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WARNING

This Instrument is designed to prevent accidental
shock to the operator when properly used. How-
ever, no engineering design can render safe an
instrument which is used carelessly. Therefore,
this manual must be read carefully and completely
before making any ts. Failure to fol-
low directions can result in a serious or fatal ac-
cident.

SHOCK HAZARD: As defined in American Nation
al Standard, C39.5, Safety Requirements for Llcc
trical & Electronic Measuring & Controlling Instru
mentation, a shock hazard shall be considered to
exist at any part involving a potential in excess of
30 volts rms (sine wave) or 42.4 volts DC or peak
and where a leakage current from that part to
ground exceeds 0.5 milliampere when measured with
an appropriate measuring instrument defined in
Scction 11.6.1 of ANSI C39.5.

NOTE: The proper measuring instrument for the
measurement of leakage current consists essentially
of a network of a 1500 ohm non-inductive resistor
shunted by a 0.15 microfarad capacitor connected
between the terminals of the measuring instrument.
The lcakage current is that portion of the current
that flows through the resistor. The Simpson Modcl
229-Series 2 AC Leakage Current Tester meets the
ANSI C39.5 requirements for the measurement ol
AC leakage current and can be used for this pur
pose. To measure DC Leakage current, connect a
1500 ohm non-inductive resistor in series with a
Simpson 0-500 DC microammeter and use this as
the measuring instrument.

ix

SECTION |
INTRODUCTION

1.1 GENERAL

L.L1.1 The Simpson 160 Volt-Ohm-Milliammeter
(hereafter referred to as the 160 or the Instrument)
is a compact, casy-to-operate instrument which may
be used for measuring electrical characteristics of
circuits and circuit components. It features a taut-
band movement suspension with diode overload
protection to provide long, trouble-free service. The
100 degree mirrored dial arc and knife edge pointer
provide excellent readability and eliminates parallax
errors.

1.1.2 A polarity-reversing switch and one-knob
Function/Range selector simplify operation of the
Instrument. The internal batteries used to furnish
the power required for resistance measurements are
readily obtainable and replacement is accomplished
quite easily.

1.1.3  Conforming to the latest engineering develop-
ments, most of the component parts are mounted on
a printed circuit board. This ensures uniformity of
performance, reduces maintenance and extends the
useful life of the Instrument.
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1.2 SUPPLIES AND ACCESSORIES

1.2.1 All supplies and accessories required for the
operation of the 160 are furnished with each Instru-
ment, and listed in Table 1-2. (Available replace-
ment parts are listed in Table 7-1).

1.3 SAFETY CONSIDERATIONS

1.3.1 This Operator’'s Manual contains cautions
and warnings alerting the user to hazardous oper-
ating and service conditions. This information is
flagged by CAUTION or WARNING headings
throughout this publication, where applicable, and is
defined at the front of the manual under SAFETY
SYMBOLS. To ensure the safety of operating and
servicing personnel and to retain the operating con-
ditions of the instrument these instructions must be
adhered to.

1.4 TECHNICAL DATA
1.4.1 Table 1-1 lists the technical data for the 160.

Table 1-1. Technical Data
1. DC Volts:

Ranges: 2.5, 10, 50, 250, S500V;
0.25, 1.0 and 1000V on
separate jacks.

1-2
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20,000 ohms per volt.
Within +2% DC and
+39% AC of full scale on
all ranges:

Sensitivity:

Rated Accuracy:

2. AC Volts:

Ranges 2.5, 10, 50, 250, 500V;
1000V on separate jack.
5,000 ohms per volt.
Full-wave average-re-
sponding; calibrated in
RMS for sinusoidal
waveforms.

“Frequency Response: Rated accuracy to 100,000
Hz on all ranges through
50V; to 20 kHz on
250V range.

1000V AC/DC Max.

Sensitivity:
Indication:

2-A. ***Rated-Circuit
To-Ground
Voltage:
3. Direct Current:

Ranges: 1, 10, 100, 250, 500 mA;
SQ #A on separate jack.
Within 3% full scale,

all ranges.

* See typical Response C urves, Figure 1-2.

“E Pep ANSI'C39.5 April 1974: “The maximum
voltage with respect to  ground, which mav
safely and continuously be applied to the circuit
of an instrument.”

Rated Accuracy:

1-3
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Figure 1-2. Typical Frequency Response Curve

4. DC Resistance:

Ranges: Rx 1
Rx 10
R x 100
R x IK
R x 10K

Accuracy

Max. Voltage or
Current Delivered

Rx1:

R x 10:

0-30002 (302 center)
0-30,000% (300£2 center)
0-300,0002 (3 k€ center)
0-3 M2 (30 k2 center)
30 MQ (300 k2 center)

3° arc

50 mA short circuit
1.5V open circuit

5 mA short circuit
1.5V open circuit

Introduction
R x 100: 0.5 mA short circuit
1.5V open circuit
R x 1K: 0.75 mA short circuit
22.5V open circuit
R x 10K:  0.075 mA short circuit

5. dB Ranges:

6. Movement:

7. Dial Arcs:

8. Scale Length:

9. Lead Reversal:

22.5V open circuit

—20 dB to +10 dB on
2.5 VAC range

-—8 dB to 422 dB on
10 VAC range

+6 dB to +36 dB on
50 VAC range

+20 dB to +50 dB on
250 VAC range

Zero dB referenced to 1

milliwatt at 600 ohms
(0.775 volt)

Taut-Band 100° arc,
50uA full scale.

One arc for ohms,
one arc for DC,
two arcs for AC,
one arc for dB.

3.0 inches.

Polarity Reverse Switch;
on DC and ohms

1-5
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10. Operating Position:

11. Batteries:

12. Movement &
Indicator Protection:
13. Test Leads:

14. Operating
Temperature Range:

15. Size:
16. Weight:

17. Construction:

18. Color:

1-6

Horizontal or vertical;
rubber feet prevent slip-
ping on moderate slopes.

1.5V AA penlight cell and
No. 505 22.5V battery;
simple removal via back
of Instrument.

Silicon doubl: divde across
movement terminals.

Custom molded elbow
terminals; 3 ft flexible
plastic leads with
probe tips.

75"F for rated accuracy;
less than 497 additional
error over the range of

| 25°F o | 130",

A7 X 3% X 1

Approximately 12 ounces
complete.

Combination high impact
plastic and phenolic;

P.C. Board.

Black and white mirror
scale and lettering.

Introduction

Table 1-2. ltems and Accessories Supplied
with This Instrument

Description Number
Probe Tip Test Leads ................ 02055
Operator’s Manual ...... ... ... ... ... 5-111658

Table 1-3. Additional Accessories (AT

Description Number
Vinyl Carrying Case . ................... 2935
Vinyl Carrying Case . ................... 2225
Vacuum Formed Carrying Case . .......... 2929
Simpson 150 AC Amp-Clamp ............ 00532
160 Adapter Pins for Amp-Clamp ........ 02056
Alligator Clip Leads .................... 01927
SECTION 1I
INSTALLATION

2.1 GENERAL

2.1.1 This section contains instructions for the
installation and shipping of the 160. Included are
unpacking and inspection procedures, warranty,
shipping, and installation.

w
—



Installation

2.2 UNPACKING AND INSPECTION

2.2.1 Examine the shipping carton for signs of
damage prior to unpacking. Then unpack and in-
spect the Instrument for possible damage in ship-
ment. If damage is noted, notify the carrier and
supplier before using the Instrument. Also, check
that all furnished items and accessories are included
(Table 1-2).

2.2.2 Save all shipping materials for future use.

2.3. WARRANTY

2.3.1 The Simpson Electric Company warranty
policy is printed on the inside front cover of this
manual. Read it carefully prior to requesting a
warranty repair.

NOTE: For assistance of any kind, including
help with the Instrument under warranty,
contact the nearest Authorized Service Center
for instructions (listed on the last pages of
this manual). If it is necessary to contacl
the factory directly, give full details of the
difficulty and include the Instrument model
number, serial number (at the back of the
Instrument) and date of purchase. Service
data or shipping instructions will be mailed

Installation

promptly. If an estimate of charges for
non-warranty or other service work is re-
quired, a maximum charge estimate will be
quoted. This charge will not be exceeded
without prior approval.

2.4 SHIPPING

2.4.1 Pack the Instrument carefully and ship it
prepaid and insured to the proper destination.

2.5 INSTALLATION

2.5.1 The Instrument may be operated in a hori-
sontal or vertical position. It can also be set at an
angle by positioning the stand under the Instrument.

SECTION il
CONTROLS, CONNECTORS,
AND INDICATORS
3.1 GENERAL
3.1.1 All operating and adjustment controls, con-
nectors, and indicators are described in this section
along with a list (Table 3-1) describing their func-

tion. Become familiar with each item prior to oper-
ating the Instrument.



Controls, Connectors, and Indicators

3.2 PANEL DESCRIPTION

3.2.1 Table 3-1, lists all Controls, Connectors, and
Indicators.

Table 3-1. Controls, Connectors, and Indicators

1. Function This control is located in the lower
and Range center of the panel. This switch com-
Switch: bines the operations of selecting the

desired range and function. The switch
may also be turned in either direction
to any of its 20 positions.

2. Zero This control is located at the lower
Ohms left on the front panel and is used to
Adjust obtain a “0” indication on the ohms

Control:  scale when the test leads are shorted
together. During operation, the zero
indication is checked each time the
ohmmeter is to be used. This permits
compensation for aging internal bat-
teries, and allows them to be used
for a longer period of time.

3. Input There are six input jacks: Four of
Jacks: these are on the right side of the
panel and two directly below the zero
adjustment screw. The four jacks on
the right are identified COM —, -,

3-2

Controls, Connectors, and Indicators
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4.

3-4

Controls, Connectors, and Indicators

Polarity
Reversing
Switch:

+1V, and -+50x/4250 mV. The
COM - jack is used for all ranges

and functions with the exception of
the 1V, 50 nA, 250 mV, 1000 VDC

and 1000 VAC ranges. The two jacks
below the Instrument are identified
1000 VDC and 1000 VAC and are
used to extend the 500 VDC and 500
VAC ranges.

This switch, located above the £ ADJ
control, allows simple lead polarity
reversal when making DC or resist-
ance measurements on any range ex-
cept the 50 1A, 250 mV, or 1V posi-
tions. For normal operation, set this
switch to -+ DC position. Using the
COM — as the reference, positive
polarity signals then will produce up-
scale pointer deflection. Conversely,
negative polarity signals are accom-
modated without interchanging leads
by setting the switch to the —DC
position. When the VOM is set on
any resistance range, the reversing
switch controls the polarity of the
measuring potential presented to the
test jacks in the same manner.

Operation

NOTE: When making measurements of the
50 #A, 250 mV, or 1V ranges, the reversing
switch must be set to the +DC position to
obtain readings.

SECTION IV
OPERATION

WARNING

Before proceeding with the operation of the 160
review the SHOCK HAZARD definition printed at
the front of this manual.

4.1 SAFETY PRECAUTIONS

4.1.1 Instruments of this type are intended for
use only in low-power, consumer product type
applications, such as TV or radio. Their use is not
recommended in high-power circuits such as power
plants, substations or high power transmitter cir-
cuits, where the likelihood of corona, together with
sufficient energy to sustain flash-over arcs, is a
serious hazard.

4-1



Operation

4.1.2 The small size of this Instrument might
tempt the user to hold it in his hand while making
measurements. Avoid this practice when working
in circuits that might contain a shock hazard.

4.1.3 Inspect the test leads, probes, connectors, and
insulating boots for damage or deterioration before
each use. If any defects are found, replace the
leads immediately with leads designed for this In-
strument. Do not use test leads inferior to those
furnished with the Instrument.

4.1.4 Never disconnect the COMMON lead from
an active circuit while the other lead is connected
to an energized circuit. The COMMON lead be-
comes unexpectedly “hot” in such a case and can
be a shock hazard to the user. Develop safe habits
by always turning off power to the measured circuit
and discharging any capacitors before handling the
test leads.

4.1.5 Become familiar with the circuit to be
measured and locate any shock hazards before at-
tempting measurements. Keep in mind that high
voltages might appear where not expected in a
faulty circuit.

4-2
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4.1.6 Electrical measurements in the presence of
humidity or moisture are particularly hazardous.
Hands, shoes, floor, and workbench must be dry.

4.1.7 Avoid making measurements in circuits
where composite voltages can exceed the Instru-
ment’s safe limits. When measuring DC voltages,
the Instrument will not respond to (and thereby
not indicate) the presence of AC components.

4.1.8 Be alert for the presence of corona in the
measured circuit. Its presence indicates high voltage;
and unexpected or unknown path might lead to a
flash-over. A buzzing sound, odor of ozone and a
pale blue emanation are indications of its presence.

4.1.9 Do not work alone when making measure-
ments where a shock hazard can exist. Notify a
nearby person of your intentions.

4.2 ZERO DEFLECTION

4.2.1 Before making any measurements, check to
see that the pointer indicates zero when the Instru-
ment is in the operating position. If the pointer is
off zero, make the required correction by turning the
screw located directly below the “Simpson 1607
legend.

4-3
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d.
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4-4

Operation

MEASURING DC VOLTAGES,
250 MILLIVOLT RANGE:

I CAUTION

Use care when using the 160 on the 250 mV range.
An excessive voltage applied when in this range
can be detrimental to the Instrument.

a. Connect the black test lead into the COM —

jack and the red test lead into the -+50 urA
1-250 mV jack.

. Set polarity switch to the 4 DC position.
>. Set the Range Selector Switch to the 50 #A posi-

tion (common to the 50 VDC position).

Connect the black test lead to the negative (—)
side of the circuit to be measured and the red
test lead to the positive () side of the circuit.

. Read the voltage on the black arc marked DC.

Use the figures marked 0-2.5 and multiply read-
ing by 100 for the millivolt reading. If the
pointer moves to the left of zero, reverse the
test lead connections, as the reversing switch
must be kept in the -~ DC position for this
range.

4.4

a.

Operation

MEASURING DC VOLTAGES,
1 VOLT RANGE:

Connect the black test lead into the COM —

—ack and the red test lead into the 4+ jack.

b.

C.

Set the polarity switch to the - DC position.

Set the range switch to the 1 VDC position (com-
mon to the 10 VDC position).

. Connect the black test lead to the negative (—)

side of the circuit to be measured and the red
test lead to the positive (4) side.

. Read the voltage on the black arc marked DC.

Use the figures 0-10 and divide the reading by
10 to obtain voltage reading. If the pointer
moves to the left of zero, reverse the test lead
connections, as the reversing switch must be kept
in the +-DC position for this range.

4.5 MEASURING DC VOLTAGES,

a.

b.

2.5 THROUGH 500 VOLT RANGES:

Connect the black test lead into the COM —
jack and the red test lead into the -+ jack.

Set the range switch for any of the five DC volts
range positions desired. These are marked 2.5,
10, 50, 250, and 500 VDC. When in doubt as to

4-5



Operation

which range to use, always start with the highest
voltage range as a protection to the Instrument.

. Connect the black test lead to the negative (—)
side of the circuit to be measured and the red
test lead to the positive (4) side of the circuit.

. Set the polarity switch to the - DC position.
Turn the power on in the circuit to be tested. If
the pointer deflects to the left of zero, the actual
circuit polarity is the reverse of that anticipated.
In this case, turn off power in the circuit to be
lested, set the polarity switch to the — DC posi-
tion and turn power on again.

. Read the voltage on the black arc marked DC
which is second from the top of the dial. If the
voltage is within a lower range, the switch may

be set for a lower range to obtain a more ac-
curate reading.
2.5 VDC range: Use the 0-2.5 scale and

read the value directly.

10 and 50 VDC ranges: Read the corresponding
scale directly.

250 VDC range: Use the 0-2.5 scale and
multiply reading by 100.
500 VDC range: Use the 0-50 scale and

multiply reading by 10.

Operation

4.6 MEASURING DC VOLTAGES,

1000 VOLT RANGE ONLY:

WARNING l

Use extreme care when working in high voltage
circuits. Even though the Instrument and test leads
are well insulated for this voltage, do not handle
when power is on in the circuit.

. Set the range switch to the 1000 VDC position

(common with the 500 VDC position).

. Connect the black test lead to the COM — jack

and the red test lead to the 1000 VDC jack.

c. Set the polarity switch to the 4+ DC position.
. Connect the black test lead to the negative (—)

side of the circuit and the red test lead to the
positive (4) side.

. If the pointer deflects to the left side of zero, the

actual circuit polarity is the reverse of that antici-
pated. (In this case see Paragraph 4.5, step d.)

. Read the voltage, using the 0-10 scale on the

black arc marked DC and multiply the reading
by 100.

4-7
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4.7 MEASURING AC YOLTAGES

4.7.1

2.5 THROUGH 500 VOLT RANGE:

The 160 rectifier circuit responds to the full

wave rectified average value of the AC voltage
being applied. The Instrument dial, however, is
calibrated in terms of RMS voltage, which will be
correct for all sinusoidal waveforms.

4-8

NOTE: Since the 160 will respond to DC
voltage when set on any AC volt range, an
external blocking capacitor must be employed
where measurements of AC superimposed on
DC are encountered.

a. Connect the black test lead to the COM — jack

and the red test leads to the |- jack.

. Set the range switch for any of the five VAC

range positions desired. These are marked 2.5
VAC, 10 VAC, 50 VAC, 250 VAC, and 500
VAC. When in doubt as to which range to use,
always start with the highest voltage range as a
protection to the Instrument.

Turn power on in the circuit to be tested. Read
the voltage on the red arc marked AC, as follows:

0-2.5 VAC range:

10 VAC and 50
VAC ranges:

250 VAC range:

500 VAC range:

Operation

Read the value directly on
the special arc marked 2.5
VAC.

Read the red arc marked AC,
and use the corresponding
black numbers immediately
below the arc.

Read the red arc marked AC
using the 0-2.5 figures and
multiply the reading by 100.
Read the red arc marked AC
using the 0-50 figures and
multiply the reading by 10.
If the voltage is within a
lower range, the switch may
be set for the lower range to
obtain a more accurate read-
ing.
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48 MEASURING AC VOLTAGES,
1000 VOLT RANGE ONLY:

Use extreme care when working in high voltage
circuits. Even though the VOM and test leads are
well insulated for this voltage, do not handle either
when power is on in the circuit.

a. Set the range switch at 1000 VAC position (com-
mon with the 500 VAC position).

b. Turn off power in the circuit being measured.

¢. Connect the black test lead in the COM — jack,
and the red test lead in the 1000 VAC jack.

d. Turn on power in the circuit being measured.

¢. Read the voltage on the red arc marked AC
using the 0-10 figures and multiply the reading
by 100.

4.9 MEASURING DECIBELS

4.9.1 For some applications, power loss or gain
measurements in terms of dB are required. The dB
is defined as:

4-10
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Power, or 20 log E' when R, = R,

dB = 10 log Power
2 2

‘The 160 is calibrated with 0 dB referenced to 1

Milliwatt at 600%, i.e., dB reading corresponds to

(reading)
0.775V
The decibel scale at the bottom of the dial is num-
bered from —20 through 0 to +10. To measure
decibels, proceed according to instructions for AC
voltages, and read the dB arc. The dB scale is cali-
brated for direct reading on the 2.5V range. Scale
factors for other ranges and dB reference at 0.006
watts into 500 ohms are given in the table below.

20 log E (measured across 600%).

dB Scale Factor
(add to reading)

0 dB Reference

1ImW @ 6mW @
Range 600 500
2.5V direct —7
10V 412 +5
50V 426 419
250V +40 133
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4.10 MEASURING RESISTANCES

4.10.1 When DC resistances are measured, the in-
ternal batteries of the 160 furnish power for the
measuring circuit. Correction for battery deteriora-
tion over long periods of time is provided by means
of the Zero Adjust control which is part of the ohm-
meter circuit.

d.

]

a. Set the range switch at the desired resistance

range position.

. Connect the black test lead to the COM — jack,

and the red test lead to the 4 jack.

Connect the contact ends of the test leads to-
gether.

Observe the Instrument indication. Look for a
reading of “0” on the OHMS arc, which is at the
top of the dial.

. If the pointer does not read <07, rotate the ZERO

OHMS knob at the lower left on the front panel
until it does. If the pointer cannot be brought
up to the “0” mark, replace the appropriate bat-
tery.

4-12
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NOTE: Disconnect power from any resistor
or circuit to be measured before measuring
resistance. Do not apply any power before
the measurements are completed and test
leads are disconnected.

Connect the test leads across the resit:nce which
is to be measured. If there is a “forward” and
“backward” resistance, such as with diodes, ob-
serve polarity in the lead connections to control
each direction of test. With the polarity switch
in the + DC position, the - jack will provide a
positive potential referred to COM — jack. Set-
ting the switch to the — DC position will reverse
this measuring potential.

. Read the indication on the OHMS arc at the top

of the dial. Note that the arc reads from right to
left for increasing values.

. Multiply the reading by the multiplier factor in-

dicated at the switch position; the result is the
resistance value in ohms. “K” on the dial and
panel stands for “times one thousand.”



Operation

NOTE: The resistance of nonlinear com-
ponents will measure as different values on
different ranges of the 160. For example, a
diode could measure 80 ohms on the R x1
range, and 300 ohms on the R x 10 range.
This is normal and is the result of the diode
characteristic. The difference in readings
does not indicate faulty operation of the
ohmmeter circuit.

4.11 DIRECT CURRENT MEASUREMENT

WARNING

Do not change the range setting of the Range
or Function Switches while the circuit under
measurement is energized.

Never disconnect the test leads from the circuit
under mcasurement while the circuit is energized.
Always turn the power off and discharge all the
capacitors before the setting of the switches is
changed, or the leads disconnected.

Never exceed the Circuit-To-Ground voltage of
the instrument (1000 V max: Table 1-1,2-A).
Always connect the Instrument in series with
the ground side of the circuit.

In all direct current measurements, make certain
the power to the circuit being tested has been
turned off before connecting and disconnecting
test leads or restoring circuit continuity.
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4.12 MEASURING DIRECT CURRENTS,
50 MICROAMPERE RANGE:

CAUTION

Never connect the test leads directly across any
source of voltage when the 160 is used for current
measurements. This will damage the Instrument.

a. Connect the black test lead to the COM — jack,
and the red test lead to the 4-50 nA jack.

b. Set the range switch at 50 #A (common with 50
VDC).

¢. With the circuit power turned off, open the cir-
cuit at the point where current is to be measured.
Connect the Instrument in series with the circuit,

observing proper polarities when making con-
nection.

d. Turn on power to the circuit being measured. If
the pointer is deflected to the left of zero, the
polarity is opposite to that anticipated. Turn
power off and reverse the leads. The polarity
switch must be kept in the 4 DC position on
this range.

¢. Read the current directly on the black arc marked
DC, using the 0-50 scale. The current value is
shown in microamperes.
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f.

Operation

Turn off power to the circuit. Remove the test
leads and restore the circuit continuity.

4.13 MEASURING DIRECT CURRENT:

a.

d.

0-1 THROUGH 0-500
MILLTAMPERE RANGES:

Connect the black test lead to the COM — jack,
and the red test lead to the -+ jack. Set the
polarity switch to the -~ DC position.

. Set the range switch to any of the five mA

direct current range positions, as desired. The
switch positions are marked 1 mA, 10 mA, 100
mA, 250 mA, and 500 mA. When in doubt as
to which range to use, always start with the
highest ranges as a protection to the Instrument.
When the circuit power is turned oft, open the
circuit at the point where current is to be meas-
ured. Connect the Instrument in series with the
circuit, observing proper polarities.

Apply power to the circuit being measured. If
the pointer deflects to the left of zero, the
polarity is reversed. Turn off the power. Set
the polarity switch to the — DC position and
then re-apply the power.
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. Read the current on the black scale marked DC,
which is second from the top of the dial.

mA Range Use Scale Reading

1.0 0-10 Divide by 10
10 0-10 Read direct value
100 0-10 Multiply reading by 10
250 0-2.5 Multiply reading by 100
500 0-50 Multiply reading by 10

. Turn off power to the circuit. Remove the test

leads and restore circuit continuity.
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SECTION V
O

THEORY OF OPERATION >3
A
5.1  GENERAL ?8
S.I.1 The taut-band indicating instrument used in r“—QV O +*

the 160 responds linearly to direct current and re-
quires less than 50 microamperes to cause full scale
deflection. The indicating instrument and its associ-
ated calibration network, R, and R, are adjusted
accurately to an equivalent circuit resistance of 5000
ohms. The resulting basic metering circuit, after
calibration, requires precisely 50 microamps at 0.25 c
volts for full-scale deflection. The diode network, >x3
D, shown in the schematic diagram (Figure 7-1) n o,
provides an effective shorting path for metering

signals appreciably in excess of full scale. The net- +
work can bypass cxcessive currents as high as

several hundred milliamperes continuously, thereby

affording considerable protection to the indicating

instrument.

+ 1000V

5.2 DC VOLTMETER CIRCUIT

5.2.1 The basic circuit configuration employed for
DC voltage measurements is shown in simplified
form in Figure 5-1. The metering circuit (M) in
this diagram includes the calibrating network as

C4 | VOLT

Figure 5-1. Simplified Circuit-DC Volt




Theory of Operation

described above. The precision voltage ranging
resistors, R34, R8, R24, R25, R26, R27, R32, and
R33 provide the necessary voltage drop to yield
full-scale deflection for each corresponding range
as shown in Figure 5-1. Note that the 250mV, 1V,
and 1000V ranges utilize separate jacks.

53 DC MILLIAMMETER CIRCUIT

5.3.1 The basic circuit configuration utilized for
direct current measurements is shown in simplified
form in Figure 5-2. Resistors R19, R18, R17, R16,
and R6 in the arrangement shown form an Ayrton,
or “Universal” shunt. The values of these resist-
ances can be computed as:

20 x 0.25 Volts

Rx = .

19 x I (in Amps)
where Rx is defined as the total value of the shunt
between the input terminals; i.e., R6 for the 500mA
range, R6 -| R16 for the 250mA range, etc. Meas-
urement of current on the 50 microampere range
utilizes the 50uA -t 250mV test jack as shown in
Figure 5-1.

Theory of Operation

M

+ {ska) =
Rig Ri8 R17 R16 R6
|
O imMa IOMA ( ;IOOMA ( ;250MA O500MA
) _—
© + O

Figure 5-2. Simplified Circuit-DC mA

©
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54 AC VOLTMETER CIRCUIT

5.4.1 The simplified circuit for the AC voltage
ranges of the 160 is given in Figure 5-3. The modi-
fied full-wave bridge comprising D2, D3, R10, and
R11 provides direct current to the metering circuit
(M) proportional to the average rectified value of
the AC voltage being measured. With the range
switch set at 2.5 volts and calibration resistors R3
and R4 properly adjusted, an effective input resist-

500 250 50V oV 2.5 VAC
R32

o + 1000 VAC

Figure 5-3. Simplified Circuit-AC Volts

Theory of Operation

ance of 12,500 ohms is attained. This corresponds
12,5009

s _ Q

25V 5,00092/V.
Values of the range resistors R28, R29, R30, R31
and R32 are calculated on the basis of this sensi-
tivity.

10 a sensitivity of

5.5 OHMMETER CIRCUIT

5.5.1 A simplified circuit for the 160 ohmmeter
range is given in Figure 5-4. Note for ohms meas-
urements the equivalent meter resistance is approxi-
mately 2000 ohms. The ohmmeter, as shown, is a
“series” type employing a modified Ayrton shunt
for multiple ranges. A 1.5 volt battery supplies the
power for measurements on the Rx 1, R x 10, and
R x 100 ranges.

§.5.2 For the highest ranges, (Rx1K and R x
10K) a 22.5 volt battery is employed to obtain the
required full-scale meter current. The Ohms Adjust
tesistors (R5) is adjusted manually by the operator
to allow full-scale deflection (zero ohms) with the
test leads shorted. A slight readjustment of R4
might be required when switching from the lower
ohms scales to the higher (R x 1K or R x 10K) be-
cause of the difference in condition of the two bat-
leres.,
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R7 Ri2 R13 Ria Ris

Figure 5-4. Simplified Circuit-DC Ohms

SECTION VI
OPERATOR SERVICING

6.1 REMOVAL FROM THE CASE

6.1.1 The 160 has been designed to provide easy
access for all necessary adjustments and replace-
ment of parts. It is only necessary to remove one
screw from the back of the 160 (center of the case)
to gain access to the battery compartment.

6.1.2  After removing this screw, the front panel,
wmcluding the indicating instrument, printed circuit
board, and batteries can be removed as a unit.
Press lightly against the threaded brass insert, using
2 pencil, or similar device, to facilitate separation
ol the 160 from its case.

0.2 BATTERY REPLACEMENT

6.2.1 After removal of the case, loosen the screw
wecuring the battery contact plate located at the
top of the 160 panel assembly. After the screw
i loosened  sufficiently, the contact plate may be
rotated enough to allow removal of the batteries.
When installing new batteries, note battery place-
ment and polarity as indicated on the contact plate.

6-1



Operator Servicing

NOTE: When the Ohms Adjust control can-
not be adjusted for zero ohms (with shorted
test leads), it is generally an indication that
a battery has reached the end of its useful
life. Consequently the defective battery must
be replaced. Failure to do so promptly can
result in damage to the 160 due to chemical

lecakage from the battery. WARNING I

6.3 TEST LEAD INSPECTION

6.3.1 Periodic inspection of the test leads is rec-
ommended to detect cuts, burns, or other damage
that could reduce the insulation strength of the
leads. New leads may be purchased from the near-
est Authorized Service Center.

These servicing instructions are for use by
qualified personnel only. To avoid electrical
shock, do not perform any servicing other
than that contained in the operating in-
structions unless you are qualified to do so.



SECTION VII
SERVICING INSTRUCTIONS

7.1 REPLACEMENT PARTS AND
SCHEMATIC DIAGRAM

7.1.1 This section contains information for order-
ing replacement parts. Table 7-1, lists parts in
alphanumeric order of their reference designators
and indicates the description. (Refer to Table 1-2
for Ttems and Accessories Furnished With This
Instrument.)

7.1.2 To obtain replacement parts, address order
to the nearest Authorized Service Center (listed on
the last pages of this manual). Refer to paragraph
2.3.1 for ordering instructions.

NOTE v
If it is necessary to replace components, do ‘
not apply heat directly to the circuit board.
Cut leads close to component body and solder
new component to the leads. Refer to an
Authorized Service Center or the Simpson
Electric Company, for recalibration or Serv-
icing of the printed circuit board.

)

C OO
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Schematic Diagram

Figure 7-1.

|
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Symbol

R1
R2
R3
R4
RS
R6
R7
R8
RY9
R10
R11
R12
R13
R14
RIS
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26

7-3

Table 7-1. Replacement Parts

Description

Potentiometer 6 k<
Potentiometer 150 k2
Potentiometer 6 k2
Potentiometer 6 k&
Potentiometer 15 k&
Resistor 0.526% (Bobbin)
Resistor 302 1%
Resistor 45 k2 +1%
Resistor 6.8 k2 +10%
Resistor 5 kQ +1%
Resistor Sk +1%
Resistor 2702 +=1%
Resistor 1.7Q¢ +=1%
Resistor 1 k2 +1%
Resistor 17 k2 +1%
Resistor 0.5262 (Bobbin)
Resistor 1.582 (Bobbin)
Resistor 23.7 +=1%
Resistor 2372 +1%
Resistor 2.7 +=10%
Resistor 2972 +=1%
Resistor 28.1 k2 +=1%
Resistor 293 kQ +1%
Resistor 150 k2 +=1%
Resistor 800 k +1%
Resistor 4 MQ +=1%

Part No.

5-110716
5-111672
5-110716
5-110716
5-111664

10-675295
5-111683
5-114192
1-118611
5-113425
5-113425
5-111681
5-111679
1-117058
5-113349

10-675295

10-675296
5-111684
5-111682
5-111685
5-111680
5-111677
5-111676
5-113366
1-113363
1-113362

Symbol
R27
R28K
R29
R30
R31
R32
R33
R34
DI

N2, D3

Replacement Parts

Description

Resistor 5 MQ +1%
Resistor 1.25 MQ 1%
Resistor 1 MQ +1%
Resistor 200 k2 +1%
Resistor 37.5 kQ +=1%
Resistor 2.5 MQ +1%
Resistor 7.5 M2 +1%
Resistor 15k +=1%
Diode, Overload
Diode, Germanium
Molded Case Assembly
Case Mounting Screw

IMobe Tips Test Lead Set/W Clips

Range Knob
Meter Cover Assy.
Rubber Feet

Battery, 22.5V-Photo flash-

Eveready 505
Battery Contact

Part No.
5-110454
5-111675
1-117061
1-113365
1-113393
5-111669
5-111668
5-110756
1-110670
1-115970
10-861393
5-111655
02055
3-260548
10-560115
5-111660

5-111691
5-111665



AUTHORIZED SERVICE CENTERS
SIMPSON ELECTRIC COMPANY

853 Dundee Avenue, Elgin, Illinois 60120 — Phon

* Parts Sales & Repair Service Only

312) 697-2260

* % Parts, General Tost Equipment & Pancl Instrument Sales & Service
*%* Same Scrvice As (##) Above Plus Panel Instrument Moditication

» %4 Additionally Authorized for Service on
Iab Portables

#%4ALABAMA, MOBILE 36617
| | BROWNELL-ELECTRO INC.
1450 Armour Drive
Tl 205/479-8581

AALASKA, ANCHORAGE 99501
YUKON RADIO SUPPLY, ING
4200 Commercial Dnve
PO Box 406
Tel 907/277-1497

-ALASKA. ANCMORAGE 99500
SOCIATES

o
it it

#ALASKA, FAIRBANKS 99701
YUKON RADIO SUPPLY, INC
1112 Cushman Strect
Tel 007/452-1011

4% 4ARIZONA, PHOENIX 85040
[ IMUILRMASTER INC.
34 L Wood Street
el 602/24% 4111

*ACALIFORNIA, LOS ANGELES 90040
P L S TROME RS ING

02 Peachties 1
e oo

#44CALIFORNIA, GLENDALE 91201
| TWEATHE REORD TNSTRUMENT DIV
Wi 51 ERN LLLGTRONIG SUPPLY CORP
640 Allen St
T e

## #CALIFORNIA, LOS ANGELES 90040
L IMETERMASTER, ING
L0646 Jilaon St

Tel. 213/685-4340

*¥#CALIFORNIA. PALO ALTO 94303
{ | METERMASTER
3995 F H'xyﬂhr.m R
Tel. 415/968-0313

#%#CALIFORNIA, SAN DIEGO 92123
T METERMASTER/SAN DIEGO
793 Balboa Avenue
Tel. 714/560-4841

Recorders, Controllers, Digital Products and

* % #CALIFORNIA, SAN FRANCISCO 94105
PACIFIC ELECTRICAL
INSTRUMENT LAB
150 Folsom
Tel 415/543.3104
# % *CALIFORNIA, SANTA CLARA 95050
[J FISHER-BROWNELL
3381 Edward Avenue
Tel. 408/988-6041
n #CALIFORNIA, SOUTH PASADENA 91030
[ JETALON GOMPANY
1323 Huntingtan Drive
Tel. 213/257-5410
## *COLORADO, DENVER 8022
| METER MASTER |n<‘mummr

S E Crarokon
TS
# %% CONNECTICUT, MIDDLETOWN 06457
[ THE MANCIB COMPA
Subsudiary of 1L Insuumr‘nls
oad and Co
A Coad
+ % AFLORIDA. HIALEAH 33014
| FPKIMBAUL ELECTRONIC LAB, ING.
BORO W 20t Avenue
Tl 05635 9712
4 AFLORIDA, MIAMI 33136
FLORIDA B GISION NG TRUMENT
COMPANY
BN W I A
PRIV
##4FLORIDA, ouuuno 32806
|IBROWNE U1 EGTRO G
27 S1 L Bos B4
Tl 36h/B4T 677
# *FLORIDA, TAMPA 336
TAMPA THSTRIME Nvmmu CENTER
AC TLANANDEZ ELEC
4407 N Church A X
Tel. 813/870 0187
# % *GEORGIA, ATLANTA 30354
“TBROWNEUL-ELECTRO ING
3020 Commerce Way
Tel 404/762-5181
*+HAWALL HONOLULU 96219
EMC CORPORAT
5474 Ustons Sty
Tel. 808/847-1138

1

4 AHAWAII, HONOLULU 96819 ** «MINNESOTA, MINNEAPOLIS 55427

Ki MS INCORPORATED I TINSTRUMENTATION SERVICES INC.
4% Puuhale Road 957 Winnetka Avenue North
11, 808/847-1395 Tel 612/544 8N6

4 4 #ILLINOIS, BRIDGEVIEW 60455 * A #MISSOURI, ST. LOUIS 63108
T 11 INSTRUMENTS, ING 11 INDUSTRIAL 55 RVIC
4708 Industrial Drive LABORATORII I)“I'
Tel. 312/430-2292 4354 Olve: 51

+ 4 4ILLINOIS, ELK GROVE VILLAGE 60007 Tel BUA7LE 5160
MLTERMASTER, * % #MISSOURI, ST. LOUIS 63143
o orson et 1 TSCHERREH INGTRUMI N I
Tl 312/593-8650 7170 Manchiste

»# #ILLINOIS, OAK PARK 60302 e 17
PACIFIC INDICATOR COMPANY #*MONTANA, BILLINGS 59102

£603 W, North Avenue INDUSTRIAL E1EGIRONICS &
Tel. 312/261-1330 AUTOMATION COMPANY

.h nmmuu EVANSVII.I.E 0 Grand Aven:
el TRO-

Tl A0H/656 131

» #NEBRASKA, LINCOLN 68508
ELEGIROMI THIGCS COMPANY

.A'
PO Box 6011 47712 (MAIL)

Tel. 812/423-5211 404 South 11ih
4 AKANSAS, OVERLAND PARK 66206 Tl 4027477 3434
BROOKS ELECTRONICS ING. ## #NEW JEASEY, BELLEVILLE 07109

4761 W 95th Street MARSHALL INSTRUMENTS ING
el 913/648-3131 230 W, ton Avenie:
44 AKANSAS. WICHITA 67211 Tel. 201775111490

#44#NEW JERSEY, SOUTH

1 | MAIN FLECTRONICS ING.
27 PLAINFIELD 07080

3581 BROWNELL-ELECTRO INC.
# & ALOUISIANA, HARAHAN 7012: 500 Hadley Road
| 1 INDUSTRIAL INSTRUMENT WOHK Tel 201/753 4600
134 Laitram Lane *#ANEW MEXICO. ALBUGUERQUE 87102
fel %04/733-8355 | IMISSOURI ReSEARCH LAB, IN
+ + AMARYLAND, ELKRIDGE 21227 o5 Ave
| 1"AINSHINE SCIEN NTIE Tel. 505/243-6772
e JF"'ASE“T,'S '3 # % *NEW YORK, CHADWICKS 13319
S o trec MOHAWK COMMUNICATIONS
1el 30177965600 3500 Bleachery Place
4 4 AMARYLAND, GAITHERSBURG 20760 Tel. 315/737-7328

| 1 PIONFER/INSTRUMENTATION
Dw of Pioneer Standard
1 lectronics Inc
3500 Bieachery Pl
9100 Gather Road 3
1ol 301/948-0710 T(‘Iw]‘é/]irnzzaeuce 03
+ 4 AMARYLAND, SAVAGE 2086 *4*NEW YORK, CLA o3
- N Si ] TROTT ELECTRONICS INC.
| 11 TRUMENT SPECIALTIES ING e LS Thon
Tel. 716/634-8500
* % *NEW YORK, NEW YORK 10011
BROWNELL-ELECTRO
85 Tenth Avenue
Tl 212/924-6000

% #NEW YORK, CHADWICKS 13319
MOHAWK COMMUNICATIONS

u-uuwuun TIMONIUM 21093
FIU T INGTRUMENTS,
y

Vel 40172521260 ***NEW YORK, NEW YORK 10011
+ $MASSACHUSETTS, BII.I.ERICA 01821 CINILSSON ELECTRICAL
LABORATORY, INC

METEHMASTER,
T fortune Dy 111 81h Avenue — Rm. 1525

1067 8346 Tel 212/675-794

CHUSETTS, BURLINGTON 01803 # * *NEW YORK, ROCHESTE
MPA] {]ELECTRONIC INS"RUMENT COMPANY

AnAMA
| 111 MANCIB GOl

sy of E 1L Instruments Ine, 325 Mt Read Blvd
A et Tel. 716/328-4350
Vel w1272 9450 #**NORTH CAROLINA, CHARLOTTE 28216
+ 4 AMICHIGAN, FERNDALE 48220 ] BROWNELL-ELEGTRO INC.
IIAI BT ING 5141 Belhaven Blvd
T Yoo ot Box #16368

Tel. 704/394-4341

[BRRIRTARTEN



***NORTH CAROLINA, RALEIGN 27812
[m] INSTRUMENT TEGHNICA
— Box
Umsl 2 Indusirial Park
Tel. 919/781-5256
***OHIO, CLEVELAND 441
[a] PIONEEA/INSTRUMENTATION
INSTRUMENT LABORATORY
Div. of Pioneer-Standard Electronics, Inc.
4800 East V3ls( Strect
Tel. 216/587-3;
*%%0HIO, CLEVELAND 44135
] WESCHLER ELECTRIC CORP.
15900 Foltz Parkway
Tel. 216/238-2550
*#0HIO, COLUMBUS 43229
CONTRONICS, INC.
52 Blson Cou
Tel 81478465930
*%*OHIO, DAYTON 45404
I PIONEER/DAYTON
Div of Pioneer-Standard Electronics, Inc
1900 Troy Street
Tel. 513/236-3900
#OKLAHOMA, OKLAHOMA CITY 73107
HUSTON LABORATORIES, INC.
536 No. Pennsylvania
Tel. 405/235-5469
*OKLAHOMA, TULSA 7412t
AGRA ENGINEERING CBupany
551 5. Quaker Avenu,
Tel. 918/584.4235
* % OREGON, PORTLAND 97217
[1WESTCON, INC
5101 N Interstate
Tel. 503/283-0132
# # *PENNSYLVANIA, PHILADELPHIA 19115
£ SUNSHINE SCIENTIFIC
INSTRUMENTS INC
1810 Grant Avenue
Tel. 215/673-5600

*# #PENNSYLVANIA, PITTSBURGH 15238
CAM/RP

620 Alpha Drive RIDC Pk.
Tel 412/782-3770
* % *PENNSYLVANIA, PITTSBURGM 15221
“TIE1LL INSTRUMENTS,
1844 Argmore Blvd
Tel. 412/731-5230
* * *TENNESSEE, MEMPHIS 38116
M BROWNELL-ELECTRO INC
3053 Tranquility Drive
Tel. 901/332-9258
*+TENNESSEE, MEMPHIS 38104
INSTRUMENT REPAIR SERVICE
468 N_ Watkins
Tel. 901/278-0762
* % *TENNESSEE, NASHVILLE 37210
"IBHOWNELL ELECTRO INC.
1050 Acorn Drive
Tel. 615/889-8230
*#*TEXAS, DALLAS 75220
TIULTRA INSTRUMENT LAB.,
9995 M
Tel 21473670297

***TEXAS, EL PASO 79901
BORDER ELECTRONICS
704 E_Pasano Drive
Tel. 915/532-2524
* * *TEXAS, GARLAND 75040
METERMASTER. INC.
2809 National Drive
Tel. 214/271-5671
** *TEXAS, HOUSTON 77006
T ECECTRIGAL INSTRUMENT METER
OMPANY (EIMCO)
1424 Westheimer
Tel. 713/526-6871 & 72
***TEXAS, HOUSTON 77023
TTHETERS & INSTRUMERTS CORP
6428 Gulf Frecway
Tel 713/644-1631
*#TEXAS, ODESSA 79760
METER SERVICE & suppLY
2127 Keemit Highw:
P.O. Box 2373
Tel. 915/332-0565
** *TEXAS, ODESSA 79760
TJWHITLOCK INSTRUMENT
1306 North Texas
Tel. 915/337-3412
*% *VIRGINIA, ALEXANDRIA 22312
TIE.IL. INSTRUMENTS, INC.
5400 Cherowee Avone.
Tel. 703/354
44 *VIRGINIA, CHESAPEAKE 23325
(I INSTRUMENT TECHNICAL REP.
135 Lockhard Strert
Tel. 80474245121
*#*#VIRGINIA, RICHMOND 232341
* % *VIRGINIA, CNESTERFIELD 2383111
{7 INSTRUMENT TECHNIC;
R VES

Tel. 804/275-1431
*% *WASHINGTON, SEATTLE 98105
[T EICHER-RIGHARDS COMPANY
27 NE. Blakoicy Street
o 206/52%- 7488
s nWAsmNGTou SEATTLE 98108
E L INSTRUMENTS, INC
|3|2 S 96th Stroct
Tel. 206/762-0880
* -WAsmmsroN SPOKANE 99202
BLACKS. INDUSTRIAL INC
N 40
PO Boy 395t
Tel. 509/535-1504
* % *WISCONSIN. MILWAUKEE 53202
THE ELECTRO MECHANO COMPANY
241 East Erie Strrct
Tel 414/272-4050
**WYOMING, LANDER 82520
METER SPECIALISTS, INC
P.O. Box 585 (MAIL)
Hiway 287 West (UPS)
Tel. 307/332-9711

+ Reqular Muit Delivery
tt UPS Detwery

NOTES

FOR THE RECORD

Date Purchased

Purehased From:

Identification Number:

Dte Type of Serviee Serviced By






