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1 OVERVIEW

The Morthrop Grumman Radar Test Laboratory in Sykesville, Maryland
recently installed an active line power conditioner, called the USES unit. The
USES is connected to a 150 horsepower compressor motor identified by the
facility as "Chiller 28", The motor of Chiller 2A is a low valtage induction
motor started across-the-line. The USES is a throe phase passive line
conditioner thal funclions lo: &) reduce demand from the power system, by)
provide transient surge protection, ¢} reduce harmonics. and d) improve
power factor. The USES unit under test is model # CMES 30 480,

In April 1882 Norlhrop Grumiman Corp. in conjunction with the LISES
distributor, Pura Power Systems, Inc, contracled Cutler-Hammer Engineering
Services and Systams (C-HESS) to measure and record power and harmonic
dala on Chiller 28, This report documeants the measurement technigues, test
equipment specifications, system details, and tast results, Data are
summarized in section 7 of this repart, with complete details of tha testing
shown in subsequent data section. These power measurements of the USES
Unit are intended o be lhe first of a series of tests whch will include
harmohics and transient atenuation.

Z PERSDOMMEL

Maohan Ray, PE Sr. Facililies Design Engineer  Morthrop Grumman
Robert Emmet, PhD  Product Sales Representalive  Pura Power Systems
Jim Kerr Flant Electrician Morthrop Grumman
Doug Shade Service Technician MoCuay, ne.

Dennis Lofink Sr. Sales Engineer C-HESS

Alton Baum, PE Fower Systems Enginesr C-HESS

3 SYSTEM DESCRIPTION

Chiller 24 is rated 150hp at 4300, with full load current [running load
amperes, RLA) agual to 1804, The USES Unit is connected in parallel 1o the
A-phase motor feed on the line-side of the motar starter contactar. The
USES LUnil has ils own 304 molded caso breaker [or switched isolation,

The cut-away oneline diagram shows the electrical configuration of Chiller 2A
and its feed from Substation #4, 2254 molded case breaker. Also shown in
this layout are the conneclion points ot bath the USES and the power
martiloring.
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4 MOTOR/COMPRESSOR DATA

Mfgr.: MoCuay Internestional | Inc.
460, 3-phase. GOHz., 182 FLA [RLA), 408 LRA (wye), 1,228 LRA {delta)
(3.882 rated power factor (FLA)

Unit Shop Order & 506180010

Motor Styleg TO4526CGE06
Compressar Modelt CEDBIJAP 18R0OX
Compressor Styleg  701620AGT0
Compressor Serigld SWFOOTERDZ

POWER ANALYZER DESCRIPTION

(8]

The Power Plationm PP1, manufactured by Dranstz-BMI. Inc., Edison, MJ
was used as the primary recording device for this project, The PP1, when
used with tha TaskB000 taskcard allows the metar to measure and record
powesr parameters for both single-phase and three-phase systems. These
parameters include; voltage, current, real power, reactive power, apparent
power, power factor, and voltage and current harmonics.

In conjunction with the PP, two other power melers wera used as
caomparable data measurements, These were the ACE2000, manufaciured
by CPM, Inc.. Taronla, ©nt, and the Fluke 41 B. Data from these unils are
not included in this report, however, verification of recarded parameters of
these units comparad favorably with the Dranetz PP data.

The PP was last calibrated on 72188, and is due for updated calibralion an
7i21/99, Technical specifications of the unit follow section 8 of this report,

& TEST PEOCEDURE

The overall purpose of this testing was o measure and record power
paramaters of Chiller 24 under various load condilions both with and without
the USES unit connected ta the feeder. The power analyzer (PP1) was
connected ta the load side of the 2254 teeder breaker. Power
measuremenls were recarded by manual initiation. as opposed to threshold
triggering, during specific leading conditions and USES operation, For
instance, with Chiller 2A running at 100%: RLA and tha USES unit breaker
closed, measurements were initiated, At this same loading, the USES
breaker was openad. and a new set of measurements was recorded.
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Load was changed on the chiller by varying the programmable chilled water
temperature point. This adjustment allewed for 3 load range from 100% Lo
50% RLA, Consequently, power measuremeants were recarded under 100%,

90%,, 75% and 50% lead conditions for the LISES connected and

disconnected to the feeder,

7 TEST REEBULTS

71 Prnted results from the PP recorded measurements are provided

through pages A-1 to E-5. Thase data sheels contain power

measurements, vollage and current phasor diagrams and sinusoidal
wavelarms, and harmonic data, For ease of comparisan, these
measuremanls are summarzed in the Data Surmmary Table balow for
aach load condition and wilh the USES Unit switched an and off.

DATA SUMMARY TABLE

T00% i A 90% RLA 755 LA E0% RLA
o | OFF ON | DFF O | OFF aM oFF
W, | A8G3|  4mes5|  Aur2 4658  A9a7| 4973 4879|4958
AbeCho | 2 1.4] o Az 21 |
I, 1706|1888 1431 162.4| 1154 1312 599 oA 7
% Chg. oA, e | -120%) I
FF 0998 Dgds| 1000 oo9i] 0887 0858 0815 0836
% Chy. 0.20% 0.80% 200 | 7. '
K B 931 711 o8 A7 .1 3.1 318 386
W, Chg -0 5% 0.9% R 9.5% AT A% i
| [ weaRS 51 &1 0.6 0 e 41 K 141 354
[ chg | Eaa% 64 5% TAEW| | -44.5%
i KA 845 935 714 80.5 57.2 55.2 34.8 46.2
| % Ghig -UE -11.8% -12.3% =24 .T%
‘[ Wom | tmes|  1m4s|  zoed| 1@z 2028[ 1985 2013] 2003
% Chg 0.5% 7.9% z 1% 4.2%
" e 7038  z8a4|  2arz 3310  2.684]  dznal  3890] 4811
! WMChg | -31.9%| T 23w A 18 8%
|
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7.2 As shown in lhe Data Summary Table, lhe percentage change in
damand; i.e., |, and kVA; is signilicantly more pronounced al Lhe lower
Inad levels. Over the lvad ranges of 50% w100% RLA and USES on,
load current |, and kA decreased an average of 14.6%, demand in kW
deocreased an average of 11.8%, and fotal current harmonic distortion
I, decreasad by an average of 27.6%. The effects of the USES Unit

are mare proncuncad at the lower RLA valuas,

The power faclor increased by an average of 11.8% with the USES Unit
connectad fo the feedar, with measured values significantly above the
rated 0,882 (at 100% RLA). This measured power factor infers that
power factor correclion has bean added to this motor in the past,
however, records of this installation were not availabie at the time of this
writing, The USES Unit improves the power factor to 0.888 from the
already improved value of (996,

7.3 Analysis of the Harmonic Mitigation of the USES rasulted in a shght
increase in Vo, of 0.8% at 100% RLA, which is insignificant. The
current harmanic values |, however, were reduced by 31.9% at the
same load. Total harmonic distortion (THD) measuraments taken by the
FF1 are a function of the 60Hz. lundamental value of the wavelorm.
Future measuremeants will more exactly describe these efforts.

8 CONCLUSION

Tha results of this test provide conclusive evidence that the USES Unit doas
reduce amperage demand and power demand of an inductive-type load.
These results are mare claarly seen at lower load levels. Also, the test
resulls show that the USES is able to improve the displacement angle
between the voltage and current of each phase of a three phase inductive
load, which is direclly related to improved power facior of the load. This
again is more noticeable at lower load conditions. The other pronounced
functions of harmanic distortion reduction and transient voltage suppression
were not proven during this testing, however, this testing was not designed {o
show these features of the USES. Further testing will describe maore
completely the harmonic and transient mitigation properties of the USES Unit.
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PPI Specifications

Voltage measurements

Wioltage transients

Current maasuremesnls

Current transients

Fraqguency

Uipdate ratas

Ermvircnment

Batteary

PC Software package

Gutler-Hammer

Specifications

4 fully differential channels '

10-800%rms
Accuracy: +1% reading +-.0.05% full scale

S0-6000 Wk

1 microsacond minimum duration
Acouracy, £10% reading +1% full scala
Requires TASKCard POFus

4 fully independent current channels

110} - 200% of [ull-scale current probe rating
Accuracy: +1% reading +{1.05% full scale
(at fundamental, plus current probe
accuracy)

10-300% G full scale

axcept Chan D 2-200% CT full scale

1 microsecond minimum duration
Acouracy: £10% reading +1% full scale
plus prote

Requires TASKCard POPlus

Fundamental range 30 - 450 Hz
Acouracy £0.2% of reading

All paramelers updated once par seccnd
iHarmonic-hased parameters updated
gvery 5 seconds)

41°F to 113°F
+5°C {0 +45°C
Humidity 10% - 30% non-condensing

2 hours operation

3 hours full recharge

{eontinuous operation from battery
aliminator)
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Certifications (CE certification for modal PRP1 E, LIL isting
for model PRI

Latest released version FOPlus W4
[ASKAOOD W2 3

Inrush Wl 2
TaskCard Flicker W1.0
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FEEDER DATA

EEE
2

4

-
11

14

16

Mate: LD, numbers for foeders shown in diamends on oneline diagram.

SIZE

3-#2+1-#8 GRD, 1-14" C

4 -#10+1 -5 GRD, 2" C

3 - #3580 kemil + 1 -#4 GRD, 3" C

2 Selz ol 3 - 1#14/0 + 1 - 2/0 Bare Cu, GRD, 3" C
4 - #3650 kemil + 1 - #4 GRD, 3" C

2 Sets ot 3 - #250 kemil + 1 -#2 GRD, 2-1/2" C

4 - %2 +1 -#8 GRD, 1-1/4" C
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100% RLA — USES ON
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