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The decision to remove the FM approval Certification is an effort to control rising costs. Our decision to 

remove the FM approval Certification is not a result of any changes to these products.
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STATEMENT OF WARRANTY
Analog Devices warrants that the Products furnished under this Agreement will be free from material defects in 
workmanship for a period of 1 year from the date of shipment. The Customer shall provide notice to Analog Devices 
of each such defect within one week after the Customer's discovery of such defect. The sole obligation and liability 
of Analog Devices under this warranty shall be to repair or replace, at its option, without cost to the Customer, the 
product or part which is so defective and as to which such notice is given.

Upon request by Analog Devices, the product or part claimed to be defective shall immediately be returned at the 
Customer's expense to Analog Devices. Replaced or repaired products or parts will be shipped to the Customer 
at the expense of Analog Devices.

There shall be no warranty or liability for any products or parts which have been subject to misuse, accident, negli-
gence, failure of electric power or modification by the Customer without Analog Devices' approval. Final determina-
tion of warranty eligibility shall be made by Analog Devices. If a warranty claim is considered invalid for any reason, 
the Customer will be charged for services performed and expenses incurred by Analog Devices in handling and 
shipping the returned item.

As to replacement parts supplied or repairs made during the original warranty period, the warranty period of the 
replacement or repaired part shall terminate with the termination of the warranty period with respect to the original 
product or part.

THE FOREGOING WARRANTY CONSTITUTES ANALOG DEVICES' SOLE LIABILITY AND THE CUSTOMER'S SOLE 
REMEDY WITH RESPECT TO THE PRODUCTS AND IS IN LIEU OF ALL OTHER WARRANTIES, LIABILITIES AND 
REMEDIES. EXCEPT AS THUS PROVIDED, ANALOG DEVICES DISCLAIMS ALL WARRANTIES, EXPRESS OR IM-
PLIED, INCLUDING ANY WARRANTY OF MERCHANTIBILITY OR FITNESS FOR A PARTICULAR PURPOSE.
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CHAPTER 1

INTRODUCTION — SCOPE OF THE MANUAL

The intent of this manual is to serve as a guide to the proper configuration and operation of the 3B Series 
Subsystem as well as present the functional theory and specifications. A separate section is devoted to custom 
calibration and interfaces to user equipment. Appendices are included which contain accessories and custom 
ranging information.

1.1 GENERAL DESCRIPTION

The 3B Series Signal Conditioning I/O Subsystem provides a low cost, versatile method of in-
terconnecting real-world analog signals to a data acquisition, monitoring or control system. It is 
designed to interface directly to sensor or analog signals such as thermocouple, RTD, strain gage, 
frequency inputs, wideband mV and V, LVDT or AD590/AC2626 solid state temperature sensor outputs 
or millivolt or process current signals and convert the inputs to standardized analog outputs compatible 
with high level analog I/O subsystems.

The 3B Series Subsystem consists of a 19" relay rack compatible universal mounting backplane and a 
family of plug in (up to 16 per rack) input and output signal conditioning modules. Eight and four 
channel backplanes are also available. Each backplane incorporates screw terminals for sensor inputs 
and current outputs and tracks for high level single ended outputs to the connector which interfaces with 
the user's equipment.

The high performance of the 3B Series Subsystem is assured by high quality signal conditioning 
featuring 130V or 220V rms input protection, galvanic isolation, high common mode rejection, filtering, 
low drift, rugged packaging, and, when required, sensor excitation. A wide zero suppression capability 
and easy field calibration are available with a unique plug-on ranging card.

The input and output modules are offered in both isolated (± 1500V peak) and nonisolated versions. The 
input modules feature complete signal conditioning circuitry optimized for specific sensors or analog 
signals and provide high level analog output. Each input module provides two simultaneous outputs: 0 
to + 10V (or ± 10V) to the system connector and 4-20mA (or 0-20mA) to the output screw terminals. 
Output modules accept high level single ended voltage signals and provide an isolated or nonisolated 4-
20mA (or 0-20mA) process signal. All modules feature a universal pin-out and may be readily "mixed 
and matched" and interchanged without disrupting field wiring.

Each backplane contains the provision for a subsystem power supply. The 3B Series Subsystem can be 
powered either from a common dc/dc or ac power supply mounted on each backplane or from an 
externally provided dc power supply. Two LEDs are used to indicate that power is being applied.

1.1.1    FM APPROVAL/THE 3B SERIES

The 3B Series Signal Conditioning Subsystem is approved by Factory Mutual for use in Class I, 
Division 2, Groups A, B, C and D locations. This approval certifies that the 3B Series is suitable for use 
in locations where a hazardous concentration of flammable gas exists only under unlikely conditions of 
operation. Equipment of this type is called "nonincendive" and needs no special enclosure or other 
physical safeguards. For additional information on the 3B Series FM Approval, see Appendix D.

1.2       APPLICATIONS

The Analog Devices' 3B Series Signal Conditioning Subsystem is designed to provide an easy and 
convenient solution to signal conditioning problems in measurement and control applications. Some 
typical uses are in mini- and microcomputer based systems, standard data acquisition systems, 
programmable controllers, analog recorders, dedicated control systems, and other applications where 
monitoring and control of temperature, pressure, flow, position and analog signals are required. Since 
each input module features two simultaneous outputs, the voltage output can be used to provide an input 
to a microprocessor based data acquisition and control system while the current output can be used for 
analog transmission, operator interface, or an analog backup system. Figure 1.2.1 is a functional 
diagram of the 3B Series Subsystem.
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Figure 1.2.1 3B Series System Functional Block Diagram

1.3       DESCRIPTION OF 3B MODULES

The 3B input modules are single channel analog input conditioners that plug into sockets on the backplane. The choice of a 

specific 3B module depends on the type of input signal and also whether an isolated or nonisolated interface is required (refer to 

Table 1.3.1). The choice of the 3B output module depends on whether an isolated or nonisolated process current signal.is 

required. Each module is identical in size (3.150" x 0.775" x 3.395") and has the same pin out. The transfer function provided by 

each input module is:

Input — specified sensor measurement range

Output — 0 to + 10V or ± 10V dc

4-20mA or 0-20mA, nonisolated with respect to voltage output

The transfer function provided by each output module is:

Input — 0 to + 10V or ± 10V

Output — 4-20mA or 0-20mA

All modules include a printed circuit board incorporating electronic circuitry housed in a protective plastic shell. The shell 

contains provisions for securing each module to the backplane.

Table 1.3.1 Module Selection Table
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The modules are available in several factory calibrated input ranges. Each input module includes separate 
screwdriver adjustable zero and span potentiometers for both the voltage output and the current output which 
can be used for fine calibration within the chosen range. The voltage and current adjustments are independent 
and noninteractive which allows for precise calibration of both outputs. Each output module has two 
adjustable zero and span potentiometers for fine calibration of the output current. Each potentiometer has an 
adjustment range of ±5% span.

1.4       WIDE ZERO SUPPRESSION CAPABILITY

A wide zero suppression capability and easy field recalibration are available with a unique plug-on ranging 

card (AC1310). I f  a special input range is desired, i t  can be provided by ordering the externally 

programmable version of the desired module (i.e., 3B32-00) and the plug-on ranging card, AC1310. This card 

houses user supplied resistors that determine the zero and span of the desired range. The RTD modules accept 

an additional resistor that is used for linearization of the input signal, while the thermocouple module uses an 

additional resistor to set the cold junction compensation level. This feature allows the user to provide zero 

suppression of up to and beyond 100% of the input range and provide a wide range of span modification. The 

capability allows the user to map any portion of the input signal to the full output span. For example, a user 

who wants to measure temperature with a thermocouple in the range of 800-900°C can use this ranging card 

for greater system resolution in that 100°C temperature span. This tremendous flexibility should satisfy 

virtually any requirement. The resistor values are determined by equations defined for each module. See the 

appropriate data page for each module within the User's Manual for further details. Special ranges can also be 

factory configured. Analog Devices will provide the function when a model 3B_ _ - CUSTOM is ordered with 

the desired range.

1.5       APPLICATION EXAMPLE

An example of how the 3B Series Subsystem might be used with an analog I/O subsystem in a measurement 
and control application is diagrammed in Figure 1.5.1. The sensor, which could be a thermocouple, is 
connected directly to the input screw terminals. The high level voltage output of the input module is 
compatible with any high level multiplexer or analog-to-digital converter which converts the data to the digital 
form that the microprocessor requires. The digital output of the microprocessor is connected to a digital-to-
analog converter which provides a high level voltage output. The output module converts this high level 
voltage output to a process current which can be used to drive an actuator or any other control element.
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1.6      BACKPLANE FUNCTIONAL DESCRIPTION
The three backplane models: 3B01, 3B02, and 3B03 are designed for sixteen, eight, and four channels 

respectively which offers users the flexibility to match the size of a system to specific applications. The 

sixteen channel backplane can be mounted in a 19" x 5.25" panel space while all backplanes can be 

surface mounted or mounted in a NEMA enclosure.

1.7       POWER SUPPLY

The 3B Series Subsystem can operate from a common ac power supply or dc/dc ( + 24V input) power 
supply mounted in the subsystem or an externally provided ± 15V or + 24V supply. The power supply is 
bussed to all signal conditioners in the system. Several power supplies are available to satisfy various 
current requirements.































2.1.6 MODEL 3B17
FEATURES
Accepts LVDT or RVDT Input
Provides Complete LVDT Conditioning 
Provides 1kHz to 10kHz AC Excitation 
100Hz Bandwidth
High Accuracy: ±0.1%
Low Drift: ±0.01%/ºc

FUNCTIONAL DESCRIPTION
The 3B17 is a wideband input module that is designed to 
accept signals from 4, 5 or 6 wire LVDT or RVDT transducers. 
The 3B17 provides an ac excitation of 1-5V rms at frequencies 
ranging from 1kHz to 10kHz.

Figure 2.1.6.1 shows a block diagram for the 3B17. The ac 
excitation is provided on terminals 1 and 4. The amplitude and 
frequency of the ac excitation can be specified when ordered 
or can be configured externally with the AC1310 custom 
ranging card. Input protection of up to 130V is provided for the 
input and excitation circuitry. The signal is amplified to give 
the high level voltage output and automatically synchronously 
demodulated to correct for any phase shift errors from the 
primary to the secondaries of the LVDT, eliminating the need for 
a phase adjustment.

Unlike other 3B Series modules, all of the gain and zero 
suppression is accomplished with a screwdriver through the 
sliding door on top of the module. The gain adjustment has a 
256:1 adjustment range which is accomplished with a com-
bination of a digital gain set rotary switch for coarse adjustment 
and a fine trim potentiometer for precise calibration. The zero 
suppression is output referred and can adjust the output over 
±5V from the center setting. After the voltage output
is calibrated, the 130VAC protected current output can be 
independently adjusted over a ±5% span range for zero and span 
with front panel accessible potentiometers. The current output is 
provided on screw terminal connections.

Historically, users of LVDTs have had to contend with various 
error terms. For example, quadrature voltages or null voltages 
are caused by interwinding capacitance and winding assym-
metries. This error term is a residual ac voltage that appears at 
the differential output of the LVDT. It is called quadrature because 
it appears as a 90° out of phase voltage to the output signal. 
Another source of error is a fixed phase shift from
the primary to the secondary of the LVDT. This error is often 
accounted for by synchronizing the demodulator on a phase 
shifted version of the excitation. In this approach the user must 
manually trim the phase of the demodulator and hope that the 
phase relationship does not shift with time or temperature.

The 3B17 uses a unique approach to compensate for these 
errors. The two secondary windings are identified as A and B 
in Figure 2.1.6.1, with the normal output being A - B. The 
function A + B is a voltage that is in phase with the 
secondaries and nearly invariant with the core displacement. 
Since this term is much larger than the quadrature voltage, it 
can be used to drive the demodulator directly. The 3B17 
generates the A + B term by manipulating the A and A - B 
outputs. This approach automatically compensates for any
phase error between the primary and secondaries of the LVDT 
and eliminates the need for a phase adjustment. It also rejects 
any residual quadrature voltages automatically. The 3B17 is 
the complete solution for your LVDT needs.

Figure 2.1.6.1 3B17 Functional Block Diagram

The 3B17 has the flexibility to address the broad array of 
LVDTs available with its extensive gain and zero adjustment 
range. The AC excitation is limited to a 20mA rms load 
which sets a lower circuit primary impedance of 50Ω for a 
1V excitation and 250Ω for a 5V excitation. If the primary 
impedance of the LVDT is below 50Ω, the impedance of the 
LVDT can be increased by increasing the excitation frequency. 
This excitation capability addresses the vast majority of the 
LVDTs on the market.

CALIBRATION
Each model, with the exception of the 3B17-00, is setup by 
the factory for a specified excitation voltage and frequency. 
The voltage output must be trimmed before the current 
output, because the large dynamic range of adjustment is 
accomplished in the voltage stage. Once the voltage output is 
calibrated, the current output can be independently adjusted. 
The following procedure is recommended:

1. Connect model 3B17 as shown in Figure 2.1.6.1 with R
L = 250Ω, leaving the +EXC wire disconnected.

2. Adjust Vz for Vo =0V ±10mV
3. Connect the LVDT +EXC lead and adjust the mounting 

scheme so the voltage output is 0V ±100mV. If minimal 
response to core position is noticed, first turn the rotary 
switch clockwise until full displacement of the core causes 
a change of several volts at the output. The dot is at minimum 
gain. Gain increases in the direction of the arrow on the 
face of the switch. This centers the LVDT core travel for 
maximum linearity.

4. Alternately position the core at both ends of travel and 
adjust the rotary switch to be close to the desired output 
span. Fine tune the span with the gain adjustment poten-
tiometer. Each stop on the rotary switch represents a 
doubling of gain. Any gain in between two stops can be 
achieved by using the potentiometer.

5. Adjust Vz when the core position is at center to 0V ±10mV. 
Adjust Iz =4rnA ± 0.016mA or the voltage measured across 
RL =1V ± 4mV.

6. Place the LVDT in the desired full scale output position 
and adjust Is for Iout = 20mA ± 0.016mA or the voltage 
measured occurs RL = 5V ±4mV.

If a 0-20mA output is desired for a 0 to +10V output, adjust Iz 
for Iout = 0mA ± 0.020mA in step 5 and Is for Iout = 20mA ± 0.
020mA in step 6. A typical minimum output current is 10uA 
with 0-20mA operation.
If the current output is to be proportional to a -10V to 
+10V output instead of 0 to + 10V output, Iz should be 
adjusted for a - Full Scale input in step 5.
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