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1. INTRODUCTION 1.1 FORMATION OF DMRC



A company under the name DMRC was registered on 30.05.1995 under the companies act for construction and operation of the metro project. DMRC is the joint venture of the Government of India and Government of National Capital Territory of Delhi. It started functioning in November 1997. It appointed General consultant in August, 1998 to assist them for implementation of the project. This is the consortium office international consultancy company led by Pac Consultants International (PCI), Japan. The whole project of approximately 200Kms is to be completed in three phases up to 2021, the first phase of the project, comprising of approximately 62.06Kms, is currently operational. It is having 18 stations in Line 1 (Red Line), 10 stations in Line 2 (Yellow Line) and 22 stations in Line 3 (Blue Line). 1.2 BENEFITS OF DELHI METRO ON COMPLETION



On the completion of the first phase of the Delhi Metro, it would be catering to around 2.18 million commuters per day resulting in decongestion of the roads. This would also mean that there would be less number of buses on the roads. It has also reduced the travel time. Also the pollution level is reduced to about 50%. Since the first phase of the Delhi Metro is operational a large number of commuters are having a lot of convenience in reaching their desired destination in the required time.



1.3 ADVANTAGES OF RAIL BASED TRANSIT SYSTEM







Can achieve carrying capacity as high as 60000-80000.







Required 1/5th energy per passenger compared to Road-based system.







Causes no air pollution in the city.







Causes lesser noise level.







Occupies no road space if underground and only about of 2 meter width of the road if elevated.







Carries same amount of bus traffic or 33 lanes of private motor car.







Is more reliable, comfortable and safer than road system.







Reduces journey time (about 50% to 75% )



1.4 AWARDS WON The Delhi Metro has been awarded OHSAS (Occupational Health and Safety Assessment Sequence 18001) by RINA (Registro Italiano Navale India Pvt. Ltd.), Geneva. To help in proper maintenance the DMRC has been divided into departments and sub departments:  Telecom  Rolling Stock  P. Way  AFC & many other sub department 1.5 OUTLINE The Delhi rail corridor system is a heavy rail mass transit system covering a route length of approx. 44km, providing commuter services for the Delhi population. The traction power supply consists of a flexible catenary fed at 25000v, 50 Hz single phase. 2. TRAIN CONFIGURATION The basic train consist is made of 4 cars which comprise of 2 motor cars (M) and 2 driving trailer cars (DT).



The formation of the 4 car train is DT  M  M  DT



Each DTM car pair is connected together by a semi-permanent coupler .this means that for service operation the train consist is fixed and cannot be separated. However, for maintenance purposes, maintenance staff can physically disengage the semi-permanent couplers so that maintenance activities can be conducted on individual cars. Between each car pair, an automatic coupler is used. This allows quick and easy coupling and decoupling of the paired cars. Automatic Coupling



Semi Automatic Coupling



Automatic Coupling



3. MAJOR SYSTEM







AIRCON







Auxiliary Power Supply System







Train Integrated Management System







PA-PIS System



3.1 AIRCON The air-conditioning system consists of saloon air-conditioning system and cab air conditioning system.



SALOON AIR CONDITIONING SYSTEM –



TWO



NO OF ROOF MOUNTED SALOON AIRCON UNITS ARE PROVIDED PER CAR.



MAJOR COMPONENTS OF AN AIRCON UNIT ARE AS UNDER -



Major Components 1. Compressor 2. Condenser Coils 3. Condenser Fan 4. Supply Air Blowers 5. Evaporator Coils 6. Return Air Filters 7. Filter Drier 8. Fusible Plug 9. Dual Pressure Control 10. Sight Glass 11. Liquid Line Solenoid Valve 12. Service Access Valves 13. Thermal Expansion (TX) Valve 14. Emergency Inverter 15. Transformer 16. Temperature Probes 17. Electrical Control Equipment a. Rotary Control Switch b. Electrical Components c. Terminals d. Relays e. DC/DC Converter f. Contactors g. Circuit Breakers - Condenser fan motor - Compressor - Supply Fan motor



THE



PLC Control – The heart of the control system for the air conditioning unit is a Programmable Logic Controller (PLC). Using a control program stored in the PLC’s memory, the PLC close or open electrical circuits connected to its outputs depending on the status of the inputs. When a component in the system fails, the PLC diagnoses the problem and isolate the failed component.



Aircon Working Modes – The saloon aircon works in the following modes 



Ventilation Mode - In this mode air to be circulated throughout the vehicle and at the same time fresh air will continually be induced into the vehicle but cooling will not be initiated.







Cool 1 - During Cool 1 the air conditioning unit provides approximately 50% of the total rated cooling capacity. This is carried out by operating compressor and energising only one of the liquid line solenoid valves which allows refrigerant to flow into the evaporator.







Cool 2 - During cool 2 modes the air conditioning unit provides 100% of the total rated cooling capacity. This is carried out by operating and fully loading the semi-hermetic compressor and energising both of the liquid line solenoid valves which delivers refrigerant to the evaporator coil.







Emergency Mode – In case of Ac Power supply failure the aircons shift to the emergency vent mode. The power is supplied by the battery and only fresh air is supplied into the saloon.







Test Cool - When activated the unit automatically operates in a cooling mode operation, regardless of the return air temperature sensed. Test Cool mode can be initiated through PLC unit. The maximum time test cool will be permitted to operate prior to switching to automatic mode is 20 minutes.



Communication with PLC using UMT -



The A/C unit is able to communicate with a laptop PC running Windows 95 or higher. The A/C unit provides a HyperTerminal interface with the following options.







View Inputs – The user is able to request the PLC to display the current state of the inputs of the controller.







View Outputs – The user is able to request the PLC to display the current state of the outputs of the controller.







View Comms Link 1 Inputs – The user is able to view the information coming from an external device connected to communications link 1.







View Comms Link 1 Outputs – The user is able to view the information being sent from the PLC to the external device.







Initiate Test Cool – The user is able to initiate test cool functions.







Initiate Test Vent – The user is able initiate test ventilation functions.







Initiate Test Emergency – The user is able to initiate the test emergency function







Reset Faults and Test Conditions – The option allows the user to reset any alarms, and halt any currently running tests







Download Event Log – The user is able to request that the PLC event log is downloaded to the laptop computer.







Download Data Log – The user is able to request that the PLC data log is downloaded to the laptop computer.







Delete Data Log – The data log is cleared when this option is selected.



Aircon Working Concept



TIMS



FAT Probe



RAT Probe



Programmable Logic Controller



Contactor



Un loader



Compressor



Condenser



Filter Drier



Solenoids for Cool-1 &2



T- X Valves



Evaporator



Supply Fan



General Assembly



Refrigeration Schematic



CAB AIR CONDITIONING SYSTEM The cab air-conditioning system consists of one roof mounted aircon unit. The major components of cab Aircon unit are as under –



Major Components 1. Compressor 2. Condenser Coils 3. Condenser Fan 4. Supply Air Blowers 5. Evaporator Coils 6. Return Air Filters 7. Filter Drier 8. Fusible Plug 9. Dual Pressure Control 10. Sight Glass 11. Liquid Line Solenoid Valve 12. Service Access Valves 13. Thermal Expansion (TX) Valve



Cab Aircon Control – 



Fan Speed Selector Switch - The fan speed selector switch is used to select the rotational speed of the supply air fan and hence effect the quantity of conditioned air delivered.







Temperature Selector Switch - The temperature selector switch is used to select the temperature of the supply air.



Cab Aircon Operating Mode - The main operational mode of the A/C unit is dictated by the mode switch, which allows selection of operation in any one of the following modes:  Normal Mode - When the Operation Mode Switch is located in the “Normal” position, the air conditioning system will operate according to the settings on the Fan Speed Switch and Cooling Setting Switch.  Vent Mode – In this mode the air conditioning unit operates the supply fans only. 



Back Up Mode - If the Operation Mode Switch is in the “Back Up” position, air will be drawn in to the driver’s cab from the saloon supply air ducts.







Off Mode - If the Operation Mode Switch is located in the “Off” position, the air conditioning system will be disabled. No ventilation, cooling or heating will operate in this mode.



Component Layout



1



Refrigeration Schematic
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3.2 AUXILIARY POWER SUPPLY SYSTEM This system provides the 415 V AC supply to operate the auxiliary loads on the train. The Auxiliary Power Supply System uses a 3 phase independent and instantaneous voltage waveform control system that has the advantages of:   



Low output voltage distortion Low voltage fluctuation against load & input voltage transient charging Low audible noise



IGBT are used as the main power switching device. These are cooled by natural convection using a heat pipe, with the coolant being pure water. The 415 V output supply is galvanically isolated from the 25KV line by the main transformer. The Auxiliary Power Supply System consists of the following main components:     



Vacuum Circuit Breaker AC Arrestor Emergency Ground Switch Main Transformer SIV Box



 25,000 V AC SINGLE PHASE The train is connected to the 25000 V catenary lines by the pantograph mounted on each trailer car (driving and non driving). When the pantograph is raised the 25 KV line is connected to the Vacuum Circuit Breaker. The voltage level can vary between 17,500 and 30,000 V. 



VACUUM CIRCUIT BREAKER



This is a single pole, bi-directional high speed AC circuit breaker. Its function is to isolate (open contacts) or connect (close contacts) the 25KV line to the train mounted equipment. Being a circuit breaker, the VCB also isolates the train mounted equipment when a over current condition occurs due to a fault on the train or on the 25KV line. 



AC ARRESTOR



It is a device that protects the train mounted equipment from excessive high voltage transient conditions, caused by lightning strikes on the 25KV line. When a transient condition occurs, the AC arrestor quickly becomes a low resistance path to earth and the energy of the transient spike is absorbed. Once the spike is absorbed the AC arrestor becomes a high resistance path to ground. 1







EMERGENCY GROUND SWITCH



It is a manually operated high voltage switch that is used to connect both sides of the VCB to earth. Maintenance staff usually operates this switch when working on the train. By earthing both sides of the VCB maintenance staff are protected against accidental energizing of the 25KV line or propulsion system. 



MAIN TRANSFORMER



Its function is to reduce the 25KV line to approximately 1KV (2 off secondary windings). It consists of one primary winding which is connected to the 25KV line. Two secondary windings are connected to the C/I box. A secondary winding output provides the power supply for a bogie. One tertiary winding output provides power to the Auxiliary Power Supply System.  470 V AC SINGLE PHASE 



SIV BOX



This is the output voltage level of the main transformer tertiary winding, when the nominal primary input voltage is 25,000 volts. The SIV box converts the 470 V single phase supply into a 415 volt, 3 phase 50 Hz supply for the train auxiliary loads. The output of the SIV box is controlled so that the 415 V voltage and 50 Hz frequency is constant even if the input voltage or frequency changes.  415 V AC,50 Hz This is the main power supply for train auxiliary loads. These auxiliary loads being:     



Passenger Air Conditioners Driver Cab Air Conditioners Main Air Compressor Main Transformer Oil Pump Blower motors



 230 V AC,50 Hz This provides power to the following:  AC Passenger Lighting  Socket Supply 2



The 230 AC supply is generated using a step down transformer (415V to 230V) within the SIV box.  110 V DC This provides power to the following:   



Car Batteries Train Control Circuit DC Passenger Lighting



This DC supply is generated by a battery charger unit mounted within the SIV box. The battery charger consists of a step down transformer (415V to 104V) and control rectifier. The DC voltage is normally maintained at 110V.The battery charger output current is also controlled limited, therefore, under conditions of overload charging current the output voltage can be less than 110V.Such an overload condition could be charging of a dead battery.
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3.3 TRAIN INTEGRATED MANAGEMENT SYSTEM Train Integrated Management System (TIMS) is a train information system that performs continuous monitoring of control information in the driving cab and in instruments for monitoring as well as checks on train status to ease the burden on operators and conductors, to properly provide emergency information to the train crew and to streamline the checking procedure. With integrated control of train-mounted devices using software logic and serial transmission, the system makes the train car system simpler and more reliable, establishing an optimal train car system. 



Key concept



Integration and optimization of train car system Train cars friendly to people and the environment, reduction of lifecycle costs 



Reduction of train car wiring



The introduction of data transfer along power supply lines and car wiring reduces the number of wires mounted.



Integrated control of functions reduces the number of components and wires while improving the functions.
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Consolidation of control functions Active use of control data gathered by TIMS for failure analysis, checking and trial operation reduces the time and personnel required for inspection. Verification function



Onboard check function



Trial operation function
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Integrated train car management function • Overall train control (optimal control) Optimal powering and braking depending on the loading conditions of the entire train [Effects] Effective use of regenerative braking equipment, enhanced response to speed control, compensation for the braking strength of the whole train at times of brake failure. • Response confirmation function Control for initiation/termination of train car operation (with pantographs up/down - SIV on/off - lighting and air conditioning on/off) [Effects] Improved safety of control and easier detection of causes of failure • Safety interlock Thorough check on conditions for activation of doors, brake failure, operation of safety brakes in response to powering commands [Effects] Minute safety functions that cannot be provided by hardware can be supported by software logic.



Control commands transmission functions (TIS/TIMS)
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The Train Integrated Management System consists of the following major equipment items;    



Central Unit Local Unit Display Unit Display Controller



The Train Integrated Management System interfaces with the following systems located throughout the train; these systems are:        



Propulsion System (CI) Auxiliary Power Supply (SIV) Brake system (BECU) Door Control System (DCU) Air conditioners AVAS & PA ATC System TR



The Train Integrated Management System also monitors Train Line status, switch and circuit breaker positions. The Train Integrated Management System has control over various functions throughout the Train. This monitoring and control is carried out via the parallel input / output interface. NETWORKING PROTOCOL TIMS uses the following protocols: a) Train BUS (LAN)



   



Shielded twisted pair Duplicate bus by Bi-directional "Ring" Dipulse signal 2.5Mbps (ANSI 878.1 ARCNET) Each node has a bus "Bypass switch" for a node fault.



b) Car BUS (LAN) (TIMS - Equipment Communication)



   



3 wires/channel (shielded pair with third conductor) Multi-drop connection (appropriate grouping) RS485, NRZI code HDLC (ISO3309/4335) 9.6k/38.4kbps



c)



Vehicle Bus (LAN) (Node to Node Communication)
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Shielded Twisted pair 3 wires/channel (shielded pair with third conductor)



CENTRAL UNIT  DESCRIPTION: The Central Unit carries out the application program for the overall control and administration of the TIMS system. In each four-car train there are two Central Units, one in each DT car. Each Central Unit is connected to the Train Bus and receives / transmits information and commands to and from the other TIMS units. The Central Unit is fitted with dual redundant central processing units (CPU 1 & CPU 2). This enables the TIMS system to continue to function if a failure of a single CPU occurs.



 EQUIPTMENTS LOCATION The Central Unit installed in each DT-car‟s driver cab.  EQUIPTMENT FUNCTION



   



The Central Unit has the following main functions, these are: Central Processing Unit System Gateway Parallel Input output Interface Control of the Drivers Display Unit  SYSTEM CONTROL The Central Unit carries out the application program for the overall control and administration of the TIMS system.
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AIR CONDITIONING OVER RIDE The Control Unit monitors the Air Conditioning override status from the Local unit. The Central Unit checks that the Air Conditioner operation is consistent with the TIMS instruction and sends a command to the Drivers Display Unit to display the Air Conditioner Information Screen. The driver initiates the Air Conditioning override through the Display Unit Screen. Once initiated the Central Unit transmits the Air Conditioning override to the Local Unit, which transmits the Air Conditioning override to the Air Conditioning Unit. Purpose Normally, air conditioning system (A/C) automatically operates during the specified time according to the parameter. The driver and maintainer are able to compulsorily turn on and turn off the A/C via VDU in occupied cab. The operation is called “override.” TIMS I/F  Receive CPU2 and LU receive the status of A/C operation mode status via local bus.  Transmission Occupied CPU1 transmits the override command to CPU2 and LU in all cars via train bus. CPU2 and LU transmit the command to A/C via local bus. In case that A/C is operated in the local control mode, TIMS does not send “override request” to A/C.



 EQUIPMENT LAYOUTS OUTLINE OF CENTRAL UNIT



9



 INTERNAL CONFIGURATION OF CENTRAL UNIT



Note: The PCB's abbreviations and functions are as follows: (1) CPU 4: Central Processing Unit (type “4”) (2) CIF 4: Communication Interface (type “4”) (3) DIS2: Digital Input with Isolation (type “2”) (4) DIS 3: Digital Input with Isolation (type “3”) (5) AIO: Analog Input and Output (6) PSG: Power Supply (type “G”)
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CPU1 Display Unit



RS422 RS485 Local Bus RS232



CPU2



CIF4



Spare Local BUS Train BUS 24VDI for Car type strap



Train BUS CPU4



CPU4 BUS



DIS2



110VDI



DIS2



BUS



24VDI



24VDI



DIS3



DIS3



TRC4



Analog input from TBC



24VDI for Car type strap



Local Bus



AIO



(No outputs)



110VDC Supply



PSG



5VDC



5VDC



24VDC



24VDC



PSG



110VDC Supply FG



 DESIGN AND PERFORMANCE DATA (CENTRAL UNIT)



 Type : MS-A530  Manufacturer: Mitsubishi Electric  



Input voltage: Ambient temperature:



DC 110V +25%/-30% 0 - 55 deg. C. (Performance) -10 - 60 deg. C. (Storage)



 



Main CPU: ROM (To a CPU):



MC68360 (32 bit) and MPC860 (32bit) 12M byte (Flash type) 11







RAM (To a CPU):



6M byte (Ni-Cd battery back up) (Battery life: 3.5 years)



   



Train data link: Local data link: Test Standard: EMC Standard:



2 node (two ports) with bypass module9 4 ports (including 1 spare) IEC 571-1 EN 55011 Group 1 Class A IEC1000-4-3 Class 3 Criterion A IEC1000-4-4 Class 3 Criterion B IEC1000-4-5 Level 3 Criterion B IEC1000-4-6 Level 2 Criterion A



 CPU1  



Consumed power: Power supply output:



     



Number of channels: Digital inputs (24 VDC): Digital inputs (110 VDC): Number of communication links: Train data links node [NODE 1] Local data links RS485: RS422: RS232C:



Max, 55W 5V ± 3%, 8A 24V ± 3%, 2A 40 16 (except duplicated part with CPU2) 1 (two ports) with bypass module 1 1 1



 CPU2  



Consumed power: Power supply output:



    



Number of channels: Digital inputs (110 VDC): Number of communication links: Train data links node [NODE 2] Local data links RS485: RS422: Vehicle Bus ports:



Max, 44W (Energy saving mode: 25W) 5V ± 3%, 8A 24V ± 3%, 2A 48 1 (two ports) with bypass module 8 1
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 SUB RACK  Overall Description The Sub Rack consists of a frame, motherboard and plug mounting sockets for connection to the train wiring. The PCB`s slide into the frame and are connected to the motherboard by a plug and socket. The plugs are mounted on the PCB boards and the sockets are mounted on the motherboard. The PCB`s are retained in the frame by two screws which are located at the top and the bottom of each PCB, which allows easy installation and removal. .  Equipment Locations The Central Unit installed in each DT-car‟s driver cab.  Equipment Functions The function of the Sub Rack is to house the PCB cards and provide the interconnection between each PCB board and the train wiring.  Equipment layout Internal connection



13



PCB (Central Processing Unit 4) Overall Description The Central Processing Unit 4 carries out the application program for the overall control and administration of the TIMS system. Dual redundant CPU's (CPU 1 and CPU 2) are provided in the Central Unit. The two CPU's are arranged in hot standby configuration, where one acts as the master of the complete TIMS system when the driver's cab is occupied. The other redundant CPU is maintained as hot standby, for backup purpose. In the event of failure of the master CPU (CPU 1), the other CPU (CPU 2) takes over the master function of the TIMS system. Equipment Locations The Central Processing Unit 4 is located in the Central Unit. Equipment Functions The Central Processing Unit 4 carries out the application program for the overall control and administration of the TIMS system. The Central Processing Unit 4 interfaces with the Train Bus using ARCNET. The CPU4 monitors selected switch positions.



System Controls  Software Interfaces. TIMS employs the real time operating system RTM-68K and networking protocols based on ARCNET and HDLC. The deterministic medium access control method is used as follows: ARCNET: Token passing HDLC: Polling / selecting method (Normal response mode of HDLC) The two networks are used and work together. One is based on ARCNET and the other is based on HDLC.  Operating Principles Interface between the Train Integrated Management System and the Train Bus The Interface between the Train Integrated Management System and the Train Bus is carried out using ARCNET interface. ARCNET adopts the Token-passing Protocol, which provides predictable response times. Each network event occurs within a predetermined time interval. The interval period is based on the number of nodes on the network. A significant advantage of ARCNET is its ability to adapt to changes on the network. Whenever a new node is activated or deactivated, a network reconfiguration is performed. When fault occurs in one of the TIMS processing units, the network can adjust itself to isolate the faulty unit without bringing the whole network down.Whenever a new node is activated or deactivated, a network reconfiguration is performed.
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When fault occurs in one of the TIMS processing units, the network can adjust itself to isolate the faulty unit without bringing the whole network down. When a new node is activated, or if a node has not received an invitation to transmit for 840 ms, or when software reset occurs, the network causes a network reconfiguration by sending a reconfigure burst to terminate all activities on the network. Because the burst is longer than any other type of transmission, the burst will interfere with the next invitation to transmit, destroy the token and keep any other node from assuming control of the network. If any node does not receive the token within the Reconfiguration Time, the node will initiate a network reconfiguration. The data transmission is flow controlled. Each data packet is preceded by an integrity check of the receiver. Transmitter issues a Free Buffer Enquiry frame, which checks for free memory in the receiver. The receiver issues either a positive ACKnowledge or a NACKnowledge. If an ACK is received, the data packet is transmitted followed by an ACK if it is received error-free If a NACK is received, then the token is passed and the transmission is tried again on the next pass. As a result, probability for loss of message is minimized and the transmission reliability is enhanced.



System Controls  Interface with Display Units The communication between the Display Unit and the TIMS system is carried out over a RS422 transmission link. This link connects the TIMS Central unit to the Display Unit.  Interface with AVAS and PA The communication between the AVAS & PA and the TIMS system is carried out over a RS422 transmission link. This link connects the TIMS Central unit to the AVAS & PA. TIMS collects from the AVAS & PA information necessary for real time monitoring. TIMS performs a complete polling cycle at every 500 ms cycle regardless of the occurrence of faults.  Operating Principles Interface between the Train Management System and the AVAS & PA system Interface between the Train Management System and the AVAS & PA system is carried out using RS422 interface. Transmission Signal    



Transmission signal: RS485 (half-duplex) Termination resistor: 120 ohm Termination resisters are installed at both ends of the line. Bias resister: 1.2 k ohm and only installed in the TIMS unit.



o WIRE  Shielded twisted cable (3 wires) 15



 



Signal lines consist of 1 data pair and a signal ground line. Signal lines shall be floating i.e. isolated from any frame ground or other circuits in the TIMS unit or device.  Earthing of screen wire (shield) will be made in the TIMS equipment at one point. o Network topology     



Point to point connection Protocol Polling/selecting based on HDLC Asynchronous transmission. The primary station: TIMS The secondary station: Each device



o Baud rate  Baud rate = 9.6 k bps  Transmission cycle = 500 ms Interface between the Train Integrated Management System and the Automatic Train Control system Interface between the Train Integrated Management System and the ATC system is carried out using RS232C interface.  



Transmission Signal Transmission signal:



RS232C (full-duplex)



o Wire    



Shielded twisted cable (3 wires) Signal lines consist of 1 data pair and a signal ground line. Signal lines shall be floating i.e. isolated from any frame ground or other circuits in the TIMS unit or device. Earthing of screen wire (shield) will be made in the TIMS equipment at one point.



o Network topology:    



Point-to-point connection Polling/selecting based on HDLC Asynchronous transmission (ISO 3309 /4335) is used. The primary station: TIMS The secondary station: Each device



o Protocol  



Polling/selecting based on HDLC Asynchronous transmission. The primary station: TIMS 16







The secondary station: Each device



o Baud rate  



Baud rate = 19.2 k bps Transmission cycle = 500 ms



System Monitoring The Central Unit CPU reads the digital inputs from the DIS2 PCB every 10 ms (time period). The CPU judges the status of the digital input when the CPU continuously detects the same status more than five time periods. o Operating Principles The 24V DC signal GND is applied to the input of the DIS2 PCB. The 24V DC voltage level is applied to a photo coupler at a reduced voltage by means of a voltage divider. The photo coupler output is switched on when the input voltage is applied. Switching on of the photo coupler output changes the state of the output buffer. The Central Units CPU monitors the state of the output buffer. o Equipment Layouts 24V DC Input Interface



o 24V Digital Input The digital inputs are designed for 24V signals.  Circuits a) Input voltage for “1” b) Input voltage for “0”



Current source type 0 to 3 V 21 to 27 V, approx.10 mA
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PA-PIS SYSTEM o Overall Description The PA and PIS System is powered up by input voltage of DC110V. The system is consisted of AVAU & PIC Rack, MOP, AOP, TNI and DIF which are installed in driver cabin PAMP, Loudspeaker, ETU, PAB, and PIB which are installed in saloon car. o Equipment Locations Locations of PA and PIS System The PA & PIS system location can be divided by two parts, the driver cabin and passenger saloon area. Driving Cabin Equipment     



AVAU & PIC Rack: Located behind of the driver seat MCP: Located at Left hand side of driver cabin ACP: Located at Right hand side of driver cabin DIF: Located at the front of auxiliary driver console TNI: Located at the front of main driver console



o Passenger Saloon Equipment    



PAA: ETU: LSP: PAB:



Located in Gangway Cubicle Located beside of door Located at coving Panel Located at Door Coving Panel



o Equipment Function Individual equipment each cannot make independent function that all equipment should be combined. It means all necessary equipment should combine at the same time.
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Door Circuits TIMS RS422



MOP



20 Safety System 110V



PAB



DIF



TNI



Programming Point



Traction interlock/ Cant rail light



TIMS watchdog O/P



RS422 to ATP / ATO



AVAU



RS422



Cab Active



DT CAR



AVAU - Automatic Voice Announcement Unit AOP - Auxiliary Operating Panel ATO - Automatic train Operator ATP - Automatic Train Protection DT Car - Driver Trailer Car ETU - Emergency Talkback Unit MOP - Main Operating Panel PAMP - Public Address Amplifier PAB Passenger Alarm Button PIB - Passenger Information Board TNI - Train Number Indicator DIF - Destination Indicator Front



AOP



PIC



OCC Speech/ control



TRAIN RADIO Mute LS



Speak Aware



ETU



PA Amplifier PAMP



SPEAKER x 3



Programming Point



SPEAKER x 3



PIB



PIB



PIB



Train Data Bus B



Train Data Bus A



RS485



To 'pull out' train



SPEAKER x 3



SPEAKER x 3



RS485



Speech pair 1 Speech pair 2 PA Ground Return Line ( Shared )



Safety System 110V



Traction Interlock/ Cant rail light



PIB



PIB



PIB



M



PAB



CAR



Speak Aware



ETU



PA Amplifier PAMP



Programming Point



A & B transposed at coupler



To DT an M cars. Duplicate system at other end of train



PIC - Passenger Information Controller



System Controls The system closely integrates the audio and visual (PIS) functions. The AVAU processor deals with the basic audio, auto-announcing and interfacing of critical functions (EPA enable, door circuit interfaces); the PIC processor controls data-communications and serial interfaces to other sub-systems, as well as processing the control of Passenger Information. This System Description will focus on the user and passenger interfaces o Overall Description This is the heart of PA & PIS System that all functions are controlled by AVAU & PIC o Equipment Location It is located in behind of the back wall in driver main console o Equipment Functions The system closely integrates the audio and visual (PIS) functions. The AVAU processor deals with the basic audio, auto-announcing and interfacing of critical functions (EPA enable, door circuit interfaces); the PIC processor controls data-communications and serial interfaces to other sub-systems, as well as processing the control of Passenger Information. This System Description will focus on the user and passenger interfaces



 Audio System The main functionality of the audio system is summarised in the following bullet points:           



Public Address – driver (active cab) to passengers (broadcast) Public Address – rear cab (inactive cab) to passengers (broadcast) Public Address – OCC (EPA) to passengers (broadcast) Public Address – Automatic announcement triggered automatically by the PIC, as a result of input from ATO/ATP (including door open chime) Public Address – Automatic announcement manually triggered by driver on the MOP Public Address – Automatic Announcement manually triggered from rear cab MOP Cab to Cab communication (simplex) – Driver to all other cabs (including coupled trains) Cab to cab communication (simplex) – Any cab to all other cabs (including coupled trains) Passenger alarm warning tone Passenger Communication (simplex) – Driver to individual passenger, call set up as a consequence of PAB operation. Door open/ closing chime



The list of functions above have operating priorities, the order above is not intended to detail priority as this is complex.
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 Visual System The main function of the PIS system is to provide information to the passengers; the TNI (Train Number Indicator) is an exception to this rule as it is only loosely related to PIS – the number to be displayed being derived from ATO/ATP. The PIS system will provide the following information:       



Train Number – front and rear of train Destination – front and rear of train (Hindi and English) Next station is – inside train, on the PIB‟s This station is – inside train, on the PIB‟s Journey message – inside train, on the PIB‟s Manually triggered messages – from driver or OCC (internal and optionally external on the DIF) Real time information (visual only) – inside train, on the PIB‟s (generated by OCC)



The PIS system is made up of three different types of displays. Each type of display receives RS485 data at 9600b/s and contains a microprocessor to handle the data and format it for display on the connected direct to the „PA & PIS Train data bus A‟; the PIB‟s are connected through the PAMP‟s where the RS485 signal is regenerated, thereby alleviating the loading on the Train Data busses. The system relies on positional information received from the ATO/ATP; digital signals indicating that the door release system has been enabled and that an active cab has been selected are also obtained by the PIC, from the AVAU.



System Controls The AVAU modules are housed in a Euro-card frame that is to be customised to fit in a cubicle near the cab back wall. The module front panels are used to provide connector access to and state indications of the various circuits. Extensive use is made of the Weidmuller Omnimate and Minimate range of connectors with screwlocks. The AVAU modules will share rack space with the PIC modules, but the two systems are stand-alone simply interconnected through a serial interface, but share a common main power supply. However, the PIC and AVAU use independent power rails and a short circuit on a PIC power rail will not affect the AVAU functions.
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 Operation Principles The AVAU processor deals with the basic audio, auto-announcing and interfacing of critical functions (EPA enable, door circuit interfaces); the PIC processor controls data-communications and serial interfaces to other sub-systems, as well as processing the control of passenger information.



 Vehicle Communications Card (VEH_COMMS) o Overall Description The Vehicle Communications card is the serial communications interface that is used by the AVAU and PIC. o Equipment Location Located at the first in upper card row of AVAU/PIC Rack. o System Controls Four serial interfaces are provided, with independent uart‟s and line driver/ receivers. Channel 1 and channel 2 are grouped as a pair; channels 3 & 4 as another pair group. Each pair group has its own isolated supply. All four outputs are isolated from the main system electronics.



 Cab Audio Communications Unit CPU Card (CACU_CPU) o Overall Description This card is the central part of the AVAU system; the processor on this card controls all AVAU functions. The card has been designed around use of a linear PCMCIA card (sometimes termed PC card), inserted into the front of the module. And also CACU Processor Module (Daughter Board) is only ever used in conjunction with a CACU CPU board as part of a CACU CPU module. It comprises a memory card adapter and a solid-state announcement record/ playback device for digitally stored announcement. o Equipment Location Located at the fourth in upper card row of AVAU/PIC Rack. o Equipment Functions The PCMCIA card stores speech data and application software for the AVAU. The PCMCIA card is reprogrammed by plugging it into a „Type 2‟ slot of the Notebook maintenance PC.
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System Controls This 4 layer Euro-card comprises the CPU, memory, Flexio control bus, isolated serial download port and interface to a PCMCIA daughter board. Additionally, the AVAU-PIC serial interface is now incorporated on the CACU CPU as an RS232 interface that connects to the Vehicle Communications card as a WELNET communications node. The solid-state announcer device has also been incorporated on the daughter board, providing an analogue output through the motherboard (via a DIN41612) to the audio control matrix card. An Intel 80386ex step C processor sits at the heart of the CACU, connected as an 8 bit embedded microcontroller. A 128macro-cell FPGA interfaces the processor to other components in the AVAU via a FLEXIO™ bus. A 128 byte I2C EEPROM device is used for configuration of audio levels within the CACU, with the I2C bus connecting to digital potentiometers on the audio control matrix. An Intel 80386ex step C processor sits at the heart of the CACU, connected as an 8 bit embedded micro-controller. A 128macro-cell FPGA interfaces the processor to other components in the AVAU via a FLEXIO™ bus. A 128 byte I2C EEPROM device is used for configuration of audio levels within the CACU, with the I2C bus connecting to digital potentiometers on the audio control matrix. Fixed control lines for a tone generator and cross-point switch on the audio control matrix are also utilised, connecting via octal buffers through the DIN41612.Communications to the outside world is managed via both a high-speed non-isolated RS232 link to the PIC and a high-speed isolated RS232 interface through a „D‟ connector on the front panel to a notebook personal computer. Memory is organized into a 128K boot EPROM, 256K of static ram and an 8M PCMCIA card connected as a non-ATA device (mounted on the daughter board).Analogue decoded solid-state announcements route from the daughter board to the audio control matrix (via the motherboard).



Expanded Serial I/O Card  Overall Description The Expanded serial I/O card provides additional serial interfaces using the spare serial interface UART‟s of the Vehicle Communications module. o Equipment Location Located at the 3rd in upper card row of AVAU/PIC Rack. o Equipment Functions This card simply provides DC-DC converters to isolate the interfaces and opto-isolated line drivers/ receivers. Additionally, this module includes a mono-stable timer/ driver for the Watchdog relay interface. o System Controls This 2 layer euro-card comprises opto-isolators, two dc-dc converters, rs422 drivers and receivers. Also, a mono-stable timer and driver/ relay for the watchdog output; together with a spare relay output. The two serial interfaces are allocated to tims and ato/atp with independent isolation. 25



Audio Control Matrix Card (CACU_ACM) o Overall Description The Audio control matrix is a central part of the AVAU; the card is responsible for switching and routing all of the audio signals.



o Equipment Location Located at the 5th from left hand side in upper card row of AVAU/PIC Rack. o Equipment Functions The functions are performed by an analogue cross-point matrix controlled by the CACU CPU, giving the system the possibility of connecting any input (source) to any output (destination). o System Controls This 4 layer Euro-card comprises the analogue electronics required to route audio signals from all internal components to the analogue Train Wire Interface. The circuitry includes ten analogue inputs, a DAC08 tone generator and nine analogue outputs (of which two contain audio limiter circuits). The tone generators and audio matrix connect to the control circuit on the CACU CPU board, whilst the analogue interfaces connect to the CACU analogue train wire interface board. All external audio signals route through the motherboard to/from this card via the DIN41612 connector.



Front Panel Communications Card (FP_COMMS) o Overall Description This card contains all of the interface circuits to the AOP & MOP units. o Equipment Location Located at the 2nd from right hand side in upper card row of AVAU/PIC Rack. o Equipment Functions This card provides the interface circuits to the AOP & MOP units. o System Controls This four layer Euro-card comprising an RS485 WELNET communications port and an audio interface to the AOP/ MOP. The RS485 communications port is connected to the AVAU via a Flexio interface. There are four 26



analogue interfaces comprising microphone signal from front panel, earpiece, monitor loudspeaker and power supply signals to front panel. The front panel in the context of this card means the AOP/ MOP.



Digital Train Wire Interface Card (DIG_TWIFACE) o Overall Description This card is the major external interface for digital signals from/ to the AVAU. o Equipment Location Located at the first from right hand side in upper card row of AVAU/PIC Rack. o Equipment Functions This card provides the external interface for digital signals from/ to the AVAU o System Controls This 4 layer Euro-card comprises duplicate circuits to the current train wire interface board for PA, CC, PC, Cab-active, EPA, Pass Comms Alarm and circuits for Door release/ triggers. These I/O are connected to the CACU CPU board via the Flexio bus whilst some direct signals also connect to the PIC CPU card. CC and PC may connect to the speech pair (via an internal inductor located within the rear of the rack, or directly to train wires from the front panel. A number of hidden control signals (for amplifier enables, speech pair relay, GSM/NRN) are also included on the Logic I/O card, routing through the motherboard (via a DIN41612) to the Analogue Train Wire Interface, the Audio Control Matrix, Expanded Serial I/O and the Front Panel Interface.



Power Supply Interface Module (PSU_MOD) o Overall Description This module takes the incoming power supply from the train and provides filtering and transient suppression before the power is provided to the main DC-DC converter. Additional filtering and protection is given to the DC-DC converter output as it is used to supply the isolated 24V rails for the train wires and the AOP/ MOP. o Equipment Location Located at the 2nd from right hand side in lower card row of AVAU/PIC Rack. o Equipment Functions This module takes the incoming power supply from the train and provides filtering and transient suppression before the power is provided to the main DC-DC converter o System Controls This board takes a +110Vdc signal power supply through the front panel into the sub-rack. It provides protection against reverse supply connection and filters the supply for use by the amplifiers. The filtered +110V 27



supply is then passed through to the Q-Series power supply (generating supply is passed back through the supply interface card, providing additional filtering, before being passed to the internal power supply board for internal sub-rack power supplies. +24V is also connected to the front panel of the power supply interface board for connection to external systems or isolated +24V circuits



Main Power Supply DC-DC Converter Module o Overall Description This is a proprietary DC-DC converter, namely the Q- Series (EQ1001-7R) type manufactured by Melcher. The power supply operates from the train battery supply (nominal 110V DC) and provides a stable 24V DC output. o Equipment location Located at the first from right hand side in lower card row of avau/pic rack. o Operating Principles There are two indicators: (1) Power IN OK (2) Power out OK There are two test sockets to allow the 24V output supply to be measured.



Main Power Supply DC-DC Converter Module o Overall Description This power supply card uses the stable 24V output from the Melcher Q series Main Supply to create multiple supply rails. Each of the multiple rails is separately isolated by means of a dedicated DC-DC converter, the following converters are fitted: (rr)



+5V AVAU supply rail



(ss)



+5V PIC supply rail



(tt)



+5V GSM/ GPS supply rail (used by the Expanded serial I/O card on Delhi Metro) o Equipment Location



Located at the 3rd from right hand side in lower card row of AVAU/PIC Rack.
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o Equipment Functions This power supply card uses the stable 24V output from the Melcher Q series Main Supply to create multiple supply rails o System Controls This board requires a +24V input. This input is regulated to +15V for the switched mode power supply controller IC‟s. Three switched mode power supply IC‟s control three isolated switcher circuits to drive transformers. The primary switcher IC generates a 100 KHz clock, which is then fed to the second and third switcher circuit. there is an opto-isolated voltage feedback circuit on each of the switcher circuits, which monitors one of the outputs from each switcher in order to provide voltage regulation by modification of the mark to space ratio of each switcher controller ic. A snubber circuit is included at both the input and the output of the switcher transformer cores to minimize „ringing‟ from the cores



Passenger Information System Control Card (PIC) o Overall Description This card is the heart of the PIS system comprising the communication control software for all PIS communications equipment. Its primary function is the storage of a route database complete with references for the audio system solid-state announcements and visual messages for displays. These messages are released in a controlled manner at specific trigger points determined either by the input from ATO/ATP, or through manual command via the MOP o Equipment Location Located at the 2nd from left hand side in upper card row of avau/pic rack. o Equipment Functions Its primary function is the storage of a route database complete with references for the audio system solid-state announcements and visual messages for displays. o System Controls This 4 layer Euro-card contains the processor, memory, direct CPU serial ports and control portions. The PIC maintenance terminal is located on the front of this PCB in the form of a 9 way female Dee connector. Generic logic signals will connect through the motherboard (via a DIN41612 connector) to the Digital Train Wire interface card. An Intel 80386ex step C processor sits at the heart of the PIC and this is connected as a simple 8 bit embedded processor. A 128byte I2C EEPROM is included for configuration data (such as unit identity), whilst an I2C RTCC (Real Time Clock Chip) provides a system clock. The processor is protected by a watchdog device, which halts memory read/write during low supply or reset conditions. Memory is divided into a 256K Flash device for software, 512K of static ram and a 1M of permanent data storage paged in 256K blocks. The processor interfaces to external electronics (such as the vehicle communications card) via octal buffers on the address and data buses. External IRQ lines and chip selects are also buffered for use by the 29



vehicle communications card. Two RS232C serial interfaces are also provided, one of which connects through the front panel for connection into a laptop utilizing the Whitely Electronics Maintenance Terminal, whilst the other is use for diagnostics.



Master Operating Panel o Overall Description The front panel is a Polyester membrane over a steel plate, with apertures in the steel plate for button caps, the loudspeaker and the LCD display. The front panel is „wipe clean‟ and hard wearing, at the same time the buttons have a tactile feel as real push buttons are used behind the membrane. The membrane has a transparent window for the LCD display and the membrane is acoustically transparent, allowing sound to be transmitted from the loudspeaker, whilst protecting the loudspeaker from dust and moisture. Areas around the buttons have a transparent ring, allowing the rear illumination to identify the location of each button at night. The panel includes the following functional components: o Equipment Location It is installed on left hand side in the driver cabin. o Equipment Functions The panel includes the following functional components: (uu)



Keypad – 16 buttons



(vv)



Mode selection buttons, each with an associated with LED



(ww)



Backlighting for all the MOP buttons



(xx)



LCD graphics display – 64 X 192 pixels with LED back-light



(yy)



Monitor loudspeaker – 500mW nominal (1.5W maximum)



o System Controls By the train operator key operation on MOP, AOP sends this command toDVAU.
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o Equipment layout



MOP FRONT PANEL



o System Controls Keypad Assembly The main keypad area comprises the numeric buttons, plus the following additional buttons: SEND – generally used to accept an entry MODE – generally used to select an alternative function or mode CANC – generally used to cancel an entry or function LANG – to toggled the language display on the LCD screen Up/ down arrows – used to alter Volume or to move up/ down the PEA queue stack. The keypad buttons are rear illuminated by at least two LED‟s per button, giving a pale green illumination and allowing the button legends to be read at night. o Mode button assembly The mode selection panel is an area of the Keypad assembly. This area is fitted with momentary push button switches and LED‟s in specific locations to highlight the currently active audio mode. The push 31



button switches are identical to those used on the keypad, and the buttons are again illuminated by LED‟s giving a low level pale green illumination – only visible at night



Fist Microphone o Overall Description A fist microphone is associated with both the MOP and the AOP. The microphone is normally retained to the left hand side of the panel, by a metal clip. The microphone has a curly cord, and the end of this cord is terminated with a 9 pin „D‟ connector. The Fist microphone is a dynamic noise cancelling type, designed for close talking hand held applications. The frequency response is especially tailored for „crisp‟ , clear and highly intelligible of background noise. A soft lip guard is positioned to assure proper close talk voice spacing by the user. The microphone body is manufactured from high impact Cycolac with a permanently attached heavy-duty curly cord cable. The Push To Talk switch is wired as a separate volt free contact so that microphone switching is achieved „electronically‟ within the MOP/ AOP for maximum reliability. The dynamic microphone capsule has a rugged Polyester diaphragm that resists moisture, temperature extremes, most acids, alkalis and solvents. o Equipment Location Beside of MOP panel. o System control Noise Cancellation Principle by cardioid polar response The microphone is designed with acoustic coupling to the front face of the diaphragm, and by side venting to the rear of the diaphragm. Far field sound may act upon both front and rear in equal proportion (cancelling). A near field signal (mouth), by close speaking to the centre of the microphone grille, will predominantly couple to the front of the diaphragm. Background noise is therefore treated „common mode‟, whilst near field speech is treated differentially. Such microphones, are described as having a cardioid polar response characteristic; needing disciplined close-coupled use (correct mouth to microphone presentation) - but providing excellent results.
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o Equipment layout
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Microphone hygiene The microphone is to be used for close talking, so it‟s front grille may occasionally be in contact with the users mouth. Regular cleaning is therefore recommended, using „Anti-bacterial‟ wipes and sprays. The process is identical to the methods commonly used for cleaning office telephone handsets. Auxiliary operating panel o Overall Description The AOP has a sub-set of functions provided by the MOP. The relevant functions are PA and C-C (Cab to Cab) communications. Indication only is given for the PEA function. It is necessary to control PEA operations from the MOP. The volume of the AOP monitor loudspeaker is adjusted to the same level as that on the MOP. In many respects the AOP provides a back up for the MOP, thereby enhancing system availability. o Equipment Location It is installed on right hand side in the driver cabin. o Equipment Functions The panel includes the following functional components: (zz) Mode selection buttons, each with an associated with LED (aaa) Monitor loudspeaker – 500mW nominal (1.5W maximum) (bbb) Amplifier for monitor loudspeaker (digital volume control, within AVAU) o System Controls By the train operator key operation on AOP sends the command to DVAU. o Operating Principles    



It consists of control panel, speaker and handheld microphone. The AOP is located at the right hand sidewall in driving cab. The major functions of both panels are to give the train operator to select and activate prerecorded announcements work with emergency call, cab-to-cab intercom. Initialisation of Manual broadcasting such as special messages, emergency messages, station name by train operator. train operator can talk to desired passenger who activated passenger Alarm System.
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o Equipment Layouts



MOP FRONT PANEL



Mode button Assembly o Overall Description In the case of the AOP, the Mode button assembly is applied in the PCB. o Equipment Location Located in AOP front panel. o System Controls 35



This area is fitted with momentary push button switches and LED‟s in specific locations to highlight the currently active audio mode. The push button switches are identical to those used on the keypad, and the buttons are again illuminated by LED‟s giving a low level pale green illumination – only visible at night.



Control PCB assembly o Overall Description The MOP control board contains the microphone pre-amplifier to boost the microphone level to 0dBm on a 600Ω line driver circuit, two 600Ω line input circuits connected to a 1.5W amplifier circuit (for the loudspeaker mounted behind the front panel). A micro-controller (MCU) is also included to interface between the mode selection panel and the front panel interface card on the AVAU via an RS485 serial port. The external interface connectors are interfaced by this assembly. o Equipment Location Inside of MOP panel.



PAMP o Overall Description The enclosure is constructed from aluminum extrusions, joined together by a sheet aluminium formed base and two end plates. The connectors are located on one end plate. The unit is a sealed enclosure; there is no requirement for user/ maintainer access. A PA Amplifier (PAMP) is installed in every vehicle of the train and interfaces to the train wires that are generally controlled by the AVAU in the active cab. The PAMP contains the audio power amplifier to drive the loudspeakers at 100V line level, and monitors/ controls the four ETU‟s in the same vehicle. Power and loudspeaker interfaces are via 5.08mm Omnimate screw-lock connectors and the interfaces to the Train bus and saloon data-bus (RS485) are through 3.5mm versions. A single 9 pin female „D‟ connector is allocated for connection of the notebook PC, for PAMP configuration. The PAMP is to be configured with the Car ID (sequence number from the A end cab), as this is used as a WELNET system address. The PA power amplifier incorporates the Whiteley SOALAS (Sound Operated Automatic Level Adjusting System) whereby the loudspeaker system is used as a microphone when PA is not enabled, allowing the gain to be set at the sampled ambient level in the 3 second period before the PA announcement commences. o Equipment Location PAMP is installed in the “Gangway Cubicle” in passenger saloon each.
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o Equipment Functions The PAMP controls the interface to the audio Speech pairs 1 & 2 and PA train data bus. It is the audio power amplifier for the loudspeakers monitoring/ controlling the ETU‟s in the vehicle that it is located; it also controls the Vehicle data bus in that car, providing PIB‟s with data – received from the Train Data bus. o System Controls The pamp contains the audio power amplifier to drive the loudspeakers at 100v line level, and monitors/ controls the four etu‟s in the same vehicle. Power and loudspeaker interfaces are via 5.08mm omnimate screwlock connectors and the interfaces to the train bus and saloon data-bus (rs485) are through 3.5mm versions. A single 9 pin female„d‟ connector is allocated for connection of the notebook pc, for pamp configuration. The pamp is to be configured with the car id (sequence number from the end cab), as this is used as a welnet system address. the pa power amplifier incorporates the whiteley soalas (sound operated automatic level adjusting system) whereby the loudspeaker system is used as a microphone when pa is not enabled, allowing the gain to be set at the sampled ambient level in the 3 second period before the pa announcement commences.



Transient Interface Board o Overall Description This board provides the main transient protection, supply filtering and train wire interfaces. The board also includes opto-isolation for a number of input signals and relays associated with control of routing on Speech pairs. Relays are used so that a power failed PAMP is passive to the remaining train equipment. External connectors are mounted on another PCB that is closely associated with the Transient Interface Board. o Equipment Location This board is located inside of PAMP.



Programming Interface Board o Overall Description This board provides the serial interface for the Programming interface. The notebook PC is to be connected to the PAMP when it is to be configured with the Car Number, to allow the PAMP to be used in that car. o Equipment Locations This board is located inside of PAMP. o Equipment Functions This board provides the serial interface for the Programming interface. 37



GRAPHIC EQUALISER AND SOALAS CARD o Overall Description This PCB includes an 8 bit A-D for measurement of voltage/ current at various test points upon the power amplifier board. The equalizer comprises seven frequency bands that may be adjusted +/-12dB at their center point, by the Control Board processor. Additionally, the overall Power Amplifier input signal level is controlled by the SOALAS function by means of the Control card microprocessor. The purpose of the graphic equalizer is to provide general frequency response corrections, thereby maximizing sound quality. The SOALAS function receives the background noise from all of the loudspeakers. The signal is filtered through an „A‟ weighted response filter; the signal is then rectified and averaged over a 3 second period. o Equipment Locations The Graphic Equalizer Card is mounted onto the Power Amplifier Board o Operating Principles The SOALAS function receives the background noise from all of the loudspeakers. The signal is filtered through an „A‟ weighted response filter, the signal is then rectified and averaged over a 3 second period. The measured ambient noise level, expressed as a DC voltage, may be displayed on the notebook PC screen when running the Configurator, The Configurator may is used for setting amplifier gain. There are two specific levels of importance, as follows (using typical example values – actual values to be determined during commissioning tests).



Loudspeaker o Overall Description The loudspeaker is manufactured to a WEL custom design, originally developed for use on LUL Piccadilly Line ‟73 tube stock refurbishment. They have been subjected to stringent humidity and vibration tests. Air pressure gradient testing has also been carried out to meet LUL environmental conditions. For high intelligibility, a good audio frequency response and wide dynamic range are necessary. o Equipment Location It is installed with 6 sets in each saloon. o Equipment Functions The output of analogue signal from PAA o System Controls 38



The speaker has a „roll surround‟ to extend low frequencies, and a parasitic tweeter to extend high frequency response. The 100V line transformer will be mounted onto the loudspeaker and uses a small PCB with terminal connections for the in/ out wiring of the screened twisted pair cables that connect all of the loudspeakers to the PAMP. o Operating Principles The 100V line circuit is shared between two adjacent vehicles, thereby ensuring every alternate loudspeaker in a given car is fed from an alternative PAMP circuit. Two PAMP‟s, each driving 50% of the loudspeakers in each car offers a high level of resilience.



ETU o Overall Description The ETU is installed from behind the body panel, so the amount of front panel exposed shall be decided by the size of the body panel aperture. The front panel is painted in Copon EA9 colour ref: Grey NCS1000N semigloss. There are no printed legends other than the secret until illuminated text (in English and red in colour), described below. o Equipment Locations The ETU is installed at each door position, with the microphone/ loudspeaker positioned approx. 1.5m from the vehicle floor. o Equipment Functions The ETU shall identify when a PAB has been activated by detecting a short circuit across terminals NO1 & NO2. In turn the ETU shall change the current flowing in the speech pair to the PAMP. The PAMP shall convey the alarm over the PA train data bus and ultimately the AOP/ MOP loudspeaker sounder shall be driven with a warning signal by the DAC on the AVAU Audio Routing Matrix Module.



PAB o Overall Description The PAB button switch is supplied fixed to the PAB moulding. The moulding encloses the rear part of the button and allows the assembly to be sealed and fixed to the body panel. The button assembly is designed to expose the yellow part of the PAB moulding, when the button is latched in the operated position. The large red circular button is mechanically latched and is reset by inserting and turning a square Carriage Key in a clockwise direction. The button is red in colour, having a central part with the square key-hole; this central part is silver in colour. o Equipment Locations A PAB is installed at each passenger exterior doorway, there are four PAB units in each vehicle, associated to doors L1, L2, R1 & R2. 39



o Equipment Functions The PAB provides one normally closed (NC) and one normally open (NO), volt free contact set. Vehicle wiring is to be terminated directly to the screw terminals on the contact block assembly of the PAB button. o Operating Principles The Normally Closed (NC) volt free contacts of the PAB‟s in each car are to be series fed to maintain a relay in that car. It shall provide the safety critical functions, to inhibit traction power after the train has stopped and doors have been opened (until the PAB is reset). This circuit shall additionally provide the function described in clause 9.3.1 of the TS, but is not described in this document since WEL are not providing this relay and indicator.



PIB o Overall Description The Passenger Information Board (PIB) has a display matrix 32 (H) x 160(W) pixels. Both Hindi and English messages can be scrolled on the display simultaneously and in synchronism. The scroll cycle will be timed to the longest message, with both messages synchronised to start at the same time. The Hindi Characters on a 16pixel units high format for the top row (line), with English characters 16 pixel units high for the bottom row (line), and the English character set allows space on top to provide a line separation from the Hindi characters. It is recommended that for the automatic route announcements Hindi Characters are displayed in yellow and the English characters in green. Emergency announcements may be displayed in red. Both Hindi and English fonts are proportionally spaced so the number of characters on the display in static mode depends on the characters chosen. The English character set will include a line space at the top of the character. o Equipment Location 3 PIB‟s is installed in the “coving panel” in passenger saloon each. o Equipment Functions The display shall support the WELNET serial communications protocol and shall conform to the following summary of functions: (ccc)



Independent character control in three colours (yellow, red & green)



(ddd) Two lines with fixed application – upper Hindi, lower English both fonts in single strike characters. (eee)



Independent control of lines, but synchronised scrolling



(fff)



Automatic scrolling on any line where the text exceeds screen width.
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(ggg) Ability to sequence static messages on each line, with pause. For example: „Next station‟ pause 2 seconds „New Delhi‟. (hhh) WELNET time-out at 90 seconds (if system master polls are not received, display message is automatically cleared. (iii)



Polka dot test mode



(jjj)



Serial number/ software version test mode



(kkk) Hindi and English font set stored in display.



o System Controls There are three PIB‟s situated in each vehicle type. The displays are powered by the train battery 110V DC supply. The re-generated Train Data bus is an output from the PAMP, this circuit is called the Vehicle data bus. The Vehicle data bus is fed to each PIB as a „daisy chain‟, i.e. data in, data out on each PIB. The connections to in/ out are simply linked within each PIB.



DIF o Overall Description There is a single DIF installed in each driver‟s cab window. The DIF‟s are powered from 110V DC. The display is fixed to the train by four M6 steel bolts. o Equipment Location The single DIF is installed in each driver‟s cab left window. o Equipment Functions The LED matrix is 48 LED‟s high by 96 LED‟s wide. The matrix shall be used for two distinct lines, the upper line for Hindi characters, and the lower line for English characters. The display shall check the message to be displayed, independently for the Hindi line, and automatically size the message to make the best fit. The LED‟s shall be yellow ultra bright types for sunlight legibility. The LED brightness shall be automatically varied according to ambient light level measured by a light sensor at the front of the display. o System Controls The displays are powered by the train battery 110V DC supply. The re-generated Train Data bus is an output from the AVAU, this circuit is called the Vehicle data bus. The Vehicle data bus is fed to DIF, i.e. data in, data out on DIF. The connections to in/ out are simply linked within each DIF.
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TNI o Overall Description There is a single TNI installed in each driving cab window. The TNI‟s are powered from 110V DC. The display is fixed to the train by four M6 steel bolts. o Equipment Location The single TNI is installed in each driver‟s cab right window. o Equipment Functions A single TNI is situated in the front of train window of each DT vehicle, the TNI is powered from 110V DC. The LED matrix is 32 LED‟s high by 96 LED‟s wide. The number shall be four digit displayed with leading zero‟s. The numeric characters shall be „multiple strikes‟ for maximum visibility. The LED‟s shall be yellow ultra-bright types for sunlight legibility. The LED brightness shall be automatically varied according to ambient light level measured by a light sensor at the front of the display. o System Controls The displays are powered by the train battery 110V DC supply. The re-generated Train Data bus is an output from the AVAU, this circuit is called the Vehicle data bus. The Vehicle data bus is fed to each TNI as a „daisy chain‟, i.e. data in, data out on DIF. The connections to in/ out are simply linked within each TNI.



TRAIN LINE INTERFACES Train wires are defined as the common „highway‟ through each vehicle of the train. These circuits connect through the semi-permanent couplers, so the highway is through all four vehicles (with future capability of eight vehicles). Certain train wires will also be extended to a coupled train, to allow Cab to Cab communication in a „pull-out‟ situation 



SPEECH PAIR 1 (CAB TO CAB AND PASSENGER COMMUNICATION AUDIO)



This circuit is to be connected to a coupled train for the purpose of „pull – out‟ Cab to Cab communication. Speech pair 1 is a screened twisted pair cable. The cable screen is bonded to vehicle chassis at the PAMP in each vehicle, elsewhere it is not connected other than through capacitive coupling to chassis within each AVAU. The screen is not connected between vehicles. The speech signals on this pair are specifically for the „Cab-Cab communication‟ and for „Passenger Communication‟ to the ETU‟s. 



SPEECH PAIR 2 (PA AUDIO)



Speech pair 2 is a screened twisted pair screened. The cable screen is bonded to vehicle chassis at the PAMP in each vehicle, elsewhere it is not connected other than through capacitive coupling to chassis within each AVAU. The screen is not connected between vehicles. The speech signals on this pair are specifically for the 42



„PA communication‟. This speech pair is not taken to a coupled train; hence PA communication is not possible between coupled trains. 



TRAIN RADIO INTERFACE TO AVAU



The Train Radio to AVAU interface is fully defined in the following section, to be used as the interface specification. The two systems are interfaced to provide the following summary of functions: • Voice broadcast to train from OCC operator (referred as OCC-PA, using a control line referred as EPA (Emergency Public Address) • Muting of train radio monitor loudspeaker (by AVAU) when the driver uses the cab microphone to communicate with passenger/s. •



Triggering of stored messages (audio and visual) from the OCC



•



Provision of „real time information‟ (free-form Hindi/ English text) from the OCC 



AUDIO INTERFACES TO TRAIN RADIO



An audio interface is required so that the train radio may access train PA for Emergency broadcast from the OCC. Access to PA is permitted via the AVAU interface at the inactive (rear cab) normally; although it is possible to gain access to the active AVAU through the front cab interface. 



TRAIN RADIO LOUDSPEAKER MUTE



This facility is to prevent Train Radio communications from being heard by passengers. Relay RL-MUTE within the AVAU will close its contacts under the following circumstances: 1.



PA mode selected in the cab and AOP or MOP microphone PTT button is operated.



2.



PEA mode selected in the cab and AOP or MOP microphone PTT button is operated.



The contacts will only close in the cab where this activity is taking place. 



TRAIN RADIO – DATA INTERFACE



This interface is RS422 through two cables. The data rate shall be 9600b/s. The communication protocol requires the AVAU to be received only and the radio to transmit only. The following functions shall be received over the data interface from Train Radio •



Receipt of free form messages from OCC, to be displayed on the PIB‟s



•



Receipt of message trigger from OCC



This data is to be provided by Train radio and shall be sent once only, when commanded the OCC. 



CAB ACTIVE SIGNAL TO AVAU
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The cab active signal is taken from the head control relay HCR3; the AVAU input is set to 110V when the cab is active. Only one cab is active at any given time. This signal is used by the AVAU so that it can set establish the WELNET bus master and set higher priority levels for the driver. The functions are summarised as follows: •



Establish the „active‟ cab as the WELNET system master



•



PA access has a higher priority in the active cab



•



OCC emergency broadcast will be given priority via the radio interface in the inactive (rear) cab



•



Passenger Alarm communications are controlled from the active cab only 



DOOR CIRCUITS TO THE AVAU



The door circuits are connected direct to the AVAU Digital Train Wire interface, and these inputs are from 110V with respect to train battery 0V. 



DOOR CLOSE ANNOUNCEMENT PUSH BUTTON LEFT/ RIGHT SIDE



This input to the AVAU is momentary set to 110V by the operation of a push button, to trigger the door close announcement. This is a spoken warning from the auto-announcer of the AVAU that is to be triggered by the driver, prior to the driver activating the door closure button. There is a single announcement, common to left and right doors e.g. „Please stand clear of the doors‟ (Hindi/ English). The door close announcement button is prevented from triggering its announcement if the „All doors closed interlock circuit‟ is active. 



DOOR OPEN RELAYS LEFT/ RIGHT SIDE



This input to the AVAU is set to 110V by when the door opening sequence begins. This input is maintained at 110V whilst the door opening phase continues. This input is used to enable the door opening warning sound that is the initial part of the „This station is …‟ announcement‟. The door opening warning shall be a „ding-dong‟ sound (approx. 1.2 seconds), generated directly by the AVAU. The following „This station is …‟ shall be generated by the PIC sending the AVAU the appropriate messages to trigger audio announcements. 



DOOR CLOSE RELAYS LEFT/ RIGHT SIDE



This input to the AVAU is set to 110V by when the door closing sequence begins. This input is maintained at 110V until all of the doors are closed. This input is used to enable the door close warning sound. This is a repeated succession of the „ding-dong‟ sound; until the doors are closed. The AVAU will limit the maximum time period of the door close warning signal to a maximum 18 repeats of „ding-dong‟ - approx. 21.6 seconds (in case of failure in this circuit). 



ALL DOORS CLOSED INTERLOCK CIRCUIT



This input is set to 110V when all of the doors are fully closed. This input is used to prevent the „Door Close announcement‟ from being inadvertently triggered when the doors are already closed.
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PA/ PIS TRAIN DATA BUSES A & B The PA/ PIS train data buses are RS485 serial data interface that operates with bi-directional datacommunication at 9.6kb/s. The circuits are duplicated to provide resilience; a failure on one circuit will affect PAMP‟s in alternate cars only, and the TNI/ DIF displays at one end only. The active AVAU has independent line drivers for each Train Data-bus. Each circuit is a screened twisted pair, with a parallel connection to the TNI & DIF. The purpose of the Train data busses is to communicate the following data: •



Passenger Alarm location and notification to driver, when activated



•



Acknowledgement of Passenger alarm



•



Selection of ETU for communication.



•



Fault reporting from PAMP‟s and ETU‟s



•



Priority override commands from AVAU in active cab to AVAU in the inactive cab



•



Messages for display on the TNI, DIF and PIB displays.



The data-communications protocol is WELNET, and this operates a polling architecture at a data speed of 9600b/s. The PAMP‟s have a unique address determined by their physical location in the train. The active cab will normally become the WELNET system master, unless otherwise determined by manual intervention. Datacommunication to the displays is „broadcast‟ to each global class of display (TNI, DIF & PIB), so each class of display will show the same information. The PAMP address is programmed when it is installed in the vehicle, using a Notebook PC connected to the PAMP programming port. The PIC is to be programmed with the train consist, i.e. the address of each individual car in the train.
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ABBREVATIONS :                            



DMRC: - Delhi metro rail cooperation PCI: - Pac Consultants International OHSAS: - Occupational Health and Safety Assessment Sequence RINA: - Registro Italiano Navale India Pvt. Ltd C/I propulsion: - Converter/Inverter Propulsion VVVF: -Variable Voltage Variable Frequency IGBT: -Insulated Gate Bipolar Transistors VCB: - vaccum circuit breaker TIMS: -Train Integrated Management System DCU: -Door Control System CPU 4: - Central Processing Unit (type “4”) CIF 4: - Communication Interface (type “4”) DIS2: - Digital Input with Isolation (type “2”) DIS 3: - Digital Input with Isolation (type “3”) AIO: - Analog Input and Output PSG: - Power Supply (type “G”) PCB: - printed circuit board MOP: - master operating panel AOP: - auxiliary operating panel PAMP: - PA amplifier PIB: - Passenger Information Board VEH_COMMS: -vehicle Communications Card CACU_CPU: -Cab Audio Communications Unit CPU Card CACU_ACM: -Audio Control Matrix Card FP_COMMS :-Front Panel Communications Card DIG_TWIFACE: -Digital Train Wire Interface Card PSU_MOD: -Power Supply Interface Module PIC: -Passenger Information System Control Card SOALAS: - Sound Operated Automatic Level Adjusting System
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