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1. Introduction

1.1 Purpose

The purpose of this document is to provide information about the control and monitoring specification of the power supply developed by CRISA for CMS as well as to present the main results obtained during the tests performed on a preliminary model.

1.2 Scope

This document has been divided into three sections:

· The first one includes the information relevant to the control and monitoring specification and the performances of the power supply.

· The second one, presents the results of the tests performed on the preliminary model at CRISA facilities, these are mainly performances measurements.

· The last one, presents the results of the tests performed at CERN facilities related to the behaviour of the power supply when placed in a magnetic field.

1.3 Abbreviations and Acronyms

A:
Ampere

A/d:
Amperes per division

CH1:
Channel 1

CH2:
Channel 2

FSR:
Full Scale Range

Iout:
Output current

PS:
Power Supply

SC:
Short-circuit

V:
Volts

Vout: Output voltage

V/d:
Volts per division

Documents

1.4 Applicable Documents 

AD1)
“Propuesta Para Fuente de Alimentacion para CMS”


CRS-FX-059-01

AD2)
Expediente 65837 del CIEMAT

1.5 Reference Documents

RD1)
“Especificación de Control y Monitorización de la Fuente de Alimentación para CMS”


CMI-SP-1206-01-CRS

RD2)
“Plan de pruebas”


CMI-TP-1206-01-CRS

RD3)
“Resultados de Pruebas”


CMI-TR-1206-01-CRS

Technical Specification

The performances of the power supply are summarised here below.

1.6 Telemetries

The PS includes two different telemetries one for the output current and another one for the output voltage. The characteristics of these telemetries are the following.

Output current telemetry:

· Dinamic range: 0 to 5V

· Linearity: better than 2%

· Precision: better than ± 5% (FSR)

· Conversion ratio: 1 V / A

Output voltage telemetry:

· Dinamic range: 0 to 5V

· Linearity: better than 2%

· Precision: better than ± 2% (FSR)

· Conversion ratio: 1 V / V

The telemetries information is given by the PS as two independent DC voltages that must be read by precision multimeters.

1.7 Power Supply Control

The ON / OFF control of the power supply is constituted by a mechanical switch.

The output voltage of the PS may be manually adjusted by means of a 10 turns precision potentiometer.

The ON / OFF state of the PS is shown by a LED.

1.8 Performances

The main performances of the PS are:

· Input voltage: Main (220 V / 50 Hz)

· Output voltage regulation: 5 V ± 0.5%

· Output voltage ripple: < 10 mV pk-pk

· Maximum output current: 4 A

· Overshoot during start-up: < 100 mV

· INPUT / OUTPUT galvanic isolation

· Operation in magnetic fields up to 1000 Gausses

· Operation under neutrons flux up to 10 x 1010 n/cm2
· Output current limitation (initially adjusted to 6 A)

2. Initial Tests

These tests have been performed at CRISA facilities in order to characterise the behaviour of the power supply and check the performances obtained.

All the tests have been performed at ambient temperature.

2.1 Switch ON / switch OFF waveforms 

The following figures show the output voltage waveform during the turn ON / OFF processes for different load conditions. The waveform was monitored at PS output

2.1.1 Switch ON
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CH2: Vout, 1 V/d

Start up without load
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CH2: Vout, 1 V/d

Start up with 2 A of load (@ 5V)
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Ch2: Vout, 1 A/d

Start up with 4 A of load (@ 5V) 

2.1.2 Switch OFF
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Ch2: Vout, 1 V/d
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CH2: Vout, 1 V/d

Load before switching off: 4 A

2.2 Stability Measurements

The stability of the power supply has been analysed by studying its behaviour against load transients (time domain). These measurements were performed with a length of wire of 100 m (active + return) between the PS and the load.

The voltage waveform was monitored at load input. 
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CH1: Iout, 1 A/d
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100 m of wire

To decrease the amplitude of the voltage transient in the load it may be connected in parallel with the load a capacitor as it can be seen in following figures.
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Settings:

CH1: Iout, 1 A/d

CH2: Load voltage, 500 mV/d

Current step: 2 A ( 1 A

100 m of wire

Capacitor in parallel with the load: 220 (F

Shortcircuits

The behaviour of the PS when a short-circuit at the output takes place is shown in these figures.
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CH1: Iout, 2 A/d

PS without load before SC

SC at PS output terminals
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CH1: Current through the SC, 2 A/d

PS with 2 A of load before SC

SC at PS output terminals

100 m of wire length between load and PS
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CH1: Iout, 2 A/d

PS with 2 A of load before SC

SC at load input terminals

100 m of wire length between load and PS

The last two figures where also obtained connecting a 220 (F capacitor in parallel with the load in order to compare the behaviour in both cases.
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Settings:

CH1: Current through the SC, 2 A/d

PS with 2 A of load before SC

SC at PS output terminals

100 m of wire length between load and PS 

Capacitor in parallel with the load: 220 (F
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Settings:

CH1: Iout, 2 A/d

PS with 2 A of load before SC

SC at load input terminals

100 m of wire length between load and PS 

Capacitor in parallel with the load: 220 (F

Output Voltage Ripple

The voltage ripple was measured in the load input terminals for two different load conditions; 2 A and 4 A (maximum load).

The measurement was performed with 100 m of wire length and without capacitors connected to the load, the results obtained were:

	Load
	Ripple

	2 A
	1.6 mV pk-pk

	4 A
	1.8 mV pk-pk


Telemetries characterization

2.2.1 Output Voltage Telemetry

This telemetry does not require any characterisation since it is directly the output voltage of the PS sampled through a resistor for protection purposes.

2.2.2 Output Current Telemetry

After adjust the current telemetry circuit to get a conversion factor of 1 V/A, it was characterised the in the range 0 to 5 A. The table below shows the measurement points.

	Iout (A)
	V Telemetry (V)

	0
	0.076

	0.52
	0.563

	0.99
	1.025

	1.50
	1.531

	2.01
	2.033

	2.50
	2.510

	2.98
	2.986

	3.47
	3.475

	3.97
	3.974

	4.47
	4.457

	5.01
	4.997


The figure below represents the characterisation curve of the output current telemetry.
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Magnetic Field Tests

The behaviour of the power supply when submitted to a magnetic field was tested at CERN facilities.

The tests where performed applying the magnetic field following three perpendicular axis X, Y and Z.

The results of the measurements are shown in the following tables.

	Axis: 1

	H (Gausses)
	Pin (W)
	Pout (W)
	Vout (V)
	Iout (A)
	Vout ripple

(mV pk-pk)
	Pap (VA)

	100
	33.1
	20
	4.999
	4.046
	1
	39.4

	200
	33.1
	20
	4.999
	4.047
	1
	39.7

	300
	33.2
	20
	4.999
	4.047
	1
	39.9

	400
	33.4
	20
	4.999
	4.047
	1
	40.1

	500
	33.5
	20
	4.999
	4.047
	1
	40.1

	600
	33.7
	20
	4.999
	4.047
	1
	41.1

	700
	33.9
	20
	4.999
	4.047
	1
	43.1

	800
	34.6
	20
	4.999
	4.047
	1
	48.1

	900
	36.2
	20
	4.999
	4.047
	1
	61.7

	1000
	38.3
	20
	4.999
	4.047
	1
	76.9

	1100
	42.4
	20
	4.999
	4.047
	1
	103.5

	1200
	48.2
	20
	4.999
	4.047
	1
	134.7

	1300
	60.6
	20
	4.999
	4.047
	1
	180.8


	Axis: 2

	H (Gausses)
	Pin (W)
	Pout (W)
	Vout (V)
	Iout (A)
	Vout ripple

(mV pk-pk)
	Pap (VA)

	100
	33.1
	20
	5
	4.048
	1
	39.9

	200
	33.1
	20
	5
	4.048
	1
	39.9

	300
	33.1
	20
	5
	4.048
	1
	39.9

	400
	33.2
	20
	5
	4.048
	1
	39.9

	500
	33.3
	20
	5
	4.048
	1
	40.4

	600
	33.4
	20
	5
	4.048
	1
	40.5

	700
	33.5
	20
	5
	4.048
	1
	40.6

	800
	33.6
	20
	5
	4.048
	1
	40.9

	900
	33.7
	20
	5
	4.048
	1
	41.4

	1000
	33.8
	20
	5
	4.048
	1
	42.1

	1100
	33.9
	20
	5
	4.048
	1
	42.8

	1200
	34.2
	20
	5
	4.048
	1
	44

	1300
	34.6
	20
	5
	4.048
	1
	46.4


	Axis: 3

	H (Gausses)
	Pin (W)
	Pout (W)
	Vout (V)
	Iout (A)
	Vout ripple

(mV pk-pk)
	Pap (VA)

	100
	33.6
	20
	5.001
	4.053
	1
	40.2

	200
	33.6
	20
	5.001
	4.053
	1
	40.2

	300
	33.6
	20
	5.001
	4.053
	1
	40.3

	400
	33.7
	20
	5.001
	4.053
	1
	40.3

	500
	33.7
	20
	5.001
	4.053
	1
	40.5

	600
	33.7
	20
	5.001
	4.053
	1
	40.5

	700
	33.8
	20
	5.001
	4.053
	1
	40.8

	800
	33.8
	20
	5.001
	4.053
	1
	40.8

	900
	34.1
	20
	5.001
	4.053
	1
	41.2

	1000
	34.1
	20
	5.001
	4.053
	1
	41.2

	1100
	34.1
	20
	5.001
	4.053
	1
	41.2

	1200
	34.1
	20
	5.001
	4.053
	1
	41.2

	1300
	34.1
	20
	5.001
	4.053
	1
	41.2


Conclusions

The results of the tests performed on the preliminary model of the CMS power supply show that it fulfils all the requirements stated in its specification, only the requirement regarding the operation under neutrons flux has not been tested yet.
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