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SECTION 2

1. GENERAL

Kikusui Model 1506 Digital Multimeter is a compact multi-purpose
digital voltmeter which measures DC and AC voltages and currents,

and resistances.

This digital multimeter employs a liquid crystal device (LCD) which
shows a digital readout from 0 to 1999.

A dry battery of 9V is provided as the power supply. An LSI is used
to reduce power dissipation, thereby ensuring a longer battery life.
An input terminal for an AC adapter is provided to allow operation on

AC power.

The measuring ranges are DC voltage 100 uv - 1000 vV, AC voltage 1 mV -
750 V rms, DC and AC current 0.1 VA - 10 A, and resistance 0.1 Q -
20 MQ. Auto-range operation can be done when in voltage or current

measurement.

Furthermore, a short-circuit test buzzer is incorporated for convenient

electrical continuity test.
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2. SPECIFICATIONS

Instrument Name: Digital Multimeter
Model Number: Model 1506
Measuring Functions: DC voltage, AC voltage, DC current,

AC current, and resistance

Measuring System: Drift-compensated integration system
Indications
Measured value: 000 - 1999 (3-1/2 digits, FE-type LCD
readout)
Polarity indication: Minus sign only

Over-range indication: Three lower digits disappear.
Function indications: *)) (Short-circuit buzzer)/B
(Low battery)/AC

Unit of measure: Decimal point/umVA/MkQ
Sampling Rate: Approx. 2 times/sec
Ambient Temperature 0°C to 40°C (32°F to 104°F),
and Humidity: less than 80% RH
Temperature Coefficient: Accuracy + 0.05%/°C
Storage Temperature: -25°C to 60°C (-13°F to 140°F)
Power Supply: 9V dry battery (006P), Approx. 23 mW
Dimensions: 88 (W) x 38 (H) x 180 (D) mm

(3.46 W x 1.50 H X 7.09 D in.)

Maximum Dimensions: 94 (W) x 38 (H) x 180 (D) mm
(3.70 W x 1,50 H x 7.09 D in.)

Weight: Approx. 320 g (11 oz.)



Accessories:

Instruction manual
Test leads

Battery (006P, 9 V)
Fuse (2 A)

Stand

SECTION 2


岩月聡子

岩月聡子

岩月聡子


SECTION 2

DC voltage measurement (auto and manual)

Range Accuracy Resolution Input Maximum input
23°Ct5°C resistance voltage
(73.4°F£9°F)

200 mv 100 v 1000 MQ or over

2000 mv 1 mv Approx. 11 MQ
+(0.5% of rdg +1100 VDC
0V +2 digits) 10 mv or 850 Vrms

200 v 100 mv Approx. 10 MQ

1000 v 1v

AC voltage measurement (auto or manual)

Range Accuracy Resolution Input Maximum input
23°C5°C resistance voltage
(73.4°F+9°F)

2000 mv 1 mV Approx. 11 MQ
20 v 40Hz to 500 Hz 10 mv +1100 VbC
(1% of rdg or 850 Vrms
200 v +5 digits) 100 mv Approx. 10 MQ
750 v 1Lv
(Input capacitance: 100 pF or less)
DC current measurement (manual)

Range Accuracy Resolution Voltage drop Overcurrent
23°C15°C between protection
(73.4°F+9°F) terminals

200 vA 0.1 uA

2 mA (1% of rdg ! HA 250' mV or less Fuse (2 A)
20 mA +2 digits) 10 BA
200 mA 100 uA
2000 mA +(1.5% of rdg 1 mA 0.7 V or less
42 digits
10 A 2 digits) 10 mA 0.25 V or less | No protection

_ 4 -




AC current measurement (manual)

SECTION 2

Range Accuracy Resolution Voltage drop Overcurrent
23°C+5°C between protection
(73.4°F9°F) terminals

200 pA 0.1 pa

2 mh £(1.5% of rdg 1 uA 250 mV or less Fuse (2 A)
20 mA +5 digits) 10 pA
200 wA 100 pA
2000 mA +(2% of rdg 1 mA 0.7 Vrms or less
10 A +5 digits) 10 mA 0.25 Vrms or less | No protection
(Frequency: 40 - 500 Hz)
Resistance measurement (auto and manual)

Range Accuracy Resolution Maximum Open-— Maximum
23°Cct5°C measurement | terminal | allowable
(73.4°F9°F) current voltage | input

voltage

200 Q 0.1 Q 0.55 mA 1.7V

2000 Q +(0.5% of rdg 10 86 pA
+2 digits)
20 kQ 10 @ 22 1A 250 v

200 kQ 100 § 3.7 pA AC/DC

2000 k2 | (1% of rdg 1 kR 0.4 A 8.7 v
+2 digits)
20 MQ (2% of rdg 10 kQ 40 nA
+2 digits)
20 M2 range: Auto only

Response time (to specified accuracy):

Short-circuit buzzer:

7 sec or less

1f the <)) state is selected, the buzzer

sounds when the measured resistance is
20 2 10 Q or less.
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3. OPERATING METHOD

3-1. Explanation of Front and Rear Panels

Figure 3-1A
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Figure 3-1B



SECTION 2

(D PoWER Switch:

(:) Readout:

(3 FUNCTION Switch:

(&) RANGE Switch:

AC main power ON-OFF switch.

The LCD works to display digits from 000 up to
1999 (3-1/2 digit decimal display). 1n the
case of excessive input, "1", the most signifi-
cant digit, alone is displayed aud other digits
disappear. In accordance with range setting,
the decimal point moves and the corresponding
unit of measure (mV, V, uA, mA, , kQ, or MQ)
is displayed. A minus sign "-" is displayed
for a negative DC voltage or current input.
As function indications, "AC" and " +))" are
displayed. The warning indicator 'B'" lights

up when the battery is low.

Pushbuttons for selecting measuring functions.
For voltage measurement, set both S1 and S2 to
the [] state. For current measurement, set $2
to the .= state and S1 to either the [] or =
state. For resistance measurement, set S2 to

the [1 state and S1 to the = state.

Pushbuttons for selecting measuring ranges.
The figures noted on the right Haud side refer
to full-scale values of voltage, current and
resistance ranges. These buttons are used, in
conjunction with the FUNCTION selector buttons

of (3),.to select appropriate measuring ranges.

The instrument operates in the auto-range mode
if you depress and lock the S8 button when in
voltage or resistance measurement. When readout
count is less than 179, a lower range is used;
when it is more than 1999, a higher range is

used.



DC/AC, 9/ -))) Switch:

10A Terminal:

mA Terminal:

COM Terminal:

v, Q/*)} Terminal:

Battery Cover:

Case Screws:

Stand Holes:

SECTION 2

When in voltage or current measurement, this
button selects DC or AC. Each time this button
is pressed, DC or AC is selected alternately.

When AC is selected, "AC" is indicated.

When in resistance measurement, this button
selects the regular resistance measuring mode

(Q) or the short—circuit test mode (+¥)). Each
time this button is pressed, Q or +))) is selected.

When +)))is selected, "))" is indicated.

To measure a current of 2 A to 10 A, apply it
between this terminal and the COM terminal. In
this case, the accessory test leads which accom-
pany the instrument cannot be used. Use wires
which has a sufficient current capacity for the

current to be measured.
For current measurement.

This terminal is used in common for all types
of input. Although connected to the ground
line of the instrument circuits, this terminal
is isolated from the casing, thereby making

floating voltage measurement possible.

This terminal is used for voltage measurement,

resistance measurement, or short-circuit test.

Covers the battery and fuses. For battery or
fuse replacement, move this cover in the direc-
tion indicated by the arrowhead (=>) and lift
off.

Remove these two screws to remove the case.

To install the stand as required.
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SECTION 2
3-2. Preparation for Measurement

(1) Before supplying power to the instrument, make certain that the
power switch on the front panel is set to OFF. A dry battery of
9 V (S-006P) or the optional AC adapter may be used to power the

instrument.

(2) Avoid using this instrument in an environment where ambient tempera-

ture varies rapidly.

(3) If the display is unstable with the use of AC power, change to

battery operation.

(4) Turn on the power switch for instrument operation. Make sure to

turn off the switch after measurement completion.

(5) The accessory test leads can be used for measurement of currents up
to 2 A. With the appropriate test leads, measurements of up to 10 A

are possible.

(6) Service time of the dry battery is approximately 150 hours. Replace

the battery with a new one when the low battery indicator is observed.

(7) Avoid using this instrument in such adverse environments as with
corrosive gases, dust, or oil. Note that such will shorten the

service life of the instrument.

- 10 -



SECTION 2

3-3. Replacement of Dry Battery and-Fuse

(1) When the dry battery has become low, the "B" mark will be displayed
on the LCD. 1If this is the case immediately replace the dry battery.

(2) Should excessive current flow between the mA terminal and the COM
terminal, the fuses will blow out, thus protecting the multimeter.

Should current measurement not be possible, inspect the fuses.

(3) To gain access to the dry battery and fuses for inspection or replace-
ment, press the OPEN mark position of the battery cover and slide it
in the arrowhead direction as shown in Figure 3-2. Be sure to install

the dry battery in the correct direction as shown in Figure 3-2.

Figure 3-2

-~ 11 -
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3-4.

3-4-1.

(¢)]

(2)

3)

()]

(3)

3-4-2.

(1)

2
Measﬁring Procedures
DC/AC Voltage Measurement

Connect the test leads (provided as accessories) to the input
terminals. That is, connect the red lead to the [V, Q/-)) ] termi-

nal and the black lead to the COM terminal.
Set the FUNCTION switch to the V state.

Set the [DC/AC, /1)) switch to the DC or AC state in conformity
with the signal to be measured. Each time this pushbutton switch
is pressed, the measuring mode is switched alternately between DC
and AC. The "AC" mark is displayed when in the AC mode of measure-

ment .

Set the RANGE switch at a range appropriate for the voltage to be

measured.

To select the auto-range mode, depress and lock the S8 (AUTO-RANGE)
switch. When this is done, the instrument is set to the initial

measuring range of 200 mVDC or 2000 mVAC.

Connect the other ends of the test leads to the circuit to be

measured.
DC/AC Current Measurement

Connect the test leads (provided as accessories) to the input
terminals. That is, connect the red lead to the mA terminal and
the black lead to the COM terminal.

Note: Note that the accessory test leads must mot be used for
measurement in the 10A range. For measurement in the 10A
range, prepare test leads of sufficiently large current
capacity and connect them to the 10A terminal and the COM

terminal.

- 12 -



(2)

3

4)

(5

3-4-3.

(1)

(2)

(3

(4)

3-4-4,

e}

(2)

SECTION
Set the FUNCTION switch to the "A" state.

Select DC or AC with the [DC/AC, Q/w» ] switch as is the case of
voltage measurement. The "AC" mark is displayed when in the AC

mode of measurement.

Set the RANGE switch at a range appropriate for the current to be

measured.

Connect the other ends of the test leads to the circuit to be

measured.
Resistance Measurement

Connect the test leads to the input terminals. That is, connect
the red lead to the [V, ©/)) ] terminal and the black lead to the
COM terminal.

Set the FUNCTION switch to the "Q" state.

Set the RANGE switch to an appropriate range for the resistance to

be measured.

To measure in the auto-range mode, press and lock the S8 (AUTO-
RANGE) button. The instrument will be set to the initial range
of 20 MQ.

Connect the other ends of the test leads to the circuit to be

measured.
Short—circuit Test

Connect the test leads to the input terminals. That is, connect
the red lead to the [V, @/-)) ] terminal and the black lead to the
COM terminal.

Set the FUNCTION switch to the "Q" state.

~ 13 -
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SECTION

3)

4)

(5)

2

Set the [DC/AC, ©/-)) ] switch to the "+))" state. The "-))" will
be displayed and the instrument will be set at the 200 Q range.

Connect the other ends of the test leads to the circuit to be

tested.

The buzzer will sound if the resistance of the measured circuit

~is 20  £10 © or lower.

- 14 -



SECTION 2

OPERATING PRINCIPLE

4,

Measuring Principles

4-1.

A block diagram of the Multimeter is shown in Figure 4-1,
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SECTION 2

4-2. Voltage Measurement

The DC or AC voltage to be measured is fed through the voltage divider
and conditioned by the range switch into a voltage signal of up to

200 mV. The DC voltage is sent directly to the A/D converter. However,
the AC voltage is converted into a DC voltage by the AC/DC converter,

and this DC voltage is sent to the A/D converter.

-~ A
I 1
v-a i 1 Ac/DC
) O——— DIVIDER ] I CONVERTER
| 1
1 I
J S—| e
= ————% I
= 1
E3 | |
—
coM CONVERTER
3 47 L 4 Figure &4-2

Current Measurement

The DC or AC current to be measured is fed through the current shunt
and conditioned by the range switch into a voltage signal of 200 mV.
The DC current is sent directly to the A/D converter. However, the
AC current is converted into a DC voltage by the AC/DC converter, and

this DC voltage is sent to the A/D converter.

r—————= o)
! |

o RANGE ] ] | AD/DC

O SHITCH | | CONVERTER

L ! |
| |
CURRENT 1 .
SHUNT | |
| |
con I i
* CURRENT : ‘A/D {

CONVERTER
SHUNT L

—————— . Figure 4-3
10A()—~—————J
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SECTION 2
4-4. Resistance Measurement
Resistance measurement is done by calculating the ratio between the

reference voltage Vger of the A/D converter and the measured input

voltage Viy as follows:

Vin Vx Ry
Indication = ——"v = —2. = __&_
VREF Vg Rs
- 1
! |
w  f— |
[EI- 3 | |
O = o
—O LerT I
52
5810 !
= ' I
.
2 i 1
[=3K7]
o | |
se | I
(Y }
b CONVERTER
| S, Jd

Figure 4-4

4-5. AC/DC Converter

This device consists of an .operational amplifier and a rectifier.
It converts the AC voltage input signal into a DC voltage output

signal with a high conversion linearity.
4-6. A/D Converter

This A/D converter is a C-MOS LSI which contains an integrator, an
LCD driver circuit, a reference voltage generator circuit, a
clock circuit, and other circuits which are needed to comvert an analog

signal into a digital signal for readout.

The 32.7 kHz crystal oscillator output signal is frequency-divided

and used as a clock signal to dictate the system operation timing,

- 17 -
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SECTION 2

such as for measuring operation cycles each of which includes an
auto-zero period and a conversion period., Accurately two measuring
operation cycles are done per second, attaining a high noise reduc-

tion efficiency for a line frequency of 50 Hz or 60 Hz.

- 18 -



5, MAINTENANCE

5~1. Removing the Case

Remove the two screws on the rear panel.

Clamping
screws

Figure 5-1

SECTION 2



SECTION 2

5-2. Layout of Controls

Layout of the controls is shown in Figure 5-1.

VR-6 ﬂ . -
=0
I
i
VR-2 O C_‘j:":j
&5
VR-5 /’/Q’O gI{t:
VR-3 L

oI
O
o

Figure 5-2
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SECTION 2
5-3. Calibration

The instrument should be periodically inspected and calibrated in
order to maintain high performance of the multimeter for a long
period. Calibration should be done in a stable atmospheric tempera-
ture of approximately 23°C (73,4°F). Allow more than 30 minutes for

stabilization after start-up,
5-3-1. DC Voltage Range Calibration

(1) Set the FUNCTION switch to V and DC. Set the RANGE switch to
200 mA.

(2) set the output voltage of a DC voltage standard (accuracy 0.05%
or better) at +190.0 mV and apply this voltage to the input
terminal of the multimeter. Adjust VR5:so that the Multimeter
indicates 190.0 mV.

(3) Change the RANGE switch to 2000 mV and the voltage standard
output to +1900 mV and apply this voltage to the input terminal
of the multimeter. Adjust VR3 so that the multimeter indicates
'""1900 mvV."

5-3-2. AC Voltage Range Calibration

(1) With the same state as in 5-3-1 (3), change the [DC/AC, Q/4)) ]
switch alone to the AC state. Set the output voltage of an AC
voltage standard at 1900 mV with 100 Hz, and apply this voltage
to the input termianl. Adjust VR1 so that the multimeter displays
"AC 1900 mv."

5-3-3. Check of Measuring Ranges

(1) When the instrument calibration is through, inspect the measuring

ranges of the instrument as shown in Tables 5-1 through 5-5.
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Table 5-1 DC voltage check

Range Input Readout

20 v +19.00 v 18.89 V - 19.11 V
200 v +190,0 v 188.9 V - 191.1 V
1000 v +1000 v 993 v. - 1007 Vv

Standard instrument:

DC voltage standard

(accuracy 0.05% or better)

Table 5-2 AC voitage check

Range Input Frequency Readout
20V 19.00 v 100 Hz AC 18.76 V — AC 19.24 V
200 v 199.0 v 100 Hz AC 187.6 V - AC 192.4 V
750 vV 750 v 100 Hz AC 738V - AC 762V

Standard instrument:

AG voltage standard

(accuracy 0.1% or better)

Table 5-3 DC current check

Range Input Readout
200 pa 190.0 pA 188.9 pA - 192.1 paA
2000 pA 1900 A 1889 wA - 1921 paA
20 ma 19.00 mA 18.89 mA - 19.21 mA
200 mA 190.0 mA ©188.9 mA - 192.1 mA
2000 mA 1900 mA 1870 mA - 1930 mA
10 A 10.00 A 9.83 A - 10.17 A

Standard instrument:

DC current standard

(accuracy 0.1% or better)

- 22 -
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Table 5-4 AC current. check

Range Input Frequency Readout
200 pA 190.0 paA 100 Hz AC 186.7 pA - AC 193.3 A
2000 yA | 1900 pA 100 Hz AC 1867 uA - AC 1933 pA
20 mo | 19.00 mA 100 Hz AC 18.67 mA — AC 19,33 mA
200 mA 190.0 mA 100 Hz AC 186.7 wA - AC 193.3 mA
2000 mA 1900 mA . 100 Hz AC 1857 mA ~— AC 1943 mA
10 A 10.00 A 100 Hz AC 9.75 A - AC 10.25 A
Standard instrument: AC current standard
(accuracy 0.1% or better)

Table 5-5 Resistance check

Range Input Readout
200 Q@ shorted 00.0 @ -~ 0.02Q
200 Q 190.0 @ 188.9 0 - 191.1 Q@
2000 § 1900 @ 1889. 0 -1911 Q
20 kQ 19.00 kQ 18.89 kO ~ 19.11 kQ
200 kQ 190.0 k@ 188.9 kR - 191.1 k@
2000 k 1900 kQ 1879 k@ - 1921 k@
20 MQ 19.00 MQ 18.60 M2 -~ 19.40 MQ
Standard device: Resistors standard
(accuracy 0.057 or better)
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