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Principle of particle acceleration &

SOURCE

15t term of Lorentz equation

F = qf]+ q(v x B)

linear acceleration

The accelerating field

negative electron field between zero field
accelerated electrodes inside tut

Energy gain, for

Voltage 1 electron:
generator, Vg| AW = Vg [eV]
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2" term of Lorentz equation
F=qE +/q(vx B)

Centripetal acceleration

Current
generator, /,

T

O

Energy gain, for
1 electron:
AW =0



Linear Acceleration

Method 2: AC / RF accelerator <§) SOURCE

15t term of Lorentz equation

F = qE‘j+ q(7 x §)

linear acceleration

Principle:

An AC voltage is applied between
multiple electrodes by a single
generator, creating electrical fields
to accelerate the particles;

For high efficiency and
compactness, the AC voltage must
be generated by a RF (Radio
Frequency) amplifier;

Power Supplies are required to
power these RF amplifiers;
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at one instant alternating high

frequency p.d.
_ (ﬁ _ w‘r J
bunches of electrons between

electrodes are accelerated
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a little later
bunches of eIectrons zero p.d.
drift through tube
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a little later still

b i -

bunches of electrons between electrodes must be longer because

electrodes are further accelerated electrons are going faster




Linear Acceleration:
General architecture of a RF source SPALLATI
- Schematics and main components

EUROPEAN

Modulators are HV power supplies
that feed the RF amplifiers.

- RF amplifiers are therefore the
loads of modulators

Electrical
network

Particle beam

AC

1- Modulator (HV power supply): DC or pulsed

2- RF amplifier (generator)

3- Waveguides; 4- circulator; 5- RF load;



Centripetal Acceleration:

Power supply to magnets
- Schematics and main components

Electrical
network

AC DC current adjustable and
regulated by the power supply

-~
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1- Magnet power supplies: DC or pulsed. Bending magnets; quadrupole magnets; steering
corrector magnets

2- DC power cables



Power Supplies in Particle Accelerators: coropcn
- Typical Requirements & SOURCE
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High Voltage power supplies for

RF amplifiers:

- High Voltage (20kV to 300kV);

- High Power (100’s kW to tens MW,
Pulsed or DC);

- High voltage precision (0.2% to 1%);

- Very low short circuit energy;

For All power supplies:

- Low harmonic distortion on the
electrical grid;

High Current power supplies for Magnets:

- High Current (from 10’s A to ~20kA);
- High Power (10’s kW to tens MW, Pulsed or DC);

- High current precision (10ppm to 100ppm);
- Protections for inductive loads;

- High reliability (MTBF’s > 50’000
hours);

-  Compact;
- Cost effective;




Modulators: (.\
- CW (Continuous Wave) modulators ( seaLLATO

conventional topology

AC electrical
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Klystron

A - Anode;

C - Collector;
K - Cathode;
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Modulators:

EUROPEAN

- CW (Continuous Wave) modulators

SOURCE

modern switch mode based topology

Switch Mode High Voltage Power Converter _ _ _ _ _ _ _ _
* For low and T T T | !
medium power . Diode Diode !
ranges (up-to | rectifier . H-bridge gF step-up recfifier :
~100kW), can | bridge  DC-link bus inverter gqnsformer bridge .
be commercial ACgrid _! —YY M LAY
“of-the-shelf”;




Pulsed modulators for klystrons:- Topology

based on pulse transformer. Example of CERN SPALLATIO
Linac4

EUROPEAN

Simplified schematics

Anode power Filament power

converter, PS3 converter, PS4
PS1, PS3,PS4 -Commercial = = jesoey s T

PS2 - CERN made
—— 120 kV High voltage cables

== 120 kV High voltage connectors |~ 1

Hign Frequency
ISOLATION
TRANSFORMER

Main solid state
witch PULSE
switches TRANSFORMER

(OIL TANK)

12 kV max

3«
g 2 DRIVER
S o
;’ 8 KLYSTRON
9 (OIL TANK)
25 Capacitor A A - Anode;
89 discharge C - Collector;
g 2 K - Cathode;
Q o H
TS F - Filament
(&} 1

Droop compénsation power 1 Cc

converter or ‘bouncer”, PS2

* For long pulses, modulators are generally custom made,
independently on rated power;

* For short pulses (< 20us), can be commercial “of-the-shelf” up-to
power levels of ~100kW. Above this limit, must be custom made.




Pulsed modulators for klystrons: cUROPEAN

SPALLATIO

Examples of ESS “of-the-shelf” modulators SOURCE

15t ESS/CERN modulator prototype 2nd ESS modulator prototype

(able to feed 1 klystron) (able to feed 2 klystrons) .



Modulators for ESS Accelerator

( SML topology; ESS “build-to-print” design)

Electrical schematic.
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Modulator for ESS Accelerator
(able to feed 4 klystrons)

HV module




Modulators for ESS Accelerator EUROPEAN
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( SML topology; ESS “build-to-print” design) SouRC
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Power supplies for magnets

Example3: Commercial “of-the-shelf”

Normal conducting magnets +20kA; +/ 10V
(dipoles or quadrupoles) +1000A; +100V AT
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+200A; +50V

+/-20A; +/-50V
T \ Normal conducting magnets

= (steering correctors)
8 +/-100A; +/-100V 13

Superconducting magnets
(dipoles or quadrupoles)




Power supplies for magnets

Example 1: steering/correction magnets of CERN
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4-Quadrant

(+/-1200V,
Pre- 400v/
char 655V
ge
[M] +/-250A )
3x1Q
mcB
SC-B
400v/
655V
SC-A Common SC-B ; SC-B Common SC-A
TP - Thyristor H;CFall’ter . - 7" Brake
| CROWBAR S chopper
resistor
DC-Link DC-Link
Self Self
AC/DC + DC/DC
. Module
(includes DC-link
charge ; E capacitors)
resistors - AC/DC + DC/DC  Electronic
§ . Module
AC (includes DC-link  Earthing HF Filter
EMC I\ capacitors) system Self
Filter
Water
Main S 3 Phase circuit 3 Phase
Circuit ransformer Transformer

Braker 3
terminals

R REAR VIEW
Total size: 1800 mm (width) x 800 mm (depth) x 2400 mm (height)




Power supplies for magnets

Example 2: correction magnets of CERN Proton ’ EUROPEAN
Synchrotron; (é SOURCE

4-Quadrant, ( +/-600V, +/-1600A )
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Centralized compensation scheme

= Power supplies
@ Stepdown transtormer ,i\ U\LM(D e (distorted load)
(D W bus bar Y'Y Y ra AC
(3 Thyristor controlled reactor = - N
(@ Thyristor switched capacitor SVC -T- — : pd
() Fixed filter circuit L AC
® Ccontrol DC

TCR TSC
®

Static VAR Compensators (SVC'’s):

- Reactive power compensation;

- Voltage stabilization of the common LV or MV
grid busbar (flicker mitigation);

- Current harmonic filtering (compliance with
Energy Quality standards)

Bulky and expensive solution




Grid Friendly Power Supply Topologies
using Active Front End’s (AFE’s) AC/DC

X

Example:
- ESS kIystron modulators’ AC grid front end stage

Filtre HF

grid

AY|
Al

AC/DC Active Front End DC/DC: IGBT H bridge

Power supplies
(“pure” load)

Unitary power factor;
Nearly zero harmonic
distortion (sinusoidal
current absorption)
Energy recovery to

the grid, if required
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