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Advanced light Source



Advanced Light Source
‘———--“ A The Advanced Light Source (ALS)is a third-generation
: synchrotron, a specialized particle accelerator that

generatedright beamsof x-raysfor scientificresearch

.7 4 A The ALShas been a global leader in soft x-ray sciencefor
e more than two decades

#lll .Alh"l%M‘JM-J | Beam particle electron

p—
M -

Beam energy 1.9 GeV
Circumference 196.8 m
Beam current 500 mA
Radio frequency 499.642 MHz#6 kHz)
1993 ~200 950 $65M 0000 40
Year Total ALS Refereed Average Average number Number of
operations  staff publications operating of operating beamlines
began per year budget per year hours per year
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ALSU Scope

ALSU is an ongoing upgrade of the Advanced Light
Source (ALS) at Berkeley Lab that will endow the ALS
with revolutionary xray capabilities.

Electron Beam Profile

500

¢t2RI & Q3

y [um]
o

Highlevel Goals:

A Achieve an increase in brightness and coherent flux
of soft xrays (@XkeV) of at least 2 orders of
YFEIYAUdzRS 0S€2YyR U2RI & Qi

A Develop a set of experimental capabilities that will
enable leadership in softray science

y [um]

A Provide infrared and hardray capabilities
comparable to presentlay ALS

0
X [um]
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ALSU Scope

Insertion Devices o Transfer Lines
. i S

gl e g

l‘& v _~ Linac
' (existing)

Booster
S (existing)

RF System

Accumulator Ring Storage Ring

New 2.0 GeV Accumulat®ng for full energy

swapout injection andounch train recovery New 2.0 GeV 9BA storage ring in existing cave optimized for lo

emittance and high soft-kay brightness and coherent flux
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Scope of Power Supply Subsystem

A A total of 250 Power Supplies are required for the Accumulator Ring, 73 power supplies are required |
the transfer lines, and 1128 power supplies are required for the storage ring.

A The power supply scope of AUSalso encompasses the replacement of the existing ALS booster bend
power supply with a new one, aiming to achieve a beam energy of 2.0 GeV for thepkh@ct

STD SR ARC Sector

P
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Requirements and Challenges

The upgraded ALS will occupy the same facility as the current ALS &
use the existing ALS infrastructure. Space is the biggest Challenge.

The ALS-U power supply requirements vary based on output current
of magnet, stability, circuit configuration, operating quadrant,
resolution, and bandwidth.

More than two-thirds of the power supplies in the ALS-U are bipolar
power supplies, and the current requirements range from 10 to 200 A
along with FOFB requirement.

The power supply design should be compact and still serviceable,
Cable entry and exit from the rack should be designed with the
consideration of cable bend radius and equipment maintenance
inside the rack.

-)

Compact power supply Designs

=)

Modular and Multi Channel Designs

New Bipolar Power Supply Development

m)

Easy Assembly, Installation, and
Serviceability incorporate into design

The power supply designshould be suchthat it remainsoperational for the next 30 years

with minimal maintenance
BERKELEY LAB | &) ALs-U
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BNLc LBNL Team for AHS Power Supply

A The AL project established agreement with BNL in mid 2019 forlApSwer supply design and
procurements.

A The LBNL Al$and BNL NSlliSeams are working together to deliver AUSPower Supply Scope as
defined.

A The NSL8 teamhas more that 1§earsof experience of NSHSexperience and the team successfully
designed, procured, installed, amdommissioned ove$25M of scope foNSLSI.

A The majority of design work is performed by the BNL tégrteveragingf NSLSI designwhereas design
Involvement, procurement, assembly, testing, and final installation will be performed by the LBNL team w
BNL team support.

DesignerTeam and Key Expertise

JerryMalley ¢ head of design groug manufacturer liaison/procurements

ScottOrban¢ Mechanical Design

Marc Pfeffer ¢ Lead PCBesign
SteveJarzabkowskg BNL, Electrical design

Engineering Team and Key Expertise
GeorgeGanetis¢ Team Lead
DavidBergmancBPC &CCT development anelsting
Wing Louie¢PS@igital hardware

Tapan ShalgBipolar corrector & high current PS designs” LarsHugye- ALSU Power supply Coordinatdr
YukeTian¢Programmer FPGA& EPICS softwarategration. Billy Pham ALSU Power supply Coordinatdr
Thomas Chiesa FPGA firmware Akira Comia ALSU Power supply Coordinatdr
PatrickNguyeng Engineering Support
Technicians
Jason DéPonte- ALSU Technicians Leadr 3 Technician working for AHL$ Project
Note : » @ LBNL JoeGormley¢ Lead Teclg Surface mount specialist

SteveDeveryc BNL, Assembly, testing
—y 5 RichardL Assembly andestin
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Power Supplybesign



Power Supply Design to Overcome Design Challenges

A Thecommercialoff-the-shelf (COTSYdr custombuild-to-print (BTP)power converteris typically switchingat very
high frequencyto achievehigh output bandwidth The power converterwill be operatingin a voltageregulation

mode, and externalpower-supplycontrollers(PSCsand direct-current current transformers(DCCTsyill be doing
the currentregulationfunction for the overallpower supply

A The PSC provides the communication interfaces
between the power supplies and the control and

Instrumentationnetwork.
Power Supply
A The power convertersare selectedbasedon output B izt ( 1 zx;%cr
‘- . . . . . COTS/BTP
current, stability, circuit configuration, operating |, zov] o L Power Converter J X Magnet
guadrant,resolution,and bandwidthto meet magnet L S
. . Magnet
and physicgequirements Interlocks
Input AC COTS 2CH/4CH MPS

A Thedesignis focusedon the stability and reliability of L [ T et oo

power supplies

. . . . Control & Instrumentation

A Thedesignincorporatesa largeamountof monitoring [

iInstrumentation that is beneficial for the initial

commissioningof power suppliesas well as for the
remote diagnosticduring operations
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SR Dipole & QuadUnipolar Power Supplies

A The systems uses Commercial Off The Shelf
ALS-U SR 4 Channel Unipolar Power Supply System Diagram

LY Using COTS Unipolar Power Converters i PSC 4CH-HSS (COTS) progl‘amab|e powel’ SupplleS, BUlId
I | ronmoe ogcThessmbies |\ oo to Print (BTP) 4 channel PS Controllers
TL Rec & Plug D'(;CLD_S@O_II? I\ﬁé%/l - A | )
208 Vac P ACI COTS 5 kW Rated | { MM
convots (2536 | Shen doVISIA & COTS DCCTs. , COTS and BTP PDUs
Network Current Limit ~210 A 45 P Thermal 1
2 Net Ps Unipolar Power ] Switches
DOTL — PSACTL Converter Astlte)(rbey . . . . -
FoR28 e oD 1 A This configuration will be used for high
208 Vac
25ACB D > ACln COTS 10 kW Rated [ r- o . .
1 Yrten A O o stability 10 ppm power supplies. (SR Dipole
3 Phase Current Limit ~265A 4, # Thermal H
208 Vac [ esacn  Unipolar Power Brode Sutches and Quad PS)
ggrgmlr)itz ACIn Assembly
80ACB GND |
LT N A The design is very efficient in the use of
A IER acin  COTS10KWRated () I —
SE N L Y I i |t rack space.
PS Unipolar Power Sode {DCCT 3B & —————-® | | Switches
DCTL 3 Ps ACTL Converter Aol |E——— -1 :; L — = ] . 1
onmeve - . A PS controller has builh diagnostic
208 Vac N 1 oo i
20ACB|:|E| I 2/AC€In  COTS 10 kW Rated ) RN 3
Poen “O30vi338 e — functions. (PS 11, PS 12, PS V, GND I, Error,
Current I_Iimit ~210A out # | Vol gherrﬂal H
Uni P - —t——t witches
o rosen. Ungolrroner " g (e —— DAC, & Reg Out)
C(1)1%5 GND | —1 DpccT Power Su%rl)ly
PS Controller i PSC-4CH-HSS = Signal > Output Cables A
U | azove T e S B Conbiner Located In Cable Controls System InterfaceNetwork &
120 AC | _R15Plug Jps acTL DCCTs | 1 1
(l\:l(()ert::/rgrllf R15 Rec. 9/:A'/O Ch Machine GIObaI Tlmlng
Net Jos et Digital Signal ~ EXT Int 4Ch.In External Protection
S ovo Interface ps on —2Ch- Out Inéerrf]eéce > S)"DSLt(e:m
NG eht vie—y A MPS PLC InterfaceExternal Interface
oo o o _ . :
| Pover Supply nteface & Al0 = Anslog InputiOutput Signals has MPS interlock & PS On status.
| Analog Portion DI/O = Digital Input/Output Signals
ﬁl Ao 4- ZogBit DACs PS DCTL = Power Supply Digital Control
81 2 0Bit ADC
: bvo 24" 16 Bi{ ADCSS GND | = Ground Current Monitor
For Future Use €I SFP 4 Digital Portion BTP = Build To Print
Not Used 1 2"2?2 Digital 110 & COTS = Commercial Off the Shelf
Global | A FPGA Controller o : PDU = Power Distribution Unit
Timi A sFP1 Interlock ereurren TL Rec = Twist Lock Receptacle
T =t | Ch=Chamel
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SR SextupoleBipolar and Unipolar Power Supplies

ALS-U SR 4 Channel Unipolar Power Supply System Diagram for SH1s, SD, & SF

Using BTP Bipolar & COTS Unipolar Power Converters i PSC 4CH-MSS

208 V I
BTP i Faah
20A 208 Vac DCCT Chassis /100
PPU | 7L Rec & Plug DCCT-UP2M-S  /awg, ~_SH1-1Magnet
208 Vac % ACIn ® | STP \ |
Controls |20ACB PS DCTL-1 DC | I Magnet
Network Net out [ | | érh_?rmhal =
— ° LN witches
PS BTP 2 Channel |\—IDCCT 1B 7 L |
DCTL —APS ACTL-1 18Vi 2 4A GND | \‘ SN —
Current Limit ~10 A I I 0
208 Vac Net Bipolar Power I I AwG | SH1-2 Magnet
20ACB D Converter o) | | r
PS DCTL-2 DC I I Magnet
golghsse Out 1 I Thermal H
ac L L Switches
Hardwired PS ACTL-2 GND I ‘
ACIn :
PDU'”%E 60 ACB |
DCCT Chassis | |
20A 208 Vac : 262 1 SD-2 Magnet
TL Rec & Plug IBCCT'UP'l_M'S L MCM | )
208 Vac COTS 5 kW Rated o
ACIn ¥ )
20ACB D ED PS DCTL 20Vi 258 D( ) i Magnet | |
Current Limit ~205 A ¢ : | STVCﬁrcmhgls
Unipolar Power - DCCT 1B e :
PS !
DCTL — PsACTL Converter ASDS'g‘rj]fbly e —— i [,
20A 208 Vac . |
DCCT Chassis !
208 vac [ e P9 eNp ! DCCT-UP-IMS | 262 |  SF-2Magne
20ACB D =1 JACIh  COTS 50 kW Rated ()~ | MM I
PSDCTL 20Vi258 DC [ || Magnet
Current Limit ~175 A out I Thermal H
Ly psacTL Umcpo|ar ptower Sodo I_DCCT 1B o iy || Switches
onverter pmp————— —_———
Assembly
U GND | SN
COTS - ~.Power Supply Output
PDU _PSController i PSC-4CH-MSS _ | = Cables Located In
120 Vac " ; Cable Tra
UPS Controls | Regulator Section GND I y
Controls | 120 AC | R15 Plug Sps AcTL bCCTs
Network | R15 Rec. AllO -
| 4Ch.In Machine
Net psperl Digital Signal - EXTIntC—=2 = External Protection
S ovo Interface PS On Out Inltgr:zlce N S)lljsl_tgn
e e
A acin  LowLevel PS 24 Vde —
|_ " Power Supply Interface &
Med | Controller Section DI/0 = Digital Input/Output Signals
an | Analog Portion PS DCTL = Power Supply Digital Control
AllO 4 - 18 Bit DACs
| 8i 1 8Bit ADCs ~ _
| DVO 24 - 16 Bit ADCs GND | = Ground Current Monitor
N sFPa Digital Porti BTP = Build To Print
P 3 gl Fortion COTS = Commercial Off the Shelf
Not Used €7 Digital O & PDU = Power Distribution Unit
——lsFP2 FPGA Controll !
Global I ntrofler TL Rec = Twist Lock Receptacle
Timing———— SFP1 Interlock Overcurrent Ch. = Channel
Controls 9 | Net Test €— Interlock STP = Shielded Twisted Pair
Network Test Fixture Med Con = Media Converter

=

] BERKELEY LAB | ©p ALS-U

A The configuration uses COTS unipolar
power converters and BTP 2 channel
power converters, 4 channel PS
Controllers COTS DCCTs in a DCCT
Chassis, and a BTP PDU.

A This configuration will be used for
medium stability 100 ppm power
supplies. (SR Sextupoles)

A BTP power converters has provisions
to communicate to the power supply
controller through a media converter.
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SR SextupoleBipolar and Unipolar Power Supplies

ALS-U SR 4 Channel Unipolar Power Supply System Diagram for SH2s, SD, & SF

Using BTP Bipolar & COTS Unipolar Power Convertersi PSC 4CH-MSS

208 V
BTP i \
20A 208 Vac DCCT Chassis SN
PPU | 1L Réc & Plug DCCT-UP-1M-S o SH2-1 Magnet
208 Vac F ACI BTP 3.2 kW Rated - “ | | AWGY Al
Controls [20ACB D bebe. . 16Vi208 A% TLDCCT 1A-e; oW || Magnet
Network Current Limit ~190 A 5 —t|| | | Thermal
—Net ps Net Bipolar Power DCCT 1B e - TS || Switches
DCTL —3 PSACTL Converter GND | , e —
20A 208 V . 4
TL Rec & Pa|l.cjg DCCT Chassis 40 | SH22M
208 Vac R DCCT-UP-1M-S | 0. | SH2-2Magnet
20ACB D =0 ACn  BTP32kWRated (1) | we | r |
PS DCTL 16Vvi208 T
i DC Magnet
3 Phase S Net Current Limit ~190 A 5 . Thegrmal .
208 Vac LY psacTL Bipolar Power Switches
Hardwired Converter GND |
ACIn
PDU Input | o x O
DCCT Chassis
20A 208 Vac SF-1 Magnet
TL Rec & Plug DCCT-UP-1M-S 262 g l
208 Vac COTS 5 kW Rated |
ACIn +
20ACB D ED PS DCTL 20Vi 258 D(C) i || Magnet |]
Current Limit ~175 A oyt | | Thermal
PS Unipolar Power Siode DCCT 1B e ——e || Switches
DCTL —>) PSACTL Converter Assembly e ; L -
20A 208 Vac DCCT Chassis |
208 Vac TL Rec & Plug GND | i DECT-UP-INLS ﬁgﬂ SE 1_Ma£n_t
20ACB D ED ACIn  cOTS50kW Rated (9 [ Voo r |
PS DCTL 20Vi 258 e [ Wagner
Current Limit ~205 A out I | . Thermal
LS psacTL Un|é)0|ar Ptower Diode LDCI:T 1B e = || Switches
onverter J— —_——
Assembly
1 GND | S
COTS - . Power Supply Output
PS Controller i PSC-4CH-MSS = Cables Located In
POy 120 vac T 1T T TRegulator Sec ion  onp! Cable Tra
uPS Controls | Regulator Section GND | y
Controls | 120 AC | R15 Plug S ps AcTL DCCTs
Network | Ri5Rec. 'AVO 4 Ch.In Machine
Net Ypspcr. Digital Signal  EXT Intk— Ch.Out Ii)t(:frzgle Protection
r ! DIIO Interface PS On - Panel S)lljsl_tgn
A ACIn Low Level PS 24 Vde —3
! Power Supply Interface & Al/O = Analog Input/Output Signals
Local : Co;tr:gllloegr Es?ttilg: DI/0 = Digital Input/Output Signals
Network ' PS DCTL = Power Supply Digital Control
Switch AVO 4-18 Bit DACs
24 vde —{_Sw | 81 1 8Bit ADCs
| | Do 24 - 16 Bit ADCs GND | = Ground Current Monitor
ASFP4 pigital Portion BTP = Build To Print
Notwsed STy S5 Dgtalios COTS = Commercial Off the Shelf
Global | FPGA Controller o PDU = Power Distribution Unit
Controls 1iming ;| SFPL Interlock — |nei:acrlljorrcim TL Rec = Twist Lock Receptacle
Network € 2 Net Test Test Fixture Ch. = Channel

=

] BERKELEY LAB | Cp ALS-U

A The configuration uses COTS unipolar
power converters and BTP 1 channel
high powerpower converters, 4
channel PS Controllers COTS DCCTs in
a DCCT Chassis, and a BTP PDU.

This configuration will be used for
medium stability 100 ppm power
supplies. (SR Sextupoles)

Local network switch is used when
there are multiple bipolar power
converters that will communicate to
the power supply controller.
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SR Corrector Bipolar Power Supplieg 4 Channel Power Converter

ALS-U SR 4 Channel Bipolar Power Supply System

Diagram For Quad Corrector Circuits

Magnet
Thermal
Switches

Magnet
Thermal
Switches

ou
o0 208 AC DCCT Chassis
PDU - i
208 AC |, C13Plug DCCT-UP-4M-S _QF3-1XY Coils
T ———""1
C13 Rec [ AcIn . DCCT 1Al—e L e
Control PS DCTL-1 DC | [
ontrols out 1 | |
PS ACTL-1 P I Y
Network — BTP 4 Channel [DCCT 18— .
—>|Net 18V 10 A GND I | PS Output Cables |
) ! 27 AWG 14 STPs
180 W/Channel |m\i N L o™
PsDCTL-2  Bipolar Power DC L;l:l | P J
Converter Out 2 P
—PS ACTL-2 : DCCT 2B : o~——— !_ -—
1U Chassis  °NP! QF3-1 X,Y Coil
[ = A
PS DCTL-3 DC T DCCT 3A | *— “' i POy
—> PS ACTL-3 |
outs3 lpeeT 38 e |,
el DN
i S
PS DCTL-4 DCCT 4A L g - —eo\
- DC I | |
3PS ACTL-4 Out4 | |
DCCT 4B ° ~
Net GND | == I
U L
COTS PS Controller i PSC-4CH-MSS
PDU | 120Vac FeqT oo ——————
UPS UPS | Regulator Section GND |
Controls | 120AC | C13Plug yps AcTL
Network | R15 Rec.[]] Javo peets
| 4Ch. In External Machine
—>( Net SpspctL Digital Signal  ExT int . Clnterll;ace >chin External Protection
—S!ovo Interface PS On > oo & Out Interface System
F-——————————— == 4 Ch. Out 2t0 4 Pand PLC
AACIn  Low Level PS 24 Vdc —)|
|~ “Power Supply interface &
: Controller Section
| Analog Portion Al/O = Analog Input/Output Signals
AlVO 4 - 18 Bit DACs I .
N4 | 8-18 Bit ADCs DI/0 = Digital Input/Output Signals
I\Cﬂed —) plo 24 - 16 Bit ADCs PS DCTL = Power Supply Digital Control
on - ) sFP4 Digital Portion PS ACTL = Power Supply Analog Control
— srp3 I .
Not Used ~ | SFp 2 Digital /0 & BTP = Build To Pr!nt
Global | EPGA Controller COTS = Commercial Off the Shelf
Controls Liming ;| SFP1 Interlock ¢ O\Ilr?tg:rllgzim STP = Shielded Twisted Pair
ya AN = H
Network € M Net Test Test Fixture Med Con = Media Converter

BERKELEY LAB | &) ALs-U

A The systems uses BTP 4

channel bipolar power
converters, 4 channel PS
Controllers, and COTS
DCCTs in a BTP Chassis.

This configuration will be
used for high and medium
stability 10 to 100 ppm
bipolar power supplies.

The design is very efficient
In the use of rack space.
(2 U for 4 PS Channels)

Controls System Interface
- Network & Global Timing.

MPS PLEExternal
Interfacec uses a
Combiner to limit the # of
channels needed for the
MPS system.
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SR Corrector Bipolar Power Supplieg 2 Channel Power Converters

o ALS-U SR Bipolar Power Supply System Diagram

For Bend Trim Magnet Circuits Rear Panel
Pou | 208 vac DCCT Chassis A The systems uses BTP 2 channel
508 Vac |, C19Plug DCCT-_U&4M-_|O - — R .
19 Rec [ ] T———y A - || agnet | bipolar power converters, 4
ﬁnk'é . B 872 Channdl JI T |1 swihes channel PS Controllers, and COTS
e . 6V,3 60 GND | . .
e Ripolar Power r———— - DCCTs in BTP Chassis.
oenz | comener oo ' - [ e ||
208 Vac _ — _ [Dutches A This configuration will be used for
208 Vac| C19Plug APS ACTL2 CND!
c19 Rec.[] =L} > ac REWAT medium stability 10 to 100 ppm
PS DCTL-1 DC TMhaéggnmeatl L . .
BTP2Channel O | | switches bipolar power supplies.
—PSACTL-L 16V, 35 A 560 W —d
Net Bipolar Power eNDl—™ . === Magnet . . . .
pspciz  Comverter - pc e ] A The design is very efficient in the
out | |Switches
. | yes acmz / 1 use of rack space.
COTS L PS Output . . .
oo | 120vae - T ontoler BSOS (Gl A PS controller has buiih diagnostic
UPS Controls | Regulator Section GND | AWG & STP )
120 AC R15 Plug >|ps ACTL
Contols | 1294C 1 K ocors f——— L functions.
—(Net Ypspcr. Digital Signal EXT Int 2 Ch..Out Ii)t((teffrgs(le Pg)tetction A
—polowo___ nterface ___pson, pand T Controls System Interface
3 ACIn  Low Level PS 24 Vdec —> 2 c
:_ " Power Supply Interface & AI/O = Analog Input/Output Signals Network & GlObaI Tlmlng )
I Controller Section DI/0 = Digital Input/Output Signals
9: Al/O A4n—a|lOSQBFi)tOIr3tf(r:]s PS DCTL = Power Supply Digital Control A M PS PLCEXteI’n al Inte I'face
| 188
24 Vde — Nlétc\)lxclglrk — bio Zé?llgg:tt:gg: GND | = Ground Current Monitor needed fOI’ eaCh PS Channel
Switch : SFP 4 Digital Portion BTP = Build To Print
Digital I/0 & COTS =C ial Off the Shelf . .
t.;,I SP3 Epaa Controler PDU = Power Distribution Unit A This PS will be used for the SR
Ch. = Channel . . .
Fimimg = P31 nteriock, | Overcurtent]  STP - Spielded Twisted Pair Dipole Trim Coils.
Contro|s/ J Test Interlock
Network € 7, Net Test Fixture
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ALS-U SR 4-Channel Bipolar Power Supply System Diagram for Fast Correctors
— Using BTP 16V 70A Current Bipolar Power Converters A The systems uses BTP 1 channel
PDU | 15A 208 vac DCCT Chassis o )
208 AC DTL Rec & Plug _ D(|3_CLU£-2_M:|O SH1-1X Mag. Circuit b|p0|ar power converters, 4 channel
isace [T F———Acn BTP 16 V70 A DC Magnet .
Controls PSOCTL  Bipojar Power ot | mema = PS Controllers, and COTS DCCTs in a
—|Net  |15A 208 Vac 2 PSACTL Sonverter .
sopac | e e BTP DCCT Chassis.
3 Phase oA ce. ] =L 3 gg IIDnCTL e |16 v 7oA DC _M]aégrpneél
Bipolar Power f 1 = 0 = H
08 Vac _JPSDCTL Sipssen - Converter Out g sweres| R This configuration will be used for
PDU Input ACIn 3 Net assis ) . rs .
”‘“’Hmcs 15A 208 Vac et Thamais High stability ppm bipolar power
208 AC Tl Rec & Plug R DCCT-UP-2M-O SH2-1X Mag. Circuit .
isa cp. (1 =1 2| ACIn BTP 16 V 70 A [ el e~ | [ Magnet supplles.
B PSDCTL  Bijpolar Power DC i Thermal
PS ACTL Converter Out | Switches . . b .
I i v 1UChassis g, i A This configuration is used for fast
isa 8. [ =7 AClIn I -
pspor. BIPLEVTOA = vanet | | cOrrector sextupole magnet coils .
p \ Thermal
—} PS ACTL 1Cuorcl:\ﬁerte_r out [ Switches
Net assis GND | I_ ] J i
e = : S Ot caties A Controls System InterfaceNetwork ,
| _PSController T PSC-4CH-HSF _ 4 Individual AWG i
LF;PD;J l%JOP\éaC _: Regulator Section GND 1STP GIObaI Tlmlng & FOFB System CE”
120 AC | C13Plug S
Controls | - 16 Ree.[ ] = J— Shio — Controller.
— Net Spsper.  Digital Signal EXT Int :g:OITJt External Prsotetction
4 n Interf ystem
Rl e _eson Pane hLC A MPS PLEEXxternal Interface needed
JACIn  Low Level PS 24 Vdc —
I e Sy s for each PS channel.
o : Controller Section
oca Analog Portion Al/O = Analog Input/Output Signals
Network I : ginp put Sig
24 Vdc —) Switch ﬁl AO 238 S:E Egg: DI/0 = Digital Input/Output Signals
ﬁ| bro 20 - 16 Bit ADCs PS DCTL = Power Supply Digital Control
> SFP 4 Digital Porti PSACTL =P Supply Analog Control
Fast Orbit &——— srp3 :gilgziital ?/rol?gn Overcurrent | BTP = Build To(;/vs:imupp Y Aneiog Fomio
grong;?B —%} SFP2  FPGA Controller ¢—| Interlock COTS = Commercial Off the Shelf
Timing_ﬁ SFP1 Test Fixture
Controls , J
Network > 2 Net
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Sextupole MulttFunction Corrector SR PS Configurations

DCCT Chassis q
ALS-U SR SF & SD 6 i P DCCT-UP-4M-S D s

i 208 AC . . .
Pole Coil Bipolar Power e Rec. ] BTP4Channel  DC | The configuration uses three BTP bipolar power
Supply System Diagram | oy, PS Controller | LBV I0A o outt ; converters , three 4 channel PS Controllers COTS
oo | 120vac | 10 peu stability cTi Bipolar Power : DCCTs in a DCCT Chassis, and COTS PDUs
120 AC | C13 Plug ol Converter out2 Ll . . . ; . T
Rio Ree. _ CT-2 1y Chassis 0 This configuration will be used for high stability 10
O aoes b 2 ppm power supplies for the 6 pole sextupole multi
External 4 Ch.In CTL-3 out 3 ; |
o= comminerA T extin ECSED — Magne: function correctors.
‘SO 106 ﬁ 3 cTL4 be DCCT 4Ae : M- | switches A ) _
P4
— R Al - m— I This systems will enable X, Y, Skew and Normal quac
Timing —— SFP1 ———1 l corrections. This was doe to minimize the corrector
Controls Net DCCTs 1 Ll PS Output Cable H H H H
Network € _ ocCT chaseis g SRR : windings space on these sextupole windings.
208 AC |- C19Plug el ol | A Th v .
‘ Lo e I0C will perform the calculations for each
C19 Rec. DC | .
o 05 Controlier o achanne O | independent channel.
U 120V PSC-4CH-H$S oL 18V,10 A | . .
POU | Clapey | 10 PPM Stability 160 wiChamnel  pc | A The use of the event ramp trigger and ramp function
Ris Roc. ena  Comverer 2| ofthe PSC can be used due simultaneous corrections
2Ch.in | 20Bit DACs & 1 U Chassis be | with beam present.
& out ADCS cTLs out4 L | .
. T A The MPS to External interface has only 1 channel per
2 Ch.In CTL-4 : | . . 0 o o
&out | | o, g — o ¥ | magnet, but it needs to be combined to 6 individual
. wao e Eje ST dBjo——r— | power supply channels. This is done with a 1 to 6
Controls Network &——, Net o psouputCae | channel External Interface Combiner.
208 AC DCCT Chassis | €—6-AWG14STPs |
208 AC | C19Plug D'C_CEU_P"‘_M'S | A |
C19 Rec. be 7LDCCT 1A - : A
Power Supply] ou | ps controller i | out 4 P3 Magnet
||| ] e | S L ST | S
PDU C13 Plug ~10 PPM Stability 160 W/Channel bC
s e P i
M1 M2 20 Bit DACs & 1 U Chassis DC l
. External %I ADCs CTL-3 Out 2 I
Machine M2 Interface
Pg)tstcélgn Tonm Combiner B [~2 ch.in EXT Int |
)E’LC & out 106 & Out cTL-4 DC I
S e outt !
Global Timing iy con [ T — — — — — a
Controls Network Net DCCTs N SF-1 - 6 Pole Coils
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Summary, Accumulator Ring Power Supplies

Power Supply Qty | Max. Max Configuration Stability Operation
-Model Voltage | Current
PS PS
AR BEND gradient dipole 1 475V 400 A Unipolar SwitcMode , 2 Cha. PSCG&DCCTs per ps. 10 DC
(String) Custom Power Converter 1 Quadrant
480 Vac 3ph. InpdiDirect Connection

Quadrupoles Unipolar SwitcMode , 2 Cha. PS@& DCCTs per ps. 10 DC

- AR QFA (String) 1 200V 200 A COTS Power Converters 1 Quadrant
-AR QF (Solo) 24 125V 100 A 480 Vac 3 Ph. Input to 4 Cha BTP PDU

-AR QD (Solo) 24 125V 50 A

Sextupoles Unipolar SwitciMode , 4 Cha PSC 2DCCTs per ps. 100 DC

-AR SF & SD (String) 2 100 V 125 A COTS Power Converters 1 Quadrant

- AR SHF & SHD (String) 2 100V 60 A 208 Vac 3 Ph Input to Two 2 Cha. BTP PDUs

Correctors Slow Bipolar SwitciMode , 4 Cha. PSCZDCCTs per ps. 100 DC Hz to 100 HE
-AR SF & SD SKQ (Solo) 12 16V 24 A BTP 2 Cha Bipolar Power ConveStiemw (Slow)

-AR SF X & By & Bx) (Solo) 48 208 Vac 1 Ph. Input to 12 Cha COTS PDU 4 Quadrant
Correctors Fast Bipolar SwitciMode , 4 Cha. PSCZDCCTs per ps. 100 DC Hz to 2000
- AR SHD X &-By & BX) (Solo) 48 |16V 24 A EMiRZiCnaiBipolai BoweConyehas: Hz (Fast)

- AR SHE X &-By & Bx) (Solo) 48 208 Vac 1 Ph. Input to 12 Cha COTS PDU 4 Quadrant
Correctorsd QFA Shunt Trim Bipolar SwitciMode , 4 Cha. PSCZDCCTs per ps. 100 DC Hz to 10 Hz
AR Isolated BTP 4 Cha Bipolar Power CondStew (Slow)

AR QFAST (Solo) 4 16V 10A Each PS Multiplexed to 6 QFA magnets 4 Quadrant

120 Vac 1 Ph Input to 8 Cha COTS PDU

Correctors) Dipole Trim 36 16 V 10 A Bipolar SwitciMode , 4 Cha. PSCZDCCTs per ps. 100 DC Hz to 10 Hz

AR T (Solo) BTP 4 Cha Bipolar Power Convédéw (Slow)
4 Quadrant

A There are total 250 power supplies require for the Accumulator ring.

A There are 1 rack per sector for AR for Solo power supplies.
A COTS = Commercial Off The Shelf
— N BTP = Build To Print
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Summary Table SR Power Supply Models

Power Supply Qty [ Max. Max Configuration Stability/ Operation Verv larae
-Model Voltage| Current Resolution y 1&g

ppm of max | number of
Dipoles 10 5 Hz Bandwidtty power supplies
SRDipoleA 24| 25V 185 A Unipolar COTS Power ConveRSC 4 Chan. HSS 1 (20 bit) | 1 Quadrant must fit in a
SR DipoleB 78| 25v | 210A limited TR ber
Quadrupoles _ 10 5 Hz Bandwidth of racks (6 er
SRQuadA 48| 16V 275 A Unipolar COTS Power ConveRSC 4 Chan. HSS 1 (20 bit) | 1 Quadrant 1 P
SRQuadB 48|16V | 210A 0 Sector)
SRQuadC 72| 25V 265 A 0
SRQuadD 12|16V | 300 A o The power
Sextupoles 100 5 Hz Bandwidtf i
SRSextA 24116V [10A Bipolar 4 Chan. BTP Power Convéig8C 4 Chan. MSS| 3.8 (18 Bit) | 2 Quadrant supply designs
SRSextB 241 16V 190 A Bipolar 1 Chan. BTP Power Convéi®3C 4 Chan. MSS 2 Quadrant must be very
SRSextC 24| 20V 200 A Unipolar COTS Power Convedte6C 4 Chan. MSS 1 Quadrant efficient in the
SRSextD 2420V 210 A | Unipolar COTS Power Convedte65C 4 Chan. MMS 1 Quadrant

space used and
Correctorsd Slow 100 5 Hz Bandwidtl) the heat
SR SextCorSKQ 48| 16V 10 A Bipolar 4 Chan. BTP Power Convé®8C 4 Chan. MMS| 3.8 (18 bit) | 2 Quadrant dissipated in
SR QuadCorA Bx&BY 120( 16 V 10A 0
SR QuadCorB Bx&BY 120( 16 V 10A 0 each rack.
SR-DipoleCorA 78| 14V 35A Bipolar 2 Chan. BTP Power ConvéR&C 4 Chan. MSS
Correctors Fast 10 3 kHz 17 ps models
SR SextFCorA (By) 24116V | 70A Bipolar 1 Chan. BTP Power Convé®SC 4 Chan. HSF| 1 (20 bit) | Bandwidth cover all 1128 ps
SR SextFCorB Bx&BY 72116V | 70A (Same Configuration different PID tune) Limited 4
needed for the
Quadrant

Corrector MultiFunction 10 5 Hz Bandwidtly SR.
SRSextP 288| 16 V 10A Bipolar 4 Chan. BTP Power Convéi8C 4 Chan. HSS 1 (20 bit) | 2 Quadrant

Total # SR Power Supply channels = 1128''S = Commercial Off The Shelf
BTP = Build To Print

P
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Prototype Results



Cables exit the racks through ROXTEC sealsf=="" ¢
3 phase AC enters back of the ROCTEC seafe™ L B -

Power Supply Rack Design

Hardwired Receptacleg=—

1 U PDU for 120 Vag -

4 U BTP PDU for 3 phase 208 Vdc

Power Supply Position 1 |

Power Supply Position 2

Power Supply Position 3

Power Supply Position 4

2 PSC 4 Channels that contrq
all 8 power supply positions

=3

EHEHH

E

[T

4 U BTP PDU for 3 phase 208 Vag. i

EIEL 1 FIE G EE H EE B

REAR VIEW
SCALE1:3
LESS DCCT PANEL

Power Supply Position 5

i

Power Supply Position 6

Power Supply Position 7

=]
=]
[=]
[=]
=]
[=]
0

Power Supply Position 8 |

REARVIEW FLANGE Cables exit the racks through ROXTEC seals
LESS DCCT PANEL -
P — —

N '
gail| BERKELEY LAB ‘ Oy ALS-U ALSU Project | 7th POCPA Workshop | June 01 2023




Rack Front ALSU PS PrOtOtype RaCkRack Rear
] %

Hardwired
Receptacles
Test I0OC I
Test N K Switch A Test Rack is similar to an AR 1 U PDU
est Network swite sector rack (the an old NSLS Il
PS Patch Panel 0 U PDU

" Rack is used for testing)
A Rack Hardware and Cable
Integration
A Power Supply Performance
A

Test Cell Controller & E
Output Cables

Test DMM

PSC 4 CH-.&. 7]
Twol1lU2CH BlpoI.l
Power Converters T

PSC 4

CH
Two 1 U 2 CH Bipolg

Testingg Stability and FOFB Plots
1-wire Temperature and humidity
sensors are used to measure

Medium Precision
DCCT Chassis

internal and external locations For
Power Cgrggr;egsH throughout the rack. Bipolar P_ower
Two 1 U Unipolar A EPICS was used to do most of th ~ Supplies
Power Converters testing with CSS and Python. High Precision DCCTs
PSC 2 CH _ For
Two 1 U Unipolar Unipolar Eower
Power Converters Supplies

Heat exchanger

BERKELEY LAB &,9} ALS-U ALSU Project | 7th POCPA Workshop | June 01 2(123



2022-02-22_22:30 to 2022-02-28_09:30 Total 131 hours #*+ALS-U Test Rack - Temperatu nd Humidity Readbacks**
('04_FRT_BTM_HTX_AIR_OUT', 23.8125, * Raw data’) (*17_HUMIDITY_INSIDE', 37.!777. ' Raw data') ("12_RACK_RIGHT_2', 23.8125, ' Raw data’) ('l6_HUMIDITY_OUTSIDE', 39.8477, ' Raw data’)
=== ('04_FRT_BTM_HTX_AIR_OUT', "'17-taps MAF’) == (*17_HUMIDITY_INSIDE", aps MAF') === ("12_RACK_RIGHT_2', '17-taps MAF') === ('16_HUMIDITY_OUTSIDE', '17-taps MAF")
45.00
Humidity Outside Rack
Delta 31.39%
40.00
35.00 4
Humidity Inside Rack
Delta 24.9%

£ 30.00
®
5
Q
g
T 25.00 ﬁ

200 Rack Outside Tempelta-0.39 C

1 Rack Inside Tempeltagn ® @ 1
15.00 A
= L= 2 2 L= =] 1= 1= L= L= 2 1= = L= ES 2 L= =] 1= = 2 ES L= L= 2 1= = L= 1= e e 1= L=
2022-02-22_22:30 to 2022-02-28_09:30 Total 131 hours **ALS-U Test Rack PS Current Readbacks**
('DMM-PSC2-PS1-DAC’, " Raw data PPM=['5.5"] Rated_I=50A") = (‘DMM-PSC2-PS1-DCCTL’, “17-taps MAF PPM=['2.5'] 1PPM=0.00005A")
~= ('DMM-PSC2-PS1-DAC’, "17-taps MAF PPM=["2.5'] 1PPM=0.00005A") ('DMM-PSC2-PS1-DCCT2', * Raw data PPM=['4.. 4] R-ted 1=50A")
('DMM-PSC2-PS1-DCCT1’, * Raw data PPM=| [ 0] Rated_I=50A") = ('‘DMM-PSC2-PS1-DCCT2’, "17-taps MAF PPM=['1.8"'] 1PPM=0.00005A")
22.00040
DMM DAC %
22.00020 4

DMM DCCT
22.00000

w
£

21.99980 :

21.99960 +

DMM DCCT.

21.99940

P BERKELEY LAB ‘ & ALs-U

Performance using Analog
Current Loop Design on COTS
Power Converters in the ALS
Power Supply Test Rack

A The length of the testing was 5.4 Days

A The top plot shows the Humidity & Temperature
inside and outside of the rack.

A The inside rack temp.is stable +®.25 C .

A The inside humidity varies by ~ 25%

A We see that the humidity affect on the stability
of the electronic has been reduce with the
addition of ceramic case voltage references.

A This data shown is for the 2 Channel PSC whicl
has a 10 ppm stability requirement.

A These measurements are taken with less then
ideal conditions with modified circuit boards .
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2022-02-22_22:30 to 2022-02-28_09:30 Total 131 hours **ALS-U Test Rack - Temperatu nd Humidity Readbacks**
('04_FRT_BTM_HTX_AIR_OUT', 23.8125,' Raw data’) ('17_HUMIDITY_INSIDE :7 u?n,' Raw data’) ('12_RACK_RIGHT_2', 23.8125, ' Raw data’) ("16_HUI

~— (*04_FRT_BTM_HTX_AIR_OUT", ‘17-taps MAF') —— ("17_HUMIDITY_INSIDE', aps MAF') —— ("12_RACK_RIGHT_2', '17-taps MAF') —— (*16_HUMIDITY_OUTSIDE', '17-taps MAF')

MIDITY_OUTSIDE', 39.8477, ' Raw data

45.00

Humidity Outside Rack
Delta 31.39%

40.00

35.00

Humidity Inside Rack
Delta 24.9%

30.00 A

deg-C or %RH

25.00 _/\

/

Rack Outside Tempelta-0.39C
2004 Rack Inside Tempeltacn ® @ 1

15.00 -

12.00160
12.00140

DCC

12.00120 4
12.00100 7

6.7-ppm
12.00080

12.00060 4

DCCT2 18 Bit ADF

ES 2 R R E 2 2 2 E E E E R E S R 2 2 B 2 R R 2 2 B B 2 2 2 B E B 2

| BERKELEY LAB ‘ \'O\ ALS-U

Performance using Analog
Current Loop Design on BTP
Bipolar Power Converters

A
A

o Io o Do e

To

The length of the testing was 5.3 Days

The top plot shows the Humidity & Temperature
inside and outside of the rack.

The rack inside temp. is stable+®.25 C .

The rack inside humidity varies by ~ 25%
These measurements were done on a 4 chann
PSC which was configured for 100 ppm stability
This 4 Channel PSC has all plastic voltage
reference chips.

The cost difference between ceramic and plasti
is ~ $5 a chip, so we will plan to use all ceramic
chips for voltage references to minimize long
term Humidity affects on stability.

This will require a small PCB change on all the
PSCs.

With the ceramic reference voltage chips and
the low noise DAC and ADC, the 4 channel PS
will meet the 10 ppm stability requirement.
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Build to PrintDesign/New Development



Build To Print Design

There are five main BTPchassisthat
will be used in the ALSU power
supplydesigns

A PowerSupplyControllers

A PowerDistributionUnits

A BipolarPowerConverters

A DCCThassis
_ . A ExternalinterlockChassis
' ' They were designedto meet many
different requirements
Reduceaackspace
Lowercostper PSchannel
Not availablein COT $levices
Simplified integration to
other systems

o o To I
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4 Channel PS Controller

Buffers and Drivers |

‘ FSUMMIngCkig o Power Converters
,“ .‘.: 2L i 'l J_:ﬂ':::; 4 : : =

. a3

i« = .
ACPwr 1-Wire SFP Portdlet Power  DCCTs

Converter Interface
Interfaces

BTP PSECHHSS PSC 2 ChannaHigh Stability-Slow

BTP PSECHMSS PSC 4 Channel Medium StabHBjow

A High Stability version will use 20 Bit DACs, 20 Bit DCCT - —
BTP PSEZCHHSS PSC 4 Channel High Stability for SD an:

ADCs, better Burden resistors.

A Design has noise generators separated from sensitive analc
circuits. BTP PSECHHSF PSC 4 Channel High Stability for Fast

A Temperature sensitive components are at the front of the ch Corrector magnets. Interface to FOFB
to take advantagg of the rack cooling .
-y,
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PowerSupply and Control Block Diagram

(The power supply control design TS U Four independent snapshot buffers ar
provides plenty of high-resolution ADCS (CSS/EDC, Python, Matlab, used for different snapshot applications
for DCCTurrent readbacksand medium- MASAR, RampManager)
resolution ADCsfor other power supply I ch " v
annel Access/pvAccess :
parameterreadbacks (i The Embedded EVR is used to decod
| | EPICS IOC for I all timing signals.
(i EachADCdiagnostichasaveragedslow Power Supply Controlle
data readbacks and 10kHz snapshot TCP (UDP)/IP
readbacks
i 1
i PicoZed SOM 1
Fiber From Timing System | :
! EVR 0
|
|
. |
Bipolar Supply UDP Packet >: 1GB 1
| | DDR3| |
Fiber From FOFB I i
< ’: i
i FOFB :
MPS Signals [ Rx/Tx I
< : i
|
H GPIO
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evr_top_0

sys_clk

sys_rst
one_hz_out
refclk_p
one_hz_sfp_led
refclk_n
ten_hz_out
rx_p

x_n

ten_khz_out

beam_abort_out
one_hz_code[7:0]

ten_hz_code[7:0]
ten_khz_code[7:0]
beam_abort_code[7:0]

diagnostic_out
sparel_out
spare2_out
seconds_out[31:0]
offset_out[31:0]

evr_rcvd_clk

diagnostic_code[7:0]
sparel1_code[7:0]
spare2_code[7:0]

wr_en

evr_top_v1_0

B BERKELEY LAB | O ALS-U

EmbeddedEvent Recelver

U Embedded Event Receiver (EVR) module

Si570 programmable crystal is functional in both the 2 and
4 Channel systems and is settable through EPICS
Standard MRF Timestamp is acquired through the
embedded EVR
All timing signals are available and have been tested using
a mock cell controller system and NSUEVR link

A 10 Khz

A 10 Hz

A Beam Abort Trigger

A Beam Diagnostic Trigger

A Spare Triggers
All EVR Codes are settable through EPICS IOC
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SlowDiagnostic ADC Data

U Functions of Slow ADC Diagnostic Data
A Live monitoring of powers supply system parameters for each channel:
o Two High Precision DCCT current monitors: with average modes which can be used to measure the output current
with high precision. At NSL:B, this function is done by separate DMM units
DAC setpoint loopback: can be used to confirm the setpoint without turning on a power supply
Voltage Output Monitoring
Ground Current Monitoring
Regulator Voltage Monitoring
o Error Voltage: to monitor power supply error as an indicator of the feedback loop performance
A Slow ADC data can be used for power supply long term performance analysis and long term stability
A With different average settings the slow ADC data has different }pass filter settings
A Each slow ADC has its own gain and offset for calibration
U Two channel PSC slow ADC data:

2-Chan. PSC ADC READBACK

O O OO

DCCT 20-bit ADC READBACK

Reg0 Reg1 Reg2 Reg3 Ch1 Avg Mode Ch2 Avg Mode
0xFI7A20D9 0xFOTAOASE O0xF4AC423E OxF4ACAFEE IOxZ bﬂ
Mode=0: raw data
S e e s e
Readback (A) 21.002148 21.006248 73.002916 73.001961 Mode=3: 10 average
SF (A/V) | -s.000 [ -5.000 | [ -10.000 [ -10.000
Gain [ 1eoro7 | [ 1.00727 [ 100763 | [ 100773 |
Offset (A) | -0.019360 | [ -0.020645 | 0045970 | | -0.043380 | Ch1 DAC CHZ DAC
DMM RB(A) \ 20999828 ] \ 21005581 ] [ 72999275 [ 72975471 ] 20.999624 ] \ 72.997940
Monitor 16-bit ADC READBACK Chan 1 Monitor 16-bit ADC READBACK Chan 2
Regd Reg5s Regé Reg?7 RegB8 Reg9 Reg10 Regl1 Reg12 Reg13 Reg14 Reg15
0x691D35 0xFFD6CA32 0x55 OxFFABDD21 0x293373 0x691D35 0xB6C476 OxFFSE287E OxFFFFFBE9 0xFF688288 OxA14ACY 0x47CD
Ch1 DAC-SP VOLT-Mon GND-Mon Spare PS-Reg-Out PS-Err DAC-SP VOLT-Mon GND-Mon Spare PS-Reg-Out PS-Err
Readback (A) 21.005884 2.060572 5.188147E-5 -3.485555 2.060112 0.005512 72.993378 8.092338 -0.000639 -6.059788 8.064853 0.011219
SF (A/V) [ se0 | [ 250 [ 1.000 [ 1.000 [ 1250 [ 1000 | [ 10000 | [ 1250 | [ 1.000 [ 1o00 | [ 120 | [ 1000 |
Gain [ os9sss0 | [ 1.00000 [ 1.00000 [ 1.00000 [1.00000 [ 100000 | [ os9se32 | [ 100000 | [ 1.00000 [ 100000 | [ 100000 | [ 100000 |
Offset (A) [ 000ssso | [ 0.000000 [ 0.000000 [ 0.000000 [ 0.000000 [ 0.000000 | [ o.0oro00 | [ 0000000 | [ 0.000000 [ 0000000 | [ 0000000 | [ 0.000000
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SnapshotADC Data

U Snapshot occurs for different trigger conditions

Snap Shot State Diagram

o / - T
I\_ Power Up le [ scan D;a\.ll Scan Data ,"/5,;;,, Dat\

into | [ into Global |

| into Glitch
i Bu'rfe[ ! |mmedlate uﬂer
Buffer
Initialization — - -
Load Program
Load Calibrations

Load Trigger fGIut-:h h“'- I’f Data ¢~ Fault "\ ¢ Data Jmme:lla Data ﬁ"\ r’rmqu Data
Conditions '-M_Trlgger__’,-' \HTrani.fer \

rlggerd_‘,f .\\h rramfgr_/; ,\_ Trlggerja' Trans.fer T;nggr ransfer 1
Scan Input Data - —-q\'
& Glitch FEUH Immediate Global
snapshot [ Buffer | Buffer {  Buffer Buffer

Detection | Readyto | Readyto | | Readyto Ready to

Process Transfer to | Transferto | Tr
ansfertu ransf&rm
\"I/ \\_ 'y \ loc. 10C

-\.

U The approach in the FPGA for the snapshot data taken at a 10kHz acquisition rate is as follows:

CAl Ves Check ,| Timeout: stop snapshot
Etl)a(t:gri%slt(llt_:l Snapshot / Timer Else: Write to DDR DDR Area
Data trigger ? No for one
Write to Snapshot
DDR

= BERKELEY LAB \'O\ ALS-U ALSU Project | 7th POCPA Workshop | June 01 2(123



DACSetpoint Mode: Fast Orbit Feedback

U FOFB Full System Response times

ek Prevu

DAC Voltagec s Start of cell controller Tx to start of DAC step: ~12 us

Time of DAC step: ~10 us

End of DAC step to start of current response: ~10 us
From start of current to commanded current: ~184 us
From cell controller Tx to commanded current: ~216 us

PS output
current

X X X X X

FOFB Tx packe
h FOFB Rx packe

} : ] } l X Pink: DAC Voltage
o : ; ; ' | | X Blue: Bipolar Supply Output Current
A e D A < Yellow: FOFB Tx packet from mock cell controller
C T e )] f.“?t‘j., 000048 ||$33E'f,f,ﬁ,,t5:] B < Green: FOFB Rx packet from PSC back to cell controller

i BERKELEY LAB ‘ \& ‘ﬁ ALS-U ALSU Project | 7th POCPA Workshop | June 01 2#23



Bipolar Power Supply Design

Designed irfhouse and manufactured as build to print (BTP).

Power converter is the power part of the overall BTP bipolar power supply.
Power converters are voltage mode converters. PSC and DCCTs provide ¢
regulation.

Designed for the needs of ALK packing density, remote diagnostic capabili
Modular component designs to accommodate range of power supply type:

Type VIl Chassis Name Power/Channel Location Chassis
2 Channel Fast 18V/24A BPC2CHF18\24A 432 W AR 1U
2 Channel Slow 18VI24A BPC2CHS 18\t 24A 432 W AR 1U
4 Channel Slow 18V/10A BPGACHS18\V10A 180 W SR/AR 1U
2 Channel Slow 16V/35A BPC2CHS16\\35A 560 W SR 1U
1 Channel Fast 16V/70A BPCLCHF16\A70A 1120 W SR 1U
1 Channel Slow 18V/90A BPCLCHS 18\ 90A 1620 W BTS 2U
1 Channel Slow| 16V/200A BPC1CHS16\+200A 3200 W SR 2U
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Power Converter Basic DesigrSingle Channel

— Filter
TRVAT Power Amplifier Board goar
PWM Regulator Board Isolated 15 M 2 interleavable kbridges
C I ' IIsolated J Jlfl _—
— [ T
REGoug > Voltage‘ > SUE: PWM ;l—- » Gate —24 ' 1 :
Control Control : T D T —
T — Drive | i i ‘ T
Low gain controller
PSC |/F— for each hakbridge * FAN Sir:?
Vout | «—<< |
24V to T
Vcap <_< \F/ Isolated+15 V I ALiZI- g/l\ Conﬁgurable
lgnd] 3 =1 Modular DC Power
- Supply (COTYS)

oN2ecmd b———3J][ [ Controller Board 2 T

ON1l1cmd . Al Al PWM DG 1-Wire 5V/1A Stdby Pwr |
RESETcm | Digital Atmega I2C - Chassilp

ONSstq <« <#>DIO MODx E Rear

FAULTsts | <} 'solators 2560 alet SD carc [ - Panel
Heartbeat | « SP— : Ethernet~| g

SFP Poft« .
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lout

4 ms/div Vout:

tyf

M- X a 40 ps/div
tFf ~vMmfx& Dhn 11 +——

(@ 1.00v & 250V Qb ][4.00ms ][ZSOKS/S ] o -5 4
value Mean in ax Std Dev ] m+v11.9600ms 10k points

(@ 1.00vV & 250V Oy ][40.0;49 J[zs.or\nsrs
value Mean Min M Std Dey | MY 119.600Us 10k points

1 un
10:16:

A Fast Inner VOItage |Oop for dlsturbance @D Rise Time  11.094s  Low signal amplitude
rejection. |
Outer current loop can achievg ;= 3 kHz.
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Different PS Version with Single Power Amplifier board Design

Version 2:4-Channel 16¥10 Amp (Slow)

Version 1: iChannel 16V-70 Amp

I Vinl— PID | PWM | —
PWM | — )
Vinl——{ PID VinZ—+ PID PWM
PWM a 4HAL [T ! i
4 HALL D SEMSORS L
SENSORS
MoD2 D
CBUS |BRIDGE| LPF Woutl
woor [ ] BRIDGE woot [ ] ] °
wooz [ ] ] DC BUS LPF Vout 24 v/ PS (300 W) DC BUS |BRIDGE| LPF Vout2
| BRIDGE |
24V PS (1000 W) 1.9 AC 24 W PS (300 W)
1-O > AC CONTROLLER 208VAC | 24VPS (300W) |— l—
CONTROLLER 208 VAC L
24V PS (1000 W) 24V PS (300 W) DC BUS |BRIDGE| LPF Vout3
BRIDGE 4 slot frame, with four 1 slot modules—|
DC BUS |BRIDGE LPF
& slot frame, with two 3-slot modules—l DCBUS LPF Moo I: Voutd
MOD3 D BRIDGE MOD3 I:
MOoDa D 4 HALL [
4 HALL SEMSORS L] J
sensoRs L a vina3— PID [ Pwm
oID PWM . Vind— PID | PWM [—
ram = Customized T
A Optimized
l -
] Flexible
Vinl—s{ PID
PWM A 24V PS (1000 W) DC BUS | BRIDGE
AHALL 1 —I o s Ac LPF Vout
SENSORS —— 24/ PS (1000 W) DC BUS | BRIDGE
MOD1
MOD2 E BRIDGE AC kil || DC BUS BR\‘DGE
— DCBUS LPF L Voutl 2avrs ooow) | —
i BRIDGE :Z:: H | DC BUS | BRIDGE v
10— 24VPS (500 W) woos [ ] 24V Ps(1000W) [ t ]
AC i
CONTROLLER 208 VAC AC woos [] 24V PS (1000 W) DC BUS |BRIDGE
24V PS (500 W) p . LPF
BRIDGE CONTROLLER 6 slot frames, with two 3-slot modules bC BUS | BRIDGE
4 slot frame, with four 1 slot modules—l — DCBUS LPF —— Vout2 ‘ ‘ T |
PWM
MoD3 E BRIDGE - vin il
MOD4 E SENSORS
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Different Model of the Bipolar Power Converters

BPC2CH18\-10A

Power Amplifier Board
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PWM Board
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Controller Board
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Booster Bend Power Supply



Existing Power Supply Specification

Existing Booster Bend PS

Existing Booster Bend Power supply is currently in operation at ALS.

Following are specification :

A Input: 480 VAC, 3 Phase, 60 Hz, Power: 464 KVA

Peak DC Voltage: 1800 V, DC Current: 400 A Continuous, Peak Current: 1050 Amp
Load Current Tracking Error: 0.2% during Rise/fall, Slew rate: 1312 A/sec

Output Voltage Ripple (FRK) : <1 % ( DC to 720 Hz)

o o Io P>

The current waveform is a single approximate triangle waveform with a 0.714 sec
(1.4 Hz) period (Trise+Tfall) and the cycle time of waveform is 1.4 Sec (0.7 Hz) period
(Trise + Tfall+ Zero Period).

Booster Bend Dipole Magnet Waveform of Existing Booster Bend PS
- AC Current

& 7.32v

Fadomy |G Output Current
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200457674586
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P DD B e o
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Function Mode units Units
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Replacement of Existing Booster Bend Power Supp

A Necessity of Replacement
New Booster Bend Power Supply require to achieve 2.0 GeV fdd ALS
And Existing Booster Bend Power Supply current rating is not enough to achieve 1
2.0 GeV Energy level.(Existing booster bend power supply maximum current ratin
1050 Amp and 1080 Amp is required for 2.0 GeV)
Some of the component of existing booster bend power supply will be end of life
period at 2024.

Existing booster bend power supply is very difficult for operation and maintenance

21 %107 M d Transfer Fi ion, scaled to Energy/Current [GeV/A]
A T T T T T T T T T T
X
2,05 | SRR N
< 2?2
% 195 ALS Booster Bend Current Waveforms
o 1200 [current setpaint [/
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Booster Bend Power Supply Specification

Each PS Input Voltage Rated 3-Phase, 480V AC, 60 Hz, 3C+PE
Each PS Input Current rated 304 Amp AC @ 480V
Each PS Output Voltage & Current 1100 Volt DC (Pulse) & 1200 Amp DC (pulse
No of Power Supply in series 2
Total Output Voltage & Current of the system 2200 Volt, 1200 Amp
Pulse Duration for PS 1 Second
(2}
Total Capacitance per PS 1.4F(Total640 Capacitoper PS) o
_§ :
Booster Bend Power Supply Control Interface g
Booster Bend Power Converter A P
BE0115 A
A A A
i ? Ignd
¥ Y v § .
[hime )| e oy H
A - Magnet
| 14V Sensor 64 CH PSC 2 2 L
Chassis (Monitoring) !
v v v
B+
Booster Bend Power Converter B
BE0116 &
PS will be delivered next month

"
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New Booster Bend P&125 A Limit on Capacitor Bank Charging

C
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New Booster Bend P&125 A Limit on Capacitor Bank Charging
Currentc¢ Expanded View

3.000K ALS-U Proposed New Booster Bend simple dib -4 power converters.cir 2 Run=1..2
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Booster Bend Power Supply

AC Input & Transformer Cabinet Rectifier Charger Cabinet  Capacitor Bank Cabinet Switch-Mode Interleaved
H Bridge
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Booster Bend Power Supply
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Conclusion



Conclusion

A A large number of power suppliesmeansthat reliability and availability are critical. Therefore,the ALSU
designincorporatesnumerousmonitoring and diagnosticfeatures

A TheupgradedALSwill occupythe samefacility asthe current ALS utilizing the existingALSinfrastructure
Consequentlyspacepresentsa significantchallenge emphasizinghe importanceof modularityand compact
designfor the power supplycomponents

A Thedesigntakesinto considerationfactorssuchaseasyassemblyand installation Theteam hassuccessfully
developeda highlycompactdesignto accommodatehe limited spaceavailableat ALSU.

A Prototypes testing confirm the overall performance for the different power supply configurations The
stability requirementswill be met with planedchangedo the PowerSupplyControllerdesign

A ALSU Teamcompletedfinal designmilestone last year, Teamis working on procurements,prototype rack
testing, and production The supply chainissuehad a significantimpact on sourcingelectrical & electrical
componentsfor the ALSU project

A Overall,the ALSU power supply subsystemhas successfullyovercome numerous challengesso far. The
compact,modular designand monitoring and diagnosticfeaturesare the cornerstonesof the ALSU power
supplydesign

BERKELEY LAB §§§ ALS-U ALSU Project | 7th POCPA Workshop | June 01 2({23



