BOOSTER DUAL RESONANCE

 First look at a possible solution for a dual
resonant modification to the existing
Booster.

* The purpose 1s to decrease the maximum
di/dt in booster magnets and thus free up
additional RF capability.

* (Goal 1s to keep present magnets, chokes,
and capacitors.

* Add additional components as necessary
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Mathcad program for calculating component values:

Calculations For A Dual Resonant Booster
DAW 4/5/03

The magnet inductance (H):
The main capacitor bank (F):

Let al to the ratio of at inductance: ol Lch = o Lm

The Main Choke Inductance:

Let qual to the ratio of the ] e B Lres = u-Lm
Znd Harmonic Choke Inductance: 1ies

From the

1st Resonance; ; 2nd Resonance;
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Mathcad program for investigating component sensitivity:

ADMITTANCE PLOT OF DUAL RESONANT BOOSTER  daw 7/29/03

THE MAGNET:

THE MAIN CHOKE:  Emckl :

Lmckl = 0.015

THE 2ND HARMONIC CHOKE: Emhml = 0 Rmbm = 0.010 Rmhm?2 = 12

Lmhm1 = 0. ) Lmhm?2 = 0.

THE MAIN CAP BANK:

THE 2nd HARMONIC CAP BANK:

Aamp(f)




Mathcad program for calculating the 15 Hz amplitude given required
peak current and the relative amplitude of the 2"¢ harmonic

The following analysis relates to a DUAL RESONANT booster

The purpose is to calculate the required amplitude of the first

resonance given the peak current and the relative amplitude of the second
resonance.

The required peak currentis.  Tampk = 435.0

The relative amplitude of the second resonace is (BFA);

cos(th) + of-smni 2-th) )

And since B o=




BOOSTER DUAL RESOMNANT
Comparisan of Single and Dual Magnet Currents and DI/DT

-60 | ;
674 676 678
dual_res.dat.pld: t DIDT  cVDRIY -CCRE
present dat pld: t DIDT o VDRIV -CTA







BOOSTER DUAL RESOMNANT

-20

Comparison single and dual PS drive voltage (per cell)

|
5.76 5.78

dual res.dat pld: t VDRIY
farfnre 125
offsefs: 0

present.dat pld: v VORI -VEET




BOOSTER DUAL RESOMNANT
Comparison of Single and Dual Main Choke Voltages and Currents

-1000

' ]
6.78 6.80

dual _res datpld: vC10D -C1G  cCi1D -C1E
present.dat pld: wv.C10 -C1H ¢ CI1E -C1F




BOOSTER DUAL RESOMNANT
Zomparison of Single and Dual Main Capacitor Voltages and Currents

-1500 ; ;
6.750 6772
dual_res.datpld vC10D -C1G ¢ CID -C1G
present.dat pld: v.C10 -C1H o C1D -C1H




BOOSTER DUAL RESOMNANT
2nd Harmonic Capacitor Voltage and Current

-2000 i i ;
782 7.84 786 788
ffile dual_res dat pld; xevart) vC10 -C1H  cC1D -C1H




2nd Harmonic Capacitor Specifications:

Capacitance: 1480 uF
Peak Current: 350 amps
RMS Current: 200 amps

Peak Voltage (differential): 2000 volts
Peak Voltage (common mode): 1500 volts
Total Loses: < 500 watts



BEOOSTER DUAL RESOMNANT
2nd Harmonic Choke Voltage and Current

-1200 ; ;
TEES 7T 779
ffile dual_res.dat pld; x-vart) v CI10wC1E cClH -C1l




2nd Harmonic Choke Specifications:

Inductance: 26 mH
Peak Current: 350 amps
Total RMS Current: 200 amps
15 Hz RMS Current: 120 amps
30 Hz RMS Current: 155 amps
Peak Voltage (differential): 1100 volts
Peak Voltage (common mode): 1500 volts
DC Resistance (Rdc): <0.010 ohms
DC Loses (I**2 *Rdc): 400 watts

AC Loses (Total loss — DC Loses): <500 watts



NECESSARY MODIFICATIONS

* Power supplies need to invert

« All power supplies will be needed for
normal operation.

« New second harmonic cap bank 1s needed.
* New second harmonic choke 1s needed.

« New regulation system needs to be
developed.

« Unknown affect on AC line.
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AC Line Phase Lock
Ref. L )
R 15 Voltage Drive

_ Loop
Calculate amplitude:
Integrator I SR riind D + inMn7 Comp.
sariin HINEE LP filter

Calculate phase:
Integrator ATAMINZINY

Digitized
Current Power
Signal Supply
Drive
Voltage

30 Hz Voltage Drive

(Sam as 15 Hz Algorithm)

Loop
Integrator Comp.
LP filter




Bench-top setup simulating Dual resonant Regulation system
using a simple single-card computer
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Very crude cost estimate:

Does not include spares, labor or EDIA.
New capacitors: $4.5k per cell

BEC*V**2 = 3kjoules per cell. Assuming $1.5/joule =
$4.5k per cell. (present caps were $1/joule)

New chokes: $10k per cell

LRL*I**2 = 2 kjoules per cell. Assuming $5.0/joule =
$10k per cell ($2.5 joule max. for filter choke)

- largest unknown
- excessive losses require additional power supply voltage.

Unknown costs:

Current regulation, PS inversion, mitigating potential AC
line problems, and booster timing changes.

Total for 48 cells: about $700k



Following Slides Compare the
Single Resonant with 18%, 12%, and =
9% addition of the 2" Harmonic




BOOSTER DUAL RESONANT
Comparison of Single, Dual 18%, 12%, & 9% Magnet Currents and DI/DTs

662 6.|84
dual_res. datpld: t DIOT ¢ WDRIV-CCR
full_current pld: t DIOT ¢ VORIV -CCR
present.dat.pld: t DIOT ¢ VDRIV -C1A
onehalf amptpld: o DIOT  oVDRIV-CCR




BOOSTER DUAL RESONANT
Comparison of Single, Dual 18%, 12%, and 9% Magnet Voltages

675 l 6.|77
dual_res. dat pld: v C1Av:C1D
full_current pld: v C1A C1D
present.dat pld: v C1A -C1D
onehall_ampt pld: v C1A W C1D




BOOSTER DUAL RESOMNAMT
Comparison of Single, Dual 18%, 12%, and 9% PS Drive Voltage (per Cell)

=20
£.90

dual res. dat pld: v VDRIV -VRET

faciors: 025

offsefs: a

full current pld: v VORIW -VRET

factnrs 25
offsefs: 0

present dat pld v VORN VRET
onehall_ampt pld: v WODRIYV -VRET

factors: 025
offsefs: ]




BOOSTER DUAL RESOMNANT
Comparison of Dual 18%, 12%, and 9% Znd Harmonic Choke Current and Capacitor Voltage

-2000 : |
7.710 ¥72s 7.740

dual_res datpld v C10 -C1H 1D -C1H
full_current pid: w210 -C1H ¢ C10 -C1H
onehall_ampt pl4. v C10 -C1H ¢ C1D -C1H




DANGER: Disadvantages

* The dual resonance mode will increase the voltage stress
on them magnets, inductors, and capacitors by as much as
30%.

* According to the manufacturer, the existing capacitors may
be nearing the end of their life.

20 years under operating specs

Procured in 1985

Life time sensitive to operating voltage and current
* Unknown affect on AC line
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