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SECTION 1
INTRODUCTION

1.1 SCOPE OF MANUAL

This manual contains a description of the analog Sample and Hold Module, instructions for its calibration,
adjustment, installation, theory of operation. maintenance instructions, schematic diégrams and assembly
drawings.

1.2 PURPOSE OF EQUIPMENT

Upon receipt of a sample command pulse, the Sample and Hold Module (SHM) samples an incoming
signal and the output reaches a corresponding level within 1 second. When the sample command pulse is
removed, the output remains at the sampled level until a new command pulse is received. The SHM is
applicable to telemetering systems where data is being transmitted in time-multiplexed pulse-duration or
amplitude form. It may also be used in chromatograph systems to store the output representing the quan-
tity of a selected substance. In this application, the sample command may be a momentary contact
closure (customer-furnished) across the command-signal input terminals.

Several options modify the sampling cycle of the SHM. Refer to Section 4 for detailed descriptions of
these options.

1.3 GENERAL DESCRIPTION

An external processing input signal between—+IN and —IN is applied to a buffer amplifier. The output of
this element is sampled by a controlled sampling circuit. If the control signal at the HC terminals is not
present, no sampling occurs. When a control signal occurs at HC, the sampling circuit samples the input
signal tor 100 milliseconds. At the end of that period, the sampling circuit resumes its hold condition, no
sampling occurs, and the output of the sampling circuit remains at the level it reached just before the
sampling mode was interrupted. The output of the sampling circuit is divided down by a voltage divider.
Portions of that signal are picked-off by the SPAN control and amplified to produce the desired output

level.

Three major alternative sampling options are available: a track and hold (TR) mode, a peak picker (PP)
mode, and an analog output (AQ) mode. The TR option allows the state of the control signal to directly
control the mode of the sampling circuit. In the peakpicker option, sampling occurs when a peak signal is
present on the external input lines. In this option the control input is used as a reset command to force
sampling during times other than peak periods. The analog output option allows the external input signal
to be buffered out of the SHM at different times during the control cycle. Using dual controls, several
variations of controls are possible and are fully described in paragraph 4.2.6.4. Refer to Table 1-1 for a
complete list of available SHM electrical options.
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Table 1-1. SHM ELECTRICAL OPTIONS
Option Descriptior. II::::;::;:
AC 117 VAC or 240 VAC 50 to 60 Hz 4.2.1
CcC External contact closure 426
SsC Selectable current 4.29
TR Tracking 4.2.6.2
RF RFI filter terminal assembly 421
HI High current or voltage output 4211
PP Peak power input selection 4263
AQ Analog output 4264

1.4 PHYSICAL DESCRIPTION

The SHM is available in several different physical configurations. In general, the unit consists of a main cir-
cuit board and one small board mounted on the main board. The small board, present in a DC-operated
standard unit only, contains the power inverter. The main board contains the remaining circuits.
The boards are enclosed in a protective housing, and the entire assembly may be installed in a number of
ways. A bracket (supplied when specified in order} may be used to mount the assembly. For hazardous en-
vironments, an explosion-proof housing with a base containing up to four threaded hubs for wiring can be
supplied. Custom enclosures that are oil-tight and water-tight can also be furnished. Although the printed-
circuit board assembly is electrically identical regardless of the physical configuration and mounting
method, the external electrical connections may be made to different terminals on the terminal block in
the various versions of the unit. Refer to Table 1-2 for a list of mechanical options available. Spemflc
details for making electrical connections are given in Section 2, Installation Information.

Table 1-2. SHM MECHANICAL OPTIONS

Option Explanation

CcP Conduit plate for use with standard units

EX Explosion-proof enclosure. Single Unit -— Div. 1
GP General purpose enclosure, Single Unit — NEMA 1
oT Oil-tight enclosure, Single Unit — NEMA 12 .

WT Water-tight enclosure, Single Unit — NEMA 4
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The specifications of the SHM are inen in Table 1-3.

INPUT (PROCESS):
Current:

Voltage:

INPUT (COMMAND):

Sample:

Track:

Hold (Track Mode):
INPUT IMPEDANCE:

Current:

Voltage:
SPAN AND ZERO:

Span:

Zero:

ISOLATION:

TABLE 1-3. SHM SPECIFICATIONS !

1-5 mA, 4-20 mA, 10-50 mA

0-5 VDC, 1-5 vDC
Other ranges for current and voltage available

Customer-furnished momentary external contact closure, not less
than 30 milliseconds in duration, to initiate internally gated sam-
ple pulse; sample command may also be a h a pulse width not
less than 30 milliseconds.

Customer-furnished external contact closure to maintain unit in
track mode: track command may also be a 5 VDC signal (at 1
mA)

Open external contacts or reduce command signal to 0 VDC

1-5 mA into 200 ohms
4-20 mA into B0 ohms
10-50 mA into 20 ohms

10 megohms minimum
Adjustable with multiturn potentiometer

At full scale input, adjusts output to 100%£20% of selected out-
put span

At minimum input, adjusts output to 0% £10% of selected output
span

Voltage output units have input negative side common to output
negative side. Current output models have output negative side
elevated above input negative side {true current source). Mixed
outputs are optionally available. Power input isolation is main-
tained on both AC and DC powered units



‘Table 1-3.

OUTPUT:
Current:
Voltage:

OUTPUT MODES:

Sample and Hold:

TR Option:

HOLDING DECAY:
FREQUENCY RESPONSE:

CALIBRATED ACCURACY:
LOAD RESISTANCE EFFECT:

OUTPUT RIPPLE:
AMBIENT TEMPERATURE RANGE:
AMBIENT TEMPERATURE EFFECT:

POWER INPUT:
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SHM SPECIFICATIONS (Cont.)

Operational amplifier feedback current source. Qutput limited to
160% of maximum output range value

1-6 mA into 0- to 6000-ohm load
4-20 mA into 0- to 1500-ohm load
10-50 mA into 0- to 600-ohm load

1-6 VDC standard fnto 20K Ohms minimum

Output level is made to match the input only after initiation of the
command input by a pulse at least 30 milliseconds in duration.
One second later, output of unit will automatically become equal
to the input present at the time command pulse was received and
will remain at this value until the next command pulse is received.

Output level follows (tracks) the input signal continuously while
command input is maintained. When command input returns to O

VDC, output will hold at the level present when the command in-
put (5 VDC)} was removed.

2% of full scale per hour
0.5 Hz (3-dB point) while tracking the input

£0.1% of full scale

+0.01% of span from zero to maximum load resistance (for
current output)

10 mV P/P at maximum load resistance and maximum span

0°F to +150°F (—18°C to +66°C)

+0.005%/°F over above range; compensation curves for extend-
ed ambient ranges available

24 VDC standard, maximum optional 65 VDC£10% 117 VAC
50/60 Hz or 220 VAC 50/60 Hz optional 5 watts maximum
Other supply voltages available

Line voltage effect =0.005%/1% line change
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16 MODEL NUMBERING SYSTEM

Model numbers describe an instrument’s type. functional range, and features. If all accompanying
documentation of a unit should be missing, one can still “translate” the Model Number back into a work-
ing description of the unit by using the information in this paragraph as a reference.

Table 1-4. EXAMPLE OF MODEL NUMBERING

BASIC EXAMPLE: SHM/4-20MA/4-20MA/ 117AC TR

SHM, 4-20 mA input, 4-20 mA output, 117 VAC
power, tracking mode output

BASIC INSTRUMENT TYPE:

SHM indicates Sample and Hold Module

INPUT RANGE:

Numbers:  Minimum and maximum nominal input range,
generally an industry standard

OUTPUT RANGE:

Numbers: Minimum and maximum nominal output range,
generally an industry standard

POWER INPUT: -

AC: AC power, 117 VAC £10% unless stated
otherwise, e.g.. 240 VAC

DC: DC power, 24 VDC * 10% (45 VDC *10% may be specified
as an option)

OPTIONS:
TR: Indicates Track and Hold option
INPUT AND OUTPUT ABBREVIATIONS

MA = milliamperes V = volts
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2.1 GENERAL INSTALLATION INFORMATION

Installation, in general, consists of calibration (when required), mechanical mounting, and making the elec-
trical connections to the unit. The necessary procedures are described in paragraph 2.3 and those follow-
ing that paragraph. Before actually calibrating the unit, however, the reader should first become familiar
with the type of controls on the unit and the tools (if any) required for adjustment; these are described in
paragraph 2.2.

2.2 CONTROLS

Several types of controls are provided on standard Moore Industries products. They have been carefully
selected to fulfill the necessary electrical requirements and also provide optimum ease of adjustment by
the user. Standard units have multiturn potentiometers that are adjusted with a blade screwdriver.

CAUTION

SCREWDRIVER BLADE MUST NOT BE MORE THAN 0.1 INCH (2.54
mm) WIDE. USE OF A WIDER BLADE MAY PERMANENTLY
DAMAGE THE POTENTIOMETER MOUNTING.

This type of potentiometer usually requires 20 turns of the shaft to move the wiper from one end of its
range to the other. It is equipped with a slip clutch at either end of its travel to prevent damage if it is turn-
ed beyond the wiper stop. Usually a slight change in feel will be noticed when the clutch is slipping;
however, if this change is not observed, one can be certain of reaching either end by turning the shaft 20
turns in the desired direction. Controls are connected so turning the shaft clockwise increases the quantity
or makes it more positive, and turning the shaft counterclockwise has the opposite effect.

When present, internal adjustable controls are single-turn potentiometers that require a screwdriver with a
blade not more than 0.1 inch (2.54 mm) wide. Since these devices do not have slip clutches, care must be
- used t avoid overtorquing them.

2.3 CALIBRATION

Units are calibrated and checked for proper performance at the factory before they are shipped. However,
unless calibration was requested to a specific set of input-output values, the unit should be calibrated by
the user before the unit is placed in service.

NOTE

Adjustments should not be made in the field on units that are
calibrated to values specified in the purchase order. Units that are
calibrated at the factory to customer’s specifications have protective
caps over the SPAN and ZERO potentiometers; do NOT remove these
caps.

One adjustable signal source, a contact closure (switch or relay) or a 5-volt signal source capable of
delivering at least 1 mA, and input and output monitoring devices are required for calibration. The
monitoring devices {current or voltage) must have an accuracy within £0.05% or better.

The calibration procedure for units without the TR option ((Samp/e-and-hold units) is slightly different
from that for units with the TR (tracking) option (track-and-hold units)). Therefore, two different sets of
procedures are provided; use the one that corresponds to the configuration of the unit being calibrated,
and ignore the other one.
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Calibration Procedure For Units Without TR Option

To calibrate a unit without the TR option, proceed as follows:

da.

b.

Connect unit and test equipment as shown in Figure 2-1.
Apply power input to the unit.
NOTE

Refer to paragraph 1.6 for information on how to use the model

number to obtain the specified values of minimum and maximum in-

puts and outputs.
Lower + HC signal to OV (open the switch —CC option) and adjust the process signal source
to the minimum value specified for the unit (1 mA, 4 mA, 10 mA, 1 VDC, or whatever the

specified minimum input is for the unit).

Momentarily raise +HC signal to +5 VDC, then lower to OV {close and then open the switch
—CC option).

Allow 1 second delay for the output to reach a steady value. Adjust the ZERO potentiometer
to obtain 0% output (1 mA, 4 mA, 10 mA, 1 VDC, or whatever the specified 0% output is for
the unit).

Adjust the process signal source to the maximum input specified for the unit (5 mA, 20 mA,
50 mA, 5 VDC, or whatever the specified maximum input is for the unit).

Momentarily raise the signal to +5 VDC, lower to OV (close and then open the switch, CC op-
tion).

Allow 1 second delay for the output to reach a steady value. Adjust the SPAN potentiometer
to obtain 100% output. '

Momentarily raise +HC signal input to +5 VDC (switch is momentarily closed —CC op-
tion) with the specified 0% and 100% process input signals applied.

Adjust the process signal source to 25% of input specified for the unit.
Repeat step g.

Check that unit output reaches 25% of output specified.

Adjust the process signal source to 50% of input specified for the unit.
Repeat step g.

Check that unit output reaches 50% of output specified.

Adjust the process signal source to 75% of input specified for the unit.
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Repeat step g.

Check that unit output reaches 75% of output specified.

Remove the input signal sources and turn off the power input to the unit.

Calibration Procedure For Unit With TR Option

To calibrate a unit with the TR option, proceed as follows:

a.

b.

233

Connect unit and test equipment as shown in Figure 2-1.

Apply power input to the unit.

NOTE

Refer to paragraph 1.6 for information on how to use the model
number to obtain the specified values of minimum and maximum in-
puts and outputs.

Raise +HC signal to +5 VDC (close switch —CC option) and adjust the process signal
source to the minimum value specified for the unit (1 mA. 4 mA, 10 mA. 1 VDC, or whatever
the specified minimum input is for the unit).

Adjust ZERO potentiometer to obtain 0% output (1 mA, 4 mA, 10 mA, 1 VDC, or whatever.
the specified 0% output is for the unit).

Lower +HC signal to OV {open switch —CC option) and observe that the output remains at
the value adjusted for in step (d).

Raise +HC signal to +5 VDC (close switch —CC option) and adjust the process signal
source to the maximum input specified for the unit (6 mA, 20 mA, 50 mA, 5 VDC, or
whatever the specified maximum input is for the unit).

Adjust SPAN potentiometer to obtain 100% output (5 mA, 20 mA, 50 mA, 5 VDC, or
whatever the specified maximum output is for the unit).

Lower +HC signal to OV {open switch —CC option) and observe that the output remains at
the value adjusted for in step (g).

Calibration Procedure For PP Option

To calibrate a unit with the PP Option, proceed as follows:

Repeat steps a, b of paragraph 2.3.2.
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Adjust process signal source to the minimum value specified for the unit {1 mA, 4 mA, 10
mA, 1 VDC, or whatever the specified minimum input is for the unit).

Using a millivolt meter, place positive lead on IC1 pin 11 and negative lead on IC1 pin 5.
Raise +HC signal to +5 VDC (or close switch for CC option).

Adjust potentiometer R17 on PC1 for a meter reading of 7.0£0.3 mV.

Adjust ZERO potentiometer to obtain 0% output (1 mA, 4 mA, 10 mA, 1 VDC or whatever
specified 0% output).

Lower the +HC input to OV (or open switch for —CC option).

Adjust process signal source to maximum value specified for unit. Unit output automatically
goes to 100% of specified output value.

Adjust SPAN potentiometer to obtain 100% output {6 mA, 20 mA, B0 mA, 5 VDC or
whatever the specified maximum output is for the unit.

Raise +HC and repeat steps f through i until correct outputs are obtained.
Adjust process signal source to minimum value specified for unit.
Momentarily raise +HC signal to +5V (or close switch —CC option).
Check that unit output is at 0% of specified output.

Adjust process signal source to 25% of value specified for unit.
Repeat step m.

Check that unit output is at 25% of specified output.

Adjust process signal source to 50% of value specified for unit.
Repeat step m.

Check that unit output is at 50% of value specified for unit.

Adjust process signal source to 75% of value specified for unit.
Repeat step m.

Check that unit output is at 75% of value specified for unit.

Remove input signal sources and power to unit.



SECTION 2
INSTALLATION INFORMATION

24 MECHANICAL INSTALLATION

As mentioned in Section 1, the unit may be obtained in various physical configurations and/or case sizes.
Figure 2-2 shows the outline dimensions and other installation requirements for the particular configura-
~ tion supplied. Be sure to observe the applicable special procedures and precautions given with the illustra-
tion. Although the units are designed to operate in free air at quite a high ambient temperature, it is ad-
visable if possible to mount the unit on a surface made of material that can serve as a heat sink.

2.5 ELECTRICAL CONNECTIONS

All electrical connections are made to the terminal blocks on the unit. Terminals used for electrical
tions are indicated in Figure 2-3. The following paragraphs provide additional information on wiring the
unit.

25.1 General Wiring Techniques

No special wire or cable is required for signal connections to the unit. To avoid transients and stray pickup.

it is recommended that twisted conductors be used where they are run close to 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 terminals. All terminals are
supplied with 6-32 screws long enough to easily accept three spade-lug connectors.

256.2 Power Connections

Units are 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 model number to determine the type of power required.

On DC-powered units, the DC terminal is connected to the + (positive) side of the source, 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 5 watts.

On AC-powered units, 117 volts AC £10%, 50/60 Hz. 5 VA nominal power is required. 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. The GND terminal is the mechanical case connection.

2563 Connections On Units With SC Option
On units with the SC (selectable current) option, connect the input selectable current resistor to the +IN

and —IN terminals. Connect the output selectable current resistor to the terminals marked SC. The
current range is marked on the body of each resistor.
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3.1 OPERATING PROCEDURE

Once calibrated and installed, the unit may be operated unattended. The only controls on the outside of
the unit are the SPAN and ZERO potentiometers, which, after initial adjustments, need no further atten-
tion. There are no indicators on the unit. Because the circuit uses highly reliable solid state components
with no mowving parts, the unit should operate virtually maintenance-free for a long period of time.
However, if a malfunction should occur, refer to Section 5 for maintenance information.

A unit inay become warm during .0 ation, especially where the ambient temperature is rather high. This
is perfectly normal and should not be a cause for alarm unless a malfunction is also observed.
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4.1 INTRODUCTION

This section describes the theory of operation of the unit. The description of each circuit is presented in
sufficient detail so troubleshooting, if required, can be carried out intelligently and rapidly.

4.2 CIRCUIT DESCRIPTION

A schematic diagram and a block diagram (Figure 4-1) of the SHM is included in this manual. Unless
otherwise directed, refer to the schematic diagram when reading the following paragraphs.

4.2.1 Description Of AC Power Supply Circuit {AC and RFI Option)

The AC power supply circuit consists basically of a power transformer that produces two different AC out-
puts. Referring to the SHM schematic diagram, V51 is connected across the primary of power transformer
T1 and suppressing transients that may be present on the power line. Each half of the center-tapped
secondary of T1 puts out 18 volts, and the other secondary produces 36 volts. The voltage from the
center-tapped secondary is applied to CR5 thru CR8, and that from the other secondary is applied to a
half-wave rectifier.

422 Description Of Power-Inverter Circuit

In a standard unit, the components of the power inverter are mounted on a printed-circuit board attached
to the main board. Descriptions of the power-inverter circuit for the unit are given in the following
paragraphs.

4221 Power-Inverter Circuit For Standard Unit

Drawing 400-404-00 is the schematic diagram of the power inverter (PCA) used on the standard units.
When the unit is ordered for use with DC power, the power inverter is used instead of the AC source (T1)
shown on the SHM schematic diagram. The DC applied to the power inverter is converted to a square
wave of approximately 3 KHz by Q1, Q2, and the primaries of T1 (PCA schematic diagram). functioning as
a DC-to-AC inverter. Filter L1-C1 on PCA prevents the 3-KHz signal from getting back into the external
DC source. CR1 provides protection against damage from inadvertent application of DC of incorrect
polarity. The square-wave output from center-tapped secondary 8-13 is applied to CR7, CR5, a half wave
rectifier, and that from secondary 17-16 is applied to CR202.

423 Rectifier And Regulator Circuit For Standard Unit

Diode bridge rectifiers CR5 through CR8 form a full-wave rectifier that produces both positive and
negative DC outputs (with respect to the grounded center tap of the transformer winding that feeds the
rectifier). The positive and negative DC outputs from the bridge are filtered by C202 and C203, and
regulated to + 12 volts and —12 volts by pass transistors Q201 and Q202. Zener diodes CR203 and
CR204 are used to clamp the base of the transistors. Voltage from the transformer winding that is not
center-tapped is applied to a half-wave rectifier and filter to produce operating voltage of approximately
38 volts for the power amplifier. -

424 Description Of Input Buffer Circuit

IC4 and associated components form an input buffer stage. R21 provides the proper termination for a
current analog-signal source connected to the 41N and —IN terminals. The signal at the +IN terminal is
applied through R31 to pin 3 (the non-inverting input) of IC4. A portion of the output at pin 6 is taken from
the junction of IC1 and R14 and fed back through R14 to pin 2 (the inverting input) to establish the gain of

+his stage.
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Figure 4-1.
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The inverting input also receives the bias Zero signal. This bias is generated by the Zero circuit consisting
of voltage divider R9 through R12 ZERO potentiometer and Zener diodes CR1, CR2. The voltage divider,
Zener diode network provide a constant signal across the ZERO potentiometer. A shift in the ZERO poten-
tiometer wiper contact can produce either a positive or a negative signal at the inverting input pin 2. This
signal is summed with the positive signal at the non-inverting input pin 3. The resultapt output of IC4 at
pin 6 is an overall gain that is directly affected by the position of the ZERO potentiometer.

425 Sampling Circuit Description

The sampling circuit consists of sample and hold IC1, offset resistor R17 and the command control cir-
cuits. The sample and hold module IC1 samples the signal present at pin 5 and buffers it out on pin 11.in
accordance with the state of the control input on pin 6. The control input is normally held at some high
state due to the pull-up action of R15. This resistor is referenced internally to a positive signal source
derived from the + 12V at pin 12. When the control input goes low (near ground), the module ceases to
sample the signal at pin 5. During that period. a storage capacitor, C7, holds the input level of the output
buffer stage to the state attained just prior to the hold condition. Offset resistor compensates for the offset
generated by the peak picker option. Refer to paragraph 4.2.6.3 for a description of R17 action on the
sample and hold circuit. During all other modes, R17 is set for an offset between IC1 pin5and 11 of O
volts.

426 Control Circuit Description

The command gate operates in four major configurations: the standard mode (sample and hold), the track-
ing mode (the TR option), the peak picker mode (PP option), and the analog output mode (AQ option}.
Figure 4-1 illustrates these modes in block diagram form (except for the AO option). All four inputs may
use a positive signal as control or they may use a contact closure. The contact closure (CC option) is
effected by an external relay. A + 12V source is provided by the SHM (point A in 189-481 -00) to provide
the necessary excitation power to the +HC command input. The following paragraphs assume the com-
mand signal as some positive signal level.

4.2.6.1 Standard, Sample and Hold Mode

The standard SHM command circuit illustrated in schematic 189-401-00 consists of a buffer input Q1, a
one-shot multivibrator C5, IC2 and a driver Q3. When +HC goes high. Q1 conducts, grounding the input
pin 1.2 of IC2. This condition forces IC2-3 high and consequently IC2-11 low, and C5 starts charging,
while holding Q3 in cut-off. Since Q3 is off, pin 6 of IC1 is high and sampling of the +IN processing input
occurs. When C5 approaches full charge approximately 100 milliseconds, the voltage level on pins 1. 2 of
IC2 reaches trigger point of IC2 and I1C2-3 goes low forcing IC2-11 high. This event causes Q3 to conduct,
effectively grounding pin 6 of IC1 and sampling stops and the hold condition exists. The sample and hold
chip IC1 now remains in that state until another command is received at +HC.

426.2 TR Option (Tracking Mode)

The TR option command circuit illustrated in schematic 189-401-00 consists of a buffering circuit @1 and
Q3 that buffers the input command to the control input of IC1 (pin 6). When +HC goes high Q1 conducts,
cutting off Q3. This condition provides a high signal on IC1 pin 6 and sampling occurs. When +HC is low
Q1 is cut off and Q3 is saturated, grounding pin 6 of IC1 and sampling stops. This circuit then effectively
causes the function of the SHM to track the state of the command input.
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4.2.6.3 PP Option (Peakpicker Mode)

The peakpicker command circuit consists of a buffer Q1, inverter IC2 and a comparator IC3 and
associated components. When no command signal is present at +HC, Q1 is cut off due to the —12 volt
reference through R1. With Q1 cut off IC2, pins 1,2 are high, forcing pin 3 low back biasing CR4. This con-
dition disables this section of the control signal and allows the circuit of IC3 to operate.

As IC1 processes the signal input from +IN, the input and output of IC1 are sampled by IC3. The output
of IC1 is fed to the inverting input of comparator IC3 while the input of IC1 is provided to the non-inverting
input to the comparator. When the processed input signal at IC1 is rising, causing IC1 pin 11 to be lower
than pin 5, the output of IC3 at pin 6 goes high. This condition allows IC1 to continue sampling. As long as
the input from +IN continues to rise, IC3 pin 6 will be high and sampling will continue.

As soon as the processed input signal at IC1 decreases, IC1 pin 11 is higher than pin 5. Now the inverting
input to IC3 sees a larger signal than pin 3, the non-inverting input, and consequently IC3 pin 6 goes low,
back biasing CR9. Since R19 is referenced to —12V, pin 6 of IC1 will see a low signal and IC1 stops
sampling.

If a command input occurs, +HC is high and Q1 conducts. This forces IC2 pin 3 high, raising IC1 pin 6.
and IC1 is forced to sample regardless of the state of IC3. These conditions effectively provide a reset
provision for the peak sampling circuit of 1C3.

Due to the operating characteristics of IC3, an offset of 7 to 10 millivolts is necessary to obtain the
operating specifications described above. Resistor R17 is used to obtain this offset condition and is ad-
justed at the factory to set IC1-11 at 7 to 10 millivolts higher than IC1-5.

4264 AOQ Option (Analog Qutput Mode)

This option provides mechanization for the control of sampling by two command signals, HC1 and HC2.
This option is illustrated on drawing 189-403-00. Buss connections J1 through J10 select various output
conditions. If only buss J1, J2, J5, J6, J7. J9 are used, command signals +HC1 and +HC2 - wrate in-
dependently (see Figure 4-2). When +HC1 goes high, Q1 conducts, forcing IC2-3 high, and IL2 11 low,
cutting off Q3. This condition provides a high state on IC1 pin 6 (on drawing 189-401-00) and ~ampling
of the +IN signal occurs. As soon as the command is removed, IC1 pin 6 returns low and sampling stops.
INVERTER

INVERTER INVERTER_

TO SAMPLEAND 7
HOLD CONTROL INPUT

ﬂemen
+HC1'———‘

INVERTER INVERTER INVERTER _IN_‘!‘!HTER'

/.( > = A0
_L__;_m

+HC2

OF FIGURE 4-1,

Figure 4-2. Direct Independent Control AO Option
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When +HC2 goes high. Q2 conducts, forcing 1C2-6 high and 1C2-8 low, cutting off Q4. This condition
allows unity gain amplifier IC3 to buffer the input processing signal from +IN to terminals +A0. When
the command signal is removed, Q2 goes into cutoff due to the —12 volt reference through R8. With Q2
in cutoff, IC2-6 goes low, IC2-8 goes high and Q4 conducts, effectively grounding the output of IC3, and
0V signal is present at the +AO outputs. The +HC2 control just described can be effected by +HC1 and
vice-versa if busses J1, J2, J5, J6, J8 and J10 only are used.

If buss connections J1, J3. J4 and J6, J7, J9 only are used. the two command inputs operate in conjunc-
tion with each other (see Figure 4-3). If +HC1 is low whenever +HC2 is high, Q1 is cut off while Q2 is
- conducting. With Q2 conducting, 1C2-6 is high. Simultaneously as Q1 is cut off, IC2-3 is low, forcing IC2-
11 high. With both high inputs, IC2-8 goes low, feeding back through J3 to IC2-12 thereby holding IC2-
11 high. With 1C2-11 high, Q3 conducts providing a holding mode condition to IC1 pin 6 of drawing 189-
401-00. At the same time with IC2-8 in the low state, Q4 is cut off allowing the +IN signal input to be
buffered out to +AOQ terminals by IC3. These conditions will hold until +HC commands invert polarity.

INVERTER INVERT 'CHED ;
\ ER LATCHED GATES INVERTES

e P % o TO SAMPLE AND HOLD'
| -~ | CONTROLINPUT .
-

\ INVERTER

INVERTER INVERTER

'+HC'2;——‘ H‘“:(}-——(%

OF FIGURE 4-1

-,‘-" COMPARATOR

Figure 4-3. Latched Gates AO Option

As +HC1 goes high and +HC2 goes low, Q1 conducts and Q2 is cut off. When Q1 conducts, IC2 pins 1,
2 are low forcing 1C2-3 high. Simultaneously as Q2 is cut off, IC2-6 is low, forcing 1C2-8 high. This high
state propagates to 1C2-12 holding IC2-11 low. With IC2-11 low, Q3 is cut off and IC1 of drawing 189-
401-00 samples the +IN signal. At the same time, with IC2-8 high, Q4 conducts and grounds the +AQ
output from IC3.

427 Output Amplifier Input Circuit Description

Output amplifier IC5 and associated circuits generates the output signal for the SHM. The input of IC5
consists of the output of IC1 divided down by R33, SPAN potentiometer and R34. The SPAN potentiom-
eter wiper selects from 0.2 volts to 1 volt from this voltage divider to produce the output signal.
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428 Current Qutput Circuit Description

QOutput amplifier IC5 provides drive current to power amplifiers Q5, Q6 and Q7. Transistor Q5, Q7 are con-
nected in a Darlington configuration. Transistor Q6 is connected in parallel with Q7 to generate greater
drive to —OUT output terminal. A power source of approximately 38 volts is provided at +0OUT. This con-
figuration allows the SHM load between the OUT terminals to be driven directly by the power amplifiers,
thereby offering a very low output impedance. Capacitor C3 filters transients from the load circuit.

429 Selectable Current (SC) Output Option

The SC option consists of the additional selectable current resistor R102. All other current output circuits
are identical to those described in paragraph 4.2.8. Normally current from the power source flows through
the external load through Q6 and R38 to ground. When the SC option is selected. however, R38 is remov-
ed and replaced by R102. Load current now flows through R102 and is thereby limited to the value
specified by the resistor.

4.2.9 Voltage Output Circuit Description

When a voltage output is selected, transistors Q5, Q6 and Q7 are removed and the output of IC5, now a
higher gain circuit (gain of 5), provides a high inpedance output to the OUT terminals. The load now is
between the amplifier output and ground and is in parallel with R38 and R24.

4210 Millivolts Output Circuit Description

When millivolt output is selected, the circuit operates as described in paragraph 4.2.8 except that tran-
sistor Q6 is removed. The current gain is reduced to millivolt output by the addition of shunt resistor R18.
The low value of R18 develops millivolt values across that resistor. Since the resistor is in shunt with the
output, the millivolt signal is available across the OUT terminals.

4.2.11 High Current or Voltage {(HI) Output Option

This option provides higher current or voltage output by adding a driver stage Q7 between output
amplifier IC5 and the output terminals. Driver Q7 is powered by a 38 volt source providing the drive
necessary for higher current or voltage. R38, now a 1K resistor, provides the low resistance necessary to
generate more current in the output stage. Capacitor C8 is used in amplifier IC5 to minimize the offset
generated by the high gain of the amplifier.
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5.1 INTRODUCTION

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

5.2 PERIODIC MAINTENANCE

r

It is suggested that the calibration of the unit be checked approximately every 6 months as described in
Section 2. No other periodic maintenance is required.

53 CORRECTIVE MAINTENANCE

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

5.3.1 Disassembly

To troubleshoot the unit, it is first necessary to disassemble it so the circuit board is exposed. The physical
configuration of the unit determines the steps to be followed in disassembly, and these steps are describ-
ed in the following paragraphs. In all cases, disconnect the input signal and turn off the power input before
disassembling the unit.

53.1.1 Disassembly Of Standard Units

To disassemble a standard unit, remove the unit from its installed position. If the mounting bracket is used.
separate it from the unit by removing 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 Phillips-head screws at the top of the unit.

b. Remove the four Phillips-head screws at the bottom of the unit.

¢.  Slide the front panel (with the 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.

5.3.1.2 Disassembly Of A Plug-In Unit In A Housing

To disassemble a plug-in unit in an explosion-proof or other type of housing or enclosure (in addition to
the case), proceed as follows:

a. Use a bar wrench to loosen the housing cover from the base, and then unscrew and remove
the housing cover to expose the unit.

b.  If required, remove the unit from the socket by rocking the unit slightly while pulling upward
until it is free of the socket. The socket and terminal card are keyed to eliminate error when
the unit is reinstalled.
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5.3.2 - Troubleshooting

The schematic diagrams include 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
drawings show the physical locations of the parts on the 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 the signal or
voltage at a specific point. When connecting a probe to a component on the circuit board, exercise care to
make sure the probe does not short-circuit to an adjacent component. In general, troubleshooting is
carried out by tracing the signal with an oscilloscope and referring to the schematic diagrams to determine
what component might be causing an observed abnormal indication. If the original symptom was a com-
plete failure of the unit to operate, the most logical components to suspect are those associated with the
power supply in the unit (including any voltage regulators). If the unit was producing an incorrect (but not
zero) output, check the outputs from the voltage regulator, 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 list of materials for a list of replace-
ment parts. A number appears after the description of some parts in this list. The number indicates the
number of spares recommended to 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 tools
are a necessity when servicing the unit. The following is a summary of the general techniques and
precautions that should be observed 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 the laads to any component. Do not keep the soldering
iron on a point for more than a few seconas 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 ven-
tilation is provided when using this or any other chemical.

NOTE
Unused connections on integrated circuits are left unsoldered to aid in
removal. Refer to the assembly drawing for more complete
information.

c. Do not excessively bend or twist the leads of small components; they break easily.

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

e. Remove all flux from soldered joints with trichlorethane or equivalent.
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Units that were calibrated at the factory to customer's specifications
have protective caps over the SPAN and ZERO potentiometers. These
caps must be removed so the unit can be recalibrated. LIFT, DO NOT
TWIST, the caps off, using a screwdriver tip as a prying tool. Snap the
caps back in place, WITHOUT TWISTING, when recalibration has been

completed.

Test the unit for proper operation and, if necessary, recalibrate by the procedure given in Sec-
tion 2. If the unit has the peakpicker option, adjust R17 so that IC5 pin 5 is 7 to 10 millivolts
lower than IC5 pin 11. Otherwise adjust R17 so that the difference between IC5-5 and IC5-7
is OV. When the performance of the unit is known to be satisfactory, apply clear acrylic to
reseal the unit where required. Refer to Table 5-1 for signal specifications.

Check that all leads are clear of the board edge before reinstalling the board into 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.

TABLE 5-1. WAVE FORMS AND VOLTAGES

WAVEFORM AND SIGNAL LEVELS

————————— —F— 1.8 TO 9.0V FOR ELEVATED OUTPUT
DEPENDS,ON OUTPUT OG-80V FeRZERGOINTAT
TS I P RS S P RN LA
Z o= e Y +HC INPUT HIGH
—i , +HCINPUT LOW
it e Y
. oV
—{Tooms] B
+av
— e OV
SRR A R e s '1.8 TO 9.0V FOR ELEVATED OUTPUT
b,
0.2 70 1.0V FOR ELEVATED OUTPUT
PEERNEEDSRAIRL, 070 1.0V FOR ZERO BASED OUTPUT

—— 48 0R 90V. SEE NOTE 2!

NOTES: 1. Refer to Drawing 400-404-00
2. 4BV when 24 VDC is used
90V when 45 VDC is used
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RETURN PROCEDURES

Warranty Repair —

number on all documentation.

Non-Warranty Repair —

The repair price you are quoted will be a

all documentation.

2. Provide us with the following documentation:

container.

representative will contact the person designated

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

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

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

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.

actual repair costs may be less than the quote. Be sure to include the RMA number on

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

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

needed. The repaired equipment, or its replacement, will be returned to you in accordance with
the shipping instructions furnished in your documentation.

Not To Exceed” price, which means that the

on your documentation if more information is

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
TO REMEDY 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.
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ANY CAUSE OF ACTION FOR BREACH OF ANY WARRANTY BY THE
COMPANY SHALL BE BARRED UNLESS THE COMPANY RECEIVES
FROM THE 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 INNO EVENT BE LIABLE FOR ANY INCIDENTAL OR CONSE-
QUENTIAL DAMAGES.

Belgium ¢ info@mooreind.be China ¢ sales@mooreind.sh.cn
Tel: 03/448.10.18  FAX: 03/440.17.97 Tel: 86-21-62491499  FAX: 86-21-62490635
The Netherlands ¢ sales@mooreind.nl United Kingdom ¢ sales @mooreind.com

Tel: (0)344-617971 « FAX: (0)344-615920 Tel: 01293 514488 « FAX: 01293 536852

© 2007 Moore Industries-International, Inc.

Specifications and Information subject to change without notice.
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