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1. GENERAL DESCRIPTION
TR 8601 HIGH MEGOHM METER is an insulation resistance meter that
measures insulation resistance at a maximum detection sensitivity of
1 X 1016Q ( 1000V impressed) and small currents at 1 X 10—13 A Dby means
of a regulated high-voltage power supply and MOS-FET piccam meter
circuit.
The meter has a single scale. The resistance value can be directly read,
without regard to the impressed voltage, especizlly in resistance measurem-
ent. Measurement range displayed on a 7 segment light emitting diode
(LED) eliminates the reading errors that frequently occur with other in-
sulation resistance meters, and makes rapid measurement simple.

Impressed

voltage is 10V ~ 1000V.

2. RATINGS

2-1 Resistance Measurement

(1) Measurement ranges

0.5 x 10°q ~ 2 x 10'6g

6

10°Q ~ 10732 (2x10'4Q MAX) 10V impressed

10"4q (2x10'%g Max)
6

1079 ~

1089 ~

25, 50,

250, 500,

100V impressed

1072 (2x10"%g max) 1000V impressed

Measurement range is displayed on a 7 segment LED.

(2) Measurement accuracy
Measurement .
impressed Range (meter | Measurement Nleasurement accuracy
voltag; center value) | range (meter center value)
o613 5 14 | *47+1% (106~1011 range)
10V 1X10°~10 ~Q 107~2X10 '

X X . +87+1% (1072~1013 range
25V 1x107-10%a | sx10%-2x10"%¢ £47 (107-10"2 range)
50V 1x107-10"a | 5x10°-2x10"% | 6% (1073 range)
100V 1x107~10"%q | 5x10%-2x10"%a | £10% (10 range)

3 .15 7 16 .8 .13
250V 1X10°~10 “Q 5X10'~2X10 ~Q | +4% (10°~10 ° range)
500V 1x10°-10'72 | s5x10/~2x107%0 | 287 (10" range)
1000V 1210°%-107%0 | 5x107-2x10"a | £107 (107> range)

-




(3) Offset current

25V, 250V  impressed 4% of F.S. or less
50V, 500V impressed 2% "
10V, 100V 1000V  impressed 17, "
(4) 1Input resistance
Impressed | .y 25~100V | 250~1000V
Range voltage 5 5
10® o 104 @ - -
10! @ 102 @ 104 g -
108 ¢ 100 q 102 g 104 g
107 g 107 @ 10° @ 102 Q
1019 108 @ 107 10° q
10179 107 @ 108 107 @
103 10'% 10° @ 108 g
1013 10'1g 101% 109 @
10 M4q - 10'1g 10 9
1075 _ _ 01,

2-2 DC Current Measurement

(1) Measurement range

(2) Measurement accuracy
5 ~10"

A ranges

107114 range

10712 4 range *8%

(3) Response speed

1072 - 10712 range

+7%

21012 - 2X107°4 full scale

+3% t meter accuracy

1"

S5s or less

However, the time constant of the specimen electrostatic capacitance

and the input resistance of the

(4) Offset current
2x107 "% 4 or less

Meter noise

1X10_14A or less

(on 107

TR 8601 is added to this.

12A range)



(5) Outputs

AMP QUT ( 2V at meter F.S.) Internal resistance 100Q
REC OUT (20mV at meter F.S.) Internal resistance 10Q
o Both are linear outputs for current value.
o Use by floating.

) Meter accuracy

+1,5% of full scale

2-3 General Specifications

3.

1)
2)
3)
4)
5)
6)
7)

Input system Flpating
Dielectric strength Between [GUARD]-[GND] 500V
Warm—up time Thr (initial drift stabilization.time)
Operating ambient Temperature range 0 ~ 40°C
environment Humidity 80% or less
Storage ambient -20eC ~ 70°C
temperature range
Power requirement AC100V :10%°rA0230V tf@ % on specification.
Power consumption Approx 20VA
Dimensions 283(wW) X 115 (") x 290 (D)
Weight |
COMPOSITION
TR 8601 HIGH MEGOHM METER 1
Input cable BI-002 1
Power cord MP-19 1
High voltage cord M0-22 1
wrench 3mm 1
Fuse T0.254 ¢ 1c 100y)°" T0.1254 (ac230V) 2
Instruction manual 1



4. OPERATING INSTRUCTIONS

4-1

Inspection

Upon receiving the TR-8601 inspect it for any damage that may have
occurred during shipment.

If the instrument is damaged, or does not operate to specifications,

contact your nearest Takeda Riken representative.

4—-2 Preparations and General Precautions Prior to Use

1)

2)

4)

5)

6)

Always set the [POWER] switch to the [OFF] pesition before connecting
the TR 8601 to the AC power line.

Use the instrument with an AC90V ~ 110V (50/60Hz) power source.

Since the meter will deflect considerably when the [POWER] switch is
set to the [ON] position, always set the [METER] switch to the [OFF]
position, and the [ZERO CHECK] switch to the [ZERO CHECK] position
before turning the power on. 7

The initial drift will cause the zero point to shift for a while after
the power is turned on. Therefore, warm-up the instrument for about

1 hour for perform stable measurement. Periodically adjust the zero
point with the [ZERO ADJ] control during measurement.

A maximum voltage of 1000V appears at the [HIGH VOLTAGE] terminals.
Protection is provided by a short-circuit protection circuit, but

since a fairly large shock can be received, always set the [HIGH VOLTAGE ]
switch to the [OFF] position beforehand, especially when connecting the
specimen.

The TR 8601 measures extremely small currents, and even a little
induced noise will make measurement impossible.

Therefore, use the accessory cable as the input cable, and always

shield the specimen at the [GUARD] side.



4=-3 Panel Description
The panel of the -TR.-8601 HIGH MEGOHM METER is shown in Fig. 4=1 on
P21,
(1) [PowER] switch
When this switch is set to the upper position it is turned [ON], power
is supplied to the circuits, and the instrument is placed into the
operative state.
(:) Meter zero adjustment screw
This screws adjusts the zero point of the meter.
(3 [METER] switch
This switch switches the polarity of the meter. Set it to the [+J
position for "+'" input, and to the [-] position for "-" input.
When this switch is set to the [OFF] position, the meter is disconnected
from the circuit.
Resistance measurement by internal power source is performed on the
"+" range.
@ [ZERO.CHECK] switch
When this switch is set to the [ZERO CHECK] position, the input circuit
is connected to [GUARD] thru a 1MQ resistance. Zero point check of
the circuit is perfofmed in this state. The input resistance at this
time is this 1MQ plus the input resistance of each range, connected in
parallel.
(:) [@-A] switch
This switch switches between current measurement and resistance
measurement. Current measurement is performed at the [A] position,

and resistance measurement is performed at the [Q] position.

(& [SUPPLY VOLTAGE] switch
This switch switches the supply voltage impressed on the specimen.

Voltagesare 10, 25, 50, 100, 250, 500 and 1000V, and are output at

5=



the terminal of item @ below.

Output current is a maximum 2mA. An overcurrent protecticn circuit is
built in.

(HIGH VOLTAGE] lamp

This lamp indicates that a voltage is being generated at the terminal
of item ‘ below.

[HIGH VOLTAGE] terminal

When the switch of item(:)below is set to the ON position, the voltage
set at the switch of item @ above appears between this terminal and
the GUARD terminal. Since a maximum 1000V is output, handle this
terminal with care. Output polarity is (&).

(HIGH VOLTAGE] switch

This switch controls the power impressed on the specimen.

The -TR 8601 is set to the DISCHARGE, CHARGE and MEASURE state by means

of this switch and the switch of item(d)above.

TR 8601 state HIGH VOLTAGE switch ZERO CHECX switch
DISCHARGE OFF ZERO CHECK
CHARGE ON ZERO CHECK
MEASURE ON MEASURE

[INPUT] terminal

This is the ammeter input terminal. The outside of the connector is
GUARD.

[GUARD] terminal

This terminal is internally connected to the LOW side of the ammeter
circuit. It is normally connected to GND by a shorting bar.

When performing floating measurement disconnect the shorting bar, and

apply the input between the INPUT and GUARD terminals.



[GND] terminal

This is the instrument frame ground terminal. Always ground this
terminal when performing floating measurement.

[ZERO ADJ] control

This is the zero point adjuster. When this control is turned clock-
wise, circuit zero adjustment is performed at the "+" side, and when
it is turned counterclockwise, circuit zero adjustment is performed at
the "= gside.

[RANGE] switch

This switch switches the measurement range. At current measurement,
the range is determined by this switch, and at resistance measurement,
the range is determined by this switch and the SUPPLY VOLTAGE switch
of item@ .

RANGE, FUNCTION indicator lamp

The range set at the switch of item @E)above is displayed here on a

7 segment LED. Moreover, "A" is displayed at the right of this lamp
at current measurement, and "Q" is displayed at the right of this lamp
at resistance measurement.

This lamp also serves as the power pilot lamp.

Meter

This is a single scale meter having equally spaced graduations for

current and inverse number graduations for resistance. Accuracy is 1.5%.

[REC OUT] terminal

This is a recorder use output terminal. A 20mV voltage is output from
this terminal at measurement range full scale ( 10mV at meter center
value 1 X 10n). Its output resistance:is 10Q. Use a recorder having
a floating input.

The polarity is switched with the [METER] switch.



A voltage is not output from this terminal when the [METER] switch is
set to the [OFF] position.
[A¥P OUT] terminal
The output voltage of the amplifier is output directly from this
terminal; A 2V voltage is output at meter full scale. Since the
amplifier may be damaged if this terminalis shorted, be careful not to
short it.
Connect this terminal by floating connection.
(GND] terminal
This is the instrument frame ground terminal.

[Acésav]

This is the AC power input terminal. TUse with(igjﬁﬁﬁﬁeﬁfzaaﬁ(pgﬂfr
AC line voltage =10% J

source.

[10.254] (T0.1254]
AC100V AC 230V

This is the AC power line fuse. .. ... > Time lag fuse is entered in

this holder.

(REMOTE] terminal

This terminal is used to set the ZERO CHECK and HIGH VOLTAGE switches

from the outside.

The pin numbers of the REMOTE terminal are shown below.

—_

8 ov

9
10

11
12 | ZERO CHECK ( SHORT)
13 HIGH VOLTAGE

14

ov

ZERO CHECK ( SHORT)
HIGH VOLTAGE

OB o O

The ZERO CHECK and HIGH VOLTAGE switches can be set by shorting the
SHORT, or HIGH VOLTAGE, termiral and OV terminal of the above figure.

At this time, set the ZERO CHECK switch on the front panel to the



MEASURE position and the HIGH VOLTAGE switch to the OFF position.

When a transistor or other electronic switch is used as the switch to
short the terminals, use a device having a rating of 15V, 50mA or greater.
Use a Daiichi Electronics microribbon comnector 57 Series 57-30140 as

the connector.

4=-4 Measurement Method
(1) Zero adjustment

1) Set the [METER] switch to the [OFF] position and [ZERO CHECK] switch
to the [ZERO CHECK] positiom, Then set the [POWER] switch to the [ON]
position. »

2) Set the [METER] switch to the [+] position, and adjust the [ZERO ADJ]
control so that the meter pointer deflects to [O].

(2) Measurenent operation

1) Set the [ZERO CHECK] switch to the [ZERO CHECK] positioﬁ and the
(HIGH VOLTAGE] switch to the [OFF] position. Then connect the acces—
sory cable to the [INPUT] terminal and [HIGH VOLTAGE] terminal.

2) Connect the end of the cable to the specimen as shown in Fig..4~2
Measurement method on P10,

3) Set the [Q-A] switch to the [Q] position at insulation resistance test,
and to the [A] position at leakage current test.

4) Set the voltage impressed on the specimen at the [SUPPLY VOLTAGE] switch.

5) Turn the [RANGE] switch fully counterclockwise.

6) When the [HIGH VOLTAGE] switch is set to the [ON] position, the in-
strument is placed into the CHARGE state. If the [ZEROACHECK] switch
is then set to the [MEASURE] position, the instrument is placed into
the MEASURE state.

Set the [RANGE] switch to the range at which the meter indication is



suitable, and read the indication at that time. When the meter
pointer has deflected in the opposite direction at this time, reverse
the polarity of the [METER] switch.

Set the [ZERO CHECK] switch to the [ZERO CHECK] position and the
(HIGH VOLTAGE] switch to the [OFF] position to set the instrument to
the DISCHARGE state. After the charge on the specimen has been

discharged, remove the specimen.

] O

CD éaAnD
o —o R
r

a) When guard is unnecessary

Shorting bar

Specimen

b) When guard is necessary

HIGH

SHD

Guard electrode
Specimen

Fig. 4-2 Measurement method

=10=



5. CALIBRATION
5=1 Instruments Used
Digital voltmeter TR 6355, etc.

Standard resistance box ‘TR 45, etc.

5-2 Impressed Voltage Calibration
1) Connect the [HIGH VOLTAGE] terminal and [GUARD] terminal of the digital
voltmeter to the [Hi] and [Lo] terminals, respectively.
2) Set the [SUPPLY VOLTAGE] switch to the [10V] position, and adjust VR (7)
of Fig. 5-1 for a reading of 10.00V at the digital voltmeter.

3) Adjust the VR(2) to(7)from [257V] to [1000V] in the same manner.

5-3 Offset Adjustment
1) Set the [Q-A] switch of the ~TR-8601 to the [Q] position, and the
[SUPPLY VOLTAGE] switch to the [25V] position.
2) Set the [ZERO ADJ] control to the center position.

3) Adjust VR for a meter reading of "zero".

10V
—— @ 25
1 ~® s
- &
a e-ff'(WO:V) 1 (@) 1000V
ZERO ADJ O— —®) 500V
@ S|
Q Q Q
o nloR

Fig. 5-1 Positions of calibration VR

-11=



6. APPLICATION

61

(1)

Measurement Precautions
Insulation resistance can be found by impressing a voltage on the
specimen and dividing the current at this time by the impressed voltage.
However, at insulation resistance, the current flowing through the
specimen is puA order, even if a high voltage is inpressed on the
specimen.
A pA order current flows in an especially high insulation resistance
specimen. To measure such a minute current, measurement must be per—
formed by shielding the specimen and signal line and using a special
cable and observing various other precautions.
Shield
When performing insulation resistance measurement, the point requiring
utmost attention is the affect of induced noise. "Induced noise" is
mainly caused by the entry of the commercial power frequency at the
signal line by capacitance coupling of the AC power line ;nd the specimen
or signal line.
Generally, this noise has almost no affect on measurement at resistance
values up to about 100MQ, but at values above this, the specimen must
be shielded as shown in Fig. 6=1 so that the entire induced current

flows in the shield (GUARD) and not flow to the INPUT, SBield C_ .
If measurement is affected by induction, the .

meter deflection will not change, even when
the range is switched, the meter pointer

will vibrate slightly, or other phenomena

will occur.

When this happens, check if the shield is )<\

perfect.

[o]e)
[::{_J

—12= Pig. 6-1



(2)

(3)

Input cable

Since the current flow is extremely small, as previously mentioned,

and the impedance is extremely high, the connection from the shield

case to the INPUT terminal of the TR 8601 is affected by induced noise.
Therefore, a shielded input cable must be used.

4

The insulation resistance of $this cable must be a minimum ‘IO1 Q, because
the input impedance of the - TR -8601 is a maximum 10,

Furthermore, the small current produced when the cable has been vibrated
when measuring such a small current has an affect on measurement.

The high insulation resistance, low noise coaxial cable supplied with
the TR .8601 should be used as the input cable. The cable should be
as short as possible from the standpoints of cavle noise, insulation,
etc. A long cable will cause the measurement response to increase
noticeably because the electrostatic capacitance C of the cable is in
parallel with the input resistance of the -TR--8601 and it charged
through the impedance of the specimen (Fig. 6-2). The cable must also

be made as short as possible for this reason.

When the cable must be especially long, please contact Takeda Riken.

Rx TR
WA i - 8601
e c
RS
V
Pig. 6=2

Connecting the specimen
Connection of the specimen inside the shield case is performed with

a clip cord, etc.

-13-



However, if thg [INPUT] side clip and cord touch the shield case or
impressed voltage side cord, etc. measurement error will occur.
The cord from the specimen to the [INPUT] side cable must be made of
teflon or other high insulation material, as required, and the number
of insulators must also be a2s small as possible.
Note that the measured wvalue will vary and stable measurement will
be impossible if the specimen moves inside the shield case when measur-
ing switches, capacitors or other single specimens.

(4) Guard electrode
When insulation resistance is measured without an electrode attached
to the specimen, the total value of the resistance (surface resistance)
of the surface of the specimen and the resistance (volume resistance)
of the interior of the specimen is measured. To measure each of these
resistances separately, perform measurement by provide a guard
electrode to drain off the current of the element that is not to be
measured.(Fig. 6—3) In this case, care is required because measurement
errors will be produced if the difference between the surface resistance

and volume resistance is too large.

// Internal current

//;-Surface current

/ .
| <;iiaiiji§z;é%f§:2\<;z> T gLZQC//Q</)(A

v Surface ¥ vV KL

ﬁi

Internal
current

N Guard
curren electrode
Guard
electrode
(1) Volume resistance measurement (2) Surface resistance measurement

Fig. 6=3 Providing a guard electrode

-14~



(5) Sink current
When a voltage is impressed on the specimen, a large current will
initially flow, as shown in Fig. 6-4. This current will then gradually
approach a constant value. This initial current is called the sink
current or charging current. The current will continue to change for
a correspondingly longer time depending on the specimen.
Therefore, the insulation resistance is found from the current value
a fixed time (1 min, etc.) after the voltage is impressed.
Moreover, measurement reproducibility is also a pvoblem because of the
charge that remains on the specimen once a voltage has been impressed

on the specimen.

Current
Charging current
Fig. 6~4
Change in measurement
current
/’_
Discharge current

Current !

:;:iziezy Impressed Impressed

static voltage ON voltage OFF

electricity

When the insulation resistance is about 10159, the meter pointer will

deflect in the minus direction even when a voltage is impressed on
the specimen. This is caused by the static electric charge built—up
on the specimen. This charge is easily produced by applying force 1o
the specimen or by rubbing the specimen. Therefore, care must be

exercised especially when measuring high polymer specimens (teflon, etc.).

~15~



6-2 Insulation Resistance Measurement of High Electrostatic Capacitance
Specimens
Capacitors and other high electrostatic capacitance specimens have an
extremely long response because of their time constant with the input
resistance of the -TR-8601. Since the indication does not change
immediately, even when the range switch is switched, in this case, it
will appear at first glance that the instrument is not linear between
ranges.
The time constant is found as the product of the electrostatic capacitance
of the specimen and the input resistance of the .TR 8601.
Generally, since the leakage current of a capacitor tends to increase
when the electrostatic capacitance is large, the input resistance of
the -TR8601 becomes small when the electrostatic capacitance is largé,
and there are no special problems. However, care must be exercised

with polyester film capacitors and other high capacitance insulation.

6-3 Measuring Sheet Specimens Using the TR 42, 43C
The TR 42 and TR 43 are specimen boxes used in conjunction with the
TR 8601 to measure the volume resistance and surface resistance of
flat plates and sheet. specimens.
The TR 43C is equipped with a specimen heating use constant temperature
oven,
The electrodes are shown in Fig. 6-5. The dimensions enclosed in ( )

are the dimensions of the 70¢ electrode available as an option.

-16—=
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Fig. 6-5
//// ~TR 42 (43C) electrodes
\//

80 1(100)

70(90)

] Protection electrode
/ .

Main electrode

[\

/

-

ﬁ{};CZSpecimeﬁ//{§f4

Opposite electrode

(1) Measurement method

1) Conmnect the -TR 42 (43C) to the TR 8601 as shown in Fig. 6-6.

2) Place a specimen whose thickness has been measured with a micrometer
onto the opposite electrode of the -TR -42 so that it is at the main
electrode and protection electrode center circle.

When the surface of the specimen is rough, attach it to the electrode
by coating the surface of the electrode with vasoline or paste so that
the specimen and electrode fit tightly together.

At this time, the resistance of the vasoline or paste must be lower
than the resistance of the specimen.

3) Install the cover of the TR 42 (43C), and perform measurement as
described in para. 4-4.

4) Calculate the volume resistivity and surface resistivity of the specimen
from the reading of the meter of the -TR-8601 by means of the below
equation. Note that coefficients Kv and Ks of this equation are dif-

ferent for the 504 electrode and 70% electrode.

-17-



-

Volume resistivity Pv = Kv . Rv/t (Qcm)
Kv = 19.62 (cm2) 504 electrode
38.46 (cmz) 708 electrode

Surface resistivity Ps = Ks . Rs (Q)

K = 18.8 504 electrode
25.1 704 electrode
‘Where, Rs, Rv: Measured value for each case

t: Thickness of specimen

IR 8601

skele

Fig., 6-6
TR -42 (43C) and TR-.8601
connection method

10Tl

Shorting bar black lead connected

Red lead connected
Shorting bar black Red lead connected
: / lead con- |
O [0 7Q)] | reetes OO
H.T 7 GRD H.T 7 GRD
For volume resistance measurement Surface resistance measurement

-18-



6=4 Insulation Resistance Measurement of Liquid Specimen with TR 44
The TR 44 is a specimen box used in conjunction with the TR .3601 to
measure the volume resistivity of insulating oil, and other liquid

specimens. The construction of the electrodes is shown in Fig. 6-7.

Main electrode Guard terminal

terminal ““Eﬂ?L =
ﬁﬁ__—— Opposite electrode terminal
- :SE§F]d————-Tightening cap )
1
The figure at the left

is a cross section view
of the electrodes.
Guard tightening nut The hatched lines in-
——— Guard electrode dicates the teflon
é "~ insulators. The other
: parts are brass plated.

vl

T
]

Main electrode

—— Opposite electrode
| I Guard support

I"

70

AN
. /l ~H1———GCuard electrode
A N
.
42
45 Fig. 6=T7 Electrode construction

(1) Measurement method

1) Remove the tightening cap at the top, and pull the main electrode
and guard electrode out from the top.

2) ‘Vash the main electrode and guard electrode, and the inside of the
opposite electrode with ethyl, benzene or gasoline.

3) After the washing liquid has dried thoroughly, fill the opposite
electrode about 1/2 full of specimen, slowly insert the main electrode
and guard electrode so that the specimen does not spill out, and then

tighten with the tightening cap

-19~



5)

(o)
~—

Connect the accessory cable of the TR 44 to the main electrode
terminal and the INPUT terminal of the - TR -8601. Moreover, connect
the HIGH VOLTAGE terminal of the TR 8601 to the opposite electrode
of the TR -44.
Perform measurement as described in para. 4-4.
Since the voltage set at the -TR-8601 is present at the opposite
electrode and tightening cap at this time, handle them with care.
Fiﬁd the volume resistivity P of the specimen by multiplying the
measured value by the electrode coefficient (637).

p = 63TR (Qcm)

R: Measured value
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