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AEROSPACE ARP 1061
RECOMMENDED

Society of Automotive Engineers, Inc. PRACTICE | 'swe 1P
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ed by

gaged
subject

ALTITUDE ALERTING DEVICES AND SYSTEMS

guid
he

y apply to t

to conform to or be

are advisory only, Their use by anyone en
itment

practice, and no comm
will not investigate or consider patents which ma

nfringement of patents,”

any SAE standard or recommended

g standards approved and practices recommended,
oard and its Committees

agreement to adhere to
are responsible for protecting themselves against liability for 1

d approving technical reports, the B

SAL Technical Board rules provide that: “‘All technical reports, includin

mandustry or trade is entirely voluntary. There is no

any technical report. In formulating an
matter, Prospective users of the report

1. PURPOSE

This Aerospace Recommended Practice (ARP) establishes an industry recommended practice for alti-
tude warning devices and systems, when used as an alerting device related to altitude information
normally used for aireraft height control, but not including the remote sources of such information.

2. BCOPE

2.1 This ARP provides performance criteria for Altitude Alerting Devi¢es and $ystems. These devices
can b¢ self-contained or receive remote altitude information and‘gan have ihtegral or remote baro-
metrip corrections. Only the generation of the alerting signals is coveredL{y this recommended
practice and not the details of the visual or audio alerts opérated by these slighals. It is recom-
mende¢d that the system's operational correspondence between the selected gltitude settings of the
Altitufle Alerting Device and the Altitude Level Indicatioh normally used to ¢ontrol the aircraft
shouldl not exceed +250 £t RSS throughout the operating range of the device.

2.2 Rangd of Altitude: This recommended practicg provides for operational performance up to 80, 000
ft of gltitude based on pressure altitude, raday altitude or radio altitude in any combination or
singular inputs.

This device should contain or accept ‘inputs of altitude, equal to that information displayed and used
by thq pilot for height control of histaircraft, in increments of not greater than 100 ft of indicated
altituf};e. This device should provide for audio/visual warning signals when|the flight altitude devi-

no
[

ates flrom the preselect altitude-or height level and for approaching and/or feparting a preselect
altitudle level.

2.4 QOther| Parameters: The following is a listing of other parameter inputs whlich can augment and
modifly the altitude alerting system in its operation at various levels of flight altitude and landing
appropch altitudes:

.\ Altitude Rate of Change
h. Angle of Attack
¢. Radio Altitude

d. Airspeed Min. /Max..
e. Mach Number Min. /Max.
f. Tlap position

Landing Gear Position

U3

h. Minimum Decision Height

1. Cat. II Series
2. Cat. III Series

i. Aufto Land System
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jo Automatic Flight Control and Stability Augmentation Systems
k. Altitude Function Inputs via a C.A.D.C. System
1. Altitude Rate of Change via INS System

2.5 Documents Referred to Herein:

Altitude Reference - U. 8. Standard Atmosphere 1962.
Airspeed Reference - NASA TN-D822 Tables.

Both of the above references are available from the Superintendent of Documents,
U. 8. Government Printing Office.

Environmental[Conditions and Test Procedures - RTCA Document No. DO-138, June|27, 1968, by
Radio Technicgl Commission for Aeronautics, 2000 K Street, N, W., Washingtong-D:[C. 20006.

3. GENERAL REQUIREMENTS

3.1 Acceptance Criteria: These are test requirements related to aircraft instruments ahd are used to estab-
lish the individual acceptability of each instrument. Reference to pakagraph 6.

3.2 Qualification Criteria: These are test requirements related to aircraft instruments pnd are used to gen-
erally establish the quality of the design and manufacture of aireraft instruments. Re¢ference to paragraph
7.

3.3 Materials and Workmanship:

3.3.1 Materials: Materials should be of a quality which ‘experience and/or tests have demonstrated to be
suitable and yeliable for use in aireraft instruments.

3.3.2 Workmanghipt Workmanship should be-consistent with high grade aircraft instrument manufacturing
practice.

3.4 Identification: [The following information should be legibly and permanently marked on the instrument or
nameplate attaghed thereto:

Name of instrundent

a.
b. SAE JARP - (show number and revision letter)

c. Manyfacturer's part number

d. Manufaetnrer's serial number or date of manufacture

e. Manufacturer's name and address

f. Altitude Range, operational signal levels and other input parameters

(if applicable)
g. Rating (electrical, vacuum, etc., if applicable)
h. Aircraft identification (if applicable)
i. Environment Category - See code in RTCA DO-138, Appendix B
j.  Weight
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Compatibility of Components: Both self contained and remote components of an Altitude Alerting Device or
Svstem are covered by this ARP. Components that are individually acceptable but require matching for
proper operation shall be identified in a manner that will assure performance to the requirements of this
recommended practice.

Interchangeability: Instruments and components which are identified by the same part number in accordance
with 3.4 shall he directly and completely interchangeable, as defined by 3.5.

Environmental Conditions: The following conditions have been established as design requirements. Tests
should be conducted as specified in paragraphs 6 and 7 to insure compliance with this ARP. The instrument
should be capable of its intended function throughout the environmental conditions set forth, and the condi-
tions selected should be declared as operating limitations.

Interaction P,
or systems.

rcommected instruments

Self Generatd¢d Signals: The generated signals should be capable of operating alert signals in accord with
ARP 450C, Flight Deck Visual, Audible and Tactual Signals.

Test Provisipns: As installed on the aircraft the device or system shall have the gapability of being tested,

without the upage of special test equipment, to assure that the esséntial alerting signals are properly operat-
ing.

Exnlosion Category: The instrument component, when inteided for installation either in uninhabited areas
of non-presshrized aireraft or in non-pressurized areasiof pressurized aircraft, should not cause an explo-
sion when opprated in an explosive atmosphere. Instruments intended for mounting in a pressurized area
only need nof be tested for this category.

Fire Hazard{ The instrument should be so desighed as to safeguard against hazards to the aircraft in the
event of malfunction or failure, and the maximum operating temperature or surfacgs of any instrument com-
ponent contagted by combustible fuel or-vapor should not exceed 200 C due to self-heating. All materials
should be noh~combustible and shouldnet liberate gases or fumes which can result in such corrosion as to
cause malfuijetion of equipment or, discoloration of dials or indicia, nor should toxlc gases or fumes that are
deterimentall to performance of the aircraft, or health of personnel, be liberated uhder the operating condi~
tions specified herein.

adio Interfé¢rence: The instrument shall not be a source of objectionable interfergnce under operating con-
ditions at an} frequeneiés used on the aircraft, either by radiation, conduction, or feedback in any electronic
equipment installed in'the same aircraft as the instruments, and capable of performing as required when
tested per tlle proeedures of RTCA Document DO-138, paragraphs:

11. L Audio-Frequency Condneted Snsceptibility Test

12. Audio-Frequency Conducted Susceptibility Test.
13. Radio-Frequency Susceptibility Test.

Appendix A Standards on Emission of Spurious Radio Frequency
Energy (Conducted and Radiated Interference) and Associated
Test Procedures.

diagnetic Effect: The magnetic effect of the instrument shall not adversely affect the performance of other
imstruments installed in the same aircraft.

3 Dieleetric: Each instrument shall be capable of meeting the dielectric requirements of 6.1. This require-

ment is for electrical isolation only and shall not be impressed on circuits where the potential will appear
across elements such as windings, vesistors, capacitors, ete.

DPower Loss: Means shall be incorporated in the instrument to alert the user of loss of power essential to
the operation of the instrument or the effect thereof.
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4.1

DETAIL REQUIREMENTS

Istrument Markings:

.1

.10

.11

.12

Knobs: Rotation of knobs should be clockwise for increasing function.

Dial Finish; Matte white or other approved color material which is applied to graduations, numerals,
pointers, indices, or other means from which quantitative information is to be read should be conspicous.
The background for all surfaces from which operating information is read (dials, drums, tapes, ete.)
should be non-reflecting contrasting color.

Vigibility: The indicating means (indices, pointers, counters, etc.) used for altitude preselect and baro
set if required, should be clearly identifiable from all points within a space defined by a surface generated
by lines making angles of at least 30 degrees with a perpendlcular to the display surface and diverging

jcating means and its

g not greater than

100 ft for setalility and for devices with a self-contained baro setting, incremental mprking of not greater
than ., 01 in. Hg and/or 0.5 millibars are required, The display should include sufficient numerals to per-
mit quick and positive setting of discrete altitude levels, and baro setting if required.

Preselected Altitude Setting: Incremental numerals or markings\shall be displayed at intervals of not
greater than 1p00 ft of indicated altitude; with a setability of 100 ft of indicated altitude,

Instruments with Self Contained Barometric Setting: Ineremental marking or numergls of the barometric
setting shall bg displayed at intervals not greater than . 02 in. of Hg and/or 1 millibay with a setability of
.010 in, of Hg jand/or .5 millibar.

Selected Altitugle Display: Where mechanical méans are used to display the select altitude setting, relative
motion of the ifdex with respect to the scale\(either the index or the scale may be the jmoving element)
should be cloclwise, up or to the right forinéreasing function except that the relative|motion of counters
with respect to|the window should be downward for increasing value. The display of the preselected alti-~
tude setting should be barometrically. corrected altitude.

Barometric Seiting Display (If Present): Rotation and/or setting of the barometric inputs, where required,
should not caujﬁ the altitude setting to change its indicated value, nor should the settipg of the selected
altitude cause fhe barometric settings, when present, to change its value.

TFlag Warning: | Whenwarning flags are used they should be a minimum of 1/16 of a sfluare inch in area and
should be visible forwarning within the requirements of 4. 5.

Integral Lighting ARP 798, Design

Criteria for White Incandescent nghted Aerospace Instruments

Red integral lighting should be in accordance with ARP 582A, Lighting, Integral, for Aircraft Instruments:
Criteria for Design of Red Lighted Instruments.

Instrument Title; The instrument title, when used, should be the same approximate size but not larger
than the numerals. The title may be of the same finish as the numerals.

Multiple Mode Indications; Where an instrument has more than one mode of operation, means should be
provided to indicate the mode of operation being used.

Relative Motion Counter (When Used): Relative motion counters with respect to the window shall be
dowvnward for increasing value.
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Barometric System:

4.8.1 For devices with self-contained pressure altitude information, a barometric setting means should be pro-
vided which will permit the device to be set to any ambient barometric pressure throughout a minimum
range of 28.1 to 31,0 in. of Hg and/or 951.5 to 1050. 0 millibars. A safety feature should be provided
which will prevent an incorrect operating of the altitude alerting system when the baro setting mechanism
exceeds its harometric pressure setting limits.

For devices receiving remote pressure altitude information, a barometric setting means should be pro-

vided as detailed in 4. 3.1 when the remotely supplied pressure altitude information has not been compen-
sated for barometric setting and is referenced solely to a pressure of 29,921 in. of Hg and/or 1013.2 MB
for zero feet pressure altitude.

For devices
barometric
provided.

Interaction;
in 4. 3.1 and

Case Over Pj

or systems receiving remotely supplied altitude information which'is
setting, or in the case of radio altitude or radar, no additional bare s

Means should be incorporated to prevent the barometricsetting syst

essure: (For devices or systems containing pressure altitude sensin,

should withstand a positive external differential pressure of 26 in. Hg.

Failure Moni

joring: When remote altitude and or barometric signal sources have

these signals
no longer val

4.8 Fail~Safe Prd

d for proper operation of the altitude-alerts.

associated in

~1

erconnected instruments or systems.

Synchro Requirements: The synchros\iffused should be in accordance with the chaj

ARP 461B, S

4.8

Solid State De¢tection and Logic:

mchros.

The use of Solid State Detection and Logic is adv

called to the |

1
« L

0

Derating of

Components: When solid state components are in use adequate derat

should he apgpliedto assure long life and minimum heat rise.

nents which

remain on at periods when no alerting signals are generated.

4. 3.2 from causing an additional requirement for adjustment of the 4

visions: No single failure or malfunction of the device should introdu

nanufacturersito assure that solid state detection and logic is designs
manner that failure of component sections is detectable and provide for a fail opers

Special attention sh

already corrected for
ptting system should be

bm adjustment as defined
Ititude preselect level.

> members.) The case

failure monitoring of

the Altitude Alerting Device should indicate in a positive manner that such signal source are

ce unsafe transients to

racteristics specified in

cated. Attention is
d and tested in such a
itional alerting system.

ing of active elements
ould be given to compo-

4.9

Digital Altitude mformation: Digital altitude information shall have a minimum resolution of 100 ft per bit.

4.10 Relays and Switches: The use of electro-mechanical relays and switches should be kept to an absolute mini-

mum and should be used primarily for terminal outputs or operational mode switching when high current re-
quirements dictate.

4.11 Alerting Signals Operating Requirements: The instrument shall generate signal to operate alerts relative to

the preselected barometrically corrected altitude level as specified in 6. 6.

4.12 Minimum Qperating Rate: The instrument shall be capable of generating the required sighals for operation

in accordance with 4.11 when the altitude signal input is changing at a rate of 10,000 ft per minute.
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4.13

Radio Altimeter Altitude Signalg (If Used): The Altitude Alerting System should accept signals from the

Radio Altimeter below 3,000 ff AGL. These signals shall be used to limit the operation of the Altitude

Alerting Device based on pressure altitude input. Signals generated via the Radio Altimeter should control

the output signals of the Altitude Alerting System below 3, 000 AGL.

4.14

Remotely Supplied Altitude Signals: Remotely supplied altitude information shall be any of the following:

a) Indic

b) Pres

c)

4,15 Servo Supplied

ated altitude (barometrically corrected).

sure altitude (zero feet datum at 29,921 inches Hg. abs.).

Radio altitude (for altitudes below 3, 000 feet AGL).

Information:

4,15.1 Altitude Chax

oes:

The servo supplying the altitude information shall be capablejof*f

change of at

4,15.2 Servo Perfon

mance (Electrical Instruments):

east 10,000 ft per min. with a maximum lag of 50 ft at the outputaltitu

The damping ratio specified shall be

response and
linear servos
stability is m

4.15.8 Threshold an

1 Resolution:

stable operation of linear servos. Where performance requirements|
, the damping ratio may vary from that specified, provided comparabl
aintained.

The servo supplying altitude information shall respond t

as specified jn 6.10 and 6.11 from ~-1000 to 50,000 ft, and“a change in altitude odtput signal shall be

apparent.

4,15,4 Remote Baro

metric Setting Information: Information’supplied to the instrument fro

setting meang
signal operat

4.16 Prevention of 4

shall be considered part of the Altitude Alerting System and shall be
ng requirements where applicable.

Alert Signals (If Present):

4,16.1 Visual Alert

Bignal: The visual alext signal should not be capable of being inhibited

of such signa

tically be removed when the visudl alert signal is normally released by attaintment of the preselected al-

titude level o

and the operation of the visual alert. If such an inhibit signal is prese
by selection of a new altitude level or when departure alerting signals

Thel audio alert signal shall not be capable of being inhibited pr|

4,16.2 Audio Alert Signal;
of such signal
4,16.3 Radio Altituds

and the operation of the audio sound generator.

b Alert Signal (If Present): If a radio altitude alert signal is present it

ollowing input altitude
de signal.

e response and

b

indicative of adequate
dictate use of non-

o sinusoidal changes

a remote barometric
cluded in the alerting

prior to generation
nt, it should automa-

are generated.

ior to the generation

should inhibit the

operation of t

one type, either visual or audio alert before or at the attainment of the minimum decision altitude setting
in accordance with the approved operating procedure for the subject altitude alerting system.

4,17 Select Altitude

he pressure altitude alert signals below 3,000 it AGL and be capable

Reset:

automatically removed when the altitude set knob is at rest at any altitude value.

4.18

Digital Altitude Information; Digital altitude information shall have a minimum resolution of 100 ft per

bit.

When means are included in the select altitude set knob operation to inhibit the gen-
eration of alerting signals during the setting of a preselected altitude reference, this inhibit signal shall be

of operating at least
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TEST CONDITIONS

Atmospheric Conditions: Unless otherwise specified herein, all tests required herein should be made at an
atmospheric pressure of approximately 29.92 in. of Hg and/or 1013.2 millibars at an ambient tempera-
ture of approximately 25 C and a relative humidity of not greater than 85%. When tests are conducted with
atmospherie pressure or temperature substantially different from these values, allowance shall be made
for the variation from the specified conditions.

Power Conditions: Unless otherwise specified herein, all tests should be conducted at the power levels
recommended by the manufacturer.

Attitude: Unless otherwise specified herein, all tests should be conducted with the device in its normal
operating attitude.

Standard Plessures: (TFor devices and systems containing pressure altitude sens|ing members and/or dif-
ferential pyessure sensing members.)

.1 Altitude ppressure values shall be in accordance with "U.S. Standard ‘Atmosphere, 1962."

8

Differentipl pressure values shall be in accordance with NASA Technical Note I}-822 "Tables of Airspeed,
Altitude, pnd Mach Number based on latest International Valies for Atmospheric Properties."

[}

Pressure|Reference Standard: The reference standard{or atmospheric pressure shall be a mercury
barometel or equivalent. The barometer should be maintained in such a manneyr so as to assure that the
barometel will have repeatability to its calibration standard and to its calibratipn data to within +. 002 Hg.
The readdbility and setability should be within . 001 inch Hg. The user should maintain records and data
to show tijat the above conditions have been complied with within intervals of 3 inonths or less dependent on
usage. The usage of a manometer or equal should exhibit the same characteristics as for the atmospheric
standard §nd should be accordingly maintained.

Linear Motfion Vibration: Vibrationeguipment should be such as to allow vibration to be applied along each
of three mytually perpendicular axis of the instrument.

Vibration During Performance Tests: Unless otherwise specified, external vibiation should not be allowed
while accorpplishing the performance tests. When this instrument has an integral vibrator, it should be
tested in agcordance with.6. 8.

Barometrid Setting Seale: When adjusting the barometric pressure scale to 29| 92 in, Hg prior to start-
ing a performance test, the 29. 92 setting should always be approached from the low value end of the baro-
seale.

IXDIVIDUAL PERFORMANCE TESTS

All devices should be tested in accordance with the following recommended test procedures to show specific
compliance with this recommended practice and any additional tests recommended by the manufacturer.

Electrical Insulation: Each device should be tested by the method of inspection listed herein.

1 sulation Resistance: The insulation resistance measured at 200 volts DC for 5 seconds between all un-
grounded electrical connector terminals connected together and the metallic case should not be less than
20 megohms. hsulation resistance measurements shall not be made to circuits where the potential will
appear across elements such as windings, resistors, capacitors, semi-conductors, etc., since this mea-
surement is intended only to determine adequacy of insulation.
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6.1.2

6.1.2

6.1.2

6.1.2

6.2

6.2.1

6.2.2

6.3

6.4

Overpotential: The instrument should not be damaged by the application of a test potential between iso-
lated electrical circuits and between isolated electrical circuits and the metallic case. The test potential
should be a sinusoidal voltage of a commercial frequency with an R. M. S. value of five times the maxi-
mum cireuit voltage, or per 6.1.2.1 or 6.1.2.2, whichever applies. The potential should start from
zero and to increased at a uniform rate not to exceed 100 volts per second to its test value. It should be
maintained at this value for 5 seconds and then reduced at a uniform rate not to exceed 100 volts per
second to zero. Since these tests are intended to insure proper electrical isolation of the circuit com-
ponents in question, these tests shall not be applied to circuits where the potential will appear across
elements such as windings, resistors, capacitors, semi-conductors, etc.

.1 Hermetically sealed instruments should be tested at five times the maximum circuit voltage up to a

maximum of 200 volts R. M. S.

.2 Circuits thalt operate at potentials below 15 volts should not be subjected to overpofential tests.

.3 TIndividual ogitput signal leads may be specified by the manufacturer to be deleted from the above over-

potential teqgt when such a signal output will be subject to destruction byrthe'test (i{e., solid state cir-
cuits),

Leak Test: (Folr device or systems with self-contained pressure sénsing elements.)

Static Pressure: The Pitot and/or static pressure ports shouldbe tee connected to the master test
equipment and fo a source of vacuum. The total volume including the instrument unfler test shall be
100 +10 cubic ipches. An absolute pressure shall be applied to the pressure connectipns in accordance
with Table I. The source should then be sealed off for.a period of one minute during which time the dif-
ference betweeh the readings of the master test equipment should not change by more|than the tolerance
specified in Tabple I.

NOTEp Thermal equilibrium should:be maintained while performing
this test.

Total Pressure (If Applicable): The\Pitot pressure port should be connected to the mpaster test equipment
and to a source of pressure. Theétotal volume including the instrument under test should be 100 +10
cubic inch. A pressure approximating the maximum total pressure to be sensed shoulld then be sealed off
for a period of pne minute during which time the master test equipment should not chdnge by more than
0.03 inch.

Hermetically Seqled Components (If Applicable); Hermetically sealed components sholtld be tested for
leaks by a mass ppectrometer leak detector of the helium type or equivalent. The leak|rate should not ex-~
ceed 0. 0434 micron cubic foot per hour per cubic inch of filling gas at a pressure differential of one atmo-

sphere.

NOTE: A micron cubic foot/hour leak rate is defined as that gas
leakage which would change the pressure of a one cubic
foot volume by the amount of one micron one millionth of
a meter of mercury in one hour at a pressure differential
of one atmosphere.

Power Loss: Means should be incorporated in the instrument to indicate when adequate electronic power is
not available for proper operation. Such means should indicate this loss in a positive manner according to
the importance of the loss, i.e., if performance is degraded but usable a flag shall be adequate. If the in-
strument is unusable, readability should be noticeably impaired by the warning device.
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or

as required for the specific device:

1.,

2.

[

A change in
should be cd

altitude change at levels below 10, 000 ft, 30 feet of altitude cirange, at levels from 11,000 ft through 40, 000

ft. and 50 fd

Alert Signal

Normal operating position.

Instrument positioned clockwise around its X (longitudinal) axis, 90
from its normal position.

Instrument positioned clockwise around its X (longitudinal) axis, 180
from its normal position.

Instrument positioned counterclockwise around its X (longitudinal) axis, 90

degrees from its normal position.

operating position so that its dial is up.

Instrument positioned about its Y (lateral) axis, 90 degrees from its
operating position so that its dial is down.

alerting signal levels from those obtained when tested in the normal p)
hsidered "balance error." The maximum deviation-should not exceed

et at levels from 41, 000 ft to 80, 000 feet.

Performance:

The instru

the altitud¢g signal input is changing at a rate of 20, 000 ft per minute.

The actual
ments of s
operationa

Several prx
signal ope
tive to the
relative to
(paragrapl

ment should be capable of generating thie required signals for operatio

generation of alerting signals relative to the selected altitude level sl
ection, and should not occur(closer to the selected altitude level than
I correspondence as defined by the user of the system.

pselect altitude settings within the altitude range of the instrument sh
rating points should be those set forth on the identification plate (refex
preselect altitude/level of the device.
the preselected barometrically corrected altitude levels within the pa

The instrument should be subjected to tests in each of the following attitudes,

The instrument should generatp

with inputs

degrees

degrees

normal

normal

osition (item 1 above)
the equivalent 10 feet of

n as specified herein when

iould be within the require-
150 ft plus the system's

uld be tested. The alerting
ence paragraph 3.4.f) rela~
signals to operate alerts
rameters specified herein

s 6. 6.2 thra 6.6.5) when an ideal altitude input is presented to the in

the genert
operating
hysteresis
mum of pl

specified by manufacturer and as defined in RTCA DO-138.
self-contained Altitude Alerting Device relative to the preselect altitude setting, it should meet the same
accuracy plus the approved tolerances for the self-contained pressure sensing means.

ed on/off-signals should be within 100 ft or 10%, whichever is grea
oints specified by the approved procedure. This tolerance (100 ft o

. at\a nnxunum 30 feet repeatability, and self eontamed barometric

When ideal pressur

Approaching the Preselected Altitude Level:

1

selected altitude level.

A signal should be generated, to operate a visual alert not further than 2, 500 ft nor closer than 550 ft
hefore the attainment of the preselected altitude level, for both ascending and descending fowards the
The generated signal for the visual alert should remain on for at least 400 ft as

the aivcraft approaches the preselected altitude level,

.2

presele

A signal should be generated to operate an audio alert not further than 2, 500 ff nor closer than 150 ft
before the attainment of the preselected altitude level, for both ascending and descending towards the

cted altitude level.
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