
INTERFACE UNIT OF HOT BOX DETECTION SYSTEM INDICATOR CONTROL.

Technical description and user manual.
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1. INTRODUCTION.

1.1. Technical description and user manual is intended for using during assembly, operation and repair of interface units of HBD system indicator control.

1.2. The set of technical documentation, except for the present description, includes circuit diagram of Interface unit (К127 03.00.00 Э3);

1.3. There are the following conventions in this manual:

IU – Interface unit of HBD system indicator control;

PDOB – point of detection of overheated boxes;

CDS – central dispatcher’s switchboard;

HBI – Hot Box Indicator;

CUHBI – control unit of Hot Box indicator;

STAS – set of train approach sensors;

TAS1 – internal train approach sensor (directed to PDOB area);

TAS2 – external train approach sensor (directed to the exit from PDOB area);

2. TECHNICAL DESCRIPTION.

2.1. Purpose.

2.1.1. Interface unit of HBD system indicator control is intended for the provision of duplex communications between central dispatcher’s switchboard and control units of Hot Box indicators, which are located at the edges of the control area, as well as for generation of sound signal about a train approaching PDOB.

2.1.2. Interface unit provides:

· transmission of commands from central dispatcher’s switchboard to control units of Hot Box indicators for activation and deactivation of HBI;

· transmission of information from control units of Hot Box indicators to the central Control switchboard;

· activation of sound alarm, when a train enters the control area;

· deactivation of alarm by means of the button on Interface unit or when a train leaves the control area;

· check-up activation of sound alarm (for 0.25 – 0.5 seconds) when opening the room
· LED indication of fault states of CUHBI operation.

2.2. Technical Data.

2.2.1. Power supply of Interface unit............………………………......... voltage 230 VAC + 10% - 15%.

2.2.3. Consumption power of alternating current ................................................... equal or lower 250 mА.

2.2.4. Communication channel with HBI control units, current loop .... line current equal or lower 30 mА.

2.2.5. Length of communication channel to CUHBI ................................................... equal or lower 2 km.

2.2.6. Communication channel with CDS ..................................................... according to RS232 standard

2.2.7. Length of RS232 communication channel ........................................................ equal or lower 10 m.

2.2.8. Interface unit safely operates in the following conditions:

· ambient air temperature between -10 and +30 (С;

· relative air humidity at the temperature +25 (С – up to 93%;

· altitude above the sea level up to 2000 m.

2.3. Structural Design of Interface Unit
2.3.1. The Unit is designed as a metal box intended for installation into 19’’ rack. 

2.3.2. The front panel of the unit is given in fig. 1. The following elements are located on the front panel:

· power supply plug with a built-in fuse holder and switch button;

· button for deactivation of sound alarm;

· green indication LED "OPERATION"

· two red LEDs for indication of fault states of HBI-1 control unit and HBI-2 control unit;

· output plug for transmission of signal about fault state of Interface unit "FAULT" (contact relay);

· input plug for connection of door sensor "DOOR";

· output plug for connection of outdoor alarm "BUZZER";

· plug for connection of communication channel form central dispatcher’s switchboard;

· two plugs for connection of communication lines with control units of Hot Box indicators "LINE 1" and "LINE 2".

2.4. Communication Channel with HBI Control Units.

2.4.1. Scheme of data exchange with CUHBI.

Data exchange with each HBI control unit is provided via two-wire line in a “master-slave” mode. Interface unit, as a “master”, periodically addresses the first and the second HBI control units, and transmits the control command for HBI sign or inquires the states of units. Control unit generates a response message to each received message. 

The format of control packet for CUHBI is given in Table 1.

The format of information packet (response for IU) is given in Table 2.

2.4.2. Physical communication channel with HBI control units.

The exchange is arranged via the channel “current loop” (current from 15 to 20 mА). Power source is installed on Interface unit. In the initial state, the current flows in the line, LEDs LINE 1 and LINE 2 light constantly. When the data is being transmitted, the current is interrupted.

Transmission format via the channel is the following:

· frequency - 1200 baud;

· sending – 8 bit;

· one stop bit;

· no parity check.

2.5. Communication Channel with CDS.

2.5.1. Scheme of data exchange with CDS.

The exchange is provided via four-wire line in a duplex mode. When there is a necessity to transmit a command to HBI control unit, dispatcher’s switchboard generates a control packet, containing CUHBI address and the control command. Interface unit generates a response message, containing the information about HBI control units and a sign of inquiry response. 

When the state of CUHBI has changed, Interface unit generates a message, containing the information about HBI control units and a sign of message sending. Central dispatcher’s switchboard has to send a receipt to each received message. The exchange is provided in ASCII format.

The format of information packet from CDS is given in Table 3 of Appendix.

The format of information packet from Interface unit is given in Table 4 of Appendix.

The message is generated by Interface unit in the following cases:

· any of HBI control units has detected train ENTRY into the control area;

· any of HBI control units has detected train EXIT out of the control area;

· any of HBI control units has detected the APPEARANCE of STAS fault;

· any of HBI control units has detected the CANCELLATION of STAS fault;

· any of HBI control units has detected the APPEARANCE of HBI sign fault;

· any of HBI control units has detected the CANCELLATION of HBI sign fault;

2.5.2. Physical data exchange channel with CDS.

The exchange is provided via a physical channel in RS232 standard. The exchange format is the following:

· frequency – 9600 baud;

· sending – 8 bits;

· one stop bit;

· no parity check.

RS232 channel has a separate power source and it has galvanic separation form other circuits of Interface unit. 

2.6. Control of Sound Alarm.

2.6.1. Purpose of sound alarm.

Sound alarm is meant for notification of the personnel, who works in the control area, about train approach. 

Interface unit provides two kinds of sound alarms:

· the first kind – static signal, which opens the key with current limitation at the level of 0.8А to 0.9А, and which activates the outdoor alarm;

· the second kind, 1 kHz square wave modulated with the frequency 0.5 Hz, which controls the operation of indoor sound alarm. 

2.6.2. Activation of sound alarm.

Sound alarm is activated in the following cases:

· when the signal form HBI control unit has been received at train entry into the control area;

· on a command from CDS.

Check-up (short) activation takes place when the room door is opened (hermetic contact of door sensor breaks the circuit). The system activates in the following sequence:

· the signal of outdoor sound alarm is generated for about 1 sec;

· after that the signal of indoor alarm is generated for about 2 sec. 

2.6.3. Deactivation of sound alarm.

Sound alarm is deactivated in the following cases:

· when the button is pressed on the front panel of Interface unit for a time over 1 sec;

· when the message form CUHBI has been received at train exit out of the control area;

· on a command form CDS

2.7. Generation of General Signal "FAULT".

2.7.1. The signal of general fault is generated by fault relay. In operating state this relay is controlled by 2 kHz impulses from a microprocessor, which activate it via the circuit of trouble-free control system. One group of normally broken relay contacts includes the LED "OPERATION", another one, which is connected to the plug "FAULT", provides a closed loop of emergency alarm. In case of any fault in unit operation, the relay securely deactivates, the LED "OPERATION" turns off, the loop "FAULT" breaks.

2.8. LED Indication of Interface Unit.

2.8.1. LED indication of Interface unit includes:

· LED "OPERATION", controlled by fault relay (see clause 2.7);

· LEDs of current presence indication in communication lines with HBI control units (see clause 2.4.2);

· LEDs of fault states of HBI control units (HBI-1, HBI-2 fault).

2.8.2. LEDs of fault states of HBI control units light constantly, if there is no fault. In case of fault, LEDs flash (0.15 sec. light – 0.15 sec. pause). The fault of control unit is detected in case of any of the following situations:

· communication fault with CUHBI (no response to three or more successive inquiries, or the received responses were wrong);

· the signal about fault of train approach sensors has been received;

· the signal about fault of HBI sign.

APPENDIX 1
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Fig. 1. Front panel of Interface unit.

Table 1. Format of IU control packet for CUHBI

	Pos. No.
	Sending

Field
	Number of symbols
	
	

	1
	Header
	1
	'$'
	

	2
	Size of packet
	2
	'05'
	 Number of symbols in the packet, except for Header and Size of packet

	3
	Command
	1
	'S'

'W' 

'M'

'O'

'С'
	 transmit state

 activate 

 activate in flashing mode

 deactivate

 control of operability of sign LEDs

	4
	Command, which was received in the previous response
	1
	'S'

'W' 

'M'

'O'

'С'

'А'

'?'
	 transmit state

 activate 

 activate in flashing mode

 deactivate

 control of operability of sign LEDs 

 no response

 no data (the first command)

	5
	State of train approach sensor, which was received in the previous response
	1
	'N'

'B'

'D'

''+'

'-'

'O'

'A'

'?'
	 sensor in norm 
 sensor break

 sensor fell from rail 
 train enters the control area

 train leaves the control area
 error in direction detection 
 no response

 no data (the first command)

	6
	Checksum
	2
	'KS'
	Checksum


Table 2. Format of CUHBI information packet for IU.

	Pos. No.
	Sending

Field
	Number of symbols
	Symbols
	Note

	1
	Header
	1
	'$'
	

	2
	Size of packet
	2
	'16'
	 Number of symbols in the packet, except for Header and Size of packet

	3
	State of train approach sensor
	1
	'N'

'B'

'D'

''+'

'-'

'O'
	 sensor in normal state 
 sensor break

 sensor fell from rail 

 train enters the control area

 train leaves the control area

 error of direction detection

	4
	State of sign
	1
	'W' 

'M'

'O'

'C'
	 activated "constant light"

 activated "flashing mode"

 deactivated

 lighting monitoring

	5
	State of activated V-Light indicator 
	1
	'N' 

'A'
	 Normal state *

 Command execution error*

	6
	State of deactivated V-Light indicator
	1
	'N' 

'A'
	 Normal state *

 Command execution error *

	7
	Number of working chains in 1st point of indicator 
	1
	'1' – '9'

'A' 

'В'

'0'
	 1 to 9 

 10 

 11 

 0 (no light)

	8
	Number of working chains in 2nd point of indicator
	1
	'0' – 'B'
	 0 to 11 

	9
	Number of working chains in 3rd point of indicator
	1
	'0' – 'B'
	 0 to 11 

	10
	Number of working chains in 4th point of indicator
	1
	'0' – 'B'
	 0 to 11 

	11
	Number of working chains in 5th point of indicator
	1
	'0' – 'B'
	 0 to 11 

	12
	Number of working chains in 6th point of indicator
	1
	'0' – 'B'
	 0 to 11 

	13
	Number of working chains in 7th point of indicator
	1
	'0' – 'B'
	 0 to 11 

	14
	Temperature sign
	1
	'-' – '+'
	 

	15
	Unit temperature
	2
	'00' – '90'
	 BCD format

	16
	Checksum
	2
	'KS'
	Checksum


*Normal state:

· When V-Light is ACTIVE (or during lighting monitoring) the number of working chains in each point of indicator IS NOT EQUAL TO ZERO.

· When V-Light is INACTIVE the number of working chains in each point of indicator IS EQUAL TO ZERO (V-Light is turned off)

* Command execution error:

· When V-Light is ACTIVE (or during lighting monitoring) the number of working chains in each point of indicator IS EQUAL TO ZERO

· When V-Light is INACTIVE the number of working chains in each point of indicator IS NOT EQUAL TO ZERO (V-Light is not turned off).

Table 3. Format of CDS control packet for IU.

	Pos. No.
	Sending

Field
	Number of symbols
	
	

	1
	Headers
	1
	'$'
	

	2
	Size of packet
	2
	'04'
	Number of symbols in the packet, except for Header and Size of packet

	3
	Inquiry / Control command target address 
	1
	'L' 

'R'

'D'

'S'
	Left V-LIGHT

Right V-LIGHT

 Train sensors

Alarm

	4
	Inquiry / Control command 
	1
	'S'

'W' 

'O'

'M'

'С'
	Transmit state 

Activate (V-LIGHT / Alarm)

Deactivate (V-LIGHT / Alarm)

Activate V-LIGHT in flashing mode 

Check of operability of V-LIGHT LEDs

	5
	Checksum
	2
	'KS'
	Checksum


	Table 3.1. Sample control packet [Activate LEFT sign in CONSTANT LIGHT mode]

Pos. No.
	Sequence of

Symbols being transmitted
	Symbol
	HEX

format
	

	1
	Header
	'$'
	0x24
	

	2
	Packet size - tens
	'0'
	0x30
	

	3
	Packet size - unities
	'4'
	0x34
	4 symbols

	4
	Target address
	'L'
	0x4C
	Left V-LIGHT

	5
	Control command for HBI sign
	'W'
	0x57
	Activate in "constant light mode"

	6
	Checksum – senior tetrad 
	'2'
	0x32
	KS = 0x82

	7
	Checksum – junior tetrad
	'В'
	0x42
	


Calculation of checksum [KS]:

KS = (0x24 + 0x30 + 0x34 + 0x4C + 0x57) & 0xFF = 0x2В

Table 4. Data on ALARM state from IU for CDS.

	Pos. No.
	Sending

Field
	Number of symbols
	Symbols
	Note

	1
	Header
	1
	'$'
	

	2
	Size of packet
	2
	'04'
	Number of symbols in the packet, except for Header and Size of packet

	3
	Address-identifier
	1
	'S' 
	Alarm

	4
	Alarm state
	1
	'W'

'O'
	 active

 inactive

	5
	Checksum
	2
	'KS'
	Checksum


Table 5. Data on Train Approach Sensor state from IU for CDS.

	Pos. No.
	Sending 

Field
	Number of symbols
	Symbols
	Note

	1
	Header
	1
	'$'
	

	2
	Size of packet
	2
	'06'
	Number of symbols in the packet, except for Header and Size of packet

	3
	Address-identifier
	1
	'D' 
	Train sensors

	4
	Train presence in the control area
	1
	'T'

'F'

'?'
	 train in the control area 

 NO train in the control area 

 unknown*

	5
	State of LEFT Train sensor 

	1
	'A'

'N'

'B'

'D'

''+'

'-'

'O'
	 fault of communication with left V-LIGHT 

 sensor in normal state 

 sensor break

 sensor fell form rail 

 sensor enters the control area 

 sensor leaves the control area 
 error of direction detection

	6
	State of RIGHT Train sensor 

	1


	'A'

'N'

'B'

'D'

''+'

'-'

'O'
	 fault of communication with right V-LIGHT 

 sensor in normal state 

 sensor break

 sensor fell form rail 

 sensor enters the control area 

 sensor leaves the control area 

 error of direction detection

	7
	Checksum
	2
	'KS'
	Checksum


* there is no data from one of the sensors due to either of the following reasons:

· fault of communication with V-LIGHT;

· sensor break;

· sensor fell from rail;

· error of direction detection.

Table 6. Data on V-LIGHT state from IU for CDS.

	Pos. No.
	Sending

Field
	
	Symbols
	Note

	1
	Header
	[0]
	'$'
	

	2
	Packet size (tens)
	[1]
	'1'
	Number of symbols in the packet, except for Header and Size of packet

	3
	Packet size (unities)
	[2]
	'2'
	

	4
	Address-identifier
	[3]
	'L' 

'R'
	Left V-LIGHT
Right V-LIGHT

	5
	State of V-LIGHT 
	[4]
	'A'

'O'

'W' 

'M'

'C'
	 communication error 

 deactivated

 activated in "constant mode"

 activated in "flashing mode"

 lighting monitoring is being performed 

	6
	State of 

V-LIGHT indicator
	[5]
	'N' 

'A'
	 Normal state *

 Command execution error*

	7
	Number of working LED chains in 1st point of indicator 
	[6]
	'1' – '9'

'A' 

'В'

'0'
	 1 to 9 

 10 

 11 

 0 (no light)

	8
	Number of working chains in 2nd point of indicator
	[7]
	'0' – 'B'
	 0 to 11 

	9
	Number of working chains in 3rd point of indicator
	[8]
	'0' – 'B'
	 0 to 11 

	10
	Number of working chains in 4th point of indicator
	[9]
	'0' – 'B'
	 0 to 11 

	11
	Number of working chains in 5th point of indicator
	[10]
	'0' – 'B'
	 0 to 11 

	12
	Number of working chains in 6th point of indicator
	[11]
	'0' – 'B'
	 0 to 11 

	13
	Number of working chains in 7th point of indicator
	[12]
	'0' – 'B'
	 0 to 11 

	14
	Checksum (H)
	[13]
	'KS'
	Checksum

	15
	Checksum (L)
	[14]
	'KS'
	Checksum


* Normal state:

· When SIGN is ACTIVE (or during lighting monitoring) the number of working chains in each point of indicator IS NOT EQUAL TO ZERO

· When SIGN is INACTIVE the number of working chains in each point of indicator IS EQUAL TO ZERO (V-Light is turned off).

* Command execution error:

· When SIGN is ACTIVE (or during lighting monitoring) the number of working chains in each point of indicator IS EQUAL TO ZERO

· When SIGN is INACTIVE the number of working chains in each point of indicator IS NOT EQUAL TO ZERO (V-Light is not turned off).
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