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Preface

This documentation describes the Flexible Structure Tireddl FTire) parameterization tooFTire/ t .
For more material abouETire, and other tire simulation tools, please visibsin.eu


http://www.cosin.eu

1 FTire/t Software Installation Procedure

For Windows operating systemBjTire/t can be downloaded frorosin.eu To extract and install all
necessary les, just open the exe-le. You will be asked fdolder where to install the software to. All
the rest is running automatically=Tire/ t , as all other cosin products, does not change any settings on
your computer, nor does it set or modify the registry dateasba To uninstall, you only need to delete
the folder you extracted the exe- le to.

After installation, thecosin/productsmenu is opened automatically. From thisTire/t is launched by
left-clicking the appropriate button.

In order to generate the diagrams to be inserted into the meport, FTire/t needs the Ghostscript
software. Ghostscript is licensed under the terms of the GBthostscript binaries are included with the
Windows installer. If Ghostscript is not available on yoimux system or Mac by default, you can use
the systems package manager (preferred) or download aallabte version from the project homepage:
http://pages.cs.wisc.edu/ ghost/.

2 Introduction to FTire Parameterization using FTire/t

FTire/t is the parameter identi cation and validation toolbox f&iTire. FTire/t uses the following
kinds of experimental data:

static tire properties like radial, longitudinal, lateral, and torsional sti neon di erent surface
geometries,

footprint shape bitmaps ,
tire properties insteady-state rolling conditions , and

time- and/or frequency-domain measurements gd¢at tests that excite large-amplitude tire vi-
brations,

to t some or all FTire model data for a given tire brand, tire size, and in ation gseire. This is done
such that the measurements are approximated by tire sinmatin the sense of minimized mean squares.

The data to be tted can be de ned in a very exible way. Thushe actual availability and properties of
measurements can easily be taken into account in an optinagl &t the same time, the model data to

be tted can be chosen with a similar exibility, startingdm one or only few parameters up to a nearly
complete set.

During the evolution process &fTire, an important experience was made about tise of modal data .
They seem to contain less relevant information than statieasurements (in contrast to what had been
assumed in the early days BfTire), and typically it is rather laborious to obtain them. Therg one
obvious cause for the lack of relevant information: duringdal measurements on an unloaded tire, only
small amplitudes will be reached. However, these measunsnaee then used to parameterigdire for
load cases with large to extreme de ection values, thatmscompletely di erent operating points.

Another experience is about the large amount of valuablerinftion that is contained irfootprint
bitmaps. The same holds for several kinds of static de ection curwéhout and with camber angle,
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on at surface or on certain well-de ned obstacles. Moreguveandling properties like cornering sti ness
and pneumatic trail show a high correlation with certain ftplane sti ness data. In many cases,
after a thorough analysis of static and steady-state betxavthere remain only few dynamically relevant
parameters to be adjusted in order to get also a good coriatain cleat tests.

The parameterization procedure roughly sketched in théowdhg had proven to be successful in many

cases, and is well supported Byire/t in all stages:

1. Prepare the identi cation process:

a)

b)

d)

create a new data le with a special variant BfTire/estim, by specifying tire and rim size,
load index, speed range, mass, and in ation pressure(s)a Aeference tire, use one which is
as close as possible to the new tif€Tire/estim is launched with a single mouse-click from
within the FTire/t GUI;

specify all drum diameters and cleat geometries usednduidlenti cation and validation.
FTire/t provides example road data les and functions to manage sole$tacle-de ning
les;

specify (‘check-in') all static, steady-state, and dyn& measurement les used in the sequel.
If these les are given in the TYDEX le format (cf. [1]), a sgle mouse-click to check them in
is su cient in many casesFTire/t will automatically recognize what kind of measurement
they contain, will determine constant operating conditiolike in ation pressure, wheel load,
camber angle, etc., and will save information on how thedadion or identi cation is to
be performed. Moreover, depending on the kind of measurénitenill occasionally extract
relevant information like radial, longitudinal, lateralnd torsional sti ness, cornering sti ness,
slip sti ness, pneumatic trail, camber thrust, slidingdtion, etc., and insert this information
in terms of 'nominal data' into the tire data le, or save it ®where. If the les are given
in any other ASCII formatFTire/t assists in importing the les and creates &Tire/t -
and Matlab-readable simple le format (an mtl- le) out of itlf measurements are only given
in terms of scanned imageBTire/t provides a digitizing tool based upon MSPaint, which
also results in an mtl- le;

specify (‘check-in") all footprint bitmap les.FTire/t will automatically calibrate these les
and save the relevant information for later identi catiom@or validation.

2. Import or digitize tread and carcass contour geometryadaTire/t provides a respective digi-

tizing tool, based upon MSPaint.

3. Identify dynamic rolling radius on basis of the measumméthe angular velocity of a freely rolling
tire at di erent drum speeds and wheel loads (or roughly rstie the rolling radius by subtracting
tread gauge from maximum radius).

4. ldentify/validate the following static properties:

a) vertical stiness on at surface (which is merely a valtdtm of the two de ection values

for half and full LI load that have been automatically ingettin the data le in step 10)).
The respective simulation had been preparedHdyre/t ; a single mouse-click is su cient
to launch the validation and save all results for later reémmneration. If the actual sti ness



deviates from the predicted one, adjust the respective déan values. This might happen
if there is a discrepancy between the static and the steddieskind of simulation, caused
by di erent treatment of hysteresis and friction propersie

b) longitudinal and lateral sti ness on at surface (samemeark as inl);

c) torsional sti ness (turning the standing tire about theextical axis). Adjust belt torsional
sti ness about radial axis accordingly, if simulation deeis from measurement;

d) vertical stiness on longitudinal and transversal cleaAdjust lateral belt bending sti ness
and belt in-plane bending sti ness accordingly, if simidatdeviates from measurement;

e) vertical stiness at large camber angle on at surface aod transversal cleat. Adjust belt
torsion and twist sti ness about circumferential axis, ifrailation deviates from measurement;

f) footprint size and shape at di erent wheel loadBTire/t provides an automatic simulation
preparation and superimposes the simulated footprint ki@up over the measured contact
patch bitmap. Again, all this is done by a single mouse-cli€khere is a mismatch in size or
shape, adjust in-plane and lateral bending sti ness. Rdd)(again and nd a compromise.

5. ldentify/validate the following steady-state propess:

a) longitudinal slip sti ness. Either activate the measdreominal value directly, by replacing
tread rubber sti ness, or identify tread rubber sti ness maally. Fire/t has prepared the
validation, provided a respective measurement le is add;

b) cornering sti ness and pneumatic trail. Either activatiee measured nominal values directly,
by replacing lateral stiness and out-of-plane bending retss, or (re-)identify these two
values manually. If there is a discrepancy to the value @rdtsti ness determined in4b),
nd a compromise.

6. Identify sliding friction coe cients. During check-infadhe measurement lesFTire/t has au-
tomatically collected all available and relevant casesallg, this identi cation is performed by
one mouse-click only. After the identi cation, validate dhrelevant measurement cases. |If the
identi ed values of stiction and sliding friction di er caiderably, stick-slip-phenomena might oc-
cur in lateral and longitudinal sti ness simulation. In ghcase, nd a compromise by relaxing
the di erences in friction coe cients. These cases, whiclave been automatically detected and
collected byFTire/ t , are:

a) pulling the tire in longitudinal and
b) in lateral direction,
¢) turning the tire about vertical axis, and
d) running at large longitudinal slip or
e) at large slip angle.
7. Run in-plane cleat-test identi cation (or just validatn), determining few remaining parameters

like the percentage of free mass, the structural dampingfessed in terms of the modal damping),
longitudinal coupling of tread shear sti ness, tread rublimmping, etc.,



8. Run out-of-plane cleat-test identi cation (or just vaktion), determining few more parameters like
conicity, modal out-of-plane damping, the coupling betwdselt torsion and lateral displacement,

etc.

In all the phases listed abov&Tire/t will automatically collect diagrams showing the companiso
between simulation and measurement. Finally, with anotimeuse-clickFTire/t generates a compre-
hensive report le, containing all these comparisons andeno

3 Working with  FTire/ t

Figure 1 showsFTire/t 's workbench GUI (Graphical User Interface). It is dividetbia launch-pad
(area marked with a red ellipse), and two le lists (markedwgrey and blue ellipses). The launch-pad
contains all buttons to control the parameterization prgse and to invoke other assisting tools. The
le lists showFTire/t -relevant les in theproject's working directory (greyipie) and in the directory
where experimental data reside (blue ellipse).

In each stage of the parameterization process, only thog®bsi in the launch-pad will be displayed for
which the respective action would make any sense at this.time

Apart from FTire/ t 's project-speci ¢ buttons and check-boxes that are expal in detail below, there
are two more general groups of controls in the launch paddgrand yellow ellipses in gur®).
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Figure 1:FTire/t workbench

The buttons and check-boxes inside theeen ellipse are:

a link to the copyright statement;



a link to FTire's web-sitewww.ftire.com

a button to openExplorer;

*?', shows thedocumentation table of contents;
a check-box to toggléTireanimation ;

a row of ‘radio-buttons’ to specify theoutput level during all di erent kinds of computations,
ranging from nearly no output ("quiet’) to most detailed teral and animated diagnosis output

(diag’);
“browse log le' , browses thanessage output of the most recent computations;
“clear log le', clears themessage output of the most recent computations.
The buttons within the yellow ellipse are:
“explore working directory' , displaysFTire/ t's working directory, using MS Explorer;

“clean working directory' , deletes all temporary les in the working directory thateanot needed
any longer;

“FTireltools' , opensFTire/tools' workbench (this additionaFTire module is free of charge for
all FTire licensees);

“FTire/sim' , opensFTire/sim' workbench (this additionaFTire module requires an extra license).

Figure2 shows thework ow of a parameterization project , which is controlled via the launch-pad. In
principle, the whole process could be run fully automatithaut or with only a minimal amount of user
interaction (such an interaction would be unevitable ittior measurement information is incomplete or
cannot be extracted automatically from the given data les)

In most cases, it is however suggested to work inireractive mode . This gives the user the op-
portunity to in uence compromises. Such compromises ard¢osearched if measurement information
is not fully consistent, say.

As mentioned in chapte2, three main stages are distinguished:

1. creation of a new project (‘preparation tasks'), consisting of

creation of a new data le, containing all well-known basiata like manufacturer, brand,
reference in ation pressure(s), and tire mass;

selection or creation (‘checking-in) of a data le contaig all geometry data of the cleats
and other road surfaces used in measurements;

if available, reading, digitizing, and interpreting (‘ckeng-in') image les that contain more
detailed information about the tire geometry (cross-sentand/or tread pattern). If a cross-
section image is found, the user will havedigitize it, using MS-Paint;

if available, reading and interpreting (‘checking-in")age les containing tire footprints at
di erent loads, camber angles and road surfaces. If such dee found, the user will be asked
for certain additional information;
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reading and interpreting (‘checking-in) ASCII- les thatontain dierent types of static,
steady-state, or dynamic measurements. Preferably, thieseare given in TYDEX format.
If not, an import function is provided which helps to cheoka large class of more general
ASCII- les. FTire/ t tries to determine automatically what kind of measurementéntained
in the les, and extracts and saves respective relevantrinfdgion. If this information (like
road surface geometry or in ation pressure, say) can not le¢éednined unambiguously, a
small window will pop up and ask the user to manually enter tiissing information. For
some types of measurements, like radial sti ness charésties on at surfaces, in addition
certain sti ness information is extracted from the measment le and used to replace data
in the FTire data le. Such a data item might be an actually used one, like tstatic wheel
load for a specied de ection value. Alternatively, it mighe considered merely as an op-
tional ‘nominal' value. In such a case, it is left up to the usdnether or not the value is
actually to be used. The user can make this decision laterdiggFTire's GUl-based data
le editor FTire/editor, which is directly accessible froRire/t 's GUI;

if available, reading, digitizing, and interpreting (" chkég-in') image les containing scanned
measurement diagrams. If such les are found, the user veillehto digitize it rst, using
MS-Paint, and will then be asked for certain additional mmh@tion.

2. identi cation and/or validation of FTire's mass, sti ness, damping, friction, and belt kinematics
data that can be seen as “basic' data in Biire data le (see chapter2 for a more detailed
description of the kind of measurements and related idexftie data). After having checked-in
the measurement les, for each class of measurements (fadtgmage, static and steady-state
measurements, sliding friction cases, in-plane cleatstesnd out-of-plane cleat tests) a menu will
be created, which gives direct access to the measuremeatniaition. Thus, the measurement
signals can be plotted, edited, and analyzed.

Moreover, for each item in the menu, a comparison of the meament with the respective result
using the actual status of th&Tire model can be created and assessed in terms of one or more
diagrams. These diagrams will be saved for later insertiotié report.

Finally, for most types of measuremerfgire/t can automatically adjust single parameters in
such a way that the least squares di erence between measemérand simulation is minimized.
The relationship between type of measurement and paramsdteat can be determined on basis of
the measurement is “hard-coded' insi@€ire/ t ;

3. nishing tasks , comprising
optimization of certain numerical data to increase conesrce speed during pre-processing,
computing additional model properties to be included in thport,

and generation of the report, by collecting all images andeotinformation, and combining
them with other information and explanatory text.
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Figure 2:FTire/t work ow

In the following, these steps and the respective progranodations are explained in greater detail.

3.1 Preparation Tasks
3.1.1 Saving and Retrieving Project Settings

When beginning a new identi cation project, it is recommeddto rst create a new folder, and to
changeFTire/t 's working directory to this folder This is done by clickingetleft one of the two blue
“select folder' buttons (see red ellipse in guse

A directory selection window will pop up, where the folder can be chosen. Alternativeby gan



manually enter the directory name in the entry eld left ofebselect-folder-button, and then hit the
‘return’-key.
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Figure 3: Selection of the working directory

Next, create anew project. (red ellipse in gured). A respective project le will be written, saving
all settings of FTire/t between two sessions. The project le will be updated wheneyou leave
FTire/t 's workbench, or if you change the project. To retrieve thétisgs in the next session, just
open the respective project le (blue ellipse in gu#.
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Figure 4: Saving and retrieving project settings

3.1.2 Creation of a New Data File

Next step in a new project is to createreew data le . This le will be repeatedly updated during the
identi cation phase.

When clicking the button “estimate new data le.." (red ellie in gureb), rst a le selection window
will pop up, asking to select geference data le . FTire/estim will use this data le to roughly estimate
the basic mass, sti ness, damping, and more data of the nesy based upon changes in size, weight,
and in ation pressure between reference le and new le.

To create a good initial guess for the subsequent identiioatprocess, the size of the tire in the reference
le should be as close as possible to the one of the new le.
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Figure 5: Launching data le estimator

Size, load index, speed symbol, rim width, manufactureandrname, mass, and in ation pressure are to
be entered in the window which opens after speci cation af teference data le (gureb, red ellipse).
The green numbers show the respective values of the referdaia le.

On the right side of the window, there are some handsome towlde available like unit converters and
tire speci cation tables for load and speed indices.

Experienced users might wish ¢astomize the estimation formulae to make them better match own
experiences. These estimation formulae are usddTiine/estim. A menu to modify the formulae pops
up after clicking the respective button.

However, please note that such adaptations are unnece#fsanpugh experimental data for the new tire
are available. Most parameters will be corrected later ayywluring the tting process.

With the button “edit reference tire ..."' , FTire 's data le editor FTire/editor will be opened for the
reference data le.
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Figure 6:Ftire/estim window to create a rst guess of the new data le

Having entered all values, click "apply and quit' (bluepsti in gure 6) to close the window and
to continue with the mainFTire/t GUI. In the working directory le list (grey ellipse in gur®, two
les(_best_so_far.tir andpa000.tir) will appear now. Inthe subsequent identi cationbest_so_far.tir
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will always contain the latest ("best") version of the date, whereas in le$a000.tir .. pa010.tir , the
history of the ten previous versions is saved. The le with targest index in its name (oftgra0210.tir)
typically will coincide witHast.tir , if not last.tir had been modi ed outside the control &Tire/t .

If one of the les pa000.tir .. pa010.tir (or any other tird in the working directory) is selected by
left-clicking it in the le list, it will appear in the blue biton (blue ellipse in gure7) on top of the
le list, together with its creation data and time Left-clicking the blue button will open the le in
FTire's data le editor FTire/editor, while right-clicking will open it in your favoriteASCII editor .
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Figure 7: Data le history control buttons

Clicking the greenuse' button (green ellipse in gurer) will override last.tir with the le displayed in
the blue button, meaning that the identi cation will contire with this data le version. This mechanism
is similar to an “undo' function. With the red “save' buttore( ellipse in gure7), you can force to save
last.tir to the most recent paxxx.tir. This might be useftilyou have manually applied any changes to
last.tir, which are not under control dfTire/t .

3.1.3 Checking-in the Cleat De nition File

After having created the data le, you need to specify a satde describing all obstacle geometries
used in your identi cation. This le is calledcleat de nition le' . It is selected after clicking the
respective check-in button (red ellipse in gué.
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Figure 8: Specifying the cleat de nition le

The FTire/t installation contains a very general example for such ataeanition le (‘sample.clt'),
which can be used as template for modi cations; it is progbs® use a copy of this le as staring point
for your own one.

10


http://ftire_editor.pdf

oxin @3 oR P

Pl

g i el
mrew e an.

C i ¢ ¢ el e i (e
c: e claal Scfastion [6s

=T

Figure 9: Replacing and editing the cleat de nition le

The le format of cleat de nition les is the versatile and @es-friendlycosin/io format. For a detailed
explanation of this format, see the respecti@sin/io documentation chapterFTire data les might be
written as well incosin/io rather than TeimOrbit format. Moreover, the simulation gais, needed later
in the identi cation and validation phase, use this format.

The biggest advantage afosin/io format as compared to TeimOrbit format: it can qgarameterized,
optionally using formula expressions rather than numénedues for all data items. And, in contrast to
xml format or other widely used le formats, they afeasy-to-read’, and do not require any special
editor.

The cosin/io format subdivides a le into so-calledata blocks (similar like int the TeimOrbit format).

In the case of the cleat de nition le, these data blocks aramed ..$obstacle x (x = A, B, C, D,
etc.). Note the leading dollar-sign in the name, which dassthe beginning of a new block. Each data
block describes a single road surface geometry; let it besat,ch rotating drum, several cleats on a
rotating drum, and so on. In the subsequent identi catiorage, reference to these surface geometries
is established only by the su x letter x = A, B, C, D, etc.

Below is an example of such a cleat de nition data block. Thea meaning of the data items is
documented in theosin/evmanual. However, most of the modi cations to be made are obsi adapt

cleat height,

cleat length,

cleat bevel edge length,

cleat direction (mounting direction angle relative to the drum axis),
drum diameter,

type of drum (tire running outside or inside drum),

11
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etc. Note that length unit is 'mm' . Type of the bevel edge can be selected between “straight' or
‘rounded'. There are several more options available to despecial cleat properties, seesin/ev.

$obstacle_ A ! 20x25 mm, 0 deg

khkkhkkhkhhhkkhhhkhkhhhkhkhdhhkdhhdxhdhhxhdhhxhdhdxdhdhxrddhxkrdxxx *kkkkkkhkkhkkx
type drum; v vdrum/3.6; mu_factor 1.00; mu_factor_cleat O. 7
cleat_height 20 I' [mm]

cleat_length 25 I [mm]
cleat_bevel_edge_length 5 I' [mm]

cleat_direction 0 I [deg]

diameter 2.0 I [m]

outer_drum 1 ' 0 or1l

Specify as many such data blocks as dierent cleats had besd wuring measurements. The as-
signment of these blocks to the di erent measurement ledlviie done later, during checking-in the
measurements.

Remember to select di erent letter x (‘obstacle_x') for each such data block. The letterust match
the one in the TYDEX header of the measurement le in case gpgci ed.

It is possible to de ne a wide variety of other types of roadface geometries in a similar way, like twin
or multiple cleats, pot holes, sine waves, etc.

Once the cleat de nition le has been speci ed, the respeetibutton will disappear. The buttons shown
in gure 9 are then displayed instead (red ellipse). Use these buttonselect analternative cleat
de nition le, or to invoke the editor tomodify data items in the le.

3.1.4 Checking-in Measurement Files

Once the cleat de nition le is speci edFTire/t is ready to recognize (‘check-in') experimental data.
This is initiated by

selecting the directory where the experimental data reside (red ellipse in gl@e then marking
the respective les in the le list , by either

1. clicking theright mouse button (‘select all'), or
2. dragging arectangle over the les to be used, or

3. left-clicking the les individually, at the same time hitting thectrl' key, then

hitting the “check-in measurement le(s)' button (blue ellipse in gurelQ).

12
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Figure 10: Selection of the experimental data directory

If you have speci ed one or more le(s), they will be markeddlin the le list, andFTire/t will loop
over all selected les. You may seleaty arbitrary le . FTire/t will decide whether or not a le is
relevant, and how it is to be interpreted. If this decisiomis unambiguousFTire/t it will ask you
whether and how to use it.

Moreover, the st le among the selected ones will appear hetblue button on top of the le list.
Depending on the le type, left-clicking this button will @m anappropriate application program to
view the contents of the le, whereas right-clicking the ot will open the ASCII editor.

Experimental data may be given both amsage les (in bmp, png, tif, gif, jpg format), or asASCII
text les.

Image les are used to describe either
the tire's cross section geometry, or
the tire's tread pattern geometry , or
experimental data in terms afcanned diagram images or
measuredootprint shapes.

Text les are used to save sensor information during stasieady-state, or dynamic time- or frequency
domain measurements, given either in

the preferred standardizedYDEX format , or
in general ASCII format, to be interpreted by an assisting import tool.

In case arimage le is recognized, based upon the le extensi6iiire/t will open a window similar
to one of those shown in gurdl The image will be displayed in this window.
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Figure 11: Types of images that can be checked in: (1) cressian drawing, (2) tread pattern design,
(3) footprint measurement, (4) scanned measured diagram

If FTire/t cannot determine the image contents automatically, therusas to check the type in the

top left corner of the window, below the indicated le nameeé ellipse in gurel?). A selection is to
be made among

1. across-section drawing,
2. atread-pattern design bitmap,
3. a staticfootprint measurement, or

4. a scanned measuremedigram.
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Figure 12: Speci cation of image contents type
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Depending on the user's selection, the windows appearaiitehange to either one of the types explained
in chapter3.1.5to0 3.1.9

If, on the other hand, the le is arASCII le in TYDEX format , FTire/t tries to determine the kind
of measurement contained in the le, by opening, readingd amalyzing the measurement channels.

Provided this recognition is unambiguous, and all necgsadditional information is found in the le,
FTire/ t

extracts the relevant measurement signals,

based upon these signals, performs one among di erent Isqsares ts to approximate relevant
tire properties like vertical/longitudinal/lateral stiness, cornering /slip sti ness, sliding friction
cases etc., and nally

stores the resulting information in _best_so_far.tir anddr an auxiliary le,FTire/t 's “control
le' .
The information in the control le will later be used to paraaterize simulation script templates, in order

to identify and/or validate the measurement. Find more détaabout the checking-in of TYDEX les
in chapter3.1.8

Finally, if the le contains a generalpon-TYDEX ASCII format , an import-assistant window will
open. This window queries the user for information about lowead, scale, or mathematically combine
the measurement channels. By these operations, a TYDEXvatpnt le will be generated for further
processing. Find more about this case in cha@dr.9

Of course, you can later add experimental data les the sarag &s explained above, at each sub-sequent
stage of the identi cation process. Equally well, you casrdgard such les. The respective procedure
will be explained later.

3.1.5 Preparing an Image File

In case of an image le, after having speci ed the contentgre12), FTire/t will change the window
to showing how toprepare the image for nal checking-in (guresl8, 19, 20, 21, 22), and query for
additional information needed but not recognized in the gea

In most cases, you will have &dit the image with MS-Paint or any other image-processing program
of your choice. MS-Paint can be launched directly from théddciwvindow (red ellipse in gurel3).

Alternatively, click’skip this le' (grey ellipse in gurel3) if you decide not to make use of the image,
or click "cancel check-in' (green ellipse in gurel3) if you want to skipall remaining les that had
been marked for check-in.
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Figure 13: Image of le processing

3.1.6 Checking-in a Tire Cross-Section Image

If an image le contains aross-section drawing, it can be used to extract respective spline data for
carcass line and tread/side-wall surface . Figure 18 shows the preparation instructions (red ellipse).

These instructions teach how tmark, by additional pixels imed, yellow, or blue color, certain well-
de ned carcass tread, andrim points .
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with single piiels in cobors as indicated, as sccuvate as possible.

¥
1he mmage &1 14-bi bitmag with the propoted name, Jr
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Figure 14: Instructions for digitizing a cross section kifm

After all pixels are set, save the modi ed image as 24-bitrgip le with the proposed nameexit
MS-Paint, and click’ continue' in FTire/t 's child window (blue ellipse in gurd3). Note that the

proposed name for the modi ed image is di erent from the anigl name; the original le willnot be
overridden. NextFTire/t will

read the bitmap le,
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search for the pixels,

scale the respective carcass/tread geometry data pointom@lting to the two pixels marking the
rim size, and

add/replace the resulting geometry spline data to/in theetile _best _so_far.tir.

Checking-in of cross-sections does not require the spatibn of any additional data.

3.1.7 Checking-in a Tread Pattern Bitmap

A tread pattern design bitmap is expected to be cyclic repeatable in circumferentialadiom, and,
for reasons of automatic scalability, there should not bg amargin between bitmap and image border.
Moreover, the circumferential axis of the tread pattern igected to coincide with the vertical axis.

You nd these instructions inFTire/t 's child window (gure 16, red ellipse). The exact width of the
tread pattern design doesn't need to coincide with the tre@dth as speci ed in the data le. Therefore,
the tread pattern width (in mm) is to be entered in the respective entry eld (blueipske in gure16).
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Figure 15: Instructions and data for preparing and checking tread pattern bitmap
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After the image is preparedsave the modi cation as 24-bit-bitmap le with the proposed namexit
MS-Paint, and click’ continue' in FTire/t 's child window (blue ellipse in gur&3). Again, note that
the proposed name for the modi ed image is di erent from thaginal name; the original le wilhot

be overridden. Next-Tire/t will insert the bitmap le name and information about its extsion and
scaling in the tire le _best so_far.tir.
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3.1.8 Checking-in Measurements: Footprint Images

As opposed to the geometrical tire data discussed sofertprint images are an important part of the
experimental data, used later during identi cation

FTire/t needs to scale a footprint image exactly. This is achieveddanning the image for a red line
with known length. Such a line is to be added to the bitmap (sgare 16, red ellipse). The length

of the line is to be entered in the data entry eld (blue elips1 gure 16). In addition, the red line

indicates the orientation of the bitmap. It is oriented permicular to the rolling direction.
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Figure 16: Instructions and data for preparing and checking footprint bitmap
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Moreover, the exacbperating conditions of the footprint measurement have to be entered in the data
entry eld (blue ellipse in imagé46):

in ation pressure can either be one of the pressure valugsop py, speci ed during creation of
the data le, or a third independent value, speci ed in [balheck the respective selection;

wheel load can be de ned either in percentage of the rated load ("LI Ipaok directly in [N]. In
the rst case, append a %-sign to the numerical value;

camber angle in [deg];

the length of the red calibration line (‘scale length’) in [mm]. Alternative, if no such calibraii
line was added to the bitmap and “scale factor' is checked cadesde nition type, the image
scaling factor in [mm/mm].

After the image is preparedsave the modi cation as 24-bit-bitmap le with the proposed namexit

MS-Paint, specify the additional data in FTire/t 's child window, and clickcontinue' (blue ellipse
in gure 13). Again, note that the proposed name for the modi ed imagedierent from the original
name; the original le willnot be overridden.

FTire/t saves all information necessary to compare the measurggrfoowith a simulated one. The
data is written to an internaktontrol le (namedcontr.ftf ). The actual content of this le, as far as
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footprint measurements are concerned, is displayed intarotvindow. This is thdootprint measure-
ment window ( gure 22) at the bottom right corner of the screen. In this window, feach new footprint
being checked in, another row of check-boxes, buttons, arid/eelds is created. These widgets provide
direct access to the respective measurement.
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Figure 17: Measurement window for footprint-type measueets
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The rows, and thus the measured footprints, are sorted wibpect to the operating conditions, so the
checking-in sequence is irrelevant.
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Figure 18 - insbucions for digitizing @ seanned diggram

Figure 18: Instructions for digitizing a scanned diagram

Hitting the red "del' button (red ellipse in gure22) of a measurement entry will delete the respective
data from the control le, as well as the copy of the bitmap kreated during checking-in. Of course,
the original measurement le will never be deleted. Theot' button (blue ellipse in gure22) will
display the footprint, using MS-Paint.

Moreover, using the entry elds on the right-hand side of thandow, you can modify manually
wheel load,
camber angle,

tread depth (original value will be used if value is negative
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image scaling factor,
image rotation angle, and

black/white threshold value (between 0 and 1; dark imagegune a smaller value, light images a
larger one. Default value is 0.3 and will work for most bitregp

if necessary. The remaining functions of the window area®pt in chapte.2

3.1.9 Checking-in Measurements: Scanned Diagram Images

The fourth type of image les, scanned diagrams, represemtther kind of experimental data, used
for identi cation. FTire/t provides a digitizing function to generate an intermedi&8ClI le, which

is equivalent, and treated in exactly the same way as, thedaedized TYDEX les which are discussed
in 3.1.1Q

During digitizing, FTire/t searches and readdy data pairs out of a diagram curve in the image.
When preparing with MS-Paint, the respective points on theve are to be marked bged pixels. In
order to exactly calibrate and straighten out the imag€ire/t needs to know origin position, as well
as axis end points with their respective physical value.s€hgoints are to be marked withlue pixels.
The exact procedure is explained in the preparation ingtomc( gure 18, red ellipse).
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Figure 19: Data for checking-in a scanned diagram, and jgldit/ buttons

The values of the axis end points in physical units (xg and % on the x-axis, y and y on the y-axis)
are to be entered on the bottom of the data entry eld (blueipdle in gure19). The units of these
values depend on the selection of the and y-axis variables, which are to be checked in the two
columns above.
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If specifying a tire force or moment, the respectiV¥ DEX coordinate system (C-, W-, or H-axis
system) is to be selected in another row of “radiobuttongirribe bottom of the data entry eld. Please
refer to the TYDEX documentationfor an exact de nition of these axis systems.

After you have prepared the image, save the modi cation ahbRbitmap le with the proposed name,
exit MS-Paint, specify the additional data in FTire/t 's child window, and clickcontinue' (blue
ellipse in gureld). As said before, the proposed name for the modi ed imageiierent from the
original name; the original le wilhot be overridden.

FTire/t will now perform the nal digitizing step andreate the intermediate le .

The content of the intermediate le, and thus the digitizingsult, can be checked in two di erent ways
(red ellipse in gurel9): it can beplotted with the interactive plot prograntosin/ip, or it can beedited
with the ASCII editor. This editor is MS-Notepad by defalyt can be selected inosiris start menu.

In the next step of the check-in procedure, the intermedidtewill be treated exactly the same way
as original TYDEX les are treated. This procedure, together with the necessamr listeraction, is
explained in3.1.10Q

3.1.10 Checking-in Measurements: TYDEX-Files

If an ASCII text le in TYDEX format is checked in, or if the intermediate le created chgicheck-in

of scanned diagrams or general other ASCII les is availdblére/t will open this le and search for
the existence and the statistical properties of certain sweament signals. This task is especially easy
both with TYDEX les and with les in FTire/t 's internally used ‘'mtl format', because all relevant
signals have well-de ned and well-known names.

In addition to the speci cation of validation and identi ¢@n cases, and depending on the type of
measurementETire/t will occasionallyextract tire data from the measurement and insert these data
into the data le _best so far.tir. This can be done eitherri terms of actual values, like the data
describing radial sti ness characteristic on at surfaa, in terms of merelyjominal data, that can be
activated for use later.

As a result of the analysid;Tire/t categorizes all measurements into exactly one of the following
classes:

1. radial sti ness characteristic at zero rolling speed at surface,

radial sti ness characteristic at zero rolling speed oansversally oriented cleat,

radial sti ness characteristic at zero rolling speed onditudinally oriented cleat,

radial sti ness on drum at non-zero rolling speed,

longitudinal sti ness / sliding characteristic of bloed wheel near zero speed on at surface,
lateral sti ness /sliding characteristic of blocked wéleon at surface,

lateral sti ness / sliding characteristic at zero rolirspeed on transversally oriented cleat,

torsional sti ness/hysteresis characteristic of bleckwheel when turning about vertical axis,

© © N o gk w0 N

longitudinal force vs. longitudinal slip characteigsét higher rolling speed,
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10. side force vs. slip angle characteristic at highernglbpeed,
11. side force vs. camber angle characteristic at highdingpkpeed,
12. cleat test under symmetric conditions (‘in-plane clest'),
13. cleat test under un-symmetric conditions ("out-of{macleat test'),
14. test not used or type not recognized.
Moreover, from the data leFTire/t tries to extract values for:
1. in ation pressure,
. steady-state wheel load (if kept constant),

. steady-state longitudinal slip (if kept constant),

2
3
4. steady-state slip angle (if kept constant),
5. steady-state camber angle (if kept constant),
6. drum speed,

7. drum diameter, and

8. cleat type.

If at least one of these values is needed to unambiguouslgridesthe measurement conditions, but
not found in the data le,a small window will be displayed ( gure20). This window shows the name
of the respective measurement le (red ellipse), and hasckH®oxes and/or entry elds tospecify or
enter all missing values (blue ellipse as an example; the actual appearance of thdominvaries with
the kind of data missing). After having completed this, klieither

“continue' to complete checking-in of the le, or
“skip this le' if you decide not to make use of it, or

“cancel check in' if you want to quit the whole check-in process.
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Figure 20: Child window prompting for missing measurememiddions

Similarly as in the windows described 3.9 the content of the measurement le can be viewed in
this window in two di erent ways (green ellipse in gugf): it can beplotted with the interactive plot
programcosin/ip, or it can beedited with the speci ed ASCII editor.

As a result,FTire/t adds one ore more new validation / identi cation cases to twntrol le.

These cases are grouped together inke di erent categories . Such a category can be selected for
display in a respective measurement window ( gt red ellipse). The categories are
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footprint shape measurements (already discussed and shown in ch&pteB and gure 17)
measurements istatic or steady-state conditions (classeslj to (11) in the list above)

measurement conditions where considerable sliding octordeterminesliding friction coe -
cients,

dynamic cleat tests with purely symmetric conditions{plane cleat tests', class (2) above)
dynamic cleat tests with unsymmetric condition®(t-of-plane cleat tests' , class (3) above).

The second and third category will be lled simultaneously, basis of the same measurement les. As
mentioned, all relevant measurement information will beognized and extracted automatically from
the les.

Figure 21: Selection of measurement categories for display

Depending on the category selected, the measurement winidhaw pops up will have a special ap-
pearance; compare gure&7 and 22 to 25. All windows are organized in rows, one row for each
measurement case. The following widgets may appear in eash r

a ‘use' check box, to select/deselect the measurement case durangpted validation or iden-
ti cation;

a yellow plot' button, to interactively display the measurement case wadsin/ip;

a yellow’img' button, to quickly show the most recent comparison imagewssn measurement
and computation. If no such image is available, the buttoli mdt be displayed;

a blue ‘cmp' button, to compute and display a new comparison, using thestmecent status of
the data le best so_far.tir;
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Figure 22: Measurement window for category “static and dyestate cases'

Figure 23: Measurement window for category “friction cornts'

Figure 24: Measurement and parameter windows for categorplane cleat tests'
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Figure 25: Measurement and parameter windows for categmun-of-plane cleat tests'

a green’id' button, to adapt a respective single parameter in _best shr.tir such that the
measurement is optimally t by the simulation. The type ofishparameter depends on the type
of measurement. It is automatically chosen to be the one wiigjhest correlation to this type,
but to disturb as little as possible the correlation to thehet measurement types. If no such
parameter is assigned to the respective type of measurentiemtid-button will not be displayed.
After adjustment of the parameter, the comparison is frgstbmputed and displayed;

a yellow cmpi' button, which launches an interactive simulation sessionly available for cleat
tests). In this session, the animation window is equippeth wlider bars, allowing the user to
modify certain prede ned parameters during a running simtioh, and to study the e ect on
better or worse coincidence between measurement and diionilaBecause these parameters are
modi ed on-line, it would take too long time to refresh preggessing. This is why the slider
bars are only available for certain internal parameterg tihhange of which would not a ect the
pre-processing results of other internal parameters to@imu

a yellow 'mes' button, opening the measurement le in the text editor;

a red ‘del' button, to remove the measurement from the list of checkedzases (‘check-out’).
The original measurement le will not be deleted, it can beecked in again later;

the internalname of the measurement le the respective case is extracted frofTire/t will
duplicate or create a new le for each checked-in measurdnigaving a well-de ned le name
and format, no matter whether or not the original le could Y& been used directly or not. These
internal le names all have an underscore as pre Xx;

a second yellowsim' button, opening the simulation script le in the text editoiSuch a script le,
in cosin/io format, is associated with each static or steady-state tygfaneasurement. Typically,
there is no need to edit or modify these script les;

several additional entry elds, allowing to adjust certaiperating conditions or identi cation
settings, labeled:

‘ob' : the obstacle or cleat type, denoted by a single letter (seapter 3.1.3);
V' @ the rolling speed in [Km/h];

'Fz' : the wheel load in [N];
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ka' , the tire longitudinal slip in [%];
"al' , the tire slip angle in [deg];
‘cam' , the tire camber angle in [deg];

‘dd' , the drum radius (if not specied in the cleat de nition lejn [m], positive if drum is
an inner drum and negative if it is an outer drum;

p', the actual in ation pressure during measurement in [bénk value “-1' denotes no change
compared to the value speci ed in the data le;

‘td' , the actual tread depth during measurement in [mm]; valu€ denotes no change
compared to the value speci ed in the data le for a new tire;

“scale', the scaling factor of a footprint bitmap le (real length /dngth in image);
‘rot' , the footprint rotation angle in a bitmap, in [deg];

‘search', the measurement time in [s], starting at which the rst cleaontact is to be
searched for in the measurement le;

‘trig' , the measurement time of rst cleat contact (if automatic tetion fails), in [s]. If the
“trig' value is negative, the automatically detected valaeo be used anyway;

“tol' , the percental change in the steady-state wheel load whiditates a cleat contact (the
exact time of rst contact will be estimated by using this ual, together with the rate of
change of wheel load with respect to time);

‘w.time' , a 5-digit integer number, de ning the weights of time domasignals used to
build the least squares expression for cleat test identima The weights are de ned in the
sequencery; Fy; Fz; My; M;. The value 90900, say, will set the same weight F§nand
F., but will neglectFy; My; M;

‘w.freq' , weights similar as "w.time', but to be used in frequency dom

‘fmax’ , the maximum frequency in [Hz] to be taken into account dgrinequency domain
least squares t. As a side e ect, fmax' will determine theme span of the cleat test
simulation runs. The default and recommended value is 200 Hz

For steady-state tests, in addition to the measurement winda second window allows to select one of
those parameters which can be uniquely identi ed by one orengiven measurements. Upon selection
of such a parameter in the left window, the respective meaisigmt lines will be highlighted in the right
window. Clicking'identify' in the bottom line of the left window will use all highlightedeasurements
and identify the selected parameter. This is in contrast ticking one of the green “id' buttons in the
right window, being associated to onbne measurement. Clicking such a button will only use this singl
measurement to identify the respective parameter.

For cleat tests, in addition to the measurement window, aocsetwindow allows to specify more data for
the identi cation process ( gures24 and 25). Parameters with high relevance for dynamic cleat tests,
but small in uence on other measurement types, candmivated / deactivated for optimization
Moreover, they can be equipped with minimum and maximusands. Finally, a maximum number of
objective function evaluations can be speci ed in this vawd
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3.1.11 Checking-in Measurements: General ASCII-Files

The last type of les that can be checked in ageneral ASCII les, containing equidistant time domain
measurements, arranged in several columns, in a format éttzen TYDEX. FTire/t provides an import
mechanism, helping to create TYDEX-equivalent les out otk les.

If during check-in a non-TYDEX ASCII le is recognized, anpiont-assisting window pops up (gure
26).

This window allows to specifying several computation fdiamured ellipse in gure6). These formulae
will be used to calibrate or combine one or more channels @ ASCIl le, resulting in well-de ned
measurement channels, using units and coordinate systaente aed in theTYDEX standard

Figure 26: ASCII le import window

Nearly every meaningful arithmetic expression will be gated, including all important mathematical
functions, arbitrarily nested parentheses, all arithrogtiogical, and comparison operators, prede ned
unit conversion factors, like

mph2ms (mph to m/s),
Ibf2N (pound-force to N),
in2m (inch to meter),
ftzm (foot to meter),

r2d (radians to degree),

psi2bar (psi to bar),

27



and much more.

Measurement channels in the given ASCII le are made aVailab variableghx, x=1,2,3,.. or chyy,
yy=10,11,12,13,.., see gure6, red ellipse. The record number is available as variab®

For a detailed documentation of arithmetic expressiong, the cosin/io documentation chapter.

Channels for which computation formulae are not speci edaftis, for which the formula entry eld is
left blank) will not be created.

Forces and moments can be computed in either one of the thoeedinate systemsG-, W-, and H-
axis), de ned in the TYDEX standard. Similarly as in the scannedgtam import window (see chapter
3.1.9, this coordinate system can be selected in a row of radiadng, located below the formulae
entry elds (blue ellipse in gure26).

In another set of entry elds (green ellipse in gugs), the ASCII le format can be speci ed in greater
detail, for assisting FTire/ t's reading and interpretain routine. This includes

the speci cation of comma interpretation either as eld separators or as decimal points
(‘replace commas with blanks' vs. ‘replace commas with decimal points');

disregarding a certain number of leading columidata start at colum xx' );
skipping a certain number of comment lines in the headskip xx header lines’);
merging a certain number of lines into one logical recodh{a record consists of xx lines');

only taking into account a data record if its contents ful ls certain condition, expressed by
an arithmetic expression gnly use data record if following expression is true:yyyy'). As
an ex-ample, this eld can be used to extract a single measerg out of a le that contains
more than one measurements in a sequena#ly use data record if following expression is
true:ch0>=3001& ch0<=4000"  would select lines 3001 to 4000;

shifting the values of the independent variable (the rstacimel in the output le, typically time)
such that it starts at value 0 'k-values start at zero' checkbox).

In case of having to check-weveral di erent general ASCII le types, up to 8 di erent sets of settings
can be stored and retrieved with the radio buttons on the tdpvindow (yellow ellipse in gure6).

This is a very simple way to make use of data given as part ofainthese popular le types: mark
the data columns you want to check in, copy them to the clipatob (hit Ctrl-C), and then continue in
FTire/t as if you were checking in an ASCII le.

After you have specied the relevant information, clickontinue'. FTire/t will now create the
intermediate le . Similarly as with the scanned image les, the content of theermediate le can be
checked in two di erent ways: it can bplotted with the interactive plot prograntosin/ip, or it can
be edited with the ASCII editor. In addition, theriginal ASCII le can be edited after clicking the
respective button on bottom of the window.

In the same way as ASCII les, the contents of ttigpboard is treated in case one of the following les
types is being checked in:

a pdf- le
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a Word document (doc le),
an Excel spreadsheet (xIs le), or
a PowerPoint presentation (ppt le).

In the next step, the intermediate le wilbetreated exactly the same way as original TYDEX les
are treated. This procedure, together with the necessamr uisteraction, is explained i8.1.1Q

3.2 Identi cation / Validation Tasks

Figure 27: Identi cation and validation buttons

After having checked in some or all data les, the identi @@ and/or validation phase can be entered.
Clearly, these two stepdon't need to be carried out in a strictly sequential manner . As soon
as measurements are displayed in one of the measuremenowsndhey can be used immediately to
improve the data le best_so_far.tir.

An identi cation / validation task can be launched in 6 di ent ways:

identi cation , usingsingle measurements, eithemanually' or “semi-automatically' , by using

the green’id' buttons in a measurement window (see chap8t.10. Note that not all mea-
surement types are equipped with such a green button, but dhbse for which an isolated
identi cation of one or at most two parameter(s) would be pitaal;

validation (comparison) ofsingle measurements, with the bluemp' buttons in a measurement
window (see chapteB.1.10);

identi cation , using all activated measurements of &ingle category. This is initiated by
selecting the category with the respective radio-buttome@n ellipse in gure27), then clicking
“identify only:' (blue ellipse in gure27);
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validation, usingall activated measurements of aingle category. This is initiated by selecting
the category with the respective radio-button (green alipin gure 27), then clicking “validate
only:" (blue ellipse in gure27);

fully automatic identi cation, using all activated measur ements of all categories. This pro-
cess will run through a prede ned sequence of all identiioatsub-tasks. It is initiated by clicking
‘identify all' (red ellipse in gure27). Fully automatic identi cation includes, as nishing t&s,
the complete validation process, an automatic optimizataf numerical settings, the computation
of additional tire model properties, and the generation loé result report;

complete validation, using all activated measurements of a Il categories. This process will
perform or refresh all validation simulations, using thesmgecent data le. It is initiated by
clicking “validate all' (red ellipse in gurg?).

Certainly, thecomplete and fully automatic identi cation  will not always result in satisfactory results.
As with most other complex computation tasks, the tting predure might work better if performed
interactively, on basis of certain experiences with previmlenti cation projects, together with a sound
knowledge ofTire's model structure and parameter sensitivities.

The semi-automatic identi cation , mentioned above, is invoked with a gread' button. Depending
on the kind of measurement at hand, and if available, cligkéuch a button will ne-tune at most
two prede ned parameters at a time. The selection of theseapaeters is “hard-coded' iRTire/t , by

choosing the ones with highest correlation to the respeckind of measurement.

The "id' buttons will only be e ective if the operating conidins during the measurement (in ation
pressure and tread depth) are the same as the ones in the 8ta de. The parameters that can be
automatically adjusted this way are:

in-plane bending sti ness in case of a measured footprint bitmap, to match the averafeaot-
print length, for rst and second in ation pressure;

lateral bending sti ness in case of a measured footprint bitmap, to match the averafgatprint
width, for rst and second in ation pressure;

wheel loads at rst and second de ection value in case of a vertical de ection characteristic
on even surface, independently for rst and second in atimessure;

relative longitudinal belt membrane tension in case of a vertical de ection characteristic on
transversal cleat for rst in ation pressure;

in-plane bending stiness in case of a vertical de ection characteristic on transarsleat for
second in ation pressure (note that the identi cation relswvill override the one using a footprint
bitmap. The user will have to nd a respective compromisevimsn the two possibly contradicting
results);

lateral bending stiness in case of a vertical de ection characteristic on longitagi cleat, in-
dependently for rst and second in ation pressure (note thhe identi cation result will override
the one using a footprint bitmap. The user will have to nd sspective compromise between the
two possibly contradicting results);
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longitudinal tire stiness in case of a longitudinal de ection characteristic on at ace, in-
dependently for rst and second in ation pressure;

lateral tire stiness in case of a lateral de ection characteristic on at surfadgedependently for
rst and second in ation pressure;

torsional tire sti ness in case of a torsional de ection characteristic on at suct independently
for rst and second in ation pressure.

In future versions oFTire/ t , this list will be completed with more cases, making also afseornering
sti ness, camber thrust, pneumatic trail, and more.

The “'manual’ Identi cation requires certain knowledge concerning thensitivity between important
model data and model properties. In this identi cation apach, it is most convenient to make use of
FTire's data le editor (FTire/editor). This editor does not only simplify the nding and changid
parameter values in the ASCII data le. It also indicates wparameters would actually be used with
the current setting, and provides several graphical dasaializations and short-cuts to othé&Tire tools.

3.3 Finishing Tasks

As mentioned above, thtully automatic and complete identi cation process will include all nisli
steps, which are

the refreshment of alalidation simulations, using the nal state of the model data,

an automaticoptimization of numerical settings to increase convergence speed during tire data
pre-processing,

the computation of additionatire model properties, and
the generation of the resulteport.

If identi cation has been performethteractively , however, these tasks have to be launched manually.
As usual,FTire/t 's workbench will only show those buttons, the selection bfcl is meaningful in the

current project status.

Optimization of numerical data and computation of additional tire model properties (red ellipse
in gure 28) both can be selected at any time after initial creation of ekt _so_far.tir. However, these
steps are not required unless the nal report is to be genedat

31



Figure 28: Optimization of numerical data and generatioradflitional tire model properties (‘generate
infos")

Once the additional tire model properties (‘generate ihfbave been calculated, they can teowsed
without re-calculation (red ellipse in gur@9). Moreover, a report in html format can be generated
(blue ellipse in gure29). This report will contain

report generation date,

FTire andFTire/ t program versions that have been used,
tire manufacturer,

tire brand,

tire size,

in ation pressure(s),

a listing of the latest model data le,

a listing of additional tire properties,

a listing of the cleat de nition le, and

comparison images of all validation cases that have beerpated so far.
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Figure 29: Browse additional tire properties (‘browse shifand create report

Please note that validation imagemight not re ect the latest state of the data le . This can
happen if tire data have been changed, either by identieatior manually, using the data le editor,
without refreshing the validation. For this reason, it icoenmended to launch a “validate all' run (blue
ellipse in gure27) prior to the generation of the nal report , even if this step might take considerable
computing time.

After creation, the report's html source rgport.htm' ), together with copies of all important project
and result les),will be saved in sub-foldaeport’ of the identi cation project's working directory.

Next, the report will be opened in MS Word. Provided a pdf ti@a software like Adobe Acrobat
is installed, it is suggested texport the report as pdf-le (proposed name ‘report.pdf'). This will
improve the report's readability, and prevent it from beimgpdi ed accidentally.
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