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Magnet Power Supplies
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b) Bucking Coil

Martin Berndt (Engineer) April 1, 1999
Berndt@slac.stanford.edu ‘

650-926-2253 (W)

650-365-7478 (H)




Cryostat with - . ; e

i - 8 H }
. . P - T ‘l I

Superconducting Solenoid Coil | ; (- - e s comso o2
- , e S e s

| e WG S i 2

| oeme mvr swrE> ———\ \\ h . . . H 1 :
. i i D : 1R H 0
i =] 1IN == {lillizn=e=s -

n‘_ 9 2% ot THR FLATIS Al

12 o X AT .

+ 32 wn TYX FLATIS
P i35 M THX PTATT -
-——l | —— 2 R
*® 1 b
' L - g T _
; 6;1

. . ; - P - o= e .
Bucking C{xl ! —_ ij‘ I=e=] [ -
- FRCONT ELEVRTICN S'(J -
SZCTION A-= R
> T =

Side view of BaBar, looking East (Out from center of PEPII Ring)



—
Rack B620-12

Solenoid DC cable connections T a) Transductor Chassis
(chimney). \ \K) DC Breaker Safety Panel

i

S Dump Resistor
A & DC Breaker

Rir4

AY

To magnet \

To power supply

West end view of BaBar (Backward), with Magnet Doors open.
DIRC side of magnet.
e- beam goes into this side, e+ beam comes out.



BaBar Superconducting Solenoid Specification

2-layer coil 1067 turns total (531 + 536 turns)
Wound inside a 35 mm thick aluminum liquid helium cooled cylinder

Coil ID: 3.02m Cryostat ID:  2.84 m
CoilOD:  3.10m Cryostat OD:  3.54m
Coil length: 3.51 m Cryostat length: 3.85 m
Conductor wound on end (large dimension along radius)

Conductor: Niobium-Titanium in an aluminum matrix
5.33 mm x 20.4 mm near the ends of each layer
8.89 mm x 20.4 mm in the center region of each layer

Inductance (coil inside the iron) L = 2.58 Henry

Dump Resistor (air cooled) Rd = 0.068 Ohm

Maximum current (acceptance test) Id = 4811 Amperes

Nominal current (operating value) In = 4600 Amperes

Magnetic field at coil center (~) Bc= 1.5 Tesla

Stored energy at 4600 Amperes W = 27.3 Megaloules

Maximum charging rate (normally acceptable) Max di/dt = 2.5 A/sec = 150 A/min
L di/dt at 2.5 A/sec V(di/dt) = 6.45 Vol
Power supply to magnet cable resistance Re = 1.25 milliohms
Cable IR at 4600 Amperes IxRe = 5.75 Volts
Discharge Time Constant with Dump Td = 38sec

Discharge Time Constant with PS connected Tps = 2064 sec = 34.4 minutes
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Two power supplies:

Superconducting Solenoid 4800 Amperes
Bucking Coil for DIRC 300 Amperes @ 90 Volts

Principal features:

Both power supplies use 480VAC input power.

Both power supplies are controlled via PEPII BitBus Power Supply Controllers.
Interlocks for equipment and personnel protection are hardwired.

Both power supplies are upstairs in Building 625.

Both BitBus PS Controllers upstairs, Rack 11 in Building 625.

Red rotating beacons in IR2 turn on when either power supply is on.

Solenoid:

‘ a) Ramp time to 4800 Amperes is about 30 minutes.

b) Dump Resistor is permanently connected across coil.
Discharge Time Constant through Dump Resistor is 38 seconds.

¢) Ansaldo Control System protects magnet and controls DC Breaker.

d) DC Circuit breaker disconnects power supply from megnet.
Opening Breaker produces Fast Dump.
Magnet protected by DC Breaker, if PS fails.

e) “Emergency off” buttons in various locations in IR2 will open DC breaker
and discharge magnet through Dump Resistor.

e) When PS contactor is opened and the DC Breaker is rot opened,
magnet current decays through power supply diodes.
It takes about 2 hours to reach zero Amperes.

f) Two current monitors are used:
“Magnet Only”, used by BitBus controller to regulate the current.
“Power Supply”, i.e. Magnet plus Dump Resistor.

Bucking Coil:

a) Coil is water cooled.
b) PS has a reversing switch to “degauss” the chamber.
' ¢) Two current monitors are used, ahead and after the reversing switch.



Manufacturer

Maximum rating:

Input power:

Rectifier Transformers:

Rectifier:
Freewheeling Diodes:
Filter:

Cooling:

Solenoid Power Supply Specifications

Dynapower

40 VoltsDC, 8000 Amperes, 320 KW
Reconnectable transformer primary for 10, 20 or 40 Volts DC output
(20 Volt connection used for BaBar)

480 Volts AC, 3 phase for power
120 Volts AC, 1 phase for controls

Two transformers, one Delta primary, one Wye primary
6 phase star connected secondary windings

Two 6-phase SCR stars, connected in parallel through an interphase transformer
&

¥ in parallel, at input to filter

L (iron core) and C (electrolytic bank)

Water (LCW, about 6 GPM)
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BaBar Solenoid

External Power Supply Interlocks

Connected directly into the Power Supply:

3 Power Supply LCW Flow Switch in Building 625.

External Interlocks #1

Cable #RP28157

J4 DC Cable LCW Flow Switch in IR Hall West wall.

External Interlock #2

Cable #RP28161

J6 Ground Switch on Dump Resistor in IR Hall.
Switch is opened to check magnet insulation resistance.
Switch must be closed (magnet grounded) to run.

External Interlock #3

Cable #xxxx

J2 Remote OFF push button in Building 624 (Cryogenic Controls).

- External Interlock #4 Cable RP 28156 and
Trunk Line RP28135
35 Interlock to insure Magnet Doors are closed and Magnet Plugs are inserted.

This interlock bypasses PLC300 and acts directly on Main Contactor.

Cable #xxxx

Connected intoc Power Supply Controller Chassis 340-260

Mag Fault 0 DC Breaker open

Mag Fauit 1 Interlocks from Cryogenic Control System

Mag Fault 2 Ramp Down

{Note: Since SCP conmols do not provide for a “Ramp Down” Subroutine,
this cornmand from the magnet protection system will turn off the power supply
instead of ramping down the current.

Mag Fault 3 Not used

Regulating Transductor (J1)

Auxiliary Transductor (J2)

“Magnet only” current transductor installed inside Dump Resistor Box,
with Transductor Driver chassis in Rack 12 on top of magnet

Interlock bypassed with jumper in plug J2.

The Auxiliary transductor is the transductor inside the power supply.
This transductor measures the power supply current (magnet + dump).
The interlock from this Transductor is part of the internal power supply
interlock system controlled by the power supply PLC500






—_—

HULTIBUS (RATE
BITRUS MASTER

i
!
Diirsus qepparsq < RAMP (stort Remp) [ Gloid
: w5 -26) ABORT (H-l4}) (o\n.ﬁ\nls
: le——— RESET
| Bi2S ~TSP | e
137 -

BIT 245 Serial Li-k
DB 25 C{onnrefor
Pixs

I -
' ,2,910,¢ Iiv ¢ GUD
| in Tala
21TEVS SRAVE )
A T8
1
| L e
Ts? i,J 5,8 lamp {8t Reep)
P fu.l
! 6 feart (Wl &onp)
BerS-d1caL-3 |

3,05 Reset

Coper (147 Rums

e : . %
37 i i:‘ ; ‘_I Start “‘-f Y ;
i 1E i : :
i It i
| ;
Pivs for ’ - s
“”t‘&ﬂ:;gt Tutrizcrs )\ Ciace :
D j % SIS 3 Comnte T ;
BTt cavE !’-9? I :) ; j:mj ! \L Tpis |
—_— 2y InmEe L L be: o , e
3) REMP LyeW L H ~%2t
i | :
$ i
—
: T
;362% ,\ L Tarnlack |
iVME o [ Melvie |
“Cralt IO mmenk
: IKA(kI - "LI' - S .
: " - s
D I
SITE R wLhvE Swer :S::g b,r .
h i H Ranp . H
PRVINING 1L T
. T +
Ps (3nTROLLER ‘,— i Rooms
22r-242 - ]
i Contrel
BeLE-Titunty ; CONTRIL SNALY | ontre
i FROM Angrido Stort fam Siganks
0o . MRAGN ET FROTETION Sap ‘\hr ' from
TERM|NATOR AND  CrYs (ONTRsy sep
| sYSTE ’1 ‘ﬁl'\l’.ﬁ}
M D) DC ERIagEn ;

1) TNTERLILKS
3) RAMP SauN '
Be2s B62Yy #)Rane stor (How) i




{ Curreat ge‘f’{)aw} (!'AMF) fepq SCP BaBar Pama[ (LGP§~1)

0-Uino A

LI

~Ts

Simplified BaBar Solenoid and Power Supply Circuit

L = 2.58 Henries Superconducting Solenoid inductance
Rd = 68 milliohms Dump Resistor {air cooled)

Re = 125 milliohms DC cable resistance

Si DC Breaker (2-pole) for Solenoid Dump

52 Fictitious switch to simulfate “turning power supply off”.
Dfw  Freewheeling Diodes

in Current in Solenoid

ird Current i3 Durap Resistor

ips Current from power supply

Vsol  Voltage across Solenoid terminals
Vps Power supply terminal voltage

In normal operation:

a)
b)
©)

d)
e)
f

Power supply is in V mode (voltage regulated).

Power supply Transductor is not in control loop.

Magnet Transductor is in control loop,

and is used for both current feedback and magnet current measurement.
S1 and S2 are closed for normal operation.

S1 (DC Breaker) is opened to initiate a “Fast Dump”.

Opening S2 starts a slow current decay,

(approximately exponential decay, with 34 minute time constant)



3> Is {{‘r__s s Cowclaat . 5& chanae éxfambdm l 4
: "I (
With Consiant  Gista 0 L/
N e Cemiiaud 2{'/ A Vi R

<) A e s teere iy & current  in tha
(fomee 5“(’?%3 the Pes oS Vo lay <

£qw }Ce Contis Ha{ La+W€ev\
- 0,7 Vi C =w Doade Yo Hz«ge\)

aw A

+ 20,0 Voll (Vla\x F,s, oth(?u+ )



4606 A Corrent

—_— Mz ne’

4
i
—_— -~ pwtr svp{m‘/

T ‘2 ,2\/ PO wer S\) }\_, \/; “T_’&,; Y

Powp R w4400 A Current
——— V"\EL? M_c,#

——— Foue(‘ Su”‘: ,7




4600 A _.t(sea ' Maﬁncf‘ cur’feq“-

(= 4Co0e 28
/

S

4
T

0 33 sec X
e M&gmc.%— e face
- N
:/'-
-3y "
]
r dAgsn R Vs, corrent
!
N T0v  p : .
{\ V.5, Fulder fa[;aa?cr VaHu;e
AN whtn DL Breaker i vs. VaH"Me_
S35y ? -

Y S?év\%&{

&> D¢ Breé\kcr DPenQL @ 4600 A .
¥s (ov\*l'a\(,(’cfr OPI.‘N!G& ! er same L‘me.

b) PS Filter C&Pﬁ;f!ﬁﬁf Avscharg es ‘Tl\raoak perwmmcu”fj
l !

CO"“-?\."C«%{'C& Loo S E\ﬁeie"‘ Wl“’\ 25 Se¢  Tiwme (_3'},5’,"431‘—

¢) There 15 considera ble l%vbd{ helivm ooil -ofF
ﬂ\’\,& rCCOVefy V‘c cryo 5‘154‘&}»\ W\Qj *‘Q!(Q -2 L\o\)rg\

Qalennid Maonet Fact Diimn/Miccharoce (Maonet Onanch)

L



_I(mim)
4600A  (=25l0Q %t =566

M 44 wet currewnt

+o fl fz mmﬂe\

P.S CUYTQ'/‘\%

P'S ' "VO HK%Q

Y, _ 0% contactor opens

t = DC Breaker bpens @ 4.4 MIA wl\tv\ magnet current ke
veached an 4ccep\LaHe low limir (580 4o 2000 A \) .
ty ﬂprw;{w\a‘\fe time bae turrent b oresch  zer

WD laresker 15 ot spened  (~v 76 'Mt'v\>

- Solenoid Magnet Slow Discharge, followed by a Fast Dump
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Solenoid Magnet Slow Discharge, rate limited



