the request

including the input values;

means for receiving a response from the server data
processing system including a set of sample preparation
method parameters determined based on the input values as
well as a plurality of preparation criteria and a
plurality of sample preparation method pafameters stored
in a first storage means of the server data proqessing

system;

characterised in that the client data processing system

further comprises

second input means for receiving adapted sample

preparation method parameters; and

second storage means adapted to store the adapted sample
preparation method parameters for subsequent retrieval by
the processing means in connection with a subsequent
determination of sample preparation method parameters

requested by an authorised operator.

The invention will be explained more fully Dbelow in
connection with preferred embodiments and with reference

to the drawings, in which:

fig. 1 shows a schematic view of a first embodiment of

the invention;

fig. 2 shows a schematic flow diagram of the
determination of a preparation method according to a

second embodiment of the invention;

fig. 3 shows a schematic flow diagram of the adaptation
of preparation methods according to the second embodiment

of the invention;
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fig. 4 schematically shows a third embodiment of the

invention;

figs. 5a and 5b show the fields of the “request for
sample preparation” forms according to the second

embodiment of the invention;

fig. 5a shows a first “request for sample preparation”

form;

fig. 5b shows a second “request for sample preparation”

form;

fig. 6 shows the fields of a first example of a  “sample
preparation report” according to the second embodiment of

the invention;

figs. 7a and 7b show a second example of a “sample
preparation report” according to the second embodiment of

the invention;

fig. 7a shows the first page of the “sample preparation

report”;

fig. 7b shows the second page of the “sample preparation

report”; and

fig. 8 shows an example of process parameters for the

polishing of a sample.

Referring to figure 1, a first embodiment of the
invention comprises a local server computer 1 at a local
site. The server 1 hosts a local database 2, preferably a
relational database which may be queried by a query
language such as SQL. The data may be physically located
on a storage medium, such as a hard disk or a CD, - to
which the server 1 has access. The server further

comprises a processing unit 3, for example the CPU of the
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computer adapted by a suitable server program. The local
sexrver 1 is connected, via a local area network (not
shown), to ' one or more workstations 4a-b, such as
standard PCs running a client application. Alternatively,
the server may be connected via any other communications
network to other computer equipment, such as a laptop
computer connectable via a dial-up connection to the
local server, or an 1nput terminal of a sample
preparation machine, such as equipment for grinding;
polishing or the 1like. 1Instead of a local server
connected to a plurality of input terminals, a single
computer with a display screen, a keyboard and a pointing
device may also be used. From one of the workstations 4a,
an authorised user inputs input parameters for the
requested preparation method, preferably via a set of
forms or dialogs provided by a client program. The input
parameters are sent to the processing unit 3 of the local
server 1. A computer program running on the processing
unit 3 of the server 1 performs suitable queries in the
local database 2 in order to retrieve generic method
parameters corresponding to the input parameters. The
generic method parameters may then be adapted to the
available equipment specified in the input parameters.
This adaptation may include a calculation of parameters
such as ©processing speed, force, ©processing time,
lubrication level or the like. The resulting calculated
parameters are then displayed on the screen of one of the
workstations 4a, printed, or made available to the user

in any other suitable way.

The wuser, typically a metallographer, then uses the
method for the preparation of one or more samples using
suitable equipment 5, such as known equipment for
grinding, polishing, etc. If applicable, the user may
adapt the method, for example in order to cater for

samples of a type which has not previously been.analysed.
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If the user has adapted the method, he or she may input
the adapted method parameters together with the sample
characteristics and the sample requirements into one of
the workstations 4b via a user interface provided by the
client software. The adapted method parameters are stored
in the local database 2. Alternatively, the same
workstation 4a used for entering the original parameters

may be used for inputting the updated parameters.

The local server 1 1is connected via a communications
network, for example a virtual private network, a local
or wide area network or any other suitable network, to a
central server (not shown) with a central database 6,
which may be connected to a plurality of other local
sites. At regular intervals, the central database 6
updates the local database 2 with new and changed
methods. The preferred update frequency depends upon the
typical number of updates and may for example be once a
day, or once a week. The updates are preferably performed
by standard replication mechanisms of the database system
used. The local database 2 in turn sends any adapted
methods, as input by the local wusers, to the central
database 6, where they are stored separable from the
standard methods. Via a computer 7, an authorised user
may view, edit and organise the adapted methods from
different local sites. If approved, the adapted methods
may be stored as standard methods in the central -database
6. Alternatively, the access to the management of adapted
methods may also be possible from one of the local

workstations 4a-b subject to a suitable access control.

Now referring to fig. 2, a method for determining sample
preparation parameters according to a second embodiment
of the invention comprises the step of receiving 21 the
necessary input. The input, a “request for sample

preparation”, as exemplified in figures 5a and B5b,
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comprises sample parameters, objectives and edquipment
data. The sample parameters describe the characteristics
of the sample to be prepared, the objectives describe
which sample requirements should be fulfilled by the
preparation, and the equipment data describes which
equipment is available at the correspondiné site. Based
on the input data, the method database 22 is queried 23
at least once. The query may either result in a specific
method for the desired purpose or a generic method which
matches the input criteria as well as possible. In a
subsequent step 24 of calculating method parameters, the
generic method may be adapted to the available equipment
by calculating suitable parameters, as will be described
in connection with figs. 7a and 7b. In the next step 25,
the resulting method 1is presented to the wuser, for
example as a sample preparation report, examples of which
are shown in figures 6, 7a and 7b. In a final step 26 the

sample is prepared according to the calculated method.

Now referring to fig. 3, a method for adapting sample
preparation parameters according to a second embodiment
of the invention comprises the step 31 of preparing a
sample. During the step of preparing the sample the
preparation method may be adapted in order to cater for
the specific sample characteristics, sample requirements
or the available equipment. In the next step 32 the
adapted set of parameters is received as an inpﬁt
provided by a user and subsequently stored 33 in a local
method database, separable from the standard methods, The
adapted method data is then transmitted 34 over a
communication network to the central database, where it
is subject to approval 35 by an authorised expert. In
case of approval, the method 1s stored 36 in the central
database as a standard method, and the local database is
updated 37. If the adapted method is not suitable as a

standard method, for example because 1t relies wupon
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specifics of a certain laboratory, it is not stored as a
standard method in the central database, and is therefore
not available to other local sites via regular updates.
However, it may still be used as a local method at the

site which developed the adapted method.

Now referring to fig. 4, a system according to a second
empbodiment of the invention comprises a central Web
server 41 hosting a central database. Alternatively, the
Web server may be connected to a separate database
server, for example via a local area network. The
database comprises generic method data, which may be
searched and downloaded over the Internet 42 by a local
client PC 43 with access to the Internet 42, either
directly or via a local network. On the client computer
43 a special «client application is running, which
provides a user interface to a user and, based on the
user’s input, searches the central database on the
central web server 41 and downloads generic method data.
Then the client application converts the generic method
data to specific method parameters, corresponding to the
selected equipment 45a-b. This step may require further
input of specific configuration parameters of the
specific machine 45a-b. The specific configuration
parameters may comprise the type of polishing material,
grinding paper or diamond pad or the size of Kcutting
wheels used. Alternatively, the calculation of specific
sample parameters may be performed on the central server
41. After conversion of the method parameters, - the
specific parameters are sent via a local area network 44
to the selected equipment, which is also connected to the
local area network. Instead of a local area network other
data connections may be used, such as a serial
connection, wireless connections or the 1like. The
preparation of the sample and the control of the

equipment may also be controlled via the client computer



WO 02/39089 PCT/DKO01/00743

10

15

20

25

30

- 17 -

43. Alternatively, the client computer may be an
integrated part of one of the machines used for sample

preparation.

Referring to figs. 5a and 5b, an example of the fields
contained in a ”“request for sample preparation” (RSP)
according to the second embodiment of the present
invention may be wused by a manufacturer of sample
preparation equipment to manage preparation requests from
different customer support sites. The fields shown may be
presented in different dialogs, some of the fields are
required and others are optional, some fieldé require
text input, others just present a number of choices,‘such
as YES/NO. Each field has a field identifier, indicated
by numbers in figs. 5a and 5b.

Fig. 5a shows a first form of the RSP which éomprises
general data, such as an RSP identification, date, etc.,
it comprises customer details, sample details, and
requirements for the prepared sample and the preparation

process, respectively.

Fig. 5b shows a second form of the RSP which comprises
data concerning the available or desired equipment and

possible alternatives.

Referring to fig. 6, the output of the method according
to the second embodiment of the invention, as illustrated
in figure 2, is a sample preparation report. The report
may contain a variety of fields, where each field has a
unique identifier. The layout of the reports may be
customised and it may be viewed on the screen of a‘
computer or printed out. A first group of fields 61
comprises general data regarding the requestiﬁg user,
sample data, and general equipment data. The groups 62-64
comprise fields with details for different processing

steps. Group 62 allows the specification of up to 4
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grinding steps, group 63 allows the specification of‘tp
to 4 polishing steps and group 64 specifies a possible
etching step. The limitation to a specific maximum number
of steps and the specific choice of parameters, however,
are no limitations of the invention but merely examples.
Group 65 allows the inclusion of a photomicrograph of a
prepared sample, while group 66 provides information
about the total processing time. Finally, group 67
identifies the n@tallographers who established and

approved the method, respectively.

Now referring to figs. 7a and 7b, the method parameters
calculated according to the second embodiment of the
invention may be calculated on the basis of a generic
method stored in the method database 22, where the method
parameters are adapted to the specific process, for
example the available equipment, by calculating suitable
parameters. Figs. 7a-b show the two pages of a sample
preparation report containing the method parameters
calculated on the basis of a generic method of on the
basis of another specific method. The report contains
header information 71, sample information 72 and a number
of tables specifying relevant parameters for a number of
processing steps including cutting 73, mounting 74,
grinding 75, and polishing 76. The steps of grinding 75
and polishing 76 are further split up in a number of sub-
steps 75a-d and 76a-d, respectively. Each sub-step is
represented by a column in the respective table. The
parameters of the shaded fields of the report are
calculated on the basis of the generic method and depend
on process specific parameters, such as the specific
equipment available. For example, the grinding time  75h,
the polishing time 76h as well as the dosage levels of
abrasives and lubricants 75e-f and 76e-f, respectivély,
may depend upon the type of sample holder 77, the disc

size 78 and the sample size 74b. The number of samples
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74a and the sample size 74b may determine the force
during grinding 75g and polishing 76g, respectively. A
generic method may include default wvalues -for the
respective parameters, which give the desired results for

a default choice of processing equipment.

In the following, a few examples of how actual parameters
may be calculated on the basis of a generic method will
be described in connection with fig. 8. A sample
preparation device according to the invention may be a
polishing apparatus comprising a polishing pad or disc 81

and a sample holder 82.

The sample holder 82 1is pressed towards the grinding or
polishing pad 81 by a force F. The optimum force depends
on the contact area between the samples 83 and the
polishing or grinding pad 81. However, the force may only
be increased to a given level, which is specific. for the
type of polisher or grinder. Hence, given a generic
method with a value F, for the force on the samples, the
force F may be calculated by using the following equation
. {Fo - A/ R, if FA/RA, < Fmax},
F if FA/RB, > F

max/ max

where A 1s the contact area between a sample 83 and the
polishing or grinding pad 81, A, is a standard contact
area used in the generic method, and Fuwx is an apparatus
specific value indicating the maximum obtainable working

pressure.

The main factor determining the appropriate time T for
each step is the distance Dyrx of the relative movement
between the sample 83 and the polishing pad 81. This
distance may be calculated from a combination of the
polishing or grinding pad diameter D, the sample size
Deample,; the rotational velocity s, the geometry SHG of

the sample holder 82, the position P of the sample holder
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82 over the polishing or grinding pad 81, as well as the
rotational velocity wq of the pad 81. The history of the
polishing or grinding pad i.e. the wear situation may
also be of importance. Preferably, if the above-mentioned
force F has been calculated to Fuax, an additional time
factor T¢ is added. Hence, the time T may be calculated

from
T =T, * Te = H - Dwork(SHGl D, Dsampler s, Day P) / Dwork,o/

where T, is the time of the generic method, T¢ is the

additional time factor taking into account the force F,

e.qg.

— 1, if F < Frax
TR A/ (Fu  A), IfF = E

Dyorx 1s the distance of the relative movement between the
sample 83 and the polishing or grinding pad 81. Dyork,o 1S
the corresponding distance in the generic method. SHG
depends on the sample holder geometry and comprises the
distance 85 from the centre of the sample holder 82 to
the samples 83, D is the diameter of the polishing or
grinding pad 81, Dsagple is the sample diameter, os is the
rotational velocity of the sample holder 82, oy 1s the
rotational velocity of the pad 81, P is the position of
the sample holder 82 over the polishing or grinding pad
8l, and H is a factor depending on the history of the
polishing or grinding pad 81. It is noted that, for
samples with non-circular contact area, an equivalent

weighted diameter may be calculated instead of Dgample-

In the example shown in fig. 8, the sample holder
comprises six samples 83, where each sample is placed at
a distance 85 from the centre 87 of the sample hélder'82.
The distance 85 may be denoted r and is related to the
sample size Dgapie- The centre 87 of the sample holder 82

may be at a distance 84 from the centre 86. of the
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polishing disc 81. This distance 84 may be denoted R. The
polishing disc 81 may rotate clockwise around its centre
86 with a rotational velocity of o4, and the sample
holder 82 may rotate counter clockwise around its centre
87 with a rotational velocity of ®s. Therefore, the time-
dependent x- and y-components of the velocity vector of

the sample may be obtained by the following expression
v.(h=w, R-sm(at)
v.(t)=r-(o,—~w,)-a@, R-cos(w) .

As mentioned above, the polishing result for a given
sample depends on the total distance the sample 83 is
moved over the polishing medium on top of the polishing
disc 81. Hence, the preparation time depends on the
length of the velocity vector. Thus, from a known
preparation time in a generic method with a default size
of the polishing disc 81 and a default geometry and size
of the sample holder 82, the preparation time for another
choice of polishing disc 81 and sample holder 82 may Dbe

calculated using the above expressions.

It is noted that the above time-expression may often be

approximated by:
T =T, - Dwork / Dwork,o

Other examples of parameters which may be determined
include dozing levels of lubricants and abrasives. The
optimum dozing levels may depend on a number of input
parameters including, for example, the diameter of
polishing or grinding pad, the rotational velocity, the
sample area, and the history of the polishing or grinding
pad. Furthermore, the weighting of the parameters  may
depend on the type of lubricant or abrasive and thé type'

of polishing or grinding pad. Finally, local conditions
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such as temperature and humidity may also influence the

appropriate levels.

The above examples are preferred embodiments of
equations. However, other types of expressions may
equally well be used for the interpolation of the above
and/or other preparation parameters. Furthermore,
additional or alternative inputs may Dbe taken into
account, such as the preferred surface £finish. It is
further understood that a person skilled in the art may

adjust the above-mentioned equations.

The above examples illustrate the basic principles of
interpolating preparation parameters. A further
refinement taking into account synergy effects and/or
cross-related effects, such as the increased effect of
changing both the diameter of the polishing pad and the
rotational velocity, may be incorporated into these
equations without changing the scope of the present

invention.

Further examples of methods for interpolating preparation‘
parameters include the use of neural networks, fuzzy

logic, or equivalent approaches.

Some of the input parameters in the above equations may
be suggested either by the operator or by a computer
program implementing the above methods. An example of
such an input parameter is the rotational velocity. For
most grinders and polishers the rotational velocity is
fixed at for example 150 rpm, however, the rotational
velocity may for some types of equipment be switched
between 150 and 300 rpm or even continuously from 0 to.
maximum (for example 300 or higher). In this case,'the
program will typically prefer to use as high rotational
velocity as possible to reduce operation time, however,'

the operator may choose to reduce the velocity if this is



WO 02/39089 PCT/DKO01/00743

10

_23_

preferred. It 1is further noted that, according to one
embodiment of the invention, the above expressions for
interpolating preparation parameters may be used for
adapting generic methods to customer-specific
circumstances. The generic methods stored in a database
are based on a standard choice of equipment. When the
customer-specific equipment, e.g. a different- type of
grinding or polishing machine, a different type or
geometry of grinding or polishing pad, a different sample
geometry, etc., is specified, the generic method
parameters may be interpolated yielding a specification

of a customer-specific method.
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CLAIMS

1. A system for determining sample preparation‘parameters
for use in a preparation of a sample of a material, the
preparation comprising the use of at least one sample

preparation device (5), the system comprising

first input means (4a) for receiving input values for a

set of preparation criteria;

first storage means (2,6,22) adapted to store a plurality
of preparation criteria and a plurality of sample

preparation method parameters;

processing means (3) adapted to determine a set of sample
preparation method parameters based on the input values

and the stored sample preparation method parameters; and

output means (4a) adapted to output the determined set of

sample preparation method parameters;

characterised in that the system further

comprises

second input means (4b) for receiving adapted sample

preparation method parameters; and

second storage means (2) adapted to store the adapted
sample ©preparation method parameters for subsequent
retrieval by the processing means in connection with a
subsequent determination of sample preparation method

parameters requested by an authorised operator.

2. The system according to claim 1, ¢ h a r a c t e r-
i s e d in that the set of preparation «criteria
comprises a set of sample properties and identifications

of the sample preparation device.
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3. The system according to claim 2, ¢ h a r a c t e r-
i s e d in that the sample properties comprise quality

requirements for the prepared sample.

4. The system according to any one of the claims 1
through 3, characterised in that the sample
preparation method parameters comprise process step
identifications, sample preparation device

identifications and process parameters.

5. The system according to any one of the claims 1
through 4, ch aracterised in that the second
input means 1s further adapted to receive adapted
preparation criteria, and the second storage means is

adapted to store the adapted preparation criteria.

6. The system according to any one of the claims 1
through 5, characterised in that‘the system
further comprises editing means (7) adapted to allow an
authorised user to edit at least the adapted sample
preparation method parameters stored in the second
storage means and to store the edited sample preparation

method parameters in said first storage means.

7. The system according to any one of the claims 1
through 6, characterised in that said sample
preparation device (45a, 45b) 1is connected to said output
means via a communication interface (44) and adapted to
receive said calculated sample preparation method

parameters.

8. The system according to any one of the‘ claims 1
through 7, ch aracter ised in that the system
comprises a server data processing system (1, 41) and a
client data processing system (4a, 43) connected via a
communications network (42), the client data processing

system including the first input means, the output meéns,‘
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and means for sending a request to the server data
processing system via the communications network, the
request comprising the input values; and the server data
processing system including the first storage means and

the processing means.

9. The system according to any one of the claims- 5
through 8, ch aracterised in that the client
data processing system further comprises the second

storage means.

10. The system according to any one of the élaims 1
through 9, ¢ h a r a ¢ t e r 1 s e d in that the
processing means 1is adapted to interpolate between the
sample preparation method parameters stored in said first

storage means.

11. A method of determining sample preparation parameters
for use in a preparation of a sample of a material, the
preparation comprising the use of at least one sample

preparation device, the method comprising the steps of
receiving (21) input values for preparation criteria;

determining (24) a set of sample preparation method
parameters based on the input values and a plurality of
sample preparation method parameters stored in a first

storage means (22);

outputting (25) the set of sample preparation method

parameters on a first output means;

characterised 1in that the method further
comprises the step of storing (33) an adapted set of
sample preparation method parameters in a second storage
means for subsequent retrieval in connection with a
subsequent -determination of sample preparation method

parameters requested by an authorised operator.



WO 02/39089 PCT/DKO01/00743

10

15

20

25

30

- 27 -

12. The method according to claim 11, ch ar act e r-
i s e d in that the method further comprises the steps
of

processing (35) the second set of sample preparation

parameters by a supervisor; and

storing (36) the processed set of sample preparation

method parameters in the first storage means.

13. The method according to any one of the claims 11 and
12, ch aracterzrised in that the set of
preparation criteria comprises a set of sample properties

and identifications of the sample preparation device.

14. The method according to claim 13, ch ar ac t e r-
i s e d in that the sample properties comprise quality

requirements for the prepared sample.

15. The method according to any one of the claims 11
through 14, characterised in that the sample
preparation method parameters comprise procesé step
identifications, sample preparation device

identifications and process parameters.

16. The method according to any one of the claims 11
through 15, ¢ h a r a ¢t er i s e d in that said
sample preparation device 1is connected to said output
means via a communications interface and adapted to
receive said calculated sample preparation method

parameters.

17. The method according to any one of the claims 11
through 16, ¢ h a racterls ed in that the step
of calculating a first set of sample preparation method
parameters comprises the step of interpolating between a
plurality of the sample preparation method.‘parameﬁers

stored in said first storage means.
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18. A server data processing system for determining
sample preparation parameters for use in a preparation of
a sample of a material, the preparation comprising the
use of at least one sample preparation device, the server

data processing system comprising

means for receiving a request from a client data
processing system via a communications network, the
request including input values for a set of preparation

criteria;

first storage means adapted fto store a plurality of
preparation criteria and a plurality of sample

preparation method parameters;

processing means adapted to determine a set of sample
preparation method parameters based on the input values

and the stored sample preparation method parameters; and

means for sending a response to the client . data
processing system including the determined set of sample

preparation method parameters;

characterised in that the server data

processing system further comprises

means for receiving a request including adapted sample

preparation method parameters; and

second storage means adapted to store the adapted sample
preparation method parameters for subsequent retrieval by
the processing means 1in connection With a subsequent
determination of sample preparation method parameters

requested by an authorised operator.

19. A server data processing system according. to claim
18, characterised in that the server data

processing system further comprises editing means adapted
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to allow an authorised user to edit at least the adapted
sample preparation method parameters stored in the second
storage means and to store the edited sample preparation

method parameters in said first storage means.

20. A client data processing system for determining
sample preparation parameters for use in a preparation of
a sample of a material, the preparation comprising the
use of at least one sample preparation device, the server

data processing system comprising

first input means for receiving input values for a set of

preparation criteria;

means for sending a request to a server data processing
system via a communications network, the request

including the input values;

means for receiving a response from the server data
processing system including a set of sample preparation
method parameters determined based on the input values as
well as a plurality of preparation criteria and a
plurality of sample preparation method parameters stored
in a first storage means of the server data processing

system;

¢ haracter 1is ed in that the client data

processing system further comprises

second input means for receiving adapted sample

preparation method parameters; and

second storage means adapted to store the adapted sample
preparation method parameters for subsequent retrieval by
the processing means in connection with a subsequent
determination of sample preparation method parameters

requested by an authorised operator.
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C+number indicates number of characters

(gen)=generated

x indicate field with x if yes

{0 RSP no. {gen) 34 Dimensional checks x
1 Date of RSP (gen) 35 Phase identification x
2 Finished samples required date 36 Grainsize x
3 Sales person-/area C30 37 Inclusions x
4 Samples to be returned to 38 Case or coating thickness x
Salesperson/Customer 39 Heat treatment x
Customer details 250 Porosity x
5 Company (customer) C30 251 Degree of deformation x
6 Contact personftitle C40 252 Structure changes (forging) X
7 Address (gen) from CDB? C40 253 Heat influenced zone (Welding) x
8 Telephone/fax (gen) from CDB? C20 254 Distribution of solder x
15  Industry Segment (gen)from CDB?C40 255 Distribution of glue x
. . purpose 256 Good/bad connection x
9 Sale of new equipment. Value, 257 Distribution,porosity,unmelted particles,(thermel spray)
if perfect sample is completed C20 258 Adhision (connection) of layer to base material x
10  Sale of consumables. Value, 259 Structure x .
if perfect sample is completed C20 260 No scratches x
11 Needs technical support C20 261 No deformation x
Sample details 262 High planeness x
12  Product or part C20 263 Perfect edge retention x
13 Production technology C20 41 Standard for evaluation:ASTM 112 for grainzise: x
14  Customers application C30 264 Standard for evaluation:Other than ASTM 112, specify
16  Shape of workpiece (dimensions) C30 40  Other requirement, specify
17 Material (trade name) C30 Customer requirements for preparation
18  Material (elemental composition) C30 50  Optimize a present method,
19  Condition (heat treat etc.) C20 state method C80
20 Hardnessin HV C10 51  More economic method than present,
21 Ductility:Metalog Method AxBxCxDXEXFXGxXXYxZx state method C80
249 Other properties (specify) 52 Faster, easier preparation than present,
Customers requirements for sample state method C80
30 Research and development x 53 Does the customer require cutting? X
31 Quality - Process Control x 54 Does the customer require mounting? x
32  Microhardness x 55 Does the customer require grinding? x
33  Mechanical defects x 56  Does the customer require polishing? x
57  Does the customer require
electrolytic polishing? x
58  Does the customer require etching? x
53 Does the customer require
fast, slow, precision cutting? x
60 Does the customer require fast, no
shrinkage, hard, warm, cold mounting?
impregnation? x
61 What area of sample material is
customer interested in examining? C40
Preferred equipment for preparation, see page 2

Fig. Sa
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239]Cutting

240]Magnutom [ ] 241

Exotom[ ]

242TU0nitom [ ]

243[Discotom-27 ]

244|Labotom [ ]

245{Accutom-5[ ]

246 [Minitom [ ]

247 |Accutom-50 [ ]

248 Comments:

249]Mounting ]

250 CaboPress-1T J]

2571 [LaboPress-3[ ]I 252[Prontopress-10] |

254]Epovac] ]

255 Comments:

[ 256 Grind/Polish | 25

APS ]

258 [Prepamatic| ]

258]Abraplan[ |

360]Abrapol-2] ]

261 |Abramin [ ]

262 |RotoForce-3[ ]

263 |RotoForce-4 [ ]

264 |LaboForce-3 [ ]

265|RotoPol-21 [ ]

266 |RotoPol-22 [ ]

267 {RotoPol-25 [ ]

268 |RotoPal-31 [ ]

269 [LaboPol-5] ] 270|LaboPol-1] ] 271]|Dap-7[ ] 272|Other [ ]
273 Comments
[ 274]Electrolytic | 275]LectroPol-5] ] | 276[Movipol[ ] [ 277[Tenupol[ ] | ]
278 Comments
279]Microscope [ 280[Axiotech| ] [ 281 [Axiovert[ 1 [ 282]SV-6[ ] [ 283[SV-11[ ] | 284[Stemi[ |
285 Comments
63 Alternative equipment? C80 [69  Current inspection method/microscope,problems? C80
Customer situation regarding Sample volume
current method, 70  Sample volume per week <5x<25x<100x>100x
equipment and problems Comments
64  Current sectioning (cutting) 80  Large space for comments C600
method/machine,problems? C80 81  Information from Struers' application
65  Current mounting method/machine,problems? C80 lab. to salespersons. C400
66  Current grinding method/machine,problems? C80 82  Photomicrograph received from customer? x
67  Current polishing method/machine,problems? C80 83 Initials of person filling in the RSP. C20
68  Current etching method/machine, problems? C80

Fig. 5b
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2 SPR no. {(gen) Sample Details
93 SPR date (gen) 17 Material (trade name)
0 RSP no 18 Material (elemen.comp.)
99 SSPR no. 19 Condition:Carburized
5 Company (RSP)
6 Contact person (RSP) Sample Requirements
7 Address (RSP) 38 Case or coating thickness [ x ]
8 Telephone/fax (RSP) 39 Heat treatment [ x]
Cutting
100 Cutting equipment 101 Cut-off wheel
102 Data for cutting
103 Comments:
Mounting
105 Mounting equipment - 106 Mounting resin
107 Mounting Data:
108 Comments:
Surface preparation
110 Grinding equipment 111 Polishing equipment
112 Specimen holder/plate 113 Number of samples /mounts
114 Size of samples '
- \
Grinding
0 PG FG1_| FG2 | FG3 | FG4 6l
[Surface 115 124 133. 142 151
Abrasive 116 125 134 143 152
Grit/Grain Size 117 126 135 144 153
Abrasive Dosingl 118 127 136 145 154
Lubricant 119 128 137 146 155
Lub. Dosing 120 129 138 147 156__ |~ 62
Speed (rpm) 121 130 139 148 157
Force(load)(N) 122 131 140 149 158
Time 123 132 141 150 159
0 Total grinding time
161 Comments on grinding
Polishing
DP1 DP2 DP3 OoP
urface 165 174 183 192
Abrasive 166 175 184 193
Grit/Grain Size 167 176 185 194
Abrasive Dosing| 168 177 186 195
jlubricant 169 178 187 196 |7 é 3
[lLub. Dosing 170 179 188 197
Speed (rpm) 171 180 189 198
{[Force(load)(N) 172 181 190 199
[Time 173 182 191 200
(201 Total polishing time (without cleaning)
l202 Comments on polishing
Efching :
[205 Efchant name 1206 .. Etchant, formula
207 Time {208 Temperature °C ~ 6 l’
209 Comments on etching
Photomicrograph
[r211 Photomicrograph dafa P 6 5
i212 Comments on photomicrograph
Total Sample Preparation
210 Total preparation fime, grinding and polishing {without cleaning
213 Comments on total preparation
214 Comments to Customer
218 Metallographer establishing SPR
219 Metallographer autorizing SPR

Fig. 6

~67
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+Polyfast

Temperature:
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Sample Preparation Report: No. 322 pager
/ 71
Developed by: Leila Bjerregaard Date: 20-01-00
Company: Struers A/S Lab Country: DK
Contact Person  Bo Rasmussen E-mail
Telephone +45 () 38272850 Fax:
72
Sample Info: "
Material Name: PVD Product or Part wear part
I&I;tj:al Trade TiN-coating on St. 65 | Production technology: | PVD
Elemental St.65, layer 1: 100% Avplication: antomotive
Composition: Cr, layer 2: 100% TiN PP '
Hardnejss 9r Material Condition: As Processed
properties:
Transverse layers.
Sample shape Retangular Sample Comments: checking with SEM
and light microscopy
Preparation Case or Coating thickness, , ,
Requirements:
73
Cutting: —
Cutting Equipment: Labotom Wheel Speed
Cut-off Wheel: 33TRE Feed Rate:
Force Limit: Type of Cut A
Cutting comments: | NULL Advanced Features: NULL
Mounting: L 74
Mounting Equipment: Labopress-3 Mounting Resin DuroFast

\ 74a

Fig. 7a

\ 74b
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T Grinding / 75a / 75b / 75¢ / 75d
75 / / / /
,—’J— Step
PG FG1 FG2 FG3
Surface | MD-Fuga MD-Largo

Abrasive | 7o, Sic DP-Spray, P

75e ~_ S (G
| Grain 320 9pm

Lubricant Type water DP-Blue

75 ~

7

758
75h
76 — 76 76 76d
» Polishing / o4 / T6b / 0€ /
|-|_‘_ Step ’ / & !
' DP 1 DP 2 DP 3 w OP
Q Surface | MD-Largo DP-Dac
76e \\AbraSive Type DP-Spray, P | DP-Spray, P OP-A
gé’ ggtlln 3pum 3pm 0.04pm
768 <
76g
76h

Fig. 7b
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