
MI PS RAMP RATES

*  Present Power Supply Capability*  Present Power Supply Capability

*  Improvements Needed for*  Improvements Needed for
1.0 Second Cycle Time Operation1.0 Second Cycle Time Operation

*  Improvements Needed for*  Improvements Needed for
1.34 Second Cycle Time Operation1.34 Second Cycle Time Operation



Present Power Supply Capability
Bend Bus:             Regulated:  +11.8kV/Bend Bus:             Regulated:  +11.8kV/--10.8kV10.8kV

Quad Bus              Regulated:  +2.8kV/Quad Bus              Regulated:  +2.8kV/--2.5kV2.5kV

Min. Cycle Time Type 23 (NuMI):Min. Cycle Time Type 23 (NuMI):

1.75 Seconds (0.5 sec injection)1.75 Seconds (0.5 sec injection)
Present (3/05) 23 Ramp                            Minimum Cycle Time Ramp



Present Bend and Quad Ramps
Ring voltage and currentRing voltage and current



Improvements Needed for 1.0 Second Cycle Time Improvements Needed for 1.0 Second Cycle Time 

but… unknown PS regulation but… unknown PS regulation –– will beam make it?will beam make it?

Ramp DescriptionRamp Description
Changes:
Injection parabola 70 ms 
Flattop parabola 70 ms
Invert parabola 50 ms
(Limited by max. PS slew 
rate while maintaining 
reasonable voltage 
regulation)

Ramp undershoot kept 
the same



Improvements Needed for 1.0 Second Cycle Improvements Needed for 1.0 Second Cycle 
Time OperationTime Operation

Ramp WaveformRamp Waveform



Improvements Needed for 1.0 Second Cycle Time Improvements Needed for 1.0 Second Cycle Time 
OperationOperation

Power NumbersPower Numbers

Bend Bus Quad Bus
INPUT DATA :

Ring current/energy ratio (amps/GEV) =  23.640    
Total ring inductance (Henry) =  .23600    
Total ring resistance (ohms) =  .64000    
Desired Max. Operating Voltage for Holding PS =    880.    
Desired Max. Operating Voltage for Ramping PSs =   0.110E+04
Number of power supplies =    6
Maximum Voltage Available from Holding PS =  1300.0    
Maximum Voltage Available from Ramping PS =  940.00    
The Power Supply Turn-on order:

1  2  3  4  5  6

RAMP CALCULATIONS :
Peak ramp current (amps) =  2829.7    
Total RMS ramp current (amps) =  1347.1    
Min. and max. ramp voltage (volts) = -2841.5     4748.8    
Maximum number of power supplies =    6
Ramp power (watts) = 0.11613E+07

FEEDER CALCULATIONS :
Peak feeder current (amps) =  552.83    
RMS feeder current  (amps) =  192.66    
RMS feeder volt-amps (v-a) = 0.46050E+07

REAL/REACTIVE POWER CALCULATIONS :
Peak real power (watts) = 0.11226E+08
Peak reactive power (vars) = 0.71034E+07
Average real power (watts) = 0.11633E+07
Average reactive power (vars) = 0.17025E+07
Peak volt-amps = 0.13214E+08
Average volt-amps = 0.29162E+07

INPUT DATA :
Ring current/energy ratio (amps/GEV) =  58.759    
Total ring inductance (Henry) =  .65000    
Total ring resistance (ohms) =  .28600    
Desired Max. Operating Voltage for Holding PS =   0.201E+04
Desired Max. Operating Voltage for Ramping PSs =   0.201E+04
Number of power supplies =   12
Maximum Voltage Available from Holding PS =  2200.0    
Maximum Voltage Available from Ramping PS =  2200.0    
The Power Supply Turn-on order:

1  3  6  9  12

RAMP CALCULATIONS :
Peak ramp current (amps) =  7033.4    
Total RMS ramp current (amps) =  3348.2    
Min. and max. ramp voltage (volts) = -20754.     23833.    
Maximum number of power supplies =   12
Ramp power (watts) = 0.32062E+07

FEEDER CALCULATIONS :
Peak feeder current (amps) =  6533.9    
RMS feeder current  (amps) =  2762.5    
RMS feeder volt-amps (v-a) = 0.66030E+08

REAL/REACTIVE POWER CALCULATIONS :
Peak real power (watts) = 0.14004E+09
Peak reactive power (vars) = 0.93873E+08
Average real power (watts) = 0.32400E+07
Average reactive power (vars) = 0.23221E+08
Peak volt-amps = 0.15617E+09
Average volt-amps = 0.41907E+08



Improvements Needed for 1.0 Second Cycle Improvements Needed for 1.0 Second Cycle 
Time OperationTime Operation

Power Supply RequirementsPower Supply Requirements
Basically, need to double the maximum available
power supply voltage

Plan:  Add 2 Bend power Supplies and 1 Quad power to 
every MI Service Building

Voltage to Ground Effects:
Bend Bus 500 v to 1kV
Quad Bus unchanged



Improvements Needed for 1.0 Second Cycle Improvements Needed for 1.0 Second Cycle 
Time OperationTime Operation

Modifications NeededModifications Needed
MI Service Buildings 

Need to be Enlarged
Preferably, straight out from PS room

Transformer pads
Additional pads and feeder work needed

Power Supplies
2 Additional Bends and 1 additional Quad
Tunnel Bus Extended to pick up added PS’s
Additional Water cooling for PS’s
Additional PS Controls



Improvements Needed for 1.0 Second Cycle Time OperationImprovements Needed for 1.0 Second Cycle Time Operation
Modifications Needed Modifications Needed –– ContinuedContinued

MI PS Feeders:
Might Need to double the number – more study needed
Duct Bank probably OK except for MI 60

Kautz Road Substation
2 Additional 345kV transformers needed
Substation building expanded
2 Additional Harmonic Filters Needed



Improvements Needed for 1.0 Second Cycle Improvements Needed for 1.0 Second Cycle 
Time OperationTime Operation

COSTS      COSTS      WAGsWAGs!!! As of 3/01/05!!! As of 3/01/05
Service Building Civil $?.0M

Power Supplies $9.0M

Feeders $2.0M

Kautz Road Substation
2, 345 kV Transformers $2.2M
Construction and Installation $1.8M
Building Changes $1.0M
Harmonic Filters $0.5M



Improvements Needed for 1.34 Second Cycle TimeImprovements Needed for 1.34 Second Cycle Time

but… unknown PS regulation but… unknown PS regulation –– will beam make it?will beam make it?

Ramp DescriptionRamp Description Ramp undershoot kept 
the same



Improvements Needed for 1.34 Second Cycle Time Improvements Needed for 1.34 Second Cycle Time 
OperationOperation

Ramp WaveformsRamp Waveforms



Improvements Needed for 1.34 Second Cycle Improvements Needed for 1.34 Second Cycle 
Time OperationTime Operation

COSTS      COSTS      WAGsWAGs!!! As of 3/01/05!!! As of 3/01/05
Service Building Civil $?.0M

Power Supplies $2.1M
Quads: 4x 150k (mod. To 1200Vdc)
Bends: 3x 500k
Feeders $0.7M

Kautz Road Substation
1, 345 kV Transformers $1.1M
Construction and Installation $0.9M
Building Changes $0.5M
Harmonic Filters $0.25M
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