Pelletron Shaft Power Budget
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Ultimately, we want to know how much beam current we can recirculate with limited power available.  The 25 HP motor can deliver a total of 18.6 kW of power.

Total shaft power, delivered by 25 HP motor, divided into two components:

· Shaft rotation mechanical losses.

· Power supplies and their loads.

Measured Shaft Rotation Mechanical Loss

	Device
	Conditions
	Power 
(W)

	Motor + 6 generators + water pump linkage.
	All power supplies off.  1 atm in air.
	2,900

	Motor + 6 generators + water pump linkage. 
	All power supplies off.  75 psi SF6.
	11,200


Power Supply Consumption

Common assumptions:  solenoid and steerer supply efficiency of 88% and 95% electro-mechanical efficiency.

	Device
	Additional Conditions
	Power (W)

	Separator box solenoids and steerers
	Solenoids at 5A; (7.56 Ohms x 115%) at temp.

Each steerer at .25 A, 15 V
	2080

+ 72

2,152

	T1-A (terminal level) supplies
	Wild guess.
	125

	T1-B (terminal level) Solenoids and steerers
	Gun Lens at 5 A; 

(6.0 Ohms x 120%) at temp. 

Gun & collector solenoids at 8 A; (5.15 x 115%) at temp.
Each steerer (4 total) at .33 A, 15 V.
	215 

+ 906

+ 24

  1,145

	All deck supplies except collector PS
	Wild guess.
	250

	Collector PS
	Set to 4+ kV, 3 kV with .5 A dc beam.
	1,750

	Subtotal
	
	5,172


Grand total power consumption with .5 A of DC beam:  16,370 Watts.

Total operating shaft power consumption without considering the collector PS:  14,620 Watts. 

Wide band available power for collector PS:  18,600 – 14,620 = 3,980 Watts.
New Collector Power Supply Consumption Estimates 

Assumption:  95% PS efficiency, 95% electro-mechanical efficiency.

	Output Voltage

(kV)
	Beam Current

(Adc)
	Power

(W)

	2.5 kV
	.5
	1,380

	
	1.0
	2,760

	
	1.5
	4,140

	
	2.0
	5,520

	
	2.5
	6,900

	
	3.0
	8,280

	2.75 kV
	.5
	1,520

	
	1.0
	3,040

	
	1.5
	4,560

	
	2.0
	6,090

	
	2.5
	7,600

	
	3.0
	9,120

	3.0 kV
	.5
	1,660

	
	1.0
	3,320

	
	1.5
	4,980

	
	2.0
	6,640

	
	2.5
	8,300

	
	3.0
	9,960

	3.25 kV
	.5
	1,800

	
	1.0
	3,600

	
	1.5
	5,400

	
	2.0
	7,200

	
	2.5
	9,000

	
	3.0
	10,800

	3.5 kV
	.5
	1,940

	
	1.0
	3,880

	
	1.5
	3,820

	
	2.0
	7,760

	
	2.5
	9,700

	
	3.0
	11,640


MI-31 Additional Separator Box

	Device
	Additional Conditions
	Power (W)

	Mechanical loss
	One 2 kVA generator.
	650

	Solenoids and steerers
	Solenoids at 5A; 

(7.56 Ohms x 115%) at temp.

Each steerer at .25 A, 15 V
	538

	Ion pumps
	Very good vacuum
	80

	Subtotal
	
	1,268


MI-31 Operating shaft power consumption without considering the collector PS:  15,240 Watts.

MI-31 available power for collector PS:  18,600 – 15,888 = 2,712 Watts.

Shaft Mechanical Loss Analysis

Assume:

· Mechanical losses are made of windage (Pw), and a constant frictional loss (Pf).
· Windage loss at pressure is 20 times that in air.
· Squirrel cage blower consumes 150 W at 1 atm. in air.  (Manufacturer recommends ¼ HP motor to drive it.  ¼ HP = 188 W.)
· Windage loss of 5 and 10 kVA generators is 4 times that of the 750 VA generators. 
· Windage loss of the motor is 5 times that of the 750 VA generators.
· Friction loss of each of the motor, generators, and water pump and squirrel cage is equal.
Then:
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From which Pw = 437 W in air and Pf = 2,463 W.

Each separator box generator consumes 650 W at pressure.
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Savings by putting separator boxes on their own motor is 4750 W.  Power available for the collector PS then becomes 3980 + 4750 = 8730 W.
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