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MINIMUM PERFORMANCE STANDARDS
FOR
AIRBORNE STATIC ELECTRIC POWER INVERTERS

1. PURPOSE:
requirements to be met by stat1c electric power inverters designe
civil airgraft.

2. SCOPE AND|DEFINITIONS:

2.1 Scope: The tests specified herein provide a laboratory means to

the perf

rmance characteristics of static electric power inverte

The purpose of this document is to define the minimum p%rformance

for use in

determine
s under

electr1cr1 and environmental conditions representative of those éncountered

in actua

2.2 Definiti

2.2.1

Airbor

aeronautical operation.
pns ¢

ne Static Electric Power Inverter: Equipment, or a-comb

equipmgnt, used in aircrart to convert direct current (DC) eleg

to 400

2.2.2

Defini

Hz alternating current({AC) electric power.

tion of Terms: Unless otherwise specified herein, the t

are thpse defined in Radio Technical Commission for Aeronautic

Docume

2.2.3

Test Cobnditions dnd Procedures:

nt Number D0O-160.

Unless otherwise specified he

test pfoceduresiand the environmental test conditions and proc

be thoge defined in RTCA Document Number DO-160 for the equ1pm
declarpd by the manufacturer.

2.2.4

Test S i :
performed using no more than two (2) inverters.

nation of
tric power

rms used
(RTCA)

3
9
5

rein, the

bdures shall
nt category

1 be

The optional Section 6.0

test(s) may be conducted on these same inverters or an additional test
sample,

2.2.5

Effect of Tests:

As a minimum performance requirement, the equipment shall

satisfactorily complete all tests herein without maintenance or failure.

SAE Technical Board Rules provide that: "“This report is published by SAE to advance the state of technical and
engineering sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”’
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SAE invites your written comments and suggestions.
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2.2,5.1 Repair and Retest: If the equ1pment fails a test, the manufacturer may
at his option repair and retest it or test a new un1t in place of the
failed unit. The manufacturer shall furnish a detailed report on the
investigation of the failure and the corrective action. At the
discretion of the inspecting authority, the repaired or replacement unit
may be subjected to any applicable test herein in addition to those
which the unit previously failed.

2.2.6 Manufacturer's Declarations: The manufacturer shall declare (1) the
1pmen icab o the inverter, and (2) the applicable

e i
_ehvironmental categories. Unless otherwise declared by the manufacturer,
the environmental conditions and test procedures herein will apply.
(1) Rated Input Voltage 22 to 29.5 VDC (Category Z)
(27.5V Nominal)
(2) Rated Input Current To be declared’ by the manufacturer.
(AT 22 VDC Input)
(3) Rated Output Voltage 116 VAC¢.m.s. + 5V (prgportional
reg?1at1on for Tnverters with 26 VAC
.o tap)
(4) Output Frequency 4002+ 4 Hertz,
(5) No. of Phases To be declared by the mgnufacturer.
(6) Output Power (VA) To be declared by the mgnufacturer.
(7) Power Factor Range .80 Lagging to .95 Leading
(8) Harmonic Distortion 5% total, 4% maximum individual harmonic. .
(9). Efficiency To be declared by the manufacturer.
(10) Weight (Maximum) To be declared by the manufacturer.
(11) Acoustic Noise leyel To be declared by the manufacturer,

3. GENERAL REQUIREMENTS::.

3.1 Desfign and Constru¢tion: The design, construction, finish, |[marking shall be
conkistent with.good aircraft practice, Terminals, connections, components
and| conducters shall be designed to preclude accidental shofting, contact
with personnel or foreign conduct1ve wmaterials. Components [should not be
stressed beyond their manufacturer's ratings.

3.2 Vol ' HE | frequency controls or
adjustments that are not normally adJUStEd in f11ght shall not be readily
accessible to flight personnel.

3.3 Flammable Materials: Except for small parts (i.e. seals, grommets,

: Tasteners and other small electrical parts) which would not contribute
significantly to the propagation of a fire, all materials used in the
equlpment shall be non-burning or self- ext1ngu1sh1ng.
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4.

4.1

4.2

4.3
4.3

4.3..

4.3.3

MINIMUM PERFORMANCE REQUIREMENTS UNDER STANDARD TEST CONDITIONS:

s

Unless

otherwise stated herein, the conditions of test shall be those defined in
Section 3.0 of RTCA Document Number D0O-160 and, unless otherwise specified,
after temperature stabilization of the equipment reference D0-160 Section 2.

AC Voltage and Frequency Regulation:

Unless otherwise declared by the

manufacturer, the inverter output 1imits shall remain within 400 Hz + 4 and
115 VAC r.m.s. + 5V when tested for five (5) m1nutes under each of the

following

(1) Input

conditions:

Voltage Load Conditions (Unity|PF

L
4

21,
29,
(2)

(3),

Output transient voltages shall be measured-during load applicatig

removal.
shown in §

Efficiency
the calcu
manufactuy

Waveform:

.1 Linear L

a crest
the fun
fundame

2 Non-Lin

Repeat above tests at .80 Lagging PF Loads.
Repeat above tests at .95 Leading PF Loads.

2 YDC
5 VDC
5 VDC

No Load, 25%, b0%, 75%.@nd Ful
Repeat
Repeat

Duration and levels of voltage;excursions shall not exce
Fig. 1.

[ated efficiency shall.not be less than that declared by
rer.

oad: Unless ‘otherwise declared, the inverter waveform
[factor of 1.41 + 0.1, a total harmonic content not exce
amental-and an individual harmonic content not exceeding
tal over/the normal input voltage range and.output load

1 Load

n and
bed Timits

f: With nominal input voltage and at full rated load (Upity PF),

the

shall have
ding 5% of
4% of the
range.

the wav
voltage

Non-Linear Load Test:

range when tested in accordance with paragraph 4.3.3.

three-phase units may be conducted one phase at a time.

a.

par \Load: The total harmonic and extraneous frequency content of
bform shall not exceed 8% of the fundamental over the ngrma1 input-

The 1oad tests specified below shall be conducted

at minimum, nominal and maximum normal input voltages. Tests on

With an initial linear load of 50% rated current, an additional load

of 50% rated current shall be added for approx1mate1y 1/2 of each
positive and negative half cycle.

cycle shall be linear and 100% rated current.

Part (a) shall be repeated except that the load during the positive
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4,3,3 (Cont1nued)

¢c. With no initial load, a load of 50% rated current shall be applied for
-approximately 1/2 of each positive and negative half cycle, '

d. Part (c) shall be repeated except that the load during the positive
“half cycle shall be Tinear and 50% rated current.

4.4 Low Voltage Input Operation: The inverter shall demonstrate its ability to
stant—underrated—oad—and—tooperate—continuousty—for—36-miputes at 18 VDC
inpyt. The output voltage shall not be Tess than 100 VAC-and the frequency
shalll be 400 + 20 Hertz. The inverter shall operate within hormal
regylation 1imits when the input voltage is increased to 27.5 VDC.

4.5 High Vo]tage Input Operation: The inverter shall be operated for 5 minutes
at fulT Toad output with 32.2 VDC input applieds  The inverter output shall
not lexceed 122 VAC and the frequency shall be-400 + 20 Hertz| The inverter
shalll operate within normal regulation 1imits<when the input|voltage is
reduced to 27.5 VDC.

4,6 Momentary Low Voltage Inputs: The inverter shall not be damaged, if when
operjating at fulTl Toad and 22 VDC input, the input voltage is$ rapidly
reduced to 0 volts for 5 msec. andcthen increased back to 22(VDC. The
invelrter shall operate within rated output voltage and frequency regulation

~ 1limifts upon reaching 22 VDC. This test shall be repeated fiye (5) times .
within a five-minute period using O voltage periods of 10, 25, 50, 100 and
150 msec. for -each interruption.

4,7 Overfload Capacity: Unless otherwise declared, with an initial load of 10%

and hominal input voltage applied, the 1nverter shall, withogt damage, be
capaple of providing”at least 150% load current for five (5) minutes when
operpting into @wunity power factor load. For three (3) phage inverters,
this| test may<be run on each phase individually or on all thiee phases

simull taneously. Output transient voltages shall be measured|during the load
applfication~and removal. Duration and levels of voltage excyrsions shall
not pxceed the 1imits of Figure 1.

) ] i ¥th rated input
voTtage app11ed -shall without damage be capab1e of de11ver1ng at least 200%
rated load current for 5 seconds.

4.9 Surge VoTtage (Cateqory 2): " Unless otherw1se declared, the 1nverter shall
be tested 1n accordance w1th D0-160, para. 16.3.5. Upon test completion,
the 1nverter shall meet the requirements of para. 4. 1(1) here1n.

4,10 -Voltage Spike Conducted Test (Category A): Unless otherwise declared, the
inverter shall be tested in accordance with D0-160, para. 17.0, requirement

category A,
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4.1

..

Phase Voltage Displacement (3-Phase Inverters):

4.11.1 -

4.11.2

4.11.3

Balanced Load: Unless otherwise declared, the maximum spread in phase

voltage shall not exceed 3V between the phase with the highest voltage
and the phase with the lowest voltage when operating into a balanced l1oad.

Unbalanced Load: Unless otherwise declared, the voltage displacement

between phases (highest to lowest) shall not exceed 3 volts when
operating into a one-third unbalanced load. Maximum output voltage
between phases shall not exceed 4 volts when operating into a two-thirds
unbalan¢ed load

Unbalangted Load Test: The effects of single-phase and unbalanced

three-phase Toads on the balance of the three-phase voltage, output of the
unit shfall be determined as follows at minimum, nominal,, and maximum
normal jnput voltages.

a. Wheh the unit is carrying no three-phase load; ya single phage
1ing-to-neutral unity power factor load reguiring 1/3 and tpen 2/3 of
ratpd full load output current (a load of ‘approximately 1/9[and 2/9
of the full three-phase rating of the unit) shall be connected
sucpessively to each phase.

b. Whep the unit is carrying a unit power factor balanced threg-phase

Toad requiring 1/3 of the rated full load output current, a
Te-phase line-to-neutral unity power factor load requirfing 1/3
and then 2/3 of the rated full load output current (a load pf
approximately 1/9 and 2/9.6f the full three-phase rating of| the unit)

c. Wheh the unit is carrying a unity power factor balanced thrpe-phase
requiring 2/3-of the rated full 1oad output current, a
j1e-phase 1ine-=to-neutral unity power factor load requiriing 1/3 of
the rated full:load output current (a load of approximately| 1/9 of

the full thre¢e-phase rating of the unit) shall be connected
successively to each phase.

The maximum value of the output voltage unbalance and the phase| voltage

occurri he 1imits
specified in 4.11.2.

4.12 Phase Displacement (3-Phase Inverters): Unless otherwise declared; the

4,13

dispTacement between corresponding zero points on the wave form shall be
between the 1imits of 118 and 122° when operating into a balanced load.

Phase Rotation (3-Phase Inverters): The inverter shall have phase rotation

ABC and this will be verified by test.

4.14

Reverse Polarity: Means shall be provided for protectihg the inverter from

the application of reverse polarity input voltage.
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5,

5.1

5.2

4.17

4.15 Starting: The inverter shall be capable of starting under all specified

conditions. During starting, the output voltage shall not exceed the
Timits in Figure 1.

Influence on Electrical System: The inverter shall not unduly influence an
aircraft D.C. power supply system. Peak to mean input ripple currents
shall not exceed the values specified below, when the inverter is operated
from a low impedence, low ripple source.

— INVERTER RATING PEAK—TO MEAN"INPUT RIPPLE
VA CURRENT MAX - AMR,

Under 30 0.5
30 - 90 1

91 - 200 2

201 - 500 5

501 ~ 1000 10
1001 - 2500 20

OVER 2500 , 25

Indulation Resistance: The insulation resistance of the inyerter shall be

medsured between:

-d.jc. inuts and frame with a.c. outputs connected to frame.| Test voltage
5(0 vbC.

-a./c. outputs and frame with d.c. inputs connected to frame| Test voltage
200 vDC. _

At maximum operating' temperature, the 1nsu1at1on resistance|shall not be
legs than 10 Ml

MINIMUM PERFORMANCE UNDER ENVIRONMENTAL TEST CONDITIONS: Inverters shall

meet [the requirements of the following paragraphs by actual test, similarity

with [RTCA Document DO-160.

proofl or by-analysis. Unless otherwise specified, the applicgble terms,
environmental and test conditions and procedures referenced ape in accordance

Low Temperature Test. The inverter shall be tested in accordance with para.
4.4 of DO-160. Upon comp1et10n of the test, the inverter shall meet the

requirements of para. 4.1 (1) herein.

High Temperature Test: The inverter shall be tested in accordance with
para. 4.5 of DO-160. The unit shall be tested without a heat sink and in
still air.  Unless otherwise declared, the h1gh temperatures shall be those
defined for Categony D2 equipment. If a fan is used in the temperature
chamber, the moving air shall not impinge directly on the inverter. Upon
completion of the test, the 1nverter shall meet the requirements of para.

4.1 (1) herein,

®

]
[
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5.3 Ait1tude Test (High Temperature): The inverter shall be tested at the

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5- 1]

5.12

maximum temperature/altitude condition for the equipment declared by the
manufacturer. Unless otherwise declared, applicable maximum temperatures
shall be: (reference para. 4.2 of DO- 160), (B-2) +70° C, (C=2) +45°C, (D-2)
+20°C, and (E-1) +20°C. Upon comp]et1on of the test, the 1nverter shall
meet the requirements of para. 4.1 (1) herein,

Humidity Test: The inverter shall be tested in accordance W1th para 6.3.1

of DO-T60. The inverter shall meet the requirements of para. 4.1 (1) and

para. 4.5 herein

Shock Test} The inverter shall be tested in accordance w1th para. 7.1 of
DO-T60.  The inverter shall meet the requirements of.para. 4:1(1)|herein.

AN

Crash Safety: The inverter shall meet the~requdrements'cfupara; 712 of

Vibration:| The inverter shall be tested in accordanceé with para. 8.2.1 of
DO-T60." Unless otherwise declared, the requirements for Figure 2 herein
shall apply. The inverter shall be operated at<nominal- input voltfge and at
no load. {nless otherwise declared, the inverter output shall be jn-
accordance|with para. 2.2.6 (3) and (4) hereéin. -

Audio Freqliency Conducted Susceptibilitys” The inverter shall be tested in
accordance|with para. 18.0 of DO-T60, for category Z. Unless othepwise
declared, the inverter output shall be in accordance with para. 2.R.6 (3)
and (4) hepein when tested at nominal input voltage and at half load.
Voltage moflulation should be monitored during this test and shall pot exceed
Timits of PO-160 para, 16.3.1.2.

Induced Signal SusceptibiTity: Unless otherwise declared, the inverter

shall be tpsted 1n accordance with the test requirements of para. 9.0 of
D0-160 for| Category Zvequipment. During the testing determine compliance
with Sectnon 4,

RF Suscep¢1b111ty (Rad1ated and Conducted): Unless otherwise declared; the
inverter shalt be _tested 1n accordance w1th para. 20 of D0-160 fo category
Z equipmen , -

Emission of RF Energy (Conducted and Rad1ated)" Unless otherwise declared,
the inverter shall be tested in accordance with para. 21.0 of D0-160 for
Category Z equipment.

Acoustical Noise: The manufacturer. shall estab11sh the maximum sound 1eve1
alTowabTe when measured in planes one (1) foot -from each of the six (6)
sides, The calibration devices or standards used shall be directly -
traceable to the National Bureau of Standards. Measurements shall be made
- under anechoic conditions with the inverter supported in a manner to
minimize acoustic transmission and reflection by the support structure.
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6.1

6.2

6.3

6.4

6.5

6.6

6.7

7.
7.1

7.2

7.3

SPECIAL PURPOSE ENVIRONMENTAL TEST CONDITIONS AND PROCEDURES: Where any of

the following requirements apply, the applicable portions of RTCA Document
DO-160 shall be met.

Explosion Test (Category E): The inverter shall be tested in accordance
with para. 9.0 of DO-T60.  Unless otherwise declared, Procedure I shall be

used,

Waterproofness (Drip Proof) Test (Category W): The inverter shall be tested
Tn accordance with para. 10.2 of DO-160. The inverter shall meet the
req y . He retTm.

The inverter shall _be '‘tested in

Hydgaulic Fluid Test (Category H):
The inverter shall mept the

accqrdance with para. 11.0 of DO-160.
requirements of para. 4.1 (1) herein.

The inverter _shall be testpd in accordance

Sand and Dust Test (Category D):
with para. 12.0 of DU-IG%. Upon completion of\ the test, the| inverter shall

meet the requirements of para. 4.1 (1) hereim

Fungus Resistance (Category F): The inyerter shall be tested in accordance
with para. 13.0 of ﬁﬁ-l%ﬁ. Upon completion of the test the [inverter shall
meet the requirements of para. 4.1 (1) herein.
Sal{ Spray (Category S): The inverter shall be tested in acpordance with
pard. 14.0 of DO-160. Upon completion of the test the inverter shall meet
the [requirements of para. 4.1-(1) herein.

Magrletic Effect: The inverter shall be tested in accordance|with para. 15,0

0 EG"‘I BU.
PRODYCTION ACCEPTANCE TESTS:

As d minimum fequirement, each production inverter shall meet the
requirements of the following paragraphs. These tests must pe as defined by
theJmanufacturer's quality control system, as approved by FAA,

Exanihation of Product: Each inverter, subassembly, and parts shall be

exa s ' i | department, to
determine compliance with acceptance test procedures and applicable drawings
with respect to materials, electrical connector(s), wiring, threaded parts,
finish, interchangeability, markings, instructions, weight, dimensions, and
workmanship.

Burn-In: Each production inverter shall be subjected to a minimum burn-in
period of 6 hours with nominal input voltage applied and at full rated load,
unity PF.
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