U. S. DEPARTMENY OF COMMERCE
CIVIL AERONAUTICS ADMINISTRATION
WASHINGTON 25, . C.

TECHNICAL STANDARD ORDER

Regulations of the Adminisirator
Part 514

SURJECT: FLIGHT REGORDER

AIRGRAFT TS O0- (51

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

Under section 601 of the Civil Aeronautice Act of 1938 and the delegation of authority from
the Civil Aeronautics Board in §3.18, 4a.31, 4b.18, 6.18, and 7.18 of the Civil Air Regulations,
the Administrator of Civil Aeronautics is authorized to adopt performance standards and
specifications of materials, parts, processes, and appliances used in aircraft as he may find
necessary to implement the provisions of the Civil Air Regulations. The Administrator adopted
the Technical Standard Order system as a means to carry out this delegated authority. This
gystem, in brief, provides for CAA-industry cooperation in the development of performance
standards and specifications which are adopted by the Administrator as Technical Standard
Orders, and a form of self-regulation by industry in demonstrating compliance with these orders.

Part 514 of the Regulations of the Administrator contains two subparts. Subpart A contains
the general requirements applicable to all Technical Standard Orders, such as “Methed of Con-
formance,” “Marking,” and “Deviations.” The provisions of Subpart A are repeated below for
the convenient reference of the public. SubpartB contains the technical standards and specifica-
tions to which a particular product must conform. In accordance with the foregoing format the
standarde and specifications of the subject Technical Standard Order are set forth in the ap-
propriate section of Subpart B. TECHNICAL STANDARD ORDERS MAY BE OBTAINED BY
SENDING A REQUEST TO CAA, WASHINGTON 25, D. C.

SUBPART A~GENERAL

§514.1 Besis and purpuse—(a) Basis. Sec-
tion 601 of the Civil Aergnautics Act of 1938,
as amended, and §§3.18, 4a.31, 4b.18, 6.18,
7.18 of the Civil Air Regulations.

{b} Purpose. The purpcose 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 must
show compliance with such performance
gtandards.

8814.2 Method of conformanee. A manu-
facturer of an aircratt material, part, proc-
egs, or appliance for which standards are
established in Subpart B of this part, prior
to dietribution 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
tire applicable performance standards es-
tablished in this part. The statement of con-
formance shali be signed by a person duly
authorized by the manufacturer, and shall be
furnished ic the Chief, Aircraft Engineering
Division. Office of Flight Operations and Air-
worthineas, Civil Aeronautics Administration,
Washington 23, D. C,

If complaints of nonconformance with the

requirements of thie Order are brought t
the attention of the CAA and investigation in-
dicates that such complaints are justified, the
Administrator will take appropriate action
to restrict the use of the product in civil air-
craft.

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

(2) Name and address of the manufacturer
responsible for compliance,

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

{c) Weight to the nearest pound and frac-
tion thereof,

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

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

8514 .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 Aircraft Engi-
neering Division, Office of Flight Operations
and Airworthiness, Civil Aerorautics Ad-
ministration, Washington 25, D. C.



SUBPART B

1514.50 Adreraft flight recorder--T80-C51--(a) Applicebility—(1)
Minimm performance standards. Minimm performance standards are hereby
egtablished for agireraft flight recorders which specifically are requirsd
to be approved for use in civil aircraft of the United States. Aircraft
filight recorders eligible for installation in civil airerafi shall meet

the standards set forth in CAA-CAB Standard, "Airecraft Flight Recorder®,
dated June 12, 1958,

(b) Marking, In addition to the markings in }514.3, the rating
(nominal voltage and wattage) shall also be marked on the recorder.

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

(d) Effective date. August 1, 1958.

(8/4/58)



June 12, 1958

CAA-CAB
INSTRUMENT STANDARD
FOR
AIRCRAFT FLIGHT RECORDER

1. PURPOSE: To establish minimum requirements for approved Aircraft Flight
Recorders to be used in airecraft primarily for accident anslysis, the
operation of which mey subject the recorder to envirommental conditions
specified in Section 3.

2.1

SCOPE: This standard covers three baslc types of aircraft flight
recorders for recording time, air speed, altitude, vertical acceler-
ation, and heading. The intelligence received by the record medium
can be from direct and/or remcte sensors,

Definition of the Types:

Type I - Non-ejectabls, unrestricted location,

Type II - Non-sjectable, restricted to any location more
than % of the wing root chord from the mein wing
strueture through the fuselage and from any fuel
tanks,

Type III - Ejectable, unrestricted location.

3. GENERAL REQUIREMENTS:

3.1

Jedod

3.1.2

Environmentel Conditions: The following conditions have been estab-
lished as design requirements only. Tests shall be conducted as
specified in Sections 5, 6, and 7.

Temperature: When installed in mccordance with the instrument manu-
facturer's instructions, the recordsr shall function over the range
of ambient temperature shown in Columm A below and shell not be
adversely affected by exposure to the range of temperature shown in
Column B below:

Instrument Location A B
Heated Areas (Tempsrature Controlled) -30 to 50C -65 to 70C
Unheated Aress (Temperature Un- =55 $o TCC -65 to 70C
controlled)

Humidity: The recorder shall function and shall not be adversely af-
fected when exposed to any relative humidity in the range from O to
95% at a tempsrature of approximately 32C.
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3.1.6
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Vibration: When ingtalled in accordance with the instrument
mznufacturer's instructions, the recorder shall Tunction properly and
ghall not be adversely affected when subjected to vibrations of the
Following characteristies:

Recorder Location Cycles Max., Double Max,

in Airframe . Per_Sec. Amplitude (Inches) Acceleration

Airframe Structure 5 - 500 0,036 10g
Mounted

Altitude: The recorder shall function and shall not be adversely af-
fected when subjected to a pressure and temperature range eguivalent
to -1000 to 50,000 feet standard sltitude, per NACA Report No. 1235,
except as limited by the application of Peragraph 3.1.1. The recorder
shall not be adversely affected followlng exposurs to extremes in
ambient pressures of 50 and 3 in, Hg. absolute.

Radio Interference: The recorder shall not be the source of ohjec~
tionable interference, under operating conditions at amy frequencies
used on aireraft, either by radietion or feed-back, in electronic
equipment ingtalled in the same aireraft as the recorder.

Magnetic Effect: The magnetic effect of the recorder shall not ad-
versely affect the operation of the other instruments installed in the
same airecraft.

DETATL REQUIREMENTS:

Recording Medium: The record medium shell conform to the following
requirements:

a, The recording medium of recorders smploying mechanical in-
scribed markings shall advance at a rate of not less than
& inches per hour, and that of recorders employing other means
of recording shall advance at a rate sufficient to permit
resclution within the accuracy prescribed in section 4.3.

‘b, The recording medium shall provide a recording of the required

dats for st least the total elapsed operating time of a flight
for which the sircraft might be used,

¢. The recording medium shell not be subject to deterioration or
distortion of the recorded data within the limits specified
herein.

Recording Intervals and Ranges:

&, Time: The time lapse shall be recorded at intervals of not nore
than one minute.
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b. Pressure Altitude: -1000 tc 50,000 feet of standard atmosphere
pressures, and shall be recorded at inter-
vals of not more then one second.

¢. Verticael Acceleration: 46 to -3g, and shall be recorded at
tervals of not more than 1/10 of one
second, or at intervals of one second in
which peak accelerations are recorded.

d. Air Speed: 100 to 450 knots IAS, and shell be recorded at
intervals of not more than one second.

e. Heading: 360 degrees azimuth, and shall be recorded at inter-
vals of not more than one ssecond.

Record HResolutiomn: The record resclution shall be such that the
data can be analyzed with the accuracy specified in section 6.

Record Protection: The recorder shell be of such design that the
recorded data will be protected agsingt damege by fire, impact, and
water within the limits specified herein.

Pressure Aititude: The terms of presgure altitude shall conform to
Tables I amd IT,

Air Speed: The terms of air speed shall conform to Teble III.

Power Variations: All units shall properly function with $10% to
-207 wvariation in DC voltage and/or % 10% varistion in AC voltage

end ¥ 59 in frequency, provided the AC voltage and frequency vary in
the same direction., The recorder shall not be damaged when subjected
to lower voliages.

Power Melfunction Indication: A means shall be provided for indics-
ting when adequate power 1s not beilng received by the recorder for
proper operation.

Automatic Ejection: The automatic ejection provision of Type III
recorders, including the structure holding the ejectable portiom,
shall be capable of operating when subjected to inertie loads

corresponding to an ascceleration of 6g's acting in any direction.

TEST CONDITICNS:

Atmospheric Conditions: Unless otherwise specified all tests re-
quired by this standard shall be conducted at an atmospheric
pressure of approximstely 29.92 inches of mercury and at an ambient
temperature of approximately 25C. When tests are conducted with the
atmospheric pressure or the temperature substantially different from
these values, allowaence shall be made for the variation from the
gpecified conditions.
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Vibration (to minimize frietion): Unless otherwise specified all
tests for performance may be made with the recorder subjected to a
vibration of €.002 to 0.005 inch double amplitude at a frequency of
1500 to 2000 cycles per minute. The term double amplitude as used
herein indicates total displacement frem positive maximum to nega-~
tive maximum,

Vibration Equipment: Vibration equipment shall be used which wiil
provide frequencies and amplitudes comsistent with the requirements
of section 3.1.2 with the following characteristics:

Linear Motion Vibration: Vibration equipment for testing airfrane
structure-mounted recorders of portions thereof shell be such as to
allow vibration to be applied elong esch of three mutually perpen-
dicular axes of the test specimen.

Circular Motion Vibration: Vibration equipment for testing shock-
mounted recorders of portions thersof shall be such that a peint on
the case will deseribe, in a2 plane inclined 45 degrees to the horil-
zontal plane, a cirele, the diameter of which is equal to the double
amplitude.

Position: All tests shall be conducted with the recorder mounted
in Iits normel operating positioen.

Test Voltage: All tests for performance shall be conducted at the
voltage rating reccmmended by the manufacturer,

Power Conditions: All tests for performance shall bs conducted at
the power rating recommended by the manufacturer.

ALLOWABLE RECORD ERRCRS:

Altitude Record Error: The recorder shall bs tested for allowable
errcr at the test points specified in Table I on cecreasing and
increasing pressure. The rate of change in pressure during this
test shall not be less than 3000 fest per minute. On decreasing
pressure, the pressure shall be brought down to, but shall not
exceed, the specified test point. On increasing pressure, the
pressure shall be brought up to, but shall not exceed, the speci-
fied test point. Within one minute efter applying the specified
pressure, the error in the record shall not exceed the tolerance
velues indicated in Table I for each test point.

Acceleration Record Error: The acceleration error shall not exceed
plus or minus 0,2G in a stabillzed condition, and the total error in
following a singls, triangular, acceleration pulse of 1/2 second

durstion or greater, shall be no more than 10f of the acceleration.

(An analytical evaluation is considered acceptable).

Time Scale Record Error: The time lapse error shell not exceed plus
or minus 1.0% during an eight hour period.
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Air Speed Record Error: The recorder shall be tested for sllowsble
srror at the test points specified in Table III on increasing and
decreasing speeds. The allowable error shall not exceed the toler-
ance valueg specified in Table III.

Heading Record Error: The heading record error shall not sxceed

vlus or minus 2 degrees when measured at 15 degree intervals over
360 degrees in azimuth, This error is the difference between the
sensor and the rscorder,

PERFORMANCE TESTS: The following tests, in addition to any others
deemed necessary by the manufacturer, shall be the basis for deter-
mining compliance with the performance requirements of this standard.

Room Temperature: The recorder shall be tested at room temperaturs
to determine compliance with the requirements under section 6.

Low Temperature: The recorder shall be subjected to an ambient
temperature of minus 55°C for five hours and while still exposed to
this temperaturs it shall be tested to determine complisnce with the
requirements ucrder section 6.

High Temperature: The recorder shall be subjected to an ambient
temperature of 50°C for five hours and while still exposed to this
temperature it shall be tested to determine compliance with the
room temperature accuracies under section 6,

Extreme Temperature Exposure: The recorder, after exposure to an
ambient temperature of 70°C for 24 hours followed by exposure to
—65°C for 24 hours followed immediately by exposure to room temper-
ature for not more than three hours, shall meet the requirements of
section 7.l. There shall be no evidence of damage as a result of
exposure to the extreme temperatures.

Hysteresis: Not more than 15 minutes after the altitude sensor has
been first subjected to the pressure corrssponding to standard
altitude of 50,000 feet, the pressure shall be increased at a rate
corresponding to a decrease In altitude of not less than 3,000 feet
per minute until the pressure corresponding to 25,000 feet is
reached. Within 10 seconds the error shall not exceed the room
temperature error st this test point by more than 100 fest. The
altitude sensor shall remain at this pressure for not more than 15
minutes before the test to determine complience with Table ITI is
made, after which the pressure shall be further increased at the
above rate until the pressure corresponding to 20,000 feet is=

reac :ad, The altitude sensor shell remsin at this pressure for not
more than ten minutes before the test to determine compliance with
Table IT is made, The pressure shall be further increased at the
above rate until atmospheric pressure is reached,
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After Effect: Not more than five minutes after the completion of
the hysteresis test, the altitude record shall have returned to its
originel recording, corrected for any change in atmospheric pressure,
within the tolerance shown in Table II.

Vibration:

Resonance: The recorder, vhile operating, shall be subjected to a2
resonant frequency survey of the appropriate range specified in
section 3.1.3 in order to determine if there exists any resonant fre-
quencies of the parts. The amplitude used may be any convenient
value that does not exceed the maximm double amplitude end the maxi-
mum acceleration specified in section 3.1.3.

The recorder shall then be subjected to a vibration at the approepri-
ate maximum double amplitude or maximmm accelsration gpecified in
section 3.1.3 at the resonant frequesncy for a period of one hour in
sach axis or with circular motion vibration, whichever is applicable.
When more than one resconant frequency is encountered with vibration
applied along any one axis, a test period may be accomplished ai the
most severs resonance, or the period may be divided among the
resonent frequencies, whichever sghall be considered most likely %o
produce fallure, The test period shall not be lesa than one~half
hour et any resonant mode. When resonant frequencies are not
apparent within the specified frequency range, the recorder shall

be vibrated for twe hours in asccordance with the vibration regquire~
ments of sgsection 3.1.3 at the maximum double amplitude and the
frequency to provide the meximm acceleration.

Cycling: The recorder, while operating, shall be tested with the
frequency cycled between 1imits specified in section 3.1.3 in 15
minute cycles for = period of one hour in each axis at an applied
double amplitude apscified in section 3.1.3, ur an accelerstion
specified in section 3.1.3, whichever 1s the limiting value,

After the completion of this vibration test, no damage shall be evi-
dent and the recorder shall meet the reguirements of section 6.

Humidity. Water, Tmpact, and Fire Protsction Tests: The humidity
impact and the fire protection test shall be made in the folleowing
sequencs:

Humidity: The recorder ghall be mounted in a chamber maintained at
e temperature of 70 * 290 and & relative humidity of 95 ¥ 5% for a
period of 6 hours. After this pericd the heat should be shut off
and the recorder should be allowed to cool for a period of 18 hours
in this atmosphere in which the humidity rises to 100% as the
temperature decreases to not more than 38°C. This complete cycle
gshould bs conducted fifteen (15) times.
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Tmmediately after cycling, the recorder shall be subjected to the
Record Error Tests of Section 6.

Impact: The intelligence on the record medium shall be capable of
being analyzed after the recorder has been subjected to the
following impact shock:

Types I and II - 100g

Type III - Acceleration not less than the shock
developed on contact with a horizontal rock
surface, considering the direction of
ejection and any provisions for alleviation
of shock, With regard to the former the
aircraft shall be assumed to be tilted at
least 30° from horizontal in the most
critical direction,

Tire Protection: The record medium shall remain intact so that the
intelligencs can be analyzed after the recorder is exposed to
flames of 1100 C enveloping at least 50 percent of the outside area
of the case for the followlng pericds of time:

Type I =~ 30 minutes
Type IT - 15 minutes
Type IIT -~ 1.5 minutes ,
Water Protection: The intelligence on the record medium shall bs
capable of remaining permanent and reproducible after the reccrd
medium has been immersed in seawater for 36 hours.

Position Error: The recorder shall meet the following requirements
when turned from its normal operating position through 90~ forward
and back, and left and right where applicable:

a. Time: Section 6.3

b, Altitude: Section 6.1, except that the tolerance may be in-
creased by 25 feet

¢. Accelerstion: Section 6.2

d, Air Speed: Section 6.4

e. Heading: Section 6.5

Dielectric: The insulation shall be subjected to 2 dislectric test
with an RMS voltage at a commercial frequency applied for a period
of five.seconds, equivalent to five times normel circuil operating
voltage, except where circuits include compenents for which such a2
test would be inappropriate, the test voltage shall be 1.25 times
normal eircuit operating voltage. The insuletion resistance shall
not be less than 20 megehms at that voltage.
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Automatic Ejection Meang: The sutomatic ejection means for Type III
recorders shall be tested to demonstrate that it is capable of
ejecting the recorder from its mounting when subjected to forward
acting inertia loads of 5g's to ég's.
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TAELE I
ALTITUDE RECORD ERRCR TABLE

Standard Equivalent Pressure Tolerance, Fest
Altitude Mercury Plus or Minus
Ft. MM IN.HG Hoom Temp. Low Temp.
See, 6.1 Sec, 7.1
-1000 787.9 31,02 100 150
=500 773.8 30.47 100
0 760,0 29.92 100 150
5C0 T46.4 29.39 100
1000 732.9 28,86 100
1500 719.7 28,33 100
2000 706.6 27.82 100
3000 681.1 26,81 125
4000 656.3 25.8% 150 210
6000 €09.0 23.98 150 250
8000 564, .4 22.22 150
10,000 522.6 20.58 150
12,000 483.3 19.03 180 350
14,000 4464 17.57 210
16,000 411.8 16.21 240
18,000 379.4 1.9 270 450
20,000 349.1 13.75 300
22,000 320.8 12.63 335
25,000 281.9 11.10 375 560
30,000 225.6 8.88 450 600
35,000 178.7 7.04 525 730
40,000 140.7 5.54 600 800
50,000 87.3 3.44 700
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TABLE II
ALTTTUDE TEST TABLE

Tests Reference
Section Telerance in Feet
Hysteresis: T.4
First test point 25,000 90
Second test point 20,000 90%
After Effect Test %5 50

*In excess of the room temperature error

TABLE ITI

AIRSPEED RECORD ERROR TABLE

Stendard - Tolerance, Knots
Alrapeed Flug or Minus

Room Temp. Low Temp.
Knots Sec, 6.1 Sec. 7.1
100 10 12
150 1c 12
200 ' 10 12
250 10 12
300 10 12
350 10 i2
400 10 iz

450 10 12



