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DELCO ELECTRONICS DIVISION ® SANTA BARBARA OPERATIONS * GENERAL MOTORS CORPORATION

s SECTION I
L PURPOSE OF TESTS

i [ ] The tests described in this report were performed to demonstrate the functional suit-
! . ability of the test item as specified in the following documents.

. ® MERADCOM Purchase Description, EED 76022701, for AC-DC
. Section of 15 kW General Purpose Power Conditioner, dated
_ February 1976

° MERADCOM Purchase Description for Inverter Section of 15 kW
General Purpose Power Conditioner, dated October 1976.

1.1 TEST REQUIREMENTS

The tests described herein are intended to indicate the suitability of the 15 kW general
purpose frequency changer. Most tests are performed to meet purchase description
requirements. Some additional tests felt necessary or desirable by Delco, though not
required, were performed.

The contract-required performance tests are listed in Table 1 and are addressed in the
text of this report. The areas of additional testing not specifically required are covered
in appendixes to this report.
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The tests performed comply with CLIN0005 and CLIN0006 of Contract DAAK 70-77-C-0157.
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DELCO ELECTRONICS DIVISION ¢ SANTA BARBARA OPERATIONS ¢ GENERAL MOTORS CORPORATION

PD MIL-STD-705B
NO. TEST TITLE TEST METHOD
A B C
1 Frequency and Voltage Regulation, 608.1a
Stabflity (short term) and Transient
Response
2) Voltage Waveform
- (Oscillographic) 601.1c
2 (Harmonic Analysis) 601.4a
# ‘ (3) DC Content -
} h 4) Voltage Modulation 602.1a
1 5) Frequency Modulation 602,.1a
(6) Voltage Dip for Low Power
Factor Loads 619.1c
) Voltage Dip and Rise : " 619.26
(8) Summation of Losses -
(9) Voltage Adjustment Range 511.1c
(1. e. , Regulator Range) ¢
(10) Circuit Interrupter
(Short Circuit) 512.1c
CLIN0006 Abbreviated Endurance Test (1,200 h only)

Table 1. Test Requirements

R80-122 1-2




DELCO ELECTRONICS DIVISION ¢ SANTA BARBARA OPERATIONS * GENERAL MOTORS CORPORATION

‘ n SECTION I
N DESCRIPTION OF EQUIPMENT

. The equipment tested consists of control and power circuitry which constitutes a 15 kW
l a _general purpose frequency changer. A photograph of the complete changer is shown in
' Figure 1. The unit is 29-inches wide, 24~inches high by 30-inches deep and weighs

512 pounds,

Utility class (or better) power 120/208V, 3 phase, 50, 60, or 400 Hz {s supplied to an
ac-dc converter, Developed under MERADCOM Contract DAAK 70-77-C-0035, dated
12 January 1977, this converter has input current harmonic reduction. Its control
circuitry and output fliter are specifically designed to make it suitable as an input power
source for an inverter which provides 120/208V, 3 phase, 50, 60 or 400 Hz of high
quality power., The inverter was developed under MERADCOM Contract DAAK
70-77-C-0157, dated 27 July 1977, which also provided for its integration with the
converter to form the deliverable frequency changer package.

A detailed block diagram of the frequency changer which was developed for MERADCOM
is shown in Figure 2. The schematic diagram in Figure 3 shows the ac-dc converter
power portion of the frequency changer circuitry in its entirety. (The 400 Hz input and
the center tap on the inductor (L.10) were not used in these tests.) The schematic diagram
in Figure 4 shows the inverter power portion of the frequency changer circuitry in its
entirety.
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DELCO ELECTRONICS DIVISION ® SANTA BARBARA OPERATIONS ¢ GENERAL MOTORS CORPORATION

SECTION I
SUMMARY OF TEST DATA

3.1 SUMMARY

The results of the frequency changer electrical performance and endurance tests are
summarized in Tables 2 and 3. For some performance characteristics, specifications
are not provided explicitly in the purchase descriptions referenced in Section I; and com-
parison with MIL-STD-1332 Precise or Utility Classes of power is suggested. For a few
characteristics there are no specifications at all, and results are simply tabulated and
called adequate.

Regulation, losses, efficiencies, and THD are plotted against frequency changer output
load in Figures 5 through 14. The recent test data is identical to that previously reported

in Delco Electronics Test Report R78-28, and the same summary data applies.

The 1,200-hour endurance test was free of reportable failures. Table 3 summarizes
the test load profile used.
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CITARACTERISTIC MIL-8TD-1332 MIL-STD-1332 PURCHASE MEASURED COMME
| PARAMETER PRECISE (CLASS 1) UTILITY (C1ASS 2) DESCRIVTION PERFCRMANCE OTHE(
4
L Froquency Changer Input Voltage N’A NSA 12¢ 208V 20z Complirs
« +109, 155 ~165, ~157 o
e A Y 'roquency Changer tnput Froquency NA N'A 30, €0, 400 Hz VO H, was teated Net limdted
THD N'A N A §s over normal 2.8 at RL only Timited ¢3¢ _ |
load rangv
Wworse 20 26 7 N
stngle N A NA lol.:\:' n:rmal :“2 ;;\‘;m harmonic, Limited (S¢
#) Freauency Chunger Harmonle g Y
mput Curvent
(50 H7 input frequeney)  peviation Factor N'A N/A 5% over mormal Not tested See Note A
__J toad rangc
Pecak inrush on application v N 1¢hY of rated load taput Adoquate, ! B
of rated Joad Iram no Joad NA N7A Not specificd current < 125ms rec. time not specity _ . J
43 Froquency Changer Input Dower Factor N’ N/ Not spucified oty (<3° Jesdh .
{60 Hz input frequeney) A A #pe y €3 ne) :m&,
p - — ——— -—
5 - . ; . 4150 vde, 60A 150 Vde, 60A 1
3)  Converter Qutpet Format (same as ; 7 » B )
3 Inverter input) wrA N/A (nom, at RL) (nora, st RL) Complien
4 — I ~
Voliage Regulation 60 Hz 17 3% 1.5% <0.5%
! ® 100 Hz 15 NaA 1,5% <0.57 Complies
Short term 60 1z 1% 29 1% <0.57 . 4
130 sec) 400 Hz 13 N/A 1% <0.5%, Complies
7)  Steady State Stabiltty d
f Long term 60 Hz 2 45 19 <0.5% Complies
3 (4 brs) 300 Hz 27 N/A 1% < 0,59
] Application ¢ ;) 1550, 5 sec 207 /3 sec 206,/2 sec 13.73 /250 ms
of rated 100 Hz 12%70.5 sec N A 20%/2 sec 12.%7./250 ms Complies
load, dip
- . Rejection & som 15% /0.5 sec 209/ sec 20%/% sec 14.3% /250 ms c .
) Traosicn rated foad, 404 g, 129 /0.5 sce N/A 208 2 sec 15.05,/250 ms omplies .
Performapce rige - j
Dip for low / 1.3%/100 ms
power factor 60 Hz 30% /0.7 acc 407 /3 sec 408 /5 sec T8A,-.8 P? Compll 4
load 400 1z 25G 0,7 wec NA 40T /5 sen Not messured
Total
60 Hz 59 59 59 2.41%
Harmonic - & Complirs
Pistortion 400 Hz % _w N/A 59 2.649
\ax oy
. 60 Hz 27 2. 29 1. 7%/5th
9 Wavelorm lndividual 100 e 25 N A P 2,04 /5th Compltes |
Deviation 60 Hz 5% 57, £ 4 ~i% . 4
I Factor 100 Fa i N'A 5 <9 Complies
t €0 . T e [ Y - :
Voltage €0 H» - - IVpk-pk (L-N, Nonu
‘, Modulaton 400 iz - NrA 3V ph-pk 11-N) None Complica E
{ (or riipic) 4
t - -
10} Votage U'nbalance with 60 Hz 5 5 b > 1.5, Compltes
Unbalanced [ oad 00 Hz an NA 57 3.0 E
- L
11) Phase Balance Voltage 60 Hz 15 19 Not specified <12 Complies *
400 Az 19 N/A Not specificd <15 1332 Prec' ™~ - 9
121 Voitage Adiustment Range 60 Hz -5, +15% =5, +15C +85% Net teated Not Hmite.
400 Hz -3, +10% N/A €37 Not teated (should be
13 short Cireul! Current 80 He - - 2 Pt rated 2.0 PU
- 400 Hz - N/A 2 PU rated | mopu Control pr
t 1dy All € utput Frequeney Parameters 60 Hz - - 60 Uz , 59,994 He Crystal e
| 460 Hz - N'A 400 Hz 399.50 Hz ¥ ¢
— . . p
h
| 151 Dhasc Angle Balance 60 Hz - - Not spccilied < ! degree Adequate, '
f 400 He - N/A Not specified <1 degree not spectfs’
[= -
9
i 18) Y riquoney Changer No Toad [osses 60 Hr VA N A 300 watts 1950 watts Does not
490 Hz NA N/A 500 watty 271 watts L— 4 oot {
—— e . o —n —_ . - ]
ity frequ nev Changer Efficteacy at 60 Hz N A N A a¢; T Docs not 1
) Full 1024 1,0 T'F) 400 Hz N A N'A 80% 1 73.5% s
v ——— - — - «
i Y
- . 1% Fregiuoney Changer Efftclency at 80 Hz NCA N A BOG &0 09 Docs not \
- i Ratcd 1.cad 0.2 PF) 460 Hy, N A N‘A 80" 5. 5% can B
— .
TS .
a3 L HD weith the rrequencey change r delivering rated loud at 46 "1 e 400 Hz s .. |y, «1 harmonie content {3 veferenced to the '
~Oricapanding €, rated; input current THL I8 neavly the sume at lower loads - - approxtmately 6% at no load. The worst
aingle Sacmrale increases Hkewlso - to approximately 6 7 at no load,

B Tegulatar tnetability, which can be correeted, was noted.

2. Comparison of Eiectrical Performance With

Electrical Specifications




-
0
o
n
r
m
0
-
]
o
MH -STD-1332 MIL-STU-1332 PURCHASE MEASURED COMAIENTS ;
PHECISE (CLANS D) UTILITY (CLARS 2) DESCRIPTICN PERFORMANCE QOTHER 8
. " NA N/A 1207208V 120/208V Complics !
N4 +10%, -155 +10%, ~15% z
-
N A NAA 50, 60, 400 Hz 60 Hz was tested Not Iimited by destgn @
[+
| N A N A 5% over normal 5.8% at Ri. only 1nited (See Note- Ay 2
8 load range °
f A 27 uver normal 4.2%, 7th harmoric, Timited (S:0 Note A) g
X Na N load rang: Rl only : (oo : 2
-+
X R NA \/A 5¢ over normal Not tested See Note A >
-‘ load range o
g - »
applcation 105% of rated load faput Adequate, but PD dovs ® 1
w no load NA N/A Not spectfied current <125ms rec, time not apecify o X
- »
N'A N/A Not specified Unity (<5° leading) Adeguatc, but PD docs : ° !
not specify
) [+]
! » £150 vdc, 60A +150 Vde, 60A
| N/A N/A (mom. at R1) (nom, at RL) Compliea ﬁ _ !
60 Rz 1% 3% 1.5% <0,5% >
t 100 Hz 15 N7A 1.59 <0.5% Compltes :O' ¢ 1
66 Hz 1% 29 1% <0.5% 2
:0C Hz 1% N/A 15 <9,5% Complies 5
1 60 Hz 2% 1% 1% <0.5% . m
» 100 Hz 27 N/A 1% < 0.5% Complies o po= ]
3
m
3 60 Hz i3%,0.5 scc 20% /3 sec 20%,/2 sec 13.7% /250 ms Complies 2
00 Hz2 127 /0.5 sec N A 20%./2 sec 12.3% /260 ms l.l —
>
60 Hz 155 /0.5 sec 20%/3 sec 20%./2 sec 14.3% /250 ms Complics r e b
80 Hz 127/0.5 sec N/A 20% /2 sec 15.0%./250 ms )
o - 1.3%,/100 ms g 1
, - /
60 Hz 30¥ /0,7 sec 40% /5 sec 40%/5 sec 78A/-.5 PF Complies 3 H
00 Hz 25% 0.7 sec N/A 40% /5 sec Not measured 3
G Hz 5% 5% 59 2.41% -
ov Hz 5" N/A 5% 2.64% Complies 8 -
2 .
€0 Haz 27 2% 2% 1. 3%/5th .
i Hz 25 N A 29 2. 0%/5th Complies
s T q 5, 59 5% ;
60 iz 5 5% <5%
L0 He 3% N/A 5% <% Complies - !
o Wz N c 3V pkpk (L-N) None z :
a0 H - N/A 3V pk-pk (L-N) None Complies ® .
_____ — - 3
o Hr 5% 5% 57 <1.5% Complies - -
3 He 57 N/A 5% <3.0% *
<0 Hz 17 ) ¥ Not specificd <1% Complies with
0 He 1% N/A Not spectfied <19, 1332 Precise
Hz -5, =130 159 Not tested Not limited by deaign
¢ Hz -5, 4107 5% Not tested (should be -5, +155}
P
153 - - 2 PU rated 2.0 PU .
¢ bs N/A 2 PU rated 2.0 PU Control problem (see Note By -
- - 60 Hz 59.998 Hz "‘*i !ﬂ :
. NA $00 Hz 499,99 Hz Crystal reference complies
i - - Not specified < 1 degree Adequate, but PD docs
. N A Not speeified <1 degree not spueclfy
R e e e e N
He NA N A 500 watts 1950 watts .
1" nA N/A 500 watts 271y watts Daes not comply _
sy RN N A 30" 77% )
i A NA 80°, 13.9% Dous not comply
e T A v R 0
! _l . "‘ t i ﬁ?;. “o.0 [oes not con plv
4. L
matea lad at 46 s 400 M s ST total harmonte content 1s referencud 1o the
1 4 nearls tae same at lower loads -- approximately 67 at no Joad The worst T
rorarately 6 @l v lead,
‘s Was Nt
Table 2. (CComnariann nf Eee ' vl L. et Wt
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i | LOAD_ OUTPUT FREQUENCY
- 80 Hz 400 Bz
= NL to< 0.25 PU 68 h 1h
: >0.25 PU to < 0.5 PU 300.5 h 143 h
>0.5 PU to < 0.75 PU 185 h 224 h
>0.75 PU to < 1.0 PU 169.5 h 111h

Total Time 1,202 hours (no failures)
NOTE: PU indicates per unit rated load. Testing was
done at 0. 8 power factor lagging and unity power factor
loading.

Table 3. Endurance Test Loads

R80-122 3~13
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SECTION IV
CONCLUSIONS AND RECOMMENDATIONS

Most test results are better than, or at least compliant with, PD or other requirements.
There are deviations, measured or suspected, which are discussed herein.

4.1 PARAMETER 2 — FREQUENCY CHANGER INPUT FREQUENCY AND
PARAMETER 3 — INPUT CURRENT

The set was tested only with 60 Hz input power because adequate 50 Hz and 400 Hz power
sources are not available at Delco. There is no design limitation which precludes oper-
ation at 50 Hz and 400 Hz. It is quite possible that the present converter input filter
would not function as is at 400 Hz, but the inductor tap scheme shown in Figure 3 prob-
ably would. -

Deviation from the ideal sinusoidal input current is above that specified in the PD. Dis-
tortion components are considerably above those measured on a breadboard frequency
changer and reported in Delco Electronics Test Report R78-28. For example, at rated
load, input current THD was reported as 3.5 percent. It is now reported as 5. 8 percent.

The reasons for the degradation in performance should be evaluated. It is believed that
the staggered firing pattern of the A, B, and C phase converter SCR's, as opposed to

the simultaneous firing pattern formerly used, is the main contributor to the degradation.
Addition of a logic power supply in the system may also be a contributing factor.

An amendment to the PD specification should be made if necessary after simultaneous
firing has again been tried and analyzed.

4.2 PARAMETER 13 — SHORT CIRCUIT CURRENT

Testing of single, two, and three-phase short circuits (from RL) was done only at 60 Hz
output frequency. Earlier testing indicated similar results at 400 Hz output frequency.
The inverter portion always seems to function well, but a problem exists in the conver-
ter control.

R80-122 41
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As previously reported, there is still an instability in the low level control circuit for ——
the converter. This results in bursts of output approximately 0.5~-second long spaced T
- by "no output® periods of approximately 0.25 second. However, a balanced three-phase -
3 ‘#7..;, short circuit does not cause control instability, and approximately 110A rms per phase S
i was recorded. It has been concluded that accurate and instantaneous monitoring of ._A

inverter input current is required for proper short circuit control. This circuit augmen-
tation should be made to the set.

4.3 PARAMETER 16 —NO LOAD LOSSES, PARAMETER 17 — EFFICIENCY AT . |
FULL LOAD, PARAMETER 18 — EFFICIENCY AT RATED LOAD

The purchase description (Ref Section I) states that the no load loss shall not exceed 500
watts and that efficiency with the set operating above 25 percent of rated power shall be
80 percent minimum. No-load losses are well in excess of those specified a.nd, in the
fully packaged frequency changes, they are 2.8 kW. The rat: load efficiency is 80 per-
cent at 60 Hz output and 76 percent at 400 Hz output.

4.4 RECOMMENDATIONS

Harmonic distortion of the input currents to the frequency changer is very low, although
it is greater in some cases than that specified. The input filter for the converter cer-
tainly can be improved upon. More should be learned about the effects of source
impedance on input current harmonics. It is recommended that Delco refine the input L
filter while studying source impedance effects. MERADCOM should consider changing -—--1
the current harmonic specifications. It is recommended that Navy specifications for . )
frequency changers, from the NAVSEC offices, be reviewed. o

Delco should further refine the low level control circuits so as to eliminate instabilities
that have been shown to occur with heavy unbalanced loads and short circuits.

It was observed during severe overload testing that in addition to output current limiting
problems, there were power limiting problems. The frequency changer has no control
input to provide constant power into an overload. It is strongly recommended that a
constant power limit mode of operation be added.

-t

i’y

celmadlarane s
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At 821 hours into the endurance test, a brownout occurred on the 60 Hz input to the
frequency changer. The brownout was properly sensed as undervoltage (7 cycles at 80 V),
and the set was shut down. A brownout at 1,172 hours caused a second shutdown. The

question of what action the set should take in the event of a brownout needs to be answered.

Rather high no-load and light-load losses are related to the specific inverter approach
used. The two major contributions are from the following:

° Load-independent, high level, forced commutation circuits
[ A very large, fixed, leading power factor, output filter.

It is not recommended that any changes be made in the commutation circuitry, which
accounts for at most, a few hundred watts of loss at 400 Hz. It is recommended that
consideration be given both by MERADCOM and Delco to implementation of an incre-
mentally variable output filter. The present filter draws 1.1 PU rated output current

at 0 PF, leading. This is responsible for as much as 2 kW loss at no load. At no-load
and light-loads, smaller filters would greatly reduce inverter losses and, consequently,
converter losses and improve loaded efficiency. At rated load, Delco should evaluate
the use of a 0.9 to 1.0 PU output filter to slightly improve rated load efficiency.

Temperature checks made on the fully enclosed frequency changer showed several areas
of excessive temperature rise. Although some improvement was made by providing more
air flow to these areas, they are still too hot for safe operation at 125°F ambient air.

It is strongly recommended that thorough temperature tests be made and that redesign
efforts be directed to reduction of temperature rise in areas where problems are found

to exist.

R80-122 4-3
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h ] SECTION V | oo
o DESCRIPTION OF TESTS

5.1 TEST APPARATUS

The general test set-ups used during the electrical performance testing are shown in
Figures 15 and 16. The test apparatus makes use of a dual channel, x-y, transfer
switch designed and built by Delco Electronics. The transfer switch provides for rapid,
manual switching between various phase voltages and currents so that the desired input
function can be directed to the appropriate recording and monitoring instrumentation v
which are listed in Table 3. The schematic diagram of the transfer switch is provided

in Figure 17, Figures 18 and 19 provide descriptive block diagrams for the Deviation

Factor and Amplitude Modulation tests, respectively. The methods used are much less e
time consuming and more accurate than those specified in MIL-STD-705B and results -
are, otherwise, equivalent.,

The instruments and equipment, support and measuring, used during the performance
of the tests are given by number (corresponding to the TE Number in Table 3) in Table 4.

5.2 TEST PROCEDURES

The test procedures are abbreviated MIL~STD~-705B procedures. These procedures,
nevertheless, yield results of accuracy equal to or better than standard MIL-STD-705B. -

The frequency changer is tested at one input and one output frequency at a time. For
tests at different output frequencies, it is shut down and reconnected appropriately.

Test 1 — Frequency and Voltage Regulation, Stability (short term) and Transient Re-
spouse, MIL-STD-705B Test Method 608. 1a,

The set's output frequency is crystal controlled, so there is no regulation or transient re-
spouse to be measured, Stability is as good as the crystal itself. Output frequency is
recorded at 60 Hz and 400 Hz, nominal,

R80-122 5-1
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FROM

® A - N Voit (Dir)
® B- N Volt (Dir)
® C - N Volt (Dir)
Kler
Yio1

X1 ¢ Volt (Dir)

X1 ¢ Volt (Isol/Attn)
Y1 ¢ Volt (Isol/Attn)

@ A Current (0.1V/A)
@ B Current (0.1 V/A)
@ C Current (0.1 V/A)

R80-122

TO. EQUIPMENT

Fluke 8040A true RMS DVM
Fluke 8040A true RMS DVM
Fluke 8040A true RMS DMV
Yew 288559/2805 Wattmeter Y Channel Direct

HP 3580A Spectrum Analyzer (for
current analysis)

HP 331A Distortion Analyser (for
current THD)

HP 302A Wave Analyzer (for current analysis)

TEK T704A Oscilloscope with (42), (43), (44),
(45), (46) (for current observation)

HP 3575A Gain/Phase Meter (Channel B
for power factor)

Yew 288559/2805 Wattmeter X Channel
Voltage ~ 150V Input

HP 4245L Counter (for waveform frequency)

HP 3580A Spectrum Analyzer (for
voltage analysis)

HP 331A Distortion Analyzer (for voltage THD)
HP 302A Wave Analyzer (for voltage analysis)

TEK T704A Oscilloscope with (42), (43), (44),
(45), (48) (for voltage observation)

HP 3575A Gain/Phase Meter (Channel A for
power factor)

K~H 3750R Filter (for voltage deviation factor)
Fluke 8600A DVM
Fluke 8000A DVM
Fluke 8000A DVM

Table 3. Frequency Changer Test, Test Equipment Utilization

TS T Y Ty e~ = - -

TE NO.

)
(8)
®
3)
(17

(15)

(16)
(39)

(14)
(13)

(20)
an

(15)
(16)
(39)

(14)

(18)
19)
1)
(12)

’
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' ‘ TE NO. MODEL/DESCRIPTION IDENT
1, HP 3400A True rms Voltmeter 1L 17669
2, HP 400E AC Voltmeter IL 12795C
- 3. HP 400E AC Voltmeter IL 12796C
. ( 4, HP 3400A True rms Voltmeter - IL 13116C
5. HP 3400A True rms Voltmeter IL 12939C
6. HP 3400A True rms Voltmeter IL 12075ST
. 1. Fluke 8040A  True rms DVM IL 18036
. 8. Fluke 8040A  True rms DVM IL 17971
9, Fluke 8040A  True rms DVM IL 17969
10. Fluke 8600A DVM IL 17968
11, Fluke 8000A DVM IL 17967
- - 12. Fluke 8000A DVM IL 16135
L 13, Yew 288559/ S
2805 Dig Wattmeter IL 18153
14, HP 3575A Gain/Phase Meter IL 17972
15, HP 331A Distortion Analyzer IL 17984
fh 16, HP 302A Wave Analyzer IL 11853-L
' 17. HP 3580A Spectrum Analyzer IL 17582
18. Krohn-Hite 3323R Filter IL 18984
19, HP 403A AC Voltmeter DSD 22040
B L 20, HP 5245L Counter IL 15423
21. HP 3450A Multifunction DVM w/rms IL 14411
22, White 3702 DC Pass Filter
23. White 3704 60 Hz Notch Filter
3 _ 24, White 2939 400 Hz Notch Filter
25, Delco Dual Channel Transfer Switch .
26. HP 3300A/3302A Function Generator IL 16434/IL 16435 1
: 27, HP 5243L Counter IL 11966 '
;g - 28. Fluke 8020A DVM IL 18188 .
_ 29. Fluke 8020A DVM IL 18189 ~7
30. Weston 931 DC Ammeter 1L 12771 ’

N

Table 4 (Sheet 1 of 2). Test Equipment, Support and Measuring ]

R80-122 5-8
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TE NO.

3l.
32,
33.

| 34,
35.

36.
317.
38,
39,
40,
41,

v

43.
4,

| _J]
5

46,
47,
48,
) 49,
50,
51,
52.

53,
54.
55.

yo.

56.

Wy F

} RE0-122

P Ml asien aren

MODEL/DESCRIP TION

HP 467A Power Amplifier

HP 3400 Attenuator Set

(6 each) Topaz 91095-22 Ultra-
Isolation Transformer

(6 each) Pearson 110 Wide Band
Current Transformer
Pearson 301X Wide Band
Current Transformer

Fluke 8040A DVM

Fluke 2100A Digital Thermometer

Philips PM 3265 Multiplier Oscilloscope

TEK T704A Oscilloscope

TEK 7704A Oscilloscope

TEK T704A Oscilloscope

TEK 7A18 Dual Trace Amplifier

TEK TA26 Dual Trace Amplifier

TEK 7B71 Delaying Time Base

TEK 7B70 Time Base

TEK 7A13 Differential Comp

TEK 7A13 Differential Comp

TEK 7A18

TEK 7A18

TEK TB53A

TEK P6042 DC-50 MHz Current Probe

TEK AM503/P6302
DC-50 MHz Current Probe

TEK FG504
TEK P6042
(2 ea)

40 MHz Function Generator
DC-50 MHz Current Probe

UMC Model Eng Type 15
Load Bank, 15 kW

YEW 2514-47/25056 30 Wattmeter
Table 4 (Sheet 2 of 2). Test Equipment, Support and Measuring

BSARBARA OPERATIONS ¢ GENERAL MOTORS
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IL 14358
IL 12716

IL 18035
IL 18243
IL 18291
IL 16692
DRL 14968
DRL 14970
IL 16693
IL 17733
IL 16695
IL 16696
IL 16849
IL 18222
IL 16694
IL 18314
IL 16971
IL 16872

IL 18320

IL 14387

IL 19109
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Voltage regulation is recorded at no load (NL), 0.25 rated load (0.25 RL), 0.25 full load
il (0.25 FL), 0,5 rated load (0,50 RL), 0.5 full load (0.50 FL), 0.75 rated load (0.75 RL),
' 0.75 full load (0.75 FL), rated load (RL), and at full load (FL).

- Rated load is defined as 15 kW, 0.8 PF. Full load is defined as 15 kW, 1.0 PF. Regu-
I_ . lation is calculated as follows: '

1. At each load point calculate the average of the 3-phase output voltages.
S Let these be A, (where X =1, 2, ... N and N is the number of load points).

2, Calculate the average output voltage for the series of loads as
D=A; +4Ay +.eeo Ay/N.

3. Regulation at each point X is
r A -D

D

¥ 100, in percent

Stability at a load point X is the maximum deviation in percent from an average calcu-
lated for each phase at that load point X,

For transient response, the recovery time, and overshoot or undershoot, as applicable
are measured. Recovery time is the time from removal of load or application of load,
as applicable untfl the output voltage stabilizes within the specified regulation band.

- -

Overshoot is determined as follows:
1. Measure no load voltage, VNL

2. Measure loaded voltage,

i

VxL

= 3. Let R be the maximum peak-to-peak excursion measured on the

' oscillogram during the transient

4. Let NL be the stabilized peak-to-peak excursion measured on the
oscillogram after the transient has subsided.

Cate o

: 5. Calculate R VNL -
. Vo =
R NL '
V. - 1
R~ VxL
E: . 6. Calculate overshoot = ————==" x 100, in percent
A ; VxL
- R80-122 5-10 ;
. A
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E Similarly undershoot is determined as follows:
- 1.

2. Measure no-load voltage, V

Measure loaded voltage, VXL

NL
3. Let D be the minimum peak-to-peak excursion measured on the
fh oscillogram during the transient.,
. 4, Let XL bethe stabilized peak-to-peak excursion measured ov the
oscillogram after the transient has subsided.

5. Calculate
v = DVXL
D XL
VXL - VD .
6. Calculate undershoot = X 100, in percent
X1

Test 2 — Voltage Waveform, MIL-STD-705B Test Method 601,1¢, Oscillographic, and
Test Method 601.4a, Harmonic Analysis

The oscillographic test is used to determine the deviation factor of the output waveform,
The test set up {s described in Figure 18. The output waveform (attenuated) is fed into
the plus (+) input of the oscilloscope at 10 divisions peak-to-peak deflection, A filtered
version of this waveform which has its distortion components removed (THD <0, 05%) is
fed into the minus (~) input. The phase of the reference sine wave so obtained is adjusted

" by changing the cut-off of the filter. The amplitude is adjusted by using the reference
amplitude adjustment. Phase and amplitude of the reference are adjusted for minimum
peak-to-peak deflection of the difference signal displayed and recorded on the oscilloscope.
This then is the deviation only.

The deviation factor is calculated as follows:

1. Measure the peak-to-peak deviation of the waveform in divisions. Let this
be D.

2. Deviation factor = D/10 x 100, in percent.

Waveform harmonic analysis consists of THD measurement as well as the measurement
of each harmonic (out to the 50th). These are done directly as indicated in Paragraph 5.1,

R80-122 5-11
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Test 3 — DC Content, MIL-STD-705B, Test Method — None applicable,

» For dc content the White 3702 passive low pass filter is used. The output of this filter
s is read with a dc voltmeter directly. The White 3702 filter is designed for line-to-
o neutral measurements only,
X
g g Test 4 — Voltage Modulation, MIL-STD-705B Test Method 602.1a
ft o The voltage modulation test set-up is shown in Figure 19. This set-up depends on the
unique capability of the Tektronics 7A13 plug~in which permits a signal to be expanded
over 100 times off screen and offset so that any portion of the expanded signal may be
viewed. For purposes of voltage modulation measurement, the positive and then neg-
ative peaks are so viewed, Peak-to-peak modulation voltage is found as follows:
r
1.  Adjust the gain for the + signal input (that is, uncalibrated mode) for
exactly 5 divisions peak-to-peak display.
i 2.  Call the display expansion factor E.
N 3. LetE=10
4, Offset - input (use Ve) so that either the positive peaks or the negative
peaks, as required, may be viewed.
) 5. Let M equal to the difference between the highest and lowest peak viewed
_L' in divisions. (Use single sweep with at least 10 peaks.)
6.  Measure the input voltage to the + signal input. Let this be V,.
i
i 7. Let v. -
b - - L~-N
= e
3 - L
S for line-to~neutral measurements.
E Let
© e Vi
'P_ K= 2L
. VL
- for line-to-~line measurements,
- 8. Voltage modulation = 2 /2 VL KM/5E = 0,566 VL KM/E, for 120 V line-
' to~-neutral measurements. Voltage modulation = 67.9 M/E volts peak~
’ to peak.
. R80-122 5-12
!
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Test 5 — Frequency Modulation, MIL-STD-705B, Test Method 602. 1a

N The output frequency of the frequency changer is cryustal controlled. Since there is no RN
measurable frequency modulation, this test is not performed. L o
% Test 6 — Voltage Dip for Low Power Factor Leads, MIL-STD-705B, Test Method ”
' 619,.1c. .
Recovery time, as observed on an oscillogram, is the time interval starting with the v j
application of the low power factor load and terminating when the output voltage stab~ » *

ilizes at the loaded value. The low power factor load is one with a 0.5 PU impedance
and a power factor of 0.4 or less., Voltage dip, stated in percent of rated voltage, 1s :
determined as follows: - DR

1. Measure loaded voltage, VXL
2, Measure no load voltage, VNL (120, 0V)
3. Let D be the minimum peak-to-peak excursion measured on the
. oscillogram during the transient.
' 4, Let XL be the stabilized peak-to-peak excursion measured on the _ _'.
oscillogram after the transient has subsided. 3 ;
8 5. Calculate ﬂ
DV. r
. + VXL L
. p* XL o
VD - VXL .
6. Calculate dip = 0 % 100, in percent. R
-
- st 7 - Voltage Dip and Rise for Rated Load, MIL-STD-705B, Test Method 619,2b L
] For the application of rated load recovery time and dip are determined. Recovery time '.
is the time from application of rated load for the output voltages to stabilize within the .
- specified regulation band. Dip in percent is determined as follows: Lo
1.  Measure loaded voltage, Vo, -
2. Measure no load voltage, VNL 1
w Lo
R80-122 5-13
.
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. 3. Let D be the minimum peak-to-peak excursion measured on the
E oscillogram during the transient.

4, Let RL be the stabilized peak-to~peak excursion measured on the

oscillogram after the transient has subsided.

5. Calculate

» DV
v, = —=BE
D RL

VeL" Vb
6. Calculate dip = X 100, in percent.
120

For the removal of rated load, recovery time and rise are determined. Recovery time
is the time from removal of rated load for the output voltage to stabilize within the
specified regulation band. Rise in percent is determined as follows:

1, Measure no load voltage, VNL

2. Measure loaded voltage, VRL

3. Let R be the maximum peak-to-peak excursion measured on the
oscillogram during the transient.

4, Let NL be the stabilized peak-to-peak excursion measured on the
oscillogram after the transient has subsided.

5. Calculate
v - RV,
R~ "Wt
-v
6. Calculate rise = —S-nNL y 100, in percent.

120

Test 8 — Summation of Losses and Efficiency, MIL-STD-705B, Test Method - None
applicable,

This test is accomplished to measure the frequency changer's converter losses, the
frequency changer's inverter losses, and the overall frequency changer losses at no-
load. In addition, at 0.25 RL, 0.25 FL, 0.5 RL, 0.5 FL, 0.75 RL, 0.75 FL, rated
load (RL), and full load (FL), these losses are measured. At these loads converter
efficiency, inverter efficiency, and overall frequency changer efficiencies are deter-
mined as follows:

1. Measure frequency changer power circuit input power, PIN CONV*

R80-122 : 5-14
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2. Measure frequency changer converter output power (inverter input power),

PouT conve

3. Measure frequency changer output power, PLO AD"

4, Measure all other losses, such as logic input power, cooling fan power, etec.
Sum these powers, P AUX® o
QUT CONV
PN conv

P
LOAD X 100, in percent.
OUT CONV

P10AD
IN CONV
P

5, Converter power circuit efficiency = X 100, in percent.

6. Inverter power circuit efficiency =

7. Overall power circuit efficiency = X 100, in percent.

LOAD

P +

8. Overall frequency changer efficiency = R
INCONN "AWX

X 100, in percent.

Test 9 — Voltage Adjustment Range (Regulator Range), MIL-STD-7T06B Test Method
511.1c

At no load and at rated load measure the minfimum line~to-neutral output voltage with
the voltage adjustment set full counterclockwise. This must be less than or equal to that
specified in the procurement document. At no load and at rated load measure the maxi-
mum line-to-neutral output voltage with the voltage adjustment set full clockwise. This
must equal or exceed that specified in the procurement document.

Test 10 - Circuit Interrupter, MIL-STD-7056B, Test Method 512. 1c
With the set operating under rated load, apply single-phase, two-phase, and three-phase

short circuits. In each case, measure the value of short circuit current and the time it
takes for the output contactor to open.

R80-122 6-15
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0 5.3 TEST DATA ..__
Original data for PD required testing appears in this section in the following order:
. 1-A 60 Hz out, No Load, 120V out Note A T
i ' 1-B 0.25 RL, o
. 1-C 0.25 FL, e
- 1-D 0.50 RL, i
o 1-E 0.50 FL,
N 1-F 0.75 RL, U
b 1-G 0.75 FL, !
3 1-H RL,
! 1-1 FL, ¥
1-J NL to RL transient, 120V out _, __‘
1-K RL to NL transient, - -~
1-L NL to LPF transient, L
1-M RL to 1§SC transient, SN
1-N RL to 26SC transient, L
1-0 ‘ RL to 3SC transient, \J o
4-A 400 Hz out, No Load, 120 Vout y
4-B 0.25 RL,
4-C 0.25 FL, o
4-D 0.50 RL, e
4-E 0.50 FL, e
4-F 0.75 RL, e
4G 0.75 FL, o
4-H RL, —_—
4-1 ' FL, \j S
R80-122 5-16
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DELCO ELECTRONICS DIVISION ® SANTA BARBARA OFERATIONS © GENERAL MOTORS CORPORATION

| n 5.4 TEST PHOTOGRAPHS

Spectrum analyzer and oscilloscope photographs appear in this section in the same
sequence as the corresponding test data presented in Paragraph 5.3.
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DELCO ELECTRONICS DIVISION ® SANTA BDARBARA OPERATIONS ¢ GENERAL MOTORS

ADDITIONAL FREQUENCY CHANGER TESTING

APPENDIX A

CORPORATION

Results of certain supplementary tests appear in this appendix. Tests are as follows:

1-Xa
1-Xu
4-Xa
4-Xh
4-Xc
4-Xd
4-Xe
4-XtI
4-Xg
4-Xh
4-Xi
4-X)
4-Xk
4-x1
4-Xm
4-Xn
4-Xo
4-Xp
4-Xq
4-Xr
4~Xs
4-~-Xt
4~-Xu
4~-Xv
4-Xw
50 Hz
Distortion

R80-122

" Transient feedthru suppression

Input/output, output/input transients
110V in,
120V in,
120V in,
120V in,

Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
losses ,
Losses ,
Losses ,
Efficiency,
Efficiency,
Efficlency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,
Efficiency,

120
120

114V in,

120
126

114V in,

120
126
114
120
126
114
120
126
111
114
120
126
132

’

110V out, 0.8 RL
120V out, 1.1 RL
120V out, 0.25 FL
120V out, 0.50 FL
120 , 0.7 FL
120 , FL
120V out, No load
120 » No load
120 » No load
120V out, 0.25 RL
120 » 0.25 RL
120 » 0.25 RL
120 » 0.50RL
120 , 0.50RL
120 » 0.50RL
120 , 0.75RL
120 , 0.75RL
120 , 0.75RL

120 » RL
120 » RL
120 » RL
120 » RL
120 » RL

NL, 15 kW, 100 Vout
50, 60, 400 Hz
Converter Perf. Transients, Ln distortion
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