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Thank you for purchasing the KFM2005 FC Impedance Meter.

About Operation Manual

The operation manual for the KFM2005 is consisting of the
“User's Manual” (this manual) and the “Communication
Interface Manual”. In addition, the “User's Manual” for the
FCTester for KFM2005 (accompanying application software)
is available.

This manual is intended for users of the product or persons
teaching other users on how to operate the product.

The manual assumes that the reader has knowledge about
electronic measuring instrument.

e KFM2005 User's Manual (this manual)
This manual is intended for first-time users of the KFM2005.
It gives an overview of the KFM2005, connecting
procedures, safety precautions, etc. Read through and
understand this manual before using the product.

e KFM2005 Communication Interface Manual (HTML, PDF)
The interface manual explains the remote control by using
SCPI commands. It is provided on the accompanying CD-
ROM.

The interface manual is written for readers with sufficient
basic knowledge of how to control instruments using a
personal computer.
The HTML manual can be viewed using the following
browsers.

Operating environment: Windows 98 or later

Browser: Microsoft Internet Explorer 5.5 or later

¢ FCTester for KFM2005 User’s Manual (HTML Help, PDF)
This user's manual explains the remote control by using the
FCTester for KFM2005 application software. It is provided
on the accompanying CD-ROM.

You can view the PDF manual using Adobe Reader 6.0 or
later.

Operation 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.

If the operation 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 page.

After reading, always keep the manual nearby so that you may
refer to it as needed.

The newest version of the operation manual can be
downloaded from Download service of Kikusui website (http://
www.kikusui.co.jp/en/ download/).

Product firmware versions

This manual applies to products with firmware versions 1.0X.
When contacting us about the product, please provide us with:
The model (marked in the top section of the front panel)
The firmware version (see page 20.)
The serial number (marked in the bottom section of the rear
panel)

How to read this manual

This manual is designed to be read from beginning to end. We
recommend that you read it thoroughly before using this
product for the first time.

Waste Electrical and Electronic
Equipment (WEEE)

Disposing of used Kikusui products in the EU
Under a law adopted by member nations of

the European Union (EU), used electric

and electronic products carrying the
symbol below must be disposed of
separately from general household waste.

This includes the power cords and other
accessories bundled with the products.
When disposing of a product subject to these regulations,
please follow the guidance of your local authority, or inquire
with your Kikusui distributor/agent where you purchased the
product.

The symbol applies only to EU member nations.
Disposal outside the EU

When disposing of an electric or electronic product in a
country that is not an EU member, please contact your local
authority and ask for the correct method of disposal.

Trademarks

Microsoft, Windows and Visual Basic 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 trademarks of
the respective companies.

Copyrights

The contents of this manual may not be reproduced, in whole
or in part, without the prior consent of the copyright holder.

The specifications of this product and the contents of this
manual are subject to change without prior notice.

© 2009 Kikusui Electronics Corporation
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A Safety Symbols

For the safe use and safe maintenance of this product, the
following symbols are used throughout this manual and on the
product. Note the meaning of each of the symbols to ensure
safe use of the product. (Not all symbols may be used.)

Yo AN

Indicates that a high voltage (over 1 000 V) is used here.
Touching the part causes a possibly fatal electric
shock. If physical contact is required by your work,
start work only after you make sure that no voltage is
output here.

DANGER
Indicates an imminently hazardous situation which, if
ignored, will result in death or serious injury.

/\ WARNING

Indicates a potentially hazardous situation which, if
ignored, could result in death or serious injury.

/\ cauTion

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

Indicates a prohibited act.

Indicates a warning, caution, or danger. When
this symbol is marked on the product, see the
relevant section in this manual.

Protective conductor terminal

Chassis (frame) terminal

On (supply)
Off (supply)

In position of a bi-stable push control

Out position of a bi-stable push control

bho-+® P> O
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Notations Used in This Manual

¢ The KFM2005 FC Impedance Meter is also referred to as
the KFM2005.

¢ Device under test is also referred to as the DUT in this
manual.

* The following markings are used in this manual.

Indicates a potentially hazardous situation which, if
ignored, could result in death or serious injury.

/\CAUTION

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

INOTE

Indicates information that you should know.
(DESCRIPTION

Explanation of terminology or operation principle.
[See]

Indicates reference to detailed information.

SHIFT+key name (marked in blue)

Indicates an operation that requires you to press a key
indicated in blue letters while holding down the SHIFT key.



A Safety Precautions

The following safety precautions must be observed to avoid
fire hazards, electric shock, accidents, and device failures.
Keep them in mind and make sure to observe them.

Using the product in a manner that is not specified in the oper-
ation manual may impair the protection functions provided by
the product.

Users

* This product must be used only by qualified personnel who
understand the contents of this operation manual.

* If an unqualified personnel is to use the product, be sure the
product is handled under the supervision of qualified
personnel (those who have electrical knowledge). This is to
prevent the possibility of personal injury.

Purpose of use

¢ Never use the product for purposes other than the product’s
intended use.

* This product is not designed or manufactured for general
home or consumer use.

Line
Voltage

ﬂ(—g Input power

* Use the product within the rated input line voltage range.

e For applying power, use the power cord provided. For
details, see the respective page in this operation manual.

* This product is an equipment of IEC Overvoltage Category
Il (energy-consuming equipment supplied from the fixed
installation).

”n™

Fuse

* The fuse can be replaced on this product. When replacing
the fuse, use a fuse of shape, rating, and characteristics
that conform to the product. For details, see the respective
page in the operation manual.

e Some parts inside the product are hazardous. Do not
remove the external cover.

35
®
L

Grounding

e This product is IEC Safety Class | equipment (equipment
with a protective conductor terminal). To prevent electric
shock, be sure to connect the protective conductor terminal
of the product to electrical ground (safety ground).

Operation

If you notice a malfunction or abnormality in the product,
stop using it immediately, and remove the power cord plug
from the outlet. Make sure the product is not used until it is
completely repaired.

Do not disassemble or modify the product. If you need to
modify the product, contact your Kikusui distributor or agent.

Maintenance and inspection

To prevent electric shock, be sure to unplug the product
before carrying out maintenance or inspection. Do not
remove the external cover.

¢ Check periodically that there are no tears or breaks in the
power cord.

* If the panel needs cleaning, gently wipe it using a soft cloth
with water-diluted neutral detergent. Do not use volatile
chemicals such as benzene or thinner.

¢ To maintain the performance and safety of the product, we
recommend periodic maintenance, inspection, cleaning,
and calibration.

Q

L .
%7 Service

¢ Kikusui service engineers will perform internal service of the
product. If the product needs adjustment or repairs, contact
your Kikusui distributor or agent.

KFM2005



A Precautions Concerning
Installation Location

Be sure to observe the following precautions when installing
the product.

* Do not use the product in a flammable atmosphere.
To prevent explosion or fire, do not use the product near
alcohol, thinner or other combustible materials, or in an
atmosphere containing such vapors.

* Avoid locations where the product is exposed to high
temperature or direct sunlight.
Do not install the product near a heater or in areas subject
to drastic temperature changes.
Operating temperature range:
0 °C to +40 °C (+32 °F to +104 °F)
Storage temperature range:
-10 °C to +60 °C (14 °F to +140 °F)

* Avoid humid environments.
Do not install the product in high-humidity locations near a
boiler, humidifier, or water supply.
Operating humidity range:
20 %rh to 80 %rh (no condensation)
Storage humidity range:
0 to 90 %rh (no condensation)
Condensation may occur even within the operating humidity
range. If this happens, do not use the product until the
condensation dries up completely.

¢ Be sure to use the product indoors.
This product is designed for safe indoor use.

* Do not install the product in a corrosive atmosphere.
Do not install the product in a corrosive atmosphere or in
environments containing sulfuric acid mist, etc. This may
cause corrosion of various conductors and bad contacts of
connectors inside the product leading to malfunction and
failure, or in the worst case, a fire.

* Do not install the product in a dusty location.
Accumulation of dust may lead to electric shock or fire.

* Do not use the product where ventilation is poor.
This product employs a forced air cooling system. Air is
taken in from intake ports located on the front panel and
exhausted from the ports on the rear panel. Install the
product so that the vent ports are at least 20 cm from the
wall to prevent the possibility of fire caused by accumulation
of heat. In addition, do not place objects within 20 cm.

* Do not place objects on the product.
Placing heavy objects on top of the product may cause
failures.

¢ Do not install the product on an inclined surface or location
subject to vibrations.

The product may fall or tip over causing damages and
injuries.

* Do not use the product in a location where strong magnetic
or electric fields are nearby or a location where large
amount of distortion and noise is present on the input power
supply waveform.

The product may malfunction.

* Do not use the product near highly sensitive measuring
instruments or transceivers.
The noise generated by the product may affect them.

KFM2005

A Precautions for Moving
the Product

Note the following points when moving or transporting the
product to the installation location.

e Turn off the POWER switch.
Moving the product with the power is turned on may cause
electric shock or damage to it.

* Disconnect all wiring.
Moving the product with the cables connected may cause
wires to break or injuries due to the product falling over.

¢ Put away the stand.
The stand may break if the product is moved with the stand
pulled out.

* When transporting the product, be sure to use the original
packing materials.
Otherwise, damage may result from vibrations or from the
product falling during transportation.

¢ Be sure to include the operation manual.
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Front Panel (Controls and Terminals)

Sensing terminals

Vent holes

Display

Controls

\
I

1l

[GIKIKUSUI

OVER LOAD

f:10kHz___DC:0.00000A C3~11.3mA g

432.2ma

g -87.4ma ! -11 .44deﬂ
veraging...

Range
~,50mA 0
441.0maf™2000. 5
AUTO O
A urrent-
® Coarsel

MEASURE
FiFs | IMPD  AVERAGE

MEMORY LOAD
STORE/RECALL oN oFF

PROTECT CURRENT

SYSTEM

\

Load input
terminals

Stand

-

SENSING

=\

{/
| .I 20V = I
: : \

GUARD

|
|
|
)

~

il mPD

S
\ 7= MEASURE =

OVER LOAD

AVERAGE

I
I
I
]

KFM2005




No. Name Function [ See |
If the internal temperature rises abnormally, the load is turned off.
1 OHPLED Then, the OHP LED lights to warn the user. p. 33
If the power consumption at the load exceeds 63 W, the OVER LOAD
2 OVERLOADLED (Overload Protection) lights to warn the user. p- 34
MEMORY Stores or recalls panel settings. 26
3 STORE/RECALL key  Three sets of memories are available: A, B, and C. P
4 LOAD ON LED Lights when the load is turned on. p. 25
LOAD A group of keys used to configure the internal load device.
Press this key to turn the load on. The specified load current flows
ON key through the KFM2005. p-25
Press this key to turn the load off and cut off the current flowing
5 OFF key through the KFM2005. This key also clears the alarm when an alarm  p. 25
is activated.
PROTECT key Sets the detection voltage for protecting the fuel cell from abnormal p. 32
voltage.
CURRENT key Sets the current of the internal load device. p. 24
SYSTEM key Selects the communication interface for remote control. p. 48
POWER switch Turns on (| )/off (O) the power. p. 20
Changes values and settings. You can press the rotary knob to switch
Rotarv knob between coarse adjustment and fine adjustment. )
8 y Turn the rotary knob while holding down the SHIFT key to adjust the
LCD contrast.
MEASURE A group of keys used to configure the impedance measurement. -
IMPD key Sets the measurement frequency or range. p. 26
9 AVERAGE key Sets the average count. p. 30
AC key Sets the superimposed current. p. 27
VIEW key Sets the items displayed on the LCD. p. 38
& Remote mode is enabled while this key is lit. Press this key in remote )
10 LOCAL (2 RMT) key mode to switch to local mode.
11 SHIFT key Calls up the functions marked in blue characters. -
FUNCTION Function keys -
F1/F3 ke Press this key to perform the function of F1. Pressing this key with the )
12 y SHIFT key held down performs the function of F3.
F2 / F4 ke Press this key to perform the function of F2. Pressing this key with the )
y SHIFT key held down performs the function of F4.
HIGH terminal . . .
LOW terminal Sensing terminals for impedance measurement and voltage readout. p. 22
13 SENSING
GUARD . - . .
. It is the circuit common for the measuring related circuits. p. 68
terminal
HIGH terminal  Load input terminal. Connect between the same polarities of the
14 LOAD LOW terminal ~ LOAD terminals and fuel cell. p.22
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Front Panel (LCD)

@Preset value display area Measured value display area
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No. Name Function [ See |

Displays the preset frequency value, the preset load current value,
and the superimposed current value.

Indicates the level of the measurement range.

Indicates the superimposed current.

121

Displays when "FIX" of the variable mode (varying the superimposed
current) is selected.

Displays when "AUTQ" of the variable mode (varying the
superimposed current) is selected.

Indicates the variation ratio (10 % to 100 %) of the superimposed
current value by the position of Icon.

The variation level of icon bar can be referred to compare with the
displays for the height level of stick bar placed horizontally on the
Preset value dis- vertical axis when the "Manual" mode is selected.

play area Displays when "AUTQO" of the variable mode (varying the

superimposed current) is selected.

Displays when the terminal voltage of the DUT is measured more than
5 mVpp even when the value of superimposed current is varied down
t0 10 %.

Displays when "AUTQ" of the variable mode (varying the
superimposed current) is selected.

Displays when the terminal voltage of the DUT is measured less than
5 mVpp even when the value of superimposed current is varied up to
100 %.

|_‘ Displays when "Manual" of the variable mode (varying the
superimposed current) is selected.
The height level of stick bar placed horizontally on the vertical axis
varies depends on the specified value (10 % to 100 %).
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No. Name

Function

Measured value
display area

Displays measured values.

[ N X = [E [€

Sensing voltage

Load current

Real resistance R of the impedance
Reactance

Absolute value of the impedance

Impedance phase angle

p. 38

17 Message
display area

Displays the status such as an alarm occurrence, a measurement
value, and a transaction progress.

By turning the rotary knob, the setting value or the condition of the
item displayed on the right side of the icon can be changed.

By pressing the rotary knob, the item displayed on the right side of the
icon can be changed.

By pressing the rotary knob repeatedly, the setting value or the
condition of the item displayed on the left side of the icon can be
changed.

Over Range

Displayed when the measured value exceeds the measurement
range.

Averaging

Displayed while processing the moving average.

p. 30

ALM

Displayed when an alarm occurs.

ALM:OVP (overvoltage protection)
ALM:UVP (undervoltage protection)
ALM:OHP (overheat protection)
ALM:OCP (overcurrent protection)
ALM:OPEN (disconnection detection)
ALM:OPP (overload protection)

p. 32

Function key
display area

The item shown in this area can be set using the F1 (F3) and F2 (F4)
keys.

Press the CURRENT, IMPD, AVERAGE, or VIEW key to switch this
area.

By pressing the function key repeatedly located on the right side of the
icon, the setting value or the condition can be changed.

KFM2005
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Rear Panel
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2: LOAD ON/OFF
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No. Name Function [ See |
19 USB connector A connector for the USB cable. -
GPIB connector A 24-pin connector for the GPIB cable. Conforms to the IEEE-488-1978 )
20 GPIB Standard.
21 RS232C connector A connector for the RS232C cable. p. 49
The terminal for controlling the built-in electronic load by the external signal,
22 CONTROL TERMINAL and for monitoring the operation status of the KFM2005. p- 40
Air is taken in from intake ports located on the front panel and exhausted
23 Vent holes -
from the ports on the rear panel.
24 Cord holder A holder for winding the power cord for storage. -
OFS A variable resistor for fine tuning the offset current when controlling the
adjuster internal load device externally.
25 EXT CONT - - . - - p. 42
FSC A variable resistor for fine tuning the full scale current when controlling the
adjuster internal load device externally.
o6 OPTION terminal A res_,erved terminal for future expansion. Do not connect anything to this
terminal.
27 AC LINE connector A connector for the power cord. p. 19
28 FUSE Fuse holder for the input power supply. p. 69
59 Stand The stand is used to tilt the front panel for easier viewing of the screen and p. 18

improving the operability of the keys.
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General Description

This chapter gives an overview and
describes the options.
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Product Overview

Features

The KFM2005 FC impedance meter has been developed to easily test the impedance
characteristics of the fuel cell under loaded conditions using the AC impedance method.

The electronic load with the maximum input power of 60 W is built-in in the KFM2005, so it

has capability of testing the fuel cell with the DC load current flowing in 2 ranges 0.5 Aor 5 A
at the maximum voltage of 20 V.

DC load function

The KFM2005 is equipped with a constant current (CC) mode load device with two load
current ranges.

The load device can be switched between two ranges: 5 A maximum and 0.5 A
maximum.

AC impedance measurement function

AC impedance from 10 mHz to 10 kHz can be measured on the fuel cell under test under
loaded conditions.

Four elements of the Impedance, the real resistance element "R", the reactance element
"X", the absolute value of impedance "|Z|", and the phase angle "8" of impedance can be
displayed at a time.

DC voltage measurement function

Measures the DC voltage at the sensing terminal. Two full scale ranges are available: 2 V
and 20 V.

The variable function of the superimposed current
The superimposed current*! can be selected from 2 modes either in "50 mApp" or "16.5
mApp".

To suppress the effect to the fuel cell, the superimposed current can be varied between
the range from 10 % to 100 % for each range (5 mApp to 50 mApp, or 1.65 mApp to 16.5
mApp) respectively.

Even when the impedance of the fuel cell changes, the function is installed that the
superimposed current varies automatically to keep the terminal voltage of the DUT at 5
mVpp.

Load current read back function
The current flowing through the load device can be read back.

External control of the load current
The load device current can be controlled using an external voltage.

1.

To superimpose the current on the load current by the AC current for the impedance
measurement, it is called as "Superimposed Current" in this operation manual.

KFM2005



Product Overview

@® Remote control function
The interface, RS232C, USB, GPIB, are equipped as standard.

The KFM2005 can be controlled by the PC using SCPI commands through by the port on
the rear panel.

By using the application software "FC Tester for KFM2005" included as a standard
accessory, it can be remotely operated from the PC and conduct the test for the I-V
characteristic test, the Cole-Cole plot, and the constant current test, and the test result
can be saved as a text file.

KFM2005 Configuration

Hé?é ”p. 67

KFM2005

As shown in Fig. 1-1, the KFM2005 is equipped with the necessary functions for testing fuel
cells on a single unit. It consists of an electric load device, voltmeter, ammeter, and
impedance meter. In addition, it is equipped with useful functions such as external load
current control and communication interface that facilitate the synchronization with the fuel
cell control system.

LOAD
HIGH
SENSING
HIGH
Impedance CCOU'}%?]T Load
iléﬁl me/ter AC circuit device
Voltmeter | |(Superimposed| | Ammeter
SENSING current)
LOW
LOAD
LOW,
./
KFM2005|

Fig. 1-1  KFM2005 configuration

The KFM2005 incorporates a high performance constant current AC circuit that enables a
given AC current (superimposed current) to be supplied to the fuel cell. By connecting
sensing wires to the output terminals of the fuel cell, the KFM2005 samples the AC voltage to
calculate the impedance. Therefore, highly accurate measurements can be made even when
resistance or inductance components in the wires or contact resistance exist.

The power that the fuel cell generates is absorbed by allowing DC current to flow through the
load device from the LOAD terminal. A superimposed current is supplied by the constant
current AC circuit through the LOAD terminal to the fuel cell. The superimposed current does
not flow through the load device in the process. The impedance is calculated using the AC
voltage that is measured by the SENSING terminal and the superimposed current.

General Description ﬂ

15
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Rack Mounting Option

The following options are available for the KFM2005.
For details on the options, contact your Kikusui agent or distributor.

ltem Model Notes
Rack mount KRB2-TOS Inch rack EIA standard
bracket KRB100-TOS Milli rack JIS standard

KRB2-TOS

KFM2005



Installation and Preparation

This chapter describes the procedures of
unpacking and preparation of the
KFM2005 before use.
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Checking the Package Contents

When you receive the product, check that all accessories are included and that the
accessories have not been damaged during transportation.

If any of the accessories are damaged or missing, contact your Kikusui agent or distributor.

We recommend that you keep all packing materials, in case the product needs to be
transported at a later date.

(\ or or The power cord that is provided varies
& depending on the destination for the
product at the factory-shipment.

Rating: 125V, 10 A Rating: 250V, 10 A Rating: 250V, 10 A
Plug: NEMA5-15 Plug: CEE7/7 Plug: GB1002
[85-AA-0003] [85-AA-0005] [85-10-0790]

[ ] Power cord (1 pc.)

Contained in the
AC LINE connector. AWG18
Red and white

6.3 A (T) 250 VAC

twisted pair 1.5 m

) AWG24
) ,/ 2-core shielded wire
—_—— 1.5m

[ ] Spare fuse (1 pc.) [ ] Sensing wire (1 pc.) [ ]Load wire (1 pair)
[99-02-0019] [91-80-9910] [91-80-5842]

[ ]KFM2005 [ ] cb-rOoM
User's manual (This manual, 1 pc.) [SA-6032]
[Z1-004-532]

Fig. 2-1  Accessories

Using the Stand

The stand is used to tilt the front panel for easier viewing of the screen and improving the
operability of the keys. Pull and flip over the stand underneath at the front until it clicks in place.

\

Fig. 2-2  Using the stand

/\ CAUTION When using the stand, do not place objects on top of the product or apply downward force
from the top of the product. To do so may cause the stand to break.

KFM2005



A
Connecting the Power Cord

/\WARNING | This product is an IEC Safety Class | equipment (equipment with a protective
conductor terminal). To prevent electric shock, be sure to ground (earth) the unit.

e This product is grounded through the ground wire of the power cord. Be sure to
connect the power plug to an outlet with an appropriate earth ground.

NOTE * Use the supplied power cord to connect to the AC line.

\ i If the supplied power cord cannot be used due to the rated voltage or the plug shape, have
the cord replaced with an appropriate power cord of length 3 m or less by a qualified
engineer. If obtaining a power cord is difficult, consult your Kikusui agent or distributor.

* In an emergency, the power cord with a plug may be used to disconnect the product from
the AC line in an emergency. Connect the plug to an easily accessible power outlet so that
the plug can be removed from the outlet at any time. Be sure to allow enough space around
the power outlet.

* Do not use the supplied power cord on other instruments.

This product is an equipment of IEC Overvoltage Category Il (energy-consuming equipment
supplied from the fixed installation).

1 Turn the POWER switch off.

2 Check that the AC power line complies with the input rating of the
KFM2005.
The voltage that can be applied is any of the nominal power supply voltages in the
range of 90 Vac to 132 Vac or 180 Vac to 250 Vac. The frequency is in the range of 45
Hz to 65 Hz.

3 Connect the power cord to the AC inlet (AC LINE) on the rear panel, and
connect the power cord plug to an outlet with proper grounding.

To a three-prong outlet
with proper grounding

Fig. 2-3  Plug connection

KFM2005

Installation and Preparation n
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Turning the Power On

Turning the POWER Switch On

=N

Press the POWER switch to turn the power on (|).

Check the firmware version (Ver x.xx) that appears on the screen.

KFM2005 Fuel Cell Impedance Meter
Version: 1.02

KIKUSUI ELECTRONICS CORP.

Self Check...

When you turn the POWER switch on for the first time, the following screen will appear
after the firmware version (factory default setting).

[B10kHz  DC:0.00000A E3N50.0mA™| Range
B 226.7mo@ 235.8mq |02
] 66.4mo 1 6.44deg

*O5FREQ | Impedance J

Because the KFM2005 stores the conditions immediately before the POWER switch is
turned off, the KFM2005 starts up using the conditions that existed when the POWER
switch was turned off the last time.

Turning the POWER Switch Off

/\ CAUTION It may cause the damage to the KFM2005.
When turning off the POWER switch of the KFM2005, be sure that the load current is in the
state of LOAD OFF. To turn on the POWER switch again, make sure that the built-in cooling
fan is completely stopped before turning on.

Press the POWER switch to turn the power off (O).

The KFM2005 stores the panel settings immediately before the POWER switch is turned off.

KFM2005



Basic Operation

This chapter describes the procedure to
connect the fuel cell and the panel
operations.



A
Connecting to the Fuel Cell

/\ CAUTION To prevent damage to the KFM2005 and the fuel cell,

* Pay attention to the polarities of the fuel cell. If the polarity is reversed, overcurrent may
flow.

e The maximum input voltage of the LOAD terminal is 20 V. Do not apply the voltage
exceeding 20V.
To prevent damage to the load wire and the sensing wire,

* Be sure to use a wire with a diameter that can handle at least the maximum load current (5
A) and strong sheath that is frame resistant.

* The rated temperature of the sensing wire provided is 80°C. Therefore, the fuel cell with the
activation temperature exceeding 80°C can not be used.

» Even for fuel cells that run at relatively low temperatures such as a PEFC, the cable cannot
be connected to a location where the collecting electrode or ambient temperature is 75°C
or higher.

Connect the sensing wire to the point where you wish to measure the impedance or voltage
on the fuel cell. If wish to eliminate the effects of the electrode plate, you must connect the
sensing terminal directly to the separator. If you wish to measure the performance at the
electrode terminal, you must connect it to the electrode terminal.

(NOTE

1 Check that the POWER switch is turned off.

2 Connect the electrode plate of the fuel cell to the LOAD terminal using
the load cable provided as shown in Fig. 3-1.
Connect the positive and negative polarities of the fuel cell to the HIGH and LOW
terminals of the LOAD, respectively.
It is recommended that the cables be stranded to eliminate the effects of magnetic
flux.

3 Connect the desired sensing point of the fuel cell to the SENSING
terminal of the KFM2005 using the sensing wires provided.

Connect the shield to the GUARD terminal.

Connect the positive and negative polarities of the fuel cell to the HIGH and LOW
terminals of the SENSING, respectively.

B Further information for the GUARD terminal

o See Appendix C "Concerning the GUARD Terminal".
HS??wp,sg
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Connecting to the Fuel Cell

Sensing wire

Connect the shield
to the GUARD terminal.

[GIKIKUSUI

KFM2005

Twist

Load cable

Fuel cell

Fig. 3-1  Connecting to the fuel cell

Table 3-1 Nominal cross-sectional area of cables and allowable currents

Nominal cross- AWG (Reference cross-  Ajlowable current’! Current

sectional area sectional area) [A] recommended by
[mm?] [mm2] (Ta = 30 °C) Kikusui [A]
2 14 (2.08) 27 10

3.5 12 (3.31) 37 -

55 10 (5.26) 49 20

8 8 (8.37) 61 30

14 5 (13.3) 88 50

22 3 (21.15) 115 80

30 2 (33.62) 139 -

38 1 (42.41) 162 100

50 10  (53.49) 190 5

60 2/0 (67.43) 217 ;

80 3/0  (85.01) 257 200

100 4/0 (107.2) 298 -

125 - - 344 -

150 - - 395 300

200 - - 469 -

*1.  Excerpts from Japanese laws related to electrical equipment.

KFM2005
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A
Using the Internal Load Device

To use the built-in electronic load, set the load current first, then turn the load on.

Setting the Load Current

Press the CURRENT key.
"Current" is displayed on the function key display area.

OHP  OVER LOAD LOAD ON

f:10kHz BI%0.00000A CINL50.0mA™1| Range e | b e srommieat e
R 226.7mo@ 236.5mo S?)flée i -
X 65.9m0 16.42deg| "INT @ o o | a0
205 CURR-DC | Current , o
@ Coarseld LocaL
o | a
20

Press the F2 key to select the INT (KFM2005 control) for the Source (load

2 current setting control).
The setting (INT/EXT) changes each time the F2 key is pressed. When "EXT" (external

control) is selected, the value of load current can not be set by the front panel.

INT «— Ext
LonooN

OHP  OVER LOAD
LOAD

MEASURE MEMORY

F1Fs | IMPD  AVERAGE STORE/RECALL

PROTECT CURRENT

f:10kHz [I90.00000A  31_50.0mA™]| Range /
B 226.7m@ 236.5m|- 2
X 65.9ma 16.426g] ~INT O

tO5CURR-DC | Current
@ Coarse

SYSTEM

a
2o ]

3 Press the F1 key to select the Range.
The setting (0.5 A/5 A) changes each time the F1 key is pressed. If the range is
switched, the load is turned off to prevent unintended current from flowing through the

circuit.
05A<«—>5A
OHP OVER LOAD LOAD ON
f10kHz BI0.29999A CD\,500mA™T|  Range pos | T e sommew  _ou o
B 226.7m@ 236.5m| 2% P O O OO
X 65.9mo 16.42deg| “INT @ ()
*O5CURR-DC | Current o) )
o Coalseu LOCAL SYSTEM
o [ — O -
2o D

Turn the rotary knob to set the load current.
Press the rotary knob to switch the setting resolution
adjustment is required, select the "Fine".

(Coarse / Fine). If the fine
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Using the Internal Load Device

Load current range: 0.5A 5A
Fine setting resolution: ~ 0.00001 A 0.0001 A
Coarse setting resolution: 0.00100 A 0.0100 A

I OHP  OVER LOAD LOAD ON

f:10kHz [80.29999A I\, 50.0mA™ Range e | b i somsies oo
B 226.7ma@ 236.5m| 2% 8 =
x 65 90 16,405 | 005 e | proreor cumeN
?Q5CURR-DC | Current [0} o
® Coarsed LocAL SvSTEM
A o I

. a |
(Coarse «—Fine ) no CEOEE]

Turning the Load On/Off

"Turning the load on" refers to the operation of enabling the current to flow. "Turning the load
off" refers to the operation of cutting off the current.

Press the ON key to turn the load on; press the OFF key to turn the load off.

Lights

A0kHz DC:0.29999A CI\,50.0mA™ |  Range e | won e sowmon ou . ox

B 226.7m@ 236.5mf..M°.2 ]

X  65.9m 16.42deg — Shhk |

*O°FREQ | Impedance L [0 g
=

20 =D

(S\efew When the external signal for the load off is applied, the load on/off can not be controlled by
——p. 43 the front panel.
NOTE) * Be sure that the setup such as the current setting, the connection to the fuel cell, and the

polarity are correct before turning the load on.

* If the cell voltage fluctuates during the measurement and the KFM2005 cannot distinguish
the superimposed current from the fluctuating voltage, the measurement may become
unstable or the measurement may not be possible. When measuring the impedance, be
sure that the cell voltage is stable and free from the effects of external noise.

* The fuel cell noise and the voltage fluctuation tend to increase in proportion to the load
current. If the load current is large, a more stable result can be obtained using a
superimposed current of 50 mA rather than 16.5 mA in the same measurement range.

oescrirTioy Difference between 0 A setting with the load turned on and the
load turned off

With 0 A setting with the load turned on, the KFM2005 tries to set the load current to 0 A, but
the actual current is not 0 A. This current is called an offset.

The offset in the specifications of the KFM2005 is 2.5 mA or less (5 A range) or 0.5 mA or
less (0.5 A range). On the contrary, the load current is electronically cut off when the load is
turned off.

If you wish to set the current exactly to 0 A, turn the load off.

KFM2005

Basic Operation a
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Measuring the Impedance

The impedance is always measured. (except when the superimposed current is OFF.)

The setting items required for the impedance measurement are "measurement range",
"measurement frequency", and "superimposed current".

Setting the Measurement Range and Measurement Frequency

Press the IMPD key.
"Impedance" is displayed on the function key display area.

OHP  OVER LOAD LOAD ON

MEASURE MEMORY LOAD

:10kHz DC:0.29999A 3\ 50.0mA™ R:ntgeu‘ Firs | WD AVERAGE  STORE/RECALL v ore
R 226.7mo@ 236.5mo 2
|X' 65.9mQ 16.42deg

*O°FREQ | Impedance
),

PROTECT CURRENT

SYSTEM

2 Turn the rotary knob to select the measurement frequency (10 mHz to 10

kHz).
10 mHz to 10 kHz
OHP OVER LOAD LOAD ON

10kHz DC:0.29999A I"\U500mA™ 1| Range ) o | web e SR o o

B 226.7mo@ 236.5mo|.. 202 OO O Oam.E

O Sl e i o | i

*O°FREQ | Impedance o o
- LOCAL SYSTEM
- [
26 D

3 Press the F1 key to select the measurement range.
The setting changes each time the F1 key is pressed.

The measurement range can be selected from 100 mQ, 300 mQ, 1 Q, 3 Q, and Auto.
The selectable measurement range is varied depends on the setting of the
superimpose current. It can not be selected when the superimposed current set to
"OFF".

For example, set the superimposed current for 50 mA with measurement range of 1 Q,
and the superimposed current for 16.5 mA with measurement range of 300 mQ. When
the superimposed current is changed from 50 mA to 16.5 mA, the measurement
range is also changed from 1 Q to 300 mQ.

Superimposed:16.5 mA range 3300mQ — E31Q —> al3Q —> Auto
current :50mArange  [3100mQ — &3300mQ — @1Q—> Auto
\ [ o o o
\——
BB:104z 00:020999A 3\ 50.0mAT \Range T il T
R 226.7mc@ 286.5maf.- " -
X 65.9m0 16.424cq ao view PROTECT CURRENT
*O°FREQ | Impedance | o o
LocaL SvsTEM
B

a |
20 D
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Measuring the Impedance

Setting the superimposed Current

KFM2005

To suppress the effect to the tested fuel cell, the KFM2005 equips the variable mode that the
superimposed current can be varied. The following three modes are available for the variable
mode.

¢ FIX

* AUTO

Manual

Sets to fix the value of the superimposed current, the same value of current
always flows not depends on the frequency.

To keep the terminal voltage of the DUT at 5 mVpp, the superimposed
current varies automatically between the range from 10 % to 100 % in the
value of the setting superimposed current.

You can specify the ratio between 10.0 % to 100.0 % to the value of
superimposed current.

Press the AC key.
"Current-AC" is displayed on the function key display area.

OHP  OVER LOAD LOAD ON

B MEASURE MEMORY LOAD

f:10kHz DC:0.00000A CI\50.0mA™ 1 Range FiF3 | IMPD  AVERAGE  STORE/RECALL on OFF
B 2267m@ 236.5m |00 OO O O0d
X 65.9m0 16 42deg Fo F2Fe | AC VIEW PROTECT CURRENT

| Current-AC o) o
SvsTEM
- O
POWER

Press the F1 key to select the Range of superimposed current.
The setting (50 mA/16.5 mA/OFF) changes each time the F1 key is pressed.

@mA — ~-16.5mA — —OFF )
OHP OVER LOAD LOAD ON
\ [ ==
N

f:10kHz DC:0.00000A CINU50.0mATY| YRange rrrs | e s sronesmtens o
B 226.7mc@ 236.5m | 720mAH | -
. Variable ¥ Ac view PROTECT CURRENT
X 65.9m0 16.424eg| Fix @O (] [ |
| Current-AC [0) o
- LOCAL SYSTEM
B
20 EED

Press the F2 key to select the Variable mode of superimposed current.
The setting (FIX/AUTO/Manual) changes each time the F2 key is pressed. When the
"Manual" is selected, the value of present setting ratio is displayed.

It can not be selected when the superimposed current set to "OFF".

Basic Operation a
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Measuring the Impedance

Setting the superimposed Current (Cont’d)

OHP  OVER LOAD LOAD ON

f :10kHz DC :0.00000A; £33\ 50.0mA™ e | o e sormonr on o
B 226.7m0@ 236.5mo — - -
F2 Fa AC VIEW PROTECT CURRENT
|
@ 65.9mQ \‘ 16.42deg D
L . 0 —0
~ CAL SYSTEM
s £ RMT
a
1o D

When the "Manual" is selected,
you can specify the ratio between
10.0 % to 100.0 % to the value of
superimposed current.

The setting resolution can be
switched for Coarse (1.0 % step)
or Fine (0.1 % step) by pushing
the rotary knob.

f:10kHz DC :0.00000A," 3N 10.3mAm
B 331.4me@ 485.0me
X -352.9ma (81 ‘46.63deg

R 387.7ma[@ 512.5mo

X '3329m§'2 '40.58deg
{9 Nanil %4 Current-AC | ,

\
L )
0 '
. .
- = .
*. (Fine/Coarse indicator, L,
N

( f :10kHz DC:0.00000A £\ 12.0mAl~

Displays when "FIX" is selected.

Displays when "AUTQO" is selected.

Indicates the variation ratio (10 % to 100 %) of the superimposed current
value by the position of Icon.

The variation level of icon bar can be referred to compare with the
displays for the height level of stick bar placed horizontally on the vertical
axis when the "Manual" mode is selected.

Displays when "AUTO" is selected.

Displays when the terminal voltage of the DUT is measured more than 5
mVpp even when the value of superimposed current is varied down to 10
%.

Displays when "AUTO" is selected.

Displays when the terminal voltage of the DUT is measured less than 5
mVpp even when the value of superimposed current is varied up to 100
%.

Displays when "Manual" is selected.
The height level of stick bar placed horizontally on the vertical axis varies
depends on the specified value (10 % to 100 %).
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KFM2005

Measuring the Impedance

DESCRIPTION superimposed current and minimum load current

The superimposed current of 16.5 mA and 50 mA are in terms of peak-to-peak values. In
other words, a current of 16.5 mA corresponds to an AC current with +8.25 mApeak and
-8.25 mApeak (+25 mApeak and -25 mApeak for 50 mA).

Peak-to-Peak

The current that is supplied from the fuel cell to the load device is a DC current. The actual
current that flows through the fuel cell is as follows depending on the load current setting.

[\
[\
/\\\__//1/« /I

* Forcase A, the load current is small and a section of the superimposed current does not
flow. In this case, the impedance cannot be measured (over range is indicated).

e For case B, the load current is at the minimum level that allows the impedance to be
measured (8.25 mA for the 16.5 mA range and 25 mA for the 50 mA range).

* For case C, the load current is sufficiently greater than the minimum load current, and
the impedance can be measured.

In this way, the impedance cannot be measured depending on the load current setting. In
case of the over range are frequently displayed, draw the load current greater than the
minimum load current or minimize the superimposed current as shown either case B or C.
However, if you reduce the superimposed current, the effect by noise may become large and
the measurement value may become unstable.

Basic Operation a
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Setting the Average Count

Setting the Integral Average

Press the AVERAGE key, and then press the F1 key to select the

Integration.

The "Average" is displayed in the function key display area, and circle check box
displayed below "Integration" is changed to "@" from "O". When the circle check box

The averaging functions below can be used to stabilize the measured result such as when
the signal source contains high level of noise or when the measured value fluctuates.

is displayed as "'@", it means that the Integration is selected.

f:10kHz DC:0.00000A 37\ 50.0mA™] |nteg1ration )
[} a

OHP  OVER LOAD

MEMORY LOAD
STORE/RECALL OoN

MEASURE
F1Fs | IMPD  AVERAGE

Setting the Moving Average

Press the AVERAGE key, and then press the F2 key to select the Moving.

The "Average" is displayed in the function key display area, and circle check box
displayed below "Moving" is changed to "@" from "O". When the circle check box is

B 226.7ma@ 236.5m|% _ | -
X 65.9m0 16.42deg/0 1~ @ E:ll:l

l'O"/-’«vevagesl Average ) [0) 9
B~ -
20 EED

2 Turn the rotary knob to set the integral average count.
14’2_’4_>8_>164>32 OHP OVER LOAD LOAD ON
f 10kHz DC:0.00000A CI"\50.0mAT] Integraliorg oo | TTLMEASURE — = MEMORY = = LOAD —
B 2267w @ 236.5m|%\. i | [
X 65.9mo 16.424g/0 1 @& [:] —_ |:|
lo'iAveragesl Average )

[0} Y
oo mm | — RO -
a |
20

displayed as "@", it means that the Moving is selected.

OHP  OVER LOAD LOAD ON

f :10kHz DC:0.00000A 37\50.0mA™T
R 226.7mo@d 236.5ma

Integration )
o 1 o

X 65.9m0

Moving

16.42deg ® 1

l'O"/-’«vevagesl Average )

/

Q, O
=
a |
20 CFE]

2 Turn the rotary knob to set the moving average count.



Setting the Average Count

If moving average is set to a value greater than or equal to 2, the message display
area displays the progress of the moving average as in "Averaging... 2/128." This
indicates that the count is set to 128, and the second moving average is being
performed. The display disappears when the specified count is completed.

<G> 2>4—>8>16—32—>64>128>256

OHP  OVER LOAD LOAD ON

f:10kHz DC :0.00000A C37\50.0mA™" |nteg1ra«ion s | o memer  sormons  on o ore
R 226.7mo@ 236.5ma OMovmg 9
® 65.9no 16.4240 | @ oo 4 e | o vew
Averaging... 116/250 'O‘Avefages| Average o, o

ocAL SYSTEM

(In progress ) !

oescripTion Difference between integral average (Integration) and moving

average (Moving)

The KFM2005 determines the impedance by supplying a superimposed current and
measuring the AC voltage that results. Therefore, the influence from the electromotive force
(DC voltage) of the fuel cell itself must be removed.

The KFM2005 is equipped with an offset adjustment function for correcting the DC voltage of
the fuel cell. In the impedance measurement, the offset adjustment is performed first. Then,
the AC voltage is measured. The number of times the AC voltage is to be measured is
referred to as the cycle count.

In integral average, the cycle count can be specified, and impedance is determined from the
averaged AC voltage. In moving average, the impedance is determined from a single
measurement of the AC voltage. The count specified for moving average is the number of
times the impedance is averaged.

The idea of averaging the measured values to obtain a stable measured result is the same for
integral average and moving average. However, the time when offset adjustment is carried
out differs between the two.

In integral average (Integration), offset adjustment is carried out before starting the
measurement, and readjustment is not made until the specified nhumber of cycles elapses. In
moving average (Moving), however, offset adjustment is carried out every measurement cycle.

It is recommended that Integration be used when you wish to cut down the time needed to
make the offset adjustment and shorten the total measurement time. Moving should be used
when you wish to obtain a more stable result even if the measurement takes longer.
Integration is highly effective when measuring at high frequencies. However, if the
electromotive force of the fuel cell is fluctuating gradually (this is called a drift), the drift affects
the measurement if Integration is used. This is due to the long interval between offset
adjustments. In such case, Moving must be used.

Integral average and moving average can be used in combination.

When the variable mode of the superimposed current is set to "AUTO", the superimposed
current will be stable if an integral average (Integration) is used.

Integration
Count = 4

Moving
Count=4

Integration
Moving
Count =2

! cyclel | cycle2 | cycle3 | cycled : ! cycle1! cycle2 ! cycle3 ! cycle4 !

| Offset adj. | Impedance measurement )l Offset adj. | Impedance measurement )|

U oen : : : S
0

|0ffset ad. ||mpd. meas/|Offset adj. | Impd. meas|Offset adj. | Impd. meas|Offset adj. | Impd. meas.| \Offsetadj.| ========3======~

N Display the 1st \| Display the 1st \| Display the 1st a Display the 2nd
: |D|splay the 1st resultl:‘l an 2nyd result v to £d¥esult v Lto th¥esuh to th¥esult

' cyclel : cycle2 ! i cyclel | cycle2 ! i cyclel : cycle2 :

| Offset adj. | Impd. meas. )| Offset adj. | Impd. meas. )| Offset adj. | Impd. meas. )| """""""""
( Display the 1st result (| Display the 1st and 2nd result | (l Display the 2nd and 3rd result
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Protection Function

The protection function automatically turns the load off or places a limit to protect the fuel cell.

When a protection function trips, an alarm is activated. When an alarm occurs, the load is
turned off (or is limited), and the ALARM pin (pin 9) of CONTROL TERMINAL OUT on the
rear panel is set to a high TTL level signal.

There are two types of protection functions: those that allow you to set the trip point and those
with a fixed trip point.

Overvoltage Protection (OVP)

An overvoltage is detected when a voltage greater than or equal to 21 V is applied. If this
happens, "ALM:OVP" is displayed on the message display area.

If a voltage greater than or equal to 21 V is applied for more than 4 seconds or if a voltage
greater than or equal to 24 V is applied, the load is automatically turned off for safety reasons.

Undervoltage Protection (UVP)

(NOTE

An undervoltage is detected when the voltage falls to or below the specified voltage. If this
happens, "ALM:UVP" is displayed on the message display area. You can set a time (delay)
until the undervoltage protection (UVP) is activated. If the condition lasts for a time longer
than the specified UVP Mask Time, the load turns off.

The detected voltage value of the under voltage protection (UVP) is set at -2.000V as factory
default setting. Set the desired value for the operation.

Setting the detection voltage of undervoltage protection (UVP)

1 Press the PROTECT key, and then press the F1 key to select the UVP.

The "Protect" is displayed in the function key display area, and circle check box
displayed below "UVP" is changed to "@" from "Q". When the circle check box is
displayed as "@", it means that the UVP is selected.

OHP  OVER LOAD LOAD ON

f:10kHz DC:0.00000A  C3N50.0mA™? . 2%%\/“ U iafica oS e Vi
B 226.7m@ 236.5m %200V [ e Y
X 65.9mo 16.42deg|0  4s@ — |:W|
Q5 UVP | Protect o) )
@ Coarseld

LLLLL

2 Turn the rotary knob to set the detection voltage (-2.000 V to 20.000 V.)
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Protection Function

-2.000 V to 20.000 V

OHP OVER LOAD LOAD ON
F10kHz DC:000000A__ CIS0.0mATY - UVP ¥ o | e e o
B 226.7ma@ 236.5m|3200VE |
w 65.9mﬂ 1 6,42deg fo) 4 s u AC VIEW PROTECT CURRENT
0" UVP | Protect ) °
@ Coarse )
Loca SvsTEM
B~
20 D

Setting the UVP Mask Time

1 Press the PROTECT key, and then press the F2 key to select the UVP
Mask Time.

The "Protect" is displayed in the function key display area, and circle check box
displayed below "Mask Time" is changed to "@" from "O". When the circle check box
is displayed as "@", it means that the UVP Mask Time is selected.

OHP  OVER LOD LoAD ON
FIOKz DOL00000R__COLS00mATY | IVE ) il
R 226.7mo@ 236.5mo |00
x 65.9m0 16.424e .Mask'zlrgeu ori | o vew PROTECT GURRENT
z'8"8VP l]| Protect
oarse
4

2 Turn the rotary knob to set the UVP Mask Time (0 s to 10 s).

OHP OVER LOAD LOAD ON
f:10kHz DC:0.00000A  CI\,50.0mA™] 5 zur}f)%vr; e | wes mbweE  soremion on o
B 226.7ma@ 236.5mo |75
® 65.9mo 16.4240 .Maskzlrg% e | o vew
"O'iMaskTime| Protect DD
\ oon
&
0sto10s o
:(') e

Overheat Protection (OHP)

An overheat is detected when the temperature of the internal power unit exceeds 95°C. If this
happens, the OHP alarm LED lights. In addition, "ALM:OHP" is displayed on the message
display area, and the load is turned off.

Turn the power off, and turn it back on after the KFM2005 has cooled down.

Lights Lights out
OHP OVER LOAD LOAD ON
F10kHz DO:DG0000A__ O 500mATY OV oo | e e m e
R 226.7mo@ 236.5mo |00
X 65.9m0 16.420eq .Maskzlmeu ors | o vew PROTEGT CURRENT
- v . S

v ?O5Mask Time| Protect D D D
(ALM:OHP ) |
—— _A— LOCAL SYSTEM

| o | =

\ ) N

Alarm display a0 D

KFM2005
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Overload Protection (OPP)

The overload protection is activated at two stages.
If the power consumption at the load exceeds 63 W, the OVER LOAD LED lights. In addition,
"ALM:OPP" is displayed on the message display area.
If the power consumption increases further and exceeds 65 W, the current setting is
automatically changed to suppress the power down to approximately 65 W.

f:10kHz DC:0.00000A  C3N50.0mA™]

Uvp
O-2.000V &

B 226.7m@ 236.5m|32000C
|X| 65.9m9 16.42deg () 4s0

) O M:

o1

(ALM:OP

lask Time| Protect

\

\
Alarm display

Overcurrent Protection (OCP)

OHP OVER LOAD LOAD ON
-, | ||
MEASURE MEMORY LOAD
U
- |

a |
2o CEEE]

If a load current greater than or equal to 5.25 A flows, "ALM:OCP" is displayed on the
message display area, and the load is turned off.

f:10kHz DC:0.00000A  C3N50.0mA™]

B 226.7m@ 236.5m |2
X 659 @ 16.424/e  4sa

uvp
0O-2.000V &2

(ALM:0CP )

205 Mask Time| Protect

A

\

\
Alarm display

Disconnection detection (OPEN)

Lights out
MEASURE MEMORY LOAD
[0} Y
- | — Ry (=
a |
oo CEED)

If the load current does not flow such as when the load cable is not wired or is loose,

"ALM:OPEN" is displayed on the message display area, and the load is turned off.

If OPEN is detected even when the cable is connected properly, the protection fuse in the
load device is blown. If this happens, repair/inspection is necessary. If the KFM2005 needs

repair/inspection, contact your Kikusui distributor or agent.

f:10kHz_DC:0.00000A 3\ 50.0mA™!

UVP
R 226.7mo@ 236.5ma ?A:sﬁ(?ﬁr\::
|Z| 65.9mn 16.42deg () 4s 0
i A—LNFOBE_I\I‘ el MaskTime| Protect
4 /

A

\

\Alarm display

Lights out
OHP OVER LOAD LOAD ON
MEASURE MEMORY LOAD
D
- | —
a |
0 D
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S
Resetting Alarms

You can press the OFF key when an alarm is activated to reset the alarm. However, the
alarm will be activated again, if the cause of the alarm is not corrected.

Lights out
\OHP OVER LOAD LOAD ON
f:10kHz_DGC:0.00000A  E3IN\50.0mA™] T - rirs | wes Adwe  stonmtonn  on o
R 226.7moc@ 236.5m0 aSrgetay | - - —
X 65.9mo 16.42dg|l@ 4sn — ¢
T T T Lol MaskTime| Protect i - o) ) —
-— o LOCAL SYSTEM
=~

Alarm display disappea

rs.

Adjusting the LCD contrast

OHP  OVER LOAD

MEASURE

MEMORY

Turn the rotary knob while holding down the SHIFT key to adjust the LCD contrast. Turning
the rotary knob clockwise makes brighten, and turning it counterclockwise makes darken.

LOAD ON

LOAD

f:10kHz DC:0.00000A EIN50.0mA™T|  item 3 Fies | weo  AvERAGE  STORE/RECALL orr
B 226.7m@ 236.5m|F%,
m 65.9m9 16.42deg :'erén a F2 F4 AC VIEW PROTECT CURRENT
| View Item o) o

LocAL SYSTEM

Turn the rotary knob
while holding down the SHIFT key.

KFM2005
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A
Using the Memory Function

The current panel settings can be stored to internal memories A, B, and C. or recalled from
the memories.

Storing the Panel Settings to the Memory

1 Press the STORE/RECALL key, and then press the F2 key to select the
Store.
The "STR/RCL" is displayed in the function key display area, and circle check box
displayed below "Store" is changed to "@" from "Q". When the circle check box is
displayed as "@", it means that the Store is selected.

OHP  OVER LOAD LOAD ON

GG [, A | P - | e ——
B 226.7ma@ 236.5ma Y o | o | —
B 65908 16.42m|e o o ERS v ]
- 0% Address | STRIRCL - o -
@ Store |
oo -
& RMT

1o D

Turn the rotary knob to select the memory address (A, B, or C) for
storing the settings.

OHP  OVER LOAD LOAD ON

MEASURE MEMORY LOAD

f:10kHz_DC:0.00000A :lf\,SO-OmA'_'oEefcallltu Firs | weo  AveRae  sToRE/RECALL N oFF
B 226.7m@ 236.5m (0% O O d
X 65.9m0 16.4240 |0 *°° o o | o vew
?O5Address | STR/RCD - - o) 0 (B ) W

@ Store
LocaL SvstEn
B -
20 =D

3 Press the rotary knob to execute.

KFM2005
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Using the Memory Function

Recalling the Panel Settings from the Memory

1 Press the STORE/RECALL key, and then press the F1 key to select the
Recall.
The "STR/RCL" is displayed in the function key display area, and circle check box
displayed below "Recall" is changed to "@" from "Q". When the circle check box is
displayed as '@", it means that the Recall is selected.

OHP  OVER LOAD LOAD ON

O i
2
9

Basic Operation a

MEMORY LOAD

f:10kHz DC:0.00000A  IN\_50.0mA™ 7] Recall ) i re | e ar | sroRomens

B 226.7m@ 236.5m|® L0
i 65.9ma 16.42de5/0 5 @ T Proveer commen
?O5 Address STR/RCL o | l I:
@ Recall )
LocaL SvsTen
= =
20

2 Turn the rotary knob to select the memory address (A, B, C, or default)
for recalling the settings.

If default is selected, the KFM2005 is reset to factory default settings.

0
00

A— B— C—default

OHP  OVER LOAD LOAD ON

MEASURE MEMORY LOAD
STORE/RECALL

i e e O e Y s |

F2 AC VIEW PROTECT CURRENT

5
3
0
2
S

f:10kHz_DC:0.00000A  3N\50.0mA™|  Recall

B 226.7ma@ 236.5mo|®dkutE

Store

M 65.9m vé%r?g?%eg OSTR//\RCLDJ - ? - ©—0 -
E=-- ]
20 CEED)
3 Press the rotary knob to execute.
Table 3-2  Factory default settings '

Item Setting

Load current Load current setting DC: 0.00000 A
Current setting control  INT: KFM2005 control
Range 0.5A
Load Off

Measurement frequency 10 kHz
superimposed current 50 mA
Range Auto
Variable mode FIX

Moving average 1

Integration cycle 1

LCD display Upper left R: Real resistance of the impedance
Lower left X: Reactance
Upper right Z: Absolute Value of the impedance
Lower right 0: Phase angle of the impedance

Under voltage Voltage value -2.000 V

protection (UVP) Mask time 40s

*1  The item has not been listed above are not subject to set as factory default settings.
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Changing the item to be displayed on the LCD

The measurement items displayed on the measured value display area can be changed with
the VIEW key.

Press the VIEW key.
"View item" is displayed on the function key display area.

OHP  OVER LOAD LOAD ON

:10kHz DC:0.00000A [INU50.0mATT| ftem1 | N vt o
B 2267m@ 236.5m| ", 0 o o
X 65.9m0 16.424eg 2 o3 i

| View Item)
B =- (=
Y mzim |

Sensing voltage

Load current

Real resistance of the impedance
Reactance

Absolute value of the impedance

[ [N] ] =] [=] [<]

Impedance phase angle

Press the F1 key to change the item description (ltem 1) located in the
upper left of the measured value display area.

Fikey: Sltem 1 R->X->Z->9->®
/ \ OHP  OVER LOAD LOAD ON
y/4 N\
f AkHz DC:0.00000A EI50.0m ftem1 | M e ommeen o o
R 226.7moc@ 236.5me Ellte?nZ o -
= e | o v
X 65.9m0 16.42deg 2x_a o |
\ / | View ltem ] ®©
\\ // ocaL T A N
. | >7-> 0> a
CFokey ltem2 X->Z->0 V—»I—»FD PO zim |

Press the F2 key to change the item description (ltem 2) located in the
lower left of the measured value display area.

4 Press the F3 (SHIFT+F1) key to change the item description (ltem 3)
located in the upper right of the measured value display area.

CF3key: @Dltem3 Z->0->V~>I1>R->X D

\ v \ OHP OVER LOAD LOAD ON
A\ A\
.
f:10kHz DC :0.00000A\‘:V\,50.0mA"'“ tem1 L D
O R o
g 232;22 ?gig;’: _llem o rroreer comea
ﬂ View Item ) 0] o
/ M o RwT (|
7 Z
CFakey: Dlema §>V=1>R>X-Z D - cmn)

Press the F3 or F4 key
while pressing the SHIFT key.

5 Press the F4 (SHIFT+F2) key to change the item description (ltem 4)
located in the lower right of the measured value display area.
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External Control

This chapter describes the procedures of con-
trolling the built-in electronic load by the exter-
nal signal, and of monitoring the operation
status.
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Using the CONTROL TERMINAL

The KFM2005 allows the internal load device to be controlled not only from the panel or
through the communication interface but also using external signals. The settings in each
operation mode normally use the internal reference signal. In external control, this reference
signal is supplied externally. The external signal is applied using a voltage (voltage control).

External control allows the range to be controlled between 0 % and 100 %.

This section describes the procedures to connect, adjust, and use the external control
function.

Table 4-1  CONTROL TERMINAL arrangement

Terminal #1 Signal name Description

1 EXT V CC CONT  An input terminal for controlling the current supplied to
the internal load device using an external voltage.
(Vext<11 V)

2 LOAD ON/OFF An input terminal for controlling the on/off of the internal
load device using an external signal. (0 V: OFF5 V:
ON)

3 RANGE An input terminal for setting the load device range when

the load current setting control (Source) is set to
external control (Ext). (O V: 0.5 Arange, 5 V: 5 A range)

4 AUX IN1 Reserved input terminals for future expansion. Do not
5 AUX IN2 connect anything to these terminals.

6 AUX IN3

7 V MONITOR A monitor terminal for the DC voltage applied to the

SENSING terminal. Outputs half of the SENSING
terminal voltage.

8 | MONITOR Monitor output for the load current. Outputs 10 V when
the load current is 5 A.

9 ALARM A high level is output if an abnormal condition occurs in
the internal load device such as OHP, OVER LOAD,
OCP.

10 LOAD ON/OFF Outputs the on/off status of the internal load device. Set

STATUS to high level when the load is on; set to low level when

the load is off.

11 AUX OUT 1 Reserved input terminals for future expansion. Do not

12 AUX OUT 2 connect anything to these terminals.

*1. The terminal marked "IN" is the input terminal, "OUT" is the output terminal, and
"COM" is the common terminal. (Refer to the Fig. 4-1.) The terminal indicated by
the number corresponds to the same number of each signal.
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Using the CONTROL TERMINAL

Connecting the Wire to the CONTROL TERMINAL

/\WARNING I Never connect wires to the CONTROL TERMINAL while the POWER switch is turned
on. Doing so can cause electric shock or damage to the internal circuitry.

/\CAUTION « Do not apply the terminals exceeding the rated voltage. It may cause the damage to the
KFM2005.

KFM2005

NOTE

Remove 9 mm to 10 mm (10 mm recommended) of the covering. You can perform the work
accurately by using the strip gauge indicated on the KFM2005 rear panel.

1
2
3
4

Check that the POWER switch is turned off.

Use a wire stripper to remove the covering from the wires.

Insert the wires in the CONTROL TERMINAL as shown in Fig. 4-1.

Pull on the wires gently to check that they do not come loose.

CONTROL TERMINAL

IN
1

ouT

0ooonn
EEEEEE

— / pressing this section.

ggooon
o

1eeeeh
1eeeeh

7o oo el2
7eeeel2

]
nooono

Oooo00
nooono

e —
COoM

Fig. 4-1

Wires that can be used

Single wire: $0.32 to $0.65
(AWG28 to AWG22)

Stranded wire: 0.08 mm? to 0.32 mm?

Insert the wire with 10 mm of (AWG28 to AWG22)
the covering removed here.

Insert the wire while

CONTROL TERMINAL for external control

External Control ﬁ
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A
Controlling the load current using an external voltage

An external voltage is used to control the current supplied to the internal load device.
H/S?ew If the load current setting control (Source) is set to external control (Ext), the load current is
——Ip. 24 controlled by the voltage applied across pin IN1 and pin COM1.

1 Connect the voltage source to pin 1 of the CONTROL TERMINAL.

CONTROL TERMINAL
IN ouT
—

goooon 0ooonn
I | DO

OVto10V Twist 1eeeeb Toooei2

{ooeeB Toooei2

IN 1
e Input impedance: 10 kQ

* COM is at the same potential as chassis.
COM 1

Fig. 4-2 Controlling the load current using an external voltage

2 Press the CURRENT key, and then the F2 key to set the load current
setting control (Source) to external control (Ext).

The F2 key allows selection between the KFM2005 control (INT) and the external con-
trol (Ext).

INT—Ext

OHP  OVER LOAD LOAD ON

|
f:10kHz [I8F0.00000A  C3\50.0mA™" Range l / e | Wb i soemiens oo
R 226.7ma@ 236.5mo0 Somas] [
X 65.9mo 16.42deg Ext O e Iﬁl :IV'EW
tO°CURR-DC | Current © 0 D
©Coarsed | ) | '™
-
2o =D

Use a stable voltage source with small ripple noise. If the voltage contains high level of ripple
noise, the ripple noise also appears in the load current. If this occurs, the impedance
measurement may be unstable or may not be possible.

NOTE)

Adjusting the offset and full scale
The KFM2005 allows the offset and full scale to be adjusted so that the load current control

using an external voltage is as accurate as possible.

1 Adjust the offset with the EXT CONT OFS variable resistor on the rear
panel so that 0 A is obtained when 0 V is applied.

2 Adjust the full scale with the EXT CONT FSC variable resistor so that the

full scale value of the specified range (0.5 A or 5 A) is obtained when 10
V is applied.

KFM2005



Turning the Load Current On/Off

The internal load device can be turned on/off using an external signal.

The load current is turned on when the terminal is opened or is set to 5 V and turned off when
the terminal is shorted or is set to 0 V. However, for this function to work, the load must be
turned on on the panel or through remote control.

The relationship of load on/off between the LOAD key, remote, and external control is shown
in Table 4-2.

Table 4-2  Load on/off status by external control

External signal Instruction through the LOAD Load
key or remote control

ON ON On
OFF ON Off
ON OFF Off
OFF OFF Off

1 Connect to the contact or signal source to pin 2 of the CONTROL
TERMINAL.

CONTROL TERMINAL

0oooon 0ooonn
D00 000

e e e B Tooeoeel2

e B T e e12

VOO0 oo
oooooo jpooooo

OPEN: Load on

e — |
SHORT: Load off COoM
+5V
10 kQ
* Pulled up to +5 V with 10 kQ. IN 2
e Logic input

* COM is at the same potential as chassis. COM 2 O—é

Fig. 4-3 Turning the load current on/off by external control

NOTE) * When the load current can not be turned on or off by the external control, the setting of the
. LOAD key or the instruction from the remote were set to "OFF" as indicated in the Table 4-
2. After the external signal is turned OFF, press the LOAD ON key on the front panel, or
send the command "INP ON" from the remote.
* When the load current is turned off by the protection function, eliminate the cause of
problem and reset the alarm, then turn on the load current again either from the front panel
or the remote.

KFM2005
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Switching the Internal Load Device Range

\@ﬂp 24

NOTE

If the load current setting control (Source) is set to external control (Ext), the load device
range can be controlled through pin IN3.

The range is set to 5 A when the terminal is opened or is set to 5 V and 0.5 A when the
terminal is shorted or is set to O V.

1 Connect to the contact or signal source to pin 3 of the CONTROL
TERMINAL.

CONTROL TERMINAL

goonng oonoooo
OO0 Do

-’--6 7o oo e12

e e B T oo el2
VOO oo
nounono pooooo
OPEN: 5 A range
SHORT: 0.5 Arange COoM
+5V
10 kQ
¢ Pulled up to +5 V with 10 kQ. IN 3
e Logic input

* COM is at the same potential as chassis. com 3 Q—é

Fig. 4-4  Switching the current range by external control

2 Press the CURRENT key, and then the F2 key to set the load current
setting control (Source) to external control (Ext).
The F2 key allows selection between the KFM2005 control (INT) and the external con-

trol (Ext).
INT—Ext
OHP OVER LOAD LOAD ON

f.10kHz [I80.00000A 3 50.0mA™T e e | e e soemen oo
R 226.7ma@ 236.5mo Sourcel Y A N o |
® 65 9no 16,4200 o2 e | o vew

?O5CURR-DC |  Current L - o) o -

®© Coarseld A S L

£ RMT

* The load device range cannot be switched while the load is turned on. Turn the load off
before switching the range.

* If the range is switched, the Internal load device status is turned off. Therefore, you must
press the LOAD key on the panel or send the INP ON command through remote control
before you can turn the load on/off using external control again.
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Voltage Monitoring

A monitor terminal for the DC voltage applied to the SENSING terminal. This terminal outputs
half of the SENSING terminal voltage.

1 Connect a voltmeter to pin 7 of the CONTROL TERMINAL.

CONTROL TERMINAL

goooon 0ooonn
OO0 [0

L‘ <12 Twist

Dooooo Wooooo

joooon pooooo
Monitors one-half of

COM the sensing input voltage.

100 Q
> ouT? ¢ Output impedance: 100 Q

¢ COM is at the same potential as chassis.
rO COM 7

Fig. 4-5 Voltage monitor output

OVto10V

A
Current Monitoring

A monitor terminal for the load current. The terminal outputs 10 V at 5 A regardless of the
preset current range.

1 Connect a voltmeter to pin 8 of the CONTROL TERMINAL.

CONTROL TERMINAL

goooon 0uionn
000000 o

1eeeet 7&-12

{eeeeB 7o

00000 oo
000000 pooooo

OVto10V

[ Outputs 0V to 10 V with
com respectto 0 Ato 5 A.

100 Q
M ouT 8
¢ Qutput impedance: 100 Q

O coms ° COM is at the same potential as chassis.

Fig. 4-6  Current monitor output

KFM2005
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Using the Alarm Output

You can acquire the alarm signal from pin 9 of the CONTROL TERMINAL.

If an abnormal condition exists in the internal load device such as OHP, OVER LOAD, or
OCP, the terminal outputs 5 V (high level). Otherwise, the terminal outputs 0 V (low level).

CONTROL TERMINAL

0angoa

00pggal

EEEEEN

Lt L]

1eeeeh

1eeeeh

7. k;P
1

7o

]
nooono

odorm
noooon

e — |

COM

Fig. 4-7

220 Q

——W—0O O0UT9

r@ COM9

Alarm output

ALARM
ouT

Twist

COM

¢ Logic output
e Current: 5 mA
* COM is at the same potential as chassis.

Using the LOAD ON/OFF Status Output

You can acquire the status signal from pin 10 of the CONTROL TERMINAL.

This terminal outputs the on/off status of the internal load device. The load is on when the
terminal is 5 V (high level) and off when the terminal is 0 V (low level).

CONTROL TERMINAL

guoonn
EEEEEE

0ooonn
OO

1eeeep

7 e

220 Q
——W—0O OuUT 10

FO COM 10

LOAD ON/OFF
STATUS

COM

e Logic output
e Current: 5 mA
* COM is at the same potential as chassis.

Fig. 4-8 Load on/off status output

KFM2005



Remote Control

This chapter describes the selection of
interfaces and the installation of the
application software included as a
standard accessory.



A
Selecting the Communication Interface

The operation besides front panel key operation, the KFM2005 can be remotely operated
from the PC with SCPlI commands through the communication interface or by using the
application software included as a standard accessory.

e RS232C interface
¢ GPIB interface
¢ USB interface

The factory default remote control interface setting is RS232C. USB, GPIB, and RS232C
cannot be used simultaneously.

The KFM2005 conforms to the following standards.

e |EEE Std 488.2-1992 I|IEEE Standard Codes, Formats, Protocols, and Common
Commands For Use With IEEE Std 488-1987

* |EEE Std 488.1-1987 IEEE Standard Digital Interface for Programmable Instrumentation
¢ Standard Commands for Programmable Instruments (SCPI) version 1999.0

* Universal Serial Bus Specification Rev 2.0

* Universal Serial Bus Test and Measurement Class Specification (USBTMC) Rev 1.0

¢ Universal Serial Bus Test and Measurement Class, Subclass USB488 Specification
(USBTMC-USB488) Rev 1.0

To operate the KFM2005 remotely, it is necessary to select the communication interface to
be used. The interface is selected from the front panel of the KFM2005.

1 Press the SYSTEM key.
"System" is displayed on the function key display area.

OHP  OVER LOAD LOAD ON

f:10kHz [318:0.00000A 3\ 50.0mA 1 In'blerface FIF3 | IMPD AVERAGE  STORE/RECALL on oFF
R V enu K
B ----m 00000, DR O Qo
UCE c & 1] — O - -

| System , o

2 Select the communication interface to be used.
The setting (GPIB/USB/RS232C) changes each time the F1 key is pressed.

GPIB—USB—RS232C

OHP  OVER LOAD LOAD ON

MEASURE MEMORY LOAD
OoN of

Interface /)

® Address : 1 GPIB_ O o ) o Y |
'O Select | Interface Q J
EC=- (-

26 EE)

The following describes the settings of each interface. The selected interface becomes valid
by turning on the POWER switch again.
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Selecting the Communication Interface

When RS232C interface is selected.

To set the protocol, press the rotary knob repeatedly, the mark "@" moves in the circle check
box "O" displayed on the front of item description, it is selected when the circle check box is
shown as "@".

Set each item by turning the rotary knob.

OHP  OVER LOAD LOAD ON

<2400 bps / 4800 bps / 9600 bps / 19200 bps >
/

I |
7 MEASURE MEMORY LOAD
® Baudrate  :2400bps Interface F1Fs | IMPD  AVERAGE  STORE/RECALL on OFF
O Databits  :8 — 7/8) RS232C O | Y |
Ackr : OFF F2 F4 AC VIEW PROTECT CURRENT
Parity /: NONE  Stopbits: 2 D D D
*O Select | Interface Q, Y
O Next LocaL SvsTEM
- [T
a |
20
Table 5-1  Protocol setting
Item Choices

Baudrate (Bit rate) 2400 bps, 4800 bps, 9600 bps, or 19200 bps !

Databits 7 bit or 8 bit !
Acknowledge ON or OFF""
Parity Fixed to NONE
Stopbits Fixed to 2

*1 When the application software "FC Tester for KFM2005" as included as a standard accessory
is used through by RS232C interface, select "19200 bps", "8 bits", and "OFF".

The RS232C port on the KFM2005 is a standard D-sub 9-pin male connector.

Check that the POWER switches of the KFM2005 and the PC are off, and connect the
KFM2005 to the PC using a standard cross cable (null modem cable).

Use a D-sub 9-pin female-to-female AT type for the cross cable. Fig. 5-1 shows the connector
pin assignments.

The KFM2005 does not use hardware handshaking. The cable shown in the "Cross cable
example 2" can be also used.

1: CD (carrier detect)
2: RXD (receive data)
3: TXD (transmit data)

4: DTR (data terminal ready) 1 1 1 1
5: GND (signal ground) 2 2 2 :>< 2
/ 3 3 3 3
#4-40UNC 4 v 4 4 4
./inch screw 5 5 5 5
t 6 6 6 6
#4-40UNC 9: Rl (ring indicator) 7 7 ] 7
inch screw 8: CTS (clear to send) 8 8 8 8
7: RTS (request to send) 9 9 9 9
6: DSR (data set ready) D-sub 9 pin D-sub 9 pin D-sub 9 pin D-sub 9 pin
female female female female

Facing the KFM2005 rear panel

KFM2005

Fig. 5-1

Cross cable example 1

9-pin AT type connector

Cross cable example 2

Remote Control ﬁ
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Selecting the Communication Interface

Selecting the Communication Interface (Cont’d)

When GPIB interface is selected.

Turn the rotary knob to set the GPIB address (1 to 30).

(1t030)

/

T
@ Address : 1

Interface
GPIB

*O" Select

Interface
)

When USB interface is selected.

OHP  OVER LOAD LOAD ON

F2 P AC VIEW PROTECT CURRENT

LoCAL SYSTEM

"Vendor ID (0xOB3E)", "Product ID (0x1018)", and "Serial/No." are displayed on the LCD.
Data rate is 12 Mbps maximum (full speed).

Vendor ID : 0xOB3E Interface
Product ID : 0x1018 USB
Serial/No : ADXXXXXX

Interface

Power cycle the KFM2005.

The settings are updated.

OHP  OVER LOAD LOAD ON

== MEASURE === == MEMORY m= s LOAD s
F1Fs | IMPD  AVERAGE STORE/RECALL OoN OFF

F2 Fi

—mﬁﬁ@

LocAL SYSTEM

soer I | =

PROTECT CURRENT

a |
2o BT
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Operating the KFM2005 with SCPI commands

The required SCPI commands are specified in the "Communication Interface Manual" (CD-
ROM) as included as a standard accessory.

The communication interface manual is in HTML format. The HTML manual can be viewed
using the following browsers.

Operating environment: Windows 98 or later
Browser: Microsoft Internet Explorer 5.5 or later

The list of messages of interface manual is provided in a PDF file. Adobe Reader 6.0 or later
is required to view the file.

NOTE A device driver supporting USB T&M Class (USBTMC) is required to control the KFM2005
D through the USB interface. The USBTMC driver is automatically installed by one of the VISA
drivers below.
e KI-VISA 2.2.x or later
(included with the software CD-ROM, or downloadable from KIKUSUI Website)
¢ NI-VISA 3.0 or later
(downloadable from National Instruments Website)
¢ Agilent VISA (Agilent I / O Libraries) M01.00 or later
(downloadable from Agilent Website)

KFM2005

Remote Control ﬁ

51



52

Using the Accompanying Application Software

Product Overview

The accompanying application software "FCTester for KFM2005" for measuring the
impedance of fuel cell under loaded conditions can be used to control the KFM2005 from a
PC and perform tests on fuel cells, etc. The application software achieves the following
functions.

@® |-V characteristics test

It acquires the |-V (Load current - Cell voltage) characteristics by varying the load current in
steps. At the same time, it measures the impedance of the cell at the specific frequency.

® Cole-Cole plot

It measures the impedance and creates the Cole-Cole plot by varying the frequency of the
superimposed current while the specific load current is drawn by the fuel cell.

@® Constant current test

The data logging for the cell voltage and impedance while the specific load current is drawn by the fuel
cell.

@ Saving the test result

The test result can be saved as a text file. The saved file can be used by other application
software.

System Requirements

Below are the hardware and software requirements for using the FCTester for KFM2005.

e PC running Windows 2000, Windows XP, or Windows Vista
e Atleast 256 MB of memory

* 1024 x 768 dots or higher resolution

e 100 MB or more free hard disk space

¢ CD-ROM drive

¢ Mouse or other pointing device

e VISA library
NI-VISA 3.0 or later; Agilent IO Libraries Suite M01.00 or later; or KI-VISA 2.2.x or later

e USB cable (when using USB)
e |EEE488 cable (when using GPIB)
* Cross serial cable (when using RS232C)
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VISA Driver

Using the Accompanying Application Software

/\CAUTION Do not install multiple different VISA drivers, because they may not operate properly.

VISA (Virtual Instrument Software Architecture) is a standard developed by the VXIplug&play
Systems Alliance that defines software specifications for communicating with instruments
from a PC. A VISA-compliant driver software is the VISA driver.

The KI-VISA is Kikusui original VISA driver compatible with VXIplug&play VISA 3.0.

You must install a VISA driver to use the FCTester for KFM2005.

The VISA driver that is required varies depending on the I/O interface that you will be using.
See below to select the appropriate VISA driver.

Table 5-2  VISA driver that is required and how to obtain the driver

I/O interface VISA driver that is required
RS232C1 2 KI-VISA Ver2.2.x or later
- NI-VISA Ver3.0 or later
usB™ Agilent 10 Libraries M01.00 or later
GPIB®  Interface Corporation™ KI-VISA Ver2.2.x or later
CONTEC CO., LTD.*
National Instruments NI-VISA Ver3.0 or later
Agilent Agilent IO Libraries M01.00 or later
VISA driver How to obtain the driver
KI-VISA From the software CD-ROM or from the KIKUSUI Website®
NI-VISA From the CD-ROM provided with the GPIB card or from the

National Instruments Website

Agilent IO Libraries From the CD-ROM provided with the GPIB card or from the Agilent

Technologies Website

*1

2

*3
*4

*5

KFM2005

If you are using RS232C or USB, any VISA driver can be used. However, for details on
licensing, refer to the license terms of the respective VISA driver.

RS232C supports standard communications ports on a personal computer and virtual serial
communication ports through a USB-RS232C converter or other similar converters. However,
virtual communication ports may not work properly depending on the device driver that is
provided.

If you are using GPIB, you must use the appropriate VISA driver; otherwise, it will not work.
KI-VISA supports the following GPIB models.

CONTEC CO., LTD. GP-IB(PCI)L, GP-IB(PM), GP-IB(PCI)F, GP-IB(CB)F. API-GPIB
driver VER4.01 or later recommended.
When using GPIB cards by Contec Co., Ltd, use the ordinary API-
GPIB driver, not the API-GPLYV driver (LabVIEW compatible and
NI-488.2M API compatible).

Interface Corporation PCI-4301 LabVIEW compatible version (GPC-4301N driver
version 1.21 or later recommended)
When using GPIB cards by Interface Corporation, use the GPC-
4301N driver (LabVIEW compatible and NI-488.2M API
compatible), not the ordinary GPC-4301 driver.

It can be downloaded by "DOWNLOAD" site ( http://www.kikusui.co.jp/en/download/
index.html ) at KIKUSUI Website. To install the KI-VISA Ver.4.2.2 or later, the Windows 2000
SP4 or later version is required.

Remote Control ﬁ
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Using the Accompanying Application Software

Notes on use

The FCTester for KFM2005 is used to retrieve KFM2005 test data to your PC. To ensure that
test data is retrieved, disable the following features on your PC during testing.

¢ Windows power save mode
e Screen saver
e Memory-resident programs
Do not run other software applications during testing.

Opening the Menu Program Window

000000000000 00000000 000000000000 0000000000000 0000000000000000000000

Insert the program CD-ROM in the drive. After a short time, the menu program window
opens.

If the menu program window does not open, browse the CD-ROM with Windows Explorer,
and double-click index.htm. The menu program will start.

Meter KFMZDDS - Windows Internet Explorer
& Di¥exiea¥raes himl CHEUEE: | 2 -
TrAMD WD ET BREADG -l AT ® [l Contriute THEEN ) TONCEN * ETE - fRaw
Ge BRCAD | g @010k - [ VotMad DIFIN-EL ]
8 KIKUSUL: PG Inpederce Meter KFM2005 Bi- B0 dm e A-D®)- E-2RE- y-n0- @ 7

FoA = F i d—5
ar

KFM2005

PAUF—bavyIRor?  KVISAETYRb—LTE @ DEHARERD

- FCTeater
FCTester for KFM200S & sy me iz Aglent VISA 57T 1 KFMI005 f,'-';“’s \_9‘!2 for KFM200S
YRR —ILEE YA R=RENTULZERIL, KIVISA Sy | i |

B b=l EHBAEDE A, SaFiL(POR) | FZaFR T2 7R POF)

Installing the Installing the KI-VISA See the Operation Manual

Software application CvisA s nat . ey kmznos | (FoTeiter
- " i ! Carmimuni

FCTester for KFM2005 MI-VISH ‘:r”,:g.um:sn s ‘L,',ﬂf + Mamwal || ST " || User' s amaal

already instalied. Mhanual (POF)

Copyright @ KIKLISUI Eleckonics Corp.

3 74 T4 7a - WIOW -
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Using the Accompanying Application Software

Installing the KI-VISA

/\CAUTION Do not install multiple different VISA drivers, because they may not operate properly.

To use "FCTester for KFM2005", it requires to install the VISA driver, however, it is not nec-
essarily to install the KI-VISA.

To use an NI-VISA or Agilent Technologies VISA driver, refer to the manual of the respective
product.

If you are not installing KI-VISA, proceed to "Installing the FCTester for KFM2005".

—Ip. 56

On the menu program window, click Installing the KI-VISA.
The Kivisa_3_x_x.exe file on the CD-ROM appears in the window.

@ KiVisa - Microsoft Internet Explorer EHEIE\

Fle Edit View Favorites Tools  Help

Qe - Q- (F| PO seach [ roes |-

Address |3 Diikivisa

kivisa_3_1_3_ Readme_=  Readme_j
setip

v[Beo ks ?

File and Folder Tasks &

(9 Maks 5 risw Folder
&8 Pubiish this folder o the
web

le? Share this Folder

Then, follow the instructions on the screen.
The IVI Shared Components will be installed prior to the installation of KI-VISA.

2 Double-click Kivisa_3_x_x.exe.

3 When the KI-VISA driver installation is complete, the following dialog
box opens. Click Finish.

To back the menu program window, click Back in the browser window.

& Kikusui KI-VISA 3.1.3 - InstallShield Wizard X
InstallShield Wizard Completed

KIKUSUI
ﬂ'“gg:p" LS The InstaliShisld Wizard has successfully installed Kikusui
KIVISA 3.1.3, Click Finish to exit the wizard,

Launch IVI Shared Components SETUP
Launch Instrument Explorer

ol

&
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Using the Accompanying Application Software

Installing the FCTester for KFM2005

1 On the menu program window, click Installing the Software application
FCTester for KFM2005.

Then, follow the instructions on the screen.

14 Kikusui FCTester For KFM2005 (English)

Welcome to the Kikusui FCTester For
KFM2005 (English) Setup Wizard

The installer will quide you thrauah the steps requited ta install Kikusui FCT ester For KFM2005
(English) on your computer,

Click *Mext" to continue.

WARNING: This computer program s protected by copyriaht law and intsmational treaties.
Unautherized duplication or distribution of this program, or any portion of i, may resultin severe
civil or criminal penalties, and wil be prosecuted to the maximum extent possible Under the law

2 When the installation is complete, the following window appears. Click
Close.

14 Kikusui FCTester For KFM2005 (English)

Installation Complete o /
20«
Kikusui FCTester For KFM2005 [English] has been sucassfully installed.
Click *'Close"” tor exit

Starting FCTester for KFM2005

\@;ﬂ Setting the communication interface of the KFM2005.
——Ip. 48

Click Start on the task bar, point to Programs > Kikusui KFM2005, and
then click FCTester for KFM2005.

FCTester for KFM2005 starts.

2 Connect the KFM2005 to the PC with the interface cable.
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Using the Accompanying Application Software
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NOTE To use FCTester for KFM2005, it should be recognized that the FCTester for KFM2005 is a
connected with the KFM2005. For details, see "Connecting the KFM2005" on the FCTester

for KFM2005 user’s manual.

Viewing the FCTester for KFM2005 User’s Manual

Remote Control

The FCTester for KFM2005 user’s manual details the instructions on how to use the
application software.

B HTML help
On FCTester for KFM2005, choose Application manual from the Help menu.

B PDF operation guide
The PDF version is the user's manual for printing help contents.
On the menu program window, choose FCTester for KFM2005 user's manual.
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Specifications

This chapter gives the specifications and
external dimensions.
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Unless specified otherwise, the specifications are for the following settings and conditions.

e The warm-up time is 30 minutes (with current flowing).

Impedance Measurement Section

Measurement frequency

10 mHz to 10 kHz

Frequency resolution

1.00, 1.26, 1.58, 2.00, 2.51, 3.00, 3.16, 4.00, 5.00, 6.00, 6.30,
7.00, 8.00, 9.00 sequence with a resolution of 14 points/decade

Impedance m

easurement range |

16.5 mA range

300 mQ, 1 Q, 3 Q, or AUTO

50 mA range

100 mQ, 300 mQ, 1 Q, or AUTO

superimposed current

Current 16.5 mArange |6 mArms +10 % 2
range p
S0mArange |18 mArms £10 % 2
OFF Mechanically opens the AC current source
Variable FIX Sets the selected range of the superimposed current.
mode AUTO To keep the terminal voltage of the DUT at 5 mVpp, it varies
automatically between the range from 10% to 100% of the value in
selected range of the superimposed current.
MANUAL Specify the value by 0.1 % step from 10 % to 100 % of the value in

selected range of the superimposed current.

Measured val

ue display and resolution’

R, X, Z 100 mQ range

0.0 mQ 10 999.9 mQ , 1.000 Q to approx. 4.000 Q
The unit changes automatically.

300 mQ range

0.0 mQ t0999.9 mQ, 1.000 Q to approx. 12.000 Q
The unit changes automatically.

1 Q range 0.0 mQ t0 999.9 mQ, 1.000 Q to approx. 16.000 Q
The unit changes automatically.
3 Qrange 0.000 Q to approx. 16.000 Q The unit is fixed at "Q".
e] All ranges -180.00 deg to 180.00 deg

Measured val

ue display

Select and display 4 items among R, X, |Z|, 6, voltage, and current

Measurement accuracy 2

3

R and X from 10 mHz to 900

Hz

+ (2 % of |Z| rdng + 0.5 % of range + 1 mQ/Variable ratio)

R and X from 1 kHz to 4 kHz

+ (3 % of |Z| rdng + 0.5 % of range + 1.5 mQ/Variable ratio)

R and X from 5 kHz to 10 kHz

+ (4 % of |Z| rdng + 0.5 % of range + 2 mQ/Variable ratio) "

*1. Can measure up to approximately 4 times the range. When varying the superimposed current, it extends the range
of measuring value depends on the variable ratio. If you vary the superimposed current down to 10 %, it enables to
extend approximately 10 times of the range for the measuring value (maximum up to approximately 40 times). The
maximum display for the range of each impedance measurement value display will be changed depending on the
variable ratio of the superimposed current. However, under the environment when the drift or the ripple of the fuel cell
were large or the considerable noise were generated, it may become over range by the value smaller than the
specified value. Maximum capable measurement value is approximately 16 Q

*2. At15°Cto35°C

*3.  After 32 counts of the moving average count

*4. range: Measurement range
Variable ratio: 1 to 0.1 of the super imposed current

|Z] rdng: |Z| reading
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DC Voltage and Current Measurement Section

Voltage range

Auto switching between 2 V and 20 V

Voltage measurement |2V range

100 pV

resolution 20 V range

1mV

Voltage measurement |2V range

+(0.2 % of rdng ™ + 6 digit)

accuracy ! 20V range

+(0.7 % of rdng ™ + 8 digit)

Current measurement resolution

100 pA

Current measurement accuracy |

+1 % with respectto 5 A

Monitor output Voltage monitor

Outputs 10 V with respect to a sensing input voltage of 20 V

Voltage monitor
accuracy

+0.05V

Current monitor

Outputs 10 V with respect to a load current of 5 A

Current monitor
accuracy

+0.2V

*1. At15°Cto35°C
*2.  rdng: Input voltage reading

Electronic Load Section

Operation mode

Constant current

Range 05Ao0r5A

Maximum load current 5A

Input voltage range OVto20V

Maximum input power 60 W

Current setting 5 Arange 0.1 mA

resolution 0.5 A range 0.01 mA

Current setting 5 A range +(0.5 % of set 2 +2.5 mA)

accuracy !

0.5 A range +(0.5 % of set'? +0.5 mA)
External control™3 0.5 A range 0 Ato 0.5 A with respectto0 Vto 10 V
5 A range 0 Ato 5 A with respectto 0 Vto 10 V

*1. At15°Cto35°C
*2. set: Input current setting

*3. The full scale of the setting can be fine tuned.

KFM2005
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Protection Function

Overvoltage protection (OVP)

Cuts off the load when a voltage greater than or equal to 21 V
is applied to the sensing terminal

Undervoltage protection (UVP)

Cuts off the load if the sensing terminal falls below the preset
voltage

Setting range

-2Vto20V
Mask Time: 0 s to 10 s (in 1 second)

Overheat protection (OHP)

Cuts off the load when the load device reaches an abnormal
temperature. OHP LED lights.

Overload protection (OPP)

CP (constant power) trips and OVER LOAD LED lights with a
power greater than or equal to 63 W

Overcurrent protection (OCP)

Cuts off the load when a load current greater than or equal to
5.25 A flows.

Disconnection detection (OPEN)

Cuts off the load when the load cable is not wired or is loose.

Communication Interface

RS232C Connector 9-pin D-sub terminal on the rear panel
Bit rate 2400 bps/ 4800 bps/ 9600 bps/ 19200 bps
Data length 7 bit or 8 bit
Stop bits Fixed to 2 bit
Parity Fixed to none
Acknowledge ON or OFF
GPIB Complies with IEEE Std.488-1978
Subset SH1, AH1, T6, L4, SR1, RL1, PPO, DC1, DT1, CO, and E1
Device address Set in the range of 1 to 30
USB USB specification 2.0, Self-powered
Device class USB Test and Measurement Class
(USMTMC Specification 1.0 and USMTMC-USB488
Specification 1.0)
Data rate 12 Mbps maximum (full speed)
Common Messaging protocol | IEEE488.2 std 1992
Specifications Command SCPI Specification 1999.0
language
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General

Display

240 x 64 dot LCD, with CCFL backlight, contrast adjustable

Installation location

2000 m or less

Storage temperature and humidity range

Temperature: -10 °C to 60 °C (14 °F to 140 °F)
Humidity: 90 % rh or less (no condensation)

Operating temperature and humidity range

Temperature: 0 °C to 40 °C (32 °F to 104 °F)
Humidity: 20 % to 85 % rh or less (no condensation)

Line voltage range

90 VAC to 132 VAC, 180 VAC to 250 VAC

Line frequency range

45 Hz to 65 Hz

Maximum power consumption

600 VA

Safety’!

Complies with the requirements of the following directives and
standards.

Low Voltage Directive 2006/95/EC

EN 61010-1

Class |

Pollution degree 2

Electromagnetic Compatibility (EMC) ! 2

Complies with the requirements of the following directives and
standards.

EMC Directive 2004/108/EC

EN 61326-1, EN 61000-3-2, EN 61000-3-3

Applicable condition

All of the wires and wires connected to the KFM2005 are less
than 3 min length.

Using the accessory sensing wire and load cables.

Dimensions See outline drawing.
Weight 9.5 kg (20.9 Ib)
Battery life Approx. 3 years
Battery backup Backs up setup information
Accessories Power cord 1
Spare fuse 178 (250 VAC, 6.3 A)
Sensing wire 1 (AWG24, 2-core shielded wire 1.8 m)
Load wire 1 pair (AWG18 red and white twisted pair 1.5 m)
CD-ROM 1
User's manual 1

*1.  Not applicable to custom order models.

*2.  Applies only to models that have CE marking on the panel.

*3. Contained in the AC LINE connector.
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Outline Drawing
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Overview of the Fuel Cell

66

A fuel cell is a generating device that produces power by a chemical reaction between the fuel
(hydrogen or methanol) and oxygen.

There are various types of fuel cells such as phosphoric acid fuel cell (PAFC), molten

carbonate fuel cell (MCFC), solid oxide fuel cell (SOFC), and polymer electrolyte fuel cell*!
(PEFC). The principle structure of a PEFC is shown in Fig. A-1.

A membrane electrode assembly (MEA), which comprises a proton-exchange membrane and
electrodes sandwiching the membrane, is placed between separators. Hydrogen and oxygen
are supplied to the separator to generate power.

This one block is corresponds to a cell. A cell generates an electromotive force of slightly less
than 1 V. If high electromotive force is required, multiple cells are stacked together as shown
in Fig. A-1. This is called a stack.

The current is drawn from the collecting electrode plates. In addition to the fuel cell unit, a
system that supplies fuel smoothly through the stack is required for the fuel cell to actually
work. Various instruments are needed to test the electric performance of fuel cells such as a
load device for absorbing the generated power, ammeter, voltmeter, and impedance meter.

Stack
Hyd Ai
[Hy rogen |E(oxygen)|  MEAs )
Collecting electrodes — ]
MEA
(membrane electrode
assembly)
Separators - —

Separators

Fig. A-1 PEFC fuel cell structure

1. Or proton exchange membrane fuel cell (PEMFC)
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Impedance Measurement Method
of the KFM2005

Impedance refers to electrical resistance in an AC circuit. It is generally denoted as Z and
defined by the following equation.

7 _ (E-sin(ot+0))
|- sin(wt))

~

: Voltage amplitude

Current amplitude

Phase angle (phase difference between the voltage and current)
. Angular frequency

Time

T e T m

When the relation of the voltage, the current, and impedance are expressed by the vector on
the complex plane, it becomes following Ohm's laws.

. _E
Z==
|
When the "R" is a component of real number, and "X" is a component of imaginary number of
the impedance Z , the relation of impedance magnitude of Z "|1Z| " and the phase angle "6"
can be referred by the following formula. m
1Z| = J(R2+X2) 6 = tan-1(X/R)
R : Resistance
X : Reactance

The KFM2005 measures the impedance using a configuration generally called galvanostat in
the chemical field. The KFM2005 supplies a prescribed AC current | to the fuel cell and
measures the AC voltage E that appears. From this result, the KFM 2005 determines R, X,
|Z], and 6 of the fuel cell according to the relationships described above.
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C Concerning the GUARD Terminal

68

The GUARD terminal is connected to the chassis and it is the circuit common for the measur-
ing related circuits. This terminal is not used for the input terminal of measurement applica-
tion.

When the noise that is called a common mode has been generated from the equipment such
as gas supply system other than the fuel cell, it may cause the effect for the measurement. In
such cases, wire the equipment which generates the noise to connect to the GUARD termi-
nal, the effect for the measurement will be reduced. If the chassis is not grounded, it will not
effect for the noise reduction. Be sure to ground the ground wire of the power cord.

If the different potential of the chassis is connected to the KFM2005, note that the trouble may
occur to the entire test system of the fuel cell.

Do not connect the output terminal of the fuel cell directly with the GUARD terminal. The
KFM2005 may not operate normally.

The input terminal of the KFM2005 are configured as shown in Fig. A-2. When the terminal
voltage of fuel cell is 20 V, it operates as applying 10 V for each HIGH and LOW of the
GUARD terminal and the SENSING terminal. The KFM2005 will not work when greater than
10 V is applied to the GUARD terminal and the SENSING terminal.

LOAD
HIGH
SENSING
HIGH

N\

Fuel GUARD A~ Impedance Load
cell ,Jv ./ J7 meter device

SENSING
LOW ~N

LOAD |
LOW

/

KFM2005 |

Chassis
Fig. A-2 KFM2005 configuration
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D Maintenance

Replacing the Fuse

YXTTITE  To prevent the possibility of electric shock
* Make sure to unplug the power cord before replacing the fuse.

¢ Use a fuse of shape, rating, and characteristics that conform to the KFM2005. Using
a fuse of a different rating or shorting the fuse holder is dangerous.

1 Turn the POWER switch and remove the power cord plug.
2 Remove the power cord from the AC LINE connector on the rear panel.

Remove the fuse holder using a tool such as a flat-blade screwdriver.
Fuse rating: 250 VAC, 6.3 A (T)

Spare fuse
Fig. A-3 Removing the fuse holder

Replacing the Backup Battery

The KFM2005 backs up panel settings and other information with the internal battery even
when the power is turned off. If the panel settings are different at the time the power is turned
off and at the time the power is turned on again, the battery is already dead.

The battery life depends on the operating conditions. Three years after purchase is a good
estimation.

To replace the battery, contact Kikusui distributor/agent.

Calibration

The KFM2005 is calibrated at the factory before shipment. However, periodic calibration is
necessary due to changes that occur after extended use.

To have your KFM2005 calibrated, contact Kikusui distributor/agent.
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E Troubleshooting

This section introduces troubleshooting measures. Typical symptoms are listed. Check
whether any of the symptoms below apply to your case. In some cases, the problem can be

solved quite easily

If the remedy does not solve the problem, contact your Kikusui agent or distributor.

Nothing appears on the display when the POWER switch is

turned on.
Check ltem
Location and status Check Possible cause Remedy
of the object result
Broken power cord or bad Check that the power cord is not broken and that
connection at the AC LINE . )
) No the connection at the power cord connector is

Is rated V°|tage app“ed connector on the rear secure.

for the input power supply panel

(AC)? Remove the power cord plug from the outlet.

Yes Malfunction Immediately stop the use of the instrument and

request repairs.

The display is dark.

Check ltem
Location and status Check Possible cause Remedy
of the object result
Is rated voltage applied No Low supply voltage Use the KFM2005 in the input supply voltage
for the input power supply range.
(AC)? Bad contrast adjustment Adjust the contrast.
Yes

‘(S\é;]‘ p. 35

Keys do not work.

Check Item
Location and status Check Possible cause Remedy
of the object result
Is the RMT LED lit? The KFM2005 is being Press the RMT/LOCAL key.
Yes remotely controlled via the
external interface.
No Malfunction Immediately stop the use of the instrument and

request repairs.
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Input current is unstable or oscillates.

Check ltem
Location and status Check Possible cause Remedy
of the object result
Is rated voltage applied No Low supply voltage Use the KFM2005 in the input supply voltage
for the input power supply range.
? Malfunction Immediately stop the use of the instrument and
"o Yes
request repairs.

Is the alarm LED lit or An internal or external Check the alarm type and carry out the appropriate
ALM: displayed on the Yes error occurred on the remedy.
LCD? KFM2005. H/Sweﬂ

——Ip. 32
Is there a large loop in the Effect of magnetic flux Twist the wires.
load wire? Yes H/S\efew

—p. 22

An alarm occurs.

Check ltem
Location and status Check Possible cause Remedy
of the object result

Is the fan stopped? Yes Overheat protection Immediately stop the use of the instrument and
tripped. request repairs.

Are the bent holes Overheat protection Allow at least 20 cm between the vent holes and

obstructed? Yes tripped. the wall. In addition, do not place objects within 20

cm.

Is the overcurrent External input voltage Set the external input voltage to 10 V or less.

protection (OCP) tripping greater than or equal to 10 | Adjust the full scale.

while using external Yes V was applied, or full scale

control? adjustment have not been
made.

Is OCP tripped? Yes Malfunction Immediately stop the use of the instrument and

request repairs.

The load cannot be turned on.

Check Item
Location and status Check Possible cause Remedy
of the object result
Is ALM: displayed on the Yes An alarm was activated. Press the OFF key once and then the ON key.
LCD?
Is the load being turned The load is turned OFF Turn the load on from the panel.
on using external control? Yes from the panel. H/S\efew
———Ip. 43

The impedance measurement is unstable.

Check ltem
Location and status Check Possible cause Remedy
of the object result
Is there a large loop in the Yes Effect of magnetic flux Shorten the wires.
sensing wire?
Is the voltage No The fuel cell output is not | Stabilize the fuel cell output.

measurement stable?

stable.

KFM2005
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Voltage display is unstable, or incorrect.

Check Item

Location and status
of the object

Check result

Possible cause

Remedy

Is the superimposed

Effect of the common

Use the GUARD terminal.

current set to "OFF"? Yes mode noise. Hs\efew
Is the ground wire of the No Effect of the common Ground the ground wire.

power cord grounded?

mode noise.

H/S\/ee\” p. 19
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Numeric

O ASEHING .oveeeeeeiieeee e 25
A

AC KEY et 27

ACCESSONMES . 18

A U N I 27

AVERAGE KEY ....eeeeeiie et 30
B

backup battery, replacement of ...l 69
C

calibration ........ccccceeiiiiiiieeree s 69

COAISE ettt e e st eaeeeaaes 24

CONTROL TERMINAL ..ooooiiieiiee e 40

CURRENT KEY .eeeeie et 24
D

default .....ooooeeeee 37
F

Factory default settings .........c.cccevveriviceiiiieeeciees 37

FCTester for KFM2005 .........cccoeevieriiiieeeiieeecieeas 52

FIN€ e 24

firmware Version ...........occoooieiiiiiiiee e 2, 20

) 27

full scale, adjusting .......coocveeivrieeerie e, 42

Fuse, replacing ......ccccevevrrimereieeeee e 69
G

GPIB e 50

GUARD terminal .......ccooceveviiieciiee e 68
|

I (Load CUITENT) ..oceeeveeieeeeeeeeeeeee e 38

IMPD KEY .o 26

IMPEedanCe .........coocveeviiieeee e 67

integral average ........c.cccccevvieerirce e 31

Integration ..o 30, 31
K

KI-VISA e 53
L

load current Setting ......ccooooeeireei i 24

10ad Off ..o 25

1080 ON e 25

LOAD terminal ........ccevveeeeiieeeieecieee e 22
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Manual ... 27
Mask TIMe .. 33
measurement freqUENCY ........ccoecevevveeeeniceeeecene 26
measurement iteMS ..........oooooiiiiiiiiee e 38
measurement range ..............ccccceiiiiiiiiiieiiiinneeee 26
memories A, B, and C .......oovvveeeeeeiieiiee 36
minimum load current ...........cccccoviiieeerinieeeeeee 29
MOVING e 30, 31
MOVING QVETAJE ..reemeveeerireeeairieesreeeeareeaeannee e eennes 31
O
L 17 34
offset, adjusting ........ccoeeoverrcee 42
L0 = 34
OP P e 34
OPLIONS e 16
OVER LOAD ...ttt 34
L 1Y 32
P
polymer electrolyte fuel cell (PEFC) .........cccceee..... 66
POWET COrd ..o 19
PROTECT KEY -eeeeeeeeeeiieeeeie e 32, 33
proton exchange membrane fuel cell (PEMFC) ...... 66
R
R (Real resistance of the impedance) ..................... 38
Rack mount bracket ..........cccccooviiieiiiiiieeee 16
RECALL KEY ..o 36, 37
Resetting Alarms. ......cccovererieee e 35
RS232C ... 49
S
SCPI commands .........ccoceueeieueoieieiccceieece 51
SENSING terminal .........ccccevvvimeeiieeeeeeeee 22
LS1=T o= U= 1 o] SRR 66
STANA e 18
STORE KEY ..o 36, 37
Superimposed current .........c.cccoveeiieeiennine 14, 27, 29
SYSTEMKEY ..ot 48
T
6 (Impedance phase angle) ........cccccccevverervesennnnen, 38
troubleshooting ...........ccveviriinice e 70
U
L 50
USBTMC driVEr ..o 51
UVP e 32
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UVP Mask TIME ...oovveeeeeeeeeeeeeeeeeeeeeeee e 33

Vv
V (Sensing voltage) .......cccceevveereriireenienieeseeeieee 38
VLT 61 (o) o [T 2
VIEW KEY .ottt 38
VISA AIVET oot 51, 53
X
X (REACIaNCE) ....evvevveeeieiiee et 38
Z
1ZI (Absolute value of the impedance) ...................... 38
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