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Document Title: DS-BD High-Voltage Power Supply (Subsystem)


Abstract
A lot of beam diagnostic devises need High Voltage (HV) power supply as supporting infrastructure: this holds e.g. for electric field generation between plate electrodes acting on charged particles produced by the ion beam, as well as supply for photomultipliers that amplify scintillation light. The HV supply system is therefore seen as an independent subsystem serving all relevant components in context of beam diagnostic specifications.  The necessary properties of an industrial power supply system for all these systems shall be described within this document   functionally. For HV-supply a fundamental requirement is the capability not only to deliver the voltage but also to control, monitor and regulate it remote controlled via Ethernet. 
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Purpose
Goal of this document is to describe all necessary technical aspects of a High Voltage Power Supply System serving the several types of beam diagnostic devices in the frame of the upcoming FAIR-Project. The document explains in functional detail the efforts of this system respecting all duties of higher, more general specifications (see related documents). The document shall give all relevant information about demands to vendors or in-kind contributors to FAIR beam diagnostic system.

1. Scope
Scope of HV-power supply system are 19" rack mountable mainframe systems housing controllers with Ethernet control capabilities,  modularly built units for supplying the several required high voltages, hand control ability and basic control elements, a working vendor control software and all means and drivers necessary for adapting to the indented FESA based control system (s. [2]). Further on HV connections of the systems have to be realized direct with the designated connectors or must be provided with an adapting system fulfilling all security aspects.
Integration of the beam diagnostic High Voltage power supply into the control system as well as cabling towards the several sinks is not in the scope of this work package.
2. Responsibilities

Responsible for changes and modifications of the document is the head of beam diagnostic group Dr. Marcus Schwickert or the person he names for that.
3. General Functionalities
3.1. Overview
The demand is a modular system for supplying high-voltage from several designated electronic rooms distributed in the field of the accelerator close to the different beam line sections. This modular system acts as source for the various beam diagnostic devices at the beam line via HV-cables with their radiation hard conditions.
3.1.1. Constituents of the HV-Power Supply
Main parts of the planned system are:
· Multiple mainframe units housing …
· Controller units for manual and remote control (Ethernet)
· Modules supplying  desired voltages at adequate output connectors
· Eventually 19” Front panels / boxes for connector adaptation
3.2. Basic System Parameters

A classification in three different high-voltage classes and the two different polarities is foreseen in order to achieve a reduced range of different modules.
Table 1: Basic System Parameters

	Device
	Parameter
	Value
	Unit

	HV mainframe

	Supply Voltage
	Input voltage
	230
	VAC

	
	line frequency
	60
	Hz

	modular HV

	Potential Referenz
	Tensions may have common ground

	pos. "MHV Channels" 
	max. Voltage
	+3
	kV

	
	with current
	3
	mA

	neg. "MHV Channels" 
	max. Voltage
	-3
	kV

	
	with current
	3
	mA

	pos. "SHV Channels"
	max. Voltage
	+5
	kV

	
	with current
	1
	mA

	neg. "SHV Channels"
	max. Voltage
	-5
	kV

	
	with current
	1
	mA

	pos. "EHV Channels"
	max. Voltage
	+15
	kV

	
	with current
	3
	mA

	neg. "EHV Channels"
	max. Voltage
	-15
	kV

	
	with current
	1
	mA


Selectable polarities per module would reduce the number of classes by the half and would be a endorsed. 
3.3. Installation Locations and Special Requirements

Systems will be installed in designated electronic rooms along the beam line. That enables supply of the diagnostic devices via HV-cable at moderate distances. These rooms will be conditioned to working conditions that are described in detail in Chapter 2 "Environmental Electrical Conditions" of [1]
4. Mechanical Setup
4.1. Overview

Mechanical demand of the system is the ability to mount the system in standard
19" racks for electronic equipment.

4.1.1. Mechanic Constituents of the BD Component

· Mainframe of the HV supply system
· all necessary parts to mount system in 19" racks
· means of avoiding unintended mechanical influence to control elements

· Protecting terminating plugs for actual unused HV channels.
4.2. Vacuum Parts

Does not apply.
4.3. Mechanical Drive / Feed-through
Does not apply.
4.4. Non-Vacuum Parts and Supports

See 4.1.1
4.5. Exemplary Realization at GSI

N.a.
5. Electronics and Data Acquisition

5.1. Overview
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Figure 1: Overview
5.2. Beam line Electronics

N.a..

5.3. Parts in Electronic Rooms
High Voltage power supply system is completely settled in electronic room, due to the fact that placement at the beam line is not possible because of the radiative environment. 
5.3.1. Electronic Constituents of the BD Component

HV crates with included supply modules.
5.3.2. Interlock and security demands

Table 2: Interlock and security demands
	Parameter
	Descriptions

	Short cut protection
	A short cut of a high-voltage channel leads to a latched shutdown of the channel that has to be released actively by a user. A warning for that case has to be indicated.

	Security hardware interlock

(Lemo 00 socket)
	A hardware connector port assuring a direct ramp down of high-voltage in case of an interlock. Preferred is the possibility to house groups of HV-channels inside a crate combined to independent interlock chains.

	Hardware channel limiting
	Hardware limiting of voltage to values below maximal values must be possible

	External hard reset port
(Lemo socket)
	A port to force  the mainframe to fulfil a hard reset: Crate must be complete separate from mains

	Key switch
	Locking power on

	HV 'channel on' indicator LED
	Indicates 'channel on'- status


5.3.3. Output Connector requirements

Standardized output connectors are mandatory: if modules do not directly deliver the below named connectors, 19” rack mountable adapter panels/boxes have to be included to adapt to these connectors. They have to fulfil all necessary security demands.

Table 3: Output Connector requirements
	Parameter
	Descriptions

	Output connectors
	direct or via adapting sockets in 19" mountable panels fulfilling all necessary isolation demands

	MHV- and SHV-class 
	SHV standard

	EHV-class
	Lemo:
ERA.3Y.430.CLL (15kV,15cm)

	HV connector output direction
	preferred back side oriented referred to crate front


5.3.4. Control Interfaces

Table 4: control interfaces

	Parameter
	Descriptions

	RS232 Terminal interface
	Ensures local control

	TCP/IP Ethernet network port RJ45
(with proper working DHCP and MAC authentification)
	Provides remote control via Web-server

	CAN Bus interface
	for local control and monitor purpose


5.3.5. Detailed parameters

Parameter set for HV class "pos. MHV":
Table 5: Parameter set class "pos. MHV"

	Device
	pos. MHV Channels

	Parameter
	Value
	Unit

	Max. Voltage
	+3
	kV

	With max. constant current
	3
	mA

	Resolution of Voltage set  at least
	3
	V

	Resolution of Current set at least
	3
	µA

	Accuracy of  voltage measurement at least
	3
	V

	Accuracy of  current measurement at least
	3
	µA

	Ripple and noise smaller then
	10
	mVPP

	Stability (no load to full load)
	3
	V


Parameter set for HV class "neg. MHV":
Table 6. Parameter set class "neg. MHV"
	Device
	pos. MHV Channels

	Parameter
	Value
	Unit

	Max. Voltage
	-3
	kV

	With max. constant current
	3
	mA

	Resolution of Voltage set  at least
	3
	V

	Resolution of Current set at least
	3
	µA

	Accuracy of  voltage measurement at least
	3
	V

	Accuracy of  current measurement at least
	3
	µA

	Ripple and noise smaller then
	10
	mVPP

	Stability (no load to full load)
	3
	V


Parameter set for HV class "pos. SHV":
Table 7: Parameter set class "pos. SHV"

	Device
	pos. SHV Channels

	Parameter
	Value
	Unit

	Max. Voltage
	+5
	kV

	With max. constant current
	1
	mA

	Resolution of Voltage set  at least
	5
	V

	Resolution of Current set at least
	1
	µA

	Accuracy of  voltage measurement at least
	5
	V

	Accuracy of  current measurement at least
	1
	µA

	Ripple and noise smaller then
	10
	mVPP

	Stability (no load to full load)
	5
	V


Parameter set for HV class "neg. SHV":
Table 8: Parameter set class "neg. SHV"

	Device
	neg. SHV Channels

	Parameter
	Value
	Unit

	Max. Voltage
	-5
	kV

	With max. constant current
	1
	mA

	Resolution of Voltage set  at least
	5
	V

	Resolution of Current set at least
	1
	µA

	Accuracy of  voltage measurement at least
	5
	V

	Accuracy of  current measurement at least
	1
	µA

	Ripple and noise smaller then
	10
	mVPP

	Stability (no load to full load)
	5
	V


Parameter set for HV class "pos. EHV":
Table 9: Parameter set class "pos. EHV"

	Device
	pos. SHV Channels

	Parameter
	Value
	Unit

	Max. Voltage
	+15
	kV

	With max. constant current
	1
	mA

	Resolution of Voltage set  at least
	15
	V

	Resolution of Current set at least
	1
	µA

	Accuracy of  voltage measurement at least
	5
	V

	Accuracy of  current measurement at least
	1
	µA

	Ripple and noise smaller then
	10
	mVPP

	Stability (no load to full load)
	15
	V


Parameter set for HV class "neg. EHV":
Table 10: Parameter set class "neg. EHV"

	Device
	neg. EHV Channels

	Parameter
	Value
	Unit

	Max. Voltage
	-15
	kV

	With max. constant current
	1
	mA

	Resolution of Voltage set  at least
	15
	V

	Resolution of Current set at least
	1
	µA

	Accuracy of  voltage measurement at least
	15
	V

	Accuracy of  current measurement at least
	1
	µA

	Ripple and noise smaller then
	10
	mVPP

	Stability (no load to full load)
	15
	V


5.3.6. General ramping demands

Table 11: Ramping rates

	Device
	neg. EHV Channels

	Parameter
	Value
	Unit

	Rate of ramping referred to nominal voltage
	20%
	V/s


5.3.7. Further hardware properties

All modules must be hot swapable: If all channels are down of a module it must be possible to remove a HV module without doing harm to the module, the housing crate or the maintenances person. Thus one should be able to replace i.e. a defect board without the necessity to turn off the whole crate and, implicitly shutdown of other not related modules.
Storing of parameter sets and set values should be applicable in the device.

Clear indication of failure status must be given.

Naming of HV channels with names (12-20 letters) of the related diagnostic device and their storage must be possible locally. This ensures secure handling of HV channels although in local controlled cases.
HV channels must be switch able individually, grouped or grate wise.
5.4. Cabling

Cables as HV transmitter to the diagnostic devices are not part of this specification. Expected mean cable distance to these devises is approx. 150 m, the maximal cable length is supposed to be 500 m.
5.5. Exemplary Realization at GSI

One solution for HV-Power supply system is given by the collection of crate and moduls for supplying HV for the GSI-built Ionization Profile Monitor (IPM) System. The main advantage here is that only one unique crate is required for deliver all necessary tensions by only to different inserted boards.
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Figure 2 CAEN SY2527, HV Crate
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Figure 3 HV Module A1526 P/N (+/-15kV/ 6CH) und A1732 P/N (+/-6kV / 12CH)

6. Timing Requirements

No real time abilities are required, but channel ramp up should be started in the region of seconds when triggered by remote.
An external port to trigger data acquisition (see 7.6) would be endorsed. 
7. Data Acquisition Software

7.1. Drivers and libraries for FESA control via network 

Demand for software is the ability to pass and handle all set, monitor and information properties to the designated FESA-software running under Linux, LynxOS and Windows. This includes delivery of software libraries (and source code) that enables the control of all major features. For further information according interfaces refer to [2].
7.2. Exemplary software for demonstration purpose 
Based on the delivered libraries exemplary software is required to demonstrate the full functional control of the HV system.

7.3. Local Terminal control capability (RS232)
Local control access to the mainframe is required via a terminal software using the RS232 interface to ensure control, e.g. in case of network problems.
7.4. Web Server
A web server with access control has to be present to establish long distance control and maintenance. 

7.5. SNMP communication

SNMP protocol must be supported by the mainframe.

7.6. Data logging

The system must provide functionalities to acquire and log all control data in two different modes:

· Continuous logging of all channels within the mainframe with at least 1Hz repetition rate
· Logging of a few selected channels at high time resolution from 100 Hz to 1 kHz

8. Related Subsystems

High Voltage current supply system represents a subsystem in itself.  It contains none of the subcomponents listed below. 
8.1. Pneumatic Drive
Does not apply.
8.2. Stepping-Motor Drive

Does not apply.
8.3. High-Voltage Supply

This is the main target of this specification.
8.4. Optical Iris Control

Does not apply.
8.5. Detector Gas / Flow Control

Does not apply.
8.6. Gas Valve / Gauge Control

Does not apply.
9. Technical Parameter List

This table summarizes all diagnostics that requires HV. The tables give an idea of where crates have to be installed to deliver HV to a denominated section and how many channels are required according to the six possible classes.
Table 12: Number and classes HV channels
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* 8 pieces in sharing use between these rings.
10. Open Issues / Questions

· Exact numbers of components
I. Attached Documents
II. Related Documentation 
[1] GSI / B-EET, "Electrical Design Rules and Regulations" V2.01, 2010.10.24
[2] GSI /SD, "BD+DS_DAQ"
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