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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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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 1/3 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 has been determined for the Booster magnet power

supplies, subject to the following operational specifications.

1 for the power cycle.

]
N

Peak Energy Stored in Magnet .25 Mega Joules

i
_—

Energy Recovered from Magnet Mega Joule

—

Energy Loss Per Cycle = 1.25 Mega Joules

Period = T seconds
Booster Duty Cycle = k
The power spectrum is expressed as:
1.2 . 21N . 21n
p(t) = 2 Y apCos ( £ ) t + By sin ( £ )
T n=1 T T
where
T 2
Ap = 1 f p (t) cos = ¢ dt
T o T
T
2
By -+ [ p(t) sin 20 ¢ at
T )
o T

The coefficients A, and B have been evaluated as

5T 4T 13 . _
Ap = (KTnmy2 ©°s Knm + (KTom)2~ cos 2 Knm + Kion~ 510 Knw
B = - 13 cos Knrm + Y- sin Knmw + _ BT
n (KTnm) (KTnm)? (KTnm)? sin 2Knmw

See Figure

9T
(KTnm) 2



BOOSTER. SPECTRUM

Th Booster power spectrum has been evaluated for a period T of 3
second and a duty cycle of 1/3, 2/3, and 1. The results are given in the
graph of Figure 2. The spectral lines given represents power and is
calculated as vVA,Z+B,2.

In addition the power spectrum for a period T of one second and contin-
uous operation (unity duty cyecle) 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 grid.

The dominant resonance of the LILCO grid is at a frequency of 1hz.
The Booster power for this frequency is reduced from an initial value of
4 ,26MW to a value that lies between 1.42MW to .U6MW, depending on the duty
cycle k. This is given by the graph of Figure 4 in which the power spec-
tral line at 1hz is plotted as a function of k, the period is fixed at 3
seconds. If the Booster is operated with a duty cycle of 2/3, the spectral
line at 1hz 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 2U4
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 be reduced by a factor of 0.6 to

0.2.
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