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Chapter 1

Introduction

RFCcontrol is a generalized control system for fuel cell, electrolyser cells, battery and
other types of materials test stations / test setups. It features data logging as well as
device control and can handle gas flow control, gas pressure control, temperature control,
relay control, control of DC power supplies as well as handle data acquisition through a
number of data logging devices.

The main features of RFCcontrol are listed below:

e Individual device configuration through user friendly graphical user interface.
e Detailed device control.

e Wide range of control and data logging devices supported, including but not limited
to:
— Brooks® and MKS®) digital mass flow controllers.
— Tescom ER3000 digital pressure controllers.
— Analog pressure controllers as well as analog flow controllers

— Eurotherm®) and Omron(®) temperature controllers as well as some controllers
from some other vendors (Honeywell®), Linkam®) and West Instruments®)).

— Delta Elektronika® DC power supplies.
— EA Elektro Automatik®) electronic loads.
— ICP-Con® DO-, DA-, DI- and AD-modules.

— Manual control devices (virtual) of flow controllers, pressure controllers as
well (for logging flow or pressure from ball flow meters or manual pressure
regulators).

— Composite gas control devices (using multiple MFC’s with different flow ranges
to increase range while maintain accuracy at low flows).

— Composite PSU/Eloads making it possible to use two PSU’s or a PSU-Eload
combo to emulate a full bipolar PSU.
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— Gas group device (a composite device) making it possible to use cross-over
valves/relays to facilitate fast gas composition switching by having two gas
lines with a cross over valve.

— Keithley® 2700 and 2750 scanning multimeters as well as 2400 source meters
(Support for these devices is through the gpib_socket_server supplied sepa-
rately).

— Possibility to control magnetic valves in front of the MFC’s in order to force
complete cutoff of gasses as most MFC’s do not completely close even if valve
override is used.

— Possibility to control a magnetic bypass valve to vent any initial gas overshoot
from MFC’s (may be required in some cases).

e Possibility for using filter devices to do spline interpolations on return values of
physical devices. This can be used to correct measured values if a custom calibration
of a device has been made.

e Possibility to use slaved gas controllers (a slaved device always have x% of the
master controler flow).

e Possibility to use multiplexed gasses (one MFC controlling one of multiple gasses
depending on relay settings).

e Software PID devices which can be used for pressure regulation and / or other
situations where stability can be improved by a PID feedback loop.

e Automatic data acquisition/logging which is independent of the user interface.
e Email notifications in case of user defined trigger levels has been exceeded.
e Possibility for automatic software updates.

e Possibility to use custom calibrated thermocouples for temperature measurements
in additional to the use of the standard thermocouple calibration tables obtained
from NIST (http://www.nist.gov). How to use custom calibration tables is de-
scribed in detail in chapter 6).

e Graphical display of all logged data.
e Centrally managed user authentication / user permission control.
e Trace-logging of all user activities involving changes in the status of a device.

e Easy integration to Elchemea(©) (http://www.elchemea.com/elchemea/) and
ElchemeaAnalytic© (http://www.elchemea.com) impedance acquisition and
impedance analysis software packages.

e Automated i-V curve acquisition (Only in case a DC-power supply is attached and
configured)
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e Possibility for using custom designed software control systems including PID control
loops.

e Possibility for using custom designed graphical user interfaces for individual test
stations (requires custom programming in Perl, HTML and javascript).

e Uses only open source software (OSS).

e Possibility to use single sign on if multiple test stations running RFCcontrol are
used.

e Possibility for using single sign on in collaboration with non-RFCcontrol systems
(refer section 4.3.6).

Each hardware device controlled from RFCcontrol is handled through a software device
(object) which internally handles device communication and control. The RFCcontrol
system uses an object orientated approach enabling almost infinite configuration combi-
nations. The use of an object oriented approach also makes it more safe and easy to add
new device types, thus making maintenance easier to handle.

The first part of this documentation is an overview of the user interface (Chapter 2)
mainly intended for new users of the system. The second part (chapters 3 to 7) is mainly
intended for more advanced users and system administrators as it contains information
regarding configuration and hardware set-up of the system. It is assumed that any ad-
ministrators has a fairly advanced knowledge of Unix system administration and possibly
Perl programming as well.

Chapters 4 and 6 describes configuration of a RFCcontrol system (global and rig specific)
and chapter 7 describes the two currently defined watchdog programs as well as custom
created alarms.

Chapter 11 contains the documentation for the different Perl module supplied by RFC-
control and chapter 12 contains the device instance documentation, including device setup
tags and potential default values.

1.1 Safety

Do not use the RFCcontrol - DTU Energy RFCcontrol control software for any
situation that could result in injury or death! This software is NOT certified
to be used for safety related control and should not be used for such.

In cases where dangerous gasses or other equipment / materials are used
which could pose a threat to human safety, the safety should be monitored
by a self contained and autonomous safety monitoring system (for instance
by a safety PLC or similar system).
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1.2 License

Copyright (C) 2015 Sgren Koch, Karin V. Hansen, Martin Nielsen, Jens V. T. Hogh and
DTU Energy at Technical University of Denmark.

This program is free software: you can redistribute it and/or modify it under the terms
of the GNU General Public License as published by the Free Software Foundation, either
version 3 of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY
WARRANTY:; without even the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE. See the GNU General Public License for more details.

You should have received a copy of the GNU General Public License along with this
program. If not, see http://www.gnu.org/licenses/.
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Chapter 2

User interface

RFCcontrol is based on the Apache web server software (Open Source Software, OSS).
The measured data are displayed in a number of web pages with one page for each rig
and for each day to avoid too much clutter (In the case of fuel cell tests, more than 20
individual channels may be monitored and displayed). The control part of the software
is in the form of a number of interactive web pages where one must first log in to use
some of them, whereas others are free to use without log in. In figure 2.1 the log-in page
is shown as an example of the control web pages. The top part is where the navigation
buttons are (in this case, the log-in button along with four more buttons which leads to
various pages usable for calculating for instance the Emf of a fuel cell at specific condition
(gas composition and temperature etc.).

It is possible to view data without logging in to the RFCcontrol system. If some data
are confidential or access to them are to be restricted for other reasons, access can be
restricted by setting up user access restriction by using .htaccess files in the test directories
(refer the Apache manual as how to configure this).

For instance if access to test 10 on rig 3 is to be disabled, place a .htaccess file in
/home/http/html/rig3/3test10/ (the content of the .htaccess file must be appropriate or
user access will not be restricted).

Figure 2.2 shows an example of the main page after the user has logged in. The exact
number of buttons on the top navigation bar may change according to user privileges
(typically more buttons will be available for users with elevated privileges). The top part
of the actual page contains buttons linking the the configuration and control page for
each rig available for the systems connected.

Below this part, a list of test rigs for whom data are available for inspection similar to
the list shown in figure 2.1 (unfortunately this is not visible in figure 2.2). Pressing one of
these buttons takes the user from the interactive part of the system to the normal static
web pages containing historic and current data for the test rig in question.

If the user presses one of the control buttons mentioned above, the user is directed to
a page resembling figure 2.3. The four or five rows on the page displays the current
conditions for the rig in question; Temperature, Gas flows, cell voltage (or any other
property that can be measured as a voltage) as well as current through the device/sample.
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File Edit View ory Bookmarks Tools Help N =1 4) 9:33AM @ sgko ()
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Copyright © 2006 - 2011 Saren Koch.

Help
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&
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Figure 2.1: Example of what a prelogin page may look like. The actual number of rigs
may vary greatly.

© Ris&oslash; DTU Fuel cells and Solid State Chemistry Division cell test facility main page - Mozilla Firefox & 1y <) B 9:33AM @sako O
& risoe.dk; Jc) (- o
& EMostVisited v // Riwens hovedindgang WWwikipedia $Google §§Furnace controlsystem | jLabsystem MGmail-inbox (1) & Risoe Fuelcelland So... [‘Home-ABF Intranet @Citrix XenApp -Logon
| L Ris&oslash; DTU Fuel cells a... % ||| Home-ABF Intranet % | @citrix XenApp-Logged OFf % | | v
TTe— \ |
[ e ] e [ ot [ o \

Rigs on abf-areva-01l.risoe.dk:

Rigs on abf-batterytest-01.risoe.dk:

[ s 22 |
Rigs on abf-celletest-01.risoe.dk:

Rigs on abf-celletest-03.risoe.dk:

Rigs on abf-celletest-04.risoe.dk:

S
Rigs on abf-celletest-05.risoe.dk:
Rigs on abf-celletest-07.risoe.dk:

Rigs on abf-denox-01.risoe.dk:

Rigs on abf-elektrodetest-06.risoe.dk:

Rigs on abf-elektrodetest-07.risoe.dk:

Rig 62

Rigs on abf-elektrodetest-1.risoe.dk:

[ riost o2 l g 33l igse ff i o1 |

Rigs on abf-elektrodetest-2.risoe.dk:

Figure 2.2: Example of what a the main page may look like after the user has logged in.
The actual number of rigs may vary greatly. Notice the additional navigation buttons
visible on the top navigation bar.

The last (fifth) row is for alerts / triggers (refer section 7).

Below this information are buttons which takes the user to pages where the properties
displayed above can be changed. The bottom part is two logbook type fields, where
information of the history of the current test is shown (the program log on the right)
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as well as the content of the sample information file (on the left) is shown. It is also
possible to add further information the the sample information file . The program log is
immutable by the user and all information in this file is computer generated and shows
what has happened and at what time.

Main page For rig 1 - Mozilla Firefox =1 0) 9:33AM @ sqko O
& B risoe.dk o] - al &
& PoMostvisited » // Riwens hovedindgang W Wikipedia #§Google {gFurnace controlsystem | |Labsystem MGmail-inbox (1) #§ Risoe Fuel celland So... |‘|Home-ABF Intranet @ Citrix XenApp -Logon
| Ll Main page for rig 1 % ||| Home-ABF Intranet % | Ocitrix XenApp-Logged OFF % | o |

ESsRaEas g T R ERaT
T [ oemerms T S |

Main menu for rig 1

Test started Tue Sep 27 19:25113 2011 [ Ve <t 3 G7i15:d5 2001 © Cuprant set o4 A Tor carrent

Alternate test nunbers K799 Wed Oct 5 08:24:28 2011 Mode NONE:Solartron_12558, Session 2, File 0093, Totaltine 1674
Wed Oct 5 08:53:55 2011 : Waiting for 1800 seconds
Wed Oct 5 09:24:28 2011 : Inpedance, Mode NONE:Solartron 12558, Session 2, File 0094, Tafalting 1674

e sandwiched vith 2 Exglas felt (SR 165/16.5, o
Add comment

Help
Copyright © 2006 - 2011 Saren Koch, Riso DTU Fuel cells and Solid State Chemistry Division

Figure 2.3: Example of what a rig control page may look like.

2.1 Custom rig main page

If a more customized user interface for a rig is wanted, it is possible to use custom
designed main pages for a rig. To do this, make a copy of the file rig_template.cgi located
in /home/http/cqgi-bin/celltest/ and edit the copy to correspond to the user interface
design wanted.

In order to enable the custom layout, edit the rig’s configuration file by adding or changing
the 'main_page’ key in the 'main’ section to have the value of the new file.

However, in order to create a custom layout for a rig, it will likely require quite some
programming experience with javascript, HTML as well as Perl and the Perl modules
distributed as part of RFCcontrol (refer chapter 11).

Documentation for a variety of services which can be accessed through AJAX calls can
be found in chapter 9.

Notice that any custom created rig main pages will likely need to be manually updated
if changes in the rig’s hardware configuration occurs as opposed to the default main page
which should work with most configurations. Thus it is only advisable to create custom
layouts for fixed systems where changes in the system hardware is unlikely or prohibited.
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2.2 Running i-V curves

As RFCcontrol is designed to be used for testing of fuel cell and electrolyser cells, it has
a built-in functionality for acquiring i-V curves. An i-V curve is defined as a sequence
of measurements at different DC currents through the device under test. Usually an i-V
curve starts at zero current (OCV) and then gradually increase the DC current until a
certain limit in either current density or voltage has been reached.

In order for the build-in i-V curve acquisition system to work, the following prerequisites
must be met.

A simplechannel device measuring the device voltage (returning the voltage in mV).

A simplechannel device measuring the DC current through the device (in A).

A unipolar DC power supply controlling the DC current through the device. Notice
that in case a bipolar PSU is used, it needs to be encapsulated in a PSU_B2N device
which emulates a unipolar PSU in conjunction with a switching relay.

A Templog device measuring the device temperature.

As RFCcontrol expects a normal fuel cell or electrolyser with a mixture of hydrogen and
water vapor on one side and air on the other, thus the cell voltage is expected to be
around 1000 mV at zero current (OCV). If this is not the case, the i-V curve program
may abort prematurely as it would suspect something wrong if the cell voltage is not in
this approximate range (700 to 1300 mV).

This abort mode is primarily intended to protect the device under test if something
unexpected occurs during an i-V curve resulting in loss of cell voltage. If the device
voltage is not in this range at OCV, it may be necessary to create a filter device which
either adds/subtracts and/or multiplies some fixed value to the true device voltage to
emulate a OCV of approx 1000 mV and then use this device as the voltage measure
device in the i-V control setup (refer section 6.2).

The way the i-V curve program operates is that it first measures the cell voltage a few
times and then slowly increase the DC current and measures the voltage and current
along the way. As it assumes a normal unipolar PSU, it can not in advance know if the
device is tested as a fuel cell or as an electrolyser, it only detects this once it measures
the DC-current (and thus the sign). RFCcontrol assumes that the current through the
device is positive if the device is run as a fuel cell and negative if the device is run
as an electrolyser. Thus once the current is 5 times the minimum defined (the epsilon
value, refer section 6.2) it checks the sign, and if the current is negative the program
proceeds assuming that the device is run as an electrolyser (and thus that the device
voltage increases for increasing (numerical) current. If the current is positive the i-V
curve program assumes the device is tested as a fuel cell and that increasing the current
will result in a decreasing device voltage.

Once the i-V curve program determines that the current limit has been reached or that
the device voltage exceeds one of the defined limits (either electrolysis_limit_voltage or
voltagelimit_iv, refer 6.2), the current is gradually decreased again towards no current
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condition (OCV) and once the OCV condition has been reached the i-V curve program
exits.

An i-V curve can be started either from the rig main page or from a sequential program.

2.3 Setting up a sequential program

By pressing the 'Program sequences’ button, the user may set up a custom program of
sequentially executed commands. These commands may be changes in gas flows and/or
composition, temperature, DC current through the device or AC impedance measure-
ments (using the Elchemea(©) software package running on a separate server). In figure
2.4 the program set-up page is shown.

Setup program - Mozilla Firefox

& EaMostvisited + // Riwens pedia $JGoogle ga system | Labsystem MGmail-Inbox (1) & Risoe Fuel cell and So... | |Home-ABF Intranet @Citrix XenApp -Logon
| L setup program ® ||| Home - ABF Intranet % | ©citrix XenApp-Logged OFF % | 5|

TP adress: 127.00.1 port: 4040 session:

User: sako compfile: DEFAULT

st il Finish. |
e s » =
Kill running -V curve
1 adess: 127,00 ports 4040 sesion:
Single impedance
User: sqko compfile: short_multiplex_12points.izb
1 adess: 127,001 ot
Impedance under current |

C with 60 Crhour

just temperature to 750  with max © fn ot (i 3
- w2

10
Set gas flow fo e o Lihour.

Select gas for controler | B <o o Libour,

Set enabled status for relay | ar Yes

Figure 2.4: Example of a sequential program setup page.

Apart from setting up new programs, it is possible to load old programs for new execution.
It should be noted, that a loaded program can be edited before execution and that all
executed programs are saved for later analysis/documentation. The text box on the left
shows the currently selected program and the buttons on the center of the page is for
adding the indicated actions with the parameters as defined by the right text fields.

If a program is already running, pressing the ’setup program’ button on the main page
(refer figure 2.3) a page resembling figure 2.5 will be shown. This page will show the
current program being run, and makes it possible to terminate the running program.

Only the impedance and TCP /IP socket call set-up will be addressed further as the rest of
the actions are self explanatory. In order to start an impedance, one must do the following;:
First connect the Elchemea systems frequency response analyzer correctly to the device
under test. The exact set-up may wary, and it is always a good idea to run a manual
impedance sweep to ensure that all cables are connected properly before attempting
to run automated sequences including impedance sweeps. Once the connections are
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Setup program - Mozilla Firefox

isited v // Riwens hovedindgang W Wikipedia #JGoogle EgFurnace controlsystem [‘Labsystem [MGmail-Inbox (1) &¥ Risoe Fuel cellandSo... [
% | Home - ABF Intranet % | @citrix XenApp-Logged OFf % | fn|

Logout sqko Print page Setup Flow variation Setup impedance program

Program is currently running!

Setup sequential program for rig 1

‘Current program:

Stop program

Figure 2.5: What the setup program page will look like if a program is already running.

approved (that is a continuous spectrum can be obtained), the Elchemea(c) system must
be connected to the network (press the ’connect to net’ button on the Elchemea(c) user
interface) and note the IP-address and the server port (default is 4040). Similarly, note
the session number and the Elchemea(c) user name of the rig in question. These four
values: IP-address, Server port, user name and session number, must then be input in
the appropriate fields on the set-up page.

2.3.1 Custom TCP/IP socket calls

A special command is the TCP/IP socket call. This command enables the RFCcontrol
system to access other servers/systems through a TCP/IP socket. Apart from specifying
the IP / host-name and port of the external system, a command and potential arguments
must be specified. The actual transmission of the socket call is in the form of a command
string terminated with two newline characters. The command string consists of the
actual command and any arguments joined together with the tab character (thus making
it possible to send commands / arguments containing spaces). The external system then
has to parse the supplied command string and any response from the external system is
simply treated as text and is appended to the rig’s program log.

This functionality enables the RFCcontrol system to communicate with other systems if
they accepts command through a TCP/IP socket interface.
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2.4 Setting up a test

In order to set up a test the configuration of the rig must first be completed (refer chapter
5 and 6). After the configuration is checked for errors (that is the automated system is up
and running and the servers are all running, refer chapter 8) the new test can be started
from the user interface with one important exception.

In order to make sure that the data logging system is always running, the GUI is not
responsible for running the data logging. Instead the data logging is run by cron. Thus
the crontab file for the rig in question must contain the following lines (the arguments to
the individual programs may be different as may be the time intervals):

#### Must always run ###

0 * * x *x /usr/local/bin/CGIl-server 12 > /dev/null 2>/dev/null &
# PID control programs and custom alert triggers

* % * % x /usr/local/bin/celltest/PID_fast_control.pl 12 &

* x x x x /usr/local/bin/celltest/PID_slow_control.pl 12 &

* * x * x /usr/local/bin/celltest/Check_alert.pl 12 &

* % * *x x /usr/local/bin/celltest/Adapter_update.pl 12 &

##t## END #atH i adtt#

#iu##H####H# Data logging commands #H####

x/15 * * * * /usr/local/bin/logfile.pl 12

*x/15 * * * * /usr/local/bin/cnv.pl 12 60 > /dev/null 2> /dev/null &
##### END #########HHHH B HHHHAFHAHHHE

#### Daily updates of web pages and graphs ####

31 1 * % x /usr/local/bin/cnv.pl 12 0 midnight > /dev/null &

32 1 * * x /usr/local/bin/jdata.pl 12 > /dev/null 2> /dev/null &

33 1 * * *x /usr/local/bin/history-plot 12 > /dev/null 2> /dev/null &

34 2 x *x *x /usr/local/bin/get_all_impedance 12 > /dev/null 2> /dev/null &
###4# END #########H#H#HHHHAFHHBHHHHAFHHERHHHARHH

To change the crontab file for a rig, go to the miscellaneous setup page (example shown
in figure 2.6) and then press the ’scheduler’ tab (upper right). This will bring the user to
an editor allowing the user to edit the crontab file (for further info on the crontab system,
run ‘man cron’).

An example crontab file is located in /home/celltest/conf/crontab_example.txt, however
remember to change all instances of the string XX’ with the correct rig number (for
instance 5 in case or righ).

The crontab system can also be used to run I-V curves at specific times (for instance once
a day) or similar time dependent tasks, however to use this functionality, it is advisable
to know UNIX@®) more than in a casual way.
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