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INTRODUCTION 

LILCO is studying the effects of the AGS Booster power swing on its 

power grid. The study is being conducted by GE systems Development and 

Engineering, Schenectady, New Ilork. In notes, dates November 10, 1987, 

prepared for a GE-LILCO Progress Review Meeting, the author notes LILCO 

system resonances that are excited by the heavy ion cycle. 

The data used by GE for their study, is, the power flow required for 

continuous operation of the Booster, namely a continuous 13MW power swing 

and a period of one second. The data used by GE came from BNL reports, used 

to analyze the power line flicker generated by this pulsating load. It is 

a worse case study and does not represent the Booster cycle. 

The Booster must be synchronized with the AGS, which is operated with 

a period of 3 seconds, when accelerating heavy ions. Thus the Booster duty 

cycle is l/3 with a peak power swing of 13MW. 

The time of one second used to cycle the Booster magnets is arbitrary 

and 'can be increased to a maximum of three seconds. The peak power swing 

and the power spectrum are modified by the Booster duty cycle and period. 

The spectrum is critical for the GE study of the LILCO grid. 



SPECTRUM ANALYSIS 

The power spectrum iras been determined for the Booster magnet power 

supplies, subject to the followin,~ operational specifications. See Figure 

1 for the power cycle. 

Peak Energy Stored in Magnet = 2.25 Mega Joules 

Energy Recovere8d from Magnet = 1 Mega Joule 

Energy Loss Per Cycle = 1.25 Mega Joules 

Period = T seconds 

Booster Duty Cylzle =k 

The power spectrum is expressed as: 

p(L) =1.25+; A&OS ( * ) 
27rn 

t + B, sin ( - ) t 
T rl=l T T 

where 

' TT An = - 
T' 

p (t) cos 2-rrn t tit 

0 T 

B, = 1 iT 
T J 

p (t) sin fi1 t dt 

0 
T 

The coefficients An and Es, have been evaluated as 

9T 
An 

5T 4T 

=(KTnn)2 
COS Knlr + rKTnV)~ cos 2 Knn + -_%- sin KnT 

KTnJr -7-6X2 

13 5T 
- ___ cos Knn + --- sin Knn + 

4T 
B, = 

(KTn-rr) (KTnl-j2 (KTnnj2 sin 2Knn 



BOOSTER SPECTRUM 

Th Booster 

second and a duty 

power spectrum has been evaluated for a period T of 3 

cycle of l/3, 2.13, and 1. The results are given in the 

graph of Figure 2. The spectral lines given represents power and is 

calculated as JAnL+BnL. 

In addition the power spiectrum for a period T of one second and contin- 

uous operation (unity duty cycle) has been calculated and is given in 

Figure 3. This spectrum represents the power flow used by GE in their ini,- 

tial study of the resonance of the LILCO gridl. 

The dominant resonance of the LILCO grid is at a frequency of lhz. 

The 1300ster power for this frequency is reduced from an initial value of 

4.26MW to a value that lies between 1.42MW 

cycle k. This is given by the graph of 

tral line at 1 hz is plotted as a function 

seconds. If the Booster is operated with 

to .46MW, depending on the duty 

Figure 4 in which the power spec- 

of k, the period is fixed at 3 

a duty cycle of 213, the spectral 

line at lhz is 0.69 and the dominant response is reduced by a factor of 

6.2. 

A PERIODIC OPERATION OF BOOSTER 

The power spectrum can be further reduced by operating the AGS with a 

random or pseudorandom period. The AGS cycle is initiated by one of the 24 

phase of the AC supply ramping the magnet. The spectrum is continuous 

rather than discrete, as shown in Figure 5. The LILCO response is 

dependent on the system Q at the resonant frequency and the spectral 

density of the power spectrum. 

For systems characterized by a high Q, the resonant response is reduced 

to a level below that of fixed period systems. Typically the Q ranges 

between 20 and 60 and the response will b 18 reduced by a factor of 0.6 to 

0.2. 
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