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Chapter 1. General Aspects 1

1 General Aspects

TKO04 determines thermal conductivity based on a transient heat flow method. A line
source is heated with constant power, and source temperature is recorded
simultaneously. Thermal conductivity is calculated from the resulting heating curve (.e.
the rise of temperature vs. time).

TKO04 can measure the thermal conductivity of solids or solid fragments, drill cores or
drill cuttings from boreholes, pastes, powders and viscous liquids. TKO4 uses two types
of laboratory probes for different sample types and sizes: the full space line source (VLQ
or needle probe) and the half-space line source (HLQ probe). For field measurements, a
large and particularly robust full space line source is available.

Determinating thermal conductivity with TK04 is fast and simple. The completely
automated measuring and evaluation process is controlled by a personal computer or
notebook the instrument is connected to. A Special Approximation Method (SAM)
automatically detects disturbances and selects the optimal part of the heating curve for
evaluation. Results are saved to the computer's hard disk and can be analyzed in detail
and printed after a measuring series is completed.

The modular construction of the TK04 hardware minimizes downtimes by making
senicing, repairs and updates fast and easy.

The TK04 software combines measuring and evaluation under a single graphical user
interface. Measuring mode includes an automatic evaluation of the generated data files
and displays a result list and diagram of the current measuring series on the screen.
The interactive expert evaluation mode allows additional evaluations of existing data
using custom evaluation parameters. For analyzing result quality and generating
enhanced result diagrams of existing data, the software connects directly to the
graphics software TkGraph.

Constantly improved since the product launch in 1990, TK04 is a user-friendly, robust
and fast high precision thermal conductivity meter, now in use worldwide by research
organizations and universities.
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The TKO4 Thermal Conductivity Measuring System comes in three different kits,
consisting of a basic system plus different probes and accessories for different
measuring purposes. Each kit contains a full set of hardware and software required to
start measuring immediately. To cover an even wider range of sample materials, the kits
can be extended by additional probes and accessories.

The basic TK04 system includes:

e TK04 measuring unit

Software package (measuring, evaluation, graphics and quality analysis)

RS232 interface cable for connecting the instrument to a computer

Power cable
* Manual

e Contact fluid

The measuring kits consist of a basic system completed by the following items:

« VLQ kit: Standard VLQ full-space probe, reference material for Standard VLQ
« HLQ kit: Standard HLQ half-space probe, reference material for Standard HLQ

» Complete kit: Standard VLQ, Standard HLQ, reference material for standard
probes

The kits can be extended by the following accessories:

» HLQ probes (different sizes available)

VLQ probes (different sizes available)

Guiding tubes for VLQ probes
» Thermal conductivity reference material (different sizes available)
e Pressure device for HLQ measurements

« Cylindrical sample container for powder, fragments and iscous liquids

Additionally, a computer or notebook is required which is not part of the TKO4
measuring kits. As system requirements are moderate (see next chapter), nearly all
existing hardware can be used.
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The manual covers the following topics:

Chapter 2 Sefup and Installation gives instructions for hardware setup and software
installation and lists the system requirements for the computer the instrument is
connected to.

Chapter 3 Measurements describes the procedure of thermal conductivity
measurements with TK04 and the handling of the measuring software.

Chapter 4 contains the theoretical background for The Constantly Heated Line
Source and discusses the conventional procedure of determining thermal conductivity
from the source's heating curve.

Chapter 5 introduces The Special Approximation Method (SAM) as an improvement
of the evaluation algorithm and explains the SAM evaluation parameters.

Chapter 6 Expert Evaluation gives instructions for re-evaluating measuring data with
manually chosen evaluation parameters.

Chapter 7 Graphical Analysis with Tk Graph explains how to assess the quality of
measurements and the reliability of results.

Chapter 8 Hints for Practice provides useful hints conceming sample preparation, the
use of contact fluid and the optimal choice of measuring and evaluation parameters and
covers the correct measuring setup for particular sample types like soil samples and
fragments.

Chapter 9 Troubleshoofing assists with solving hardware, setup and software
problems and helps improving the quality of results.

Chapter 10 gives the Technical Specifications of the TK04 measuring system
(instrument, probes and available accessories).

Chapter 11 contains the bibliographic References quoted in this manual.
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2 Setup and Installation

Before setting up the instrument please check if all parts are present and
undamaged. Your TK04 was shipped with the appropriate wltage setting for your
country. Verify that this setting is correct before applying power. When replacing fuses,
use the fuse type and size indicated on the TKO4 rear panel (or see chap. 10 Technical

Specification).

Choose a location for TK04 with minimal temperature variation (no open windows,
moving air, sun rays, radiators etc.), because these influences could disturb the high
resolution temperature measurements. We recommend to place sample and probe in a
thermally insulated container (e.g. a cardboard box lined with styrofoam) or sample
chamber to protect them from temperature changes.

TKO04 requires a Windows based PC or Laptop running Windows 98, Me, 2000, XP
or 7 with one free serial port (COM port, RS-232 interface) and 100 megabytes of free
disk space (on Windows 98 additionally 20 MB for the necessary Windows system
updates). If no free COM port is available, a standard USB to serial converter can be
used. A 1 GHz processor, 512 MB RAM and a display resolution of 1280 x 1024 pixels
are recommended. TkGraph is a Java application requiring a Java Runtime Environment
by Oracle (version 1.5.0 or higher) which is included in the TKO4 setup. Currently only
Windows systems are officially supported (i.e. no support will be available from TeKa for
running TkGraph on other platforms).

A HTML browser is required to view the TkGraph help file. Newer browsers including
all versions of Mozilla Firefox are suitable. To view the documentation included with the
software package, a reader for the PDF format is required. If there is not already a
suitable application installed on your computer, you can either download a free open
source reader software from the list on http://pdfreaders.org, or you choose Adobe's free
proprietary Acrobat Reader from www.adobe.com.

Insert the TK04 software CD-ROM in the appropriate drive of the computer. On
Windows 2000 and XP machines you must be logged in as an administrator to install
the software. On Windows 7 you can run setup as a normal user, but you will be asked
for the administrator password. After finishing the installation, the software can be run on
all Windows versions by any normal user. If installation does not start automatically,
choose Start | Run, browse for the file setup.exe on the CD-ROM, click on the Open
button and then press OK. Setup starts and prompts you to choose the destination
folder for the TK04 software. You can use the default settings proposed by the
installation routine. After selecting a folder, click next. It is not necessary to uninstall a
prior version of the TKO04 software, the installer will update your installation to the current
version.
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Software setup now prompts to select the components of the TK04 software package
that should be installed. The TK04 software package consists of the measuring and
evaluation software TK04, the graphical analysis software TkGraph and several addons:

(oo 0] i s o

Select Components h }
Which components should be installed ? CE i

Select the components you want to install; clear the components you do not want to
install. Click Next when you are ready to cortinus.

il instalbian - i o0 o f s B Lz Dotn .. Eoo r
[/] TKD4 Measuring & Evalustion Program 6.2 MB
[V] Addons 5.0 M8

. [J] Operation Test Data 1.2 MEB
| i [] Documentation 37 MB
/] TkGraph 71,1 MB

Cument selection requires at lsast 82,9 MB of disk spacs.

cBack || Net> | | Cancel |

The TK04 Measuring & Evaluation Program has to be installed on the computer the
TKO04 measuring unit is connected to. You may install TK04 on additional computers not
connected to a measuring unit if you want to re-evaluate data with custom evaluation
parameters, perform multiple evaluations of the same data with different parameters,
compare results and compile individual result lists (see chap. 6 Experf Evaluation).
TKO04 requires the Microsoft Data Access Components version 2.5. All necessary
components are automatically provided by the installer.

TkGraph may be installed and used independently of the TK04 measuring and
evaluation software on as many computers as desired to view, assess, correct and print
TK04 measuring data (see chap. 7 Graphical Analysis with Tk Graph). It requires a Java
Runtime Environment (version 1.5.0 or higher) by Oracle which is automatically provided
by the installer.

If both applications are present, results can be sent directly from the TK04 software
to TkGraph for graphical analysis, and TkGraph can switch to TK04 for evaluation.
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Data and result files of the operation tests of each of the supplied probes can be
installed to your hard disk. Help files are included with the program files, additional
documentation in PDF format (like the TKO4 Manual, a separate version of the appendix
Recommended Heating Power and several data sheets) can be installed separately. To

view the documentation, a reader for the PDF format is required. If there is not already a
suitable application installed on your computer, you can choose a free reader software
from the list on http://pdfreaders.org, or you can download Adobe's free proprietary
Acrobat Reader from www.adobe.com.

The selected components are installed to the destination folder selected by the user.
The setup routine creates start menu entries for all selected components of the TK04
software package and, if required, desktop icons for TK04 and TkGraph. A full
installation of the TK04 software package generates the following subdirectories in the
destination directory:

Config

Contains the ini files of the TK04 software and an individual ini file for each
supplied probe.

Data

The default data folder (initially empty).

Docs

Contains the TK04 Manual and other documentation in PDF format.
Operation test

Contains subdirectories for each supplied probe with the data and result files of
the probe operation tests.

TkGraph

Contains the graphics program TkGraph with subdirectories for the TkGraph help
files and the Java Runtime Environment required to run TkGraph.

Additionally, a directory named .TeKa containing the personal preferences file
TKGraph.properties is created in the home directory of each user upon the first program
start. The home directories can be found at the following locations:

Windows 7: C:\Users\<User>, where <User> is the user name used to log in to
the system

Windows 2000 / XP: C:\Documents and Settings\<User>

Windows 98/Me: C:\Windows\Profiles\<User> or, where no users are defined,
the Windows installation directory, usually C:\WINDOWS\
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After completing the software installation, connect the TK04 unit to one of the
computer's serial ports using the supplied connection cable (standard serial connection,
9pin D-Sub socket / socket, connected 1:1). If no free COM port is available, a standard
USB to serial converter may be used.

Then connect a probe to the TK04 unit. The probes have been tested and calibrated
prior to distribution and are ready to use. Calibration is valid until modifications of the
hardware (e.g. repair of a probe) or major updates of the evaluation software take place.

IMPORTANT:  The user does not have to calibrate the probes himself. It is
sufficient to check the operating condition of the probes from time
to time (or in case of problems) using the supplied reference
sample material.

Start the TK04 software in Measuring mode by clicking on the Windows Start button
and choosing Programs | TK04 | TKO4 Measuring from the Start menu, or double-click
the TKO4 icon on the desktop and switch to Measuring mode by choosing Mode |
Measuring from the program menu.

When the TK04 main program window appears; select Measuring | Interface from
the program menu to open the Interface dialog and perform a selftest.

fﬁl Interface l 2 “’E";’""‘r

Port
COM1 - ﬁ
Check
(& Port

[E| Communication
[E] TKO4 Unit
[ Probe Heater

[ Probe Sensor

Grecon | [ X st | [ o/ ox |

Al
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The software automatically generates a list of all COM ports present on the
computer, determines the port the TKO4 unit is connected to and displays it in the Port
group of the Interface dialog. When using an USB to serial converter, the device driver
software usually installs a virtual COM port and adds it to the operating system's COM
port list. Press the Check now button to check the operating status of the port, the
connection and the TKO04 unit. If no errors are detected, additionally check the
connected probe by marking the Probe Heater and Probe Sensor checkboxes and
press the Check now button again. If the probe is o.k., close the Interface dialog with
the OK button. The TK04 measuring system is now ready to use.

If you are using version 4.0 or higher of the graphics software TkGraph, you can send
results directly from the TKO04 program window to the graphics program for graphical
representation and analysis. TkGraph is a Java application running on any computer
with a Java Runtime Environment by Oracle (version 1.5.0 or higher) installed. If using
the TkGraph installer from the TK04 setup CD-ROM, a suitable Java Runtime version is
provided automatically.

To establish the connection to TkGraph, you have to set the correct file location in
the TKO4 program options. Select Options from the program menu to open the
Measuring Options dialog. Select the General tab and click on the button next to the
input field labeled TkGraph File Location, browse to the directory where TkGraph.jar is
located (usually it has been installed to the folder TKO4\Graph), click on the file name
and choose Open.

If the software has been installed using the TK04 Setup CD-ROM, it can be removed
using the uninstaller provided with the TKO04 software package. To uninstall choose
TKO4 | Uninstall TK04 Software from the Windows start menu.

The uninstaller removes the program files and all registry entries created by TkGraph.
It will not delete any files created or modified by the users (e.g. the default data directory
if it still contains any data files or the TkGraph properties files of the single users.
Please delete these items manually if you dont need them any more.
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3 Measurements

In this chapter the procedure of measuring thermal conductivity with TK04 is first
outlined in principle, before explaining the configuration and execution of a measuring
series with the TK04 software step by step. It is assumed that hardware and software
have been set up correctly as described in chap. 2 Setup and Installation, that a probe
is connected to the TKO4 unit and that a suitable sample has been correctly prepared

(see chap. 8 Hints for Practice).

Start the TK04 software in Measuring mode by double-clicking the TK04 icon on the
desktop, or click on the Windows Start button and choose Programs | TK04 | TK04
Measuring from the Windows Start menu. If the software is already running, switch to
Measuring mode by choosing Mode | Measuring from the TK04 program menu.

In Measuring mode, the TK04 software acts as an interface to the TK04 Thermal
Conductivity Meter. After the user has configured and started a measuring series, the
software automatically runs the complete measuring process, evaluates the heating
curves and displays measuring progress and results. The heating curves and the
evaluation results are automatically saved to a data folder selected by the user.

FE TKOS - Thermal Conductivity Measuring System | [
o= beowrng View Options Help i E
l T m' . ; ',! "/ = ﬁ Q) Starl Measuring
‘T}Z Measuring Canfiguration [
Probe WM N Senech = | =
y\ WS Measuring Serie: o =
Fobe Murber VI0IS | Pl Folde:  EATKDNData\ =
T Comment
Folder C\Program Fles (B TE&\Corfigh pris oo b LR L 5
Datb Files Fie TC LT Mo OV Siat
Rosttlame ST16  SeidNo. 1 v+ 10§ ~v Tasl § Zﬂggi :g ﬁ:; 13:3 :gg ff‘g
02 (1628 20518 21
= STI603 | 166l 33351 {848 - j00 300 |
boddr  EATAMANaw: = STIE04 (1631 15151 17 100 245 ‘
Measuiing Patameters Evaluation Parameters EXTTETEA T v ECRRIEYR ETE (] T e
HeslngFower 3 W/m ? g Use defaul (Aulo mode) . o Lz, Mean
1700 a .75 1680
Meacuing Tine 80 zec Select manuslly 1850 I Ll 0% Count
| B % |5 |
Expet Options Edi Parameterr | 1800 o
T 3 3 (e
| | Comment
| ST16-01..05 Power 3W/m V11015: / |
| a5 a
| i
| Abail Show History Add to History ' ok
| L : s
‘ i
Eval. Parameters: Start min 20 Start max 40 End B0 Length 25 LET 4 =
[omarar  Roottiame  — Saraltumoar.  Fower  DaiaDirects o N il
V11D1f@ ST16- 1 o = ]
i o Weas Time DL Pausa Commant
| - a0 10 0 ST16-01..05 Power 3V¥im V015
| Heasuringinfo

The TK04 program help can be displayed through the program menu. For specific
help regarding the currently active element, press the F1 key.
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3.1 Procedure of Measurements with TK04

For high accuracy measurements with subsequent result quality rating a warmup
time of 10 minutes is recommended before starting measurements. The general
procedure of measuring thermal conductivity with TK04 is as follows:

-_—

Switch on the instrument (optional warmup time of 10 minutes).

2. Start the TK04 software.

3. Choose a measuring configuration and evalution parameters.

4, Start measuring.

o

Automatic check of COM port, connection, measuring unit and probe.

o

Adjustment of heating power to the chosen value.

7. Drift phase: The temperature drift of the source is monitored. Measuring starts
when the drift is sufficiently small or predictable.

o

Heating phase: The line source is heated with constant power for the chosen
measuring time while the source temperature is recorded continuously. The
heating curve is saved to file.

9. Determination of exact heating power used during the heating phase.

10. Evaluation of the heating curve and calculation of thermal conductivity. The
results are added to the results list and saved to file.

For all following measurements points 7 through 10 are repeated until the measuring
series is complete.
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1

Switch on Tk04 unit
Optional warmup time of 10 min

2 Start TkO4 software
I
3 Choose measuring configuration
and evaluation parameters
I
4 Start measuring
I
5 Automatic check of COM port,
connection and measuring unit
6 Adjustment of heating power
I
7 Drift phase
8 Heating & Measuring
I
9 Heating power determination
I
10 Evaluation

more measurements ?

End of measuring series




12 Chapter 3: Measurements

3.2 Configuring a Measuring Series

Open the Measuring Configuration dialog by

choosing Measuring |

Configuration from the program menu (or use the Measuring Configuration button

from the toolbar).

B Measuring Configuration
Probe

Probe Number V11015 [ ]

ST16-01..05 Power 3w/my11015;

&

Folder C:%Pragram Files [»86)\T K.04\Configh -
Data Files
Root Mame ST16- SeriaglNo. 1+ o 5 +  Total
Folder EATKO4ND ata’
Measuring Parameters Evaluation Parameters
Heating Pawer 3 Wim 9 o' Use default [Auto mode)
Measuring Time 80 SEC. Select mariually

(Eeropios 7 )
Comment

7

| X aAbort i !ShﬂWHiStDr}" ‘Add to History‘ ‘ ¢ OK l

il

The Measuring Configuration dialog allows the user to enter all parameters
required to run the measuring process fully automatically. Hints for practice concerning
the correct choice of measuring and evaluation parameters, settings for special sample

types etc. can be found in chap. 8 Hints for Practice.
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3.21 Probe

All probes have a unique probe number and a corresponding probe file named <probe
number>.ini (e.g. H10201.ini if the probe number is H10201) containing probe specific
configuration and calibration data.

Probe
Probe Number V11015 [ ] ‘g}
Folder C:\Program Files (x86)\TK04\Configh P

Select the probe connected to the measuring unit: click on the browse button next to
the Probe Number input field, choose the folder where your probe files are located
(usually the subfolder \Config in the TKO04 installation directory) and select the *.ini file
comresponding to the connected probe. Probe numbers can not be typed directly into the
input field to make sure that the specified probe file really exists.

CAUTION: Results will be falsified if a wrong probe number is used (by several
percent when using a wrong number of the same probe type, and by a
factor of approximately 2 when using a VLQ probe number for a HLQ
probe or vice versa).

3.2.2 Data Files

Generally it is recommend to use measuring series consisting of at least 3 - 5 single
measurements for thermal conductivity determinations, because the scatter of a
measuring series is an indicator for measurement quality.

D ata Files
Root Mame ST16- SenalNao. v o5 v Total B
Folder E:\TKO4AD atat [.-]

The heating curve of each single measurement is saved to a separate data file. Data
file names are composed of a user defined root name, an automatically generated serial
number and the extension dwf (<root name><serial no>.dwl, e.g. ST16-01.dwl, ST16-02.
dwl, etc. if the root name is ST16-).
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Root Name

Enter a root name of up to 6 characters and blanks, excluding the special
characters "*/:; <> ?\|[.

Serial No.

Enter a start value (the serial number of the first file in the measuring series) and
an end value (the serial number of the last file in the series). As both values can
vary between 1 and 99 a measuring series can consist of up to 99 single
measurements.

Folder

A default data folder \TK04\Data located in the TKO04 installation directory has
been created during installation of the software, but it is recommended to use a
separate folder for each measuring series. Define a custom folder for your
measuring series by clicking the browse button next to the input field and
selecting a directory of your choice. Result files are wiitten to the same folder as
the data files.

3.2.3 Measuring Parameters

The probe is heated with constant power during a given time interval. Heating power
and measuring time have to be chosen by the user.

Measuring Parameters

Heating Power 3 Wim 2

Measuring Time 80 sec.

| Expert Options_ |

Additional options influencing the measuring process are available through the
Expert Options button. A signal on the Expert Options button indicates if any of these
options is active (yellow) or if settings are default (grey). When in doubt, use the default
parameters.
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The optimal heating power depends mainly on the size and thermophysical
properties of the sample. The heating power has to be large enough to create a sufficient
temperature rise in the source during the measuring time to allow a precise calculation
of thermal conductivity, but it is limited by boundary effects due to the finite length of the
line sources, reflections of the propagating heat wave at the sample boundaries and
possible fluid convection in the case of wet porous materials (e.g. soil samples).

The recommended heating power values for measuring different sample materials
with standard HLQ and VLQ probes are listed in the Recommended Heating Power
section in the Appendix of the TKO4 manual and can be accessed directly from the
configuration dialog by pressing the help button at the right side of the input field. For
standard size probes, a suitable heating power value can be determined by a simple rule
of thumb: for HLQ measurements, you can use the expected thermal conductivity value
(in W m" K™ as heating power (in W m™), for VLQ measurements multiply this value
by 2. See chap. 8 Hints for Practice and chap. 9 Troubleshooting for additional help with
the right choice of heating power.

TIP After completing a measurement, the software checks the temperature rise
of the heating curve and displays a Power Control value indicating if the
selected heating power is suitable (see chap. 3.4 Heating Power Control).
For standard probes, Power Confrol values between 1.5 and 4.0 are
recommended. Power Control is available for standard HLQ and VLQ
probes if measuring time is at least..75 seconds and for Mini HLQ if
measuring time is at least 55 s.

The measuring time depends on the dimensions of the probe (the larger the probe,
the longer the required measuring time). The default measuring time for Standard HLQ
and Standard VLQ laboratory probes is 80 seconds. Please consult the probe
documentation to determine the correct measuring time for non-standard probes.
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3.24 Expert Options

The Expert Options are for special measuring tasks where no results can be
obtained with default measuring parameters. Only use these options if you know exactly
what you are doing, as they may influence accuracy.

W& Expert Options ‘ 2

Drift Control (DCL) 1
4 Pauge [min] 1
[/| Start Delay [min] B -~
l Default ‘ ' OK |

The Drift Control parameter DCL modifies the criterion used to decide if the
temperature drift of the sample is sufficiently small or sufficiently predictable to start
measuring. It can vary between 5 and 40, the default setting being 10. The higher the
DCL, the weaker the drift limit, the shorter the drift phases and the lower the accuracy
(DCL values lower than default will result in a stronger drift limit and longer drift phases,
but will not necessarily improve accuracy). DCL can be raised to force the begin of
measurements if there is no time to wait for the sample adapting to room temperature.
You should use this parameter with caution and only if really necessary (please refer

also to chap. 8 Hints for Practice and chap. 9 Troubleshooting).

The Pause parameter inserts pauses of 10 fo 60 minutes between single
measurements. If samples are small and/or thermal conductivity is high, the recording of
the heating curve may be disturbed by reflections of the heat wave generated by
previous measurements at the sample boundaries. Pauses between the single
measurements may be necessary to allow these disturbances to cease. See chap. 8
Hints for Practice and chap. 9 Troubleshooting for more details. During pauses you may
switch to Expert Evaluation mode. A counter at the right side of the toolbar shows the
remaining time until the next measurement. 15 seconds before its start, the software
automatically switches back to measuring mode. If an evaluation is still running, it will
be aborted.

The Start Delay parameter inserts a waiting time of 1 minute to 1440 minutes (24
hours) before starting a measuring series. This is useful for letting the thermal
disturbances cease which are caused by sample preparation, or if a test should be run
at a later time (e.g. during the night).
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3.2.5 Evaluation Parameters

Atter finishing a single measurement, the heating curve is evaluated and the results
are added to the result list for the current measuring series displayed in a separate
window before proceeding with the next measurement.

Evaluation Parameters
@' Use default [&uto mode)

Select manually

Edit Parameters 163

For evaluation parameter choice, two options are available: If you choose Use
default (Auto mode), the software selects default parameters matching your probe
type automatically. For this purpose it has built-in evaluation parameter sets for all probe

types, designed to give best results for a wide range of sample materials and measuring
conditions.

It is strongly recommended to use Auto mode unless you are sure that different
parameters are required for the sample type in question. Enable the Select manually
option to enable the Edit Parameters button and click to open the Evaluation

Parameters dialog. Please refer to chap. 6.2.3 Choosing Evaluation Parameters for
instructions how to select parameters manually.

3.2.6 Comment

Comment

ST16-01..05 Power 3w /m¥11015; f

You may enter a short description (79 characters) of the measuring series that will
be saved with the data files. The comment is optional. Pressing the generator button at
the right side of the comment field will insert a default comment consisting of the root
name, the serial number range, the heating power and the probe number.
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3.2.7 Configuration History

The configuration history is a list of previously used settings. Press the Add to
History button to remember the current settings for future sessions.

| X abon | [Stowtisop|  |adioHsoy| | o OK

If you wish to re-use a configuration, open the history list by clicking the Show
History button.

W Configuration Histary h a5 i”"“zs:'“q
‘ Data Files Probe  »
Al
Dale Comment Mame Fiom To Folder - Number

01.07.2011 13:5%:39 ST1601..05 Power 3w/m H11004; ST16- 1 5 EANTKO4ADat
~ ¥ 1 ol

eI Rl o
et 3Wim VT  G{ENTKD4ADA

1t comment here Test- 1 3 C:\Program Files (486 TKD4\Datah 11030

T Feo AT

= =

b y P 3 s i
‘ 1/3 l:‘ Autofit Columns #_ Copy parameters === Delete rowls] »C—b Close |

Select an entry with the left mouse button and then copy it to the Measuring
Configuration dialog using the Copy parameters button. Click on the column headers
to sort the history by different criteria. Use the Autofit Columns button to set all
columns to optimal width. The history stores up to 99 configurations. If the list is full,
you can either let the software automatically overwrite the oldest entries, or select
configurations no longer needed and delete them manually by pressing the Delete row
(s) button.

3.2.8 Measuring Info

After entering all parameters press OK to -apply the specified measuring
configuration. The settings are now displayed in the Status Box at the bottom of the
screen. In Measuring mode, the box consists of a single tab labeled Measuring Info:

Serla Number — Povser Oata Cirectary
1 ] a ETKO4\Data! ST16-01
29

Last Measuramant

{ V015 g
’/ Meas. Toe DcL Pause Comment

2 80 10 0 5T15-01.05 Power 3Wim V11015 P

tlegsuring inlo
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3.2.9 Measuring Mode Options

7 The program options are opened selecting the Options entry from the menu, or using
the Options button from the toolbar. When accessed in Measuring mode, the
Measuring Options dialog has three tabs.

On the Miscellaneous tab you can choose if the selected heating power should be
adjusted automatically by the TK04 instrument (choose Unattended in the Adjusting
Heating Power group, which is the default setting), or if a control window should be
displayed after starting a measuring series to manually correct the automatically
adjusted value (choose User Controlled).

In the Results Window group of the Miscellaneous tab you can choose if the
Results window should display a TC vws. LET diagram for quality analysis or not (see
chap. 3.3.5 Results for details).

T Measuring Options | P

Miscellaneous | Action | General |
| L |

Adjusting Heating Power

@ Unattended [default)

' Uszer Controlled

Reszults Window

| | Show TC vs. LET Diagram

TIP As the automatically adjusted heating power values are very accurate and
the evaluation routine uses the actual heating power determined individually
for each single measurement, -a manual comrection will only be necessary
for highly specialized scientific measuring tasks.
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After finishing a measuring series, the TK04 measuring software VV4.0.5 or higher can
execute a user-defined external application and pass it command line parameters. This
feature can be configured on the Action tab.

-~

& Measuring Options

Miscelaneous | Action | General

J'| Run external application
Application  E:ATest\TestApp.exe i }
Execute | After completing series -

Pass parameters

| Folder TC-List Fesultz mdb
Root Name | Count /| Mean value
Test

| Preview output

x Abart ‘

i,f = ‘

) ey

Please see chap. 3.6 _Aufomatically Executing External Applications for details how
to configure and test the application call and the parameters that should be passed.




B 2

Chapter 3: Measurements 21

| The General tab is displayed both in Expert Evaluation and in Measuring Mode. Use

f the radio buttons in the upper part of the dialog to determine in which mode (Measuring

E or Expert Evaluation) the TK04 software should start, or if it should remember the mode
of the last session.

i T Measuring Options |£|ﬂ—r

[ Miscellansous | Aclinn‘ General ‘

|

i ' Start TKD4 in Measuring Mode
‘ - Start TKO4 in Evaluation Mode
|

@ Remember Last Session

Graphics

TkGraph File Lacation
C:\Program Files (861 TKO4\TkGraph\TKG .. |

X oo © v

If you are using version 4.0 or higher of the graphics program TkGraph, you can send
results from the Results window directly to TkGraph for graphical analysis. The
connection can be configured in the Graphics group in the lower part of the General
tab by entering the location of the TkGraph.jar file in the corresponding input field.
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3.3 Executing a Measuring Series

Start measuring using the current measuring configuration by clicking the Start
Measuring button in the toolbar or by choosing Measuring | Start Measuring from the
menu. The software then performs a selftest, adjusts the heating power, and
automatically executes the number of measurements the user has configured.

For each single measurement, the temperature drift of the sample is monitored until
it is either sufficiently small or sufficiently predictable, allowing the software to calculate
a drit correction. Then measuring starts, heating the probe and simultaneously
registering its temperature, automatically applying the drift cormection. At the end of
each heating phase the actual heating power is determined and temperature data are
evaluated. Results are displayed on the screen and saved to disk.

For all following measurements drift phase, heating phase, determination of heating
power, evaluation and display of results are repeated.

3.31 Selftest

The TKO04 software first checks the COM port, the cennection between computer and
instrument, the TKO04 unit and the connected probe. This process is signaled by the
green Selftest diode on the instrument's front panel. If any errors are detected, a
message is displayed to help you locate the problem.

Interface

Port

COM1 & ‘

Check

= Port ... pass
[ Communication ... pass

| TKO4 Unit ... pass

| Probe Heater ... pass

J| Probe Sensor

Checking - please wait
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3.3.2 Heating Power Adjustment

If the selftest has been successful, the heating power is adjusted to the value
entered in the measuring configuration, signaled by the yellow Current Adjust diode on
the instrument's front panel. Heating power adjustment is fully unattended (left image),
unless you enable manual fine adjustment of the heating power value (right image).

Fgs B
Power Adjustment Power Adjustment
7 Heating Power
Desired 3 Wem
Adjusting Power
Current 2993 Wim
EEERERETTEE Deviation -0.03 % @
Fine Control
Please wait ) Step
‘ “~ J @ smal
R ' medium
! > r o large
‘xghort‘ ‘-’QK‘
s N o

To enable this option, choose Options from the program menu (or use the Options
button from the toolbar), select the Miscellaneous tab and change the selection in the
Adjusting Heating Power group from Unattended (Default) to User Controlled.
Except for very special scientific purposes, it is not necessary to correct heating power
values manually.

Since the adjusting procedure uses a reference resistor to awid unnecessary
heating of probe and sample, the actual power will usually differ slightly from the chosen
value. This does not affect the accuracy of measurements, because for each single
measurement the real heating power is determined individually and used for evaluation.




24 Chapter 3: Measurements

3.3.3 Drift Control

Before starting a single measurement, the system enters drift control mode (signaled
by the blue Drift diode on the instrument's front panel). The software continuously
registers the temperature drift and checks in short intervals (called diift series) if the
temperature drift is sufficiently small or sufficiently predictable to start measuring.

For the first measurement of a series, the software waits until the drift gets
approximately linear (linear drift mode). For each drift series, it checks ifthe slope of the
drift curve is sufficiently small or sufficiently constant between consecutive series.

For all following measurements, the software checks if the drift curve matches the
expected cooling curve resulting from the previous heating phase. If the standard
deviation (SD) drops below a given limit, measuring starts. If the limit is not reached
within a given time, the software switches to linear drift mode (j.e. in the case of mstable
ambient temperatures).

A drift correction is calculated and automatically applied to the temperature values of
the subsequent measurement.

During drift phases, the Drift Control window is displayed automatically to monitor
the temperature drift status of the sample:

Recording
Counter L ETIE T ] Temperature [*C]
Drift

0.869  [K/h]

| Drift [K/h]
06716

D.avad

=25
1
2 07925
3
4 09318

| Drift Control @ ‘ x_gbnrt ‘

ST16-02

The Counter counts down the remaining Fecordings of the current drift series. The
Recording group displays the currently recorded time / temperature value and the drift
series it belongs to.
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The drift value from the last drift series (slope in K/h in linear drift mode, or standard
deviation SD else) is calculated and represented in the Drift group as a slider on a
scale, where the drift limit is reached when the slider enters the tolerable range marked
in blue. The drift values (slope in K/h or standard deviation SD) for the last five drift series
are listed in a table, and the complete drift history is displayed as a diagram. If the drift
reaches an empirically chosen threshold marking the point where approximately half of
the drift time is over, the Start Signal tumns to yellow. It tums to green when the drift
limit is reached and measuring can start.

3.34 Heating and Measuring

When the drift limit is reached, measuring starts (indicated by the red Heating diode
on the instrument's front panel). The line source is heated for the chosen measuring
time and the source temperature is recorded simultaneously. Temperature values are
corrected automatically for the diift effect predicted from the last diift series. After
finishing the heating phase, the actual heating power is determined. Measuring progress
is monitored in the Heating & Measuring window.

Recording

Temp. ['C] 73.5 23.714
229972 . Time [g] Temperature [*C]
23.7038

23.7048
23.7058
23.7069
23.7081
23.7090
23.7102
23712
23.7125
23.7134 .
23.7144 ; Time [s]

[*C]

-]

Temparatur:

Heating & Measuring Data Time Scale ’ % &b t“ ’
ST16-04 Viscroll  [V]logarithmic an

The currently recorded time / temperature value is displayed in the Recording group.

The Data table lists all recorded time-temperature values that form the heating curve.
Enable the Data scroll checkbox to automatically scroll the list and always display the
" most recent values.
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The Heating Curve diagram is continuously updated during the measurement. You
may choose between a linear or logarithmic time scale by disabling or enabling the
Time Scale checkbox.

After the measurement is finished, the Heating & Measuring window closes
automatically. Heating curves of previous measurements can be viewed using the

Temperature vs. Time Plot (see chap. 3.5 Temperature vs. Time Plot).

3.3.5 Results

After finishing a single measurement, the drifi-corrected temperature-time data are
saved to a file whose name is composed of the root name, the number of the
measurement and the extension *.dwl (e.g. ST16-01.dwl for the first measurement of a
series at the reference material ST 1.6). . ~
Spees ol MP'WIW‘ZKJ"'"“ I gzl

The heating curve then is evaluated using the SAM algorithm. SAM analyzes the
heating curve in up to several thousand different time intervals. From each interval rated
suitable (i.e. sufficiently undisturbed) for thermal conductivity determination a thermal
conductivity value is calculated, then the software automatically chooses the best (i.e.
least disturbed) of these solutions as the final result of the measurement (for details see
chap. 5 The Special Approximation Method SAM).

All found solutions are saved to a long list of results with the same file name as the
data file and the extension *.erg (e.g. ST16-01.erg for the long list belonging to the data
file ST16-01.dwl).

The best solution is added to a results window displaying the results for the current
measuring series as a list (one row per single measurement) and a diagram, it is
appended to a short list file named Tc-List.dat and entered into the results data base
Results.mdb.

The list and the diagram are updated after each evaluation of a heating curve. The
mean thermal conductivity value and the number of measurements it is calculated from
are displayed to the right of the diagram. After completing a measuring series, the
results window stays on the screen until it is closed by the user or the program session
is terminated. If further measuring series are made, the results windows are numbered
consecutively.
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-

' Folder

File
ST1E-01
ST16-02
ST16-03
ST16-04

T Measuring Series 1

E-ATKO4\D atah

| Comment  5T16-01..05 Power 3w//mV11015:
Lot 2206201113450

TC  LET
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The result list can be sent to MS Excel (if installed) or to the graphics program
TkGraph for graphical representation and analysis using the Send Result List to
TkGraph / Send Result List to Excel buttons in the upper right corner of the result
window. Please see chap. 7 Graphical Analysis with TkGraph for a description of how to

use the graphical analysis for assessing result quality.

higher only.

TIP: If you are not able to connect fo TkGraph, check if the path to the
Tk Graph.jar file is set correctly in the program options. Select the Options
entry from the menu, or use the Measuring Options button from the toolbar
to open the Measuring Options dialog, select the General tab and enter the
location of the TkGraph.jar file in the corresponding input field in the
Graphics group. This feature can be used with TkGraph version 4.0 or
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You can do a quick result quality check in two steps without starting TkGraph using
the measuring series diagram at the bottom of the results window  if you additionally
display the TC vs. LET diagram at the right side. The latter corresponds to the first
diagram of the TkGraph Single Measurement Plot. The TC vs. LET diagram is hidden
by default, but can be shown by clicking the arrow symbol next to the Send Result List
to TkGraph / Send Result List to Excel buttons. The diagram can be displayed
permanently by opening the program options (either select the Options entry from the
menu, or use the Options button from the toolbar) and checking the Show TC vs. LET
diagram option on the Miscellaneous tab.

If visible, the TC vs. LET diagram for the last measurement of the series is displayed
automatically after evaluation is finished. After finishing the measuring sefies, you can
display any single measurement by clicking with the mouse into the corresponding row
of the results table. If the variation in the measuring series diagram is not larger than + 2
to 3%, select all single measurements one after the other to display the details diagram
and check if the typical asymptotic curve form is present (it is acceptable if the
asymptote is slightly widened or if a second branch with not-too-large distance is
present). If nothing special calls your attention, the measuring series is o.k and the
mean value can be used without further checks or corrections. For details regarding
quality indicators and their interpretation please see chap. 7.6 Assessing Result Quality
with Tk Graph.

T Measuring Series 1 o 2 =5

Folder  D:\4\M02 C162 PCF D.5WA
Comment PCF-01..08 Power 0.5%/m H1C160; an &
Last: 26.02.2011 11:15:06 ]
(R TC LET MNe ¥ St Len~ oo, il
|pcro1 [BE¢E 9377 190 163 330 ]

PCEO? | Dd40E 2483 94 177 380 ] |

ST | T B T
Fd Az
o 0.27 0.32 0.37 0.42

1 2 3 Iz TC [Wim K]
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After completing the measuring series, the following files have been created in the
data folder:

* Data files (*.dwl): Data files containing the heating curves (one file per single
measurement). File names follow the pattern <root name><serial no.>.dwl (e.g.
Macor-01.dwl, Macor-02.dwl, etc. if the root name is Macor).

* Long lists (*.erg): Long lists (one file per single measurement) containing the
complete results calculated from one heating curve. Long lists have the same
file names as the corresponding data files with the extension *.erg instead of *.
dwl.

* Short list (Tc-List.dat): The short list of a measuring series containing the best
result for each single measurements (one row per single measurement).

* Results data base (Results.mdb): The results data base containing the same
information as the short list file in data base format

Data files can be plotted as temperature vs. time curves (see chap. 3.5 Temperature
vs. Time Plof), long lists and short list can be used for a graphical analysis of result
quality (see ch Graphical Analysis with Tk Graph), the results data base is required
for postprocessing and additional evaluations in Expert Evaluation mode (see chap, 6

Expert Evaluation).

3.4 Heating Power Control

The exact heating power of the last measurement is displayed in the Last
Measurement group of the Status Box. Additionally, a Power Control value is
calculated as a measure of the heating curnve's temperature rise, enabling the user to
check if the selected heating power is appropriate (please note that Power Control is
available only if the measuring time is at least 75 seconds for standard size probes and
55 seconds for mini probes).

Last F.'!easuremernt
ST16-01

File Mame:

Poweer Contrel:. 2.1

The temperature rise should be high enough to allow a precise calculation of thermal
conductivity, but not unnecessarily high in order to awid boundary effects and other
disturbances (see chap. 3.2.3 Measuring Parameters). For standard size probes, Power
Control should lie between 1.5 and approx. 4, values between 2 and 3 are
recommended. For the Mini HLQ probe, values between 1.5 and approx. 2 or 2.5 should
be used.




30 Chapter 3: Measurements

3.5 Temperature vs. Time Plot

Heating curves of previous measurements can be viewed using the Temperature vs.
Time Plot.

In measuring mode, select View | Heating Curves from the menu or use the
Heating Curves button from the toolbar to open the Temperature vs. Time Plot and
follow the instructions on the screen to display data files as temperature vs. time curves.
Three curves from the same or different folders can be displayed simultaneously.

Temperature vs. Time Plot
»m

B
2

Temparature |"C]

-

$T16-01..05 Power 3W/m VI1015;

|| DataFiles

Flot
Path Fie Date Commerd  Fiohe DiitFune. Togat  Power FC Soltware -
| abals mbol Siz
I Curve 1 3¢ EATEO\Data 1 AENO! 22002006 Sonderiest V10000 ¥ Linew 21397 2016 23 DD 1o :md ‘_' |
Curve 2 3¢ EATKOS\Data & FLR01 1011,2006 Sondentes! V10802 % Lin=ar 18283 0501 29 V4.00
o Curved 3¢ ENTEOADaa\ STIE01 14122009 STI601.0 V1015 7 Liea 17910 3013 22 V412 o Ok

Left click into the plot and drag right to zoom into a particular part of the curve, left
click and drag left to undo the zoom. Right click into the plot and drag in any direction to
scroll the currently visible part of the curve.

Check the logarithmic checkbox to switch from linear to logarithmic time scale.
Check the Labels checkbox in the Plot group to display the temperature values as
labels to the data points (this feature is useful only if you have zoomed into the plot,
because otherwise the labels will overlap).
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3.6 Automatically Executing External Applications

After finishing @ measuring series, the TK04 measuring software \V4.0.5 or higher can
execute a user-defined external application and pass it command line parameters. The
user can configure which application should be started and which information should be
passed.

Start the TK04 software in measuring mode, open the Measuring Options dialog by

choosing Options from the main menu (or use the Options button from the toolbar) and
then select the Action tab.

rTﬂ Measuring Options ]MJ\

| Miscellaneous | Action | General ‘
| VS . | FU—— " 3 .

‘ [/] Run extemal application

&pplication  E:\Test\TestApp.exe ‘ J ‘

Execute [ After completing series 4 ‘

Paszs parameters
| Falder [ TC-List Fesutzmds |

|
|
‘ | |RootName  [V]Count _ [/]Mean value
| Test

|

| Preview output | |

X (v |

- A

Check the Run external application checkbox. Then enter the full path to the
executable you wish to start in the Application field, or click on the browse button next
to the input field and select an executable file. In addition to *.exe files, any other file
type executable under Windows will work (e.g. application links, scripts or batch files).
Currently, the selected application is executed after completing the measuring series, in
future versions other events may be added to choose from.
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Any combination of the following five predefined parameters can be passed to the
application you have chosen (please make sure that it can handle the selected
parameter type):

¢ Folder: the TK04 data directory specified in the measuring configuration.
» TC-List: file name including full path of the TC-List.dat file.

* Root Name: root name of the measuring series, selected in the measuring
parameters.

* Count: no. of measurements contained in the mean value.

¢ Mean Value: mean thermal conductivity value of measuring series

In addition to these values, user-defined text or parameter(s) can be entered in the
Text input field. Please note that no quotes are added to the contents of this field
automatically, so you can enter more than one parameter. If the input contains blanks, it
may be necessary to enclose your single parameters in quotes yourself. (In a MS
Windows command line usually each blank is interpreted as the beginning of the next
parameter, unless grouped otherwise by using quotes.)

Press the Preview output button to check your selection. An Information window
displays the resulting parameters exactly as they will be added to the commandline of
the selected application. If you have included Count or Mean Value in your selection,
dummy values will be used for preview purposes.

[nformation | g |

g% Following parameters will be passed to the selected application:
“ (Count=3 and Mean Value=1.234 are dummy values cnly)

"ENTKO4\Datah Te-List.dat” 51.234 "Project A"

Start application now using this tect data?

The software then offers to start a test run, i.e. to invoke the chosen application
using the displayed parameter line. It is recommended to do so to make sure that the
external application is able to correctly handle the parameters passed to it.



B 2

Chapter 4: The Constantly Heated Line Source 33

4 The Constantly Heated Line Source If

The following three chapters provide the theoretical basis for a detailed analysis of
data and results necessary for high accuracy measurements.

The theoretical foundations for the determination of thermal conductivity with |
cylindrical sources are discussed by several authors (Blackwell, 1954; Carslaw &
Jaeger, 1939; de Vries et al.,, 1957; von Herzen et al., 1959). (

The measuring principle is based on heating a cylindrical source with infinite length,
finite radius, and infinite thermal conductivity in a homogeneous and isotropic sample full
space with constant heating power for a finite measuring time. Thermal conductivity then
is determined from the temperature rise in the source. Assuming the given geometry,
temperature depends on the radial distance from the source only, i.e. the problem can
be treated as axial isothermal and hence as 2-dimensional. In this model, thermal
conductivity determined with a line source is a scalar value scanning the plane
perpendicular to the source axis.

As the equation describing the temperature rise with time is still too complex to be
used directly for determining thermal conductivity from the heating curwe, generally a
simple first order approximation of this solution is used. The resulting equation for the
temperature rise in the source (radius r = 0) can be solved for the thermal conductivity k
() of the full space, where (t,,¢,) is a time interval of the heating curve, T(t,) and T(t,)

the corresponding source temperatures and q the heating power:

\

I

In(t) - In(t) |
~ 9 2 L — i
k(1) an  T() - T(1) -1

k_(t) is called apparent because the approximation (4-1) is valid only for sufficiently
large times, which means that k_(f) is not constant, but depends on the time interval (t,
,t,) used for calculation, and that the real thermal conductivity value k of the surrounding
material is approached only for sufficiently large heating durations.

In practice, the correct choice of the time interval (f,, t,) is difficult. In the early stage |

of heating the source temperature is strongly affected by the contact resistance . |
between source and full space (not accounted for in the simple apprommatlon used).In
the later stages of heating the influence of boundary effects caused by the actually finite
Iength of the line source (assumed infinite in the theory) increase.

In between is a time interval (t,,t)) in which the source temperature is dominated by

the thermal conductivity of the full space and which should be used for the calculation in
eq. (4-1).
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The position of this interval can differ significantly between experiments. Commonly,
thermal conductivity is calculated from the largest interval (¢,,,) of the heating curve in

which k_(t) remains constant, assuming that this is the part of the heating curve where
the influence of contact resistance and boundary effects is smallest.

The following chapter introduces a method to examine different time intervals for their
suitability for thermal conductivity determination. An algorithm is developed which
automatically determines the optimal part of the heating curve for calculating thermal
conductivity.
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5 The Special Approximation Method SAM

By using a higher order approximation for the temperature rise of a constantly heated
line source instead of the simple first order approximation described in chap. 4 The
Constantly Heated Line Source, the SAM method is able to account for important
parameters like the contact resistance (neglected by the conventional evaluation
method) and hence reaches a higher accuracy.

If the SAM approximation formula is fitted to the heating curve using a least squares
fit, the thermal conductivity of the sample can be calculated from the fit coefficients.

Additionally, the mathematical properties of the approximation calculated for a given
heating curve can be used to check if the measured curve is disturbed or if it matches
the theoretical curve. It can be shown that the approximation function k. (t) approaches

the real thermal conductivity value k the better, the greater the time where the maximum
k&) of the curve k_(t) is located. We use a logarithmic measure for the position of

the maximum, the LET value (the logarithm of the time t .« Where the maximum is
located):

LET = In (extreme time) = In | I—_—

If an approximation has a high LET value, this means that it corresponds well with
the theoretical heating curve, i.e. that the measured heating curve from which it was
calculated can be regarded as undisturbed.

The basic idea of the evaluation algorithm is to approximate different time intervals of
the heating curve and then to apply the following mathematical and physical criteria to
each approximation to decide if the interval it was calculated from is suitable for thermal
conductivity determination:

* The approximation function k_() has a maximum.
* The maximum of k_(t) occurs later than a given time limit LE Tmin.

* The standard deviation of the least squares fit of the approximation ka(t) to the
heating curve does not exceed a given limit.

* The derivation of k_(t) is continuous in the maximum.

If all criteria are met a thermal conductivity value k can be calculated from the time
interval in question.
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The parts of the heating curve suitable for evaluation depend on the dimension of the
line source and on numerical factors. For standard laboratory line sources (length 60-
70 mm) the following restrictions apply: ’

The eary part of the heating curve from approx. 0-20 seconds is usually
influenced by higher order effects not accounted for in the SAM approximation.

o Intervals starting later than 40 seconds are usually influenced by boundary
effects caused by the finite length of the line sources.

= All data later than 80 seconds are usually influenced by boundary effects so
strongly that they can not be used for evaluation even if they are part of a long
interval starting before 40 seconds.

« For a stable calculation of the fit coefficients the length of a time interval has to
be at least 25 seconds.

The software places a set of evaluation parameters to the disposal of the user to
define evaluation intervals and LET limit to be used during evaluations. The set consists
of the following parameters (including default values for standard laboratory probes):

= Start of first approximation interval (Start Time Min) 20s
¢ Start of last approximation interval (Start Time Max) 40s
s End of last approximation interval (End Time) 80s
¢ Minimum length of approximation interval (Interval Length Min) 25s
» Lower limit for LET (equivalent to a maximum of k_(t) at 55 s) 4

Data before Start Time Min and after the given End Time are ignored. Usually, the
End Time parameter corresponds to the duration of measurements. The first interval
begins at Start Time Min (here 20 s) and has an extension of Interval Length Min (25 s).
Interval length is then increased in steps of 0.5 seconds until the end of the interval
reaches the given End Time (80 s). Then the Start Time is increased by 0.5 seconds,
Interval Length is reset to the given minimum of 25 seconds and the procedure is
repeated. Start Times are increased until reaching Start Time Max (40 s). The last
interval extends from Start Time Max (40 s) to the End Time (80 s).

With the default parameters given above, the following intervals of the heating curve
would be analyzed:

[20.0,45.0] | [20.0,45.5] | [20.0,46.0] [20.0,65.0] [20.0,80.0]
[20.5,45.5] | [20.5,46.0] [20.5,65.0] [20.5,80.0]
[21.0,46.0] [21.0,65.0] [21.0,80.0]
C ]
[40.0,65.0] [40.0,80.0]
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In each of these time intervals (usually several thousand), the SAM approximation is
fitted to the heating curve. The resulting fit curves are checked against the four criteria
listed above, using the evaluation parameter LET_,, for the second criterion. All

conditions fulfilled, a thermal conductivity value is calculated. All solutions belonging to
one heating curve are written to a long list file (*.erg).

Usually, several hundred intervals of a heating curve will satisfy the criteria, yielding
as many different thermal conductivity values. The best of these solutions - i.e. the least
disturbed - is the one calculated from the approximation with the highest LET value,
because the real thermal conductivity value k is approached the better, the larger the
time where the maximum k,(t_.,) of the fit curve k_(t) is located (i.e. the greater LET is).

Hence this value is chosen automatically as the final thermal conductivity result, which
is added to the short list file (Tc-List.dat if generated during a measuring run or Export.
dat if generated by an expert evaluation).

The whole set of solutions from a single heating curve can be used to detect
disturbances and assess the reliability of the results. If thermal conductivity values are
plotted vs. the parameters of calculation (LET, length, start, and end of intervals), all
data points should form a characteristic curve where values are the closer to the final
result the higher their LET value is. Any deviation from this pattem indicates a
disturbance of the heating curve (for details see chap. 7 Graphical alysis _with

Tk Graph).

Additionally, the TKO4 evaluation algorithm accounts for two important effects
neglected by conventional evaluation methods:

Usually the total amount of heat produced during measurements is assumed to
penetrate into the sample. For half-space line sources this means that the loss of heat
into the probe body is neglected, i.e. the probe material is regarded as perfect thermal
isolator. This assumption is no longer justified in cases of low thermal conductivity
contrast between probe and sample material (i.e. with thermal conductivities lower than
approx. 1 W m™ K'") where a significant part of the heat is absorbed by the probe body.
The TK04 software allows for the loss of heat into the probe half space when measuring
with HLQ probes, rendering empirical corections unnecessary for the complete
measuring range.

The contact resistance between probe and sample, a parameter of major influence
on the quality of results and highly variable depending on sample material and
preparation, is completely neglected by conwentional evaluation methods. TK04
calculates contact values from each heating curve which characterize the actual contact
resistance for each single measurement and enter into the evaluation.
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6 Expert Evaluation

As in Measuring mode data is evaluated automatically using built-in evaluation
parameters, usually no separate evaluation is necessary. The software includes default
parameter sets for each probe type, designed to give best results for a wide range of
sample materials and measuring conditions. Nevertheless it may become necessary to
adapt parameters to special measuring tasks, or to re-evaluate data with modified
parameters in order to improve result quality. For this purpose, the Expert Evaluation
mode of the TK04 software provides tools for evaluating thermal conductivity measuring
data generated with TK04 and for postprocessing the results.

In Measuring mode, all measurements of a series are evaluated automatically using
probe-type specific, built-in evaluation parameters designed to give best results for a
wide range of sample materials and measuring conditions, or a modified parameter set
chosen manually by the user when configuring the measurements (chap. 3.2.5
Evaluation Parameters). Usually, no further evaluation is necessary. For each single
measurement the software saves the heating curve to a data file (*.dwl), creates a long
list file (*.erg) containing the detailed evaluation results and adds a line to the short list
named Tc-List.dat (short lists summarize the results of all measurements belonging to a
series). These files are in plain ASCIl format and can be opened with any editor.
Additionally, the same information is entered in a results database (results.mdb) for
further processing in Expert Evaluation mode.

The Expert Evaluation mode of the TK04 software provides tools for re-evaluating
thermal conductivity measuring data generated with TK04 and for postprocessing the
results. It allows individual evaluation parameters for each single measurement of a
series, as well as multiple evaluations of the same data with different parameters.
Evaluation parameters can be selected automatically or manually from a list of default |
and user defined parameter sets. Each parameter can be modified individually, new ‘
parameter sets can be created and saved for future use. For each evaluation of a data
file, an additional long list (*.erg) is generated and an entry in the results data base is
created.

IMPORTANT:  The default evaluation parameters for your probe type (Auto Mode)
are always the right choice, hence the term "inadequate evaluation
parameters” refers fo manually chosen parameters only. If a
measurement does not yield acceptable results using default
evaluation parameters, it is seriously disturbed. Even if it should
be possible fo get resulfs by manipulating the evaluation
parameters, these solutions will be subject to large measuring
errors. Keep in mind that what is disturbed is not the evaluation,
but the heating curve, which will only get better by eliminating the
disturbing influences and repeating the measurement.
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Result management includes tools for viewing, comparing and deleting results.
Export options allow individual compilation of result lists for printing or saving to a file in
short list format (the same ASCI| format like the file Tc-List.dat generated in Measuring
mode), and if you are using version 4.0 or higher of the graphics program TkGraph,
results can be sent directly to TkGraph for graphical analysis (see chap. 7 Graphical

To start the TK04 software in Expert Evaluation mode, click on the Windows Start
button and select Programs | TK04 | TKO4 Evaluation from the Windows Start menu. If
the software is already running in Measuring mode, switch to Expert Evaluation mode by
selecting Mode | Expert Evaluation from the TK04 program menu. The Expert
Evaluation Mode icon at the left side of the toolbar indicates that Expert Evaluation
mode is active.

6.1 User interface

Besides the menu, toolbar and status bar, the Expert Evaluation user interface
includes four separate task windows which can be shown or hidden independently using
the cormesponding toolbar buttons. When starting the software in Expert Evaluation
mode, by default the File Explorer (docked to the left window side) and the Status Box
(located at the bottom of the window below the Status Bar) are visible. When required,
additionally two floating task windows can be displayed: the Evaluation Parameters
dialog and the Results window.
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6.1.1 Menu
The menu consists of the following entries:

Mode allows to switch between Measuring mode and Expert Evaluation mode or to
exit the program.

Evaluation contains a Start Evaluation or Stop evaluation entry. Instead of the
menu, you may prefer to use the Start Evaluation / Stop Evaluation toolbar button

(see chap. 6.1.2 Toolbar).

View contains entries for show or hiding the File Explorer, the Status Box, the
Evaluation Parameters dialog and the Results window. Each window can be
displayed independently. It may be convenient to use the toolbar buttons (see
chap. 6.1.2 Toolbar) instead of the menu for this purpose.

Options opens the Evaluation Options dialog. Select the General tab to determine
the mode the TK04 software should start in, and to enter the location of the graphics
program TkGraph. Select the Display tab to change the sort mode for the Export List.

Help contains entries for opening the help file and display version and copyright
information.

6.1.2 Toolbar

The Expert Evaluation Mode icon at the left side of the toolbar indicates that the
software is running in Expert Evaluation mode.

@ { W" ‘ "] ‘Ei ‘i w Start Evaluation

The Evaluation Options button displays the Evaluation Options dialog.

dl ‘ ‘ﬁuzi |==‘ \:‘) Start Evaluation
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The three File Explorer/ Evaluation Parameters / Results buttons correspond to
the entries of the View menu (see chap. 6.1.1 Menu) and show or hide the File
Explorer, the Evaluation Parameters dialog and the Results window independently
from each other.

@ 4 e B “’ "’\E ﬁ,‘z = (!) Start Evaluation

With the Start Evaluation and Stop Evaluation button an evaluation run can be
started or aborted. The Start Evaluation button becomes active when at least one data
file is selected for evaluation. It changes to Stop Evaluation button while an evaluation
is running.

@ ] ; '_ e w’ ’E @ [i‘ @s@n E.valuaiinn

6.1.3 Status Bar

Eval, Parameters: Statmin 20 Start max 40 End 80 Length 25 LET 4 -

The Status Bar displays hints and program messages, the currently selected
evaluation parameters and an icon indicating the probe type they are suitable for
(Standard HLQ half-space line source, Mini HLQ, Standard VLQ full space line source or
Field VLQ).

TIP:  To view evaluation parameters in more detail or to select different
parameters use the Evaluation Parameters dialog (see chap. 6.1.6
Evaluation Parameters Dialog).
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6.1.4 File Explorer

The File Explorer is a file manager for browsing TK04 measuring data and selecting
data files for evaluation. It behaves like an ordinary file manager with a filter set to *.dwl,
i.e. it will only show *.dwl files, even if other files are present in the current directory.

~.+8& Computer i s The tree list displays the folder
-8 (C:y System hierarchy of all local drives on your

» (O} Daten hard disk and of all mapped
() Test network drives (i.e. network drives

& SRECYCLE.BIN ) that have been assigned a local

drive letter).

= The file list displays the *.dwl data
files in the folder highlighted in the
tree list and allows selection of
single or multiple files.

= Double-clicking on a file name
starts evaluation of this file
immediately.

i TH ¥

T16-01.dw|
r16-02.dw|

Fa

T16-03.dwl

[}

4 dwl

(1]
[ -—]

W 0N
1 |

L dea

o

1

= -

[y T &

[=%

TIP: Detailed information about the selected data file(s) is displayed in the
File Info tab of the Status Box (see chap. 6.1.5 Status Box).
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6.1.5 Status Box

The Status Box is docked to the bottom of the screen. In Expert Evaluation mode, it
consists of two tabs. The File Info tab shows detailed information about the selected
dwl data files and their contents.

| TabChangs

Data File =
Hame Palh Dsts Probe Drift Func  Powar FPC Tidlial Softwara

| 7 Aulo ! ! sTie0t ENTKO4\Dete) 14122008 | VNEIS Linzar 018 28 1we10 | vanz |
| Commsnt  |ST18-01.05 Fower 3WimVHOIS: ‘
| Filz Info Evaluztion Prograss ‘

If automatic tab change is enabled (default), the File Info tab will pop to front
automatically when using the File Explorer while the Evaluation Progress tab will |
show every time an evaluation run is started. To enable or disable automatic tab change,
use the Auto checkbox in the Tab Change group of the File Info.

[ h I Contact Solutions
Progress Display ct e B 0luti

Strt Length  End LET Ic

e P Wtervals | 2091 |
ik STIE0S  ENTKDSWale) Ansyamy 4 — |
e bl P = LestSoliion 400 200 o0 53 1smy  Amslyzed | 209 ‘
Canlect Value (V) 10.00 Best Solution 205 305 510 1161 | 1670 Found | 1978
|
File Info Evaluation Progress

The Evaluation Progress tab monitors the evaluation currently running and displays
contact value, total number of intervals, number of intervals already analyzed, interval
currently processed, last solution found, best solution found so far, and total number of
solutions found so far.

TIP: On slow computers it may be advisable to tum monitoring off, because
evaluation is significantly faster without it. To do so, disable the Progress
Display checkbox located at the left side of the Evaluation Progress tab. If
monitoring is disabled, or if the Status Box is hidden completely, an
additional progress counter in the Status Bar indicates if evaluation is still
running.
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6.1.6 Evaluation Parameters Dialog

The Evaluation Parameters dialog shows a more detailed view of the current
evaluation parameters than the Status Bar and provides different options to control
parameter choice. The dialog can be displayed by pressing the Evaluation
Parameters button in the toolbar.

.

1% Evaluation Parameters

1 - =
‘VLQ VLO Source 7052 7
Current Parameters
- Start Time [g] - End Interval
inimum  maximum Time [s] Length [s] LET
20 40 80 25 4

(riniraur)  (misiruen)
Paromeler el _|[prbedelauh] - modiind
‘ Standard \-'TLE! - ‘

2aYE 3 ..

Auto Mode i 'ft QK_ ‘

The probe field at the top of the window shows the probe type the current parameters
are designed for. Consult chap. 10.2 Probes for a list of probe types available for use
with TK04 and the corresponding default evaluation parameter sets.

The Current Parameters group provides a drop-down list to select a predefined
parameter set (user defined sets can be added to the list) and edit fields to modify
single evaluation parameters (for details concerning the meaning of the single
parameters please consult chap. 5 The Special Approximatio thod SA

The Auto Mode checkbox at the lower left corner of the dialog serves for switching
between automatic parameter selection (default) and manual mode. In auto mode the
software chooses appropriate evaluation parameters for your data automatically and
disables parameter editing (the drop-down list and the edit fields are grayed). In manual
mode you can choose predefined parameter sets from the Parameter Set drop-down list,
modify single parameter values, or create new parameter sets and save them for future
use.
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6.1.7 Results Window

The Results window organizes the results generated by the various evaluation runs
and establishes the connection to the graphics program TkGraph. The window can be
displayed by pressing the Results button in the toolbar or using the Results entry in the
View menu.

T Results
' TkGraph o

Export List | 5

Measuring Data & Results

| Fiedw .\ Fieag _ &

JsTie0r  [STieGl ST
ST1602  ST1602 = sT16-02.02
ST1603  ST1603 | gﬂgg}gg
ST16-04 ST16-04 ST1E-05 02
ST16-05  ST1605 B

Details of Multiple Evaluations % @ [‘;; 3

File. dwl File.erg LET No €Y Stat Length End
|8T16T 2951.9] 357| 100] 210/ 420] 30| s
29519 211 100 210 420 B30

23519 211 100 21.0 420 B30

STIED]  STIG01 01
STIE01  STIE01 02

Evaluation Parameters Comment
20 40 80 25 4 ST16-01..05 Power 3wW/mV11015:

The Results window consists of three groups and a toolbar providing a direct
connection to the graphics program TkGraph. The TkGraph toolbar will be available only
if using version 4.0 or higher of the graphics program (if you have a prior version, the
buttons are grayed).

If a results.mdb file is present in the folder selected in the file explorer, Measuring
Data & Results shows all measuring data files (Dwl_File) listed in the data base
together with the evaluation results (thermal conductivity, LET, number of solutions
found and contact value). If more than one evaluation exists, the most recent one will be
displayed by default. For a complete list of all evaluations in the data base consult the
Details of Multiple Evaluations group (see next paragraph).
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The Details of Multiple Evaluations group contains a complete list of all existing
evaluations for the data file currently highlighted in Measuring Data & Results. Select an
entry in the details table to display the corresponding results in Measuring Data &
Results instead of the most recent evaluation (see preceding paragraph). For the
selected entry the evaluation parameters used and an edit field for the comment are
displayed below the table.

The Export List contains an editable list of evaluations compiled by the user from
the results and the details table for further processing. Entries can be added to the
Export List by using the export buttons in the Measuring Data & Results and in the
Details of Multiple Evaluations groups. The contents of the Export List is saved
automatically to a file named Export.dat located in the same folder as the data files. If a
file with this name already exists, it is overwritten without prompting to make sure that
the content of the file is always identical with the content of the list. The Export List can
then be edited, saved to file or printed.

TIP: The Export List is sorted alphabetically by default. If you dont like this,
select the Options entry from the menu, or use the Options button from the
toolbar to open the evaluation mode options, select the Display tab and
uncheck the option Sort Export List alphabetically.

The TkGraph toolbar provides buttons for sending results directly from the Results
window to the graphics program TkGraph (version 4.00 or higher) for graphical
representation and analysis. TkGraph starts automatically ifit is not running already and
loads the data sent from the Results window. Please see chap. 7 Graphical Analysis
with Tk Graph for instructions how to use the graphical analysis for assessing result
quality.

TIP: If you are not able to connect to TkGraph, check if the path to the
Tk Graph.jar file is set correctly in the program options. Select the Options
entry from the menu, or use the Options button from the toolbar o open the
evaluation mode options, select the General tab and enter the location of
the TkGraph.jar file in the corresponding input field in the Graphics group.
This feature can be used with Tk Graph version 4.0 or higher only.
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6.1.8 Evaluation Mode Options

The program options are opened selecting the Options entry in the menu, or using
the Options button from the toolbar. The Evaluation Options dialog has two tabs:

(R Evaluation Options |2

| Digplay ‘GH | :
heiabiisal — rﬁ Evaluation Options I 7 |""E@“r

i Display‘ General |

| Results
» Start TKO04 in Measuring Mode
1 Start TK04 in Evaluation Mode

[/] Sart Export List alphabetically

@' Remember Last Session

Graphics

TkGraph File Location
C:\Program Files (x35)\TKO4\TKGraph\TKG ||

Xew] [ s=

The Display tab provides a sort option for the Results window's Export List. Disable
alphabetical sorting (default) to sort the Export List entries in the order you add them to
the list.

The General tab is displayed both in Expert Evaluation and in Measuring Mode. Use
the radio buttons in the upper part of the dialog to determine in which mode (Measuring
or Expert Evaluation) the TK04 software should start, or if it should remember the mode
of the last session. If you are using version 4.0 or higher of the graphics program
TkGraph, you can send results from the Results window directly to TkGraph for
graphical analysis. The connection can be configured in the Graphics group in the lower
part of the General tab by entering the location of the TkGraph.jar file in the
corresponding input field.
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6.2 Tutorial

The tutorial explains step by step how to evaluate measuring data and to process
results. Before starting to work, the software needs only minimal configuration (we
recommend to use the default configuration until you are more familiar with the

program).

6.2.1 Getting Started: Setting up the Connection to TkGraph

When starting the TK04 software for the first time after installation, you have to
configure the connection to the graphics program TkGraph. Otherwise you will not be
able to send results directly to TkGraph.

To set up the connection, you have to specify the location of the file TkGraph.jar in
the Evaluation Options dialog. Choose Options from the menu to open the dialog, or
use the Evaluation Options button from the toolbar.

%
T Evaluation Options

‘ ' Digplay = General

|

Start TEO4 in Measuring Mode
Start TEO4 in Evaluation Mode

@ Remember Last Session

l Graphics

TkGraph File Location
C:\Program Files [xBEINTEO4T kGraphsTkE !_;_J

l
|
|
| |
|

- Bt E 3 Vi 4

t
|

Click on the tab labeled General. Then type the complete path to the file TkGraph.
jar, or click on the browse button next to the TkGraph File Location input field, browse to
the directory where TkGraph.jar is located (usually it has been installed to the folder
TKO04\Graph), click on the file name and choose Open.
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6.2.2 Selecting Measuring Data for Evaluation

First you have to select the data files you wish to re-evaluate. During measuring
runs, each heating curve is saved to a separate *.dwl file. Hence a measuring series
consists of one *.dwl file for every single measurement.

To select *.dwl files for evaluation, use the built-in File Explorer (see chap. 6.1.4
File Explorer) and the File Info tab of the Status Box (see chap. 6.1.5 Stafus Box). If
the File Explorer or the File Info are not visible, you can display them using the View
menu or the respective toolbar buttons (File Explorer / Status Box).

Select a folder containing measuring data from the tree list of the File Explorer. The
list includes all local drives including removable media (like floppy or zip drives) and
mapped network drives (i.e. network drives that have been assigned a local drive letter).

=88 Computer »
w-&L, (C:) System
I+ (D) Daten
g (E:) Test
RECYCLE.BIN i
vatem Volume Infcll 3

Make sure the selected folder is not on a wrte protected drive (ike CD-ROMs or
write protected floppies), because the results are always written to the same folder
where the data are located. If the write protection can not be removed, copy the data to
the hard disk first.
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All data files available in the currently highlighted folder are displayed in the file list.
Select one or more data file(s) from the file list for evaluation. The File Explorer does
not display other file types than *.dwl - although they may be present in the selected
directory. It is not possible to select files from different folders simultaneously.

e Select a file by clicking on the file name, click
again to deselect.

e Add files to the selection by pressing the
1 <ctrl> key while clicking on a file name;
‘ remove files from the selection by clicking
again while holding <ctrl> pressed.

e Select a range of files by selecting the first,
holding the <shift> key and selecting the last.

AE AN

 ABXX-10.dwl

TIP: Click on the File Info tab of the Status Box to display additional information
about the contents of the currently highlighted data file (file name, date and
time, probe type and number, heating power, power control value, version of
measuring software and comment). If more than one file is selected, File
Info will display information about the data file that was added to the
selection first.

TIP: Check the Tab Change Auto checkbox located at the left side of the File
Info tab to bring File Info to front automatically when selecting data files.

TIP: Double-clicking on a file name starts evaluation of this file immedately,
using the currently selected evaluation parameters (see next chapter).

6.2.3 Choosing Evaluation Parameters

By default, the software chooses suitable evaluation parameters for the selected
measuring data automatically (Auto Mode). For this purpose it has built-in default
evaluation parameter sets for all probe types, designed to give best results for a wide
range of sample materials and measuring conditions. For special measuring tasks you
can select parameters manually and create your own optimized parameter sets (Manual
Mode). We strongly recommend to leave Auto Mode activated and use default
parameters unless you do exactly know what you are doing.
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Display the Evaluation Parameters dialog using the Evaluation Options button
from the toolbar or the Options menu entry. If not already active, check the Auto Mode
checkbox to enable automatic evaluation parameter choice.

K Evaluation Parameters

VLQ VLA Source 70x2 f;"

Current Parameters

- Start Time [5] - End Interval
minimum  maximum  Time [g] Length[s]  LET
20 40 80 25 4

Parameter Set [probe default] modified

(rniniraurn) — [minimum)

= Sdve 3z .,

| Standard VLT -

Delete

In Auto Mode, the active parameter set is adapted automatically to the probe type of
the data file(s) currently selected in the File Explorer (see chap. 6.2.2 Selecting

Measuring Data for Evaluation). The parameter values are displayed in the Evaluation
Parameters dialog, but all edit functions are disabled.

Display the Evaluation Parameters dialog using the Evaluation Options button
from the toolbar or the Options menu entry and uncheck the Auto Mode checkbox to
switch to Manual Mode and enable manual parameter selection.

Parameter Set

[probe default]

Choose a parameter set from the
Parameter Set drop-down list. The list

| Standard VL

q contains all builtin and user defined

\Fieldvig

parameter sets that match the probe type
of the currently selected data file(s). If no
files are selected, all parameter sets are
listed.

A complete list of probe types available for use with TKO4 and the corresponding
default parameter sets can be found in chap. 10.2_Probes. The parameter values
belonging to the selected set are displayed in the Current Parameters edit fields. For
details concerning the meaning of the single parameters and the correct parameter
choice please consult chap. 5 The Special Approximation Method SAM).
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If you wish to modify one or more single evaluation parameter(s), first select a
parameter set matching your data files (e.g. the built-in default set for your probe type).
This is necessary because the parameter sets contain hidden, probe type specific
values not to be modified by the user. Then click into the Current Parameters edit
fields, make your changes and press the <return> key. The modified checkbox is
marked and the Save as button becomes active.

Current Parameters

- Start Time [s] - End Interval
minimum  maximum Time 5] Length[s]  LET
20 35 80 25 4

(minimurn]  [minimum)

Paramele_r__ Set_[Pn:ube f:_l?faL__JIt] modified
StandardVl v

| Save as ... |

Dielete

TIP: It is not necessary to save your changes if you wish to apply them for the
current session only. The session terminates if you close the program or

switch fo Measuring mode.

If the new parameters should be saved for future use, click the Save as button after
making your changes and enter a name and a description for the new set in the dialog
box that opens. The new parameter set is added to the Parameter Set drop-down list.

-

Save modified Parameter Set L‘&
MName

Mew Parameter Set

Description
Standard YL0 - Start Time max. 35s .

X abort | W 0K |

TIP: In both modes (auto and manual), the current evaluation parameters are
additionally displayed in the Status Bar, so you can hide the Evaluation
Parameters dialog after selecting parameters.
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6.2.4 Evaluating Measuring Data

After selecting data files and evaluation parameters, you can start evaluating by a
simple mouse click on the Start Evaluation button in the toolbar. Advance is monitored
in the Evaluation Progress tab of the Status Box. To abort an evaluation run, use the
Stop Evaluation toolbar button.

Isplay Contac Salutions
Progress Display ontace s i PR & %
g ’ STIE0S | EATKD4Dats) Anatyz A AR A
‘ i Enable -~ LactSoution 4008 400 300 53 1ssy Anayzed | 2091 |
Corlact Value {CV) |10.00 Bast Solution 206 305 540 44454 1670 Found | 1976 |

Inarvals 2051

|
|
Filz Info Evalualion Progress

Before beginning the actual evaluation of a data file, the software determines a
contact value used to correct the effects of varying contact resistance between probe
and sample.

Then the heating curve is analyzed in up to several thousand different time intervals
(depending on the chosen evaluation parameters). A thermal conductivity value is i
calculated from each interval rated suitable for evaluation. During evaluations, the ‘j
Progress tab displays contact value, total number of intervals, number of intervals 3
already analyzed, interval currently processed, last solution found, best solution found
so far, and total number of solutions found so far.

TIP: On slow computers it may be advisable fo turn monitoring off, because
evaluation is significantly faster without it. To do so, disable the Progress
Display checkbox located at the left side of the Evaluation Progress tab. If
monitoring is disabled, or if the Status Box is hidden completely, an Il
additional progress counter in the Status Bar indicates if evaluation is still ‘
running.

TIP: Enable the Tab Change Auto checkbox located at the left side of the File

Info tab (see chap. 6.1.5 Status Box) fo bring the Evaluation Progress tab
to front automatically each time you are starting an evaluation.

A complete list of all solutions is saved to a separate long list file (*.erg) for each
evaluation. Then the best (i.e. least disturbed) value is added it to the results data base
and displayed in the Results window (see chap. 6.2.5 Processing the Results). For
details concerning the evaluation algorithm please consult chap. 5 The Special
Approximation Method SAM.
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6.2.5

Processing the Results

Display the Results window with the Results button from the toolbar (or use the
Results entry in the View menu) for viewing, comparing or deleting results, for
compiling, printing or saving result lists, and for sending results to the graphics program
TkGraph If not already Visible, you should also display the File Explorer using the File
Explorer button or the File Explorer entry in the View menu.

During a measuring or expert evaluation run, the TK04 software creates three types
of result files used as input data for result processing:

» Long lists (*.erg): Each *.erg file contains the detailed result list for a single

measurement. Long lists serve for analysis of result quality with the graphics
program TkGraph.

Short lists (*.dat): A short list contains a summary of results for a group of
single measurements (e.g. a measuring series). Each line of the short list file
represents a single measurement. In Measuring mode, the TK04 software
automatically creates a default short list named TC-List.dat summarizing the
results of a measuring series. In Expert Evaluation mode, the user can compile
short lists for export and save them under any name. Short lists serve for
saving or printing lists of evaluation results and can be used for analysis of
result quality with the graphics program TkGraph.

Results data bases (results.mdb): For each folder, a separate data base is
generated listing the results for all evaluations of data files located there. Data
bases are used to display the results in the Results window. If the file results.
mdb is deleted from a folder, the TK04 software is no longer able to display the
results, even if the long lists are still present. So when moving data or result
files to a different location on your hard disk, make sure to move the results.
mdb with them.

TIP:

If there are any results from previous evaluations, they will display in the
Results windows as soon as you select the folder containing the Results.
mdb file in the File Explorer.
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Select the directory containing the measuring data and result files you wish to
process in the File Explorer. All evaluation results of all data files present in this folder
are now displayed in the Results window:

Measuring Data & Results lists all measuring data files (*.dwl) located in the
folder currently selected in the File Explorer for which at least one evaluation
(long list *.erg) is available. The results table displays thermal conductivity,
LET, number of solutions found and contact value. If more than one evaluation
exists for a data file, the most recent is displayed by default. Columns can be
set to optimal width using the Autofit Columns button displayed above the
table.

Select a row in the Measuring Data & Results table to see a complete list of
all available evaluations for this data file in the Details of Multiple Evaluations
group. Columns can be set to optimal width using the Autofit Columns button
displayed above the table.

Select a row in the Details of Multiple Evaluations table to display the
evaluation parameters used and the comment in the corresponding display
fields below the table. The comment can be edited for each evaluation
individually (the modified comments are stored in the *.erg files; the original
comment in the *.dwl file remains unchanged).

The row selected in the Details of Multiple Evaluations table is displayed in
the Measuring Data & Results table as the result for this data file. By default,
the most recent evaluation is selected. Hence for each data file, you can
select the best result from all existing evaluations to be listed in the results
table.

Remove an evaluation from the lists and delete the corresponding *.erg file by
selecting it in the Details of Multiple Evaluations table and pressing the
Delete selected row(s) from Details table button displayed above the table
(it is not possible to delete evaluations from the Measuring Data & Results
table directly). The evaluation disappears from all tables. If it was the only
existing evaluation of the selected data file, the file entry is removed from the
Measuring Data & Results table completely. The data file remains on the hard
disk and can be selected in the File Explorer for further evaluations.

TIP:

If no results are displayed although * erg files (long lists) are present in the
selected folder, probably the Results.mdb file has been deleted. To create
a new resulfs database, repeat the evaluations with the same evaluation
parameters.
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In the Export List you can collect evaluations for saving or printing in TK04 short list
format (one row per evaluation run), e.g. the best of several evaluations for each data file
of a measuring series, or different evaluations for a single data file.

Replace the current Export List by the contents of the Measuring Data &
Results or the Details of Multiple Evaluations table by using the respective
Replace Export List by table contents buttons displayed above the tables.

Add single evaluations from the Details of Multiple Evaluations table by
selecting a row and pressing the Add selected row(s) to Export List button
located above the table.

Use the Delete selected row(s) from Export List button located above the
Export List to remove rows from the Export List. Select multiple rows by
holding the <ctrl> key while clicking on the rows you wish to remove.

Use the Clear Export List button to remove all entries from the Export List.

Use the Save Export List to file button located above the Export List to save
the list in Tk04 short list format (*.dat) that can be analyzed by the graphics
program TkGraph. Short lists are standard ANSI files and can be viewed with or
imported into almost any MS Windows application.

Use the Preview or print Export List button located above the Export List to
open a preview window showing the list formatted for printing containing the
same information as a TK04 short list (*.dat). You can print the list or save it in
MS Access quick report format (*.grp).

TIP:

The Export List is sorted alphabetically by default. If you dont like this,
select the Options entry from the menu, or use the Evaluation Options
button from the toolbar to open the Evaluation Options dialog, select the
Display tab and uncheck the option Sort Export List alphabetically.
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If you are using version 4.0 or higher of the graphics program TkGraph, results can
be sent directly to TkGraph for graphical representation and analysis of result quality.
The TkGraph toolbar is located at the top of the Results window and provides the
following features:

* Use the Switch to TkGraph button to switch to the graphics program without
sending any data.

* Use the Send Export List & Erg file to TkGraph button to display the current
contents of the Export List and the currently selected *.erg file in TkGraph.

* Use the Send selected Erg file to TkGraph button to display the currently
selected *.erg file in TkGraph.

* Use the Send Export List to TkGraph button to display the current contents
of the Export List in TkGraph.

TIP: If you are not able to connect to TkGraph, check if the path to the o
Tk Graph.jar file is set correctly in the program options. Select the Options i ‘ ‘
entry from the menu, or use the Options button from the toolbar to open the i
evaluation mode options, select the General tab and enter the location of “
the Tk Graph.jar file in the corresponding input field in the Graphics group.
This feature can be used with Tk Graph version 4.0 or higher only. i

See chap. 7_Graphical Analysis_with _TkGraph for a description of TkGraph and
detailed instructions how to use the graphical analysis to rate the quality of
measurements and the reliability of results.
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7 Graphical Analysis with TkGraph

TkGraph may be installed and used independently of the TK04 measuring and
evaluation software on as many computers as desired to view and print TKO4 measuring
results. In addition it is a powerful tool for assessing the quality of measurements and
the reliability of results.

Thermal conductivity measurements are subject to variable and interacting influences
of sample and probe geometry, sample preparation, contact resistance between probe
and sample, fluctuations of ambient temperature, convection (if the sample contains
fluid), choice of measuring parameters etc. These effects can reduce accuracy
significantly if they pass unnoticed (in the case of contact resistance errors of more than
50% may occur, while convection usually renders a measurement unusable).

To detect such influences, TkGraph uses the information generated by the TK04
software to produce diagrams from the data which provide indicators of poor sample
preparation, external disturbances and inappropriate settings. Additionally, the software
provides tools for excluding disturbed single measurements from a series or correct
certain types of disturbances in order to improve result quality without repeating the
whole measuring series.

PLEASE The following refers to Tk Graph version 4.0 or higher. If you are using a
NOTE: prior version, please consult the manual belonging fo your software.

Start TkGraph by double-clicking the TkGraph icon on the desktop, or click on the
Windows Start button and choose Programs | TK04 | TkGraph from the Windows Start
menu. Ifthis should not work properly on you computer, the Java Runtime Environment
required to run the program is probably damaged. In this case you should re-install
TkGraph from the TK04 setup CD-ROM. For instructions please consult chap. 2_Setup
and Installation.

As a Java application, TkGraph version 4.0 or higher can be run under any operating
system with a Java Runtime Environment (version 1.5.0 or higher) by Oracle installed.
Please note that currently only Windows systems are officially supported (no support
will be available from TeKa for running TkGraph on other platforms).

TkGraph uses the default HTML browser of your operating system for displaying the
TkGraph help file. You may change this setting at any time by choosing Options |
Preferences | Global Options from the program menu and entering a new browser in
the HTML Browser input field.

If the TKO4 measuring and evaluation software is installed on your system, you can
enable data exchange with TkGraph by entering the location of the TK04 program file
TK04.exe to in the Global Options.
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71 Overview

The main TkGraph program window is divided between a File Explorer to display
the relevant TKO04 file types at the left, and the diagrams at the right. TkGraph uses the
short list file (Tc-List.dat, Export.dat) to produce a graphical summary and a table of the
complete measuring series, and the corresponding long list files (*.erg) for detailed plots
of each single measurement. You can switch between the different representation types
by selecting the corresponding tabs titted Summary, Single Measurement and
Summary Table.

The TkGraph tools for selecting, excluding and correcting measurements are
accessed through the toolbars.

7.2 File Explorer

The File Explorer, docked to the left side of the screen, is a file manager with filters
for the file types TkGraph can process: short lists (*.dat) and long lists (*.erg). If the file
filter is set to auto (default), short lists are displayed if the Measuring Series
Summary or the Summary Table are active, and long lists for the Single
Measurement Plot. You may also filter for long lists or short lists only, or for both file
types simultaneously (independently of the tab which is currently active).

Filter: 'Short Lists | ¥ | T

Auto -

2
5 [Bath Lists

o= [ Projeciol
o [ Projectn2 ||
| o []RECYCLED [=|
| o [ Systemn Valume Information | |
[ ¢ C3Tko4 [ |
o [ Archive
¢ 1 Data
[ Te-List.dat
> [ Data2
o [ Data 3
| o [JDatad
| =3 Fa I~

Use the Refresh File Explorer button in the upper right corner of the File Explorer
to refresh the window after files or folders have been renamed, deleted or created outside
TkGraph (e.g. in Expert Evaluation mode of the TK04 software).
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If you don't want to use the File Explorer permanently, you can hide and show it
with the arrows displayed at the top of the divider between the File Explorer and the
main window.

L _Jjlannl |mael

s w

Data files are loaded through the file open dialog, which is displayed by choosing
Program | Open ... from the menu or by clicking the Open File button in the toolbar.
Instead you can drag & drop files you wish to display directly from the File Explorer
into the main window. Previously opened files can be reloaded through the menu entry
Program | Recent Files, which lists the last four files that were loaded. Place the
cursor over a file name on the list to show a tooltip with the full path to this file. Select
an entry from the list to reload it. The full path to the file currently loaded is shown in the
TkGraph title bar.

When opening a *.dat file, it will be loaded to the Measuring Series Summary and
the Summary Table, the first *.erg file listed in *.dat will be loaded to the Single
Measurement Plot, and a list of all *.erg files belonging to the short list will be available
from the drop-down list in the toolbar of the Single Measurement Plot.

When opening a *.erg file, the Measuring Series Summary and the Summary
Table are cleared and disabled. To enable them load a new *.dat file.

Converting TK04 data files to ANSI-format so that TKGraph can read them
3"““‘“1’ Ony . New sofyweary Avai'‘o |'78

Intro:

When the thermcon PC was switched from XP to Windows 7, it started writing the thermcon data files in
Unicode format. These cannot be read by the current version of TKGraph. It will inform you that "No
measurement data found" when you double-click any TC-List.dat file to examine the data.

To correct this problem, put the 2 files "tc_convert.bat" and "to_ansi.bat" in the same folder containing the
TK04 data folders (they are stored in T:\TAS\dml\software\labsystems\thermcon\convert TK04 data files from
Unicode to ANSI) . Run the tc_convert batch file and it will step through and convert all of the relevant TK04
data files (*.dat, *.erg, *.dwl) to ANSI format which can then be opened properly in TKGraph.

The scripts were written by Matt Mefferd during South Pacific Gyre (X.329).

-Maggie
X329/336
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7.3 Measuring Series Summary

The Measuring Series Summary is based on the short list Tc-List.dat (or other,
user-compiled short list *.dat files). Thermal conductivity values and several other
parameters are plotted against the serial number of the measurements. Additionally, the
mean value, the standard deviation and the variation are calculated and displayed in the
Data Panel.
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The variation of thermal conductivity values, start and length of the intervals, the
number of solutions found for each measurement and the LET values are important
indicators .of measurement quality. The Summary printout contains all necessary
information for documentation purposes.

Data points can be selected to display a preview asymptote for the selected
measurement in the Data Panel or to remove or hide measurements. Select a single
data point with a mouseclick, select a range of points by selecting the first, holding the
<shift> key and selecting the last. Select non-adjacent points by holding the <ctrl> key
while selecting. A data point can be selected in any of the diagrams. To deselect just
click into an area of the diagram not containing data points. Place the mouse pointer
over a data point to display a tooltip containing the thermal conductivity value, Start and
End Time of the evaluation interval, Contact Value, LET value, and Number of Solutions.
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When removing or hiding a data point, mean value, minimum and maximum are
recalculated and all diagrams are rescaled. Modifications in the Series Summary are
automatically applied to the Summary Table and the Single Measurement Plot and
vice versa.

7.3.1 Diagrams

The Measuring Series Summary by default displays five different diagrams: TC,
Start-End, CV, LET and No. of Solutions. All but the TC-diagram can be hidden
separately using the cormesponding Show/Hide diagram toolbar buttons (see
chap. 7.3.3 Toolbar) or the View menu (see chap. 7.3.4 View Menu).
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The TC-diagram shows the thermal conductivity values of the measuring series. The
thermal conductivity axis automatically scales to a range- of + 5% of the mean value,
which is marked as a red line. If the variation of the series should exceed * 5%, the
axes are adapted accordingly. The left axis shows absolute thermal conductivity values,
the right axis has a percent scale centered around the mean value of the measuring
series. Variation should be as low as possible, and never exceed +35%. If
measurements are modified in the Single Measurement Plot, the color of the
corresponding data points in the TC-Diagram turns to red. Selected measurements are
marked with a square frame.
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The bars of the Start-End-diagram represent the length and position of the interval
the best solution of each measurement was calculated from. Intervals should begin as
early as possible; the longer the interval, the more reliable the result. Selected
measurements are marked in blue.
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The left axis of the CV-diagram shows absolute contact values, the right axis has a
percent scale centered around the mean value of the measuring series. The contact it
value axis automatically scales to a range of + 5% of the mean value. If the variation of
the series exceeds * 5%, the axes are adapted accordingly. Contact values should be
relatively constant throughout a measuring series. Selected measurements are marked
with a square frame. If measurements are modified in the Single Measurement Plot, I i

the color of the corresponding data points in the CV-diagram turns to red.
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The LET-diagram shows the LET value of the best solution for each measurement.
The higher the LET value, the less disturbed is the heating curve and the more reliable
the result. Selected measurements are marked in blue.

No. of Solutions
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The No. of Solutions-diagram shows the number of solutions for each

measurement. The more solutions, the less disturbed is the heating cunve: ‘

‘ Nevertheless, it is perfectly normal that the number of solutions decreases during a
measuring series. Selected measurements are marked in blue.
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7.3.2 Data Panel

The Data Panel displays general information about the measuring series currently
loaded. It is divided into the following groups:

Thermal Conductivity [WWim K]
mean -1 'ELE'I:I
TC__. 1666

4 REN
min -1.850

The Thermal Conductivity group shows the mean thermal conductivity value, the
maximum and the minimum calculated from all data points currently visible. When
removing or collapsing data, the values are recalculated. If measurements are modified
in the Single Measurement Plot, the TC values are marked as <<modified>>.

Quality Wim K]

Std. Deviation 0,007
Std. Error 0,003
Variation CE 1A%

The Quality group shows the standard deviation, the standard error and the variation
(the latter in percent of the mean value) calculated from all data points currently visible.
When removing or collapsing data, the values are recalculated.

Measurements
Total Sa5r10
Current 7/ 9
File cTe-Listdat
Date 219.09.2006
Folder

EATKD4 Data

The Measurements group shows the total number of measurements currently visible
(i.e. not hidden using the collapse button, excluding / including measurements not
yielding any solutions), the number of all measurements yielding solutions (excluding /
including removed measurements), the name of the short list file, the last modification
date of this file and the folder where it is saved. If measurements are currently hidden,
the short list file is marked as << collapsed >>.
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Comment
H10102 Macor 3¥Wm

The Comment group displays the comment saved with the data files. If the single
measurements belonging the series have different comments (e.g. if modified individually
in Expert Evaluation mode of the TK04 software), no comment is shown.

Select a data point to display a preview of the TC-Diagram of the Single
Measurement Plot corresponding to the selected measurement. If more than one

measurement is selected, no preview is displayed.
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7.3.3 Toolbar

The TkGraph tools for displaying and printing a measuring series and excluding
single measurements if necessary are accessed through the toolbar of the Measuring
Series Summary.
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The Open File button is equal to the Program | Open entry in the menu.
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The Show/Hide diagram buttons toggle visibility of the Start-End-, CV-, LET- and
No.-of-Solutions-diagram.

T [I?T} (i :JE_:; Print Headiny:

Data points can be removed from the diagrams in order to exclude them from the
calculation of the mean thermal conductivity value, e.g. if quality of the measurements
they are representing is poor. Select one or more point(s) you wish to remove or hide
and use the Remove measurement from Summary Plot button to delete the
selected measurement points while keeping the original numbering of the measuring
series (the removed measurements will appear as gaps in the diagram).

Modifications take place only on the screen, the original data fles remain
unchanged. The symbol appears filled if at least one measurement point has been
removed. The removed measurements are marked as inactive in the Summary Table
and are greyed in the drop-down list of single measurements in the Single
Measurement Plot. Use the Reload original diagrams button to restore the original
diagram including all data from the original data file. The button is disabled if no
measurements have been removed.

:‘ Iﬁ%ﬂ [j ﬁﬂ—_l [J % @@ ﬁj g Print Heading:

Selected measurements can be hidden temporarily (e.g. when evaluation only the
first 5 or 10 measurements of a longer series) by using the Collapse the TC-diagram
button, which hides the selected data points and renumbers the measuring series (gaps
are removed). If no measurements are selected, the Collapse button removes the
measurements of the series that did not yield solutions (gaps in the diagrams), and
renumbers the remaining measurements.
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Modifications take place only on the screen, the original data files remain
unchanged. The remark << collapsed >> is added to the filename in the Data Panel
and the corresponding rows are hidden in the Summary Table and in the drop-down list
of single measurements in the Single Measurement Plot. The Expand the TC-
diagram button undoes all collapse actions and reloads the original data file. The
button is disabled if no measurements have been hidden.
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The Start the TK04 Software button opens the measuring and evaluation software.
This feature is available only if the TK04 software is installed on your computer and if the

location of the program file TK04.exe is set correctly in Options | Preferences | Global
Options.
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The Print button prints the Measuring Series Summary. This button is equal to the

Program | Print entry in the menu. You may add a heading for the printout using the
Print Heading input field.

7.34 View Menu

The entries of the View menu correspond to the respective Show/Hide diagram

toolbar buttons and toggle visibility of the Start-End-diagram, CV-diagram, LET-
diagram and No.-of- Solutions-diagram.
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7.4 Single Measurement Plot

The Single Measurement Plot represents all solutions calculated from one heating
curve using the data from the long list files (*.erg files). Four diagrams relate the LET
values with thermal conductivity and start time, length and end time of the corresponding
evaluation intervals, yielding a characteristic distribution if the measurement has been
undisturbed. Any deviation from these pattern indicates poor sample preparation,
inadequate measuring conditions or inappropriate measuring or evaluation parameter
settings. A Data Panel at the bottom of the screen contains general information about
the measurement.
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Solutions can be selected to remove them from the plot or to manually choose the
best solution. Select a single data point with a mouseclick, select multiple points by
holding the <ctrl> key while selecting. A data point can be selected in any of the
diagrams. To deselect just click into an area of the diagram not containing data points.
Place the mouse pointer over a data point to display a tooltip containing the thermal
conductivity value, LET value, Start and End Time, and the corresponding row in the *.
erg file.

When removing data points, the best solution (.e. the result of the measurement) is
recalculated and diagrams are rescaled. Modifications in the Single Measurement
Plot will automatically be applied to the Measuring Series Summary and the
Summary Table and vice versa.
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7.4.1 Diagrams

Four different diagrams are displayed: the TC-diagram, the Start-diagram, the
Length-diagram and the End-diagram. All but the TC-diagram can be hidden
separately using the corresponding Show/Hide diagram toolbar buttons or the View
menu. The solutions are grouped according to the start time of the evaluation interval
they were calculated from. Each group is assigned an individual color to allow
identification of corresponding data points in the different diagrams. Number and colors
of the groups can be chosen in the Single Measurement Options of the Preferences
Dialog.

The TC-diagram relates the LET values of all solutions belonging to the heating
curve to their thermal conductivity values.
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All data points should line up to form a smooth asymptote, whose asymptotic value
(i.e. the solution with the highest LET at the top of the curve) is the best solution and the
result of the measurement. The bottom axis shows absolute thermal conductivity values,
the top axis has a percent scale whose zero point is the best solution. The range of
+ 5% is highlighted.
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The Start-, Length- and End-diagrams relate the LET value of the solutions to the
start time, the length and the end time of the corresponding evaluation intervals.

200 250 300 350 400 270 330 390 450 51,0 460 540 620 700 780
Start [s] Length [s] End [s]

Interval starts should be distributed more or less evenly between the start time
minimum (default 20 s) and maximum (default 40 s).

7.4.2 Data Panel

The Data Panel displays general information about the measuring series currently
loaded. It is divided into the following groups:

R N e
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The TC-Summary contains a small copy of the TC-diagram from the Measuring
Series Summary, showing the thermal conductivity results of the measuring series
(including the mean value) the current measurement belongs to. The position of the
measurement currently loaded is marked in red. You can load any measurement of the
series by clicking it in the TC-Summary.
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Results

TC 21 BT W K

Start : 310 s Let: 170426
Length : 445 = C¥ : 13,13
End 1 755 s No : 543

The Results group summarizes the measuring results: TC is the thermal conductivity
value of the best solution (i.e. the result of the measurement), Start, Length, and End
are start time, length and end time of the evaluation interval the best solution was
calculated from, LET is the LET value of the best solution, CV the contact value of the
heating curve and No the total number of solutions that was found.

Evaluation Parameters

Start . : 2005 Length min = 25,08
Start i 400 s Let mir P40
End _ @ 8003

The Evaluation Parameters group displays the evaluation parameters that were
used for evaluation of the measurement. For details conceming the meaning of the

single parameters please see chap. 5 The Special Approximation Method SAM.

Comment
H10102 Macar 3Wirn

The Comment group displays the comment saved with the data file.
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7.4.3 Toolbar

The TkGraph tools for displaying and printing the details of a single measurement, for
correcting it or excluding it from the evaluation if necessary are accessed through the
toolbar of the Single Measurement Plot.

I Tmacz2-01_01 |~ @l [’i Iul IJI“ ﬁ ‘*“ j; r_z‘;l ;::_? J,;, Print Heading:

B

Select a *.erg file from the drop-down list to open it, or use the arrow buttons to open
the next or the previous measurement. The list contains all *.erg files belonging to the
short list file (*.dat) currently loaded in the Measuring Series Summary.
Measurements removed in the Summary are greyed (but can still be loaded),
measurements hidden in the Summary disappear from the list.

=1 s s = & M g
Tmac2.01 01 | v | B bl L_j‘ dz C‘ Ry ﬁ )5 ':L_} e = print Heading:

The Remove measurement from Summary Plot button removes the currently
displayed single measurement from the summary plot. Modifications take place only on
the screen, the original data files remain unchanged.
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The Show/Hide diagram buttons toggle visibility of the Start- Length- and End-
diagram.

] ] " i
HHE &2 - g Print Heading:
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Data points can be removed from the diagrams in order to exclude them from the
calculation of the best solution, e.g. if the solution with the highest LET (automatically
chosen as best solution and result of the measurement) is from an interval of the heating
curve probably disturbed. Select one or more point(s) you wish to remove and use the
Remove the selected points button to delete the selected data points from the plot.

The X axes of the diagrams are rescaled (use the Rescale the diagrams button if
you additionally wish to rescale the Y axes), the result of the measurement is
recalculated and the Measuring Series Summary and the Summary Table are
automatically updated with the modified value. The symbol appears filled if at least one
point has been removed. Modifications take place only on the screen, the original data
files remain unchanged. Restore the original plot including all data from the original data .
file using the Reload the original diagrams button. The button is disabled if no data
points have been removed. :
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|Tmac2-01_01 |+ | i3 :\]r £ — & ﬁj D_j‘r \5 Print Heading:
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Ideally, all solutions should line up to form a single, smooth asymptote whose
asymptotic value (i.e. the one with the highest LET) is the best solution and the result of
the measurement. In case of disturbances (please consult chap. 7.6 Assessing Result
Quality with Tk Graph for details), the automatically determined result may not be the
best solution.

Instead, a solution from the early, undisturbed part of the heating curve can be set as
best solution (i.e. as result of the measurement) manually. The Set selected data
point as best solution button makes the currently selected data point the best solution
and removes all solutions with higher LET values. Modifications take place only on the
screen, the original data files remain unchanged.
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The Start the TK04 Software button opens the measuring and evaluation software.
This feature is available only if the TK04 software is installed on your computer and if the
location of the program file TK04.exe is set correctly in Options | Preferences | Global
Options.

Tmac2.01 01 [+ | & | [T [_jr 35 B % M & &= printHeading: |

The Open color dialog button opens the Single Measurement Options of the
Preferences dialog, where you can set the diagram colors.
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The Print button prints the Single Measurement Plot. This button is equal to the
Program | Print entry in the menu. You may add a heading for the printout using the
Print Heading input field.

7.4.4 View Menu

The entries of the View menu correspond to the respective toolbar buttons. They
show or hide the Start-Diagram, Length-Diagram and End-Diagram, display the next
or the previous single measurement and refresh the File Explorer.
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7.5 Summary Table

The Summary Table displays the contents of the short list file (*.dat) currently
loaded in the Measuring Series Summary (one row per single measurement). When
opening a data file in the Summary Table, it will simultaneously be loaded in the
Measuring Series Summary and vice versa.

Fow File Mame, TC | LET | Start [End LeﬁngthiNn of 5ol CV [ Corment Active

1 |Macor-01 |1.633 77797 |256 |650/39.5 656 [15.38 [H10102 Macor Wim | [v
2 Macor-02 1632 (71959, (200 545345 (799 |16.78 |H10102 Macor 3im v
3 |Macor-03 [1.645 (42354 [27.0 [67.5405 470 [15.47 |H10102 Macor 3wilm | v
4  |Macor04 |1624 4788  |205 266 1531 |H10102 Mac m v
& Macor05 1653 102726 275 315 5.39 [H10102 Mac i v
B |wacor0B [1.63 B96464 225 (560 [187 11531 |H10102 Macor 3%im | v
B Macor0@ 535355 471 1539 [H10102 Macor 3Mim | w
] Wacor-09 46.0/30.0 1309 (1523 |H10102 Macor 3Wiim v
10 Wacor-10 AES415 |81 157  |[H10102 Macor 3im v

One or more rows in the table can be selected. Select a single measurement by
clicking with the mouse anywhere in the row, select multiple rows by holding the <ctrl>
key while selecting. Selected measurements are highlighted. To deselect hold the
<ctrl> key and click again. Selection is synchronized automatically with the Measuring
Series Summary.

When removing or hiding rows, the modifications in the Summary Table will
automatically be applied to the Measuring Series Summary and the Single
Measurement Plot and vice versa. Measurements modified in the Single
Measurement Plot (see chap. 7.4 Single Measurement Plotf) are marked in red.

7.5.1 Table

To adapt column width, move the column header separators with the mouse. Column
order can be changed by dragging the column headers with the mouse to the new
position. The following columns are displayed in the Summary Table (for details about
the parameters LET, start length and end of the evaluation interval, number of solutions

and contact value please see chap. 5 The Special Approximation Method SAM:

The Row number corresponds to the numbering of the Xaxes of the Measuring
Series Summary (Measurement Number).

The File Name column lists the names of the *.erg file containing the results
displayed in the table.

The TC column contains the thermal conductivity result in W m'K-" for the *.erg file
given in the File Name column.
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The LET column displays the LET value of the best solution found.

The Start, Length and End columns display start, length and end of the evaluation
interval the result was calculated from in seconds.

The No of Solutions column gives the total number of solutions found for the heating
curve.

The CV columns contains the contact value of the heating curve.
The Comment column displays the comment that was saved with the *.erg file.

The Active column contains a checkbox which is checked for measurements
currently displayed in the Measuring Series Summary, and deactivated for
measurements that have been removed in the Summary. Checking or unchecking in
the Active column displays or removes a single measurement in the Measuring Series
Summary.

7.5.2 Toolbar

The toolbar of the Summary Table provides buttons for displaying the results of a
measuring series as a list and for excluding single measurements if necessary.

The Open File button is equal to the Program | Open entry in the menu.
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Measurements can be removed in order to exclude them from the calculation of the
mean thermal conductivity value displayed in the Data Panel of the Measuring Series
Summary, e.g. if quality is poor. Select one or more rows you wish to remove and use
the Remove selected points button to set the selected rows inactive.

The entries are grayed and the checkmark in the Active column is removed. Instead
you may also deactivate or re-activate measurements by clicking in the checkbox of the
Active column. Modifications take place only on the screen, the original data files
remain unchanged. The symbol appears filled if at least one measurement point has
been removed. Restore the original table including all data from the original data file
using the Reload the original diagrams button. The button is disabled if no
measurements have been removed.
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The Collapse button hides the selected rows and renumbers the entries. The
measurements are hidden in the Measuring Series Summary and disappear from the
drop-down list of single measurements in the Single Measurement Plot. If no
measurements are selected, the Collapse button hides the measurements which did
not yield solutions, and renumbers the remaining entries.

Modifications take place only on the screen, the original data files remain
unchanged. The Expand button undoes all collapse actions and reloads the original
data file. The button is disabled if no measurements have been hidden.

The Start the TK04 Software button opens the measuring and evaluation software.
This feature is available only if the TK04 software is installed on your computer and if the
location of the program file TK04.exe is set correctly in Options | Preferences | Global
Options.
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7.6 Assessing Result Quality with TkGraph

This chapter describes quality indicators and recommends a workflow for recognizing
disturbed measurements using the diagrams provided by TkGraph.

The Measuring Series Summary indicates if the general quality of a measuring
series is good. If indicators for disturbances are detected, the Single Measurement
Plot helps to narrow down the probable causes. Often, disturbed measurements can be
corrected or excluded from the evaluation to improve result quality without having to
repeat the test.

If overall result quality is still not satisfying, consult chap. 9.3 Result Quality for
advice how to improve the experimental conditions, sample preparation, measuring or
evaluation parameters and then repeat the measuring series. If evaluation parameters
had been chosen manually and prove inadequate, the data files can be re-evaluated in
Expert Evaluation mode of the TK04 software (chap. 6 Expert Evaluation).

IMPORTANT:  The default evaluation parameters for your probe type (Auto Mode)
are always the right choice, hence the term "inadequate evaluation
parameters” refers to manually chosen parameters only. If a
measurement does not yield acceptable results using default
evaluation parameters, it is seriously disturbed. Even if it should
be possible to get results by manipulating the evaluation
parameters, these solutions will be subject to large measuring
errors. Keep in mind that what is disturbed is not the evaluation,
but the heating curve, which will only get better by eliminating the
disturbing influences and repeating the measurement.
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7.6.1 Quality Indicators from the Measuring Series Summary

After loading a short list file containing the results of a measuring series, the
Measuring Series Summary provides the following quality indicators:

The variation of the measuring series is displayed in the Quality group of the Data
Panel and can be estimated from the TC-Diagram (first from top). If it exceeds + 3%,
probably the experimental conditions, sample preparation, measuring parameters or
evaluation parameters (if chosen manually) are not optimal. If the sample type is
problematic (e.g. loose materials, wet porous samples, fluids, very small samples or
material with very low thermal conductivity), or when using a Mini HLQ probe, a variation
of max. + 5% may be tolerated. -

Evaluation intervals are represented in the Start-End-Diagram (second from top).
Intervals should start as early as possible. If many or all intervals are beginning later
than approx. 30 - 35 seconds, sample preparation, sample size, heating power and
evaluation parameters (if chosen manually) should be checked. (For standard VLQ and
HLQ probes only, for non-standard probes like Mini HLQ or field probes other interval
positions may be normal.)

The contact values are displayed in the CV-Diagram (third from the top). Contact
values of all measurements of the series should be similar. If a measurement shows a
significantly different contact value, the heating curve is disturbed although the Single
Measurement Plot may still seem normal. Such measurements should be excluded
from the evaluation.

LET values are displayed in the LET-Diagram (fourth from top). Generally, the
quality of a measurement is the better the higher its LET value is. Depending on sample
type and measuring conditions, LET values can vary about several orders of magnitude,
so there is no strict permissible range. LET values should not be lower than approx. 50-
100, they should be similar for measurements belonging to the same series and for
comparable samples, although it is normal that LET decreases during measuring series
with more than 3-5 single measurements and without pauses.

The number of solutions (i.e. the humber of intervals that were suitable for thermal
conductivity determination) is displayed in the No. of Solutions-Diagram. The more
solutions have been found, the better the quality. Depending on sample type and
measuring conditions the number of solutions can vary between less than 100 and more
than 3000. As a general rule, the number of solutions should not be lower than 100-200
for standard size probes, it should be similar for measurements belonging to the same
series and for comparable samples, although it is normal that the number of
measurements decreases during measurement series with more than 3-5 single
measurements and without pauses.
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7.6.2 Quality Indicators from the Single Measurement Plot

If one or more of the indicators from the Measuring Series Summary discussed in
the previous chapter point to problems, open the measurements belonging to the series
in the Single Measurement Plot and check for the following details:
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In the TC-Diagram (first from the left) all solutions should line up to form a single,
clearly discernible, smooth asymptote (left figure). If the asymptote widens, because not
all solutions line up exactly in one curve (right figure), the measurement ist still usable if
the variation is not too large.
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All deviations from this pattern indicate either inadequate evaluation parameters or
disturbances of the heating curve. Typical defects are the following:
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The asymptote may split up into two or more separate branches with different
asymptotic values (left figure). Multiple branches are caused by boundary effects as a
consequence of the finite probe length, reflections of the heat wave at the sample
boundaries or partial disturbance of the heating curve due to instable ambient

temperatures.

Standard HLQ or VLQ measurements usually show a second branch corresponding
to start times greater than approx. 35-40 seconds caused by boundary effects (this
branch is mostly hidden when using default evaluation parameters, as the parameter
Start Time Maximum is set to 40 seconds). If the difference between the branches is not
greater than 5% (often, it will be 1-2%) the measurement can still be used for thermal
conductivity determination.

As the "earlier" branch corresponding to lower start times generally is less disturbed,
its asymptotic value should be chosen as best solution. If the "later" branch
corresponding to higher start times has higher LET values and is chosen automatically
by the evaluation algorithm, the measurement can be comrrected manually (see
chap. 7.4.3 Toolbar).

There are only two possible reasons if the asymptote is incomplete and does not
reach the vertical part (middle figure): in the majority of cases, the contact between
sample and probe has been insufficient; if evaluation parameters are chosen manually,
they may have been inadequate (Start Time range too small, End Time too low, Interval
Length Minimum too high).
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As the thermal conductivity values calculated from the heating curve in this case are
always_significantly lower than the real value, the measurement can not be used for
thermal conductivity determination and has to be excluded from the measuring series
(see chap. 7.4.3 Toaolbar). If all or most measurements of a series are affected,
measurements must be repeated after improving sample preparation.

If there are too few solutions to form a clear asymptote (right figure), either the
heating curve is massively disturbed and the measurement should be excluded from the
measuring series (see chap. 7.4.3 Toolbar) or the evaluation parameters, if chosen
manually, have been inadequate (Start Time range too small, End Time too low, Interval
Length Minimum too high).

Start times of evaluation intervals (second diagram from the left) should be distributed
more or less evenly over measuring time:

200 250 30,0 350 400
Start [s]
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Typical distributions indicating disturbances are the following:
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Gaps are time intervals of the heating curve in which no evaluation intervals start (left
figure). They are caused by boundary effects as consequence of the finite probe length,
reflections of the heat wave at the sample boundaries or partial disturbance of the
heating curve due to instable ambient temperatures. Gaps are often combined with the
asymptote splitting up into multiple branches (see above).

All solutions forming the vertical part of the asymptote (i.e. the solutions with higher
LET values) are from intervals in the later part of the heating curve (middle figure).
Possible reasons are poor contact between sample and probe or reflections of the heat
wave at the sample boundaries in measuring series with more than 5-10 single
measurements or instable ambient temperatures.

Solutions are found exclusively in the later part of the heating curve (right figure, note
that the Xaxis only starts at approx. 36 seconds). Such a distributions can be
combined with an incomplete asymptote (see above) or a low number of solutions.
Possible causes are poor contact between sample and probe, instable ambient
temperatures or inadequate evaluation parameters, if these have been chosen manually
(wrong Start Time range, Interval Length Minimum too high).

The Length- and End-Diagram provide supplementary information: the longer the
evaluation intervals, the more reliable the results; intervals ending very close to the end
of the heating curve can be influenced by boundary effects.
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7.6.3 Result Quality in 5 Steps

This chapter presents a workflow for getting a fast quality rating for TK04 thermal
conductivity tests. The user is enabled to quickly decide if a measuring series fulfills the
accuracy requirements of a particular measuring task or if it should be repeated.
chap. 9.3 Result Quality of the TKO4 manual can be consulted to determine which
changes in the measuring conditions, sample preparation or measuring parameters are
required to improve quality.

First Tc-List.dat, the short list of results, is opened in TkGraph. You can do this
directly from the measuring program using the TkGraph button in the upper right corner
of the Results window. As we are interested in a fast rating, we will use only part of the
information offered by TkGraph and only take a cursory glance at the Single
Measurement Plots.

We start checking the Measuring Series Summary for the variation of the
measuring series, the contact values (CV), the LET values and the number of solutions.
Then we switch to the Single Measurement Plot and load the single measurements in
quick succession by clicking the Show Next Measurement button, rapidly checking
the asymptotes in the first details diagram and the distribution of interval starts in the
second.

If only one or few single measurements are of poor quality, they can be excluded
from the evaluation and the measuring series can be used nevertheless. The Remove
Measurement from SummaryPlot button deletes the selected measurement from the
Measuring Series Summary and re-calculates mean-value and variation.

The specified criteria for variation, contact values, LET, number of solutions and
interval starts are no absolute limits, but rough guiding values. Always relate them to the
sample type and the measuring conditions. After a little practice you will soon be able to
detect which parameters for which sample type and under which conditions can be
judged normal.

Step 1: Series Summary - Variation

The variation of a measuring series is displayed in the Quality group of the Data
Panel and can be estimated from the percent scale of the TC-Diagram. The variation of
a good quality measuring series is not larger than = 2 bis 3%, up to * 5% are
acceptable. If the variation is larger than = 5%, the measuring series is too disturbed to
yield reliable results. ’

Step 2: Series Summary - Contact Values

The scatter of the contact values in the CV-Diagram should be low, without any
outliers. If the contact values vary significantly the quality of the measuring series is very
probably poor, but contact values alone are not decisive. Please check the additional
criteria (step 1, 3, 4 and 5).
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Step 3: Series Summary - LET Values

LET values should be high and not diffeing too much within a measuring series
(please note that the scale of the Y-axis is logarithmic). While values larger than 1000
usually occur only when measuring reference materials under laboratory conditions,
even for dificult samples LET should not be lower than 100. Such measurements are
very probably too disturbed to yield reliable results. The decision criterion is if clear
asymptotes are discemible (step 5).

Step 4: Series Summary - Number of Solutions

The number of solutions should be high for all measurements of a series. A single
measurement yielding 800 to 1000 solutions or more is of very good quality. For natural
materials, 300 to 500 solutions are already a good value. If less than 100 solutions have
been found, the measurement is very probably too disturbed to yield reliable results. The
decision criterion is if a clear asymptote is discernible (step 5). Please note that it is
normal if the number of solutions decreases continuously during a measuring series
without pauses between single measurements.

Step 5: Single Measurement Plot - Asymptotes and Interval Starts

A single measurement is of good quality if the typical asymptotic curve shape in the
TC-Diagram is clearly discernible, and if the interval starts in the Start-Diagram are
beginning as early as possible (ideally at 20 seconds) and are distributed evenly.

; It is acceptable if the asymptote is widened or even split in two separate branches,

as long as the range is not too large: up to £ 2% around the asymptote is ok, up to
+ 5% is acceptable if results are corrected manually or if accuracy requirements are not
too strong. The 5% range is highlighted, what is outside this range is unusable. If an
asymptote does not reach its vertical part, the single measurement in all cases is
unusable (independently of the other parameters, but usually LET value and the number
of solutions are low, too, in these cases).

Likewise acceptable are smaller gaps in the start time distribution and earliest start
times at 25 to 30 seconds. A measurement is unusable if all intervals start later than 35
seconds.
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7.6.4 Result Quality in 2 Steps

This chapter presents an abbreviated workflow for checking result quality in two
steps, which is appropriate for routine measurements. It does without the Single
Measurement Plot, so that you do not hawve to switch between both tabs.

Step 1: Series Summary - Variation

If the variation in the TC-Diagram is not larger than + 2 to 3%, move to step 2. (If
variation is larger, a more detailed analysis should be made following the instructions in

the previous chapter (chap. 7.6.3 Result Quality in 5 Steps).

Step 2: Series Summary - Preview Asymptotes

Instead of switching to the Single Measurement Plot, this method uses the
Preview Asymptote, which displays a small preview of the TC-Diagram from the
Single Measurement Plot in the lower right corner of the Series Summary.

The preview is displayed for the single measurement currently selected. Check if the
typical asymptotic curve form is present (it is acceptable if the asymptote is slightly
widened or if a second branch with not-too-large distance is present). Now select all
single measurements one after the other to display the preview asymptote. If nothing
special calls your attention, the measuring series is 0.k and the mean value can be
used without further checks or corrections.

TIP:  You can click into any of the diagrams in order to select a measurement. It is
convenient to use one of the bar charts for this purpose, because their
clickable area is larger.

Alternatively, this method can be used directly from the measuring program after
finishing a measuring series (without invoking TkGraph), using the small TC diagram for
the measuring series at the bottom of the Results window and the TC vs. LET diagram
for the single measurements which can be shown at the right side of the results
windows if requested (see chap. 3.3.5 Results).
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8 Hints for Practice

This chapter gives useful hints concerning sample preparation, the use of contact
fluid and the optimal choice of measuring and evaluation parameters and covers the
correct measuring setup for particular sample types like soil samples and fragments.

8.1 Ambient and Sample Temperatures

The temperature at the place where TK04 is positioned should be as constant as
possible. Avoid open windows, moving air, sun rays, radiators etc. disturbing the high
resolution (1 mK) temperature measurements. \We recommend to put sample and probe
in a thermally insulated container to protect them from temperature changes. As the
software only starts measuring when the temperature drift is sufiiciently small or
predictable, the samples should be placed in the laboratory several hours before starting
measurements to reach thermal equilibrium with ambient temperature.

8.2 Sample Preparation (VLQ)

A narrow (2 mm) but rather long (60-70 mm) drill hole is required to insert a standard
VLQ probe into the sample. Since the diameter of such a hole will not be exactly
constant, thermal contact resistance may vary. The use of contact fluid is
recommended to ensure good contact (see below). If the sample material is soft, the
needle probe can be stuck cautiously (without effort) directly into the sample; drilling or
the application of contact fluid are not necessary in this case. The needle must be
completely inserted into the sample up to the handle.

8.3 Sample Preparation (HLQ)

A plane and smooth sample surface is required for HLQ measurements. The surface
of solids should be grinded and smoothed. The sample diameter has to be at least equal
to the probe diameter (88 mm), and the sample should be at least 2-3 ¢cm thick. The
HLQ should be pressed on the sample surface with°moderate pressure of 5 to 10 bar
(approx. 1.7 kN).

IMPORTANT: Do not apply pressures higher than 10 bar (approx. 1.7 kN) to HLQ
probes, because this may damage the probe! We strongly
recommend to use a pressure device with pressure limiter adjusted
to a maximum of 10 bar or 1.7 kN.
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Contact fluid is recommended (see chap. 8.4 Contact Fluid). The needle embedded
in the bottom of the probe body must be in contact with the sample material on its
whole length.

8.4 Contact Fluid

The use of contact fluid usually improves the contact between sample and probe and
hence the quality of results considerably. A tube of the recommended contact fluid is
included in the TK04 package.

For HLQ measurements on solids apply the contact paste sparingly to the underside
of the probe where the line source is located, put the probe on top of the sample and
apply moderate pressure (not more than 10 bar / approx. 1.7 kN for both standard size
HLQ and Mini HLQ probes).

For VLQ measurements on solids fill a bit of contact paste into the drill hole for the
probe and distribute it evenly with a thin wire or needle. Additionally you can cover the
outside of the probe with contact fiuid.

As the contact paste contains silicone, you should clean your hands after use.
Stains can be removed easily with alcohol.

8.5 Measuring and Evaluation Parameters

The TK04 measuring software comes with built-in default settings which can be used
for a first run on a new sample or if you are unsure how to choose measuring and
evaluation parameters. The following paragraphs give recommendations for adapting the
measuring configuration to your needs.

For help with the correct choice of heating power please refer to the Recommended
Heating Power section in the Appendix of the TKO4 manual or click the help button at
the right side of the Heating Power input field of the Measuring Configuration dialog.
The heating power has to be high enough to create a measurable increase of the source
temperature, while the upper limit depends on various factors like sample size, probe
length, thermal conductivity of the sample, convection in samples containing liquids,
etc.

In order to assist the user with the choice of heating power, the exact heating power
of the last measurement is displayed in the Last Measurement group of the Status
Box, and a Power Control value is calculated as a measure of the heating curve's
temperature rise, enabling the user to check if the selected heating power is
appropriate (please note that Power Control is available only if the measuring time is at
least 75 seconds for standard size probes and 55 seconds for mini probes). The
temperature rise should be high enough to allow a precise calculation of thermal
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conductivity, but not unnecessarily high in order to avoid boundary effects and other
disturbances.

A simple rule of thumb for HLQ measurements is using the expected thermal
conductivity value (in W m™ K') as heating power (in W m™), for VLQ measurements
multiply this value by 2. Power Control should lie between 1.5 and approx. 4, values
between 2 and 3 are recommended. For Mini HLQ probes, Power Control values
between approx. 1.5 and 2 or 2.5 are recommended. When in doubt, rather choose a
lower value.

For measurements with the Standard VLQ and Standard HLQ laboratory probes
(length 60-70 mm) choose a measuring time of 80 s, for Mini HLQ probes 60 s, for field
and other non-standard probes refer to the documentation that comes with the probes.
Probe dimensions, recommended measuring times and default evaluation parameters
are matched to give best results by using the optimal time interval for determining
thermal conductivity. Using different measuring times and / or evaluation parameters
usually affects result quality.

If sample size is small, it is recommended to insert pauses between the single
measurements of a series in order to avoid reflections of the heat wave at the sample
boundaries disturbing the measurements. A pause duration of 30 minutes is
recommended. Please see chap. 3.2.4 Expert Options for instructions how to configure
pauses.

After preparing the sample, a waiting time is recommended before beginning the
measurements to allow the thermal disturbances caused-by the preparation process to
cease. The Start Delay parameter automatically inserts a waiting time before starting a
measuring series. Please see chap. 3.2.4 Expert Options for instructions how to
configure a Start Delay. As the maximum delay is 1440 minutes (24 hours), you can
also use this option to run tests at a later time (e.g. during the night).

Always try the default evaluation parameters (Auto mode) for your probe type first.
They were chosen to match a broad range of sample materials and measuring
conditions. If results are not satisfactory using default parameters, the measurement is
seriously disturbed. Even if it should be possible to get results by manipulating the
evaluation parameters, these solutions will probably be subject to large measuring
errors. As the heating curve is disturbed (not the evaluation), results can only be
improved by eliminating the disturbing influences and repeating the measurement. If only
few single measurements of a series are affected, they can be corrected or excluded
from the evaluation with TkGraph to improve result guality without having to repeat the
test. Otherwise, a graphical analysis with TkGraph will give you hints how the
experimental conditions, sample preparation and measuring parameters should be
modified (see chap. 7 Graphical Analysis with Tk Graph).

Custom evaluation parameters should only be used in very special circumstances
and if you exactly know what you are doing, i.e. if measuring conditions or sample
preparation cannot be improved for technical reasons and you can accept a higher
inaccuracy. In any case, we recommend to use default parameters first and then re-
evaluate your data (see chap. 6 Expert Evaluation) if necessary.
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8.6 Measuring Thermal Conductivity of Soil Samples

Soil samples usually have a relatively high water content. If water starts to circulate
due to the heating process the results are falsified by convective heat transport. The
appearance of convection can be recognized by strongly varying thermal conductivity
values in a measuring series and occurs mainly at VLQ measurements on wet sand or
unconsolidated samples. Often, convection can be stopped by reducing the heating
power. In most cases, measurements with the HLQ method are still possible, and even
small percentages of binding materials like clay, bentonite or cement will prevent
convection. A subsequent analysis of results with the graphics program (see chap. 7

Graphical Analysis with Tk Graph) is highly recommended.

As the contact between sample and probe in earth materials is often poor, the use of
contact fluid may be necessary (except on moist samples). Note that the contact fluid
may intrude into porous material, in that case the measured value does not represent
the thermal conductivity of the sample material but of the mixture. To avoid this use only
highly viscous contact fluids like silicone paste.

When measuring thermal conductivity of saturated sand or mixtures, the water may
run out or concentrate at the bottom of the sample, or the samples may dry at the
surface during measurements with a HLQ probe due to the heating process. This
usually results in not-representative values which also may differ for the beginning and
ending of a series. To create constant experimental conditions the sample should be
kept under water all the time. Although the cables are water resistant the probes should
not be immersed completely.

8.7 HLQ Measurements on Fragments

The Standard HLQ probe can be used to determine the thermal conductivity of
fragments (e.g. drill cuttings) using so-called 2-phase-measurements. The fragments are
mixed with a fluid phase, usually water, and the mixture is compressed during the
measurement by the HLQ probe. If the fragments are porous, full saturation has to be
ensured. In order to achieve a high compaction, to ensure good contact between probe
and sample and to avoid damages to the probe, fragment sizes between 0.05 and
approx. 1 mm are recommended, larger fragments must be grinded. The thermal
conductivity measured on this mixture is composed of the thermal conductivities of the
solid and the fluid phase: :

Kear = (kWATEHﬁ * (kFRAGMENﬁ1-¢ (8-1)

with: @ - volume fraction of water in the mixture.
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The validity of the geometric mean in equation (8-1) is limited by the thermal
conductivity contrast:

k 1
WATER -

15

kFMGMEN T

Thus, the thermal conductivity of the fragments has to be less than 7.5 W m™ K™ if
water is used. Please note that validity of the formula is proven only for cases where the
thermal conductivity of the fluid is below the thermal conductivity of the solid phase.
These conditions fulfilled, water can be replaced by any other fluid compatible with the
sample material. The fluid content is determined by weighing the dry and the saturated
mixture.

TIP: Detailed step-by-step instructions in english or german can be downloaded
from the TeKa website:

http:/fwww. te-k a. de/en/pdf/ TK 04-Fragments AndPowder, pdf
http:/fvww te-k a. de/de/pdf/ TK04-Fragmente UndPulver. pdf

8.8 Influencing the Duration of Drift Phases

If the drift phases take too long, the ambient temperature is probably not stable
enough or probe, sample and ambient temperature are not in thermal equilibrium yet.
Measurements can be forced setting a weaker drift limit; note that this will result in a
reduced accuracy of measurements. To modify the default drift limit, start the TK04
software in Measuring mode, display the Measuring Configuration dialog and click the
Expert Options button to open the Expert Options dialog. In this dialog you can
change the Drift Control parameter (DCL).

The Drift Control parameter DCL can vary between 5 and 40 (default: 10). The higher
DCL, the shorter the drift time and the lower the accuracy of measurements. Values
lower than 10 result in a stronger drift limit which will lengthen the drift measurements
but not necessarily improve accuracy. A non-default DCL setting is indicated by a
yellow signal on the Expert Options button and at the DCL field in the Measuring Info
of the Status Box.




e s

Chapter 9: Troubleshooting 91

9 Troubleshooting

If TKO4 does not work as expected, please follow the procedure outlined below to
narrow down and either solve the problem, or to gather the necessary information for a
support request to TeKa (support@te-ka.de). The possible error sources can be divided
into three groups, which are treated in the three parts of this chapter:

* Hardware related (hardware defects or wrong setup). The measuring software
automatically does a selftest checking the operating condition of the TK04
instrument and the connected probe including the connection to the computer
prior to starting a measuring series. If any erors are detected, the program
stops and displays an eror message and instructions how to solve the
problem. For troubleshooting, the selftest can be invoked manually without
starting a measuring run. See ¢ 9.1 Testi ardware and Setup.

* Runtime problems (caused by software bugs or by inappropriate measuring
conditions). This group includes all kinds of problems where the software
successfully completes the system selftest and starts a measuring run, but is
not able to finish it error free, e.g. if it remains in drit mode without starting a
measurement, if error messages are displayed or if the program hangs. See
chap. 9.2 Runtime Problems during Measuring Runs.

* Result quality issues (due to inappropriate sample preparation, instable
measuring conditions or inadequate measuring / evaluation parameters). If the
software runs error free and the result window appears on the screen, but
results are bad or no values are listed at all (.e. the TC, LET, No, Start, Length
and End columns are empty), you have a result quality issue. See chap. 9.3
Result Quality.

As the effects of these different causes are often indistinguishable at first sight
(especially result quality issues are easily mistaken for hardware defects or software
malfunctions), it is important to work through the troubleshooting chapter
systematically. Surprisingly, insufficient contact between probe and sample tumed out
to be the most common problem cause in TK04 support requests, followed by instable
sample temperature, while hardware defects and software bugs belong to the rare
support cases.

TIP: For troubleshooting purposes, it-is ‘usuaﬂy helpful to run a test with default
measuring and evaluation parameters on the supplied reference material,
using the supplied contact paste.




Chapter 9: Troubleshooting

9.1 Testing Hardware and Setup

Make sure the TK04 instrument is switched on and connected to a computer or
notebook with the TKO4 measuring and evaluation software installed. Start the TKO4
software in Measuring mode by clicking on the Windows Start button and choosing
Programs | TK04 | TKO4 Measuring from the Start menu, or double-click the TK04 icon
on the desktop and switch to Measuring mode by choosing Mode | Measuring from the
program menu. If the software does not start, please reinstall using the setup CD-ROM
that came with your instrument and apply any updates we might have supplied to you in
the meantime.

When the TK04 main program window appears, select Measuring | Interface from
the program menu to open the Interface dialog.

Y o

| i Interface
Port =
Error
COM3 v 2 ports checked ?‘/F (|
| Setting up of connection to TK04 : ‘
Check ‘ unit not possible. |
[ Port ... pass ‘_\}__DK —
[ Communication ... Error q e e Flamsone: i ol
N s
& TKO4 Urit .. skip [ 1. Mo TK04 unit connected.
| Probe H ) [ 2. TKO4 unit is not ready.
tetpiciecte = | - 3. Connection to computer is interrupted.
Probe Sensor ... skip
| Check now ‘ ¥ Abort ! v OK | \

Press the Check Now button to check the operating status of the port, the
connection and the TK04 unit. The software automatically determines the COM port the
TKO4 unit is connected to (a USB to serial converter usually appears in the operating
system's COM port list as an additional, virtual port). If any errors are detected, click on
the Info button on the Interface dialog to display more details and show instructions
how to fix the problem.

If no errors are reported, additionally check the connected probe by marking the
Probe Heater and Probe Sensor checkboxes and press the Check Now button
again. If any probe errors are detected, click on the Info button to display more details.
If you are not able to fix the problem, try another probe or, in case of a HLQ probe,
another connection cable to determine if the probe itself is damaged or if the cable /
connector is faulty.
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S

If the probe error persists, or if no other probes or cables are available for testing,
please measure the resistance between the following connection pins: for HLQ probes
pins 1 and 4 and pins 2 and 3 (please remove the connection cable before measuring),
for VLQ probes pins 1 and 5 and pins 2 and 4.

Ohm

< 1

After finishing the interface check, close the dialog with the OK button. If any
interface problems are left that could not be solved, send a support request to
support@te-ka.de including the following information:

= Error code displayed in the upper right corner of the message window.

* Exact error message text (or just add a screenshot to your e-mail which shows
the error message).

* Probe number(s) and resistance values, pin 1-4 and pin 2-3 (if probe errors have
been reported). Please state if other probes are working correctly.

If the interface check has been error free, but your measuring problems are not
resolved, proceed to chap. 9.2 i blems ing Meas uring R

9.2 Runtime Problems during Measuring Runs

Runtime problems include all kinds of problems where the software succesfully
completes the system selftest and starts a .measuring run, but is not able to finish it
error free, e.g. if it remains in drit mode without starting a measurement, if error
messages are displayed or if the program hangs. They can occur during the drit phases
preceding each single measurement or during the measuring process.

If drift phases are taking very long, or if the software never leaves the drit mode to
start a measurement, the most frequent reasons are that either the sample is not in
thermal equilibrium (e.g. when brought into the laboratory from a warmer or colder place)
or the ambient temperature is not stable enough.
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In the first case you have to wait for the sample to adapt to room temperature. As
this can take several hours, samples should be brought to the laboratory several hours
before starting measurements (if possible). The measuring program automatically
determines when sample temperature is stable enough to start measuring. In the latter
case it is recommended to put the sample into an insulated container (e.g. a cardboard
box lined with styrofoam) or a sample chamber. You can force the begin of
measurements by choosing a weaker drift limit (see chap. 8.8 Influencing the duration
of drift phases). As this will reduce the accuracy of results, it is recommended to rather
wait for the temperatures to stabilize.

If these measures do not solve the issue, if error messages are displayed or if
runtime problems occur during the measuring phases, please send a support request to
support@te-ka.de and include the following information:

e Windows version
e TK04 software version
= Probe number

= Measuring parameters used: heating power, measuring time, expert options
(DCL, Pause, Start Delay)

e Error message (please quote in full, including the title of the message window)
and / or exact problem description (i.e. program hangs, program closes
automatically) and under which circumstances this does occur (i.e. always,
once in a while, with certain probes or certain samples etc.). A screenshot
would be very helpful.

e Please check if the displayed temperature values during drift and measuring
phases are plausible or if they differ significantly from the real sample
temperature and include this information in your support request.

If the measuring software is running without errors and the result window appears on
the screen, but either no results are listed at all (i.e. the TC, LET, No, Start, Length and
End columns are empty), or results are bad (e.g. high variation of thermal conductivity
values, few solutions) this is neither a setup nor a runtime problem, but a results quality
issue. Please consult chap. 9.3 Result Quality P

IMPORTANT: /n most cases, runtime problems are either software problems or
caused by instable sample or ambient temperatures. There are
very few particular cases where the hardware has passed the
interface check but still causes runtime errors due to undetected
defects.
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9.3 Result Quality

The most frequent problems occurring during TK04 measurements are neither
hardware defects nor software problems, but result quality issues. You have a result
quality issue if the measuring software is running without errors and the result window

appears on the screen, but results are not as expected or even missing _completely.

Result quality problems are caused by instable measuring conditions, improper sample
preparation or inadequate measuring or evaluation parameters.

IMPORTANT:  There are very few particular cases where missing or bad results
are due to hidden hardware defects although the hardware has
passed the interface check and the measuring process runs
without errors.

/ / .
— Tcka mears s, feq. power 1$5UEE . on sby

The appearing of the result window on the screen means that the first measurement
has been finished and the *.dwl data file has been saved and evaluated (you can
convince yourself by having a look into the data folder configured for the measuring
series that the *.dwil files are present). The same applies for the further measurements of
a series as soon as the corresponding row listing the file name and number has been
added to the results table.

If no results are listed (.e. the TC, LET, No, Start, Length and End columns are
empty, and no *.erg file has been generated in the data folder), the reason is that the
evaluation algorithm rated the data as too disturbed for yielding reliable results and did
not calculate thermal conductivity values.

If results are bad (e.g. high variation of thermal conductivity values, few solutions),
you can use the graphical analysis for narrowing down the problem. The typical quality
problems and their most frequent causes are listed in this chapter. The most important
quality indicators can be checked using the basic graphical analysis features built into
the results window, a more detailed analysis can be done by sending the results to the
graphics program TkGraph (chap. 7_Graphical Analysis_with Tk Graph). Results can be
sent directly to the graphics program using the Send Result List to TkGraph button in
the upper right comner of the result window. .
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TIP:

If you are not able to connect to TkGraph, check if the path to the
Tk Graph.jar file is set correctly in the program options. Select the Options
entry from the menu to open the evaluation mode options, select the
General tab and enter the location of the TkGraphjar file in the
cormesponding input field in the Graphics group. This feature can be used
with TkGraph version 4.0 or higher only. ‘If you are still experiencing
problems, please consult chap. 2 Setup and Installation.

If you are not able to improve result quality following the instructions given in this

chapter,

or if you still do not get any results at all, please send a support request to

support@te-ka.de and include the following information:

Windows version
Sample type (material, consistency, porosity, water content) and sample size

Sample preparation: how is the sample material processed to provide a suitable
surface for a HLQ probe or a hole for a VLQ probe, is contact fluid used?

If a HLQ probe is used: how is pressure applied to ensure good contact, how is
made sure that the maximum pressure (10 bar or approx. 1.7 kN) is not
exceeded?

If a VLQ probe is used: is the needle completely inserted into the sample
material?

Where are sample and probe placed? Is a measuring chamber, isolated box or
similar used? If possible, please include a photo of the measuring setup.

Please attach to your message the *.dwl files of one or more measuring series
(*.erg files, Tc-List.dat and Results.mdb may be included but are not
necessary).

A screenshot of the TKO4 program window would be helpful (while the
measuring series is running or afterwards, please do not close the result
window). If no screenshot can be supplied, please add the following information
to your support request: measuring parameters | expert options (DCL, Pause,
Start Delay) and evaluation parameters used.
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9.3.1 No results displayed

If the result window appears on the screen, but no thermal conductivity values are
listed (i.e. the TC, LET, No, Start, Length and End columns are empty and no *.erg file
has been generated), this is not a hardware defect, but a results quality problem caused
by instable measuring conditions, sample preparation problems or inadequate

measuring parameters. There are very few particular cases where missing or bad results ||
are due to hidden hardware defects although the hardware has passed the interface |

check and the measuring process runs without errors.

- Bt

Measuring Series 1 bl @ [
Folder  EATKO4\Datah
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TonP0-02 - 10.0
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i
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0.000- 0% Count
2% | ‘
4%

1 2 3 4 g frz

The appearing of the result window is a sure sign that at least one measurement has
been finished and that the *.dwl data file has been saved and evaluated. You can
convince yourself that a data file has been generated by looking into the data folder
configured for the current measuring run.

If no results are found at all, the measurements are strongly disturbed or measuring
and / or evaluation parameters have been inappropriate. As no Tc-List.dat and no *.erg
files are generated, you cannot use TkGraph for analyzing the reasons. Hence you
should carefully check sample and ambient temperatures and sample preparation
following the instructions in chap. 8 Hints for Practice. Then repeat the measurements
using the default measuring parameters recommended in the TK04 Manual and the built-
in evaluation parameters of the TK04 software.

If still no results are obtained, send a support request to support@te-ka.de including
the information listed at the beginning of the results quality chapter.
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9.3.2 Variation of a measuring series is too high

T Measuring Series 4 ol @ (=5

Folder D:\3\H10709 PCFY
Comment Sondentest H10709 junkalibriert) PCF 0.5w M09 . >
Last 24.06.2011 17:32:41 |

File TC LET Mo v Start Length =
PCF-01 0323 FalE i e M e 225 375
PCF-02 m304 2610 1000 148 3r.a 250
PCF-03 0368 4847 2939 156 355 320
PCF-04 : 623 104 152 40.0 sk
PCF-05

Under normal laboratory conditions you should check for problems when the variation
of a measuring series exceeds * 3%. Possible reasons are:

1. Ambient temperature is not stable enough. Put the sample into an insulated
1 \ container (e.g. a cardboard box lined with styrofoam).

i o I,
i 2. The heating power is too low to produce a sufficient increase of temperature o7 “ e 2
‘ ‘ during the measurement. Check the Power Control value displayed in the Last Lo 1o/ fren fo 248
Measurement group of the Measuring Info after each measurement; if it is oF P deter f'f/"’S,
lower than 1.5 choose a higher heating power (please note that Power Control
is available only if the measuring time is at least 75 seconds for standard size
probes and 55 seconds for mini probes).

3. Compare the contact values for all measurements of the series (check the
contact value diagram in the Measuring Series Summary of TkGraph, see
chap. 7.3 Measuring_Series_Summary). If contact values vary strongly, or if
single contact values differ from the rest, the heating curves are disturbed
although the single measurement plot in TkGraph may seem normal. Such
measurements should be excluded from the evaluation.

4. If the sample contains water, there might occur convection, especially when
using VLQ probes. Try to reduce heating power (but make sure that the Power
Control value never drops below 1.5), if possible use HLQ instead of VLQ.
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5. If TkGraph shows multiple asymptotes, see chap. 9.3.6 Asymptotes consist of
multiple branches.

6. If the variation increases while the number of solutions decreases during the

series, see chap. 9.3.4 Number of solufions decreases.

If you are working with manually chosen evaluation parameters instead of the built-in
default parameters, the following reasons might apply:

7. The Start Time maximum value of the evaluation parameters is too high, and
the evaluation intervals starting in the later part of the heating curve are
disturbed by boundary effects (chap. 4 The Constantly Heated Line Source).
When measuring with standard laboratory probes, set Start Time maximum to
40 s, for non-standard probes refer to the documentation that comes with the
probes. It is not necessary to repeat the measurements, just re-evaluate the

data (see chap. 6 Expert Evaluation).

8. The Interval Length minimum value of the evaluation parameters is too low. It
should be at least 25 seconds. It is not necessary to repeat the
measurements, just re-evaluate the data (see chap. 6 Expert Evaluation).
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9.3.3 Number of solutions is low

r
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There are no absolute limits for the number of solutions obtained for a heating cune.
It is perfectly normal that on porous and/or inhomogeneous samples, loose materials,
samples with high thermal conductivity, etc. the number of solutions is relatively low. If
there are too few solutions to recognize the asymptote, or if the number of solutions is
significantly lower than for similar samples, the following causes are possible:

1. The most probable reason is poor contact between probe and sample. A sure
sign of insufficient contact are incomplete asymptotes in the TkGraph Single
Measurement Plot. Check the sample preparation (VLQ: not too wide drilling
with constant diameter, HLQ: plane and smooth sample surface) and use
sufficient contact fluid.

2. The heating power is too high. If the Power Control value displayed in the Last
Measurement group of the Measuring Info is higher than approx. 4 for
standard size probes or approx. 2-2.5 for the Mini HLQ, try a lower heating
power.

3. Strong variations of ambient temperature can disturb the measurements
considerably. Choose a place for TKO4 with minimum temperature variation
and/or place probe and sample in an insulated container (e.g. cardboard box
lined with styrofoam).
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4. If the sample contains water, a very probable reason is convective heat
transport during the measurement, especially when using a VLQ probe. Try to
reduce heating power (but make sure that the Power Control value never drops
below 1.5), if possible use HLQ instead of VLQ.

5. Ifthe sample surface for HLQ measurements is not plane and smooth enough,
there may punctually occurr a direct contact between probe and sample where
the contact fluid is displaced. If additionally the thermal conductivity of the
sample is relatively high (approx. 4 W m™ K™ or more), heat transport into the
sample halfspace takes place preferably through these contact points and is
no longer distributed evenly over the complete source length. This leads to a
temperature distribution not corresponding to the theory, so the number of
solutions is low. Apply sufficient contact paste between probe and sample, if
necessary smooth the sample surface.

If you are working with manually chosen evaluation parameters instead of the built-in
default parameters, the following reasons might apply:

8. The Interval Length minimum value of the evaluation parameters is too high. For
most measurements 25 s is an appropriate value, longer intervals than 30 s are
not recommendable (bear in mind that this sets only the minimum interval
length, longer intervals are evaluated anyway). It is not necessary to repeat the
measurements, just re-evaluate the data (see chap. 6 Expert Evaluation).

7. The Start Time maximum value of the evaluation parameters is too low. When
measuring with standard laboratory probes, set Start Time maximum to 40 s,
for non-standard probes refer to the documentation that comes with the probes.
It is not necessary to repeat the measurements, just re-evaluate the data (see

chap. 6 Expert Evaluation).

9.3.4 Number of solutions decreases, variation increases

When measuring a series, often after a certain number of measurements the number
of solutions decreases and the variation increases. Asymptotes are widened or split up
into multiple branches, and gaps are appearing in the distribution of interval begins.
(When the sample is very small, or its thermal conductivity very high, this can even
happen during the first measurement). The reason is that the propagating heat wave is
reflected at the sample boundaries, the reflections are recorded by the thermistor and
disturb the temperature measurements. This can not be awided except using larger
samples, but you can try to reduce the disturbances by using a lower heating power,
and/or by inserting pauses between single measurements. To do so, use the Pause
parameter, which can be set in the Expert Options dialog. Open this dialog by clicking
the Expert Options button in the Measuring Configuration dialog. Enable Pause and
enter a pause duration in minutes. The minimum value is 10 minutes, a duration of
30 minutes for the pauses is recommended to reduce the influence of reflections.
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9.3.5 LET values are too low
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Depending on sample type and measuring conditions, LET values can vary about
several orders of magnitude, so there are no strict limits. LET values should not be lower
than approx. 50-100, they should be similar for measurements belonging to the same
series and for comparable samples, although it is normal that LET decreases during
measuring series with more than 3-5 single measurements and without pauses.
Possible reasons for low LET values are:

1. Small LET values are often observed in combination with incomplete
asymptotes. This is an indicator of poor contact between probe and sample.
Check the sample preparation (VLQ: not too wide drilling with constant
diameter, HLQ: plane and smooth sample surface) and use sufficient contact
fluid.

2. Ambient temperature is not stable enough. Place probe and sample in an
insulated container (e.g. cardboard box lined with styrofoam).

If you are working with manually chosen evaluation parameters instead of the built-in
default parameters, the following reasons might apply:

3. The Interval Length or Start Time minimum values of the evaluation parameters
may be too high. For most measurements an Interval Length minimum of
25 seconds is recommended. When measuring with standard laboratory
probes, the default Start Time minimum is 20 s. For non.standard probes refer
to the documentation that comes with the probes. It is not necessary to repeat
the measurements, just re-evaluate the data (see chap. 6 Experf Evaluation).
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9.3.6 Asymptotes consist of multiple branches
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There are mainly two reasons why the solutions do not form a uniform asymptote but
are split into two or more branches:

1. The propagating heat wave is reflected at the sample boundaries. The
reflections are recorded by the thermistor and disturb the temperature
measurements. This is often combined with gaps in the distribution of interval
starts. See above (chap. 9.3.4 Number of solutions decreases variation
increases). This can not be avoided except using larger samples, but you can
try to reduce the disturbances by using a lower heating power, and/or by
inserting pauses between single measurements. To do s0, use the Pause
parameter, which can be set in the Expert Options dialog. Open this dialog by
clicking the Expert Options button in the Measuring Configuration dialog.
Enable Pause and enter a pause duration in minutes. The minimum value is
10 minutes, a duration of 30 minutes for the pauses is recommended to reduce
the influence of reflections.

2. The later part of the heating cunve is disturbed by boundary effects caused by
the finite probe length. Boundary effects tend to be more pronounced when
measuring on samples of high thermal conductivity and using high heating
power. If the best solution is from the "earlier" branch corresponding to lower
start times (i.e. the undisturbed part of the heating curve), the measurement
can be used for thermal conductivity determination and the best solution can
be corrected to the "earlier" branch (see chap. 7.4 Single Measurement Plof). If
the asymptotic values of the branches differ by more than approx. 5%, dont
use this measurement as it usually is too much disturbed. To suppress
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multiple branches, you can re-evaluate the measurement with manually
selected evaluation parameters and reduce the Start Time maximum value (

chap. 6.2.3 Choosing evaluation parameters).

9.3.7 Asymptotes are incomplete
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Incomplete asymptotes are usually combined with low LET values and are a sure
sign for insufficient contact between probe and sample. Check the sample preparation
(VLQ: not too wide drilling with constant diameter, HLQ: plane and smooth sample
surface) and use sufficient contact fluid.
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9.3.8 Evaluation intervals start later than approx. 35 seconds
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Evaluation intervals starting later than 35 seconds are not generally a sign of bad
measurement quality. For laboratory measurements with standard size probes and
default evaluation parameters, possible start times of the evaluation intervals are
between 20 to 40 seconds of the measuring time. Good quality measurements have
interval starts distributed more or less evenly over this time range, including solutions
from intervals starting later than 35 seconds, all of which form a single uniform
asymptote. There are two cases where late interval starts (.e. later than approx.
35 seconds) indicate quality problems:
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1. If few or no solutions are found in the earlier part of the heating curve, i.
e. nearly all solutions are from intervals starting late, very probably the contact
between probe and sample is insufficient (especially when the asymptotes are
incomplete, see chap. 9.3.7, and/or LET values are low, see chap. 9.3.5).
Check the sample preparation (VLQ: not too wide drilling with constant
diameter, HLQ: plane and smooth sample surface) and use sufficient contact
fluid. If LET values and asymptotes are normal, the heating power may have
been too high.
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2. If solutions are found in the earlier as well as in the later parts of the heating
curve, but the asymptote consists of two or more branches and the best
solution (representing the thermal conductivity result of the measurement) is
from an evaluation interval starting later than approximately 35 seconds, the I
measurement is disturbed by reflections of the heat wave at the sample
boundaries or by boundary effects caused by the finite probe length and can |
probably be corrected (see chap. 9.3.6 Asympfoles consist of multiple ‘

branches). ‘
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9.3.9 Gaps in the start time distribution
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The start time distribution is displayed in the TkGraph Single Measurement Plot
(the start time diagram is the second diagram from the left next to the TC diagram).
Gaps appearing in the start time distribution are first indications of beginning
disturbances (reflections of the heat wave at the sample boundaries). They are no
problem as long as sufficiently undisturbed parts of the heating curve are left for
evaluation. They can be combined with widened asymptotes or asymptotes splitting up
into multiple branches. In the first case, the results are still usable, in the second case,
see chap. 936 A fofes consist of mulfiple branches).

9.3.10 Descending trend in thermal conductivity values

When measuring thermal conductivity of water saturated samples, the water may run
out or concentrate at the bottom of the sample, or the samples may dry at the surface
during measurements with a HLQ due to the heating process. This usually results in
non-representative values which often show a descending trend from the beginning to the
end of a measuring series. To create constant experimental conditions the sample
should be kept under water during measurements. Although the cables are water
resistant, don't immerse the probes completely.
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9.3.11  Different thermal conductivity at different positions

The laboratory VLQ and HLQ probes have a penetration depth of a few centimeters.
Measuring at different positions of an inhomogeneous sample results in different thermal
conductivity values, because the local conductivity at the different probe positions is
actually different (inhomogeneity of natural materials is usually higher than + 5%).
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10  Technical Specifications

All technical specifications are subject to change without prior notice.

10.1  Measuring Unit

Name

Measuring principle
Measuring range
Accuracy

Reproducibility

Heater current precision
Duration of 1 measurement
Automatic repetitions
Sample sizes

Operating temperature
Sample temperature
Power supply

Fuse

Power consumption
Dimensions (W x H x D)
Weight

Interface

Interface cable

TKO04 measuring unit

transient heat flow (needle probe method)
0.1to 10 W m-1K-1 *

+2%*

£ 1:5%

+0.01%

typically 80 sec *

up to 99 measurements per series (Unattended)
no upper size limit, arbitrary shape
minimum size probe dependent *

0 to 45°C

-25to 70°C / -25 to 125°C *

220/240 V AC (50 Hz) ; 100/120 V AC (60 Hz)
800 mAT for 220/240 V AC

1.6 AT for 100/120 V AC

40W

471 x 147 x 391 mm

11.2 kg

RS232 serial interface (COM port)

works with USB to serial converter
standard serial cable, 9 pin

Sub-D Socket / Socket, connected 1:1

* probe dependent, for more details see the technical specification of the probes

—_——_————T
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10.2 Probes

Different probe types are available for TK04 to cover a broad range of sample types
and measuring conditions. All TK04 probes consist of a source, i.e. a metal needle with
an embedded heating wire and temperature sensor, a handle or body (depending on the
probe type) and a connection cable. The cable is equipped with a 5 pin connector (1 + 5
heating wire, 2 + 4 thermistor).

Full-space probes (VLQ) are needle probes equipped with a handle at one end of the
source. They are inserted into the sample, the source is completely surrounded by the
sample material.

Half-space probes (HLQ) are placed on top of the sample. The source is embedded
into the bottom side of a disk-shaped probe body and has on-sided contact to the
sample material.

For each probe type, a corresponding default evaluation parameter set is included in
the TK04 software.

The minimum sample size indicates the minimal dimensions required for the

particular probe type. For testing of materials with high thermal conductivity values larger
samples my be necessary.

10.2.1 Standard VLQ

‘-\____\_‘
Name Standard VLQ
Probe type full-space for laboratory use

Dimensions (source)
Dimensions (handle)
Evaluation parameter set
Measuring range
Accuracy

Duration of 1 measurement
Minimum sample size

length: 70 mm, diameter: 2 mm

length: 90 mm, diameter: 16 mm
Standard VLQ (VLQ Source 70x2)

0.1 to 10 W m 'K

+2%

80 sec

diameter: approx. 30 mm, length: 75 mm
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10.2.2 Standard HLQ

R e

Name

Probe type

Dimensions (source)
Dimensions (body)
Evaluation parameter set
Measuring range

Accuracy

Duration of 1 measurement
Minimum sample size

10.2.3 Mini HLQ

L
(2;\) '\h‘,&
=
~
Name
Probe type

Dimensions (source)
Dimensions (body)
Evaluation parameter set
Measuring range
Accuracy

Duration of 1 measurement
Minimum sample size

Standard HLQ

half-space for laboratory use

length: 70 mm, diameter: 2 mm

diameter: 88 mm, height: 30 mm

Standard HLQ (HLQ D88 Source 70x2)

0.3to 10 W m'K"’

+t2%

80 sec

diameter: approx. 80 mm, height: approx. 15 mm

Mini HLQ

half-space for laboratory use with small samples
length: 45 mm, diameter: 1.5 mm

diameter: 50 mm, height: 30 mm

Mini HLQ (HLQ D50 Source 45x1.5)

0.3to 3 W m'K"’

+5%

60 sec

diameter: approx. 50 mm, height: approx. 15 mm
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10.2.4 Field VLQ

Name

Probe type

Dimensions (source)
Dimensions (handle)
Evaluation parameter set
Measuring range (tested)
Accuracy

Duration of 1 measurement
Minimum sample size

10.3 Software

Field VLQ

full-space for in-situ use

length: 300 mm, diameter: 6 mm

length: mm, diameter; mm

Field VLQ (VLQ Field Source 300x6)

0.6 to 4 W m'K"

£5%

240 sec

distance to nearest boundary approx. 300 mm

The TK04 multi-user licence allows you to install the software on any number of
computers required. The modules for measuring/evaluation and for graphics/quality
analysis can be installed and used independently.

General requirements
Operating system

CPU

RAM

Screen resolution

Measuring / Evaluation (TK04)
Interface

Windows 98, Me, 2000, XP, 7
1 GHz single core or higher
512 MB

1280 x 1024

RS232 serial interface (COM port)
works with USB to serial converter

Graphics / Quality Analysis (TkGraph)

Additional requirements

Java 1.5.0 or higher (Java is included in the installer)
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104 Reference Materials

The specified thermal conductivities are approximate values. Each lot of the
reference material is calibrated individually before delivery and each piece is labeled with
its exact thermal conductivity value. Dimensions may vary slightly.

The users are not required to perform calibration or reference tests themselves. The
reference materials are intended for occasionally checking the operational condition of
instrument and probes.

10.41 ST 1.6

ST 1.6 is a glass ceramic material.

Physical properties

thermal conductivity approx. 1.6 W m 'K’
Maximum operation temperature ~ 700°C

Density 2.66 g cm?

Porosity 0

Coefficient of expansion (20-400°C) 9.5 * 10 K*
Dielectric strength 12 kV mm"’
Dielectric constant (20°C, 1 MHz) 14

Volume resistivity (20°C) 4*10'2 Ohm cm
Available dimensions

for half-space probe 110 x 90 x 30 mm
for full-space probes 55 x 55 x 90 mm, with drill hole (diameter: 2 mm)

for both probe types 110 x 90 x 55 mm, with drill hole (diameter: 2 mm)
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10.4.2 STO0.2

ST 0.2 is made of acrylic glass.

Physical properties

thermal conductivity approx. 0.2 W m'K"’
Maximum operation temperature  80°C

Density 1.18 gcm?®
Compressive strength 120 N mm?

Tensile strength 80 N mm?

Bending strength 135 N mm?

Modulus of elasticity 3300

Dielectric strength 30 kV mm”

Water absorption 0.05 %

Available dimensions
for full-space probes diameter: 60 mm, height: 90 mm
with drill hole (diameter: 2 mm)
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10.5 Options

Please inquire for spare parts and other options not listed here.

10.5.1 Pressure Device

The TK04 HLQ probes (standard size and mini) are placed on top of the sample
using a moderate pressure of max. 10 bar (1.7 kN) in order to ensure good contact
between probe and sample material. The TK04 pressure device is designed for applying
controlled pressure to halfspace probes. The contact pressure can be varied
continuously and is kept constant during the whole measuring process. The device is
equipped with a limiter to avoid damages caused by accidentally exceeding the allowed
maximum pressure.

Name Pressure device with limiter

Contact pressure Oto 10 bar/ 1.7 kN

Dimensions 290 x 150 mm, height: 420 mm (lever down),
575 mm (lever up)

Weight 12.9 kg

Sample size height max. 13 cm,

other dimensions practically unlimited
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10.5.2 Sample Container

Name Sample container
Usage sample container for powder, fragments and liquids
Dimensions diameter: 100 mm, height: 90 mm

(external dimensions, inner diameter matching
the Standard HLQ half-space probe)
Weight approx. 1800 g

10.5.3 Guiding Tubes

Guiding tubes can be inserted into a sample to provide fixed measuring positions for
full-space probes. Guiding tubes protect the probe and ensure identical measuring
positions for repeated tests on the same sample. They are available in two different
sizes for Standard VLQ and for Field probes.
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TKO04 Recommended Heating Power

Standard Size Probes Sorted by TC

Alphabetical order: see reverse.

[Material TC [W m' K] Heating Power [W m]
Mean Value Range Standard VLQ | Standard HLQ
\Wood 0,21 0,1-0,35 0,15-13 -

. |Coal 0,29 01-15 0,15-54 -
Plastic composite #1 0,35 05-1,3 0,3-0,8
Plastic composite #2 0,50 07-18 035-1,0
Plastic composite #3 0,82 1,1-3,0 05-14
Concrete 1,00 075-14 1,0-50 05-22

| [Fused silica 1,40 1,33-146 1,8-52 08-23
Clay 1,40 12-17 16-6,1 0,7-2,6

L [Silt* 1,60 1,4-21 19-75 08-32
Basalt 1,95 1,4-54 1,9-19,0 08-76
Silt stone 2,04 06-4,0 0.8-14,0 04-57
Limestone 2,29 05-44 0,7-16,0 04-63
Syenite 2,31 13-53 1,7-19,0 08-75
Amphibolite 2,46 14-39 1,9-14,0 0,8-58
Claystone 2,46 16-34 21-120 09-49
Sandstone 2,47 08-66 1,1-20,0 05-93
Lava 2,50 02-45 03-16,0 02-6,4
Gabbro 2,63 1.6-41 2,1-150 09-59
Dolerite (Diabase) 2,64 16-44 2,1-16,0 05-6,3
Granodiorite 2,65 13-35 1,7-13,0 0,8-50
Quartz sand (wet) * 2,70 24-31 3,2-110 13-45
Marble 2,80 21-35 1,8-13,0 12-50
Porphyrite 2,82 3,8-10,0 1,5-4,2
Boulder clay* 2,90 25-33 34-120 14-48
Diorite 2,91 1.7-42 2,3-150 1,0-86,0
Slate (perpendicular to foliation) 2,91 1,5-3,9 2,0-14,0 09-56
Gneiss 2,95 1,2-47 1,6-17.0 0,7-6,7
égnite 3,05 12-45 16-16,0 0,7-64

Eclogite 3,10 24-34 3,2-12,0 13-49
Andesite 3,20 16-47 21-170 1,0-6,7
Dolomite 3,62 16-686 2,1-20,0 1,0-9,3
g@paraﬂel to foliation) 3,80 22-52 3,0-19,0 12-74
Peridotite 3,81 50-14,0 20-55
4,05 1,0-6,0 1,3-20,0 06-8,5
4,27 32-51 4,3-18,0 17-72
4,41 35-52 4,7-19,0 19-74
4,55 3,1->8 42 -200 1,7-11,0
9,50 6,5-12,5 8,7-20,0 3,5-17.0

For loose sediments w e recommend to use a lower h

aVoid convective heat transport caused by circulating pore fluids.

The data given in the table should be taken as a
Power values can be used. For more information please

eating pow er than for solids of com

guideline. If necessa
refer to chap. 8 and chap. 9.

parable thermal conductivity to

1y, higher or lower heating




TK04 Recommended Heating Power Standard Size Probes in Alphabetical Order
Sorted by thermal conductivity of samples: see reverse.
Material TCW m' K] Heating Power [W m-']
Mean Value Range Standard VLQ | Standard HLQ
Amphibolite 2,46 1,4-3,9 1,9-14,0 08-56
Andesite 3,20 16-47 21-17,0 1,0-6,7
Anhydrite 4,05 1,0-6,0 1,3-20,0 06-85
Basalt 1,95 1,4-54 1,9-19,0 08-7,
Boulder clay* 2,90 25-33 3.4-12,0 14-48
Clay 1,40 1,2-17 16-6,1 07-286
Claystone 2,46 16-34 21-12,0 09-49
Coal 0,29 01-15 0,195-54
Concrete 1,00 0,75-14 1,0-50 05-22
Diorite 2,91 1,7-472 2,3-15,0 1,0-76,0
Dolerite (Diabase) 2,64 16-44 2,1-16,0 09-63
Dolomite 3,62 16-686 2,1-20,0 1,0-9,3
Dunite 4,41 3,6-52 4,7-19,0 19-74
Eclogite 3,10 24-34 32-12,0 1,3-4,9
Fused silica 1,40 1,33-146 18-52 08-23
Gabbro 2,63 16-41 2,1-15,0 09-59
Gneiss 2,95 1.2-47 16-17,0 0,7-6,7
Granite 3,05 1,2-45 1,6-16,0 0,7-6,4
Granodiorite 2,65 1,3-35 1,7-13,0 08-50
Lava 2,50 02-45 03-16,0 02-64
Limestone 2,29 05-44 0,7-16,0 04-6,3
Marble 2,80 21-35 28-13,0 12-5,0
| Peridotite 3,81 50-14,0 20-55
i Plastic composite #1 0,35 0.5-1.3 0,3-08
il Plastic composite #2 0,50 07-18 0,35-1,0
Plastic composite #3 0,82 1,1-3,0 05-14
Porphyrite 2,82 3,8-10,0 15-4,2
Pyroxenite 427 32-51 43-18,0 1,7-7.2
Quartz 9,50 6,5-125 8,7-20,0 35-17,0
Quartzite 4,55 3,1->8 42-200 1,7-11,0
Quartz sand (wet) * 2,70 24-31 3,2-11,0 13 -45
_ Sandstone 2,47 0,8-66 1,1-20,0 05-93
| Silt* 1,60 1,4-2.1 19-75 08-32
| Siltstone 2,04 0,6-4,0 0,8-14,0 04-57
Slate (parallel to foliation) 3,80 22-52 3,0-19,0 12-7.4
Slate (perpendicular to foliation) 291 15-39 2,0-140 09-56
Syenite 2,31 1,353 1,7-19,0 08-75
\Wood 0,21 0,1-0,35 015-13 -
*  For loose sediments w e recommend to use a low er heating pow er than for solids of comparable thermal conductivity to
avoid convective heat transport caused by circulating pore fluids.
The data given in the table should be taken as a guideline. If necessary, higher or lower heating
power values can be used. For more information please refer to chap. 8 and chap. 9.




TKO4 Recommended Heating Power Mini HLQ Probes Sorted by TC

Alphabetical order: see reverse.

Waterial TC[W m™ K] Heating Power [W m™']
Mean Value Range Mini HLQ
lbjastic composite #1 0,35 0,2-06
p|astic composite #2 0,50 04-08
lbjastic composite #3 082 08-12
lboncrete 1,00 0,75-1.4 08-16
lFysed silica 1,40 1,33-1,46 1,0-16
lay 1,40 1247 1,0-16
it * el 1,4-2:4 1,1-1,7
lBasalt _ 1,95 14-54 1,1-18
Siit stone : 2,04 0,6-4,0 06-18
limestone 2,29 05-44 04-18
Syenite 2,31 1,3-53 1,0-18
imphibolite 2,46 1,4-39 418
lay stone 2,46 16-34 1,118
andstone 2,47 08-66 08-18
ava 2,50 02-45 02-18
abbro 2,63 1,6-4,1 1,1-1,8
.olerite (Diabase) 2,64 16-44 11-18
lGranodiorite 2,65 13-35 10-18
uariz sand (wet) * 2,70 2,4-31 11-18
arble 2,80 21-35 1,1-1,8
Drphyrite 2,82 1,1-18
Boulder clay * 2,90 25-33 11-18
Diorite 2,91 1.7i-4.2 1,1-18
Blate (perpendicular to foliation) 2,91 15-39 1,418
neiss 2,95 {947 1.0-18
Branite 3,05 12-45 10-18
Eologite 240 2,4-34 11-18
bdesite 3,20 16-47 11-18

' For loose sediments w e recommend to use a low er heating pow er than for solids of comparable thermal conductivity to
4/0id convective heat transport caused by circulating pore fluids.

. The data given in the table should be taken as a guideline. If necessary, higher or lower heating
bower values can be used. For more information please refer to chap. 8 and chap. 9.




TKO04 Recommended Heating Power Mini HLQ Probes in Alphabetical Order
Sorted by thermal conductivity of samples: see reverse.
[Material TC[W m™ K] Heating Power [W m™]
Mean Value - Range Mini HLQ
Amphibolite 2,46 14-39 11-18
Andesite 3;20 16-47 1,1-18
Basalt 1,95 14-54 1,1-1.8
Boulder clay * 2,90 25-33 1,1-1.8
Clay 1,40 1,2-17 1,0-186
Clay stone 2,46 1,6-34 1,1-18
Concrete 1,00 0,75-1,4 08-16
Diorite 2,91 1,7-42 1,1-18
Dolerite (Diabase) 2,64 16-44 1,1-18
Eclogite 3,10 24-34 1,1-18
Fused silica 1,40 1,33-1,46 1,0-16
Gabbro 2,63 1,6-41 1,1-18
Gneiss 2,95 1,2-47 1,0-18
Granite 3,05 12-45 1,0-1,8
Granodiorite 2,65 1,3-35 1,0-1,8
Lava 2,50 02-45 02-18
Limestone 2,29 05-44 04-18
i Marble 2,80 21-35 1,1-1.8
| Plastic composite #1 | 0,35 02-06
L Plastic composite #2 0,50 0,4-08
b Plastic compos te #3 0,82 08-12
Porphyrite 2,82 1,1-18
Quartzsand (wet) * 2,70 2,4-31 1,1-18
Sandstone . 2,47 0,8-6,6 0,8-1,8
Silt * 1,60 1,4-21 14 =47
Silt stone 2,04 06-40 06-1,8
Slate (perpendicular to foliation) 2,91 1,5-39 1,1-18
Syenite 2,31 1,3-53 1,0-18
*  For loose sediments w e recommend to use a low er heating pow er than for solids of comparable thermal conductivity to
avoid convective heat transport caused by circulating pore fluids.
The data given in the table should be taken as a guideline. If necessary, higher or lower heating
power values can be used. For more information please refer to chap. 8 and chap. 9.




Technical Support, Suggestions and Feedback

The owner of a TK04 Thermal conductivity Meter is entitled to unlimited
e-mail or fax support for installation, setup and software problems. In
most cases TeKa is also able to help with questions of sample
preparation, evaluation and result quality.

Before contacting the TeKa support, please read this manual carefully,
especially chapters 8 Hints for practice and 9 Troubleshooting. If your
problem is not treated there, please describe it as exactly as possible
giving all details that could be important, like the version number of your
software, operating system of your computer, probe number, type of
samples, measuring and evaluation parameters used, etc.

We appreciate any suggestions, criticism or feature requests regarding
the instrument or the software. Please tell us your opinion! Your
feedback will help us to improve TK04.

You may direct your requests in english or german to the following
address (be sure to state a valid e-mail address or fax number to send
our answer to):

TeKa

Malplaquetstr. 10
13347 Berlin, Germany

Tel: +49(0)30-455 66 71
Fax: +49(0)30-455 47 15
E-Mail: support@te-ka.de
Internet; www.te-ka.de




