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Abbreviations

ASN

Alcatel Submarine Networks

FIT

1 Failure In 109 device hours

Gh

Greenwich

HV

High Voltage

Hz

Hertz

kHz

kilo hertz

km

kilo metre

kV

kilo volt

LF

Low Frequency

LVPSC

Low Voltage Power Supply and Comms unit

m

metre

mm

millimetre

MHz

Megahertz

MPa

Mega Pascal

mW

milliWatt

MVC

Medium Voltage Converter

nF

nano Farad

nm

nano metre

NMS

Network Management System

Ω

Ohms

O/P

Output

OND

Optical Networks Division

PCB

Printed Circuit Board

PFE

Power Feed Equipment

pk

peak

ppm

parts per million

R&D

Research & Development 

RH

Relative Humidity

s

second

µA

microAmp

V

Volts

W

Watt

RFI

Radio Frequency Interference

EMC 

Electro Magnetic Compatibility

NPN

Negative-Positive-Negative transistor

I2C

A/D and D/A communications protocol 

A/D

Analogue to Digital converter

D/A

Digital to Analogue converter 

1 SCOPE

This specification defines the top-level functionality of the implementation for the Measurement Card within the Medium Voltage Converter (MVC) unit. It details the product and its functional blocks in terms of electrical requirements.

The Measurement Card shall have a digital interface to the Low Voltage Communications (LVC) housing which shall link it into the IP based Ethernet ring. The parameters measured shall be Input Voltage, Input Current, Output Voltage, Output Current, Fluorinert Temperature, MVC Internal Pressure plus a spare channel. There shall be two Fluorinert temperature measurements, one from a sensor located on the Measurement Card PCB (I_TEMP) and another from a sensor fitted to the side of the chassis ring (E_TEMP), to make up a total of eight measurements. Each measurement shall be transmitted serially and independently across two independent SPI Bus, connected between the Measurement Card and the LVC. The design shall be partitioned to maintain electrical isolation between the MVC inputs and outputs by utilising isolated power supplies to power each partitioned circuit. Furthermore, opto-isolators shall provide an isolation barrier between the MVC Measurement Card and the LVC.  

The transmitter and receiver used, shall be designed specifically for the Measurement Card interface. It shall have a 15kV isolation and EMC barrier, using Optek’s OPI120TXV opto-isolators, to communicate measurements at a maximum rate of 2 kHz.

2 REFERENCED DOCUMENTS

3 RELATED DOCUMENTS

4 Measurement Card Description 

4.1 Variants

Edition 01 of this document is for R1.1 only. 

4.2 MVC Measurement Card Block Diagram

A block diagram of the MVC Measurement Card design is shown in Figure 1.
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Figure 1: Measurement Card Block Diagram
4.3 Environmental Specifications

	
	Minimum
	Max.
	Units

	Operating temperature range requirement, Sea Water
	-2
	+13
	°C

	Operating temperature range target, Sea Water
	-2
	+35
	°C

	Storage temperature range requirement
	-20
	+50
	°C

	Storage temperature range target
	-20
	+70
	°C

	Design Life
	25
	-
	Years


Table 1: Environmental specification

4.4 FUNCTIONALITY

The Measurement Card shall be used to monitor various parameters of the Medium Voltage Converter (MVC). It shall have a digital interface to the Low Voltage Communications (LVC) housing which shall link it into the IP based Ethernet ring. The parameters measured shall be Input Voltage, Input Current, Output Voltage, Output Current, Fluorinert Temperature (from a sensor on the Measurement Card PBA and from one fitted to the MVC chassis ring), Internal Pressure plus a spare channel. Each measurement shall be transmitted serially across each of two independent SPI digital interfaces connected between the Measurement Card and the LVC. 

The transmitter and receiver used shall be designed specifically for this interface. The interface shall have 15kV isolation and an EMC barrier using Optek OPI120TXV opto-isolators. The measurements shall be communicated at a maximum clock rate of 2 kHz.

4.4.1 Connectivity and Interfaces

The connections to and from the MVC Measurement Card are shown in Figure 2. Ocean Design Inc (ODI) provides the high power connectors used on the housing whilst Nautronix Maripro provides the telemetry cable and connectors.


[image: image2.wmf] 

MVC 

 

sensors

 

Alcatel Measurement 

 

transmitter

 

Other supplier 

equipment

 

15kV and EMC / 

 

RFI isolation barrier

 

8 x twisted 

pair

 

V i

n

 

I in

 

Vo 

 

I out

 

Temp

 

Pressure

 

Spare

 

MVC housing

 

LV 

 

Comms

 

housing

 

2 x SPI Bus

 

Temp

 

MVC 

 

sensors

 

Alcatel Measurement 

 

transmitter

 

Other supplier 

equipment

 

RFI isolation barrier

 

8 x twisted 

pair

 

V in

 

I in

 

Vo 

 

I out

 

Temp

 

Pressure

 

S

pare

 

MVC housing

 

LV 

 

Comms

 

housing

 

Temp

 


Figure 2: Interface Connectivity Block Diagram

4.4.1.1 MVC Measurement Card Input/Output Connector Type

	Ref.
	Connection
	Wire Type
	Connector Type

	2
	Panel (CTA) to MVC
	2 wires: 10kV, 8A
	ODI 60045 OPM-208-03

	3
	MVC to Panel
	1 wire: 10kV, 8A
	ODI 60045 OPM-208-03

	NMP
	MVC to LVC
	8x2 wires: digital measurements

5 wires: 400V, 25A
	Seaconn Drymate

(NMP responsibility)

	15
	MVC to Panel
	1 wire: 10kV, 8A
	ODI 60045 OPM-208-03


 Table 2: Input Connections to the MVC Measurement Card in the Neptune node.

ODI specialised underwater connectors provide reliable and repetitive mating and un-mating of electrical power and measurement signals. The connector uses elastomeric barriers on the receptacle assembly for sealing and pressure compensation, providing a highly reliable mechanism.  Development and qualification of these connectors is being handled as a separate activity by ODI.
4.4.1.2 MVC Measurement Card Signal Connector pin out

	Pin (LV)
	SPI Bus Signal
	Type

	1
	CHIP SELECT A
	LED Anode

	2
	
	LED Cathode

	3
	CLOCK A
	Open Collector

	4
	
	Emitter

	5
	DATA-IN A
	LED Anode

	6
	
	LED Cathode

	7
	DATA-OUT A
	ALED Anode

	8
	
	LED Cathode

	9
	CHIP SELECT B
	LED Anode

	10
	
	LED Cathode

	11
	CLOCK B
	Open Collector

	12
	
	Emitter

	13
	DATA-IN B
	LED Anode

	14
	
	LED Cathode

	15
	DATA-OUT B
	LED Anode

	16
	
	LED Cathode


 Table 3: Dry mate connector pin-out with 30V, 100mA max on pins
4.4.1.3 MVC Measurement Card DATA OUT Signal Order

The Data output from the MVC Measurement Card to the LV Comms shall be a serial data stream. The data that is presented on each of the SPI Bus DATA OUT signal shall be determined by the “DATA INPUT ADDRESS BITS” received on the SPI Bus DATA IN signal as shown in Table 4. 
	Address

(Hex)
	Measurement 
item
	Signal Allocation 

	
	
	400V ADC
	10kV ADC

	0
	10KV Input Voltage (Vin)
	
	√

	1
	10KV Input Current (Iin)
	
	√

	2
	400V Output Voltage (Vout)
	√
	

	3
	400V Output Current (Iout)
	√
	

	4
	Fluorinert Temperature (Temp1)
	√
	

	5
	Fluorinert Pressure (Pressure)
	
	√

	6
	Fluorinert Temperature (Temp2)
	
	√

	7
	Spare
	√
	

	B
	(Vref+ - Vref-)/2
	√
	

	C
	Vref-
	√
	

	D
	Vref+
	
	√


 Table 4: MVC Measurement Card Signal Address
4.4.1.4 MVC Measurement Card Output Voltage Connector pin out

	Pin (MV)
	Item
	Note

	17
	+200V
	+ve output

	18
	40M( Housing Ground
	Safety ground

	19
	-200V
	-ve output


    Table 5: Dry mate connector pin-out with 400V, 25A max on pins

4.4.2 10kV Input Voltage Monitor

The 10kV input to be measured shall be connected via a resistive potential divider chain to a Linear Technology LTC6079HGN OP-AMP on the MVC Measurement Card. The output of the OP-AMP shall provide the input to a Texas Instruments TLC2543M ADC. 

The design shall use 40 resistors from the Vishay VN317986 29S RS00 001 ABR 15kV Voltage Divider. The total number of resistors in the divider chain shall be 41 connected as detailed in Table 6
RESISTANCE

	Parameter
	Value
	Notes

	Division Ratio
	6666.6667:1 ( 0.005%
	

	Overall Resistance
	24,003.600 ( ( 1% (nominal)
	

	Top resistor
	24 M ( ( 1% (nominal)
	1

	Bottom Resistor
	3600.36 ( (nominal)
	2 & 3

	Working Voltage per device
	250Volts max
	

	Voltage Specification per device
	500Volts max
	

	Working Voltage per set
	10Kvolts max
	


     Table 6: 10kV Voltage Divider Resistance Specification

Notes:

1. Made of 40x600K(
2. Made of 1 resistor
3. Value adjusted to meet division ratio of 6666.6667:1 ( 0.005%
The voltage across the 3600R resistor shall be 1.5V for a nominal 10kV input voltage. This voltage shall be the input to a LTC6079HGN OP-AMP.   
4.4.3 10kV Input Current Monitor

The 10kV input current to be measured shall use a similar current shunt circuit as that on the 29Y-PB20-006-AFP Potential Divider and Shunt PBA current monitor circuit. 4x500m( current shunt resistors shall be connected in parallel to provide 125m( across the input pins of a Linear Technology LTC6079HGN OP-AMP. The output from the LTC6079HGN OP-AMP shall in turn provide the input to a Texas Instruments TLC2543M ADC.

The voltage developed across the 125m( shall be proportional to the 10kV input current and shall be 125mV for a nominal current of 1 Amp.

4.4.4 400V Output Voltage Monitor

The 400V input voltage to be measured shall use a similar design to that for the 10kV voltage monitor circuit. A potential divider chain shall be connected as detailed, in the Table 7, to provide a voltage input to a Linear Technology LTC6079HGN OP-AMP. The output from the LTC6079HGN OP-AMP shall in turn provide the input to a Texas Instruments TLC2543M ADC.

RESISTANCE

	Parameter
	Value
	Notes

	Division Ratio
	160:1 ( 0.005%
	

	Overall Resistance
	215000 ( ( 1% (nominal)
	

	Top resistor
	213000 K(  ( 1% (nominal)
	1

	Bottom Resistor
	2000 ( (nominal)
	2 & 3

	Working Voltage per device
	<20 Volts max
	

	Voltage Specification per device
	200 Volts max
	

	Working Voltage per set
	400 volts max
	


      Table 7: 400V Voltage Divider Resistance Specification
Notes:

1. Made up of 21x15K(, 1x2K( and 1x1K( 
2. Made up of 1x2K( resistor
3. Value adjusted to meet division ratio of 160: 1 ( 0.005%
The voltage across the 2K( resistor shall be xxV for a nominal 400V input voltage. This voltage shall provide the input to a LTC6079HGN OP-AMP.   
4.4.5 400V Output Current Monitor

The 400V output current to be measured shall use a similar current shunt circuit as that for the 10kV input current monitor circuit. 4x20m( current shunt resistors shall be connected in parallel to provide a 5m( across the input pins of a Linear Technology LTC6079HGN OP-AMP. The output from the LTC6079HGN OP-AMP shall in turn provide the input to a Texas Instruments TLC2543M ADC.

The voltage developed across the 5m( shall be proportional to the 400V output current and shall be 125mV for a nominal current of 25 Amps.

4.4.6 Pressure Monitor

The pressure of the Fluorinert within the MVC shall be monitored using a Keller Series 9L Piezo-resistive OEM Pressure Transducer, driving their proprietary Constant Current Excitation Circuit. The PAA-9L series piezo-resistive transducer has a laser welded media isolation diaphragm. Each transducer is supplied with a calibration sheet indicating sensitivity, linearity, zero offset, temperature errors and the compensation resistors to substantially reduce offset and zero temperature errors.

The transducers are designed for floating O-ring seal mounting; this avoids housing induced stress, and guarantees the performance over pressure and temperature as tested in Keller automatic chambers. Each transducer comprises of a piezo-resistive silicon chip mounted on a glass-metal feed-through header welded into a stainless steel housing and filled with silicon oil, the very thin laser welded stainless steel isolation diaphragm completes the front side. Media pressure is transferred from the stainless steel isolation diaphragm, via the oils inside the cell, to the silicon-measuring chip.

The output of the PAA-9L proprietary Constant Current Excitation Circuit shall be further amplified before being connected directly to a Texas Instruments TLC2543M ADC.

4.4.7 Temperature Monitor

The Temperature of the Fluorinert within the MVC shall be monitored using a MINCO S101732 and an ANALOG DEVICES AD22100S Voltage Output Temperature Sensor. 

The AD22100S, which shall be mounted on the Measurement Card PBA, shall be a monolithic temperature sensor with on-chip signal conditioning. It shall be capable of operation over the temperature range of –50oC to +150oC, making it ideal for use in numerous HVAC, instrumentation and automotive applications. The signal conditioning eliminates the need for any trimming, buffering or linearization circuitry, greatly simplifying the system design and reducing the overall system cost. The output voltage shall be proportional to the temperature times the supply voltage (ratio-metric). The output voltage shall swing between 0.25V at –50oC and 4.75V at +150oC using a single +5.0V supply.

Due to its ratio-metric nature, the AD22100S offers a cost effective solution when interfacing to an analog-to-digital converter. This shall be accomplished by using the ADC’s +5V power supply as a reference to both the ADC and the AD22100S, eliminating the need for and cost of a precision reference. This accuracy is better than (2% of full scale and linearity better than (1% of full scale. The device has a temperature coefficient of 22.5mV/°C. and operates on a single supply voltage up to a maximum value of 10.0V.

 The output of the AD22100S shall be connected directly to a Texas Instruments TLC2543M ADC.

The Minco S101732 bolt-on sensor shall be mounted to the side of the MVC chassis ring and shall provide the input to an amplifier on the Measurement Card PBA. The amplifier shall in turn provide an input to a Texas Instruments TLC2543M ADC.

4.4.8 Analog to Digital Conversion

The Analog to Digital conversion shall be performed using a Texas Instruments TLC2543M 12-BIT ANALOG-TO-DIGITAL CONVERTER WITH SERIAL CONTROL AND 11 ANALOG INPUTS. The TLC2543M employs switched capacitor, successive approximation for analog-to-digital conversion. Each device, with three control inputs [chip select (CS), the input-output clock, and the address input (DATA INPUT)], shall be designed for communication with the serial port of a host processor or peripheral through a serial 3-state output. The device allows high-speed data transfers from the host. 

In addition to the high-speed converter and versatile control capability, the device shall have an on-chip 14-channel Multiplexer that can select any one of 11 inputs or any one of three internal self-test voltages. The sample-and-hold function shall be automatic. At the end of conversion, the end-of-conversion (EOC) output shall output a logic high level to indicate that conversion is complete. The converter incorporated in the device shall feature differential high-impedance reference inputs that facilitate ratio-metric conversion, scaling, and isolation of analog circuitry from logic and supply noise. A switched-capacitor design allows low-error conversion over the full operating temperature range. 

The TLC2543M shall be characterized for operation from TA = –55°C to 125°C. 

4.4.9 Interface Protocol

The protocol shall be the “Serial Peripheral Interface” (SPI) of a Texas Instruments TLC2543M 12-BIT ANALOG-TO-DIGITAL CONVERTER with a clock speed of no greater than 2KHz provided by the LVC. The Measurement Card shall provide two independent SPI bus with each of its input/output signals connected via an OPTEK OPI120TXV to interface to the LVC. 

Each SPI bus shall consist of the following four twisted pair signals:

Signal Name

Input/Output


I/O CLOCK  

Input to the MVC

DATA IN

Input to the MVC

DATA OUT

Output from the MVC 

CHIP SELECT

Input to the MVC 

4.4.9.1 Complex Programmable Logic Device (CPLD) Output Controller

The MVC Measurement Card shall provide two independent SPI Bus signals. To maintain isolation between the MVC inputs and outputs it shall be necessary to control the switching of data on the output signal line. This shall be achieved by implementing design in two CPLDs to decode the received Analog Data Channel Address. Once the Analog Data Channel Address is decoded, the CPLDs shall output an enable signal to switch the selected data onto the SPI Output Bus. The MVC Measurement Card shall provide duplicate output data on each of two independent SPI Bus. 

It shall be possible to read test data from the TLC2543M ADC to verify their correct operation. Because of the design implementation it shall not be possible to read the same test parameter on both SPI Bus. To accommodate test data read requests it shall be necessary to read a different set of data from the ADCs monitoring MVC input and output signals. The design implementation shall be such that test data read requests from the ADCs monitoring the MVC output signals shall result in the output voltage value of VCC/2 (2.5Vdc). Similarly, test data read requests from the ADCs monitoring the MVC input signals shall result in an output voltage value of VCC (+5Vdc).
4.4.10  Output Interface

The Medium Voltage Converter (MVC) Measurement Card shall provide a digital interface to the Low Voltage Communications (LVC) housing and shall consist of two independent synchronous Serial Peripheral Interface (SPI) bus. The measurements shall be partitioned to preserve the isolation between the 10kV inputs and the 400 outputs. Each measurement channel shall be multiplexed onto each SPI bus from one of two TLC2543M ADC on the measurement card. An Optek OPI120TXV opto-isolator connected to the TLC2543M ADC, via a Complex Programmable Logic Device (CPLD), shall provide a high voltage isolation barrier output between the MVC and the LVC.

The MVC Measurement Card connection with the LVC unit links it into the IP based Ethernet ring.  The parameters measured shall be Input voltage, Input current, Output voltage, Output current, Fluorinert temperature from two sensors, Internal pressure plus a spare channel. 

The measurement circuits on the Measurement Card shall be partitioned as follows: 

1:    
10kV Input voltage, 10kV input Current, chassis mounted temperature sensor and the spare channel shall provide the input to two TLC2543M ADC.

2:
400V output Voltage; 400V output current, on-board temperature sensor and the internal pressure sensor shall provide the input to another two TLC2543M ADC.

Each partitioned circuit shall be powered from an isolated 5VDC Power Supply and consist of  decoding logic contained in a CPLD. The decoding logic shall generate an enable signal based on the analog channel address decoded from the SPI DATAIN signal. The generated enable signal shall be used to route output data from the selected TLC2543M ADC to opto-isolators connected each SPI Bus.  Data communication shall be enabled with an active low Chip Select (CS) and transmitted over a three-wire interface consisting of wires for Serial Data Input (SDI), Serial Data Output (SDO) and Serial Clock (SCLK).

The transmitter and receiver, which shall communicate measurements at a minimum rate of 1 measurement per second, shall be designed specifically for this interface and have 15kV isolation and EMC barrier using Optek’s OPI120TXV opto-isolators. In the transmit direction the collector of the OPI120TXV shall have a 100( resistor placed in series to limit the current and a 20V zener diode between the collector and emitter to protect the junction against any high voltages.  Similarly, in the receive direction the LED current shall be 10mA and have a series resistor of 390( connected to the LED anode.
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 Figure 3: MVC Measurement Card I/O Interface (showing one of 2 SPI Bus)

Note 1: The output of the Analog-to-Digital Converter shall appear inverted at the collector of the Opto-isolator. Similarly, the MVC Measurement Card Inputs shall be inverted by the receiving Opto-isolator and consequently all the SPI Bus signals require inversion on the LV Comms to ensure the correct polarity.

Note 2: The I/O configuration is shown in the above block diagram. There are eight input and four output opto-isolators. The SPI DATAOUT from each TLC2543M shall be duplicated to provide an input to two of the output opto-isolators. Each opto-isolator outputs from one of the TLC2543M shall be configured as a WIRE OR with one of those from the other TLC2543M to provide two independent SERIAL DATA OUTPUT to the LV Comms. Similarly the SPI Bus inputs to the MVC Measurement cards shall be duplicated into opto-isolators to provide an isolated connection to each TLC2543M ADC. 

4.5 Power Supply

The MVC Measurement Card shall be powered from two isolated 5V Power Supply derived from the MVC 400V output. One of the 5V Power Supplies shall provide the power to the Measurement Card 10kV input voltage, 10kV input current, chassis mounted temperature sensor and the spare channel measurement circuits. The other 5V Power Supply shall provide the power to the 400V output voltage, 400V output current, on-board temperature sensor and the MVC internal pressure measurement circuits. 

The output voltage from the 5V Power Supplies shall be 5Vdc ± 5%. 

5 Reliability

Reliability Data shall be completed by DR2.  The circuits developed shall be designed such that any simple fault scenario shall not inject an unacceptable voltage onto the output, in particular, a single failure shall not connect the DC HV side through to the DC LV side.
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