dhere to any SAE standard or recommended practice, and no commitment
ble for protecting themselves against liability for infringement of patents.”

standards approved and practices recommended, are advisory only. Their
hniczl reports, the Board and its Committees will not investigate or consider
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SOCIETY OF AUTOMOTIVE ENGINEERS, Inc.

AERONAUTICAL STANDARD|AS 414

NEW YORK 17, N.Y.

TEMPERATURE INSTRUMENTS tssued 6-15-61 .
(TURBINE POWERED SUBSOWIC AIRCRAFT) Revised

1. PURPQSE: This Aeronautical Standard establishes the essential minimum safe per-
# formance standards for Electrical Type Temperature Instruments primerily for use
with turbine powed®ed subsonic transport aircraft, the operation of which may

subject the instruments to the environmental conditions specified in Seetion 3.3.

2. SCOPE: This Aeronautical Standard covers two basic types of temperature instru-
ments as follows:

Type I: Ratiometer type, actuated by changes of electrical resistance of a
emperature sensing ele al resistance element: The resistance

changes being obtained by temperature changes qf fhe temperature

sensing resistance element. ‘

Type |[II: Millivoltmeter type, operated and actuated by varying e.m.f. output
of a thermocouple, the varying e.m.f. input to thg instrument being
obtained by temperature changes of the\temperaturd sensing thermo-

couple.

3. GENERAL REQUIREMENTS:

3.1 Materidls and Workmanship:

3.1.1 Matenials: Materials shall be of-a quality which experiende and/or tests have
demoristrated to be suitable and.dependsble for use in aireraft instruments.

3.1.2 Workmanship: Workmanship-shall be consistent with high-grdde aircraft instru-
ment manufacturing practice.

3.2 Identiflication: The following information shall beAlegibly gnd permanently
marked jon the instrument or attached thereto:

(a) Neme of instrument (Temperature Instruments)
(b) \SAE AS W1k
(€)> Manufacturer's part number

(d) Manufacturer's serial number or date of manufacture
! e

(f) Range
(g) Rating (electrical)

3.3 Environmental Conditions: The following conditions have been established as
minimum designh requirements. Tests shall be conducted as specified in Sections

5, 6, and 7.

3.3.1 Temperature: When installed in accordance with the manufacturer's instruc-
tions, the instrument shall function over the range of ambient temperature
shown in Column A below and shall not be adversely affected by exposure to
ihe range of temperature shown in Column B below:

Instrument Location: A B

Pressurized Areas -30 to 50C -65 to T0C

Copyright 1961 by Soclety of Automotive Engineers, Inc. Printed in U. S. A,
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3.3.2 Altitude: When installed in accordance with the instrument manufacturer's in-
structions, the instrument shall function from sea level up to the altitudes
and temperatures listed below: Altitude pressure values are per NACA Report
1235: The instrument shall not be adversely affected following exposure tp
extremes in ambient pressure of 50 and 3 inches of merqury absolute respective-
ly.

Instrument Location Altitude

Pressurized Areas 15,000 f%.
Vibration: i nt ufacturer's
instructions, the instrument shall function and shall not be adversely af-
fected wher| subjected to vibrations of the following characteristiics.

3.3.3

Frequency Max. Double
Cycles Amplitude Maximum
Instrument |[Location per_sec. jnches accel.
Instrument [Panel 5=30 0.020 lg
30-1000 0 VY mmee- 0.25 g
3.3.4 Humidity: [The instrument shall function and-shall not be adversely affected
following €xposure to any relative humidity in the range from O to 95% at a
temperaturg of approximetely T70C.

The instrument shall be-so designed to safeguard against hazards
ft in the event of malfunction or failure, and the imum operating
f surfaces of any instrument component contacted by cdmbustible
shall not exceed: 200C due to self-heating.

3.4 Fire Hazard:
to the airersg
temperature d
fuel or vapox

3.5 Radio Interfe

rence: The instruments shall not be the source of objectionable

3.6

L.

interference,
either by rad
aircraft as 1

Magnetic Effq

under operating conditions at any frequencies used on
iation or/feed-back, in electronic equipment installed
he instrument.

ctiThe magnetic effect of the instruments shall not

aircraft,
in the same

adversely

affect the pe

rformance of other instruments installed in the same 4

DETAIIL, REQUIREMENTS:

4.1 Display Markings:

h.1.

k.1.2

L, 1.

1 Finishs
gpplied to

Non-functio

Graduations:

Unless otherwise specified by the user, matte white material shall be

all graduations, numerals and indication means.

nal surfaces and markings shall be durable dull black.

ability consistent with the accuracy of the instrument.

Numerals:

3

The display shall include sufficient numerals to permit quick and

positive identification of each graduation.

Numerals shall distinctly indicate the graduation to which each agpplies.

The graduations shall be arranged to provide the maximum of read-

lircraft.
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k,1.4 Instrument Title:

k.1.5

L.2

k.3

L.y

k.5

L.6

b7

4.8

4.9

-3-

The instrument title shall be of the same approximate size
but no larger than the numerals. The title may be of the same finish as the
numerals. The units of measure (°C or °F x 100, as applicable) shall appear
on the dial in lettering noticeably smaller then either the numerals or title.

Visibility: The indicating means and all markings shall be visible from any
point within the frustum of a cone the side of which makes an angle of at
least 30 deg. with the perpendicular to the dial, and the small diameter of
which is the aperture of the instrument case. The distance between the dial
and the cover glass shall be a practical minirmum.

Case Markings: Type II instrument terminal posts shall be of different sizes
and shazI be distinctly marked to Indicate plug‘fﬁf‘EItHET‘ITUI wire, copper
wire, or|chromel wire connections, and minus for either the,comstantan or alumel
wire conmections. External resistance of the lead and thermocouple shall be
plainly marked.

Resistante vs Temperature Equivalents: Unless otherwise specified, Type I in-
strumentIr:hall be calibrated to indicate temperature in accordence with the
temperat versus resistance values listed in Table I.

E.M.F. veérsus Temperature Equivalents: Unless otherwise speciried, Type II in-
strument$ shall be calibrated to indicate<temperature in accordance with the
E.M,F, versus temperature values as established by the National Bureau of
Standards. (Research Paper RP767 dated’ 19 December 1934, and Research Paper
RP 1080 dated July 1937.)

Indicatifg Method: Type I and Type II instruments shall indicate temperature
by meens|of a pointer moving(over a fixed disl. Clockwise and|upward motion of
single ppinters or upward motion of dial pointers shall indicate rising tempera-
ture. .

Adjustmept: When provided, the zero adjustment shall have sufficient friction

so that

it will not change its adjustment due to vibration enc

service within the tolerances specified herein for scale error

Limitati

angular

legrees beyond the ends of the scale travel and may be

bn of _Pointer Travel: The pointer shall be free to movp

pbuntered in
tests.

a minimum of two
limited by stops.

Power Variation: Type I instruments shall properly function with plus or minus
15 percent variation in DC voltage and/or plus or minus 10 percent varistion in
A.C. voltasge and plus or minus 5 percent variation in frequency.

Hermetic Sealing: When hermetically sealed, the case shall be filled with an
inert gas, free of dust particles, and sufficiently dry so that fogging of the
indicator glass does not occur during the low temperature and fogging tests of
this Aeronautical Standard.
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5. TEST CONDITIONS:

5.1 Atmospheric Conditions: Unless otherwise specified herein, all tests required
by this Aeronautical Standard shall be made at an atmospheric pressure of ap-
proximately 29.92 inches of mercury and at an ambient temperature of 25C, and
at 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.

5.2 Vibration to Minimize Friction: Unless otherwise specified, all tests for per-
formence may be conducted with the instrument subjected to a maximm vibration
of 0.001 inch double amplitude at a frequency of 10 to 60 cycles per second.
The term doyble amplitude, as used herein, indicates the total displacement
from positive maximum to negative maximum.

5.3 Vibration Equipment: Vibration equipment shall be such as to allgw vibration
to be applidd along each of three mutually perpendicular @xes of the instru-
ment at frequencies and amplitudes consistent with the requirementys of para-

graph 3.3.3.

5.4 Power Condifions: Unless otherwise specified, &l tests shall be conducted at
the power rdting recommended by the menufacturer.

5.5 Position: Unless otherwise specified, all tests shall be conducted with the
instrument in its normal operating position.

6. INDIVIDUAL PERFORMANCE REQUIREMENTS: A1l instruments shall be subjected to
whatever tests the manufacturer deems necessary to demonstrate spe¢ific com-
pliance with|this Aeronautical Standard, including the following requirements
where applicable.

6.1 Type I Position Error:

6.1.1 No Voltagp: With o voltage applied to type I instruments, and|when the in-
strument |is tipped from the normal operating position to a position with the
plane of the dial horizontal or 90 degrees to the right or left| the pointer
shall remtincslightly off scale at the low temperature end.

"y

6.1.2 Voltage: The test specified for "No Voltage  Shall be repeated on Type I in-
struments with the test voltage applied. This test may be performed at any
jndication. The change in pointer indication shall not exceed 2% of the total
scale span in temperature degrees. When the power to the instrument is cut
off, the pointer shall return to the no voltage position.

6.2 Type II Position Error: Type II instruments shall be tested on open circuit,
and the reading of the instrument observed in the normal operating position
with the dial in the vertical plane. The instrument shall then be rotated
through angles of 90 degrees to the right and left, and also tipped to a posi-
tion with the dial horizontal. The readings shall be noted in all positions.
The maximm change in reading shall not exceed 2.5 percent of the total scale
span in temperature degrees. -
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6.3 Friction:

6.3.1 Type I Instruments:

The difference in readings of type I instruments shall be

noted after a slow change in indication before and after tapping or vibrating.

This test may be performed at any point on the scale.

The change in pointer

indication shall not exceed 2 percent of total scele spaen in temperature de-
grees.

6.3.2

Type II Instruments:

ducted in conjunction with the scale error test.
increased up to each test point.
and after the instrument is lightly tapped or vibrated and t
not exceed—percent—ofthe—total—scale—span—in—temperature;
cedure
points

6.4 Scale Ej

b

+ shall be repeated for decreasing voltage values.

fror at Room Temperature:

6.4.1 Type
approj
test 1
five 1
less 1
The s
ature

6.4.1.1 Bull

I instruments shall have connected to thedlresistance b

briate resistance of the temperature versus resistance
roltage is applied, the scale errors shall be determin
cest points for the instrument under test except that

then five major graduations shall. be tested at each ma

degrees, or 2C, whichever is.the greater error.

b Iead Resistance Effect:

bull
ind
anc

6.4.2 Type

b, there shall not be over 1.5 percent of the full sca
fcation at any point of the scale, when the total balaj
is changed from O t6 4 ohms (2 ohms in each lead).

B

=

[I Instruments:. Type II instruments shall be subjecte

room
the z
strum
this
instr
strums

Eemperature for a period of not less than one hour. T
ero adjustér; the pointer is set to the eritical tempe
ent 1s to\read in its particular application, when the
Lemperature, corrected for ambient, is applied to the
ment/ through the specified external resistance in ser
ent.

Thig
'r shall be smooth when the spplied voltage is varied i

rale errors shall not exceed 2 percent of the total sci

When the negative voltage is

The friction test on type II instruments may be con-
The voltage shall be slowly
The instrument reading shall be noted before

he friction shall
degrees. The pro-
e movement of the
iniformly.

hlb terminals the
curve. When the
bd. at 2 minimum of
instruments having
jor graduation.

hle span in temper-

connected at the
le span change in
nced lead resist-

1 to a constant
hen, by means of
rature. The in-
millivoltage for
terminals of the
ies with the in-

Readings shell be taken at a minimum of five (5) test points.

The errors

shall not exceed two (2) percent of the total scale span in temperature de-

grees

Accuracies greater than two (2) percent can be accomplished in the critical
temperature portions of the scale on type II instruments at the sacrifice of
accuracy at test points further removed from the eritical temperature point

of th

e instruments.

6.5- Dielectric: Each instrument shall be tested by the method of inspection listed
in paragraphs 6.5.1 and 6.5.2.
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6.5.1 Insulation Resistance: The insulation resistance measured at 200 volts D.C.
for five seconds between all electrical circuits connected together and the
metallic case shall not be less than 5 megohms. Insulation resistance measure-
ments shall not be made to circuits where the potential will appear across
elements such as windings, resistors, capacitors, etc., since this measurement
is intended only to determine adequacy of insulation.

6.5.2 Overpotential Tests: The instrument shall not be damaged by the application of
a test votential between electrical circuits, and between electrical circuits
and the metallic case. The test potential shall be a sinusoidal voltage of a
comrercial frequency with an RMS value of five times the maximum circuit volt-
age, or per—paragraph 6.5.2:1 or 6.5.2.2 yhichever applies. The potential
shall start from zero and be increased at a uniform rate to its.test value.
It shall bp maintained at this value for five seconds, and then reduced at a
uniform rafe to zero. :

Since thesp tests are intended to insure proper electrieal isolation of the
circuit copmponents in question, these tests shall not ‘be applied| to circuits
where the potential will appear across elements such’as windings|, resistors,
capacitors|, ete.

6.5.2.1 Hermetichlly Sealed Instruments shall be tested at 200 volts AL.C. RMS.

6.5.2.2 Circuits| that operate at potentials below 15 volts are not to pe subjected
to overpptential tests.

T. QUALIFICATION| TESTS:

As many instzhﬁents or components-deemed necessary by the manufactuper to demon-
strate that instruments will ‘comply with the requirements of thiis section
shall be testpd in accordancg,with his recommendations. :

7.1 Reduced Volthge Operation: The type I instrument shall be tested with 85 percent
of test volthge. The /indications at the reduced voltage shall not| differ from
the indicatilns at-normal test voltage by more than 2.5 percent of| full secale
span in temperature degrees or 3.5 degree ceutigrade (6.3 deg. Farh.) whichever
is the greater ‘error.

7.2 Temperature Characteristics:

7.2.1 Low Temperature Operation: The instrument shall be subjected to the applicable
low ambient temperature listed in Column A of paragraph 3.3.1 for a period of
five hours without cpersting. At the end of this time and while the instrument
is still at the low temperature, resistance and/or voltage shall be applied as
specified for scale error at room temperature (6.4). The scale errors shall
not exceed plus or minus five (5) percent of the total scale span in tempera-
ture degrees or 3C, whichever is the greater error.
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High Tempersature Operation: The instrument shall be subjected to the appli-
cable high temperature listed in Column A of paragraph 3.3.1 for a period of
five hours without operating. (Electrical equipment shall be energized). At
the end of this time and while the instrument is still at the high temperatureJ
resistance and/or voltage shall be gpplied as specified for scale error at
room temperature (6.4). The scale errors shall not exceed plus or minus five
(5) percent of the total scale span in temperature degrees, or 3C, whichever
is the greater error.

Extreme Temperature Exposure: The instrument shall be exposed to the appli-

cable low and high temperatures listed in Column B of paragraph 3.3.1, for a

perioI_nf_2L_hours_ai_each_extreme_temperature_niihout_npezz
jected to the scale error at room temperature test (6.4) ths

delay|of three (3) hours at room temperature the instrument

shall
tenpes

There
tenpes

7.2.4
and p3

error
minus

which¢ver is the greater errox.

The ipstrument shall be exposed alternately to 50 inches HG,

three
and /o
ture,

percent of the total scale span in temperature degrees or 2(

the g

7.3 Vibration:

Altitude:
press%?E 3.
At the end of this time and while the Instrument is still at

not exceed plus or minus three (3) percent of the- tote
rature degrees or 3C whichever is the greater errvor.

shall be no evidence of damage as a result\of exposure
ratures specified.

The instrument shall be subjected to the ambient
listed in paragreph 3.3.2 for .a.period of three hoy

fessure resistance and/or voltgge shall be applied as ¢
at room temperature (6.4). -The scale errors shall not
five (5) percent of the total scale span in temperatuz

inches HG absolute, non-operasting. Following this exy
" voltage shall be applied as specified for scale error
at atmospheric)pressure. The scale errors shall not ¢

reater error.

T.3.1 Resonance:

iting. After a
shall be sub-
scale errors

11 scale span in

to the extreme

temperature and

rs while operating.
this temperature

pecified for scale
exceed plus or

‘e degrees or 3C,

absolute and
osure, resistance
at room tempera-
xceed two (2§
, whichever is

The instrument while operating shall be subjectd

d to a resonant

frequency survey of the sppropriate range specified in para. 3.3.3 in order
to determine if there exists any resonant frequencies- of the parts.
plitude used may be any convenient value that does not exceed the maximum
double amplitude and the maximum acceleration specified in para. 3.3.3.

The instrument shall then be subjected to vibration at the appropriate maxi-
mum Qouble amplitude or maximum ascceleration specified in para. 3.3.3 at

the resonant frequency for a period of one hour along each axis.
than one resonant frequency is encountered with the vibration gpplied along
any one axis, a test period may be accomplished at the most severe resonance,
or the period may be divided among the resonant frequencies, whichever shall
be considered most likely to produce failure.
less than one-half hour at any resonant mode.
not apparent within the specified frequency range, the instrument shall be
vibrated for two hours along each axis in accordance with the vibration re-
quirements schedule (Para. 3.3.3) at the maximum double amplitude and the

frequency to provide the maximum acceleration.

The test period shall not be
When resonant frequencies are

The am-

If more
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7.3.2 Cycling: The instrument, while operating, shall be tested with the frequency
cycled between limits specified in para. 3.3.3 in 15 minute cycles for a
period of one hour along each axis at an applied double amplitude specified
in para. 3.3.3, or an acceleration specified in para. 3.3.3, whichever is
the limiting value.

While the instrument is being vibrated, the pointer oscillation shall not ex-
ceed 3 percent of total scale span in temperature degrees. The pointer varia-
tion during vibration shall not exceed 3 percent of the total scale span in-
temperature degrees.

After the completion of this vibration test, no damege shall be evident and
the instrlment shall be subjected to the scale error at room tefperature test
(para. 6.4). (Without resetting the zero corrector on type II instruments).
The changp in indications between this test and the initial/room temperature
scale errpr test shall not exceed 1.5 percent of the totdl scale span.

7.4 Endurance: | This paragraph will be added when available.

7.5 Humidity: [he instrument, unless hermetically sealed, shall be mpunted in a
chamber maiptained at a temperature of 70 plus, ‘or minus 2C and af relative
humidity of] 95 plus or minus 5% for a period of six hours. After|this period,
the heat saall be shut off and the instrument allowed to cool for|a period of

t

18 hours in this atmosphere in which the humidity rises to 100% as the tempera-
ture decreslses to not more than 38C. Thie complete cycle shall be conducted one
time for components located in controlled temperature aress.

Irmmediately] after cycling, there. shall be no evidence of damage © corrosion,
which affedts performance. Following this test the instrument shall be sub-
jected to the scale error at.room temperature test of para. 6.4. | The change in
reading between this test and the original scale error at room temperature test
shall not exceed 2% of total scale range in temperature degrees, pr 2C,
vhichever is the grestéer.error.

7.6 Magnetic Efffect:  The magnetic effect of the indicator shall be termined in
terms of the deflection of a free magnet, approximately 1 1/2 inches long in
a magnetic [field/with a horizontal intensity of 0.18 (plus or minus 0.01)
gauss, wherl the indicator is held in various positions on an easti-west line
with its nearest part 12 inches from the center oI Uh : th the instru-
ment operating, the maximum deflection of the free magnet shall not exceed 5
degrees from any indicating or reference position.

7.7 Sealing: Hermetically sealed components shall be tested for leaks by means of
a mass spectrometer type of helium leak detector or equivalent. The leak rate
shall not exceed 76 micron cubic feet per hour per cubic foot of filling gas at
a pressure differential of one atmosphere.
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