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It is very important for the user to consider the possible adverse effects of
power, wiring, component, sensor or software failures in designing any type of _
control or monitoring system. This is especially important where economic
property Toss or human Tife is involved. It is important that the user employ
redundancy, and comprehensive failure analysis to 1insure a safe and
satisfactory overall system design. It is agreed between the Buyer and
Acromag, that this is the Buyer's responsibility.
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INSTRUCTIONS: SERIES 1700
Model 1751 Linear/Square-Root Integrator
INTRODUCTION:

These instructions cover the model types listed in Table 1. Supple-
mentary sheets are attached for units with special options or features.

Table 1

A, Model Number Format: 1751-Input-Output-Power-Calibration
B. Typical Model Number: 1751-W-K0-1

l
Series/Type -Input -Qutput -Power -Cal.*
1751 -W -K0 -1 (Blank)
-X -K1 -2 -C
-Y ' -3
-7 _
-G

*nits may be ordered with or without factory calibration. If the unit .

is factory calibrated to customer specifications, the model suffix "-C" will
indicate this. The calibration information will be specified on a separate
calibration label on the unit.

DESCRIPTION:

The Model 1751 Linear/Square-Root Integrator, when used with an
electromechanical counter, integrates and totalizes input signals representing
process variables. The Model 1751 has the capability of integrating square
law function inputs by relocating a flexible connector plug on the circuit
board.

These integrators provide a pulse train output at a frequency directly
proportional to the input signal in the linear mode, or at a frequency
proportional to the square-root of the input signal. The output frequency can
be adjusted for full-scale outputs of 25 to 25,000 counts per hour, higher
count rates are available on special request.

The Model 1751 includes a current limited excitation suppty for powering
a two-wire, 4 to 20 mA, transmitter, as well as an adjustable zero drop-cut
circuit that blocks low rate pulses from the output. Each Model 1751
{inear/Square-Root Integrator has the output capability of driving two Acromag
electromechanical counters. In addition, an optional reed relay contact
output can be supplied with the unit. Refer to Drawing No. 4500-570 for
simplified schematic.
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SPECIFICATIONS:

Function: Linear or square-root integration of finput signals. Unit is con-
verted from one mode to the other by means of a field changeable jumper
on the printed circuit board. In the linear mode, the Model 1751 provides
a pulse train output at a frequency directly proportional te the input
signal. In the square-root mode, the output is directly proportional to
the square-root of the input signal.

Model/Series: 1751«

Input:

- 1 to 5V DC, 5 megohms minimum input resistance., By cutting a jumper
on fhe circuit board the input can be converted from 1 to 5V DC to 0
to 4V DC.

-X 1 to 5 mA DC, 1000 ohms input resistance.

-Y 4 to 20 mA DC, 250 ohms input resistance.

-Z 10 to 50 mA DC, 100 ohms input resistance.

-G Zero-based voltage input; any customer specified span between 4,0V DC
and 100V DC. Input resistance is 10K ohms per volt of span.

Output: _ o
-KO Pulses for external electromechanical counter, 24V pulses into a
minimum load of 75 ohms, 50 ms duration, nominal.

-K1 Pulses for external electromechanical counter {similar to "-KO"
option) plus an SPST reed relay.
Contact load rating: DC 15VA max. (1 amp max. or 250V DC max.)
AC 10.6VA max. (.7 amp max. or 176V AC max.)
(@ 120V AC rms, I max. = 88.3mA rms).

Power Requirements:
-1 115V AC, + 10%, 50/60 Hz, 0.10 A.
-2 230V AC, + 10%, 50/60 Hz, 0.05 A.
-3 24V DC, -10% to +50%, 0.25 A,

Input Offset: +1V DC. By removing a jumper, the offset becomes 0.0V DC. The
zero point can be trimmed +5% of the input span with the zero pot.

Output Count Rate: 25 to 25,000 counts per hour (CPH)}. The count rate is
continuously adjustable with a 22-turn pot over a 2 to 1 range and is
used in conjunction with the frequency divider jumper to allow adjustment
over the entire range. The frequency divider provides for binary
division of the voltage to frequency converter output and is selected by
means of a field changeable jumper.

Zero Drop-Out (ZD0): Linear adjustment of 0% to 10% of input span. A LED
~ will light when input signal is below the ZDO setting and the pulses will
be diverted from the output circuit.

Excitation Supply: Designed to power a 4 to 20 mA two-wire transmitter. The
excitation supply output is limited to 30V at 30 mA DC.
A. On AC powered units, 20V DC is available for the two-wire transmitter
(Unit with "Y" input option must be used.)
B. On DC powered units, the voltage available for the two-wire
transmitter is the applied DC power voltage minus 8Y. (Unit with "y"

input option must be used.)
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Isolation: The negative input lead is common to the negative output lead.
For AC powered units, the power leads are isclated from the signal leads.
For DC powered units, the negative input and output leads are common to
the negative power lead.

Reference Test Conditions: Input: 1 to 5V DC; 75 ohm resistive load; 77°F
(25°C); nominal power input.

Accuracy: Linear Mode: Accurate to within $0.15% of calibrated span.
Accurate to within +0.20% of calibrated span in square-root mode,

Ambient Temperature Range: 32° to 122°F (0° to 50°C).

Ambient Temperature Effect: Less than +0.01% of output span per °F (+0.018%
per °C) over the entire ambient temperature range,

Power Supp]y Effect: Less than +0.05% deviation from calibrated output span
for rated supply variations., - :

Response Time:  Input filtering, 0 to 98%, settling time is 130 ms, typical,
for step change in input.
Noise Rejection:
Common Mode:
AC Powered Units: 100 dB at 60 Hz {between input and power,) 250
ohm unbalance, typical.

DC Powered Units: None, nonisolated (between input, output and
power,)

Normal Mode: 20 dB at 60 Hz, 250 ohm scurce, typical.

Construction:
Case: General purpose, NEMA 1 type metal enclosure, Class 1.

Printed Circuit Board: Military grade FR-4 epoxy glass circuit board,
Size: Refer to Enclosures Drawing No. 4500-448,

Connections: Barrier type terminal strip using Ne. 6 screws and clamp
plates. Wire range 12 to 26 AWG.

Shipping Weight: 4 pounds (1.82 kg) packaged.

OPTIONAL ENCLOSURES (Separate Model HNumber):

Refer to Drawing No. 4500-448, for outline dimensions of the enclosure
options listed below.

Note: Integrator is installed in enclosure at factory. Conduit mounting
holes and fittings in NEMA 4 and 12 Enclosures are customer supplied. Each
NEMA 4 or 12 Enclosure can hold up to three Series 1700 units,

Model 1700-N4: NEMA 4 Enclosure, water-tight. Enclosure material and
finish: 0.075 and 0.060 inch thick steel with gray hammerteone
enamel finish inside and out, Shipping weight: 25 pounds (11.5 ka)
packaged.
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Model 1700-N12: NEMA 12 Enclosure, oil-tight. Enclosure material and
finish: 0.075 and 0.060 inch thick steel with gray hammertone
enamel finish inside and out. Shipping weight: 25 pounds (11.5 kg)
packaged.

Model 1700-EXP: NEMA 7, NEC Class I, Group D; NEMA 9, NEC Class II,
Groups E, F and G. Manufacturer: Adalet type XJWH9 modified with
internal mounting holes and two conduit holes. Material: Aluminum
alloy. Shipping weight: 25 pounds (11.5 kg) packaged.

OPTIONAL COUNTERS (Separate Model Number):

Refer to Drawing No. 4500-710, for outline dimensions of the counter
options listed below.

Model 1035-011: Six-digit electromechanical counter with manual reset.
Maximum count rate: 36,000 counts per hour (CPH). Screw terminals
are provided for connection. Shipping weight: 1 pound (0.45 kg)
packaged.

Model 1035-012:  Six-digit electromechanical counter. Maximum count
rate: 36,000 counts per hour (CPH). Screw terminals are provided
for connection. Shipping weight: 1 pound (0.45 kg) packaged.

Model 1035-015: Six-digit predetermining mechanical counter with manual
reset. Output is a SPDT contact which closes at counter setting and
remains actuated until counter is reset. Counting continues after
the switch is actuated. Shipping weight: 1 pound (0.45 kg)
packaged. :

INSTALLATION:

The Model 1751 is packaged in a general purpose type of enclosure. Use
an auxiliary enclosure to protect against unfavorable environments and loca-
tions. Maximum operating ambients should not exceed 32° to 122°F (0° to 50°C)
for satisfactory performance. If the unit has been factory calibrated, it is
ready for instaliation. Connect as shown in the connection diagram (Drawing
No. 4500-452). If the unit has not been factory calibrated, refer to the
"CALIBRATION" section of these instructions.

Mounting: Refer to Enclosures Drawing No. 4500-448 for mounting and clearance
dimensions.

Electrical Connections: The wire size used to connect the integrator to the
control system is not critical. A1l terminal strips can accommodate wire
from 12 to 26 AWG. Input wiring should be either twisted pairs or
shielded, output wires should be twisted pairs. Since common mode
voltages can exist on signal wiring, adequate wire insulation should be
used and proper wiring practices should be followed. It is recommended
that power wiring be separated from signal wiring for safety as well as
for low noise pick-up.

To bring the wiring to the terminal blocks, pierce the special gromments,
pull wires through and attach to terminais.

For Connection information refer to Drawing No. 4500-452.
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1. Power: Connect the AC or DC power to the integrator as shown in the
connection diagram, The 1abel on the unit specifies the power
required for the unit., On DC powered units, inadvertent reverse
connection will not damage the unit.

2. Grounding: Connect the terminal marked "G (GND) to an earth ground.
Note: The ground wire must be installed for safe use of the
instrument.

3. Input: Connect inputs as shown in the comnection diagram. For units
specified to accept process current inputs the required dropping
resistors are installed on the printed circuit board at the factory.
If field conversion to a different input signal is required, refer to
T?ble 1 on Parts Location Drawing {Drawing No. 4500-141, page 1 of
2).

If a two-wire transmitter is going to be used, the integrator must
have the 4 to 20 mA input option {-Y). If the actual input is other
than 4 to 20 mA, convert per Table 1 on Parts Location Drawing No.
4500-141, page 1 of 2. Excitation supply is voltage iimited at
approximately 30V and current limited at approximately 30 mA.

The negative input terminal is common to the output, AC powered
units provide power isolation. For DC powered units, the input,
output and power circuit all have a common negative terminal.,

4, OQutput: The output connections are made to the instrument as shown
in the connection diagram, -

The “"-KO0™ output opticn provides a 24V (nominal) pulse, with a
duration of approximately 50 ms. This pulse is capable of driving an
external electromechanical counter with a coil resistance of 75 chms
or mere., Loads less than 75 ohms are not recommended.

Note: The minus output terminal is common to the minus input
terminal. _

The "-K1* output option provides two outputs, a SPST Reed relay
contact and pulses for an electromechanical counter (similar to the
“_K0" option). MWhen driving a load referenced tec a different
potential, the Reed relay contact will provide electrical isolation,
Contact load rating is 15 volt-amps max. at 1 amp max. or 250V AC
max. resistive.

CALIBRATION:

If the unit has been factory calibrated, refer to the following
"Adjustment Procedure"™ to verify or change calibration, On factory calibrated
units, a label describing calibration appears on the enclosure, If the unit
has not been factory calibrated, select the output range from Table 2 of Partis
location Drawing No. 4500-141, page 1 of 2, before advancing fo the
"Adjustment Procedure,”

A, Select szither linear or square-root integration (refer to Parts
Location Drawing Me. 4500-141, page 1 of 2): :

1. Linear: Connact flexible integrator functicn jumper to point "L"
on the P.C. board.
_ =6~




2. Square-Root: Connect flexible integrator function jumper to
point "S" on the P.C. board.

B. Select either zero-based or live-zero input mode (refer to Parts
Location Drawing No. 4500-141, page 1 of 2):

1. Zero-Based: Remove jumper Jl.
2. Live-Zero: Jumper J1 must be connected,

The following procedure makes reference to 1 to 5Y input signals.
Calibration is essentially the same for process current inputs: 1V represents
1 mA, 4 mA or 10 mA and 5V represents 5 mA, 20 mA or 50 mA.

Locate the proper output range containing the Full Scale count rate from
Table 2, Divider Jumper Table, and read the corresponding divider jumper
position to the left. Insert the flexible divider Jumper into this location
on the P.C. board. Refer to Drawing No., 4500-141, page 1 of 2, for divider
jumper location,

Table 2
DIVIDER JUMPER TABLE
Divider Jumper Divider Ratio Qutput Range
Position Counts Per Hour (CPH)

A 1 100,600 to 200,000
B 2 50,000 to 100,000
C 4 25,000 to 50,000
] 8 12,000 to 25,000
E 16 6,000 to 12,000
F 32 3,000 to 6,000

H 64 1,500 to 3,000

J 128 750 to 1,500

K 256 375 to 750

L 512 187 to 375

M 1024 93 to 187

i 20438 47 to 93

P 4096 ' 25 to 47

Connect the integrator as shown in the connection diagram., The input
source must be adjustable over the entire input range of the unit and settable
to an accuracy of 0.1% or better, Connect an electremechanical counter (75
ohms or greater) across the output terminals. Connect an electronic
counter-timer (such as Fluke Model 1952B) to Test Point "TP+" and Test Point
“TP-", refer to Drawing Mec. 4500-141, page 1 of 2, for test-point location.
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Set the counter-timer to measure period rather than frequency to reduce
calibration time, With the counter-timer connected to these test-points, the
output of the voltage to frequency converter is being monitored. This period
measurement will differ from the period measured at the output terminals by
the divider ratio.

Locate the proper output range containing the Full-Scale (F.S.) count
rate from Table 2, Divider Jumper Table, and read the corresponding divider
ratio to the left, Determine the full-scale period that will be observed at
TP+ and TP- by using the following formula:

3600
F.S. Count Rate (CPH) X Divider Ratio

F.S. Period (sec) =

Mote: The calculated F,S., period at TP+ and TP- will always be between
0.018 sec and 0.0375 sec.

Calibration Example: 1751-W-K0-1

Input: 1 to 5Y DC (0 to 4V DC with jumper J1 cut). _

Input Function: Linear ("L" position) or Square Root ("S" position}.
Qutput Count Rate: 0 to 1000 CPH.

Qutput: -KO, pulse to activate 24V DC counter, 75 ohms minimum load.

Adjustment Procedure:
1. Place Linear (L}, Square-Root (S) jumper as required,
2. Determine divider jumper position for required count rate from Table
2, Divder Jumper Table and place jumper as indicated, as in the above
example, the jumper should be placed in the "J" position, having a
divider ratio of 128,

Divider Ratio = 128 {from Table 2, Divider Jumper Table).

3600

1000 x 176~ - 0.028 sec,

F.S. Period (sec) at TP+ =

3. Rotate the zero drop-out potentiometer (ZD0O) full counter-clockwise,

4, Apply one of the following input signals and adjust the ZERO poten-
tiometer to give a period of exactly 16 times the calculated full
scale period (refer to the preceding step 1) for a linear integrator,
or 4 times the calculated full scale period for a square-root
integrator.

A, Live-Zero Units (1 to 5V Input): Apply 1.250V input,
B, Zero-Based Units (0 to 4V Input): Apply 0.250V input

NOTE: Do not use a 0% signal input for calibration, this will cause
the zero drop-out circuit to operate and block the cutput pulses,

5. Apply one of the following input signals and adjust the fuil-scale
{F.S.) potentiometer to give the calculated full-scale period.

A, Live-Zerc Units {1 to 5Y input): Apply 5.000V Input.
B. Zero-Based Units (0 to 4Y input): Apply 4.000V Input,

6. Repeat Steps 4 and 5 above until the unit is calibrated.

.



7. Connect the counter-timer to the output terminals in parallel with
the counter. The full-scale output period will be the full-scale
period at TP+ multiplied by the divider ratio (8,16,32.,.4096).
CAUTION: Be sure the counter-timer migus (=) terminal is attached to
the minus {-) output terminal.

8. Zero Drop-Out (ZD0) Adjustment: Apply an input signal equivalent to
the desired ZD0 trip-point. Rotate the ZDO pot ciockwise until the
IDO LED lights. The ZDO network is now calibrated, Input signals
falling below this trip-point will trun the ZD0O network on and block
the output pulses,

9, The Integrator is now calibrated,

GENERAL MAINTENANCE:

These instruments contain solid-state components and require no
maintenance on a regular basis except for periodic cleaning and calibration
verification, If the integrator is not operating properly, it should be
removed and given & full bench check-out. Past experience indicates that most
problems are in the field wiring and associated circuits rather than in the
integrator itself, If a preblem is traced to the unit itself, conventional
electronic troubleshooting methods may be used.

In the event of a suspected failure, check for the presence of AC power,
Exchanging the unit with a kXnown good unit is a convenient method for
identifying faulty units. Fault isclation at the component Tevel requires
proper test equipment and qualified technicians familiar with solid-state
analog circuitry. If these facilities are not available, the unit should be
returned to the factory for repair and recalibration.

If replacement parts must be ordered, the follewing information should be
included:

A. Instrument mcdel number

B. Instrument serial number ‘

C. Component designation and value (e.g., R20 499 ohms, 1.8¥W, 1%).
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