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314-4-a. References

(a) DOD-STD-1399, Section 300
Interface Standard for Shipboard Systems,
Electric Power, Alternating Current

(b) Design Data Sheet DDS 310-1. Design Details
of Generating Plants

314-4-b. Scope

This Design Data Sheet provides a guide for conducting 400-Hz power
system tests to determine that the 400-Hz power system is compatible with the
equipment served and that the system characteristics are within the limits
specified in reference (a). For definitions, refer to reference (a). For
definitions of ship operating conditions, see reference (b).

314-4-c. Test Instruments

Instruments required for these tests shall have accuracies in accor-
dance with Table I. A1l instruments used for test measurements shall be
calibrated. Instrument data and calibration dates shall be recorded on Report
Form 1 as specified herein.

314-4-d. General description of tests

With normal (battle or functional) loads on the equipment providing
power to the 400-Hz Power Conversion Equipment (PCE) primary power sources
(normally the 60-Hz ship service distribution system), tests on the 400-Hz
system shall be conducted at no load, normal battle or functional load, and
alternate load, or a combination of normal plus alternate loads, as applicable.
During tests under the various loaded conditions, all available equipment shall
be in operation at the same time to insure compatibility of equipments. Only
tests required for completion of Report Form 2 and 3, as specified herein, need
be conducted when the PCE is dedicated to a single load.

The tests shall determine:

Steady state voltage

Steady state frequency

Steady state line current

Steady state voltage amplitude modulation
Steady state voltage unbalance

Average phase voltage for 3 phases
Transient voltage, current, and frequency
Voltage and frequency recovery time
Maximum single harmonic

Total harmonic distortion
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During tests, the 400-Hz utilization equipment shall be observed and
any malfunction in operation shall be noted. If there is no malfunction, this
fact shall be recorded on the data sheet. If characteristics, such as voltage
unbalance, amplitude modulation, or harmonics, exceed the limits specified in
reference (a), individual loads shall be disconnected and measurements repeated
for the particular characteristic to determine if the load causing the departure
from the specified 1imit can be isolated. Loads causing characteristic limits
to be exceeded shall be identified on the appropriate Report Form.

314-4-e. Meter checks

Frequency meter checks.- Prior to start of tests, it shall be ascer-
tained that the 60-Hz power source is operating at nominal 60-Hz setting. The
3-phase voltages and frequency of the input power to the power conversion
equipment (motor-generator sets, inverters, and converters) at the nearest
switchboard load center or panel (distribution point) supplying the equipment
shall be ovserved and recorded. With the 400-Hz PCE operating at no load and
after the equipment has reached normal operating temperature, the frequency of
the PCE shall be set at 400-Hz using a frequency standard. A check shall be
made for error between the switchboard-mounted meter and the frequency standard.
If the error is outside of the calibration limits of the switchboard-mounted
meter, the meter shall be recalibrated in order to bring it within the calibra-
tion limits. If the error in calibration of the switchboard-mounted frequency
meter cannot be corrected, the error shall be noted on Report Form 2 as speci-
fied herein.

Voltmeter checks.- Prior to start of tests, it shall be ascertained
that the 60-Hz power source is operating at nominal 450 volts. With each 400-Hz
PCE operating at no load, the output voltage of the equipment shall be set at
450 volts using a true rms voltage standard. If error is outside of the calibra-
tion limits of the switchboard-mounted meter, the meter shall be recalibrated in
order to bring it within the calibration limits. If calibration of switchboard-
mounted voltmeter cannot be obtained, the error shall be noted on Report
Form 2 as specified herein.

314-4-f. Power conversion equipment test

No load or minimal load test.- Prior to starting, record the 3-
phase voltages and the frequency of the input power to the PCE at the distri-
bution point that normally feeds the equipment. Record the switchboard load
center of panel number. With no load on the equipment, (or minimal load on
equipment provided with no load disconnect) start the unit. After the equip-
ment has reached normal operating temperature, record the phase voltages and
frequency of the PCE output. These readings shall be taken at the nearest
distribution equipment fed by the equipment. For power conversion equipment
provided with output voltage compensation, the readings shall be taken at the
distribution equipment or bus where the line voltage has been compensated.
Record the distribution equipment number. Record the readings of 400-Hz
switchboard-mounted voltage and frequency meters. Indicate any error. Record
information on Report Form 2 as specified herein.

Steady-state tests.- With the PCE supplying its normal load, record
the 3-input phase voltages, and the input frequency record and the number
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of the switchboard where the readings were taken. Record the PCE output fre-
quency and phase voltages, and the number of the switchboard where the readings
were taken. For the output of the PCE, record the average line-to-line 3-

phase voltage, the maximum voltage unbalance between phases, the percent

voltage unbalance, and percent amplitude modulation of each phase voltage.

Record the output line current in one phase, and the total kW rating of the load.
Record the information on Report Form 3 as specified herein. If voltage unbalance
limits are exceeded, record all output line currents.

Transient tests.- With the PCE supplying its normal load, suddenly
remove the largest single load which can be deenergized and rapidly reenergized
without damage. Allow the equipment to stabilize, then reapply the load in one
step. Record the information required on Report Forms 4 and 5 as specified
herein. :

Repeat tests.- Repeat the steady-state test and the transient test
with the PCt fed from the same 60-Hz source, but supplying alternate loads or
a combination of normal and alternate loads, as applicable. Record the infor-
mation on Report Forms 3, 4, and 5 as specified herein.

Harmonic analysis.- Measure the harmonic voltage measurements from
the 1lst through the SUfﬁ harmonic on one output phase of PCE at no load, normal

load, and alternate load, or a combination of normal and alternate loads, as
applicable. Record the information on Report Form 6 as specified herein.

Measure the harmonic ‘voltages from the lst through the 13th on all
3 output phases of PCE with the equipment feeding no load, normal load, and
alternate load, or a combination of normal and alternate loads as applicable.
Record the information on Report Form 7 as specified herein.

314-4-g. Line voltage regulator tests

Power conversion equipment - Line Voltage Requlator (LVR) no load
stability test.- For eac at feeds line voitage regulators » perform
the following tests: with no load on the PCE other than the unloaded LVR the
PCE supplies, vary the PCE voltage slowly over its maximum adjustment range while
monitoring the PCE output voltage modulation. Record the maximum value of the
modulation and the voltage at the time. of the maximum modulation. Note: Insure
that all LVR's supplied by the PCE are energized during the test. In the case
of LVR's installed on aircraft servicing systems having available load moni tors,
it will be necessary to place a nominal load of 1 to 2 amperes on the requlators
to close the input power switch to the regulator. Record the information required
by this test on Report Form 8 as specified herein.

Steady state tests.- With the LVR operating at normal load, adjust the
regulator for proper output voltage in accordance with.the LVYR technical manual.
Record the input power source, the input voltage, frequency, and line current.
Record the regulator output voltage, frequency, line current, and percent voltage
modulation. Repeat the procedure, except with the requlator supplied from its
alternate source. Record the information on Report Form 9 as specified herein.
Under remarks, indicate if the line voltage regulators are connected in 3-phase,
and if connected wye or delta.
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Transient test.- With the regulator supplying its normal load,
suddenly remove the largest single load which can be deenergized and rapidly
reenergized without damage. Record the voltage transient and recovery time and
the frequency transient and recovery time. Identify the load removed and record
the full load line current of the load. After allowing the regulator to stablize,
reapply the load and record the voltage and frequency transient and recovery time.
Record the information on Report Form 10 as specified herein.

Line voltage regulator harmonic _analysis test.- Make harmonic measure-
ments on the output of -Hz voltage regulators. Record harmonic voltages 1st
through 13th. Measurements shall be made at no load, and at normal load. Record
the information on Report Form 11 as specified herein.

NOTE: Table I and Forms 1 through 11 follow.
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TABLL 1.

INSTRUMLNT TYPLS AND ACCURACIES

r

transient peak recorder

to 800 micro seconds
¢+ 5 percent reading
+ 1 percent full scale

TYPL MLASURMLNT TYPL MLASURING SPLED AND/OR PARAMETER(S) REMARKS
INSTRUMENT ACCURACY MLASUKLD
Shurt-time transient Fast sloraye scope or 0.5 micro seconds Peak voltage Continuous

during tests

Lonyg-time transient
(load switching)

Scope and camers plus
transducer, V converter
ur Oscilloscope or
Uscillioyraph

V=2 5 percent of transient
1= 5 percent .
F=X | percent nominal

Transients:
Volts(v)

Current(l)
frequency (F)

V & F recovery time

Taken at time
load is turned
on and load is
turned off

Steady-state

e e e e wwm - -

—

True rms
digital volimeter(V)

J-ph wattmeter(w)®

Spectrum analyzer(M)

Current transducer(l)

Diyital frequency
meter())

Single trace or dual
trace storage
vscilloscope with
camera {A)

* May ust¢ meter on
switchboard 1f
avatlable

V=% 0.2 percent
W=t 5 percent
W=t 10 percent
1=t 5 percent
Fs2 0.] percent
A=t 0.2 percent

3-ph average volts
(v)

3-ph watts{w)

Frequency(F)

Current{l)

Voltage unbalance
(v)

Harmonic distor-
tion{i)

Anplitude module-
tion(A)

Str!? type on
sample printer
type instru-
jments may be
used for Lhese
readings as
applicable.
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.
e mae e - . -

Sertal No, T
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Range ] Accuracy =~
. I
- f - -

P rem-r e m - -

T “Date of Tast™”

Report |orm

_.calibration

e e s e s e -

TTINSTRUMENT DAYA ST T T

- — - s mm e —
- ——— - -
- — -

-—— .-

. —— - —— - —— —— - ——
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Swhd No.
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SHIP NAME AND NO.

) POWTR CONVERSION EQUIPRENY -- WO LOAD TEST

" PCE No.

~ 7 kW Ratln
[~ _Type Power [Output] -

[~ T 80-Hr. Swbd. Wo.
(normal input)

Tnput voTtage AB
w] prior to (B
T start [T
3[ Input Frequency - i

NormaY Alternate Normal Alternate Normal Alternate

[ J00-Hz Swbd Wo. - - [

Output VoTtage |1
Sl after start B
= IRE —
g”butput frequency —'
) T Percent Percent Percent -
<| Installed meters Volts error Volts error Volts error -
¥ “TI'RB —
vi| Voltmeter (BT
x U‘ b Settasnademeead st bl od - - — T —————-
8,-.—.—_ e > v § e -
“| Frequency meter H2 H2 Hz

Remarks:
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SHIP NAME AND NO.

- POWER” TONVERSION TQUTPHENT = YRANSTENT YESY =2 LOAD REMOVAL ="~~~ ~~—— -—-—= ——--

- — ——— i . “tetie - - -

Normal

ATternate

NormaY ]

- ——— - ———

...__Of lo‘d DI pp——— &
[~ Max. q00-Hz Voltage durlng
transient
"D Wz Voltage after 'ﬁ"in's're'n't—: T

— ——— - —— -

"Volt. recover

Max. percent volt. rise R | - -
] y time -
“Frequency prior to removal — T ) T
of load _ — _
‘Max. transTent freq.” "~~~ T - i
"Freq. recovery time B 1
“00-Hz Turrent prior —_ Phase Weas. T i
to transient " TAmps,
[~ MagnTtude of current ~ - - i
. Guring maxisum transient - - 4
[_Turrent after transient
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-_E0-Wz volt recovery time =~

— e e—

R R R
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SHIP NAME AND NO.

. e —————— e e 4 v e e e e m meie e

““A00-Wz Voltage prior to =~ "~ 7 77
spplication of load
["" MTn. 300-Hz VoTtage during
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~"A00-HT VoTtage after transient -
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““VoTtage recovery time
““Frequency prior to adding
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T Max. transTent freq.
""Freq. recovery time T
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prior to transient A
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SHIP NAME AND HO.
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