POWER FACTOR CORRECTION AT THE MIT-BATES LINEAR
ACCELERATOR CENTER WITH PULSED LOADS OF UP TO 180 MW
PEAK (2.7 MW AVERAGE)

R. Averill, K. Hatch, C. Sibley, MIT-Bates Linear Accelerator Center
R. Gross, PLM, Inc.

of the harmonic studies of the AC power, the pulsed loads
| INTRODUCTION required as measured at 480V, and the resultant overall

Power demand charges to MIT-Bates are based on a fixg@'monics generated at the 22,999V level by the pulsed
rate times the greater of kWatt or 0.9 (kVolt A) called folo@ds when combined with the other normal AC loads at
in a 15 minute period within a billing cycle. There havéhe Laboratory.

been a number of months in a year when the power factor
(PF) was less than 0.9 lagging, resulting in the increase in Il' 480 VOLT TRANSMITTER STUDIES

the demand charges to MIT by the Middleton Municipallomitek, Inc. made a series of measurements on the five
Electric Department (MMED). A study resulted in a de480V substation distribution system. The information
cision to correct the PF to >0.9 in order to minimize th¢Ref. 1) obtained was very useful to the MIT-Bates tech-
demand charges. This action would save about $3500 pecal staff due to a lack of instrumentation which pre-
month in demand charges. Other benefits would also ented observation of the normal operating loads for these
realized by MIT-Bates and MMED, depending on thesubstations. A report submitted to MIT-Bates by Jomitek
installation location. Information obtained on operationalocused on a power monitoring system proposal and ad-
AC power requirements for the pulsed loads was obtainelitionally discussed the correction of the PF at the 480V
by measuring current and voltages at the 480V inputs tw at the 22,900V level.

the pulsed loads and at the incoming 22,900V line input Current and voltage measurements were taken for a
to the facility. A review of the harmonics generated in theingle transmitter operating at several different levels and
voltage and current waveforms at both voltage levels foepetition rates (PPS).

several operating levels allowed completion of an engi- This information showed the harmonic levels to be
neering analysis, which resulted in the selection of a 1208aximum at the highest operating conditions. Various
kVAR switchable capacitor bank to be installed in a wyeommercial companies have been offering power moni-
connection at the 22,900V incoming line point just aftetoring systems with increased measurement capabilities
the metering equipment. This paper describes the resudtsd attractive pricing.
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GENERAL SCHEMATIC FOR ONE OF SIX TRANSMITTERS

NOTE: TX6 HAS VVT, NOT INDUCTROL
Fig. 1. The schematic for a typical transmitter.
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One transmitter was instrumented with current and vol| ¢4
age measurements on the primary and secondary of a G
Inductrol unit and the input AC requirements for the| *®7
HVDCPS transformer rectifier was determined for the
present operating levels, which are lower thanattiginal
design specifications. The nominal pulsed parameters f| 241
an operating transmitter are: 23« S pulse width, 600 pp
and peak currents of 76A for each of the two parallele
klystrons being driven. Figure 1 shows the schematic fi
a typical transmitter.

Additional transmitter harmonic measurement:
were taken using a METROSONICS commercial packag| -244-
on a single transmitter operating at the nominal operatir
conditions. Waveform and harmonic spectrum for th
pulsed load typical 480V line current can be seen in Fi¢| -4es-
ure 2. The voltage waveforms are not very distorted ar
are not shown to save space. The voltage waveforr
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have a total harmonic distortion expressed as a percent nsmusomcs Tine (ns)
the fundamental (THD%) of 3.5%, while the current Event 1 of 1395 Far Th 2 (P A oy i9oer sccurred on cycla 1
waveforms were measured to have a THD of 22.5%. &%‘ém“?mffoﬂ?f‘ffﬂ?’.'... BAE DG of Fundenomenics’ . 2o
Even Contribution........... 1.36% KFactor................ 4.82

Il 22,900 VOLT LINE MEASUREMENTS

100

PLM, Inc. an engineering firm specializing in providing m ;ud,; m;,s “N;LE m, FU:,, Mr,,, N:;E
service to the utility firms in New England, and in par- £ ogo a7 omE 2 OlE 0§
ticular to MMED over the past several years on an a| 2 2:3% 2 ﬁg 1§ ié ::;
needed-basis, was hired to determine if it was possible : 4% @ ze 12 008 28
implement a PF correction system at the MIT-Bate 1 % ape 8 bi: 2650
Laboratory, and if so where would be the best place ¢| ] AT S R 2210
the power distribution system to install the equipmen|?® . 5 1x B #® o e
PLM was given the earlier data and used some of th| i g i % oan gg 2‘}' 5ae
data to review the case for installation of the PF corre| s % % 325: % 0.9 23
tion at the 480V level. * 3 3 oo

It was determined that the harmonic levels generate g i% 200 % :; 620
at the 480V level by the transmitters would require mor| ® 0w t21r 50
analysis and there would be more risk, but with mor
benefits within the MIT-Bates distribution system.
Certain filters would need to be determined and installe P10 N T T U I P | PR ) B B

to prevent unwanted resonances peculiar to the variat h A w15 20 25 3 3 4 & 50
harmonics generated by the nearby pulsed loads. HETROSONTCS Harmonic Hunber

Event 1 of 1398 For Ch 2 (PH A) Trigeer occurred on cucle

i 53
In order to study the voltage and current harmonl_c T, plucle 1 of 1 %%Qwéﬂé’é’;’::'l"m:::g;; a
at the 22,900V level, measurements of the harmonii BBt beiten i 38 KFactoroeeorionin, 282

generated at the incoming metering point were necessapjg. 2. Typical transmitter line currents at 480V-3Ph-
PLM then could evaluate the extent of these harmonigpHHz.

and the effects of a capacitor bank installed on MMED's

transmission line. The typical harmonic spectrum for linéhe manufacturer's ratings of the capacitor units. For this
voltages and currents is shown in Figure 3 at the 22,900%oposed installation at the nominal system impedance,
level. PLM engineers then performed an analysis (Ref.fje system resonance frequency was calculated to be
of the system under several scenarios. A one-line diagrtfl4-25 Hz. The bank would operate at 95.52% of the
of the approximately 5 mile long transmission line ifRMS capacitor voltage rating with a 3.52% THD. The
shown in Figure 4 with all impedances shown reference&®Pacitor RMS current was calculated to be 61.5% of the
to the 22,900V level. The system resonance frequenci@@nufacturer's capacitor current rating. PLM, Inc. then
for a 1200kVAR and 1800kVAR banks were determined@oposed and MIT-Bates agreed to install a 1200kVAR
with a worst case operating voltage level 5% abovBF correction system at the incoming 22,900V level as
nominal (under normal system impedance) and underbging the simplest most economical and least risk ap-
20% increased system impedance. The installation ofPgoach to solve the main goal of increasing the load PF to
1200kVAR capacitor bank and the resulting harmonig0-9 and avoid the demand charges associated with PF
currents flowing through the capacitors would not excee0.9.
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1.5 - , _ : PLM then was charged to specify the PF correction
L ] equipment (Ref. 4) and to review the bids obtained. An
L ] order was placed with the low bidder for a Cooper Indus-
L ] tries rack mounted switchable capacitor bank to be pole
mounted after the incoming line metering point. The
system was delivered in January 1997 and awaits an in-
stallation window of time for which the Laboratory
power must be interrupted for about 4 hours to install and
' connect the equipment. MMED personnel have been
I given an installation contract including the pole, mount-
I 1IN ing the capacitor/switch assembly and connecting the
0.08 o L6th 3204 ~ capacitors to the 22,900V line.

PHASE B VOLTAGE AMPLITUDE SPECTRUM
MIT BATES LINAC Apr 26 1996 12:30 PM

far—

IV CONCLUSION

- The project to correct the MIT-Bates PF to > 0.9 is almost
10 03— - f " complete. Remaining work is to mount the capacitor
switch assembly on the already installed pole, connect the
units to the 22,900V lines and make a final checkout of
" ] the installation. Excellent cooperation between MIT-
- ] Bates technical staff, PLM, Inc. engineer and the MMED
5.0% - technical staff was an important part of the solution se-
- 1 lected for implementation. The authors would like to
- ' . thank the following persons for their contributions to the
project: John J. Marczewski, Principal Engineer, PLM,
Inc. and Paul Kilroy, Facility Coordinator, MMED.
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Fig. 4. Diagram of transmission line.
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