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PURPOSE

This Aerospace Standard (AS) specifies the minimum safe performance standards for Mach Meter
instruments primarily intended for use in aircraft under standard and environmental conditions.

SCOPEHAND DEFINITIONS

S covers subsonic and supersonic Mach Meter instruments which;-wheh connected to sources
of stafic (Ps), and total (Pt), or impact (Pt-Ps), pressure provide indication jof Mach number.
instruments are known as Type A, This AS also covers sérvo-operated repeater or digital
displgy instruments which indicate Mach number when connected-to the appropriate electrical

outpuf of a Mach transducer of Air Data Computer. These instruments are khown as Type B.

GENERAL STANDARDS
Operation of Controls: The design of the instrument/must be such that any controls intended for

use diring flight cannot be operated in any possible position, combinations or sequences that would
resulf in a condition detrimental to the continued performance of the instrument.

Accessibility of Controls: Controls which are not normally adjusted in flight must not be readily
accesgible to flight personnel.

Malfunction Indication: Means must be provided to indicate failures and/or tHe existence of the
followjing conditions:

1 Losq of such electrical ‘power as is necessary for the functioning of the instfument,

2 If the equipment is\a remote indicator, means must be incorporated to detedt internal malfunction
or Idss of "infermation valid" signal from remote Mach number computing source, in addition
to the requirément in 3.3.1. Failure warning signals and flag alarms must pot degrade the
accufacy of associated equipment. The indicating means shall indicate the lFilure or malfunction

in a positive and conspicuous manner, that is effective for any operational lighting condition
likel

n a malfunction may occur

Self-Test Capability: If the equipment contains intergal arrangements to permit pre-flight and/or
in-flight self-test checks on the operation of the equipment in combination with other aircraft
subsystems, a means shall be provided to deactivate any subsystem which might be adversely
affected during the self-test cycle. In flight, self-test activating controls must provide a means
to warn the pilot of this mode of operation. :

Compatibility of Components; If components are individually acceptable but require matching for
proper operation, they shall be identified on the equipment nameplate in a manner that will ensure
proper matching,
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3.6 Interchangeability: Mach Meters and their components identified with a manufacturer's part and/or

model number must be directly and completely interchangeable with all Mach Meters and their com-
ponents identified with that part and/or model number.

With reference to type ""B" instruments which have a separate sensor and indicator, replacing either
device will not degrade the system tolerances beyond those specified in Figs. 1 and 2.

3.7 Input Connections - Type A Instruments Only: The input connections shall be such that it will not be

possible to interchange the pitot and static pressure lines to the instrument. The connections must be
marked as follows:

P! _ Pitot pressure connection
"S- Static pressure connection

3.8 Presentatio): The presentation shall be such that it will not associate more thancone Mach number

with any indjcation.

3.9 Limitation df Indicator Movement: Indications beyond the normal range of the instriiment shall not be

displayed inla manner interpretable as an on-scale reading, or as an off=scale reading in the wrong

direction.

3.10

Indicating Means: The Mach number must be indicated by means of one or more pointers, dials,
tapes, drums, digital displays or other devices. Relative motion of the index with respect to the

~scale, whgh moving elements are employed, (either the index or the scale may be[ moving element)

3.11

3.11.2

3.11.3

3.11.4

3.12

shall be clbckwise, down or to the right for increasing Mach number.

The indicating means shall be effective for any operational lighting condition that may occur.

Dial Markings:
3.11.1 IndicatinI Graduations: Indicators comprising a dial must be provided with Mach number graduations

at intervals not to exceed (.01 with'major graduations every 0.05 and with numepical markings at
intervals|not greater than 0.1..\When digital indication is employed, the resolution shall be better
than or efjual to 0.01 Mach.

When the| display is ofthe instantaneous change-over type, such as light emitting|diodes, a resolution
equal to §-001 Mach’shall be provided.

Visibility: Magch number indications must be visible from any point within the frustrum of a cone
the side ¢f whieh makes an angle of at least 30° with the perpendicular to the dial and the small
diameter] of-which is the viewing aperture of the indicator.

Integral Lighting: When integral lighting is provided, it must, under normal cockpit lighting
conditions, make all indicia within the required visibility of 3.11.2 easily readable. No direct light
shall radiate from the instrument within an angle of 45° either side of the vertical center line of the
instrument face in the horizontal plane and above 30° to the longitudinal axis in the vertical plane.

Reflectance Cover Glass: The total reflectance of the instrument cover glass including the integral
lighting wedge, if applicable, shall not exceed 10% of the incident light. This reflectance applies
over the visible light spectrum from 450 nano-metres to 600 nano-metres, and over an incident solid
angle of 60° perpendicular to the viewing plane.

Fire Resistance: Except for small parts (such as knobs, fasteners, seals, grommets and small N
electrical parts) that would not contribute significantly to the propogation of a fire, or produce a
significant amount of toxic fumes, all materials used must be self-extinguishing when tested in
accordance with the requirements of Federal Aviation Regulation 25, 1359 (d) and appendix F, thereto,
with the exception that materials tested may be configured in accordance with para. (b) of appendix F
or may be configured as used.
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The test conditions applicable to a determination of the performance of Mach meters are set forth in
Appendix A of this AS. All instruments shall be tested in accordance with the manufacturer's
recommendations. The manufacturer shall conduct sufficient tests to prove compliance with this AS,

Scale Error: Scale error is defined as the difference between the correct Mach number corresponding
to given values of impact or total and static pressure and the value displayed by the Mach meters. With
reference to Type "B" Mach meters, the scale error permitted between the nominal values applied to
the input and the display, shall not exceed 0.002 Mach. The scale error of the combination of trans-
ducer/or Mach computer and the indicating instrument shall not exceed the values in Figs. 1 or 2 as
appropriate.

Friction: The difference between two readings taken under constant pressure conditions, one with the

instrument i > ther with tapping
applied to femove all friction, shall not exceed .01 Mach.

Balance Efror: The difference between the readings obtained in the normaliéperafing position, and in
any other ﬂmsition shall not exceed 0.01 Mach for Type A instruments and)¢.001 M ich for Type B
instruments.

Case Leak|(Type A Instruments only): With the pitot and static lines connected together and the common
line connedted to a vacuum system, evacuate the system to a_level of 400 mbar abg) (11.8 in. Hg abs).

With the sy
stabili zati
including t}

stem evacuated to this level and sealed, the rise‘in pressure, after allg
n shall not exceed 1 mb/min. (0.03 in. Hg/mimite). The total volume
je instrument, shall not exceed 1 Litre (61if°3).

wing 1 min. for
bf the sealed system,

Dynamic Pressure Capsule Leak (Type A Instruments only): When differential pressure equal to the
maximum ¢ynamic pressure for which the instrument is rated is applied to the dynamic pressure input
and then shut off at the instrument connections) the Mach indication shall not decrgase at a rate ex-
ceeding 0.001 Mach per minute,
Over Presgure and Under Pressure (Type A Instrument only):

Over Pregsure: The instrument shall be subjected to a static pressure equivalen} to an altitude of

5000 ft (1
to 0:1 Ma

b24 m) in excess (of ,the maximum declared altitude, and a dynamic pres

th above the maximum declared Mach indication for a period of one min

pure corresponding
ute. After subjection,

the instrument must be.undamaged and must comply with the requirements of 4,1 through 4.3 of this AS.
Under P:[ls\sure: With the static connection open to atmosphere, a pressure of 1¢
below ambient-atrmospheric pressure shall be applied to the pitot connection for a
After subjection, the instrument must comply with the requirements of 4, 1 throu

mbar (0.472 in Hg)
period of one minute.
th 4,3 of this AS.

Static Pressure Error Correction: It shall be permissible to calibrate the Mach meter such that the
static pressure errors for'a particular aircraft, are minimized. The manufacturer's data for the
aircraft concerned, approved by FAA, or the Certifying Authority of the State of manufacture of the
alrcraft, shall be the only data used for such calibration.

The instrument nameplate must be clearly marked with the aircraft type to which such calibration
applies.
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5. MINIMUM PERFORMANCE STANDARD UNDER ENVIRONMENTAL CONDITIONS (QUALIFICATION
TEST UNITS ONLY)

Unless otherwise specified herein, the measurement procedures applicable to a determination of the
performance of Mach meters under environmental conditions, shall be as set forth in Radio Technical
Commission for Aeronautics (RTCA) Document No. DO 160, entitled "Environmental Conditions and Test
Procedures for Airborne Electronic/Electrical Equipment and Instruments, " dated 28th February 75.
Performance tests (4.1 through 4.7 of this AS) which must be made after subjection to test environments
may be made after exposure to several environmental conditions. The order of tests must be in
accordance with 3.2, page 4, of DO 160, The test procedures specified or referenced are satisfactory
for use in determining the performance of Mach meters under normal and extreme environmental
conditions. Alternate approved test procedures that provide equivalent results may be used.

5.1 Temperature - Altitude:

5.1.1 Low Tempdrature: The instrument shall be subjected to the tests of DO 160, paragraph 4.4.1, and
meet the réquirements of 4.1 through 4.3 of this AS, excepting that the applicable folerances shall
be 50% larger than indicated in Figs. 1 or 2.

5.1.2 High Tempg¢rature: The instrument shall be subjected to the test of DO 160, paragraphs 4.5.1 and
4.5.2, and|meet the requirements of 4,1 through 4.3 of this AS, excepting that the|applicable
tolerances |shall be 50% larger than indicated in Figs. 1 or 2.  Following the appropriate High, not
operating Temperature and High Short-time Operating Temperature, DO 160, paragraph 4.5.1, tests
and after sfabilizing the instrument at standard conditions; the instrument must meet the requirements
of 4,1 thropgh 4. 7 of this AS.

5.1.3 Altitude: The instrument shall be subjected to the tests of DO 160, paragraphs 4.9.1, at the appro-
priate altithde and must meet the requirements 0f4.1 through 4, 3 of this AS,

5.1.4 Decompregsion and Overpressure Tests: The instrument shall be subjected to the|test of DO 160,
paragraph . 6. 2 (decompression) and 4.6,3 (overpressure). These tests shall be |conducted by
applying the test pressures externally to' the instrument case, the pitot and static ¢onnection being
vented outdide the test chamber. Following these tests, the instrument must mee the require-
ments of 4| 1 through 4. 7 of this.AS.

5.2 Humidity: The instrument shall be sub\jected to the appropriate tests of DO 160, paragraph 6, and must
meet the requirements of'4.1 through 4. 7 of this AS following this test.

5.3 Shock: The [instrument-shall be subjected to the test of DO 160, paragraph 7.1, and must meet the
requirements of 4,/1'through 4. 7 of this AS following this test.

The instrument’shall be subiected to the test of DO 160, paragraph 7.2. Following|this test, the
instrument shall have remained in its mounting and no parts of the instrument or its mounting base
shall become detached and free of the shock test equipment. Paragraph 4 of this AS does not apply
following this test,

5.4 Vibration: The instrument shall be subjected to the appropriate test in accordance with DO 160,
paragraph 8, and must meet the requirements of 4.1 of this AS, excepting that the tolerances per-
mitted shall be 50% larger than those specified in Figs. 1 or 2 as appropriate.

After subjection to this test, the instrument shall meet the requirements of 4.1 through 4. 7 of this AS.

5.5 Power Input (All Type B instruments, and Type A where applicable):

5.5.1 Electrical Input Variation:

5.5.1.1 During the test at 110% of design voltage (para. 16.3.1B1, DO 160), the instrument must meet the
requirements of 4.1 through 4. 3 of this AS.
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5.5.1.2 During the test at 90% of design voltage (para. 16.3.1B2, DO 160), the instrument must meet the

requirements of 4.1 through 4. 3 of this AS.

5.5.1.3 When the instrument is subjected to the test stated in paragraph 16. 3.3.1B2 of DO 160, it must

operate electrically and mechanically and a degradation of performance is permissible.

5.5.1.4 When the instrument is subjected to the test stated in paragraph 16. 3. 3. 2B, DO 160, it must meet
the requirements of 4.1 through 4.3 of this AS.
5.6 Conducted Voltage Transients (All Type B instruments and Type A where applicable):

5.6.1 Intermittent Transients: Following the tests of paragraph 17.4.1, DO 160, the instrument shall meet

[3)]

. 6.2 Repetitiy

the requirements of 4,1 through 4.3 of this AS.

T of p ph 17.4.2, DO 160,
it shall mheet the requirements of 4.1 through 4. 3 of this AS.

5.6.3 Interconpecting Wiring Induced Transients: When the instrument is subjected to(the test of paragraph

5.14

5.15

5.16

19.5.2, PO 160, it shall meet the requirements of 4.1 through 4.3 of this AS.

Conducted|Audio Frequency Susceptibility (All Type B Instrumenfs and Type A, where applicable):
When the instrument is subjected to the tests of paragraph 18, D0O'160, it shall meet the requirements
of 4.1 thrqugh 4. 3 of this AS,

Audio Freuency Magnetic Field Susceptibility (All Type;B Instruments and Type A where applicable):
When the instrument is subjected to the applicable test.of paragraph 19, DO 160, it shall meet the
requirements of 4.1 through 4.3 of this AS.

Radio Frequency Susceptibility (All Type B Instruments and Type A, where applicable): When the
instrument is subjected to the test of paragraph 20, DO 160, it shall meet the reqhirements of 4. 1
through 4.B of this AS,

Emigsion of Radio Frequency Energy: The instrument shall be tested in accordance with the radio

frequency interference paragraph 21 of DO 160, Appendix A, for the category tq which the instrument

is designed.

Magnetic| Effect: The instrument shall be subjected to the applicable test of DO 160, paragraph 15,
and the cptegory declared.

with paragraph-9. 2 of DO 160,

Egplosio%: Instruments which are to be marked Explosion Category E must be tdsted in accordance

Waterproofness: Instruments which are to be marked Waterproofness Category W must be tested in
accordance with paragraph 10.0 of DO 160. Following this test,the instrument must meet the
~ requirements of 4.1 through 4. 7 of this AS.

Hydraulic Fluid: Instruments which are to be marked Hydraulic Fluid Category H must be tested in
accordance with paragraph 11.0 of DO 160. Following this test, the instrument must meet the
requirements of 4. 1 through 4. 7 of this AS.

Sand and Dust: Instruments which are to be marked Sand and Dust Category D must be tested in
accordance with paragraph 12,0 of DO 160. Following this test, the instrument must meet the
requirements of 4.1 through 4. 7 of this AS.

Iungus Resistance: Instruments which are to be marked Fungus Resistance Category F must be
tested in accordance with paragraph 13.0 of DO 160. Following this test, the instrument must meet
the requirements of 4.1 through 4. 7 of this AS,
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5.17 Salt Spray: Instruments which are to be marked Salt Spray Category S must be tested in accordance
with paragraph 14. 0 of DO 160. Following this test, the instrument must meet the requirements of

4,1 through 4. 7 of this AS,

PREPARED BY
[ SAE COMMITTEE A-4, AIRCRAFT INSTRUMENTS
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APPENDIX A

TEST CONDITIONS

The following conditions of tests are applicable to the instrument tests specified herein:

1.

4.1

4.2

4.3

Calibration:

Atmospheric Conditions: Unless otherwise specified, all tests required by this standard must be

conducted at an atmospheric pressure of approximately 1013. 25 mbar, (101.325 kPa,) an ambient

temperature

of approximately +25°C and a relative humidity of not greater than 85%.

When tests are conducted with the atmospheric pressure or temperature substantially different from

these values

» allowance shall be made for the variation from the specified conditions, where applicable,

Standard may be

Vibration to Minimize Friction: Unless otherwise specified, all tests required by this

conducted
frequency o

""Double Amplitude" as used herein indicates the total displacement from positive ms

maximum.

Power Cond

plitude at a
The, term
imum to negative

10 to 60 Hertz, provided the equipment is mounted in its normal positiop.

mended by the manufacturer.

Static air g

Standard Atmosphere 1962.

Impact or

tions: Unless otherwise specified, all tests must be conducted at the power rating recom-

ressure values used for calibration shall be to.the geopotential altitude tables of the U.S.

Pitot pressure values used for calibration and Mach number values in teqms of the ratio of

impact to gtatic pressure, shall be in accordance with the relevant tables of NASA TN D-822.

Mach Numl
required fy

(Subsonic)

(Supersonid

Where 9,
PS

T appdrent impact of Pitot pressure

er values intermediate to thoselpublished in the tables cited in 4. 2 may
om the following formulae:

be calculated if

qc 7/2

Ps

[(1 + 0.2M% . 1]M 21

2 . -5/2

]

) %E [166.92158M_7 (TM -1] M>1
S

- (fr€e Stream Static pressure

M =

Mach number

4.4 Pressure Standards: Pressure standards used for calibration shall be accurate, under standard con-

ditions, i.e.

(mercury density = 13,595= g/cm3 at 0°c, g = 9. 80665 m. SEC™2) to within 0.2 mbar

(0.005 in. Hg) for altitudes up to 50,000 ft (15,240 m) and 0.1 mbar (0.0025 in. Hg) for altitudes
between 50, 000 ft and 70,000 ft (15,240 m and 21, 336 m).
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ADDENDUM 1

1. APPLICABLE DOCUMENTS

(a) U.S. Standard Atmosphere 1962

(b) NASA Technical Note D-822, "Tables of Airspeed, Altitude and Mach Number based on Latest
International Values for Atmospheric Properties and Physical Constants", By Sadie P. Livingston
and William Gracey, Langley Research Center, Langley Field, VA, NASA Washington, August 1961,

(¢) RTCA Document DO 160 by Radio Technical Commission for Aeronautics, Suite 655 1717 H Street,
.N.W. Washington, DC 20006. ’

2. IDENTIFICATION

The following|information shall be legibly and permanently marked on the instrument pr name plate
attached thergto:

(a) Manufactpirer's part number

(b) Range inIVIach number

(c) Maximun} airspeed (Type A instruments only)
(d Maximun altitude (Type A instruments only)
(e) Electricdl rating (where applicable)

(f) Aircraft jdentification (if applicable, see 4.8 and 3. 5)

(& Environnjent categories (see code in‘Appendix A of RTCA DO 160)
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