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Introduction

Control Technology International, Inc. is pleased to announce the introduction of the 3000-TS Time Stamp/Sequence of Events Recorder Module. The 3000-TS module will time stamp 32 external input events with millisecond accuracy.

The 3000-TS module allows events at one location, or at various locations within a facility, at plants across the nation, or in multiple locations around the world, to be time stamped with millisecond resolution. Data is stored in memory on the 3000-TS card until the Master Device (either ModBUS or DF1 Master) is able to retrieve the time stamped events. Analysis of the data provides information on which event occurred first, second, etc.; in a fault or shutdown situation.

An IRIG-B input is required for the 3000-TS module to provide coordinated clocking information. It may be obtained from any commercial GPS satellite receiver or a stand-alone time code generator that provides a modulated, or a DC level shift (demodulated) IRIG-B output. Control Technology has a time code generator clock (Cat. No. IRIGB-105 or IRIGB-205) that interfaces with the 3000-TS module.

The IRIG-B signal is connected to the first 3000-TS module. If additional modules are required, the first module will transmit the signal to other 3000-TS modules in the system. Distance between the first and last module in a system may be up to 4,000 feet. Up to 31 modules (992 points) may be daisy chained together. Multiple facilities are able to maintain millisecond clock accuracy when using the module in conjunction with a GPS satellite receiver.

The module may be ordered with input levels of 24 or 125 volts DC. Any input transition, either ON or OFF will trigger an event. An event consists of one input that changes state during any one millisecond time period.

The module is able to record and store over 1,000 events before the Master needs to retrieve data from the 3000-TS module. The time of day stamp (year, month, day, hour, minute, second, and millisecond) is also added to the event record.

Features

Inputs

· Thirty-two opto-isolated discrete inputs (4 groups of 8) with millisecond resolution 
· Amplitude modulated IRIG-B input (optional)
· DC level shifted (TTL) IRIG-B input is standard
· RS-422 IRIG-B input is standard
· Can be used for PLC logic inputs if a fast input response time is not required. (update time approximately 200ms per networked TS Module, depending upon poll rate and overhead in the Master and Slaves)
Outputs

· RS-422 IRIG-B signal is propagated via discrete wiring link (2 wire RS-422 driver circuit from the first module) to additional modules
Other

· One millisecond resolution for all DC input modules
· Isolated inputs and outputs
· Thirty-five LED status indicators display the status of each input, the active state of the module, whether there is data in the module’s buffer, and if the module is communicating
· Firmware stored in Flash ROM for easy updates
· Selectable filter settings to eliminate relay chatter
· 14,000 byte storage buffer to store 1,000 events per card
· ModBUS RTU slave or DF1 half-duplex slave protocol over 4-wire RS-422 serial link (19,200 Kbps, 8 bits, 1 start, 1 stop, no parity)
· Daisy-chain up to 31 modules on one ModBUS or DF1 network
· Any events which occur at the same millisecond will produce two separate records
To the Installer

This document provides information on:

· Important pre-installation considerations

· Power supply requirements

· Initial handling procedures

· Using the indicators for troubleshooting

· Module specifications

Catalog Number

When ordering 3000-TS modules, the input voltage range must be specified from the following chart. The selected voltage is part of the catalog number and is printed on the label attached to your module. The second digit (3224) indicates whether the module can receive Amplitude Modulated IRIG-B (1 is AM, 2 is not AM). The third digit (3224) indicates that 24VDC will be used for the input voltage. The last digit (3224) indicates that the module is powered with 48VDC power.

	Catalog Number
	Input Voltage Range
	Module Power
	AM IRIG-B?

	3122-TS
	20 to 30VDC
	24VDC
	Y

	3124-TS
	20 to 30VDC
	48VDC
	Y

	3112-TS
	100 to 150VDC
	24VDC
	Y

	3222-TS
	20 to 30VDC
	24VDC
	N

	3224-TS
	20 to 30VDC
	48VDC
	N

	3212-TS
	100 to 150VDC
	24VDC
	N


WARNING:  Do not exceed the maximum voltage specified for the catalog number you have ordered.  Exceeding this voltage may damage the module.

PRIVATE 
Pre-Installation Considerationstc  \l 1 "Pre-Installation Considerations"
PRIVATE 
Power Requirementstc  \l 1 "Power Requirements"
The 3xx2-TS Module requires 24VDC ( 10% with a maximum 200mA of current, and the 3xx4-TS Module requires 48VDC ( 10% with a maximum 100mA of current.

PRIVATE 
Initial Handlingtc  \l 1 "Initial Handling"
Observe the following precautions to guard against electrostatic damage.

WARNING:  Under some conditions, electrostatic discharge may degrade performance and/or damage the module.

· When not in use, keep the module in a static-shielded bag.

PRIVATE 
Installationtc  \l 1 "Initial Handling"
Setting the DIP Switches

The 3000-TS module contains one group of DIP switches. A 7-position bank of DIP switches determines the communication protocol (either ModBUS or DF1), the read events or read/write events setting, and the module’s address.

The first switch determines the communication protocol, with the M position representing ModBUS and the D position representing DF1.

The second DIP switch determines whether the modules automatically writes time-stamped events to the processor’s N10 file. The A position will not automatically write events (should be used with RSLINX) and the B position will automatically write into the master’s N10 file (can be used with the PLC-5, PLC-5/VME, SLC 5/03, and SLC 5/04). This option is only available when using DF1 protocol.

The last five switches describe the module’s node number on the ModBUS or DF1 network. The switches are in a binary format, enabled ON. Legal node numbers range from 1-31, with 0 reserved for the ModBUS or DF1 Master.

[image: image2.bmp]
Set for DF1, A, Node 21

To change the DIP switch settings, pop off the plastic cover (the portion with the decal) by inserting a small screwdriver in the slots at both ends of the cover. The switch should be depressed in at the top to switch it ON (CLOSED).

PRIVATE 
Installing the 3000-TS Moduletc  \l 1 "Installing the 1776-HSD Module"
To install the 3000-TS module, follow the steps listed below.

WARNING:  Remove power from the wiring arms before removing or installing.

· Failure to remove power from the wiring arms may cause module damage, degradation of performance, or injury.

1. Turn off module and input power to the wiring arms.

2. Connect the wiring arm to the module and screw into position.

3. Make the wiring connections to the field wiring arm as indicated in the following section.

Filtering Algorithm

Filtering on the 3000-TS module provides for the delay an input must remain in a steady state condition before a new event will be recognized. Only events greater than the filter setting will be recorded. Set this switch to the amount of relay chatter time you would like to see filtered out of the event records buffer. Using an off/on then on/off transition as an example, assume that a steady state condition has preceded these events. The time stored for this on time will be the time at which the point first changed from off to on and then remained on for at least the filter time setting. The subsequent on to off time is the time at which the first on to off transition occurred and then remained off for at least the filter time setting. For normal operation a 12 millisecond setting is recommended.

Input Example with Recorded Times
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The above waveform represents an input to the 3000-TS module. Below is information on how the 3000-TS module will report this waveform based on the Filter Time that has been selected.

Filter Time of 15 milliseconds
On Event @ point A (7:04:06.501)

Off Event @ point B (7:04:06.535)

Filter Time of 25 milliseconds

No event is recorded with these settings

PRIVATE 
Wiring to the 3000-TS Module

tc  \l 1 "Wiring to the 1776-HSD Module"
Connections to the 3000-TS module are made to the two 33-terminal field wiring arms shipped with the module. The wiring arm unscrews from the module so that you are able to install or remove the module without disconnecting the wires. The following is a typical power and input wiring for a 3224-TS module (24VDC inputs and 48VDC module power).

[image: image17.png]+24
vDC

R

INPUT
CONFIGURATION
(TYPICAL FOR EACH MODULE)

3224-1S
SOE MODULE

N

IN 2

IN 4

COM 1-4

+24
vDC

Elnln

\

i

IN S
IN 6

N7

\

IN 8

COM 5-8

+24
vDC

pids
"

IN 9
IN 10
IN 11

IN 12

COM 9-12

IN 13

+24
vDC

IN 14

IN 15

1330

IN 16

COM 13-18

IN 17

+24
vDC

AT

+24
vbC

IN 18

IN 19

IN 20

]

COM 17-20

IN 21

IN 22

e
A

IN 23

B
IS

IN 24

COM 21-24

~
(=]

IN 25

+24
vDC

I

IN 26

»
o

IN 27

o

»
©!

IN 28

»
w

COM 25-28

2

IN 29

+24
vbC

» H » [ O L] I L) I 7] I et (5] - = = | -

IN 30

w

IN 31

rs

IN 32

+48
vDC

o
[=]

COM 29-32

MODULE
POWER

GND EARTH/

W/ L{34] oND SURGE




Use stranded 14 or 16 gauge wire to minimize the voltage drop over long cable distances.  Note that the inputs are isolated into eight groups of 4 inputs.  If isolation is not necessary, place a jumper wire between DC COM terminals.  If isolation is desired, use inputs with their respective DC COM.

The following shows typical communications wiring for the 3000-TS Module using TTL IRIG-B. The first module does not require a jumper:
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The following shows typical communications wiring for the 3000-TS Module using AM IRIG-B. Note the jumper from terminal 55 to terminal 57 on the first module:
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The following shows typical communications wiring for the 3000-TS Module using 422 IRIG-B. Note the jumper from terminal 56 to terminal 57 on the first module:
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The following diagram should be used to help clarify what is happening with the various IRIG-B signals internally:
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The 3000-TS Time Stamp Module uses a TTL IRIG-B signal internally. This means that an AM or 422 IRIG-B signal must first be converted to TTL before it is used by the module. This is accomplished with the ‘AM TO TTL CONVERTER’ internal electronics or the ‘422 TO TTL CONVERTER’ internal electronics. After being converted to TTL, the signal is routed back to the wiring arm. With an AM or 422 IRIG-B source, a jumper is required. Please use the chart below to determine placement of the jumper.

	IRIG-B Source
	Jumper Required

	Amplitude Modulated
	Terminal 55 to Terminal 57

	422
	Terminal 56 to Terminal 57

	TTL
	None


Please note as one additional option, an AM or 422 IRIG-B source can be daisy-chained across all the inputs without using our internal ‘TTL TO 422 AMPLIFIER.’ This would mean all modules on the chain would receive the appropriate jumpers. A TTL IRIG-B source must be amplified at the first module, as the TTL signal is not strong enough to drive multiple modules and damage could result. 

Wiring Terminals Physical Location

tc  \l 1 "Wiring to the 1776-HSD Module"
The picture shown below shows the physical terminal numbers in reference to the 3000-TS label.
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1.  Earth Surge Ground 

2.  Common Inputs 1-4 

3.  Input 1 

4.  Input 2 

5.  Input 3 

6.  Input 4 

7.  Common Inputs 5-8 

8.  Input 5 

9.  Input 6 

10. Input 7 


29.

	30. Data In +,  ModBUS/DF1  

31. Data In -,  ModBUS/DF1 

32. Data Out +,  ModBUS/DF1 

33. Data Out -,  ModBUS/DF1 


	Bottom Terminals (34-66)

34. Earth Surge Ground 

35. Common Inputs 17-20 

36. Input 17 

37. Input 18 

38. Input 19 

39. Input 20 

40. Common Inputs 21-24 

41. Input 21 

42. Input 22 

43. Input 23 

44. Input 24 

45. Common Inputs 25-28 

46. Input 25 

47. Input 26 

48. Input 27 

49. Input 28 

50. Common Inputs 29-32 

51. Input 29 

52. Input 30 

53. Input 31 

54. Input 32 

55. AM Out to TTL+ In 

56. 422 Out to TTL+ In 

57. TTL +,  Data In 

58. TTL -,  Data In 

59. AM +,  Data In 

60. AM -,  Data In 

61. 422 +,  Data In 

62. 422 -,  Data In 

63. 422 Driver +,  Data Out 

64. 422 Driver -,  Data Out 

65. Module Power +

66. Module Power - 




PRIVATE 
Interpreting the Status Indicators

tc  \l 1 "Interpreting the Status Indicators"
The front panel of the 3000-TS module contains 35 red status LED indicators (see below).  The 3000-TS module performs diagnostics when first powered up (one LED will light first to reveal the program revision number, then all 35 LEDs will light on startup).  Upon successful completion of the diagnostics, and an IRIG-B signal being successfully decoded, the IRIG-B LED will flash at a one-second rate (approximately one-half second ON, one-half second OFF). If the IRIG-B LED stays ON without flashing it indicates that the module is functioning but not connected to a valid IRIG-B clock source.  The module should default to this solid ON state whenever an IRIG-B signal is lost and there is power to the module.  All modules connected to an IRIG-B source will flash ON and OFF at exactly the same time in a synchronized fashion.

The input indicators are provided for system logic side indication of individual inputs.  When an input’s LED is ON, voltage is present on the terminal. 
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The COMM light will flicker anytime the 3000-TS module is writing information to the Master (either ModBUS or DF1) and the DATA LED will light solid if there is data in the TS module’s buffer. The DATA LED will appear to flicker on and off if time stamped data is present in the module, and then rapidly emptied by the Master (normal operation). If the light goes on solid, this indicates the buffer is not being emptied quickly or at all. If the DATA LED pulses in a regular ¼ second pattern, the modules buffer is full (1000 records) and data has been lost.

PRIVATE 
Programming Information

PRIVATE 
ModBUS RTUtc  \l 1 "Installing the 1776-HSD Module"
The 3000-TS will respond to the following ModBUS Functions:

Function 3 dec/3 hex – Read Holding Registers

Function 6 dec/6 hex  – Preset Single Register

Function 16 dec/10 hex  – Preset Multiple Registers

These functions have the following communication format:

Read Holding Registers – ModBUS function 03 hex 

	Field Name
	Example (Hex)

	Slave Address
	05

	Function
	03

	Starting Address Hi
	00

	Starting Address Lo
	01

	Number of Points Hi
	00

	Number of Points Lo
	08

	Error Check Lo (CRC)
	--

	Error Check Hi (CRC)
	--


The response is as follows:

	Field Name
	Example (Hex)

	Slave Address
	05

	Function
	03

	Byte Count
	10

	Data Hi (Register 40001)
	95

	Data Lo (Register 40001)
	85

	Data Hi (Register 40002)
	CA

	Data Lo (Register 40002)
	6D

	Data Hi (Register 40003)
	05

	Data Lo (Register 40003)
	F1

	Data Hi (Register 40004)
	15

	Data Lo (Register 40004)
	D8

	Data Hi (Register 40005)
	66

	Data Lo (Register 40005)
	1B

	Data Hi (Register 40006)
	B4

	Data Lo (Register 40006)
	AD

	Data Hi (Register 40007)
	C0

	Data Lo (Register 40007)
	00

	Data Hi (Register 40008)
	EE

	Data Lo (Register 40008)
	4A

	Error Check Lo (CRC)
	--

	Error Check Hi (CRC)
	--


Preset Single Register - ModBUS function 06 hex 

	Field Name
	Example (Hex)

	Slave Address
	02

	Function
	06

	Register Address Hi
	00

	Register Address Lo
	15

	Preset Data Hi
	07

	Preset Data Lo
	CF

	Error Check Lo (CRC)
	--

	Error Check Hi (CRC)
	--


The response is as follows, an echo of the query. It will not be sent until the register contents (40022) have been preset:

	Field Name
	Example (Hex)

	Slave Address
	02

	Function
	06

	Register Address Hi
	00

	Register Address Lo
	15

	Preset Data Hi
	07

	Preset Data Lo
	CF

	Error Check Lo (CRC)
	--

	Error Check Hi (CRC)
	--


Preset Multiple Registers - ModBUS function 10 hex 

	Field Name
	Example (Hex)

	Slave Address
	07

	Function
	10

	Starting Address Hi
	00

	Starting Address Lo
	22

	Number of Registers Hi
	00

	Number of Registers Lo
	02

	Byte Count
	04

	Data Hi
	00

	Data Lo
	0A

	Data Hi
	00

	Data Lo
	03

	Error Check Lo (CRC)
	--

	Error Check Hi (CRC)
	--


The response is as follows. It will not be sent until the registers’ contents (40023, 40024) has been preset:

	Field Name
	Example (Hex)

	Slave Address
	07

	Function
	10

	Starting Address Hi
	00

	Starting Address Lo
	22

	Number of Registers Hi
	00

	Number of Registers Lo
	02

	Error Check Lo (CRC)
	--

	Error Check Hi (CRC)
	--


Exception Responses

The 3000-TS can produce the following exception response:

	Contents
	Example (Hex)

	Slave Address
	0A

	Function
	86

	Exception Code
	03

	Error Check Lo (CRC)
	--

	Error Check Hi (CRC)
	--


This sample response would occur if the master device tried to write an illegal value to one of the register addresses on module 10 (For example, if the year 1947 were written to 40022). The following exception codes are supported:

	Exception Code
	Name
	Meaning

	01
	ILLEGAL FUNCTION
	The function code received in the query is not an allowable action for the slave.

	02
	ILLEGAL DATA ADDRESS
	The data address received in the query is not an allowable address for the slave.

	03
	ILLEGAL DATA VALUE
	A value contained in the query data field is not an allowable value for the slave.


Application Layer Data to be transferred from the CTI 3000-TS Sequence of Events Recorder Module using ModBUS RTU Protocol

Addresses 40009-40020 in the 3000-TS Module will contain 12 binary words (24 binary bytes) that can be read on request by the ModBUS Master using function number 3, Read Holding Registers.  These are read-only registers.

Addresses 40001-40008 and 40021-40040 will contain 28 binary words (56 binary bytes) that can be written to by the ModBUS Master using function number 6, Preset Single Register or function number 16 (10 hex), Preset Multiple Registers.  These are read-write registers.

Holding Register 40001 is addressed as register 0000 in the data address field of the message.  Holding Resister 40018 is addressed as register 0011 hex (17 decimal).

For registers 40001-40008, the 3 bit counters (XXX) associated with inputs (I) 1-32 will be incremented on each associated transition (off-to-on, or on-to-off) for that respective input.  By examining this counter the host can determine if multiple input transitions have occurred between reads of the TS-3000 Registers 40001-40008.  Time stamped data and off/on status of the bit is contained in words 40009-40013.  Input status is also contained in registers 40014-40015.

Data is transmitted and received at 19,200 Kbaud, 8 bits, no parity, 1 stop bit.  A 4 wire RS-485 connection is required to talk to the 3000-TS module.  If the ModBUS Master (host) only has an RS-232 port, a converter will be required between the host and the TS module.  The TS module has been factory tested with B&B Electronics optically isolated RS-232 to RS-422/485 converter with surge suppression (Model 485DRC, set for RS-422(Tx)/485(Rx) 4-Wire Full Duplex Mode). Note: port-powered converters that have been tested have not performed satisfactorily.

PRIVATE 
DF1 Protocol tc  \l 1 "Installing the 1776-HSD Module"
The 3000-TS responds to the following DF1 communication commands:

DLE NAK – No response from 3000-TS, data in PLC integer file N10 is refreshed on the next poll if the A-B switch is set to B
Polling Frame – If no data, response is DLE EOT, else Typed Write (Write Block)

Protected Typed Logical Read With Two Address Fields  – CMD 0F, FNC A1

Protected Typed Logical Read With Three Address Fields  – CMD 0F, FNC A2

Protected Typed Logical Write With Two Address Fields  – CMD 0F, FNC A9

Protected Typed Logical Write With Three Address Fields  – CMD 0F, FNC AA

The 3000-TS transmits to the following DF1 communication commands when the A-B switch is set to B:

Typed Write (Write Block)  – CMD 0F, FNC 67, 3000-TS can only transmit and not receive this command

More detailed information about DF1 protocol can be found in the Allen-Bradley DF1 Protocol and Command Set Reference Manual, Publication 1770-6.5.16 – October 1996.

The 3000-TS Time Stamp Module will communicate with the SLC-500 or PLC-5 family of processors using DF1 protocol over the RS232 port. The 3000-TS uses RS-422/485 4-wire Full Duplex communication, so a RS-232 – RS-485 converter is needed. The TS module has been factory tested with B&B Electronics optically isolated RS-232 to RS-422(Tx)/485(Rx) converter with surge suppression (Model 485DRC, set for RS-485 4-Wire Full Duplex Mode). Please see the diagram on page 7 of this manual, substituting the ModBUS Master device with an A-B DF1 Master device. When using a PLC-5, Gx is pin 7.

Setting Up The SLC For DF1 Communication With The 3000-TS 

From the SLC programmer’s perspective, the DF1 protocol is automatic, requiring setup of Channel 0 – System of the processor as follows:
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The Node Address of the SLC (Master) should be set to 0. The Normal Low Polling Range should be set to the lowest 3000-TS node number, and the Normal High Polling Range should be set to the highest 3000-TS node number. To maximize network efficiency, there should be a 3000-TS at every node in the polling range. Set the Normal Poll Group Size to equal the number of 3000-TS modules on the DF1 network.

When as event occurs (and the A-B switch is set to B), the 3000-TS is designed to automatically write the details of the event directly to the integer file N10 (which must contain the appropriate number of elements). Each 3000-TS requires eight integer words into which new events will be written. The 3000-TS will write its integer files N9:8-N9:15 into these eight words at module startup, PLC restart, and whenever a new event occurs and the last event has been cleared. The 3000-TS at Node 1 (the SLC master is Node 0) will write to integer words N10:8-N10:15, Node 2 will write to N10:16-N10:23, Node 3 will write to N10:24-N10:31, etc. After the record is processed by the SLC (processing the record is handled by the programmer, i.e. written to an external database), a 1 should be written to N9:20 of the 3000-TS at that Node, which allows the 3000-TS to overwrite its integer words with the next record in its internal cue. To write to the 3000-TS module, a Message Read/Write Instruction (MSG) is utilized to read/write out Channel 0. The following example will write to integer file N9:20 of the 3000-TS at Node 2, clearing the way for a new record (the Data Table Address N9:16 must contain a 1):
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A short sample program follows which includes the minimum code to manually retrieve records from one TS module at DF1 Node 1. The first rung sets the year in the 3000-TS, and the second sends a 1 to the 3000-TS requesting the next record. Toggle the bit B3/0 to receive the next record at location N10:8-N10:15. The tables of Read/Write and Read Only Registers define the additional features of the 3000-TS. Use a MSG instruction to read from the 3000-TS as well, setting the Read/Write parameter to Read. Adjust the Size in Elements, Data Table Offset, and/or Local Node Addr (dec) accordingly. If the A-B switch is set to A, the automatic writes will not take place. The record from the 3000-TS N9:8-N9:15 must be read, processed, then cleared with a write to the 3000-TS N9:20. This setting and procedure should always be used with RSLINX.

                                     TSDEMO2

                           3000-TS Sample Demo Program

                     Control Technology International, Inc.

 File #2  Proj:TSDEMO2             Page:00001                     07:34 08/28/99

 -------------------------------------------------------------------------------

      |

      |Assumes the 3000-TS Time Stamp Module is set to Node 1 on the DF1 network.

      |The SLC-500 series processor communicates with the DF1 network using Chan.

      |0 – System. This rung downloads the current year of the processor to the

      |3000-TS on startup, as IRIG-B does not contain year information.

      |

      |    First Pass                                 

      |      S:1/15                                +--MSG------------------+

     0+-------] [----------------------------------+Read/Write Message     +-(EN)-

      |                                            |Type       Peer-To-Peer| 

      |                                            |Read/Write        Write+-(DN) 

      |                                            |Target Device    500CPU| 

      |                                            |Local/Remote      Local+-(ER) 

      |                                            |Control Block     N11:0| 

      |                                            |Control Block Length 14| 

      |                                            |     Setup Screen      |

      |                                            +-----------------------+ 

      |            

      |

      |Data in N10:8-N10:15 has been processed and can be overwritten if another

      |record exists.

      |

      |   Toggle Bit to                                 

      | Allow Next Record

      |   to be Written

      |       B3/0                               +--MSG------------------+

     1+-------] [-------------------------------++Read/Write Message     +-(EN)-+-

      |                                         ||Type       Peer-To-Peer|      |

      |                                         ||Read/Write        Write+-(DN) |

      |                                         ||Target Device    500CPU|      |

      |                                         ||Local/Remote      Local+-(ER) |

      |                                         ||Control Block    N11:14|      |

      |                                         ||Control Block Length 14|      |

      |                                         ||     Setup Screen      |      |

      |                                         |+-----------------------+      |

      |                                         |                               |

      |                                         |               Toggle Bit to   |

      |                                         |             Allow Next Record |

      |                                         |               to be Written   |

      |                                         |                   B3/0        |

      |                                         +-------------------(U)---------+

      |

     2+------------------------------------------------------------------[END]----

Setting Up The ControlLogix PLC For DF1 Communication With The 3000-TS 

From the ControlLogix programmer’s perspective, the DF1 protocol is automatic, requiring setup of the processor’s serial port as follows:
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The System Protocol is set as follows:
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When as event occurs (the A-B switch must be set to A), a message command must be used to collect data from the 3000-TS. At a minimum, this MSG command should be set up to poll address N9:08 in the 3000-TS, monitoring the high bit for a new record. When a new record occurs, N9:08 – N9:12 should be read to receive the most current record. After the record is processed by the PLC (processing the record is handled by the programmer, i.e. written to an external database), a 1 should be written to N9:20 of the 3000-TS at that Node, which allows the 3000-TS to overwrite its integer words with the next record in its internal cue. To write to the 3000-TS module, a Message Read/Write Instruction (MSG) is utilized to read/write out the serial port. The following example demonstrates how to set up the message command to read from integer files N9:00 – N9:39 of the 3000-TS at Node 1. It is up to the programmer which addresses are needed:
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A short sample program follows which includes the minimum code to manually retrieve records from one TS module at DF1 Node 1. The first rung reads the data from the 3000-TS, and the second sends a 1 to the 3000-TS requesting the next record. Toggle the bit BOOL_TAG to write to N9:20 and clear the old record from the 3000-TS . The tables of Read/Write and Read Only Registers define the additional features of the 3000-TS. Use a MSG instruction to read from the 3000-TS as well, setting the Read/Write parameter to Read. Adjust the Size in Elements, Data Table Offset, and/or Local Node Addr (dec) accordingly. The A-B switch must be set to A, so automatic writes will not take place. The record from the 3000-TS N9:8-N9:15 must be read, processed, then cleared with a write to the 3000-TS N9:20. This setting and procedure should always be used with the ControlLogix or RSLINX.
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Application Layer Data to be transferred from the CTI 3000-TS Sequence of Events Recorder Module using DF1 Protocol

Addresses N9:00-N9:39 in the 3000-TS Module will contain 40 binary words (80 binary bytes) that can be read on request by the DF1 Master using either command (CMD) number 0Fh, transaction (TNS) number A1h, Protected Typed Logical Read With Two Address Fields or command (CMD) number 0Fh, transaction (TNS) number A2h, Protected Typed Logical Read With Three Address Fields. The first of these communication commands is generated by RSLINX when the DF1 DDE Topic is set to emulate an SLC-503+. The second communication command is generated by the SLC 500, 5/03, or 5/04 when the MSG command uses a 500CPU Target Device. It is also generated by the PLC-5 when the MSG command uses a SLC Typed Logical Write.
Addresses N9:00-N9:07 and N9:20-N9:39 will contain 28 binary words (56 binary bytes) that can be written to by the DF1 Master using either command (CMD) number 0Fh, transaction (TNS) number A9h, Protected Typed Logical Write With Two Address Fields or command (CMD) number 0Fh, transaction (TNS) number AAh, Protected Typed Logical Write With Three Address Fields. The first of these communication commands is generated by RSLINX when the DF1 DDE Topic is set to emulate an SLC-503+. The second communication command is generated by the SLC 500, 5/03, or 5/04 when the MSG command uses a 500CPU Target Device. It is also generated by the PLC-5 when the MSG command uses a SLC Typed Logical Read. N9:00-N9:07 and N9:20-N9:39 are read-write addresses, and N9:08-N9:19 are read-only addresses.

Word N9:00 has a Data Table Offset Value of 0, word N9:01 has a Data Table Offset Value of 1, etc.

For words N9:00-N9:07, the 3 bit counters (XXX) associated with inputs (I) 1-32 will be incremented on each associated transition (off-to-on, or on-to-off) for that respective input.  By examining this counter the host can determine if multiple input transitions have occurred between reads of the TS-3000 words N9:00-N9:07.  Time stamped data and off/on status of the bit is contained in words N9:00-N9:07.  Input status is also contained in registers N9:13-N9:14.

Data is transmitted and received at 19,200 Kbaud, 8 bits, no parity, 1 stop bit.  A 4 wire RS-485 connection is required to talk to the 3000-TS module.  If the DF1 Master (host) only has an RS-232 port, a converter will be required between the host and the TS module.  The TS module has been factory tested with B&B Electronics optically isolated RS-232 to RS-422/485 converter with surge suppression (Model 485DRC, set for RS-485 4-Wire Full Duplex Mode).

Read-Write Registers (Preset Single or Multiple Registers)

PLC
Starting

Address
Address


Hi
Lo
Register Definition
   Description                                 .
N9:00            4   3   2   1     Input Number         

40001  00  00    IXXXIXXXIXXXIXXX  Inputs 01-04 plus 3 bit counter

N9:01            8   7   6   5     Input Number

40002  00  01    IXXXIXXXIXXXIXXX  Inputs 05-08 plus 3 bit counter

N9:02           12  11  10   9     Input Number 

40003  00  02    IXXXIXXXIXXXIXXX  Inputs 09-12 plus 3 bit counter

N9:03           16  15  14  13     Input Number 

40004  00  03    IXXXIXXXIXXXIXXX  Inputs 13-16 plus 3 bit counter

N9:04           20  19  18  17     Input Number 

40005  00  04    IXXXIXXXIXXXIXXX  Inputs 17-20 plus 3 bit counter

N9:05           24  23  22  21     Input Number 

40006  00  05    IXXXIXXXIXXXIXXX  Inputs 21-24 plus 3 bit counter

N9:06           28  27  26  25     Input Number 

40007  00  06    IXXXIXXXIXXXIXXX  Inputs 25-28 plus 3 bit counter

N9:07           32  31  30  29     Input Number 

40008  00  07    IXXXIXXXIXXXIXXX  Inputs 29-32 plus 3 bit counter

NOTE: THE 3 BIT MCD (MULTIPLE CHANGE DETECT) COUNTERS INCREMENT WITH ALL OFF-TO-ON AND ON-TO-OFF TRANSITIONS, EXCLUDING STARTUP.

Read Only Registers

N9:08

40009  00  08    NiBR---S--nnnnnn
  NiBR Continuously updated

N
New Record Flag



1=There is a New Record

The highest 4 input status bits show the current conditions.  The S (status) bit, the nnnnnn (input number), and words 40010-40013 show the status of the oldest time stamp record in memory.  It will remain there until acknowledged (a 1 written into register 40020 by the host).  Upon receipt of a 1 at location 40020 the 3000-TS module will clear the bit and present a new record at locations 40009-40013 (the highest 4 bits of 40009 will continue to show the current status), if additional records are stored in memory.

i
IRIG-B Status


1=IRIB-B signal was lost

B
3000-TS Buffer Overflow


1=Buffer Overflow

R
System Restarted


1=Module powered on.

S 
Input Status of Time Stamped Record

0=Input was off, a transition from on to off has occurred.

1=Input was on, a transition from off to on has occurred.

n 
Input Number (1-32) for this Time Stamped Record


nnnnnn=Decimal number of the input that transitioned from on- 
to-off or off-to-on.

N9:09

40010  00  09    YYYYYYYYYYYYYYYY  Time Stamped Year (1999-65536)

N9:10

40011  00  10    iB--MMMM---DDDDD  i IRIG-B Status @ record capture

                                   B Buffer Overflow @ record capture

                                   M Time Stamped Month (1-12)

                                   D Time Stamped Day (1-31)

N9:11

40012  00  11    ---HHHHH--mmmmmm  H Time Stamped Hour (0-23)

                                   m Time Stamped Minute (0-59)

N9:12

40013  00  12    ssssssMMMMMMMMMM  s Time Stamped Second (0-59)

                                   M Time Stamped Msec (0-999)

N9:13           16..............1  Input Numbers–updated dynamically 

40014  00  13    IIIIIIIIIIIIIIII  Inputs 01-16

N9:14           32.............17  Input Numbers–updated dynamically 

40015  00  14    IIIIIIIIIIIIIIII  Inputs 17-32

N9:15

40016  00  15    Reserved for diagnostic use

N9:16

40017  00  16    Reserved for diagnostic use

N9:17

40018  00  17    Reserved for diagnostic use

N9:18

40019  00  18    Reserved for diagnostic use

N9:19

40020  00  19    rrrrrrrrrrrrrrrr  Software Revision Number

Read-Write Registers (Preset Single or Multiple Registers)
N9:20

40021  00  20    ---------------a  a Acknowledge

A 1 is written to this location by the host when the time stamped record has been successfully read.  This will instruct the 3000-TS module to present the next time stamped record to the host if additional records exist.  If a new record is presented to the host, the 3000-TS module will set this bit to a zero.  

POWER ON DEFAULT VALUE = 0

N9:21

40022  00  21    yyyyyyyyyyyyyyyy  y Year set by the Host

The IRIG-B format does not contain year information.  The current year must be downloaded to the 3000-TS Module.  The record will be time stamped with the information written to this register. 

POWER ON DEFAULT VALUE = 1999 

N9:22

40023  00  22    Filter setting for the 3000-TS Module (0-100 ms.)

This setting is used to de-bounce the inputs.  An initial setting of 12 milliseconds is recommended. 

POWER ON DEFAULT VALUE = 12
N9:23

40024  00  23    Response turnaround time (0-250 ms.)

This is the delay time in milliseconds the 3000-TS module will wait before responding to a request from the master. 

POWER ON DEFAULT VALUE = 0
N9:24

40025  00  24    ---------------c  c Clock Reset

This will set the internal clock to Month=1, Day=1, Hour=0, Minute=0, Second=0, Millisecond=0, if no IRIG-B signal is present.

POWER ON DEFAULT VALUE = 0
N9:25

40026  00  25    Character delay time (0-250 ms.)

This is the maximum idle delay time between characters where the TS module assumes the next character received is a continuation of the message block.  If the delay between characters exceeds this value, the TS module will flush the current buffer and assume the next character is the start of a new message block.

POWER ON DEFAULT VALUE = 5

N9:26
40027  00  26    ---------------r  r Reset module

This will reset the module by clearing all the time-stamped records present. PLC addresses 40001-40019 will also be cleared. CAUTION: ALL RECORDS IN THE MODULE WILL BE LOST!

POWER ON DEFAULT VALUE = 0
N9:27
40028  00  27    ---------------R  R Clear System Restarted Bit

This will reset the System Restarted Bit to indicate the Master controller has acknowledged the restart.

POWER ON DEFAULT VALUE = 1

N9:30-N9:39

40031-40040      Reserved for future use

Suggested Polling of the 3000-TS Time Stamp Module (ModBUS)

a) On power up read registers 40001-40008 or 40014-40015 depending upon the format you desire.  Registers 40001-40008 contain 3 bit counters, registers 40014-40015 has the same information without counters.  Read all modules on the network.

b) On subsequent polls only read register 40009.  If the “N”flag=0, there isn’t a new time stamp record in memory and the 32 inputs have not changed states.  You can now poll the next TS module in the same fashion.

c) If the “N”flag=1, there is a new record and at least one of the inputs has changed states.  You will now need to update the input status information and retrieve the record by reading registers 40001-40013 or 40009-40015 depending upon the desired format.  When you have successfully retrieved the time stamped record, write a 1 to register 40020.  Now read register 40009.  If additional records exist the “N”flag will be set to a 1.  You can continue to read records in this fashion until the “N”flag=0.  You may choose to read only one timed stamped record per polling round per module to give a faster update of input status information to the Master.

Suggested Polling of the 3000-TS Time Stamp Module (DF1)

a) If the A-B switch is set to A – on power up read registers N9:00-N9:07 or N9:13-N9:14 depending upon the format you desire.  Registers N9:00-N9:07 contain 3 bit counters, registers N9:13-N9:14 has the same information without counters.  Read all modules on the network. If the A-B switch is set to B – the input data from the 3000-TS N9:13-N9:14 is automatically available in N10 for that controller’s node.

b) If the A-B switch is set to A – monitor the 3000-TS bit N9:8/15 for new records using a MSG command. If the A-B switch is set to B – the SLC/PLC will poll all the DF1 modules automatically. If a record is present in the 3000-TS, it will automatically be written to the 8 word location in the processor. This record will not be overwritten until a MSG command is written back to the 3000-TS to indicate processing is complete.

c) If the A-B switch is set to A – if there is a new record, Bit N9:8/15 of the 3000-TS will be high. Process the record and write a 1 to the 3000-TS word 9:20. Read the 3000-TS N9:8/15 to see if any more records remain. If the A-B switch is set to B  – if there is a new record at least one of the inputs has changed states (Bit N10:08/15, the “N”flag, will be high for Node 1, for example).  You will now need to update the input status information according to the latest record (SLC words N10:13-N10:14 for Node 1, for example). When you have successfully processed the time stamped record, write a 1 to 3000-TS word N9:20.  Any additional records will be written into the designated 8 words in file N10 of the SLC.  If additional records exist the “N”flag will remain a 1.  You can continue to write a 1 to 3000-TS word N9:20 until the “N”flag=0.  You may choose to read only one timed stamped record per polling round per module to give a faster update of input status information to the Master.

General Information About IRIG-B

The task of standardizing instrumentation timing systems was assigned to the Tele-Communications Working Group (TCWG) of the IRIG (Inter-Range Instrumentation Group) by the Steering Committee in October, 1956.  Their charter was to develop a series of time code formats suitable for recording on:  magnetic tape, recording oscillographs, strip charts, film and for real-time transmission, meeting the requirements of both manual and automatic data reduction.  The IRIG time codes are a group of rate-scaled serial time formats containing up to three coded expressions.  The first is time-of-year in Binary Coded Decimal (BCD) and includes days, hours, minutes, and seconds.  The second is a set of elements reserved for encoding various identification, control, and other specific functions.  The third is a time-of-day code word in Straight Binary Seconds (SBS).  The IRIG time code formats are serial, width-modulated codes which can be in either DC level shift (demodulated) or amplitude modulated (AM) format.

IRIG Format B, Signal B00, is composed of the following:

1. PPS (pulse-per-second) frame reference markers (P0 and PR)

2. Binary coded decimal time-of-year code word (30 bits)

3. Control functions (27 bits)

4. Straight binary time-of-day code word (17 bits)

5. PPS position identifiers (P0 through P9)

6. PPS index markers

Specific Notes About IRIG-B

The beginning of each 1.0 second time frame is identified by two consecutive 8.0 millisecond elements (P0 and PR).  The leading edge of the second 8.0 ms element (PR) is the “on time” reference point for succeeding time codes.  10 PPS position identifiers P0, P1 ... P9 (8.0 ms duration) occur 10 ms before 10 PPS “on time” and refer to the leading edge of the succeeding element.

The two time-code words and the control functions presented during the time frame are pulse width coded.  The binary “zero” and index markers have a duration of 2.0 ms, and the binary “one” has a duration of 5.0 ms.  The leading edge is the 100 PPS “on time” reference point for all elements.

The binary coded decimal (BCD) time-of-year code word consists of 30 digits beginning at index count 1.  The binary coded sub-word elements occur between position identifiers P0 and P5, (7 for seconds, 7 for minutes, 6 for hours; 10 for days) until the code word is complete.  An index marker occurs between the decimal digits in each sub-word to provide separation for visual resolution.  The least significant digit occurs first.  The BCD code recycles yearly.

Twenty-seven control functions occur between position identifiers P5 and P8.  Any control function element or combination of control function elements can be programmed to read a binary “one” during any specified number of time frames.

The straight binary (SB) time-of-day code word occurs between position identifiers P8 and P0.  Seventeen digits give the time-of-day in seconds with the least significant digit occurring first.  A position identifier occurs between the 9th and 10th binary coded elements.  The straight binary code recycles every 24 hours.

The hardware design of the 3000-TS module has an additional 100 micro-second delay when decoding modulated IRIG-B.  The reason being that the true leading edge of (TTL) IRIG-B occurs at the zero crossing on the modulated signal, but the comparator cannot switch until it sees the 3:1 ratio occur.  When receiving demodulated IRIG-B, this delay will not be present.

3000-TS Module Power-On Initialization

On initial power-on the 3000-TS module reads its inputs and updates the masks in order that nothing is reported at startup (if you need to know the current state of the inputs, simply read them directly from the input area). All records are cleared, as is all the data in the Module’s Registers. The System Restarted Bit is set high to indicate the module’s power has been reset.

3000-TS Queue Information

The 3000-TS time stamp module queue is able to store up to 250 high speed events in a pre-processor buffer.  These records are pulled out one at a time and processed by the filter routine.  They are then stored in a 1,000 x 14 byte storage buffer where they await transfer to the Master via a Read Holding Register Function (ModBUS) or a MSG instruction (DF1).  External events recorded at the wiring arm are run through the filtering processor. In the case where both buffers are full and another event occurs, the overflow bit will become set and the current event will be discarded.  All events will continue to be discarded until there is enough room in the queue to store more events.  The B (buffer overflow) bit is set.  The overflow bit does clear itself automatically, but the last record when the overflow took place has an overflow bit associated with it. The DATA light on the front of the controller will flash with a regular ¼ second pulse until there is enough room in the module’s buffer.

Specifications: (all specifications are subject to change without notice)

3122-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	20 to 30 VDC

	Typical Input Current Rating
	1.6 mA @ 20 VDC

2.0 mA @ 24 VDC

2.5 mA @ 30 VDC

	Maximum Off-State Voltage
	5 VDC

	Minimum On-State Voltage
	20 VDC

	Input Impedance
	12 K ohms

	Maximum Earth to Input Voltage
	55 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	2.0 Watts (max.), 1.2 Watts (typ.)

	Thermal Dissipation
	6.8 BTU/hr (max.), 4.1 BTU/hr (typ.)

	Supply Voltage Required
	24 VDC ( 10%

	24 Volt Module Supply Current (max.)
	200 mA @ 24 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 50( C (32( to 122( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	Amplitude Modulated IRIG-B Input

· Carrier

· Tracking Range

· Amplitude

· Impedance

· Direction
	3:1 modulated carrier

1 KHz ( 10%

0.1 to 10 Vpp

600 ohm balanced, transformer coupled

Forward

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward


3222-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	20 to 30 VDC

	Typical Input Current Rating
	1.6 mA @ 20 VDC

2.0 mA @ 24 VDC

2.5 mA @ 30 VDC

	Maximum Off-State Voltage
	5 VDC

	Minimum On-State Voltage
	20 VDC

	Input Impedance
	12 K ohms

	Maximum Earth to Input Voltage
	55 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	2.0 Watts (max.), 1.2 Watts (typ.)

	Thermal Dissipation
	6.8 BTU/hr (max.), 4.1 BTU/hr (typ.)

	Supply Voltage Required
	24 VDC ( 10%

	24 Volt Module Supply Current (max.)
	200 mA @ 24 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 50( C (32( to 122( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward


3124-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	20 to 30 VDC

	Typical Input Current Rating
	1.6 mA @ 20 VDC

2.0 mA @ 24 VDC

2.5 mA @ 30 VDC

	Maximum Off-State Voltage
	5 VDC

	Minimum On-State Voltage
	20 VDC

	Input Impedance
	12 K ohms

	Maximum Earth to Input Voltage
	55 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	2.0 Watts (max.), 1.2 Watts (typ.)

	Thermal Dissipation
	6.8 BTU/hr (max.), 4.1 BTU/hr (typ.)

	Supply Voltage Required
	48 VDC ( 10%

	48 Volt Module Supply Current (max.)
	100 mA @ 48 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 50( C (32( to 122( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	Amplitude Modulated IRIG-B Input

· Carrier

· Tracking Range

· Amplitude

· Impedance

· Direction
	3:1 modulated carrier

1 KHz ( 10%

0.1 to 10 Vpp

600 ohm balanced, transformer coupled

Forward

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward


3224-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	20 to 30 VDC

	Typical Input Current Rating
	1.6 mA @ 20 VDC

2.0 mA @ 24 VDC

2.5 mA @ 30 VDC

	Maximum Off-State Voltage
	5 VDC

	Minimum On-State Voltage
	20 VDC

	Input Impedance
	12 K ohms

	Maximum Earth to Input Voltage
	55 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	2.0 Watts (max.), 1.2 Watts (typ.)

	Thermal Dissipation
	6.8 BTU/hr (max.), 4.1 BTU/hr (typ.)

	Supply Voltage Required
	48 VDC ( 10%

	48 Volt Module Supply Current (max.)
	100 mA @ 48 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 50( C (32( to 122( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward


3144-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	40 to 55 VDC

	Typical Input Current Rating
	1.5 mA @ 40 VDC

1.8 mA @ 48 VDC

2.0 mA @ 55 VDC

	Maximum Off-State Voltage
	10 VDC

	Minimum On-State Voltage
	40 VDC

	Input Impedance
	27 K ohms

	Maximum Earth to Input Voltage
	55 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	2.0 Watts (max.), 1.2 Watts (typ.)

	Thermal Dissipation
	6.8 BTU/hr (max.), 4.1 BTU/hr (typ.)

	Supply Voltage Required
	48 VDC ( 10%

	48 Volt Module Supply Current (max.)
	100 mA @ 48 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 50( C (32( to 122( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	Amplitude Modulated IRIG-B Input

· Carrier

· Tracking Range

· Amplitude

· Impedance

· Direction
	3:1 modulated carrier

1 KHz ( 10%

0.1 to 10 Vpp

600 ohm balanced, transformer coupled

Forward

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward


3244-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	40 to 55 VDC

	Typical Input Current Rating
	1.5 mA @ 40 VDC

1.8 mA @ 48 VDC

2.0 mA @ 55 VDC

	Maximum Off-State Voltage
	10 VDC

	Minimum On-State Voltage
	40 VDC

	Input Impedance
	27 K ohms

	Maximum Earth to Input Voltage
	55 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	2.0 Watts (max.), 1.2 Watts (typ.)

	Thermal Dissipation
	6.8 BTU/hr (max.), 4.1 BTU/hr (typ.)

	Supply Voltage Required
	48 VDC ( 10%

	48 Volt Module Supply Current (max.)
	100 mA @ 48 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 50( C (32( to 122( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward


3112-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	100 to 150 VDC

	Typical Input Current Rating
	1.5 mA @ 100 VDC

1.8 mA @ 125 VDC

2.2 mA @ 150 VDC

	Maximum Off-State Voltage
	20 VDC

	Minimum On-State Voltage
	100 VDC

	Input Impedance
	68 K ohms

	Maximum Earth to Input Voltage
	165 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	7.7 Watts (max.), 4.0 Watts (typ.)

	Thermal Dissipation
	26.3 BTU/hr (max.), 13.7 BTU/hr (typ.)

	Supply Voltage Required
	24 VDC ( 10%

	24 Volt Module Supply Current (max.)
	200 mA @ 24 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 30( C (32( to 86( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	Amplitude Modulated IRIG-B Input

· Carrier

· Tracking Range

· Amplitude

· Impedance

· Direction
	3:1 modulated carrier

1 KHz ( 10%

0.1 to 10 Vpp

600 ohm balanced, transformer coupled

Forward

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward


3212-TS Module

	External Inputs per Module
	32 (8 groups of 4)

	Input Voltage Range
	100 to 150 VDC

	Typical Input Current Rating
	1.5 mA @ 100 VDC

1.8 mA @ 125 VDC

2.2 mA @ 150 VDC

	Maximum Off-State Voltage
	20 VDC

	Minimum On-State Voltage
	100 VDC

	Input Impedance
	68 K ohms

	Maximum Earth to Input Voltage
	165 Peak Volts

	Time Stamp Accuracy
	Low to high  ( 1 millisecond

High to low   ( 1 millisecond

	Power Dissipation
	7.7 Watts (max.), 4.0 Watts (typ.)

	Thermal Dissipation
	26.3 BTU/hr (max.), 13.7 BTU/hr (typ.)

	Supply Voltage Required
	24 VDC ( 10%

	24 Volt Module Supply Current (max.)
	200 mA @ 24 VDC

	Opto-electrical Isolation
	2500 VAC RMS

	Environmental Conditions

· Operational Temperature

· Storage Temperature

· Relative Humidity
	0( to 30( C (32( to 86( F)

-40( to 85( C (-40( to 185( F)

5 to 95% (non-condensing)

	Maximum Wire Size (AWG)
	12 gauge stranded maximum

	DC Level Shift (TTL) IRIG-B Input

· Amplitude

· Impedance

· Timing

· Direction
	Serial, width modulated

5 VDC ( 10%

470 ohms

Rising edge on time

Forward
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	RS-422 IRIG-B Input

· Timing

· Direction
	RS-422 differential

Rising edge on time

Forward









