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SAFETY WARNING

[image: image1.wmf]
DANGER OF DEATH
THE TEST PROCEDURES IN THIS DOCUMENT INVOLVE HAZARDOUS VOLTAGES AND SHOULD ONLY BE PERFORMED BY COMPETENT PERSONNEL THAT ARE TRAINED IN HIGH VOLTAGE OPERATING PROCEDURES. 

ALWAYS FOLLOW THE SAFETY PROCEDURES THAT ARE IN FORCE IN THE TEST LOCATION.

TEST PERSONNEL SHOULD READ THIS DOCUMENT THOROUGHLY BEFORE COMMENCING TESTS, AND TAKE NOTE OF THE WARNINGS CONTAINED THEREIN.
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About this Document

	Scope
	This Test Specification defines the tests and performance limits of the R1 MV MV Converter - R1Internal Unit (375V output), immersed in FC-77 in a temporary housing, for the MARS system

The test results are recorded in the Internal  Performance Report at the end of this document, and will be delivered to the customer for the purpose of product acceptance.

	
	

	Related Documents
	MVC Incoming Test Specification: 29D DE00 802 JAA 5.N ?




HISTORY

	18 December 2009
	Ed01 proposal 01
	Based on MCV specification but modified for testing an internal unit in a temporary housing.

	
	
	

	
	
	

	
	
	


GLOSSARY

DC

Direct Current

DMM

Digital Multi-Meter

ETS

Engineering Test Specification

FC-77

Fluorinert cooling oil

GND

Ground

HV

High Voltage

I/F

Interface

I/P

Input

kV

Kilo Volt

kV

Kilo Watt

LV

Low Voltage

MV

Medium Voltage (i.e. 375V)

MVC

Medium Voltage Converter

IU

Internal Unit

IUPR

Internal Unit Performance Report

O/P

Output

PFE

Power Feed Equipment

PSU

Power Supply Unit

1 Introduction

This specification defines the tests to be performed on the R1 MV MV Converter - R1Internal Unit (375V output), immersed in FC-77 in a temporary housing, for the MARS system. These tests are to be performed prior to shipment, and the test results to be reviewed by the customer for the purposes of Factory Acceptance.

The tests are conducted in a controlled HV test area so that accurate measurements of converter efficiency can be made before delivery. These specific measurements involve exposed HV connections and will not be repeated during incoming test, dockside test etc.

1.1 MVC Features

The MVC converts 10kV DC to 375V DC at 10kW for use in submerged nodes as part of a system delivering power and communications to offshore facilities. 

The MVC can be used with input voltages up to 10kV and as such should be considered as a High Voltage product. 

1.2 Nominal Operating Conditions

The nominal input conditions for the converter are @ 10kV 1A.

Operating temperature (sea case) range is 0 to 13(C
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Figure 1 - Overview of Internal Unit in a temporary housing

2 electrical performance tests
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WARNING: These tests involve hazardous voltages. Always follow the relevant safety procedures.

WARNING: The line simulator can store potentially lethal energy – ensure that the internal capacitors are discharged before handling the line simulator. 

IMPORTANT NOTICE: It is advisable to monitor the temperature of the FC-77 when testing the housed IU in air. Do not allow the FC-77 temperature to exceed 40(C. If the temperature reaches 40(C, switch off the power feed and allow the IU to cool down before resuming tests.

2.1 Un-Powered Tests

2.1.1   Output Resistance to ground 

With the HV Input disconnected from the PFE, and the 375V output disconnected from any loads, measure the resistances in the table below:

	
	MIN
	Typical
	MAX
	UNITS

	+Ve O/P to sea case resistance
	440
	460
	500
	K Ohm

	Sea case to -Ve O/P resistance
	440
	460
	500
	K Ohm

	+Ve O/P to – Ve O/P
	20.4
	20.6
	20.8
	K Ohm

	Sea GND to Sea case
	.9
	1.0
	1.1
	Mohm


2.1.2 Input resistance to Sea Earth

Measure the resistance between HV (meter negative) and sea earth (meter positive)

Note that the HV input circuit contains large capacitors that may take up to 30 minutes to charge up. Allow sufficient time for the measured resistance value to stabilize.

IMPORTANT NOTE: This resistance measurement depends strongly on the type of instrument used (i.e. on the applied voltage).
The resistance recorded in the performance report is measured using a FLUKE 177 TRUE RMS MULTIMETER (battery powered DMM)

	
	MIN
	Typical
	MAX
	UNITS

	HV (-ve) to Sea Earth (+ve)
	17
	19
	21
	Mohm



2.1.3 Input reverse voltage to Sea Earth

The input circuitry contains a chain of diodes that become forward biased when the input is reverse fed.

Connect DC power supply capable of delivering 100V (+ve to HV; -ve to sea earth) and increase the supply voltage from 0V until 0.5 A current flows. Measure the input voltage. 

Repeat test for 1.4A input current (initial test only).

Warning the power supply current must be carefully limited and not exceed 2 A

Record sea case temperature using a thermo-couple

	
	MIN 
	Typical *
	MAX
	UNITS

	Input Voltage at 0.5 A I/P Current
	65
	72.5
	80
	V

	Input Voltage at 1.4 A I/P Current
	80
	90
	100
	V


* At 21 degree C Sea case and internal IU temperature, approximately -0.15 V/ (C coefficient



2.2 Powered Tests 

Figure 2 - Detailed test setup (in factory only)












Figure 3 – On-site test setup 

2.2.1 Start-up Voltage 

Unit temperature to be ~22(C

Switch on Line Simulator fans

The converter starts to operate when the input is approximately 5.7 kV negative w.r.t ground.  To verify this parameter connect 375( (1A) load and set the input voltage to 5kV (maximum HV ramp rate = 100V/sec). Allow 2 minutes for pre-charge of starter circuits at this voltage.

Increment the input voltage from 5.0kV in 0.1 kV steps, at a maximum ramp rate of 100V/sec whilst monitoring the output voltage. Record the HV input voltage at which the IU starts up.  


	
	MIN
	TYP
	MAX
	UNITS

	HV input Start-up voltage
	5.6
	5.7
	5.8
	kV

	Output voltage V Start-up (stabilised)
	100
	112.5
	120
	V

	Initial start up ramp time t1 (time to reach V stabilised before overshoot)
	1
	2
	5
	ms

	Total Start-up ramp time t2
	4.7
	4.9
	5.1
	s


2.2.2 Shutdown Voltage 

Once started, the converter will continue to operate until the input voltage drops to approximately 5.2 kV.  To measure this point, connect 1A load and decrement the input voltage in 0.1 kV steps from 6 kV until the output voltage drops to approximately 0V. Note that the IU may lose output regulation before shutting down, resulting in output voltage reduction close to the minimum input voltage operating point.

	
	MIN
	TYP
	MAX
	UNITS

	Shutdown voltage
	5.1
	5.2
	5.3
	kV


2.3 Input/Output Characteristics 

For the input voltage range of 6 kV to 10 kV the output must maintain a nominal output voltage of 375 V up to a current of nominally 24.35 A.  

Record the MVC temperature

2.3.1 Conversion efficiency characteristics

IU input voltage set to 6 kV

MV output at:  no load, 5.6A, 12.5 A, and 24.35 A DC output current

Record the sea case temperature (power off, use thermometer) 

Record the following characteristics:

	
	Min
	Max
	

	PFE output Voltage
	
	
	kV

	PFE output current
	
	
	A

	HV input voltage  
	
	
	V

	Output voltage 
	371
	379
	V

	HV input current 
	
	
	A

	Output current 
	
	
	A

	Input power
	
	
	W

	Output power
	
	
	W

	Losses
	
	
	W

	Efficiency
	
	
	%

	Output ripple (<1V RMS)
	
	2.8
	Vp-p


Repeat test with IU input voltage set to 10 kV

Power loss and efficiency limits:

	
	Input V (kV)
	 Output I (A)
	Min
	Typical
	Max
	Units

	Losses
	6.0
	0
	500
	550
	700
	W

	
	6.0
	24.35
	1020
	1100
	1300
	W

	Efficiency
	6.0
	24.35
	87.8
	89.5
	90.2
	%

	Losses
	10.0
	0
	950
	1050
	1 100
	W

	
	10.0
	24.35
	1 400
	1590
	1 700
	W

	Efficiency
	10.0
	24.35
	84.7
	85.5
	87.0
	%


2.3.2 Maximum Load current test

Set input voltage to 10 kV.

Connect all load resistors in parallel to give an effective load of 29.95 A

Check the output voltage has not dropped below 371 V. Record the value

	
	 MIN
	MAX
	UNITS

	Output Voltage @ 29.95 A
	29.5
	30.5
	A


3 Output short circuit test

3.1 Short circuit 

Test conditions: 10 kV input; 24.35 A Output current 

Apply a direct short circuit at IU between Load +Ve and Load –Ve outputs.

Clear the short circuit after no longer than 5 seconds by opening the s/c switch

Capture output voltage and current on scope

Confirm the IU shuts down immediately

Record Peak output current 

4 Floating output tests

Test conditions: 10 kV input; 1.5 kW resistive load (not electronic load).

4.1 Steady state output to Ground voltage

Measure the output voltage of +Ve and – Ve outputs with reference to Ground

Note: Due to DVM input impedance (slightly unbalances IU output to Ground impedance) the results shall be between 177.5 V and 187.5 V DC

4.2 Post-test reverse input check

After the cold start test, stop IU and check “input reverse to sea earth voltage” test as in section 2.1.3 for the 0.5 A condition only. Record sea case temperature. Confirm the voltage has not changed by more than 1.5 V at the same reference temperature

IU performance report

Product Code: 
29E-AP00-800-ABA     Serial Number:
MARS #  1       Test Date :    26/3/2010

2 electrical performance tests

2.1 Un-Powered Tests

2.1.1 Output Resistance to ground 

	
	MIN
	Result
	MAX
	UNITS

	+Ve O/P  to Sea case resistance
	440
	484
	500
	K Ohm

	Sea case to -Ve O/P resistance
	440
	484
	500
	K Ohm

	+Ve O/P to – Ve O/P
	20.4
	20.68
	20.8
	K Ohm

	Sea GND to Sea case
	.9
	.994
	1.1
	Mohm


2.1.2 Input resistance to Sea Earth

	
	MIN
	Result
	MAX
	UNITS

	HV(-ve) to Sea Earth (+ve)
	17
	18.55
	21
	Mohm


2.1.3 Input reverse voltage to Sea Earth

	
	MIN 
	Result 
	MAX
	UNITS

	Input Voltage at  0.5 A I/P Current
	65
	72.35
	80
	V

	Input Voltage at  1.4 A I/P Current
	80
	88.6
	100
	V

	Sea case temperature
	
	21.2
	
	(C


2.2 Powered Tests

2.2.1 Start-up Voltage 

	
	MIN
	Result
	MAX
	UNITS

	HV input Start-up voltage
	5.6
	5.74
	5.8
	kV

	Output voltage V Start-up (stabilised)
	100
	112
	120
	V

	Initial start up ramp time t1 
	1
	2.23
	5
	ms

	Total Start-up ramp time t2
	4.7
	4.87
	5.1
	s


2.2.2 Shutdown Voltage 

	
	MIN
	Result
	MAX
	UNITS

	Shutdown voltage
	5.1
	5.20
	5.3
	kV


Input/Output Characteristics 

2.2.3 Conversion efficiency characteristics

2.2.3.1 6 kV input Voltage

Sea Case Temperature :       0C
	Output Current :
	No load
	5.6 A
	12.5 A
	

	PFE voltage
	5.94
	5.96
	5.98
	kV

	PFE current
	0.088
	0.435
	0.878
	A

	HV input voltage  

	6000
	6002
	6000.4
	V

	HV input current  

	0.0887
	0.437
	0.882
	A

	Output voltage *

	374.4
	373.7
	372.9
	V

	Output current 

	0
	5.4
	12.2
	A

	Input power 
	528.0
	2622.9
	5292.35
	W

	Output power
	0
	2100.2
	4635.15
	W

	Losses
	528
	522.7
	657.2
	W

	Efficiency
	0
	80.07
	87.58
	%

	Output ripple ** 
	1.67
	
	1.55
	Vp-p


  * Output Voltage limits = 371 V to 379 V

* * Output Ripple limit = 2.8 Vp-p max

Losses and Efficiency

	
	Input V (kV)
	 Output I (A)
	MIN
	Result
	MAX
	UNITS

	Losses
	6.0
	0
	500
	528
	700
	W

	
	6.0
	12.5
	600
	657.2
	800
	W

	Efficiency
	6.0
	12.5
	87.8
	87.6
	90.2
	%


2.2.3.2 10 kV input Voltage

Sea Case Temperature :      0C
	Output Current :
	No load
	5.6 A
	12.5 A
	24.3 A
	

	PFE voltage
	9.90
	9.91
	9.92
	9.95
	kV

	PFE current
	0.103
	0.312
	0.578
	1.053
	A

	HV input voltage  

	10000
	10001
	10000
	10000
	V

	HV input current  

	0.103
	0.314
	0.581
	1.058
	A

	Output voltage *

	376.1
	375.5
	374.8
	373.5
	V

	Output current 

	0
	5.5
	12.3
	23.6
	A

	Input power 
	1030
	3140.3
	5730
	1058
	W

	Output power
	0
	2110.3
	4658.8
	8942.3
	W

	Losses
	1030
	1030
	1071.2
	1637.7
	W

	Efficiency
	0
	67.2
	81.3
	84.5
	%

	Output ripple ** 
	2
	
	
	1.96
	Vp-p


  * Output Voltage limits = 371 V to 379 V

* * Output Ripple limit = 2.8 Vp-p max

Losses and Efficiency

	
	Input V (kV)
	 Output I (A)
	MIN
	Result
	MAX
	UNITS

	Losses
	10.0
	0
	950
	1030
	1 100
	W

	
	10.0
	24.3
	1 400
	1637
	1 700
	W

	Efficiency
	10.0
	24.3
	84.7
	84.5
	87.0
	%


2.2.4 Maximum load Current Test

	
	 MIN
	Result
	MAX
	UNITS

	Current limit @ 10kV input
	
	-
	30.5
	A


3 Output short circuit test

3.1 Short circuit 

Peak output current :   219 Amps
IU shuts down (Y/N) :   Y

4 Floating output tests

4.1 Steady state output to Ground voltage

	Voltage to GND
	MIN 
	Result
	MAX
	UNITS

	+Ve output
	177.5
	177.5
	187.5
	V

	-Ve output
	177.5
	177.4
	187.5
	V


4.2 Post test reverse input check

	
	MIN 
	Result
	MAX
	UNITS

	Sea case temperature
	0
	24.5
	2
	(C

	Input Voltage at 0.5 A I/P Current
	65
	71.9
	80
	V


END OF DOCUMENT
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