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Present ILC Modulator Supply
• Max depth 1.8 Meters
• Max High 2.0 meters
• Max Length 2.2 Meters



ILC Marx Modulator Supply
Problems

• Use of SCR control power supply results in 
Power swings on the power lines
– Reactive power changes during pulse

• Costs of supply is high
– 120 kilowatts SCR supply at 12kV is expensive

• Control of charging voltage difficult.
– SCR Supplies are voltage supplies driving a large 

capacitor resisting in inductive filter which is difficult to 
control variable reputation rates



Power Line Voltage Swings
• Voltage fluctuation can be a problem at 5Hz

– Power Changes results in voltage fluctuations
• SCR control has poor power factor when it

is phase back to 70%-80% voltage
– Reactive power changes fluctuates voltage



• 35kV input Voltage or 11kV output voltage the 
currents are Low
– ~22 amps RMS secondary
– Number of SCR in Series  from 6 to15  

• Transformers for 120 kW at 35kV are expensive.
– The “Costing model” use 225kVa Transformers
– Mechanically they 225kva and 150kVA are close in size

Cost of supply is high for the Power Provided



• A voltage droop of ~20% means the SCRs should be 
Phased back every pulse to keep from causing Real 
power Line fluctuations.
– At changing  repetition rate the needs to be controlled to 

compensate for the reduce power supplied
• A  Filter inductor needs to be large enough to not 

only  reduce harmonics on the power line but also 
give the supply to reduce its voltage to ~80% without 
excessive currents.

SCR Control are Difficult



• Power Line fluctuations can be reduced by use of Switching type supplied.
– They are expensive if all the power comes from charging supplies

• A transformer and rectifier better optimized for high voltage input & output 
voltage should be used.

– ~1.5MVA FO water cooled  would be a better size for 35kv and 12kV DC
– Transformers should be phase shifted for 12 phase or higher operation
– ~ 100 Amps RMS Line current

• Rectifier at ~ 8kV DC output ~150 amps 6 phase would be a more 
economical size.

– Use SCRs in the rectifier for  short circuited protection and start up only 
• The Modulator voltage droops by 20-30% due to the 1.6 millisecond pulse

– A ~ 8kV DC output rectifier would provide constant power to the drooping pulse. 
– A switching supply would make up the voltage, operating in a constant power 

mode.
• Isolation Switch would allow independent operation of the Power supplies.
• Fuses, Disconnect and Diodes could provide the equipment and personnel 

Safety.
• Sectionalizing switches could allow for operation if a transform rectifier 

failed

Proposed Alternative Charging Supply 
System



• Reduce the Cost 

Proposed Alternative Charging Supply 
System
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Next Modulators
Next Modulators

8kV DC @ 150A 6 phase
4kV DC @ 12A Switching supply
1.5MVA FO water Cooled

PF>94% pulsed power <5%

Phase Shifted for 12 phase



• Size of proposed equipment

Proposed Alternative Charging Supply 
System

1.6kVA FOW Transformer
35kV 3ph Extended Delta Primary 
3kV Delta,  3kV wye & 480V wye Secondaries

72"

52"38"

60"

480V 500kVA distribution
8kV SCR Rectifer 1 MVA
With filter Inductor 
Capacitor & contactors

contactor, fuse & diode
4kV 12A Capacitor Charging

Constant Power supplies

6 each one per modulator

38"

36"

EQUIPMENT 1.6M

CONVEYANCE 1.39M

EGRESS 0.61M

0.45M

0.45M

SERVICE TUNNEL 4.5M



Alternative Charging Supply System Cost



Baseline Charging Supply Costs
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