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1 INTRODUCTION

This specification sets forth the minimum requirements for a shelf-mountable, sixteen channel, solid-state Malfunction Management Unit (MMU). The MMU shall meet, as a minimum, all applicable sections of the NEMA Standards Publication No. TS2‑1998. Where differences occur, this specification shall govern. 

2 
MONITORING FUNCTIONS


The following monitoring functions shall be provided in addition to those required by the NEMA Standard Section 4.

2 DUAL INDICATION MONITOR


Dual Indication monitoring shall detect simultaneous input combinations of active Green (Walk), Yellow, or Red (Dont Walk) field signal inputs on the same channel. In Type 12 mode this monitoring function detects simultaneous input combinations of active Green and Yellow, Green and Red, Yellow and Red, Walk and Yellow, or Walk and Red field signal inputs on the same channel.

2 DUAL INDICATION MONITORING


Sixteen switches labeled FIELD CHECK/DUAL ENABLES shall be provided on the MMU front panel to enable Dual Indication Monitoring on a per channel basis. The Dual Indication Monitor function shall provide two modes of operation, Dual Indication Fault and GY-Dual Indication Fault.


When voltages on two inputs of a vehicle channel are sensed as active for more than 450 msec, the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the DUAL INDICATION indicator. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. When voltages on two inputs of a vehicle channel are sensed as active for less than 200 msec, the MMU shall not transfer the OUTPUT relay contacts to the Fault position. 


When operating in the Type 16 mode with Port 1 communications enabled, Bit #68 (Spare Bit #2) of the Type #129 response frame shall be set to indicate a Dual Indication fault has been detected. 


Dual Indication Monitoring shall be disabled when the RED ENABLE input is not active. 

2 GY-DUAL INDICATION MONITOR


GY-Dual Indication monitoring shall detect simultaneous inputs of active Green and Yellow field signal inputs on the same channel. It will be used to monitor channels which have an unused Red field signal input tied to AC LINE such as a five section signal head.


GY‑Dual Indication Monitoring shall be enabled by a front panel option switch. When the GY‑Dual Indication Monitoring option is enabled, all channels which have the front panel FIELD CHECK/DUAL ENABLE switches OFF shall be individually monitored for simultaneous active Green and Yellow field signal inputs. All channels which have the front panel FIELD CHECK/DUAL ENABLE switches ON (i.e. enabled for Dual Indication Monitoring) shall function as described above in Dual Indication Monitoring.

2 FIELD CHECK MONITORING


Sixteen switches labeled FIELD CHECK/DUAL ENABLES shall be provided on the MMU front panel to enable Field Check Monitoring on a per channel basis. The Field Check Monitor function shall provide two modes of operation, Field Check Fault and Field Check Status.


Field Check Monitoring shall be disabled when the RED ENABLE input is not active. The Field Check Monitoring function shall be disabled in the Type 12 mode. 

2 FIELD CHECK MONITOR


In the Field Check Fault mode, when the field signal input states sensed as active or inactive by the MMU do not correspond with the data provided by the Controller Unit in the Type #0 message for 10 consecutive messages, the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the FIELD CHECK FAIL indicator. The Channel Status Display shall indicate the channels on which the Field Check fault was detected. Bit #67 (Spare Bit #1) of the Type #129 response frame shall be set to indicate a Field Check fault has been detected. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. 

2 FIELD CHECK STATUS


The Field Check Status mode shall work in combination with the other fault monitoring functions of the MMU. When a Conflict, Red Fail, Clearance Fail, or Dual Indication Fail triggers the MMU, the Channel Status Display and Fault Status Display shall correspond to that detected fault. If Field Check errors were detected while the fault was being timed, the inputs on which the Field Check errors were detected shall double pulse at the same time as the FIELD CHECK STATUS indicator. Bit #67 (Spare Bit #1) of the Type #129 response frame shall also be set to indicate Field Check errors have been detected. 

2 RECURRENT PULSE MONITORING

The Signal Monitor shall detect Conflict, Red Fail, and Dual Indication faults that result from intermittent or flickering field signal inputs.  These recurring pulses shall result in a latching fault with the RECURRENT PULSE STATUS indicator illuminated along with the resulting Conflict, Red Fail, or Dual Indication indicator. An option switch shall be provided to disable the RP detect function for testing purposes.

When operating in the Type 16 mode with Port 1 communications enabled, Bit #69 (Spare Bit #3) of the Type #129 response frame shall be set to indicate a Recurrent Pulse status has been detected. 

2 EXTERNAL WATCHDOG MONITOR


The MMU shall provide the capability to monitor an optional external logic level output from a Controller Unit or other external cabinet circuitry. If the MMU does not receive a change in state on the EXTERNAL WATCHDOG input for 1500 msec (EQ \O(_,+)100 msec), the MMU shall enter the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the CVM/WATCHDOG indicator. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the CVM/WATCHDOG fault state of the monitor. The EXTERNAL WATCHDOG input shall be  wired to connector MSB-S.


When operating in the Type 16 mode with Port 1 communications enabled, Bit #70 (Spare Bit #4) of the Type #129 response frame shall be set to indicate an External Watchdog fault has been detected.

2 WALK DISABLE OPTION


The MMU shall provide the capability to exclude the Walk inputs from the Red Fail fault detection algorithm when operating in the Type 12 mode.  When the option is selected, the absence of signals on the Green, Yellow, and Red field outputs of a channel will place the MMU-16 unit into the fault mode, transfer the OUTPUT relay contacts to the Fault position, and illuminate the RED FAIL  indicator.

2 TYPE FAULT MONITOR


The MMU shall verify at power-up that the Type 12 or Type 16 operating mode as determined by the TYPE SELECT input is consistent with the mode set by the last external reset. 


Detection of a Type Fault shall place the MMU into the fault mode, transfer the OUTPUT relay contacts to the Fault position, illuminate the DIAGNOSTIC indicator, and flash the TYPE 12 indicator at a 2Hz rate. The MMU shall remain in the fault mode until the unit is reset by the RESET button or the EXTERNAL RESET input. An MMU Power Failure shall reset the Type Fault state of the monitor.

2 CONFIGURATION CHANGE MONITOR

On power-up, reset, and periodically during operation, the Signal Monitor shall compare the current configuration settings with the previously stored value.  If the settings have changed, the Signal Monitor shall automatically log the new setting. These settings shall include the Program Card jumpers and all switches.

A programming option shall be provided such that any change in the configuration parameters shall cause the Signal Monitor to enter the fault mode causing the Output relay contacts to close and enabling the Stop-Time output to the controller. To indicate this fault mode the PGM CARD / CF indicator shall flash at a 4 Hz rate.  Depressing the Reset button for 3 seconds shall be required to clear this fault and log the new configuration parameters.


If the programming option is not selected, the unit shall not set the fault mode but will still log the configuration change. 

2 CVM LOG DISABLE


The MMU shall provide a means to disable the logging of CVM fault events.

3 DISPLAY FUNCTIONS

The following display functions shall be provided in addition to those required by the NEMA Standard Section 4.

3 FULL INTERSECTION CHANNEL STATUS DISPLAY
A separate Red, Yellow, and Green indicator shall be provided for each channel to show full intersection status simultaneously. For Type 12 mode operation the Walk input status shall be shown on channel indicators 13 through 16.

3 FAULT CHANNEL STATUS DISPLAY

During normal operation the 48 Channel Status indicators shall display all active signals. In the fault mode the Channel Status indicators shall display all signals active at the time of the fault for six seconds and then indicate the channels involved in the fault for 2 seconds. 

3 FIELD CHECK STATUS DISPLAY


The FIELD CHECK FAIL indicator shall illuminate when a Field Check Fault is detected. The Channel Status display shall show the channels on which the Field Check fault occurred.


If Field Check errors occurred during a Conflict Fault, Red Fail, Clearance Fail, or Dual Indication Fail the FIELD CHECK STATUS indicator shall illuminate. The channels on which the Field Check Status was detected during the fault shall double pulse on the Channel Status Display at the same time as the FIELD CHECK STATUS indicator.

3 RECURRENT PULSE STATUS DISPLAY


If Recurrent Pulse inputs were detected during a Conflict Fault, Red Fail, or Dual Indication Fail the RECURRENT PULSE STATUS indicator shall illuminate. The channels on which the Recurrent Pulse Status was detected during the fault shall double pulse on the Channel Status Display at the same time as the RECURRENT PULSE STATUS indicator.

3 DISPLAY INDICATORS


The following display indicators shall be provided in addition to those required by the NEMA Standard Section 4.

3 Type 12 Mode Indicator


The TYPE 12 indicator shall illuminate when the MMU is programmed for Type 12 operation. If a Type Fault is detected the DIAGNOSTIC indicator shall illuminate and the TYPE 12 indicator shall flash at a rate of 2Hz.

3  Dual Indication Indicator


The DUAL INDICATION indicator shall illuminate when a DUAL INDICATION Fault is detected. The Channel Status display shall show the channels which were detected as DUAL INDICATION.

3 Power Indicator


The POWER indicator shall flash at a rate of 2Hz when the AC LINE voltage is below the drop‑out level. It shall illuminate steadily when the AC LINE voltage returns above the restore level.

3  Port 1 Receive Indicator


The RECEIVE indicator shall illuminate for a 33 msec pulse each time a Port 1 message is correctly received from the Controller Unit.

3  Port 1 Transmit Indicator


The TRANSMIT indicator shall illuminate for a 33 msec pulse each time a Port 1 message is transmitted from the MMU. 

3  RS232 Receive Indicator


The COMM indicator shall illuminate for a 33 msec pulse each time a message is correctly received on the RS-232 port.

3  Program Card / CF Indicator


The PGM CARD indicator shall illuminate if the Programming Card is absent or not seated properly in the edge connector. The PGM CARD indicator shall flash at a 4 Hz rate if the MMU has been triggered by a Configuration Change fault

3  Y+R Clearance Indicator


The Y+R CLEARANCE indicator shall illuminate when the MMU has been triggered by a Yellow Change plus Red Clearance fault.

3  Field Check Fail Indicator


The FIELD CHECK FAIL indicator shall illuminate when the MMU has been triggered by a Field Check fault.

3 OPERATING MODES


The MMU shall operate in both the Type 12 mode and Type 16 mode as required by the NEMA Standard.

4 HARDWARE

4 ENCLOSURE

4 The MMU shall be compact so as to fit in limited cabinet space. It shall be possible to install on a shelf that is at least 7" deep. Overall dimensions, including mating connectors and harness, shall not exceed 10.5" x 4.5" x 11" (H x W x D). 

4 The enclosure shall be constructed of sheet aluminum with a minimum thickness of 0.062", and shall be finished with an attractive and durable protective coating. Model, serial number, and program information shall be permanently displayed on the top surface.

4 ELECTRONICS

4 A microprocessor shall be used for all timing and control functions. Continuing operation of the microprocessor shall be verified by an independent monitor circuit, which shall force the OUTPUT RELAY to the de-energized "fault" state and indicate an error message if a pulse is not received from the microprocessor within a defined period not to exceed 500 ms. 

4 High speed sampling techniques shall be used to determine the true RMS value of the AC field inputs. Each AC input shall be sampled at least 32 times per line cycle.  The RMS voltage measurement shall be insensitive to phase, frequency, and waveform distortion.

4 In the interest of reliability, only the PROM memory device for the microprocessor firmware shall be socket mounted. The PROM Memory socket shall be a precision screw machine type socket with a gold contact finish providing a reliable gas tight seal. Low insertion force sockets or sockets with "wiper" type contacts shall not be acceptable.

4 All user programmed configuration settings shall be stored in an electrically erasable programmable read-only memory (EEPROM) or front panel DIP switches. Designs using a battery to maintain configuration data shall not be acceptable.

4 All 120 VAC field terminal inputs shall provide an input impedance of at least 150K ohms and be terminated with a resistor having a power dissipation rating of 0.5 Watts or greater. 

4 All electrical components used in the MMU shall be rated by the component manufacturer to operate over the full NEMA temperature range of -34oC to +74oC.

4 All printed circuit boards shall meet the requirements of the NEMA Standard plus the following requirements to enhance reliability:

a.
All plated-through holes and exposed circuit traces shall be plated with solder.

b.
Both sides of the printed circuit board shall be covered with a solder mask material.

c.
The circuit reference designation for all components and the polarity of all capacitors and diodes shall be clearly marked adjacent to the component. Pin #1 for all integrated circuit packages shall be designated on both sides of all printed circuit boards.

d.
All electrical mating surfaces shall be gold plated.

e.
All printed circuit board assemblies shall be coated on both sides with a clear moisture-proof and fungus-proof sealant.

4 FRONT PANEL & CONNECTORS

4 All displays, configuration switches, and connectors shall be mounted on the front panel of the MMU. All MMU configuration inputs beyond those required by the NEMA Standard shall be provided by front panel mounted DIP switches and shall be clearly labeled. Configuration DIP switches shall be provided for the following functions:
a.
Field Check / Dual Enables 1-16

b.
GY-Dual Indication Enable (GY ENABLE)

c.
Recurrent Pulse Test Disable (RP DISABLE)

d.
External Watchdog Enable (WD ENABLE)

e.
Walk Disable (Type 12)

f.
Configuration Change Fault Enable (CF ENABLE)

g.
CVM Log Disable

4 MS CONNECTORS

The MS connectors on the MMU shall have a metallic shell and be attached to the chassis internally. The connectors shall be mounted on the front of the unit in accordance with the following: Connector A shall intermate with a MS 3116 22-55 SZ, and Connector B shall intermate with a MS 3116 16-26 S.


In the interest of reliability and repair ability, printed circuit board mounted MS connectors shall not be acceptable. Internal MS harness wire shall be a minimum of AWG #22, 19 strands.

4 EIA-232 Port

The EIA-232 port shall be electrically isolated from the MMU electronics using optical couplers. The connector shall be an AMP 9721A or equivalent 9 pin metal shell D subminiature type with female contacts. Pin assignments shall be as shown in the following table:


PIN
FUNCTION

1
DCD*


2
TX DATA


3
RX DATA


4
DTR (Data Terminal Ready)


5
SIGNAL GROUND


6
DSR*


7
DSR*


8
CTS*


9
NC


*Jumper options shall be provided to allow the connection of Pin #4 to be made with Pin #7, and the connection of Pin #8 to be made with Pin #1 and or Pin #6.

5 EVENT LOGGING FUNCTIONS


The Signal Monitor shall be capable of storing in non-volatile memory a minimum of 100 events. Each event shall be marked with the time and date of the event. These events shall consist of fault events, AC Line events, reset events, and configuration change events. The capability to assign a four digit identification number and 30 character description to the unit shall be provided. The event logs shall be uploaded to a PC using the serial port of the Signal Monitor and Windows 9x based software provided by the manufacturer. 


Each event log report shall contain the following information:

a)
Monitor ID#: a four digit (0000-9999) ID number and 30 character description assigned to the monitor.

b)
Time and Date: time and date of occurrence.

c)
Event Number: identifies the record number in the log. Event #1 is the most recent event.

5 Monitor Status Report (CS)


The Current Status report shall contain the following information:

a)
Fault Type: the fault type description.

b)
Field Status: the current GYR(W) field status and field RMS voltages if the monitor is not in the fault state, or the latched field status and field RMS voltages and fault channel status at the time of the fault.

c)
Cabinet Temperature: the current temperature if the monitor is not in the fault state, or the latched temperature at the time of the fault.

d)
AC Line Voltage: the current AC Line voltage and frequency if the monitor is not in the fault state, or the AC Line voltage and frequency at the time of the fault.

e)
Control Input Status: the current state and RMS voltages of the Red Enable input & Load Switch Flash bit input if the monitor is not in the fault state, or the status latched at the time of the fault.

5 Previous Fault Log (PF)


The Previous Fault log shall contain the following information:

a)
Fault Type: the fault type description.

b)
Field Status: the latched field status with RMS voltages, fault channel status, RP Detect status and Field Check status at the time of the fault.

c)
Cabinet Temperature: the latched temperature at the time of the fault.

d)
AC Line Voltage: the AC Line voltage & frequency at the time of the fault.

e)
Control Input Status: the latched state of the Red Enable input at the time of the fault.

5 AC Line Event Log (AC)


The AC Line log shall contain the following information:

a)
Event Type: describes the type of AC Line event that occurred.


Power-up - AC on, monitor performed a cold start



Interrupt - AC Line < Brownout level



Restore - AC restored from AC brown-out or AC interruption (AC Off), no cold start

b)
AC Line Voltage: the AC Line voltage & frequency at the time of the event.

5 Monitor Reset Log (MR)


The Monitor Reset log shall contain the following information:

a)
The monitor was reset from a fault by the front panel Reset button, or External Reset input, or a non-latched event clear.

5 Configuration Change Log (CF)


The Configuration Change log shall contain the following information:

a) The status of all configuration programming including the contents of the Program Card, all configuration dip switches and option switches.

b) Any configuration programming inputs such as 24V Inhibit, Port 1 Disable, Type select.

c)
Configuration CRC: A unique CRC value which is based on the configuration of items #a and #b above.


The log shall also indicate which items have been changed since the last log entry.

5 Signal Sequence Log (SSQ)


A log shall be provided that graphically displays all field signal states for up to 30 seconds prior to the current fault trigger event. The resolution of the display shall be at least 50 milliseconds.
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