U. 5. DEPARTMENT OF COLMERCE
CIVIL AERONAUTICS ADMIMISTRATION
WASHINGTON 25, D. C.

TECHNICAL STANDARD ORDER

Regulations of the Administrator
Part 514

SUBJECT: AIRSPEED INDICATOR (PITOT STATIC) TSO-C2b

Part 514—Technical Standard Orders for Aircraft Materials,
Parts, Processes, and Appliances

Under section 601 of the Civil Aeronautics Act of 1938 and the delegation of authority from
the Civil Aeronautice Board in §5§3.18, 4a.31,4b.18, 6.18, and 7.18 of the Civil Air R -
tions, the Administrator of Civil Aerongutics is authorized to adopt performance & rds
and specifications of materials, parts, processes, and appliances used in aircraft as he may
find necessary to implement provisions of the Civil Air Regulations. The Administrator
adopted the Technical Standard Order system as a means to carry out this delegated author-
ity. This system, in brief, provides for CA A-industry cooperation in the development of these
performance standards, and a. form of self-regulation by industry in demonstrating compli-
ance with these standards. Since the original adoption of this part, which contains the C
series T50's, it has been found desirable to make clarifying editorial and format changes.
Hence, Part 514 of the Regulations of the Administrator is being amended to provide rwo sub-
parts. Subpart A contalns the general requirements applicable to all Technical Standard
Orders, such as "Method of Conformance,” “Marking,” and “Deviations.” Subpart B contains
the technical specificationa to which a specific product must conform.

SUBFPART A-GENERAL

£ 514.1 Basis and purpose—(a)Basis, Sec-
tion 601 of the Civil Aeronautice Act of 1938,
as amended, and §§ 3.18, 4a.3]1, 4b.18, 6.18,
7.18 of the Civil Air Regulations.

(b) Purpose, The purpose of this part is
to establish minimum performance standards
for aircraft materials, parts, processes, and
appliances which are to be used on civil air-
craft of the United States, and to prescribe
the manner by which the manufacturer muat
show compliance with such performance
standards.

§ 514.2 Method of conformance. A manu-
facturer of an aircraft material, part, proc-
ess, or appliance for which standards are
established in Subpart B of this part, prior
to distributlon for use on a civil aircraft of
the United States, shall furnish a written
statement of conformance certifying that the
material, part, process, or appliance meets
the applicable performance standards es-
tablished In this part. The statement of
conformance shall be signed by a personduly
authorized by the manufacturer, and shall be
furnished to the Chief, Aircraft Engineering
Division, Office of Aviation Safety, Civil
Aeronautics Administration, Washington 25,
D. C,

If complaints of nonconformance with the
requirements of this Order are brought to
the attention of the CAA and investigation in-
dicates that such complaints are justified,

the Administrator will take appropriate ac-
tion to restrict the use of the product in
civil aircraft.

§514.3 Marking. Materials, parts, proc-
esses, and appliances for which a statement
of conformance has been submitted, shall be
legibly and permanently marked with the fol-
lowing information:

{a) Name and address of the manufacturer
responsible for compliance,

(b) Equipment name, or type or model des-
ignation,

{c) Weizht to the nearest pound and frac-
tlon thereof,

(d) Serial number -and/or date of manu-
facture, and

(e) Applicable Technical Standard Order
(TSO) number,

§514.4 Deviations, No deviation will be
granted from the performance standards es-
tablished in Subpart B. Requests for devia-
tion from other requirements of this part
should be addressed to the Alrcraft Engi-
neering Division, Office of Aviation Safety,
Civil Aeronautice Administration, Washing-
ton 25, D, C,

Technical Standard Orders are
obtainable without charge from

the CAA,Special Services Division,
Inquiry Unit, Washington 25, D.C.




SUBFART B

514,12 Adrspeed indicator (pitot static)--TS0-C2b--(a) Applicability--(1)

Minimum performance standards. Minimum performance standards are hereby
established for airspeed indicators which specifically are required to be approved
for use in civil aircraft of the United States. New models of airspeed indicators
{pitot static) manufactured for installation on civil aircraft on or after
November 1, 1957, shall meet the standards set forth in SAE Aeronautical Standard
AS-391B, "Airspeed Indicator (Pitot Static)," dated December 15, 195L. Airspeed
indicators (pitot static) approved by the Civil Aeronautics Administration prior
to November 1, 1957, may continue to be manufactured under the provisions of

their original approval.

(b) Marking. In lieu of the marking requirement of paragraph (c) of
§51L4.3 the range shall be shown.

(c) Data requirements. One copy of manufacturer's operating instructions,
schematic diagrams, and installation procedures shall be furnished the Chief,
Aircraft Engineering Division, Civil Aeronautics Administration, Washington 25,
D. C., with the statement of conformance.

(d) Effective date. November 1, 1957.

.1/ “Copies may be obtained from the Society of Automotive Engineers,
L85 Lexington Avenue, New York 17, New York.
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PIAPOSE: To specify minimum requirements for Pitot Static Pressure Type of Alrspeed Indicators
for use in aircraft, the operation of which may subject the instruments to the environmental
conditions specified in Section 3.3. ]

%%Eﬁgian;:i::::::?::i:ﬂgi ?t;;g::? covers five basic types of ilf:pch instruments with indica=
TYFE I = 1 revolution
TYFE 11 - 1 revolution (unequal scale)
TYPE III - 1-1/2 to 1-3/4 revolutions
TYPE IV - 7 revolutions
TYPE V - 1-3/4 to 2 revolutions

GENERAL, RECQUIREMENTS :
Materials and Workmanship:

«1 Materials: Materials shall be of a quality which experience and/or tests have demonstrated
to be suitable and dependable for use in aircraft instrumentss

+2 Workmanghip: Workmanship shall be consistent with high-grade aircraft instrument manufac-
turing practice.

Identification: The following information shall be legibly and permanently marked on the
instrument or attached thereto. :

Hame of Instrument (Airspeed Indicator)

SAE Aeronautical Standard AS 391

Manufacturer's part number

Manufacturer's serlal number or date of manufacture
Manufacturer's name and/or trademark

Range

L NN

Environmental Conditions: The following conditions have been esiabllsh.d as design require-
ments only. Tests shall be conducted as specified in Sectlons 5, & and 7.

+1 Temperature: When lnstalled ih accordance with the instrument mahufacturer's instructions,
the instrument shall function over the range of amblent temperatures from -30C to 50C and
shall net be adversely affected by exposure to temperatures of =-65%C and 70C.

«2 Jlumidity: The instrument shall function and shall not be adversely affected when exposed
to any relative humidity in the range from 0 to 95 per cent at a temperature of approxi-
mately 32C.

+3 Altitude: The instrument shall function and shall not be adversely affected when subjected

to a pressure and temperature range equivalent to -1000 feet to 40,000 feet standard alti-
tude, except as limited by the application of 3.3.l.

o bret.ion: When installed in accordance with the instrument manufacturer's instructions,
the units shall function and shall not be adversely affected when subjected to vibrations
of the following characteristics:

Maximum
Cycles Double Maximum
Type of Cemponsnt Mounting
Shock Mounted Panel 300- 3,000 + 020" 1.5 g«

mﬁiﬂﬁ Eﬁfﬁ;' Eﬁﬂnﬁﬁﬂmﬂmm with permission of copyright guper.. s a
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d.4 E%HMH—%M: The magnetic effect of the indicater shall not adversely affect the operation
of other instruments installed in the same aircraft.

4. DETAIL REQUIREMENTS:

4,1 W: These instruments shall be calibrated to indicate airspeed in accordance
with the following pressure eguivalents. (TABLE 1)

JABLE 1
DIFFERENTIAL PRESSURES - KHOTS AND MFH
Mapcury at 0°C

Wi a .

Differential FPressures for Knots Differential Pressures for MPH
Pounds Per Inches of Inches of Calibrated Inches of Inches of Pounds Per
Square Inch Water Mercury Alr Speed Mercury Water Square Inch

« 0094 261 0192 20 «0145 «197 « 0071
0377 1.0% « 0768 40 0579 «TB8 0284
» 0590 1.63 «120 50 « 0905 1.23 » 0444
« 0850 2.35 «173 60 «130 1.77 + 0640
«116 3.21 « 236 70 «178 2.42 0872
«151 4.19 «308 80 +232 .16 «114
«192 5.31 + 390 90 + 204 4.00 «144
«237 656 - 482 100 «363 4.94 «178
342 D47 +696 120 524 Tal3 « 257
467 12.9 « 350 140 « 715 9.73 + 351
+612 17.0 1.25 160 «936 12.7 +«460
«T7T 21.% . 1.58 180 1.19 16.2 +5E3
» 964 267 196 200 1.47 20.0 +723
1.17 32.5 2439 220 1.79 24.3 <878
1.40 38.8 2.8% 240 2.13 29.1 1.05
1.65 45.8 .37 260 2:52 3.2 1l.24
1.92 53.5 3.93 280 2.93 39.9 l.44
2.23 61l.8 4,54 00 3,38 4640 l.66
2.T3 T5:6 5.56 330 4.13 Sha2 2.03
3.29 £ 91.0 6.69 350 4.95 67«4 2.43
4.13 114.3 B.40 400 620 B4.3 3.04
5.35 148.2 10.89 450 T.98 108.7 3.92
6. T8 187.8 13.80 500 10.06 136.9 -t
B.44 234.0 17.19 550 12.44 169.3 Gall
10.37 2074 2l.12 600 15.17 206.4 7.45
12.60 349.0 2564 650 18.27 248.6 Ba97
15.14 30.83 700 21.79 296.5 10.70
4,2 a : These airspeed instruments shall indicate by a means of a fuintu meving
ble threugh an

over a fix ials Sensitive tyfu shall have, in addition, an under dial vis
aperature in the fixed dial for indicating hundreds of miles or knots per hour. Clockwise
pointer motion shall indicate increasing airspeed.

4.3 P@ : The polnter and all dial markings shall be visible from any point within the
stum of a cone whose slde makes an angle of not less than 30 degrees with the perpendicular
to the dial, and whose small diameter is the aperture of the instrument case. The distance
b?tvmu: ti'::au dial and the cover glass shall be & practical minimum and shall not exceed 0.1E87
of an inchs

4.4 Dial Markings:

4.4.1 Finish: Unless otherwise specified luminescent (self activating) material shall be applied
to all major graduations, numerals and pointer.
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4.4.2 Graduations: Gradwations shall be used which will provide maximum dial readability. Where
ractical miner gradustions shall be used at intervals not to exceed 5 miles per hour or 3
nots as applicable and major graduvations shall be used at intervals not to exceed 10 miles

per hour, or 10 knots.

d.d.3 } als: Sufficlent numerals shall be marked to positively and quickly identify all gradu-
ations. Mumerals shall distinctly indicate the graduations to which each applies.

d.4.4 Ingj.m?nj, %m: The word "Alrspeed” shall be marked and may be the same finish as the
" numeralss e inescription "MPH" or "KNOTS® shall appear on the dial.

4.5 Wﬂ,m‘r&a]‘___ nts: The fnintar movement shall be limited by stops in the mechan=-
sm in such a way that the polnter will not be permitted to rotate more than 10 degrees beyond
the last graduation om the dial. Stops may also be incorporated in the instrument mechanism
to limit counterclockwise motion of the polnter.

4.6 Pack of Cagse Markings: The back of the case, adjacent to the connections shall be marked as
follows:

P - Pitot Pressure Connutloﬁ

5 = Statlc Pressure Connectlion

%+ JIEST CODITIONS:

S5el &Wﬁ%}iﬂ: Unless otherwise specified, all tests required 'g; this aeronautical
standard sha conducted at an atmospheric pressure of approximately 29.92 inches of
mercury and at an amblent temperature of approximately 25C: When tests are conducted with the

atmospheric pressure or the temperature substantially different from these values, allowances
shall be mide for the variation from the specified conditions.

5.2 (To minimlize frictlon) Unless otherwise :puifhdﬁo;ll tests for ﬁcrfnmnu may be

on:

unductiﬂ with the instrument subjected to a vibration of 0. to 0.005 inch double amplitude
at a frequency of 1500 to 2000 cycles per minute. The term double dmplitude as used herein
indicates the total displacement from pesitive maximum to negative maximum.

3«3 Preconditioning: Mo pressure shall be applied to the diaphragm or any actuating element of the
instrument, nor shall the diaphragm or ntﬁ: actuating element be flexed or exercised for a
period of 24 hours prior to the start of the tests of Sectlon 6.

5.4 Wﬂiﬂ@_ﬂ;! Vibration equipment shall be used which will provide frequencies and am-
P es consistent with the requirements of Section 3.3.4 with the follewlng characteristics.

S.d.l Mlmtjgu_%u_%_a ons: Vibratien iqulflmt for shock mounted panel instruments shall be
such that a polnt on the instrument case will describe, in a plane inclined 4% degrees to the
horizental plane, a clrcle, the diameter of which iz equal to the double amplitude specifled.

A

5.5 MPW: Unless otherwlise specified, all tests shall be conducted with the instrument muu;:tid
in its normal operating position.

6. INPIVIDUAL PERECRMANCE REQUIREMENTS:

All instruments shall be subjected to whatever tests the manufacturer deems necessary to demon-

strate specific compliance with this specificatlon including the following requirements where
applicables
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6.1 5Scale Error: The instrument shall be tested for scale errors at approximately 12 essentially
equal scale intervals per pointer revolution for Trpe I; 1I; 111 and Vs For Type IV the test
shall be made at ap roximately 17 essentlally equal intervals of the entire ranges The tests
shall be conducted subjecting the instrument to the pressure specified to produce these
readings, first with pressure lncreasing, then with pressure decreasing. With pressure in-
creasing,; the pressure shall be brought up to, but shall not exceed; the Trgssur- specified
to give the desired reading. With pressure decreasing, the pressure shall be brought dewn to,
but shall not fall below the pressure sfe:ified to give the desired reading. The errors &t
the test points shall not exceed the tolerances specified in Table II.

Ga2 fxiiiéfni The in_trument shall be tested for friction at approximately four essentlally equal
scale intervals. The pressure shall be brought up to the desired reading and them held con-
stant while two readings are taken; the first reading being taken before the instrument is
vibrated, and the second one after the instrument is vibrated. The difference between any two
readings shall not exceed the tolerance in Table III.

6.3 Eﬁ;}fﬂﬂn: A pressure equivalent to one gquarter, one half and three quarters scale deflection .
shall be applied. The Eﬁanga in reading at ea:ﬁ deflection produced by rotating the instru-
ment from gﬁa dial wertical to the dial horizontal position, and 90 degrees to the right and

left, while the instrument is vibrated shall not exceed the tolerance specified in Table II.

Gs4 Leak: With both the pitet pressure and static pressure connections simultaneously evacuated
to 15 inches of mercury, the leakage shall net cause more than 0.4 inch of mercury pressure
drop during a 10 second period. ith the static pressure connectlon open, and pressure
equivalent to full scale peinter deflection applied to the pitet pressure connection, the leak-
age shall not cause more than 1 MPH or 1 knot decrease in indication during a one minute
peried. This test shall be made with test apparatus containing the minimum practical volumes

7. QUALIFICATION TESTS:

As many instruments as deemed necessary to demonstrate that all instruments will comply with
th:drigulramants of this section shall be tested in accordance with the manufacturer's recom-
mendations.

Tel LﬁgLIgﬁngxggggjt The instrument shall be subjected to a temperature of -30C for a perled of
three hours. With the temperature held at -30C, the instrument shall be tested for scale
errors as described in paragraph 6.1. The errors at the test points shall not exceed the tol-
erances of Table II by more than the amount specified in Table III.

7.2 High Temperature: The instrument shall be subjected to a temperature of 500 for a perled of
three hours. With the temperature held at 50 C, the instrument shall be tested for scale
errors as described in Earagraph 6.1. The errors at the test points shall not exceed the
tolerances of Table II by more than the amount specified in Table 1II.

7.3 Extrem grature Exposure: The instrument shall, after alternate exposures to ambient
temperatures =-63C and 7 for perlods of 24 hours each and a delay of 3 hecurs at room temper=
ature following completion of the exposure, meet the requirements of paragraph 6.1« There
ﬁhali be no evidente of damage as a result of exposure to the extreme temperatures specified

erein.

T4 Fﬁhﬁ.ﬁﬁ_z_ﬂ: With a pressure applied, sufficient to give half scale deflection, the instrument
sha subjected to vibrations of all frequencies within the appropriate range specified in
paragraph 3.3.4 in crder to determine if there exists any natural frequencles of any parts,
that lie within the specified range. - The amplitude used may be any convenient value that does
not exceed the maximum double amplitude specified in paragraph 3.3.4 and such as not to exceed
the maximum acceleratlon specified in paragraph 3.3.4.

The instrument shall then be subjected to vibration at the appropriate maximum double ampli-
tude or maximum acceleration specified in paragraph 3.3.4 at EacE of the above determined
natural frequencies for a period of three hours. If no natural frecuencies occurred in the
appropriate frequahcr ran?e, the sppropriate frequency and double amplitude for this endurance
test shall be determined from the following table:

Cyclas Double
Per Minute Amplitude

Shock Meunted Panel 3000 010
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Vihile the instrument is being vibrated at a double amplitude of 003 to 005 inch at a fre-
quency as specified in Earag:aph 3:348; the drift of the polnter shall not exceed the toler-
an:; anIah e II1I and the instrument pointer shall not oscillate more than the tolerance in
Table III.

After completion of the exposurey no damage shall be evident and the instrument shall meet
the requirements of Section 6.

Seasoning: The instrument shall be subjected to one hundred applications of a differential
pressure sufficlent to produce approximately full scale deflection. MNot less than one hour
followl this test, the Iinstrument shall be tested for scale errors as degcribed in para-
graph 6.1, except that the scale error test shall not exceed the tolerance speclfied En
Table II by more than the amount specified in Table III.

Drift: The instrument shall be subjected to a differential pressure sufficlent to produce
approximately 3/4 scale deflection. After being subjected to the pressure for a perlod of
one houry the instrument shall be tested as described in paragraph 6.1 except scale errors
shall be determined for increasing pressure only. The reading of the instrument shall not
have increased by more than the amount speclflied in Table III.

Low Tamp q;uﬁl Exposure: The imstrument shall be subjected to a temperature of -£5C for a
period o%gbd ourss #ith the temperature held at 'a&cﬁ the instrument shall function. In
[-}

addition, after the temEaritura is ralsed to -30C and
L

ld for a period of three hours,; the
instrument shall meet the requirements of paragraph 7.l. :

Magnetic Effect: The magnetlc effect of the instrument shall be determined in terms of the
degigctInn of a free magnet, approximately 1-1/2 inches leng, in a magnetic field with a
herizeontal intensity of 0.18, plus or minus 0.0l gauss, when the indicator is held in vari-
ous positions on an east-west line wlth lts nearest part flve inches from the center of the
magnet. (An aircraft compass with the :omPEnsating magnets removed therefrom may be used
as the free magnet for this test). The maximum deflection of the magnet shall not exceed
one degree for any pointer deflectlions

Humidity: The instrument shall be mounted in its normal operating position (with simulated
installation conditions by connecting 10 feet of colled copper tubing to each connection in
guch a manner that molsture canm drain out the open end) in a chamber maintained at a tempera=
ture of 70 £2C and 2 relative humidity of 95 t!\g.fur a period of 6 hours. After this period,
the heat shall be shut off and the instrument shall be allowed to-cool for a period of 18
hours in this atmosphere in which the humidlity rises to 100% as the temperature decreased to
not more than 38C. This complete cycle shall be conducted once.

Immediately after cycling the instrument shall be subjected to the scale error at room
temperature test of 6.]1.
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Iast

Type 1
Type 11X

Type III

Type 1V

Type V
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TARLE 1I
TOLERANCES

PERCENT FULL SCALE READING

First 1/2 scale
Last 2 scale

Expanded acale
Compressed scale

First 1/3 scale
Last 2/3 scale

First 1/4 scale
Middle 2/4 scale
Last 1/4 scale

First 360 degrees of scale
Last 270 degrees of scale

* 50 knot or mph - .6%

JABLE 111
TOLERANCES
& PULL SCALE READING

1.0
1.4

1.0
2.5

o7
1.2

wil
«9

«7
l.4

1 11

111

Friction

Position
Vibration

Temperature

Drift
Seasoning

Pointer Change

Reference
Faragraph

6s2

6s3
Ted

Polnter Oscillation

Tl
Ta2

TeD
7o

1.0 1.2 {expanded

scale)
1.2 (compress
EClngd

1.0 1.0

] 8
-] |
1.2 1.2 (expanded
scale)
1.7 (compressed
scale)
- +9

« T3 +6& (expanded
scalel

«9 (comp. ...
Iﬂﬂlﬂ?d

65

«5
-
1.2

o
-]

iy

-]

+ 25
wd
-

o
w4

2.7
2.0
1.5

1.7

1.5
1.5
1.7
2.4

No Test
1.0

scale

(remainde

scale

(1st 1/4 rev.)

2nd 1/4 rev.)
remalnder of

)

(lst Tev.)

f of
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