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KEK
SLAC

Power Supply Requirements

I nMagnet Power System Data 1 Cable Data | [ Power Supply Data |
| Magnet - Values Based on Standardizing | Cable - Based on Standardizing | +10% | | DC Rating and Other Data
e a = = @ g
g g _88 _g s =, EE3 E2g g .= % £ E =
T s PEppf:PiefppBlE cx3, S EF EEss oz E 0§ iE
= o %E. = =c>§ aﬁg S 2= ﬁggw oE 2 g€s n:g E: Sg E E E mg
Guscrupde 1 IHEP | Estradion 1499 1853 1360 1500 ERE #40 20T 006250 00 & 0s 30 1s0 4.5 0.6
Quscrupoe 2 IHEP  Estradion 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Quscrupoe 3 IHEP  Estracion 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Quscrupoe 4 IHEP  Estracion 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Qusdrupde S IHEP  Estracion 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Quscdrupoe & IHEP  Estradion 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Quscrupoe T IHEP  Estracion 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Qusdrupoe S IHEP  Estracion 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
QMG IHEFP  Matching 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Q1S IHEFP  Matching 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Qb1 4 IHEFP  Matching 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
QP13 IHEFP  Matching 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
Qb1 2 IHEFP  Matching 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
@11 IHEFP  Matching 1499 1853 1360 1500 0.1 #40 T 0D.O06ZS0 00 & 0s 30 1s0 4.5 0.6
QD10 IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
Qoo IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
OF W IHEFP  Firal Focus s.01 551 ass =00 01 #2  =C 020100 00 & 03 = =0 1.5 0.
QF o IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
QDS IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
QFT IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
QD6 IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
oFs IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
oF s IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
QD4 IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
QD IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
QDze IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
SF3 IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
QD2 IHEF Firal Focus s.01 551 455 =00 0.1 #2  2C 020100 600 & 03 = =0 1.5 0.1
aF1 FETE Firal Foous 4.55 s &0 g9 =00 fa¥erd #40 T 0D.O06ZS0 00 3 0z 30 100 3.0 0.1
Q0o FETE Firal Foous 5.95 9.0 1278 1400 fa¥erd #40 T 0D.O06ZS0 00 s oz 30 1s0 4.5 0.4
Bs FEPIl Firal Focus s.50 635 180  17ED0 0.0 #40 T 0D.O06ZS0 00 7 1z 30 200 6.0 0.4
Ez FEPIl Firal Focus s.50 635 180  17ED0 0.0 #40 T 0D.O06ZS0 00 7 1z 30 200 6.0 0.4
En FEPIl Firal Focus s.50 635 180  17ED0 0.0 #40 T 0D.O06ZS0 00 7 1z 30 200 6.0 0.4
SFE SLAC  Firal Foous 10.00 1150 a0 5.0 025 #2  2C 020100 600 & 03 = =0 1.5 0.1
SFs SLAC  Firal Foous 10.00 1150 a0 5.0 025 #2  2C 020100 600 & 03 = =0 1.5 0.1
S04 SLAC  Firal Foous 10.00 1150 a0 5.0 025 #2  2C 020100 600 & 03 = =0 1.5 0.1
=F1 SLAC  Firal Foous 10.00 1150 a0 5.0 025 #2  2C 020100 600 & 03 = =0 1.5 0.1
sD0 SLAC  Firal Foous 10.00 1150 a0 5.0 025 #2  2C 020100 600 & 03 = =0 1.5 0.1
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Power Supply Requirements

 Generally, ATF2 Magnets require:
—upto30V
—50to 200 A
— Up to 10 ppm stability

34 ATF2 Meeting, KEK
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Power Supply Controller

« SLAC Ethernet Power Supply Controller

— Provides precision current regulation using a
precision current transductor and an external
analog current feedback loop

— 20-Dbit effective resolution for analog reference
voltage (1 ppm accuracy measured)

— 2 ppm/°C current stability

— Continuous calibration

— Interlocks for magnet protection
— Analog readbacks

34 ATF2 Meeting, KEK
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SLAC
Power Supply Controller
e Control Loop
. Ro — Classic Pl
¥ L, controller
FONER — Size R, and C, for
a critically
- damped system
RC=% and bandwidth f,
_K _ KerKps openloopgan
s R, R C,
Ver 1 K =2xf, closed loop transfer function
IREF 7+1
C. = KerKps — L,

‘ 2nf Ry Ry i R,C,
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Power Supply Controller

- « Daughter Board

— Removable

— Contains Magnet-
specific components
« Pl controller circuit

» Burden resistors for
DCCT

« EEprom to store IP
address and
conversion constants

R24 RI2

RI3 R25
"}DC-340-260-02-ﬁT
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@D
Power Supply Controller

 ———  Local Control Board

— Operate the power
| supply locally

— Access to diagnostic
Information

— A new Local Control
Board Is under
development

34 ATF2 Meeting, KEK
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Power Supply Controller
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 New Control Board
— Half the size
— More robust
— All the same controls

« Under Development

— May be ready for
ATF2

34 ATF2 Meeting, KEK
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Power Supply Topology

 Power Module Blocks
— Use 30V, 50A blocks to construct power supplies
— Simple Buck Regulator Topology

— Add one extra power module for N+1 redundancy
to increase availability

— High Avallability is an absolute requirement for
success in the ILC

 Bulk Power Supply
— Use off-the-shelf power supplies
— Provide 40V regulated DC to Power Modules
— One Bulk for several Power Supplies

34 ATF2 Meeting, KEK
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Power Supply Topology

 Power Supply Specifications
— 30V, 50A Power Modules (Buck Regulators)
— Common Crate for different configurations
— Common Interface board to Controller
— Analog and Digital readbacks/controls
— N+1 redundancy
— Automatic Current Sharing
— Air-cooled rated for 50°C
— Ground Current Detection

34 ATF2 Meeting, KEK
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Power System Diagram
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Power System Diagrams

SLAC

Front View Front View
@ 22 2 2 oe 2] ) oe @ 2
QO status O Status O status O Status O Status QO Status O Status O status O Status
O O O
O O O
?e 2] ) ?e [2)
Top View Top View
Input
Output Input Output 48\/ Output
30V 200A 40V 170A 30V 50A 85A 30V 50A
Controller Controller Controller
BCCT DCCT DCCT
GND | Sense GND | Sense GND | Sense
- Interface Board Interface: Interface:
Clock, Phase Shifting, Fault Reporting, Clock, Phase Clock, Phase
Turn On Signal, Ground Current, PS Common Mode Shifting, Fault Shifting, Fault Common Mode

Common Mode Voltage Output Filter Reporting, Turn On Reporting, Tumn On Output Filter

Output Filter Signal, Ground Signal, Ground

Current, RS Voitage Current, RS Voitage
Backplane Backplane
Module 1 Module 2 Module 3 Module 4 Module 5 Module 1 Module 2 Module 1 Module 2
u o J T J T J T J T J] u u [ J T J T J T J T

Crate with 5 Modules

34 ATF2 Meeting, KEK
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Vendor Proposals

« OCEM (ltaly):

— Current mode control loop
— Cost:

 |[EPower (Canada):

— Voltage mode control loop
— Cost:

o Vektrex (USA)
— DSP voltage control loop with 24-bit ADCs
— Cost:

34 ATF2 Meeting, KEK
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Awarded Vendor
e OCEM

* Prices per power supply
— Dual 50A:
— 150A:
— 200A:

* Prices per spare part
— Power Module:
— Crate (Single 100-200A):
— Crate (Dual 50A):
— (Crate includes interface board)

34 ATF2 Meeting, KEK
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diDm T SLAC
OCEM Proposal

-1

SLOPE INDUCTOR
COMPENSATION ! P el
gl e

Current Mode Controlled Buck Regulator
with Slope Compensation

34 ATF2 Meeting, KEK
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Power Supplies
used at Diamond

18-20 December 2006

Power Supplies proposed for ATF2
(from OCEM'’s proposal)

34 ATF2 Meeting, KEK
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| T .

OCEM Proposal

Power dule used in

: _ Power Module proposed for ATF2
Diamond Power Supplies

(from OCEM'’s proposal)

34 ATF2 Meeting, KEK
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Interface board
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@ATP

Vendor Schedule

OCEM Acquisition Corporation d.b. as Multi Electric Mfg.: time schedule SLAC Power Supply

D Nome attivita ‘ Durata ‘ Inizio | Fine [ novembr | dicembre| gennaio | febbraio[marzo  [aprile [ maggio | giugn
I o e RN L ,,,,, _ [FIVIMTFTTIMIF] I TMIF T TMTF] | JM.L.F...LIJ.M__E LIMIE]1 M
2 SLAC - 50A 30V Power Supply 131g lun 30/10/06 lun 30/04/07
=3 Placing of the order 1g lun30/10/06  lun 30/10/06
4 |4 Kick off 1g  lun30/10/06  lun30/10/06
— 85 | Main Design 50g mar 31/10/06  lun 08/01/07
6 Power Module Design 159 mar31/10/06  lun20/11/06
o 7 Software uC and Diagnostic 10g  mar 21/11/06 lun 04/12/06
8 Software test 10g  mar 05/12/06 lun 18/12/06
g Interface Board design 12g mar21/11/06  mer 06/12/06
10 200A Crate and Backplane 129 gio 07/12/06  ven 22/12/06
11 DUAL 50A Crate and Backplana 10g lun 25/12/06 ven 05/01/07
12 Final Design Report milestone 0g ven 05/01/07 ven 05/01/07
13 Final Design Presentation 19 lun 08/01/07 lun 08/01/07
14 Material Procurement 80g mar 21/11/06 lun 12/03/07
TEE Main Material Procurement 3mes mar21/11/06 lun 12/02/07
16 Completion of Material Procurement 1 mes mar 13/02/07 lun 12/03/07
17 Manufacture 83g gio 07/12/06 lun 02/04/07
18 Prototypes Manutacturing 40g  gio07/12/06  mer 31/01/07
19 Manufacturing 35g  mar 13/02/07 lun 02/04/07
20 Factory Test 58g  gio01/02/07  lun 23/04/07
21 Prototype testing (Functional, EMC, Vibration,..) 20g g0 01/02/07  mer 28/02/07
22 Factory Testing 30g mar 13/03/07 lun 23/04/07
23 Delivery 5g  mar24/04/07 lun 30/04/07
24 Delivery of the Power Supplies to SLAC 59  mar 24/04/07 lun 30/04/07
= i S —e o R R e
Attivita TR Cardine & Attivita esterne
B::g?g;:; ?gﬁ;{%‘r&edule BNLPov | pivisione i ieiteriers,  Riepilogo P—— cauineesterno @
Avanzamento IS Riepilogo progetto {PEEeESNNgY  Scadenza JL

18-20 December 2006
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——

SLAC Schedule — Delivery

2008 2007
Jan |Feb |Mar |Apr |May |Jun |Ju£ |Aug |Ssp |C-‘ct |Nov |Dsc Jan |Feb |Mar |Apr |May |Jun |Ju£ |Aug |Sep |G‘ct |Nov |Der:

ol MNawnre

1 Start

2 Magnet lisi updaie

3 Module and craie specification

F2T

4 Conireller interface sp ecification

5 Transducior sp ecifications

6 Rack Specification

T Bulk PS5 Specifications

8 System design review

o Module/crate p urchase/hench tesi

10 Controller hardware design/fab /test

11 System wiring diagrams

12 Transductor - purchase/test
731

132 Bulk PS5 - purchaseftest

14 PLC - purchase/test

15 |Racks - purchaseftest

16 Fans - purchase/test

17 Cahle fahrication

18 PLC software

12 Assemble systems

20 |Test/Package/Test Reporis

21 End

34 ATF2 Meeting, KEK
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arpms

KEK

Schedule - Commissioning

Ensure datahase update

Test sysiems

End

~
12724

A
1231

174

4 whs

ID | Task Name Nevember 2007 December 2007 January 2008 February 2008 March 2008
2 St
2 Deliver and Secure Racks
123 1221

3 Training

12724
4 Terminate DC cables

12724 74
5 Terminate control cables

12724 HiH
[ Terminate AC cables

18-20 December 2006
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Schedule

e Immediate tasks:

— Purchase:
e Bulk Power Supplies
 Racks
« PLC
— Drawings:
 Electrical Interconnects within Racks
« Rack Layout

34 ATF2 Meeting, KEK
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SLAC

Schedule

e Information for KEK Tasks:

— DC Cable sizes:
e 2 AWG for 50A Power Suppy (=40 mm?)
e 4/0 AWG for all others (~140 mm?)

 Cables are oversized to reduce cable loss and bulk
power supply size

— AC Service
« 400 VAC, 3 Phase, 100A, 6 total
e 100 VAC, 1 Phase, 20A, 9 total

e ltems Needed from KEK:

— ATF2 Commissioning Schedule
« Magnets; AC, DC, and control cables

— Best time to commission Power Supplies

34 ATF2 Meeting, KEK
18-20 December 2006 ATF2 Power Supplies 26



KEK

iﬂ s
SLAC
" nge =
Responsiblilities
Power supply system Responsibility
Controllers SLAC
Bulk Power Supplies SLAC
Power Supplies (Power Modules) SLAC
Cooling Fans SLAC
Racks SLAC
Intrarack cables SLAC
Controller Software SLAC
System Software KEK
Performance Test SLAC
Cables
Input AC cables KEK
DC cables to magnets KEK
DC cable raceway system KEK
Ethernet Cables to Controllers KEK
Magnet Interlock Cables to Controllers KEK
Installation
Wiring and Layout Diagrams SLAC
Training SLAC
Cable Termination SLAC
Testing System SLAC

34 ATF2 Meeting, KEK
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KEK
SLAC

Conclusion

* Ethernet Power Supply Controller
 N+1 High Availability Power Supplies
 Awarded Vendor: OCEM

 Ready to deliver by: Dec 2007
 Ready to commission by: Feb 2008

* Responsibilities

« Comments or Questions?

34 ATF2 Meeting, KEK
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