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Aim of the software 

The software FilmDoctor® should be considered as an analyzing tool for all sorts of 
indentation data, as an optimization and modeling processor simulating a great variety of 
contact problems especially, however, for coating materials on substrates even in the case of 
rather huge differences in the Young’s moduli like for example Xerogels on Silicon. The 
software features the extended Hertzian model for layered materials and uses the concept of 
the effectively shaped indenter introduced by Pharr in 1995. It allows the evaluation of the 
complete elastic field of a wide range of indenters of symmetry of revolution in the elastic 
regime and thus, can also be applied to sharp pointed indenters by approximating their 
deformation field with an equivalent effective one using the above mentioned concept of 
Pharr [ Ref. 1 & 2].

The features within the software take into account the real layered character of the sample and 
thus, give FilmDoctor® a huge advantage over other products on the market which mainly 
work with effective half space models so far.  

The software is arranged in an easy and clear structure so that even untrained users will 
manage to work with the program after a short training period. 

Software information: FilmDoctor®

The software FilmDoctor® was developed by the company SIO – Saxonian Institute of 
Surface Mechanics. 

Head quarters:  Lieschow 26, 18569 Ummanz / Ruegen, Germany 

Branch office:  Am Lauchberg 2, 04838 Eilenburg, Germany 

Internet:  www.siomec.de

For order information, please contact:  

   Mrs. P. Heuer-Schwarzer, Am Lauchberg 2, 04838 Eilenburg, Germany 

   Tel.: 0049 (0) 177 384 4847 

   email: p.heuer@siomec.de 

You can find more information on the software directly 
within the program under the menu: “help”  “about”:
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1 Activating your personal FilmDoctor® license
First of all you need to install the software FilmDoctor® on your computer by clicking onto 
the setup button: 

Then, you can select between the languages “German” or “English” and a setup wizard will 
guide you through the installation process. Somewhere in the middle of this process, you need 
to read and accept a “license agreement” to continue setup: 

If you do not accept, the installation cannot be completed. Otherwise the installation guide 
continues and after several seconds you will find a working version of the program 
FilmDoctor® on your computer. 

1.1 Getting your registration code 
If you want to use the full version of the software FilmDoctor®, you need to activate your 
personal “registration code” first.

When opening the program after the installation, the opening page with all the necessary 
registration info opens automatically: 
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The registration info informs you, that you need to send an email to the program supplier to 
get your personal registration code: 

Your serial number, which is related to your hard disk and is NOT transferable to any other 
computer, is calculated automatically by the program and you are requested to send this 
number to the service address: service@esae.de

1.2 Contact the program supplier 
You might simply use the button “order key” next to the blank field and a registration form 
will be prepared in your mail account on which you just need to enter your full personal data 
and send it to the email address given above: 
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As soon as possible the program provider will send you back your (time limited) password 
which you need to enter into the blank field “registration code”. As long as you have not 
received your registration code, you will not be able to work with all the options your edition 
of the program provides. 

1.3  Insert your access code 
Reopen the program. 

Then insert the digit registration code into the blank box just as you have received it from the 
supplier (make sure you keep to correct capitalization and punctuation) and press OK.
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The access code is activated straight away and you can start working with the program 
immediately.  

1.4  Purchase information 
If you want to BUY a full version of FilmDoctor®, you need to fill in an order form that you 
can get from the program supplier. As explained in 1.2, you might print the prepared e-mail 
text and use this one mentioning the fact that you want to buy FilmDoctor®, or you can ask 
the program suppliers for a separate form. Make sure your serial number [ ch.1.1] is given 
in the text, fill in your personal data, sign the form and send it to the program supplier who 
will send you back your temporary security code straightaway and your unrestricted password 
(no time limitations) after payment. If you later change your computer or hard disk, you will 
receive a new code (ask the program supplier for more details). 

For price information please contact the program supplier directly (service@siomec.de) and 
don’t forget to ask for your personal offer if you are interested in buying more licenses or 
belong to a school or research institute (up to 50% discount possible!). 
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2 Working with FilmDoctor®: General features 
When you open the program FilmDoctor®, you will find the “Intro page” with a blue 
background open on your screen. The upper bar of the software shows you the name of the 
software and the current version with which you are working, as well as the usual symbols for 
minimizing, maximizing and closing the program. 

2.1 The Menu Bar 
The grey menu bar in the upper part of the window provides you with the following three 
options:

Project here you can open a new project, save a project, load a project, define 
special settings for a project (such as contour plot, color, etc.) and exit the 
program. 

Tools the following options are provided here:  



FilmDoctor® user documentation:  July, 2007

10

You can:

- calculate the Young’s modulus 

- evaluate Critical Load 

- do load search 

- investigate dependencies 

- fit the load depth 

You even can ask the program supplier to make him design your personal 
“customer defined tool” if you are interested in some special additional 
features.

In the “program settings” you may change global settings (concerning the 
calculation, 2D or 3D presentations, …) such as that you adjust the program 
to your needs and optimize it for your daily work with FilmDoctor®:

You can for instance pre-define the calculation range, select graphic 
settings, set parameters for animations, or determine the update frequency. 
Feel free to try out what global settings come up to your demands. 

Help here is where you can find more information about the program, hints and 
update services. You even have the chance to make use of our “bug-
reporter”: if you click onto the field:
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a separate window will open and you have the possibility to report any 
inconsistency, error or bug that you might have detected during your work 
with FilmDoctor®. You can select the module or component in which you 
have found the bug and enter your error description: 

Either you can close this window and continue with your work by pressing 
the “cancel” button, or you press “OK” and an email (containing your 
current version number, the module in which you have detected the error 
and your bug description) is written automatically that you simply need to 
send to the address mentioned above: 
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2.2 The Tool Bar 
The colorful tool bar right under the menu bar is your guideline through the program: 

Here you find the main features of the program in a systematic and tidy way.  

The first three buttons lead you to

- the material selection window [ ch.3], to 

- the load definition page [ ch.4] and to

- the calculation page [ ch.5].

It should always be the first step to determine these settings before you can see your results.

After you have selected all necessary material, load and calculation parameters, you can use 
one of the six buttons on the right hand side which focus on the output possibilities that the 
program provides: 

- the line graph presentation : presents your results in a line diagram 

[ ch.6]

- the 2D graph window : gives the results in 2D  

[ ch.7]

- the 3D graph page  : shows the results in a 3D view  

[ ch.8]

- the animation window : animates your results  

[ ch.9]

- the comparison window  : compares different line graphs  

[ ch.10]

- the value browser  : shows you the values of your results 

[ ch.11]
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In the biggest part of the screen, right below the tool bar, you will find the main window of 
the program. This is according to your selection the window with which you are working at 
the moment. As an orientation, the button of that very window with which you are currently 
working, appears highlighted (bold-faced type, or colored) in the tool bar.

Please find more information on each feature in the following chapters! 

! By the way: if you are not sure what a certain symbol or button means, you might try to 
hover over the corresponding field with your mouse-pointer and wait for some seconds. Most 
buttons are connected to a short note that opens up automatically, explains what this field 
does and disappears after a while. As this present software version is still under development, 
not all fields are connected to such a help yet.  Please contact the program supplier if you are 
of the opinion that other / more / different fields need such an additional explanation as well! 

2.3 The Intro Page 
When you open the program FilmDoctor®, you will find the intro page open on your screen. 
The flow chart of this page (right below the menu bar and tool bar) gives you a first 
overview of how the program functions in general: 

The first step should be to set the parameters for your material (“Material settings”, left part, 
red color): [ ch.3]. As you can see in the chart, you can define the material and gradients,
add intrinsic stresses and internal defects.

Then you can define the “Load settings” (middle part, orange color): [ ch.4]. You can see 
all available load options and indenter types symbolized in the graphics. 

Eventually, you can determine your “Calculation settings” (upper right part, yellow color): 
[ ch.5] before you can view the different “Result presentation” (lower right part, green 
color): [ ch.6-11].
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3 Working with FilmDoctor®: Material Selection Window 

You come to the “Material window” by clicking onto the button “material” in the tool bar 
[ ch.2.2]. Then, the “material window” will be opened automatically. The currently opened 
window “material” is marked in bold-faced type within the tool bar:

Selecting the parameters for your material (meaning: substrate and layer(s)) should always be 
the first step in the whole analyzing procedure.

On the material page you need to set the parameters of your substrate and the layers. You 
can choose up to 10 layers starting from “layer 1”, which is the top layer and reaching down 
to “layer 10”, which is the bottom layer directly on top of the substrate. 

Activate as many small hooks in front of the layers as you need.  

Possible emerging gaps are corrected by the program automatically (example: if you want to 
calculate a substrate with 3 layers: enter the layer properties in the fields “layer 1”, “layer 2” 
and “layer 3”.  If you now later want to erase layer 2 by simply deactivating the field in front 
of it, the program moves the active layers together so that there is no layer “hanging in 
midair”). 
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In the example given above, we have chosen 3 layers with a total layer’s thickness “h” of 
1µm on a substrate. You can either enter the material values by hand or select pre-adjusted 
materials with their belonging parameters directly from the drop-down list on the right rim of 
the material field. This database can be modified and data can be added within the 
“database-page” [ ch.3.2].

3.1 Using Gradients  

! This part of the program is still under development! Please understand if not all features are 
running without errors! We thank you for your understanding! 

You even have the chance to use gradient Young’s moduli for your chosen layers: simply 
check the corresponding check-box “gradient” and press then onto the appearing button 
“formula”:



FilmDoctor® user documentation:  July, 2007

16

A new “gradient window” will open up and here you can adjust the gradients in the 
following three ways: 

You can use a Bezier input to define the layer’s gradient: 
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Or you can use upward or downward stairs in up to 100 steps: 

Or you can define the gradient by a formula:
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Please make sure you stick to the “input rules” concerning the correct notation:

The chart bar on the bottom of the page shows you the adjusted gradients for each 
selected layer (in the example above: 1st layer: with a Bezier gradient; 2nd layer: with an 
upward 10-step stair gradient; 3rd layer: with a gradient defined by the formula: [-1*z2]).

You can switch between the layers by simply clicking into the corresponding fields. The 
layer in which you are working is highlighted in a blue color (example above: layer 3).  

With the button “OK” on the bottom right of this page you can accept your settings and 
return to the “material page”, or, as in our example, you delete your settings with the 
button “reset” on the bottom left.  

3.2 Database Page   

The full version of FilmDoctor® comes with a large database which provides numerous 
important parameters (like yield strength, critical tensile stress, Young's modulus,
Poisson's ratio, thermal expansion coefficient, etc.) of over 600 materials. Thus, it is 
perfectly qualified to support the analysis and optimization of arbitrary structured surfaces by 
analytical models. 

The Material DataBase is available in three different versions: The big version contains over 
600 data entries (materials), the medium version contains 100 materials and the small (demo) 
version contains 40 materials. 

To open the database page, click on the button: “edit database” under the material selection: 

If you have bought a FilmDoctor® version with the complete data base, you now have access 
to carefully selected data of more than 600 materials. The material database page will now be 
open in the main window: 
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Here you will find many preset materials and material parameters in alphabetical order. Many 
of your used materials could already be found in this list! To check this, just enter the 
material’s name into the blank field “search” and the table jumps right to the material if 
listed.

If it is not, however, you can add one or more entries anytime you want. Simply use the “+”
button and a blank field appears on top of the list in which you can insert the material’s name, 
corresponding Young’s Modulus and Poisson’s Ratio and the entry is stored automatically.  
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You can also adjust some values, add additional information or even erase a dataset 
completely by clicking into the corresponding field, pressing the “-“ button and confirming 
the definite crossing out: 

With the button “OK” at the bottom right corner you can leave the database page and go back 
to the material window where you can finish selecting your material parameters.  

3.3 Internal Defects 

For the advanced user, the software FilmDoctor® also provides a tool to simulate weakened or 
bad adhering interfaces between coating and substrate or between different layers: the “defect
model”. Defects can either be introduced via the “material definition” or the “load 
definition page” [ ch.4].

To define internal defects already during the “material definition”, you need to check the 
check-box in front of the field “use internal defects” in the upper right corner of the material 
page:

When pressing onto the button “set internal defects”, the separate “defect definition page”
opens automatically and there is where you have the chance to place the simulated defect into 
your layer or at an interface: 
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[For the further procedure and examples: ch.4.4ff].
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4 Working with FilmDoctor®: Load Definition Page 
When you have set all the necessary parameters in the “material window”, press the button 
“OK” in the right bottom corner and you will come directly to the load definition page:

(You can change the material parameters at any time by simply clicking onto the button 
“material” in the tool bar [ ch.2.2].) 

On the load definition page you can find all load options that the program FilmDoctor®

currently provides. Each method to define the load is symbolized in small graphics, which are 
all arranged in a tree diagram for a better orientation. 

Currently, FilmDoctor® offers four load definition methods: 

- define stress distribution, [ ch.4.1]
- indenter or contact pairing, [ ch.4.2]
- fit load-depth curve, [ ch.4.3]
- set internal defects  and  [ ch.4.4]
- impact    [ ch.4.5]

As you can see, some of them are further divided into subcategories:



FilmDoctor® user documentation:  July, 2007

23

Each symbol can be clicked on and leads you directly to the corresponding page where you 
can define your load parameters.  

The symbols of the features that are not available according to your edition of the software are 
disabled and tagged with the red writing: “not in this version”. 

In the following chapters we will have a closer look at what the single load definition methods 
can be used for. 

4.1 Define Stress Distribution 

With the help of the option “define stress distribution” you can define the normal stress of 
symmetry of revolution according to the equation 

(with:  r = distance of the indenter’s axis of symmetry) under a given contact force “F” and 
contact radius “a”. The factor “norm” thereby assures that the total load is equal to the given 
force “F”. 

When clicking onto the symbol, the corresponding load parameter page will be opened 
immediately: 
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Here you can see many general tools that you will find on all parameter pages (independent 
on the kind of load definition method you have selected): 

With the three symbols in the right upper corner you have the following possibilities: 

- you can change the view back to the “methods tree” by pressing the symbol:  

- you can save the surface stress graph as “.jpg” (jpeg), “.emf” (enhanced 
metafile) or “.bmp” (bitmap) to a file of your choice on your computer: 

- you can add the calculated graph to the “compare window” [ ch.10]:

Furthermore, you can change the load definition method without having to go over the main 
menu in the load definition method tree by simply using the drop down list in the upper right 
part of the window: 
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Let us now focus on the actual task: defining the normal stress distribution. 

You therefore need to type in the parameters “F”, “a” and the stress distribution parameters 
“cn” (giving the shape of the stress distribution) according to the equation (normal surface 
stress): 

2 2
0

0
* * ; 0, 2, 4,6

N
n

zz n
n

r norm c r a r n

When we have a look at the first example, we can see the following stress distribution after 
having entered the values:   F=0.5N   

a=2.9µm 

c0=1

c2= c4= c6=0  and pressed the button “draw stress zz”:
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With c0 = 1 and c2 = c4 = c6 = 0, we get a perfect Hertzian stress distribution as the equation 
behind reads: 

2 2 2 2
0 0 03

3**
2zz

Fr norm c a r c a r
a

The information “maximum depth” in the bottom left corner of the window (here: 2.4µm) 
gives you an impression on how deep the indenter is pressed into the material during this 
process of penetration (here: under a force “F=0.5N” with which the indenter is pressed onto 
the layer-substrate-combination).   

As the software also uses the extended Hertzian approach of Schwarzer [ ref. 3], you may 
also define much more complex stress distributions as the following example shows: 

(with: c0= c2=1 and c4= c6=0).

Now, the reader should play around with other stress distributions as he pleases by changing 
the values cn. He could, for example, include tensile surface stresses as they could result from 
the “snapping off” of the indenter due to adhesive forces at the rim of the contact zone as we 
can see in the next example: 
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(with: c0=1; c2= c4=0 and c6=-0.01)

Another example might even include stresses of flat ended punches with rounded edges: 

(with: c0= c2= 1; c4=0 and c6=10)
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Concerning the option “rigid indenter” which can be activated and deactivated in the lower 
part of this page: 

  respectively   

The standard setting is with a tick which means that the indenter is assumed to be rigid (not 
deformable). If the tick is removed, the material parameters of the indenter are taken from the 
indenter page where they can be selected freely.

This setting, however, is only of importance for the evaluation of the total approach (see 

“maximum depth” at lower left corner of the window:  ) of 
the assumed indenter and the elastic (layered) half-space.  

If you want to use the chosen stress distribution for the further calculation, you are obliged to 
confirm your choice by pressing the button “OK” at the lower right corner. Before you do so, 
you will find all fields for the values on a blue background as a sign for you that you have not 
yet read these settings into your model for later calculation: 

This background color disappears when having clicked onto the button “OK”: 

Together with the values “F” and “a”, the “cn” are absolutely necessary input parameters for 
the calculation. Otherwise you will not be able to use the “calculation page” [ ch.5].

4.1.1 Arbitrary Load Dots 

As you can see on the load definition tree diagram, the load definition method “arbitrary
load dots” is a special case of the option “define stress distribution” [ ch.4.1]:
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For many rough surfaces or in the case of droplet erosion, for example, you can find a 
multitude of contact areas: you will find conforming contact situations, tip-to-tip contact, a 
great variety of inclined contact situations and even rotating and lateral loads. So far there was 
no software package with which you could analyze and calculate correctly cases like these in 
its enormous complexity. With FilmDoctor®, however, you have a tool with which you can 
simulate a great number of “arbitrary load dots” with individual stress distributions for each 
load.

When you want to work with the load definition method “arbitrary load dots”, you simply 
need to click onto the corresponding symbol in the load definition method tree [ ch.4] or
select the option “set arbitrary load dots” on the load parameter page:

We now select some contact situations that might occur due to roughness on a steel substrate 
without layer [material selection here:

more info on material parameter: ch.3]: 

In the upper right part of this load definition window, you can define the settings for the range 
“x1”, “x2”, “y1” and “y2” in which you want to place the load dots, as well as the units for 
“length” and “force”:



FilmDoctor® user documentation:  July, 2007

30

By using the drop down list of the option “Define your load add options”, you can 
select a method of how you want to enter a new load dot:

entering it by hand, 

import “a” and “ci” from fit-load-curve, respectively from indenter page, 

import Hertzian load dot from fit-load-curve or from indenter page or 

import from automated fit 

After having selected an add option, you need to click into the diagram on the left hand side to 
bring the load dot into a rough position and the program draws automatically a circle around 
this area: 

In the table in the middle part of the page you now can define the characteristics of the load 
dot:

x   its position in x-direction 

y   its position in y-direction 
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c0-c6 defines the shape of the stress distribution (here: c0=1, c2=c4=c6=0: 
Hertzian pressure distribution) 

a  contact radius 

rot rotating shear force 

Tx lateral shear force in x-direction 

Ty lateral shear force in y-direction 

f normal force 

Mt  tilting force 

Mt angle tilting angle (0=tilting in x-direction) 

With the last two options in this line you can activate or deactivate (show or hide) the selected 
load dot or you can completely remove it from the list. 

You can continue to enter as many load dots as you like or simply read in a previously saved
“load dot ini”-file (.ldini) by using the button “load” or “load and add”:

In this example we have set 6 load dots with different properties: 

1st load dot: tip to tip contact situation: small radius, big normal force 

load dot 2-4: conforming contact situations: bigger radius, smaller normal 
force

load dot 5-6: inclined contact situation with tilting moment tangential loads  
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You can see all defined load dots in the diagram on the left hand side. To distinguish them 
you can select a different line color for each of them.  

If we wanted to, we now could “add a duplicate” of a selected load dot: 

or we also could activate the option “keep stress distribution” which would deactivate the 
change of the shape determiner “cn” with changing “a”:

Before we continue to calculate the stress distribution, we can have a look at the stresses 
(“normal stress z”, “shearing stress xz” or “shearing stress yz”) our defined load dots 
produce by simply clicking onto the option: “draw stress”. The diagram on the left hand side 
now shows us a colored stress diagram (according to the selected stress) in which we can 
estimate the minimal and maximal stress (here: normal stress z reaching from -2.053GPa to 
0.184GPa):
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Eventually, you can save this presented stress graph as a .jpg (jpeg), an .emf (enhanced meta 
file) or as a .bmp (bitmap) to a data path of your choice by pressing the button “save graph 

to file”  next to the checkbox where you can select the drawn stress:

When pressing the button “OK” on the lower right corner, the program accepts the settings 
and changes directly to the “calculation page” where we can enter all necessary calculation 
parameters and start the calculation: 
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[more info about settings in the calculation page: ch.5].

When we now have a look at the 2 dimensional v. Mises stress distribution in the “2D graph”
[more info about 2D graph: ch.7], we can see the following result: 
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The inclined contact situation (load dot nr. 5, at x=5.5µm) could cause trouble as it is 
responsible for the highest v. Mises stress (see upper diagram at the left hand side: about 
385.12MPa). But as it is known, even this stress is sub critical to our steel substrate. 

Another perspective is provided by the “3D graph” [more info about 3D graph: ch.8]:
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The conclusion from this calculation could be the information, that the materials surface with 
its roughness that provides average load dots as simulated here, does not need to be polished 
or treated otherwise any more because the stresses occurring due to its roughness are not 
critical for the material. 

4.2 Indenter or Contact Pairing 

As shown in the picture below, there are many typical mechanical contact situations for 
almost any every day incident, where things are moved, transported, shipped from A to B, 
unloaded or simply used: two bodies touch, wear particles between them scratch along their 
surfaces or their own surface roughness leads to abrasion and finally material instabilities. All 
this mechanical handling usually leads to scratches and surface damage disfiguring the 
product in question or even affects its functionality. 
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FilmDoctor® provides some useful tools to model this giant variety of mechanical contact 
situations in order to make sure that the object of interest maintains its nice appearance and 
functionality at least for a (minimum) predefined period of time. With the load method 
“indenter or contact pairing” you will be able to define a great variety of loads according to 
one of the following methods: 

    Indenter Types: 

defining the load by a 
certain predetermined 
indenter shape / body 

Arbitrary 
Indenter Dots: 
modeling the load 
of a contact 
situation by using 
many different 
indenter shapes 

Roughness: 

simulating 
roughness by 
either a 
conforming 
contact situation 
or a worst case 
tip-to-tip 

Roughness

Wear particles 

Counterparts
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4.2.1 Arbitrary Indenter Dots 

With this option you have the chance to model the load of a contact situation by using many 
different indenter types. 

... to be completed when the option is available! 

4.2.2 Roughness 

By using this load definition method, you might simulate the surface roughness of two bodies 
in contact.

As it is easy to understand, there are two major extreme contact situations: 

firstly, when the roughness “tip” of the one body fits perfectly into the depression of the other: 

and secondly, when both tips scratch on or touch each other: 
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Both contact situations can be simulated with the help of the software FilmDoctor®:

case 1:      case 2:   

…to be completed when the option is available! 

4.2.3 Indenter Types  
The software FilmDoctor® offers a variety of indenter types which facilitate the simulation 
of different contact situations. The following indenter bodies are currently available in the 
program: 

     

You can calculate the stress distribution in the moment of biggest indentation depth of a given 
indenter which has a certain geometry defined by the indenter shape function: 

(with: r = distance of the indenter’s axis of symmetry; 

dn = shape parameters of the indenter) 

Thus, the resulting surface stress distribution is calculated in dependence on the given 
indenter (defined by the shape parameters dn).

4.2.3.1 Spherical Indenter 

If you want to work with a spherical indenter, you simply need to click onto the 
corresponding symbol in the load definition method tree [ ch.4] or select the “spherical 
indenter” on the load parameter page “indenter or contact pairing”: 
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You now need to set the material parameters for your indenter: The Poisson’s ratio “ ” and 
the Young’s modulus “E” (both values are either known or have to be transferred from 
calculations done by a software package such as IndentAnalyser®). As described for the 
material selection window [ ch.3], you also may use the material database to facilitate 
the value determination. 

You can select an accuracy of the calculation between 5 and 50. We recommend setting this 
value to about 20 or 30. Thus, the accuracy is sufficiently high, and the calculation process 
does not take too long. 

Additionally to the material parameters, you furthermore need to enter the properties of the 
indenter. As you can see, the necessary input mask is adapted automatically to those data you 
have to enter for a sphere:  - the radius of the indenter “R” , and 

                                                          
 Please remark: as a support / orientation you can find the necessary parameters symbolized in the small 

graphics on top of the page. Here: R 
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 - the total load “F” with which the indenter is pressed onto the 
material.  

The contact radius “a” will be calculated automatically unless you know for sure the exact 
value for the contact radius of the system (e.g. from measurements by optical means) and 
don’t want the software to calculate this value anymore. Then you need to check the checkbox 
in front of “fixed”:

When you then press onto the symbol “draw stress zz” in the upper right part of the window 

 the program does not calculate the value “a”, but only tries to fit the 
corresponding “cn” to this predefined contact radius. 

With the assumed indenter radius R=20µm, and force F=15mN for our diamond spherical 
indenter, we can get the following stress distribution when pressing onto the button 

 in the bottom right corner of the window: 

We can see on this page that the contact radius “a” was calculated to 0.967475µm and that the 
indenter is pressed into the material until a maximum depth of 80.9nm (bottom left corner). 
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Now you furthermore have the chance to refine the calculation of the contact radius “a” by 
pressing the button “refine a” in the bottom right part of the window.  

[Background info: the calculation of “a” is an iteration process; thus, it approximates to the 
correct “a”. So: to get the best result in tricky cases like complex multilayers, it is 
recommended to restart the calculation (by pressing “refine a”) several times until the 
calculated “a” does not change anymore.]

After several repetitions with short calculation times, the calculated “a” reaches a stable value 
of a=0.969349µm: 

We furthermore can see that the stress distribution is not a purely Hertzian stress distribution 
anymore.  

At this point one should mention that especially for modern composite materials where often 
big differences between the material components do occur, we very often find rather non-
Hertzian surface stresses. An example is given in the figure below: 
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It shows the resulting normal pressure distribution for a variety of loads evaluated for a 1 µm 
coating–substrate–compound, with equal Poisson’s ratios of 0.25 and different Young’s 
moduli of 365 GPa (coating) on XGPa (see legend). Radius of the indenter: 50 µm (diamond). 
The evaluation was performed with the FilmDoctor® using the extended Hertzian approach. 

One clearly sees that on layered materials, even for spherical or parabolic indenters with radii 
bigger than 100 times the contact radii, strongly non-Hertzian stress distributions can occur. 
The question of how good the classical Hertzian approach does or does not agree with the real 
pressure distribution in the case of spherical (or paraboloidal) indentations into layered 
materials can be easily answered by the means the FilmDoctor® provides.

By pressing the button “show indenter-shape” in the bottom right part of the window, you 
can have the look at the actual indenter shape in a separate window:  
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Unfortunately this example is somewhat unsuited for demonstration, but nevertheless we can 
see the point: the dark grey area represents the indenter (here: sphere). The small light grey 
area at the bottom of the indenter shape window shows the material in which the indenter is 
pressed. The contact radius(0.97µm) is also marked [to get a better idea on the indenter shape 
window: please ch.4.2.3.2].

Finally, you also have the chance to do the whole calculation by using the “effective half 
space”. Instead of using the correct layer-substrate system, the program then does only an 
approximation by assuming a homogeneous material. As an advantage, the calculation is 
much faster, but, as already explained, the results can only be seen as a rough approximation 
as they do not take into account the layered character of the sample (compare: a, max. depth, 
purely Hertzian pressure distribution,…): 

4.2.3.2 Paraboloid 

With the load definition method “paraboloid” you have the possibility to calculate the stress 
distribution in the moment of biggest indentation depth of a given indenter with a 
paraboloidal indenter geometry. That means, the resulting surface stress distribution is 
calculated in dependence on the given indenter which is defined by the shape parameters dn.
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Most of the things that you need for the calculation of a normal stress distribution under a 
paraboloidal indenter have been explained under “4.2.3.1: spherical indenter” already. 

When you want to work with the paraboloid, you simply need to click onto the corresponding 
symbol in the load definition method tree [ ch.4] or select the “paraboloid” on the load 
parameter page “indenter or contact pairing”: 

Once again you need to perform all the steps as described in 4.2.3.1:

setting the material parameters for the paraboloidal indenter: Poisson’s ratio “ ” and 
the Young’s modulus “E”

determining the accuracy

entering the indenter properties: total load “F”

The contact radius “a” can either be calculated automatically by the program, or you can 
determine it by hand and fix it by checking the checkbox “fixed”.

When you then press onto the symbol “draw stress zz” in the upper right part of the window: 

, the program does not calculate the value “a”, but only tries to fit the 
corresponding “cn” to this predefined contact radius. 
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With the following settings (see picture) you can get this result: 

After having pressed the button  in the lower right corner of the window, we 
additionally have used the button  and thus, made the program open the 
indenter shape window presenting the indenter shape:

dark grey area: indenter (clearly visible: paraboloidal shape) 

light grey are: material  

measured distance: contact radius a (here: 3.98µm) 

As on the spherical indenter page, you also have the possibility to “refine” the contact radius 

“a” by pressing the button: .

You can also use the faster approximating calculation option using the “effective half space”.

[For more details: ch.4.2.3.1]

The sliding controller on the right hand side with which you can adjust the indenter shape 
parameters “dn” are only for your convenience and can be used to play around with these 
values.
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4.2.3.3 Flat Punch with Rounded Edges 

… to be completed when this option is available! 

4.2.3.4 Cone with Rounded Tip 

… to be completed when this option is available! 

4.3 Fit Load Depth Curve  

When you have done an experiment with an indenter, you can perform the “funny-fit-
procedure” using “Pharr’s concept of the effectively shaped indenter” and find a suitable 
indenter fit for your series of tests by using the load definition method “fit load depth curve”. 

Let us take a practical example for this demonstration which shall show us how this load 
definition method is working. We want to point out that very soon this somewhat 
cumbersome procedure of fitting the indenter will be available in an automated module 
(“automated fit”). Nevertheless, it might be helpful to do the fit procedure by hand at least 
once to get a full understanding of this method. 

For the following example we select a substrate with a very thin coating of only 44nm 
thickness. The material parameters shall be as follows: 
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[For more info about the settings in the “material selection window”: ch.3].

The coating, with its Young’s modulus yet unknown, is given the substrate Young’s modulus 
as starting or „dummy-parameter“. 

Now we need to click onto the corresponding symbol “fit load-depth curve” in the load 
definition method tree [ ch.4] or select the corresponding kind of indenter (here: 
“spherical indenter”) on the load parameter page “fit load-depth curve” to get to the fit 
window:
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As for the load definition method “indenter / contact pairing” [ ch.4.2], you here also have 
the two possibilities to use the “effective half space” or to include the real layered character 
of the sample for the evaluation of the contact radius “a” in dependence of the total load “F”
and the indenter geometry. For reasons of velocity it is recommended, however, to do the 
calculation including the effective half space and conclude from the result back to the real 
parameters of the layer. Please enter the values Young’s modulus “Y” and Poisson’s ratio ”E”
for the indenter and the effective half space (“supposed homogeneous material”) correctly and 
complete all necessary information such as radius of the indenter “R” and total load “F”.

With the button “load graph” in the lower left corner, you can load in any ASC-files that you 
have generated earlier with the help of IndentAnalyser® or similar programs with which you 
can analyze indentation experiments and obtain load-depth-data such as shown in the next 
figure:

You can select the corresponding file and an additional window will open up immediately 
which asks you to enter the correct unit of measurement. The unit is calculated as follows: 
F=10xN and h=10x m.
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Example: If your data are in “mN” and “nm”, enter "-3" into both fields. 

Finally, your load-depth-curve will appear in the load-depth-window showing the load as a 
function of depth as it has been measured: 
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Additionally, the 2D-graph in the middle part of the indenter page shows a red testing curve,
which could be the line of a theoretical indenter (thus: an indenter with such values would 
result in such a curve). The black line with blue dots is the recently loaded graph: the loading 
and unloading curve (=the curve resulting from the data of the loading and unloading process 
for example provided with IndentAnalyser® or any other indenter analyzing system). 

It is now our task to fit the effective spherical indenter (red curve) to the unloading curve 
(blue dots) as best as possible. Therefore we can shift the red graph to the right by 
deactivating the option “autofit h0”, change the value in the field “h0” slightly and press the 
button “calculate cn + a” to restart the calculation:  
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Now we can see a perfect fit. To make sure, we can increase the number of fit points in the 
lower part of the window. We also can zoom the graph as to find out whether the fit is really 
as perfect as we believe it to be: 

To zoom a graph in FilmDoctor®:

Press “shift” on your keyboard together with the left mouse button and drag 
your mouse around the point you need to zoom in. Then let go of the buttons and 
the selected region appears zoomed within the diagram. 

(To restore the original state, just press the “shift”-key again and click with the 
left mouse button in the diagram.) 
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Even in this higher resolution of the upper part of the lines (which is the most important one) 
we can see no significant deviation of the two graphs. 

When you have finished and are happy with the accord of the blue and red curve, you can 
adopt the adjustments with the button "OK" in the lower right corner of the page. The 
adjusted fit is then stored and shown as a light-blue line (when the settings are changed again: 
the recalculated graph is then in a red color, whereas the last stored graph is light-blue.

Example: when reducing the “% of curve” to about 40% so that we only make the 
computer calculate the upper 40% of the curve, we get the “new” calculated line with 
red dots and still see the last “saved” or “approved” line with light-blue dots: 

).

When we have pushed the button “OK”, the blue background color of the calculated cn in the 
last line disappears as these values are accepted and taken for further stress calculations [e.g.

ch.5]:
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Finally, we can have a look at the “effective indenter” that we have fitted. We can make the 
program show us the indenter shape by pressing onto the button “show indenter-shape”. 
Then another window opens that shows a sectional view of the effective indenter of symmetry 
of revolution. That is how you can get a first impression of how the "dn" affect its shape 
[ ch.4.2.3.1 & 4.2.3.2 for more information about the “indenter shape”].

It is self-explanatory that the symbols “clear graph” and “save graph” below the graphic 
erase the previously loaded graph, respectively save the graph. 

4.3.1 Calculating the Young’s Modulus 
And now, finally, we want to fit a coating Young’s modulus to the unloading curve by using 
the effective sphere of the fit that we have done above.

Therefore use the module “CalcEModTool” from the “tools”-selection: “Calculate Young’s 
Modulus” in the “menu bar”:
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A new window will open up immediately. Here we need to import the load-depth curve and 
the effective sphere from the “fit load-depth curve” window and start the evaluation of the 
coating Young’s modulus for the previously found effective indenter: 
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The average result of approximately 326GPa + 35GPa for a variety of fit rages used from the 
unloading curve is in good agreement with the surface acoustic wave (339 + 4) and the elastic 
indentation (333 + 25) measurements obtained by Chudoba et al [ Ref.23].

Now we can use this evaluated Young’s modulus of the coating and enter it to the “material 
definition page” [ ch.3]:

Then the complete stress field in the moment of maximum load can be calculated [more info 
about the settings in the “calculation window”: ch.5]: 

The resulting von Mises stress in the moment of beginning unloading of our 44nm-coating-
substrate system is here presented in the “2D-graph window” [ ch.7]. As we know that due 
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to Oliver&Pharr’s concept of completely elastic unloading the plastic flow must just have 
stopped in the moment of beginning unloading, we take the von Mises maximum as the yield 
strength “Y” of the coating material. We find the value to be in good agreement with the yield 
strength one also would expect from this material: 

4.4 Set Internal Defects 

In order to simulate weakened or bad adhering interfaces between coating and substrate or 
between different layers, FilmDoctor® provides the tool “defect model”. Defects can either 
be introduced via the “material definition page” [ ch.3.3] or the “load definition page” by 
pressing onto the symbol “set internal defects” on the load definition method tree:

von Mises stress 
maximum used as 
measure for the 
beginning plastic flow 
and thus giving us the 
possibility to determine 
the yield strength Y of 
the 44nm coating 
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When pressing onto this button, the separate “defect definition page” opens automatically in 
front of the material selection window and there is where you have the chance to place the 
simulated defect into your layer, the substrate or at an interface: 
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In the following, we want to investigate two examples: 

4.4.1  Example No. 1: Weakened Interface between coating and substrate  
In this example we consider a multi-layer structure of TiN and Titanium layers with a TiC-
coating on top [more info about the settings in the “material window”: ch.3]:

In the “defect definition page” we define circular defects between all Ti-TiN-interfaces. 

In order to place all defects exactly at the interfaces we tick “between layers” for defect 
position on the defect definition page: 
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To define a new defect, you should use the button “add defect” and enter the values in the 
new window or use the table in the main part of the definition page.

As you can see on the right hand side of the table, you can remove each defect by simply 
clicking onto the corresponding symbol next to the selected defect. 

The defect load can be given in three different ways: 

1. as an absolute force in N: 

2. as a force relative to the external load on the surface divided by the distance to the 
external load: 

3. as a force relative to the external load on the surface divided by the distance to the 
external load squared: 

As you can see, we have applied all the variants in our example. 

Then we want to define the external load: [more info about this option: ch.4.1]:
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Now we calculate the resulting stress field [more info about the settings in the “calculation 
page”: ch.5]:
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and present the normal stress in x direction [more info about the settings in the “2D graph”:
ch.7]:

And finally we have a look at the von Mises stress: 
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4.4.2  Example No. 2: Simulating Plasticity 
At first we define our material. In this case it is a M2-steel substrate without coatings [more 
info about the settings in the “material window”: ch.3]:

From the load definition methods tree we now chose the option “fit load-depth curve” and 
load an example for a nanoindentation measurement with a Berkovich indenter into M2-steel 
[more info about the settings in the “fit load-depth curve”: ch.4.3]:
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From the analysis of this indent we know, that there was an equivalent contact radius of 
a=2.21µm at maximum load. We do find however, that due to plastic deformation the load-
curve cannot be fitted with an elastic indenter. It obviously reaches the same contact radius, 
but not at the same depth. 

We now try to simulated the residual stress by adding a single defect at a depth of a/2 [more
info about the settings of the internal defects and how to get there: ch.4.4 & 4.4.1]:
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We now re-start the calculation [more info about the settings in the “calculation page”:
ch.5]:
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and re-evaluate the elastic field for the maximum load [more info about the settings in the 
“2D graph”: ch.7]:

Here we find that the displacement in the contact centre agrees with the depth from the 
loading curve for this example. 

By using the Option “Animation” [ ch.9] we are able to view the development of the 
displacement with increasing load together with our simulated defect. 

We want to point out here that this procedure is of course not a complete solution to the 
problem of elastic-plastic deformation. It could however, be used as a simulation tool in order 
to model plastic deformation and residual stresses with the help of defects. More 
comprehensive investigations are of course necessary and the user of FilmDoctor® shall feel 
encouraged to play with these new possibilities in the field of contact modeling. 

4.5 Impact   

... to be completed when the option is available! 
(! This part of the program is still under development! Please understand if not all features 

are running without errors! We thank you for your understanding!) 
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5 Working with FilmDoctor®: Calculation Page 
The next step will be based on the results and settings discussed in chapter 4.2.3.1: “spherical 
indenter”. For all other modes the transition for the calculation of the whole stress field will 
be based on the general explanations given in the following. 

When you have done the calculation for the stress distribution under a spherical indenter with 
the given settings, you need to press the button “OK” in the lower right corner of the window 
to accept the calculated “cn” (bottom line) and get to the “calculation page” automatically: 

Please remark: as long as you have not accepted the calculated “cn”, those fields have a 
blue background: 

If you have pressed “OK” and go back to this page you will find out that this highlight 
has vanished: 

This is the sign that the values have been accepted and transferred to the calculation 
page for further processes.

The “calculation page” opens up immediately and presents as follows: 
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In the upper part of the page, in the “tool bar” [ ch.2.2], you can see the button of the active 
“calculation” window in bold print.

Right below you can enter the settings for your special case:  

F gives the force with which the indenter is pressed down into the 
material 

Tx and Ty you can determine shear forces in x and/or y direction within the blank 
fields “Tx” and “Ty

torque the software even offers the possibility to determine a certain torque
for the indentation process meaning that the indenter is rotated during 
penetration

tilting force here you can determine a tilting force, which is a simulation of an 
inclining indenter. You therefore need to give a force with which the 
indenter is tilted, and a direction in which the indenter is inclined  

direction see above: tilting moment. “0” means, the indenter is tilted directly to 
the “x” axis 

Now we want to evaluate the elastic field for our layered material under these contact 
conditions.
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[given material settings: ch.3]:

Now you need to enter your calculation range settings so that you can calculate the elastic 
field for a reasonable area. “x1”, “x2”, “y1”, “y2”, “z1” and “z2” determine the calculation area 
in x, y and z direction. The values given in “xn”, “yn” and “zn” show the number of the 
calculated points. You should always try to find reasonable calculation areas here in order to 
avoid unnecessary long calculation time.  

By pressing onto the symbol:  right next to the calculation range 
selection fields, you can change the global calculation settings as explained in chapter 2.1: 
“menu bar” – “project settings”:
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Those predefined settings shall help you to adapt the calculation ranges to your needs so that 
you do not need to enter them again and again. You see, for example, that one of the logical 
pre-setting is the determination of x1=-2*a and x2=2*a. Thus, a reasonable calculation range 
is proposed automatically whenever you open the calculation page. 

In order to obtain a sufficient resolution, we set the number of plot points in x-direction to 
xn=50 and do the same for the z-direction: zn=50 in this example: 

When all your settings are adjusted reasonably, you can press the button “calculate” and the 
calculation starts straightaway: 

On the black and white bar right next to the button “cancel”, with which you can stop the 
calculation at any time, you can observe the progress of the calculation process.

! But Attention: The program evaluates 28 field quantities at each point in the preset 
x-y-z-space in one go. So please be aware that by setting for example xn=yn=zn=100
you are ending up in calculating 2.8*107 values for the cube ranging from x1 to x2, y1
to y2 and z1 to z2. Thus, it is always advisable to start with a lower resolution in order 
to find interesting stress fields for which the evaluation could be performed with 
higher resolutions. 

When the calculation is finished, you can save these values to your personal data base with 

the button “save values” (also: ), respectively “load values” that you have previously 
saved.

The option “animate” calculates the results as an animation that you can see as a short video 
animation in the “animation window” [ ch.9].

The result is visible straight away: 
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In the main part of the window you can see an orientation cube which visualizes the area 
where the elastic field is to be calculated. With the drop down list on the right hand side of the 
cube you could select (according to your pre-settings / previously calculated stresses) the 
applied surface loading.  

You furthermore can add a “mesh” to the drawn surface stress by setting a tick in front of the 
checkbox “show mesh”. This mesh visualizes every point at which the elastic field will be 
evaluated:
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With the button  you can save the graphic to a selected folder: 

You simply need to enter an appropriate name for your file and save it to a data path that you 
later will recognize (standard setting: hard disk/programs/SIO/filmdoctor/data…).  

By activating the checkbox “scale coordinates”, you can optimize the coordinates 
numerically. This option would increase the calculation time so you should decide whether 
you nee this setting or not as the case arises. 

The value “accuracy” determines the accuracy for the acceleration of the evaluation process. 
With setting this value to “0”, you can deactivate the acceleration, which is sometimes 
advisable if you detect artifacts or strange (long) calculations times. 

The option “use internal defects” gives you the opportunity to work with previously 
determined simulated defects inside the material [ ch.4.4].

The number in the field “process-priority” can be adjusted up or down only during the 
calculation process by pressing the arrow buttons at its right hand side. The higher the number 
within this field (maximum: 4), the quicker the calculation will be - but the less capacity your 
computer has available for other processes beside this program. Thus, when you want your 
computer to work in the background with other programs or to do other tasks parallel, you 
should set this value down (minimum: 1) and accept a somewhat longer calculation time: 
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When you want to calculate more planes, you can do so very easily by changing the values for 
“x1”, “x2”, “y1”, “y2”, “z1”, “z2”, “xn”, “yn”, respectively “zn”:

Here we have calculated three planes and you can see thanks to the orientation cube, that all 
the changed values (y2, yn, z2) make sense as the calculated area (mesh cube) is still in the 
region of interest around the stress field. 

All in all it can be said that it is not very difficult to find out about the programs features. 
Many supportive “gadgets” (e.g. orientation cube above) have been added to the software so 
that even untrained people can be able to find out what FilmDoctor® can do and how it can be 
done.

Just don’t be afraid to simply try things out!

When you have calculated the stress that you were looking for, it is now time to have a look at 
the many possibilities of how to present these results in a graphic: be it as a line graph, a 2D 
graph, a 3D graph or an animation. The following chapters will concentrate on the different 
forms of visualization.    
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6 Presenting results: Line Graph 

You come to the “Line graph page” when pressing the “Line graph” symbol in the 
program’s tool bar. You will find the page divided into two parts: the window with the line 
graph diagram and the right side with several options: 

With the symbol “add to compare window”  on the right hand side you can read in 
the line graph to a so called “compare window” [ ch.10]. With this you later can compare 
two or more results of a variety of calculation with different parameters directly. 

When pressing on this symbol, an additional small window pops up in which you need to 
customize the graph so that you later can distinguish it from the other added line graphs: 



FilmDoctor® user documentation:  July, 2007

75

You can name the graph by entering an appropriate description.

Then you can define a color for the line and points. Those colors are available from 
the drop down list:

And finally you can determine a certain point form for this very graph: be it none, 
plus, diamonds, downward triangles, points, squares or upward triangles: 

Right below the “add to compare window”-button you can activate or deactivate the checkbox 
“local max/min”. This option allows you to focus on the function’s minimum or maximum 
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and might be a helpful tool in the case that the min / max is not as obvious as it is here in our 
example on first sight.  

In the small field with the checkboxes “x”, “y” and “z” you can select the direction in which 
you want to see the stress distribution (selected here: x direction). 

The “value” indicates the field parameter that is presented. You can change it by choosing 
another stress, strain, deformation or displacement from the drop down list on the right rim: 

With the value in the field: “y”, respectively “x” or “depth” (depending on the previously 
selected plane), you can virtually dive through the material and make the program show you 
the graph inside the material at the selected planes (here: a “dive” in y-direction): 
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y=0      y=0.75 

y=1.5

And here is a “dive” into the depth: 

depth: 0µm - surface    depth: 0.3µm – 1st interface 
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depth: 0.6µm – 2nd interface        depth: 1.0µm – transition substrate-layer 

To facilitate the “wandering” through the levels, you might use the arrow-keys on your 
computer keyboard to move through the levels step by step. 

The cube in the right corner of the page serves as a better orientation: the red dotted line 
shows the region at which you are actually looking and will follow up your change of position 
right away. 

Furthermore, – as in all FilmDoctor® graphics – you can zoom and displace the graph within 
these diagrams: 

to zoom an area:
Press “shift” on your keyboard together with the left mouse button and drag 
your mouse around the point you need to zoom in. Then let go of the buttons and 
the selected region appears zoomed within the diagram. 

To restore the original state, just press the “shift”-key again and click with the 
left mouse button into the diagram. 
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to displace the graph:
Press “ctrl” on your keyboard together with the left mouse button and drag 
your mouse. You will see that the graph follows the movements of the mouse 
straightaway.

   

To restore the original state, just press the “shift”-key and click with the left 
mouse button into the diagram. 
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7 Presenting results: 2D Graph 

You come to the “2D page” when pressing the “2D graph” symbol in the program’s tool bar.
You will find a page that is divided into three main parts: the left with 2 empty diagrams, the 
middle part with the graph and the right side with several options: 

At first: let us focus on the options on the right hand side:
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In the following, some options will be shown (please understand that a presentation of each 
and combinations of more features cannot be performed here as this would go beyond the 
scope of this documentation. However, you are welcome to try out whichever combination 
might seem handy to you). 

Here is what you get when you want your 2D graph to be presented as a contour plot, with 
red position marks (four red marks at the rim of the graphic) and with the maximum
highlighted as a yellow cross: 

The first 4 checkboxes refer to the way how the graphic shall be 
presented:

be it as a contour plot (its color can be changed by using the 
“project settings” ch.2.1)
with the local maxima and minima intensified 
whether the position shall be shown 
whether and how the maximum shall be presented 

When the checkbox “deformed body” is activated, the graphic 
is presented with an indicated indenter (deformed graphic due to 
penetrating indenter). 
By selecting “xy”, “xz” or “yz”, you can adjust which plane you 
want to have presented (depending on the plane(s) you have 
calculated). 
The next 5 checkboxes refer to the color of the presented 
graphic:

grey
color 1 (blue=0% to yellow= 100%) 
color 2 (green=0% to red=100%) 
rainbow color 
user defined (can be done by using the “project settings”: 

ch.2.1)

The “value” indicates the field parameter that is presented. You 
can change it by choosing another stress, strain, deformation or 
displacement from the drop down list on the right rim. 

With the value in the field: “y”, respectively “x” or “depth”
(depending on the previously selected plane), you can virtually 
dive through the material and make the program show you the 
graph inside the material at the selected planes. 

The cube on the right rim of the page serves as a better 
orientation: the drawn red line shows the plane at which you are 
actually looking. 
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This is the result of a colored, deformed stress graphic including position marks and 
maximum:
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And here you can see how the stress field changes when flying through the previously 
calculated three rainbow colored planes:

(Please remark the change of the orientation plane (red) in the cube in the lower right corner!) 

In some cases, the graphic in the middle part might be nearly all the same color. This is when 
the shown field parameter is almost not changing compared to the field in the whole 
evaluation range. With the option "local max/min" just beneath the button “contour plot”
you can then intensify or focus on the local minimum and maximum of the current graph. So, 
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this is a kind of color-amplification that might be useful to highlight the maximum and 
minimum in a relatively flat data array (thus, where the color difference is very poor and the 
differences in maxima and minima are hardly visible like in the following example): 

without local max/min   with local max/min 

The middle & left part: 

In the graphic in the middle part of the page we can see clearly the three layers we have 
earlier adjusted in the material page [ ch.3] separated by their interfaces:
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When you now click at any arbitrary point within the graph in the middle part of the page, the 
diagrams (2D-line graphs) in the left part of the page show the stresses along the x- and z-
direction through that very point (here: x=0.0396µm and z=0µm): 

Thus, these two diagrams on the left hand side show you the corresponding line graphs (in 
normal and lateral direction) of the data array presented in the contour plot exactly through 
your chosen point. 

In these diagrams themselves, you can also make the program 
show you exactly on which point you are: just click to any 
point inside one of these line graphs and the exact point within 
the coordinate system as well as the value for this point 
appears below the corresponding diagram: 
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The upper diagram shows the x-direction, the lower diagram the z-direction. 

Furthermore, – as in all FilmDoctor® graphics – you can zoom and displace the graph within 
these diagrams: 

to zoom an area:

Press “shift” on your keyboard together with the left mouse button and drag 
your mouse around the point you need to zoom in. Then let go of the buttons and 
the selected region appears zoomed within the diagram. 

To restore the original state, just press the “shift”-key again and click with the 
left mouse button into the diagram. 

to displace the graph:

Press “ctrl” on your keyboard together with the left mouse button and drag 
your mouse. You will see that the graph follows the movements of the mouse 
straightaway.

   

To restore the original state, just press the “shift”-key and click with the left 
mouse button into the diagram. 

With the symbol “add to compare window” , you furthermore could read in each 
line graph to a “compare window” [ ch.10] so that you later can directly compare two or 
more results.   
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8 Presenting results: 3D Graph 

You come to the “3D page” when pressing the “3D graph” symbol in the program’s tool bar.
You will find the page divided into two main parts: the left with the 3-dimensional-diagram 
and the right side which provides several options: 

The design is very similar to the one from the 2D-page [ ch.7] and the reader should be 
quite used to most of the features already. So you will find again the plane selection
checkboxes: “xy”, “xz” and “yz”.

The color checkboxes are also not new: you can decide whether the graphic should be 
presented in a grey color, in color 1 (blue=0% to yellow= 100%), color 2 (green=0% to 
red=100%), rainbow colors or as you have defined in the “project settings” (the setting 

definition can be changed by pressing the symbol , or: ch.2.1).

Furthermore, you have the chance to select the way of how the 3D graph should be drawn:  

With the option "global max/min" you can then intensify or focus on the global 
minimum and maximum of the graphic. 

You can present the 3 dimensional graph in a “solid” way:
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The “zero level” can be added: 

Or a “shadowed plot” can be put on top or at the bottom of the graphic: 
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(the setting for that can again be changed by pressing the symbol , or: ch.2.1).

You can also select the “value” (thus, the kind of stress, strain, deformation or displacement) 
from the corresponding drop down list. In our case, we want to examine not only the normal 
stress (which is an automatic presetting), but also the von Mises Stress in the “xz”-plane, 
which is important as it shows where plastic flow can occur. We therefore chose to use a 
solid, colored presentation style and include the global max/min:

Furthermore, you can select a certain “depth” for the evaluated planes along the axes “x”, “y”
or “z” (depending on the calculated planes) in the last drop down list on the right hand side of 
the program’s surface. With this option, you can virtually dive through all calculated planes – 
the same process is done in a computer tomography:  
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The cube on the right rim of the page serves as a better orientation: the drawn red line shows 
the plane at which you are actually looking. So when you select another plane, the red line 
moves to the place of your currently viewed data array. You can also change between these 
planes by using not the drop down list as explained above, but by pressing the “up” and 
“down” arrow keys on your computer key: 
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plane y=0   plane y=0.75   plane y=1.5 

This example shows a “dive” through different xz-planes along the y-axis. 

In the following example it is shown how you can dive through different xy-planes along the 
z-axis. For this, we select a different calculation range so that we receive a higher resolution 
in y-direction: 

[for more info on the calculation range: ch.5].

This calculation took a 2min. calculation time on an ordinary laptop: 

normal stress x at the surface: depth = 0 
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normal stress x inside the second layer, near the second interface: depth = 0.5 

normal stress x at the third interface (transition between last layer and substrate): depth = 1 
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With the three options “rotate”, “zoom” and “scroll” on the upper right part of the page, you 
can rotate, zoom in and out and displace the graph when holding the left mouse button down 
and moving the mouse inside the graph. 

And eventually, you can save the 3D graph as a .bmp (bitmap) or .jpg (jpeg) to a data path of 
your choice by pressing the button “save graph to file” just above the cube: 
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9 Presenting results: Animation Window 

With the “Animation” tool integrated into FilmDoctor®, you have the chance to animate your 
calculated results  

On the basis of our second example with which we have explained the feature “internal
defects” [ ch.4.4 & 4.4.2], we want to demonstrate here how the “Animation” tool can be 
used and what can be done with it. 

After having set all material parameters on the “material page” [ ch.3] and fitted the “load 
depth curve” [general info: ch.4.3, for the settings in this example: ch.4.4.2], we can 
start the calculation of the animation in the “calculation page” [ ch.5] by pressing the 
symbol “animate”: 

!  Please be aware that the program is now evaluating even more field data than 
during the ordinary calculation; namely: xn

* yn
* zn

*28 number of points of your 
load-depth graph! An average laptop would need for an animation with the 
settings given above a calculation time of about 2min. 

When we now change to the “animation” window by pressing the corresponding symbol in 
the program’s tool bar:
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we can start first of all to select the most convenient view-options for our purpose an the right 
hand side of the page. The options shall be known already from the setting possibilities in the 
“2D graph” window [ ch.7]:
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The “animation control panel” provides additional tools to play the 
animation forward or backward, to stop it, to determine its speed or 
to play an infinite loop. In the field “frame” you can see and select the 
(number of) frames, and you even can change the scale of “dx”, “dy”
or “dz”.

The first 4 checkboxes refer to the way how the graphic shall be 
presented:

be it as a contour plot (its color can be changed by using the 
“project settings”: ch.2.1)
with the local maxima and minima intensified 
whether the position shall be shown 
whether and how the maximum shall be presented 

When the checkbox “deformed body” is activated, the graphic 
is presented with an indicated indenter (deformed graphic due to 
penetrating indenter). 
By selecting “xy”, “xz” or “yz”, you can adjust which plane you 
want to have presented (depending on the plane(s) you have 
calculated). 

The next 5 checkboxes refer to the color of the presented 
graphic:

grey
color 1 (blue=0% to yellow= 100%) 
color 2 (green=0% to red=100%) 
rainbow color 
user defined (can be done by using the “project settings”: 

ch.2.1)

The “value” indicates the field parameter that is presented. You 
can change it by choosing another stress, strain, deformation or 
displacement from the drop down list on the right rim. 

With the value in the field: “y”, respectively “x” or “depth”
(depending on the previously selected plane), you can virtually 
dive through the material and make the program show you the 
graph inside the material at the selected planes. 

With the first “save” symbol you can save the graph to a file of 
your choice, and with the second symbol, you can even save the 
whole animation as an “.avi”-file.

The cube on the right rim of the page serves as a better 
orientation: the drawn red line shows the plane at which you are 
actually looking. 
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Just as described for the “2D graph”, you here have also some more options: 

When you now click at any arbitrary point within the graph in the middle part of the 
page, the diagrams (2D-line graphs) in the left part of the page show the v. Mises 
stresses at that very point (here: x=0.0179µm and z=1.12µm): 

These two diagrams on the left hand side show you the corresponding line graphs (in normal 
and lateral direction) of the data array presented in the contour plot exactly through your 
chosen point. 

In these diagrams themselves, you can also make the program 
show you exactly on which point you are: just click to any point 
inside one of these line graphs and the exact point within the 
coordinate system as well as the value for this point appears 
below the corresponding diagram: 
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The upper diagram shows the parameter field along the x-direction, the lower diagram 
along the z-direction, through your chosen point. 

Furthermore, – as in all FilmDoctor® graphics – you can zoom and displace the graph 
within these diagrams: 

to zoom an area:

Press “shift” on your keyboard together with the left mouse button and drag 
your mouse around the point you need to zoom in. Then let go of the buttons and 
the selected region appears zoomed within the diagram. 

To restore the original state, just press the “shift”-key again and click with the 
left mouse button into the diagram. 

to displace the graph:

Press “ctrl” on your keyboard together with the left mouse button and drag 
your mouse. You will see that the graph follows the movements of the mouse 
straightaway.

   

To restore the original state, just press the “shift”-key and click with the left 
mouse button into the diagram. 

With the symbol “add to compare window” , you furthermore could read in each 
line graph to a “compare window” [ ch.10] so that you later can directly compare two or 
more results.   

In the following rather hypothetic example you can see all 10 pictures coming from the short 
video animation after having pressed the button “play forward” in the “Animation control 
panel”:
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By saving the animation as an .avi-file, you have the chance to us it for presentations, for 
example: 
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10 Comparing results: Compare Window 

The “compare window” might be useful for the direct comparison of two or more graphic 
results. Therefore, you must have read in one or more line graphs.

You come to the “Compare window” when pressing the “Compare window” symbol in the 
program’s tool bar. You will find the page divided into two parts: the window with all the 
loaded line graph diagrams and the right side with several options: 

Within this diagram, you can compare all line graphs (e.g. from the 2D page or from the 
different load definition methods) that you have earlier transferred to the “compare window” 

by using the button “add to compare window”: .

When having pressed on this symbol, an additional small window popped up and you have 
been asked to customize the graph so that you later can distinguish it from the other added 
line graphs.

(example from chapter 6: 
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)

Then you should have 

named the graph by entering an appropriate description.

defined a color for the line and points. Those colors are available from the drop down 
list:

determined a certain point form for this very graph: be it none, plus, diamonds, 
downward triangles, points, squares or upward triangles: 

In this compare window you can see that 4 line graphs have been read in; each bearing 
another name, another line color and different point shapes. You can see the legend for the 
graphs in the upper right corner of the diagram:  



FilmDoctor® user documentation:  July, 2007

103

The legend, however, can be removed completely or its position can be moved to each of the 
four corners of the diagram by using the options on the right hand side of the graphic: 

If you have read in more graphs coming from different stresses or planes, you can furthermore 
choose the direction “x”, “y” or “z” by (de)activating the checkboxes in front of the 
corresponding field, or only select the correct unit for “stresses”, “displacements”, 
“energies”, … by selecting the appropriate checkbox. 
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Depending on what you have added to the compare window, you can now select the specific 
field parameter together with its unit (select at the right rim: “select one”):

With the button “manage graph”:  an extra window opens up in which 
you can administrate your graphs: 

In this “CompareManageForm” you can see all the imported graphs and change their 
description, their line color, point color, point form and the inscription of the axis. You 
furthermore can decide that you want or do not want to draw a graph and you even have the 
option to “remove” them completely.  

With the last and already well known symbol “save graph to file”  you can save the 
comparison graphic as  “.jpg” (jpeg), “.emf” (enhanced metafile) or “.bmp” (bitmap) to a file 
of your choice so that you might use it for further publication or in a different program: 
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11 View single results: Value Browser 

The “value browser” is a very helpful tool if you need to transfer data or investigate certain 
values more closely. In a well arranged table form, this tool provides you with all values that 
have been calculated earlier. This way, you might copy the numbers to use them in any other 
document without having to typing them in by hand. 

You come to the “Value Browser” when pressing the “Value browser” symbol in the 
program’s tool bar:

The option settings on the right rim should be very familiar to you already: you have the 
chance to select the values of one of the planes “xy”, “xz” or “yz”.

You furthermore can choose the “value” or kind of field parameter for which the data should 
be presented from the drop down list:  
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and in the case that you have calculated several planes you even can select the “depth”, “y”
or “x” (according to the previously selected plane), you can virtually dive through the material 
and make the program show you the exact value for each point inside the material at the 
selected planes. 

By pressing the symbol “safe table to file” , you can safe the whole table to a file of 
your choice as a “Mathematica file” (.xyz) or as a “character separated file” (.csf).
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12 Contact Information 
We really hope that this documentation was a little helpful for your work with the program 
FilmDoctor®. Nevertheless, if you still are in need of some more information that this 
documentation did not provide, if you have hints, comments or problems, please contact the 
programmer of this software directly: 

service@esae.de

For bug reports please use this email address:    

bugs@siomec.de

If you have technical questions:      

tech@siomec.de

For questions about design, layout & documentation:   

p.heuer@siomec.de

Address the founder of the company, managing director & responsible for mathematical
theory, background & cooperation / projects:    

n.schwarzer@siomec.de

Thank you for working with FilmDoctor®!
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13 More SIO Software 

In the following you can find more software packages that are available from SIO.  

You might test our unique software products for free using the available time-unlimited demo 
versions or ask for a time limited full version of some of them.  

If you are interested in our products, it is advisable to have a look at our internet page: 
www.siomec.de/software where you can download demo versions of the programs and use 
our online services. 

Individual software: 
Especially for your individual demand we develop professional software for the modeling of 
mechanical surface properties. 

The necessary and purpose-built mathematical formulas and procedures are integrated into a 
user-friendly interface. The resulting software package will be easy-to-use and perfectly 
adapted to your product. During a stage of extensive "Beta-testing" you will have the chance 
to have modifications made and thus, you can take part in the actual software development 
process.

Computer-assisted interfaces design  

Reasoned graphical user interfaces  

Easy operating

Specially customized to your needs  

Graphical conversion of results  

Various graphical outputs

Including different graphic tools

Excel®-output or other output formats 

Integrated into the program: especially adapted data bases that enable a quick access to 
your material parameters (easily extendable at any time)  

Audio-visual training videos

Detailed software documentation  

Workshop / training courses 

Please as us for more information and prices! 
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13.1  OptiWear®

“OptiWear®” is a very fast and easy-to-use wear analysis software. Because being based on 
the Extended Hertzian Approach, it uses an analytical model simulating a pin-on-disc 
experiment which allows you to analyze wear processes of any materials quickly. Our online 
service of the same name provides similar functionality. 

Top features:
up to 10 layers + substrate

arbitrary distribution of intrinsic stresses (shearing stresses)  

a great variety of load definition methods (for instance several types of indenters, 
surface roughness, arbitrary load dots, fitting of wear parameters to experimental data, 
etc.)

comfortable result presentation as animation  

This standard version will help you in a lot of cases to analyze wear problems. But if you have 
particular problems demanding individual adaptation of this software we would be pleased to 
design a version meeting your requirements.  

13.2  Funny Indenter®

“Funny Indenter®” is a tool to analyze nanoindentation measurements & to determine 
mechanical parameters such as Young's Modulus, intrinsic stresses and even Yield Strength. 
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13.3  Impact®

The software package “Impact®” calculates normal & tangential impact loads on layered 
materials up to 10 layers. 

13.4  CritLoad®

“CritLoad®” evaluates the critical mechanical load of any arbitrary coating-substrate-system 
up to 10 layers. 
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14 Appendix 
In the following chapter you might find some useful information and publications related to 
this subject. 

… to be completed! 

14.1 SIO in Examples 
In the following you can get an impression of what the Saxonian Institute of Surface 
Mechanics (SIO) can do. 

… to be completed! 

14.2 Papers & Publications 
… to be completed! 
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16 Notes and hints 
As you are working with a still uncompleted version of the program FilmDoctor®, we would 
like to point out once more, that some features might not be running perfectly yet. If you do 
come across errors or bugs, please let us know so that we can improve and perfect the 
program constantly for your convenience and satisfaction ( bugs@siomec.de ). 

NOTES:

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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17 Index 
see chapter 

accuracy 4.2.3.1; 4.2.3.2; 5
animation 2.2; 2.3; 4.4.2; 5; 9
 ~ control panel 9
autofit 4.3
.avi 9

Bezier 3.1
.bmp 4.1; 4.1.1; 8; 10
bug 2.1; 12; 17

CalcEMod 4.3.1
calculate cn 4.3
calculation 
 ~ area 5
 ~ page 2.2; 2.3; 4.1.1; 4.3.1; 4.4.2; 5; 9; 11
 ~ parameter 2.2; 2.3; 4.1.1; 4.2.3; 4.3.1; 4.4.2; 5; 9; 

11
 ~ range 5
cn 4.1; 4.1.1; 4.2.3.1; 4.2.3.2; 4.3; 5
code,  access ~ 1.1; 1.3
 registration ~ 1.1; 1.2; 1.3
color 1 7; 8; 9
color 2 7; 8; 9
compare manage form 10
comparison; ~ window 2.2; 2.3; 4.1; 6; 7; 9; 10
contact
 conforming ~ 4.1.1; 4.2.2
 ~ pairing 4; 4.2
 ~ radius 4.1.1; 4.2.3.1; 4.2.3.2; 4.3
   fixed ~ radius 4.2.3.1; 4.2.3.2; .4.4.2
   refine ~ radius 4.2.3.1; 4.2.3.2
 ~ situation 4.2; 4.2.3
 inclined ~ 4.1.1; 4.2.2
 tip-to-tip ~ 4.1.1; 4.2.2
contour plot 7; 9
CritLoad® 13.4
.csf 11
cube; orientation ~ 5; 6; 7; 8; 9

database 3.2
defect 3.3; 4.4; 9
 ~ load 4.4.1; 4.4.2
 ~ model 4.4
 ~ page 4.4; 4.4.1
deformed body 7; 9
depth 4.1
dimension 4.3
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displace graph 4.3; 6; 7; 9
dn 4.2.3; 4.2.3.2; 4.3
droplet erosion 4.1.1

effective
 ~ half space 4.2.3.1; 4.2.3.2; 4.3
 ~ indenter 4.3; 4.3.1
 ~ sphere 4.3.1
elastic field 4.4.2; 5
.emf 4.1; 4.1.1; 10

field parameter 6; 7; 9; 10; 11
fit 4.3; 4.1.1
 automated ~ 4.3
 ~ load depth 4.3; 4.4.2; 9; 13.1
 ~ fit points 4.3
 funny indenter ~ 4.3
force
 lateral shear ~ 4.1.1
 normal ~ 4.1.1
 rotating shear ~ 4.1.1
 shear ~ 4.1.1; 5
 tilting ~ 4.1.1; 5
FunnyIndenter® 13.2

gradient 3.1; 2.3
graph
 clear ~ 4.3
 displace ~ 4.3; 6; 7; 9
 line ~ 2.2; 2.3; 5; 6; 9; 10
 manage ~ 10
 rotate ~ 8
 save ~  4.1; 4.1.1; 4.3; 10
 scroll ~ 8
 shift ~ 4.3; 6; 7; 9
 zoom ~ 4.3; 6; 7; 8; 9
 2D ~ 2.2; 2.3; 4.1.1; 4.3.1; 4.4.1; 4.4.2; 5; 7;

9; 10
 3D ~ 2.2; 2.3; 4.1.1; 5; 8;

help 2.1
Hertzian
 extended ~ approach Aim of the software; 4.1; 13.1

~ stress 4.1; 4.1.1; 4.2.3.1
h0 4.3

impact 4.5; 13.3
indenter
 cone ~ 4.2.3.4
 effective ~ 4.3; 4.3.1; 13.1
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 flat punch ~ 4.1; 4.2.3.3
 funny ~ 4.3
 ~ dots 4.2.1
 ~ fit 4.3
 ~ pairing 4; 4.2; 4.3
 ~ radius 4.2.3.1
 ~ shape 4.2; 4.2.3.1; 4.2.3.2; 4.3
 ~ type 4.2.3
 paraboloid ~ 4.2.3.2
 rigid ~ 4.1
 rotating ~ 4.1.1
 spherical ~ 4.2.3.1; 4.3; 5
internal defect 3.3; 2.3; 4.4; 5
intro page 2; 2.3

.jpg 4.1; 4.1.1; 8; 10

layer 3; 13.1
 ~’s thickness 3
legend 10
line graph 2.2; 2.3; 5; 6; 9; 10
line color 4.1.1; 6; 10
.ldini 4.1.1
load
 lateral ~ 4.1.1
 ~ definition 2.2; 2.3; 4; 10; 13.1
 ~ depth 4.3; 4.3.1
 ~ dots; (arbitrary ~ dots) 4.1.1; 13.1
 ~ graph 4.3; 4.3.1
 ~ load dots 4.1.1
 ~ parameter page 4.1; 4.1.1; 4.2.3.1; 4.2.3.2; 4.3
 ~ values 5
 rotating ~ 4.1.1
 total ~ 4.2.3.1
local min / max 6; 7; 8; 9

mesh 5
material, parameter 4.2.3.1; 4.2.3.2; 4.3
 ~ selection; ~ window 2.2; 2.3; 3; 4.3.1; 4.4; 4.4.1; 4.4.2; 9
mathematical theory 12
menu bar 2.1; 4.3.1; 5
methods tree 4; 4.1; 4.1.1; 4.2.3.1; 4.2.3.2; 4.3; 4.4; 

4.4.3

online service 13
OptiWear® 13.1

page
 calculation ~ 2.2; 2.3; 4.1.1; 4.3.1; 4.4.2; 5; 9; 11
 load parameter ~ 4.1; 4.1.1; 4.2.3.1; 4.2.3.2; 4.3
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 main ~ 2
Pharr Aim of the software; 4.3; 4.3.1
plane 6; 7; 8; 9; 10; 11
play
 ~ backward 9
 ~ forward 9
 ~ loop 9
 ~ speed 9
plot
 contour ~ 7; 9
 ~ points 5
 shadowed ~ 8
point color; ~ form 6; 10
Poisson’s ratio 3.2; 4.2.3.1; 4.2.3.2
process priority 5
program settings 2.1; 5; 7; 8; 9
project 2.1; 5
 load ~; save ~; settings  2.1
position 7; 9

rainbow color 7; 8; 9
rotate graph 8
roughness 4.1.1; 4.2; 4.2.2; 13.1

save
 ~ animation 9
 ~ graph 4.1; 4.1.1, 4.3; 8; 9; 10
 ~ load dot 4.1.1
 ~ project 2.1
 ~ table 11
 ~ values 5
scale coordinates 5
scroll graph 8
shift graph 4.3; 6; 7; 9
serial number 1.1; 1.4
shadowed plot 8
shape parameters 4; 4.2.3.2
SIO Aim of the software; Software 

information; 1.2; 1.4; 12; 13; 14
solid; draw ~ 8
speed 9
stairs 3.1
stress
 draw ~ 4.1.1; 4.2.3.1; 4.2.3.2
 Hertzian ~ 4.1; 4.1.1; 4.2.3.1
 intrinsic ~ 2.3; 13.1; 13.2
 normal ~ 4.1; 4.1.1
 residual ~ 4.4.2
 shearing ~ 4.1.1; 13.1
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 ~ distribution 4.1; 4.1.1; 4.2.3; 4.2.3.1; 4.2.3.2; 4.4.1; 
5; 6

 ~ field  4.3.1; 4.4.1; 4.4.2; 5; 7
 tensile  ~ 3.2
 von Mises ~ 4.1.1; 4.3.1; 4.4.1; 8; 9

technical questions 12
testing curve 4.3
thermal expansion 3.2
tilting
 ~ angle 4.1.1
 ~ force 4.1.1; 5
tool, bar 2.2; 3; 5; 6; 7; 8; 9; 10; 11 
 customer defined ~ 2.1
torque 5
training courses 13
tree diagram  4; 4.1; 4.1.1; 4.2.3.1; 4.2.3.2; 4.3; 4.4; 

4.4.3

unit 4.3

value 6; 7; 8; 9; 11
value browser 2.2; 2.3; 11

wear 4.2; 13.1
window
 comparison ~ 2.2; 2.3; 4.1; 6; 7; 9; 10
 main ~ 2.2
 material ~ 2.2; 2.3; 3; 4.3.1; 4.4; 4.4.1; 4.4.2; 9
workshop 13

.xyz 11

Yield strength 3.2; 4.3.1; 13.2
Young’s modulus Aim of the software; 3.2; 4.2.3.1; 

4.2.3.2; 4.3; 4.3.1; 13.2

zero level 8
zoom graph 4.3; 6; 7; 8; 9


