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Errata
Agency Certification
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ADI will no longer carry the Factory Mutual (FM) approval Certification for the 3B series of products. All
other certifications for the 3B series products will remain in place.

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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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.



CHAPTER 1 INTRODUCTION - Scope of the Manual . . . . . . ... .. ......... 1-1
1.1 General Description . . . . . . . . i . L e e e e e e e e e e e 1-1
1.1.1 FM Approval/The 3B Series . . . . . . . .. ... .. oo 1-1

1.2 Applications . . . . . . . .. L e e e e, e e e e e e 1-1
1.3 Descriptionof 3B Modules . . . . . . . . . ... e 1-2
1.4  Wide Zero Suppression Capability . . . . . . . . ... . .. Lo oo 1-3
1.5 Application Example . . . . . . . . .. e e e e e 1-3
1.6 Backplane Functional Description . . . . . . . ... .. ... . ... 0., 14
1.7 Power Supply . . . . . . . e e e e e e e 14
CHAPTER 2 SPECIFICATIONS . . . . . . . et e e e it e e 2-1
2.1  General Input Module Specifications . . . . . .. .. ... o oL Lo oL 2-1
2.1.1 Models 3B10 and 3B11 Millivolt and Voltage Inputs . . . . . . .. ... .. .. 2-5

2.1.2 Models 3B12 and 3B32 Current Inputs . . . . . . .. ... ... ... 2-7

2.1.3 Model 3BI3 ADS90 Input . . . . . . . ..o e 2-9

2.1.4 Models 3B14 and 3BISRTD Inputs . . . . . . . .. .. ... .. ..... 2-11

2.1.5 Model 3B16 Strain Gage Input . . . . . . . . ... .o 0oL 2-13

2.1.6 Model 3B17 LVDT Input . . . . . .« . .. .. i it i i ii e i 2-15

2.1.7 Model 3B18 Wide Bandwidth Strain Gage Input . . . . . ... .. ... ... 2-17

2.1.8 Models 3B30 and 3B31 Millivolt and Voltage Inputs . . . . . .. ... .. .. 2-19

2.1.9 Model 3B34 RTD Input . . . . . . . .o ittt it 2-21
2.1.10 Model 3B37 Thermocouple Input . . . . . . . .. . ... ... ... ..., 2-23

2.1.11 Models 3B40 and 3B41 Wide Bandwidth Millivolt and Voltage Inputs . . . . 2-25

2.1.12 Models 3B42, 3B43 and 3B44 ac Inputs . . . . . . . .. ... ... 2-27
2.1.13 Models 3B4S and 3B46 Frequency Inputs . . . . . ... ... .. ...... 2-29
2.1.14 Model 3B47 Linearized Thermocouple Input . . . . . . .. .. . ... ... 2-31

2.2 Output Modules . . . . . . . . . . . e e e e e e 2-33
2.3 Backplane Functional Description . . . . . . . . .. .. ... ... ... ..., 2-36
2.4 Power Supply . . . . . .. e e e e e 2-38
CHAPTER 3 INSTALLATION . . . . . . . e e e e s e 3-1
3.0 Backplane Mounting . . . . . . . . . . L e e e e 3-1
3.1 19" Rack Mount Kit (ACI330) . . . . . . . . . . . . i it ettt 3-1
3.2 3B Series Surface Mount Kits (AC1331, AC1332, AC1333) . . .. ... ... ..... 3-2
3.3  Power Supply Installation . . . . . . . . .. .. .. ... e 34
3.4 Electrical Connections . . . . . . . . . . . .0 e e e e e e 34
3.5 ModuleInstallation . . . . . . . . ... 37
CHAPTER 4 OPERATION . . . . . . . e e e e e e e e e 4-1
4.1 Backplane Jumper Options . . . . . . . . . . . .t e e e e e e e e 4-1
4.1.1 Surge Withstand Capability . . . . .. ... ... ... ... ... ...... 4-1

4.1.2 =15V and +24V Loop Power Commons . . . .. ... .. .. ........ 4-2

4.2 Interface Boards . . . . . . . . . . . ... e e e 4-2
421 RTIInterface Boards . . . . . . . . . . . . . . ..., 4-2

4.2.2 3B to RTI/MACSYM Cable Assemblies . . . . .. .. .. ... ........ 43

4.2.3 Universal Interface Boards . . . . . . . .. ... ... ... .. .. .. 4-5

4.3 Current Output Considerations . . . . . . . . . . o vt v i v vt e e e 4-6
4.3.1 Power Considerations . . . . . . . . . . . . e e 4-6

4.3.2 Current Output Load Configurations . . . . . .. ... ... ... ....... 4-6

TABLE OF CONTENTS



4.4 MOAUIE OPEIALION .ottt b e bbb et bbb 4-6

4.4 1 MOAUIE JUMPEL'S ittt bbb bbb st e et nae e ere s 4-6
4.4.2 MOdUIE CaliDrALION ...coviiciieeieeee bbb 4-7
4.4.3 Custom RanNging (Zer0 SUPPIESSION) ...coueiuirerierierierierieseeeeseeseesesesessesseseesaesaessesaeseens 4-7
N RV o To TN | =153 @] Ko gl @ To 11 o 4-7
4.4.5 MOAUIE CONSEIUCLTON ..ottt bbbt 4-7
4.5 Individual Module Mounting Kit ... 4-7
CHAPTER 5 SCHEMATICS ...ttt sttt sttt nae e ae e saesneesbenneenteeneenes 51
APPENDICES ..ottt A-1
A CUSEOM RANGING ..ttt b et eb e bbbt e s be st e b e e e e et eneesesaesaesbesaesaens A-1
Al  Custom Ranging mV, V, mA, Thermocouple, Strain Gage
ANA ADS90 MOAELS ... A-1
A2 Custom Ranging RTD MOAEIS ..o A-4
A3 Custom Ranging LYDT MOAUIE ...t e A-6
A4 RANGING LIMITS i e A-7
B MUItiple LVDT INSAHALIONS ....oeieiiiiereierere et B-1
cC AACCESSON TS ....eeeaeerer ettt e st b et R Rt R Rt R et e R R s ner et e ren s C-1
D FM Approval/The 3B Series (DOCUMENTAtiON) ......ccoovererireireireerie e D-1
E The 3B Series Subsystem: Commonly Asked QUESLIONS .........cccoiiereii i E-1



FIGURE

1.2.1
1.5.1

2.1.1
2.1.2
2.1.3
2.1.4
2.1.1.1
2.1.1.2
2.1.1.3
2.1.2.1
2.1.2.2
2.1.2.3
2.13.1
2.1.3.2
2.1.33
2.14.1
2.1.4.2
2.14.3
2.15.1
2.15.2
2.15.3
2.1.6.1
2.1.6.2
2.1.7.1
2.1.7.2
2.1.8.1
2.1.8.2
2.1.8.3
2.1.9.1
2.1.9.2
2.193
2.1.10.1
2.1.10.2
2.1.10.3
2.1.11.1
2.1.11.2
2.1.11.3
2.1.12.1
2.1.12.2
2.1.13.1
2.1.13.2
2.1.13.3
2.1.14.1
2.1.14.2
2.1.14.3
2.2.1
2.2.2
223
2.3.1
2.3.2
2.4.1

LISTOFILLUSTRATIONS

3B Series System Functional Block Diagram . . . .. .. ... ... ....... 1-2
Functional Block Diagram of a Typical Measurement and Control Application Using

the 3B Series Subsystem . . . . . .. ... .. L. L 1-3
Model 3B37 Functional Block Diagram . . . . . . ... ... ........... 2-1
Input Module Connectors . . . . . . . . . . . i i it i et e e e e e 2-3
Module Outline Dimensions . . . . . . . . . . . . v v ittt e e e 2-4
Module Input Connectors . . . . . . . . . . . . e e e e e 24
3B10 and 3B11 Function Block Diagram . . . .. ... .. ............ 2-5
3Bl0and 3Bl1 Custom Ranging . . . .. ... ... ... ... eue... 2-5
3B10 and 3B11 Zero Suppression Resistors . . . . . . ... .. ... ....... 2-6
3B32 Functional Block Diagram . . . . . . . .. .. .. . . v uui.... 2-7
3B12and 3B32 Custom Ranging . . . . . . . . . . e 2-7
3B12 and 3B32 Zero Suppression Resistors . . . . . .. ... ... .. ...... 2-8
3B13 Functional Block Diagram . . . . .. . .. ... ... ........... 2-9
3BI3CustomRanging . . . . . . . . . .. ... e e 2-10
3B13 Zero Suppression Resistors . . . . . . . . . ... .00 e e 2-10
3B14 and 3B15 Functional Block Diagram . . . . ... ... ... ........ 2-11
RTD Values Needed for Ranging Models 3B14and 3B15 . . . . ... ... ... 2-12
3Bl4and 3BIS Custom Ranging . . . . . . . . . . . i v v i v v i it it e e 2-12
3B16 Functional Block Diagram . . . . . . . . . .. ... ... ... ... 2-13
3B16 Custom Ranging . . . . . . . .« v i i i i it e e e e e e e e e e 2-13
3B16 Zero Suppression Resistors . . . . . . . . . .. ..o e e e e 2-14
3B17 Functional Block Diagram . . . . . . . . . .. ... ... ... .... 2-15
3B17 Custom Ranging . . . . . . . . . . . i i e e e e e 2-16
3B18 Functional Block Diagram . . . . . . . . . .. . ... . ..o ene... 2-17
3B18 Custom Ranging . . . . . . . . . . . . .. . ... e 2-17
3B30 and 3B31 Functional Block Diagram . . . ... ... ............ 2-19
3B30 and 3B31 Custom Ranging . . . . . . . . . . . .. ... 2-19
3B30 and 3B31 Zero Suppression Resistor . . . . . ... ... .. .. .... .. 2-20
3B34 Functional Block Diagram . . . . . . . . . oo vt vttt e 2-21
RTD Values Needed for Ranging Model 3B34 . . . . . ... ........... 2-22
3B34 Custom Ranging . . . . . . . . . . . i e e e e e 2-22
3B37 Functional Block Diagram . . . . . . . . . . . .. . ... uuuen.. 2-23
3B37 Custom Ranging . . . . . . . . . . . ... e e e 2-24
3B37 Zero Suppression Resistors . . . . . . . .. ..o 0 e e 2-24
3B40 and 3B41 Functional Block Diagram . . . . ... ... ... .. ...... 2-25
3B40 and 3B41 Custom Ranging . . . . . . . . . . . . i it i i v et e e 2-25
3B40 and 3B41 Zero Suppression Resistors . . . . .. ... ... ... ...... 2-26
3B42, 3B43 and 3B44 Functional Block Diagram . . . . . . . . ... ... . ... 2-27
3B42 and 3B43 and 3B44 Custom Ranging . . . . . . . ... . ... ... .... 2-27
3B45 and 3B46 Functional Block Diagram . . .. .. ... ... .. ....... 2-29
3B45and 3B46 Custom Ranging . . . . . . .. ... ... .. ... ....... 2-29
Threshold Selection . . . . ... ... e 2-30
3B47 Functional Block Diagram . ... ... .. e e e e e e e e 2-31
3B47 Custom Ranging . . . . . . . . . . . i i e e e e e e 2-31
3B47 Zero Suppression Resistors . . . . . . . ... Lo o 2-32
Model 3B39 Isolated Voltage to Current Converter Function Block Diagram . . . . 2-33
Output Module Connectors . . . . . . . . . .« i v v v v e e e e e 2-35
Output Module DIMensions . . . . . . . . .« c v v v v v b e e e e e e 2-35
Backplane Outline Dimensions . . . . . . . . . . .« o v o v v vt v it e 2-36
Backplane Pin Designations . . . . . . . . . . . 0t vttt e 2-37
Power Supply Connections . . . . . . . . ¢ . . ittt e e 2-38



3.0.1
3.1.1
3.1.2
3.2.1
3.2.2
3.23
3.3.1
3.4.1
3.4.2
3.43
3.4.4
3.4.5
3.4.6
4.1.1
4.1.2.1
4.2.1.1
4.2.1.2
4.2.1.3
4.2.1.4
4.2.2.1
4.2.2.2
4.3.1
4.3.2
433
4.5.1
4.5.2
5.1

5.2

53
5.4
5.5
5.6
5.7
Bl
B2

1.3.1
24.1
4.2.1.1
4.2.1.2

Backplane Mounting Dimensions . . . . . . . . . . . .. ..o, 3-1

Rack Mount Options . . . . . . . . . . i i ittt e e e e e e e e e e e e e 32
Rack Mount Assembly . . . . . . . . . . . L e e 3-2
Surface Mount Drill Template . . . . ... ... .. ... ...... . ..... 33
Surface Mount Dimensions . . . . . . . . . .. 00 o e e 33
Surface Mount Assembly . . . .. . . . . .. L L e 33
Power Supply Installation . . . . . . . . .. . ... ... oo 34
ACPower Connections . . . . . .« v v v v i i v v e et e e e e e e 34
DCPower Connections . . . . « . ¢ v v v v v v e e e e e e e e e e e e e 3-5
Screw Terminal Connection . . . . . . . . ¢ o . v b i v it e e e 3-5
Voltage O Connector . . . . . . . v vt i v vt it e e e e e e e e e e 3-6
Interface Boards — Surface Mount Dimensions . . . . .. .. .. ... ...... 3-7
Interface Boards — Surface Mount Drill Template . . . . . . . ... ... ..... 38
Adjacent Channels thatcanbe Connected . . . . . . . . . ... ... .. ..... 41
Relationship between + 15V and Loop Power Supply Commons . . . .. ... .. ‘4-2
ACI320 . . . . . e e e e e e e e e e e e e e e 43
ACI321 . . . e e e e e e e e e e e e e e e 43
ACI322 . . e e e e e e e e e e e e e 44
ACI323 . . e e e e e e e e e e e 44
ACI324 . . e e e e e e e e e e e e e e e e e e e 4-5
ACI325 . . . e e e e e e e e e e e e e 4-5
Jumper Strapping +15V Powerto LoopPower . . . . . . ... . ... ...... 46
Preferred Current Output Load Connection . . . . . . . . .« ¢« v v v v v v .. 46
Optional Current Output Load Connection . . . . . . ... ... ... ...... 46
Cold Junction Compensation Connections . . . . . . . . . . . . v v oo v v v .. 47
Individual Module Mounting Dimensions . . . . . . . . ... ... ... ..... 4-8
3BO1 SchematiC . . . . v ¢ v v v v e e e e e e e e e e e e e e e e e e e e 5-1
3B02 Schematic . . . . . . . ¢ . .t i e e e e e e e e e e e e 5-2
3B03 Schematic . . . . . . . . . . . i e e e e e e e e e e 5-3
ACI320Schematic . . . . . . . . . . v i i i e e e e e e e e e e 54
ACI321 SchematiC . . . . . . . ¢ & i it e e e e e e e e e e e e e e e e e 5-5
ACI1322 Schematic . . . . . . . . . o v e e e e e e e e e e 5-6
ACI323 Schematic . . . . . . & v v it e e e e e e e e e e e e e e e e e 5-7
Multiple LVDT Installations . . . . . . . . . . .. .. .. ... eu.... B-1
Synchronizing Multiple LVDTs . . . . . . . .. .. ... .. ... B-1
LIST OF TABLES
Module Selection Table . . . . . . . . . . . . . . i e e 1-2
Module Power Requirements . . . . . . . . . ¢ ¢ v v v v vt vt vt 2-36
Adapter Boards for Analog Devices RTIBoards . . . .. ... .......... 4-2

3B Series Cables and Connectors . . . . . . . . v v v v it e e e e e e e e e 44



CHAPTER 1
INTRODUCTION — SCOPE OF THE MANUAL

The intent of this manual isto 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.
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111
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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,
freguency 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 anal og 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.

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 Seriesis 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.

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 amicroprocessor 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 afunctional
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 moduleisidentical in size (3.150" x 0.775" x 3.395") and has the same pin out. The transfer function provided by
each input moduleis:

Input — specified sensor measurement range

Output — 0to + 10V or + 10V dc
4-20mA or 0-20mA, nonisolated with respect to voltage output

The transfer function provided by each output moduleis:

Input — O to + 10V or £ 10V
Output — 4-20mA or 0-20mA

All modulesinclude a printed circuit board incorporating electronic circuitry housed in a protective plastic shell. The shell
contains provisions for securing each module to the backplane.

INPUT MODULES

Voitage  Current Nonisolated Isolated

Input Type/Span Output Output Modules Modules
dc, = 10mV, +50mV, + 100mV +=10V 4-20mA/0-20mA 3B10 3B30,3B40
dc, 1V, =5V + 10V 4-20mA/0-20mA 3B10 3B31, 3B41
dc, £ 10V + 10V 4-20mA/0-20mA 3BI1 3B31,3B41
dc,4-20mA, 0-20mA 0-10V 4-20mA/0-20mA 3B12 3B32
Thermocouple Types J, K, T,

E,R,S,B 0-10V 4-20mA/0-20mA 3B37,3B47
100Q2 Platinum RTD, 2, 3, 4 wire

a = 0.00385 (linearized) 0-10V 4-20mA/0-20mA 3B14 3B34
10002 Platinum RTD, Kelvin 4-wire

a = 0.00385(linearized) 0-10V 4-20mA/0-20mA 3BIS
100 Copper RTD, 2 or 3 wire 0-10V 4-20mA/0-20mA 3B34-.C
1202 Nickel RTD, 2, 3, or 4 wire 0-10V 4-20mA/0-20mA 3B34-N
Strain Gage + 30mV, + 100mV +10V 4-20mA/0-20mA 3B16,3B18
LVDT4,S, 6 wircor

RVDT 4, 56 wire + 10V 4-20mA/0-20mA 3B17
ADS90/AC2626 Solid State

Temperature Transducer 0-10V 4-20mA/0-20mA 3B13
ac, 0~-50mV rms, 0-100mV rms 0-10V 4-20mA/0-20mA 3B42
ac, 0-10V rms 0-10V 4-20mA/0-20mA 3B43
ac, 0-150V rms, 0-250V rms 0-10V 4-20mA/0-20mA 3B44
Frequency 0-25Hz, 0-300Hz 0-10V 4-20mA/0-20mA 3B4S
Frequency 0-1500Hz, 0-3000Hz,

0-25kHz 0-10V 4-20mA/0-20mA 3B46

Table 1.3.1 Module Selection Table
1-2



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). | f aspecial input rangeis desired, it can be provided by ordering the externally
programmabl e 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 amodel 3B_ _ - CUSTOM is ordered with
the desired range.

15 APPLICATION EXAMPLE

An example of how the 3B Series Subsystem might be used with an analog 1/0 subsystem in a measurement
and control application is diagrammed in Figure 1.5.1. The sensor, which could be athermocouple, is
connected directly to the input screw terminals. The high level voltage output of the input moduleis
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.

SENSOR OR INPUT
TRANSMITTER " MODULE : 10V On =10
AND 4-20mA
* T ERMOCOM-E | INPUT MODULES ACCEPT REAL "
e EaE: | woRLD ANALOG INPUTS AND
PROCESS RTD Lo Ao a,| PROVIDE TWO HIGH LEVEL
ANALOG OUTPUTS
AD590 ANALOG MICRO-
‘ 10 SUBSYSTEM COMPUTER
(i.e., RTI}
ACTUATOR
(VALVE)
A OUTPUT |
4-20mA MODULE 0-10V OR =10V
OUTPUT MODULES ACCEPT
HIGH LEVEL VOLTAGE INPUTS
AND PROVIDE PROCESS
CURRENT OUTPUTS

Figure 1.5.1 Function Block Diagram of a Typical Measurement and Control Application
Using the 3B Series Subsystem



16 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 aNEMA enclosure.

17 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.



CHAPTER 2

GENERAL INPUT MODULE SPECIFICATIONS

FEATURES

Complete Signal Conditioning Function Per Module
Wide Variety of Sensor Inputs

Thermocouples, RTDs, Strain Gages, Frequency Inputs, LVDT, AD590/AC2626
Dual High Level Outputs

Voltage: 0 to +10V or =10V

Current: 4-20mA/0-20mA
Mix and Match Input Capability

Sensor Signals, mV, V, 4-20mA, 0-20mA
High Accuracy: +0.1%
Low Drift: £1uV/°C
Reliable Transformer Isolation:

+1500V CMV

160dB CMR

Meets IEEE-STD 472: Transient Protection (SWC)
Input Protection: 130V or 220V rms Continuous
Reliable Pin and Socket Connections
Low Cost Per Channel

2.1 INPUT MODULE
Each input module is a single channel signal conditioner that plugs into a socket on the backplane
and accepts its signal from the input screw terminals. All input modules provide input protection,
amplification and filtering of the input signal, accuracy of *0.1%, low drift of 1pV/°C, and
feature two high level analog outputs that are compatible with most process instrumentation.
The isolated input modules also provide = 1500V of CMYV isolation.

The choice of a specific 3B module depends on the type of input signal and also whether an
isolated or nonisolated interface is required. Input modules are available to accept millivolt,
volt, process current, thermocouple, RTD, strain gage, frequency, LVDT and AD590 inputs.
The voltage output of each module is available from the voltage I/O connector while the current
output is available on the output screw terminals.

The transfer function provided by each input module is:

Input — specified sensor measurement range
Output - 0 to +10V dc or =10V
4-20mA, nonisolated with respect to voltage output
(0-20mA output programmed by a jumper option on the module)
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For example, Figure 2.1.1 shows a functional diagram for the Model 3B37 isolated thermocouple
signal conditioner. The input signal is filtered, amplified and has cold junction compensation
applied before the isolation barrier. Reliable magnetic isolation is used to provide isolation pro-
tection. The outputs of the module are isolated from the input (up to = 1500V peak) and calibrated
for 0 to + 10V (voltage output) and 4-20mA (current output) which corresponds to the specified
input span.

GENERAL INPUT MODULE SPECIFICATIONS

(typical @ + 25°C and + 15V, + 24V dc power)

Isolated Nonisolated
Model Modules Modules
Inputs Per Selection Table *
Outputs’ Oto +10V@ SmAor =10V @
*5mA *
4-20mA or 0-20mA @
Ry = 01085002 :
Accuracy® +0.1% span *
Nonlinearity* +0.01% span b
Stability vs. Ambient Temperature
Voltage Output
Zero + 1uV/°Cfor G > 100 (RTI)
Span +0.0025% reading/°C
Current Output (w.r.t. Voltage OQutput)
Zero +0.0025% span/°C
Span +0.0025% reading/°C
Common Mode Voltage, Input to Output + 1500V pk max +6.5V°
Common Mode Rejection @ 50Hz or 60Hz
1k Source Unbalance® 160dB 904B*
Normal Mode Rejection @ 50Hz or 60HZ’ 60dB 60dB
Differential Input Protection® 220V rms, cont. 130V rms, cont.
Voltage Qutput Protection Continuous Short 1o Ground *
Current Output Protection 130V rms, cont. *
Zero and Span Adjustment Range® + 5% of span *
Input Transient Protection Meets IEEE-STD 472 (SWC) N/A
Input Resistance 15SMQ 100MQ
Bandwidth !¢ 3Hz(—3dB)or 3Hz(— 3dB)or
10kHz( — 3dB) 20kHz(— 3dB)
Power Supply!! +15Vdc, +24Vdc *
Size 3.150" x 0.775" x 3.395" *
Environmental
Temperature Range, Rated Performance -25°Cto +85°C *
Storage Temperature Range —55°Cto +85°C *
Relative Humidity Conforms to MIL Spec202 01095% @ 60°C
noncondensing
RFI Susceptibility +0.5% span error,
5W @ 400MHz @ 3 ft.
NOTES

Woltage output range is determined by the module input range while the current output range is user selectable.

Model 3B47 does not have a current output.

2Fora 0-20mA range, a typical miniraum output currentis 10pA.
3Accuracy spec includes the combined effects of repeatability, hysteresis and linearity, Does not include
sensor or signal source error. 3B42, 3B43 and 3B44 havea +0.5%accuracy. 3B17 has +0.1%

accuracy when calibrated.

“RTD Models 3B14, 3B15, 3B34 and LVDT Model 3B17 have a linearization conformity error of +0.05%.
SModels 3B13, 3B14, 3B15, 3B 16, and 3B17 cach have the common mode voltage determined by the internal

excitation circuitry.

$Only applies to units with 3Hz bandwidth. Models 3B18, 3B40, 3B4| have a CMR of 100dB.

"Only applies to units with 3Hz bandwidth,

3Includes excitation circuitry for models 3B13, 3B14, 3B15, 3B16, 3B17, 3B18 and 3B34.
°A wide range of zero suppression and custom calibration may be accomplished with a custom
ranging card, AC1310. Model 3B17 has a gain adjustment range of 256:1 and an output

referred zero suppression range of +SV.

1°Mode! 3B18 has a 20kHz bandwidth; models 3B40 and 3B41 have a 10kHz bandwidth; model 3B17 hasa

100Hz bandwidth.

114 24V dc power is only needed for driving the current output at up to 850€1. If only voltage
output is used, or a current output load of 40052 or less is desired, + 15V isall thatis required.

*Specifications same as isolated modules.
Specifications subject to change without notice.



If a special input range is desired, it can be provided with the externally programmable version
of the desired module, the plug-on ranging card, and user supplied resistors. See the discussion
of the module of interest within the User’s Manual for further details.

Each input module has two user programmable jumper options. One option allows the user to
program the current output to be proportional to either the 0 to + 10V output or a — 10V to

+ 10V output. The second option allows the user to determine if the current output is 4-20mA
or 0-20mA. All modules are shipped from the factory configured so that the current output is
proportional to the 0 to + 10V output and each current output is 4-20mA. If the push-on jumpers
are changed, the zero and full scale points will shift by approximately 0.25% of span and will
need to be recalibrated to remove this error.

The current output of all input modules requires a grounded return. The grounded return of
the current output can only be used for the return of ONE MODULE. Two or more modules
SHOULD NOT BE connected to the same RETURN terminal. If several current loops are to
be returned with one ground, that connection should be made to the Loop Common on the DC
POWER connector.

OUTPUT CONNECTOR
IRETURN 2| @ ® (1 LOUT INPUT CONNECTOR
KEY 4| @ ® (3 KEY cJcouT 2| @ e | 1L0
LOOPPOWER ¢ | @ e |5 +24v cJcCOM4 | o e | 3HI
COMMON _
RES. 8| @ ® |7 RES. —EXC6 | @ [ 5 +EXC
RES. 10| @ ® |9 -15V
BOTTOM VIEW
V-0UuUT12 e | |1 POWERCOM
Input Connector
V+0UT 14| © ® (13 415V
BOTTOM VIEW
Output Connector
L I
TOP VIEW ..
1= 7 . o OUTPUT/POWER
b R2 P e o
LI ]
Y - R3 |} .
e o
D D D 1 CURRENT
D D E] OuUTPUT
PROGRAMMING
R4
o]l OPTIONAL
R1 - R4 ARE USER SUPPLIED oe RANGING
RESISTORS .o CARD
Ranging Card .
CURRENT OUTPUT . e . INPUT
JUMPER PROGRAMMING e
2| @l 1 BOTTOM VIEW
UNIPOLAR | { 0-20mA
ouTPUT ol
BIPOLAR 4 ] ! : 3 4.20mA Bottom View of Connectors
OUTPUT 6 : s
. | S
BOTTOM VIEW
Fumper Options

Figure 2.1.2 Input Module Connectors
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Figure 2.1.3 Module Outline Dimensions (Dimensions- shown in inches and (mm)).
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2.1.1 MODELS 3B10 AND 3B11
FEATURES
Accepts Millivolt and Volt Inputs
3B10: +10mV to +5V
3B11: =10V

FUNCTIONAL DESCRIPTION

Model 3B10 is a nonisolated voltage input device that is
designed to accept a wide range of input voltages, ranging
from = 10mV to +5V. Model 3BI11 is a nonisolated high
level voltage input device that is designed to accept = 10V.

Figure 2.1.1.1 shows a functional diagram for models 3B10
and 3Bl11. Input protection of up to 130V is provided on the
input screw terminals. The signal is then amplified and filtered
to give the high level voltage output. Chopper based amplifi-
cation is used to assure low drift and excellent long term
stability. Both the voltage and current outputs can be inde-
pendently adjusted over a *5% span range for zero and
span with the front panel accessible potentiometers. The
current output, which has 130V output protection, interfaces
with user equipment through screw terminal connections.

Both models 3B10 and 3B11 require a ground return for the
input connections-to return the bias current to ground.

FINE CALIBRATION

Each model is factory calibrated for a specified range to
provide zero and span accuracy of +0.1% of span. User
accessible zero and span trim potentiometers providing a
#+ 5% adjustment range permit precise field calibration of
both the voltage output and the current output. The two
outputs are adjusted independently and are noninteractive.
The following nonrecursive adjustment procedure is
recommended:

1. Connect model 3B10(3B11)asshowninFigure 2.1.1.1
withRp = 250Q.

2. Apply Vin = Ovolts, adjust Vg for Voyt = 0V = 10mV
and Iz for Ioyt = 4mA = 0.016mA or the measured
voltageacrossR; = +1V =4mV.

3. Apply Vin = + Full Scale, adjust Vg for Vout =
+ 10V = 10mV and adjust Is for Ioyt = 20mA

+0.016mA or the measured voltage across R} =
+5V £4mV.

If a 0-20mA output is desired for a 0 to + 10V output, adjust
Iz for Iopyt = OmA +.020mA in Step 2 and I5 for Ioyt =
20mA *.020mA in Step 3. (A typical minimum output
current is |0uA with 0-20mA operation).

If the current output is to be proportional to a — 10V to
+ 10V output instead of a 0 to + 10V output, Iz should be
adjusted for a — Full Scale input in Step. 2.

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION

A wide zero suppression capability and easy field calibration
are available with a plug-on ranging card, AC1310. If a special
input range is desired, it can be provided by ordering the
externally programmable version of the desired module (i.e.,
3B10-00) and the AC1310 which houses user supplied resistors
that determine the zero and span of the new range. A special
range can also be factory configured. Consult the factory for
details.
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Figure 2.1.1.1. 3BI0 and 3B11 Functional Block Diagram

The basic transfer function of both the 3B10 and 3BI11 is:

Vo = Gx(Vivn—Vz)
Where Vo =  OutputVoltage
G =  Gain
Vin = InputVoltage
Vz = ZeroSuppression Voltage

GAIN SETTING RELATION

With the AC1310, the gain G is set by Ry, which forms part
of an internal divider and is determined from the following
relation:

3B10 3B11
10k 1kQ
R‘=G0—? Ri=G-01

Gain G is a ratio of the change of output to the input change
that produced it. Model 3B11 is a 3B10 with a 10X normal
mode input attenuator. The attenuation is done before the
zero suppression or gain, which causes a change in these
relations. If there is to be no zero suppression, R, should be
a jumper and R; should be left open. These resistors should
be installed as indicated in Figure 2.1.1.2.

GAIN SELECTION GAIN AND ZERO

ONLY SUPPRESSION
R, Gain Resistor Gain Resistor
R, Jumper Zero Suppression Resistor
R; Open Zero Suppression Resistor
R4 Open Open

Figure 2.1.1.2 3B10 and 3B11 Custom Ranging



SPECIFICATIONS

(typical @ + 25°C and + 15V, + 24V dc power)

Modet

fnpuls
Outputs

Maximum Current Output Range
Accuracy?
Nonlinearity

Stability vs. Ambient Temperature

Voltage Output
Zero
Span

Current Output (w.r.1. Voltage Outpur)

Zero
Span

Common Mode Voltage, Input to Output
Common Mode Rejection (@ 50Hz or 60Hz

1k£2 Source Unbalance

Normal Mode Rejection ¢ 50Hzor 60Hz

Differential Input Protection
Voltage Output Protection
Current Output Protection
Zeroand Span Adjustment Range®
Response Time to 90% Span

Input Resistance

Input Bias Current

Input Noise

QOutput Noise

Bandwidth
Power Supplies®
= 15V Input Supplies Range
(Rated Operation)
Supply Rejection
Supply Current
+ 24V Loop Supply Range
Supply Rejection
Supply Current
Size
Eavironmental

Temperature Range, Rated Performance

Storage Temperature Range

Relative Humidity Conforms to MIL Spec 202

RF1 Susceptibility

NOTES

1B10

=10mV o =5V

=10V «r SmA

4-20mA or 0-20mA
R;. = 0to 8506

0-31mA

=0.1% span

+0.01%span

+luvrc?
= 0.0025% reading/°C

= 0.0025% span/°C
+0.0025% reading/°C
*6.5V

90dB*

60dB

130V rms, cont.

Continuous Short 1o Ground

130V rms, cont.

= 5% of span

0.2sec

100M2

InA

0.2uV rmsat 10H2
bandwidth

50V rmsin 100kHz
bandwidth

3Hz(-3dB)

=(11.5V1016.5V)
+0.01% span/V

*10mA

+12Vio +30V
0.0002% span/V

27mA (at + F8)

3.150" x 0.775" x 3.395"

-25°Cto +85°C
-55°Cro +85°C
01095% (¢ 60°C
noncondensing
=0.5% span error,
5W (¢ 400MHz @ 3 ft.

'Fora 0-20mA range, a typical minimum oulpul currentis 10uA.

?Accuracy specincludes the bined effects of

not include sensor or signal scurce error.

bility,

is and lincarity. Does

*Models 3B10-04 and 3B10-05 have zero drift valuesof 3 V/C and 15 V7 C respectively.
“Modeis 3B 10-03, 3B10-04 and 3B10-05 have CMR values of 85dB, 80dB 2nd 75dB respectively.
A wide range of 7ero suppression and custom calibration may be accumplished with a custum

ranging card, AC1310.

© + 24V dc power is only needed for driving the current output atupto 85012. M only voltage
output is used, or a currentoutput load uf 400f L or less is desired, + 15V isall thatisrequired.

*Specifications same as 3B 10.

Specificalions subjeci 10 change withoul notice.

ORDERING INFORMATION

Input Range Model Number
Low Level,

Externally Programmable 3B10-00
+10mV 3B10-01
+50mV . 3B10-02
+100mV 3B10-03
+1V 3B10-04
+5V 3B10-05
High Level,

Externally Programmable 3B11-00

=10V

3B11-01

1B11
=10V

PSS SR T Y

ZERO SUPPRESSION VOLTAGE

For the 3B10, the zero suppression voltage, V2, can be set
for any value between —6.35V and +6.35V through the use
of R; and R; while Vz can be set to any value from —63.5V
to +63.5V for model 3B11. V3 is determined from the following
relations:

3B10 3B11

R
Vz = 6.35V % 2

m VZ = 63.5Vx

2
R2+R3

with the sign of Vz determined by the choice of location A
(positive) or location B (negative) for Ry (see Figure 2.1.1.3).
The total resistance of (R; + Rj) should be approximately
10k} 1o avoid taking excessive current from the voltage
reference or self heating in the resistors. (For the 3B11, the
63.5V term is a function of the 10 X attenuation of the input
signal. The internal voltage reference is 6.35V and high watt
resistors are not required for zero suppression). Using 10k{)
as the total value, R; and R; are determined from the following
relations:

3B10 3B]1

R, = V2 % 10k0 R, = —Z x 10kQ
2% g35v ~ 27 635V

R; = 10kQ — R, R, = 10kQ — R,

REF: +6.35V  -6.35V

Poi:]
/

7/

Ra

- Ry

Figure 2.1.1.3 3BI0 and 3B11 Zero Suppression Resistors

LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits that must be
observed. For the 3B10, the maximum input voltage for
normal linear operation at either the HI or LO input terminal
is £6.6V with respect to output (system) common. For the
3B11, a similar relation applies after the input signal has
been attenuated by a factor of 10. These relations are shown
below:

3B10: Ve + Vg = 6.6

\%
3BI1: Ve + %s 6.6
The range of the module’s voltage output adjustment is at
least = 0.5V at the module output and can therefore correct
any input offset error of less than 0.5V/Gain for the 3B10
and 5V/Gain for the 3B11. If possible the resistors used
should be 1% tolerance, 10ppm. See Appendix A for a detailed
discussion of limits, error contributions, and temperature
effects of the ranging card.

2-6



2.1.2 MODELS 3B12 AND 3B32
FEATURES
Accepts Process Current Inputs
(4-20mA or 0-20mA)
Reliable Transformer Isolation (3B32)
+ 1500V CMV
160dB CMR
Meets IEEE-STD 472: Transient Protection (SWC)

FUNCTIONAL DESCRIPTION

Model 3B32 is an isolated current input device that is designed
to accept a process current (4-20mA or 0-20mA). The 3B12
offers a functionally equivalent design without input to output
isolation.

Figure 2.1.2.1 shows a functional diagram for the model
3B32. The model 3B 12 offers the same functional characteristics
as the 3B32 but does not include isolation circuitry. A current
sensing resistor, supplied with each module, is connected to
screw terminals 2 and 3.

Input protection of up to 220V is provided for the 3B32
(130V for the 3B12) on the input screw terminals. The signal
is then amplified and filtered to give the high level voltage
output. Chopper based amplification is used to assure low
drift and excellent long term stability. Transformer coupling
is used to achieve stable, galvanic isolation between input
and output. Both the voltage and current output can be
independently adjusted over a = 5% span range for zero and
span with the front panel accessible potentiometers. The
current output, which has 130V output protection, interfaces
with user equipment through screw terminal connections.

Model 3B12 requires a ground return for the input connection
to return the bias current to ground.

FINE CALIBRATION

Each model is factory calibrated for a specified range to
provide zero and span accuracy of =0.1% of span. User
accessible zero and span trim potentiometers providing a
*5% adjustment range permit precise field calibration of
both the voltage output and the current output. The two
outputs are adjusted independently and are noninteractive.
The following nonrecursive adjustment procedure is recom-
mended:

1. Connectmodel 3B12(3B32)as shownin Figure2.1.2.1
withRp = 2500).

2. ApplyIiy = 4mA, adjust Vz for Voyt = 0V = 10mV
and Iz for Ioyt = 4mA = 0.016mA or the measured
voltageacrossRy = + 1V =4mV.

3. ApplyIin = 20mA, adjust Vg for Voyt = + 10V
+ 10mV and Is for oyt = 20mA =0.016mA
or the measured voltage across Ry, = +5V £4mV.

If a 0-20mA input is used, Iy should be OmA in step 2. If a
0-20mA output is desired, Iz should be adjusted for 0mA
+0.020mA in step 2 and I should be adjusted for IoyT
20mA = 0.020mA in step 3 (a typical minimum output current
is 10wA with 0-20mA operation).

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION ‘

A wide zero suppression capability and easy field calibration
are available with a plug-on ranging card, AC1310. If a special
input range is desired, it can be provided by ordering the
externally programmable version of the desired module (i.e.
3B32-00) and the AC1310 which houses user supplied resistors
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Figure 2.1.2.1 3B32 Functional Block Diagram

that determine the zero and span of the new range. A special
range can also be factory configured. Consult the factory for
details.

The basic transfer function of both the 3B12 and 3B32 is:

Vo = GViNn-V2)
Where
Vo = Output Voltage
G = Gain
Vin = Iin(100Q)
Vz = Iz(100))
Ii'' = InputCurrent
Iz = ZeroSuppression Current

These relations assume the use of the 100Q) resistor supplied
with each module.

GAIN SETTING RELATION

With the AC1310, the gain G is set by R;, which forms part
of an internal divider and is determined from the following
relation:

3B12 3B32
10k 40k
Ri=gop  Ri=ghy

Gain G is a ratio of the change of output to the input change
that produced it. If there is to be no zero suppression, R;
should be a jumper and R; should be left open. These resistors
should be installed as indicated in Figure 2.1.2.2.

GAIN SELECTION GAIN AND ZERO

ONLY SUPPRESSION
R, Gain Resistor Gain Resistor
R, Jumper Zero Suppression Resistor
Rj Open Zero Suppression Resistor
R4 Open Open

Figure 2.1.2.2 3B12 and 3B32 Custom Ranging



SPECIFICATIONS

{typical @ + 25°C and = 15V, + 24V dc power)

Maoadel

Inputs
Ourputs

Maximum Current Output Span
Accuracy®
Nonlincarity
Stability vs. Ambient Temperature
Voliage Qutput
Zero
Span
Current Output (w.r.t. Voltage Output)
Zero
Span
Common Mode Voltage, Input to Output
Common Mode Rejection (i S0Hz or 60Hz
1k{) Source Unbalance
Normal Mode Rejection (@ 50Hz or 60Hz
Differential Input Protection
Voltage Qutput Protection
CurrentOutput Protection
Zero and Span Adjustment Range®
Response Time to 90% Span
Input Transient Protection
Input Resistance
Input Bias Current
Input Noise

Qutput Noise

Bandwidth
Power Supplies*
+ 5V Input Supplies Range
(Rated Operation)
Supply Rejection
Supply Current
+ 24V Loop Supply Range
Supply Rejection
Supply Current
Size
Environmental
Temperature Range, Rated Performance
Storage Temperature Range
Relative Humidity Conforms to MiL.
Spec 202
RF1 Susceptibility

NOTES

!Fora0-20mA range, a typical minimum outpul curren
< d ff,

3B32

4-20mA, 0-20mA

Oto + 10V (1 SmA

4-20mA or 0-20mA ««
Ry = 01085002'

0-31mA

*0.1% span

+0.01%span

+0.0025% span/°C
+0.0025% reading”C

+0.0025% span/°C
*0.0025% reading/°C
+ 1500V pk max

160dB

60dB

220V rms, cont.

Continuous Short 10 Ground

130V rms, cont.

+ 5% of span

0.2sec

Meets IEEE-STD 472(SWCQC)

1SMQO

3nA

0.2pV rmsat [0Hz

- bandwidth

50V rmsin 100kHz
bandwidth

3Hz(-3dB)

+(11.5V1016.5V)
*0.01% span/'V

+10mA

+12V10 +30V

0.0002% span/V

27mA (a1 + FS)

3.150" x 0.775" x 3.395"

—25°Cro + 85°C
—55°Ci0 +85°C
01095% ( 60°C
noncondensing
+0.5% span error,
SW (@ 400MHz (@ 3 fi.

tis 10pA.

2Accurucy specincludes the
nol include sensoror signal source error.

bility, isand lincarity. Doecs

1A wide range of zero suppression and custom calibration may be accomplished with a custom

ranging card, AC1310.

4+ 24V dc power is only needed for driving the current outpur at up 10 850(1. I only voltage

oulput is used, or a current output Joad of 400£1 or less is desired, = 15V isall that is required.

*Specifications same as 3832,
Specifications subject to change without notice.

ORDERING INFORMATION
Model Number Model Number

3B12

30pV°C
.

+6.5V

904B

130V rms, cont.

P

»

Input Ranges (Isolated) (Nonisolated)
Externally Programmable 3B32-00 3B12-00
4-20mA 3B32-01 3B12-01
0-20mA 3B32-02 3B12-02

ZERO SUPPRESSION VOLTAGE

For the 3B12, the zero suppression term, Iz, can be set for
any value between —63.5mA and + 63.5mA through the use
of R; and R; while I can be set to any value from —31.75mA
to +31.75mA for model 3B32. Iz is determined from the
following relations:

R, )

3B12: Iz = 0.0635 x K K, (Iz in Amps)
R, .

3B32: IZ = 0.03175 x RZ—+R—3 (IZ 1n Amps)

with the sign of Iz determined by the choice of location A
(positive) or location B (negauve) for R; (see Figure 2.1.2.3).
The total resistance of (R; + Rj) should be approximately
10k} to avoid taking excessive current from the voltage
reference or self heating in the resistors. Using 10k(} as the
total value, R; and Rj are determined from the following
relations:

3B12

IOOQ'IZ .
R2 = W X 10k} (IZ n Amps)
R, = 10kQ — R,
3B32

IOOQ'IZ .
RZ = —m x 10k (IZ in Amps)
R3 = lokQ - R2

+6.35V —6.35V +3.175vV  -3.17%V

A preB

/7

/7

Ry

Rz

3B12 3B32

Figure 2.1.2.3 3B12 and 3B32 Zero Suppression Resistors

LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits that must be
observed. For the 3B12, the maximum input at either the

HI or LO input terminal is =6.6V with respect to output
(system) common, which implies a 66mA current through
the 1002 resistor. The supplied resistor is 1/8W which means
a higher watt resistor should be used if this much current is
required. The maximum input current for the 3B12 is 30mA.
The range of both module’s voltage output adjustment is at
least = 0.5V at the module output and can therefore correct
any input offset error of less than 0.5V/Gain or SmA/Gain
with the 100{) external resistor. If possible the resistors used
should be 1% tolerance, 10ppm. See Appendix A for a detailed
discussion of limits, error contributions, and temperature
effects of the ranging card.



2.1.3 MODEL 3B13

FEATURES
Accepts AD590/AC2626 Input

FUNCTIONAL DESCRIPTION

The 3B13 is designed to interface with Analog Devices’ AD590

temperature transducer. The 3B13 is a nonisolated device
that accommodates the AD590 temperature measurement
range of —55°C to +130°C.

Figure 2.1.3.1 shows a functional diagram for model 3B13.
A current sensing resistor, supplied with each module, is
connected to screw terminals 2 and 3. Sensor excitation of
up to +6V is provided by the modules. Input protection of
up to 130V for the input and excitation screw terminals is
provided in each device. The signal is then amplified and
filtered to give the high level voltage output. Chopper based
amplification is used to assure low drift and excellent long
term stability. Both the voltage and current outputs can be
independently adjusted over a +5% span range for zero and
span with the front panel accessible potentiometers. The
current output, which has 130V input protection, interfaces
with user equipment through screw terminal connections.

FINE CALIBRATION

The 3B13 is factory calibrated to operate over most of the
full range of the AD590 (—55°C to +130°C) and provides
zero and span accuracy of +0.1% span. User accessible zero
and span trim potentiometers providing a + 5% adjustment
range permit precise field calibration of both the voltage and
current output. The two outputs are adjusted independently
and are noninteractive. The following nonrecursive adjustment
‘procedure is recommended:

1. Connectmodel 3B13 as shown in Figure 2.1.3.1 with
R;. = 2500.

2. Apply Iy = 218. 15|.LA, adjust Vzfor Voyt = 0V
+10mV and Iz for [oyt = 4mA +0.016mA or
the measured voltageaccess Ry, = +1V =4mV.

3. ApplyIin = 403.15pA, adjust Vs for Voyt = + 10V
+ 10mV and I5 for [oyt = 20mA =0.016mA
or the measured voltage access Ry = + 5V +4mV.

If a 0-20mA output is desired, I should be adjusted for
OmA +0.020mA in step 2 and I should be adjusted for
Iour = 20mA =0.020mA in step 3 (A typical minimum
output current is 10pA with 0-20mA operation).

The AD590 provides an output of 1nA/°K and the value of
Iy above is determined by the relation °’K = °C +273.15.
Thus for the AD590 range, —55°C = 218.15°K and + 130°C
= 403.15°K. The calibration is most readily accomplished
with a current source and the AD590 could be used if it can
be maintained at both reference temperatures.

The ADS590 is available in many accuracy grades with cali-
bration errors ranging from =0.5°C to =10.0°C. It is rec-
ommended that the higher quality grades be used (grades K,
L or M) to assure that the 3B13 can be properly calibrated
for system zero if desired. The accuracy of the 3B13 does
not include sensor error. '

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION

A wide zero suppression capability and easy field calibration

are available with a plug-on ranging card, AC1310. If a special

input range is desired, it can be provided by ordering the

S

+V Loop

toop COM

Yout

Youl COM

X
@
2

Renging

Card
{If Used ) 0—1
P2

Figure 2.1.3.1 3B13 Functional Block Diagram

Pwr COM
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externally programmable version of the desired module (i.e.,
3B13-00) and the AC1310 which houses user supplied resistors
that determine the zero and span of the new range. A special
range can also be factory configured. Consult the factory for

details.

The 3B13 is designed for use with AD590/AC2626 temperature
sensors, whose output is 1pA per degree Kelvin. This current
is converted to a voltage of 2ZmV per °K by a 2k{) sensing
resistor supplied with the 3B13. The 3B13 processes this
signal exactly as would a 3B10, and the same rules for computing
ranging components apply. However, it may be more con-
venient to work directly with the endpoint temperatures
needed for an application. Use the following procedure:

1. Convert all temperatures to °K.
To convert from °C to °K add 273.
To convert from °F to °K, multiply by % and add
255.2.
To convert from °R to °K, multiply by %
2. Compute the values for the gain setting resistors, R; and
the zero suppression resistors R; and R;A. If a0V to
+ 10V output span is desired, the relations are:

AT
5000 — AT

Zero Suppression R, = Tig X 3.150
Resistors: R;A = 10k} — R,

Gain Setting Resistor: R; = x 10kQ)

Where Ty g is the Kelvin temperature that is to read
OVourt and AT is the total temperature from Ty o to the
temperature that is to read + 10VoyT.

3. If an output range of other than 0 to + 10V is desired,
the following relations should be used:

AT
500AV - AT

Tio AV ~ Vi AT

Gain Setting Resistor: R; = x 10kQ)

Zero Suppression R; = x 3.150)

A
R3A = lOkQ - Rz

Resistors:

Where Tpo is the Kelvin temperature at the low end of the
measurement range that is to produce an output of
Vio
T is the Kelvin temperature at the high end of the
measurement range that is to produce an output of
VHI.
AT is the total temperature range (Tyr — Tro)
AV is the total output span (Vi1 — Vi)



SPECIFICATIONS

(typical @ -+ 25°C and =15V, + 24V dc power)

Model

inputs
OQutputs

Maximum Current Output Span
Accuracy®
Nonlinearity
Stability vs. Ambient Temperature
Voltage Output
Zero
Span
Current Output (w.r.t. Voltage Output)
Zero
Span
Normal Mode Rejection @ 50Hz or 60Hz
Differential Input Protection?
Voltage Output Protection
Current Output Protection
Zeroand Span Adjustment Range?
Response Time to 90% Span
Input Resistance
Input Bias Current
Excitation Voltage
Input Noise
Output Noise
Bandwidth
Power Supplies®
= 15V Input Supplies Range
(Rated Operation)
Supply Rejection
Supply Current
+ 24V Loop Supply Range
Supply Rejection
Supply Current
Size
Environmental
Temperature Range, Rated Performance
Storage Temperature Range

Relative Humidity Conforms to MIL Spec 202

RFI Susceptibility

NOTES

3B13.01

ADS%0{~55°Cto + 130°C)
O0to + 10V« 5mA
4-20mA or 0-20mA («

Ry, = 0108500
0-31mA
= 0.1% span
+0.01% span

+0.01°CrC
+0.0025% reading/°C

+0.0025% span/°C
+0.0025% reading/°C

60dB

130V rms. cont.

Continuous Short to Ground
{30V rms, cont.

=+ 5% of span

0.2sec

100MQ

3nA

+6V

0.2V rms at 10Hz bandwidth

50V rms in 100kHz bandwidth

3Hz(-3dB)

+=(11.5V10 16.5V)
*0.01% span/V

+12mA

+ {2V 1o + 30V
0.0002% span/V

27mA (at +FS)

3.150" x 0.775" x 3.395"

~25°Cto +85°C
—55°Cto +85°C

01095% (« 60°C noncondensing

*+0.5% span error, SW («
400MHz e 3 ft.

'For a 0-20mA range, a typical minimum output current is 10)LA.,
Accuracy spec includes the combined effects of repeatability, hysteresis and linearity. Does

not include sensor or signal source error.
IIncludes excitation circuitry.

*A wide range of zero suppression and custom calibration may be accomplished with a custom

ranging card, AC1310.

%+ 24V dc power is only needed for driving the current output at up to 8501). If only voitage
output isused, or acurrent output load of 400¢} or less isdesired, * 15V is all that is required.

Specifications subject to change without notice.

ORDERING INFORMATION

Input Ranges

Externally Programmable
—55°Cto +130°C
(—67°Fto +266°F)

Model Number

3B13-00
3B13-01

4. R; should always go in location A. The total resistance of
R; + Rj should be approximately 10k{} to avoid taking
excessive current from the voltage reference or self heating
in the resistors. If there is no zero suppression, (—273°K
= 0V), R; should be a 1umper and R; left open (see
Figure 2.1.3.3.).

GAIN SELECTION GAIN AND ZERO
, ONLY SUPPRESSION
R, Gain Resistor GainResistor
R, Jumper Zero Suppression Resistor
R3a Open Zero Suppression Resistor
Rs Open Open
Figure 2.1.3.2 3BI13 Custom Ranging
+6.35V —-6.35V
A FB
/
+
Vz
R; should always go in location A.
Figure 2.1.3.3 3BI13 Zero Suppression Resistors
LIMITS

The ranging card can be used to create a wide range of
special transfer functions, but there are practical limits
that must be observed. For the 3B13, the maximum input
at either the HI or LO input terminal is +6.6V with

respect to output (system) common,

which implies a 3.3mA

current through the 2k(} resistor. The range of the modules
voltage output adjustment is at least =0.5V at the module
output and can therefore correct any error less than 0.5V/
Gain or 250uA/Gain with the 2k external resistor.* If
possible, the resistors used should be 1% tolerance 10ppm.
See Appendix A for a detailed discussion of limits, error
contributions, and temperature effects of the ranging
card.

*With the AD590, there is 273°K of zero suppression for any range beginning
at 0°C. This large amount of zero suppression limits the amount of gain that
can be taken so thai in general a practical temperature range may be 100°C.
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2.1.4 MODELS 3B14 AND 3B15
FEATURES
Accepts RTD Inputs
Linearized Outputs
Sensor Excitation Provided
Low Conformity Error
Low Lead Resistance Effect

FUNCTIONAL DESCRIPTION

The 3B14 and 3BI15 are designed to accept a platinum RTD
(Resistance Temperature Detector) input from the input
screw terminals. The 3B14 accepts inputs from 2 or 3 wire
RTDs while the 3B15 is specifically designed for 4 wire
RTDs where high accuracy is required. The 3B14 provides
automatic lead wire compensation to eliminate the effect of
lead resistance from 3 wire sensors with an accuracy of +0.02°C/
). The 3B15 provides automatic lead wire compensation for
4 wire sensors with an accuracy of *0.00001°C/Q). The RTD
signal is internally linearized in each model to provide an
output that is linear with temperature.

Figure 2.1.4.1 shows a functional diagram for models 3B14
and 3B15. A sensor excitation current of .25mA is provided
by each module. Input protection of up to 130V for the
input and excitation circuitry is provided. The signal is then
amplified, linearized, and filtered to give the high level voltage
output. Chopper based amplification is used to assure low
drift and excellent long term stability. Both the voltage and .
current outputs can be independently adjusted over a = 5%
span range for zero and span with the front panel accessible
potentiometers. The current output, which has 130V output
protection, interfaces with user equipment through screw
terminal connections.

FINE CALIBRATION

Each model is factory calibrated for a specified range to
provide zero and span accuracy of =0.1% of span. User
accessible zero and span trim potentiometers providing a
+ 5% adjustment range permit precise field calibration of
both the voltage output and the current output. The two
outputs are adjusted independently and are noninteractive.
The following nonrecursive adjustment procedure is
recommended:

1. Connect model 3B14 (3B15) as shown in Figure
2.1.4.1. with Ry, = 250(). Substitute a resistance
standard for the RTD.

2. Determine the minimum and maximum resistance
values of the platinum RTD from standard resistance/
temperature tables. (For example, a measurement
range of 0 to 100°C for a 100{) platinum RTD corres-
ponds to a resistance range of 100.00€) to 138.5011.)

3. Connect the required minimum input resistance
standard, adjust Vz for Voyr = 0V =10mV and Iz
for Iopyr = 4mA =0.016mA or the measured voltage
across Ry = +1V =4mA.

4. Connect the required maximum input resistance
standard, adjust Vs for Voyr = + 10V x=20mV and
Is for Iopr = 20mA =0.016mA or the measured
voltage across Ry, = +5V =4mV.

If a 0-20mA output is desired, Iz should be adjusted for
Iour = OmA +0.020mA in step 2 and Ig should be adjusted
for Ioyr = 20mA =0.020mA in step 3. (A typical minimum
output current is 10p.A with 0-20mA operation).

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION

A wide zero suppression capability and easy field calibration
are available with a plug-on ranging card, AC1310. If a special

Vil out
Output
@ 1span Protection
@ Izeto =
ou
T lllultl T Relum
o

Jumpers ]

Vout

Cerd
{1 Used )

1000 00 00 0o

Figure 2.1.4.1 3B14 and 3B15 Functional Block Diagram

input range is desired, it can be provided by ordering the
externally programmable version of the desired module (i.e.,
3B14-00) and the AC1310 which houses user supplied resistors
that determine the zero and span of the new range. A special
range can also be factory configured. Consult the factory for
details.

The ranging relations are identical for the 3B14 and 3B15.
Ranging applications can be divided into two categories,
depending on whether the module’s internal linearizing circuit
is used. If internal linearization is required, the following
procedure applies:

1. The module’s output voltage must always be positive
since the linearizing circuit is active only for Vo=>0. The
relations assume the use of a 0 to + 10V output span.
Other output ranges are possible, contact the factory for
information on any other positive output range.

2. Any type of RTD can be used provided that its resistance
does not exceed 10k} in the range of interest and its
temperature characteristic is concave down. While virtually
all RTDs have these properties, the conformity errors
specified for these models apply specifically to 1002
platinum RTDs following the European curve (a =
0.00385). Conformity errors for other RTD types can be
supplied by the factory.

3. Ranging component values are found from:

20kQ)

Gain Setting Resistor: R = G- 1

Zero Suppression

Resistor: 3B15: R; = Rz 3B14: R;A = Ry
Linearization Resistor: R4A = ?__ C; X 20k

. -1 1
Where Gain G = 40k{} X ( ARys ~ ARps

Rz = Resistance of the RTD at the temper-
ature Tpmpy that is to give Vo = 0V

= KR—M_S (a measure of nonlinearity)

ARgs is the change in resistance from Ty 0 Tmax,
which will give Vo = +10V

AR5 is the change in resistance from Ty 1o Tymips
which will give Vg = +5V

Figure 2.1.4.2 graphically shows the RTD values needed for
ranging the 3B14 and 3B15 while Figure 2.1.4.3 depicts the
mounting locations of the ranging resistors.

If internal linearization is not required, then the following
procedure applies:

1. Output voltages at the endpoints of the span may be
anywhere in the range of — 10V to +10V.
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SPECIFICATIONS

{typical @ + 25°C and =+ 15V, + 24V dc power)

Madel

Inputs

Qutputs

Maximum Current Output Range

Accuracy?

Nonlinearity

Stability vs. Ambient Temperature
Volrage OQutput

3B14

10002 Platinum RTD,
2or3 wire,a =0.00385
0t + 10V @ SmA
4-20mA or 0-20mA
R;. = 0108504}
0-31mA
+0.1% span
+0.05% span

3B15

10002 Platinum RTD,
4 wire, a =0.00385

Zero +0.005%°C/°C *
Span +0.0025% reading/°C *
Current Outpur (w.r.1. Voltage Ourput)

Zero +0.0025% span/°C

Span +0.0025% reading/’C
Lead Resistance Effect +0.02°C/} +0.00001 °C/Q)
Sensor Excitation Current 0.25mA .
Normal Mode Rejection @ 50Hzor60Hz  60dB "
Differential Input Protection® 130V rms, cont. *
Voliage Output Protection Continuous Short to Ground ~ *
Current Quiput Protection 130V rms, cont. *
Zeroand Span Adjustment Range* + 5% of span -
Response Time to 90% Span 0.2sec *
Input Resistance 100M0 *
Input Bias Current 3nA *
Input Noise 0.2V rmsat 10H2

bandwidth .
Qutput Noise 50V rms in 100kHz
bandwidth *

Bandwidth 3H2(- 3dB) *
Power Supplies®

= 15V Input Supplies Range
(Rated Operation) *(11.5Vt016.5V) *
Supply Rejection *0.01% span/V *
Supply Current +20mA *

+ 24V Loop Supply Range +12Vio +30V *
Supply Rejection 0.0002% span/V -
Supply Current 27mA (a1 + FS) *

Size ’ 3.150" x 0.775" x 3.395" *
Environmental

Temperature Range, Rated Performance -25°Cto +85°C *

Storage Temperature Range -55°C1o +85°C *

Relative Humidity Conforms 1o MIL 01095% @ 60°C

Spec 202 noncondensing *

RFI Susceptibility +0.5% span error, *

SW @ 400MHz @ 3ft.

NOTES

'For 20-20mA range, a typical minimum output current is 10pA,

? Accuracy spec includes the bined effects of repeatability, hy is and lincarity. Does

not include sensor or signal source error.
*Includes excitation circuitry.
*A wide range of z and cusiom calib may be lished with a custom
ranging card, AC1310.

* + 24V de power is only r:eeded (or driving the curren1 output at up to 85011. If only voltage

output is used, or acurrent output load of 400{] or ess is desired. = 15V isall that isrequired.

*Specifications same as 3B 14.

Specifications subject to change without notice.

ORDERING INFORMATION
20r3Wire RTD 4Wire RTD
Rangein °C o = 0.00385 « = 0.00385
Externally Programmable 3B14-00 3B15-00
—~100to + 100 3B14-01 3B15-01
Oto + 100 3B14-02 3B15-02
Oto +200 3B14-03 3B15-03
0to +600 3B14-04 3B15-04
-\!rs
1

Ry

Towes

—
o Tamax

Figure 2.1.4.2 RTD Values Needed for Ranging Models

3B14 and 3BIS

GAIN, ZERO
GAINSELECTION GAIN AND ZERO SUPPRESSION AND
ONLY SUPPRESSION LINEARIZATION

R Gain Resistor Gain Resistor Gain Resistor

R,* Jumper Zero Suppression Resistor  Zero Suppression Resistor
R, Open Open pen

R Open - Open Linearization Resistor

*Zaro Suppression for 3814 Uses Ry,

Figure 2.1.4.3 3B14 and 3B15 Custom Ranging

2. Any type of RTD can be used provided that its resistance

does not exceed 10kQ in the measurement range of
interest.

3. Ranging components are computed from:

ARgs
4000 Vps — ARpg

Gain Setting Resistor: R; = x 20kQ

Zero Suppression

Resistor: 3B15: R; = Rz 3Bl4: R3A = Ry
Where Rz = Resistance of the RTD at the tempera-
ture that is to give Vg =0V
Vgs = Positive full scale output voltage
desired
ARpgs = Changein RTD resistance from Rz to

the full scale temperature.

The fact that Ry is set to the zero volt output point does
not mean that negative outputs will not be meaningful; it
just provides the simplest relation. Once R and Rz are

determined, the output voltage at any RTD temperature
can be found, given the RTD’s resistance at that temperature
(RrTD), from the following relation: '

Vo = Rrtp — Rz) X 0.25mA X Gy

where Gy = ngﬂ + 1
1

This relation is the general transfer function for the modules
when linearization is not used.

LIMITS
The ranging card can be used to create a wide range of special
transfer funcuons, but there are practical limits that must be
observed. The maximum RTD value that can be used with
these modules is 10kQ2. The range of the module’s voltage
output adjustment is at least = 0.5V at the module output
and can therefore correct any error less than 0.5V/Gain. If
possible the ranging resistors used should be 1% tolerance,
10ppm while the linearization resistor can be a 50ppm part.
See Appendix A for a detailed discussion of limits, error
contributions, and temperature effects of the ranging card.

2-12



2.1.5s MODEL 3B16
FEATURES

Accepts Strain Gage Input
Provides Bridge Excitation

FUNCTIONAL DESCRIPTION

The 3B16 is designed to accept inputs from full four arm
bridge strain gage-type transducers on the input screw termi-
nals. The 3B16 provides a constant + 10V excitation and can
be used with 300€) to 1000f) strain gage bridges. The module
has a fixed 3Hz bandwidth to eliminate high frequency
noise.

Figure 2.1.5.1 shows a functional diagram for the model
3B16. A constant bridge excitation voltage of + 10V is provided
on screw terminals 1 and 4. Input protection of up ro 130V
for the input and excitation circuitry is provided. The signal
is then amplified and filtered to give the high level voltage
output. Chopper based amplification is used to assure low
drift and excellent long term stability. Both the voltage and
current cutputs can be independently adjusted over a =5%
span range for zero and span with the front panel accessible
potentiometers. The current output, which has 130V cutput
protection, interfaces with user equipment.

Model 3B16 requires a ground return for the input connection
to return the bias current to ground.

FINE CALIBRATION

The 3B16-01 is factory calibrated for a strain gage with a
#=30mV span and provides a zerc and span accuracy of *0.1%
of span. User accessible zero and span trim potentiometers
providing a = 5% adjustment range permit precise field calibra-
tion of both the voltage output and the current output. The
two outputs are adjusted independently and are noninteractive.
The following nonrecursive procedure is recommended:

1. Connect model 3B16 as shown in Figure 2.1.5.1
with R = 2500,
2. Apply Viy = 0 volts, adjust V3 for Voytr = 0V
+10mV and I; for Ioyr = 4mA =0.016mA
or the voltage measured across Ry, = +1V =4mV.
3. Apply Vin = +30mV, adjust Vs for Voyt = +10V
+10mV and I for Ioyt = 20mA =0.016mA
or the voltage measured across R; = +5V =4mV.

If @ 0-20mA output is desired for a 0 to + 10V cutput, adjust
Iz for Ioyt = OmA =0.020mA in step 2 and I for Ioyr =
20mA =0.020mA in step 3. (A typical minimum output
current is 10 A with 0-20mA operation).

If the current output is to be proportional to a — 10V to
+ 10V outpur instead of a 0 to + 10V output, I should be
adjusted for a —30mV input in step 2.

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION

A wide zero suppression capability and easy field calibration
are available with a plug-on ranging card, AC1310. If a special
input range is desired, it can be provided by ordering the
externally programmable version of the desired module (i.e.,
3B10-00) and the AC1310 which houses user supplied resistors
that determine the zero and span of the new range. A special
range can also be factory configured. Consult the factory for
details.
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Figure 2.1.5.1 3B16 Functional Block Diagram

The basic transfer function of the 3B16:

Vo = GxX(Vin—Vz)
Where Vo = OQutputVoltage
G =  Gain
Vi = InputVoltage
Vz = ZeroSuppression Voltage

GAIN SETTING RELATION

With the AC1310, the gain G is set by R, which forms part
of an internal divider and is determined from the following
relation:

3Bl16

_10k0
G-1

Gain G is a ratio of the change of output to the input change
that produced it. If there is to be no zero suppression, R;
should be a jumper and R; should be left open. These resistors
should be installed as indicated in Figure 2.1.5.2.

R,

GAIN SELECTION GAIN ANDZERO

ONLY SUPPRESSION
R, Gain Resistor Gain Resistor
R, Jumper Zero Suppression Resistor
R, Open Zero Suppression Resistor
Rs Open Open

Figure 2.1.5.2 3B16 Custom Ranging

ZERO SUPPRESSION VOLTAGE

The zero suppression voltage, Vz, can be set for any value
between —6.35V and + 6.35V through the use of R; and Ry
and is determined from the following relations:

R,

VZ = 635VXm

with the sign of V; determined by the choice of location A
(positive) or location B (negative) for R (see Figure 2.1.5.3).
The total resistance of (R, + Rj) should be approximately

2~ 1%



SPECIFICATIONS

(typical @ + 25°C and = 15V, + 24V dc power)

Model 3B16-61
Inputs 3mVivV
Outputs +10V @ =5mA

Maximum Current Output Range
Accuracy?

4-20mA or 0-20mA («
R.. = 010 850(}

0-31mA

+0.1% span

Nonlinearity +0.01% span
Stability vs. Ambient Temperature
Voltage OQutput
Zero + 1 VI C(RTI)
Span +0.0030% reading/°C
Current Output (w.r.t. Voltage Output)
Zero ’ +0.0025% span/°C
Span +0.0025% reading/°C
Bridge Excitation + 10V
Bridge Resistance Range 3002 10 k()
Normal Mode Rejection (@ S0Hz or 60Hz 60dB

Differential Input Protection?
Voltage (*::rput Protection
Current «. -..:put Protection

Zero and $pan Adjustment Range*

130V rms, cont.
Continuous Short to Ground
130V rms, cont.

+ 5% of span

Response Time to 90% Span 0.2sec
Input Resistance 100M0
Input Bias Current 3nA
Input Noise 0.241V rms at 10Hz bandwidth
Output Noise 50p.V rms in 100kHz bandwidth
Bandwidth 3Hz( - 3dB)
Power Supplies®
+ 15V Input Supplies Range
(Rated Operation) *(12.7V10 16.5V)
Supply Rejection +0.01% span/V
Supply Current +45mA, - 10mA
+ 24V Loop Supply Range +12Vto +30V
Supply Rejection 6.0002% span/V
Supply Current 27mA (at + FS)
Size 3.150" x 0.775" x 3.395"
Environmental

Temperature Range, Rated Performance
Storage Temperature Range

Relative Humidity Conforms to MIL Spec 202

RFI Susceptibility

NOTES

—25°Cto +85°C

~55°C10 +85°C

010 95% (« 60°C noncondensing

+0.5% spanerror, SW @«
400MHz (¢ 3ft.

!Fora0-20mA range, a typical minimum output current is 10pA.
2Accuracy specincludes the combined effects of repeatability, hysteresisand linearity. Does

not include sensor or signal source errar.
*Includes excitation circuitry.

*A wide range of zero suppression and custom calibration may ve accomplished witha custom

ranging card, ACI1310.

5+ 24V dc power is only needed for driving the current output at up 1o 850€). If only voltage
outputis used, or a current ourput toad of 4002 or less isdesired, + 15V isall that is required.

Specifications subject to change without notice.

ORDERING INFORMATION

Input Ranges Model Number
Externally Programmable 3B16-00

3mV/V 3B16-01

+6.35V  —6.35V

pe
/7

/

Figure 2.1.5.3 3B16 Zero Suppression Resistors

10k(} to avoid taking excessive current from the voltage
reference or self heating in the resistors. Using 10k() as the
total value, R; and Rj are determined from the following
relations:

Vg -
R2 = m X 10k€}
R; = 10kQ ~ R,
LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits that must be
observed. The allowable input voltage for the 3B16 is 0 to
+12V. The range of the module’s voltage output adjustment
is at least =0.5V at the module output and can therefore
correct any error less than 0.5V/Gain. If possible the resistors
used should be 1% tolerance, 10ppm. See Appendix A for a
detailed discussion of limits, error contributions, and tem-
perature effects of the ranging card.

2~ 14



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%/°c

FUNCTIONAL DESCRIPTION

The 3B17 is awideband input module that is designed to
accept signalsfrom4, 5or 6 wire LVDT or RVDT transducers.
The 3B17 provides an ac excitation of 1-5V rmsat 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 isprovided for the
input and excitation circuitry. The signal isamplified to give
the high level voltage output and automatically synchronoudly
demodulated to correct for any phase shift errors from the
primary to the secondaries of the LVDT, diminating 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
dliding door on top of the module. The gain adjustment has a
256:1 adjustment range which is accomplished with a com-
bination of adigital gain set rotary switch for coarse adjustment
and afine 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 130V AC 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 termina connections.

Higtoricaly, 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. Thiserror term isaresidual 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 afixed phase shift from

the primary to the secondary of the LVDT. Thiserror 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 aunique 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 isavoltage that isin 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 demodul ator directly. The 3B17
generaesthe A + B term by manipulatingthe A and A - B
outputs. This approach automatically compensates for any

phase error between the primary and secondaries of the LVDT
and eiminates the need for a phase adjustment. It also rejects
any residual quadrature voltages automatically. The 3B17 is

the complete solution for your LVDT needs.

F

Vil Jout
@ Ispan Output '@'
Protected Ranging Protection
Precision Card il o HH R
Oscillator (it Used) TTTTT Return
Iout
Jumpers 4—-@ +V Loop
AMP 7| &) | o com
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w @ vzero 14) | Vout
A+B r-@ Vout COM
) | msv
1@ | pwcon
ﬂ-@ -5V
P2 71—

Figure 2.1.6.1 3B17 Functional Block Diagram

The 3B17 has the flexibility to address the broad array of
LVDTsavailable with its extensive gain and zero adjustment
range. The AC excitation is limited to a 20mA rms |oad
which sets alower circuit primary impedance of 50Q for a
1V excitation and 250Q) for a5V excitation. If the primary
impedance of the LVDT is below 50Q), the impedance of the
LVDT can beincreased by increasing the excitation frequency.
This excitation capability addresses the vast mgjority 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 = 250Q, 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 isOV £100mV. If minimal
response to core position is noticed, first turn the rotary
switch clockwise until full displacement of the core causes
achange of severd voltsat the output. The dot isat minimum
gain. Gain increases in the direction of the arrow on the
face of the switch. This centersthe LVDT coretravel 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 positionis at center to OV £10mV.
Adjust 1z =4rnA = 0.016mA or the voltage measured across
R, =1V +4mV.

6. Place the LVDT in the desired full scale output position
and adjusgt Is for lout = 20mA % 0.016mA or the voltage
measured occurs R, =5V £4mV.

If a0-20mA output isdesired for a0 to +10V output, adjust 1z
for lout = OmA £ 0.020mA in step 5 and Isfor lout = 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 O to + 10V output, 1z should be
adjusted for a- Full Scaleinput in step 5.



SPECIFICATIONS

(typical @ + 25°C and = 15V, + 24V dc power)

Model

Inputs
OQutputs'

Maximum Current Output for
Input Overioad
Accuracy, when Calibrated?
Nontinearity
Stability vs. Ambient Temperatures
Voltage Output®
Zero
Span
Current Qutput (w.r.t. Voltage Qutpur)
Zero
Span
LVDT Excitation
Excitation Vohtage
Excitation Tolerance
Excitation Frequency
Excitation Drive
Excitation Harmonic Distortion
Differential Input Protection*
Voltage Qutput Protection
Current Output Protection
Voltage Zero Adjustment Range
Voltage Span Adjustment Range
Current Zero/Span Adjustment Range
Bandwidth®
Response Time to 90% Span
Input Resistance
Input Bias Current
Power Supplies®
+ 15V Input Supplies Range
(Rated Operation)
Supply Rejection
Supply Current’
+ 24V Loop Supply Range
Supply Rejection
Supply Current
Size
Environmental
Temperature Range, Rated Performance
Storage Temperature Range
Relative Humidity Conforms to MIL Spec 20z
RFI Suscepuabitity
NOTES

'Fora0-20mA rangc,a typical mirun.um output current is 10pA.
v, hy

Accuracy specincludes the effectsof r b

3B17

20mV rms -5V rms

*10Vw *SmAand

4-20mA or 0-20mA @
Ry = 8500

40mA
+0.1% Span
+0.05% Span

+0.005% Span”C
+0.01% Span/*C

= 0.0025% Span/°C
+0.0025% Reading”C

tV rms-5V rms

+10%

1kHz-10kHz £ 15%

Up 10 20mA rms min
<0.5%

130V rms, Continuous
Conunuous Short to Ground
130V rms, Continuous
+5V ’
256:1

+ 5% of Span

100Hz

Sms

100M0O

pA

+(13V10 18V)

+0.03% Span/V

+65mA max plus LVDT Current
+13.5Vwo +30V

0.001% Span/V

27mA (at +F.S)

3.150" x 0.775" x 3.395"

—125°Cto +85°C

-55°Cto +85°C

01095% @ 60°C Noncondensing

+0.5% Span Error SW (u 400mHz w« 3ft.

notinclude sensot error.
*Includes excitation drift.
*Includes excitation circuitry.

is and lincarity. Docs

*Bandwidth can be set for up to 1/10 the excitation frequency when orderinga 3B17-CUSTOM.

%24V dc power is only needed for driving the currentoutput at up 10 85011, Ifonly voliage

output is used, ora current output load of 400(2 or less is desired . = 15V isall that is required.

"Typical number is + 40mA per module plus = SmA for LVDT drive current. Supply curtent requirements for

LVDT current is 75%of the LVDT rms current.
Specifications subiject to change without notice.

ORDERING INFORMATION

Excitation Voltage and Frequency

Externally Programmable
3Vrms @ 2.5kHz

5V rms @ 5kHz

5V rms @ 7.5kHz

1V rms @ 10kHz

The following models address differential coil applications.

Externally Programmable
3Vrms @ 2.5kHz

5V rms @ SkHz

5Vrms @ 7.5Hz

1V rms @ 10kHz

Model Number
3B17-00
3B17-01
3B17-02
3B17-03
3B17-04

3B17-D-00
3B17-D-01
3B17-D-02
3B17-D-03
3B17-D-04

EXCITATION VOLTAGE AND
FREQUENCY SELECTION

R, | Excitation Voltage
R, | Excitation Frequency
R3a | Excitation Frequency
Rsa | Open

Figure 2.1.6.2 3BI17 Custom Ranging

MULTIPLE LVDT INSTALLATIONS

LVDTs are AC devices and have potential to cause interference
between units. Careful installation may eliminate this in
many cases. For a complete discussion of wiring practices in
multiple LVDT installations, refer to Appendix B1.

SYNCHRONIZING MULTIPLE LVDTs

The 3B17 has the ability to synchronize its excitation with
other 3B17s. For an extended discussion of that feature,
please refer to Appendix B2.

DIFFERENTIAL COIL CONDITIONING

The 3B17-D is a version of the 3B17 designed to address
differential coil applications. The functional description and
specifications are identical to the 3B17.

The 3B17-D must be connected as shown in the diagram
below:

+Exc

S|

O
3 |LO

e,

2 |H
3817-D
4

—Exc

o))

And, because the 3B17-D differential coil input module is
intolerant of capacitive loads across the excitation terminal
greater than 100pF, any capacitor across the entire differential
coil must be removed. '

CUSTOM CONFIGURATION

A powerful custom-ranging capability is provided with a
plug-on ranging card, AC1310. If a special excitation voltage
or frequency is desired it can be provided by ordering the
externally programmable version (3B17-00) and the AC1310
which houses the user supplied resistors that determine the
excitation voltage and frequency of the new range. If possible,
the excitation voltage resistor should be 1% tolerance, 10
ppm. The frequency resistors need only be 100 ppm. See
Appendix A for a detailed discussion of limits of the ranging
card. The excitation ranging flexibility and the wide calibration
capability available with a standard 3B17 together provide
the flexibility needed for the complete signal conditioning
solution to virtually any LVDT requirement. The bandwidth
of all standard 3B17s is 100Hz. A factory configured 3B17-CUS-
TOM can have a bandwidth that varies up to 1/10 the excitation
frequency. A special range can also be factory configured
with the excitation voltage settable between 1V and 5V and
the excitation frequency can vary between lkHz and 10kHz.
Consult the factory for details.

EXCITATION VOLTAGE SETTING RELATION
With the AC1310, the excitation voltage amplitude is set by
R1 which is determined from the following relation:
Rl = 10k XV rms
7-V rms
V rms is the desired rms amplitude of the oscillation, and it
can be selected for any value between 1V and 5V. The accuracy

of the excitation is *+10% with a harmonic distortion of less
than 0.5%.

EXCITATION FREQUENCY RELATION
The excitation frequency can be set for any value between

1kHz and 10kHz by resistors R; and R;A. These values are
determined by the equation below:
_ 10°
Ry RiA = 55763
where f is the desired frequency of oscillation. These resistors
should be installed as indicated in Figure 2.1.6.2.
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2.1.7 MODEL 3B18

FEATURES
Accepts Strain Gage Input
20kHz Bandwidth
Provides Bridge Excitation
Dual High Level Outputs
Voltage: =10V
Current: 4-20mA/0-20mA
High Accuracy: +0.1%
Low Drift: +3uV/°C
Input Protection: 130V rms Continuous
Reliable Pin and Socket Connections

FUNCTIONAL DESCRIPTION

The 3B18 is a wideband input module that is designed to
accept signals from full four arm bridge strain gage-type
transducers on the input screw terminals. The 3B18 provides
a switch selectable excitation of +3.3V or +10.0V and can
be used with 100} to 10k(} strain gage bridges. The module
has a 20kHz bandwidth to interface to dynamic signals.

Figure 2.1.7.1 shows a block diagram for the model 3B18. A
regulated bridge excitation of either +3.3V or +10.0V is
provided on screw terminals 1 and 4. 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.
Both the voltage and current outputs can be independently
adjusted over a = 5% span range for zero and span with the
front panel accessible potentiometers. The current output,
which has 130V output protection, interfaces with user equip-
ment through screw terminal connections.

Model 3B18 requires a ground return for the input connection
to return the bias current to ground.

FINE CALIBRATION
Each model is factory calibrated for a specified range to
provide zero and span accuracy of =0.1% of span. The
excitation voltage should be used in the calibration setup
since it has a = 2% tolerance. User accessible zero and span
trim potentiometers providing a = 5% adjustment range
permit precise field calibration of both the voltage output
and the current output. The two outputs are adjusted inde-
pendently and are noninteractive. The following nonrecursive
procedure is recommended:
1. Connect model 3B18 as shown in Figure 2.1.7.1
with Ry = 250Q).
2. Apply Vin = 0 volts, adjust V7 for Voyt = 0V
*10mV and I for Ioyt = 4mA *0.016mA
or the voltage measured across Ry = +1V =4mV.
3. Apply Viny = +Full Scale, adjust Vs for Voyt =
+ 10V = 10mV and Is for Igyr = 20mA *0.016mA
or the voltage measured across Ry = +5V =4mV.

If a 0-20mA output is desired for a 0 to + 10V output, adjust
Iz for Ioyt = OmA =0.020mA in step 2 and I for Ioyt =
20mA =0.020mA in step 3. (A typical minimum output
current is 10pA with 0-2QmA operation).

If the current output is to be proportional to a ~ 10V to
+ 10V output instead of a 0 to + 10V output, Iz should be
adjusted for a — Full Scale input in step 2.

CUSTOM CALIBRATION
A powerful custom ranging capability is provided with a
plug-on ranging card, AC1310. If a special gain is desired, it

I

Output
@ fspan Protecian
@ leto Toul - RL
10V o $3.33V DC TTTT7T Relum 2
Protected lout
Exclation Jumpers ~ : ) | sV Loop
1
5 (&) | oo com
2 Hi
3 Tow @ vspan
Input INSTR Pass -@ Vout
3, L Pratection AMP. Fiter @ Ve _@
o Voul COM
3
0 Prolsclian <——@ 5
P1 F.-@ Pwr COM
Ranging
Card <—-® 15V
{Ir Used §
2 H—

Figure 2.1.7.1 3B18 Functional Block Diagram

can be provided by ordering the externally programmable
version of the desired module and the AC1310 which houses
a user supplied resistor that determines the span of the new
range. If desired, the 20kHz bandwidth can be reduced with
user supplied capacitors installed in the AC1310. A special
range can also be factory configured. Consult the factory for
details.

The basic transfer function of the 3BI18 is:

VO = Gx vIN

Where Vo = OutputVoltage
G =  Gain
Vin = InputVoltage

There is no provision for zero suppression beyond the *5%
available with the zero potentiometers.

GAIN SETTING RELATION
With the AC1310, the gain G is set by R3A which is determined
from the following:

3B18

200k
G

Gain G is a ratio of the change of output to the input change
that produced it. If there is to be no bandwidth reduction,
R4A and R, should be left open. The gain-setting resistor
should be installed as indicated in Figure 2.1.7.2.

R3A =

GAIN SELECTION AND

BANDWIDTH REDUCTION
R, Open Filter Capacitor, C;
R, Open Open
R,A Gain Resistor Gain Resistor
RJA Open Filter Capacitor,C,

Figure 2.1.7.2 3BI8 Custom Ranging

2-17



SPECIFICATIONS

{typical @+ 25°C and =+ 15V, + 24V dc power)

Model

Inputs
3B18-01
3B18-02

Outputs

Maximum Current for Input Overload
Accuracy®
Nonlinearity
Stability vs. Ambient Temperature
Voltage Output
Zero
Span
Current Output (w.r.t. Voltage Output)
Zero
Span
Excitation Voltage
Bridge Excitation (User Selectable)
Excitation Tolerance
Bridge Resistance Range
@Vexc= +10.0V
Bridge Resistance Range
@Vexc= +3.33V
- Common Mode Voltage, Input to Output
Common Mode Rejection @ 50Hz or
60Hz 1k} Source Unbalance
Differential Input Protection?
Voltage Output Protection
Current Output Protection
Zero and Span Adjustment Range*
.Bandwidth
Response Time 10 90% Span
Input Resistance
Input Bias Current
Power Supplies®
+ 15V Input Supplies Range
(Rated Operation)
Supply Rejection
Supply Current
+ 24V Loop Supply Range
Supply Rejection
Supply Current
Size
Environmental
Temperature Range, Rated Performance
Storage Temperature Range

Relative Humidity Conforms to MIL Spec 202

RFI Susceptibility

NOTES

3B18

+30mV at 3mV/V Sensitivity
+ H0mV at 3mV/V Sensitivity
=10V @ +=2mA
4-20mA or 0-20mA @
Ry = 0to 8500
3lmA
+0.1% span
+0.01% span

+3uV/IC(RTD
+0.0025% reading/°’C

+0.0025% span/°C
+0.0025% reading/°C
+0.0015%/°C

+ 10V, +3.33V
*2%

30092 10 1k2
100£2 to 10k$2
* 10V

100dB

130V rms, Continuous
Continuous Short to Ground
130V rms, Continuous

+ 5% of span

20kHz

24ps

100MQ

25nA

+(13.5V1016.5V)
+0.01% span/V
+50mA, - 15mA
+13.5V1o +30V
0.0002% span/V

27mA (at + FS)

3.150" x 0.775" x 3.395"

~25°Cto + 85°C

—55°Ci0 + 85°C

01095% (@ 60°C noncondensing

+0.5% spanerror, SW («
400MHz @ 3f1.

'For a 0-20mA range, a typical minimum output current is 10pA.
*Accuracy spec includes the combined effects of repeatability, hysteresis and linearity. Does

not include sensor or signal source error.
*Includes excitation circuitry.

*Custom calibration may be accomplished with a custom ranging card, AC1310.
%424V dc power is only needed for driving the current output at up to 85052, If only voltage

output is used, or a current output load of 400} or less is desired, = 15V is all that is required.

Specifications subject to change without notice.
ORDERING INFORMATION

Input Ranges

Externally Programmable

+30mV, 3mV/V Sensitivity with
10V Excitation

+10mV, 3mV/V Sensitivity with
3.33V Excitation

Model Number

3B18-00
3B18-01

3B18-02

FREQUENCY RESPONSE

Model 3B18’s standard bandwidth is 20kHz. The bandwidth
can be set for any value less than 20kHz using the AC1310.
The required capacitors, C; and C;, are determined from the
following relations:

C,=8.4uF/F¢
Cz = 4.2“,F/FC

Note: For values of C, below 3nF,
reduce C; by 320pF and C; by
160pF.

where F¢ is the desired cutoff frequency. Bipolar capacitors
capable of withstanding =+ 10V should be used. The space
limitations of the AC1310 must be considered when choosing
the required capacitors. These capacitors are to be installed
in the positions designated as R4A and R, respectively as
indicated in Figure 2.1.7.2. The AC1310 can be used to0
reduce the bandwidth in factory ranged units.

EXCITATION VOLTAGE SELECTION

The excitation voltage is selected by dip switches accessible
behind the sliding door on the front of the module, just
below the zero and span trim potentiometers. The switch
settings for the excitation voltage are indicated in Table
2.1.7.1. No other combinations of switch settings are useful.

When the excitation terminals are open-circuited and the
3.33V excitation voltage is selected, the actual terminal voltage
will rise to over 8V. This is not a harmful effect, but must
be considered when the product is being tested. A load as
small as 0.25mA will bring the voltage down to its specified
value.

Excitation Switch Switch
Voltage 1 2
10.0V OFF ON
3.33v - ON OFF

Table2.1.7.1 3B18 Excitation Voltage Switch Selections

LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits that must be
observed. The allowable input voltage for the 3B18 is = 10V.
The range of the module’s voltage output adjustment is at
least + 0.5V at the module output and can, therefore, correct
any input offset error of less than 0.5V/Gain. If possible, the
resistor should be 1% tolerance, 10ppm. See Appendix A for
a detailed discussion of limits, error contributions, and tem-
perature effects of the ranging card.
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Model 3B20

FEATURES
Accepts Strain Gage or Torque Transducer
inputs
Provides Complete Straln Gage Conditioning
Provides 1kHz to 10kHz AC Excitation
Dual High Level Outputs
Voltage: +10V
~ Current: 4-20mA / 0-20mA
High Accuracy: +0.1%
Low Drift: +0.01%/°C
100Hz Bandwidth

FUNCTIONAL DESCRIPTION:

The 3B20 is a wideband input module that is designed to
interface to four arm bridge transducers. The 3B20
provides an ac excitation of 2-10V rms at frequencies
ranging from 1kHz to l0OKHz. This module can accept
inputs from 1.5mV mms to 150mV rms, accommodating
most four arm bridge values.

Figure 1 is a functional block diagram for the 3B20. The
ac excitation is provided on terminals 1 and 4. The
amplitude and frequency of the ac excitation can be speci-
fied when ordered or can be configured externaily with the
AC1310 custom ranging card. Protection of up to 130V
rms is provided for the input and the excitation circuitry.
The signal is amplified to give the high level voltage
output. The gain of the module can be a standard range,
custom range or user configured with the AC1310.

Both the current and voltage outputs can be adjusted by
potentiometers for a minimum of 25% of the span range
and +1V for the zero adjustment. The current output,
which has 130V output protection, interfaces with user
equipment through screw terminal connections. In order
to compensate for any phase shift between the excitation
signal and the output signal from the transducer, a phase
adjustment potentiometer is included in the front window
of the module.

3B20 FINE CALIBRATION:

Each model, with the exception of the 3B20-00, is set up
by the factory for a specified excitation voltage and
frequency. The voltage and current outputs must be finely
calibrated and the phase adjustment must be set for a
specific transducer. 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

—1
v jout
Output
Frowd Ranglng @ lspan Protection
Pracision Card Q© ero Tout RL
Oscllator (4 Used ) TITTTT Return
lout
- Jumpers )| Vi
5
T | toor con
2]
3 PHASE o
Inputl
3 Protecli AP Q Q Ve evsp 1 Vout
1 OEMOD

Vout COM

5V

Pur COM

11 9
Toooe oc

Figure 1 3B20 Functional Block Diagram

independently adjusted. The following procedure is rec-
ommended.

1. Connect the 3B20 as shown in the block diagram, with
R, =250Q. Rotate the @ adjustment counterclockwise
until it clicks. This is zero phase adjustment. Apply a
load or torque to the transducer that is at least 25% of full
scale. Adjust @ for the maximum V_,. This will compen-
sate for any phase errors in the transducer.

2. Remove all load or torque from the transducer and
adjust V_for V_ =0V + 10mV.

3. Connect a full load to the transducer and adjust V for
V_=10.0V £ 10mV .

4. Remove all load or torque from the transducer and
adjust I_ for 4mA £0.016mA or the voltage measured
across R, =+1V £4mV.

5. Connect a full load to the transducer and adjust I, for
I, = 20mA +0.16mA or the voltage measured across R, =
+5V+4mV. -

If a 0 - 20mA output is desired for a0 to +10V output,
adjust [ for1_ =0OmA £0.020mA inseep4and I forl =
20mA + 0.020mA in step 5. A typical minimum output
current is 10pA with 0 - 20mA operation.

If the current output is to be proportional toa -10V to
+10V output instead of a 0 to +10V output, I, should be
adjusted for a - Full Scale input in step 4.

CUSTOM CONFIGURATION:

A powerful custom-ranging capability is provided with a
plug-on ranging card, AC1310. If a special excitation
voltage or frequency or module gain is desired it can be
provided by ordering the externally programmable version
(3B20-00) and the AC 1310 which houses the user supplied
resistors that determine the excitation voltage and fre-
quency and the module's gain. The bandwidth of ail
standard 3B20's is 100Hz. A factory configured 3B20-
CUSTOM can have a bandwidth that varies up to 1/10 the
excitation frequency.



SPECIFICATIONS

(typical @ +25°C and +15V, +24Vdc power)

Modet B0
Inpaws 1.5mV rme - 150mY e
Minimmm Seasitivity 25mYN
Outputs’ 110V @ +5mA md 4-20mA or 0-20mA
@ RL =350Q
Maxiroam Currem Outpat
for lnput Overioad 40mA
Accuracy® 10.1% Spmn
Nonlinserity $0.05% Span
Subility ve. Ambist Teaperatros
Voltsge Outpar® T
Zaro $0.005% Spexn/*C
Span 10.01% Spary/"C
Current Outpus (wrt Voltage Owtpat)
Zaro 10.0025% Span/~C
Spm 10.0025% Raading~C
Excitation
Valug 2V rms - 10V oxe
Voltsgs Tolarsnce 12.35%
Prequancy 1kHz - 10cHs
Bxcitation Drive Up o 20mA s min
Rciention H Dit % .
Diffesenttial Input Prosection® 130V raw, Contionous
Vaitags Output Promctin Continaoas Short to Ground
Curent Output Prowction 130V res, Contimaous
Span Adjestzemt® 1254 of span, minsrmm
Zaro Adjustirens® $1V, minirmam
Phase Adjustent Rango 0-.4.25° min @lidts
0- 14° min @ 3.28kHs
0-3725 mn @ 10kHx
Bandwikty 10aGHs
Rasponss Tizne w 50% S
Input Resismnce 100002
Input Biss Carreee 100A
Power Seppliss’
115V lopas Supplics Rangs H1IV w 18Y)
Supply Rajection 0.03% SparyV
Supply Corent 155mA max plus excitation cusreet
+24V Loop Supply Renge +13.5V w+30V
Supply Rejection 0.001% SpacyV
Supply Ceorvent ZTmA (ut +F3)
Sim 3.150" 2 0.775" x 3.395°
Enviroroemntal
Tomporstare Rangs, Rawd -25°C o +85°C
Storage Texoperatore -35°Cw +85°C
Relative Humidity 010 93% @ 50°C Nancondensing
RPFI Sasceptibility +0.5% Span Error SW @400M1@ It
NOTES:
Ocxpes spes is 20 Ve
| For a 0-20mA rnga, & (ypical minion oopos corres i 10RA.
2 wpac inciudes G ot of and Snamiy.

3 lochatey encicatien drif
4 [ochaiey excitarien cixaigry.

S Conamn cabiiaacion sy be eccamplished with o cusem tnging cad, AC1318.

6 Bandwidih ¢ be ant for up to /10 e eanitatian fvpancy vha anlering & 3820 castem.

7 +24V dc powat s enly soeded far dttving e G auips & up ¥ LXI0. 1 ly veltage vaput is nead, or &
e augt Ioed of 4000 @ leus is donind, £39V 5 o 0 is spmined.

Specificadom st to change withem asting.

ORDERING INFORMATION

Model Number
3B20-00
3B20-01

Excitation and Sensitivity
Externally Programmable
5Vrms @3kHz, 2mV/V

GAIN SETTING RELATION
The gain G is set by R4B which is determined from the
following equation:

R4B = 20k*Vrms FS/(1.11-VrmsFS)

(VrmsFS = Full Scale rms Input)

EXCITATION VOLTAGE SETTING RELATION
With the AC1310, the excitation voltage amplitude is set
by R1 which is determined from the relation:

R1 = (10kQ2 x Vrms)/(14.33V - Vrms)
Vms is the desired rms amplitude of the oscillation, and it
can be selected for any value between 1V and 10V.

EXCITATION FREQUENCY RELATION
The excitation frequency can be set for any value between
1kHz and 10kHz by resistors R2 and R3A. These values
are determined by the equation below:

R2,R3A = 10%/(fx 6.3)
where f is the desired frequency of oscillation. These
resistors should be installed as indicated in figure 2.

LIMITS

The ranging card can be used to create a wide range of
special transfer functions, but there are practical limits that
must be observed. The allowable limit for the excitation
voltage is 2Vrms to 10Vrms and 1kHz to 10kHz. The al-
lowable input voltage for the 3B20 is £150mV rms. The
range of the module's voltage output adjustment is at least
+0.5V at the module output and can, therefore, correct any
input offset error of less than 0.5V/Gain for the 3B20. If
possible the resistors used should be 1% tolerance, 10ppm.
See Appendix A for a detailed discussion of limits, exror
contributions, and temperature effects of the ranging card.

Figure 2 3820 Custom Ranging

Gain, Excitation Voltage and Frequency Selection
R1 Excitation Amplitude
R2 Excitation Frequency
R3A Excitation Frequency
R4B Gain



2.1.8 MODELS 3B30 AND 3B31
FEATURES
Accepts Millivolt and Volt Inputs
' 3B30: =10mV to =100mV
3B31: +1V to +10V

Reliable Transformer Isolation
+1500V CMV
160dB CMR
Meets IEEE-STD 472: Transient Protection (SWC)

FUNCTIONAL DESCRIPTION

Model 3B30 is an isolated millivolt input device that is designed
to accept millivolt signals ranging from * 10mV to + 100mV.
Model 3B31 is an isolated voltage input device that is designed
to accept voltage signals ranging from *1V to = 10V.

Figure 2.1.8.1 shows a functional diagram for models 3B30
and 3B31. Input protection of up to 220V is provided on the
input screw terminals. The signal is then amplifed and filtered
to give the high level voltage output. Chopper based amplifi-
cation is used to assure low drift and excellent long term
stability. Transformer coupling is used to achieve stable,
galvanic isolation between input and output. Both the voltage
and current outputs can be independently adjusted over a
+5% span range for zero and span with the front panel
accessible potentiometers. The current output, which has a
130V output protection, interfaces with user equipment
through screw terminal connections.

FINE CALIBRATION

Each model is factory calibrated for a specified range to
provide zero and span accuracy of *0.1% of span. User
accessible zero and span trim potentiometers providing a

+ 5% adjustment range permit precise field calibration of
both the voltage output and the current output. The two
outputs are adjusted independently and are noninteractive.
The following nonrecursive adjustment procedure is recom-
mended:

1. Connect model 3B30 (3B31) as shown in Figure
2.1.8.1 with Ry = 2501).

2. Apply Vin = 0 volts, adjust Vz for Voyr = 0V
+10mV and I; for Iopyr = 4mA =0.016mA or the
measured voltage across Ry = +1V £4mV,

3. Apply Vin = + Full Scale adjust Vs for Voyt =
+10V =10mV and Ig for Ioyt = 20mA =0.016mA
or the measured voltage across Ri, = +5V =4mV.

If a 0-20mA output is desired for a 0 to + 10V output, adjust
Iz for IoyT = OmA =0.020mA in step 2 and I for [oyt =
© 20mA =0.020mA in step 3. (A typical minimum output
current is 10pA with 0-20mA operation).

If the current output is to be proportional to a — 10V to
+ 10V output instead of a 0 to + 10V output, Iz should be
adjusted for a — Full Scale input in step 2.

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION

A wide zero suppression capability and easy field calibration
are available with a plug-on ranging card, AC1310. If a special
input range is desired, it can be provided by ordering the
externally programmable version of the desired module (i.e.,
3B30-00) and the AC1310 which houses user supplied resistors
that determine the zero and span of the new range. A special
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Figure 2.1.8.1 3B30 and 3B31 Functional Block Diagram

range can also be factory configured. Consult the factory for
details.

The basic transfer function of both the 3B30 and 3B31 is:

Vo = Gx(Vin-Vz)
Where Vo = Output Voltage
G = (ain
Vin =  InputVoltage
Vz = ZeroSuppression Voltage:

GAIN SETTING RELATION

With the AC1310, the gain G is set by R, which forms part
of an internal divider and is determined from the following
relation:

3B30 3B31
_ 40kQ _ 4k0Q
Ri=G-2 Ri=G-02

Gain G is a ratio of the change of output to the input change
that produced it. Model 3B31 is a 3B30 with a 10 X normal
mode input attenuator. The attenuation is done before the
zero suppression or gain, which causes a change in these
relations. If there is to be no zero suppression, R, should be
a jumper and Rj should be left open. These resistors should
be installed as indicated in Figure 2.1.8.2.

GAIN SELECTION GAIN AND ZERO

ONLY SUPPRESSION
R, Gain Resistor Gain Resistor
R, Jumper Zero Suppression Resistor
Ra Open Zero Suppression Resistor
R4 Open Open

Figure 2.1.8.2 3B30 and 3B31 Custom Ranging
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SPECIFICATIONS

(typical @ + 25°C and =+ 15V, + 24V dc power)

Modet 3B30
Inputs = 10mV to = 100mV
Qutputs * 10V =SmA
4-20mA or 0-20mA
R;. = Oto85082'
Maximum Current Qutput Range 0-31mA
Accuracy? +0.1% span

Nonlinecarity
Stability vs. Ambient Temperature
Voltage Qutput

+0.01% span

Zero * luVIPC(RTI)
Span +0.0025% reading’°C
Current Qutput{w.r.r. Voltage Qutput)
Zero *+0.0025% span/°C
Span +0.0025% reading”C
Common Mode Voltage, Input to Qutput * 1500V pk max
Common Mode Rejection (« 50Hz or 60Hz
k() Source Unbalance 160dB
Normal Mode Rejection (¢ 50Hz or 60Hz 60dB
Differential Input Protection 220V rms, cont.
Voltage Output Protection Continuous Short to Ground
Current Qutput Protection 130V rms, cont.
Zeroand Span Adjustment Range* * 5% of span
Response Time 10 90% Span 0.2sec
Input Transient Protection Meets IEEE-STD 472 (SWC)
Input Resistance I5M()
Input Bias Current 3nA
Input Noise 0.2uV rmsat 10Hz
bandwidth
Qutput Noise 50V rmsin 100kHz
bandwidth
Bandwidth 3Hz( - 3dB)
Power Supplies®
* 15V Input Supplies Range
(Rated Operation) *(11.5V1016.5Y)
Supply Rejection *0.01% span/V
Supply Current +10mA
+ 24V Loop Supply Range +12Vio + 30V
Supply Rejection 0.0002% span/V
Supply Current 27mA (ut + FS)
Size 3.150" x 0.775" x 3.395"
Environmental
Temperature Range, Rated Performance -25°Cto +85°C
Storage Temperature Range -55°Cro +85°C
Relative Humidity Conforms to MIL Spec 202 0t095% (« 60°C
noncondensing
RFI Susceptibility +0.5% spanerror,
SW ¢« 400MHz @ 3.
NOTES
'Fora 0-20mA range, a typical minimum oulput currentis 10uA. .
2Accuracy specincludes the bined effecis of ility, hy isand linearity. Does
not include sensor or signal source error.
*Models 3B31-02 and 3B31-03 have CMR values of 150dB and 145dB respectively.
*A wide range of zero suppression and custom calibration may be ished with a cusjom
ranging card, AC1310.
%+ 24V dc power is only needed for driving the current outpur ar up tw 8504 2. 1f only voltage
output is used. or acurrentourput load of 40051 ur less isdesired, ~ 15V is all that is required.,
*Specifications same as 3B30.
Specificalions subject 1o change withnut notice.
ORDERING INFORMATION
Input Range Model Number
Low Level,

Externally Programmable 3B30-00
*10mV 3B30-01
+50mV 3B30-02
+100mV 3B30-03
High Level,

Externally Programmable 3B31-00
=1V 3B31-01
=5V 3B31-02
=10V 3B31-03

3B31
= Vi =10V

+0.0025% span~C

160dB’

S0k}

*ON R R e R R o R

* x % oo o* o

ZERO SUPPRESSION VOLTAGE

The zero suppression voltage, Vz, can be set for any value
between —3.175V and +3.175V for the 3B30 and —31.75V
to + 31.75V for the 3B31 through the use of R, and R; and
is determined from the following relations:

3B30 3B31

R
Vz = 31.75VX =2

R;
Vg = 3.175Vxs—2 K

R2+R3

with the sign of V; determined by the choice of location A
(positive) or location B (negative) for R; (see Figure 2.1.8.3).
The total resistance of (R; + R3) should be approximately
10k to avoid taking excessive current from the voltage
reference or self heating in the resistors. (For the 3B31, the
31.75V term is a function of the 10 X attenuation of the
input signal. The internal voltage reference is 3.175V and
high watt resistors are not required for zero suppression).
Using 10k{} as the total value, R, and R; are determined
from the following relations:

3B30 3B31
R; = —2:— x 10k R, = ——2— x 10kQ
27 3175V 27 3175V
R3 = 10k{) — Rz R3 = 10k} — Rz
REF: +3.175V  —-3.175V
A pLs
’ 7/

Ry

Figure 2.1.8.3 3B30 and 3B31 Zero Suppression Resistors

LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits that must be
observed. For the 3B30, the maximum differential input
voltage for normal linear operation is =1V, For the 3B31,
the maximum differential input voltage for normal linear
operation is + 20V. The range of the voltage output adjustment
is at least =0.5V at the module output and can therefore
correct any input offset error of less than 0.5V/Gain for the
3B30 and 5V/Gain for the 3B31. If possible the resistors
used should be 1% tolerance, 10ppm. See Appendix A for a
detailed discussion of limits, error contributions, and tem-
perature effects of the ranging card.



2.1.9 MODEL 3B34
FEATURES
Accepts RTD Inputs
Linearized Outputs
Sensor Excitation Provided
Reliable Transformer Isolation
+=1500V CMV
160dB CMR
Meets IEEE-STD 472: Transient Protection (SWC)
Low Conformity Error
Low Lead Resistance Effect

FUNCTIONAL DESCRIPTION

The 3B34 provides 3 wire lead resistance compensation and
can be connected to 2, 3, or 4 wire 100Q) platinum RTDs
(Resistance Temperature Detectors), 2 or 3 wire 10{) copper
RTDs, and 2, 3, or 4 wire 120€) nickel RTDS. The automatic
lead wire compensation eliminates the effect of lead resistance
from 3 wire sensors with an accuracy of +0.02°C/Q). Platinum
and nickel RTD signals are internally linearized. Copper
RTDs are linear devices. '

Figure 2.1.9.1 shows a functional diagram for model 3B34.
A sensor excitation current is provided for each module:
0.25mA for platinum and nickel RTDs, 1.0mA for copper
RTDs. Input protection of up to 220V for the input and
excitation circuitry is provided. The signal is then amplified,
linearized, and filtered to give the high level voltage output.
Chopper based amplification is used to assure low drift and
excellent long term stability. Transformer coupling is used to
achieve stable galvanic isolation between input and output.
Both the voltage and current outputs can be independently
adjusted over a *+ 5% span range for zero and span with the
front panel accessible potentiometers. The current output,
which has 130V output protection, interfaces with user equip-
ment through screw terminal connections.

FINE CALIBRATION

The 3B34 is factory calibrated for a specified range to provide
zero and span accuracy of =0.1% of span. User accessible
zero and span trim potentiometers providing a * 5% adjustment
range permit precise field calibration of both the voltage
output and the current output. The two outputs are adjusted
independently and are noninteractive. The following nonre-
cursive adjustment procedure is recommended:

I. Connect model 3B34 as shown in Figure 2.1.9.1

with Ry = 250(). Substitute a resistance standard for
* the RTD. :

2. Determine the minimum and maximum resistance
values of the RTD from standard resistance/temperature
tables. (For example, a measurement range of 0 to
100°C for a 1000} platinum RTD corresponds to a
resistance range of 100.00Q) to 138.50().)

3. Connect the required minimum input resistance
standard, adjust Vz for Voyt = 0V =10mV and Iz
for Ioyt = 4mA =0.016mA or the measured voltage
across Ry = +1V =4mV.

4. Connect the required maximum input resistance
standard, adjust Vs for Voyt = + 10V *=10mV and
I for Ioyt = 20mA +0.016mA or the measured
voltage across Ry, = +5V +=4mV.

If a 0-20mA output is desired, I; should be adjusted for
OmA *0.020mA in step 2 and I should be adjusted for
IouT = 20mA =0.020mA in step 3. (A typical minimum
output current is 10pA with 0-20mA operation).

H
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Figure 2.1.9.1 3B34 Functional Block Diagram

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION '

A wide zero suppression capability and easy field calibration
are available with a plug-on ranging card, AC1310. A special
input range can be provided by ordering the externally pro-
grammable version of the desired module (i.e., 3B34-00) and
the AC1310 which houses user supplied resistors that determine
the new range. A special range can also be factory configured.
Consult the factory for details.

For platinum and nickel RTD applications where internal
linearization is required, the following relations determine
the values of the custom ranging components. These relations
assume the use of a 0 to + 10V output span. Contact the
factory for information on any other output range.

Linearization Resistor: Q-1
3B34-00 R4A=|: (Z—Q)—X” - l] x 25kS}
3B34-N-00 R4A= m — l]x 28.3k)
Gain Setting Resistor: R; = 2om(—G—)
8 - 1-G

Zero Suppression

Resistor: RiA = Ry

ARgg

Where Q = ARy (@ measure of nonlinearity)

R; = Resistance of the RTD at the temper-
ature Ty that is to give Vo = 0V

_ ARgfs ( 1 )

C2x10°\ Q-1
ARpg is the change in resistance from TyN to Tmax, which
will give Vo = +10V
ARy is the change in resistance from Tpin to Tmip, which
will give Vo = +5V

Figure 2.1.9.2 graphically shows the RTD values needed for

ranging the 3B34 while Figure 2.1.9.3 depicts the mounting
locations of the ranging resistors.

RZ—

TMID TMAX

NICKEL

Trax Tran

T
PLATINUM

Figure 2.1.9.2 RTD Values Needed for Ranging Model 3B34

T
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SPECIFICATIONS

(typical @ + 25°C and + 15V, + 24V dc power)

Model
inputs

2 or 3 Wire
Outpurs

Maximum Current Output Range
Accuracy®
Nonlincarity
Suability vs, Ambient Temperature
Voltage Output
Zero
Span
Current Qutput (w.r.t. Voltage Output)
Zero
Span
Common Mode Voltage, input to Qutput
Common Mode Rejection @ S50Hz or 60Hz
k{1 Source Unbalance
Normal Mode Rejection @ S0Hz or 60Hz
Sensor Excitation Current (10002 P, 12002 Ni)
(1002 Cu)
Lead Resistance Effect (1000 Pt, 1200 Ni)
(1o Cu)
Differential loput Protection’
Voltage Output Protection
Current Output Protectinn
Zero and Span Adjustment Range*
Response Time tn 90% Span
Input Resistance
Input Bias Current
Input Noise
Output Noise
Bandwidth
Power Supplies®
=15V nput Supplics Range
{Rated Operation)
Supply Rejectinn
Supply Current
+ 24V Loop Supply Range
Supply Rejection
Supply Current
Size
Eavironmental
Temperature Range, Rated Performance
Storage Temperature Range
Relative Humidity Conforms to MIL Spec 202
RFI Susceptibility

NOTES

'Fora 0-20mA range, & typical minimum output current is 10pA.

*Accuracy spec includes th effectsof il

3B34

10002 Platinum RTD, 2, 3, 0r 4 wire, a = 0.00385
100 Copper RTD,

12002 Nickel RTD, 2, 3, or4 Wire

Ot +10V@ SmA

4-20mA or0-20mA @ R, = 0t08500"
0-3ImA

*0.1% span

+0.05% span

*0.02°CFC
= 0.0025% reading/°C

*0.0025% span/C
2 0.0025% reading””C
* 1500V pk max

160dB

60dB

0.25mA

1.0mA

+0.02°C/

+0.2°C/d

220V rms, cont.

Continuous Short to Ground
130V rms, cont.

5% of span

0.2sec

15M0

3nA

0.2V rms at I0Hz bandwidth
50V rmsin 100kHz bandwidth
3Hz( - 3dB)

2{11.5Vt0 16.5V)
*0.01% span/V

* [0mA

+ 12V 1o + 30V

0.0002% span/V

27mA (at +FS)

3.150" x 0.775" x 3.395"

—25°Cto +85°C

—55°Cto +85°C

01tn 95% @ 60°C noncondensing

#+0.5% span error, SW @ 400MHz @ 3ft.

not include sensor or signal source esror.
:lndudu excitation circuitry.
'A wi f 2

d ibration may be

is and lincarity. Docs

ranging card, AC}310.

ith a cusiom

%4 24V dc poweris only needed for driving the current outpui at up to 8500). If caly voltage
output is used, or a current outpul load of 4004} or less is desired, = 15V is all that is required.

Spexifications subject to change without notice.

For copper RTDs, or for platinum or nickel RTD applications
which do not require internal linearization, the following
custom ranging procedure applies:

1

2.

. Output voltages at the endpoints of the span may be
anywhere in the range of — 10V to +10V.
Ranging components are computed from:

Gain Setting Resistor:

3B34-00, -N- =
4-00, 3B34-N-00 R, = 3505 Voo = ARy < 20k0
3B34-C-00 R, = ARFs X 20k

500 Vgs — ARps

Zero Suppression

Resistor: Ris = Rz
Where Rz = Resistance of the RTD at the tempera-
ture thatis to give Vg =0V
Vgs = Positive full scale output voltage
desired '
ARpg = Changein RTD resistance from Rz to

the full scale temperature.

The fact that Ry is set to the zero volt output point does
not mean that negative outputs will not be meaningful; it
just provides the simplest relation. Once R; and Rz are
determined, the output voltage at any RTD temperature
can be found, given the RTD’s resistance at that temperature
(Rrtp), from the following relation for the 3B34-00 or
the 3B34-N-00:

V() = (RRTD - Rz) X 0.25mA X Gv
For the 3B34-C-00, the relation is:

Vo = (RRTD - Rz) X 1.0mA XGV

In both cases: Gv=(w+ l)x 2

_ 4kQ
R, B

R,

These relations are the general transfer functions for the
modules when linearization is not used.

The ranging card can be used to create a wide variety of
special transfer functions with virtually any type RTD. RTDs
with a concave down temperature characteristic should be
conditioned with the 3B34-00. RTDs with a concave up
temperature characteristic should be conditioned with the
3B34-N-00. Any type RTD can be used with nonlinearized
custom ranging.

LIMITS
There are practical limits that must be observed when ranging

ORDERING INFORMATION
Range in°C 2,30r4 Wire RTD
10002 Pt a = 0.00385
Externally Programmable 3B34-00
—100to + 100 3B34-01
Oto + 100 3B34-02
Oto +200 3B34-03
0to +600 3B34-04
Range in°C 2or3 Wire RTD
1002 Copper
Externally Programmable  3B34-C-00
010 120(10Q @ 0°C) 3B34-C-01
010120(10Q @ 25°C) 3B34-C-02
Rangein°C 2,3, 0or4 Wire RTD
12002 Nickel
Externally Programmable 3B34-N-00
Oto +300 3B34-N-01

GAIN GAIN, ZERO
SELECTION  GAIN AND ZERO SUPPRESSION AND
ONLY SUPPRESSION LINEARIZATION
GainRaesistor Gain Resistor Gain Resistor

pen Open Open
Jumper ZeroSuppression Resistor  2ero Suppression Resistor
Open Open Linearization Resistor

the 3B34. The maximum RTD value in the measurement
range of interest must not exceed 10k} for the 3B34-00 and
3B34-N-00 or 2.5k} for the 3B34-C-00. The range of the
voltage output adjustment is at least = 0.5V at the module
output and can therefore correct any error less than 0.5V/Gain.
If possible the ranging resistors used should be 1% tolerance,
10ppm while the linearization resistor can be a S0ppm part.
See Appendix A for a detailed discussion of limits, error
contributions, and temperature effects of the ranging card.



2.1.10 MODEL 3B37

FEATURES
Accepts J, K, T,E,R,S or B Thermocouple Inputs
Reliable Transformer Isolation

+ 1500V CMV

160dB CMR

Meets IEEE-STD 472: Transient Protection (SWC)
Internal Cold Junction Compensation
Open Thermocouple Detection

FUNCTIONAL DESCRIPTION

The 3B37 accepts its signal from type J, K, T, E, R, S, and
B thermocouples and provides two high level outputs that
are proportional to the input signal.

Figure 2.1.10.1 shows a functional diagram for the model
3B37. Input protection of up to 220V is provided for the
input circuitry. Cold Junction Compensation with an initial
accuracy of +0.5°C is performed in each unit with the external
sensor provided on all channels of the 3B Series backplane.
The signal is amplified and filtered to give the high level
voltage outputs. Chopper based amplification is used to assure
low drift and excellent long term stability. Transformer cou-
pling is used to achieve stable galvanic isolation between
input and output. Both the voltage and current outputs can
be independently adjusted over a + 5% span range for zero
and span with the front panel accessible potentiometers. The
current output, which has 130V output protection, interfaces
with user equipment through screw terminal connections.

DOWNSCALE OPEN INPUT DETECTION

The 3B37 provides upscale open thermocouple detection
when used under normal operation. Downscale open ther-
mocouple detection can be provided by installing a 220MQ
resistor across screw terminals 2 and 4. This resistor could
be a 0.25W carbon comp and need not be a tight tolerance
(*20%). The addition of this resistor reverses the input bias
current which provides downscale open input detection.

FINE CALIBRATION

The 3B37 is factory calibrated for a specified range to provide
zero and span accuracy of *0.1% of span. Cold junction
sensors, with an initial accuracy of +0.5°C are provided on
each backplane channel. If greater accuracy is desired, the
modules should be calibrated in the actual backplane channel
that they will be installed in. User accessible zero and span
trim potentiometers providing a =+ 5% adjustment range
permit precise field calibration of both the voltage output
and the current output. The two outputs are adjusted inde-
pendently and are noninteractive. The following nonrecursive
adjustment procedure is recommended:

1. Make connections as shown in Figure 2.1.10.1 with
Ry = 250Q. Use a precision millivolt source.

2. Measure the ambient temperature of the screw
terminal block and determine the millivolt output for
the thermocouple type being used from standard
millivolt/temperature tables. This value will be inverted
and added to the millivolt span of the thermocouple
being simulated.

3. Determine the zero and full scale points for
the measurement range from standard millivolt/tem-
perature tables, and add to the number determined in
step 2.

Example: Type] 0°C - 500°C
Zero and full scale values:

Output at ambient temperature:
Corrected zero and span values:

OmV to +27.388mV
1.277mV (invert sign)
—1.277mV to +26.111mV
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Figure 2.1.10.1 3B37 Functional Block Diagram

4. Apply Viy for the minimum input signal (determined
in step 3), adjust Vz for Voyr = 0V =10mV and I
for Ioyt = 4mA =0.016mA or the measured voltage
across Rp = +1V +4mV.

5. Apply Viy for the maximum input signal (determined
in step 3), adjust Vg for Voyt = + 10V £10mV and
Is for Ioyt = 20mA *=0.016mA or the measured
voltage across R = +5V *=4mV.

If a 0-20mA output is desired, Iz should be adjusted for
Iour = OmA =0.020mA in step 4 and I should be adjusted
for Ioyt = 20mA +0.020mA in step S. (A typical minimum
output current is 10pA with 0-20mA operation).

The 3B37 might also be calibrated using an ice bath setup.

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION

A wide zero suppression capability and easy field calibration
are available with a plug-on ranging card, AC1310. If a special
input range is desired, it can be provided by ordering the
externally programmable version of the desired module (i.e.,
3B37-X-00) and the AC1310 which houses user supplied
resistors that determine the zero and span of the new range.
A special range can also be factory configured. Consult the
factory for details.

The basic transfer function of the 3B37 can be expressed as:

Vo = GX(Vin-V2)
Where Vo = OutputVoltage
G = Gain
Vin = InputVoltage
Vz = ZeroSuppression Voltage

The output voltages for a given temperature span and ther-
mocouple type are available from standard tables, and these
values should be substituted in the above equation.

GAIN SETTING RELATION

With the AC1310, the gain G is set by R;, which forms part
of an internal divider and is determined from the following
relation:

_40kQ)

"G-2

Gain G is a ratio of the change of output to the input change
that produced it. If there is to be no zero suppression, (i.e.,
0°C = OmV = 0V output) then R, should be a jumper and
R; should be left open. Refer to the cold junction compensation
section for the value for R4B. These resistors should be installed
as indicated in Figure 2.1.10.2.

Ry
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SPECIFICATIONS

(typical @ + 25°C and = 15V, + 24V dc power)

Model 3B37
Inputs Thermocouple Types J,K, T,E.R,S, B
Qutputs 0w + 10V e SmA

4-20mA or 0-20mA f«
R;. = 0108501}

Accuracy’ +0.1%span GAIN, ZERO SUPPRESSION
Nontinearity +0.01% span GAINSELECTION GAINAND ZERO AND COLD JUNCTION
Stability vs. Ambient Temperature - P ONLY SUPPRESSION COMPENSATION
Voltage Output pe R, | Gain Resistor Gain Resistor Gain Resistor
Z & P +0.02°CrC R, Jumper Zero Suppression Resistor Zero Suppression Resistor
cro 20.02°C/ . R; Open Zero Suppression Resistor Zero Suppression Resistor
Span +0.0025% reading/°C RB| Open Open CJC Resistor
Current Qutput(w.r.t. Voltage Output) A .
Zero +0.0025% span/°C Figure 2.1.10.2 3B37 Custom Ranging
Span +0.0025% reading/°C
Common Mode Voltage, Input to Output = 1500V pk max ZERO SUPPRESSION VOLTAGE
Common Mode Rejection @ 50H2 or 60H2 .
1k(} Source Unbalance 160dB The zero suppression voltage, Vz, can be set for any value
Normal Mode Rejection «« 50Hz or 60H2 60dB between —3.175V and + 3.175V through the use of R, and
Differential Input Protection 220V ems, cont. R d is d ined f the foll . lati N
Voltage Output Protection Continuous Short to Ground 3 and Is determine rom e rollowing relations:
Current Output Protection 130V rms, cont. . R
Zero and Span Adjustment Range? =+ 5% of span V., = 3.175V x 2
Response Time to 90% Span 0.2sec z = 2 R, + R
Input Transient Protection Meets IEEE-STD 472 (SWC) 2 3
::ﬁ:: posstance v with the sign of Vz determined by the choice of location A
r s . . .
Input Noise 0.2V rms a1 10H2 bandwidzh (positive) or location B (negative) for Rj, (see Figure 2.1.9.3).
Open InputResponse Upscale The total resistance of (R; + Rj) should be approximately
Open Input Detection Time 10sec 100 id . . f th 1
Output Noisc 50V rms in 100kH2 bandwidth Ok(2 to avoi takmg CXC.CSSIVC CUfrent I'Oﬂ? € voitage
Bandwidih 3Hz( - 3dB) reference or self heating in the resistors. Using 10k{} as the
1 i i . .
o ompensation 0.5°C total value, R, and R; are determined from the following
vs Temperature® (+ 5°C to + 45°C) 20.5C relations:
Power Supplies® v
%15V Input Supplics Range z
(Rated Operation) *+(11.5V1016.5V) RZ = m x 10k}
Supply Rejection +0.01% span/V .
Supply Current * [2mA = — R
+ 24V Loop Supply Range +12Vio +30V R3 IOkQ 2
Supply Rejection 0.0002% span/V
Supply Current 27mA (at + FS) +3.175V  -3.175V
Size 3.150" x 0.775" x 3.395" A o8
Environmental /s
Temperature Range, Rated Performance ~25°Co +85°C
Storage Temperaturc Range -55°Cto +85°C R: S
Relative Humidity Conforms to MIL Spec 202 010 95% (« 60°C noncondensing 1 +
RF1 Susceptibility *+0.5% spanerror, SW $
400MHz ( 3ft. Rz ;» V2
NOTES p -
'Fora0-20mA range, a tyPical minimum output current is 10 A.
Accuracy spe includes the combined effects of repeatability, hysteresis and linearity, Does

Jhot include sensor or signal source error.

'A wide range of zero suppression and custom calibration may be accomplished with a custom . - .
ranging card, AC1310. Figure 2.1.10.3 3B37 Zero Suppression Resistors
*When used with CJC sensor provided on 3B Series backplanes.
3Compensation error contributed by ambient temperature changes.

© + 24V dc power is only needed for driving the current output at up to 85012 If only voltage COLD I l l NCTION COMPENSATION SELECTION
outputs used, or acurrent output load of 400{} or less is desired, = 15V is all that is required. . ) . . . .
Specifications subject to change without notice. The 3B37 incorporates internal cold junction compensation
circuitry which is used with the external sensors incorporated
ORDERING INFORMATION oy po

in the 3B Series backplanes. The calibration of this circuitry

EXAMPLE MODEL 3B37 - K - 02 is accomplished with a resistor installed in position R4B. The
Select Thermocouple Type values for thermocouple types J, K, T, E, R, S and B are
ILK,T.E,R,Sor B defined below; if another type is required, consult the factory

for the required resistor value.
Select Temperature Range cq

01 through 06

TCType ] K T E R S B
Range in °C (°F) TCType No. R4B 21002 165G 1654 2430 23.7Q 23.7(% Jumper (0£1)
—100to +760 01
(— 148 to + 1400) : LIMITS _
—100to + 1350 K 02 The ranging card can be used to create a wide range of special
(— 14810 + 2462) transfer functions, but there are practical limits that must be
— 100 to + 400 T 03 observed. The maximum differential input voltage for normal
(- 14810 +752) linear operation is = 1V. The range of the voltage output
0to + 900 E 04 adjustment is at least +0.5V at the module output and can
(320 + 1652) therefore correct any error of less than 0.5V/Gain. If possible
Oto + 1750 R,S 05 the resistors used should be 1% tolerance, 10ppm. See Ap-
(3210 +3182) pendix A for a detailed discussion of limits, error contributions,
Oto + 1800 B 06 and temperature effects of the ranging card.

(3210 +3272)



2.1.11 MODELS 3B40 and 3B41
FEATURES
Accepts Inputs from +10mV to =10V Inputs
10kHz Bandwidth
Dual High Level Outputs
Voltage: =10V
Current: 4-20mA/0-20mA
High Accuracy: *=0.1%
Low Drift: =2pV/°C
Reliable Transformer Isolation
+ 1500V CMV, CMR =100dB
Meets IEEE-472: Transient Protection (SWC)
input Protection: 220V rms Continuous
Reliable Pin and Socket Connections

FUNCTIONAL DESCRIPTION

The 3B40 is an isolated wideband millivolt input module
that is designed to accept signals ranging from = 10mV to
+100mV. Model 3B41 is an isolated wideband voltage input
module that is designed to accept voltage input signals ranging
from =1V to = 10V. Each model has a 10kHz bandwidth to
interface to dynamic signals.

Figure 2.1.11.1 shows a functional diagram for models 3B40
and 3B41. Input protection of up to 220V rms is provided
on the input screw terminals. Transformer coupling is used
to achieve stable galvanic isolation between input and output.
Both the voltage and current outputs can be independently
adjusted over a = 5% span range for zero and span with
front panel accessible potentiometers. The current output,
which has 130V rms output protection, interfaces with user
equipment through screw terminal connections.

FINE CALIBRATION

Each model is factory calibrated for a specified range to
provide zero and span accuracy of +0.1% of span. User
accessible zero and span trim potentiometers providing a
+ 5% adjustment range permit precise field calibration of
both the voltage output and the current output. The two
outputs are adjusted independently and are noninteractive.
The following nonrecursive procedure is recommended:

1. Connect model 3B40 (3B41) as shown in Figure 2.1.11.1
with Ry = 2500

2. Apply Vi = 0volts, adjust Vz for Voyt = 0V = 10mV
and I7 for IopyT = 4mA *0.016mA or the voltage
measured across R; = +1V +4mV.

3. Apply Viy = + Full Scale, adjust Vg for Voyt =
+ 10V =10mV and Ig for Iout = 20mA +0.016mA
or the voltage measured across Ry = +5V +=4mV.

If a 0-20mA output is desired for a 0 to + 10V output, adjust
I for Ioutr = OmV +0.020mA in step 2 and Is for Igyt
=20mA +0.020mA in step 3. (A typical minimum output
current is 10pA with 0-20mA operation.)

If the current output is to be proportional to a — 10V to
+ 10V output instead of a 0 to + 10V output, I should be
adjusted for a — Full Scale input in step 2.

CUSTOM CALIBRATION

A powerful custom ranging capability is provided with a
plug-on ranging card, AC1310. If a special gain is desired, it
can be provided by ordering the externally programmable
version of the desired module and the AC1310 which houses
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Figure 2.1.11.1 3B40 and 3B41 Functional Block Diagram

user supplied resistors that determine the zero and span of
the new range. Special ranges can also be factory configured.
Consult the factory for details.

The basic transfer function of both the 3B40 and 3B41 is:

Vo = Gx(Vin-Vz)
Where Vo = OutputVoltage
G =  Gain
Vin = Input Voltage
V; = ZeroSuppression Voltage

GAIN SETTING RELATION
With the AC1310, the gain G is set by R;, which is determined
from the following relations:

3B40 3B41
R, = 400kQ _ 40k
17G-4 1"G-0.4

Gain G is a ratio of the change of output to the input change
that produced it. Model 3B41 is a 3B40 with a 10 x normal
mode input attenuator. The attenuation is done before the
zero suppression and gain. If there is to be no zero suppression,
R, should be a jumper and R; should be left open. These
resistors should be installed as indicated in Figure 2.1.11.2.

GAIN AND ZERO

GAIN SELECTION  SUPPRESSION

R, Gain Resistor Gain Resistor

R. Jumper Zero Suppression Resistor
Ra Open 2ero Suppression Resistor
R Open Open

Figure 2.1.11.2 3B40 and 3B41 Custom Ranging



SPECIFICATIONS

{typical @ + 25°C and =+ 15V, -+ 24V dc power)

Model

Inputs
QOurputs

Accuracy’
Nonlinearity
Stability vs. Ambient Temperature
Voliage Output
Input Zero
Output Zero
Span
Current Output (w.r.t. Voltage Output)
Zero
Span
Common Mode Voltage, Input tv Output
Common Mode Rejection ¢+ 50Hzor 60Hz
1k{} Source Unbalance
Differential Input Protection
Voltage Output Protection
Current Output Protection
Zero and Span Adjustment Range®
Bandwidth ( — 3dB)
Response Time 10 9%
Input Resistance
Input Bias Current
Input Noise
(dc- IMHz; R = 10k{})
Output Ripple and Noise
Power Supplies*
+ 15V Input Supplies Range
Supply Rejection
Supply Current

+ 24V Loop Supply Range
Supply Rejzction
Supply Current
Size
Environmenial
Temperature Range, Rated Performance
Storage Temperature Range

Relative Humidity Conforms to MIL Spec 202

RFI Susceptibility

NOTES

3B40

*10mVio = IV

£ 10V @ «2mA

4-20mA or 0-20mA @
R~ 010 8300"

= 0. 1% span

2 0.02% span

= 2uVPC(RTI}
2 250V°C
+0.0025% reading“C

*0.0025% span/°C
+0.0025% reading/°C
*+ 1500V pk max

100d8

220V rms, cont.
Continuous Short to Ground
130V rms, cont.

* 5% of span

10kHz

55us

200MQ

ScA

5V rms
25mV pk 1o pk

*(12V1016.5V)
+0.01% span’V

*10mA

+12Vio + 30V

0.0002% span/V

27mA (at + FS)

3.150" » 0.775" ~ 3.395"

-25°Cro +85°C
—55°Cto + 85"C
010 95% (: 40°C
neacondensing
+(.5% span crror,
S5W s 400MHz (¢ 3 fi.

'Far a 0-:20mA rangc, a typical minimum auiput current 15 10pA.

“Accuracy spec includes the bined cffecs of

bil

nat include sensar or vignal source ereor.
‘Custom-cali

v. hysferesis and lincarity. Dues

may be accomplished with 4 cusfom ranging card. ACI1310.
4« 24V de power 1 only necded for driving the currenz ouepur at up to 85012, 1f onlyv valtage

3B41

21V 1w 2 10V

00
v
a
w

50k{1

P R N

output is used, or a currenr output foad of 40011 or fess is desired, * 15V 4y all that s required

*Specifications same 2y 3R40.
Specificatons subject to change without nouce.

ORDERING INFORMATION

Input Range Model Number
Low Level,

Externally Programmable 3B40-00
+10mV 3B40-01
+50mV 3B40-02
*100mV 3B40-03
High Level,

Externally Programmable 3B41-00
*1V 3B41-01
+5V 3B41-02
+10V 3B41-03

FREQUENCY RESPONSE

The standard bandwidth of the 3B40 and 3B41 is 10kHz.
This frequency response is determined by a two pole filter.
A third pole is available to reduce the frequency response of
custom ranged units if desired. These modules can be confi-
gured at the factory with a 100Hz minimum bandwidth.

ZERO SUPPRESSION VOLTAGE

The zero suppression voltage, Vz, can be set for any value
between —3.175V and +3.175V for the 3B40 and —31.75V
to +31.75V for the 3B41 through the use of R; and R; and
is determined from the following relations:

3B40 3B41

R,

R,
VZ = 3175V>(m

with the sign of Vz determined by the choice of location A
(positive) or location B (negative) for R; (see Figure 2.1.11.3).
The total resistance of (R, + Rj) should be approximately
10k} to avoid taking excessive current from the voltage
reference or self heating in the resistors. (For the 3B41, the
31.75V term is a function of the 10 x attenuation of the
input signal. The internal voltage reference is 3.175V so
standard 100mW resistors are suitable for zero suppression.)
Using 10kQ} as the total value, R; and Rj are determined
from the following relations:

3B40 3B41
R, = —%— x 10k R, = ——2_ x 10kQ
27 3175V 31.75V
R3 = lOkQ _ R2 R3 = lOkQ - Rz
REF:
+3.175v -3.175Vv
A Pl :!
7/

Figure 2.1.11.3 3B40 and 3B41 Zero Suppression Resistors

LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits that must be
observed. For the 3B40, the maximum differential input
voltage for normal linear operation is =2.5V. For the 3B41,
the maximum differential input voltage for normal linear
operation is *25V. The range of the voltage output adjustment
is at least +0.5V at the module output and can therefore
correct any input offset error of less than 0.5V/Gain for the
3B40 and 5V/Gain for the 3B41. If possible, the resistors
used should be 1% tolerance, 10ppm. See Appendix A for a
detailed discussion of limits, error contributions, and tem-
perature effects of the ranging card.
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2.1.12 MODELS 3B42, 3B43 AND 3B44

FEATURES
Accepts 20mV to 550V ac inputs
Dual High Level Outputs
Voltage: 0 to +10V
Current: 4-20mA/0-20mA
High Accuracy: +0.5%
Low Drift: 50ppm/°C
Reliable Transformer Isolation
+ 1500V CMV, CMR=100dB
Meets IEEE-472: Transient Protection (SWC)
Input Protection: 220V rms Continuous (550V rms
for 3B44)
Reliable Pin and Socket Connections

FUNCTIONAL DESCRIPTION

Models 3B42, 3B43 and 3B44 are designed to accept ac sine-
wave input signals. Model 3B42 accepts signals ranging from
20mV to 1V rms, model 3B43 accepts signals ranging from
1V to 50V rms and model 3B44 accepts inputs ranging from
SOV rms to 550V rms.

Figure 2.1.12.1 shows a functional block diagram for models
3B42, 3B43 and 3B44. Input protection of up to 220V rms
(550V rms for model 3B44) is provided on the input screw
terminals. Each module uses an ac averaging technique. The
input signal is rectified, filtered and scaled to give an rms
reading for a sine-wave input. This scaling is not accurate
for other input waveforms. Transformer coupling is used to
achieve stable, galvanic isolation between input and output.
Both the voltage and current outputs can be independently
adjusted over a = 5% span range for zero and span with
front panel accessible potentiometers. The current output,
which has 130V rms output protection, interfaces with user
equipment through screw terminal connections.

FINE CALIBRATION

Each model is factory calibrated for a specified range to
provide zero and span accuracy of =0.5% of span. User
accessible zero and span trim potentiometers providing a
+5% adjustment range permit precise field calibration of
both the voltage output and the current output. The two
outputs are adjusted independently and are noninteractive.
The following nonrecursive procedure is recommended:

1. Connect the unit as shown in Figure 2.1.12.1 with
Ry =250Q.

2. Apply Vin =0 volts, adjust Vz for Vour=0V = 10mV
and Iz for IoyT=4mA *0.016mA or the measured voltage
across R = +1V +4mV.

3. Apply Vin = + Field Scale, adjust Vg for Vour = + 10V
= 10mV and I for Ioyr=20mA +0.016mA or the voltage
measured across Ry = + 5V =4mV.

If a 0-20mA output is desired for a 0 to + 10V output, adjust
1z for oyt =0mA =0.020mA in Step 2 and I for Iy =20mA
+=0.020mA in Step 3. (A typical minimum output current is

10pA with 0-20mA operation.)

OPTIONAL ZERO SUPPRESSION/CUSTOM
CALIBRATION

A powerful custom ranging capability is provided with a
plug-on ranging card, AC1310. If a special range is desired,
it can be provided by ordering the externally rangable version
of the desired module (i.e., 3B42-00) and the ACI1310 which

:
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Figure 2.1.12.1 3B42, 3B43 and 3B44 Functional Block
Diagram

houses user supplied resistors that determine the zero and
span of the new range. Special ranges can also be factory
configured. Consult the factory for details.

The basic transfer function of the 3B42, 3B43 and 3B44 is:
Vo=G(Vin—Vz2)

where Vg = Output Voltage
G = Gain
Vinv = Input Voltage (rms)

Vz = Zero Suppression Voltage (rms)

Gain G is the ratio of the change of output to the input change
that produced it.

SCALING RELATIONS

With the AC1310, the gain is set by R, and R4B. R, is used
to control the scaling of input in each of these three models
while R4B determines the gain from the rectifier on. R is
determined from the following relations:

3B42 3B43 3B44
20k _ 20kQ 20k
Ri=7 7 R=s | R
KV, KVa KV,
Where K=V av/V rms=0.900 for sinusoids
Vo =full scale rms input voltage
SCALING SCALING AND
SELECTION ONLY ZERO SUPPRESSION

Ry | InputScaling Resistor
R; | Jumper
R; Open

Output Scaling Resistor

Input Scaling Resistor

Zero Suppression Resistor

Open

Output Scaling Resistor

Figure 2.1.12.2 3B42, 3B43 and 3B44 Custom Ranging



SPECIFICATIONS

(typical @ + 25°C and = 15V, + 24V dc power)

Model

Inputs, S0Hz—400Hz
Outputs

Accuracy®
Stability vs. Ambient Temperature
Voltage Output
Zero
Span
Current Cutput(wrt Voltage Outpur)
Zero
Span
Common-Moade Voltage
Input 1o Cutput
Common-Mode Rejection
@ 50Hz or 60Hz, | k{2 source unbalance
Differcotial inpu¢ Protection
Vcltage Output Protection

Current Output Protection
Zeroand Span Adjustment Range®
Bandwidth*

Response Time to 90% Span

lnput T ransient Protection

Input Resistance

Input Bias Current

Output Noise

Power Supplies®
+ 15V Input Supplies Range
{(Rated Operation)
Supply Rejection
Supply Current
+24V Loop Supply
Supply Rejection
Supply Current
Size
Environmental
Temperature Range, Rated Performance
Storage Temperature Range
Reladive Humidity Conforms
10 MIL Spec 202

RFI Susceptibility

NOTES

'For 4 0-20mA range, a typical minimum output current is tOuA,

*Accuracy spec includes the ined effects of

3842

20mVio 1V
0-10V@ SmA
4-20mA or 0-20mA

@R =0108500)"
+0.5% span

0.005% span/"C
+0.005% reading”C

+0.0025% span/°"C
+0.0025% reading/C

+ 1500V peak max

100dB
220V rms, continuous
Continuous Short
to Ground
130V rms, continuous
+5%of span
3Hz
0.2sec
Meets IEEE-STD-472(SWC)
100M0
InA
50uV rms on 100kHz
Bandwidth

=(11.5V 10 16.5V)
20.01% span/V
+10mA, — 10mA
+12Vio + 30V
0.002% span/V

27mA (at +FS)

3.1507 x 0.775" x 3.395

-25°Cto +85°C
~55°Cto +85°C

01095% @ 60°C
Noncondensing

0.5% span error
SW @ 400MHz @ 3 feet

SOUICE error.

'Custom calibration may be accomplished with 1 custom ranging card, AC1310.
“‘Bandwidth represents a response to a change in amplitude.

*+ 24V dc power i1 only needed for driving the current output at up to 8501, If only voltage output is wsed, or a current
output load of 400} of lexs is desired, = 15V is al that is required.

*Specifications same as 3B42,
Specifications subject to change withoul nouce.
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ORDERING INFORMATION
Model
Input Range Number
Low Levelac (20mV — 1V rms),

Externally Programmable 3B42-00
0-50mV rms 3B42-01
0-100mV rms 3B42-02
Voltac (1V-50V rms),

Externally Programmable 3B43-00
0-10V rms 3B43-01
Voltac (50V -550V rms),

Externally Programmable 3B44-00
0-150Vrms 3B44-01
0-250V rms 3B44-02

The difference between these three models is in the input
scaling. The scaling is done before the zero suppression or
gain so that the maximum value presented to the rectifier is
1V rms. The signal is processed the same from this point on
in each of the three models. R4B is determined from the
following relation, which is the same for all models:

40k} 10V
L 1=
R,;B Gl where G -V,
: Vi

(10V represents the module’s output span.)

If there is to be no zero suppression, R; should be a jumper.
These resistors should be installed as indicated in Figure
2.1.12.2.

ZERO SUPPRESSION VOLTAGE

The zero suppression voltage, Vz, can be set for any value
between 0 and 1.23V. Since the signal varies from 0 to 1V
dc at the amplifier input, a zero suppression voltage of 0 to
1V dc corresponds linearly to a 0—~100% of full scale zere
suppression.

The zero suppression resistor, R,, is determined from the
following relations for all three models:

R, = 10KQ (V,/Vy,)
TT1L3-V, IV,

R; should be installed as indicated in Figure 2.1.12.2.

LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits that must be
observed. The allowable input voltages are 20mV-1V rms
for the 3B42, 1-50V rms for the 3B43, and 50-550V rms for
the 3B44. The range of the modules voltage output adjustment
is at least = 0.5V at the module output and can, therefore,
correct any input offset error of less than 0.5V/Gain for the
3B42, 25V/Gain for the 3B43, and 275V/Gain for the 3B44.
If possible, the resistors should be a 1% tolerance, 10ppm.
See Appendix A for a detailed discussion of limits, error
contributions, and temperature effects of the ranging card.






SPECIFICATIONS

(typical @ + 25°C and = 15V, + 24V dc power)

Mode! 3B4S 3B46
Inputs (Min and Max Spen}) 25Hz2~1100Hz 520Hz~25kH:z
Input Voltage Level 10mV-220V rms *
Outputs 0-10V @ 5mA o
4-20mA or 0-20mA @ *
Ry = 0108500
Mazximum Current Cutput
for Input Overioad 31mA *
Accuracy? +0.1% span .
Nonlinearity *0.02% span *
Stability vs. Ambient Temperature
Voltage OQutpur
Zero 500pV/°C *
Span =0.0050% reading/”C *
Current OQutput (w.r.t. Voltage Cutput)
Zero =0.0025% spanC '
Span o *0.0025% reading/°C *
Common-Mode Valtage, Input to Output + 1500V peak max *
Differentiai Input Protection 220V rms continuous *
Voluge Output Protection Continuous Short to Ground >
Current Output Protection 130V rms continuous .
Zeroand Span Adjustment Range? + 5% span .
- -

Input Transient Protection Meets IEEE-STD 472 (SWC)

Input Resistance
(Small Signal) 15MQ *
(Large Signal, Viy>4V) 82k
Ioput Bias Current 3nA *
Output Ripple 10mV rms @10% span max *
Output Noise . 75uV rmsat 100kHz *
Powrer Supplies*
+ 15V Input Supplics Range
(Rated Operation) *(11.5V1016.5V) *
Supply Rejection +0.01% span/V *
Supply Current +16mA = 19mA
+ 24V Loop Supply Range +13.5Vio +30V *
Supply Rejection 0.0002% span/V *
Supply Range 27mA (at + FS) *
Size 3.150" x 0.775" x 3.395" *
Environmental
Temperature Range, Rated Performance —25°Cto +85°C *
Storage Temperature Range —55°Cto +85°C *
Relative Humidity Conforms to MIL Spec 202  0t095% @ 60°C »
noncondensing
RFI Susceptibility +0.5% span error, *
SW@400MHz @ 3 fr.
NOTES
For20-20mA range, & typical minimum output current is 10uA.
E inchudes th ined effects bili 4 linearity. Docs
naot include sensor or ignat source error.
o ibrati be i with s custom ranging card, AC1310.
* + 24V d= power is only needed for driving the current cutput at up to 85012. If only voltage
outputis used, or a current output load of 40042 or less isdesired, = )5V is all that is required.
*Specifications seme &3 3B4S.
Specifications subject to change without notice.
ORDERING INFORMATION
Input Range Model Number
Frequency Input '
Externally Programmable
(Min Span: 25Hz, Max Span: 1100Hz) 3B45-00
0-25Hz : 3B45-01
0-300Hz 3B45-02
Frequency Input
Externally Programmable
(Min Span: 520Hz, Max Span: 25kHz)  3B46-00
0-1.5kHz 3B46-01
0-3kHz 3B46-02
0-25kHz 3B46-03

ZERO SUPPRESSION FREQUENCY

The zero suppression frequency, Fz, can be set for any value
up to 80% of the desired input span through the use of R;.
Zero suppression is limited by temperature drift. Values
larger than 80% of the input span will have a larger amount
of temperature drift. The value for R, is determined from
the following relations:

3B45 3B46
1.52x 10’ 3.33x10°
R=—"~=""—" R,=22222-""
: F; 2 F;

HYSTERESIS SELECTION

A standard 3B45 or 3B46 is shipped with zero hysteresis
since a jumper is installed on the range carrier pins. If the
jumper is removed, there will be nominally =4V (= 20%) of
hysteresis. If less hysteresis is desired, it can be accomplished
with the following equation:

3B45 3B46
_10° x Vg _10°x Vg
RA==v, RA=T—V,

where Vy is the desired hysteresis. Vg can be set for any
value between 0 and 4V with a +20% tolerance.

THRESHOLD SELECTION

The threshold is determined by user wiring on the input
screw terminals. If the inpurt signal is a zero crossing voltage
input, the L.O input screw terminal must be tied to the — EXC
screw terminal to implement a OV threshold (see Figure
2.1.13.3a). When the LO input is not connected to the — EXC
terminal (as in Figure 2.1.13.3b), the threshold is 1.6V which
is useful for TTL level inputs. For open collector outputs,
an internal puli-up resistor is provided at the + EXC screw
terminal. The pull-up resistor, and 1.6V threshold are used
with switch closure inputs (Figure 2.1.13.3¢).

I |
+exc | OPEN +EXc |
COLLECTOR ,@__I

1 ! )
HI | Hi ‘- Hi

+EXC

'

a. Zero Crossing b. 1.6V Threshold c¢. 1.6V Threshold with
Threshold Contact Excitation
Figure 2.1.13.3 Threshold Selection

RESPONSE TIME

Response time is a function of the frequency range. The table
below indicates the time required to reach 90% of the output
span for a step change input to the minimum and maximum
ranges of the 3B45 and 3B46. Other ranges will have response
times in between these extremes.

Model Range Response Time

3B45 0-25Hz 1.6sec

3B45 0-1.1kHz 0.6sec

3B46 0-520Hz 0.07sec

3B46 0-25kHz 0.03sec
LIMITS

The ranging card can be used to create a wide range of special
transfer functions, but there are practical limits to be observed.
The 3B46 can accept ranges between 25kHz and 50kHz with
a gradual decrease in linearity. A 0 to 30kHz range has 0.02%
nonlinearity, 0—40kHz has 0.12% nonlinearity and a 0-50kHz
range has 0.5% nonlinearity. The 3B45 and 3B46 offer input
protection up to 220V and will operate normally up to that
value. However, the user may want to externally attenuate
large signals to reduce the noise level below the available
hysteresis. The range of the module’s output adjustment is
at least =0.5V at the module output and can, therefore,
correct any error of less than 0.5V/Gain. If possible, the
resistors should be 1% tolerance 10ppm. See Appendix A for
a detailed discussion of limits, error contributions, and tem-
perature effects of the ranging card.
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2.1.14 MODEL 3B47

FEATURES
Accepts J, K, T, E, R, S or B Thermocouple Inputs
Provides Linearized 0-10V Output
Reliable Transformer Isolation

+1500V CMV

160dB CMR

Meets IEEE-STD-472: Transient Protection (SWC)
Internal Cold Junction Compensation
Open Thermocouple Detection

FUNCTIONAL DESCRIPTION

The 3B47 accepts its signal from type J, K, T, E, R, S, and
B thermocouples and provides a 0 to + 10V output. The
input signal is internally linearized to provide an output
which is linear with temperature. Figure 2.1.14.1 shows a
functional diagram for the model 3B47. Input protection of
up to 220V is provided for the input circuitry. Cold Junction
Compensation with an initial accuracy of +0.5°C is performed
in each unit with the external sensor provided on all channels
of the 3B Series backplane. The signal is amplified and filtered
to give the high level voltage output. Chopper based amplifi-
cation is used to assure low drift and excellent long term
stability. Transformer coupling is used to achieve stable
galvanic isolation between input and output. The voltage
output can be adjusted over a * 5% span range for zero and
span with the front panel accessible potentiometers.

DOWNSCALE OPEN INPUT DETECTION

The 3B47 provides upscale open thermocouple detection
when used under normal operation. Downscale open ther-
mocouple detection can be provided by installing a 220MQ)
resistor across screw terminals 2 and 4. This resistor could
be 0.25W carbon comp and need not be a tight tolerance

(% 20%). The addition of this resistor reverses the input bias
current which provides downscale open input detection.

FINE CALIBRATION

The 3B47 is factory calibrated for a specified range to provide
zero and span accuracy of +0.1% of span. Cold junction
sensors, with an initial accuracy of +0.5°C, are provided
on each backplane channel. If greater accuracy is desired,
the modules should be calibrated in the actual backplane
channel that they will be installed in. User accessible zero
and span trim potentiometers providing a = 5% adjust-
ment range permit precise field calibration of the voltage
output. The following nonrecursive adjustment procedure
is recommended:

1. Make connections as shown in Figure 2.1.14.1. Use a
precision millivolt source.

2. Measure the ambient temperature of the screw terminal
block and determine the millivolt output for millivolt/
temperature tables. This value will be inverted and added
to the millivolt span of the thermocouple being simulated.

3. Determine the zero and full scale points for the measurement
range from standard millivolt/temperature tables, and add
to the number determined in step 2.

Example: Type J 0-500°C
Zero and full scale values:

Outputat ambient temperature:
Corrected zero and span values:

OmVto +27.388mV
1.277mV (invert sign)
-1.277mV to + 26.111mV

4. Apply Vi for the minimum input signal (determined in
step 3), adjust Vz for Voyr = OV +10mV.

5. Apply Viy for the maximum input signal (determined in
step 3), adjust Vg for Voytr = + 10V = 10mV.

vazv ( NO CURRENT OUTPUT }

220Mep

Input CHOPPER
Protection DIFF

Voul
AN

Vout COM

[-— L] 13) | +15v

Ranging Magnoic 11) | Pwr COM
G v

.

coLo
JUNCTION
COMPENSATION

Figure 2.1.14.1 3B47 Functional Block Diagram

ard
(Hf Used)

Q00 o— .

SENSOR

2

Internal DIC DIC -
v P2

5. Apply Vin for the maximum input signal (determined in
step 3), adjust Vg for Voyr = +10V =10mV.

The 3B47 may also be calibrated using an ice bath setup.

OPTIONAL ZERO SUPPRESSION/

CUSTOM CALIBRATION

The 3B47-CUSTOM is recommended for the user needing a
3B47 with special ranging. This is a factory configured unit
in which the factory will install the resistors needed for zero,
span, and cold junction compensation as well as the fifteen
separate components needed for linearization. (Consult the
factory for details.)

OPTIONAL CURRENT OUTPUT

A current output can be provided for the 3B47 by installing
a 3B19 or 3B39 in an adjacent channel and installing a jumper
on the backplane that connects the 3B47 output to the Current
Output Module’s (either 3B19 or 3B39) input. If utilizing
this feature with the 3B19 Non-Isolated Current Output -
Module, the 3B47 will have a current output capability com-
parable to that of the 3B37 Thermocouple Module. If, on
the other hand, the 3B39 Isolated Current Output Module is
used, the user would be provided with two levels of + 1500
CMYV isolation: an isolated current output from an isolated
input module.

If the Optional Current Output feature is desired, it is im-
plemented by using wire wraps or jumpers on the appropriate
pins of the jumper posts located near the voltage /O connectors.
Figure 2.1.14.2 defines the channel pairs that can have this

B H N
H
H
L]

3801

onjoojojoo

E
15 7L

3802 3B03

Figure 2.1.14.2 Adjacent Channels That Can Be Connected



SPECIFICATIONS

{typical @ +25°C and <+ 15V, + 24V dc power)

Model

Inputs
Outputs
Accuracy!
Stability vs. Ambient Temperature
Voltage Output
Zero
Span
Common Mode Voltage, Input to Qutput
Common Mode Rejection @ 50Hz or 60Hz
1k Source Unbalance
Normal Mode Rejection @ SOHz or 60Hz
Differential Input Protection
Voltage Output Protection
Zeroand Span Adjustment Range?
Response Time to %% Span
Input Transient Protection
Input Resistance
Input Bias Current
Input Noise
Open Input Response
Open Input Detection Time
Output Noise
Bandwidth
Cold Junction Compensation
Initial Accuracy®
vs Temperature* (+ 5°C to +45°C)
Power Supplies
=+ 15V Input Supplies Range
(Rated Operation)
Supply Rejection
Supply Current
Size
Environmental
Temperature Range, Rated Performance
Storage Temperature Range

Relative Humidity Conforms to MIL Spec 202

RFI Susceptibility

NOTES

3B47

Thermocouple Types J, K, T,E,R,S,B
Oto + 10V @ SmA
See ordering information

+0.02°CrC
+0.0025% reading/°C
+ 1500V pk max

160dB

60dB

220V rms, cont.

Continuous Short to Ground
+ 5% of span

0.2sec

Meets IEEE-STD472(SWC)
15MQ

15nA

0.2pV rms at 10Hz bandwidth
Upscale

10sec

100p.V rms in 100kHz bandwidth
3Hz( - 3dB)

+0.5°C
+0.5°C

+(11.5V1016.5V)
+0.01% span/V
+16mA, — 14mA

3.150” x 0.775" x 3.395"

—25°Cto +85°C

—55°Co +85°C

01095% @ 60°C noncondensing

+0.5% span error, SW @
400MHz @ 3 f1.

! Accuracy spec includes the combined effects of repeatability, hysteresis and linearity. Does

not include sensor or signal source error.

?A wide range of zero suppression and custom calibration may be accomplished with a custom

ranging card, AC1310.

3When used with CJC sensor provided on 3B Series backplanes.
*Compensation error contributed by ambient temperature changes.

Specifications subject to change without notice.

ORDERING INFORMATION

EXAMPLE MODEL 3B47 - J - 01

Select Thermocouple Type
{J,K,T,E,R,S or B) and Range

TC
Range in °C (°F) Type No. Accuracy
0to +760 J 01 0.76°C
(3210 +1400)
—-1001to0 + 300 1) 02 0.4°C
(—148 10 +572)
0to + 500 1) 03 0.36°C
(3210 +932)
0to + 1000 K 04 1.0°C
(3210 +1832)
0to + 500 K 05 0.38°C
(3210 +932)
— 100 to + 400 T 06 1.1°C
(—148 10 +752) .
0to +200 T 07 0.3°C
(3210 +392)
O0to +1000 E 08 1.5°C
(3210 +1832)
500to + 1750 R 09 1.6°C
(93210 +3182)
500t0 + 1750 S 10 1.5°C
(93210 +3182)
500 to + 1800 B 11 3.3°C

(93210 +3272)



2.2 OUTPUT MODULES

FEATURES
High Level Voltage input {0-10V, =10V)
Process Current Output {(4-20mA/0-20mA)
High Accuracy: +0.1% :
Reliable Transformer Isolation
+=1500V CMV
90dB CMR
Meets IEEE-STD 472: Transient Protection {(SWC)
Output Protection: 130V or 220V rms Continuous
Reliable Pin and Socket Connections
Low Cost per Channel

APPLICATIONS
Process Control, Factory Automation, Energy Management,
Data Acquisition, and Control Systems.

OUTPUT MODULE

General Description

Each output module accepts a high level analog signal from the Voltage I/O Connector and
provides a current output on the output screw terminals. The output modules can be powered
from an external +24V with a load of up to 850(). If desired, + 15V can be used to power the
output modules with a smaller load (up to 400€)). Each output module features high accuracy
of =0.1%. If isolation is required, the 3B39 provides =+ 1500V peak of common mode voltage isola-
tion protection.

The transfer function provided by each output module is:

Input: 0 to + 10V or = 10V
Output: 4 to 20mA/0-20mA

Figure 2.2.1 shows a functional diagram for the model 3B39 isolated voltage to current converter.
Each unit is plugged into a 3B Series backplane, which provides the power for each module.
The input signal drives a voltage to current converter through the isolation barrier. Transformer
coupling is used to achieve stable galvanic isolation. The current output can be adjusted over a
=+ 5% span range for zero and span with front panel accessible potentiometers. Qutput protection
of up to 220V (130V for the 3B19) is provided for the current outputs.

Model 3B39 has been specifically designed for high accuracy applications in process control and
monitoring systems to offer complete galvanic isolation and protection against damage from

transients and fault voltage in transmitting information between subsystems or separated system
elements. [t provides total ground isolation and transient protection when interfacing D/A converters
to standard 4-20mA current loops. This requirement is common in microcomputer-based control

systems.
LOOP
+24V COMMON 415V ~—15V
{5) { 6) {13) {9) .
O/ N/ @ P2 4 28;1 A
0-20mA
lout OUTPUT
0 TO +10V, =10V
INPUT FROM 19) // G @
SYSTEM CONNECTOR MAGNETIC Vil Ru
ISOLATION
12) /] 2H— @D
com €P2 ~ RETURN]| P2

Figure 2.2.1 Model 3B39 Isolated Voliage 10 Current Converter Functional Block Diagram
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Each output module has two user programmable jumper options. One option allows the user to
program the current output to be proportional to either a 0 to + 10V span input or a — 10V to
+ 10V input.

The second option allows the user to set the current output to 4-20mA or 0-20mA. All output
modules are shipped from the factory so that the current output is proportional to the 0 to
+ 10V input and all current outputs are 4-20mA.

FINE CALIBRATION
The 3B19 and 3B39 are factory calibrated to +0.1% of span for a 0 to + 10V input. If field
calibration is required, the following nonrecursive procedure is recommended:

Connect the 3B39 (3B19) as indicated in Figure 2.2.1 with Ry = 2500.

2. Apply Viy = 0Vand adjust Iz so thatIp = 4mA =0.016mA or the voltage measured across
Ry = 1V £4mV.

3. Apply Vi = + 10V and adjust Ig so that I = 20mA *0.016mA or the voltage measured
acrossRy = 5V £4mV.

If a 0-20mA output is desired, I should be adjusted for OmA = 0.020mA in step 2 and 20mA
+0.020mA in step 3 (a typical minimum output current is 10pA with 0-20mA operation).

GENERAL OUTPUT MODULE SPECIFICATIONS

(typical @ + 25°C and = 15V, + 24V dc power)

Maoadel 3B39, Isolated 3B19, Nonisolated
Inputs 0t +10V, =10V *
Outputs 4-20mA or 0-20mA
@Ry = 0108500 *
Accuracy’ +0.1% span *
Nonlinearity +0.01% *
Stability vs. Ambient Temperature
Zero +0.0025% span/°C *
Span +0.002% reading/°C *
Common Mode Voltage, Output to
Input and Power Supply #1500V pk max N/A
Common Mode Rejection 90dB N/A
Normal Mode Qutput Protection 220V rms, Continuous 130V rms, Continuous
Zeroand Span Adjustment Range + 5% of span *
Output Transient Protection Meets IEEE-STD 472 (SWC) N/A
Input Resistance 10k(} *
Power Supply? +15Vdc, +24Vdc *
Maximum Input Voltage Without Damage =20V *
Size 3.150" x 0.775" x 3.395" *
Environmental
Temperature Range, Rated Performance — 25°Cto + 85°C *
Storage Temperature Range ~55°Cto +85°C *
+ Relative Humidity Conforms to
MIL Spec 202 0t095% @ 60°C, noncondensing  *
RFI Susceptibility +0.5% spanerror,
5W @ 400MHz @ 3ft. *
NOTES

!Accuracy spec includes combined effects of repeatability, hysteresis and linearity.
2+ 24V dcsupply is only needed for driving loads of up to 8502.
+ 15V dc can be used for driving a 400(} maximum load.

*Specifications samne as 3B39.
Specifications subject to change without notice.
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OUTPUT CONNECTOR INPUT CONNECTOR

IRETURN 2| @ e |1 10UT Ne2 | e e | 1NC
KEY 4| @ ® |3 KEY NC4| o e | 3 NC
LOOPPOWER 4| o e |5 +2av NCE| ® e |5 NC
COMMON
RES. 8| ® ® |7 RES.
BOTTOM VIEW
V-IN12| @ e | 11 POWERCOM
V+IN14| @ ® |13 +15V o
[ ] [ ]
BOTTOM VIEW - INPUT/OUTPUT POWER
Output Connector : :
[ ] [ ]
[ ] [ ]
CURRENT OUTPUT
1 CURRENT
JUMPER PROGRAMMING .. OUTPUT
oo PROGRAMMING
UNIPOLAR [~ 2 : ] 1
OUTPUT 1—i 0-20mA 11 OPTIONAL
4! e|t} 3 oo RANGING
BIPOLAR i 4-20mA .o - CARD
OUTPUT 6 le! |g
| N
* &
BOTTOM VIEW . NC
[ ] [ ]
Jumper Options
BOTTOM VIEW

Bottom View of Connectors

Figure 2.2.2 Output Module Connectors

3.395
(86.2)

0.716

>\(18.2)

3.150

(80) \/

0.775

>(19.7)

Figure 2.2.3. Output Module Dimensions
Dimensions shown in inches and (mm).

2-35



2.3

BACKPLANE FUNCTIONAL DESCRIPTION

The 3B Series Signal Conditioning Subsystem consists of a family of backplanes, input modules,
output modules and power supplies. The three backplane models, 3B01, 3B02 and 3B03 are
designed for 16, 8 and 4 channels, respectively, to offer 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. Several mounting options are offered, including rack, surface, and NEMA

enclosure mounting.

The 3B01 backplane can accommodate up to 16 signal conditioning modules. Modules can be
mixed and matched in the backplane to provide the desired number of channels for a specific
function. Each channel has four screw terminals for input connections. These connections satisfy
all transducer inputs and provide transducer excitation when necessary. A cold junction sensor
is supplied on each channel to accommodate thermocouple modules. Each channel has two
screw terminals for the output connections for the 4-20mA output. Two 26-pin system connectors
provide high level voltage I/O for all channels.

The 3B Series Subsystem offers high density packaging to conserve mounting space and can be
easily tailored to fit the user’s needs. All modules feature a universal pin out which assures
interchangeability. The plug-in design allows easy reconfiguration.

*1"‘— 0 250 (6 35) TYP

17.400 {441.96)

:_ _j'_"_'_:::: i © ) il _'n_:_—__n:: i

5.200
(132.08)

Bl e

THRU STANDOFF
ACCEPTS #6

SCREW
4 PLACES

X

18.91 {480.31} MAX

5.125
(130.18}

353
89.66)
Max

t

0.093
(2.36)

m A —

0812
(20 621

_t
)

3B01 16-Channel Backplane

11.000 (279.4)
A—l [=— 0.250 (6.35) TYP

@

5.200
1132.08)

THAU STANDOFF
ACCEPTS w6

o
S

HE

AEW
4 PLACES

3B02 8-Channel Backplane

(132,

3B03 4-Channel Backplane

Figure 2.3.1 Backplane Qutline Dimensions
Dimensions shown in inches and (mm).



BACKPLANE SPECIFICATIONS

Model 3B01 3B02 3B03
Channels 16 8 4
Power Supply Options!
External Power +15V * *
Requirements +24V * *
AC Power Supply? 100, 115, 220, * *
240V ac * *
DC Power Supply? +24V * *
Cold Junction Sensor Provided oneach Channel  * *
Power Indicator LEDs indicate = 15V
and + 24V powerapplied * *
Physical

Size (with modules) 17.400" x 5.200" x 4.373" 11.000" x 5.200" x 4.373" 7.800" x 5.200" x 4.373"
Fuse 220V Fuse at 500mA
(5mm x 20mm) * *
NOTES

! Actual Power Supply requirementsare a function of the quantity and types of module used (see Table [}
2AC Power Supplies include AC1300 and AC1301. Each is offered in one domestic and three foreign versions.
Refer to Power Supply Specifications.
) *AC1302 is an optional dc Power Supply
*Specifications same as 3BO1.
Specifications subject to change without notice.

Power Connector System Connector
DC Power High Level Analog I/0
1| o |LoorPv+ CHO 1| © O |2 CHs
2| o |Loorcom COM 3| @ O |4 CH9
3| o [nc CH1 5| © e |6 com
4] o |+15v CH2 7} © ¢ |8 CH10
5] o | £15VCOM com 9| ® O |10 CH11
6| o | =15V CH3 11] © ® |12 COM
TOP VIEW CH4 13| © O |14 CH12
° O |16 CH13
MATING com1s
CONNECTOR: ' CH517| © ® |18 COM
AMP P/N 202237-1 (6 PCS) o
_AMP P/N 207377-1 (1 PC) CHe 19| © 20CH14
OR EQUIVALENT coma21| e O |22 CH15
AC1352
CH7 23| o ® |24 COM
SENSE 25| © O |26 NC
TOP VIEW
® = GROUND
MATING
CONNECTOR:

AMP P/N 499958-6
OR EQUIVALENT
ACI1312

Figure 2.3.2 Backplane Pin Designations
(3B01, 3B02, 3B03)



POWER SUPPLY

The 3B Series Subsystem can operate from an ac power supply or de/dc (+24V input) power
supply mounted on the backplane or external + 15V and + 24V supplies can be used. The
power supply is bussed to all signal conditioners on the backplane. Supply current is a function
of the modules that are actually used (see Table 2.4.1). The power supply outputs listed in the
Specifications cover most cases. Each power supply operates over a —25°C to + 71°C temperature
range.

If the user wishes to use a + 15V supply for current output, the + 15V can be strapped to the
loop power on connector P3 (see Figure 4.3.1). With this arrangement, the load resistance on
current outputs is limited to 400Q2 max.

If +24V is supplied from an external source, a dc/dc converter (ADI model AC1302) can be
used to supply * 15V to the backplane. The current loop power is provided from the + 24V
source which must be capable of handiing the desired number of current loop outputs.

If both +24V and = 15V are supplied from an external source, the power supply requirements
must be satisfied for the desired number of modules.

+15Vdc  -15Vdc +24Vdc
Model Current Current Current

3B10 10mA 10mA 27mA
3B11 10mA 10mA 27mA
3B12 10mA 10mA 27mA
3B13 12mA 12mA 27mA
3B14 20mA 20mA 27mA
3B1S 20mA 20mA 27mA
3Bl16 45mA 10mA 27mA
3B17 65SmA* 65mA* 27mA
3B18 50mA 15mA 27mA
3B19 4mA 4mA 27mA
3B30 10mA 10mA 27mA
3B31 10mA 10mA 27mA
3B32 10mA 10mA 27mA
3B34 10mA 10mA 27mA
3B37 12mA 12mA 27mA
3B39 SmA S5mA 35mA
3B40 10mA 10mA 27mA
3B41 10mA 10mA 27mA
3B42 10mA 10mA 27mA
3B43 10mA 10mA 27mA
3B44 10mA 10mA 27mA
3B45 16mA l6mA 27mA
3B46 19mA 19mA 27mA
3B47 16mA 14mA N/A

*Typical number is 40mA per module plus + SmA for LVDT
drive current. Supply current requirements for LVDT
current is 75% of the LVDT rms current.

Table2.4.1 Module Power Requirements
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Figure2.4.1 Power Supply Connections
Model ACI300 ACI301 ACl1302 ACI1307
Input Voltage 105-125V ac, S0Hz to 400Hz 105-125V ac, SOHz to 400Hz 22.3V-26.4V 105-125V ac, SOHz to 400Hz
205-240V ac, SOHz to 400Hz (AC1300E) 205-240V ac, SOHz to 400Hz (AC1301E) 205-240V ac, SOHz to 400Hz (AC1307E)
90-110V ac, SOHz to 400Hz (AC1300F) 90-110V ac, SOHz to 400Hz (AC1301F)
220-260V ac, SOHz to 400Hz (AC1300H) 220-260V ac, S0Hz 10 400Hz (AC1301H)
Qutput Voltage + 15V + 15V *15V +15V, — 15V, +24V*
Qutput Current +200mA + 350mA + 190mA +800mA, —225mA, + 350mA
Operating Temperature -25°Cto +71°C -25°Cto +71°C -25°Cto +71°C —25°Cto +71°C
Storage Temperature —25°Cto +85°C —-25°Cto +85°C - 40°Cto +100°C —25°Cto +85°C
Dimeasions (inches) 3.5x2.5x%x1.25 3.5 x 2.5 x1.62 2.0 x 2.0 x 0.38 40x28x34

NOTE

*The + 24V output is unregulated.



CHAPTER 3

INSTALLATION

The 3B Series Signal Conditioning I/0O Subsystem is designed to be installed in any convenient location
suitable for general purpose electronic equipment. Operating ambient temperature should be within
—25°C to +85°C (—13°F to + 185°F) for satisfactory performance of the complete system. If the equipment
is going to be used in a harsh or unfavorable environment, it may be necessary to install it inside a protective
enclosure. It is recommended that the backplane be mounted and wired before the modules are installed.
If a plug-in module requires calibration, refer to the calibration instructions for the particular module.

(PLEASE NOTE: The 3B Series is approved by Factory Mutual for use in Class I, Division 2, Groups
A, B, C, and D locations when meeting the installment requirements shown in the drawing in Appendix

C)

3.0

BACKPLANE MOUNTING
Four 6-32 x 1" screws and through standoffs at the four corners of each backplane are provided
for mounting purposes. Figure 3.0.1 shows the location of the mounting standoffs.

Securing the backplane with the four corner screws should be sufficient for most applications.
If additional rigidity is required on the 3B01 and 3B02, they can also be secured with the through
standoffs found on the center of each backplane (see Figure 3.0.1). The additional 6-32 x 1"
screws are provided with the 3B01 and 3B02.
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Figure 3.0.1 Backplane Mounting Dimensions

19" RACK MOUNT KIT (AC1330)

The AC1330 includes a two piece metal device that is designed for mounting the 3B Series
Subsystem in a 19" rack. The bottom plate has threaded inserts for mounting each of the three
backplanes using the four screws (6-32 x 1" long) that are shipped with each backplane. The
top piece provides a rigid module holddown and is secured to the bottom piece with two quarter-
turn fasteners. Figure 3.1.1 provides the location of the mounting holes on the bottom plate.
Figure 3.1.2 is an assembly drawing for the AC1330 option. The backplane is readily fitted to
the base plate by sliding it in from the side under the protruding metal used for stiffening. If a
power supply is to be secured from the back of the backplane, it should be secured to the backplane
before the backplane is mounted to the AC1330. If an interface board (i.e. AC1320) is to be
mounted on the AC1330, it should be connected before the AC1330 is placed in a rack.

3-1
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Figure 3.1.1 Rack Mount Options
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Figure 3.1.2 Rack Mount Assembly

3.2 3B SERIES SURFACE MOUNT KITS (AC1331, AC1332, AC1333)
The AC1331, AC1332, and AC1333 are surface mount Kkits that are designed for the sixteen
(3B01), eight (3B02), and four (3B03) channel backplanes respectively. These accessories allow
for easy panel and NEMA enclosure mounting. The AC1331 will mount the 3B01 in an 18.824"
X 5.375" area. The AC1332 will mount the 3B02 in a 12.42" x 5.375" area, and the AC1333
will mount the 3B03 in a 9.22" X 5,375" area. A backplane and appropriate accessory are mounted
to any surface by drilling and tapping the appropriate eight holes (four 6-32 and four 10-24). If
additional rigidity is required on the 3B01 or 3B02, they can also be secured by drilling and
tapping additional holes for 6-32 screws to pick up the through standoffs on the center of each
backplane.



Figure 3.2.2 shows the mounting location for each of the three accessories, and Figure 3.2.3
shows an assembly drawing for the AC1331 surface mount option.

Mount the backplane first using four 6-32 x 1" screws provided. (On 3B01 and 3B02, additional
screws may be inserted for additional rigidity.) Insert a module in the left-most position and the
right-most position. Attach the module retaining bar to the two end brackets with the quarter
turn fasteners as shown in Figure 3.2.3. Place the holddown assembly over the backplane so
that the two modules fit up inside of the module retaining bar. Attach the end brackets to the
mounting surface using the four 10-24 screws provided and flat washers. Remove the module
retaining bar and install modules as desired.
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(1.5 -—7.300(18.541—-] L‘-H.SJ) 11.53)
let————— 10.500 (26.67] ?‘-5&2)
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1. Holes Marked “A” Are to Secure End Brackets. Drill and Tap for 10-24 Screw. Use Fiat Washers Under the Screw
Heads #25 Drill (0.1495 Inches) is Recommended for 10-24 Tap.

2. Holes Marked "B’ Are for Securing Corner Standoffs of 3B Series Backplanas with 6-32 x 1" Screws
Provided Drill and Tap for 6-32 Screw. #36 Drill {0.1065 Inches) is Recommended for 6-32 Tap.

3. Holes Marked "C"” Are Optional Mounting for AC1331 and AC1332. Use 6-32 x 1° Screws Provided. Drill and Tap
for 6-32 Screw. #36 Drill (0.1065 Inches) is Recommended lor 6-32 Tap.

Figure 3.2.2 Surface Mount Dimensions
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Figure 3.2.3 Surface Mount Assembly
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POWER SUPPLY INSTALLATION

Each power supply comes with a retainer clip and required hardware that can be used to secure
the power supply to any backplane. This feature allows each power supply to be removed from
the backplane without disturbing the mounted backplane. If desired, the ac power supplies can
be secured to the backplane from the back with #4 screws and a large diameter washer. The
clip mounting is diagrammed in Figure 3.3.1.

POWER SUPPLY
MODULE

POWER SUPPLY
i | RETAINING CLIP

ML

3B SERIES
BACKPLANE

Figure 3.3.1 Power Supply Installation

ELECTRICAL CONNECTIONS
The wiring discussion is divided into three areas: power connections, field terminations, and
user equipment termination.

- Power Connections: The 3B Series Subsystem can operate from an ac power supply, a dc/dc

power supply or an externally provided = 15V and + 24V supply. If an ac power (i.e. AC1300,
AC1301) is used, it should be secured to the backplane with the retainer clip or holddown screws
as discussed in Section 3.3. The input wiring is connected to TB33 as indicated in Figure 3.4.1.
The wiring of the ac power connector is most readily accomplished by removing the two corner
screws that secure the yellow safety cover to the connector. This enables the cover to be easily
removed so that the ac terminals are accessible.

PO%\(I:ER 2%, TB33

HI  LO GND

Figure 3.4.1 AC Power Connections



The AC1340-D power cord can be used with the ac connector and piugged into a standard wall
outlet (the AC1340-C version is available for the European continental plug). If a different cable
is used, proper wiring practice should be used so that no wiring is exposed.

It is recommended that the yellow safety cover be reinstalled after the ac power connector is
wired so that no ac wiring is exposed.

If a de/dc converter (AC1302) or external power is used, the wiring is brought to connector P3.
This connector is compatible with an AMP mating connector or equivalent (see Figure 3.4.2).
The AC1341 dc power cord can be used to interface the 3B Series to any external dc power
source. If a user supplied cable is used, proper wiring practice should be employed to ensure
that no wiring is exposed.

Note that if + 15V is to be used to supply loop power, a jumper should be installed between
pins 1 and 4 on the dc power connector (see Figure 4.3.1).

Power Connector
DC Power

LOOPV +
LOOPCOM
NC

+15V

5 +£15VCOM

6 =15V

|O o o o o O‘I

BOTTOM VIEW

MATING
CONNECTOR:
AMP P'N 202237-1 (6 PCS)
AMP P/N 207377-1 (1 PC)
OR EQUIVALENT
AC1352

Figure 3.4.2 DC Power Connector

r===- r-- - r=- = =
4-WIRE J 0.25 0.25 1 'ﬁ
1 1|+5v 1 1]+10v 1 +exc]A
:_(_)I\LL! mA niA +EXClg]+5 ° +EXC 2 >
1
HI 2 2 2 Hi| 2
H >+ OL» + |+ Higiw + +
1{:0
{ 3 3 3 3
o Lo b — oo — | "L Lole - Lo -
- § 2-WIRE{ ] Lo
4 | ONLY |4 4 4 -excl4
° M e
4-WIRE T
Lo | W _—_——— [ [T | S
THERMO= ;
4-20mA GOUPLE RTD ADS5%0 mviv STRAIN GAGE FREQUENCY VDT
INPUT CONNECTIONS:
ALL INPUT CONNECTIONS USE #6-32 SCREW TERMINALS,
COMPATIBLE WITH 14 AWG WIRE.
-20mA
4 0;‘ +Vv
0-20mA LOOP
oyt LD)- 1
R, 2
RET O’W

OUTPUT CONNECTIONS:
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Figure 3.4.3 Screw Terminal Connections
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Field Terminations: All screw terminal connections are indicated in Figure 3.4.3. Input terminals
numbered 1, 2, 3, and 4 correspond to the markings on each backplane. The output connectors
each are marked 1 and 2 where | represents the current loop out and 2 represents the return.
Calibration information may be found by referring to the instructions for the appropriate module.
All input and output connections can accommodate 14-20 gauge wire.

Models 3B10, 3Bl11, 3B12, 3B16 and 3B18 (when used with external excitation) all require a
ground return for the input connections to return the bias current to ground. The remaining
nonisolated units do not require this since the input signal is grounded internal to the module.
The isolated input modules do not require a return to ground since the input signal is floating.

User Equipment Terminations: All channels are single ended and share a common reference to
all other channels and to the power supply common. The pinout of the system connector is
shown in Figure 3.4.4. The 3B Series backplanes are readily interfaced to any user equipment
by means of various interconnection boards. Four interface boards are available that interface
directly with Analog Devices’ Real Time Interface (RTI) Boards while there are two universal
boards that are designed to satisfy most user interface needs. Five of these interface boards have
identical mechanical dimension (5" X 4.5" with 3" X 3" mounting holes see Figure 3.4.5) while
the AC1324 has smaller dimensions. (See Figure 4.2.2.1). There is also a selection of 3B to RTI
Cable Assemblies (a cable assembly being defined as a cable with two connectors) that allow
direct interface with many Analog Devices’ RTI Boards.

System Connector
High Level Analog 1/0

CHo 1| o o0 (2 cHs
coM 3| @ o (4 CHe
CH1 5| © e (6 com
CH2 7] o o |8 CH10
coM gf @ O |10 CH M
CH3 11| o e (12 com
cH4 13| o o |14 CH12
cCoMm 15| @ o [16 CH13
CHSE 17| © ® |18 COM
cH6 18| © O |20 CH14
com 21| e O |22 CH 1S
cH7 23| o e |24 com
SENSE 25| © o |26 NC
BOTTOM VIEW
@ = GROUNO '
MATING
CONNECTOR:

AMP P:N 499958-6
OR EQUIVALENT
ACI312

Figure 3.4.4 Voltage 1/0 Connector

Figure 3.4.6 is a drill template that can be removed from the User’s Manual and used for mounting
any 5" X 4.5" interface board (see page following 3-7). Each board can be mounted on the back
of the AC1330 Rack Mount Kit, the side of a cabinet, NEMA box, or any other convenient
surface. The AC1315, a 2 foot, 26-pin cable that plugs into one of the system connectors and
plugs into a 26-pin connector on the interface board, can be used with any interface board.

The cable(s) from the interface board to the user equipment are also available as separate
accessories.
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Figure 3.4.5 Interface Boards Surface Mount Dimensions

MODULE INSTALLATION

Before modules are installed, the proper jumper configuration must be chosen and the ranging
card, AC1310, must be installed if used. Alignment marks are provided on the inside of the
case skirt to aid the installation of the AC1310. When ready, the modules are plugged into the
appropriate slot on the backplane. Each module and backplane is keyed to assure each module
is plugged in properly. Each backplane location has two plastic clips that help align and retain
the modules when they are plugged in. If a more rigid holddown is desired, a rack mount (AC1330)
or surface mount (AC1331, AC1332, AC1333) option may be used.
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Figure 3.4.6 Interface Boards Surface Mount Drill Template



CHAPTER 4

OPERATION

This section discusses the various options available to the user with the 3B Series Subsystem. These
features must be understood to assure that each system is properly configured.

4.1

4.1.1

BACKPLANE JUMPER OPTIONS

Each backplane has a power supply jumper option that must be addressed. This jumper, marked
W4, provides the capability of tying the * 15V power supply common to the + 24V power
supply common. If the + 24V power supply is used, its common must be tied to the =15V
common. All backplanes are shipped with this jumper installed. If the two commons are connected
externally, W4 should be disconnected on the backplane to help prevent ground loops.

Each backplane is configured with W2 installed for external voltage sensing (See Figure 5.1).
This allows the 3B Series Subsystem to be used with Analog Devices’ RTI boards measuring in
a pseudo-differential mode to provide higher noise rejection. In this mode, pin 25 of connectors
P1 and P2 is used as a common point for all voltage outputs. The common pins on P1 and P2
(See Figure 2.3.2) are connected to the = 15V power supply common on the 3B Series backplane
and may be used as signal common in a single ended measurement system. Optionally, W1 and
W3 can be installed and W2 removed to force pin 25 to power supply common.

A third option available to the user provides the capability of directing the voltage output of
any input module to an adjacent output module. This feature could be used to provide an isolated
current output from an isolated input module, which gives two levels of + 1500V CMV isolation.
If this feature is desired, it is implemented by using wire wraps or jumpers on the appropriate
pins of the jumper posts located near the voltage I/O connectors. Figure 4.1.1 defines the channel
pairs that can have this feature.

Each backplane has been keyed to prevent modules from being improperly plugged in. The
keys and plastic module retainer clips assure that all modules will be properly plugged in.

Each backplane contains two voltage I/O connectors that are identical electrically. Both connectors
may be useful when using a 3B Series backplane for both analog input and analog output when
the data acquisition system has separate input and output connectors.

[ 8 0 0
L4 [ ] [ L4
L4 [ ] [ ] [ ]
L4 [ ] L] L4
L4 [ ] L4 [ ]
3
[ ] L4 L]
[ ] L4 [ ]
[ ] L4 [ ]
® L4 L4
7 15 7
1801 1B02 3803

Figure 4.1.1 Adjacent Channels That Can Be Connected

SURGE WITHSTAND CAPABILITY

The 3B Series isolated modules have been designed to meet the IEEE Standard for transient
voltage protection (IEEE-STD 472). The Surge Withstand Capability can be tested with not less
than 50 2.5KV bursts per second. A test duration of 2 seconds is widely accepted. A rise time
of 20KV/us is specified. Since I = C dv/dt and a typical module capacitance to ground is 10pF,
each module could see 200mA of surge current. The 3B Series backplanes, which have been
designed to accommodate up to 16 channels of this surge current, have a large ground plane and
two large ground lugs that should be used with heavy cabling to return the surge current to
earth ground in systems requiring surge withstand capability. ’

4-1



4.1.2

4.2

4.2.1

+15V AND +24V LOOP POWER COMMONS

The 3B Series backplanes are shipped with the =15V common tied to the + 24V loop common
with jumper W4. If the commons of the two supplies are tied externally, this connection W4
should be disconnected to avoid ground loops withi:i the subsystem. If it is desired that the
commons of the =15V and + 24V loop supply be ciiferent, because of the existing hardware,
the commons can vary by several volts and still operate. The precise relationship is defined in
Figure 4.1.2.1 where the area between the limits defines the allowed differences between the
power commons. The + 15V supply can be used to power the current outputs if desired. The

only limitation when using the + 15V to power a current loop is that the output load must be
40092 or less.
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Figure 4.1.2.1 Relationship Between = IS5V and Loop Power Supply Commons

INTERFACE BOARDS

There are four adapter boards available to interface to specific Analog Devices’ families of Real
Time Interface (RTI) boards. These accessories provide a direct signal path to the appropriate
RTI board. There are also two Universal Interface Boards that can be used for any interconnection
needs. Each of these accessories can be mounted on the back of the AC1330 Rack Mount or on
any flat surface. See Section 3.4 for mounting details.

RTI INTERFACE BOARDS

AC1320-AC1323 provide a direct signal connection from the 3B Series to the analog inputs and/or
outputs of Analog Devices’ RTI boards. Refer to Table 4.2.1.1 to determine the correct accessory
for the appropriate board. The 3B Series 26 pin connector(s) interfaces directly with the appropriate
connector for each RTI board. All that is required . to install the system is flat ribbon cables
from the 3B Series backplane to the 26 pin connector on the board and a ribbon cable from the
RTI connector to the RTI board. Each interface board is configured for all analog inputs and
outputs to the appropriate RTI family.

Analog Devices’ RTI products have a hardware settling time of at most 15us which delays the
start of an A/D conversion until the input amplifier has had time to settle after a MUX change.
When 3B modules are selected from these RTI boards, the modules take approximately 50us to
settle to within = 1LSB (*=0.02% FSR). The A/D conversion delay should be lengthened by
increasing the hardware delay or by software changes to assure that accurate data is obtained.

ADIP/N  Description

AC1320  RTI-1225/26/60/62 Family Adapter Board

ACl1321 RTI1-1230/31/32 Family Adapter Board
Also Supports Analog Inputsfor - :
RTI-1200,RTI1250, RTI-1260, AIM03
and AIM100

AC1322 RTI-1240/41/42/43 Family Adapter Board

AC1323 RTI-711/24/32 Family Adapter Board

10B120-01 RTI-800/815 Family Adapter Board
with Cables

Used With

RTI-1225,RTI-1226, RTI-1260, RTI-1262
RTI-1230,RTI-1231,RTI-1232
RTI-1200, RTI-1250,

RTI-1260, AIM03, AIM100

RTI-1240,RTI-1241,RTI-1242, RTI-1243
RTI-711,RTI-724,RTI-732
RTI-800,RTI-815

Table4.2.1.1 Adapter Boards for Analog Devices RTI Products Board with Cables



The AC1320 interfaces the 3B Series to Analog Devices’ analog I/O boards that are compatible
with the STD Bus (see Figure 4.2.1.1). Connector J1 is used to interface one 3B Series backplane
while connector J2 is available to interface a second 3B Series backplane (up to 32 analog inputs)
to the RTI-1260 (connector J3 interfaces to the RTI-1260). Connector J4 provides a direct analog
input for the RTI-1225. If the two analog outputs of the RTI-1225 are to be used, they are
interfaced by installing two jumpers (W1 and W2) on the AC1320. This process connects the
outputs to 3B channels 0 and 1. Connectors J5 and J6 provide direct analog output connections
from 3B channels 0-3 and 4-7 respectively and can be used to interface to the RTI-1262. If

more than eight analog outputs are required, up to two additional connectors can be installed in
positions J7 and J8.

B i
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Figure 4.2.1.1 ACI1320 Figure 4.2.1.2 AC1321

The AC1321 interfaces the 3B Series to Analog Devices’ Motorola Bus Analog I/O Boards (see
Figure 4.2.1.2). Connectors J1 and J2 are used to interface up to two 3B Series backplanes (32
analog inputs) to the RTI-1230 and RTI-1231 with connector J3. If the two analog outputs of

the RTI-1232 are to be used, they are interfaced with connector J4. Connectors J5 and J7 can

be used to interface 3B channels 0-3 and 4-7 respectively to up to two RTI-1262 boards. If additional
analog outputs are required, up to two additional connectors can be installed in position J6 and ]8.

Connector J3 can also be used to interface analog inputs only to Analog Devices’ RTI-1200,
RTI-1250, RTI-1260, AIM03 and AIM100 Analog I/O products. Connectors J1 and J2 are used

to interface from the 3B backplane (16 and 32 single ended inputs respectlvely) while connector
J3 is used to interface to RTI or MACSYM products.

The AC1322 interfaces the 3B Series to Analog Devices’ analog I/O boards that are compatible
with Texas Instruments TM990 Bus (see Figure 4.2.1.3). Connectors J1 and J2 are used to
interface up to two 3B Series backplanes (32 analog inputs) to the RTI-1240 and RTI-1241 with
connector J3. If the two analog outputs of the RTI-1241 are to be used, they are interfaced with
connector J4. Connector J5 is used to interface to the RTI-1242 and RTI-1243 analog output

boards. If more than eight analog outputs are required, connector J6 can be used as the interface
for an additional eight analog outputs.

The AC1323 interfaces the 3B Series to Analog Devices’ analog I/O boards that are compatible
with Intel’s MULTIBUS (see Figure 4.2.1.4). Connector J! is used to interface one 3B Series
backplane (up to 16 channels) to the RTI-711 and RTI-732 with connector J2. Connectors J3-J6
are each used to interface four analog output channels to the RT1-724 and RTI-732. The AC1323
can be used to accommodate any mix of 16 inputs and outputs.

The 10B120-01 interfaces the 3B Series to Analog Devices’ 1/O boards that are compatible with
the IBM-PC™, IBM-XT™ and IBM-AT™. J1 on the IOB120-01 provides direct 3B interface
to the RTI-800, RTI-815, and MIO120-A via J1 and J3. W1 and W2 can either be jumpered to
channels 14 and 15 of the 3B backplane for input or can be configured to provide analog output
on channels 14 and 15. Terminal Block 2 (TB2) provides continuous analog output for the RTI-815
and MIO120-A only. TB1 provides the capability for external convert commands on all boards.

Cables and connectors are offered that interface with these accessories. These accessories are
defined in Table 4.2.1.2.



4.2.2 3B TO RTUMACSYM CABLE ASSEMBLIES
In addition to the RTI Interface Boards, there are also several cable assemblies that provide
direct connection to many of the RTI Series products as well as MACSYM products. A cable
assembly is defined as a cable with two connectors.

See Table 4.2.1.2 for pertinent part numbers and descriptions.

DACS15 07  DACO1 ADC
[O]

NSION - 228 2

AT

Y- ]
CHOlOC

Figure 4.2.1.3 ACI1322

Cables
ADIP/N

ACI1315
AC1326
ACl1327
AC1328
AC1329
ACI1335
ACI1553
AC1554
ACI1555
AC1562
AC1585-6
ACI1585-7
CCAll
Connectors

ADIP/N

AC1311
AC1312
AC1313
ACI1314
ACI1316
ACl1317
ACI1318
AC1319
ACI352

Description

2’ 26-Pin Cable Assembly*

3B toRTI-1225/1226 Cable Assembly
3Bto RTI1-711/732 Cable Assembly
3B to RTI-724 Cable Assembly
ACI132310RTI-711/732 Cable Assembly
3B to MIO-120 Cable Assembly
50-Pin Cable Connector with 3’ Cable
26-Pin Cable Connector with 3’ Cable
20-Pin Cable Connector with 3’ Cable
34-Pin Cable Connector with 3’ Cable
3B 10 RTI-1260 Cable Assembly

3B toRTI-1262 Cable Assembly

3B to MACSYM 150 Cable Assembly

Description

20-Pin Female Mating Connector

26-Pin Female Mating Connector

34-Pin Female Mating Connector

50-Pin Female Mating Connector

20-Pin Board Mounted Male Connector
26-Pin Board Mounted Male Connector
34-Pin Board Mounted Male Connector
50-Pin Board Mounted Male Connector
6-Pin dc Power Female Mating Connector

*A cable assembly is defined as a cable with two connectors.

Figure 4.2.1.4 ACI323

Used With

3B01-3B03, AC1320-AC1325
3B01-3B03

3B01-3B03

3B01-3B03

ACI323

3B01-3B03

AC1321-AC1323, AC1325
3B01-3B03, AC1320-AC1325
AC1321-ACl1323,ACI1325
AC1320, AC1325

3B01-3B03

3B01-3B03

3B01-3B03

Used With

AC1321-ACl1323, AC1325
3B01-3B03, AC1320-AC1325
ACl1320,AC1325
AC1321-AC1323, ACI325
AC1325

ACl1325

AC1325

AC1325

3B01-03

Table4.2.1.2 3B Series Cables and Connectors



4.2.3

UNIVERSAL INTERFACE BOARDS

Two universal interface boards are available to help satisfy any interconnection. The AC1324
accepts the 26 pin connector from the 3B Series Backplanes and provides 26 screw terminals for
interconnecting to any analog I/O subsystem. This interface board might be used with programmable
controllers and is diagrammed in Figure 4.2.2.1.

OUTLINE DIMENSION

Dimensions shown in inches and (mm).

MOUNTING TRACK 0.145 {3.68) MAX LUG ACCESS
AC1324 ASSEMBLY ——\\ /
B :NO. 2-56 TERMINAL SCREW

(74| %]

0.156 (3.96) TYp - MD zam \_-
HEADER
0D. 3750 — EA

0.906
{23.01)

Figure 4.2.2.1 ACI1324

The AC1324 can be mounted in snap track if desired or could be mounted to the back of the
AC1330 Rack Mount Kit. Standoffs are included with the AC1324 and should be used if the
AC1324 is to be mounted on the back of the AC1330 Rack Mounted Kit.

The AC1325 accepts up to two 26-pin connectors from 3B Series backplanes and has four patterns
of holes that accommodate flat cable connectors of up to 50 pins each. The AC1325 (Figure
4.2.2.2) mates with the appropriate connectors required to interface with any user’s equipment.
The AC1325 will accept the AC1316-AC1319 board mount connectors or any standard flat cable
connector with 0.1" spacing and has plated through holes for the necessary custom connections.

Cables and connectors are offered to interface with the interface boards. These are defined in
Table 4.2.1.2.

Figure 4.2.2.2 ACI325



4.3

4.3.1

4.3.2

CURRENT OUTPUT CONSIDERATIONS

POWER CONSIDERATIONS

Loads of up to 850Q can be used if an external + 24V is supplied. If the user wishes to use a

+ 15V supply for current output, the + 15V can be strapped to the loop power on connector P3
(see Figure 4.3.1). With this arrangement, the load resistance on current outputs is limited to
400€) max. Note also that this approach will require an additional 27mA per module from the
backplane power supply.

P3
DC POWER
CONNECTOR

o
[

-]

LOOP POWER
LOOP COM
NC

1
2
3
+15V 4
*=15VCOM 5

-1sv 6| ©

Figure 4.3.1 Fumper Strapping + ISV Power to Loop Power

CURRENT OUTPUT LOAD CONFIGURATION

The nonisolated current outputs (all modules except 3B39) are configured for a loop output and
a grounded return. The typical configuration is shown in Figure 4.3.2 with the output dropped
across the load resistor and connected to the RETURN screw terminal. Since the RETURN
screw terminal is grounded, a perfectly acceptable connection would be to an external system
ground (Figure 4.3.3). This connection will offer the user an additional 1V compliance. In most
cases, the screw terminal connection will be the preferred connection.

The grounded return of the current output can only be used for the return of one module. Two
or more modules should not be connected to the same RETURN terminal. If several current
loops are to be returned with one ground, that connection should be made to the common on
the Loop power connector.

The isolated current output module (3B39) should use the RETURN screw terminal since it is
floating with respect to ground.

dr irs

2 2

- @

W

Figure 4.3.2 Preferred Current Output Load Figure 4.3.3 Optional Current Output Load Connection
Connection (nomisolated outputs only)

44

44.1

MODULE OPERATION
This section covers the options and features that are available with each module. The appropriate
module section in Chapter 2 should also be reviewed. '

MODULE JUMPERS

Each module has two push-on jumper options. All modules are shipped from the factory configured
for 4-20mA output and the current output is proportional to 0 to + 10V output. If a 0-20mA
output is desired and/or the current output is to be proportional to a — 10V to + 10V output,
these parameters can be readily changed. If the push-on jumpers are changed, the zero and full
scale points will shift by approximately 0.25% of span and will need to be recalibrated to remove
this error. The details are defined in Section 2.1 for input modules and Section 2.2 for output
modules,



4.4.2

443

4.4.4

4.4.5

4.5

MODULE CALIBRATION

Each module has adjustment potentiometers that provide a + 5% adjustment range. If fine cali-
bration or minor range variations are desired, it can be accomplished by the calibration procedure
defined for each module (see the calibration section of the appropriate module in Section 2). All
units are shipped with a zero and span accuracy of +0.1% of span.

CUSTOM RANGING (ZERO SUPPRESSION)

A wide zero suppression capability and easy field ranging are available with the AC1310 plug-on
ranging card. If a special input range is desired, it can be provided by ordering the externally
programmable version of the desired module (i.e. 3B32-00) and the AC1310 which houses user
supplied resistors that determine the zero and span of the new range. This feature aliows the
user to provide zero suppression of up to and beyond 100% of the input range and provide a
very wide range of span modification. The capability aliows the user to map any portion of the
input signal to the full output span. See the Custom Ranging section of the appropriate module
in Section 2 to determine the required resistor values. The error contributions and temperature
effects of custom ranging are discussed in Appendix A.

MODULES COLOR CODING

The top labels of each module have been color coded to differentiate isolated units from nonisolated
ones and input modules from output units. The colors of the labels are defined as:

ISOLATED INPUT - white lettering on a black background
NONISOLATED INPUT - black lettering on a white background
ISOLATED OUTPUT - white lettering on a red background
NONISOLATED OQUTPUT - black lettering ona yellow background

MODULE CONSTRUCTION

All module cases are made from a thermoplastic resin which has a fire retardent rating of 94V-0
and is designed for use from —55°C to +85°C. Each module’s printed circuit board is 0.031
inch thick glass epoxy and the module’s pins are gold plated contacts with a nickel undercoat.
INDIVIDUAL MODULE MOUNTING KIT

The AC1345 individual module mounting kit is to be used when a user defined backplane is
substituted for a 3B Series backplane. Figure 4.5.2 shows the outline of a 3B Series module
when plugged into a 3B Series backplane, and gives the dimensions of the mating connectors
and retaining clips and the spacing between them. 0.200" m inimum spacing is required between
the input conductors and 0.400" minimum spacing is used between input and output conductors.
This spacing is required to maintain the 1500V CMV isolation provided by the isolated 3B

. modules. The dimensions of the figure should be considered when individual module mounting

is desired.

The pinout of the input modules is defined in Section 2.1 and the pinout for the output modules
is defined in Section 2.2.°

Each AC1345 comes with a transistor-resistor pair that is to be used as a cold junction compensation
sensor in thermocouple applications. This sensor is to be installed as indicated in Figure 4.5.1.
The cold junction sensor will give an initial accuracy of +0.5°C.

INPUT
CONNECTOR
PINS
2 >———
<
3
& »————
4 —

Figure 4.5.1 Cold Junction Compensation Connections
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Figure 4.5.2 Individual Module Mounting Dimensions
Dimensions shown in inches and (mm).
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APPENDIX A

CUSTOM RANGING

Wide zero suppression and easy field ranging are available with the AC1310 plug-on ranging card and
the externally programmable version of the desired input module (3B_ _~00). The AC1310 houses user
supplied resistors that determine the zero and span of the custom range. This section discusses custom
ranging and its error contributions, temperature effects, and limitations.

APPENDIX Al

CUSTOM RANGING mV, V, mA, THERMOCOUPLE, STRAIN GAGE, FREQUENCY AND
AD5%0 MODELS

For the purposes of custom ranging, the 3B Series modules can be discussed in three categories; the
RTD models, the LVDT model, and all others. The basic transfer function of all modules other than
the RTD and LVDT modules can be characterized as:

Vo = GX(Vin—V2)
Where Vo = Output Voltage
G = Gain
Vin =  InputVoltage
Vz = ZeroSuppression Voltage

This equation applies directly to millivolt and voltage input models (3B10, 3Bl1, 3B16, 3B18, 3B30,
3B31, 3B40, 3B41) and indirectly to the thermocouple input model (3B37) the current input models
(3B12, 3B13, 3B32) and the ac input models (3B42, 3B43, 3B44). For the 3B37, the input temperature
must be converted to a millivolt signal from standard tables. For the current input devices, the input
current is converted to a voltage with an external sensing resistor. For the ac input devices, a scale factor
must be considered.

The 3B47 cannot be extérnally custom ranged because of the complexity of the linearization circuitry. A
3B47-CUSTOM can be factory configured to satisfy a special range. ;

The transfer function for the frequency input models (3B45, 3B46) is:

Vo = Gx(Fn-Fp)
Where Vo = Output Voltage
G = Gain (V/Hz)
Fiw = InputVoltage
F; = ZeroSuppression Voltage

GAIN SETTING RELATIONS
With the AC1310, the gain G is set by R, (R3;A for 3B18), which forms part of an internal divider and is
determined from the following:

Models: 3B10,3B12,3B13,3B16 3B11 3B30, 3B32,3B37 3B31
Relations: R, = IGOanl R, = %%1 R, = éo_liﬂf Ry = 641(((:.2
Models: 3B18 3B40 3B41

Relations: R3A = 2((;,)0_kﬂ R;= % ' R, = émi% 3

Models: 3B45 3B46

Relations: R, =Gx1.18x 10° R, = Gx2.60x 10’

A-1



For the ac input modules, the gain is set by R; and R4B. R, is used to control the scaling of input in each
of these three models while R4B determines the gain from the rectifier on. R, is determined from the following
relations:

3B42 3B43 3B44
_ 20kQ _20kQ _ 20kQ
BETT Ri=so Ri=sso
KV, RV KV,

Where K=V av/V rms =0.900 for sinusoids
V., = full scale rms input voltage

The difference between these three models is in the input scaling. The scaling is done before the zero
suppression or gain so that the maximum value presented to the rectifier is 1V rms. The signal is processed
the same from this point on in each of the three models. R4B is determined from the following relation,
which is the same for all models:

_ 40kQ _lov
4B= Gl whereGl—l_V_Z
Vi

(10V represents the module’s output span.)

ZERO SUPPRESSION VOLTAGE

The zero suppression voltage, V7, can be set for any value between —6.35V and +6.35V for nonisolated
models (—63.5V to +63.5V for model 3B11) and —3.175V and +3.175V for isolated models (-31.75V
to +31.75V for model 3B31 and 3B41). There is no zero suppression for the 3B18. The ac input modules
are discussed separately at the end of this section. The relations for Vz are defined below:

Models: 3B10,3B12,3B13,3BI16 3BI1 3B30,3B32,3B37,3B40, 3B47
. 2 2 2
Relations: Vz= m X 6.35V Vz = m X 63.5V Vz= m x 3.175V
Model: 3B31,3B41 .
Relati Vo= o2 ¥ 3175V
elations: 2 R R, x 31.

The sign of Vz is defined by the mounting of Rj in location A (positive) or B (negative). The total resistance
of R; + Rj should be approximately 10k{) to avoid taking excessive current from the voltage reference
or self heating of the resistors. (For the 3B11 and 3B31 (3B41), the 63.5V and 31.75V terms are functions
of the 10 X attenuation of the input signal. The internal references are 6.35V and 3.175V respectively,

so ordinary 100mW resistors are suitable for zero suppression). Using 10k{} as the total value, R; and R;
are determined from the following:

3B30,3B32
Model: 3B10, 3B11, 3B13, 3B16 3B11 3B37, 3B40, 3B47 3B31, 3B41
Relations: R, = — % x 10kQ2 R, = 2 % 10k Ry =% x 10kQ R,=—"%_ x 10kO
clabons: - K2 = §35v 27835V 2= 3175V 273175V
R; = 10k - R, Rs=10kQ -R, R3=10kQ - R, Rs = 10kQ — R,

For the ac input modules, the zero suppression voltage, Vz, can be set for any value between 0 and
1.23V. Since the signal varies from 0 to 1V dc at the amplifier input, a zero suppression voltage of 0 to
1V dc corresponds linearly to a 0—100% of full scale zero suppression.

The zero suppression resistor, R, is determined from the following relations for all three models:

R, = 10K (V/V,)
2= 123V NV,
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The zero suppression frequency, Fz, can be set for any value up to 80% of the desired input span through
the use of R;. Zero suppression is limited by temperature drift. Values larger than 80% of the input

span will have a larger amount of temperature drift. The value for R; is determined from the following rela-
tions:

3B45 3B46
1.52 x 107 3.33x 10°
R,= R, =
2 FZ 2 FZ

ADDITIONAL CUSTOM RELATIONS
Model 3B18’s standard bandwidth is 20kHz. The bandwidth can be set for any value less than 20kHz
using the AC1310. The required capacitors, C; and C;, are determined from the following relations:

C,=8.4uF/F¢ Note: For values of C; below 3nF,
C,=4.2uF/F¢ reduce C, by 320pF and C, by
160pF.

where Fg is the desired cutoff frequency. Bipolar capacitors capable of withstanding + 10V should be
used. The space limitations of the AC1310 must be considered when choosing the required capacitors.
These capacitors are to be installed in the positions designated as R4A and R, respectively. The AC1310
can be used to reduce the bandwidth in factory ranged units.

Model 3B37 and 3B47 requires an additional resistor to set the cold junction compensation for the appropriate
thermocouple type. These values are defined in Section 2.1.9 (3B37) and Section 2.1.12 (3B47).

A standard 3B45 or 3B46 is shipped with zero hysteresis since a jumper is installed on the range carrier
pins. If the jumper is removed, there will be nominally *+4V (+20%) of hysteresis. If less hysteresis is
desired, it can be accomplished with the following equation:

3B45 3B46
108 x Vy 100 % Vy
RA=r—v, RA=T7—7,

where Vy is the desired hysteresis. Vy can be set for any value between 0 and 4V with a +20%
tolerance.

APPENDIX Al.1

ERROR CONTRIBUTIONS

The tolerance of the references (typically better than *+2%) will directly affect all nonzero values of Vz.
The contribution of the resistors used will be the total tolerance error of the two resistors multiplied by
the fraction Ry/(R; + Rj). In practical terms, this amounts to . . .

. . . the total of the resistor tolerances for small V3.

. . - half the total resistor tolerance at Vz = 3V.

. . . virtually no effect from resistors at Vz = 6V.

Thus if V7 is to be, for example, 100mV, the use of 1% tolerance resistors will result in a total possible
error of *4% of Vz, or =4mV (assumes a 2% error in the reference voltage). This error is as seen at
the module input, independent of gain.

For models 3B11 and 3B31, a 10 X input attenuator is used to extend the input signal range of the basic
amplifier in the 3B10 and 3B30 respectively. The tolerance of the attenuator (2% max) must be considered
with custom ranging and is additive to the above terms.

The range of the module’s voltage output ZERO ADJUST is at least + 0.5V at the module output, and
it can therefore correct any input offset error of less than 0.5V/G. Thus the =4mV input offset in the
example above can be adjusted to zero for any gain less than 125. If more gain is to be taken, it will be
necessary to use more accurate resistors at R, and/or Rj to guarantee that the offset can be zeroed.

The tolerance of the gain-setting resistor, R, affects the accuracy of the selected gain directly. Since the
module’s SPAN ADJUST pots have at least a + 5% adjustment range, the use of 1% tolerance resistors
for R; will be sufficient.



APPENDIX Al.2

TEMPERATURE EFFECTS

The temperature drift of the zero suppression voltage Vz will depend upon the temperature coefficients
of the resistors used in the same way that accuracy depends upon tolerance; that is, the total drift of R,
and R; will be seen through a multiplier of Ry/(R, + Rj). As before, the practical effect of this is that
the total of the resistor temperature coefficients will be seen for small values of Vz; one-half the tortal
will be seen for V7 in the vicinity of 3V, and almost no drift will be contributed by the resistors for V3
near 6V. Note that for the ac input modules, the top leg of the zero suppression divider (R3) is an internal
resistor, with a value of 10k{2, 1% tolerance, and a drift of 10ppm/°C.

The reference voltages supplied by the module have a typical drift of less than 25ppm/°C. This drift will
add directly to the resistor drift for any value of Vz. Thus, for Vz = 100mV as in the example above,
the use of a pair of 50ppm/°C resistors will result in a total drift of 125ppm of Vz per °C, or 12.5 microvolts
per °C. This drift adds directly to the module’s basic input offset drift. A lower value can, of course, be
obtained by the use of better resistors for R, and R;.

Temperature drift in the value of the gain-setting resistor, R, will directly affect the module’s gain drift.
Note, however, that the basic drift specifications for the modules include the effect of a gain-setting
resistor drift of = 10ppm/°C; rated performance will be obtained if the drift of R; is less than or equal to
this value.

APPENDIX A2

CUSTOM RANGING RTD MODELS

RTD Ranging applications can be divided into two categories, depending on whether the module’s internal

linearizing circuit is used. If internal linearization is required, the following procedure applies:

1. For models 3B14 and 3B15, the module’s output voltage must always be positive since the linearizing
circuit is active only for Vo>>0. The relations assume the use of a 0 to + 10V output span. Other
output ranges are possible, contact the factory for information on any other positive output range.

2. Any type of RTD can be used provided that its resistance does not exceed 10k{} in the range of interest
and its temperature characteristic is concave down. While virtually all RTDs have these properties,
the conformity errors specified for these models apply specifically to 100£} platinum RTDs following
the European curve (a = 0.00385). Conformity errors for other RTD types can be supplied by the
factory.

3. Ranging component values are found from:

3B14, 3B15 3B34-00, 3B34-N-00*
. . . _ 20k G
Gain Setting Resistor: R, = G -1 R, = ZOkQ( l___a)
Zero Suppression R;A = R,
Resistors: 3Bi14: R3A = Rz 3BI5: R; = Rg Q-1
B 3B34-00 RA = [; -1 ] x 25kQ
Linearization Resistor: R4A = ?_ (; X 20k} 2-Qx 17
Where Gain G = 40k{) X ( 1 —l—) 3B34-N-00 R,A = [Q_—l] x 28.3kQ)
ARys  ARgg (Q-2) x 1.85 .
— ARgs ( L)
2x104V Q-1
R; = Resistance of the RTD at the temperature Ty that is to give Vo = 0V

ARgs
Q = ARys (a measure of nonlinearity)

*Since copper RTDs are.linear devices, the 3B34-C-00 does not need a linearization resistor.
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ARgg is the change in resistance from Ty to Tyax, Which will give Vg
AR s is the change in resistance from Tpy to Tprp, which will give Vg

+ 10V
+5V

If internal linearization is not required, then the following procedure applies:

1. Output voltages at the endpoints of the span may be anywhere in the range of — 10V to + 10V.
2. Any type of RTD can be used provided that its resistance does not exceed 10k{} in the measurement
range of interest.

3. Ranging components are computed from:

3B14, 3B15 3B34-00, 3B34-N-00
i ing Resistor: R ARrs x 20k R ARrs 20k
Gain Setting Resistor: R, = 2000 Vps — ARps | = 3000 Vs — ARps X
3B34-C-00
ARgg

Rl = W_—A—R—FS X 20kQ)

Zero Suppression
Resistors: 3B14: R3A = R; R3A = Ry
3B15: R; = Ry

Where R; = Resistanceof the RTD at the temperature that is to give Vg =0V
Vgs = Positive full scale output voltage desired
ARps = Changein RTD resistance from Rz to the full scale temperature.

The fact that R; is set to the zero volt output point does not mean that negative outputs will not be
meaningful; it just provides the simplest relation. Once R, and R; are determined, the output voltage
at any RTD temperature can be found, given the RTDs resistance at that temperature (Rgtp), from
the following relations:

3B14, 3BI5, 3B34-00, 3B34-N-00
Vo = Rrtp — Rz) X 0.25mA x Gy
3B34-C-00

Vo = (RRTD - Rz) X 1.0mA X Gv

where Gy = %“-‘—’ + 1 for 3B14 and 3BIS and Gy = %Q + 2 for 3B34.
1 1

APPENDIX A2.1

ERROR CONTRIBUTIONS

The tolerance of the resistor chosen for zero suppression and the mismatch of the current sources (typically
0.2%) define the error introduced with zero suppression. As an example, if when using the 3B34-00 the
low end of a range is to be 100°C (which gives R; = 175.84Q) from standard tables), the use of a 1%
tolerance resistor will result in a total possible error of +1.2% or +2.1Q. This error is seen at the module
input, independent of gain.

The range of the module’s voltage output zero adjust is at least +5.0% of the output span. Thus, the
+2.1Q input offset in the example above can be adjusted to zero for any output span greater than 42}
(approximately 110°C). If a smaller output span is desired, it will be necessary to use a more accurate
resistor at R; to guarantee that the offset can be zeroed.

The tolerance of the gain-setting resistor, R, affects the accuracy of the selected gain directly. Since the
modules SPAN ADJUST have at least a + 5% adjusument range, the use of 1% tolerance resistors for R,
will be sufficient.



APPENDIX A2.2

TEMPERATURE EFFECTS

The temperature drift of the zero suppression resistor Ry directly affects the module’s input offset drift.
Thus, if a S0ppm/°C resistor is used, the drift should be added directly to a module’s input offset drift.
A lower value can of course be obtained by the use of a better resistor.

Temperature drift in the value of the gain setting resistor, R, will directly affect the module’s gain drift.
Note, however, that the basic drift specification for the modules includes the effect of a gain-setting
resistor drift of + 10ppm/°C. Rated performance will be obtained if the drift of R, is less than or equal
to this value.

APPENDIX A3

CUSTOM RANGING LVDT MODULE

The excitation vcltage amplitude of the 3B17 LVDT input module is set by R, which is determined
from the following relation:

10k x V rms

R: =
! 7 -V rms

V rms is the desired rms amplitude of the oscillation, and it can be selected for any value between 1V
and 5V. The accuracy of the excitation is + 10% with a harmonic distortion of less than 0.5%.

Using resistors R, and R3A, the excitation frequency can be set for any value between 1kHz and 10kHz.

These values are determined by the equation below:

10°
fx6.3

Rz, R3A =

where f is the desired frequency of oscillation.

Since the excitation voltage resistor is used to set the amplitude of the excitation, its drift is reflected
directly in the output of the module. Therefore, the excitation voltage resistor should be 1% tolerance,
10ppm. The frequency setting resistors on the other hand need only be 100ppm, since the module is
insensitive to changes in frequency.

APPENDIX A4

RANGING LIMITS

The range carrier can be used effectively to create a very wide range of special transfer functions, but
there are practical limits which must be observed. The limits are of three fundamental types:
a. Module input restrictions. Independent of the amount of gain or zero suppression taken, the maximum
voltage for normal, linear operation at either the HI or LO input terminal for the nonisolated units
is:

3B10,3B12,3B13 + 6.6V with respect to output (system) common

3Bi6 0to + 12V with respect to output (system) common

3Bi7* + 10V peak with respect to output (system) common

3BI8 = 11V withrespect to output (system) common
Forisolated units, the maximum differential voltage input is:

3B30,3B37,3B47 = 1V differential input

3B31 + 20V differential input

3B32 + 2V differential input

3B40 + 2.5V differential input

3B41 + 25V differendal input

*The 3B17 requires no zero or gain setting resistors.



For isolated ac input modules, the maximum ac voltage input s:

3B42 1V rms
3B43 50 Vrms
3B44 550V rms

Model 3B11 has a 10 x input attenuator that affects its restriction. For this product, the sum of
common mode voltage plus one tenth the normal mode voltage must be less than 6.6V. The RTD
models (3B14, 3B15, 3B34) will work for any RTD value less than 10kQ) (2.5kQ for Copper
RTDs).

Frequency Input Models 3B45 and 3B46 offer input protection up to 220V and will operate normally
up to that value. The 3B46 can accept ranges between 25kHz and 50kHz with a gradual decrease
in linearity. A 0-30kHz range has 0.02% nonlinearity and a 0—50kHz range has 0.5% nonlinearity.

. Adjustability of offset. As was mentioned above, the range of the voltage output ZERO pot is

%+ 0.5 volts at the module output. Equivalently, it can correct for INPUT offsets of up to +0.5V/G.
The errors in Vz can limit the maximum gain when zero suppression is used. When Vy is zero
(no zero suppression), the offset adjustment need only cover the module’s input offset voltage
(typically less than + 50 microvolts), so that gains up to 10000 are practical in many cases. Some
exceptions are: the 3B37 and 3B47, where CJC errors limit gain to about 4000; the 3B18, whose
larger input offset implies a gain limit of 5000; and the 3B40, where oscillation may occur for
gains above 5000.

. Noise. At the higher gains (beyond 1000) all of the noise seen at the module output is a reflection
of the module’s input noise seen through the chosen gain. Although the noise does not rise in
proportion to gain (due to a gradual decrease in module bandwidth beyond G = 1000) there may
well be a point beyond which system resolution is limited by noise rather than by the resolution of
the data converter. There is, in general, no benefit in increasing gain beyond that point.



APPENDIX Bl
MULTIPLE LVDT INSTALLATIONS

When multiple LVDTs are used in the same installation, good wiring practice is recommended to
minimize interference between channels. This interference, which can occur when the difference in
the LVDT excitation frequencies is smaller than the bandwidth of the module, can be virtually
eliminated by keeping the wires from each LVDT as far apart as possible. It is best to use shielded
cable, tying the shield to backplane common, and keeping the LVDT leads as short as possible.

Interference miay still occur if the bodies of the LVDTs must be in close proximity to each other.
To eliminate any interference, the oscillator of one 3B17 can be used to excite several LVDTs.
The primary leads of all the LVDTs are connected in parallel to screws 1 and 4 of the module
whose oscillator is to be used. The secondary leads are connected in the normal manner to their
respective 3B17s. A jumper, AC1344, must be installed between pins 1 and 3 of the optional ranging
card connector of the modules whose excitation circuits are not being used to turn off those modules’
oscillators (see Figure below). This technique is limited in that the sum of the primary currents of
all the LVDTs connected to one 3B17 must not exceed 20mA rms.

&l

Figure Bl1. 3B17 Module . . . Bottom View of Connectors

APPENDIX B2
SYNCHRONIZING MULTIPLE LVDTs

It is possible to synchronize the oscillators of any number of 3B17s on the same backplane. All of
the 3B17s to be synchronized must have the same nominal excitation voltage and frequency. An
ACI1310 with a jumper soldered into position R3B (see Figure below) is placed on the ranging
connector of each 3B17 to be synchronized. This connects a control node of the excitation oscillator
to Bus 3 on the 3B01, 3B02, 3B03 (16, 8, and 4 channel backplanes). Other 3B modules may still
be used on the same backplane, but only 3B17s with identical nominal excitation voltages and
frequencies may be connected to the synchronization bus. User programmed units (i.e., 3B17-00s)
cannot be synchronized because the AC1310 custom ranging card is required to provide the connection
to the synchronization bus. The synchronization capability is available only on 3B17s with a date
code of 8646 or higher.

Figure B2. To Synchronize Like 3B17s Solder Jumper in Position R3B



APPENDIX C

ACCESSORIES
Custom Ranging Card
ADIP/N  Description Used With
AC1310 Plug-on Card Requiring Customer Any 3B Input Module
Supplied Resistors
Power Supply Kits
Input Output Output
ADIP/N Voltage Voltage Current* Description
AC1300** 115Vac + SV +200mA AC Power Supply and Hold Down
AC1301** 115Vac + 15V +350mA AC Power Supply and Hold Down
ACI1302 24V dc + 15V + 190mA DC/DC Converter and Hold Down
ACI1307 115Vac + 15V +800mA, —225mA AC Power Supply and Hold Down

+ 24V **xx +350mA

*Power supply current is a function of the actual modules used. See Table II in the 3B Series data sheet for current requircments.
**Add “E”, “F” or “H” suffix to mode! number for 220V ac, 100V ac or 240V ac input voltages, respectively.
*“**The +24V output is unregulated,

Power Cords
ADIP/N ' Description Used With
AC1340-D 7 ft. Domestic Power Cord 3B0!,3B02, 3B03
AC1340-C 7 ft. Continental Power Cord 3B01,3B02, 3B03
ACl1341 6 ft. dc Power Cable 3B01, 3B02, 3B03
Mounting Kits
ADIP/N  Description Used With
AC1330 19" Rack Mount Kit 3B01, 3B02, 3B03
AC1331 16-Channel Surface Mount Kit 3B01
AC1332 8-Channel Surface Mount Kit 3B02
AC1333 4-Channel Surface Mount Kit 3B03

INTERCONNECTION ACCESSORIES

AC1I1-

=00
EQUIPMENT D D
AC1553-AC1555,
AC1562

AC121S

AC1320- 3801. 3802. 3803
AC1I28

This diagram depicts how the 3B Series may be interfaced to
the user’s equipment. The AC1315 ribbon cable provides a
direct electrical connection to all adapter boards. Four adapter
boards (AC1320-AC1323) are designed for specific Analog Devices’
RTI boards and two (AC1324-AC1325) are designed for universal
connections. All adapter boards accept either connectors or
ribbon cables that can interface with the user’s equipment.



Cables

ADIP/N Description
ACI1315 2’ 26-Pin Cable Assembly*
AC1326 3B to RTI-1225/1226 Cable Assembly
ACl1327 3Bto RTI-711/732 Cable Assembly
AC1328 3B to RTI-724 Cable Assembly
AC1329 AC1323to RTI-711/732 Cable Assembly
ACI1335 3B to MIO-120 (or RTI-800/815) Cable Assembly
AC1553 50-Pin Cable Connector with 3’ Cable
ACI1554 26-Pin Cable Connector with 3’ Cable
ACI1555 20-Pin Cable Connector with 3’ Cable
ACI1562 34-Pin Cable Connector with 3’ Cable
AC1585-6 3B toRTI-1260 Cable Assembly
AC1585-7 3BtoRTI-1262 Cable Assembly
CCAll 3Bto MACSYM 150 Cable Assembly
Connectors
ADIP/N Description
ACl1311 20-Pin Female Mating Connector
ACl1312 26-Pin Female Mating Connector
AC1313 34-Pin Female Mating Connector
ACl1314 50-Pin Female Mating Connector
ACl1316 20-Pin Board Mounted Male Connector
AC1317 26-Pin Board Mounted Male Connector
ACl1318 34-Pin Board Mounted Male Connector -
ACl1319 50-Pin Board Mounted Male Connector
AC1352 6-Pin dc Power Female Mating Connector
Miscellaneous
ADIP/N Description
ACl1342 10002 Current Sense Resistor (Spare
ACl1343 2kQ) Current Sense Resistor (Spare)
ACl1344 10 Jumpers (Spare)
ACl1345 Individual Module Mounting
- KitwithCJC Sensor
ACl346 3B Series Manual
ACI1350 Blank Module
(Includes PC Board, Case and Connector)
ACl1351 Blank Module
(Includes Case and Connector only)
Adapter Boards for Analog Devices RTI Products
ADIP/N Description ‘
ACl1320 RTI-1225/26/60/62 Family Adapter Board
AC1321 RTI-1230/31/32 Family Adapter Board
Also Supports Analog Input for
RTI-1200, RTI-1250, RTI-1260, AIMO3,
and AIM100
AC1322 RTI-1240/41/42/43 Family Adapter Board
AC1323 RTI-711/24/32 Family Adapter Board
IOB120-01 RTI-800/815 Family Adapter Board

with Cables

*A Cable Assembly is defined as a cable with two connectors.

Used With

3B01-3B03, AC1320-AC1325
3B01-3B03

3B01-3B03

3B01-3B03

AC1323

3B01-3B03
AC1321-AC1323,AC1325
3B01-3B03, AC1320-AC1325
AC1321-AC1323,AC1325
AC1320,AC1325

3B01-3B03

3B01-3B03

3B01-3B03

Used With

AC1321-AC1323,AC1325
3B01-3B03, AC1320-AC1325
AC1320, AC1325
AC1321-AC1323,AC1325
AC1325

AC1325

AC1325

ACI1325

3B01-03

Used With

3B12, 3B32
3B13

Any 3B Module
Any 3B Module

Custom Function with
3B Series

Custom Function with

3B Series

Used With

RTI-1225, RTI-1226,
RTI-1260,RTI-1262

RTI-1230,RTI-1232
RTI-1232

RTI-1200, RTI-1250,
RTI-1260, AIM03, AIM100

RTI-1240,RTI-1241
RTI-1242,RTI-1243

RTI-711,RTI-724,RTI-732

RTI-800,RTI-815



UNIVERSAL ADAPTER BOARDS

The universal adapter boards are intended to provide connections
to any external equipment. The AC1324 has a 26-pin connector
which accepts the high level voltage L. O from a 3B Series backplane
(the AC1315 might be used for this purpose). User connections
are then made to screw terminals on the AC1324, which allows
the 3B Series to interface to any equipment with just a screw

ADIP/N

AC1324
AC1325

Description

driver. The AC1325 has two 26-pin connectors that can interface
with two 3B Series backplanes and has 4 patterns of holes that
accommodate flat cable connectors of up to S0 pins cach. The
AC1325 mates with the appropriate connectors required to in-
terface with the users’ equipment. The AC1325 wil} accept the
AC1316-AC1319 board mount connectors or any standard flat
cable connector with 0.17 spacing.

Universal Adapter with 26-Pin Connector in. 26 Screw Terminalsout
Universal Adapter with two 26-Pin Connectors inv 4 patterns of 50 sockets

out. Accommodates the necessary connectors for each application
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APPENDIX E

THE 3B SERIES SUBSYSTEM:
COMMONLY ASKED QUESTIONS

Is the 4-to-20mA output of the the 3B39 isolated from loop power?

Yes, the current output is isolated from the input and from the loop power.

On the 3B system, where do I get the 24V for current output?

Up to 40002 max load per module can be supplied from the * 15V power supply mounted on the
backplane (within the power supply current output specification). This is obtained by strapping pins
1 and 4 on P3. Or the 24V can be supplied externally through P3 (see page 4-6).

. Are the outputs from a 3B37 thermocouple module linearized?

No. A common practice is to use a “‘poly” statement via software in the user’s system. The transfer
function of the 3B37 is in the 3B Users’ Manual. A 3B47 thermocouple module does provide a linearized
output.

How can I isolate an input signal and also isolate the output from the power supply ground?
Use an output module in conjunction with an input module, i.e., a 3B31 and a 3B39. The output of
the 3B31 is the input to the 3B39. (This is known as 3-port isolation.)

I have a 3B16 strain gage module, but I need bandwidth of 1kHz. Can I cut out the filter inside the
module?

A. No. It’s not that simple. What you need ia a 3B18 module!

Q. How do I correspond my desired 4-20mA output with — 10V to + 10V or 0 to + 10V output?

>
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All modules are shipped 4-20mA corresponding to 0 to + 10V output. Fora — 10V to + 10V proportion,
the user would select by a jumper on the bottom of the module. A jumper also exists for 0-20mA
output.

When I plug my “-00” 3B module into the backplane, I get — 10 volts out. What should I do?

Plug the configured AC1310 onto the module.

On our 3B RTD modules, how do we linearize? Do we use two endpoints, worst case or what?
We use Tniny Tmig and Tray — three (3) points!

I'm using a 3B39 (output module) and have 0 to + 10V input going to my screw terminals #2 and
#3, but I can’t get 4-20mA output?

Input (0 to +10V, — 10V to +10V) is to go through P1 or P2 26-pin connector, not screw termi-
nals.

I have a 3B18 module. How do I zero suppress? It’s not in the manual.

There is no zero suppression available on the 3B18.

Do you have an isolated input strain gage module?

Not at this time, the output from the 3816/18 could be put into a 3B31 though.

Why can’t the 3B16 strain gage module handle 1000} ioad cells?

The 3B16 provides + 10V of excitation with approximately 35mA driving capability. With a 1000
strain gage requiring 10V excitation, there would be a need for 100mA driving capability. If using
the 3B18 with the 3.3V excitation, only 33mA is required.

Do I have to return the 20mA output from 3B modules back into the same module or can I use a
common return path for all my 3B outputs?

With nonisolated modules you may use the loop power supply return for all the modules. You will
of course lose the overvoltage protection that each module offers on its current return.
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Addendum to the
3B Series User’s Manual

Important Information

for use of the
3B Series Signal Conditioning Subsystems
in RFI/EMI fields.

The 3B Series Modular Signal Conditioners has been tested and passed the
stringent “heavy industrial” requirements of the European Union’s elec-
tromagnetic compatibility (EMC) directive. The 3B Series modules have
the CE (Communité Européenne) mark on their label indicating their
approval. Only products that comply with these directives can have the
CE mark affixed. Only CE marked products can be sold in the EU starting
on January 1, 1996.

In order to comply with the European Standards in a typical heavy indus-
trial application we recommend the following setup:

1.
2.

The modules must be mounted on a standard iomation 3B backplane.

The 3B backplane must be mounted inside a standard metal cabinet
which fully encloses the modules on all sides. The cabinet must be
earth grounded at a convenient point and good electrical contact
between all side panels must be assured.

All wiring must be routed through a metal conduit or wire chase
(flexible or rigid).

The conduit must be earth grounded and electrically connected to the
cabinet.

Due to the low input levels, it is recommended that all input, output
and power lines be shielded. The wiring must be connected as de-
scribed in Chapter 3 of this manual.



SENSORS

Flexible/Rigid
Metal Conduit
POWER 3B
SUPPLY BACKPLANE
CONTROL = Metal Cabinet
SYSTEM

General Wiring Configuration

CE CERTIFICATION TESTS

The 3B Series modules have been tested and certified according to the

rigorous electromagnetic constrains of the EN50082-2 and EN50081-2
European Standards.

The tests performed in accordance with these standards were:

Radiated RF Immunity - 80 MHz to 1000 MHz.

Pulsed RF Immunity - 900 MHz, 50% Duty Cycle, 200 Hz.
Conducted RF Immunity - 150 KHz to 80 MHz.

Magnetic Field Immunity - 50 Hz.

Fast Transient Immunity.

ESD Immunity, Contact Method.

ESD Immunity, Air Discharge Method.

Voltage Surge Immunity.

Emissions.

When used according to these installation directions, any errors caused by
EMI/RFI interference will be less than 0.1% of the full scale 3B measure-

ment range (typical @ 25°C), for field strengths up to 10 V/M and frequen-
cies up to 1 GHz.
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