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Title 14—AERONAUTICS AND
SPACE

Chapter —Federal Aviation Agency
[Docket No. 6545; Amendment 37-4]

PART 37—TECHNICAL STANDARD
ORDER

Airborne Low-Range Radio Altimeter
Equipment

The purpose of this amendment is to
add a new Technical Standard Order
(TSO) for Airborne Low-Range Radio
Altimeter Equipment to Part 37 of the
Federal Aviation Regulations. This TSO
contains the minimum performance
standards which such equipment must
meet in order for the manufacturer to
identify it with the applicable TSO
marking.

The amendments set forth hereinafter
are based on, and reflect the pertinent
comments recelved concerning Notice
65—8, published 30 F.R. 4206, March 31,
1965. Except as modified by the follow-
ing discussion, the reasons for these
amendments are those contained in the
notice.

In connection with the foregoing, com-
ments were received pointing out certain
problems which would be encountered in
demonstrating the accuracy for radio-
altimeters in-flight as required under the
proposed minimum performance stand-
ards. While it was recognized that some
limited in-flight measurements must be
made, a relaxation of the in-flight ac-
curacy requirement was suggested in rec-
ognition of the additional instrumenta-
tion errors associated with in-flight
measurements, Moreover, because of the
difficulties of measurement of some of
the parameters it was recommended that
the various measurement conditions need
not be applied simultaneously but may be
combined by analytical methods. Finally,
since some of the in-flight testing could
introduce hazards to those conducting
the tests at very low altitudes, it was sug-
gested that the TSO permit showing of
compliance with the accuracy require-
ments by suitable combination of direct
measurement data from laboratory tests,
supplemented by appropriate in-flight
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measurements, calculations and extrap-
olations where it is not practical to ob-
tain direct measurements. It was in-
tended in the proposal to permit the use
of other methods and laboratory test pro-
cedures in meeting the standard. The
Agency, therefore, agrees that in-flight
and laboratory data with calculations
and extrapolations are acceptable to sub-
stantiate the performance of the equip-
ment under various measurement condi-
tions. Furthermore, the Agency believes
that the regulation should permit the
data to be obtained under individual
measurement conditions and the results
combined by analytical methods to deter-
mine overall performance under com-
binations of measurement conditions.
However, the Agency considers that if
these procedures are followed, the ac-
curacy requirements of the proposal can
be met without additional allowance for
instrumentation errors. The require-
ments of paragraph 2.0 of the standard
have been clarified in accordance with
the foregoing.

A comment was also received to the
effect that the requirements of the pro-
posed paragraph 2.1, Accuracy of Pilot’s
Display, with the changes in vertical ve-
locity specified under paragraph 2.4,
Time Constant, may not provide satis-
factory operation for aircraft approaches
over built-up areas where buildings ap-
pear at random within the altimeter
beam. It was suggested that there would
be a danger of frequent loss of lock in
a system just meeting these minimum
performance requirements. However,
the Agency is aware that on the final ap-
proach to landing, where operation of the
radio altimeter would become critical,
the terrain is generally flat and relatively
free of buildings or high objects which
could contribute to a frequent loss of
lock in a system meeting the minimum
standards.

In response to a comment received, a
clarifying sentence has been added to
the note following Table I in paragraph
2.1, stating that the altitude presented by
the radio altimeter may be offset by the
vertical distance between the antennas
and the terrain at touchdown. This will
allow the instrument to be calibrated to
read zero with the aircraft in a touch-
down attitude which is the way the al-

timeter is normally used.

According to one commentor, the pro-
posed requirement for accuracy of radio
altitude display is too restrictive and
would rule out the use of radio altitude
displays incorporated as part of the flight
director display. It was suggested that a
note be added to the standard which
would, in effect, permit the use of a flight
director display in lieu of the indicator
provided for the radio altimeter. The
basic radio altimeter indicator, which
provides altitude information with the
required accuracy, is used to alert the
pilot when the minimum decision altitude
is reached. Since integrated flight di-
rector instruments do not provide the
required accuracy for this function, we
do not concur that the proposal should
be changed as suggested.

Several comments recommended that
the performance requirements for the
Failure Warning System set forth in
paragraph 2.6 of the minimum standards
be changed to simplify the conditions
under which the system must alarm.
The comments also recommended the
deletion of the requirement that the
radio altimeter be designed so that the
indicator pointer would move off scale
and be masked upon activation of the
warning system. After consideration of
these comments and after further study
by the Agency, the proposed require-
ments concerning the failure warning
system have been changed as recom-
mended. In this connection, the Agency
now believes that the failure warning
system need only indicate to the pilot or
any system utilizing the altimeter data
when there is a loss of power or a loss of
signal or altitude sensing capability
within the manufacturer’s stated operat-
ing altitude range. Moreover, the pro-
posed visual alarm indicator character-
istic requirements have been changed to
delete the requirement concerning the
masking of the indicator pointer or the
digits, if a digital indicator is wused.
These changes represent a relaxation of
the requirements set forth in Notice 65-8,
while at the same time, providing the
necessary warning system.

In the proposal, a self-test feature was
not required for the radio altimeter.
However, the proposal did contain mini-
mum performance standards for such a
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feature if it were provided. In response
to comments received the Agency has
subsequently determined that the pro-
vosed requirement that the self-test
feature be so designed that it would not
cause a response in the autopilot or any
other system is not appropriately a design
requirement but rather an installation
requirement. Moreover, it now appears
that the performance standards proposed
for the self-test feature are not necessary
but that the standard need only require
that any probable malfunction of the
self-test feature will not degrade the per-
formance of the radio altimeter.

The maximum altitude range for the
radio altimeter has been changed to 500
feet in response to comments received.
At the time the notice was issued,
it was felt that the pilot should have ac-
curate altitude information from 1,200
feet to touchdown for a safe instrument
approach under Category II minimums.
Experience since then has shown that
accurate altitude information from 500
feet to touchdown is sufficient.

A recommendation was made that the
vibration requirements of Categories A
and F of the FAA Environmental Test
Procedures for Airborne Electronic
Equipment should be increased since
they are less than the vibrations which
have been measured in some light heli-
copters in the low frequency range. The
Agency is aware that a vibration environ-
ment more severe than that set forth in
the Environmental Test Procedures may
exist for light helicopters. However, the
comment did not contain sufficient data
to support the recommended change and
the Agency has not had sufficient experi-
ence on which to base such a ehange.
Therefore, the recommended change has
not been made pending further study by
the Agency.

A comment was received listing various
features as being desirable for radio al-
timeters from an operational standpoint
and recommending that such features be
included in the required minimum stand-
ards. While certain of the features
listed were provided for in the proposed
minimum performance standards, the
Agency does not have sufficient justifi-
cation to warrant establishing the re-
maining features as minimum require-
ments. Moreover, a change incorporat-
ing such features as minimum standards
would be outside the scope of Notice 65-8.

A comment was received recommend-
ing that the Technical Standard Order
be limited in scope to equipment used in
air carrier aircraft. In response to this
comment, it should be pointed out that
TSO’s are directions to manufacturers
holding authorizations under the system.
As Part 37 indicates, the minimum per-
formance standards set forth in the
TSO’s are the standards with which a
manufacturer must show compliance in
order to identify his article with the ap-
plicable TSO marking. The Technical
Standard Order system merely provides
one means by which equipment is ap-
proved and unless the operating rules
require that equipment be TSO-approved,
an operator may use any approved equip-
ment. For this reason, reference to the
type of operations in which such equip-

ment might be used was not incorporated
into the applicability provision of the
TSO on radio altimeters as set forth in
Notice 65-8 and the recommended
change has not been made to the final
rule.

With respect to the provisions of Ap-
pendix A of the proposed minimum
standards, a commment was made that the
simulator described in paragraph 1.6 of
the appendix is not practical for simula-
tion of high altitudes due to excessive
attenuation in long coaxial cables. It
was suggested that if the higher altitude
simulations are desired, the paragraph
be rewritten to be more general in its
instrumentation requirements refiecting
the basic necessity to test the altimeter
for adequate RF sensitivity and sufficient
readout accuracy. Paragraph 1.6 de-
scribes an acceptable altitude simulator
which simulates the operation of the
radio altimeter at low altitudes where
precise altitude measurements are re-
quired. Therefore, the Agency considers
the standard adequate as proposed.

There were a number of comments
based on the recommendation that the
value selected for the vertical incidence
unit scattering radar cross section of the
ground, 0= (0), be changed from 0.006
to 0.08. However, the Agency does not
consider such a change to be appropriate.
A considerable amount of data accumu-
lated for both pulse and FM/CW radio
altimeters in the 4,200-4,400 Mc region
involving many flight tests over a wide
variety of terrain and practical problems
of adjustment, maintenance, and cali-
bration was used in arriving at a value
of 0% (0)=0.006. The recommended
value of 0 (0)=0.08 would result in
derogation of the equipment and could
result in unsatisfactory operation of the
equipment under all operating condi-
tions which may be encountered in serv-
ice. Therefore, the Agency does not
consider this recommended change or
any of the changes related to such rec-
ommendation appropriate as amend-
ments to the proposal.

In addition to the foregoing, there were
several minor changes made in the pro-
posed standard for the purpose of clar-
ifying the requirements or correcting
typographical errors in the notice.

This amendment is issued under the
authority of sections 313(a) and 601 of
the Federal Aviation Act of 1958 (49
U.S.C. 1354 and 1421).

In consideration of the foregoing and
pursuant to the authority delegated to
me by the Administrator (25 F.R. 6489)
Part 37 of the Federal Aviation Regula-
tions (14 CFR Part 37), is amended by
adding a new § 37.195 as set forth below
effective February 1, 1966.

Issued in Washington, D.C., on Decem-

ber 8, 1965.
C. W. WALKER,
Acting Director,
Flight Standards Service.
§ 37.195 Airborne Low-Range Radio Al-
timeter TS0-C87.

(a) Applicability. This Technical
Standard Order prescribes the minimum
performance standards which airborne
low-range radio altimeter equipment
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must meet in order to be identified with
the applicable TSO marking. New
models of the equipment which are to
be so identified and which are manu-
factured on or after the effective date of
this section must meet the Minimum
Performance Standards for Airborne
Low-Range Radio Altimeters set forth at
the end of this section.

(b) Markings. (1) In addition to the
markings required by § 37.7, the equip-
ment must be marked to indicate the
environmental extremes over which it
has been designed to operate. There are
six environmental procedures outlined in
the “Environmental Test Procedures for
Airborne Electronic Equipment” which
have categories established. These must
be identified on the nameplate by the
words ‘“Env. Cat.” followed by six letters
which identify the categories designated
in the document. Reading from left to
right, the category designations must
appear on the nameplate in the follow-
ing order so that they may be readily
identified—

(1) Temperature-altitude category;

(ii) Vibration category;

(iii) Audio-frequency magnetic field
susceptibility category;

(iv) Radio-frequency susceptibility
category;

(v) Emission of spurious radio-fre-
quency energy category; and

(vi) Explosion category.

(2) A typical nameplate identification
might be as follows: Env. Cat. DBAAAX.

(3) If a manufacturer desires to sub-
stantiate his equipment under two cate-
gories, he must mark the nameplate with
both categories in the space designated
for that category by placing one letter
above the other in the following manner:
Env. Cat. ]1;BAAAX

(¢) Data requirement. In accordance
with § 37.5, the manufacturer must fur-
nish to the Chief, Engineering and
Manufacturing Branch, Flight Stand-
ards Division, Federal Aviation Agency
in the region in which the manufacturer
is located, the following technical data:

(1) Manufacturer’s operating instruc-
tions and equipment limitations.

(2) Installation procedures with ap-
plicable schematic drawings, wiring dia~
grams, and specifications. Any limita-
tions, restrictions, or other conditions
pertinent to installation must be indi-
cated.

(3) One copy of the manufacturer’s
test report.

(d) Previously approved equipment.
Airborne low-range radio altimeter
models approved prior to the effective
date of this section may continue to be
manufactured under the provisions of
their original approval.

MINIMUM PERFORMANCE STANDARDS FOR AIR-
BORNE LOW-RANGE RADIO ALTIMETERS

1.0 General Standards.

1.1 Rating of Components. The equip-
ment shall not incorporate any component
of such rating that, when the equipment is
operated throughout the range of the spec-
ified environmental tests, the rating estab-
lished by the manufacturer of the compo-
nent is exceeded. For electron tubes and
transistors, either the tube or transistor




manufacturer’s continuous commercial serv-
ice rating, his established pulse rating, or his
approved rating as applied to the particular
application, whichever is appropriate, shall
apply, except for the heaters and filaments.
The voltage applied to the heaters and fila-
ments of electron tubes shall be within 6
percent of the manufacturer's rating, or at a
value approved by the tube manufacturer
for the particular service, when the equip-
ment is operated under standard operating
conditions. When the heaters and fillaments
are connected in series, the 5 percent toler-
ance shall apply to the sum of their voltage
ratings.

1.2 Operation of Controls. The operation
of controls intended for use during flight, at
all possible position combinations and. se-
quences, shall not result in a condition whose
presence or continuation would be detri-
mental to the continued performance of the
equipment.

1.3 Accessibility of Controls. Controls
which are not normally adjusted in flight
shall not be readily accessible to fiight per-
sonnel.

14 Effects of Tests. Unless otherwise
stated, the application of the specified tests
shall produce no subsequently «discernible
condition which would be detrimental to the
continued performance of the equipment.

2.0 Minimum Performance Standards Un-
der Standard Conditions

The test procedures applicable to the de-
termination of the performance of airborne
low-range radio altimeter equipment under
standard conditions are set forth in Appendix
A of this standard. Test procedures which
provide equivalent information may be used.
Compliance with the performance require-
ments may be shown by an appropriate com-
bination of data obtained from the labora-
tory and/or flight measurements. Calcula-
tions and extrapolations employing the basic
test data may be used to make a direct de-
termination of equipment performance by
means of these basic test procedures.

2.1 Accurecy of Pilot’s Display. The alti-
tude information displayed for the pilot’s use
shall not exhibit errors in excess of those set
forth in Column 1 of Table I for 95 percent
of all observations conducted under any
combination of the measurement conditions
listed with the table.

NoTte: The above measurement conditions

need not be applied simultaneously but may
be combined by analytical methods.

TABLE 1.—ACCURACY REQUIREMENTS AND
MEASUREMENT CONDITIONS

Column 2—
Vertical ~ Column  Precision

Altitude* velocity  1—Pilol’s equipment
(€3] (ft./sec.) display  output (ft.)
3to100_.. -- Otol5 ... 51t =+3 ft.
100 to 500 . 0t020 ... +5% 3%,
500 to that altitude

for which the

equipment is

designed.________ 0t020.__. £7% +5%

*That “‘one-way’’ distance measured from the antenna
to the terrain. The altitude may be offset by a distance
equal to the vertical distance between the antennas and
the terrain at touchdown.

Measurement Conditions:

(1) Lateral veloclties from 0 to 50 feet per
second.

(2) Longitudinal velocities from 0 to 300
feet per second.

(3) Pitch angle range of 0 to +15 degrees.

(4) Roll angle range of 0 to +20 degrees.

(5) Vertical velocity from 0 to 15 feet per
second up to 100 feet and 0—20 feet per sec-
ond above 100 feet.

NoTE: Conditions 1 through 5 above in-
clude all assoclated doppler shift and step
€rrors.

Further, the equipment shall continue to
function and provide altitude information

which exhibits no errors in excess of +20
percent of the indicated altitude for 95 per-
cent of all observations at bank angles from
20 to 30 degrees.

2.2 Accuracy of the Precision Equipment
Output. The equipment need not provide
as a condition of compliance with this mini-
mum performance standard a precision
equipment output for use in conjunction
with autopilots, flight directors, or similar
flight control computing devices. However,
the altitude data supplied by such outputs,
where provided, shall not exhibit errors In
excess of those set forth in Column 2 of Table
I for 95 percent of all observations conducted
under any combination of the measurement
conditions listed in 2.1.

2.3 Precision Equipment Output Noise.
The r.m.s. noise content of the data provided
by the precision equipment output shall be
less than 0.25 foot at all altitudes up to 100
feet.

24 Time constant. When the equipment
is abruptly subjected to an altitude change
of not more than 10 percent of the indicated
altitude or 20 feet whichever is smaller the
transfer function time constant of the pre-
cision equipment output shall not exceed 0.1
second. Further, for transients of 20 feet or
less at altitudes of 200 feet or less the system
shall not lose lock. If the equipment should
lose lock due to loss of signal at altitudes
above 200 feet and up to the maximum alti-
tude for which it is designed, it shall recap-
ture the signal in less than one second.

2.5 Rate Data. The equipment need not
provide a rate data ocutput as a condition of
compliance with this minimum performance
standard. However, those altimeters which
do have rate outputs shall comply with the
following requirements regarding range and
accuracy for at least 95 percent of all ob-
servations for heights from the terrain to the
antenna in the range from:

RATE DATA

Altitude Range
L) {(ft./sec.) Accuracy (ft./sec.)

3-100 0-15 (1.5 1t.4-0.010h+4-0.1/r/)
Whl(l)—ZOO 0-20 +(2.0 1t.4-0.01h4-0.1/r/)
ere:

h=altitude in feet.
Jrj=absolute value of rate {feet/sec.).

2.6 Failure Warning System.

(a) Warning conditions. A failure warn-
ing system shall be incorporated in the
equipment to indicate to the pilot, and to
any systems which may be utilizing the
altimeter data, the existence of the following
conditions:

(1) Loss of power.

(2) Loss of signal or altitude sensing capa-
bility when within the manufacturer’s
stated operating altitude range.

(b) Warning indication characteristics.
An indication plainly discernible under all
normal fiight conditions shall be provided.
If a flag i3 used, it shall be as large as prac-
ticable commensurate with the display.

27 Self Test Feature. If a self test-
feature is provided, any probable malfunc-
tion of the self-test feature shall not de-
grade the performance of the radio altimeter.

2.8 Transmitting Operating Frequency.
‘The transmitter shall be operated within a
frequency band available for the operation
of airborne radio altimeters in the Aero-
nautical Radio Navigation Service and in ac-
cordance with applicable Federal Aviation
Agency and Federal Communications Com-
mission Rules and Regulations.

29 Marimum Altitude Range. To satis-
factorily perform its intended function, the
maximum range shall be at least 500 feet.

3.0 Minimum Performance Standards
Under Environmental Conditions.

Unless otherwise specified, the test proce-
dures applicable to a determination of per-
formance of radio altimeter equipment under
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environmental conditions are set forth in the
FAA Document for “Environmental Test
Procedures for Airborne Electronic Equip-
ment’”’, dated August 31, 1962.

3.1 Temperature-Altitude.

(a) Low Temperature—When subjected to
this test:

(1) The requirements of paragraphs 2.3
and 2.6 shall be met.

(2) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedure set
forth in 2.2 of Appendix A.

(3) All mechanical devices shall perform
their intended functions.

(b) High Temperature—

(1) When the equipment is operated at
the High Short-Time Operating Tempera-
ture:

(a) The requirements of paragraphs 2.1
and 2.2 shall rot be degraded by more than
a factor of 2 from the values set forth using
the procedures set forth in 2.2 and 2.3 re-
spectively, of Appendix A.

{(b) The requirements of paragraph 2.6
shall be met.

(¢) All mechanical deviees shall operate
satisfactorily.

(2) When the equipment is operated at the
High Operating Temperature:

(a) The requirements of paragraphs 2.3
and 2.6 shall be met.

(b) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures
set forth in 2.2 of Appendix A.

(¢) Decompression (Applicable only to
Category D equipment of Temperature-
Altitude Test) —When the equipment is sub-
Ject to this test:

(1) The requirements of paragraphs 2.1
and 2.3 shall be met using the procedures
set forth in 22 and 2.3, respectively, of
Appendix A.

(2) All mechanical devices shall perform
their intended functions.

(d) Altitude—When the equipment is
subjected to this test:

(1) The requirements of paragraphs 2.3
and 2.6 shall be met.

(2) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures
set forth in 2.2 of Appendix A.

3.2 Humidity. After subjection to this
test and:

(a) Within 15 minutes from the time that
primary power is applied:

(1) The requirements of paragraph 2.6
shall be met.

(2) All mechanical devices shall operate
satisfactorily.

(b) Within 4 hours from the time that
primary power is applied:

(1) The requirements of paragraphs 2.3
and 2.6 shall be met.

(2) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures set
forth in 2.2 of Appendix A.

3.3 Shock.

(a) Following the application of the Op-
erational Shocks.

(1) The requirements of paragraphs 2.3
and 2.6 shall be met.

(2) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures
set forth in 2.2 of Appendix A.

(b) Following the application of the Crash
Safety Shocks, thé equipment shall have
remained in its mounting and no part of the
equipment or its mounting shall have be-
come detached and free of the shock test
table or the equipment under test.:

3.4 Vibration. When subjected to this
test:

(a) The requirements of paragraphs 2.3
and 2.6 shall be met.

1The application of this test may result
in damage to the equipment under test.
Therefore, it may be conducted after the
other tests are completed.



(b) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures set
forth in 2.2 of Appendix A.

3.5 Temperature Variation. When sub-
jected to this test:

‘(a) The requirements of paragraphs 2.3
and 2.6 shall be met.

(b) All mechanical devices shall perform
their intended functions.

3.6 Power Input Variation. When sub-
Jected to this test:

(a) The requirements of paragraphs 2.3
and 2.6 shall be met.

(b) All mechanical devices shall perform
their intended functions.

3.7 Low Voltage.

(a) When the equipment is subjected to
the first part of the low voltage test proce-
dure set forth in 9.2a, of Environmental Test
Procedures for Airborne Electronic Equip-
ment document.

(1) The equipment shall operate electri-
cally and mechanically.

(2) The requirements of paragraph 2.6
shall be met.

(b) When the equipment is subjected to
the second part of the low voltage test proce-
dure set forth in 9.2b(1), of Environmental
Test Procedures for Airborne Electronic
Equipment document.

(1) The requirements of paragraphs 23
and 2.6 shall be met.

(2) The requirements of paragraphs 21
and 2.2 shall be met using the procedures set
forth in 2.2 of Appendix A.

(¢) When the equipment is subjected to
the third part of the low voltage test proce-
dure set forth in 9.2b(2), of Environmental
Test Procedures for Airborne Electronie
Equipment document, there shall be no evi-
dence external to the equipment of the
presence of fire or smoke.!

3.8 Conducted Voltage Transient.

(a) Subsequent to the subjection of the
intermittent transient test, the requirements
of paragraphs 2.1 and 2.3 shall be met using
the procedures set forth in 2.2 of Appendix
A.

(b) When being subjected to the repeti-
tive transient test the requirements of para-
graphs 2.3 and 2.8 shall be met.

39 Conducted Audio-Frequency Suscep-
tibility. When subjected to this test:

(a) The requirements of paragraphs 2.3
and 2.6 shall be met.

(b) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures
set forth in 2.2 of Appendix A.

3.10 Audio-Frequency Magnetic Field Sus-
ceptibility.

When subjected to this test:

(a) The requirements of paragraphs 2.3
and 2.6 shall be met.

(b) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures
set forth in 2.2 of Appendix A.

3.11 Radio-Frequency Susceptibility (Ra-
diated and Conducted). When subjected to
this test:

(a) The requirements of paragraphs 2.3
and 2.6 shall be met.

(b) The requirements of paragraphs 2.1
and 2.2 shall be met using the procedures set
forth in 2.2 of Appendix A.

3.12 Ezplosion (When Required). During
the application of this test the equipment
shall not cause detonation of the explosive
mixture within the test chamber.

3.13 Emission of Radio-Frequency Energy.
The levels of conducted and radiated spuri-
ous radio-frequency energy emitted by the
equipment shall not exceed those levels
specified In Appendix A to the Pederal Avia-
tion Agency document, “Environmental Test
Procedures for Airborne Electronic Equip-
ment”, dated August 31, 1962, for the alrcraft
category for which the equipment is designed.

See footnote on previous page.

APPENDIX A

1.0 Test Conditions.

The following deflnitions of terms and
conditions of test are applicable to the test
procedures speclfied herein.

1.1 Power Input Voliage-Direct Current.
Unless otherwise specified, when the equip-
ment is designed for operation from a direct
current power source, all measurements shall
be conducted with the power input voltage
adjusted to 13.75 volts, +2 percent for 12-14
volt equipment, or to 27.5 volts, =2 percent
for 2428 volt equipment. The input voltage
shall be measured at the receiver power input
terminals.

1.2 Power Input Voltage-Alternating Cur-
rent. Unless otherwise specified, when the
equipment is designed for operation from an
alternating current power source all tests
shall be conducted with the power input
voltage adjusted to design voltage +2 per-
cent. In the case of equipment designed for
operation from a power source of essentially
constant frequency (e.g., 400 c.p.s.), the in-
put frequency shall be adjusted to design
frequency +2 percent. In the case of equip-
ment designed for operation from a power
source of variable Irequercy (e.g., 350 to
1,000 c.p.s.), tests shall be conducted with
the input frequency adjusted to within b
percent of a selected frequency within the
range for which the equipment 1s designed.

1.3 Adjustment of Equipment. The cir-
cuits of the equipment under test shall be
properly alined and otherwise adjusted in
accordance with the manufacturer’s recom-
mended practices prior to the application of
the specified tests.

1.4 Ambient Conditions. Unless otherwise
specified, all tests shall be conducted under
conditions of ambient room temperature,
pressure, and humidity. However, the room
temperature shall be not lower than 10° C.

15 Warmup Period. TUnless otherwise
specified, all tests shall be conducted after a.
warmup period of not less than fifteen (15)
minutes.

1.6 Description of Test Equipment.

(a) Altitude Simulator. The altitude sim-
ulator consists of variable and fixed RF
attenuators, and coaxial cables or other suit-
able delays to simulate the various altitudes.
The simulator must accept the altimeter
energy, attenuate and delay this RF energy
and present the delayed signal of the altim-
eter receiver. The test equipment must
also include provisions to simulate the cross~
coupling which exists between separate
transmitter and receiver antennas. The sim-
ulator should be calibrated to provide the
desired altitude of an- accuracy of better
than 1 percent and the appropriate attenu-
ation to within + 2.5 db. The variable
attenuator shall be calibrated in radar cross-
section [0,(0)]* between the values of 0.003
and 1.0.

(b) Digital Voltmeter.

(c) ACVTVM.

(d) Demodulator. The Demodulator con-
sists of a synchronous detector excited by an
a.c. reference voltage.  The bandwidth of the
Demodulator should exceed 5 c.p.s. -Ripple
rejection should exceed 60 db. Means to set
the Demodulator gain to unity should be
provided. Means to balance the Demodulator
output to zero should be provided.

(e) Filter. See Figure 2 or 3.

(f) Alarm Signal Monitor. The Alarm
Signal Monitor consists of a simple indicator
such as a pilot lamp.

(g) Remodulator. The Remodulator is an
electronic or electromechanical switch ex-
cited by an a.c. reference voltage. It converts
low frequencies to suppressed carrier modu-
lation where the carrier frequency is the a.c.
reference voltage. Means to set the Remodu-
lator gain to unity should be provided.

* Defined in Appendix B.

-4 -

2.0 Test Procedures.

The test procedures set forth herein are
satisfactory for use in determining the per-
formance of aijrborne low-range radio al-
timeters. Test procedures which provide
equivalent information may be used.

2.1 Accuracy (In-Flight).

(a) Altitude Information. With the equip-
ment installed in an alrcraft, operate the
equipment in flight over a runway or other
smooth surface at altitudes and descent
rates in accordance with paragraph 2.1. De-
termine the true altitude of the aircraft by
theodolite or other means and compute the
accuracy of the altitude information from
the altimeter. Extrapolation of the test data
by theoretical means, from the results so ob-
talned, is permissible in order to demonstrate
compliance with the standards in paragraphs
2.1and 2.2,

(b) Altitude Rate Information. With the
equipment installed in an aircraft, operate
the equipment in flight over a runway or
other smooth surface at altitudes and de-
scent rates in accordance with paragraph 2.5.
Determine the true descent rate of the air-
craft and compute the accuracy of the altl-
tude rate information from the altimeter.
Extrapolation of test data by theoretical
means, from the results so obtained, 18 per-
missible in order to demonstrate compliance
with the standards in paragraph 2.5.

2.2 Altitude Accuracy and Loop Gain.

(a) Equipment Required: Altitude Simu-
lator, Digital Voltmeter or AC VIVM, Flag
Montitor.

The chofce of voltmeters depends on the
voltage output of the altimeter which could
be a.c.ord.c.

(b) Measurement Procedures. Connect
the equipment as shown in Figure 1. Set
the altitude simulator to a specified altitude
and a radar cross sectlon [go,(0)] of 0.1.
Monitor the altitude output with the volt-
meter and verify altimeter calibration.
Monitor pilots indicator and warning signal.
Vary radar cross section [o¢,(0)] over the
range of 1.0 to 0.01. Altitude indication
should remain within the limits specified.
Altimeter can lose track and indicate fail
for [a,(0) ] below 0.01.

Adjust the altitude simulator to another
altitude and repeat the above measurements.
Note in Appendix B a different total attenu-
ation is required to permit the radar cross
section [0,(0) ] dial to remain in calibration.

2.3 Altitude Noise,

(a) Equipment Required: Altitude Simu-
lator, Digital Voltmeter, Remodulator, AC
VTVM, Filter.

If the altitude output is an a.c. voltage
the following additional equipment is
required:

Demodulator

(b) Measurement Procedure. Connect the
equipment as shown in Pigure 2 or 8. Set
the altitude simulator to a specified altitude
and a scattering radar cross section corre-
sponding to [¢o(0)] of 0.01. Read the r.m.s.
voltage indicated by the a.c. VIVM. Con-
vert to altitude nolse in feet. The measure-
ment should be repeated at one other simu-
lated altitude.

24 Time Constant.

(a) Equipment Required: Altitude Simu-
lator.

(b) Test Procedure. Couple the radio
altimeter to the altitude simulator. Set the
altitude simulator to an equivalent altitude
of 100 to 200 feet. Insert a change in the
delay equivalent to 10 percent of the indi-
cated altitude. The analog output of the
altimeter shall be observed and shall reach
63 percent of the ultimate change in 0.1 sec-
ond or less with less than 5 percent over-
shoot. Consideration must be given to the
time required for switching the delay in
and/or out in the above measurement.




Pilots
Indicator
dc
Yoltmeter or
Radarx ac
Altimeter
Warning Signal
Monitor
Receiver Altitude
| M-
Simulator
Transmitter
1]
L
F1GURE 1
AC reference
1
11
| | ]
10 MFD 100 x Remodulator AC
Radar Digital Filter. VIVM
Altimeter
Voltmeter
Altitude
Simulator
Ficure 2—DC altitude output.
AC reference
— ] | —
Radar d 10 MFD 8100K Remodulator AC
Altimeter lator || pigital Filter S YTV
Voltmeter
Altitude
Simulator

F16URE 3—AC altitude output.

APPENDIX B
DETERMINATION OF EXTERNAL LOOP LOSS
(DERIVATION)

1.0 Definition of External Loop Loss.

In the useful signal path, le., transmit-
ting antenna to ground to receiving antenna,
the External Loop Loss is defined for average
power in c-w systems and peak power in
pulse systems.

The external loop loss is the ratio of the
available power entering the recelving an-
tenna aperture to the power leaving the
transmitter antenna aperture.

2.0 Characteristics of External Loop Loss.

The loss defined above is independent of
antenna and transmisslon line losses, in-
efficiencies, and mismatches. It deals only
with the geometric power galn, (G), the
beam patterns of the antennas, and the
characteristics of the ground. Further, it
is independent of the signal processing char-
acteristics of the altimeter and may be meas-
ured, essentially, with an attenuator only.

3.0 Ezxternal Loop Loss, Beam Limited
Case.

The basic formulation for external loop
loss depicts a beam limited case in which it
is assumed that transmitting and receiving
apertures are ldentical. The analytical ex-
pressions for this case is:

_GMNgy(O)F _ Acy(O)F
L=Terim — arm 31

where G Is the power gain of either antenna
(defined In terms of the actual beam pat-
tern), A is the wavelength, H is the altitude,
6,(0) Is the vertical incidence unit scatter-
ing radar cross section of the ground, and P
is a normalized function of H. Limitations
on roll and pitch under 100 feet of altitude
and the effect of finite separation of trans-
mitting and receiving antennas is accounted

G2,
for by F. A is defined as i
"

40 Ezternal Loop Loss, Pulse Limited
Case.

In the pulsed altimeter, the external loop
loss 1s described by Eq. (3.1) below the
critical altitude, l.e., that altitude above
which the performance is pulse limited.

Defining the critical altitude, H,, as

_ecrG
¢ a
where ¢ is the velocity of light and r is the

pulse length. The external loop loss is de-
fined above H; by extending the loss.

G20, (O)F
16 r2H?
according to a 1/H? law.
5.0 Essentials of F or F(H).

F(H) =M(H) V*(H) 5.1
51 M(H)

4.1

The function M(H) takes care of the fact
that pitch and roll maneuvering becomes
progressively limited for altitudes below 100
feet. The cholce for ¢, 0) includes margin
for pitch and roll to the 3 db limits of the
beamwidth for altitudes above 100 feet. It
is expected that at 3 feet of altitude, how-
ever, pitch and roll will be very limited and
well within the 3 db beam lmits. Accord-
ingly, it is proposed to decrease the required
loop loss by 0 db at 100 feet and 6 db at 3
feet, the variation between 3 feet and 100
Teet to be linear in db, l.e.,

6
10 log M(H) = —WH-I-G%% 5.2
52 V*(H)

This quantity takes care of the effects of
antenna spacing.
2[cos! a—a V1—a?] -
Ve (e sat =l 83
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a. The temperature of the air in the test
chamber shall be measured at such a loca-
tion within the test chamber that the tem-
perature of the air so0 measured 1s represent-
ative of that immediately surrounding the
equipment. Measurement of chamber wall
temperature is not suitable, due to temper-
ature lag and heat transfer through the
chamber wall.

b. Means of circulating the air in the test
chamber may be employed to approximate
a uniform air temperature . condition
throughout the chamber. When such
means are employed, the air blast shall not
be directed upon the equipment under test.

3.4 Ambient Room Temperature. When
tests are conducted under “ambient room
temperature,” the ambient room air tem-
perature shall be between --10° C. and
+40° C.

3.5 Power Input Voltage. Unless specified
otherwise, all tests shall be conducted with
the power input voltage adjusted to design
voltage+2 percent. The input voltage shall
be measured at the equipment power input
terminals.

3.8 Power Input Frequency.

a. In the case of equipment designed for
operation from an a.c. power source of
essentially constant frequency (e.g., 400
c.p.s.), the input frequency shall be adjusted
to design frequency =2 percent, unless
otherwise specified.

b. In the case of equipment designed for
operation from an a.c. power source of vari-
able frequency (e.g., 300 to 1,000 c.p.s.), tests
shall be conducted with the input frequency
adjusted to within 5 percent of a selected
frequency and within the input power fre-
quency range for which the equipment is
designed, unless otherwise specified.

4.0 Temperature-Altitude Test. Several
temperature-altitude test procedures are
specified,! according to the category for
which the equipment is designed to be used,
as follows:

Category A—Equipment intended for in-
stallation in nonpressurized and noncon-
trolled temperature locations in aircraft
which operate at altitudes up to 45,000 feet
m.s.l.

Category B—Equipment intended for in-
stallation in nonpressurized and noncon-
trolled temperature locations In aircraft
which operate at altitudes up to 30,000 feet
mas.l.

Category C—Equipment intended for in-
stallation in nonpressurized and noncon-
trolled temperature locations in atrcraft
which operate at altitudes up to 20,000 feet
m.s.l.

Category D—Equipment intended for in-
stallation in controlled temperature and
pressurized locations in alrcraft in which
the pressures are no lower than that which
is equivalent to an altitude of 15,000 feet
m.s.l

Category E—Equipment intended for in-
stallation in nonpressurized but controlled
temperature locations in aircraft which
operate at altitudes up to 20,000 feet m.s.l.

Category F—Equipment intended for in-
stallation in nonpressurized but controlled
temperature locations in aircraft which
operate at altitudes up to 12,000 feet ms.l.

4.1 Test Procedure (Low Temperature).
Stabilize the equipment temperature at the
appropriate (depending upon category used)
Low Not Operating Temperature specified in
Table 1 at ambient room atmospheric pres-

1The temperature-altitude test and the
temperature varlation test may be combined,
if desired. Bee paragraph 8.1, Alternate Test
Procedure.

sure, with equipment not operating.? Main-
tain this stabilized temperature for 80
minutes; then stabilize the equipment tem-
perature at the appropriate Low Operating
Temperature s) in Table 1 at ambient
room atmospheric pressure, with the equip-
ment not operating. Then operate the
equipment at maximum duty cycle for &
period of 15 minutes, beginning with the
“ON" cycle in the case of equipment de-
signed for intermittent duty service. Main-
tain the temperature of the air in the test
chamber within 3* C. of the Low Operating
Temperature of Table 1. Determine the
compliance with the applicable standards of
paragraph 3.0 “Minimum Performance
Standards under Environmental Test Condi-
tions"” of the appropriate FAA airborne elec-
tronic equipment Minimum Performance
Standards.?

4.2 Test Procedure (High Temperature).

a. At ambient room  pressure, with the
equipment not operating, stabilize the equip-
ment temperature to within 3° C. of the ap-
propriate High Not Operating Temperature
of Table 1. After 30 minutes, adjust the test
chamber air temperature to within 3° C. of
the High Short-time Operating Temperature
specified in Table 1. Operate the equipment
at maximum duty cycle for 30 minutes. De-
termine compliance with the applicable
standards of paragraph 3.0, “Minimum Per-
formance Standards under: Environmental
Test Conditions,” of the appropriate FAA
airborne electronic equipment Minimum
Performance Standards during this 30-
minute period.

Note: The purpose of this test is to simu-
late temperature conditions which may be
encountered in aircraft while on the ground
in certain geographical areas.

b. With the equipment operating, adjust
the test chamber air temperature to within

3° C. of the appropriate High Operating Tem-
perature specified in Table 1 at ambient
room pressure. After the equipment tem-
perature has become stabilized, operate the
equipment for two (2) hours and determine
compliance with the applicable standards of
Paragraph 3.0, “Minimum Performance
Standards under Environmental Test Con-
ditions,” of the appropriate FAA airborne
electronic equipment Minimum Performance
Standards.

4.3 Test Procedure (Altitude).

a. Operate the equipment at maximum
duty cycie. Decrease the atmospheric pres-
sure to within 5 percent of the appropriate
Test Altitude specified in Table 1. Conduct
this test at ambient room temperature. De-
termine compliance with the applicable
standards of Paragraph 3.0, “Minimum Per-
formance Standards under Environmental
Test Conditions,” of the appropriate FAA
airborne electronic equipment Minimum Per-
formance Standards.

b. This test is intended for application
only to Category D equipment. With the
equipment operating at the Test Altitude
specified in Table 1, reduce the atmospheric
pressure to that equivalent to the Decom-
pression Test Altitude specified in Table 1.
This reduction in pressure shall be effected
within a time period not to exceed 15 seconds.
Maintain this reduced pressure for at least
10 minutes, then increase the pressure to that
equivalent to the Test Altitude specified in
Table 1. Conduct this test at ambient room
temperature. Determine compliance with
the applicable standards of paragraph 3.0,
“Minimum Performance Standards under
Environmental Test Conditions,” of the
appropriate FAA airborne electronic equip-
ment Minimum Performance Standards.

TABLE 1,—ALTITUDE-TEMPERATURE CRITERIA

Condition Cat. A Cat. B Cat. C Cat. D Cat. E Cat. ¥
Maximum operating altitude 45, 000’ 30, 000’ 20, 000’ *15, 000 20, 000" 12, 000/
Test altitude 55, 000" 35, 000/ 25, 000" *20, 000 25, 000 15, 000"
Decompression test altitude 40,000 | cociin ] ameas
Not operating Low —62°C. —50° C. —=50° C. —50° C. —40°C —40° C,

i High +71° C. +71° C. +71° C, +71° C. +4711°C +71° C
Short-time operating high
temperature. +71° C. +71° C. +71° C. +60°,C. +50° C +45° C
Operation Low —54° C. —46° C. —40° C, ~15°C, —=15°C —15°C
temperature.
High +55° C. +55° C. +55° C. +55° C. +40°C +40° C
¢ The maximum operating altitude and test altitude of Cat. D ec t represent at heres established by

pressurization.

5.0 Humidity Test. Subject the equip-
ment to an atmosphere having a relative
humidity of between 95 percent and 100
percent and an ambient temperature of 50°
C.+3° C. for a period of 48 hours. During
this 48-hour period, no electrical or mechan-
ical power shall be applied to the equipment.
At least once each hour, the relative humidity
shall be 100 percent with condensation on

3 This is not intended to be a temperature
shock test. The rate at which the tempera-
ture of the equipment under test 1s reduced
from ambient to the appropriate Low Not
Operating Temperature specified in Table 1
is optional.

3 Optionally, the tests specified in this

paragraph (4.1.) may be commenced with

the initial temperature of the equipment at
any value between the appropriate Operat-
ing and Low Not Operating Temperatures
specified in Table 1.

the equipment. At the end of the 48-hour
exposure period, remove the equipment from
the test chamber and drain off (do not wipe)
any condensed moisture. Within 5 minutes
after removal of the equipment from the test
chamber, apply standard primary test volt-
age(s) to the equipment. Allow 15 minutes
following the application of primary power
for the equipment to warmup. Immediately
following the warmup period, determine
compliance with the applicable standards of
paragraph 3.0, “Minimum Performance
Standards under Environmental Test Con-
ditions” of the appropriate FAA airborne
electronic equipment Minimum Perform-
ance Standards.

6.0 Shock Test.

6.1 Operational Shocks.

a. Secure the equipment to a shock table
by the mounting means intended for use in
service installations. Apply to the shock
table, with the equipment mounted in each




of the following six positions, three shocks
each having a peak acceleration of at least
6G and a time duration of at least 10 milii-
seconds.

(1) Normal upright.

(2) Suspended upside down.

(3) At positions such that the longitudinal
cxis of the equipment successively forms
angles of plus 90° and minus 90° (two posi-
tions) with the plane of the table.

(4) At positions such that the lateral axis
of the equipment successively forms angles
of plus 90° and minus 90° (two positions)
with the plane of the table.

b. After application of the shocks, deter-
mine compliance with the applicable stand-
ards of paragraph 3.0, “Minimum Perform-
ance Standards under Environmental Test
Counditions” of the appropriate FAA alrborne
electronic equipment Minimum Performance
Standa-ds.

8.2 Crash Safety Shocks. Apply, in each
of the six equipment positions listed in
paragraph 6.1, one shock having & peak ac-
celeration of a’ least 15G and a time dura-
tion of at least 10 milliseconds. After ap-
plication of the six shocks, determine com-
plance with the applicable standards of
paragraph 3.0, “Minimum Performance
Standards under Environmental Test Con-
ditions” of the appropriate FAA airborne
electronic equipment Minimum Performance
Standards.

Nore: During this test, an equivalent
weight may be substituted for the electrical
and mechanical components normally
mounted within or on the equipment case.
Such equivalent weight shall approximate
the welght of the components which it re-
places and shall be so located that the center
of gravity of the equipment is essentially
unchanged. The equivalent weight shall not
contribute to the strength of the equipment
case or its mounting fastenings to a greater
extent than the components it replaces.

7.0 Vibration Test.

7.1 Test Procedure.

a. So secure the equipment under test to
a vibration table that sinusocidal vibratory
motion is exerted parallel to the longitu-
dinal+ axis of the equipment. The equip-
ment shall be affixed to the vibration table
by the means specified by the equipment
manufacturer for service installations. Con-
nect the equipment for proper operation.
Start it operating in its principal mode.
(Multipurpose equipments, such as trans-
ceivers, shall be tested in all modes.)

b. With the equipment operating, vary the
vibration frequency from 10 to 55 to 10 c.p.s.
in a time period of from 1 to 3 minutes® at
an smplitude appropriate to the category of
equipment under test. (Refer to Table 2).
Continue vibrating the equipment in this
manner for a period of at least ninety (90)
minutes.

c¢. Determine compliance with the appli-
cable standards of paragraph 3.0 “Minimum
Performance Standards under Environmental
Test Conditions” of the appropriate FAA
airborne electronic equipment Minimum
Performance Standards.

d. Repeat the procedures specified in para-
graphs 7.1 a., b., and ¢, with the vibratory
motion applied in a direction parallel to
the lateral axis of the equipment.

e. Repeat the procedures specified In para-
graphs 7.1 ¢., b, and ¢, with the vibratory
motion applied in a direction parallel to the
vertical axis of the equipment.

¢ Optionally, vibratory motion may be first
applied to any axis of the equipment, le.,
lateral, vertical or longitudinal. Any se-
quence thereafter is permissible.

s Either a Ilinear or logarithmic sweep
(scan) may be used.

7. If the equipment 15 to be tested under
a vibration category which requires vibra-
tion tests in the 55 to 600 cycle frequency
range, repeat all of the above test procedures,
but starting at 55 cycles and running to 500
cycles, and returning to 56 cycles with the
excursion so adjusted for each frequency as
to produce the constant acceleration figure
specified in Table 2.¢

TABLE 2.—CATEGORIZATION OF AIRCRAFT VIRRATION
CHARACTERISTICS BY AIRCRAFT TYPES AND LOCATIONS
THEREIN

Instrument
panels
(vibration Any
Aircraft descrip- | Fuselage | protected | location
tion or other- not
wise) and | specified
isolated
racks

Rotary wing

aircraft_______ A F A
Turbo engine

fixed wing

aireraft_______ B C A
Piston engine

fixed wing

aircraft,

heavy multi-

engine type

(over 12,500

bs) ... E F D
Piston engine

fixed wing

aircraft, light

multi-engine

type (under

12,500 1bs.). __ F F E
Piston engine

fixed wing

aircraft, light

sing]e(em(;line

type (under

12,500 1bs.). _ - ¥ F F

72 Vibration Characteristics of Cate-
gories:

Category A-—Constant total excursion of
0.030’’ from 10 to 65 c.p.s. with a maximum
acceleration of 5G; and Constant accelera-
tion of 6G from 55 to 500 c.p.s.

Category B—Constant total excursion of
0.020”’ from 10 to 556 c.p.s. with a maximum
acceleration of 3G; and Constant accelera-
tion of 1.5G from 55 to 500 c.p.s.

Category C—Constant total excursion of
0.010'" from 10 to 55 c.p.s. with a maximum
acceleration of 1.5G; and Constant accelera-
tion of 0.25G from 55 to 500 c.p.s.

Category D—Constant total excursion of
0.030'’ from 10 to 55 c.p.s. with a maximum
acceleration of 5G.

Category E—Constant total excursion of
0.020’/ from 10 to 65 c¢.p.s. with a maximum
acceleration of 3G.

Category F—Constant total excursion ot
0.010’’ from 10 to 55 c.p.s. with 2 maximum
acceleration of 1.5G.

8.0 Temperature Variation Test. Stabl-
lize the equipment temperature at the ap-
propriate Operating Low Temperature speci-
fied in Table 1, at amblent room atmospheric
pressure with the equipment not operating.”
Operate the equipment at maximum duty
cycle for a period of 15 minutes, beginning
with “ON” cycle in the case of equipment
designed for intermittent duty service, with
the voltage and frequency of the primary

¢ Optionally, the tests specified in para-
graphs 7.1 a., b., ¢, d., e, and f., may be com-
bined, if desired, with a total sweep time of
from 2 to 6 minutes and a total time of 180
minutes.

7The purpose of this test is to determine
certaln performance characteristics of the
equipment at various temperatures between
the Operating Low Temperature and the Ex-
tended-time Operation High Temperature
specified In the applicable Category of
‘Table 1.

power source adjusted to standard values.
Increase the temperature of the air in the
test chamber to the Operating High Tem-
perature specified in Table 1, at a fate® not
exceeding 1° C. per minute. In the interval
between the time that the equipment tem-
perature stabilizes at the appropriate Oper-
ating Low Temperature and the time it
stabilizes at the appropriate Operating High
Temperature, determine compliance with the
applicable standards of paragraph 3.0, “Min-
imum Performance Standards under Envi-
ronmental Test Conditions” of the appro-
priate FAA Airborne Electroni: Equipment
Minimum Performance Standards.

8.1 Alternate Test Procedure. It is per-
missible to combine the temperature varia-
tion test and the temperature-altitude test.
In this case, proceed as follows:

(1) Conduct that portion of the tempera-
ture-altitude test specified in paragraph 4.1.

(2) Increase the temperature of the air
in the test Chamber to the High Operating
Temperature specified in the applicable cate-
gory of Table 1 at a rate? not exceeding 1°
C. per minute. In the interval between the
time that the equipment temperature sta-
bilizes at the appropriate Low Operating
Temperature and the time it stabilizes at
the appropriate High Extended-time Opera-
tion Temperature, determine compliance
with the applicable standards of paragraph
3.0, “Minimum Performance Standards under
Environmental Test Conditions,”” of the ap-
propriate FAA Airborne Electronic Equip-
ment Minimum Performance Standards.

(3) Conduct those portions of the Tem-
perature-Altitude Test specified in para-
graphs 4.2a. through 4.3b.

9.0 Power Input Test.

9.1 Power Input Variation Test.

a. Adjust the primary power input as
follows:

(1) In the case of equipment designed to
operate from a d.c. power source, adjust the
primary power voltage to 110 percent of the
design voltage.

(2) In the case of equipment designed to
operate from a.c. primary power sources of
essentially constant frequency, such as 400
c.p.s. adjust the primary power voltage to
110 percent of the design voltage and the
Irequency to 105 percent of design frequency.
The crest factor shall be 1.4, +10 percent.

(3) In the case of equipment designed to
operate from a.c. primary power sources of
variable frequency, such as 300 to 1,000 c.p.s.,
edjust the primary power voltage to 110 per-
cent of design voltage and the frequency to
the highest for which the equipment is de-
signed. The crest factor shall be 1.4, +10
percent.

Note: For the purposes of this test, equip-~
wzent which derives a.c. power from an in-
verter provided exclusively for the equipment
shall be considered as d.c. operated.

b. Operate the equipment at maximum
duty cycle for 30 minutes, with the primary
power adjusted as specified in paragraph
9.1a. Determine compliance with the appli-
cable standards of paragraph 3.0, “Minimum
Performance Standards under Environmental
Test Conditions,” of the appropriate FAA
airborne electronic equipment Minimum
Performance Standards during this 30-
minute period.

c. Adjust the primary power Iinput as
follows:

(1) In the case of equlpment designed to
operate from a d.c. power source, adjust the

31t desired, this rate may, 1f necessary, be
reduced to zero to permit measurements to
be taken.

¢ If desired, this rate may, if necessary, be
reduced to gero to permit measurements to
be taken.



primary power voltage to 90 percent of the
design voltage.

(2) In the case of equipment designed to
operate from a.c. primary power sources of
essentially constant frequency, such as 400
¢.p.s., adjust the primary power voltage to 90
percent of the design voltage and the fre-
quency to no higher than 95 percent of
design frequency. The crest factor shall be
1.4 +10 percent.

(3) In the case of equipment designed
to operate from a.c. primary power sources
of variable frequency, such as 300 to 1,000
c.p.s., adjust the primary power voltage to
90 percent of design voltage and the fre-
quency to the lowest for which the equipment
is designed. The crest factor shall be 1.4
+10 percent.

Note: For the purposes of this test, equip-
ment which derives a.c. power from an in-
verter provided exclusively for the equipment
shall be considered as d.c. operated.

d. Operate the equipment at maximum
duty cycle for a period of 30 minutes with
the primary power adjusted as specified in
paragraph 9.1c. Determine compliance with
the applicable standards of paragraph 3.0
“Minimum Performance Standards under
Environmental Test Conditions” of the ap-
propriate FAA alrborne electronic equipment
Minimum Performance Standards during
this 30-minute period.

9.2 Low Voltage Test.

a. A.C. and D.C. Equipments. Operate the
equipment at maximum duty cycle for a pe-
riod of at least 30 minutes at an input power
voltage(s) 80 percent of standard test volt-
age(s) in the cast of d.c. equipment, or 871%
percent of standard test voltage(s) in the
age(s) In the case of d.c. equipment, or 87,
determine compliance with the applicable
standards of paragraph 3.0, “Minimum Per-
formance Standards under Environmental
Test Conditions,” of the appropriate FAA
Airborne Electronic Minimum Performance
Standards.

b. D.C. Equipments,

{1) With the equipment operating, de-
crease the input power voltage(s) from 80
percent of standard test voltage(s) to 50 per-
cent of standard test voltage(s) at a rate not
greater than 2 percent of the standard test
voltage(s) per minute and continue operat-
ing the equipment for a period of at least 10
minutes at the 50 percent tnput power level.
With the equipment still operating, adjust
the input power voltage(s) to 100 percent of
standard test voltage(s) and determine com-
plance with the applicable standards of
paragraph 3.0, “Minimum Performance
Standards under Environmental Test Condi-
tions,” of the appropriate FAA Airborne
Electronic Minimum Performance Stand-
ards.i®

(2) With the equipment operating, reduce
the input power voltage(s) from 100 percent
to 50 percent of standard test voltage(s) and
continue the reduction of the input power
voltage(s) from the 50 percent level to zero
input voltage(s) at a rate not greater than
2 percent of the standard test voltage(s) per
minute. Determine compliance with the ap-
plicable standards of paragraph 3.0, “Mini~
mum Performance Standards under Environ-
mental Test Conditions,” of the appropriate
FAA Alrborne Electronic Minjmum Perform-
ance Standards.!

¥ The purpose of this test 1s to determine
those conditions resulting from decreased
voltage(s) (such as relay chatter), the
presence or continuation of which would con-~
tribute to malfunctioning of the equipment
at standard test voltage(s).

11 The purpose of this test is to determine
whether the reduction of the input power
voltage(s) from standard test voltage(s) to
zero input voltage(s) produces evidence, ex=
t~rnal to the equipment, of smoke or fire,

Norte: For the purposes of this test, equip-
ment which derives a.c. power from an in-
verter provided exclusively for the squipment
shall be considered as d.c, operated.

10.0 Conducted Voltage Transient Test.

10.1 Intermittent Transients. With the
equipment operating at its normal input
voltage(s), apply to each of the d.c. primary
input power leads a series of positive and
negative voltage transients having the char-
acteristics (amplitude and wave form) ap-
propriate to the applicable normal d.c. input
voltages specified in Figure 1, for a period of
at least ten (10) seconds and at a rate of
not less than two (2) transients per second.

Immediately after the 10-second period,

determine compliance with the applicable
standards of paragraph 3.0, “Minimum Per-
formance Standards under Environmental
Test Conditions,” of the appropriate FAA
Afrborne Electronic Equipment Minimum
Performance Standards. The positive and
negative transients should be developed,
applied and monitored in a manner similar
to that shown {n Figures 2 and 3.

10.3 Repetitive Transients. With the
equipment operating at its normal input vol-
tage(s), apply to each of the d.c. pr
input power leads a series of positive voltage
transients having the characteristics (ampli-
tude and wave form) appropriate to the ap-
plicable normal d.c. input voltages specified
in Figure 1 at a rate of not less than two (2)
transients per second and, simultaneously,
determine compliance with the applicable
standards of paragraph 3.0, “Minimum Per-
formance Standards under Environmental
Test Conditions” of the appropriate FAA
Airborne Electronic Equipment Minimum
Performance Standards. The positive voltage
transients should be developed, applied and
monitored in a manner simllar to that shown
in Figure 2.2

11.0 Conducted Audio-Frequency Suscep-
tibility Test.

11.1 D.C. Input Power Leads. Apply a
sine wave audio frequency signal In series
with each ungrounded d.c. input power lead.
‘While varying the audlo frequency of the ap-
plied signal between 200 and 20,000 cycles
per second, maintain the r.m.s. amplitude of
this signal at not less than 5 percent of the
nominal d.c. input voltage and determine
compliance with the applicable standards of
paragraph 3.0, “Minimum Performance
Standards Under Environmental Test Condi-
tions” of the appropriate FAA Airborne Flec-
tronic Equipment Minimum Performance
Standards. When conducting this test, all
equipment Interconnecting cables and RF
transmission lines shall be in accordance
with the manufacturer’'s Installation wiring
diagram and shall use shielded or twisted
wires only where specified. Where no length
of interconnecting cables is specified, the
cables shall be at least five (5) feet long. Any
inputs or outputs from or to other equip-
ment(s) normally associated with the equip-
ment under test shall be adequately simu-
lated.

112 A.C. Input Power Leads. Apply a
sine wave audio frequency signal in serles
with each ungrounded a.c. input power lead.
With the frequency of this signal successive-
ly adjusted to the second harmonic of the
a.Cc. power frequency and to each next higher
order harmonic up to 9,000 cycles, maintain
the r.m.s. amplitude of this signal at not less
than 5 percent of the nominal a.c. input volt-
age and determine compliance with the ap-

13This test applles to equipment designed
to utilize d.c. primary power which is fur-
nished by the aircraft’s electrical system.
Equipment designed to operate solely on a.c.
primary power need not be subjected to
this test.

- 10 -

plicable standards of paragraph 3.0 ‘“Mini-
mum Performance Standards Under Environ-
mental Test Conditions” of the appropriate
FAA Airborne Electronic Equipment Mini-
mum Performance Standards. When con-
ducting this test, all equipment intercon-
necting cables and RF transmission lines
shall be in accordance with the manufac-
turer's installation wiring diagram and shall
use shielded or twisted wires only where
specified. Where no length of interconnect-
ing cables is specified, the cables shall be
at least five (5) feet long. Any inputs or
outputs from or to other equipment(s) nor-
mally associated with the equipment under
test shall be adequately simulated.

12.0 Audio Frequency Magnetic Field
Susceptibility Test.

12.1 Categories of Equipment. For the
purpose of this test, equipment is catego-
rized as follows:

Category A—Equipment which is intended
for installation in an aircraft which has an
a.c. power source having a rating of 250 VA
(volt-amperes) or greater.

Category B—Equipment which is Intended
for installation in an alrcraft which has an
a.c. power source having a rating of less than
250 VA, or which has no a.c. power source
whatever.

12.2 Test Procedure.

Category A—Expose the equipment under
test to an audic frequency magnetic fleld
which is generated by a 400 c.p.s. current
of at least 20 amperes (rmas.) flowing in a
straight wire radiator, which is within 12
inches of the periphery of the unit of equip-
ment under test, and determine compliance
with the applicable standards of paragraph
3.0 “Minimum Performance Standards Under
Environmental Test Conditions” of the ap-
propriate FAA Airborne Electronic Equip-
ment Minimum Performance Standards.
During this test, the radiator shall be so
oriented with respect to each external surface
of each unit as to cause maximum inter-
ference. The length of the radiator shall be
such that 1t extends a distance of at least
2 feet (laterally) beyond the exposed surface
of the unit under test. The leads sypplying
current to the radiator shall be routed at
least 2 feet away from any part of -the unit
under test and from the radiator itself. Al
units of the equipment under test shall be
individually tested.

Category B—No test of Category B equip-
ment is required.

13.0 Radio Frequency Susceptibility Test
(Radiated and Conducted). For the pur-
poses of this test,”® equipment is categorized
as follows:

Category A—Equipment which is intended
for installation in aircraft having a Maxi-
mum Weight of more than 12,500 pounds,

Category B—Equipment which is intended
for installation in aircraft having a Maxi-
mum Weight of 12,500 pounds, or less,

13.1 General Requirements.

(2) The equipment under test shall be set
up on a ground plane and operated in ac-
cordance with the following criteria:

(1) Ground Plane.—A copper or brass
ground plane, 0.01 inch thick minimum for
copper, 0.025 inch thick minimum for brass,
12-square feet or more in area with a mini-
mum width of 30 inches, shall be used. In
all cases where a shielded room is employed,
the ground plane shall .be bonded to the
shielded room at intervals no greater than
3 feet, and at both ends of the ground plane.

2 8ee “Infroduction” of Appendix A for
information on the relationship between the
emission of spurlous radio frequency energy
from electrical and electronic equipment
installed in an alrcraft and the levels of
radlo frequency susceptibllity signals used in
this test procedure.




*SO1ISLI10BIBYD 958 [0A JUSSUBLT— TUADLT

HAIILVOEN

11

S+ 1= 143
oT+ e :14
"¥iom)9u BulleIauss asind SA[)BSON—E TUAOIT @ JuFod O juyod’
- 9doasoTT1>
o e yes €2+ o+ "
3'q°A £Ce :123 O+ 8i+ g2
00T - 0
- . 4 Jurog ¥ 3jugod a4 Jurog Y 3UTog
o 2883704 1891 a8e3704 389] 288310A
JuITsuBI], SATITIodey Jjueysuwl], juajjFuiajul 8n
- 8W0
O O -
wwyo 00p
\I\lNI.\.n%I(I_ (28 AT 30 pvz) ENIL _
b Janog
111 = |
wwbon LI " o _

\ ™ 1\ |

L 1

Jnag u-ﬂy muuua“w- 1 |

3uomdynbi Supdwyg aerng N\ / /

*JI0M)9U SUr)eIoULs asmd SARISOT—Z TUNDIT

g

FIOVITOA

4028011790
*2'a‘a
00t = 0
. -
HOVLIOA S0d
111 -
o I1T o-
® 3039780y
o= Jupdwis Ty €0 9% 20 AR2) _
< Janay
.7 o Indug _ ("IVNOI120
. 1 ST
o —_——\- 0. 1 JH SI¥)
| |

o003 u!.a/ Tlluu-__— 00T
suewdgty

AAILIS0d




(2) 8hock and Vibration Isolators.—The
equipment under test shall be secured to
mounting bases Ilncorporating shock or vi-
bration isolators, if such mounting bases are
specified by the equipment manufacturer.
The bonding straps furnished with the
mounting base shall be connected to the
ground plane. Where mounting bases do
not incorporate bonding straps, bonding
straps shall not be used in the test setup.

(8) Bonding.—Only the provisions includ-
ed in the design of the equipment and speci-
fled in the installation instructions shall be
used to bond units, such as equipment case
and mount, together or to the ground plane.
‘Where bonding straps are required to com-
plete the test setup they shall have a length
not greater than 5 times the width, shall
have a minimum thickness of 0.025 inch, and
shall be copper or brass metal straps, not
brald. Connections made with such bond
straps shall have clean metal-to-metal
contact.

(4) External Ground Terminal—When an
external terminal is available for a ground
connection on the equipment under test, this
terminal shall be connected to the ground
plane if the terminal is normally grounded
in the installation. If the installation con-
ditions are unknown, the terminal shall not
be grounded.

(5) Interconnecting Cables—All equip-
ment interconnecting cables and RF trans-
mission lines shall be in accordance with the
manufacturer’s installation wiring diagram
and shall use shielded or twisted wires only
where specified. Where nn length of inter-
connecting cables 1s specified, the cables
shall be at least five (5) feet long. Any in-
puts or outputs from or to other equipment
associated with the equipment under test
shall be adequately simulated.

(6) Dummy Antennas.—The dummy an-
tenna shall have electrical characteristica
which closely simulate those of the normal
antenna, and should be shielded. It shall
contaln electrical components which are used
in the normal antenna (such as filters, crys-
tal diodes, synchros, motors, etc.).

b. Test instruments shall be set up and
operated in accordance with the following
criteria:

(1) Bonding.—Interference meters used for
measurement during the “conducted” test
shall not be bonded to the ground plane ex-
cept through the interconnecting coaxial
cable. The counterpoise on rod antennas
shall be bonded to the ground plane with a
strap of such length that the rod antenna
can be positioned correctly. The strap shall
be as wide as the counterpoise,

(2) Powerline Stabilization Network.~—One
stabllization network shall be inserted in
each ungrounded primary input power lead
of the equipment under test. The network
enclosure shall be bonded to the ground
plane. The network shall be constructed in
accordance with Figure 4. The input im-
pedance characteristics of the stabilization
network are shown in Figure 5.

(3) Antenna Orientation and Positioning
in Shielded Enclosures—The rod or dipole
antenna shall be located as shown in Figures
68 or 7. The rod antenna shall be so placed
that the antenna Is in a vertical position.
The rod antenna shall be located at the point
where maximum radiation pickup is obtained
when it is moved along a line parallel with
the edge of the ground plane. Those meas-

urements which use a resonate dipole anten-
na shall have the dipole positioned parallel
with the edge of the ground plane. The di-
pole antenna shall be centered 12 inches +1
inch above the level of the ground plane. The
rod or the dipole antenna shall be located at
the distance from the equipment under test
specified in Figures 6 and 7. When the di~
mensions of the dipole antenna become
smaller than the test layout, the antenna
shall be moved parallel to the edge of the
ground plane to keep its sensitive elements
adjacent to the point of maximum radiation.
At frequencies from 25 up to and including 35
megacycles, the measurements shall be taken
with the ‘dipole antenna adjusted to res-
onance at 356 megacycles. The dipole an-
tenna shall be adjusted to resonance at all
frequencies above 35 megacycles. In screen
room tests, the antennas shall be at least
1 foot away from any wall.

13.2 Conducted Radio Frequency Suscep-
tibility Test. With the equipment under test
arranged In a manner similar to that shown
in Figure 8 apply through the powerline
stabilization network an RF signal modu-
lated 30 percent at 1,000 c.p.s. between each
ungrounded primary input power lead and
ground. Determine compliance with the ap-
plicable standards of paragraph 3.0 “Mini-
mum Performance Standards under Environ-
mental Test Conditions” of the appropriate
FAA Airborne Electronic Equipment Mini-
mum Performance Standards when the signal
level is varied (versus frequency) over the
range specified in Figure 9 or Figure 10 for
Category A and Category B installations, re-
spectively. The output impedance of the
signal generator shall be 50 ohms. The volt-
ages specified shall be those which exist

across the 50 ohm signal generator output
when no load is connected to the signal
generator. All equipment interconnecting
cables ghall have 4 feet of their length
bundled together and supported 2 inches
above the ground plane, as shown in‘Figure 8.

133 Radiated Radio Frequency Suscepti-
bility Test. Expose the equipment under test
to a radio frequency field, the levels of which
(versus frequency) are specified in Figures
11 and 12 for Catagory A and Catagory B in-
stallations, respectively. The voltages spec-
ified in Figures 11 and 12 are those existing
across the radiating antenna terminals. The
test signal shall be modulated 30 percent at
1,000 c.p.s. The type of radiating antenna
to be employed is related to the frequency of
the test signal as follows:

Frequency
90 kec.to25 me___._
25 mc. to 35 mc_

Type of antenna
41 inch rod antenna.
- Dipole antenna adjusted
to resonance at 35 mc.
85 me. to 1,000 mc.. Dipole antenna adjusted
to resonance at test
frequency.

Care should be taken to use matching net-
works when required. The equipment under
test, the radiating antenna and the line sta-
bilization networks shall 'be arranged in ac-
cordance with Figure 6, when using the rod
antenna, and Figure 7, when using the dipole
antenna. During this test, determine com-
pliance with the applicable standards of
paragraph 3.0 “Minimum Performance Stand-
ards under Environmental Test Conditions”
of the appropriate FAA Alrborne Electronic
Equipment Minimum Performance Stand-
ards.

}umma SQURCE

BQUIPMENT 11
UNDER TEST
a L
COAXIAL
TERMINAL,
FOR
SIGNAL
GENERATOR - p
n 3
>
GROUND prr <
L]

m GROUND

Fraure 4.—Powerline stabilization network schematic diagram,

ENCLOSURE DATA: 14 GAGE (B & 8) ALUMINUM SUGGESTED SIZE 9% IN. BY 4 BY 4 IN.

FORM DATA:
EACH END.
COIL DATA:
‘WIRE DATA: AWG 6, 600 VOLT, .310 IN.
CAPACITOR:

CAPACITOR DATA:

5% IN. LENGTH, 3 IN. DIA (OD), .125 IN, WALL DRILL ¥ IN, HOLE }s IN. FROM

L1=5 MICROHENRIES, 13 TJ/RNS SINGLE LAYER, 4 IN, WINDING LENGTH.
) 1A (OD).
Cl SHALL BE MOUNTED ON 1 IN. INSULATING BLOCK ABOVE GROUND,
Cl=.1 UF, 600-VOLT DC, BATHTUB.

(FOR 50 AMPERE NETWORK)

C2=1 UF, 600-VOLT DC, BATETUB, SINGLE TERMINAL CASE MOUNTED ON

GROUND.
RESISTOR DATA:

R1=5,000-OHM, 5-WATT CARBON,

1. The values given for the component parts of the network are nominal. « Regardless of the construction or deviation

2. C and

ting leads to ds

from nominal values, the network must have an impedance within 20 percent of that given in Figure 5,
i should be as ncarly as possible to zero length.

3. Networks may also be constructed having a 1-ohm series resistor between the line and capacitor C2, This 1-ochm
resistor shall be made up from ten 10-ohm, 1-watt composition resistors,

4. The data given in this figure is suitable for the construction of 50-amperc networks, Other current-carrying nete
works may be constructed by changing the wire size given for the coil and the size of the over-all enclosure,

6, The 50-ohm transmission line should be extended within the enclosure right up 1o the location where it coonects

‘with capacitor Cl.
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14.0 Ezplosion Test.

14,1 Application end Conditions of Test.

a. Application and Categories of Equip-
ment.

(1) It is recognized that installation prac-
tices in civil aircraft and in many nonecivil
transport aircraft normally do not reguire
the installation of equipment in locations
where an explosive atmosphere may exist in
the course of normal aircraft operations.
For such installations, the Explosion Test is
not applicable and the equipment is desig-
nated as Category “X" equipment.

{2) It is also recoghized that, in special
applications and in special purpose aircraft,
equipment may be installed in locations
where an explosive atmosphere may exist in
the course of normal aircraft operations.
For these installations, the Explosion Test
is applicable and the equipment is designated
as Category “E” equipment.

b. Apparatus. The test chamber shall be
8 type capable of providing the test environ-
ment. A suitable test chamber is described
in Military Specification MIL-C-9435.

c. Fuel. The fuel used shall be 100/130
octane gasoline.

d. Fallure Criteria. If the equipment
causes explosion at any of the test altitudes,
it shall be considered to have failed to pass
the test and no further trials need be at-
tempted.

e. Applicability Exceptions. Sealed equip-
ment, conhecting wires, and cables shall be
considered explosion-proof and require no
test.

f- General Conditions.

(1) When necesary, large items of elec-
trical equipment, such as motors, large relays,
etc., shall be prepared for explosion-proof
testing by drilling and tapping openings in
the case for inlet and outlet connections to
the fuel vapor air mixture circulating system
and for mounting a spark plug. The spark
plug is used only for igniting the vapor air
mixture in the equipment to insure the
presence of an explosive mixture inside the
equipment on test. Small items of equip-
ment such as switches, circuit breakers, etc.,
shall not be drilled and tapped for mounting
a spark plug when it is not practicable.

(2) When the explosion-proof test of para-
graph 14.2a.(2) is being performed, dust or
other auxiliary covers not intended to be
explosion-proof may be removed or loosened
to facilitate penetration of the explosive
mixture.

142 Test Procedures.

a. Procedure 1. This procedure is designed
to determine the explosion producing char-
acteristics of equipment not provided with
cases designed to prevent flame or explosion
propagation.it

(1) Preparation for Test.

(a) The equipment shall be installed in
the test chamber in such a manner that
normal electrical operation is possible and
that mechanical controls may be operated
through the pressure seals from the exterior
of the chamber. All external covers of the
equipment shall be removed or opened to
insure adequate circulation of the explosive
mixture. Large equipment, comprising mul-
tiple units, may be tested one or more units
at a time by extending electrical connections
through the cable port to unlts located ex-
ternally.

(b) The equipment shall be operated to
determine that it is functioning properly and
to observe the location of any sparking or
high temperature components which may
constitute potential explosion hazards.

{c) Mechanical loads on drive assemblies
and servomechanical and electrical loads on
switches and relays may be simulated when
necessary, if proper precaution is given to

1 See additional test procedure under para-
graph 14.2b.

duplicating the normal load in respect to
torque, voltage, current, inductive reactance,
etc. In all instances, it is preferable to op-
erate the equipment as it normally functions
in the system during service use.

(2) Test Procedure. The test shall be
conducted at test altitudes of ground level
to 5,000 feet, 20,000 feet, and 40,000 feet,
except that the highest test altitude shall
not exceed the design requirement of the
equipment.

(¢) The test chamber shall be sealed and
the ambient temperature within shall be
ralsed to +71+3° C,, or to the maximum
temperature for which the equipment is de-
signed to operate (if lower than 71° C.). The
temperature of the test item and the cham-
ber walls shall be permitted to rise to within
11° C. of that of the chamber ambient air,
prior to introduction of the explosive mix-
ture.

(b) The internal test chamber pressure
shall be reduced sufficlently to simulate an
altitude approximately 10,000 feet above the
desired test altitude. The quantity of fuel,
a8 determined from Figure 13 shall be in-
troduced into the chamber. A time of 3+1
minutes shall be allowed for the introduc-
tion and vaporization of the fuel. Air shall
be admitted into the chamber until a simu-
lated altitude of 5,000 feet above the test
altitude is attained.

(¢) Operation of the equipment shall then
be commenced, all making and breaking elec-
trical contacts being actuated. If high tem-
perature components are present, & warmup
time of 15 minutes shall be permitted. If
no explosion results, air shall be admitted
into the chamber s0 as to steadily reduce the
altitude below the desired test altitude to an
elevation 5,000 feet below that altitude. The
operation of the equipment shall be con-
tinuous throughout this period of altitude
reduction and all making and breaking elec-
trical contacts shall be operated as frequently
as possible.

(d) If by the time the simulated altitude
has been reduced to 5,000 feet below the test
altitude, no explosion has occurred as a re-
sult of operation of the equipment, the po-
tential explosiveness of the air-vapor mix-
ture shall be verified by attempting to ignite
the mixture with the igniter furnished with

not found to be explosive, the test shall be
considered void and the entire procedure
repeated.

b. Procedure II. This procedure is de-
signed to determine the flame and explosion
arresting characteristics of equipment cases
which are designed to prevent the propaga-
tion of internal case explosions.”®

(1) Preparation for Test.

(a) The case, with the equipment in posi-
tion within, shall be installed in the explo-
sion chamber. Testing shall be accom-
plished without constderation of the equip-
ment operating characteristics; accordingly,
the equipment need not be operated. Ade-
quate circulation of the explosive mixture
throughout the case shall be provided by
opfional means.

(b) If it is necessary to drill the case for
insertion of a hose from a blower, adequate
precaution shall be taken to prevent ignition
of the explosive mixture by backfire or release
of pressure through the supply hose. The
case volume shall not be altered by more
than +5 percent by any modification to fa-
cilitate the introduction of explosive vapor.

(¢) A positive means of igniting the ex-
plosive mixture within the case shall be pro-
vided. The case may be drilled and tapped
for the spark plug or the spark plug may be
mounted internally.

{2) Test Procedure.
complished as follows:

(a) The chamber shall be sealed and the
internal pressure reduced sufficiently to sim-
ulate an altitude between local ground level
and 5,000 feet. The ambient chamber tem-
perature shall be at least 26* C. An explo-
sive mixture shall be obtained within the
test chamber. (See paragraph 14.2a¢.(2) (b).

(b) The internal case ighition source shall
be energized, In order to cause an explosion
within the case. The occurrence of-an explo-
sion within the case may be detected by use
of a thermocouple inserted in the case and
connected to a sensitive galvanometer out-
side the test chamber. If ignition of the
mixture within the case does not occur im-
mediately, the test shall be considered void
and shall be repeated with a new explosive
charge.

The test shall be ac-

1 See additional test procedure under para-

the chamber. If the air-vapor mixture is graph 14.2a.
FIGURE 13
Approxisate Quantity of 100/130 Octane Aviation Gasoline
0 required per cudic foot of air for Optimum Explosion,

NOTES The amount of fuel will vary with ambient
humidity, chamber temperature, fuel
+ H and at: berie

\ volume occupied by the equipment must be
subtracted from the volume of the chamber
1o determine the quantity of fuel xequired,
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(c) At least five internal case exploslons
shall be accomplished at the test altitude
selected. If the case being tested is small
(not in excess of one-fiftieth of the test
chamber volume) and if the reaction within
the case upon ignition is of an explosive na-
ture without continued burning of the mix-
ture as it circulates into the case, more than
one internal case explosion but not more
than five may be produced without recharg-
ing the entire chamber. Ample time must
be allowed between internal case explosions
for replacement of burnt gases with a fresh
explosive mixture within the case. If the
internal case explosions produced did not
cause & main chamber explosion, the explo-
siveness of the fuel-air mixture in the main
chamber shsall be verified. If the alr-vapor
mixture in the main chamber is not found
to be explosive, the test shall be considered
void and the entire procedure repeated, using
an explosive mixture.

APPENDIX A

STANDARDS ON EMISSION OF SPURIOUS RADIO
FREQUENCY ENERGY (CONDUCTED AND RADIATED
INTERFERENCE) AND ASSOCIATED TEST PROCE-
DURES

The problem of describing the gross radio
frequency interference environment (RF
Conducted and Radiated Susceptibility Test)
in an alrcraft is inseparably related to the
delineation of the maximum level of spurious
radio frequency energy that any one elec-
trical or electronic equipment in that air-
craft will emit. It is concluded, therefore,
that if the foregoing RF Conducted and
Radiated Susceptibility Tests are to achieve
their intended purposes, a compatible stand-
ard on the maximum permissible level of
spurious emission of radio frequency energy
from any one electrical or electronic equip-
ment in an aircraft must be applied to that
equipment.

Accordingly, one of the following stand-
ards (and associated test procedure), as ap-
propriate for the maximum weight of the
aircraft in which the electrical/electronic
equipment 18 intended to be installed must
be applied to each unit of equipment incor-
porated in such installation:

1.0 Standards on Emission of Spurious
Radio Frequency Energy.

a. Categories of Equipment.

Category A—Equipment intended for in-
stallation in alrcraft having a Maximum
Weight of more than 12,500 pounds.

Category B—Equipment intended for in-
stallation in aircraft having a Maximum
Weight of 12,500 pounds, or less.

b. Conducted RF Interference. Radio in-
terference voltages generated by the equip-
ment within the frequency ranges and in
excess of the values shown in FPigures 16,
17, 18, and 19 for Categories A and B, respec-
tively, shall not appear on any power line
normally connected to an alircraft bus or
other equipment.

c. Radiated RF Interference. Radiated
interference fields generated by the equip-
ment within the frequency ranges and in
$xcess of the values shown in Figures 20,
21, 22, and 23 for Categories A and B, re-
spectively, shall not be radiated from any
unit, cable (including, but not limited to,
control, pulse, i-f, video, antenna transmis-
slon and power cables) or interconnecting

wiring. This requirement includes, but is
not limited to, oscillator radiation, other
gpurious emanations and broadband inter-
ference. This does not Include radiation
emanating from antennas or, in the case of
transmitters, any radiation on the selected
frequency +50 percent of the band of fre-
quencies between adjacent channels.

Note: The emission of spurious radio-
frequency energy from the equipment result-
ing from manual operation of switches, but
not including any electrical or electro-
mechanical operations resulting from man-
ual operation of switches, may exceed the
limits stated in paragraphs 1.0b. and 1.0c.
if its duration does not exceed one second.

2.0 Test Procedure.

a. Equipment Required.

(1) Interference measuring instrument.—
Empire Devices Model NF-105 (including
heads and antennas), or equivalent.

(2) Line stabilization networks that meet
the requirements of paragraph 2.b.(2) (b).

b. General Requirements.

(1) The equipment under test shall be set
up on a ground plane and operated in ac-
cordance with the following criteria:

(a) Ground Plane.—A copper or brass
ground plane, 0.01 inch thick minimum for
copper, 0.025 inch thick minimum for brass,
12-square feet or more in area with a mini-
mum width of 30 inches, shall be used. In
all cases where a shielded room is employed,
the ground plane shall be bonded to the
shielded room at intervals no greater than
8 feet and at both ends of the ground plane.

(b) Shock and Vibration Isolators.—-The
equipment under test shall be secured to
mounting bases incorporating shock or vi-
bration isolators, if such mounting bases are
specified by the manufacturer. The bond-
ing straps furnished with the mounting
base shall be connected to the ground plane.
Where mounting bases do not incorporate
bonding straps, bonding straps shall not be
used in the test setup.

(c) Bonding-~Only the provisions in-
cluded in the design of the equipment and
specified in the installation Instructions
shall be used to bond units, such as equip-
ment case and mount, together or to the
ground plane. Where bonding straps are
required to complete the test setup they
shall have a length not greater than §
times the width, shall have a minimum
thickness of Q.025 inch, and shall be copper
or brass metal straps, not braid. Connec-
tions made with such bond straps shall have
clean metal-to-metal contact.

{d) External Ground Terminal—When an
external terminal is available for a ground
connection on the equipment under test,
this terminal shall be connected to the
ground plane if the terminal is normally
grounded in the installation. If the in-
stallation conditions are unknown, the ter-
minal shall not be grounded.

(e) Interconnecting Cables.~—All equip-
ment interconnecting cables and RF trans-
mission lines shall be in accordance with the
manufacturer’s installation wiring diagram
and shall use shielded or twisted wires only
where specified. Where no length of inter-
connecting cables. is specified, the cables
shall be at least five (5) feet long. Any
inputs or outputs from or to other equip-
ments associated with the equipment under
test shall be adequately simulated.

(/) Dummy Antennas—The dummy an-
tenna shall have electrical characteristics
which closely simulate those of the normal
antenna, and should be shielded. It shall
contain electrical components which are
used in the normal antenna (such as filters,
crystal diodes, synchros, motors, etc.).

(2) Test instruments shall be set up and
operated In accordance with the following
criteria:

(a) Bonding.—Interference meters used
for measurement during the ‘“conducted”
test shall not be bonded to the ground plane
except through the interconnecting coaxial
cable. The -counterpoise on rod antennas
shall be bonded to the ground plane with a
strap of such length that the rod antenna
can be positioned correctly. The strap shall
be as wide as the counterpoise.

(b) Powerline Stabilization Network.—
One stabilization network shall be inserted
in each ungrounded primary input power
lead of the equipment under test. The net-
work enclosure shall be bonded to the
ground plane. The network shall be made
in accordance with Figure 14. The input
impedance characteristics of the stabiliza-
tion network are shown in Figure 15.

(c) Antenna Orientation and Positioning
in Shielded Enclosures.—The rod or dipole
antenna shall be located as shown in Figures
25 or 26. The rod antenna shall be so
placed that the antenna is in a vertical
position. The rod antenna shall be located
at the point where maximum radiation pick-
up is obtained when it is moved along a line
parallel with the edge of the ground plane.
Those measurements which use a resonant
dipole antenna shall have the dipole posi-
tioned paraliel with the edge of the ground
plane. The antenna shall be centered 12
inches +1 inch above the level of the ground
plane. The rod or the dipole antenna shall be
located at the distance from the equipment
under test specified in Figures 25 or 26.
When the dimensions of the dipole antenna
become smaller than the test layout, the
antenna shall be moved parallel to the edge
of the ground plane to keep its sensitive ele-
ments adjacent to the point of maximum
radiation. At frequencies from 25 up to and
including 35 megacycles, the measurements
shall be taken with the dipole antenna ad-
Justed to resonance at 35 megacycles, The
dipole antenna shaill be adjusted to reso-
nance at all frequencies above 35 megacycles.
In screen room tests, the antennas shall be
at least 1 foot away from any wall.

c. Detalled Procedure.

(1) Conducted Interference.

(a) Set up equipment in accordance with
Figure 24.

(b) Search the frequency range specified
for the applicable category for each equip-
ment configuration required.

(2) Radiated Interference.

(@) Set up the equipment in accordance
with Figure 25.

(b) Search the frequency range specified
in the applicable category for each equip-
ment configuration required.

(¢) Set up the equipment in accordance
with Figure 26.

(d) Search the frequency range specified
for the applicable category for each equip-
ment configuration required.
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Figuse 14.—Powerline network

ENCLOSURE DATA: 14 GAGE (B & 8) ALUMINUM SUGGESTED SIZE 9% IN. BY 4 BY 4 IN.

FORM DATA: 53 IN. LENGTH, 3 IN. DIA (OD), .125 IN, WALL DRILL % IN. HOLE %s IN. FROM
EACH END.

COIL DATA: Li1=5 MICROHENRIES, 13 TURNS SINGLE LAYER, 4 IN. WINDING LENGTH.

WIRE DATA: AWG 6, 600 VOLT, .310 IN. DIA (OD). (FOR 50-AMPERE NETWORK))

CAPACITOR: C1 SHALL BE MOUNTED ON 1 IN, INSULATING BLOCK ABOVE GROUND,

CAPACITOR DATA: Ci=.1 UF, 600,VOLT DC, BATHTUB.
C2=1 UF, 600-VOLT DC, BATHTUB, SINGLE TERMINAL CASE MOUNTED ON
GROUND.
RESISTOR DATA: R1=5000-0OHM, 5-WATT CARBON,
1. The values given for the component parts of the network are nominal. Regardless of the construction or deviation
from nominal values, the network must have an impedance within 20 percent of that given in Figure 15,
2. C ing leads to d and resistors should be as nearly as possible to zero length.
3. Networks may also be constructed having a 1-ohm scries resistor between the line and eapacitor C2, This 1-ohm
resistor shall be made up from ten 10-ohm, 1-watt composition resistors.
4, The data given in this figure is suitable for the construction of 50-ampere networks. Other current-carrying
networks may be constructed by changing the wire size given for the coil and the size of the over-all enclosure.
5, The 50-ohm transmission line should be extended within the enclosure right up to the location where it conuects
with capacitor C1,

&0
30
-
gl
7
0 /
/ f
£ ;
)4
// FIGURE 15
0 V Input imped at Bequi t
V under test® termimal of
A stabllization netwirk with the
- », il inal for signal
/ generator® terminated in 50 obms,
10 A "power source® termimal open,
0
<7 2 »5 3 3 E 10 20 k]
PREQUENCY IN MEGACICIRS



STIDXOVOAM NI XONHNOHYL

o 0T or $ 4 s* [ 1° £0°
00T
<01

/ ort
1941
N,
A ozt
K 03938) "YIOMIJU y szt
uOTIeZFTTqRIS Suysn ‘jusudinba
U0 Aur WOIF IDUIIIFIAIUT
MO pasTnd pue pueqpuozq N 134 4
PP3ONPUOD JO TIAST WAWTXEN !
61 3UNDIL
SET
STTOXOVORN NI XOKENORYL

06 O o I [ [0 NJ-

N 08

b
™
e s
//

06

£6
001

¥ A0898) *YIONIIU UOTITZITIQEIE
Suysn ‘jusudinba Juo Auw woiy

2OUZ9FI53UT M) pastnd puw puuq
FP¥OIq PIIINPUOI JO TIAIT WRMEXEN
8T ZdNOIZ

WIOMLEN NOLLVZITIAVLS ENIT OL JAINI IV OW/LTOACYOIN ANO HAORY 8¢

AVOMIEN NOTLIVZITIEVIS ENIT OL INIMI IV OW/LIOAOYIIM ENO RAOQY 84

STTIAIVOEN NI AONEDTYL

[ v 4 ot 14 2z T [ [ 1° $0°
o
114
o5
<
o9
9]
, *g £308930 *jyiomyau
UOTIvZYTIqe1s Sugsn ‘jusudinba
auo Aue WOy IIUIIIFIIIUT
KD PIFORPUC) JO TIAIT wnmixmy
AT
og 02 ot 13 z 1 S* 2* 1° $0°*
or
114
™
oS
. /l]
133
e~y
™~
/ 0%
s9
*y L108938D “*jiomjau
uofiezITrqeis Juisn fjuswdynba
U0 Auw WOIF IIUIIPJIIUT
MO DPIONPUOI JO TIAST WAREXEH
91 2¥N9Id

XWOMIEN MOLLVZITIGVIS EMXT OL IAJINI IV ITOAOYOMN ENO HAOGY 4a

FAYOMLAN NOIIVZITIGVIS INIT OL LAINT LV IIOACUDIN BNO FAOSY €Q

18




STTIAOVOHW NI XONmNbTYL

000T__ 00¢ 002 00T 0. 14 o z hd s k4d I -
" * _ - TSTuusyLy 210d¥q PA13109d% 4
u g¢ 03 Pasn{py TUUIIUY 343 YIFM PIUTEIQO 3Q PIAOR YIFYm
270d7q JurUOSIN-UON #5043} 03 JuaTeATnbd sINTEA 0} pIJIFAUCD
0 a3e safeiyoa pasnpuy Iy J¥ L1uc <9
q ITAFSSTUIIE $Y°0U 0L PuT o $Z UIIMIAQ
. WUIIUY POY YIUT-TH 43 JO SN IYL :330N|
H
0L
ey sredra A
JuruosIY \.\\
— [73
L1
L4+ g Axo8e38) of
111 *3uaudinba suo Aue woiy
DUIIIFISIUT M) PasTAd pUR puwq
~PROIQ PIJEIPEI JO TIADT WMITXRY sg
TUUIIUY oY YOUF-TH
€2 3¥013
06
56
00T
SEIOXOVOEA NI XONZODIES
T ooe 002 oot 0s oz ot < 2 T [ ke 1° $0°
‘ow §¢ 03 pajsnfpy s¢
L1 Juy arodiq N
suusuy 10d7q b
Jusuosay
59
N
» 04
H1 WUIIUY POY HIUT=TH
\ 5%
~— 1 /
! 08
'y A10883w) ~juswdynba ™ ...llll.,
PO Auw wol3 33UI2IFIFIUT N
H1 MD pastnd puw ) 58
PIITFPEI 3O TIAIT wrwTXwy N
ZZ 3uNO1d N
— _ :: % ‘ )
56
- » F'e

QINANI YNNEINY ‘OM/LI0AOMDIN ING TAORY 8a

QIDNANL YNNZINY O/ LIOAO¥DIN HNO FAQAY 84

STIOAOVORW NI XONINOTAL

0001 00§ 00Z o0t 0s oz (24 13 Z k. <* 1° so*
RT3 or
©3 paisnipy ruuasuy *sewuajuy I10diq PITFIIAES U3 YA
I70d¥@ JUTUOSAY=UON / \ paureRIqO Iq PINON YDTYM ISO0Y3 03 JUITEATNba
/\ SINTEA O3 PIIIIAUCD 21w $32e3TOA PIINPUT sr
Y3 JT ATUO ITQFSsTwWIad ST -om O puw *ow ¢Z
\ UIIMIIQ PUUIIUY POY YOSUT—Tp SY3 FO PSR SYL IIION "
0!
wUvAIuy 3rodyq \
JuTuos Iy \
Y M 3 £
Y N
(]
BUUSIUY POy YouT-Th
114
*g Lofawy *juaudynba suo
\\ Auw wWOry dUIIIFISIUF M)
I3LIPEI JO TIAI] WrwEXey oL
12 3N014
— _ _ _ _ _ -
STIJAOVORN N XONnbNYL
000 00¢ 00Z_ 00Y _ oF or or g ? X [ A ° mp-
_ — 0w
*om $¢ 03 pajsn{pr WuIuy
\ \\ a70dTq JUBUCSIY-UON
14
A~
I/ of
UUA3uy Irodig \
Juvuosay %
” ¢
/ "
\ ™
ok
\ BUUIIUE POX YIUF=Th
4
\\ 'y A30893%) *jusudynbs sue
\\ Aue wo33y 35U3IFIIUT MO
PIITIPES JO TIAIT WrmxeN o
07 undid

QIONANT YNNZINY 'LIOAOUDIN UNO 0GBV §Q

QIIOANT VRNILRY “XI0A0NIIN HNO HA0RY 6Q

19



Units of Equipment Under Test

—dl !

4 Feet®
]

I

* Interconnecting Cables to be bundled for
at least four (4) feet and supported not

less than 2" above ground plane

Power

Leads
{ne Stabilization Networks

Inter:

Instrument

Ground Plane

F16URE 24—Arrangement of equipment for conducted RF interference test.
Units of Bquipment Under Test

Line
Stadilization
Metworks
- Q
4 Feet® — ;
an 4
50 ohm
l ’antloﬂN Bonded ”/ ]
round Plane
Csble to "
oy 1" Rod Antenna
20% Square Counterpoise

at same level of, or pot
more than 6% below,

& Interconnecting cables to be bundled
ground plane

for at least four (4) feet and
supported not less than 2¥ above the

ground plane
F16UurE 25—Location of rod antenna and arrangement of equipment.
Units of Bquipment Under Test

Tine
Stabilization
Networks

a»
- [
50 ohm y
Terminations
{ round Plane
@ Interconnecting cables to be bundled for — Iatecter
at least four (4) feet and supported pot ~— L]
less than 2" above the ground plane Cable to m:\-thu
#% Dipole to be 12(31)®
above the ground pland

F16URE 26—Location of dipole antennsa and arrangement of equipment.
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