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Introduction

Thank you for purchasing the HIOKI RM3548 Resistance Meter. To obtain
maximum performance from the product, please read this manual first, and keep
it handy for future reference.

Registered trademarks

Windows and Excel are registered trademarks of Microsoft Corporation in
the United States and/or other countries.

Checking Package Contents

When you receive the instrument, inspect it carefully to ensure that no
damage occurred during shipping. In particular, check the accessories, panel
switches, and connectors. If damage is evident, or if it fails to operate according
to the specifications, contact your authorized Hioki distributor or reseller.

When transporting the instrument, use the same packaging materials used
for the delivery to you.

Check the package contents as follows

z
=

ltem Quantity
3548 Resistance Meter
User’'s Manual

CD

USB Cable

9363A Test Clip

9705 Temperature Sensor

Strap
Alkaline battery
Carrying Bag

OO N OOl WIN|[-
Alalalalalalalala

3548 Resistance Meter Carrying Bag

= == 5

9367Alkaline battery

9366 Temperature Sensor 9363A Test Clip
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Safety Notes

The instrument is designed to conform to IEC 61010 Safety Standards, and
has been thoroughly tested for safety prior to shipment. However, using the
instrument in a way not described in this manual may negate the provided safety
features.

Before using the instrument, be certain to carefully read the following safety
notes.

Note

Mishandling during use could result in injury or death, as wellas damage to
the instrument. Be certain that you understand the instructions and precautions
in the manual before use.

Notation

This manual contains information and warnings essential for safe operation
of the instrument and for maintaining it in safe operating condition. Before using
the instrument, be certain to carefully read the following safety notes.

Indicates very important message in this manual. When the symbol is
A printed on the instrument, refer to a corresponding topic in the Instruction
Manual.
=== indicates DC (direct current)
+= indicates afuse
+

indicates earth terminal
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In this manual, the risk seriousness and the hazard levels are classified as
follows.

A DANGER
Indicates an imminently hazardous situation that will result in death or

serious injury to the operator.

AWARNING _ _ o . ,
= Indicates a potentially hazardous situation that will result in death or

serious injury to the operator.

ACAUTIDN
Indicates a potentially hazardous situation that may result in minor or

moderate injury to the operator or damage to the instrument or

malfunction.

/!\ NOTE

correct operation.

Indicates functions of the instrument or relative suggestion of a

Accuracy

We define measurement tolerances in terms of f.s. (full scale), rdg. (reading)
and dgt. (digit) values, with the following meanings:

f.s. (Maximum display value)

This is usually the maximum display value. In the instrument, this
indicates the currently used range.

rdg. (Reading or displayed value)
The value currently being measured and indicated on the measuring
instrument.
dgt. (Resolution)

The smallest displayable unit on a digital measuring instrument, i.e.,
the input value that causes the digital display to show a “1”.

Usage Notes

Installation environment

I Operating temperature
0°C to 40°C 80%RH or less (no condensation) and humidity ranges
I Storage temperature

Hope Electronics Technology Manual Edition V1.0 6



-10°Ct0 50°C  80%RH or less (no condensation) and humidity ranges

Installing the instrument in inappropriate locations may cause a malfunction

of instrument or may give rise to an accident. Avoid the following locations.
I Exposed to direct sunlight or high temperature

Exposed to corrosive or combustible gases

Exposed to water, oil, chemicals, or solvents

Exposed to high humidity or condensation

Exposed to a strong electromagnetic field or electrostatic charge

Exposed to high quantities of dust particles

Near induction heating systems (such as high-frequency induction

heating systems and IH cooking equipment)

Susceptible to vibration

Checking before use

Before using the instrument the first time, verify that it operates normally to
ensure that no damage occurred during storage or shipping. If you find any
damage, contact your authorized Hopetech distributor or reseller.

Before using the instrument, check that the coating

of the test leads or cables are neither ripped nor torn and
AWARNW that no metal parts are exposed. Using the instrument
under such conditions could result in electrocution.
Contact your authorized Hopetech distributor or reseller
in this case

Handling Precautions

Do not modify, disassemble, or repair the
DANGER | . . L .
instrument. This may result in fire, electric shock

accident, or injury.
Do not place the instrument on an unstable or
ACAUTIDN slanted surface. It may drop or fall, causing injury or
instrument failure.
f To avoid corrosion and/or damage to the
NOTE instrument due to battery leakage, remove the
batteries from the instrument if it is to be kept in
storage for an extended period.
Be sure to turn the power off after using it.
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Measurement precautions

A DANGER

To avoid electric shock accident and short
circuit, please operate the instrument as following:

Do not allow the instrument to get wet, and do
not use it with wet hands. This may cause electric
shock accident.

Do not modify, disassemble, or repair the
instrument. This may result in fire, electric shock
accident, or injury.

Acnumm

Do not place the instrument on an unstable or
slanted surface. It may drop or fall, causing injury or
instrument failure.

To avoid any damage to the instrument, avoid
any vibration or shock during transport or handling.
Especially, be careful not to drop or fall the
instrument which will cause shock.

To avoid any damage to the instrument, do not
input voltage or current to any measurement, TC
terminals, or EXPORT terminals.

Handling leads and cables

A DANGER

To avoid electrical shock accident, do not short
test leads where
voltage is applied.

ACAUTIDN

Do not use any test lead or temperature sensor
other than the ones specified by our company. It
may result in inaccurate measurement due to poor
contact or other reasons.

To avoid damaging the cables, do not bend or
pull the base of cables and the leads.

The ends of pin type leads are sharp. Be careful
to avoid injury.

Be careful not to allow contact between the lead
wire and the heat generating portion.

Hope Electronics Technology

Manual Edition V1.0




Chapter 1 Overview

1.10verview and Features

The CHT3548 employs the four-terminal method to highly accurately
measure the DC resistance of measurement targets including motor and
transformer windings, and welding, PC board patterns, fuses, resistors, and
materials such as conductive rubber. The instrument allows temperature
correction and so is especially suitable for measurement targets whose
resistance values change with temperature.

( N
Highly reliable specifications implemented in a compact, light-weight body
1 35,000-dgt. high resolution

I 0.1uQ resolution at 1 A measurement current

4 N

Simple temperature rise test (for temperature estimation during power stop)

I Temperature conversion and interval measurement functions

I Supports copying of measurement data file from the instrument memory to the
PC.

” 1

Well-designed instrument shaped for measuring without taking your hands and

eyes off the target, making it ideal for maintenance and large product

measurement

I Strap-attachable portable type

I Standard auto-memory and auto-hold, and optional L2105 LED Comparator
Attachment
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1.2 Component Names and Operation Overview

Front Panel

Strap attachment Display Maasuremant terminals
halas (four)

ﬁ.\. GETTE kesimaice Maer

[FOWER] ey
Turn the powar onjoff

Rear Panel

TC terminal
Commect the bamprerabare sensor

USE termimal
Cannact tha US2 cable

=2 %
l

EXTPORT terminal

Ponasr terminal
1
Connect the comparator Indlc tor geifen .

o1f

Rear panel

Fuse cower
Cantains a fuse for measurament circui b protection
Set screw

G
M I
e

Batbery cover
Contains § LRG alkaline batteries

\_

— e

0®

O ®
= &
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Description

[ COMP] key

Comparator: oFF — ON (ABS mode) — ON (REF%
mode).
[BEEPSET] key (press and hold)

Judgment sound: oFF — Hi — in — Lo — Hi-Lo —
ALL1 — ALL2.

[PANEL] key

Panel load: Changes the panel No. “PrSEY” initializes
the measurement conditions.
[SAVE/CLEAR] key (press and hold)

Saves and clears panels: SAVE — CLr

[TC/AT] key

Temperature correction/conversion function: oFF —
TC —AT.

[LENGTH] key (press and hold)
Length conversion function: oFF — ON.

[AVG] key
Averaging function: oFF — 2 — 5 — 10 — 20.
[OVC] key (press and hold)
Offset voltage compensation (OVC) function: oFF —
oN.

[MODE] key

Switches memory hold mode: oFF — A.HOLD
(auto-hold) — A.HOLD,A.MEMORY (auto-memory) —
INTERVAL (interval function).

[«] key

Moves to a different digit of the setting.
[DELAY] key (press and hold)

Delay function: PrSEt (factory default) — 10 ms — 30
ms — 50 ms — 100 ms — 300 ms — 500 ms — 1000 ms.

[>]key
Moves to a different digit of the setting.
[M.BLOCK SEL] key (press and hold) (p. 76)
Selects a memory block: A—b—C —d—E —F —
G—H—J—L.

[A] key

Changes values and items.
[VIEW] key (press and hold)

Toggles the display: Temperature — no indicator —
memory number.

(MEMORY No.)

Hope Electronics Technology
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[V]key
Changes values and items.
[DATE] key (press and hold)
Displays the date and time confirmation screen.
[ESC] key
Cancels the setting (when in the setting screen).
Releases a HOLD state (if in a HOLD state).

[ENTER] key

Applies the setting.
[MEMORY] key (press and hold)

Saves the measured values (manual memory).
[READ] key

Displays saved measurement data.
[MEMORY CLEAR] key (press and hold)

Clears memory: LASt (Latest data from the selected
block) — bLoC (Selected block) » ALL (All data).
[ INTERVAL] key (press and hold)

Starts/stops interval measurement (when in interval

mode).

[ 0 ADJ] key (press and hold)
Zero adjustment.

[RANGE] key

Measurement range:

3mQ < 30mQ < 300mQ < 3Q < 30Q < 300Q <
| 3kQ < 30kQ «~300kQ <~ 3MQ.

Power-on settings

To perform one of the following settings, it is necessary to turn the power
from off to on while holding-down a particular key.
For details, see the indicated page.

Clearing zero adjustment

Switching to a different measurement
current
Disabling auto power save (APS)
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Clearing all measurement data saved

Resetting the current measurement
conditions

Resetting the system

Hope Electronics Technology Manual Edition V1.0
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1.3 Screen Layout

Display (when the entire display is lit)
Displays measurement conditions, settings, measured values, memory
numbers (MEMORY No.), panel numbers, comparator settings, judgment

results, etc.
For information on the error display, see “Error display and actions”

Indicator — {%{ {%{E‘ E.HE.EB

P —— @) ATC | § el HI |
battery ——Eg = km IIIII
indicator g1 mQ Fﬁar

Ms

UPPREFP ERIUDELAFSED LﬂW%BhIAHAHG F‘Ahb

-B68887-88888 &

Resistance measurement screen

Using the [WIEW] key bo sivibch the indicabor display
Range [Temperature.no indicator mermry numbenMEMORY Mo, )

e EEEEE

Carnparator
Meazured | k m judgment
value mn - [T

UPFREFPERICD EIJI.PEED LD'ﬂ"—‘}DATAHP- HG
Compa ratnr upper limit Cormnparatar ke limit

Length conversion measurement screen

LENGTH

mi'l km
1.330"
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Temperature conversion (AT) measurement screen

- ICA
Ca.u

RANG

Interval measurement screen

= B SR
" I
' Umﬂ

ELAPSED

hirg

Non-measured value display Out-of-range

Current fault

Hope Electronics Technology Manual Edition V1.0
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The protection function is working

" Priit

Fuse blown out

- FUS

Indicator Description
0.ADJ Lit: The zero adjustment function is enabled. Blinking:
Zero adjustment is in progress.
IA.HOLD| The auto-hold function is enabled.
A.MEMQO The auto-memory function is enabled.
() The beeper function is enabled.
APS The auto-power-save function is enabled.
The remaining battery state.
IM[ The measured value averaging function is enabled.
IDATE| Lit: showing the current time.
HOLD The measured value is being held.

Hope Electronics Technology Manual Edition V1.0



MEMO NO. The notation appears when using the data storage
function, showing the memory number.
READ NO. The notation appears when reading the saved data,
showing the read number of the data.
SET The notation appears when doing the settings for each

function.

comp

i
V)

Comparator function is enabled.

PASS The notation appears when the comparator judgement
result is confirmed as qualified.
FAIL The notation appears when the comparator judgement
result is confirmed as failure.
Lit: The interval measurement function is enabled.
Blinking: The processing of the key pressed cannot be
INTERVAL

performed because interval measurement is being performed
or the interval measurement function is enabled.

Hope Electronics Technology
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1.4 Checking the Measurement Target

To carry out proper resistance measurement, change the measurement
conditions appropriately according to the measurement target. Before starting
measurement, use the examples recommended in the following table to
configure the instrument.

Recommendead settings
[Baid indicates a change from the factory dafault.)
Tamparature
oraction (p. 50)/ oWe Meaasuramant current at
Temparature (p. 51) IHmO mnge (p. 55)
mnwersion (p. 87)

Measuremeant target

Motar, solenaoid,
choka coil, transfarmear, wiring
harness TC

@ >

For powar
Contact, wiring harnass,

onnactor, relay contact, switch

= B&

Conductive coating material,
conductive rubber

@

Genearal resistance
maasuramaeant
Fusea, resistar, heater, wiring,
walding "1 ON ]

== <>

Tamparatura risa tast
{Motar, choke coll, transfarmar)

a @ AT OFF Lo

OFF Lo

=4 OnN Lo

- OFF Lo

Autamabile ground wire i ON Hi (300mA)
For signal
Contact, wiring hamese, If the instrument is used to measure the resistance of a signal

COMMECDr, relay Sontact, SWIEh |annian the sontact status will be changed, because its cpan-

circuit voltage and measummant current are both high.
Q\ @ To measure a signal contact, use the RM3545.

I When the measurement target significantly depends on temperature,
use the temperature correction function.

I The interval measurement function allows you to save a measured
value every fixed interval.

Hope Electronics Technology Manual Edition V1.0 18



1.5 Dimension

120mm

52.5mm
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Chapter 1 Preparing for Measurement

2.1 Attaching the Strap

Attaching the strap to the instrument allows you to use it with the strap
around your neck. Follow the procedure below to attach the strap.

Note:

Use the four attachment points on the instrument to attach the strap
securely. Otherwise, the instrument may drop during carrying, damaging
the instrument and the operator may get hurt.

@j/e @00
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2.2 Loading or Replacing the Batteries

Before using the instrument for the first time, load the eight alkaline
batteries (LR6). Before measurement, check that the instrument has sufficient
remaining battery power. If the remaining battery level is low, replace the
batteries. See the battery indicator to check the remaining battery level.

1/Li-ion Battery

Do not short circuit, charge, disassemble, or incinerate batteries. Doing so
may cause an explosion and is dangerous.

To avoid electric shock accident, remove any test leads before replacing
batteries.

After the replacement, be sure to reattach the cover.

Poor performance or damage from battery leakage could result. Observe the
cautions listed below.

Do not use both new and old batteries or different types of batteries

together.

Be careful to observe battery polarity. Otherwise, poor performance or
damage from battery leakage could result.

Do not use batteries after their recommended expiry date.

Dispose of batteries in accordance with local regulations.

ANDTE

When the remaining battery indicator is lit, the battery becomes low. Charge
or replace the batteries as soon as possible.

Replacing the battery steps:

1. Turn the power off. Remove any test leads.

2. Remove the battery cover on the back for the instrument

3. Load the LR6*8 batteries. Be careful of their polarity.

4. Reattached the battery cover on the back of the instrument.

LR6 battery replacement

Hope Electronics Technology Manual Edition V1.0 21
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Lithium battery replacement

Hope Electronics Technology
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2.3 Connecting the Test Leads

AWARNING

To avoid electric shock accident, connect the test leads correctly.
A”OTE

1 To be safe, do not use any test lead other than the ones specified by our
company.
1 The ends of leads are sharp. Be careful to avoid injury.

Connect the test leads to the instrument. Connect the four terminals: DRIVE
(+, -) and SENSE (+, -).

2.4 Turning the Power On/Off

Turning the power on

Press the [POWER] key to turn the power on. Hold the key down until the
entire display turns on.

T (Tt (L TIE Lo e

'-::u.:“ B W]

\ | |E: E.E.E[EB

':_ﬂﬁﬁ
I'I'i'
.ag ||||I
Rl
g |

] ||

| | | B 280

I|I||II E&B.EE BBH faE Q @m‘.g;///"}
ey 7 o, @ ||
\ ®/eoeo @-@@@ & |!J
=

Entire display lit
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A self-test is started. The model name and version number are displayed during the self-test.

Turning the power off

Press the [POWER] key to turn the power off. Hold the key down until the
entire display turns off.

L=
?
2
g
[
By
z
H

nnnnnnnnnnnnn

Entire display off

IMPORTANT

When the instrument is turned on again, it starts up with the previous state
used immediately before turning it off.

Automatic power off with auto power save (APS)

When the instrument is not being used, the APS function automatically
turns it o” to reduce battery consumption.

APS function ON

Hope Electronics Technology Manual Edition V1.0 24



Lt e iP5

Then, when a specific time
elapses after the start of blinking, the
instrument automatically turns off.

Blinking—— aAp3

If no key is operated for 10 minutes or the instrument is in a measurement
error state continuously, the APS indicator starts blinking.

IMPORTANT

I During an interval measurement, the APS function automatically turns OFF.
When the interval measurement ends, the APS function automatically turns
ON.

I When the USB is connected, the APS function automatically turns OFF. When
the USB is disconnected, the APS function automatically turns ON.

Disabling auto power save (APS)

To disable the APS function, press the [POWER] key while holding the

[ENTER] key down when the power is off.
The setting of the APS function is not saved. When the instrument is turned

on again, the APS function is enabled again.

Hope Electronics Technology Manual Edition V1.0 25
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2.5 Pre-measurement Inspection

Before using the instrument, inspect it to verify that no damage has
occurred during storage or transportation and it operates normally. If you find

any damage, contact your authorized Hopetech’s distributor or reseller.

Instrument and peripheral checking

Inspection item

Action

Is there any damage or a
crack in the instrument? Are the
internal circuits exposed?

If any damage is found, do not use it. Return it for
repair.

Is there any dust or
contamination, such as pieces of
metal, on any terminals?

If dust or contamination is adhered to a terminal,
clean the terminal with a swab or the like.

Is the test lead coating
broken or is the metal exposed ?

If the coating of a test lead is broken, the measured
value may become unstable or have an error.
Replace the damaged test lead.

Power-on checking

Inspection item

Action

Is the remaining battery
power sufficient?

The indicator at the upper right of the
display indicates the current status. If the indicator
changes toD, the remaining battery level is low.
Replace the batteries as early as possible. If the
battery level becomes too low to continue with
measurement, the L starts blinking. Replace the

batteries.

Is anything missing from
the screen?

Turn the power on to make sure that the entire
display turns on.

If there is anything missing, return the instrument
for repair.

When you turn the power
on, does the entire display turn
on and then the model name
and a measurement screen
appear on the screen?

If the screen does not behave like this, the
instrument may be damaged internally. Return it for
repair.

Hope Electronics Technology
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Chapter 3 Basic Measurement

Before measurement, be sure to read this chapter.

3.1 Setting the Measurement Range

Select a measurement range. Automatic range selection (the auto range) is
also available.

-

\_

IMPORTANT \

less, a maximum current of 1 A may constantly flow through the measurement
target, and a maximum power of approximately 2 W may be applied*.

measurement current, select a range using a lower measurement current.

target can be expressed by “resistance x (measurement current)®”. If the
measurement range is deviated, the power may reach the value of “open-circuit
voltage x measurement current” at maximum.

measurement range.

current of 5 A flows.

When the auto range is used or the measurement range is set to 30mO or

If there are any of the following concerns, depending on the level of the

1 The measurement target may melt (such as a fuse or inflator).

1 The measurement target may heat up, causing a change in resistance.

| The measurement target may be magnetized, causing a change in
inductance.

Within each of the measurement ranges, the power for the measurement

Before connecting the measurement target, be sure to check the
* At the moment of connecting the measurement target, a maximum inrush

(Convergence time: Approximately 1 ms for pure resistance)

J

Using the manual range

3mQ > 30mQ >300mQ > 3Q > 30Q > 300Q >3kQ >30kQ > 300kQ > 3MQ.

Using the auto range

Use the [AUTO] key to switch to the auto range. (The default setting is
AUTO.) When the instrument is in the auto range mode, AUTO is lit.

Hope Electronics Technology Manual Edition V1.0 28



l' ' [AUTO]Toggles the auto
range ON and OFF.

7
IMPORTANT

I  When the range is manually changed in the auto range mode, the auto
range is automatically disabled and the manual range is enabled.

1 If the comparator function is turned ON, the range is fixed and cannot be
changed. To change the range, turn the comparator function OFF or
change the range in the comparator setting.

1 Depending on the measurement target, the auto range may become
unstable. In such a case, specify the range manually or increase the
delay time. For the measurement accuracy of each range,
see“Resistance measurement accuracy”.

Hope Electronics Technology Manual Edition V1.0



3.2 Connecting the Test Leads to the Measurement Target

Example 9363-A Test clip

Example 9363-B Test Probe

£

/
/

s

£

g
!

‘Preas)
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3.3 Reading the Measured Value

The instrument displays a resistance value. If a non-resistance value is
displayed, see "Verifying measurement errors".

A resistance value Is displaying
_-——___‘F__

' :‘___ﬁ»_';:r-i;l_mumm Motar 1 &

\

\ 88888

| |--88888-

“"C‘.“_l%__lj

—=F

‘j;,__

®
@\
®

©

®
(O]

To convert the measured resistance value, see the following pages:

I “5.2 Performing Temperature Rise Test (Temperature Conversion Function (AT))"
I “5.3 Measuring the Length of a Conductor (Length Conversion Function)"

4 D
IMPORTANT

If the measured value has a negative sign (-), check the following:

I The SOURCE and SENSE lead connections are reversed.
@ Connect the leads correctly.

I After zero adjustment for a two-terminal measurement, the
contact resistance has decreased.
@ Perform zero adjustment again.

Switching the display

Press and hold the [+] (VIEW) key to switch the type of information
displayed on the upper right of the screen. (Temperature, no indicator, memory
number (MEMORY No.))

The type of information displayed during measurements can be selected.

Hope Electronics Technology Manual Edition V1.0 31



Temperaimre . Bho Do | 2@ memeory nem b fFAERGRY RBod
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Verifying measurement errors

If a measurement is not performed correctly, the measurement error is
displayed on the screen.

Out-of-range**

Indicates that the measurement or display range has
~ been exceeded.

If oF is displayed, the comparator judgment is “Hi” ,

- OF mi and if -oF is displayed, the comparator judgment is
“Lo”.
In the same manner, oF is displayed when the
' temperature exceeds the measurement range during
temperature measurement.

Current fault or not measured yet

This screen is displayed in the following two cases.
If “emmmmeme ” is displayed, comparator judgment is not
performed.
" 1. Measurement current fault*2
Current cannot be supplied to the DRIVE + or DRIVE -
terminals.
2. No measurement has been performed after
changing a measurement condition.

The protection function is working
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" Prict

Fuse blown out

= FUSE

If an overvoltage is applied to a measurement terminal,
the function for protecting the internal circuitry is

| activated in this instrument. If an overvoltage is

accidentally applied, remove the test leads from the
measurement target immediately. Measurement
cannot be performed while the protection function is
activated. In order to cancel the protection function,

- contact test lead DRIVE+ to DRIVE- or turn the power

off and on.

Each SOURCE terminal of the instrument is equipped
with a fuse to protect against overvoltage input. If an
overvoltage is accidentally applied and a fuse is blown,
replace the fuse.

Temperature Sensor not connected

-

. Temperature cannot be measured as the

Temperature Sensor is not connected. When TC or
AT is not used, it is not necessary to connect the
Temperature Sensor. If the temperature is not to be
displayed, switch the display by pressing the [+]
(VIEW) key.

Temperature calculation error

thrr

| The Temperature Sensor is not connected even when

TC or AT is ON, or oF is displayed for the temperature.
Check the connection of the Temperature Sensor.

IMPORTANT

If the measurement target is connected to the SOURCE terminal, but a SENSE
terminal has a bad contact, the displayed measured value may be unstable.

*1 Out-of-range detection function

Examples detected as out-of-range

Hope Electronics Technology
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Out-of-range detection

Measurement examples

The measurement
exceeded.

range is

40 mQis measured in the 30 mQ range.

The relative display (% display)
of a measured value exceeds the
display range (999.99%).

5000 (+2400%) is measured with a
reference value of 200.

The A/D converter input range is

Such an error occurs, for example, if a

displayed.

exceeded during a measurement. high resistance is measured in an
environment with external noise.
The calculation result cannot be | The calculation result for the length

conversion function exceeds 999.99 km.

*2 Current fault detection function

Current fault examples

I The DRIVE+ or DRIVE- probe is open.
I The measurement target has a broken wire (open-circuit work).
I The DRIVE+ or DRIVE- wiring has a broken wire or a bad connection.

~
IMPORTANT

L measurement taraet and test leads.

A wiring resistance exceeding the following value in each range causes a
current fault, making the measurement impossible. In the 1 A measurement
current range, reduce the resistance of the wiring and contact between the

3m 30m

Range (Q)

300m | 3

30 300 | 3k 30k~3M

Wiring and contact | 0.5

resistance ( Q)

10

100 | 2k 800 | 2k

Holding a measured value

The auto-hold function helps to verify a measured value. When the
measured value becomes stable, the value is automatically held.
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ofF Aurto-hold (AHELD) Auto-memary (& HOLDAKEMORY )
—milerval (INTERYAL ) —oFF

ﬁ'\k\‘. & HoLD|
'.III,I'nl n ﬂ
| 1

| In‘lf;:"' B e ‘::-
/e e @ @ om
s

A0

2 {E:j cancel 3 EEE
s .
— et
ANpY ;

Lid
measurerment Interyal HZLD Interval
(g HOLD is neleased)

Save a measured value

The storage function helps to verify a measured value later. It saves the
displayed measured value.

CATISEE Resistance Mater

\ | = rnnnn
ﬂ = LUUUU™

For more details about the save function, see “Saving Data at Specified
Time (Manual Memory)”
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Chapter 4 Customizing Measurement Conditions

This chapter describes the functions useful to perform more sophisticated
and accurate measurement.

4.1 Using Zero Adjustment

In the following cases, perform zero adjustment:
(A resistance of up to £3%f.s. can be canceled for any range.)

I The measurement value is not cleared due to thermal EMF or other factors.
@ The measurement value will be changed to zero.
Accuracy is not affected by whether or not the zero adjustment is performed.
The thermal EMF can also be canceled by using OVC.
I Four-terminal connection (called Kelvin connection) is difficult.
@ The residual resistance of the two-terminal connection wires will be canceled.

( )
IMPORTANT

I  When the ambient temperature changes or the test leads are replaced
after zero adjustment, perform zero adjustment again.

1 Perform zero adjustment for each range used. In the manual range
mode, only the current range is adjusted to zero. In the auto range
mode, all ranges are adjusted to zero.

1 Zero adjustment values are held internally even if the instrument is
power off, but they are not saved in the panel.

I  When the offset voltage compensation (OVC) function is turned from
ON to OFF or from OFF to ON, the zero adjustment is cleared. Perform
zero adjustment again.

I  When the measurement current is changed from Lo to Hi or from Hi to
Lo, the zero adjustment is cleared. Perform zero adjustment again.

I  When alower resistance is measured after zero adjustment, the
measured value will be negative.

Example: 2mQ is connected in the 300mQ range and then zero adjustment

is performed.

If 1 mQ is measured, -1 mQ is displayed.

. J
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Performing zero adjustment
1 Short the test leads.

Example 9363-A Test CIiP

Correct

Incorrect

DRIVE SENSE

Example 9363-B Text Probe

GL‘/ o &) L’ = o

2. Confirm that the measured value is within £3%f.s.

If no measured value is displayed, make sure that the test leads are
connected correctly.
If the connection is correct
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w0
NN

If the connection is wrong

APS L - - - -
mQ

3. Press and hold the [0 ADJ] key to perform zero adjustment

If it is difficult to press the key as the Zero Adjustment Board is used, press
the [0 ADJ] key before shorting the measurement lead. Zero adjustment is
automatically performed after the measured value is stabilized.

iﬂlitl @ I | U SENSE+ L
() Gp O

MEMO.CLEAR 2

Press and
T.ADJ mnﬁp /// hr:nld.
1 Blinking
—_— Zero
adjustment
in process

om Y ¢ @.H

4. After zero adjustment

Zero adjustment has succeeded, The buzzer sounds and the

measurement screen appear.
Indicator ON.
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(AR ==t=Lit

Zero adjustment has failed
The buzzer sounds and [FAIL] appears. Then, the measurement screen
appears.

Zero adjustment has failed
When zero adjustment cannot be performed, the measured value before
zero adjustment already exceeds £3% of the full scale of each range or the
instrument is in a measurement error state. Perform zero adjustment with
the correct wire connection again. If the resistance is too high (e.g., due to a
self-made cable), zero adjustment cannot be performed. In such a case, try
to minimize the wiring resistance.

Indicatar

IMPORTANT

If zero adjustment fails, the zero adjustment is cleared for the current range.

Clearing zero adjustment

When the power is off, while holding the [0 ADJ] key, press the
[POWERY] key to clear the zero adjustment for all ranges.

Turn te power aff (i Ith and.

| | &* CETISAR manikinrcn MRl

|||||||

I
e
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4.2 Stabilizing Measured Values (Averaging Function)

This function averages the measurement values in order to display a single
value. It helps to stabilize fluctuations in the measured values.

oFF{factory default)—2—-5—-10-20
A |

e e ——

N

——

.é!} CHT3548 Resistance Mecter

- 0

VACATS

—

Changesthe  The ave{aging Cancel ‘Apply
averaging frequency frequency can
(IAVG key]) also be changed

with ® ®
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4.3 Compensating for Thermal Effects (Temperature Correction

(TC))

This function converts a measured resistance value, based on the reference
temperature, to display the converted value. For the principles of temperature
correction, see “Appx. Temperature Correction Function (TC).

To perform temperature correction, connect the Temperature Sensor to the
TEMP.SENSOR terminal on the side of the instrument. Before connecting the
sensor, be sure to read “Connecting the Temperature Sensor (When Using TC
or AT)”

uF/i(factory default) -TC— AT

HT3548 Resistznce Meter

afF F

) & @ @ &
S

temperature _ "
setting

e n
Tsmperature u393u

setting

Reference —— I E NN e
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« Changes decimal point position, units.
« Changes values.

@— Cancel
»
Fte (arery= Apply

Moves digits.

IMPORTANT

If the “t.Err” is displayed, the Temperature Sensor may not be
connected, or Of is displayed for the temperature. Check the
connection of the Temperature Sensor.

Hope Electronics Technology Manual Edition V1.0
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4.4 Compensating for Thermal EMF Offset (Offset Voltage

Compensation Function: OVC Function)

This function automatically compensates for an offset voltage caused by
thermal EMF or an internal offset voltage.

(OVC: Offset Voltage Compensation)

See: “Appx. Effect of Thermoelectromotive Force (Thermal EMF)”.

The function uses the resistance value measured when a measurement
current flows, RP and that measured when no measurement current flows, RZ,
to display the actual resistance value RP-RZ.

oFF (factory default)-—oN

A CHTI5A8 Resistdnce Meter

" orf

1® —"\
@@I%@
|

Press and hold The OVC function can  CancellADply

Toggles the OVC function  also be toggled ONIOFF
ONIOFF.([AVG{OVC]Ikey)  with @ ®@
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4.5 Setting the Delay Time for Measurement (Delay Function)

This function adjusts the time for measurement to stabilize by inserting a
waiting period after use of the OVC or the auto range function to change the
measurement current. When this function is used, the instrument waits for its
internal circuitry to stabilize before starting measurement, even if the
measurement target has a high reactance component.

(" A
IMPORTANT

I  When the offset voltage compensation function is ON (the OVC
indicator is lit), the measured value will be slow to refresh.

I The OVC function cannot be used in the 3kQ range or higher. The
function is automatically turned OFF.

I  When the offset voltage compensation function is changed, the zero
adjustment function is cancelled.

I When the measurement target has a high inductance, it is necessary to
adjust the delay time.

1  Start with a longer delay time than necessary, and decrease the time
gradually, watching the measured value.

1 If the measurement target has a low heat capacity, the offset voltage
compensation function may have no effect.

. .

The PrSEt (preset value) depends on the range used and the offset voltage
compensation function.
Preset OVC delay value (factory default) (Unit: ms)

Measurement Range Delay time
current
Lo 3mQ~30mQ 200
50
300mQ ~ 3Q
30
30Q ~ 300Q
Hi 300mQ 200
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PrSEt { &% ) =10 ms—30 ms—50 ms—100 ms—300 ms—500 ms—1000 ms
t !

A CHT3548 Resistznce Meter |

rrrrrrrrr

= PrSEt

deLAY

Delay time guideline

If the measurement target, for example, is an inductor that takes longer to
stabilize after applying a measurement current, and it cannot be measured with
the initial delay (preset), adjust the delay. Set the delay time to approximately
ten times the following calculation so that the reactance component (inductance
or capacitance) does not affect the measurement.

t=——In| 1-——
R V

0

L IR]

L: Measurement target inductance
R: Measurement target resistance + lead wire resistance + contact resistance
I: Measurement current (see: “Accuracy”)

Vo: Open-circuit voltage (see: “Accuracy”)

Start with a longer delay time, and decrease the time gradually, watching the
measured value.
As the delay is longer, the measured value display is slower to refresh.
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4.6 Switching the Measurement Current (In the 300mQ Range)

With this instrument, the measurement current for the 300mQ range can be
changed to 300 mA (100 mA at the time of shipment from the factory). This
makes it possible to measure large current wiring under conditions that are
similar to the actual usage conditions. It is also useful when performing
measurement in an environment with external noise.

Turn the power off (if it is on).

It

|

EHT3S54B Reslstince Meter

2 Wake sure that the power is off,and halding down the @ . press the l@ Key.

=
T ———
m | .
L 0 Use the@ or H f
urr — ® keys to Ur r 7
e Q) toggte Blinking

Not lit .
When Lo is selected(100mA) When Hi Is selected(300mA)

Lo |

4 Cancel and move to the Apply and move to the
measurement screen. ¥ measurement screen

When measurement is performed with the 300 mA measurement current,
the 300 mA indicator lights up

*! When measuring resistance for connection sections (e.g., connector
contact, welded section, caulked section, screw-secured section) through which
large current flows, such as power supply cables and ground cables, it is
desirable that measurement be performed using the maximum current, as far as
possible, that can actually flow through those sections. The following explains
the reasons:
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I Even in a connection completely free from abnormality, a relatively high resistance
may be indicated at a lower measurement current. This is due to an oxide film that is
generated around the contact while it is not used.

I Even when it is judged that no abnormality is found using a small current, the
connection sections are occasionally melted when a large current flows. This
problem occurs due to the Joule heat generated by a large current when a high
resistance area is created locally.
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Chapter 5 Judgment and Conversion Functions

This chapter describes the measured value judgment and conversion
functions.

5.1 Judging Measured Values (Comparator Function)

This function judges a measured value to be Hi (measured value > upper
limit), IN (upper limit > measured value > lower limit), or Lo (lower limit >
measured value) against the set reference value, or upper or lower limit values.

The judgment result can be verified on screen, with the buzzer (factory
default is OFF), and the L2105 LED Comparator Attachment (option).

'COMP)

- [ HI |

(T [ 1IN

APS
UPPREF LEW%

06868 GA646

There are two different judgment methods available: ABS mode and REF%
mode.

IMPORTANT

I If AT or length conversion function is turned ON, the comparator function
automatically turns OFF.

1 If the comparator function is set to ON, it becomes impossible to change the
range (including the auto range). To use the auto range or change the range,
set the comparator function to OFF, and then use the [AUTO] key or [A][ V]
keys.

1 If the comparator function is set to ON, the interval memory function
becomes unavailable.

Before using the comparator function

If no measured value appears, the comparator judgment is displayed as
follows: If a measurement error occurs, judgment is not performed

Display Comparator judgment display (COMP lamp) ‘
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oF Hi
-oF Lo
________ No judgment

If the power is turned off during a setting process, any setting changes are
lost and the previous values remain valid. To apply the changes, press the
[ENTER] key

ABS (absolute value judgment) mode

Set the upper and lower limit values for judgment, as absolute values.

Example:
Upper limit value................. 100.00 mQ
Lower limit value................. 80.00 mQ
Upper limit value ................ 100.00 mQ
Upper limit value [(] (100.00mQ)
LN |
Lower limit value [(] (80.00mQ)

pLog

REF% (relative value judgment) mode

Set the allowable % of a reference value to determine the upper and lower
limit

values for judgment. In REF% mode, the upper and lower limit values
cannot be

set separately.

Example:
Reference value............................... 12.000kQ
Upper and lower limit values.............. £1.00%
Upper limit value [Y%] y (12.120k0))

Reference value [(1] (12.000k02)

(11_.880kQ)

Lower limit value [%]

a3 B

Turning the comparator function ON/OFF
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comp|

ABS mode

-.4.
il
Lv)

3{} :
0 0000 W

Upper Lower Measurement
limit value limit value range

| e |
I‘..'ﬂ

nn
u.

_‘C:

REF% mode

" n

U 0
nnnnn  Annn
Uu.uuy  Uuuu  Measurement
i ' range

Reference Allowable%
value

Judging based on upper and lower limit values (ABS mode)

|| Use the key to change the comparator to ABS mode

ék,: CHT3548 Resistance Meter
|
P 3 L
U Q
AnNNNN Annnn
guouuy guuuy
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e @

E = Change

the range

uu. LILII.I uu.uuu

Upper'limit Lower limit
value value

Changes values.

. @7 Cancel
d /@ Apply

T
WL

Changes settings, dlgltS

IMPORTANT

Any setting changes cannot be applied when: upper limit value<lower limit
value.

Judging based on areference value and allowable range (REF% mode)

In REF% mode, a measured value is displayed as a relative value. The
upper and lower limit values cannot be set separately.
Measured value A

Relative value = -1 | x 100[%]
Reference value /
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|| Use the key to change the comparator to REF% mode

,t_,‘,l,\i; CHT3548 Resistance Meter
|
" 3 n
U Q
AnnAn  Annnn
yuuuy uuuuy
21 D
"' n | Change
u 0
the range

AN AN NNn
UUUUU UU.UUU

Upperlimit Lower limit
value value

Changes values.

@ Cancel
Applv

Changes settings,digits.

IMPORTANT

The settings cannot be confirmed when the reference value is set to 0.

Verifying a judgment with a sound (judgment sound function)

This function sounds the buzzer, based on a comparator judgment result.
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oFF (factory default)—Hi—In—Lo—Hi-Lo
]

rrrrrr

-0
bEEr

—J®

HELAY N BLICK

= O -0

Changes beep sound. Apply Cancel
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5.2 Performing Temperature Rise Test (Temperature

Conversion Function (AT))

This function converts the change in the winding resistance into a
temperature rise value, based on the temperature conversion principle (p.
Appx.7). It can be used to estimate the temperature of the motor or the inside of
the coil while the power is cut off based on the change in the winding
resistance.

IMPORTANT

(1) After the motor and coil are stabilized at room temperature, measure the
resistance (R1) and instrument ambient temperature (t1), and then input these
values to the instrument.

(2) Disconnect the test lead from the measurement target.

(3) After turning off the power, reconnect the test lead to the measurement
target and then measure the temperature rise value (A t 1~ tn, ) at the preset
intervals. It can be measured easily if the interval memory function is used.)

(4) Draw a line by connecting the collected temperature data (A t 1~a tn),
and estimate the maximum temperature rise value (A t).

At
I
I

Al

Initial temp.

Performing Temperature Rise Test (Temperature Conversion Function
(aT))
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oFF (factory default) >TC—aT
U ]

.é!} CHT3548 Resistance Meter

ATcC

. n

1 Use the @ key to select 2T.

22 5{ 2 Initial temperature setting

-ﬂ mnnn 3 Initial resistance value
.U U U U ma setung

[}ESJM -4 Temperature coefficient
__reciprocal setting

Changes values.

(&) cancel
@ .Apply

Changes settlngs digits.

Measurement screen

5.3 measuring conductor length (length conversion function)
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This function converts a resistance value to a length to display the length of
the measurement target (such as a conductor).

Press and hold the [TC/AT](LENGTH) key to display the ON/OFF setting
screen for the length conversion function.

Measured resistance [(]

Length [m] =
Per meter resistance [QQ/m]

Example: When the measured resistance is 8Q and per meter resistance is
100mQ/m

(IMPORTANT \

When length conversion function is set to ON, the comparator
cannot be turned ON. If A T is set to ON, length conversion function
automatically turns OFF

. /

Measuring the Length of a Conductor (Length Conversion Function)

oFF ON
(factory default)<— (per meter resistance value setting)

m CHT3548 ResistZnce Meter

ccccccccc

" pFfe
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1 Press and hold the key to select LENGTH

2 . :

[LEmGTs |LEmsTe

iy = (AANN
iuuu™ ‘ILI.ULIU’"“

N

@ Changes decimal point position,units.

IMPORTANT

The display format (decimal point position and unit) automatically changes
depending on the range and setting. For details, see the product specifications.
For some ranges, oF is always displayed, because the display range is
exceeded, depending on the setting.

Changes values.

@ Cancel
Applv

Changes settings,digits.
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Chapter 6 Panel Save and Load (Saving and Loading

Measurement)

The panel save function can save up to nine sets of measurement
conditions displayed at the time of the panel save operation, and the panel load
function can load any set of the measurement conditions at any time. The panel
data is retained even if the instrument is turned off.

Press the [PANEL] key to display the panel load screen.

Press and hold the [PANEL] (SAVE/CLEAR) key to display the setting
screen for the panel save/clear function.

Conditions that can be saved by panel save:

Resistance measurement range, averaging, delay, comparator, judgment
sound, temperature conversion (A T), measurement current change, length
conversion, temperature correction (TC), OVC, and memory mode

A% ONHSIE fusinionce e "“"IEL

I_nu

e | (3]
[ -] |'_u.."| (] fpexal W
e ool Yo

l®, =
—

%[.i \

6.1 Save the measurement conditions (Panel save function)

This function saves the set of current measurement conditions.
1 Press the [PANEL](SAVE/CLEAR) key
2 Select SAVE

3 Select a panel number
4 Press the [ENTER] key, save and move to the measurement screen

Panel number

/1-9

/"

SAMEL R

SHuE |

SAVE<->CLEAR
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IMPORTANT

1 If the already saved panel number is selected and the [ENTER] key is
pressed, the existing contents are overwritten.

1 Zero adjustment values are not saved.

6.2 Reads the measurement conditions (panel reading function)

This function replaces the current measurement conditions with a saved set
of measurement conditions.

1 Press the [PANEL] key

2 Select a panel number

3 Press the [ENTER] key to load the measurement conditions, move to the
measurement screen

4 D
IMPORTANT

1 If the number of a panel that is not saved is selected and the [ENTER] key
is pressed, a warning sound is output.

I Zero adjustment values are not read. Zero adjustment can be performed
both before and after panel loading.

1 If PANEL No.PrSEt is selected, the measurement conditions are
initialized. (Preset load)

I The panel number is not displayed on the measurement screen.

6.3 Clearing the Contents of a Panel

1 Press and hold the [PANEL](SAVE/CLEAR) key

2 Select CLEAR

3 Select a panel number

4 Press the [ENTER] key to delete the panel, move to the measurement
screen
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Panel number

/1~9
7

FAMEZL NI, {

SAVE<->CLEAR

IMPORTANT

Once deleted, the contents of the panel cannot be restored.
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Chapter 7 Memory function

What the memory function does

This function can save a value currently being measured. The saved data is
held even if the instrument is turned off. There are three different saving
methods:

Manual memory (up to 1,000 entries)

Auto memory (up to 1,000 entries)

Interval memory (up to 6,000 entries)

Data to be saved in the memory (Some items cannot be displayed only with
the instrument.)

Manual memory, Date and time, measurement value, temperature, resistance
auto memory measurement  range, averaging, comparator, changed
measurement current, temperature correction (TC), and OVC
Interval memory Start date and time, measurement value, temperature,
resistance measurement range, averaging, temperature correction
(TC), temperature conversion (AT), and interval

Memory layout

Memory block (10 blocks)
[Rla |l d EJF|G|H ¢ L

(Maximum number of entries)

Manual or auto memory: 100 entries per block, a total of 1,000 entries for all
blocks

Interval memory: A total of 6,000 entries for all blocks

(The number of memory in each block is not fixed.)

To save up to the maximum amount of memory shown above, all blocks
should be used for the manual or auto-memory, or for the interval memory only.
If both types of memory blocks exist, saving up to the maximum is not possible.

Memory blocks

In manual or auto memory mode, the block to save data can be selected. In
interval mode, data is saved in an available free block when the interval starts.
In interval mode, the memory block to save data cannot be specified.

Changing the memory block
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1 Press the [»](M.BLOCK)key , to go to the memory block selection

screen.

2 Rollingthe[A] or[V] keyto change the memory block.
3 Press the [Enter] key to move the measurement screen, or press the
[Esc] key to cancel the measurement screen.

Changes blocks

f/
MEMOD ND: ﬁnn l
guu
Number of
- ~entries that
(rn can be saved
o

Hope Electronics Technology
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7.1 Press any timing to save (manual storage)

Press the [ENTER] MEMO key to save the displayed measured value

The memory number is incremented by one each time data is saved, and

cannot be specified. If data is accidentally saved, clear the last data item saved
(latest data)

o pnan | Saving
19997
L, "
After

MEMD MO ﬁ.ﬂ EEE - 'Sﬂ'l.l'iﬂg

" 0335 1
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7.2 After stable measurement values automatically save

When a measured value stabilizes, the value is automatically held and
saved.

Press the [MODE] key to switch saving mode.

i |€_§J 5
I-!:‘J:I'?._r:il
W -
1 = A - :.;;:‘
e @ @ o em?

oFF—Auto-hold  (A.HOLD)

—Auto-memory (A.HOLD, A.MEMORY)
—lInterval (INTERVAL) — oFF

o

[ [ 1
APS

Press the [ENTER] key to confirm the saving mode; press the [ESC] key to
cancel the selection.
The memory number is incremented by one each time data is saved, and

cannot be specified. If data is accidentally saved, clear the last data item saved
(latest data).
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7.3 save at regular intervals (interval memory function)

This function can save measured data at specified intervals. Using this
function together with A T makes it easy to perform a temperature rise test (for
estimation of power-off temperature).

Press the [MODE] key to switch the saving mode

oFF—Auto-hold (A.HOLD) —Auto-memory (A.HOLD, A.MEMORY)
—lInterval (INTERVAL) — oFF

Zetthe interyal ame

INTER'¥4L !

w i
oL

5
Thne that data PERICD
can be saved ri '-E n
ULy
Haur  Kinutag

Press the [ A][ V][<][>] key to set the interval time.

Press the [ENTER] key to confirm the setting; press the [ESC] key to cancel
the setting.

The time that data can be saved varies depending on the number of memory
units already saved and the set interval time.
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%]
A,

Press and hold [INTERVAL] key to start interval function; press and hold
once again the [INTERVAL] key to stop the interval function.

e 1
IMPORTANT

I When an interval measurement starts, data is automatically saved in an
available free block. The memory block used cannot be changed. When
the interval measurement stops, the used memory block displays FULL.

I  When the interval memory function is set to ON, the comparator function
cannot be used. When the comparator is set to ON, the interval memory
function cannot be used.
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7.4 Display saved measurement data (stored display)

Press the [READ] key to display the saved measurement data.

Press the [ A][ ¥ ][<«][>] key to change the saved read number.
Press [ENTER] or [ESC] key to return measurement screen.
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7.5 Delete saved measurement data (clear memory)

There are three different methods to clear saved measurement data.

1 Clearing only the last data (latest data) saved in a block
1 Clearing an entire block
I Clearing all

Press and hold the [READ]MEMO.CLEAR key to display the clearing
measurement data screen.
Clearing only the latest data saved in a block (block selectable)

e e AOONG
m TN
g

LLERF LASER

Clearing an entire block of saved data

- RODDS

w IO
g

LLEAr blolR

Clearing all

o ROOOS
w T
Luuugr

LLEAF ALL
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7.6 The saved measurement data read into the computer

Measured values stored in the memory are organized as files in CSV format.
Data saved in the internal memory can be exported to a PC, using USB
mass storage mode.

Connecting a USB cable

Be careful of the orientation of the USB cable plugs and connect the plugs to
the instrument and PC.
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Removing the USB cable

To remove the USB cable connected to the instrument while the PC is
running, use the “Safely Remove Hardware” icon on the PC.

Install desktop software

CHT3548 desktop software.exe is green software. It works just by copying a
file to the PC. Please make sure you've installed the framework 4.0 before you
use the CHT3548 desktop software. Otherwise, you cannot use it.

Load the measurement data

Open CHT3548 desktop software.exe, click the connection device. Select
the port number in the pop-up dialog box.
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Device Connection

Port No. :

BaudRate:

| connect l

After the connecting successfully, click data to read measurement
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Click the data export; the data can be exported to a .CSV file.
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Chapter 8 System Settings

8.1 confirmation screen displays the date and time

Press and hold the [ V](DATE) key to verify the date and time
Year

are ' E | Month
IL w

mme ¢3¢0 30d

Day

Press the [Esc] or [Enter] key to return the measurement screen.

8.2 calibration clock

Set the date and time.
To display the time setting screen, press and hold the [ V](DATE) key in
date and time state.
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Year

7
ni
Ny Py
APE —_ — __ Month
/lE\M

mme | /300 3ld

Day

Press [«] [»] key to switch the digits, items, press the [A] [ V] key to change
the values.

Press the [Enter] key to confirm and switch the time and date screen.

Press the [Esc] key to cancel and switch the time and data screen.
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8.3 initialized (reset)

This function provides the following three types of reset:
* Memory clear: Initializes the memory that stores measurement data. (This
type of initialization is possible even if the power is on.)

dALR

" rLOLL

Reset (to reset the current measurement conditions): Resets data and
settings other than the panel data, saved measurement data, and the clock
settings to the factory defaults.

= r£5EL

System reset: Resets all settings other than the clock settings, including the
panel data and saved measurement data, to the factory defaults.

545
® £S5t
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Chapter 9 Appendix

Appx. 1 block diagram
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I Apply constant current determined by the measurement range from the SOURCE
B terminal to the SOURCE A terminal, and measure the voltage between the SENSE
B and SENSE A terminals. The resistance value (R=V/l) is obtained by dividing the
measured voltage (V) by the constant current value (1). (A, B)

I The constant current source and voltmeter circuitry is designed not to be affected
by contact resistance easily.

I During measurement, it is monitored whether normal constant current flow is
present in the measurement target. (C)

I In addition to resistance, temperature is measured with a thermistor temperature
sensor at the same time. The measured temperature can be used to correct the
resistance value. (D)

I With USB connection, the instrument acts as a mass storage device. Data can be
exported to a PC easily. (E)

I The optional L2105 LED Comparator Attachment can be used to judge a
measurement result without needing to watch the display.

I The instrument is powered by eight LR6 alkaline batteries. It is compact, but can
use a large current of 1 A for measurement with a resolution of 0.1pQ. (A, G).
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Appx. 2 Four-Terminal (Voltage-Drop) Method

The accuracy of low resistance measurement is significantly affected by the
resistance of wires between a measuring instrument and probes, and by the
contact resistance between the probes and a measurement target.

Wiring resistance varies significantly, depending on the thickness and length
of the wire. The cable used for resistance measurement is approx. mQ/m for
AWG24 (0.2sq) or approx. 2424mQ/m for AWG18 (0.75sq), for example.
Contact resistance depends on the degree of wear and contact pressure of the
probes, and the measurement current. Even for a good contact, the resistance
is several mQ. It is not rare for the resistance to reach several Q.

The four-terminal method is essential for measuring very small resistance
values. With two-terminal measurements (Fig. 1), the resistance of the test
leads is included in the measured resistance, resulting in measurement errors.

The four-terminal measurements (Fig. 2) consist of the current source
terminals (SOURCE A and SOURCE B) to provide constant current, and
voltage detection terminals (SENSE A and SENSE B) to detect voltage drop.

Because of the high input impedance of the voltmeter, measurement
requires practically no current flow through the leads connecting the voltage
detection terminals to the measurement target, practically eliminating the
effects of lead and contact resistance on the measurement. Two-terminal
measurement method Four-terminal measurement method

Two-terminal measurement method

Constant current
sSource

Voltmeter

| Resistance R,

Fig. 1

Measurement current | flows through test object resistance RO as well as
lead resistances r1 and r2. The voltage to be measured is obtained by E=l
(r1+R0+r2), which includes lead resistances r1 and r2.
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Four-terminal measurement method

Constant current
SOLIrce

Voltmeter ¢
I
E
ry rs Eg s I

r -

Resistance R,

Fig. 2

Current | flows from r2 through measurement target resistance RO to r1. The
high input impedance of the voltmeter allows only negligible current flow
through r3 and r4. So the voltage drop across r3 and r4 is practically nil, and
voltage E across the measurement terminals and voltage EO across test object
resistance RO are essentially equal, allowing test object resistance to be
measured without being affected by r1 to r4.
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Appx. 3 on DC mode and AC mode

There are two resistance measurement (or impedance measurement) types:
DC and AC.
I DCtype

Resistance meters CHT3540 , CHT3548.

Common digital multimeters.
Common insulation testers.
I ACtype

Battery Testers CHT3560 , CHT3563 , CHT3554.

Common LCR meters.

DC resistance meters are widely used for measurement of general-purpose
resistors, winding resistance, contact resistance, insulation resistance, etc. The
DC type consists of an DC power supply and DC voltmeter. While its simple
circuitry makes it easier to increase accuracy, it is prone to measurement errors
due to electromotive force that may be present in the measurement path.

The AC type is used where measurement with direct current is not possible,
including measurement of inductors, capacitors, and battery impedance.
Essentially, an AC resistance meter is not affected by DC electromotive force,
because it consists of an AC power supply and AC voltmeter. However, it is
important to note that an AC resistance meter may indicate a different
measurement value from a DC one, for example, due to an iron loss included in
the series equivalent resistance of a coil.

DC resistance meters AC resistance meter

Measurement Direct current Alternating current

signal

detection e

voltage DC power DC voltmeter AC power AC voltmeter
suppl - - suppl

PPty ,"/Tk\ﬂ .’/’V\‘J < R, Pply ;_\I v § R,
N R ) ~/
b O  J

Advantages | Capable of high-precision measurement Capable of reactance measurement without

being affected by electromaotive force

Disadvantages | Affected by electromotive force, since Difficult to increase accuracy
DC-biased measurement is not possible.

{However, the OVC function can be used to
compensate for thermal EMF.)

Appﬁcatmns DC resistance of windings such as Electrochemical measurement of ba'rtery
fransformers and motors, contact resistance, impedance, inductors, and capacitors
insulation resistance, and PCB frack resistance

Measurement | 107 to 10" 107 to 10°

range
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Appx. 4 on temperature compensation (TC)

Temperature correction converts the value of a resistance that depends on
temperature, such as that of a copper wire, to a resistance value at a particular
temperature to display it.

Resistances Rt and Rt 0 below are the resistance values of the
measurement target (having resistance temperature coefficient at t,°C of at 0)
att°C and t o°C.

R =Rox{l+a,x(t—t,)}
2 Actual measured i
‘ resistance [(] O .
Ry Corrected resistance [(] e - /
" Roeference temperature R, ________(__;_';_’_ = gl | |
[FC] o™ ; Correction |
: Current ambient
temperature [°C] i i
. Temperature coefficient at fy f
& ty [1/°C]
Reference Current
temperature temperature
Example

If a copper test object (with a resistance temperature coefficient at 20°C of
3930 ppm) measures 100Q at 30°C, its resistance at 20°C is calculated as
follows:

R = l+a 1E(r—.r )
1] 0

- 100

 1+(3930x10°%)x(30—20)

=06.22

é )
IMPORTANT
I The temperature probe detects only ambient temperature; not surface
temperature.

I Before measuring, place the temperature sensor as close to the
measurement target as possible, and allow sufficient time for them to

stabilize at ambient temperature.
. S

Reference
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Conductive properties of metals and alloys

: Density (x10%) ;2 Temp. Coeff.
Material Content [% Conductivi :
el gimy Y (20°C) [ppm]
A""ea:fi';‘emppef Cu>999 889 1.00to0 102 3810 to 3970
Hard‘dri"i":g CoPPET cuso009 8.89 0.96 to 0.98 3770 to 3850
Cadmium
3 Cd0.7to12 8.94 0.85t0 0.88 3340 to 460
copper wire
Silver copper Ag0.031to 0.1 8.89 0.96 to 0.98 3930
0.40 to 0.50 2000
Chrome copper Cr04t00.8 8.89 0.80 t0 0.85 3000
. Ni25t04.0
Carlson alloy wire Si051010 0.25t0 0.45 980 to 1770
Ao srpRRE i G e 27 0.63 to 0.64 4200
wire
HARG ditekty Al> 995 27 0.60 to 0.62 4000
aluminum wire
SiD4t006
Aldrey wire Mo tio 0.50 to 0.55 3600
Al remaining
portion
Temperature Correction Function (TC)
Diameter [mm] Annealed copper Tinned annealed copper Hard-drawn copper
wire wire wire
0.01 to less than 0.26 0.98 0.93 =
0.26 to less than 0.29 0.98 0.94 -
0.29 to less than 0.50 0.993 0.94 -
0.50 to less than 2.00 1.00 0.96 0.96
2.00 to less than 8.00 1.00 097 0.97

The temperature coefficient changes according to the temperature and
conductivity.

If the temperature coefficient at 20°C is az and the temperature coefficient
for conductivity C at t°C is acy, act is determined as follows near the ambient
temperature.

X = 1 |
——+(1—20)
fxmx{“

For example, the temperature coefficient of international standard annealed
copper is 3930 ppm/°C at 20°C. For tinned annealed copper wire (with a
diameter from 0.10 to less than 0.26 mm), the temperature coefficient ay at
20°C is calculated as follows:
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H!ﬂ =

1 = 3650 ppm/°C

0.00393x0.93

+(20-20)

Appx. 5 on temperature conversion function (A T)

Utilizing the temperature-dependent nature of resistance, the temperature
conversion function converts resistance measurements for display as
temperatures. This method of temperature conversion is described here.

According to IEC 60034, the resistance law may be applied to determine
temperature increase as follows:

R,
At=—(k+1;))-(k+1,
Rl( 1)=(k+1,)

At Temperature increase [*C]

t Winding temp. [°C] (cool state) when measuring initial resistance R,
i Coolant temp. [°C] at the end of temperature rise test

R, Winding resistance [Q)] at temp. t, (cool state)

Winding resistance [Q)] at the end of temperature rise test

k Reciprocal [*C] of temp. coefficient of conductor material at 0°C

Example

With resistance R of 200mQ at initial temperature t| of 20°C, and measured
resistance Ry, of 210 mQ at current ambient temperature t, of 25°C, the
temperature increase value is calculated as follows:

RE
&,
210x1073

=277 (2354 20)— (235+ 25
500-10° )= )

Al =

(k+1)—(k+t,)

=795°C

Therefore, the current temperature tg of the resistive body can be calculated
as follows:

ty=t, +Af=25+7.75=32.75

For a measurement target that is not copper or aluminum with a temperature
coefficient of ay, the constant k can be calculated using the formula shown for
the temperature correction function and the above formula, as follows:
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For example, the temperature coefficient of copper at 20°C is 3930 ppm/°C,
so the constant k in this case is as follows, which shows almost the same value
as the constant for copper 235 defined by the IEC standard.

1 i

=~ 20=2345
3930x107"
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