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FOREWORD

SCOPE:
This SAE Aergspace Standard (AS) applies to all temperature instruments used in aircraft
applications and environments. The word “instrument” as used in this Standard epncompasses only
the display deyice and does not include the temperature Sensors. Examples of the types of
instruments cqvered are as follows:
Temperaturg instruments using a Resistance Temperature Detector for temperature sensing.
Temperaturg instruments using a thermocouple for temperature sensing.
Temperaturg instruments using an averaging thermocouple harness for temperature sensing.
Temperaturg instruments receiving an input from a signal conditioning unit.

Temperaturg instruments-receiving an input from another temperature instrumept.

Temperaturg insttuments receiving an input from other temperature sensing deyices.

Purpose:

This document establishes the essential minimum performance requirements for electrical type
temperature instruments primarily for use on aircraft which may subject the instruments to
environmental conditions specified herein.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The
use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the
sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written
comments and suggestions.

Copyright 1996 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.
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2. APPLICABLE DOCUMENTS:

The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue
in effect on the date of the purchase order. In the event of conflict between the text of this
document and references cited herein, the text of this document takes precedence. Nothing in this
document, however, supersedes applicable laws and regulations unless a specific exemption has
been obtained.

2.1 RTCA Publications:

Available from RTCA Inc., 1140 Connecticut Avenue, NW, Suite 1020, Washington, DC 20036.
RTCA Docuinent No. DO-138, June 27, 1968
2.2 FAA Publications:

Available from Federal Aviation Administration, 800 Independence Avenue, SW| Washington, DC
20591.

Federal Avigtion Regulations, Vol. lll, Part 25
Airworthinesp Standards: Transport Category Airplanes

3. GENERAL STANDARDS:
3.1 Classificatiof by Instrument Accuraciest

Class | dlass la: +0.1% ofiindicated range
dlass Ib: +0.2%-ef indicated range
Qlass Ic: +0.5% of indicated range

Class Il  (lass lla: &1% of indicated range
Class Il (lass1ia: +2% of indicated range

Jlass’llib:  +3% of indicated range
Classtttc—=5%of ndicated Tange

3.2 Method of Indication:

3.2.1 If applicable, relative motion of the index with respect to the scale (either the index or the scale
may be the moving element) shall be clockwise, up, or to the right for increasing temperature.

3.2.2 Sufficient numerals and graduations shall be provided to positively and quickly identify
temperature indications. The inscription “°C”, “°’F”, or “°K”, as appropriate, shall also appear on
the instrument face.
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3.2.3

Indications beyond the normal range of the instrument shall not be displayed in a manner
interpretable as an on-scale reading or as an off-scale reading in the wrong direction.

3.3 Power Malfunction:

3.4

3.5

3.6

3.7

3.8

3.9

Means (e.g. warning flags, off-scale indication) shall be incorporated in the instrument to indicate
the loss of essential power for proper operation of the indicator. This does not apply to the loss
of signal used to drive the instrument where no other power is used.

Markings:
Where termi

terminal. Th
the lead and

Signal (Sens

Instruments
characteristi

Adjustments

When provided, external adjustment provisions shall have sufficient friction so tl

change in th
Accessibility

Controls whi
personnel w

Effects of T4

discernible

Unless othe¥/ise Stated, the application of the specified tests shall produce no

thermocouple, or the thermocouple circuit shall be plainly'marked.
or) Characteristics:

Shall be calibrated to indicate temperature in accordance with the s
C specified by the manufacturer of the instrunient in his installation i

P environment encountered in‘service.
of Controls:

Ch are not normally;adjusted in flight shall not be readily accessible
nen the equipment-is installed in accordance with the manufacturer

sts:

ndition which would be detrimental to the continued performance

hal posts are used for thermocouple connections, they shall belof (Jifferent sizes and
shall be distipctly identified to indicate plus for the larger terminal, and miqus for
e thermocouple material, and when applicable, the required-eéxternal resistance of

the smaller

gnal
nstructions.

hat they will not

to flight
S instructions.

subsequently
bf the equipment.

Interchangeability:

Instruments and components which are identified in accordance with the requirements applicable
to this standard and are identified with a manufacturer’s part and/or model number shall be
directly and completely interchangeable with all items identified with that part and/or model

number.
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3.10

3.11

4. MINIMUM PERFORMANCE STANDARDS UNDER STANDARD CONDITIONS:

4.1 Standard Atmospheric Conditions:

4.2

4.3

4.4 Power Input|Voltage:

441

4.4.2

Attitude:

Vibration to Minimize Friction:

Unless othe
instructions found in paragraph 3.5 of DO-138.

Fire Resistance:

Except for small parts (such as knobs, fasteners, seals, grommets, and small electrical parts)
that would not contribute significantly to the propagation of a fire, 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 paragraph (b) of Appendix F or may be configured as used.

Instrument Cover Glass Reflectance:

The total re¢flectance 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 spectfum from 450 milli-microns to 600 milli-microns, and over an incider|t solid angle of
60° perpernydicular to the viewing plane.

Unless otherwise specified herein, all tests required shall-be made at atmospheyic conditions
specified in ;I:N

aragraph 3.4 of DO-138.

Unless othe:lwise specified herein, all tests'shall be conducted with the instrumgnt in its normal
operating att

tude.

ise specified hierein, all tests for performance may be conducted in accordance with

Direct Curfenti”Unless otherwise specified, when the equipment is designed fior operation from
a current i nput voltage
adjusted to 13.75 volts + 2% for 10 - 14 volt equipment or 27.5 volts + 2% for 24 - 28 volt
equipment. The power input voltage shall be measured at the power input terminals.

Alternating Current: 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 percent. In the case of equipment designed for operation
from a power source of essentially constant frequency (e.g. 400 Hz), the input frequency shall
be adjusted to design frequency +1 percent. In the case of equipment designed for operation
from a power source of variable frequency (e.g. 350 - 1,000 Hz), tests shall be conducted with
the input frequency adjusted to within 5% of the high frequency limit, the low frequency limit,
and the mid frequency (test at three frequencies).
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4.5

Scale Error:

4.5.1 With the appropriate signal applied, the scale error shall be determined at not less than 5 test
points, each taken in a different 1/5 of the scale range, and shall not exceed the scale error

45.2

tolerances

of the specific class of instrument involved as shown in 3.1.

In the event that a non-uniform tolerance is required, compliance with 4.5.1 is demonstrated if
the error at any calibration point does not exceed the value appropriate for that point.

4.6 Position Error:

4.6.1

4.6.2

4.7 Lead Resistance Effect:

4.8

If the instry
electrically

1. Norma

2. Instrument rotated clockwise around its X (longitudinal) axis, 180 degrees

positio

3. Instrument rotated clockwise around its X (longitudinal) axis, 90 degrees f

positio

4. Instrunent rotated counter-clockwise around its X (longitudinal) axis, 90 d

normal

The maxin
specific clg

For instrume
the detector,
the balanced
provided the

energized and a reading shall be taken while in each of the foltowir

operating attitude.

.

.

position.

um change in reading from the normal shall not exceed the toleran
ss of instrument involved,

nts using a resistance temperature detector, where the ground lead
there shall ot be a change in indication at any point on the scale ¢
lead resistance, more than that allowable for the class of instrume

ment is potentially subject to position (balance) error, the instrument shall be

g positions:

from its normal

om its normal

bgrees from its

ce of the

is connected at

lue to changing
nt involved,

instrument is installed in accordance with the manufacturer’s installation instructions.

Friction Errot:

The friction test may be conducted in conjunction with the scale error test. The signal shall be
slowly increased up to the test point. The instrument reading shall be noted before and after the
instrument is lightly tapped or vibrated. The change in reading must not exceed the tolerance
allowed for the particular class of instrument involved. The above procedure shall be repeated for
decreasing signal values.
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4.9 Magnetic Eff

ect:

The magnetic effect of the instrument shall be determined in terms of the deflection of a free
magnet, approximately 1-1/2 inches (3.81 cm) long, in a magnetic field with a horizontal intensity
of 0.18 + 0.01 gauss when the instrument is held in various positions on an east-west line with the
nearest part 12 inches (30.48 cm) from the center of the magnet. With the instrument operating,
the maximum deflection of the free magnet shall not exceed 5 degrees from an indicating or
reference position.

5. MINIMUM PERFORMANCE STANDARDS UNDER ENVIRONMENTAL CONDITIONS:

Unless otherw
performance @

se specified, the measurement procedures applicable to a determi
f temperature instruments under environmental conditions arg 'set f

Document Number DO-138 entitled “Environmental Conditions and TestdProc. for
trical EQuipment and Instruments”, dated 27 June 1968. dPerformance tests which

Electronic/Eleq
cannot be mad
environmental
DO-138.

5.1 Temperaturg

51.1 Low Temp
operate elg
except tha
this test, th
conditions|

5.1.2 High Temg

shall opers

grease, po
subjected
mechanic
of two time
of 4.5 and

le after subjection to test environments may be conducted after exf
conditions. The order of tests shall be in accordance with paragraj

Altitude:

erature: When subjected to the tests.of DO-138, paragraph 4.1, th
ctrically and mechanically and the yequirements of 4.5 of this stang
a tolerance of two times that of.the class involved shall apply. Aftg
e requirements of 4.5 and 4.8 ef this standard shall be met under g

erature: When subjected to the tests of DO-138, paragraph 4.2.1,
te electrically and-mechanically and there shall be no evidence of n
tting, or sealing(compounds exuding or dripping from the instrumen

hation of the
orth in RTCA
Airborne

osure to several
bh 3.2, page 5,

P instrument shall
ard must be met
r subjection to
tandard

the instrument
haterials such as
t. When

o the tests of 'DO-138, paragraph 4.2.2, the instrument shall operate electrically and

lly and thetrequirements of 4.5 of this standard shall be met except
s that of'the class involved shall apply. After subjection to this test
4.8 af this standard shall be met under standard conditions.

that a tolerance
the requirements

5.1.3 Altitude: W

5.2 Power Input:

/hen subjected to the tests of DO-138 _paragraph 4 3 1 _the instrument shall operate

electrically and mechanically and the requirements of 4.5 of this standard shall be met. After
the tests of paragraph 4.3.2, DO-138, the requirements of 4.5 and 4.8 of this standard shall be
met at standard conditions, and after the tests of 4.3.3, DO-138, the requirements of 4.5 and
4.8 of this standard shall be met at standard conditions.

5.2.1 Electrical Input Variation Test:
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5.2.1.1 When the instrument is subjected to the test in DO-138, paragraph 9.1B, it shall operate
electrically and mechanically and meet the requirements of 4.5 of this standard except that
the indications at the increased voltage shall not differ from the indications at nominal test
voltage by more than that allowed by the class of instrument being tested.

5.2.1.2

When the instrument is subjected to the tests in paragraph 9.1D, it shall operate electrically

and mechanically and meet the requirements of 4.5 of this standard except that the
indications at the reduced voltage shall not differ from the indications at nominal test voltage

by more
5.2.2 Low Voltag

5.2.2.1 When th
electrica
at decreg
that allov
5.2.2.2 When th
electrica
5.2.2.3 When th
evidence

than that allowed by the class of instrument being tested.

e Test:

e instrument is subjected to the tests of DO-138, paragraph.9:271, i
ly and then meet the requirements of 4.5 of this standard except th
ised voltage shall not differ from the indications at nominal test volt
yed by the class of instrument being tested.

b instrument is subjected to the tests in DO-138,/paragraph 9.2.2A,
ly and mechanically and meet the requirements of 4.5 of this stand

b instrument is subjected to the tests in;DO-138, paragraph 9.2.2B,
of the presence of fire or smoke. Fallowing the tests, the instrume

requirements of 4.5 of this standard at standard conditions.

5.3 Conducted \

oltage Transients:

[t Transients: Following(the tests of DO-138, paragraph 10.1.1, the
bquirements of 4.5 of this standard at standard conditions.

Transients: When-the instrument is subjected to the tests of DO-1]
nall meet the requirements of 4.5 of this standard.

cting Wiring Induced Transients: When the instrument is subjected
aragraph 10.1.3, it shall meet the requirements of 4.5 of this standg

shall operate
at the indications
age by more than

it shall operate
ard.

there shall be no

nt shall meet the

instrument shall

B8, paragraph

to the tests of
rd.

p tests of DO-138,

5.3.1 Intermitten
meet the rg
5.3.2 Repetitive
10.1.2,its
5.3.3 Interconne]
DO-138, p
5.3.4 Equipmen
paragraph

Operated from AC Power: When the instrument is subjected to th
10.2, it shall meet the requirements of 4.5 of this standard.

5.4 Conducted Audio Frequency Susceptibility Test:

When the instrument is subjected to the tests of DO-138, Section 11.0, it shall meet the
requirements of 4.5 of this standard.

55

Audio Frequency Magnetic Field Susceptibility:

When the instrument is subjected to the tests of DO-138, Section 12.0, it shall meet the
requirements of 4.5 of this standard.
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5.6 Radio Frequency Susceptibility:

5.7

5.8

59

5.10

5.11

When the instrument is subjected to the tests of DO-138, Section 13.0, it shall meet the
requirements of 4.5 of this standard.

Emission of Radio Frequency Energy:

The instrument shall be tested in accordance with the radio frequency paragraphs of DO-138,

Appendix A,

for the category to which the instrument is designed.

Vibration:

With the insfrument operating, the vibration frequency shall be varied overithe gppropriate range

and amplitug
instrument is
particular cla
exceed that

The change
zero adjusto
as defined in
class of instr

Humidity:

The instrumg
DO-138, Se(
between this
the particula
standard cor

Salt Spray

An instrum
DO-138, S

e of Table 2, DO-138, at a rate not to exceed 1.0 octave per’ minuts
being vibrated, the pointer oscillation shall not exceed.that allowal
ss of instrument being vibrated as defined in 3.1. Thé pointer varig
hllowable for the particular class of instrument being.vibrated as de

in indications between this test and the initial-seale error test withod
" shall not exceed that allowable for the particular class of instrume
3.1. The friction after vibration shall netéxceed that allowable for
ument being vibrated.

bNnt, unless hermetically sealed, shall be subjected to the appropriat
tion 5.0. It shall meet the requirements of 4.5 except that the chan
scale error test and.the original scale error test shall not exceed th
" class of instrumentinvolved, and the requirements of 4.8 of this st
ditions shall be'met.

ent which is to be marked salt spray category “S” shall be tested in
ection’19.0. Following this test, the instrument shall meet the requi

. While the
le for the
tion shall not
ined in 3.1.

t resetting the
ht being vibrated
the particular

P tests of

ge in reading
at allowable for
andard at

accordance with
rements of 4.5

and 4.8 of

his standard under standard conditions

Waterproofness:

An instrument which is to be marked waterproofness category “W” shall be tested in
accordance with DO-138, Section 15.0. Following this test, the instrument shall meet the
requirements of 4.5 and 4.8 of this standard under standard conditions.
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