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q cot WWW (i.e. Where Were We)?

CAS

Different Power Supplies for different machines
THE CERN ACCELERATOR SCHOOL

CERN Accelerator School & CLRC Daresbury Laboratory
will organise a course on Hans-Jorg Eckoldt

Different power supplies for different
machines

Hans-Jorg Eckoldt
DESY
Warrington, UK
17.05.04

v Focused on magnet power converters
v' Good overview with many examples
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q “iee | Where do we go now?

Eckoldt’s contribution: =

v' Detailed compendium of

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

« Topologies of Power Converters

 Connection of Power Converters to
magnets (CyCIIng and ramplng) ézj%w% CERN Accelerator School
« Solution adopted by several Facilities

Specialized course on power convertors

Warrington, United Kingdom
12-18 May 2004

My talk:

Proceedings

Editor: D. Brandt

Performances required to power converters

VS.

Particle Accelerators’ Applications ]

CERN Course on Power Converters, Baden (CH) Roberto Visintini — May 14™, 2014 | 4




q Srcraone Particle Accelerators

Ernest O. Lawrence and his 4.5” (11 cm)
cyclotron (1930)

Cockcroft-Walton accelerator
at the Cavendish Laboratory in

Cambridge, England (1932). _
(Photos collected from internet)
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q S Particle Accelerators: how to group them?

Classification functional to this talk

v High Energy Physics Colliders (HEP-C)
v lon Sources/Cancer Therapy (IS/CT)

v Neutron Sources (NS)

v' Light Sources (LS)

v' Linear or “Open” Structures (e.g. LINACs and FELSs)

v" Circular or “Closed” Structures (e.g. Synchrotrons and Storage
Rings)
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q Shersrone Particle Accelerators — Common Aspects

Trieste

What is it normally done? How is it done?

v Production of particles Specialized and dedicated

v’ Acceleration® of particles equipment and subsystems

v “Handling” of particles involving

v Measure the energy of Power Converters:

particles « AC
« DC
* Pulsed
« High Voltage
* High Current
* High Power

*Increase the Energy of particles ° ...
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q Scratrone Focus on Magnet Power Converters

Trieste

v “Limit” the field
v Fascinating World (in my opinion)

v' Magnets, they are everywhere:

« Magnetic lenses on the “gun” (particles source)
* Focusing coils (e.g. on Klystrons)
« Solenoids on accelerating structures
« Magnets and Coils
— Normal Conducting
— Super Conducting
— DC operated
— AC operated (often with “exotic” waveforms)
- Pulsed

« Compensation (or correction) coils on Insertion Devices
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q Shersrone The role of Magnet Power Converters

During and — especially — after the “Acceleration” phase:

“Quality” of particle beam(s) = “Quality” of the magnetic fields

“Quality” of the magnetic field (in electromagnets):

1. “Good” electromechanical design of the magnet (e.g. pole
profile, coil shape, etc.)

2. “Good” excitation current = “Good” Power Converter!
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Shartrone Machine Physicist’s view: a System

Trieste
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required to the power supplies (eg. difdt = 500 A/s, sinuscidal
waveform, from to 0A to 500 A). This fact has been taken into account
in defining the maximum output voltage in Table 1.

Table 1 - Power Supplies for the Dipole Magnets of the Spreader

Valie | Ukt | Conmnent
W Typeof Power Supplies Singla quadrant, DC, current regulated
Output Characteristics
T N 5 A=P5B_SCL-SFEL1
e B=DSB_SFEL2
£ .of Pover Suppliss 3 2+ 1 spars i
\
Maz. OutputVeltage 25 V | Including the dynamics
Mar. Cutput Current A00 A
. Maz. Chatpuat Poswer 12.5 LW
he choser milessce of o] = OOIF fo
Qutput current Range 10 -100 % | Orbetter
Current Ripple =0.01 % | Vs. max current {inductiveload)
Current Stability #0.03 % | Vs. max current {8 hrs)
2 fecdback. The mierasces for the B5
i sarmariasd in Tabie 1.3 Remote current readout pracision 01 % | Orbetter
R A ot A gt 1 e il \/ B eam ene rgy Loea] Display Procision o1 % | Orbutis
}.'.;:;r:;-. o LLsj o8 Toreider Load Characteristics
L4 ! ! : . Load Resistance 40 24 | m0) | Magnets in series + cables
sy BMS 15 2 J 1
Fierrm Folie | : z : \/ B e al N S |\Z e Load Inductance 144 | 7.2 | mH | Magnets in series
Interfaces
R L Ty —————— P ——
Fasalee ne 23 0 e eadulitnos s ‘/ To Control System Ethemst | TCPIP sockst (se= paragraph4.3.2)
Lses Ges M [4) LS “ %] awl “
Cp T T v T . mom To interlock System Contacts Ses paragraph4.3.5
7!?’7’N77'4'1‘-‘ 3 1 ¥ 13
7 ot Notes
subinry IMS
TS Tonng twers FeTHGT . . .
subenty 318 (%) - / ®  Maximum Output Volfage: the voltage required to supply the nominal load with the
Gyoss ous T A0 R o) LT ag n e I C I e an I S maximum cumrent — including dynamics.
o] o R . by = Maximum Cutput Current: the masximum current required by the magnsts (the safety
R o 5 g . margins have been induded in the magnstic design)
!Pl;!vtl:v:.u-;m- CO I I l p O n e n S ®  Maximum Cufput Fowe: the maximum DC power of the power supplies.
cuubeity 2508 (3 .
®  Cuiput Current Range: the range within which it must be possible to vary the DC level
Tuble 14 Paws apply Wbmsnios S Tha Sbomting Tetostin] agran of e ik i of the cutput current withoutexceading the required performances; the range can be
st iemastes Lha up b (he saduivborn wider with raduced perf ]

ev. 0.1 - Author: Fobarto Visintni

Power converters
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Sincrotrone

Physics, Magnetics, Power, Control: a
q Treste System

Magnet Designer < » Power Converter Designer
A AN
Y

v

Particle Physicist €~ Controls Expert

Defining the Parameters of the power converters is not a
Chess Tournament where players meet singularly...
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Elettra
Sincrotrone
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Physics, Magnetics, Power, Control: a
System, integrated in the plant!

..it is more a poker game, with spectators waiting for their

turn to play!

Electrical Plant Responsible

Cooling Plant Responsible

Particle Physicist

Magnet De5|gner

Controls Expert

Power Converter Designer
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q Sicon Some Definitions — 1

v' Current Stability

Long term drift (a percentage of full-scale), over some hours at fixed line,
load, and temperature, after a warm-up period.

Stability Test on PSB_MBDFEL1
(20 Aug 2010 - duration 7 h 21°)

——lout
750,148
750,146 &
~10mA=13 -10—5J77 .
750,144 A |
g
§ 750,142
3 Note:
; F The PS was
£ 750,140 started from "cold A A,
° /|
750,138 !
750,136

0:00 1:12 2:24 3:36 4:48 6:00 712
Elapsed Time (h:mm)

v' Current Ripple
Noise on the output current specified as a percentage of full scale. The
frequency spectrum depends on the technology adopted and frequency of
commutation of the switches.
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q e | Some Definitions — 2

v Resolution (set and read-back)

The smallest possible steps for adjustment of the current set-point
or the current read-back, specified as a percentage of full-scale or
number of bits.

v Reproducibility

Reproducibility of the actual output current, for the same current set-
point (at different times) of a desired output value under constant
conditions, specified as a percentage of full-scale.

v' Accuracy (set and read-back)

How close the actual output current is to the current set-point or to
the current read-back, specified as a percentage of full-scale.
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Sincrotrone

Particle Accelerators vs. Power
q Converters

A. Very large number of Particle Accelerators (also taking in
account only those currently in operation...)

B. Large number of magnet power converters’ types in each
Particle Accelerator

AxB=C withC—> o0

(practically, NOT mathematically)

v HEP-C, IS, CT, NS, and LS

v' Limited Number of Examples

| apologize for not citing YOUR Facility!

(The following images are taken from Facilities' Web Sites)
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q .. | High Energy Physics Colliders (HEP-C)

Trieste

v Very High Energy of particles (TeV)

v’ Large Dimensions (counting in some km)
v’ Superconducting magnets

v' Great number of magnet power converters
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q Sincrotone HEP-C: LHC (CERN, CH, 2008-2009)

v  Large complex of accelerators
v 7 TeV (3.5 TeV + 3.5 TeV) energy
v 27 km circumference

v' ~9600 Superconducting magnets

CERN Course on Power Converters, Baden (CH)

SPS

I &
K \
ALICE ’ LHCb

LPSPL Booster
- PS

-Linacz
Linac4
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Trieste

q Sincrotone HEP-C: LHC (CERN, CH, 2008-2009)

PC type Qty | Switch | % hour v" More than 1700 PCs

Type | stability
MB 8 SCR  3ppm v High Current (up to 13 kA)
[13KA/+190V] _ _
MO 16 SM 2 o v" Thyristor (SCR) of Switch Mode (SM)
[13KA/18V] L

v

inner Triplet e 5 pom Smaller Units in Parallel
[5-- 7kA/BY] v' Custom-made PCs
IPD and IPQ 174 SM 5 ppm
[4..6kA/8V] v Collaboration with Industry in
600A type 1 400 SM 10 ppm developing the PCs
[+0.6kA/+10V]
600A type 2 37 SM 10 ppm v High reliability: almost all PCs are
[£0.6kA/£40V] located underground and not easily
120A 290 SM 50 ppm accessible
[+120A/+10V]
Orbit correctors 752 SM 50 ppm
[+60A/+8V]
Warm magnets 16 SCR 20 ppm

[1kA/450..950V]
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q “iee | lon Sources (IS)

v Low Energy of particles (hundreds of MeV)

v Medium Dimensions (in some hundred meters)

v' Different Accelerators (Cyclotrons, LINACs,...)

v' Superconducting and Normal conducting magnets

v Great variety and number of magnet power converters
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5 ; | Space for future expansion
~7~ | of the science program

::ﬂ I

Reaccelerator

200 feet [ O3
| | |

{' ol | loo]mm
7 o B
L SRE HighBay | bt oy —
2

L R —
o 50 meters
Beam Delivery System Folding Segment 2

__Linac.Segment.3.

1=
Linac Segment 1 Front End E ‘ \

Linac Segment 2

E)Iding Segrhge'nt 1 ,_l

CERN Course on Power Converters, Baden (CH)

Shererone IS: FRIB (USA,

N

under construction)

Rare Isotope Beams
Linear Accelerators (LINACS)

Mix of Magnetic and Electrostatic
elements (Dipoles and
Quadrupoles)

Mix of Normal- & Super-
Conducting Magnets

High Current and High Voltage
1-Q, 2-Q, 4-Q Power Converters

Use of COTS (Commercial Off
The Shelf) power converters

 Cost

» Availability

» Reliability

« Maintanance and Spares
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q sease | 1ST FRIB (USA, under construction)

Electrostatic Devices

Qty lout Vout Long Term Ripple Accuracy Resolution
(MA) (kV) (Ppm) (Ppm) (Ppm) (Ppm)

11 1-60 1-100 <+£100-+500 100 -200 1000 500

Magnetic Devices

Qty lout Vout Long Term Ripple Accuracy Resolution
(A) V) (Ppm) (ppm) (Ppm) (ppm)

194 2-3500 6-600 +200-+1000 50 -400 2500-4000 20 - 200
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q . | Cancer Therapy (CT)

Trieste

v Accelerator Facility and Clinical Facility
v Low Energy (hundreds of MeV)
v Small Dimensions (counting in tens of meters)

v' Different Types of accelerators (Synchrotrons,
Cyclotrons,...)

v" Different Types of Power Converters (SCR, Switched
mode, linear)

v Extremely high reliability (e.g. avoid failures during treatment)
v Minimize time for repair of systems
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q Sirons CT: PROSCAN (PSI, CH, 2007)

PROSCAN Layout

Existing Gantry

The COMET cyclotron (under construction in 2004).

v' Super Conducting Cyclotron
v' Protons (250 MeV)

v' Treatment beamlines for eye radiotherapy, for deep-seated tumors
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q Sincrotone CT: PROSCAN (PSI, CH, 2007)

Trieste

Type lout Vout Long Term | Ripple | Reprod. | Accuracy | di/dt
(A) (V) (ppm) (ppm) | (ppm) (ppm) [A/s]
500 350 100 50 100 500 125

IGBT
IGBT 220 320 1000 1000 11.000
IGBT 220 285 15 15 100 500 100
IGBT 150 175 1000 1000 40.000
IGBT 150 90 100 50 100 500 100
MOSFET 50 50 500 100 500 500
MOSFET 10 24 500 100 500 500

v" About 100 Power Converters
v All 4Q PC
v PWM (IGBT & MOSFET)

v" Focus on dynamics: tight requirements on di/dt and regulation delays
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CERN Course on Power Converters, Baden (CH)

Sncratione CT: CNAO (ltaly, 2010-2012)

== Uyl
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2
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\ — 5
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N
&5 e S RTINS :
" R A BRI HRERR

v' Synchrotron based (80 m circ.)
v’ 250 MeV (protons)
v' 480 MeV (carbon ions)

v' Heavy, large deflection angle
dipole (90 deg)
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q Sncratione CT: CNAO (ltaly, 2010-2012)

Trieste

| e LG L e e |
(A) (V) (ppm) (ppm) (ppm) (ppm)

SCR + SM-AF 3000 +1600 +2.5
Dip SCR + SM-AF 3000 +110 +25 +25 +13 +25
Dip SCR + SM-AF 2500 +450 +5 +5 +2.5 +5
Dip PWM +550 +660 +200 +100 +100 +60
Dip PWM +30-300 +20-+35 +50-1500 +50-+250 +25-+500 +50-+1000
Q + Sxt PWM 150-650  +17-+65 +50-+100 +50-+100 +25-+50 +50-+100
Corr Bip. Linear +30-£150 +15-+30 +500 +250 +500 +1000

Over 200 Power Converters
HV & HI at the same time (at LHC: 13 kA but “only” 200 V...)

v
v
v" High reproducibility requirements
v' SCR, PWM, Linear

v

Active filtering on the AC side of the large SCR Bridges
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CT: MedAustron (Austria, under

Sincrotrone

construction)

v" Synchrotron based (80 m circ.)

v lon sources with LINAC pre-accelerator
v" Protons (60 - 250 MeV)
v" Protons 800 MeV (non-clinical research)
v' Carbon lons (120 — 240 MeV/n)
v" Built in collaboration with CERN

a0 -

10

E

-

—n :

-2 - . » - . . m
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Sincrotrone

CT: MedAustron (Austria, under
q construction)

More than 200 Power Converters
Repetition rate 0.5 Hz

1.5 kW up to 4.5 MW of peak output power
4Q PWM

Precision range 10 ppm — 100 ppm

Dynamics: 100 Hz (most of PC) and 2 kHz (scanning magnets)

<X X X X <X X

PC as Voltage Sources from manufacturer and High precision digital
current regulation system provided by CERN/MedAustron
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q < | Neutron Sources (NS)

Trieste

v' Mid-Low Energies (0.8 — 2.5 GeV)

v' Medium Dimensions (up to some hundred meters)
v’ Linear or Circular accelerators

v Spallation principle

From Wikipedia, file:Spallation.gif
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Shartrone NS: ISIS (UK, 1985)

Trieste

ISIS is a high power accelerator that fires high energy p
into two targets to release neutrons for experiments.

v' 800 MeV proton accelerator

v Linac Pre-accelerator (70 MeV)

The ISIS synchrotron accelerates
protons to 84% of the speed of
light then fires them into two.

tungsten targets.

v" Synchrotron (~165 m circumference)

e sy S

v 50 Hz cycles

Target Station 1

Neutrons are released from both
targets via spallation. Using
N neutrons, scientists can study the
| atomic structure of materials and
| can even measure the forces
between atoms.

Target Station 2

The second target station is optimised for low
¥ energy neutrons providing greater capacity at ISIS
ENGIN-X and opening up new areas of research.
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&) - NS:ISIS (UK, 1985)

CERN Course on Power Converters, Baden (CH)

v" White-Circuit arrangement (10
chokes)

v 50 Hz resonant

v 1 MJ (10 x 100 kJ) energy storage in
normal conducting chokes

v DC Power converter: ~660 A DC bias
v AC Power Converter: 4x300 kVA UPS

v The rated secondary AC rms voltage
Is 14.4 kV at 1022 A
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q swoe | Light Sources (LS) — SRs and FELs

Trieste

Storage Ring FEL

v Circular v’ Linear

v' Mid-High Energy of particles (1.5—- v° High Energy of particles (1.5 - 20
8 GeV) GeV)

v" Mid Dimensions (hundreds of v Mid Dimensions (hundreds of
meters up to few km) meters up to few km)

v" Normal and Superconducting v" Normal and Superconducting
magnets magnets

v' Great number of magnet power v' Great number of magnet power
converters converters
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q swoe | Light Sources (LS) — SRs and FELs

Storage Ring
Elettra (Italy, 1993)
APS (USA, 1995)
LNLS (Brazil, 1997)
SLS (Switzerland, 2000)
SSRL-SPEAR3 (USA, 2003)
Soleil (France, 2006)
DLS (UK, 2006)
ALBA-CELLS (Spain, 2010)
DESY (Germany, 2010)
10. MaxIV (Sweden,...)

© 0 N o O »~ W D PE

CERN Course on Power Converters, Baden (CH)

-

FEL
LCLS (SLAC, USA, 2009)
FERMI (Elettra, Italy, 2011)
SwissFEL (PSI, Switzerland,...)
XFEL (DESY, Germany,...)
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(A) (V) (Ppm) (Ppm) (bit)
+40 16 SCR

q seioe | LS-SR: Elettra (Italy, first beam 1993)

Dip SR 2000 +200
Q + Sxt SR 300 40 - 660 +200 - £500 +20 - +50 16 SCR
Corr SR +16 +80 +500 +50 16 Bipolar Linear

v 2.0 and 2.4 GeV

v’ 264 m circumference
v’ About 300 Power Converters |
v' SCR and Bipolar Linear
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q sose | LS-SR: APS (USA, first beam 1995)

e L
(A) (V) (ppm) (ppm) (blt)
Dip SR +30 +40
QSR 500 20 +60 +800 16
Sxt SR 250 25 +300 +200 13
Corr SR +150 +20 +30 +1000 13
v 7 GeV Ph.Tigerhill Studio, Argonne National Laboratory.

v 1100 m circumference
v More than 1100 Power Converters
v" SCR and PWM
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q e | LS-SR: LNLS (Brazil, first beam 1997)

I S I
(A) (V) (ppm) (Ppm) (blt)
+70

Dip SR +100
Q+SxtSR 10-220 10-45 +1000-+100 #1000 - £100 16 SCR/PWM
Corr SR +10 +10 +1000 +100 16 Bipolar Linear
v 1.37 GeV

v' 93 m circumference

v About 200 Power Converters
(including Booster)
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q S e LS-SR: SLS (PSI, CH, first beam 2000)

(A) (V) (ppm) (ppm) (blt) (ppm)

Dip SR
Q+SextSR 70-140 35-145 100 40 - 100 16 100
Bipolar SR +7 124 100 15 18 1000

v 2.4 GeV
v’ 288 m circumference

v About 640 Power converters (Overall)
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Elettra
Sincrotrone
Trieste

2003)

LS-SR: SSRL-SPEARS3 (USA, first beam

N
(A) )

Dip SR 1200
Q SR 100 100 - 700

Sext SR 225 600

Corr SR +30 +50
Dip TL 500 45

80

CERN Course on Power Converters, Baden (CH)

Long Term
Type
(ppm)
20

12p SCR Bridge +PWM

100 12p Diode Bridge +PWM / PWM
100 12p Diode Bridge +PWM / PWM
PWM
PWM
PWM
v 3GeV

v’ 234 m circumference

v About 250 Power Converters
(incl. TLs)
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ERARsT
(A) (V) (ppm) (IOIOm)

q s | LS-SR: Soleil (France, first beam 2006)

Dip SR
Q+SxtSR 250-350 14-140 20 - 50 5-50
Corr SR +7-+14 +3.5-%14 20 - 50 2 -30
Dip TL 250-580 20-80 50 - 100 60 - 100
QTL 10 - 275 9-10 50 - 100 20 - 60

Corr TL +1.5-+10 +2.5-%9 100 - 500 60 - 100

v 2.75 GeV
v 354 m circumference

v" About 350 Power Converters
(incl. TLs)

v 12p Diode Bridge +PWM (D
& S), PWM (Q & C)

CERN Course on Power Converters, Baden (CH) Roberto Visintini — May 14™, 2014 | 39



q seeoe | LS-SR: DLS (UK, first beam 2006)

Trieste

(A) (Ppm) (ppm) | (ppm) | (ppm) (Hz)
+10 +10 4 10 DC

Dip SR 1500
Q + Sxt SR 100 - 350 17 - 41 +10 +10 4 10 DC
Corr SR +5 +20 4 10 50
v 3 GeV

v" 560 m circumference
v" About 1000 Power Converters
v PWM with Digital Regulation
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Sincrotrone

LS-SR: ALBA-CELLS (Spain, first beam
q Trieste 20 10)

EER R P
(A) (V) (ppm) (ppm) (ppm)
Dip SR +10
QSR 200-225 15-25 +10 10 5
Sxt SR 215 100 - 350 +50 50 15
Corr SR +12 +60 +20 10 5
DipTL 12-180 12-60 +15 15 15
QTL 15-170 15-20 +15 15 15
CorrTL  #2-46  #2-+10 +100 100
v 3 GeV

v' 267 m circumference
v" Almost 400 Power Converters (including Booster-based Injector)

v PWM with digital regulation
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LS-SR: PETRA Il (DESY, Germany,
q ncrctrone 2010)

lout Vout Ripple Accuracy Res n

TLto PETRA 200 - 400 60 - 120 2-3V

White C. Dipole AC 1004 1330 10 20
White C. Dipole DC 520 1560 10 20
White C. Quad 650 250 10 20
White C. Sextupole 200 85 10 20

SCR PETRA I 600 300 3 100 (30) 18

PWM PETRA I 200-600 60-120 2-3V 100 (10) 20
PWM Cor. PETRAII +5 - +55 +40 - £60 2-3V 500 (10) 20

v' Electron-Positron Collider in 1980s
v Pre-accelerator for HERA
v' 2.3 km circumference

v' Analog or Digital regulation

v' Mix of technologies and topologies
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Sincrotrone

q LS-SR: Max IV (Sweden, under

construction)

Long Term Ripple Accuracy
(3 GeV) (A) (V) (ppm) (ppm) (bit) (ppm)
Main Dip 450 - 750 145-210 +10 +10 16 +100
Dip strip 175 44 - 80 +1000 +1000 16 +1000

Quad 44 - 85 9-44 +100 +100 16 +1000
Sxtp 66 - 86 8-20 +100 +100 16 +1000
Octp 58-217 45-104 +100 +100 16 +1000
Corr SR +5 +8 +25 +25 18
v 3 GeV

v' 528 m circumference

v About 1000 Power
converters (overall)

v" Full Energy Linac Injector
v Two SR (1.5 and 3.0 GeV)
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LS-FEL: LCLS (SLAC, USA, first beam
q Preaia " 2009)

(A) \%) (Pbpm) (ppm)

Intermediate PS U3p7!t50 Up to 200 100 rms 100 rms
Corr +6 - +30 +40 400 rms 30 rms

v 13,6 GeV
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q seeoe | LS-FEL: FERMI (ltaly, first beam 2011)

Trieste

(A) %) (ppm) (ppm) | (bit) l el
500 100 16 (g

Dipoles 50-750 15-55
Q 5-100 10 - 30 25 - 500 10 - 100 16
Corr +5-+20 +10-+20 25 - 30 10 - 15 16

v 1.5 GeV

v' 360 m length

v 400 Power Converters

v 37 types of magnets

v 17 types of PC (2 cover 88%)
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Sincrotrone

LS-FEL: SwisskFEL (PSI, CH, under
q Construction)

(A) (V) (pbpm)
1-Quadrant IGBT 40-100 50
4-Quadrant IGBT  #150-200  *20° 3.5-50
£150 - % +1100 '
4-Quadrant MOSFET ~ +10-450  +10 - +20 10 - 100

v 2.1-5.8GeV
v' 740 m length

s | N v/ 600 Power Converters

The two passages Sor wikd Qame Crossrg

v Feedback System for
correcting slow drift

v Absolute Accuracy not
a key factor

The SwissFEL Building Site
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Sincrotrone

q e LS-FEL: XFEL (DESY, D, under

Construction)
Main 600 - 800 200 - 350 1% f.s.
PWM Chopper 200-600 60-120 15-3 100 20
PWM Small Main 5-10 40 - 60 2-3 100 20
PWM Correctors +5-+10 +40 - 60 2-3 100 20

17.5 GeV (up to 20 GeV)

3.4 km length

Super Conductive Linac

Mix of technologies and topologies

Fully digital regulation (analog for
correctors)
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Elettra
Sincrotrone
Trieste

“White Circuit” (since 1956)
v' Two (AC + DC) Power Converters

v' Resonating Circuit - sinusoidal
v' “High” frequency (10 Hz, 12 Hz)
v High Voltage

A 3-BEV HIGH INTENSITY PROTON SYNCHROTRON

M.G. WHITE, F.C. SHOEMAKER and G.K. O’NEILL

Princeton University, Princeton (N. J.)

(presented by M. G. White)

CERN Course on Power Converters, Baden (CH)

Light Sources — Booster Synchrotrons

“Direct Ramping” (after1998)
Direct connection to Power converter
Not-Sinusoidal ramping

“Low” frequency (1 Hz, 3 Hz)

AN NN

“‘Low” Voltage

e
ERRER INSTITUT —sLs —

SLS—~-PRE-TA-1998-0110
5. November, 1998

A 3 Hz, 1MW,..x Bending
Magnet Power Supply for the
Swiss Light Source (SLS)

G. Irminger,
M. Horvat,
F. Jenni,
HU. Boksberger

PSI
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Elettra
Sincrotrone
Trieste

“White Circuit”

v BESSY Il (HZB, D, 1998)

l | J
v
I .
ON. t mgnrl/\/\
—

Lo =D+l ocoaf,f) oM

CERN Course on Power Converters, Baden (CH)

Light Sources — Booster Synchrotrons

“Direct Ramping”
v' SLS (Switzerland, 2000)
v" LNLS (Brazil, 2001)
v Soleil (France, 2005
v DLS (UK, 2005)
v' Elettra (Italy, 2007-2008)
v ALBA-CELLS (Spain, 2010)

Roberto Visintini — May 14™, 2014
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Trieste

q Sncratione LS-BS: BESSY Il (HZB, D, 1998)

Tvpe lout Vout Long Term Peak Values on Magnet
yp (A) (ppm) Circuit
Dipole AC
2277 A 13112V @ 10 Hz
Dipole DC 1375 120 +20
Quad AC 200 184
492 A/ 527V @ 10 Hz

Quad DC 340 70 +20

“White Circuit”

DC Power Supply | '

AC Power Supply I ( ) L t
White Circuit i |
Choke Bypass
Capacitor
12

Magnets

—— Capacitor — DM: 12

= Banks " FQ: 12

DQ: 12

D

N

L e () =T +1 o 0OS(2 21f, =)
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Trieste

q Sincrotrone LS-BS: SLS (PSI, CH, 2000)

(A) (ppm) (ppm)
Dipole +1000
Quadrupole 140 +120 100 100

v Repetition rate: 3Hz

v" First fully digital control for all
Power converters of an accelerator

v' 100 MeV to 2.7 GeV

v' 1 PC for all dipoles in series
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q oo | LS-BS: LNLS (Brazil, 2001)

Trieste

(A) (Ppm) (MA)

Dipole 10 +120
Quadrupole 10 21 10 +10
Sextupole 10 26 10 +10
Correctors +5 - 16 +10 10 +1

v Repetition rate: 1 pulse / 6 seconds
v' 120 MeV to 500 MeV

v' The Booster operates also as a SR
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q e | LS-BS: SOLEIL (France, 2005)

Trieste
Dipole +580 +1000
Quadrupole +250 +450 50 2
Sextupole +30 +30 50 2
Correctors +1.5 +2.5 50 44

v' Repetition rate: 3 Hz

v' 100 MeV to 2.75 GeV

v Dipoles in series but “split” on 2 PC
« Peak voltage <1000 V

Upper Coil Upper Coil Upper Coil Upper Coil i Upper Coil i

PCU a '
Lower Coil i E Lower Coil | i Lower Coil i i Lower Coil E : Lower Coil i
PCU b TMagner1 T\ T Magnet2 /] Magrets T T Magnet 28
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q s | LS-BS: DLS (UK, 2005)

(A) (ppm) (ppm)
Dipole 1000 +2000 +50

Quadrupole 200 +421 +50 +4 2
Sextupole 20 +60 2

v Repetition rate: 3 Hz (5 Hz Max)
v' 100 MeV to 3 GeV
v" Dipoles in series, 1 power converter

v" Modular design
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Trieste

q seeoe | LS-BS: Elettra (Italy, 2007-2008)

o
Dipole +1000 +15 2
Quadrupole +400 +400 50 2
Sextupole +35 +35 50 2

v' Repetition rate: 3 Hz

v' 100 MeV to 2.5 GeV

v Dipoles in series but “split” on 2 PC
« Peak voltage <1000 V

_. lout PSOD

v AN lout PSQF

..........................

lout PSB1 & PSB2

ngm cm J00A dNov-18T185 <10t
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q Sncratione LS-BS: CELLS-ALBA (Spain, 2010)

Trieste

(A) (ppm) (ppm) (Ppm) Number
+15 +50

Dipole +750 +1000
Quadrupole +180 +120 - £750 +15 5 +50 4
Sextupole +8 +70 +50 15 +100 2
Correctors +6 +12 +50 15 +100 72

v' Repetition rate: 3 Hz
v' 100 MeV to 3 GeV

v Dipoles in series but “split” on 2 PC
« Peak voltage <1000 V

Dipale Dipole
Convartar Convarter

-.Dx... D36
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q S Remarks and Conclusions

Trieste

v Few examples from a vast world of PCs

v Clear differences among Accelerators’ applications

« Maximum current

« Output current stability

« Qutput current reproducibility
« Qutput current accuracy

« Output current di/dt (dynamics)
v' Same application, different requirements

* Accelerator type
» Accelerator age
* New technologies in PC field (components, low-level control, and local control)

* New technologies in feedback and remote control fields (higher level)
Example: Storage Rings’ Corrector power supplies

CERN Course on Power Converters, Baden (CH) Roberto Visintini — May 14%, 2014 | 57



Trieste

q s | Storage Rings’ Corrector power supplies

lout Vout Long Term Ripple Res n
+16 +80 +50

Elettra (1993) +500 Bipolar Linear
APS (1995) +150 +20 +30 +1000 13

LNLS (1997) +10 +10 +1000 +100 16 Bipolar Linear
SLS (2000) +7 +24 100 15 18 PWM
Soleil (2006) 7 - £14 +3.5-114 20 - 50 16 - 18 PWM
DLS (2006) +5 +20 18 PWM
ALBA (2010) +12 +60 +20 10 18 PWM
Max IV (...) +5 +8 +25 +25 18 PWM

Strong integration in particle trajectory/orbit feedback systems:

« Fast particle beam position monitors (detectors)
« [Fast connection to control systems
« Real-time environment
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v' Facilities’ web sites

v Joint Accelerator Conferences Website
http://www.jacow.org/index.php?n=Main.Proceedings
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Thank you!
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