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SCOPE:

This specification covers minimum requirements for brake temperature monitoring equipment
whenever used on any type and model of civil aircraft. It shall be the responsibility of the purchaser to
determine the compatibility of these requirements with the application aircraft and to specify

requirements in excess of these minimums as necessary.
Purpose:

To specify minimum requirements for brake temperature monitoring systems for ci
applications.

vil aircraft

2. APPLICABLE DPCUMENTS:

Materials, procepses, and standard products shall be selected in accordance with specifications or

standards from the sources indicated below in the order of precedence shown. The
date of invitation for bids shall apply.

issue in effect on

(@) Industry Specifications and Standards as listed in indexes published by recogniged industrial
associations|including but not limited to the following, without order of precedenge:

(1) Aerospa¢e Material Specifications (AMS), Aerospace Standards (AS), Aerogpace
Recommended Practices (ARP), and Aerospace Information Reports (AIR) published by

Society gf Automotive Engineers.

(2) National JAircraft Standards (NAS) as published by the National Aircraft Stan
of the Aerospace Industries Association.

(b) Federal spegifications and standards-as listed in the index of Federal Specificati
and Handbopks published by the'General Service Administration.

(c) Military Spegifications and Standards as listed in the Department of Defense Ind
Specifications and Standards.

The following documents.are listed as a minimum and are considered the more imp

Jards Committee

bns, Standards,

ex of

briant of the

reference list givlen below. The documents that apply shall be of the issue in effect at the time of

invitation for bids$ {including change notices) and shall apply to the extent specified K

erein.

RTCA/DO-160 Environmental Conditions and Test Procedures for Airborne Equipment

MIL-E-5400 Electronic Equipment, Airborne, General Specification for.

MIL-C-83723 Connector Electrical, Circular, Environmental Resisting, Recept
General Specification for

MIL-STD-810 Environmental Test Methods

MIL-STD-461 Electromagnetic Interference Characteristics, Requirements for

MIL-STD-130 Identification Marking of U.S. Military Property

MIL-STD-462 Electromagnetic Interference Characteristics, Measurements fo

MIL-STD-883 Test Methods and Procedures for Micro-electronics

MIL-STD-701 List of Standard Semiconductor Devices

acle and Plug,

Equipment

r
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3. GENERAL REQUIREMENTS:

3.1

3.1.1

Function:

The temperature monitor system covered by this specification shall provide a means of measuring
brake temperature and conveying information based on this measurement to the pilot and/or flight
engineer. Three areas of information are important.

(a) Very high temperature, indicating overheated brake conditions exist which may cause the fuse
plugs to blow, or necessitate a tire, wheel, and brake inspection at the ramp. This condition may
be caused by severe usage or excessive drag.

(b) Moderate temperature, indicating that brakes contain energy levels which do not leave sufficient
capacity to| perform an R.T.O. Under this condition, take-off should not be attempted. This
condition gan exist due to normal braking or slightly dragging brake.

{c) Temperature Display. Inthe event that the pilot would desire to evaltate the brake thermal
condition, the monitored temperature of each individual brake shéuld be made|available. This is
most impoftant if the indications for (a) or (b) are provided as-warning indicatof lamps. The
display shall indicate over the range to which the sensor islexposed or as spegified by the
purchaser.| The display shall indicate in degrees Celsius:

Design Objettives:

(a) Provide a high temperature indication when.the temperature of any brake exgeeds a
predetermined safety threshold or reaches a temperature that may cause deterioration to the
metallic ¢hassis (as may be the case with a carbon heat sink brake). This temperature
condition, if required by purchaser, ¢an be displayed by a continuous lamp illumination or
memory device indicating brake position and being resetable by ground/flight personnel. The
temperature probe should beplaced as close as possible to the heat sourcelto provide
minimum delay between the ,peak temperature of the heat sink and the peak|temperature
measuref by the heat sensor element.

(b) Provide an indication when, due to high temperature, the energy capacity ofjany one brake is
below RTO requirements. It is recommended that it be supplied as a lamp indication.
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3.1.1

(Continued):

(¢c) The monitored temperature of the heat sink should be made available to the pilot and/or flight

engineer at all times. The display can be of the needle indicator or of the digital readout type.
If, at the purchasers option, it is desired to increase the brake maintenance utilization of the
BTMS, consideration should be given to include the capability of recording/displaying the
highest brake temperature obtained during a stop with a resetable device. There are three
configurations for displays that can be utilized for the BTMS requirements.

(1) Single Display:
In this configuration only one readout is provided. As used normally, this readout

------ s—However—when utilizing the
made to select'and display the

: ation, some provision should be
erature of each individual brake.

(2) Multiple Brake Display:
A dis
provi
hotte
temp

play can be provided for more than one brake. Foréexample, one display can be

Hed for each group on a strut. The readout should\also display the temperature of the
5t brake in its group. Provisions should also be made to select and|display the
brature of any brake of the group.
(3) One Display for Each Brake:
This
that t

onfiguration is the least desirable of the three configurations. It is not recommended

temp
desc

his system be used on aircrafts‘with more than 4 brakes. Normally
erature is all that is required. oif the lowest temperature is also desir
ibed in Design Objective (d) is recommended.

(d) As an optional feature a delta‘temperature (AT) capability may be provided.

(e)

indicates

temperature by an excessive amount. lllumination of this lamp will indicate a

dragging
its share

the brake
indicatiofs. (Jse of the brakes for steering could cause one side of the aircrg

much ho

brake will b&thotter than the other brakes. A brake that is defective
groupsfor AT, so that the lamp does not become a problem by giv

terthan the other side, giving a false AT indication.

of brakingwill be colder than the other brakes. Care must be exerd

the highest
ed, the technique

The AT lamp

that one brake teémperature differs either higher or lower from the average brake

brake problem. A
and not providing
ised in selecting
hg false

ft to have brakes

For aircraft that include monitoring equipment for maintenance purposes, an output from the
overheat circuit shall be provided. This output shall be disabled during “BITE” test.
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3.1.1 (Continued):
(i Provide a total system accuracy of £25 °C (£45 °F) at an ambient temperature of 25 °C
(77 °F). The system accuracy shall be within £50 °C (90 °F) over the operating temperature
-40 °C to +71 °C (-40 °F to 160 °F).
(@) The system shall be designed so that any shorts or opens in the sensor or sensor wiring will
result in a zero brake temperature reading.
3.1.1.1 Self Test: System test provisions shall be included as an integral part of the BTMS design. Tests

may be automatic or manual. Test operation or failure shall not reduce the system accuracy or
response. The test shall, as a minimum, simulate a hot brake so that over temperature circuitry

will also bé
all brake ¢

Capability

3.2 Material and W

3.2.1

3.2.1.1

3212

3213

Materials: M
intended.

Metals: Al
suitably pla

Connector
connector
or 1 pin wh

Electronic

nannels and shall be capable of detecting sensor failures.
shall be included which will isolate a failure to a wheel channel.
forkmanship:

aterials shall be consistent with good commercial usage and suitab

evaluated as well as the analog or digital display. The test shall incdlude evaluation of

e for the purpose

| metals used in the construction of the BTMS shall be corrosion res
ted or treated to resist corrosion during stocking and normal servic

5. Connectors shall be selected-in‘accordance with MIL-C-83723.
ichever is greater.

Components: All semiconductor microcircuits shall be screened to

Level B. All discrete semiconductors shall be selected where possible from M
semiconductors shall be hermetically sealed and no plastic encapsulated sem

be used.

3.2.2 Workmanshi

3.3

manufacturin

Identification:

p: Workmanship and finish shall be in accordance with high grade
g practice.

istant unless
life.

he size of the

5hall be selected such that the number of pins will provide a minimum of 10% spares

MIL-STD-883
L-STD-701. All
conductors shall

hircraft accessory

All major components shall be plainly and permanently marked for identification in accordance with
Standard MIL-STD-130 or per requirements of the purchaser.

3.3.1

Units too small to carry the complete identification on the part shall be suitably tagged or stored in
suitable containers. The unit, such as the sensor, shall carry as a minimum the name of the
manufacturer, part number, and serial number.
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3.4 Design and Construction:
Shall conform to the requirements specified herein.

3.5 System Components:
The brake temperature monitor system consists of the following major components.
(a) Brake mounted sensor(s).
{b) Reference junction (if applicable) or compensator.
{c) Indicator uhit, including meter(s) (or lights), required amplifiers, bridge, networls, level detectors,

or other el¢ments. Located for use by pilot and/or flight engineer.

3.6 Electrical Operation:
Electrically op¢rated components of the brake temperature monitof. system shall gperate
satisfactorily on a voltage and power specified by the purchasér."WWhere a choice |s given, an effort
should be mage to standardize by utilizing 28V DC aircraft stipply.

3.7 Sensor:
It shall be a design goal to replace, or service, thelSensor assembly with minimum|difficulty. If the
sensor cable gr tube is not permanently attached'to the brake, the sensor assembly shall be
replaceable without wheel or brake removal. "Wiring to sensors shall be as contindous as possible.
The sensors shall be capable of 50 actual removalf/installation cycles on the assodiated aircraft
wheel/brake upit when installed onthe aircraft without sustaining cracks or damage to the sensor
assembly.

3.8 Operating Conditions:

3.8.1 Non-Operating Temperatures: All system components shall be desighed and constructed to

withstand, a$ a niinimum, ambient temperatures from -54 °C to 71 °C (-65 °F to [160 °F), or the

operating terpperatures, whichever are more severe.
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3.8.2 Operating Temperatures: The system components shall be designed and constructed for
operation at the following temperatures:

(@) Indicator unit shall be designed to operate over temperature extremes of -40 °C to 71 °C
(-40 °F to 160 °F).

(b) Reference junction or compensator (unless part of the indicator assembly) shall be designed to
operate within the temperature zone dictated by its location. These temperatures shall be
supplied by the purchaser but not less than -54 °C to 71 °C (-85 °F to 160 °F).

(c) Sensor assembly shall be designed and constructed to operate over a temperature range
consiste it wi . Temperature exposure tor each|part of the
assembly to be specified by the purchaser. As a minimum the sensor shall-bhe capable of
operating in the temperature range of -54 °C to 1093 °C (-65 °F to 2000°F).

3.8.3 Other Envirgnmental Conditions: Sensor reference junction or compensator, cables and
connectors ghall remain functional after exposure to hydraulic or ait¢raft cleaning fluids and
lubricants, aircraft fuels as well as the environmental requirements listed in paragraph 4.3. All
conduits whigh protect cable runs on landing gear shall be environmentally sealed or provided with
drain holes gt their lowest point.

3.9 Interchangeabjlity:

All major components containing the same part nimber shall be directly interchangeable with no
adjustment.

4. QUALIFICATION:
41 Sensor;

4.1.1 Visual Inspegtion: Inspect for good workmanship, absence of sharp edges obvious defects and for
compliance yith Sections.3:2 and 3.3.

4.1.2 Accuracy: The output-of the sensor unit including the cold junction monitoring circuit (if a
thermocouple is_tused) shall not vary from sensor to sensor more than +5 °C (28| °F) from
0 °C to 500 ‘rC (32 °F to 932 °F).

The plot of the sensor output versus temperature between 0 and 500 °C (0 and 932 °F) shall not
vary from a straight line curve more than x5 °C (£9 °F) below the overheat threshold temperature
and not more than £20 °C (£36 °F) for temperatures above the overheat threshold temperature.
The overheat threshold temperature shall be used as the mid point calibration temperature for the
indicator unit electronics.
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41.3 Environmental Tests:

41.31
area with a

41.3.2

ir blast and test per 4.1.2 and 4.1.6 within one hour.

Humidity Test. Test in accordance with Method 507, Procedure |, MIL-STD-810. Dry connector

Fungus Test. This test shall be per Method 508 of MIL-STD-810. Unit need not operate during

test. Test per 4.1.6 after test is completed. Vendor supplied affidavits that all materials used in
components contain no nutrients to fungus are acceptable in lieu of fungus test.

41.3.3

Salt Spray Test. Test per Method 509, Procedure |, MIL-STD-810, except that the duration of

test shall not be less than 24 hours. Rinse connector end with tap water and dry with air blast.

Test per 4]JT.

41.3.4 Shock Tes

acceleratiq

an WIithin one nour. Inspect and test per 4.1.2 an

. Test in accordance with Method 516, Procedure |, of MIL-STD-81
h with a time duration of 11 £ 1 milliseconds. Pulse shape-per 516-

gain in 48 hours.

0. Use 60g peak
1. Testperd.1.2

and 4.1.6 within one hour.

erature.
(1400 °F) in not

Thermal S
Increase ¢

41.3.5 nock Test: Stabilize the sensor contact temperature<at ambient te

more than
2 minutes
and 4.1.6.

4.1.4 Temperature
from 93.3 °C
4.1.6.

41.5 Vibration Tes
service insta

Itis difficul
to depends
mounting.
recommen
sensor for
recommen

41.5.1

llation.

m
bntact temperature to the value specified by thelpurchaser or 760 :f

10 seconds. Hold for not less than 5 minutes: . Cool to ambient te
vith an air blast. Repeat 4.1.3.5 for a minimurm of 1,000 cycles and

Cycling: Cycle those parts of the sensor assembly exposed to the

5t (See Note Figure 1): Méunt the sensor in a suitable bracket to sin

to set a minimum vibration requirement for the sensor since the vibr,
on the aircraft'@nd brake characteristics, the location of the sensor,
Because-these conditions cause the vibration requirements to vary

ded:

ded thateach application be analyzed for the frequencies and G for|
that task. However, as an absolute minimum the following specificg

perature within
hen test per4.1.2

brake heat sink

(200 °F) to 537.8 °C (1000 °F) and back for 1000 cycles and then test per 4.1.2 and

nulate brake

ation it is exposed
and the method of
substantially, it is
ces seen by the
tion is

(a) The Vibration Test shall be performed at two temperatures, the first at mid-range
(approximately 350 °C or 662 °F) and at high range (approximately 500 °C or 932 °F).

{b) The unit shall be vibrated with a frequency varying from 5 to 2000 Hertz with an amplitude
corresponding to Figure 1 50g curve with the exception that at lower frequencies, the test
shall be performed with no less than 2g’s.
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4.1.5.2 Resonance: The unit shall be vibrated plus or minus 50¢g minimum for 15 minutes at the three
most significant resonant points noted during 4.1.5.1. The unit shall also be vibrated at the brake
rescnant point (as determined from dynamometer tests). Test per 4.1.2 and 4.1.6.

41.6

41.7

Response Time: The sensor contact temperature shall be increased from ambient to 315.6 °C
(600 °F) within 10 seconds. The sensor shall read 90% of its steady state value within 60 seconds.

Hydraulic Fluid Compatibility: Unit shall be submerged in the specified fluid for 7 days and then
observed 24 hours later. No visible damage shall be noted. Test per 4.1.2 and 4.1.6.

4.2 Indicator Unit:

The indicator Llnit will consist of electronic components, meters, lights, etc., necesq
sensor temper

421

422

42.3 Environmental Tests:

4231

4232

4233

4234

Visual Inspe

Accuracy: T
(32 °F), 350
433 °C (110
meter moven

Humidity T
accuracy p

Shock Tes

acceleratign with a duration of 11 £ 1 millisecond pulse shape per 516-1.

Temperature Tests: Test at high temperature 71 °C (160 °F) per Method 501 R

MIL-STD-§

Vibration T
installation

ature.

ction: Inspect product for compliance with 3.2.1, 3.2.2, ahd 3.3.
he indicator unit shall indicate in response to a simulated sensor ten
PC (662 °F) and 500 °C (932 °F) for temperature® of indicator unit of

°F) within the tolerance of £15 °C (227 °F). This tolerance assume
hent and £5 °C (29 °F) for the electronic circuitry.

bst: Test per Method 507 Procedure | MIL-STD-810. Dry with air b
er4.2.2.

. Test in accordance with Method 516, Procedure |, MIL-STD-810.

10. Test atdowtemperature per Method 502, Procedure |, MIL-STLO

est: Thelindicator assembly shall be mounted in a suitable bracket t

ary to monitor the

nperature of 0 °C
20 °C (68 °F) and
s £10 °C (18 °F)

ast and test for

Use 5g peak

Procedure |,

D-810.

b simulate service
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4.2.3.41 Cycling: The indicator assembly shall be vibrated with a frequency varying from 5 to 500 Hz
and shall be accomplished in approximately 15 minutes with at least 2 minutes in the region
below 25 Hz. The test shall continue for 3 hours in each of the three perpendicular axes. Note
resonant frequencies of the unit but disregard fixture resonant frequencies.

The following schedule should be followed (See Figure 1):

Sto 10 Hertz: 0.20 inch (5.08 mm) DA
10to 18 Hertz: £1g
18to 26 Hertz: 0.06 inch (1.52 mm) DA
26 to 500 Hertz: +2g

4.2.3.4.2 Resonance: The unit shall be vibrated for 15 minutes at each resonant point ||10ted ind4.23.4.1.
The amplitude should not exceed the 2g line in Figure 1. Limit the test to the four most
significant resonant points. At the conclusion of 4.2.3.4.1 and 4.2.3.4:2, test|for 4.2.2.

4.2.3.5 Electromagnetic Interference (EMI) Tests: The EMI specifications)for the BTMS equipment are
so uniguely related to the various aircraft design and wire routitig that the EMI requirements must
be written fo fit the particular installation. For this reason itis'tecommended that specifications
MIL-STD-461 and MIL-STD-462 be used as a guide tailored to the purchaser’s requirements.

If the aircraft EMI requirements are not defined, it.isYecommended that RTCA |specification
D-160, Enyironmental Conditions and Test Procedures for Airborne Electronic/Electrical
Equipment and Instruments, be used as the guide for EMI design and testing.

42.3.6 Life Cycle lests: The indicator assembly display and panel controls shall be cycled for 40,000
duty cycleg without sustaining any malfunctions or failures.

4.3 Reference Junction or Compensator;
A reference jupction will be required for thermocouple type heat sensors. It may He located on the
bogie, strut, onother portion.of the aircraft not environmentally controlled. This junction may also be

included withir the indicator unit.

4.3.1 Located in of Near'Indicator Unit: When located within the indicator unit or designed to be located
in the same envifonment as the indicator unit, complete all tests listed under 4.2

4.3.2 Located Below Gear Shock Absorber: Complete tests listed below.
4.3.2.1 Visual Inspection: Inspect product for compliance with 3.2.1, 3.2.2, and 3.3.

4.3.2.2 Accuracy Test: Subject a precalibrated sensor contact to a constant temperature of 537.8 °C
(1000 °F); with the indicator unit at ambient temperature, vary the temperature of the reference
junction or compensator from -54 °C to 135 °C (-85 °F to 275 °F) or as specified. The indicator
shall show the sensor temperature within £22.2 °C (£40 °F).
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