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SECTION 1

INTRODUCTION

l.4 SCOPE OF MANUAL

This manual contains a description, Installation and operating instructions,

and maintenance Instructions for the DC Voltage Alarm (MVA). To support any
maintenance that might be required, a description of the theory of cperation

is alse included, and a list of replaceable parts is given. A l1st of recommend-
ed spares is also [ncluded.

1.2 PURPOSE OF EQUIPMENT"

The DC Voltage Alarm (MVA) provides a signal that will operate an alarm system
at a predetermined but adjustable value of DC voltage. The unit can also be
supplied to operate the same or separate alarms at two different predetermined
and adjJustable values of DC voltage. As standard equipment, a lamp is supplied
on the front panel for each trip to indicate visually the state (tripped or
untripped) of the alarm.

1.3 " GENERAL DESCRIPTION

The unit amplifies the appllied input signal, adds the adjustable trip-polint sigh
nal{s}, and then uses the composite signal to drive the control ampliflier(s).:
The signal for the external alarm system is proeduced by the closing or opening
of a relay (or relays) controlled by the control amplifier(s). High stability

is achleved through the use of feedback in sach of the stages other than the
control amplifier(s). .

.4 PHYSICAL DESCRIFTION

The unit consists of two prinfed-circuit boards, with one board wired to the
other. One board contains the output components. The other, which can be con-
sidered the maln beard, contalins the rest of the electronics. The boards are
enclosed in a protective housing, and the entire assembly may be Instal led

in a number of different ways. A bracket (supplied when specified In order)}
may be used to mount the assembly. For hazardous environments, an explosion-
proof housing with a basa containing up to four threaded hubs for wiring can
be suppllied. Also available are an encliosure that Is oll-tight and dust-tight
and ancther that Is water-tight. Specific detalls for making electrical con=-
nections are given in Sectien 2, Installation Information.

1.5 SPECIF ICAT IONS~

The speciflcaflbns of the MVA are gliven In Table I|-1.



TABLE 1-1.

INPUT _SFANS

INPUT _IMPEDANCE

ZERO ADJUSTMENT

FRONT PANEL ADJUSTMENTS

TRIP POINTS

INPUT ZERD

QUTPUT

PERFORMANCE

REPEATABILITY

DEADBAND

AMBIENT TEMPERATURE RANGE

AMBIENT TEMPERATURE EFFECT
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RESPONSE

ISOLAT ION

POWER INPUT

LINE VOLTAGE EFFECT

INTRODUCTION

MVA SPECIFICATIONS

O0=5 millivolts Regs. -LSA
=10 millivolts

0-25 millivolts

0-100 millivolts

0-400 millivolts

0=1 wvolt

0-5 vaolts

0-10 vaolts

| megohm minimum

+10% of span (minimum)

Multifturn front panel adjustment over
a range of 0% to 110% of span

+10% of span (minimum)

SPDT relay contacts 5 A @ |17 VAC
nen-inductive

Trip point repeats within +0.1%
full span

% of span, standard
09F to +150°F (-18°C to +65°C)
Less than +0.01%/CF over above range

50 milliseconds for a step change of
% of span beyond set points

Input, output, and power input are
isolated with no DC connections between
them. Both AC and DC powered units have
This as standard

117Vac, 240Vac, 50/60Hz *10% standard
24Vde, 45Vdc, *10% optional
5 watts nominal

AC or DC: +0.005%/1% line change
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1.6 MODEL NUMBERING SYSTEM

Mode! Numbers describe an instrument's type, functional range, and features.
If al | accompanying documentation of a unit should be missing, cne can still
"translate" the Mode! Number back into a working description of the unit by
using the information in this paragraph as a reference.

BASIC EXAMPLE MVA/0=-25MV /D-X1X3/117AC [STL]

MVA, 0=25mY input full scale (from
zero), dual trip output in X1-X3 con-
figuration, 117Vac power

BASIC INSTRUMENT TYPE

MVA indicates DC Voltage Alarm

|NPUT RANGE

25 millivolt span

QUTPUT RELAY MODES

First Letter: S indicates single trip
(upper trip point only)

D indicates dual frip (both
upper and lower trip points)

XIK3: Xl indicates that upper trip-
point relay is energized when
input signal is below upper
trip point (fail-safe mode);
standard unless other opticn
requested

X3 indicates that lower trip-
point relay is energized when
input signal is above lower trip
point (fail-safe mcde); standard
unless other option requested

POWER INPUT

DC: DC power, 24 VDC £10% unless stated
otherwise, e.qg., 45 VDC,

AC: AC power, 117 VAC i‘lO% unless stated
otherwise, e.g., 240 VAC
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Table -2 lists the option letters in the model number and explains their
meanings.

TABLE 1-2. EXPLANATION OF OPTION LETTERS IN MODEL NUMBERS

-AD ADJUSTABLE DEADBAND

-AR FACTORY SET RESPONSE TIME DELAY

-DC DC POWER (24, 45 Vdc £10%)

=DD DOWNSCALE BURNOUT DRIVE

=DPDT DOUBLE-POLE-DOUBLE-THROW RELAY OUTPUT
-FU FUSE

-HS HERMET |CALLY SEALED RELAY OUTPUT

-LSA LOWER SPANS (0=5mV)

-MR MANUAL RESET - EXTERNAL CONTACT CLOSURER RESET
=PR SOL ID-STATE POWER RELAY

=TT PRECISION I0-TURN DIAL

-Up UPSCALE BURNOUT DRIVE
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INSTALLATION INFORMATION

2.1 GENERAL INSTALLATION INFORMATION

Installation, in general, consists of adjustment (when required), mechanical
mounting, and making the electrical connections to the unit. The following
paragraphs describe the necessary procedures.

2.2 ADJUSTMENT

Unlts are checkad for proper peﬁfﬁfmance at the factory before they are shipped.
However, unless adjustment was requested to a specific trip point (or pair of
trip points), the unit should be adjusted by the user before the unit Is placed
in service.

NOTE

Adjustments should not be made in the
field on units that are adjusted at
the factory to a value (or values)
specified In the purchase order. Unlts
that are adjusted at the factory to
customer's specifications have pro-
tective caps over the UPPER and LOWER
trip point potentliometers; do NOT re-
move these caps.

A continuously adjustable DC voltage input signal source with a monitoring de-
vice for determining the Input amplitude is required for adjustment. The input
voltage monltoring device must have an accuracy wlthin +0.05% or better.

In the following procedure, it Is assumed that the unit being adjusted is a
dual=trip unit (with both upper and lower trip points) and with both upper
and lower deadband adjusiment options included. |If +he unit actual ly belng
adjusted does not have all these features, simply perform those steps that
apply to that particuiar unit and omIt the others.

To adjust a unit, proceed as follows:

a. Connect unit and test equipment as shown in Figure 2-1.
initially furn the ¥rip point, ZERO and DEADBAND potentlo-
meters ful ly counterclockwise. If the trip point potentio-
meters have |0-turn dlals (TT option}, carefully turn each
diat to the desired setting instead of fully counterclock-
wise, |+ Ts assumed here that the LOWER trip point dial is
set to & number greater than 0 and that the UPPER trip
point dlal is set to a pumber less than 100.

2-1
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+IN

CALIBRATED

ADJUSTABLE

MILLIVOLT
SOURCE

UNIT
BEING
ADJUSTED

NOTES:

—f _,|N

L

\____v____J

POWER
INPUT

1. INPUT VOLTMETER MUST BE ACCURATE TO WITHIN +0,05%.

Figure 2-1.

Test Equipment Setup For Adjustment

Of Unit

A
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Apply power input fo the unit and apply input signal
voltage equal to the value of the lower trip point.

NOTE

Refer tc paragraph 1.6 for infor-
mation on how ts use the model num-
ber to obtain the output configuration.

Refer to Table 2-1 to determine which state of a lamp
corresponds to a given state of the associated ocutput
section for a given configuration of that section. Turn

the ZERQ potentiometer clockwise until the lower section

of the unlit trips, and then turn the potentiometer counter-
clockwise untll this section just untrips.

Slowly turn the LOWER trip point potentiometer clockwise
until the lower section of the unit just trips.

TABLE 2-1. QUTPUT STATES VS. OUTPUT CONF |GURAT |ONS

CONF IGURATION

ALARM STATE “ OUTPUT LAMP & RELAY STATE

TRIPPED LAMP "OFF™ (KI DEENERGIZED)
UNTRIPPED LAMP “ON" (K| ENERGIZED)
TRIPPED LAMP "ON"™ (K| ENERGIZED)

UNTRIPPED LAMP "OFF" (K!| DEENERGIZED)

TRIPPED LAMP "OFF" (K2 DEENERGIZED)
UNTRIPPED LAMP MON" (KZ ENERG|ZED)
TRIPPED LAMP MON" (K2 ENERGIZED)

UNTRIPPED "OFF" (K2 DEENERGIZED)
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Check, and readjust if necessary, the ZERO potentiometer
by verifying that the lower sectlon of the unit can be
tripped and untripped with the LOWER trip point potentio-
meter. Leave this section of the unit In the tripped con-
dition with the potentlometer adjusted almost, but not
quite, fully counterclockwise. |f the unit has the TT
opticn, return the LOWER trip point dial to the desired
setting, and make sure that thls section of the unit is
in the trippeti‘condition.

Turn the LOWER DEADBAND potentiometer fully clockwise. In-
crease the Input voltage to the value of the_upper |imlt

of the lower deadband, and then slowly turn the LOWER DEAD-
BAND potentiometer counterclockwise until the lower section
of the unit returns to the untripped condition.

Recheck the trip and return action of the lower section of
the unit at input voltages equal to the lower trip voltage
and the upper limit of the lower deadband to verify that
the unlt trips

Increase the input voltage to the value of the upper trip
point.

Turn the UPPER trip point potentiometer clockwise untli|
this section of the unit is in the untripped condition,
and then slowly turn the potentiometer counterclockwise
until this section trips again. |f the unlt has the TT
option, return the UPPER trip peint dial to the desired
setting, and make sure that this section of the unlt Is
in the tripped condition.

Turn the UPPER DEADBAND potentiometer fully clockwise.
Decrease the input voltage to the value of the lower
limit of the upper deadband, and then slowly turn the
UPPER DEADBAND potentiometer counterclockwise until +the
upper section of the unit returns to the untripped con-
dition.

Recheck the trip and return action of the upper section
of the unit at input voltages equal to the upper trip
voltage and the lower limit of the upper deadband to
verify that the unit trips at the deslred upper trip
peint and exhibits the desired deadband.

After step (k) has been successfully completed, remove
the input signal and then turn off the power Input to
the unit.
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2.3 MECHANICAL INSTALLATICN

Figure 2-2 shows the outline dimenslons and other installation requirements,
Be sure to observe the applicable special precedures and precautions glven
with the illustration. Although the units are designed to operate In free
alr at quite a high ambient temperature, it is advisable if possible to
mount the unit on a surface made of material that can serve as a heat sink.

2.4 ELECTRICAL COMNECT IONS

All elactrical connections are made to the fterminal blocks in the unit. The
terminals to be used for the electrical connections are indicated in Figure 2-3.
The fol lowing paragraphs provide additional information on wiring the unit.

2.4.1 General Wiring Technigues

No special wire or cable is requlired for signal connections to the unit. To
avoid franslents and stray plckup, 1t Is recommended that twisted conductors
be used where they are run close fo other services (such as power wiring).
On open units supplied with a snap-off cover, dress all wiring up through
the opening in the bottom of the cover. Spade-lug connectors are recommended
for all wire terinations. All terminals are supplied with 6§-32 screws long
enough to easily accept three spade-lug connectors.

2.4.2 Power Connections

A glven unit s designed to be operated from either a DC power source or an
AC power source. Refer to paragraph 1.6 for information on how to use the
mode| number to determine the type of power required. '

On DC-powered units, the DC terminal is connected to the + (positive) side

of the scurce, and the DCC terminal Is connected to the - (negative) side.

The DC source should be regulated to within £10% of the nominal voltage and
should be capable of delivering 3 watlts.

On AC-powered units, 117 volts AC 1I10%, 50/60 Hz, 3 VA nominal power is re-
quired, The AC terminal should be connected to the ungrounded or "hot" side
of the supply, if possible, and the ACC terminal is connected to the common
or neutral side. The GND terminal is the mechanical case connection.



00-10/=00L

am-uWi

s e e S £

Ee g R b SR R R

G s m e

?“'%'.'i!nowes‘bwrvpnea

2.50 TERETER R E R SRS R S

e B R R S

[.3;5“"] b e B R T

SRR e e R

T e R R R

EEEEL SRR R RS

RS R SR

e e Bl R R

288 3;:;~_;;=s>5aa;n" e
SR

{73.1mm) PR 2

SRR S #

g e £

e i Gk 24

{108 mm} |

0P view 75022 2mm) DA, ﬁmufm
ING
SYM. TOPL — |
BOTTOM
L TN ks
T
SAFETY [
COVER |
{LOWER END -
] |
| INE)
7.31 U E
{188 mmj}
e —
| (5 2 e
{167 mm} TR T @
,.l__-"'_ll:l g {FOR NO. &
il 1@ SCREW
6.0 q:,ﬁ_'!‘ df—'r‘—‘— Lugs!
otmm | J¥2. JSo || - SEE NOTE 2
o 160
T 9T 1
el 1@ s
Tt T
del aMIL |
T&T 1 |
R R |
‘——“éj}ﬂ}lfffﬂfﬁﬁ¥
o
.38 J I"'— 2 50063, 5mm | e _25
1850} b 3,00 (762mm) ——= 84T SIDE "ViEW
WIRE
-250{6.35mm) OIA. MDUNTING HOLES (4 ) Egﬂ,ﬂf : ROUTING
FLATE(-CP)

FRONT VIEW

NOTES:

|, Complete Model Mo, and Serial No, are permanently marked on the identification plate located at the upper end of the
terminal blocks.
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and the two threaded inserts {located 4,00 inches apart) may be used for mounting, using B=32 NC machine screws.

CAUTION
WHEN THE REAR INSERT: ARE USED FOR MOUNTING,

BE SURE THAT THE MOUNTING SCREWS DO NOT PRO-
TRUDE MORE THAN 1/8 INCH INTO THE UNIT.

Figure 2-2, OQutline and Installation
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UPPERQ QLOWER

UPPER RELAY OPTION ( ) LOWER RELAY OPTION

SIGNAL

{ AC POWER

CASE GROUND

Figure 2-3 Electrical Connections For Standard Unit
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»
UNO -IN
SIGNAL
UPPER RELAY
OPTION COM & HN
- @)z
< &u0
= o 3-5_2
UNC : G‘E-@-%E
S8SC:
= % 3
ACC DCC LNC
AC DC COM LOWER RELAY
OPTION
GND GND LNOJ
|

POWER INPUT &
CASE GROUND

Figure 2-3. Electrical Connections For <EX (Explosion Proof)
Housing Mounted Single Unit & =PST Std.
Plug=In Units
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3.1 OPERAT ING PROCEDURE

Once adjusted and installed, the unit may be operated unattended. The only
controls on the outside of the unit are the ZERO and +trip polnt potentiometers
which, after Tnitial adjustment, need no further attention. A lamp assoclated
with each output relay Is Included on the unit as a standard feature, These
lamps inform the operator when alarm condition has occurred. Note carefully,
however, that an illuminated lamp.-does not necessariiy indicate an alarm con-
ditlon, since a relay may be energized ejther with a normal (non-alarm) input
signal (X! and X3 output conflgurations, fail-safe operation) or with an alarm
Input signal (X2 and X4 output coenflgurations, non-fall-safe operation). There
are no other Indlcators on the unit. Because the clrcuit uses highly reliable
sol id-state components, except for relays, the unit should operate virtually
maintenance-free for a long period of time. However, if a malfunction should
occcur, refer to Section 5 for maintenance information.

A unit may become warm during operation, especlally where the amblent tempera-
ture is rather high. This is perfectly normal and should not be a cause for
concern unless a malfunction is also observed.
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THEORY OF OPERATION

4.1 INTRODUCT ION

This section describes the theory of operation of the unit. The description
Is based on a unit that has dual trips in the X|, X3 configuration {see main
schematic diagram) and two deadband adjusiments. |f the particular unit
supplied does not have all thesa features, simply disregard those slements
of the schematic and the accompanying text that do not apply.

r

4.2 CIRCUIT DESCRIPTION""

The main schematic diagram of the unit is near the end of this menual. Except
where ctherwise Indlicated, refer*to this dlagram when readlng the fol lowlng
paragraphs.

4.2.1 Description Of AC Power=Supply Circuit

In a unlt that Is operated from AC power, the power supply consists of a power
transformer, rectiflers, filters, and regulators to produce positive and nega-
tive voltages with respect to common. Referring to the main schematic diagram
It 1s seen that AC power Is flltered by VS| and applled to the primary of power
transformer Tl. The filter elements serve to prevent line noise or spikes from
getting into the unit. AC voltage from the center-tapped secondary of Tl Is
rectified by CRé and CRY to produce positive DC output, and by CR7 and CRB

to produce negative DC output. These outputs are filtered by C9-Cl| and C8-Cl2
and regulated by R26-CRI12 and R25-CRI| to produce outputs of +12 and -12 volts
as operating voltages for the unlt. A somewhat higher positive voltage (polnt
C) is utilized for operating the output relay(s) and lamp(s). The other (blue-
violet) secondary of Tl provides AC Input fto the circuit that develops the

DC source for the zero-adjust clircuit.

4.2.2 Description Of Power-Inverter Clrcuit

The components of the power Inverter are mounted on a printed-clircuit board
attached to the main board. Descriptions of the power-inverter circuit of
the unit are given In the following paragraphs.

4.2.2.1 Power-Inverter Clrcuit

Drawing 400-404-00 is the schematic diagram of the power inverter (PCA). When
the unit is ordered for use with DC power, the power inverter Is used instead
of the AC source (Tl) shown on the maln schematic diagram. The DC applled to
the power inverter is converted to a square wave of approximately 3 KHz by QI,
02, and the primaries of Tl (PCA schematic diagram), functioning as a DC-to-AC
inverter. Filter LI-Cl on PCA prevents the 3-KHz signal from getting back into
the external DC source. CRIl provides protection against damage from inadver-
tent application of DC of incorrect polarity. The square-wave output from
center-tapped secondary 8-13 1s applied to CR6 threugh CR9 (main schematic),
and the action from this point is identical to that described In paragraph
4,2.1. Secondary |7=16 of T1 on PCA supplies AC voltage to points D and E of
the zero-adjust circult (main schematlc dlagram}.
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4.2.3 Dpscrin+ian Of Input Buffer Clrcuit

The input buffer consists of ICl and associated components. The stage serves
to Isolate the Input-signal source from later stages in the unlt, so adjust-
ment in the value of trip point(s) will not affect the input signal. A small
voltage, adjustable with the ZERO potentiometer, is added to the input sig-
nal fo modify the live zero and allow the lower section of the unit to trip
at the desired lower trip points . .The clrcult that supplies this voltage con-
sists of CR3, an associated fllter capacitor, resistors, and zener diodes,
plus a bridge clrcuit that includes an adjustable element. The AC veltage
supplied to peints D and E is applied through RI3 to half-wave rectifier
CR3., CI0 filters the pulsating output from CR4 and the resulting DC voltage
is applied through Rl4 to zener diode CR4 for initial regulation and then
through RI5 tc zener diode CR5 for final regulation to 6.2 volts. This vol-
tage |s then applied to the bridge clrcult that Includes the ZERO potentiometer
as the adjustabie element.

RI0,RI6,RI7 and the ZERO potentiometer from the bridge circuit, and the output
from CR5 1s applied between the Junction of RI6 and RI7 and the junction of RIC
and termipal 3 of the ZERO potentiometer. The wiper of the ZERC potentiometer
is connected to common and is at one corner of the bridge output; the junction
of RIZ and RI6 which Is also connected to the -IN terminal, [s at the other
corner of the bridge output. Thus, moving the wiper of the ZERC potentiometer
changes the potential of the -IN terminal (and, therefore, the +IN terminal)
with respect to common. The ZERO potentlometer 1s adjusted so the composite
signal drives ICI fto make the lower section of the unit trip with the input
voltage equal to the lower trip point and with the LOWER frip point potentlo-
meter not turned fully counterclockwise, or, in a unit with the TT option,
with the LOWER trip point dial at the desired setting.

The compesite signal at the +IN terminal is applied through Ré and R22 to the
non-inverting input (pIn 3) of ICI, which 1s used as a buffer with sufficlent
gain and a low output impedance to reliably drive the following stages. C4, C5
and R22, together with ICI, form an active low-pass filfer with a very sharp
cutoff characteristic tc remove any nalse or other high-frequency components
from the signal applied to [Cl. R2 and R3 provide feedback to the inverting
Input and thus determine the gain of ICl. R2 Is selected to establish the galn
of IC| according to the range of the applied input signal. The l2-volt outputs
from the power supply are used to power ICI.

4.2.4 Description Of Upper Comparator Citcuit

The upper comparator consists of IC2 and associated components. The output from
ICl is applied through the UPPER TRIP PT. ADJ to the inverting input (pin 2)

of IC2. With no input signal applied a portion of the negative voltage developed
by zener diocdes CRI6, is supplfed to pin 2 of 1C2. This negative voltage at

pin 2 causes the output of IC2 (pin &) to be positive, consequentiy CRI8 and
CR19 are both reverse-biased.

4-2
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When the input signal Ts applied and exceeds the voltage set by the UPPER
LEVEL TRIP PT. ADJ. the output of IC2 becomes negattve forward biasing CRI8
and CRI9. With CRI8 forward feadback [s applied to IC2 and with CR19 forward
biased a negative signal Is applled to the relay driver. The level of the sig-
nal fed back to the non-inverting input (pin 3) of IC2 Is determined by the
setting of the UPPER LEVEL DEADBAND ADJ.

When the applied Input agaln becomes normal (1.e., the output from ICI falls
below the upper trip point), thé‘cutput of 1C2 will not immediately return

to its origlinal positive state. Instead, because feedback through CRI8 keeps
pin 3 less positive than before, the output from IC2 remains negative until

the driving signal from IC| decreases to a value below that of the signal at
pin 3., When this occurs, the output of IC2 abruptily returns to 1ts origlnal
positive state and CRI8 Is no longer forward-blased. Because the level of
signal at pin 3 shifts when CRI8 Is conducting compared with when it is not
conducting, the value of input signal at which IC2 returns to positive output
Is somewhat lower than that at which the change occurred from positive to nega-
tive output (upper frip peint exceeded). The different between these two values
is called the upper deadband, and 1t is determined by the adjustment of the
UPPER DEADBAND potentiometer.

4,2.5 Description Of Lower Comparator Clrcult

The lower comparator circuit consists of IC3 and associated components. The
cireuit description of The lower comparator circuit is the same as the upper
comparator circui+ described in paragraph 4.2.4.

4,2.6 Description Of Upper Relay Driver

The upper relay driver consists of Q203, Q204, and associated components.
Whether the output relay is energized or deenergized below the trip polnt
is determined by the connectlon of the relay status selection jumper. When
JX| 1s connected and the input slignal to IC| is below the upper level trip
polnt, the output of IC2 Is positive. With the output of ICZ positive, Q203
Is conducting, thus Kl is ensrglzed. As the Input slgnal increases above the
trip point Q203 is turned off and Kl is deenergized. When JX2 is connected
and the input signal to IC1 Is below the upper level trip polnt, the output
of IC2 is positive. With the cutput of IC2 positive, Q203 is conducting and
Q204 1s turned off, causing relay K| fo be deenergized. As the input increases
~ above the trip peint, Q203 is turned off and Q204 Is turned on, causing Kl fo
be energized.

4.2.7 Description Of Lower Relay Driver

The tower relay driver consists of Q201, Q202 and associated components. The
descrlpflon of the lower relay driver is the same as the upper relay driver
described in paragraph 4.2.6.
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5.1 INTRODUCT ION

This section contains information on maintenance of the unit. General trouble-
shooting procedures are given, using conventional signal-tracing techniques.
Precautions and special techniques used to replace components are also des-
cribed.

5.2 PERIODIC MA INTENANCE

It is suggested that the adjustment of the unit be checked approximately every
& months as described in Section 2. No other periodic maintenance is required.

5.3 CORRECT IVE MAINTENANCE

The following paragraphs provide information on corrective maintenance of
the unit. Corrective maintenance should be carried out only by gqualified
personnel who have read and thoroughly understand the description of circuit
operation given in Section 4.

5.3.1 Disassembly

To troubleshoot tThe unit, it is first necessary to diassemble it so the circuit

board 1s exposed. These steps are described in fthe following paragraphs. In all

cases, disconnect the input signal and turn off the power input before disassem-
bling the unit.

5.3.0.1 Disassembly Of Standard And -CP Units

To disassemble a standard or -CP unit, remove the unit from its installed
position, If the mounting bracket is used, separate it from the unit by re-
moving the two countersunk screws at the rear of the unit. After the unit

has been removed from its installed position, disassemble the unit as follows
to gain access to the circuit board:

a. Remove the two front HEX-HEAD screws at the
top of the unit.
b. Remove the four HEX-HEAD screws at the bottom
___of the unit. - —
c. Slide the front panel (with fThe circuit board still

attached) down and free of the sides of the case.
Points on the circuit board may now be reached for
troubleshooting. It is suggested that the case be
used as a container for storing the removed hardware.
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5.3.2 Troubleshooting

The schematic diagram(s) includes flagged numbers or letters at various points
in the circuit. Table 5-1 gives the voltages and waveforms at these points

for specified input-signal conditions. The assembly drawing(s) shows the physi-
cal locations of the parts on tThe circuit board. Bear in mind that the circuit
board is protected with a moisture-resistant coating. Therefore, it may be
necessary to use a needle-point probe and exert a fair amount of pressure to
break through the coating when it is desired to observe fThe signal or volfage
at a specific point. When connecting a probe to a component on the circult
board, exercise care to make sure the probe deoes not short-circuit tc an ad-
Jjacent component. In general, troubleshooting is carried out by tracing the
signal with an oscilloscope and referring to the schematic diagram(s) fo deter-
mine what component might be causing an observed abnormal indication. [f the
original symptom was a complete failure of the unit to operate, the most logi-
cal components to suspect are those associated with the power supply in the
unit. ¥ fthe unit tripped (cr failed to trip) with an applied input that should
have produced the opposite condition, check the output from the power supply
and, if these are normal, apply a standard input signal and trace the resulting
signal through the unit.

5.3.3 Component Replacement Techniques And General Precautions

Replace all defective components with identical parts. Refer to the assembly
drawing(s) for a list of replacement parts. The letter 5 and a number, all
enclosed in a circle, appear after the description of certain parts in this
list. The number indicates the number of spares recommended fto be kept on
hand for that part, per unit, for up to ten units of The same type. For more
than ten units, a spares complement of 10% on the indicated parts should be
used.

Most parts used in the unit are quite small and are located in a confined area.
Therefore, small hand fTools are a necessity when servicing the unit. The follow-
ing is a summary of the general techniques and precautions that should be ob-
served to prevent damage to components in the unit:

a. Use a transformer-operated low-voltage soldering iron
with a grounded tip and rated at not more than 50 watts.
A temperature-controlled tip is desirable.

b. Use extreme care when unsoldering fThe leads to any
component. Do not keep the soldering iron on a point
for more than a few seconds at a Time. Use a suction-
type solder-removing tool (solder sucker) as an aid
in unsoldering transistors and integrated circuits.
The protective coating on the unit may be removed
with trichlorethane or equivalent. Be sure adequate
ventilation is provided when using this or any
other chemical. '
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NOTE

Unused connections on integrated
circuits are left unsoldered to

aid in removal. Refer to the assem-
bly drawing for more complete infor-
mation.

Do not excessively bend or twist the leads of small com-
pohents; they break easily.

Before removing a component, observe tThe lead dress.
Be sure that the lead dress of the replacement is the
same as that of the original.

Remove all flux from soldered joints with trichlorethane
or equivalent.

NOTE

Units that were adjusted at the

factory fto customer's specifications
have protective caps over the UPPER
and LOWER trip point and ZERO potentio-
meters. These caps must be removed so
the unit can be readjusted. LIFT, DO
NOT TWIST, the caps off, using a screw-
driver Tip as a prying fTool. Snap the
caps back in place, WITHOUT TWISTING,
when readjustment has been completed.

Test, and if necessary, adjust the unit for proper
operation, as follows:

€

(2)

(3)

Connect the unit and ftest equipment as shown in
Figure 2-1, but temporarily omit the input vol-
tage source. Turn the fTrip point, ZERO, and

DEADBAND potentiometers fully counterclockwise.

Apply power input to fthe unit. Jumper +IN fo
common and adjust RI for OV at pin 6 of ICI.
Disconnect jumper and apply input voltage source.

If the unit does not have the TT option, continue
by connecting the voltage source and performing
step (b) and the following steps in paragraph 2.2.
If the unit does have the TT option, continue with
step (4) in the present paragraph.
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NOTE

Adjust the sealed potentiometers
only if required to cobtain the
specified results.

Set the LOWER frip point dial to exactly 0. From
a higher value, decrease the input volfage to
exactly the 0% value. |f the lower section of the
unit is now in the unfripped condition, adjust
ZERO potentiometer when lower just frips.

(1

(2)

(3)

(4)

(5)

NOTE

If the field selected resistor (FSR)
does not allow for sufficient adjust-
ment of the ZERO potentiometer proceed
as fol lows:

Replace FSR with new FSR. Install Bourns
switching device on FSR.

Set ZERO potentiometer to mid-range. Apply
0% input to the input terminals.

Set Bourns switching device for the exact
resistance to read OV at pin 6 of ICI.

When the exact value of resistance has been
determined, note the resistance of the FSR
selected by The switching device, then apply
solder to The appropriate pads and their ad-
Jacent col lectors.

Slowly increase the input voltage until the
lower section of the unit just untrips and
note tThe value of input voltage at which this
occurs. Slowly decrease the input wvoltage until
the lower section of the unit just trips again,
which should occur at 0% input. The difference
in values of input voltage at which the lower
section of the unit untrips and trips must not
be more than |% of the input span of the unit.
In addition, trip and untrip input voltages
must each repeat within +0.1% of this same
input voltage span when the procedure is re-
peated. Make sure That the lower section of
the unit is in the tripped condition with 0%
input voltage applied.



(6)

(7

(8)

(9)

(10)

(1)

(12}
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Turn the LOWER DEADBAND potentiometer fully
clockwise, and then slowly increase the input
voltage until the lower section of the unit just
untrips. The voltage at which this occurs must
be higher than the trip value in step (5) by not
less than 10% of the input span of the unift.

I'f necessary, repeat steps (4), (5),and (6) to
make sure that all specified conditions are met.

Set LOWER trip point dial fo 100. From a higher
value, decrease the input voltage to exactly the
100% value. |f the lower section of the unit is
now in the unftripped condition, adjust R3| until
the lower section just trips.

Set the UPPER trip point dial to 100. From a lower
value, increase the input voltage to exactly the
100% value. |f the upper section of the unit is
not tripped, adjust R33 until the upper section
Just frips.

Slowly decrease the input voltage until the upper
section of the unit just untrips, and note the value
of input voltage at which this occurs. Slowly in-
crease the input voltage until The upper section of
the unit just trips again, which should occur at
100% input. The difference in values of input vol-
tage at which the upper section of fthe unit untrips
and trips must not be more than 1% of the Tnput
span of the unit. In addition, trip and untrip
input voltages must each repeat within 20.1% of
this same input veoltage span when the procedure

is repeated. Make sure that the upper section of
the unit is in the tripped condition with 100% of
the input voltage applied.

Turn the UPPER DEADBAND potentiocmeter fully clock-
wise, and then slowly decrease the input voltage
until The upper section of the unit just untrips.
The voltage at which this occurs must be lower
than the trip value in Step (10) by not less than
10% of the input span of the unit.

It necessary, repeat steps (9), (10), and (11) to
make sure that all specified conditions are met.
When this is assured, carefully reseal the shaft
of R3l with red Glyptal or equivalent, if required.
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When proper operation of the unit has been verified as
in step (f) readjust the unit by the procedure given in
Section 2. When the performance of the unit is known to
be satisfactory, apply clear acrylic to reseal the unit
where required.

Check that all leads are clear of the board edge before
reinstalling the board inteo its case.

When reinstalling the unit onto the mounting bracket, be

sure to use the same screws (or screws of the same size)
as the ones removed. Longer screws will damage the unit.
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TABLE 5-1. WAVE FORMS AND AMPLITUDE
—
TEST WAVE FORM AND AMPLITUDE OR
POINT VOLTAGE LEVEL
0 TO 1V DEPENDING ON INPUT
]
-
10V INPUT LESS THAN SET POINT
3.5 ff e
———-10V INPUT GREATER THAN SET POIN
) %xz;, +20V EXI}
3,6% Xh ), X3)*
P o
e +20V (X2), (Xk)*
L, 7% .
S|
I |
DC OPERATED UNITS
TEST POWER INPUT AND WAVE FORM AMPLITUDE
POINT || WAVE FORM
2LyDG L5yDC
(ON PCA : _—
BRD) _P__;_ﬂ_A_ L8y 90V
A 32335

¥ WAVE FORMS 5, 6, & 7 ARE FOR DUAL TRIP UNITS ONLY

*% WAVEFORM IS 0-5Y FOR 0-5V INPUT & 0-10V FOR 0-10V INPUT.
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RETURN PROCEDURES

To return equipment to Moore Industries for repair, follow these four steps:

1. Call Moore Industries and request a Returned Material Authorization (RMA) number.

Warranty Repair —

If you are unsure if your unit is still under warranty, we can use the unit’s serial number
to verify the warranty status for you over the phone. Be sure to include the RMA
number on all documentation.

Non-Warranty Repair —

If your unit is out of warranty, be prepared to give us a Purchase Order number when
you call. In most cases, we will be able to quote you the repair costs at that time.

The repair price you are quoted will be a “Not To Exceed” price, which means that the
actual repair costs may be less than the quote. Be sure to include the RMA number on
all documentation.

2. Provide us with the following documentation:
a) A note listing the symptoms that indicate the unit needs repair
b) Complete shipping information for return of the equipment after repair
c) The name and phone number of the person to contact if questions arise at the factory

3. Use sufficient packing material and carefully pack the equipment in a sturdy shipping
container.

4. Ship the equipment to the Moore Industries location nearest you.

The returned equipment will be inspected and tested at the factory. A Moore Industries
representative will contact the person designated on your documentation if more information is
needed. The repaired equipment, or its replacement, will be returned to you in accordance with

the shipping instructions furnished in your documentation.

WARRANTY DISCLAIMER

THE COMPANY MAKES NO EXPRESS, IMPLIED OR STATUTORY WARRAN-
TIES (INCLUDING ANY WARRANTY OF MERCHANTABILITY OR OF FITNESS
FOR APARTICULAR PURPOSE) WITH RESPECT TO ANY GOODS OR SER-
VICES SOLD BY THE COMPANY. THE COMPANY DISCLAIMS ALL WARRAN-
TIES ARISING FROM ANY COURSE OF DEALING OR TRADE USAGE, AND
ANY BUYER OF GOODS OR SERVICES FROM THE COMPANY ACKNOWL-
EDGES THAT THERE ARE NO WARRANTIES IMPLIED BY CUSTOM OR
USAGE IN THE TRADE OF THE BUYER AND OF THE COMPANY, AND THAT
ANY PRIOR DEALINGS OF THE BUYER WITH THE COMPANY DO NOT IM-
PLY THAT THE COMPANY WARRANTS THE GOODS OR SERVICES IN ANY
WAY.

ANY BUYER OF GOODS OR SERVICES FROM THE COMPANY AGREES
WITH THE COMPANY THAT THE SOLE AND EXCLUSIVE REMEDIES FOR
BREACH OF ANY WARRANTY CONCERNING THE GOODS OR SERVICES
SHALL BE FOR THE COMPANY, AT ITS OPTION, TO REPAIR OR REPLACE
THE GOODS OR SERVICES OR REFUND THE PURCHASE PRICE. THE
COMPANY SHALL IN NO EVENT BE LIABLE FOR ANY CONSEQUENTIALOR
INCIDENTAL DAMAGES EVEN IF THE COMPANY FAILS IN ANY ATTEMPT
TOREMEDY DEFECTS IN THE GOODS OR SERVICES , BUT IN SUCH CASE
THE BUYER SHALL BE ENTITLED TO NO MORE THAN A REFUND OF ALL
MONIES PAID TO THE COMPANY BY THE BUYER FOR PURCHASE OF THE
GOODS OR SERVICES.

[ TImoor

W ORLDWIDE ¢ www.miinet.com
United States ¢ info@miinet.com
Tel: (818) 894-7111 « FAX: (818) 891-2816

INDUSTRIES et scc6 7200 - - 02 6257206

ANY CAUSE OF ACTION FOR BREACH OF ANY WARRANTY BY THE
COMPANY SHALL BE BARRED UNLESS THE COMPANY RECEIVES
FROMTHE BUYER A WRITTEN NOTICE OF THE ALLEGED DEFECT OR
BREACH WITHIN TEN DAYS FROM THE EARLIEST DATE ON WHICH THE
BUYER COULD REASONABLY HAVE DISCOVERED THE ALLEGED DE-
FECT OR BREACH, AND NO ACTION FOR THE BREACH OF ANY WAR-
RANTY SHALL BE COMMENCED BY THE BUYER ANY LATER THAN
TWELVE MONTHS FROM THE EARLIEST DATE ON WHICH THE BUYER
COULD REASONABLY HAVE DISCOVERED THE ALLEGED DEFECT OR
BREACH.

RETURN POLICY

For a period of thirty-six (36) months from the date of shipment, and under
normal conditions of use and service, Moore Industries ("The Company") will
at its option replace, repair or refund the purchase price for any of its manu-
factured products found, upon return to the Company (transportation charges
prepaid and otherwise in accordance with the return procedures established
by The Company), to be defective in material or workmanship. This policy
extends to the original Buyer only and not to Buyer's customers or the users
of Buyer's products, unless Buyer is an engineering contractor in which case
the policy shall extend to Buyer's immediate customer only. This policy shall
not apply if the product has been subject to alteration, misuse, accident, ne-
glect orimproper application, installation, or operation. THE COMPANY
SHALL IN NO EVENT BE LIABLE FOR ANY INCIDENTAL OR CONSE-
QUENTIAL DAMAGES.

Belgium ¢ info@mooreind.be
Tel: 03/448.10.18 « FAX: 03/440.17.97
The Netherlands ¢ sales@mooreind.nl
Tel: (0)344-617971  FAX: (0)344-615920

©2006 Moore Industries-International, Inc.

Specifications and Information subject to change without notice.

China ¢ sales@mooreind.sh.cn
Tel: 86-21-62491499 « FAX: 86-21-62490635

United Kingdom ¢ sales@mooreind.com
Tel: 01293 514488  FAX: 01293 536852
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