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Use of This Manual

Please read through and understand this User’s Manual before operating the product. After reading, always
keep the manual nearby so that you may refer to it as needed. When moving the product to another loca-
tion, be sure to bring the manual as well.

If you find any misplaced or missing pages in this manual, they will be replaced. If the manual gets lost or
soiled, a new copy can be provided for a fee. In either case, please contact Kikusui distributor/agent, and
provide the “Kikusui Part No.” given on the cover.

This manual has been prepared with the utmost care; however, if you have any questions, or note any errors

or omissions, please contact Kikusui distributor/agent.

Microsoft, Windows and Excel are registered trademarks of Microsoft Corporation in the United States
and/or other countries.
Other company names and product names used in this manual are generally trademarks or registered trade-

marks of the respective companies.

Reproduction and reprinting of this manual, in whole or in part, without written permission is prohibited.

Both unit specifications and manual contents are subject to change without notice.

© 2006 Kikusui Electronics Corporation



/\ For Safe Use

Before starting tests using this application software, please thoroughly read the
following operation manuals describing the hardware. Use extreme caution to make
correct connections and handle the components of the system properly. Improper
connections or handling may cause serious accidents such as damage or fire.

¢ Fuel Cell Impedance Measurement System KFM2150SYSTEM
¢ FC Scanner KFMZ2151 (when using the scanner)
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How to Read This Manual

Preface

Thank you for purchasing the FCTester application software for the KFM2150 FC
Impedance Meter.

This manual is intended for first-time users of the application. It describes
installation procedures, various settings, basic operations, safety precautions, etc.

Read this manual thoroughly to use the functions of the application software
effectively. You can also review this manual when you are confused about an
operation or when a problem occurs.

For details on the hardware of the impedance measurement system, read the
operation manual of the respective product.

How to read this manual
This manual is designed to be read from beginning to end. We recommend that you

read the manual thoroughly from the beginning before using this application
software for the first time.

Related manuals

For details on the impedance measurement system, see the respective operation
manual of the impedance measurement system.

Intended readers of this manual
This manual is intended for operators that control the impedance measurement

system using the KFM2150 or persons teaching other users on how to operate the
system.
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Structure

Below is the structure of the manual. A summary of each chapter is provided.

Chapter 1 General Description
This chapter gives a general description and introduces the features of the FCTester.
Chapter 2 Setup
This chapter describes the procedures from unpacking to preparation before use.
Chapter 3 System Configuration
This chapter describes the FCTester Configuration Tool (system configuration
program).
Chapter 4 Creating Test Conditions
This chapter describes the FCTester Condition Editor (test condition editing
program).
Chapter 5 Executing Tests
This chapter describes the FCTester Executive (test execution program).
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Notations

The word “PC” indicates a personal computer in this manual.

The KFM2150 FC Impedance Meter is also simply referred to as KFM2150 in
this manual.

The PLZ-4W Series Electronic Load Unit is also referred to as the PLZ-4W or
the PLZ-4W Series in this manual.

The following markings are used in the explanations in the text.

/\CAUTION

Indicates a potentially hazardous situation which, if ignored, may result in
damage to the product and other property.

NOTE

Indicates information that you should know or convenient tips.

[See]

Indicates reference to detailed information.
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General Description

This chapter gives a general description and introduces the
features of the FCTester.



1.1

Overview

FCTester is a application software used to retrieve measured data from the
KFM2150 FC Impedance Meter.

Integrating the FCTester in the KFM2150 impedance measurement system allows
additional measurements to be made such as Cole-Cole plot measurements and -V
characteristics measurements. This feature streamlines the fuel cell evaluation tests.

FCTester Version to Which This Manual Applies

This manual applies to FCTester version 1.1X.

You can check the version in the Help menu of the FCTester Condition Editor or
Executive.

Main Features

B Possible test modes

[-V measurement

V-l measurement

I-V + AC impedance measurement
I-V + Cole-Cole plot measurement
Cole-Cole plot measurement

AC impedance measurement
Current interrupt measurement
Constant current test

Constant voltage test

B Startup operation of the fuel cell

Startup sequence
Shutdown sequence

B Sequence operation of the measurement mode

Up to 15 sequences

FCTester



Structure

FCTester consists of the following three programs.

Program Description

FCTester Configuration Tool Configures the FC impedance measurement system.
(system configuration program) | The program is used only when configuring the system

for the first time or when you change the system
configuration.

FCTester Condition Editor Creates test conditions.

(test condition editing program)

FCTester Executive Loads test conditions, executes tests, and saves and
(text execution program) displays the measurement data.

1.2 System Requirements

The following hardware and software are required to use FCTester.

PC system

FCTester

1 GHz or faster 32-bit (x86) or 64-bit (x64) processor
1 GB or more RAM (32-bit) or 2 GB or more RAM (64-bit)

16 GB or more available hard disk space (32-bit) or 20 GB or more (64-
bit) (additional free space is required to save data)

DirectX 9 graphics device with Windows Display Driver Model (WDDM) 1.0
or higher driver

Microsoft Windows 7

SVGA resolution or higher (800 x 600 dots or higher).
CD-ROM drive.

Mouse or pointing device.

Microsoft Excel (required for data analysis).

VISA library
NI-VISA3.0 or later, Agilent I/O Library M01.00 or later, or KI-VISA 2.5 or
later.

GPIB board (only when using the GPIB)
A GPIB board made by National Instruments, Agilent Technologies,
Contec Co.,LTD., or Interface Corporation.

1-3
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B Handling precautions

The application software retrieves the measurement data of the KFM2150 into the
PC. To ensure that the measurement data is retrieved, disable the following
operations on the PC while the test is in progress.

e Power-saver mode
e Screen saver
e Execution of memory-resident programs

In addition, do not operate other application softwares while the test is in progress.
FC Impedance Meter
® KFM2150 with firmware version 1.1X

The firmware version is shown on the display when the KFM2150 is
turned on.

FCTester



Setup

This chapter describes the procedures from unpacking to
preparation before use.



2.1

2-2

Installing FCTester

1 Load the CD-ROM containing the program in the CD-ROM drive.

The installation program automatically starts.

& Kikusui Fuel Cell Tester | |

Fuel Cell Tester 1.1 A KIKUSUI

Mawe the cursor awver the blue text ko show supplermentary explanation. You can dlick the
underlined text to execute the corresponding operation,

- Fuel Cell Tester Setup -
= 1. Install the Fuel Cell Tester,
2. VISA library setup
- Install the KI-WISA Library (Wersion 3.0.4),

- Yiew the Fuel Cell Tester User's Manual,
- Connect ko the Adobe Reader Download page,
- YWiew the KFMZ150/KFM2151 Communication Interface Manual,

L Install the Fuel Cell Tester -
Run the Fuel Cell Tester setup (Version 1,10.0),

Fig.2-1  Startup window

2  Click Install the Fuel Cell Tester.

i Kikusui Fuel Cell Tester

Welcome to the Kikusui Fuel Cell Tester Setup
Wizard

The installer will guide wou through the steps required to install Kikusui Fuel Cell Tester on your
computer.

WARMIMG: This computer program iz protected by copyright law and international treaties.
Unauthorized duplication or digtribution of this pragram, or any partion of it, mag result it severe civil
o criminal penalties, and will be prazecuted to the maximum extent possible uhder the law.

Cancel |

Fig.2-2  Setup startup window

FCTester
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3 Continue with the installation according to the instructions on the

window.
When the installation is complete, the following window appears.

i Kikusui Fuel Cell Tester,

Installation Complete

Fikzui Fuel Cell Tester haz been succeszsfully installed,

Click. "Cloze’ o exit.

Fig.2-3  Finish window

4 Click Close to finish the installation.

Setup ﬁ
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2.2

2.2.1

2-4

Installing the VISA Driver

Preparation

You must install a VISA driver to use FCTester.

The VISA driver that is required varies depending on the I/O interface that is to be
used. See Table 2-1, and select the appropriate VISA driver.

Do not install different VISA drivers on a single PC. Each VISA driver may not

operate correctly.

e VISA (Virtual Instrument Software Architecture) is a specification for standard
software for connecting instruments that was defined by the VXlplug&play
Systems Alliance.

* A VISA driver is a software driver implemented according to the VISA

Specifications.

* KI-VISA is Kikusui original VISA driver compatible with VXIplug&play VISA
Specifications 2.2.

Table 2-1

Required VISA drivers

I/O interface

Required VISA driver

RS232C 1,2

usB ™!

KI-VISA Ver2.2 .x or later
NI-VISA Ver3.0 or later
Agilent IO Libraries M01.00 or later

GPIB ™

By Interface Corporation 3

By Contec Co., LTD."®

KI-VISA Ver2.2 .x or later

By National Instruments

NI-VISA Version 3.0 or later

By Agilent Technologies

Agilent IO Libraries M01.00 or later

*1  Any VISA driver will work when using the RS232C or USB. However, be sure to
check the licensing information of the respective VISA driver.

*2  For the RS232C, communication ports that come standard with the PC and virtual
serial communication ports using USB-to-RS232C adapters are supported.
However, virtual communication ports using adapters or the like may not operate
properly depending on the device driver that is provided.

*3  KI-VISA supports the following GPIB models.

Manufacturer

Model name

Notes

Contec Co., Ltd.

GP-IB(PCI)L, GP-IB(PM),
GP-IB(PCI)F, and GP-
IB(CB)F (API-GPIB Driver
Version 4.01 or later
recommended)

When using a GPIB board by Contec,
use the normal API-GPIB driver, not
the API-GPLV driver (compatible with
LabVIEW and NI-488.2M API).

Interface
Corporation

PCI-4301 LabVIEW version
(GPC-4301N Driver Version
1.21 or later recommended)

When using a GPIB board by
Interface, use the GPC-4301N driver
(compatible with LabVIEW and NI-
488.2M API), not the normal GPC-
4301 driver.
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*4 If you are using the GPIB, you must use the correct VISA driver. Otherwise, the
GPIB will not work.

Table 2-2  Obtaining the VISA driver

VISA driver How to obtain the driver
KI-VISA CD-ROM for this product or KIKUSUI Website.
NI-VISA CD-ROM that comes with the GPIB or National Instruments
Website.
Agilent IO Libraries CD-ROM that comes with the GPIB or Agilent Technologies
Website.

2.2.2 Installing KI-VISA

If you are going to use KI-VISA, install it using the setup program
(kivisa_x_x_x.exe) on the CD-ROM. (“x” varies depending on the KI-VISA

version.) For a description of the installation of other VISA drivers, see the
documentation of the respective driver.

1 Load the CD-ROM containing the program in the CD-ROM drive.
The installation program automatically starts. The window shown in Fig.2-1 opens.

If KI-VISA is already installed, Install the KI-VISA library (Version x.x.x) is
unavailable. Because no installation is necessary, close the window. If you move the
cursor over VISA library setup, an explanation appears at the bottom of the dialog

box.
If KI-VISA is not installed, Install the KI-VISA library (Version x.x.x) is available.

Proceed to the next step.

2 Click Install the KI-VISA Library (Version x.x.x).

The installation startup window appears.

{2 Kikusui KI-VISA 3.0.4 - InstallShield Wizard X

Welcome to the InstallShield Wizard for
Kikusui KI-¥ISA 3.0.4

KuUsul
RONICS The Installshield(R Wizard will allow wou to modify, repair, or

remove Kikusui KI-YTISA 3.0.4, To continue, click Mext,

[ mMexts [ Cancel ]

Fig.2-4 Installation startup window

FCTester 2-5
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3 Click Next.

The Program Maintenance window appears.

i% Kikusui KI-VISA 3.0.4 — InstallShield Wizard

Program Maintenance

Modify, repair, or remowe the program,

Change which program features are installed. This option displays the
Cuskom Selection dialog in which wou can change the way Features are
installed.

Repair installation errors in the program, This option fixes missing or
corrupt Files, shortcuts, and reqgistry entries,

Remaowve Kikusui KI-wIS4 3.0.4 From your computer,

[ < Back l[ ek = ] l Cancel

Fig.2-5 Program Maintenance window

4 Select the Modify.
9 Click Next.

The Custom Setup window appears.

ii? Kikusui KI-VISA 3.0.4 - InstallShield Wizard X

VY
Select the program Features yvou want installed.

KIKUSUI ELET CRP.

Click on an icon in the list below to change how a Feature is installed,

™ e Feature Description
Standard Y154 Components ST fial Dart of th
is is the essential part of the
= ~ | USBTMC suppork Ty
=~ | I¥I Tools
This Feature requires OKE on
vour hard drive.
CiIpnp¥

[ < Back l[ Mk = ] [ Cancel

Fig.2-6  Custom Setup window

FCTester



6 Click the programs you need.
7  Click Next.

The installation start window appears.

ii? Kikusui KI-VISA 3.0.4 - InstallShield Wizard X

Ready to Mudify the Program

The wizard is ready to begin installation. SRS TIEFEC T KRCS CORR.

lick, Install ko begin the installation,

I wou want to review or change ane of wour installation settings, click Back, Click Cancel to
exik the wizard,

[ < Back ]L Instal | [ Canicel

Fig.2-7 Installation start window

8 Click Install.

If the program already exists, the dialog box opens.

Question

WISASZ.DLL does exist in the CWINDOW S system32) directory!

-
Existing version is 3.2.0.19

Replacement kI version to be installed is 3.0.4.171

The ¥I5A32.DLL will be overwriten if the replacement KI version is newer than the existing, Would vou like to
continue?

Fig.2-8 Dialog box that opens when the program exists

9 To overwrite the program, click Yes. Otherwise, click No.

When the installation is complete, the following window appears.

FCTester
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i-.?ﬂ Kikusui KI-VISA 3.0.4 - InstallShield Wizard
InstallShield Wizard Completed

KIKUsul
ELECTRONICS
ORP.
Test & M
'Hw !uppﬁ':s

The wizard was interrupted before Kikusui KI-VISA 3.0.4 could

b completely installed,
our system has not been modified, To complete installation at

another time, please run setup again.

Click. Finish to exit the wizard,

< Back

Fig.2-9  Finish window

10 cClick Finish to finish the installation.

FCTester



System Configuration

This chapter describes the FCTester Configuration Tool (system
configuration program).



3.1

About the FCTester Configuration Tool

The FCTester Configuration Tool (hereafter referred to as the Configuration Tool) is
a program used to configure the FC impedance measurement system. The program
is used only when configuring the system for the first time or when you change the
system configuration.

When the Configuration Tool is run, connection to each measuring instrument is
checked when the system is being configured. Connection between the PC and the
instrument as well as the installation of the VISA library (also the GPIB driver if
you are using the GPIB) must be completed before you start the Configuration Tool.

The Configuration Tool cannot be used while the FCTester Condition Editor or the
FCTester Executive program is running.

B Items that are set using the Configuration Tool
* Impedance meter selection.

* Impedance meter and VISA resource selection.

e Scanner option selection.

* Scanner option and VISA resource selection.

* Scanner channel configuration.

B Connecting the KFM2150 Impedance Meter to the KFM2151 Scanner

The KFM2150 is equipped with two VOLTAGE SENSING input terminals on the
rear panel. The voltage sensing terminal is switched depending on wether the
scanner option is used or not.

* When using the scanner option, the voltage sensing terminal is fixed to
VOLTAGE SENSING 2 on the FCTester application software. Connect the
VOLTAGE SENSING 2 terminal to the OUT terminal of the KFM2151 Scanner.
Impedance cannot be measured if connected to the VOLTAGE SENSING 1
terminal.

*  When not using the scanner option, the voltage sensing terminal is fixed to
VOLTAGE SENSING 1. Impedance cannot be measured if connected to the
VOLTAGE SENSING 2 terminal.

FCTester



3.2 Starting the Configuration Tool

1 Onthe taskbar, click the Start button, and then select Programs >
kikusui Fuel Cell Tester 1.1 > Configuration Tool.
The Configuration Tool starts.

8 Introduction [g|

The Configuration Tool iz a program used to configure the FC impedance measurement system. The program is
uzed only when configuring the spstem for the first time or when you change the spstem configuration.

When the Configuration Toal is run, the connection to each measuring instrument iz checked while the system
iz being configured.

The connection between the PC and the instrument and the installation of the WISA library (aleo the GPIB
driver if pou are uzing the GPIB) must be completed before you start the Configuration Toal.

The Configuration Tool cannot be used while the FCT ester Condition Editor or the FCT ester E xecutive
Program is running.

Configuration Tool gets the following items.
*Impedance meter zelection

W54 resource selection

*Scanner optioh selection

*Scanner channel canfiguration

System Configuration

Cancel

Fig.3-1 Startup window
2  Click Next.

)

& System Configuration

Impedance Meter Selection Impedance Meter [KFM zeries) -

WS4

Select the interface connecting Impedance Meter to the PC for the WISA resounce.

I the interface is zet to zenal, set Impedance Meter az follows [default settings):
Baud rate; 19200 bps, D ata bits; &, Stop bits: 2, and Acknowledge: OFF

WISA Yender [Version] M ational Ingtruments Mersion 3.6.0]

VIS4 Resource [wisa//192.168.10.29/05 B0 Du0B3E: 01 0081 248676 INS TR w |
Example of YISA rezource setup: )
"SRLrANS TR = Serial port n [__Eind Resource

"GPIBr:m:IMSTR" = GRIB n Address m

Impedance Meter

Check the Impedance Meter connection, Before clicking the Check, Check
buttar, check that Impedance Meter is turned oh and the =
connection with the PC.

Impedance Meter FFM2150
Wersion 1.10

’ < Back “ Mewt> |

Fig.3-2 System Configuration

On the System Configuration window, select the impedance meter, select the VISA
resource, and check the connection to the impedance meter.

FCTester 3-3



B Selecting the impedance meter

Select an impedance meter (KFM Series).

B Selecting the VISA resource

Select or type the VISA resource.

The selectable VISA resources are shown. Click Find Resource to search the VISA
resource again.

Table 3-1  VISA resource expression example

VISA resource .
Type Syntax example Description
GPIB GPIB Board :: GPIBO :: 3:: INSTR |Measuring instrument connected
PrimaryAddress :: to GPIBO with a primary address
INSTR setto 3
Serial ASRL Board :: INSTR |ASRL1 :: INSTR Measuring instrument connected
to serial port COMA1
uSB USBO :: VendorlD :: USBO :: Ox0B3E : USBTMC measuring instrument
ProdutID :: 0x1008 :: ABC12345 |with vendor ID: 2878 (Kikusui),
SerialNumber :: INSTR|:: INSTR product: ' ID1008 (KFM2150), and
serial number: ABC12345.

*1. The PLZ-4W Series is ID1004.

B Checking the connection to the impedance meter

After selecting the impedance meter and VISA resource, click Check to check the
connection.
If the connection is detected correctly, the impedance meter name and version appear,
and the Next button becomes available.

If the connection is not correct, a dialog box shown in Fig.3-3 opens. Check that the
POWER switch of impedance meter (KFM2150) is turned on and that the interface
connection is correct.

After checking and correcting the connection, click OK to proceed to the next step.

FCTester Configuration Tool rz|

! E Unsupported measuring instrument,
-

FCTester Configuration Tool E|

IUnable to open ¥ISA,
. Check the ¥ISA resource, or check that the measuring inskrument is burned on.

Fig.3-3 Incorrect connection

3-4 FCTester



FCTester

B When not selecting the scanner option

To select the scanner option, see X When selecting the scanner option T on page 3-6.

3 Click Next.

Clear the Use the scanner option check box.

&, Scanner Configuration

WIS
Select the interface connecting the scanner to the PC for the WISA resource.

Set the scanner unit as follows [default settings):
Baud rate: 159200 bps, Data bits: &, Stop bits: 2, and Acknowledge: OFF

WISA Yender [Version) el plugplay Aliance [Mersion 3.0.0)
VIS4 Resource

Example of %S4 resource setup:
"ASRLACIMSTR = Serial part b

Scanner

Check the scanner connection. Befare clicking the Check button,
check that the scanner is turhed on and the connection with the PC.

Scanner Mame

ersion

e e ]

Fig.3-4  Scanner Configuration
4 Click Next.

#, Configuration Complete

X

Fress the Finish button to save the configuration data and cloge the Configuration Tool,

MHote-

There are hwa voltage zenzing terminal inputs on the KFM2150 [terminals on the rear panel]. However, the
terminal iz fised to ¥OLTAGE SEMSING 1 on the FCT ester application when the scanner option iz dizabled.
Mate that you will not be able to perform impedance measurements if you connect to YOLTAGE SEMSING 2.

[ Finish |[ Cancel

Fig.3-5 Configuration Complete

5 Click Finish.

The configuration data is stored, and the Configuration Tool closes.

System Configuration
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B When selecting the scanner option

3 Click Next.

#, Scanner Configuration

Uze the scanner option.
WISA

Set the zcanner unit az follows [default settings):

VIS4 Resource |ASALT:INSTR

Scanner

Scanner Mame KF2151
Wersioh 1.01
’ < Back ]| Mest> |

Select the interface connecting the scanner ta the PC for the VISA resource.

Baud rate: 13200 bps. D ata bits: 8, Stop bits: 2, and Acknowledge: OFF

WISA Vender [Version) M atiohal Instruments [ersion 3.2.0]

Example of WS4 resource setup:
“ASRLA:INSTR" = Serial port n

Check the scanner connection, Before clicking the Check buttan,
check that the scanner is turhed on and the connection with the PC.

[ Find Resaurce

Check

Cancel

Fig.3-6  Scanner Configuration

On the Scanner Configuration window, select the scanner usage and VISA resource,

and check the connection to the scanner.

B Scanner usage

Select the Use the scanner option check box.

B Selecting the VISA resource
Select or type the VISA resource.

The selectable VISA resources are shown. Click Find Resource to search the VISA

resource again.

B Checking the connection to the scanner

After selecting the scanner usage and VISA resource, click Check to check the

connection.

If the connection is detected correctly, the scanner name and version appear, and the

Next button becomes available.

If the connection is not correct, a dialog box shown in Fig.3-7 opens. Check that the
POWER switch of scanner (KFM2151) is turned on and that the interface connection

is correct.

After checking and correcting the connection, click OK to proceed to the next step.

FCTester



FCTester Configuration Tool El

! E Unsupported measuring instrument,
.

FCTester Configuration Tool

] IUnable to open ¥ISA,
. Check the wISA resource, or check that the measuring inskrument is burned on.

Fig.3-7 Incorrect connection

4  Click Next.

&, Scanner, Channel Configuration

Mumber of Scanners

Enable all channels.

Channel Mumber
oot
ooz
0oz
004
nos
006
007
oo
003
mo
o
m2

—

Channel Hame
Charirel 007
Chanrel 002
Chanrel 003
Chanrel 004
Chantel 005
Chatinel Q0E
Channel 007
Channel 002
Channel 009
Channel 010
Chanrel 011
Channel 012

[ < Back ” Mext >

1
1
1
1
1
1
1-
1
1
1
1
1

- e e

Select the scanner channel to be used, ahd set an arbitrary chanhel name and terminal number.
Channel 032 on the FCT ester iz a special channel used to measure the tatal cell. Therefore, connect this
channel so that the total cell can be measured.

X

Terminal Mumber [- +]
-1

Edi..

1

Fig.3-8 Scanner Channel Configuration

Information such as the Number of Scanners and Channel Number are displayed
according to the system configuration.

If you select the Enable all channels check box, all the channels are enabled, and the
check boxes of all channel numbers are selected.

If you clear the Enable all channels check box, all channels except channel 032 are

disabled.

Select the check box of a given channel to enable that channel. Clear the check box to

disable it.

NOTE e As the number of channels increases in the Scanner Channel Configuration
window, the time it takes to retrieve the voltage data also increases. We

recommend that you select only the channels that you need.

FCTester
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5 Click Edit.

=

Channel Configuration

Channel Mame | Channel 003

. . FY . -~ |
Terminal Mumber  Megative | 3 = Positive | 3 |

Fig.3-9 Channel Configuration

B Selecting the channel

Select the channel number.

B Enabling the channel

To enable the selected channel, select the Enable the channel check box.
Otherwise, clear the check box.

If you enabled the channel, specify the channel name (up to 64 characters) and the
terminal number.

Configure all other necessary channels in the same manner.

Channel 032 on the FCTester is a special channel used to measure the stack. Connect
this channel so that the stack is measured. This channel cannot be disabled.

FCTester Configuration Tool

Channel 032 on the FCTester is a spedial channel used ko measure the total cell. Therefore, this channel cannat be
e 4 disabled.

Fig.3-10 Channel 032 cannot be disabled.

6 Click OK.

The Scanner Channel Configuration window (Fig.3-8) appears.

7 Click Next and then click Finish.

The configuration data is stored, and the Configuration Tool closes.

FCTester



Creating Test Conditions

This chapter describes the FCTester Condition Editor (test
condition editing program).



4.1

4-2

About the FCTester Condition Editor

The FCTester Condition Editor (hereafter referred to as the Condition Editor) is a
program used to edit test conditions.

You can combine up to 15 sequences of test modes in one cycle of a test condition
file.

The Condition Editor allows you to set the following items.

Fuel cell information

Protection

Cycle

Startup sequence

Shutdown sequence

Sequence 1 to 15 (select from nine test modes for each sequence)

Test mode (9 modes)
I-V measurement
I-V + AC impedance measurement
I-V + Cole-Cole plot measurement
V-I measurement
Cole-Cole plot measurement
AC impedance measurement
Current interrupt measurement
Constant current test
Constant voltage test

FCTester



4.2 Starting the Condition Editor

1 Onthe taskbar, click the Start button, and then select Programs >
kikusui Fuel Cell Tester 1.1 > FCTester Condition Editor.
The Condition Editor starts.

Test Conditions Test Conditions
ltem Pane Edit Pane

& Untitled - F'C ester Condition Cditor
File  Edit Wizw
D

g s £rkcr the Fusl coll informatin.

t;:. Probection
= f Cyce .
|~ Startup Sample Mame v
{7} Shutdown
i £\ Sequence 1
|iy Sequence 2 Catalyst P
i\ bequence 3
| sequence 4
Iy sequence 5
[,_\ bequence b
[,-__\ bequence /
| bequence o
Ly sequence Y
|\ sequence 10U
|y sequence 11
L\ equence 12
Iy Bequence Ii
|4 s=quence 14
L,-_\ Sequence 15

Membrane P

width | nLn [rmn] Weight n.nn [kal
Height | .0 [rm] Electrode Area | n.nn [rm7]
Depth | 0.0 [rim] Boming Volkage | 0.00 [v]

Memn

\_ /I J

Fig.4-1  Startup window

The startup window consists of two panes.

Pane Description

Test The test condition items are divided into sheets. The sheet names are
Conditions shown in a tree structure. You select the sheet that you want to edit on
ltem Pane this pane.

Test Shows the contents of the sheet that is selected in the Test Condition
Conditions Item Pane. You edit the condition items of each sheet on this pane.
Edit Pane The input range of an item is shown by moving the pointer over the

corresponding box.

FCTester 4-3
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4.3

4-4

Creating and Saving Test Conditions Files

Creating a test conditions file

B Creating a new file

1 From the File menu, select New.

A file with the name Untitled opens. The startup window opens.
Specify the settings by referring to the subsequent sections.

B Opening an existing file

1 From the File menu, select Open.

The Open window opens.

2  Select the file you want to open.

The extension of the test conditions file is .fcct.

Saving the test conditions file

1 From the File menu, select Save.

The test conditions file that is currently open is saved.
If you are saving the current file the first time, the Save As dialog box opens. Specify
the save destination and the file name. The extension of the test conditions file is .fcct.

To save the file with another name, select Save As. The Save As dialog box opens.
Specify the save destination and file name.

B Setting the default file

From the File menu, select Default.
You can set the current file to be the default file when a new file is created.

NOTE

* The test data files that the FCTester Executive generates are placed in the same
location as the test conditions file. Many test data files are created in a single test.
If you want to place the test conditions file on the desktop, we recommend that
you create a dedicated folder on the desktop and place the file in the folder.

FCTester



4.4

Fuel Cell Information

This window is used to enter information concerning the sample (fuel cell).

1 In the Test Condition Item Pane, click Fuel Cell Information.

& Untitled - FCTester Condition Cditor
File Edit Wiew Tooks Help

BRI = e

= L~ Test Conditions
o) Ul Cel Information
t;‘ Protection
= i Cycle

'LE Skartup
{2y Shutdown
ir_ 4 Sequence 1
iy Sequence 2
|,:\ SEqUENCE 3
i vequence 4
i L) beqUENCE S
liy vequence &
IK_\ Sequence §
|,3 Sequence 8
I © | sequence Y
14 bequence 1U
{4 sequence 11
;,3 bequence 1
1t £ ) bequence 13
Jiy vequence 14
[,_\ Sequence 15

Enker the Fuel coll information,

Sample Mame

Membrane

Catalysk
Witk
Height
Depth

Memn

n.n [rom] Weight n.nn
n.n [rm] Electtode Area | n.nn
0.0 [rm] Bomina! Yoltage | 0.0

[ka]

[rm>]

v

Fig.4-2 Fuel Cell Information

ltem

Input range

Sample Name

Membrane

Catalyst

Up to 64 arbitrary characters. You can enter more than
64 characters, but they are discarded. Text entered in
the past are stored and displayed in the drop-down list

when you click the arrow.

Dimensions (W, H, and D)

0.0 to 10000.0 [mm]

Weight

0.00 to 1000.00 [kg]

Electrode Area

0.00 to 100000.00 [cm?]

Nominal Voltage

-2.00 to 150.00[V]

Memo

Up to 256 arbitrary characters.

NOTE

* The electrode area is used when displaying the current on the graph scale of the
FCTester Executive in current density.

* The nominal voltage is used as the maximum value when the voltage on the
graph scale of FCTester Executive is fixed.

FCTester
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4.5 Protection

This window is used to set the protection function of the impedance meter,

electronic load unit, and scanner.

1 In the Test Condition Item Pane, click Protection.

&!‘Unlilled - FCTester Condition Editor

File Edt Yew Tools Help
D ]
= [ Test Conditions
F £ el Cell Information Set the protection. The setup items that vou can set vary depending on the measuring instrument model,
- L [¥] Impedance Meter E-Load
= f 4 Cycle ) : .
= Startup UyP | -2.00 |[v]  Mask Time 4 5] [Juve | 0.00 [v] [Joer
i Shutdawn )
-3, Sequence | ey SR ey O S ] (e Oy
g4 Sequence 2 Channel Stack [Cowe CJuve
£4 Sequence 3
—:: EZSE::E: ; ;canner Channel Settings .
E Sequence 6 | Channel Number Charnel Mame WP YP |
(4 Sequence 7 | 001 Channel 001 — |
4 Sequence 2 | o0z Channel 002
Ly Sequence o | 003 Channel 003
_t‘ Sequence 10 | gg; E:anne: gg;
ey | =lplgl=)
£y Sequence 11 | ooe Channel 006
£ Sequence 12 | 007 Channel 007
g4 Sequence 13 | 003 Channel 008
¢4 Sequence 14 | 009 Channel 009
4 Sequence 15 | 010 Channel 010
| 011 Channel 011
|01z Channel 012
| 013 Channel 013 - |
| n1a hannel 014 - )
r @ Your computer might be at risk
Fig.4-3 Protection
Common settings
ltem Description Input range
Impedance | UVP Select the check box to enable the undervoltage -2.00 to 150.00 [V]
meter protection (UVP) function of the impedance meter.
Mask Time | Select the check box to set the time (mask time) until 0to 10 [s]
the undervoltage protection (UVP) of the impedance
meter is to be activated.
E-Load UVP Select the check box to enable the undervoltage 0.00 to 150.00 [V]
protection (UVP) function of the electronic load unit.
OPP Select the check box to enable the overpower “1
protection (OPP) function of the electronic load unit.
Stack OVP Select the check box to enable the overvoltage -2.00 to 200.00 [V]
channel protection (OVP) function of the scanner.
ser:tlngsl UVvP Select the check box to enable the undervoltage -2.00 to 200.00 [V]
(channe protection (UVP) function of the scanner.
032) of the
scanner

*1. Depends on the capacity of the electronic load unit that is being used.
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Settings of each scanner channel

You must select the scanner option on the Configuration Tool in advance to use the
~—Page 3-6 channel settings of the scanner.

1  Click Edit.

Scanner Protection Settings

Channel Mame  Channel 001

[(15et all channels ta the same settings.

|

Fig.

4-4  Scanner Protection Settings

Select the scanner channel on which you want to set the protection.

The settings are displayed in Scanner Channel Settings in the Test Condition Edit

Pane.

Iltem

Description

Input range

Channel selection

Select the channel you want to set.

Depends on the

number of scanners*

1

protection (UVP) function of the scanner.

OVP Select the check box to enable the overvoltage -2.00 to 200.00 [V]
protection (OVP) function of the scanner.
UVvP Select the check box to enable the undervoltage -2.00 to 200.00 [V]

Set all channels to the
same settings.

Select the check box to set the OVP and UVP values to
the same values on all channels.

Same as OVP and
UVP

*1. 001 to 031 for 1 unit, 101 to 132 for 2 units, 201 to 232 for 3 units, 301 to 332 for 4 units, and 401 to 432 for 5 units.

46 Cycle

A cycle consists of multiple sequences (up to 15) that can be tested repetitively
(Fig.4-5). You can set one test mode in a sequence and combine the sequences to
perform various tests in a cycle. Startup and shutdown sequences, which define the
startup and shutdown operations of the fuel cell, can be executed at the start and end
of the cycle test.

! Startup

Fig.

FCTester

Sequence 1 ISequence 0| ISequence n| Sequence 1|Sequence 2I !

Sequence n ! Shutdown

Cycle 1 Cyclen
4-5 Concept of cycles
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4-8

B Turning the load on/off (turning the load current on/off)

If the current range or voltage range between two adjacent sequence sheets is the
same, the cycle continues with the load turned on. If not, the load is turned off
instantaneously at the start of the sequence, and the current range or voltage range is
switched.

B OCV (Open Circuit Voltage)

If you are turning the load off to measure the OCV (Open Circuit Voltage) before a
sequence, the load is turned off once regardless of whether the voltage range or
current range is the same. You can set the load off period.

B Setting the recording conditions

You can set the recording conditions of the voltage and current data for each
sequence. You can select the points to be recorded in the recording conditions to
reduce the number of recorded data values.

You can select multiple items in each recording condition. If you clear all the
recording condition check boxes, voltage and current are not recorded in the test
data file.

All of the recording data of the impedance meter are recorded regardless of the
conditions.

1 Inthe Test Condition Item Pane, click Cycle.

*‘Untitled - ECTester. Condition Editor:
File Edt Wew Tools Help

=

= [ Test Condtions

P Flel Cell Information Set the test cycle.

; X Mormally, a comman current range is in & test cycle even among different sequence sheets,
Prokecti
- ol c o Howewver, vou can set different current ranges Far each sequence sheet by instantaneously turning the load off
=] f 1 = at the start of a sequence, switch the current range, and turn the load back on.
Skartuy
= " Sek the currentfvoltage range for each sequence.
T\ Shutdown

£y Sequence 1
£y Sequence 2

Current Range EZDD.D v |[a] Yolkage Range 5150.0 w |[v]

£y Sequence 3

Test Cycle

£3 gequence ; Sequence L times Sequence & |1 times [#] Sequence 11 1 times
(4 Sequence )
i Sequence & Sequence 2 - times Sequence 7 times Saquence 12 | times
¢4 Sequence 7 Sequenced |1 |times Sequence § [¥]Sequence 13 (=g
4 Sequence B
-y Sequence 9 Sequence 4 Sequence® |1 | hmes  [F1Sequence 14 |1 | hines
-4 Sequence 10 [“lsequence s |1 times  [¥]Sequence 10 | 1 bimes  [¥]Sequence 15 |1 times
T e
£y Sequence 12
4 Sequence 13 Cyile 1 times
4 Sequence 14
Iy Sequence 15 [luse the startup sequence.
B [[use the shutdown sequence.
[ Turn the load off when the load current is set o 0 A,
MM

Fig.4-6 Cycle
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Item

Description

Input range

Set the current/voltage
range for each sequence.

If you select the check box, the Voltage Range and
Current Range of the electronic load unit become
unavailable. The voltage and current settings are
enabled in each sequence.

If you select the check box, you can set the current and
voltage ranges of the electronic load unit. The ranges
are set to the same ranges in all sequences. Settings in
each sequence is not allowed (the Current Range and
Voltage Range boxes become unavailable).

(No relevant values)

Current Range

The current range of the electronic load unit that is set
by clearing the check box. The range is set to the
specified range in all sequences.

*1

Voltage Range

The voltage range of the electronic load unit that is set
by clearing the check box. The range is set to the
specified range in all sequences.

15.0 [V] or 150.0 [V]

Test Cycle Select the check box to enable that sequence. Specify | 1to 10
Sequence 1to 15 the number of times to repeat each sequence.
Cycle Specify the number of times to repeat the cycle. 1to0 100

Use the startup sequence.

Select the check box to execute the startup sequence
before executing the first cycle.

If the startup sequence is enabled, the load is
automatically turned on even if the load is not on before
starting the test.

If the startup sequence is disabled, you must manually

turn the load on before starting the test.”

(No relevant values)

Use the shutdown

Select the check box to execute the shutdown

(No relevant values)

sequence. sequence after the last cycle is executed.
If the shutdown sequence is disabled, you must
manually turn the load of after the test. 3
Cutoff Voltage This item is enabled if you select the Use the shutdown | -2.00 to 150.00 [V]

sequence check box.

If the voltage falls below the Cutoff voltage during a test
cycle, the present sequence is terminated, and
transition is made to the shutdown sequence.

Turn the load off when the
load current is set to 0 A.

Select the check box to turn the load off when the load
current is setto 0 A.

This setting is applied only to the I-V measurement, |-V
+ current impedance measurement, and |-V + Cole-
Cole plot measurement.

(No relevant values)

*1. Depends on the capacity of the electronic load unit that is being used.
*2. For the operating procedure, see section 5.3.2, X Not Using the Startup Sequence.”
*3. For the operating procedure, see section 5.3.7, X Test Completion.”

FCTester
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4.7 Startup

1 Inthe Test Condition Item Pane, click Startup.

The startup sequence is a sequence for the fuel cell that is executed before starting the
test cycle.

& Untitled - FCTester Condition Editor

Bio Edk Vow ook Hop
(D@ ol @
—
= L7 Test Conditions i - -
£ Fuel Cell Information A startup sequence is a sequence for the fuel cell that is executed before starting the test cycle.
L3, Pratectinn
=%
=l iC__y_tIe 55 Operation Mode Constant Yoltage ~
{7\ Shutdown
liy Sequence 1 The soft stark Function aperates when the load is currently turned off,
:‘3 Sequence 7 1his functon alloves the current o be changed from U A to the preset current along a slope over a specified time,
{2y Sequence 3 Thie genwerating Line is Ue elapsed e after Ue presel correnl, is reached,
I'j S;::: ; [Juse the soft start Function,
i
h__\ Sequence G
Ly Senuence T
l:j Sequence 5 Cureent Range: [a] Wnitage Range ¥
ln:_\ 5;“9"‘9 ?n Lurrenit [vuw [a] volage 0,00 0
i\ Sequence T
liy Sequence 11 Generating Time . |0 |[h] |0 | [min] CC Time: [v] [h] O [min]
5‘3 Senuence 17 : - -
i sequence 13 [#]Time Interval | 1 [£]
,_\ Sequence 14 -
[y Sequence 15 [Jocka yokage |
|| pelta Curvent |
ui ML

Fig.4-7  Startup

Operation mode | Constant current |
Voltage or current Actual Current

A
Current focceecooooo_LC

Actual Voltage

a | |
: — > —— > Time
! Rise Time 5 Generating Time 5
Operation mode | Constant voltage |
Voltage or current Actual Current Aty Voltage

4

Current - "

Voltage - :
f T oC Time' “ccTime Time
* RiseTime Generating Time i

Fig.4-8 Conceptual diagram of startup
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ltem

Description

Input range

Operation Mode

Specifies the operation mode of the startup sequence.

Constant current or
constant voltage

Use the soft start function.

Select the check box to enable the soft start function.
The current increases from the present value to the
load current along a slope over the specified rise time.
If this function is enabled, the generating time is the
elapsed time since the load current is reached.

(No relevant values)

Rise Time The load current is changed step-wise at 1 second 0to 2[h]
interval. 0 to 59 [min]
The current rises from 0 A to the load current over the
specified time.

Current Range Sets the current range of the electronic load unit. “

Current Sets the load current. “1

Generating Time Sets the generating time of the startup sequence (the | 0to 8 [h]
time after the preset current is reached). 0 to 59 [min]

Voltage Range

Sets the voltage range of the voltage for switching to
constant voltage mode. This item is unavailable if the
operation mode is constant current.

15.0 [V] or 150.0 [V]

voltage change is greater than or equal to the specified
delta voltage when the operation mode is constant
current.

Voltage Sets voltage for switching to constant voltage mode. Oto157.5[V]orOto
This item is unavailable if the operation mode is 15.75 [V]
constant current.
CC Time This item is unavailable if the operation mode is 0to 8 [h]
constant current. The CC Time sets the time from the | 0 to 59 [min]
point when the load current is reached. If the current
falls below the load current within the specified time,
the specified time is reset.
Time Interval Sets the time interval of measurements. 1 to 3600 [s]
Delta Voltage Continues the measurement in the period where the 0.001 to 1.000 [V]

Delta Current

Continues the measurement in the period where the
current change is greater than or equal to the specified
delta current when the operation mode is constant
current.

The minimum
resolution of the
current range to 10 %

of the current range*1

*1. Depends on the capacity of the electronic load unit that is being used.

FCTester
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4.8 Shutdown

1 In the Test Condition Item Pane, click Shutdown.

The shutdown sequence is a sequence for the fuel cell that is executed after the end the
test cycle.

& Untitled - MCTester Condition Cditor
File Edit Wiew Took Help

= [ Test Conditions

- - Fuel Cel Infarmation A shukdown sequence is a sequence For the Fucl coll that is cxccuted after the end of Ehe best cydle,
>, Protection
B-fiet Cyce Operation Mode
|r_'_ Skartup
[y Shutdown
::: ;:33:::; SREI R e o [a] VokomRe |1 | ]
|4 Dequence J Current | 0.00 [a] Yokage 0.00 |[v]
) bequence 4 = S— 5 — —
Z: :.egueme 5 ?:nn:amu o i (o i [ cuteff Current
ey sequence &
ﬁ SequUEnce / The soft start function allows the current ko be changed from the present preset current ko 0 A {load of F} along

'_\ [— 2 slope over a specified Bne after the generating time elapses From the preset current.
-

| _Fmoaling [[]use the soft start funcion.
Jy Sequence 1U —
i equence 11
iy equence 12
Iy Sequence 13 [ Time Interval |1 i
iy sequence 14 —
[y sequence 15 [Joclka vokage

[ pela Curent (00

(UM
Fig.4-9 Shutdown
Operation mode I Constant current
Voltage or current Actual Current Actual Voltage
A
Current :
E Generating Time : Fall Time : Time

Operation mode | Constant voltage |

Voltage or current Actual Current Actual Voltage

A
Current
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>
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Fig.4-10 Conceptual diagram of shutdown
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Item

Description

Input range

Operation Mode

Specifies the operation mode of the shutdown
sequence.

Constant current or
constant voltage

Current Range

Sets the current range of the electronic load unit.

*1

Current

Sets the load current.

1

Generating Time

Sets the generating time of the shutdown sequence
(the time after the preset current is reached).

0to 8[h]
0 to 59 [min]

Voltage Range

Sets the voltage range of the voltage for switching to
constant voltage mode.

15.0 [V] or 150.0 [V]

Voltage

Sets voltage for switching to constant voltage mode.

0to 157.5[V]orOto
15.75 [V]

Cutoff Current

If the current falls below the preset value when the
operation mode is constant voltage, the shutdown
sequence is terminated, and the load is turned off.

Use the soft start function.

Select the check box to enable the soft start function.
The current decreases from the present value to 0 A
along a slope over the specified fall time.

If this function is enabled, the generating time is the
time that passes after the load current is reached.

(No relevant values)

Fall Time The load current is changed step-wise at 1 second Oto2([h]

interval. 0 to 59 [min]

The current falls from the load current to 0 A over the

specified time.
Time Interval Sets the time interval of measurements. 1 to 3600 [s]
Delta Voltage If the difference between the previous voltage data and | 0.001 to 1.000 [V]

the present voltage data is greater than or equal to the
delta voltage, the data is recorded.

Delta Current

The data before the load current value is changed is
recorded.

The minimum
resolution of the
current range to 10 %

of the current range !

*1. Depends on the capacity of the electronic load unit that is being used.

FCTester
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4.9

4-14

Sequence Sheets 1 to 15

Sequence sheets are used to define each sequence that make up the cycle. The Test
Conditions Pane has the Measurement and Scanner tabs. The scanner tab only
corresponds to test modes in which impedance measurements are performed.

Measurement tab

The following test modes are available. The items that you can set vary depending
on the test mode.

[-V measurement

I-V + AC impedance measurement
I-V + Cole-Cole plot measurement
V-l measurement

Cole-Cole plot measurement

AC impedance measurement
Current interrupt measurement
Constant current test

Constant voltage test

&"Unlilled - FCTester Condition Editor

File Edt Yew Tools Help
(0= B
= [ Test Condtions
F"_ Fuel Cell Infarmation Measurement | scanner
g Protection Test Mods 1% Measursment v
= ff Cycle
- Startup Comrment w
B Shutdown [“Iieasure the OCY before starting the sequence! Load Off Perind |2 [5]
£4 Sequence 1
24 Sequence 2 Current Range [a] Cutoff Condition :
4 Sequence 3 I Repeaat Count |1 times
= Skart Current |0.10 T
4y Sequence 4 (Al Cuteff vokage | -2.00 (]
24 Sequence S Enable current/voltage foldback Lo
£y Sequence & Fold-back Current | 0,00 [4) Record Condition
-y Sequence 7 ) —
Ly Sequence 3 Fold-back voltage | -2 [¥]Time Interval | 1 [s]
-y Sequence 9 Final Curent [ 0.10 Al Closka yoktage [y |
4 Sequence 10 r DDaIta Current
- sequence 11 s Sm—— (Al
4 Sequence 12 Step Time | [min] | 2 [s]
£4 Sequence 13
4 Sequence 14
A sz 5 Restiline 0 1 [L [min]
O Change the current to the current wvalue of the
next sequence along a slope over the rest time,
UM

Fig.4-11 Measurement tab

You can set the recording conditions of the voltage and current data for each
sequence. You can select the points to be recorded in the recording conditions to
reduce the number of recorded data values.

You can select multiple items in each recording condition. If you clear all the
recording condition check boxes, voltage and current are not recorded in the test
data file.

All of the recording data of the impedance meter are recorded regardless of the
conditions.
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Scanner tab

Scanning is supported only for the following test modes that perform impedance
measurement.

* |-V + AC impedance measurement
* |-V + Cole-Cole plot measurement
e Cole-Cole plot measurement
¢ AC impedance measurement

e Current interrupt measurement

#k Untitled - FCTester Condition Editor.
File Edit Yew Took Help

0@ E B [

= [ Test Condiions
F"_ Fuel Cell Information Measurement | Scanner

~. Protecti i i
rotection Select the channels on which to measuie the impedance.

0
=] f = ;'-_YCISet . You;:an zelect multiple measurement channels, but scanning iz pefformed in order from the smallest channel g
— Startup nmber
=y Shutdown -
3@ Sequence 1 k. F—
_1 Sequence 2 y -c
z Sequence 3 Channel Mumber Channel Mame | c
4, Sequence 4 oo Channel 001 | o
(4 Sequence 5 0oz Charnel 002 0
4 Sequence & 003 Channel 003 e
1y Sequence 7 an4 Channel 004 (/2]
j2y Sequence & 005 Channel 005 (M)
=] g:gﬁ::i: ?U 006 Channel 005 -
—2 somuencn 11 07 Channel 007 o))
—‘ Sequence 12 ong Channel 008 [
_(‘ Sequence 13 003 Channel 003 -.':
4 Sequence 14 010 Charnel 010 [}
-y Sequence 15 011 Channel 011 [}
mz Channel 012 1
013 Charinel 013 (@]
014 Channel 014 |
s Channel 115 |

MUM

Fig.4-12 Scanner tab

If you select one of the test modes above, you will be able to select channels on the
Scanner tab.

Select the check box of a given channel to enable the channel as a channel on which
impedance measurement will be performed. Clear the check box to disable the
channel.

You can arbitrarily select the channels to be measured, but scanning is performed in
order from the smallest channel number.

e If you select the Stack Cell Channel (Channel 032/Channel Name: Stack)
check box, channel 032 is enabled. If you select the Enable all channels check
box, channel 032 is automatically enabled.

e If you select the Enable all channels check box, all the channels are enabled,
and the check boxes of all channel numbers are selected. If you clear the check
box, all channels are disabled.

NOTE

You must select the scanner option on the Configuration Tool to use the Scanner
tab.

* The voltage data of a channel that is enabled using the Configuration Tool is
enabled even if the channel is not selected in the Scanner tab of Fig.4-12.
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4.9.1

4-16

I-V Measurement

This test mode varies the load current in steps and measures the voltage.

1

In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.
Select the sequence considering the cycle order.

In the Test

Mode box, select I-V measurement.

& Untitled - MCTester Condition Cditor

Eile

Edit View Took Help
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Item

Description

Input range

Comment

You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list

when you click the arrow.

Measure the OCV
before starting the
sequence.

Select the check box to set the fuel cell to no load
condition (open circuit) and measure the cell
voltage.

The load is turned off, and the OCV (Open Circuit
Voltage) is measured before starting each
sequence.

(No relevant values)

Load Off Period

Sets the OCV measurement time.

1to 60 [s]

Current Range

Selects the current range.

*1

Start Current

Sets the current at which the load current sweep is
started.

1

Enable current/voltage
fold back

Select the check box to fold back the current sweep.

(No relevant values)

Fold-back Current

Sets the current at which the current sweep is folded
back.

1

Fold-back Voltage

Sets the voltage at which the current sweep is
folded back. If the cell voltage is less than or equal
to the fold-back voltage when the current sweep is
increasing, the current sweep is folded back.

0to 157.5[V]or0to 15.75 [V]

Final Current

Sets the current at which the load current sweep is
stopped.

1

Step Current

Sets the step current for sweeping the load current
in steps.

*1

Step Time Sets the time for each step. 0 to 59 [min]
0to 59 [s]
Rest Time Sets the rest time after the sequence sheet is 0to 12 [h]
completed. 0 to 59 [min]

Change the current to
the current value of the
next sequence along a
slope over the rest time.

The current is changed from the value at the end of
the sequence sheet to the start current of the next
sequence sheet during the rest time. The load
current is changed in steps at 1 second interval.

(No relevant values)

Cutoff Repeat Sets the number of times to repeat the I-V test. 1 to 999 times
Condition | Count
Cutoff The sequence is terminated if the cell voltage falls | -2 to 150 [V]
Voltage to or below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600([s]
Condition | Interval
Delta If the difference between the previous voltage data | 0.001 to 1.000[V]
Voltage and the present voltage data is greater than or
equal to the delta voltage, the data is recorded.
Delta The data before the load current value is changed is | (No relevant values)
Current recorded.

*1. Depends on the capacity of the electronic load unit that is being used.
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4.9.2

4-18

I-V + AC Impedance Measurement

This test mode varies the load current in steps and measures the AC impedance after
the step time elapses.

1

In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.

Select the sequence considering the cycle order.

In the Test Mode box, select I-V + AC Impedance Measurement.
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ltem

Description

‘ Input range

Comment

You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list

when you click the arrow.

Measure the OCV before
starting the sequence.

Select the check box to set the fuel cell to no load
condition (open circuit) and measure the cell voltage.

The load is turned off, and the OCV (Open Circuit Voltage)
is measured before starting each sequence.

(No relevant values)

Load Off Period

Sets the OCV measurement time.

1to 60 [s]

Current Range

Selects the current range.

*1

Start Current

Sets the current at which the load current sweep is
started.

1

Enable current/voltage fold
back

Select the check box to fold back the current sweep.

(No relevant values)

Fold-back Current

Sets the current at which the current sweep is folded back.

*1

Fold-back Voltage

Sets the voltage at which the current sweep is folded back.
If the cell voltage is less than or equal to the fold-back
voltage when the current sweep is increasing, the current
sweep is folded back.

0to 157.5[V]orOto
15.75 [V]

Final Current

Sets the current at which the load current sweep is
stopped.

*1

Step Current

Sets the step current for sweeping the load current in
steps.

1

Step Time Sets the time for each step. 0 to 59 [min]
0 to 59 [s]
Measure Rest Time Sets the rest time after the AC impedance measurement. | 0 to 59 [s]
Rest Time Sets the rest time after the sequence sheet is completed. | 0to 12 [h]
0 to 59 [min]

Change the current to the
current value of the next
sequence along a slope
over the rest time.

The current is changed from the value at the end of the
sequence sheet to the start current of the next sequence
sheet during the rest time. The load current is changed in
steps at 1 second interval.

(No relevant values)

Impedance Frequency | Sets the frequency at which the AC impedance 10m to 20k [HZz]
Measurement measurement is performed.
Condition Measuring | Sets the measuring AC current used to measure the AC | 0 to 10 [%] of the load

AC impedance. current

Current

Measure Sets the measurement range at which the AC impedance | AUTO

Range measurement is performed.

Moving Sets the moving average count of the AC impedance 110256 (1, 2, 4, 8, 16,

Average measurement. 32, 64, 128, or 256)
Cutoff Repeat Sets the number of times to repeat the AC impedance 1 to 999 times
Condition Count measurement.

Cutoff The sequence is terminated, if the cell voltage falls to or | -2 to 150 [V]

Voltage below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600[s]
Condition Interval

Delta If the difference between the previous voltage data and 0.001 to 1.000 [V]

Voltage the present voltage data is greater than or equal to the

delta voltage, the data is recorded.
Delta The data before the load current value is changed is (No relevant values)
Current recorded.

*1. Depends on the capacity of the electronic load unit that is being used.
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4.9.3

I-V + Cole-Cole plot measurement

This test mode varies the load current in steps and performs Cole-Cole plot
measurement (AC impedance) after the step time elapses.

1

In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.
Select the sequence considering the cycle order.

In the Test Mode box, select I-V + Cole-Cole Plot Measurement.
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Fig.4-18 Conceptual diagram of |-V + Cole-Cole plot measurement
Item Description | Input range
Comment You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list
when you click the arrow.
Measure the OCV before | Select the check box to set the fuel cell to no load (No relevant values)

condition (open circuit) and measure the cell voltage.
The load is turned off, and the OCV (Open Circuit
Voltage) is measured before starting each sequence.

Load Off Period

Sets the OCV measurement time. 1to 60 [s]
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Current Range

Selects the current range.

*1

Start Current

Sets the current at which the load current sweep is
started.

1

Enable current/voltage fold
back

Select the check box to fold back the current sweep.

(No relevant values)

Fold-back Current

Sets the current at which the current sweep is folded
back.

1

Fold-back Voltage

Sets the voltage at which the current sweep is folded
back. If the cell voltage is less than or equal to the
fold-back voltage when the current sweep is
increasing, the current sweep is folded back.

0to 157.5[V]or 0 to 15.75 [V]

Final Current

Sets the current at which the load current sweep is
stopped.

"1

Step Current

Sets the step current for sweeping the load current in
steps.

*1

Step Time Sets the time for each step. 0 to 59 [min]
0 to 59 [s]
Measure Rest Time Sets the rest time after the AC impedance 0to 59 [s]
measurement.
Rest Time Sets the rest time after the sequence sheet is 0to 12 [h]
completed. 0 to 59 [min]

Change the current to the
current value of the next
sequence along a slope
over the rest time.

The current is changed from the value at the end of
the sequence sheet to the start current of the next
sequence sheet during the rest time. The load
current is changed in steps at 1 second interval.

(No relevant values)

Impedance Start Sets the start frequency at which the AC impedance | 10m to 20k [Hz]
Measurement | Frequency | measurement is performed.
Condition Stop Sets the stop frequency at which the AC impedance | 10m to 20k [Hz]
Frequency | measurement is performed.
Use the Frequency option
frequency | Select the check box to click the button. Press
option
the button to set the frequency in detail (Fig.4-
19).
Measuring | Sets the measuring AC current used to measure the | 0 to 10 [%] of the load current
AC AC impedance.
Current
Measure | Sets the measurement range at which the AC AUTO
Range impedance measurement is performed.
Moving Sets the moving average count of the AC impedance | 1to0256 (1, 2, 4, 8, 16, 32, 64,
Average measurement. 128, or 256)
Cutoff Repeat Sets the number of times to repeat the AC 1 to 999 times
Condition Count impedance measurement.
Cutoff The sequence is terminated, if the cell voltage falls | -2 to 150 [V]
Voltage to or below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600[s]
Condition Interval
Delta If the difference between the previous voltage data | 0.001 to 1.000[V]
Voltage and the present voltage data is greater than or equal
to the delta voltage, the data is recorded.
Delta The data before the load current value is changed is | (No relevant values)
Current recorded.

*1. Depends on the capacity of the electronic load unit that is being used.
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B Frequency option

Frequency Option f'5__<|

Wou can arbitrary set the Frequencies at which the impedance is measured,

[¥]5elect all frequencies in the Following range.;

Skart Frequency [H=] Stop Frequency [H=]

Frequency [Hz] Maving Average ™
36 256
400 256
500 256 it
00 256
630 256
700 256
&00 256
900 256
1k, 256
[l 1 2l LR b

[ Ok ] [ Cancel

Fig.4-19 Frequency Option
Select the check box to select the frequency individually. The start and stop
frequencies are interlinked to the frequency selected using the check boxes.

The moving average shows the value specified for moving average in the impedance
measurement condition.

4.9.4 V-l Measurement

This test mode varies the load voltage in steps and measures the current.

1 Inthe Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.
Select the sequence considering the cycle order.

2  Inthe Test Mode box, select V- measurement.
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Fig.4-21 Conceptual diagram of V-l measurement

Iltem

Description

| Input range

Comment

You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list

when you click the arrow.

Measure the OCV
before starting the
sequence.

Select the check box to set the fuel cell to no load
condition (open circuit) and measure the cell voltage.
The load is turned off, and the OCV (Open Circuit
Voltage) is measured before starting each sequence.

(No relevant values)

Load Off Period

Sets the OCV measurement time.

1to 60 [s]

Voltage Range

Selects the voltage range.

15.0 or 150.0 [V]

Start Voltage

Sets the voltage at which the voltage sweep is started.

Oto 157.5[V]or 0 to 15.75
[Vl

Enable voltage fold
back

Select the check box to fold back the voltage sweep.

(No relevant values)

Fold-back Voltage

Sets the voltage at which the voltage sweep is folded
back.

Cutoff Voltage Sets the voltage at which the voltage sweep is stopped.

Step Voltage Sets the step voltage for sweeping the voltage in steps.

Step Time Sets the time for each step. 0 to 59 [min]
Oto 59[s]

Current Range Selects the current range. 1

Limit Current Sets the limit current.

Rest Time Sets the rest time after the sequence sheet is completed. | 0 to 12 [h]
0 to 59 [min]

Change the current to
the current value of the
next sequence along a

slope over the rest time.

The current is changed from the value at the end of the
sequence sheet to the start current of the next sequence
sheet during the rest time. The load current is changed
in steps at 1 second interval.

(No relevant values)

Cutoff Repeat Sets the number of times to repeat the V-l test. 1 to 999 times
Condition | Count
Cutoff The sequence is terminated if the current falls to or
Current below the cutoff current when the operation mode is
constant voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600[s]
Condition | Interval
Delta The data before the voltage is changed is recorded.
Voltage
Delta If the difference between the previous current data and | *1
Current the present current data is greater than or equal to the
delta current, the data is recorded.

*1. Depends on the capacity of the electronic load unit that is being used.
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4.9.5 Cole-Cole Plot Measurement

4-24

This test mode sweeps the frequency in steps and measures the impedance.

The graph shows a Cole-Cole plot.

1

In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.
Select the sequence considering the cycle order.

In the Test Mode box, select Cole-Cole plot measurement.
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Item Description ‘ Input range
Comment You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list
when you click the arrow.
Measure the OCV before | Select the check box to set the fuel cell to no load (No relevant values)

starting the sequence.

condition (open circuit) and measure the cell voltage.
The load is turned off, and the OCV (Open Circuit
Voltage) is measured before starting each sequence.

Load Off Period Sets the OCV measurement time. 1to 60 [s]

Current Range Selects the current range. 1

Current Sets the load current. “1

Rest Time Sets the rest time after the sequence sheet is 0to 12 [h]
completed. 0 to 59 [min]

Change the current to the
current value of the next
sequence along a slope
over the rest time.

The current is changed from the value at the end of
the sequence sheet to the start current of the next
sequence sheet during the rest time. The load
current is changed in steps at 1 second interval.

(No relevant values)

Impedance Start Sets the start frequency at which the AC impedance | 10m to 20k [Hz]
Measurement | Frequency | measurement is performed.
Condition Stop Sets the stop frequency at which the AC impedance | 10m to 20k [Hz]
Frequency | measurement is performed.
Use the Frequency option
frequency | Select the check box to click the button. Press
option.
the button to set the frequency in detail (Fig.4-
19).
Measuring | Sets the measuring AC current used to measure the | 0 to 10 [%)] of the load current
AC AC impedance.
Current
Measure | Sets the measurement range at which the AC AUTO
Range impedance measurement is performed.
Moving Sets the moving average count of the AC impedance | 1to 256 (1, 2, 4, 8, 16, 32, 64,
Average measurement. 128, or 256)
Cutoff Cutoff The sequence is terminated, if the cell voltage falls | -2 to 150 [V]
Condition Voltage to or below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600[s]
Condition Interval
Delta If the difference between the previous voltage data | 0.001 to 1.000[V]
Voltage and the present voltage data is greater than or equal
to the delta voltage, the data is recorded.
*1. Depends on the capacity of the electronic load unit that is being used.
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4.9.6 AC impedance measurement

4-26

This mode measures the impedance at arbitrary frequency points continuously
during the generating time.

1

In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.
Select the sequence considering the cycle order.

In the Test Mode box, select AC Impedance Measurement.
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ltem

Description

‘ Input range

Comment

You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list

when you click the arrow.

Measure the OCV before
starting the sequence.

Select the check box to set the fuel cell to no load

condition (open circuit) and measure the cell voltage.

The load is turned off, and the OCV (Open Circuit

Voltage) is measured before starting each sequence.

(No relevant values)

Load Off Period Sets the OCV measurement time. 1to 60 [s]

Current Range Selects the current range. 1

Current Sets the load current. “1

Rest Time Sets the rest time after the sequence sheet is 0to 12 [h]
completed. 0 to 59 [min]

current value of
sequence along

Change the current to the

the next
a slope

The current is changed from the value at the end of
the sequence sheet to the start current of the next
sequence sheet during the rest time. The load

(No relevant values)

over the rest time. current is changed in steps at 1 second interval.
Impedance Frequency | Sets the frequency at which the AC impedance 10m to 20k [Hz]
Measurement measurement is performed.
Condition Measuring | Sets the measuring AC current used to measure the | 0 to 10 [%] of the load current
AC Current | AC impedance.
Measure Sets the measurement range at which the AC AUTO
Range impedance measurement is performed.
Moving Sets the moving average count of the AC impedance | 1to 256 (1, 2, 4, 8, 16, 32, 64,
Average measurement. 128, or 256)
Cutoff Generating | Sets the generating time during which power is 0to 8[h]
Condition Time generated in the sequence. 0 to 59 [min]
Cutoff The sequence is terminated, if the cell voltage falls | -2 to 150 [V]
Voltage to or below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600(s]
Condition Interval
Delta If the difference between the previous voltage data | 0.001 to 1.000[V]
Voltage and the present voltage data is greater than or equal
to the delta voltage, the data is recorded.

*1. Depends on the capacity of the electronic load unit that is being used.
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4.9.7 Current Interrupt Measurement

This mode measures the internal resistance using the current interrupt method. The
measurement is repeated by the specified repeat count.

1 In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.
Select the sequence considering the cycle order.

2 In the Test Mode box, select Current Interrupt Measurement.
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Fig.4-26 Current interrupt measurement
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Fig.4-27 Conceptual diagram of current interrupt measurement
NOTE * The waveform shows the voltage and current data of the last current interrupt.
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Iltem

Description

‘ Input range

Comment

You can enter up to 16 arbitrary characters. You can enter more than 16 characters,

but they are discarded. Past comments are stored and displayed in the drop-down list

when you click the arrow.

Measure the OCV before
starting the sequence.

Select the check box to set the fuel cell to no load

condition (open circuit) and measure the cell voltage.

The load is turned off, and the OCV (Open Circuit

Voltage) is measured before starting each sequence.

(No relevant values)

Load Off Period Sets the OCV measurement time. 1to 60 [s]

Current Range Selects the current range. 1

Current Sets the load current. “1

Rest Time Sets the rest time after the sequence sheet is 0to 12 [h]
completed. 0 to 59 [min]

Change the current to the
current value of the next
sequence along a slope
over the rest time.

The current is changed from the value at the end of
the sequence sheet to the start current of the next
sequence sheet during the rest time. The load
current is changed in steps at 1 second interval.

(No relevant values)

Impedance Pulse Sets the pulse width of the current interrupt method. | 0.1 to 10.0 [ms]
Measurement | Width
Condition Pulse Sets the pulse depth of the current interrupt method. | 0 to 100 [%]
Depth
Transition | Sets the transition time of the current interrupt 0.00 to 10.00 [ms]
Time method.
Sampling | Sets the sampling start position of the current 0.00 to 9.99 [ms]
Position interrupt method.
Sampling | Sets the sampling region of the current interrupt 0.002, 0.006, 0.014, 0.030,
Region method. 0.062, 0.126, 0.254, or 0.510
[ms]
Moving Sets the moving average count of the AC impedance | 110256 (1, 2, 4, 8, 16, 32, 64,
Average measurement. 128, or 256)
Cutoff Repeat Sets the number of times to repeat the current 1 to 999 times
Condition Count interrupt method.
Cutoff The sequence is terminated, if the cell voltage falls | -2 to 150 [V]
Voltage to or below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600[s]
Condition Interval
Delta If the difference between the previous voltage data | 0.001 to 1.000[V]
Voltage and the present voltage data is greater than or equal
to the delta voltage, the data is recorded.

Show Waveform Data

Select the check box to show the voltage and current
waveforms of the current interrupt method.

(No relevant values)

Trigger Point

Sets the point to start the waveform acquisition.

0.000 to 0.100 [s]

Display Data

Sets the time for displaying the waveform.

0.000 to 0.100 [s]

*1. Depends on the capacity of the electronic load unit that is being used.

FCTester

4-29

Creating Test Conditions ﬂ



4.9.8 Constant Current Test

4-30

This mode performs constant current measurement during the generating time.

1 In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.

Select the sequence considering the cycle order.

2 Inthe Test Mode box, select Constant Current Test.

&k Untitled - FCTester Condition Editor

File Edt Yiew Tools Help

- = [@

= [ Test Conditions
- Fuel Cell Information
., Protection
B Cyele
| startup
i Shutdown

_\ Sequence £
_\ Sequence 3
_\ Sequence 4
_\ Sequence 3
_\ Sequence &
_\ Sequence 7
_\ Sequence &
_\ Sequence 9
_\ Sequence 10
_\ Sequence 11
_\ Sequence 12
_\ Sequence 13
_\ Sequence 14
_\ Sequence 15

Measurement i Scannet

Test Mode Constant Current Test

Comment

Curkenk Range [a]
Current 010 ................ "
Rest Time 10 [t | [min

Change the current to the current value
of the next sequence along a slope over
the rest tme,

[] Measure the OCY before starting the sequence.

Cutoff Condition

Generating Tme |

Cutoff Yoltage

Record Condition

[¥] Time Interval

[[oeka volrage |

MM
Fig.4-28 Constant current test
Generating Time |
<
3 Current §
Time [s]
Fig.4-29 Conceptual diagram of constant current test
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ltem

Description

Input range

Comment

You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list

when you click the arrow.

Measure the OCV

Select the check box to set the fuel cell to no load

(No relevant values)

before starting the condition (open circuit) and measure the cell voltage.

sequence. The load is turned off, and the OCV (Open Circuit
Voltage) is measured before starting each sequence.

Load Off Period Sets the OCV measurement time. 1to 60 [s]

Current Range Selects the current range. 1

Current Sets the load current. “1

Rest Time Sets the rest time after the sequence sheet is 0to 12 [h]
completed. 0 to 59 [min]

Change the current to
the current value of the
next sequence along a
slope over the rest time.

The current is changed from the value at the end of
the sequence sheet to the start current of the next
sequence sheet during the rest time. The load
current is changed in steps at 1 second interval.

(No relevant values)

Cutoff Generating | Sets the generating time during which power is 0 to12[h]
Condition | Time generated in the sequence. 0 to 59 [min]
Cutoff The sequence is terminated, if the cell voltage falls | -2 to 150 [V]
Voltage to or below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600[s]
Condition | Interval
Delta If the difference between the previous voltage data | 0.001 to 1.000[V]
Voltage and the present voltage data is greater than or equal
to the delta voltage, the data is recorded.
*1. Depends on the capacity of the electronic load unit that is being used.
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4.9.9 Constant Voltage Test

This mode performs constant voltage measurement during the generating time.

1 In the Test Condition Item Pane, click Sequence (1 to 15).

You can select any of the sequences from 1 to 15 in the Test Conditions Item Pane.
Select the sequence considering the cycle order.

2  Inthe Test Mode box, select Constant Current Test.
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DM B - 3

= L= Test Conditions ———
Meacuremant

P": Fuel Cell Intormation - - —
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|r_‘ Skartup Carnment i b
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IRy Sequence | L
] Sequence 2 Current Range tal (_L_Eoff ondition
iy bequence 3 S = GeneratndTime | 0 (k] 10 |[min]
) Currcnt 0.10 E = =
- bequence [a] C Time o i1 o gwind
iy sequence 5 Yoltage Range o S
[y vequence & o = - [ ol Curren il |
ey Yoltage 0.00 r =
iy sequence / okl Iv1 Cutoff Voltage | -2.00 I
iy Sequence ¥ = ——
’% ::3:::: ;JU Rest-lime; [0 Im] (1 |fwin] Record Condition
1 Change the current bo the current value § r ]
. sequence 11 [] of the next sequence along a slope aver b el L . [=]
iy equence 12 the rest tme. | | Delka Yoltage
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|\ sequence 14 [CInelta Ciwrent oo
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Fig.4-30 Constant voltage test
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Fig.4-31 Conceptual diagram of constant voltage test
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Voltage) is measured before starting each sequence.

Item Description Input range
Comment You can enter up to 16 arbitrary characters. You can enter more than 16 characters,
but they are discarded. Past comments are stored and displayed in the drop-down list
when you click the arrow.
Measure the OCV Select the check box to set the fuel cell to no load (No relevant values)
before starting the condition (open circuit) and measure the cell voltage.
sequence. The load is turned off, and the OCV (Open Circuit

Load Off Period

Sets the OCV measurement time.

1to 60 [s]

Current Range

Selects the current range.

1

Current

Sets the upper limit of the load current.

*1

Voltage Range

Selects the voltage range.

15.0 [V] or 150.0 [V]

Voltage Sets the voltage. 0to157.5[V]or0to 15.75 [V]
Rest Time Sets the rest time after the sequence sheet is 0to 12 [h]
completed. 0 to 59 [min]

Change the current to
the current value of the
next sequence along a

slope over the rest time.

The current is changed from the value at the end of
the sequence sheet to the start current of the next
sequence sheet during the rest time. The load
current is changed in steps at 1 second interval.

(No relevant values)

Cutoff Generating | Sets the generating time during which power is 0 to12[h]
Condition | Time generated in the sequence. 0 to 59 [min]
CC Time Sets the time from the point when the limit currentis | 0 to 8 [h]
reached. If the current falls below the limit current 0 to 59 [min]
within the specified time, the specified time is reset.
Cutoff The sequence is terminated if the current falls to or | *1
Current below the cutoff current when the operation mode is
constant voltage.
Cutoff The sequence is terminated, if the cell voltage falls | -2 to 150 [V]
Voltage to or below the cutoff voltage.
Record Time Sets the time interval for acquiring data. 1 to 3600(s]
Condition | Interval
Delta If the difference between the previous voltage data | 0.001 to 1.000[V]
Voltage and the present voltage data is greater than or equal
to the delta voltage, the data is recorded.
Delta If the difference between the previous current data “1
Current and the present current data is greater than or equal
to the delta current, the data is recorded.

*1. Depends on the capacity of the electronic load unit that is being used.
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Executing Tests

This chapter describes the FCTester Executive (test execution
program).



5.1

5-2

About the FCTester Executive

FCTester Executive executes the tests according to the test conditions that you

create with the Condition Editor.

The FCTester Executive provides the following functions.
* Load test conditions and display a brief summary of the conditions
* Execute tests

* Display and save the measured data

B Starting the FCTester Executive

On the taskbar, click the Start button, and then select Programs > kikusui Fuel

Cell Tester 1.1 > FCTester Executive.

The following window opens.

Test Conditions and Toolbar
Test Data Tree Pane

Graph and Data Pane

. Executive

Test Graph Took Help

iﬂ.

Open Start Hanitor Condtion Editor Manual Emergency Stap
- OO -
"f_“ Cell Information o=
('}1 otection =
B Cydle
I Startup —
[ Shutdown m
liy Sequence 1 /v-‘/
“liy Sequence 2
li-y Sequence 3 15m -~
iy Sequence ¢ /
[ TestDats
e e A -tm A
=i Cyele 1 E
~[iey ssquencet (1) =
Y cequencez (1) 500U
|1y Sequence3 (1)
|y Sequenced (1)
i Cyelez o
“[iy sequence1 (1)
iy sequencez (1) f
“[iy Sequence3(1) 000
|y Sequenced (1)
i Cyele s
“[iy sequence1 (1)
1y Seauencez (1) 1m ; : i i i : ;
[g Sequenced (1) ] \ S am 7m 8m Im 10m 1im 9
\ L Sequenced i1l j Rlohm]
Grnelhumber  ChannelName — Cyde | Status  TestMade | Time [humin:s] | Vokage[V] Curent[A]  Power[W] Time[himinis] | Frequency [Hz]  Resistance [mOhm] —Rea
FIM2150 vokage Sersi..  4[1(1)]  Testng 1V [m:2:28.11] 118843 54662 64,9656
B

Moritor || Event Log |

TEST LoADON cC | WM |

Status monitor Monitor and Event Log Pane

Fig.5-1  Startup window

K = o & o
) Shart stop Alarm Recsr Panel Honitor Graph Option | Conition Editor | " Manual © | Emergency Sta

Fig.5-2 Toolbar
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5.2 Window Description

Table 5-1  Window structure

Window Description

Test Conditions and Test | Displays the current test conditions and the status of the test

Data Tree Pane data in a tree structure.

Graph and Data Pane Displays the item selected in the Test Conditions and Test
Data Tree Pane.

Monitor and Event Log Displays the monitored value of the voltage and impedance.

Pane The Event Log displays the operation log such as test start
and abort.

Toolbar Items that are used often are indicated as icons. The following

icons are available: Open, Close, Stop, Alarm Reset, Panel,
Monitor Start, Option, Test Conditions, Manual, and
Emergency Stop.

Status monitor Displays the main information of the KFM2150 (load on,
operation mode of the electronic load unit, voltage, and
current).

5.2.1 Test Conditions and Test Data Tree Pane

When the FCTester Executive is started, only the Test Conditions and Test Data are
displayed.

Test condition items

When you load test conditions by choosing Open from the File menu, a tree similar
to the one in the Condition Editor is displayed.
e The sequence sheets (1 to 15) whose check box is selected in the test cycle
sequence in the Condition Editor cycle are displayed.

e Startup and Shutdown are displayed even if it is disabled in the cycle setting of
the Condition Editor.

Test data items

Items such as life and cycle are displayed as the test progresses.

= Test Conditions { test.Foct )
§§uel Cell Information

| 23
g Praotection

= f o C_ycle

e Sertup Displays only the sequence sheets that
% Sequence 1 are to be used.

_(; Sequence 2

_(; Sequence 3

_(; Sequence 4

est Data

; Life

E Startup

_, Cycle 1

"'_\ Shutdown

o]
o
o

Fig.5-3 Test Conditions and Test Data Tree Pane
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5.2.2 Graph and Data Pane

Test conditions display

When you select a test condition item on the Test Conditions and Test Data Tree
Pane, the contents in Table 5-2 are shown.

Table 5-2  Test conditions

ltem

Displayed contents

Test conditions

Fuel Cell Information

Protection

Cycle

Startup

Shutdown

Sequence 1to 15

Test conditions created using the FCTester Condition
Editor
(displays the settings of each sheet item).

For the procedure to change the test conditions, see section 5.3.4, X Changing Test

Conditions during the Test.

Test data display

When you select a test data item on the Test Conditions and Test Data Tree Pane, the
contents in Table 5-3 are shown.

Table 5-3 Test data

ltem

Displayed contents

Test Data

Real-time graph of the test currently in progress.

Life

Displays the result after each sequence is completed.
(Finished By, Test Mode, Elapsed Time, Start Time, Start
Voltage, Start Current, Start Resistance, Start Reactance,
Start Impedance, Start Phase, Finish Voltage, Finish
Current, Finish Resistance, Finish Reactance, Finish
Impedance, and Finish Phase)

Cycle n

Displays the result after each sequence is completed.

Sequence n (m)

Without the scanner option: Displays the graph of this
sequence.

With the scanner option: Displays the graph of the stack
channel of this sequence.

Scanner With the scanner option: Displays the graphs of multiple
channels of this sequence (excluding the stack channel).
Channel (n) With the scanner option: Displays the graph of channel n of
this sequence.

5-4
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B Test data

Displays the real-time graph of the test currently in progress. The graph is shown in
the format corresponding to the test mode and sequence.

The graph displays up to 64 data values. For current interrupt measurement, the last
waveform data during the current interrupt measurement is displayed. If the scanner
option is enabled, the last waveform data of the first selected channel is displayed.

CTester Executive
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E| Channel Humber ~ Channel Name  Cycle Status TestMode  Time [hemins] | Vokage[¥] | Cuent[A] | Power[W] Time[hminis] | Frequency[He] Resistance [mOhm] Reacta

Fig.5-4 |-V measurement example

m Life
Displays a simple result of the finished sequence.

A portion of the data such as OCV (Open Circuit Voltage) is displayed for the
sequence that is in progress. Startup and shutdown sequences are not displayed.

CTester Executive
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Fig.5-5 Result display of the finished sequences
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m Cyclen

Displays a simple result of the sequences in the cycle.

FCTester Executive
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Fig.5-6 Result display of cycles 1to 5

B Sequence n (m) (without the scanner option)

Displays the graph of the measured sequence.
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Fig.5-7 Graph display of the sequence
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B Sequence n (m) (with the scanner option)

Displays the graph of the stack channel of the measured sequence.

Clester Executive
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Fig.5-8 Display example of a stack channel graph

Sequence n (m)

Repeat count

Sequence number

B Scanner (with the scanner option)

Displays the multiple channel graph of the measured sequence.
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B Channel n (with the scanner option)

Displays the channel graph of the measured sequence.
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Fig.5-10 Channel graph display example

~

5.2.3 Monitor and Event Log Pane

5-8

If the Monitor tab is selected, the monitored values of the voltage and impedance of
the test currently in progress are displayed.

If Monitor is enabled, the voltage and current are monitored even when the test is
not in progress.

Channed Mumber | Channel Mame  Cycle Status Test Mode  Tews [heminis]  Voltage[V]  Curent[A]  Powee [W]  Time [umircs] | Frequency [Hz] | Resistance [mOhm]  Reacts
IS0 Vokage Sensi... 4[1(1)] Testing I [2:78.01]  LLEMS 54442 44,9656

«
G Mortor || Evenilog

Fig.5-11 Real-time monitor

If the Event Log is selected, the operation log from when the application is started
is displayed.

Test condtion e boureiy Documentsltest feet” The Fle was read. (9]19/2006 10:34:06 44 =
St arting the best. [9/19/2005 10:34:13 AM]

e 1
(9 Merdor | ] EventLog |

Fig.5-12 Event log
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5.3 Executing Tests

5.3.1 Using the Startup Sequence

If the Use the startup sequence check box is selected in the Cycle setting of the test
conditions using the Condition Editor.

Starting the test

Start the test according to the procedure below.

% FCTester Executive
1 i File  Wiew |Test i Graph  Tools  Help

L P Start...
4

-1 TestCC;) IE—3

. pr| @& Panel Control...

= f[% Moriitar

[_ Shutdawn

[,-_\ Sequence 1
[,7\ Sequence 2
[,_\ Sequence 3
[,_\ Sequence 4

Fig.5-13 Test menu

From the File menu, select Open.

2  Select the test conditions file you want to load from the Open window.

When the file is loaded, the test condition items are displayed in a tree structure on the
Test Conditions and Test Data Tree Pane.

3 From the Test menu, select Monitor.

You can start the test only when the monitor is started.

You can check whether the monitor has started on the Monitor tab on the Monitor and
Event Log Pane. If the voltage and current are updated on the Pane, the monitor is
running.

4  Select Start from the Test menu or click Start on the toolbar.
The Start dialog box opens.

, If Start is not available, see
The test will skart,
@ (test mode: Startup and maximum current 10.04) “Starting the test without
the startup sequence” on
the next page.

Start ][ Cancel ]
Fig.5-14 Start

9 Click Start.
When the test starts, the windows shown in Fig.5-15 appears.

FCTester 5-9
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Test Data is selected automatically on the Test Conditions and Test Data Tree Item
Pane, and the Graph and Data Pane displays the real-time graph of the test currently in
progress.

The status monitor displays TEST.

@ 1 1ester Crecuton:

S0 RO EMID SEME AT ATl

= L7 BT ey
S B
, (EIE

B 1(n) T
b o-rasw A
-t
oy
T
o
200u-
P
£00u
B0y
tm~
1.2m-| e e r— t — g
4m 4.5m ) 5.5m m £5m 7 7.5m & £.5m om p8m 10m
Ffohm]
| Fold  FaAE  I-ITOER WG R HRE-F W] REN  WEW ®OW ] Lol A Eec] YPHCAme]  ALE-NLAL. 13
EFMIID ol fen. Bl P D-sI-ndosbME s ER  ANe) nEE sl (X MR XIS 1]
¢ »

Ak

Fig.5-15 Test data display

5.3.2 Not Using the Startup Sequence

If the Use the startup sequence check box is cleared in the Cycle setting of the test
conditions using the Condition Editor. Load on/off, load current setting, and soft
start function are controlled from the Panel Control.

This is useful if you want to start the test after checking the status of the fuel cell
operation. You can set the load current from the Panel Control and check the
operation status before starting the test using sequences.

Starting the test

1 Carry out steps 1 to 4 in section 5.3.1, X Using the Startup Sequence’”
The Start button in the Start dialog box is unavailable.

Start r5_<|

The load is not turned on,
The load must be turned on to start the test,
Use the panel control to burn the load on, or use the startup sequence.

O

Panel Contral... Stz

Fig.5-16 When Start is unavailable
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2  Inthe Start dialog box, click Panel Control.
The Panel Control dialog box appears.

Panel Control fgl

Electranic Laad |Measurement Test Data | Pratection

Load Current

Range

Cument 0.00 =l [&] FResolution 01\’ [A]
-
v [] Soft Start
0 Limit (20000 2 | 2

Curmrent Sweep
Current sweep iz performed from the present load
current value,

[] Fold-back Current Step Current (010 A

Final Current |0.00 [4] Step Time |0 ;[min]'l | [5]

] Tum the load off when the load curent is set to 0 A,

Soft Start

Fiise 0 3 1 g | Fal 022 i)

Fig.5-17 Panel Control

If you want to start the test from a specific load current (not 0 A), carry out the
procedure below in the Electronic Load page.

3 Select the load current range of the electronic load unit.

Type the load current value.

B When not using the soft start function
9  Click Load On.

The load of the electronic load unit turns on, and the load current flows. Click Load

Off to turn the load off.
6 Click Close.

The Start dialog box shown in Fig.5-16 appears.
7 Click Start.

The test starts.

B When using the soft start function
9  Select the Soft Start check box.
6 Type in values of Rise Time and Fall Time.

T  Click Load On.

The load of the electronic load unit turns on, and the soft start function starts.

Executing Tests ﬂ



Click Close.

The Start dialog box shown in Fig.5-16 appears. The Start button is unavailable until
the rise time elapses.

When the Start button becomes available, click it.
The test starts.

5.3.3 Adding a startup sequence at the start of the test

You can add a startup sequence to start the test even if the startup sequence is
disabled in the loaded test conditions.

1

Carry out steps 1 to 4 in section 5.3.1, X Using the Startup Sequence.
The Start button in the Start dialog box is unavailable.

In the Start dialog box of Fig.5-16, select the Use a startup sequence.
check box.
The Start button becomes available.

Click Start.
The test starts.

5.3.4 Changing Test Conditions during the Test

5-12

From the Tools menu, select Options. If you select the Change the test conditions
during the test check box, the test conditions file that is currently loaded in the Test
Executive is reloaded after the current sequence is finished.

If you edit and overwrite the current test conditions, the new test conditions are
applied from the next sequence.

Options rz|

Test Condition

If pou zelect the "Change the test conditions during the Test” check box and you edit and
ovenaite the test conditions file that iz curently loaded in the Test Executive, the new test
conditions are applied from the next sequence.

[ QK. ] [ Cancel

Fig.5-18 Options Window
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5.3.5 Stopping the Test

The following two methods are available to stop a test in progress.

u ' 22 @
Stop Graph Option  Condition Editor Manual Emergeey Stop
Stop Emergency Stop

Fig.5-19 Stop and Emergency Stop on the toolbar

Emergency Stop
Select Emergency Stop if you want to stop the test immediately.
1  Select Emergency Stop from the Test menu or click Emergency Stop

on the toolbar.
The test stops, and the load of the electronic load unit is turned off.

Stop

Select Stop if you want to stop the test under a given condition.

If you select Stop, the load of the electronic load unit does not turn off
automatically. You must manually turn the load off.

If the test conditions include the shutdown sequence or if you enable Use the
startup sequence in the Start dialog box, the load of the electronic load unit turns
off when the test stops.

1 Select Stop from the Test menu or click Stop on the toolbar.
The Stop dialog box opens.

Stop le

Skop Ackion

O Stop after the present sequence is completed,
(O) Stop after the present cycle is completed,

Use the shutdown sequence,

[ Ok ] [ Cancel

Fig.5-20 Stop

2 Select the stop action and click OK.

If the loaded test conditions do not include the shutdown sequence, you can enable it
by selecting the Use the shutdown sequence check box in the Stop dialog box. In this
case, the shutdown sequence is executed after the selected stop action. Then, the test
stops, and the load of the electronic load unit is turned off.

FCTester 5-13
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5.3.6 Alarm Occurrence

If a protection function is activated during a test, an alarm occurs, and the test stops.
The status display of the Monitor and Event Pane indicates the word Alarm.

ChannelWumber | Channel Name | Terminal Mumper | Cycle Status Test Mode Time [himinis] | Voltage [¥] Current [4] Pawer [W] Time

KFM2150 voltage Sensin... - 1201 Alarm QIvP) 0.0270 -0.0250 -0.0007 -

032 Stack [0][1-1] 0.0001

001 Channel 001 [o]1-1] -0.0004

o0z Channel 002 [0][1-1] 00007

003 Channel 003 [0][3-3] 0.0000

04 Channel 004 [0][1-1] 00002

o0s Charnel 005 [o]1-1] -0.0009

i Channel 008 [0][1-1] -0.0013

o7 Charnel 007 [0][1-1] -0.0006

i Channel 008 [0]1-1] 0.0008

nna hannel ANQ ATr-11 - - - — a1 - .. 6
J Monitor || EventLog

Fig.5-21 Alarm occurrence

K X - &
Open Alarm{Resst Manitar Graph Option Condition Editar Marual
— Reset Alarm

Fig.5-22 Reset Alarm on the toolbar

To reset an alarm, carry out the procedure below.

1 Select Reset Alarm from the Test menu or click Reset Alarm on the
toolbar.

The alarm is reset, and you can execute the test again. Eliminate the cause of the alarm
before you execute the test again.

5.3.7 Test Completion

5-14

The test is complete when all the cycles specified in the test conditions are finished.
The status monitor switches from TEST to IDLE.

If you want to execute the test again using the same test conditions, you can simply
start the test.

If you want to change the test conditions, load a new test conditions file. Because
the monitor is already started, you can immediately start the test after the test
conditions are loaded.

Load off

The load remains on if the shutdown sequence is not used. To turn the load off, carry
out the procedure below.

1 From the Test menu, select Panel Control.

The Panel Control dialog box opens. Carry out the following steps in the Electronic
Load page.

2  Click Load Off.

The load of the electronic load unit turns off.

3 Click Close.

FCTester



5.4

5.4.1

FCTester

Panel Control

Panel Control consists of the Electronic Load, Measurement, Test Data, and
Protection pages. It allows you to carry out operations equivalent to the operations
on the KFM2150. In addition, you can perform current sweep (I-V measurement)
and frequency sweep (Cole-Cole plot measurement). Panel Control cannot be used
if a test is being executed according to the procedure given in section 5.3,
X Executing Tests.”

B Basic operation
¢ From the Test menu, select Panel Control.
* There is no need to set test conditions using the Condition Editor.

* Press the up and down keys for the setup items with spin control to change the
value. The value is immediately applied.

* If you enter the value directly in the text box, the value is applied when you press
the Enter key in the text box.

e If you do not press the Enter key, the value is not applied to the KFM2150.
However, it is applied if you move to another tab page or if you press the Close
button.

Electronic Load page

B Load current

Set the current range and load current. If you set the current limit, you will not be
able to set a current higher than the limit. This prevents you from setting an
incorrect load current. You can also set the current using the slider control.
Resolution specifies the resolution in which the load current is changed when you
press the up and down keys.

B Current Sweep

Click Start the sweep to perform a load current sweep from the present preset
current by the specified step unit. The operation is equivalent to the I-V sequence. If
you want to stop the current sweep, click Stop the sweep. The test stops in that
condition. Operation on other pages is prohibited while the current sweep is in
progress.

B Soft Start

You can use the soft start function of the KFM2150 by select the Soft Start check
box and turning the load on/off.

If you change the rise or fall time during the soft start operation, the rise or fall time
changes. If you set the rising or falling time to O s, the load turns on/off.

Executing Tests n



Panel Control

Electranic Laad | Measurement | Test Data || Pratection |

]

Lioad Current

Current [&] Fesolution [&]

-
v [ Soft Start
] Limit [200.00 | [4]

Current Sweep

Cument sweep iz performed from the prezent load

curent walue,
] Fald-back Currant l:l Step Current [A]
Final Current 1] Step Time: El[min] [5]

[ Turn the load off when the load curent is set to 0 A,

Soft Start

Rise bl (1] i | Fai tr (1 i

Fnce "

Cloze

Fig.5-23 Electronic load page

5.4.2 Measurement page

5-16

Panel Control

Electronic Load | Measurement |Test Data | Pratection |

X

Meazurement Method | s ElEE

Impedance Measurement

Frequency 20k, * | [Hz]
Measunng AC =l
Cunent 100 %p

Sweep from the present freguency to the stop
frequency.

Stop Freguency [Hz]

Current Intermpt

N

Sampling

o 5] EITRNE
oo 2]

Moving Average fies

|  Close |

Fig.5-24 Measure page

Set the conditions for the AC impedance and current interrupt measurements.

Click Start the sweep to perform a measuring frequency sweep from the present
preset frequency to the stop frequency. If you want to stop the frequency sweep,
click Stop the sweep. The test stops in that condition. Operation on other pages is
prohibited while the current sweep is in progress.
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5.4.3 Test Data page

The measured data is saved according to the record conditions from the time you
select the Start Recording check box until you clear the check box. If you start a
current or frequency sweep, a test conditions file is created automatically according
to the specified record conditions.

The data file of the simplified measurement on the Panel Control is created in the
test data folder.

Panel Control le

Electronic Load | Measurement | Test Data ; Frotection

The measured data is saved according to the record conditions from the time you select
the Start Recording check box until you clear the check box

If you start a current or frequency sweep, a test conditions file is created automatically
according to the specified record conditions.

O
Record Conditions
Delta Time TR [s]
Foiie: o
[] Delta Current
N
el
HMominal Yoltage 1.00 [¥] g
Drestination Folder for Saving the Test U’
C:\\Program Files\KikuzuitFuel Cell Tester 1.1% _E
)
5
(%]
Q
x
-

Fig.5-25 Test Data page

5.4.4 Protection page

Set the KFM2150 protection. If clear a check box, the protection function is turned off.
If you clear the Impedance UVP check box, the voltage is set to -2 [V].

Panel Control r5_<|

[JE-Load OPP
ELoad VP TR : "

Fig.5-26 Protection page
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5.5 Setting the Graph Display

You can set the graph display even while a test is in progress. The display items include
graph options, copy to clipboard, zoom, move, cursor, and default.

5.5.1 Graph Options

From the Graph menu, select Graph Options. Scale, Pattern, View, and 3D pages
appear.

Scale
For the scale, you can select Manual, Auto, or Fixed.

If you select manual scale, you can arbitrarily set the maximum and minimum
values of the scale. If you select auto scale, the scale is automatically set from the
measured data. If you select fixed scale, fixed scale values are set from the test
conditions. This setting is available for time, voltage, and current (density). The
fixed scale set from the test conditions is indicated in Table 5-4.

Graph Option @

Seale | Pattern | View | 30

For the scale, you can select Manual, &uto, or Fised. IF you select manual scale, you can
arbitrarily set the maximum and minimum values of the scale. If you select auto scale, the scale is
automatically zet from the meazured data,

If you select fived scale, the fived scale is set form the test conditions.

BAIE bres

Srcale binimuim b awirnLmn

Time
Woltage
LCurrent
Frequency
Besistance
Feactance
Impedance

Phaze

Term area  |1.00 [emZ2]

[ Ok ] [ Cancel

Fig.5-27 Scale page example

Table 5-4 Fixed scale set from the test conditions

Scale Minimum value Maximum value
Time O0s Generating time and rest time
Voltage | Impedance meter UVP Nominal voltage
Current | 0 A (the minimum current for I-V) Current (the maximum current for I-V)
The frequency specified here or the | The frequency specified here or the
Frequency . : . :
stop frequency, whichever is smaller. | stop frequency, whichever is greater.

If you select the View the current density check box, the current density is
calculated from the electrode area that is specified in the Fuel Cell Information of
the test conditions. If the test conditions file is not loaded in the FCTester Executive,

the electrode area is set to 1.00 [cmz].
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Pattern

You can set the color and width of the Y-axis line and the marker style and color.
You can also set the color of the graph grid lines and the graph/frame background.

Fig.5-28 Pattern page example

Graph Option rz|
Scale | Pattem |view | 3D
Set the color and width of the v-axis line and the marker style and color. You can also set the
color of the graph grid lines and the graph/frame background.
=&z Ling and Marker
WwWidth Color Marker Style Color
Woltage | J— | E]
LCurrent
[Current Denzity) _ E]
Resistance a— ] E]
Feactance | E]
Impedance | E]
Phase Jem— | E]
Grid Lines Flot AreadGraph Frame
Color Color
I ajor [— E] Flat Area d E]
Minor - il E] Graph Frame il E] [/)]
e
(]
o
(o))
[ Ok ] [ Cancel _E
]
=)
(%]
Q
x
L

View

Set the display format of the graph.

X

Graph Qption

Scale F'attem| View | 3D

“Y'ou can zelect the type of ¥- and Z-axes to be displaved on the graph, the item displayed on the
“-avis, and whether to dizsplay the grid lines for each test mode.
I addition, you can select separate -axiz and grid line display for each type of - and Z-axes.

0 Multi-charinel wiews
[Scanner Dption)

Az -z
O Time  (®) Curent

Selection of view

Test Mode

HATIE : : M ajor Minor  Congolidate the scale
e DOOEAME Gidiine  GidLine o the resistance avis

Time

Woltage F |
Current ||
Frequency

Resistance

Reactance

Impedance

Phaze

[ QK. l [ Cancel

Fig.5-29 View page example

Select the X- and Z-axes type for each test mode. You can select the item to be
assigned to the Y-axis, and turn on/off the scale line of each axis.
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* You can select the Z-axis type depending on the test mode. Test modes on
which the Z-axis is selected are displayed using a 3D graph. For 3D graphs,
you can only select one item to be displayed on the Y-axis.

¢ Selecting the multi-channel view
You can select the multi-channel view if the scanner option is being used. If you
select the multi-channel view, select the X-axis type and the item displayed on
the Y-axis. The Z-axis type is fixed to channel.

¢ Consolidate the scale on the resistance axis

If you select this check box, the resistance and reactance are displayed
consolidated on the resistance axis. The scale and pattern items of the
resistance axis are used.

Table 5-5 Default display format

Test mode X-axis type Display selection
|-V measurement Current | Voltage
V-l measurement Current | Voltage

|-V + AC impedance measurement Current | Voltage, resistance, or reactance

I-V + Cole-Cole plot measurement | Resistance | Reactance

Cole-Cole plot measurement Resistance | Reactance
AC impedance measurement Time Voltage, current, resistance, or reactance
Current interrupt measurement Time Voltage, current, or resistance
Constant current test Time Voltage or current
Constant voltage test Time Voltage or current
3D
Sets the drawing method of the 3D graph. The setting becomes the default value of
the 3D graph display.

Graph Option gj

Scale | Pattem | Wiew | 3D
The 30 zettings set the default values of the 3D graph display.

Plat

Flot Style Surface |

Color Map Style | Shaded v

Tansparency R -

Wiews Direction Frojection

Oy [ Plane

OxZ [J%Z Plane

Ovrz [1¥Z Plane

© User Defined et [] Only Show Projections
Latitude |45
Longitude 45

[ 0k ] [ Cancel

Fig.5-30 3D display page example
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H Plot

Plot Style Drawing method
Point Point
Line Line
Line + Point Lines and points
Hidden line Hides lines that are located in places
where they cannot be seen.
Contour Contour
Surface Surfaces

Surface + Line

Lines and surfaces

Surface + Contour

Contours and surfaces

Surface + Normal

Vector space and surfaces

Color Map Style

Drawing method

Shaded Shaded
Color Spectrum Rainbow
Gray Scale Grayscale
Transparency Drawing method
0 % to 100 % Transparency

View direction

Drawing method

X-Y X-Y, two dimensional
X-Z X-Z, two dimensional
Y-Z Y-Z, two dimensional

User Defined

X-Y-Z, three dimensional
Latitude: Viewing angle (pitch angle)
Longitude: Rotation angle (yaw angle)

Projection Drawing method
X-Y Plane X-Y surface
X-Z Plane X-Z surface
Y-Z Plane Y-Z surface

Only Show Projections

Displays only the projection surface

5-21
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5.5.2 Zoom, Pan, and Cursor of the Graph

B Zoom function
e 2D graph
From the Graph menu, select Zoom to expand the graph. Click the start point
on the graph you want to zoom and drag the mouse to the end point.

The area shown with a dotted frame is expanded.

SRS

.

Click the start point you
/ want to zoom and drag

the mouse to the end
point.

[

o0 2000 a0 . oo
anananan

Fig.5-31 Zoom window of the 2D graph

e 3D graph
Hold down the Alt key and left-click on the graph. Then, drag the mouse up or
down to expand or reduce the graph.
You can also scroll the mouse wheel to expand or reduce the graph.

Hold down the Alt key
and left-click on the
graph. Then, drag the
mouse up or down.

= ’

- B P =

Fig.5-32 Zoom window of the 3D graph
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H Pan
e 2D graph
From the Graph menu, select Pan to move the graph.

Click on the graph and drag the mouse to move the graph.

Click on the graph and
drag the graph to the
desired position.

xxxxxx

Fig.5-33 Panned window of the 2D graph
¢ 3D graph

Hold down the Shift key and left-click on the graph. Then, drag the mouse to
move the graph.

Hold down the Shift key
and left-click on the
graph. Then, drag the
graph to the desired
position.

Fig.5-34 Panned window of the 3D graph

5-23

Executing Tests ﬂ



B Cursor
e 2D graph
From the Graph menu, select Cursor to display a cursor. Drag the cursor to
display the value at the point as a tool tip.

Currently, this function is not supported on the 3D graph.

AN Drag the cursor to
display the value at the
point as a tool tip.

Fig.5-35 Cursor window of the 2D graph

B Rotate
¢ 3D graph

Click on the graph and drag the mouse to rotate the graph.

TR

Left-click on the graph and

' \ drag the mouse up, down,
~_ | right, or left.

Fig.5-36 Rotated window of the 3D graph
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5.6 Test Data Files

A test data file is created each time a sequence is completed. A test data file is
created even if you abort the test using Emergency Stop or Stop for the data up to
that point.

The test data files are created in the same location with the test conditions file (.fcct
extension), and the file names are assigned as follows:

(Example) When the test conditions file name is TEST1
Data file of a sequence
TEST1_I-V_1(2(1))_05Jan25_131834.CSV

T I - iy Extension

Time (hour, minute, and second)

Date (year, month, and day)

Repeat count of the sequence

Sequence number

Repeat count of the cycle

Test mode

Test conditions file name

Data file of the startup sequence
TEST1_Start-up_05Jan25_131830.CSV

Data file of the shutdown sequence
TEST1_Shutdown_05Jan25_131844.CSV

NOTE * Up to 4096 test data values are saved. Data values exceeding this number are
deleted in order from the oldest value.
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5.6.1

-Fuel Cell
Information-
Sample
Name

Membrane
Catalyst
W/H/D
Weight [kg]

Electrode

Area [cm2]
Nominal

Voltage [V]
Memo

-Protection-

Impedance
UVP [V]/Mask
Time [s]
E-Load
UVP [V]
E-Load
OPP [W]

-Test
condition-

Test Mode

Comment

Measure
OCV/Load
Off Period

[s]

Current
Range [A]
Current [A]
Rest time
[h:min:s]
Start
Frequency
[Hz]

Stop
Frequency
[Hz]
Measuring
AC Current
[%]
Measure
Range
Moving
Average
Cutoff
Voltage [V]

-Result-

Cycle
Termination
Factor
Elapsed
Time

OCV [V]
Start Time
Finish
Time

Start
Voltage [V]
Start
Current [A]
Start

Resistance
[m Ohm]

5-26

File Description

sample1
ABC
Pt-sample
30

0.1

4

1.2

samplet
TEST

'
N

300

Cole Cole
Plot

Enable

132
1
0:0:0

20000

100

AUTO
32

1(2-1)
Test End
0:1:25

5.1632

25/07/2018
16:59:12
25/07/2018
17:00:38

4.6788

1.1403

352.5087

2

The following is an example of a sequence data file opened with Excel or other
spreadsheet application. The file consists of two parts: test condition data created

with Condition Editor and test result data.

30

Fuel Cell Information

Protection

Test condition

Result
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Start

Reactance -14.3541

[m Ohm]

Start

Impedance 352.8008

Siert Prase

[Fc:ﬁ igs]h -2.33

\F/.O'Fage V] 4.7627

Curront [A] 10008

Finish

Resistance 584.2146

[m Ohm]

Finish

Reactance -96.1729

[m Ohm]

Finish

Impedance 592.0776

Frian

Phase [deg] -9.35

Pmely Votage(V) Curen[s) [M2 Feuency Resse Mot medence Frase Gy e

0:00:00 4.6691 1.1624 0:00:02 20000 3525087 -14.3541  352.8008 -2.33 4.6865 1.1219

0:00:02 4.6814 1.1324 0:00:04 15800 350.371 -7.3746 350.4486 -1.21 4.6877 1.1224

0:00:04 4.6727 1.1422 0:00:06 12600 350.6058 -6.4502 350.6651 -1.05 4.6856 1.1232

0:00:06 4.6737 1.1762 0:00:09 10000 352.4903 -6.811 352.5561 -1.11 4.6849 1.1227 3
0:00:09 4.6912 1.1597 0:00:11 9000 354.4401 -4.9448 354.4746 -0.8 4.6853 1.1226 g
0:00:11 4.6531 1.2066 0:00:13 8000 353.918 -5.5286 353.9611 -0.89 4.6866 1.1223 P -
0:00:13 4.6627 1.168 0:00:15 7000 353.9027 -3.83 353.9234 -0.62 4.6862 1.1234 § g’
0:00:15 4.65 1.1742 0:00:18 6300 355.2192  -3.1122 355.2329 -0.5 4.6865 1.1219 g -
0:00:18 4.6811 1.1235 0:00:20 6000 356.2516  -3.1987 356.2659  -0.51 4.6849 1.1235 S 3
0:00:20 4.6975 1.1079 0:00:22 5000 355.193 -0.8921 355.1941 -0.14 4.6855 1.1228 ﬁ‘ 2
0:00:22 4.66 1.1754 0:00:24 4000 352.6647 2.0959 352.671 0.34 4.6855 1.1236 a L
0:00:25 4.66 1.1793 0:00:27 3160 345.2523  2.3007 345.26 0.38 4.6864 1.1233 g

0:00:27 4.6825 1.1371 0:00:29 3000 343.639 1.3415 343.6416 0.22 4.686 1.1234

0:00:29 4.6323 1.266 0:00:32 2510 337.2833 -3.784 337.3045 -0.64 4.6855 1.1227

0:00:31 4.6591 1.2087 0:00:34 2000 332.069 -14.457 332.3836 -2.49 4.6856 1.122

0:00:33 4.7266 1.0088 0:00:37 1580 330.0544 -27.4793 331.1964 -4.76 4.6864 1.1225

0:00:36 4.6972 1.0972 0:00:40 1260 331.9672 -42.9418  334.733 -7.37 4.6874 1.1221

0:00:38 47116 1.0359 0:00:43 1000 337.092 -59.9793  342.3865 -10.09 4.6858 1.1223

0:00:40 4.7253 0.9768 0:00:47 900 340.7608 -66.683 347.2241  -11.07 4.6845 1.1231

0:00:42 4.6446 1.2561 0:00:50 800 345.7149  -76.6721 354.1149 -125 4.6862 1.1223

0:00:45 4.7076 1.0559 0:00:54 700 352.6788 -85.1012  362.801 -13.57 4.6849 1.1228

0:00:47 4.689 1.1196 0:00:58 630 359.4185 -95.1058 371.7886 -14.82 4.6844 1.123

0:00:49 4.6436 1.2656 0:01:01 600 363.7203 -97.5474 376.5739  -15.01 4.6841 1.1231

0:00:51 4.7127 0.9919 0:01:05 500 377.9028 -111.915 394.1262 -16.5 4.6843 1.1227

0:00:54 4.6248 1.2707 0:01:08 400 402.4252  -130.113 422.9367 -17.92 4.6845 1.1225

0:00:56 4.6651 1.093 0:01:10 316 431.9798 -142.499 454.8764 -18.26 4.6844 1.1227

0:00:58 4.708 1.0187 0:01:12 300 440.8685 -144.92 464.0762 -18.2 4.6846 1.1223

0:01:00 4.7396 0.9959 0:01:15 251 465.2571  -148.555 488.3983 -17.71 4.6851 1.1213

0:01:03 4.7083 1.0259 0:01:17 200 503.8861 -150.795 525.9662 -16.66 4.6844 1.1228

0:01:05 4.6233 1.2534 0:01:20 158 536.5321 -139.067 554.2619 -14.53 4.6852 1.1217

0:01:07 4.6622 1.2221 0:01:22 126 567.5908 -123.806 580.9366 -12.3 4.6849 1.1225

0:01:09 4.7334 1.004 0:01:25 100 584.2146  -96.1729  592.0776 -9.35 4.6851 1.1227

0:01:12 4.6141 1.2346

0:01:14 4.6521 1.2104

0:01:16 4.7533 1.0048

0:01:18 4.7559 0.9719

0:01:21 4.7331 1.0192

0:01:23 4.668 1.1045

0:01:25 4.5964 1.2699
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Description of each part

-Fuel Cell

Information-

Sample Name sample1
Membrane ABC

Catalyst Pt-sample
W/H/D 30 5 30
Weight [kg] 0.1

Electrode Area 4

[em2]

Nominal Voltage 12

(vl

Memo sample1 TEST

The information entered from
the screen on the right is
recorded.

-Protection-
Impedance UVP [V)/

Mask Time [s] 2 4
E-Load UVP [V] 0
E-Load OPP [W] 300

The information entered from
the screen on the right is
recorded.

¥ data_exfeet - FCTester Condition Editer
Eile Edit Yew Jooks Help
D o @

Enter the fuel cel information.

e starup Sample Name | sample 1

) Sequence 1 Membrane | A6C

ey Sequence 2 Gttt [rsample

s s wdth [30.0 frn]
;__'_‘ 5 7 Height | 5.0 [mm]
u P Deoth [30.0 ]

Weight 0.10 [aal
et wen 300

Dominal Voitage | 3,20 U]

t_"m“ Memo | sample 1 TEST

HUM

T4 data_ecfect - FCTester Condition Editor
Eile Edit Wiew Tools Help
D@@ oW

S Test Candiions

F1- 2und Cal Information Set the protection. The satup items that you can set vary depending on the measuring instrument model.
= =

EAuwe [0.00 v Hoer[me0 |

A impedance Meter
we [200 [ mesTme [+ |@

(\Seauame 1 Scanner Settings for the Stadk Cell (Channel 032)
iy sequence 2 t Khanne

E{_‘;MS Geanner Channel Settings
iy Sequence 7 Chamnelbumber  Charnel Name

Ve | 0.00 1 [ e 0.00

v P

Edt
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-Test condition-

¥4 data_exfeet - FCTester Condition Editar - X
Test Mode Cole Cole Plot Ele fdt View Tools Help
Comment DL Er'miclm:u; id
Measure OCV/Load % Fuel Cel Information Mess.rement
Off Period [s] Enable 2 o Frolecion Test pode Cole-Cole Plot Measurement v
Current Range [A] 132 Comment [ v]
Current [A] 1 [AMeasure the OCV before starting the sequence.  Load Off Period [ 2 2]
Impedance Measun Cond!
Rest time [h:min:s]  0:0:0 ::: e :J;'D " Start Fregenicy Far el
Start Frequency [Hz] 20000 :—;m: = _m Stop Frequency | 100 <l
Ston F H 100 {3 Sequerce & Rest Time n_][,..] L[m] [Juse the frequency coton [
op Frequency [Hz] o) Sequenca 7 Change the curent to the aurent vake Meamrng A [10.0 Jeea
Measuring AC 10 ) S Ofmemesmetmns e Wm0
Current [%] ::m 0 Meoving Average |32 ] tmas
Measure Range AUTO i) Stauence 11
w0\ Sequence 12 Cutoff Conditon
Moving Average 32 ey Sequence 13 Cutoffvoltage  [0.00 W
42 Sequence 14
Cutoff Voltage [V] 0 ¥\ Sequerce 15 Riscord Condison
A Time Interval [2 .iﬁ]
. . [
The information entered from -+
the screen on the right is
recorded. NUM
The “Time1” voltage and current indicated on the next page are recorded
using these conditions. 9
(7]
()
-
O
-Result- ¥4 data_exfcct - FCTester Condition Editor - X _E
Cycle 1(2-1) File Edit View Tools Help .5-
Termination Factor Test End ; D__G' d - B (8]
=+ Test Conditions Setthe estcpde 0
Elapsed Time 0:1:25 ’t: Hziu(;:l;nh'mubon Hormally, a LMHKIHCIHE\UW isin a test cyde even among diferent sequence sheets, x
ocV V] 5.1632 e e T e e e L
. 25/07/2018 Dlsetthe ST T
Start Time 16:59:12 CuventBange 1320  ~|[A] VoltageRange (1500  v|DM
Finish Ti 25/07/2018 Test Cyde
inish Time 17:00:38 Osequencel ! tmes  [sequences mes Cseauence 11 —
Start Voltage [V] 4.6788 Easequence 2 Elm Disequence? {1 |mes Clsecumnce 12 -
[Osequenca3 1 emes  [JSequanceg 1 tmes L] Sequence 13 —
Start Current [A] 1.1403 Clsequence 4 bmes  [lsequenced 1 | gmes [lSequence14 e
Start Resistance [sequence 5 tmes  []Sequence 10 | ymes [ ]Sequence 15 o
[m Ohm] 352.5087
[Sr;aghlle]actance 14.3541 Cyde (1] omes
[Juse the gtartup sequence.
Start Impedance
[m Ohm] 352.8008 . 200
Start Phase [deg] -2.33 [ Turm the Ioad off when the load cuent s set ta 0 A,
Finish Voltage [V] 4.7627
Finish Current [A] 1.0008 NUM
Finish Resistance
[m Ohm] 584.2146
Finish Reactance
(m Ohm] -96.1729
Finish Impedance
[m Ohm] 592.0776
Finish Phase [deg] -9.35

The measurement results at the
start and end of the test are

recorded.

FCTester
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Time1: The amount of time that has elapsed since the test started when voltage and current are recorded according
to the recording conditions on the sequence screen. The condition in this example is 2 second time interval.

Time2: The amount of time that has elapsed since the test started when

the impedance measurement results of each frequency are recorded.

Instantaneous
| value |
) \ [
;‘I::?:]:S] Voltage [V] Current [A] F;:r:ﬁis]
0:00:00 4.6691 1.1624 0:00:02
0:00:02 4.6814 1.1324 0:00:04
0:00:04 4.6727 1.1422 0:00:06
0:00:06 4.6737 1.1762 0:00:09
0:00:09 4.6912 1.1597 0:00:11
0:00:11 4.6531 1.2066 0:00:13
0:00:13 4.6627 1.168 0:00:15
0:00:15 4.65 1.1742 0:00:18
0:00:18 4.6811 1.1235 0:00:20
0:00:20 4.6975 1.1079 0:00:22
0:00:22 4.66 1.1754 0:00:24
0:00:25 4.66 1.1793 0:00:27
0:00:27 4.6825 1.1371 0:00:29
0:00:29 4.6323 1.266 0:00:32
0:00:31 4.6591 1.2087 0:00:34
0:00:33 4.7266 1.0088 0:00:37
0:00:36 4.6972 1.0972 0:00:40
0:00:38 4.7116 1.0359 0:00:43
0:00:40 4.7253 0.9768 0:00:47
0:00:42 4.6446 1.2561 0:00:50
0:00:45 4.7076 1.0559 0:00:54
0:00:47 4.689 1.1196 0:00:58
0:00:49 4.6436 1.2656 0:01:01
0:00:51 4.7127 0.9919 0:01:05
0:00:54 4.6248 1.2707 0:01:08
0:00:56 4.6651 1.093 0:01:10
0:00:58 4.708 1.0187
0:01:00 4.7396 0.9959
0:01:03 4.7083 1.0259
0:01:05 4.6233 1.2534
0:01:07 4.6622 1.2221
0:01:09 4.7334 1.004
0:01:12 4.6141 1.2346
0:01:14 4.6521 04
0:01:16 4.7533 1.0048
0:01:18 4.7559 0.9719
0:01:21 4.7331 1.0192
0:01:23 4.668 1.1045
0:01:25 4.5964 1.2699
NOTE .
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Impedance measurement result

Average voltage and
average current per cycle

Frequency Resistance

[HZ]
20000
15800
12600
10000
9000
8000
7000
6300
6000
5000
4000
3160
3000
2510
2000
1580
1260
1000
900
800
700
630
600
500
400
316
300
251
200
158
126
100

[m Ohm]
352.5087

350.371

350.6058
352.4903
354.4401
353.918

353.9027
355.2192
356.2516
355.193

352.6647
345.2523
343.639

337.2833
332.069

330.0544
331.9672
337.092

340.7608
345.7149
352.6788
359.4185
363.7203
377.9028
402.4252
431.9798
440.8685
465.2571
503.8861
536.5321
567.5908
584.2146

Reactance Impedance

[m Ohm]
-14.3541

-7.3746
-6.4502
-6.811
-4.9448
-5.5286
-3.83
-3.1122
-3.1987
-0.8921
2.0959
2.3007
1.3415
-3.784
-14.457
-27.4793
-42.9418
-59.9793
-66.683
-76.6721
-85.1012
-95.1058
-97.5474
-111.915
-130.113
-142.499
-144.92
-148.555
-150.795
-139.067
-123.806
-96.1729

[m Ohm]
352.8008

350.4486
350.6651
352.5561
354.4746
353.9611
353.9234
355.2329
356.2659
355.1941
352.671
345.26
343.6416
337.3045
332.3836
331.1964
334.733
342.3865
347.2241
354.1149
362.801
371.7886
376.5739
394.1262
422.9367
454.8764
464.0762
488.3983
525.9662
554.2619
580.9366
592.0776

Phase

[ded]
-2.33

-1.21
-1.05
-1.11
-0.8
-0.89
-0.62
-0.5
-0.51
-0.14
0.34
0.38
0.22
-0.64
-2.49
-4.76
-7.37
-10.09
-11.07
-12.5
-13.57
-14.82
-15.01
-16.5
-17.92
-18.26
-18.2
-17.71
-16.66
-14.53
-12.3
-9.35

| Cycle

Voltage [V]
4.6865
4.6877
4.6856
4.6849
4.6853
4.6866
4.6862
4.6865
4.6849
4.6855
4.6855
4.6864
4.686
4.6855
4.6856
4.6864
4.6874
4.6858
4.6845
4.6862
4.6849
4.6844
4.6841
4.6843
4.6845
4.6844
4.6846
4.6851
4.6844
4.6852
4.6849
4.6851

Cycle
Current [A]

1

1219
1.1224
1.1232
1.1227
1.1226
1.1223
1.1234
1.1219
1.1235
1.1228
1.1236
1.1233
1.1234
1.1227
1.122
1.1225
1.
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1221

1223
1231
1223
1228
123

1231
1227
1225
1227
1223
1213
1228
1217
1225
1227

Time1 and Time2 are the amount of time elapsed from the start of a single test. They
are not recorded as times of separate tests.
Taking the times enclosed in frames as an example, the voltage and current values

are recorded at 0:01:14 according to the 2 second time interval. Next, an impedance

measurement at 251 Hz is completed and the measured value is recorded at

0:01:15. Then, the voltage and current values are recorded again at 0:01:16

according to the 2 second time interval.

The voltage and current at Timel are instantaneous values. When values are to
be recorded according to the recording conditions, if the relevant values are in
the middle of a measurement, the values may appear as blanks.

The FCTester uses the PC clock. Even when the recording condition is set to
Time Interval, the specified time interval may not be achieved depending on the
performance of the PC or other running applications. Errors accumulate.

If you set the recording condition to Delta Voltage, values will be recorded
whenever there is a voltage change, so the time interval will not be inconsistent.
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FCTester

A List of Menus

Menu Description
File Open Opens the test conditions file created using the Condition Editor.
Exit Closes the application.
You cannot close the application while the test is in progress.
View Toolbar Shows or hides the toolbar.
Shows or hides the status monitor.
Status Bar Shows or hides the status bar.
Test Start Starts the test.
If the startup sequence is enabled, the load is automatically turned
mhe startup sequence is disabled, you must turn the load on before
starting the test.
Stop Stops the test. Select an item in the dialog box.
Reset Alarm Resets the alarm when an alarm occurs.
Emergency Stop Stops the test, and turns off the load of the electronic load unit.
Panel Control Allows you to carry out operations equivalent to the operations on the
KFM2150. Set items in the dialog box. The dialog box consists of the
Electronic Load, Measurement, Test Data, and Protection pages.
Monitor Start the voltage/current monitor.
You must start the monitor to start the test.
Graph Graph Options Set the graph scale, pattern, view, and 3D items.
Copy to Clipboard | Copies the graph to the clipboard.
Zoom Zooms the graph.
Pan Moves the graph.
Cursor Shows the cursor.
Default Sets the graph functions back to default.
Tools Start the Condition | Starts the Condition Editor. This is used to set test conditions.
Editor
Options This is used to change the test conditions during the test.
Help View the FCTester | Shows the FCTester User's Manual.

User’s Manual

About

Shows the FCTester version and the system information while
executing the Configuration Tool.
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