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1.1

SCOPE

This SAE Aerospace Standard (AS) provides guidelines for the functional, performance, qualification and
acceptance testing, and documentation requirements for the components of an airborne engine vibration
monitoring (EV M) system which is intended for use as a turbojet engine rotor unbalance indicating system,
per FAR 25.1305 (D)(3) on transport category airplanes.

For the purpose of this document, this means a system which can provide real-time flight deck displays of
engine vibration caused by rotor unbalance, throughout the flight envelope, which are suitable for:

a. Relating to engine vibration limits (where such limits are specified)
b. Use in ice shedding procedires

c. Helping the flight crew to determine which engine has the higher level of vibration, fel]lowing an engine
damage eyent.

As a minimumn, the functional capability for such a system shall include the abilily to compute and display
vibration levels specifically related to the rotational speed(s) of the enginegotar(s). Systgms which can
preduce only proadband vibration outputs have been used in the past butithey are not cgnsidered suitable
for the above [purposes. Some EVM systems may also generate otherutputs, suitable for such functions
as engine vibfation trend monitoring or trim balance calculation, butthese are considered to be outside the
scope of the nequirements for a minimum system.

This document also defines some recommended, optional~functions and features which, while they are
outside the sqope of minimum requirements, are nevertheless considered to be highly desirable fora
practical systgm.

It should be npted that systems incorporating capabilities such as described above are also sometimes
referred to by[the abbreviation AVM. However, there are, or can be, airborne measuremgents taken of

vibrations from sources other than the engines.
For the purpoge of this document the.more descriptive term, engine vibration monitor (EVM), will be used.

Purpose:

The purpose|of this docdment is to provide guidance on the requirements for airborne EVM systems for
turbojet engipes on transport category airplanes.

APPLICABLEDOCGUMENTS:

The following publications form a part of this specification 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 specification and references
cited herein, the text of this specification takes precedence. Nothing in this specification, however,
supersedes applicable laws and regulations unless a specific exemption has been obtained.
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2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
AIR1839 A Guide to Aircraft Turbine Engine Vibration Monitoring Systems
2.2 U.S Government Publications:
Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue, Philadelphia,
PA 19111-5094.
MIL-HDBK-217E__Change Naotice 1 Reliability Prediction of Flectronic Fquipment
2.3 FAA Publicafions:
Available from Federal Aviation Administration, 800 Independence Avenue, 8V, Washjngton, DC 20591.
FAA/AC 21-16C RTCA Inc. Document, RTCA/DO-160C
FAA/AC 20-115B RTCA Inc. Document, RTCA/DO-178B
FAA/AC 20-136 Protection of Aircraft Electrical/Electronic Systems Against the Effects of Lightning
FAA/AC 25-1309.1A System Design and Analysis
FAR 21.611 Federal Aviation Regulations, Part 21.61
FAR 25.1309 Federal Aviation Regulations, Part 251309
2.4 ANSI Publications:
Available from ANSI, 11 West 42nd Street, New)York, NY 10036-8002.
ANSI S2.111969 American Standardgfar-the Calibration of Shock and Vibration Sengors
2.5 RTCA Publigations:
Available from RTCA Inc., 1140,Connecticut Avenue, NW, Suite 1020, Washington, D¢ 20036.
RTCA/DO-160C  Environmental Conditions and Test Procedures for Airborne Equipment (Radio
Technical Commission for Aeronautics).
RTCA/DO-1Y8B~Software Considerations in Airborne Systems and Equipment Certiflcation
2.6 Other Publications:

ISA-RP37.2 Guide for Specification and Test for Piezoelectric Acceleration Transdu
Aerospace Testing

ARINC 404A  Air Transport Equipment Cases and Racking

ARINC 600 Air Transport Avicnics Equipment Interfaces

cers for
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2.7 Definitions:
The following are definitions of terminology used herein:

BROADBAND FILTER: A broadband filter is one which has fixed low pass and high pass corner
frequency break points. It is designed to highly attenuate input signals with frequencies above and below
the range of interest and to pass, with equal and minimal attenuation, input signals with frequencies within
the range of interest. The filter characteristics of primary interest are indicated in Figure 1.

Pass
= e
SR O
Pasy B Rippte————————
8
§_ $
<
Stop Band Ripple
A
vA\. AVA‘
QStop JL————J l——-l: Stop —a w
Band ~ Transition Band
Bands Increasing (Fixed) Fréquency

FIGURE 1 - Broadband Filter. Gharacteristics

COMPONENT: A component is an element of a higher level unit or system. In this doctiment the term
“EVM compdgnent” specifically refers to a signal’conditioner unit, a vibration sensor, a rémote converter
unit or a flight deck vibration display unit.

INSTALLER] The party responsible for'the installation of the equipment in the aircraft and for obtaining
certification for the complete system.as installed.

SUPPLIER: The manufacturef and/or the manufacturer’s agent supplying or quoting or the articles
specified.

TRACKING FILTER:-A tracking filter is a narrow bandpass filter, the center frequency gf which is
controlled to|follow’ the frequency of a varying parameter of interest (in this case, the rotational frequency
of an engine|rotor)-t is designed to highly attenuate input signals with frequencies whig¢h are not close to
the present ffequency of the parameter of interest and to pass, with minimal attenuation]input signals with
a frequency which is close to the present frequency of the parameter of interest.

The filter characteristics of primary interest are indicated in Figure 2.
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2.8 Abbreviations
The following

AC
AC
ACMS
ARINC
AS
AVM
EVM
BITE
°C

dB

DC
FAA
FAR

g

Hz
ISA
LRU

RCU
RMS
RPM
RTCA
SAE
Torr

TSO
SPL
VAC
VvDC

_.[ l._'rmxiugm

0db 4 ‘Wt - Instantaneous Once-Per-Rev
| Frequency of Tracked Rotor
: |
§ »
28 | o
g Other Characteristics Similar to Figure 1.
<
!
Fa\ i Py
N ) Ddiadad
Wt
Increasing (Vaciable) Fxgwncy

FIGURE 2 - Tracking Filter Characteristics

hbbreviations are used herein:

Alternating Current

Advisory Circular

Aircraft Condition Monitoring System
Aeronautical Radio, Inc.
Aerospace Standard

Airborne Vibration Monitor
Engine Vibration Monitor
Built-in Test-Equipment
Degrees Celsius

Decibels

Direct Current

-ederal Aviation Administration
Federal Aviation Regulations
Acceleration Due(to, Gravity
Hertz

Instrument Society of America
Line Replaceable Unit

mneters

Remote” Converter Unit

Root' Mean Square

Revolutions Per Minute
Radio Technical Commission for Aeronautics
Society of Automobile/Aerospace Engineering

The pressure exerted by a column of Mercury 1 mm high under the influence of 1g

(Standard Gravitational Acceleration) at 0 °C.
Technical Standard Order

Sound Pressure Level

Volts (Alternating Current)

Volts (Direct Current)
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3. REQUIREMENTS:

For the purpose of this document it is assumed that an EVM system consists of the following basic

components:

a.

Signal conditioning unit(s) which receives inputs from engine mounted vibration sensor(s) (either directly

or via a remotely mounted converter unit) and from engine tachometer(s). It processes these signals to
produce outputs proportional to the level of vibration generated by engine rotor unbalance forces. The

signal conditioner should be able to detect its own critical internal failure modes and provide a self-test
output. An optional ocutput for upstream system diagnosis and analysis is also recommended.

. Vibration s

onsor(s) which may inclilde some conversion electronics mounted in a si

on the eng
unbalance

Remote co
close to th
sensor(s) t
conditione
self-test ol

Dedicated,
(unless su

NOTE: While ¢ngine tachometer(s) provide necessarysinput(s) to the signal conditioner,

consids
primary
system|
of the ¢

Ifthe s
quality
supplig

a. Determine
b. Design the

The cabling a

ne, and with the appropriate orientation(s), to measure the vibration(s) du

nverter unit(s) (RCU) are not used by all systems. When used, they are us
b sensor(s) as possible. An RCU is used to convert/amplify the (ow-level, d
b a signal, which is less susceptible to noise and interferenég, for transmis
. The RCU should be able to detect its own critical interral failure modes 4
tput. An optional output for upstream system diagnosis'and analysis is als

flight deck mounted, displays for providing enging’vibration information to
h information is displayed by means of multifunction displays).

bred to be a part of the EVM system uniess they are dedicated to that purp
purpose of an engine tachometer(s to provide rotor speed signals to the
and other systems and to the flight deck for display. As such they are con
ngine instrumentation package’

ame tachometers are also used for the EVM function, their characteristics
definition, includingengine and installation effects, shall be provided so th
rmay:

hether the tachometer characteristics are suitable for the EVM purpose 3
signal conditioner to properly interface with the tachometer signal(s).

d connectors that interconnect the various LRUs may, or may not, be sup|

itable location(s)
b to rotor

ually mounted as
irect output of the
sion to the signal
nd provide a

b recommended.

the flight crew
hey are not
ose. Normally the

bngine control
sidered to be part

and output signal
ot the EVM

nd

plied with the

system but, in

gither case, attention should be paid to their design and characteristics.

able lengths

should be minimized and, where possible, connectors eliminated to optimize the reliability of the system.
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3. (Continued):

It is recognized that the configurations for specific applications will vary. The engines being monitored may
have one or more rotors. The signal conditioner may be restricted to monitoring only one engine or may be
required to monitor more than one engine. The system may employ remote converter units or they may be
integral with the signal conditioner, as stated above. Some systems currently in production include a unit
which mounts in the forward flight deck panel and incorporates the functions of the signal conditioner, (a).,
and the flight deck display, (d), above. In cases such as these it is the responsibility of the supplier to select
and comply with the requirements from Sections 3 and 4 as appropriate for their configuration.

It is beyond the scope of this document to cover all the possibilities, so configuration dependent

requirements

have been avoided except where they directly impact the required minimii

performance.

The design, ¢
components s

The performance of the components, and of the EVM System as a whole, as@alled out |

shall be demo

NOTE: AIR18
inform4d

Figure 3 sho
with the signa

3.1 General Des

3.1.1 Workmans
equipment
damage s|
that produ

Human Fa
maintenan

Interchang
require cal
same part

nstruction, performance, environmental capability and reliability of thelEV
hall be as specified in 3.1 through 3.5.
nstrated under standard conditions and over the required range of environ

RO, covers a broader scope than this document but glsocontains much us
tion concerning the basic elements of a minimum system as defined herei

s a block diagram of a representative system.employing signal converter/g
conditioner unit.

ign Requirements:

hip: Workmanship shall be in agcordance with the best practice of high qu
Proper handling of parts andequipment shall be employed to assure free

ed by flexure of leads\stressing of soldered joints, overtightening of faste
ctors/Personnel $Safety: The equipment shall be designed to adequately pr

e personnel frém injury and to minimize incorrect maintenance.

bration er adjustment to meet system performance requirements. Compon
number and suffix shall be identical except for changes meeting the FAR 2

a minor ch

M system and it's
n 3.1 through 3.5,
mental conditions.

=ful design
n.

mplifiers integral

b lity aircraft
lom from physical

ch as cracks, scratches, twists, fractures, etc., and the possibility of hidden damage such as

ners, efc.

ctect flight and

pability. Components bearing the same part number shall be interchangeable and shall not

ents bearing the
1.611 definition of

Bnge.

Components bearing different part numbers shall not be interchangeable.
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Vibration Sensor Location 1
/— Vibration Sensor Location 2

From Engine A N1
Tachometers N2 , )
light ] J
b %egck Outputs for “
isplay Engine A Signal
li Conditioner
::;gcit Outputs for
b Display Engine B
Diagnostic <o
Outputs -,
Examplg illustrates a single sighal conditioner processing two

separat

FIGURE 3 - Typical EVM System Components D

Evnbration outputs(from each of two two-spool engines.
Dedicatpd displays shown. Shared muiti-function displays may also be used.

Equivalent(Inputs
From Engine B

Page 9 of 38
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3.1.5

Dimensions and Tolerances: Where dimensions and tolerances may affect the interchangeability,
operation or performance of the assembly, they shall be held or limited accordingly. Internal and

external sh

imming shall not be used.

Identification

3.1.5.1 Component and/or Nameplate Marking: For each component, the following minimum information shall
be legibly and permanently marked on the component, or nameplate attached thereon, in such a
manner that it cannot be readily removed:

3.1.5.2

316

3.1.8

3.1.8.1

a. Name

and address (optional, included where practical) of the manufacturer

b. The name type part number or model designation of the article

c. The sJanaI number or the date of manufacture of the article, or both

d. AS80%

Other inf

nameplafe, at the supplier's option.

All individ
part num
surface f

I[dentifica
be provid

a. Count]
b. Feder
c. Categ
d. Envirg

Inspection

4 and/or TSO designation as applicable

brmation, from the list in 3.1.5.2, may alsc be marked on the component, o

ual parts and pertinent subassemblies (first and second\evel) shall be ma
r markings.

tion in the Installation Instructions: The information in 3.1.5.1 and the inforn
ed in the Installation Instructions for each component.

Iy of origin

bl supplier code number

bry of Approval per DO-178B

nmental Test Categories perBPO-160C, Appendix A

Seals: Seals, embossed with the manufacturer's identification, shall be prg

locations,
replaceabl

Weight: THe maximumiweight of each component shall be specified. The weight of e
shall be kejpt to theuminimum, consistent with good design practices to meet the oper
requirements.

Materials:

ther than those locatisns which are normally disassembled during replacg

her, except for those parts which do not have, and cannot be provided with,

r component

ked with vendor’s
a suitable

nation below shall

vided at strategic
ment of line

components, to(indicate if disassembly has been performed after inspecfion.

ach component
ational

aterials shall be of a quality which relevant experience and/or tests have

shown to be

suitable and dependable for airborne use.

Nonmetals: Nonmetals, unless suitably protected, shall be moisture and flame resistant and
self-extinguishing. Such materials shall not be capable of supporting fungus growth and shall not be
adversely affected by environmental exposure as specified herein.


https://saenorm.com/api/?name=727b87a050a888e1ff9ac8826fc42079

SAE

AS8054A

Page 11 of 38

3.1.8.2 Flammable Materials: Flammable materials shall nct be used. The materials used shall not liberate
gases which can form acid or corrosive alkali. Insulation materials shall not suppeort combustion or
form current-conducting paths when subjected to electrical arcs or explosions of vapors which may be

present.

3.1.9 Processes. All manufacturing processes shall be documented and be available to the installer as

confidentia

lity permits.

3.1.10 Electrical/Electronic Design Requirements: The design, construction and performance of the EVM

system sh

The EVM

all be consistent with the reliability requirements of 3.1.12

components shall satisfy the relevant requirementsof 31 32 33 34 an

d 3.5 over the

range of g
as approg

Care mus
that unwa
suchass
temperaty

3.1.10.1 Restricfed Parts: No variable parts, such as potentiometers, shall be used.

3.1.10.2 Electric
charact
includin
normall

The ma

3.1.10.3 Electric
AC po
“referen

equipm

dedicatgd faying surface.contacts, bonding jumper or by wiring through an interfag

nencon
Case gn
finishes

nvironmental conditions defined in RTCA DO-160C, or otherwise specified
riate to the airplane type and component installation.

[ be taken to ensure that the characteristics of the individual components 3

eady state acceleration, low or high frequency vibration outside the range
re changes.

Bl Power: The system shall be designed to acgept, and operate with, the e

) maintaining operation and indication during and after voltage transients g
occur during electrical bus switching\

Kimum load of the system shallbe specified.
bl Bonding and GroundingsThe equipment grounding system shall providg

ced” to chassis ground. Wire shields shall not be used as a signal return.
bnt enclosures mlst be capable of being bonded to aircraft structure, whic

uctive enclosures, controls or metal parts which may be touched shall be
cund shall_not be used for electrical power returns. Materials, surface preq

conductivitywever the life of the equipment. The maximum resistance across any b
groundipgjinction shall be 10 mQ, as manufactured.

for electrical bonding surfaces shall be compatible with preservation of ad

in this document,

re compatible so

hted events, e.g., saturation or false indications, do not arise.frem environmental conditions

of interest and

ectrical power

bristics defined either by the EVM manufacturer, or as required for a specific installation,

uch as will

for separation of

er, DC power, chassis'ground and signal ground(s). Optionally, signal grolind(s) may be

Conductive

N may be done by
e connector. On
ponded to ground.
aration and

b uate electrical
bnding or

3.1.10.4

provided in 3.2, 3.3 and 3.4

Insulation and Dielectric Strength: These requirements are specific to each EVM component and are
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3.1.10.5 Cabling and Connectors: Some types of vibration sensor (e.g., piezoelectric) have a high impedance
signal output which is noise sensitive, unless the sensor also includes integral conditioning
electronics. To prevent unwanted, spurious signals due to cable movement or induced EMI, the
wiring from the sensor to the first stage amplifier (which may be in the signal conditioner or in a
remote converter unit) must be a good quality, low-noise-treated, shielded, twisted pair.

3.1.11

If the sensor contains integral electronics, or a remote amplifier is used, the cable to the signal
conditioner shall be a good quality, twisted shielded pair.

Cabling and connectors mounted on the engine shall be specified by the engine manufacturer. If
necessary, the equipment supplier may specify the standard of other wiring to be used with the

equipm

nt

When r
noisy lir
used at
be such
adverse

The cay
Cross-c
engine.

Environm
in signific
conditiong
engine cg

Unless sf
which the
based on
compone
compone

For simpl
to individy
through 3
in3.2, 3.3

uting EVM signal cables, special care should be taken to route them away
es to minimize the potential for interference. It is preferred that dedicated
interfaces. If multipin connectors are shared with other systems,dhe pin as
that the pins carrying EVM signals are not adjacent to pins cartying signa
ly affect the EVM functions.

nnected such that the data generated for one engine is transposed to the ¢

ental Requirements: In most EVM systems,the various system componen
antly different environments. For the purpoese of this document it is assumsg
br will be mounted inside the fuselage\and remote converters (if used) will
mpartment or in the strut.

from electrically
connectors be
signments should
s which could

ling/connectors and/or their installation shall providemeans to prevent catples from being

isplay for another

ts will be installed
d that the signal
be mounted in the

ecifically called out in this deswment, the equipment categories (as define

ht shall be listed in thevnstallation Instructions and, optionally, on the com
t nameplate, as 6pecified in 3.1.5.

city, the requirements which apply to the EVM system as a whole and also
al components but which can be stated easily in tabular form are provided
1.11A44. Other environmental requirements, which are unique to a compo
, 3.%and 3.5.

in DO-160C) to

EVM components are desighed and tested may be selected by the equipment supplier,
either preference or kngwledge of a specific application. The selected catggories for each

onent, or

those which apply
in3.1.11.1
nent, are provided

The EVM system and its compeonents shall continue to satisfy the performance and other requirements
of 3.1, 3.2, 3.3, 3.4 and 3.5 over the range of environmental conditions defined in 3.1.11 and the

relevant conditions in 3.2, 3.3, 3.4 and 3.5, or other environmental conditions provided by the installer
for the specific application, whichever are the more stringent.
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3.1.111

3.1.11.2

3.1.11.3

3.1.11.4

3.1.11.5

Aircraft
compon

Temper

Attitude: The aircraft attitude shall have no effect on system performance when the EVM

ents are in their normal installed positions.

ature and Altitude: The EVM components shall be designed to meet the requirements of this
Aerospace Standard over the temperature and altitude ranges defined in Section 4.0, Table 4.1 of

DO-160C for the categories defined below.

a. Signal Conditioner: Category A1
b. Vibration Signal Sensors: Category D3
c. Remote Amplifiers: Category D3

d. Fligh

t Deck Displays: Category A1

Tempe||ature Variation: The EVM components shall be designed tc meet the requ
ce Standard during and after exposure to the temperature variations defined in Section 5.0

Aerosp3
of DO-1

a. Sign
b. Vibrg
c. Rem
d. Fligh

Humidit
and aftg
defined

a. Sign
b. Vibrg
c. Rem
d. Fligh

Operati
designe
during n

The EV
mountin

If the E

OC for the categories defined below

bl Conditioner: Category C
tion Sensors: Category A
pte Amplifiers: Category A
t Deck Displays: Category C

below

b Conditioner: Category A
tion Sensors: Category C
pte Amplifiers: Category C
t Deck Displays: Category A

ormal aircraft opération per the conditions defined in Section 7.0 of DO-1§0C.

the airc

aft Jthe following minimum crash safety load factors in Table 1 shall be mat.

Page 13 of 38

rements of this

v. The EVM components shall be designed to meet'the requirements of thig document during
r exposure to the humidity environment defined’in Section 6.0 of DO-160C|for the categories

bnal Shocks and Crash.Safety: The EVM signal conditioner and flight deck displays shall be
d to meet the requirements of this document after being exposed to shockk experienced

M signal conditioner and flight deck displays shall also be designed to not fletach from their
gs or separate in a manner that presents a hazard during an emergency landing.

M sighal conditioner and flight deck display are designed to a known mounting orientation in
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3.1.11.5

3.1.11.6

3.1.11.7

3.1.11.8

TABLE 1 - Minimum Crash Safety Load Factors

Direction of Load (Aircraft Axis) Load (g)
UP 30
DOWVN 6.0
FORWARD 9.0
AFT 15
LATERAL 3.0
(Continued):
If the E¥NM Signar conditioner and Thght decK display are designed 107 an UnKnown

aircraft,

The EVM vibration sensors shall be designed to withstand an acceleration/imany d

{9810
The shq
Vibratio
and afts
the airc

Remote

Explosi
Categol

The eqy

and tesfed shall be selected from DO-160C, Section 9.0 and based either on the §

preferer

Waterp
Categol

EVM vil]
Categol

the minimum crash safety load factors shall be 9.0 g for all directions of lg

/sz), half sine wave, for 1 ms without physical damage or functicral impai
ck capability of remote converters shall be defined in the installation Instry
n: The EVM components shall be designed to meet the requirements of thig
r exposure to the vibration environments defined.in Section 8.0 of DO-160
aft type and installation location.

converters may be vibration isolated, if reguired to meet the requirements|

bn Proofness: The EVM signal conditioner and flight deck displays shall bs
vy X equipment as defined in DO-160C, Section 9.0 and have no special rg

ipment categories to which the EVM vibration sensors and remote conver
ce or the installer's spegification.

oofness: The EVM signal conditioner and flight deck displays shall be deg
y X equipment.as defined in DO-160C, Section 10.0 and have no special

ration, sensors and remote amplifiers shall be designed and tested to eithg
vy R, BO-160C, Section 10.0, requirements. The selection shall be based g

supplien

orientation in the
ad.

irection, of 1000 g
ment.

ctions.

document during
C as applicable to

designated as
quirements.

ers are designed
upplier's
ignated as

equirements.

er Category W or
n either the

‘s preference or the installer's specification.
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3.1.11.2 Susceptibility to Fluids: The EVM signal conditioner and flight deck displays shall be designated as
Category X equipment as defined in DO-160C, Section 11.0 and have no special requirements.

EVM vibration sensors and remote converters shall be designated as Category F equipment as
defined in DO-160C, Section 11.0. The fluids, for which the units are designed and tested, to not be

suscept

ible, shall be listed in the Installation Instructions.

3.1.11.10 Sand and Dust: EVM components installed inside the fuselage, under the engine cowling or inside
the engine strut shall be designated as Category X equipment as defined in DO-160C, Section 12.0
and have no special requirements.

The re

quirements for components located elsewhere shall be provided by the in

taller.

3.1.11.11 Fungu

of Catg

3.1.11.12 SaltS

equipment as defined in DO-1860C, Secticn 14.0 and have no speéial requiremen

Unless
design
requlirg

3.1.11.13 Electr

a. Thg
Sp
rad
31

b. Theg
airg
em

3111131 Mag
tests

3.1.11.13.2 Aud

s Resistance: The EVM components shall be designed and tested to meet
gory F equipment as defined in DO-160C, Section 13.0.

bray: The EVM signal conditioner and flight deck displays shall be designa

otherwise specified by the installer, EVM vibration sgnsors and remote co
pted as Category X equipment as defined in DO-160C, Section 14.0 and
ments.

EVM system perform its intended functions in the airplane electromagnet
bcific requirements for operation intthe presence of induced and conducted
iated and conducted radio frequency signals are contained in 3.1.11.13.2,
.11.13.4.

presence or operationiof the subject system shall not degrade the perfort
lane systems. Spegific-requirements for magnetic effects are given in 3.1.1
ssion of radio frequency energy are givenin 3.1.11.13.5.

hetic EffectCAny EVM component installed in, or near, the flight deck shal
d to meet\the requirements of equipment Class A as defined in DO-160C,

0 Freguency Conducted Susceptibility - Power Inputs: Unless otherwise s

com

magnetic Compatibility (EMC): Electromagnetic compatibility requires that:

the requirements
ed as Category X
ts.

nverters shall be
ave no special

c environment.
audio signals and
3.1.11.13.3, and

hance of other
1.13.1 and for the

be designed and
Section 15.0.

pecified, the EVM

onents shall be designated as Category E equipment as defined in DO-16

0C, Section 18.0.

The EVM components shall be designed to not be adversely affected by conducted frequency
components harmonically related to the power source fundamental frequency and shall function

with

ne false warnings, malfunctions and/or damage allowed.
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3.1.11.13.3 Induced Signal Susceptibility: Unless otherwise specified, the EVM components shall be
designated as Category Z equipment as defined in DO-160C, Section 19.0. The EVM System
shall be designed to not be adversely affected by induced audio frequency signals and transients
generated by other on-board equipment and shall function with no false warnings, malfunctions
and/or damage allowed.

3.1.11.13.4 Radio Frequency Susceptibility (Radiated and Conducted): Unless otherwise specified by the
installer, the EVM component supplier shall select the category to which the equipment is
designed and qualified from the categories defined in DO-160C, Section 20.0.

During exposure to radiated and conducted radio frequency energy with frequencies and field
gths appropriate (per NO-1680C _Section 20 0 ) for the equipment cateqory selected, the

stren

EVM
spec

|

coow

3.1.11.13.5 Emis
equi

The
cond
any ¢

3.1.11.14 Susce
compo
the cat

system, as installed in the airplane, may deviate from the performance re
fied herein, provided:

does not suffer permanent damage

does not cause damage to other systems

does nct produce false high readings

recovers function within 4 s after cessation cf the condition.

juirements

sion of Radic Frequency Energy: The EVM compenents shall be designafed as Category Z

ment as defined in DO-160C, Section 21.0.

EVM components shall not be a source of a@ny objectionable interference J
itions at any frequencies used by the ajrplane, either by radiation, conduct
lectronic equipment installed in the same airplane, in accordance with RT)|

ptibility to Lightning Induced Effects: Unless otherwise specified by the ins
nent supplier shall select the eategory to which the equipment is designed
egories defined in DO-160C) Section 22.0. The EVM system, as installed

shall V\:Ijithstand lightning-induged: voltage transients, resulting from the lightning e

define
recove

3.1.12 Reliahility
a best avg
the opera
mean-tim

in AC 20-136, withnp Talse warnings, malfunctions and/or damage and s
r to normal operation within 4 s of cessation of the transient.

- Componentand system reliability shall be considered as a major design f
ilable kngwledge of component reliability characteristics, the design safety
ing conditions specified herein, the equipment supplier shall calculate and
p-between-failure (MTBF) for each unit.

nder operating
on or feedback in
CA DO-160C.

aller, the EVM
and qualified from
n the airplane,
nvironment

hall automatically

actor. Based upon
factors used and
document the

In addition, the probability of single failures, which could result in the types of failure conditions listed in
3.2.2.4, shall be calculated.
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3.1.12

(Continued):

Guidance concerning system failure analysis and failure condition categories is contained in Advisory
Circular 25-1309.1A.

NOTE: A complete failure analysis for the entire system, including wiring, connectors, power supplies,
etc. and the effects of configuration, can only be conducted by the installer.

3.2 Specific Design Requirements for the EVM Signal Conditicner:

The signal conditioner unit is the central processor for the EVM system. The unit receives signals from

engine-moun

ted vibration sensors (either directly or via remote amplifiers _depending o

the system

design) and
caused by ea
Flight Data R

If multiple en
a single, und
engine.

The incorpor
flight crew, p
interfere with

3.2.1 Input Requ

individual i

3.2.1.1 Electrica
requirem

Vibration
from rem

3212

To ensur
levels thg
measure

3.2.1.2.1 Direct |

rom the engine tachometers. The unit generates signals, proportional to-th
ch engine rotor unbalance, for output to flight deck displays and other-airb
ecorders.

[ines are serviced by the same signal conditioner, the design.mst include
etected failure of the system from generating misleading vitiration outputs
fption of optional functions, which are not related todhe indication of rotor u

the primary EVM function.

irements: All inputs shall be suitably buffered and/or isolated to prevent th
nput from affecting other inputs.

Power Input: The signal conditioner shall accept, and operate from, electn
ents of 3.1.10.2

Input: The signal conditioner shall receive vibration inputs, either directly fr
bte converter units (REUs).
t may be present at DC and at frequencies below, within and above the vi

ment range be specified.

putifrodm Vibration Sensor: The unit shall be designed to accept, and acco

from on

e vibration levels
rne systems, e.g.

means to prevent
for more than one

nbalance to the

or FAR 25.1305, shall be accomplished in suchaway that failures of these functions cannot

e failure of an

cal power per the

pm the sensors or

b that saturation or false indications do not occur, it is necessary that the maximum input

bration

mmodate, signals

£ '0r more engine mounted sensors suitable for measuring the magnitude 9

f vibration at each

sensor location. The number, type, location and dynamic range of the sensors will depend on the
specific engine and installation and shall be specified by the engine manufacturer.
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3.2.1.2.1 (Contin

ued):

Unless the vibration sensors contain integral conditioning electronics, the signal processor shall
provide amplification and conversion of the low-level sensor signals to a level and form suitable for
the internal signal processing required for the functions and performance defined in 3.2.2.

Care shall be taken to ensure that the signal conditioner can accommodate the maximum input
signal, which could result from any possible combination of constant and/or varying accelerations at
the sensor location, without saturation which could result in either the masking of the true vibration
level or the generation of a false failure indication (see 3.2.2.4). Vibration sensor characteristics are

defined

in 3.3.

3.21.2.2 Input fr|om Remote Converter Unit (RCU): If RCUs are used, the signal conditiong

r shall accept

inputs ffom these units and, with the exception of providing initial amplificatigniand signal

converg

If requined, {see 3.4.3.2), the signal conditioner shall also accept a failure indicatig

RCU ar
RCU ch

3.2.1.3 Tachoms
engine rqg

The characteristics of these inputs shall be defined by the engine manufacturer.

In the event that the normally supplied tachémeters are not suitable for providing an

tracking :I
tachome

The signal conditioner shall be able to correctly process each required tachometer
speed rapge specified in 3.2¢2y1%.1. An input shall be used only if its value is within &

range.

If the tachometer signals are shared with other systems they shall be buffered at the

to preven
be isolatq

ion, shall meet the same requirements as specified in 3.2.1.2.1

d process it to meet the requirements of 3.2.4.
aracteristics are defined in 3.4.

ter Input: Unless otherwise specified, the unit shall accept inputs from tac
tor.

ilter(s), the required characteristics shall be negotiated for the specific inst
er signals must be providedite-support the user specified requirements.

t failures inthe unit from affecting the signals themselves. The tachometern
d from,one another such that a fault at one input shall not affect any other

n signal from the

nometers for each

input to the

bllation. Adequate

signal through the
n established

signal conditioner
signals shall also
input.
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3.2.2 Signal Processing:

3.2.2.1 General:

3.2.2.1.1 Speed Range: The signal processor shall be capable of handling the complete range of input,
internal and output signals which will be encountered over the speed ranges of the engine rotors
from below ground idle to above red line limits. The actual limits will be determined for the specific
application and shall be sufficiently wide to prevent loss of useful data at, or close to, the upper and

lower limits.

3.221.2
presen

Initializing: Where required in the system, anti-aliasing filters shall be provided such that, in the
e of any Qignal of Qignifir‘ant zmplihldp and frpqupnr‘y highpr than the fre uency range of

interest, the amplitude error from aliased signals folded back into the frequencyra
n allocated portion of the accuracy specified in 3.2.2.2.4. Figure 4 illustraty

within g

requirement.

0db

-Ardb

Attenuation

Wc = Data Bandwidth

-Ar = Attenuation Required to
Meet Accuracy Allocati

3.2.2.2 Tracking
filtering,

It is ackn

3.2.2.21 Trackir

Filters: Units incorporating tracking filters shall provide synchronous, narr
ontrolled by the taghometer signals, to measure the vibration levels which
with the rotational frequency of each engine rotor over the speed range defined in 3

g Ellter Characteristics: The tracking filter center frequency shall be slave

FIGURE4 - Anti-Aliasing Requirements

nge of interest is
s this

Ws = Lowest Sampling Frequency

pn

w bandpass
are synchronous
2211,

bwledged\that the same capability could also be achieved by the use of on-line, real-time
spectral analysistand it is not the intent of this document to rule out any such usage|.

| to the engine

rotor speed.

The filter characteristics shall be determined by the specific application to meet the requirements of
this standard and any other requirements specified by the installer.
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3.2.22.1 (Continued):

Neither engine acceleration/deceleration (within the limits specified by the installer) nor random or
periodic tachometer signal noise shall adversely affect tracked data accuracy beyond specified
limits.

3.2.2.2.2 Tracking Rate: When a change in tachometer input cccurs the tracking filter shall center and
stabilize on the new frequency within 4 s.

3.2.2.2.3 Amplitude Linearity: The unit's tracked vibration amplitude shall be linear within £2% of a best fit
straight line over the speed range of the engine rotors specified in 3.2.2.1.1.

3.2.2.2.4 Amplityde Accuracy: The unit shall have a steady-state tracked vibration amplitudg error of less than
(+2% of reading +1% of full scale) over the speed range of the engine rotorg spedfied in 3.2.2.1.1

When g change in vibration input amplitude occurs the output shall stabilize to 10p% of the new
value within 2 s.

3.2.2.3 Broadband Filters: If, in addition to the required tracking filter cutplits, a broadband gutput is proposed
for the application, the bandpass filter corner frequencies shallbe set to cover the speed range of the
engine rdtors specified in 3.2.2.1.1

The filter|characteristics, including bandpass limit freguencies, shall be defined in tHe Installation
Instructions. A broadband output should, preferably, be specified as true RMS or ayerage.

3.2.2.4 Failure Detection: Using the definitions containgd in AC25.1309-1A and in DO-178B, the FAA has
determingd the minimum classifications for Certain EVM system failure conditions ag follows:

a. Failurg conditions which can causesnterchanging of displayed vibration levels, i ., the sensed
vibratipn level of one engine is incorrectly identified with a different engine, are classified as

hazarflous/severe major

b. Failurg conditions, whigh ¢an cause the display to indicate normal levels of vibration when, in fact,
an abnormally highJewel of vibration exists, are classified as “‘major” (hazardous{severe major for
systems monitoring-engines with established vibration limits).

c. Failur¢ conditions, which can cause the display to indicate an abnormally high level of vibration
when |in_faet’a normal level of vibration exists, are classified as "major”

d. Failure conditions which are properly detected and annunciated are considered to be "minor’.

Failures of the signal conditioner, which could result in conditions (a), (b), or (c) above, shall be
detected and, together with failure indications received from an RCU (if used, see 3.2.1.2.2), shall be
processed to produce an output to the flight deck per 3.2 4.
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3224

(Continued):

The probability of cccurrence and level of detection coverage for these failures shall be provided in
the Installation Instructions.

3.2.3 Output Requirements: All outputs shall be suitably buffered and /or isolated to prevent the failure of an
individual output from affecting other cutputs.

Any limitations on maintenance cables connected to the diagnostic outputs required in order to prevent
data collection from affecting the EVM operation shall be clearly stated in the Installation Instructions or
the Maintenance Instructions.

3.2.3.1 Electrica

charactefistics shall be defined.

3.2.3.2 Analog Q
unit shall
sensitivit
supplier.

3.2.3.3 Digital O

3.2.3.4 Vibration
suitable fi
closely a
prevent t
the unit.

such a si

from the

3.2.4 Failure Ind
failures of
outputs pe

The specif

3.2.5 Software R

Power Output: If the signal conditioner supplies power to RCUs, the regu

utput: If required by the application to interface with a dedicated-flight dec
provide a direct current or voltage signal to drive a zero to full-scale indicH
, scaling, load and other salient characteristics to be definéd by the install

Signal Diagnostic Output(s): It is recommended that the signal conditioner
br diagnosing and troubleshocting the vibration signals. These signals sho
L possible, the “raw data” from the vibration sensors and should be adequs
ne presence of instrumentation at these outputs from interfering with the pr
f the system includes RCUs, the.signal conditioner should contain provisio
jnal from the RCU through towan output port and/or outputting the function
RCU, if these signals are not the same.

cation: The signal gonditioner shall provide an output signal(s) to alert the
he signal conditioner, or remote converter (if used), which could resultin i
3.2.24.

c means shall be agreed with the installer and /or the flight deck display s\

equlirements:

red power output

k indicator, the
tor with range,
er or the indicator

Litput: If a digital output data link is required by thenapplication, the bus characteristics and
data confent requirements shall be defined by the installer,

provide output(s)
uld represent, as
tely buffered to
imary functions of
ns for passing

Bl vibration output

flight crew to
nvalid vibration

pplier.

3.2.5.1 Software Level: If any of the required signal conditioner functions are implemented using digital
processing, the equipment supplier shall select a specific software level from the options described in
RTCA DO-178B, and shall design, test and document the software in accordance with the
appropriate requirements from DO-178B. The software level shall be indicated in the Installation

Instructio

ns and, optionally, on the unit nameplate.
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3.2.5.1

(Continued):

Selection of a minimum appropriate software level requires knowledge of system application details
(e.g., the existence of established engine vibration limits) and knowledge of system installation details
(e.q., wiring configuration, display system characteristics, etc.) Provided this information is available
to the EVM component manufacturer, appropriate system reliability requirements may be determined

using the

methods described in FAA Advisory Circular AC25.1309-1 A,

Guidance concerning the definition of software levels, the relationship between software levels and
failure conditions, and how the required software level is determined is contained in RTCA DO-178B,
as authorized by FAA Advisory Circular AC20-115B.

3252

minimum| a new software part number modification level indicated on the outgide o
Major software changes may require a new software part number suffix.

3.2.6 Electrical
3.2.6.1 Insulatio
insulatior
VDC.

3.2.6.2 High Pot
damage,
parts, wit

3.2.7 Physical R
dependent
for such ch
detailed spg

It is recom
ARINC 404

3.3 Specific Desg

The physical
in the directi

Softwarj'Version Identification: All changes to embedded airborne software shallre

haracteristics:

N Resistance: The unit (except for printed circuit boards)shall be designed
resistance of not less than 40 MQ between mutually insulated parts when
ential: The unit (except for printed circuit boards) shall be designed to with
hout any arcing or sparking, or leakage-current in excess of 1.0 mA.
pquirements: For the most part, thephysical requirements of the signal co
upon the intended installation \Unless specifically stated in this document,
aracteristics as packaging,.mounting, electrical interfaces, etc., will be con

ecification for the installatien.

mended that the dinmensions and installation of the equipment should be a
| or ARINC 600.

gn Requiretments for EVM Vibration Sensors:

principle of the vibration sensor shall be defined. The sensor shall convert
n_ofthe sensitive axis, into electrical signals suitable for processing by the

conditioner,

pither directly or via remote converter units. The sensor may contain convg

quire, asa
the host unit.

to have an
measured at 500

stand, without
a high potential test voltage of 700 VAC, 50-400 Hz for 1 min, between m{tually insulated

hditioner will be

the requirements
tained in the

cording to either

sensed vibration,

signal
rsion/

amplification electronics, but care must be taken to ensure that the senscr is designed and tested in a
manner appropriate for the environment in which these components must operate.
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3.3 (Continued):

The sensing element shall be electrically isolated from ground.

The direction of positive acceleration, i.e., towards, or away from, the mounting base shall be defined by
the supplier in the Installation Manual.

3.3.1

Reference Frequency and Temperature: A permanent reference frequency of 100 Hz or 120 Hz and a

permanent reference temperature of 24 °C + 5 °C, shall be established for the vibration sensors.

3.3.2 Operating Ranges:

3.3.2.1 Measure

of the en
3.3.2.2 Temperd
shall be ¢

An extrer
expected
3.3.2.3 Accelera
linearity ¢
that may
the range

3.3.3 Vibration N
installer in
obtained fd
measured.

3.3.3.1 OQutput S
measure

ment Range: The measurement range of the vibration sensor shall covent]
jine rotors, as defined in 3.2.2.1.1.

ture Range: The operating temperature range (continuous rating),of the vi
efined.

ne temperature range and the effect of time spent at theextreme temperaf
life of the sensor shall also be defined.

fion Range: The vibration sensor shall meet the*following requirements for|
T output signal and reliability while being subjetted to the full spectrum of
be present at the sensor location. The installer and/or the engine manufag
of acceleration and frequency applicable:to the specific installation.

easurement: The output and location of the vibration sensor shall be sped
conjunction with the engine manufacturer and shall be such that adequate
r further processing when thewdevice is subject to the minimum vibration |

ensitivity: The nominabvalue of the ocutput sensitivity (output units/g), over
ment range (see 3.3°2.1) shall be specified by the installer and/or the engir

At the re

within £5p6 of the.specified nominal value.

3.33.2

Amplitude Linearity: The output signal shall be linear to within £1% of a best fit stra
combinatiorLof vibration level and frequency over the required measurement range)

rence temperature and reference frequency, the output sensitivity of the

he speed ranges

bration sensor

ure range on the

accuracy and
multiaxis vibration
turer shall define

ified by the
amplitude is
bvel to be

the required
e manufacturer.

sensor shall be

ght line for any

as defined in

3.3.21.

3.333

frequency, over the required measurement range, as defined in 3.3.2.1.

Frequency Response: The relative frequency response shall be flat, to within +2.5% of the reference


https://saenorm.com/api/?name=727b87a050a888e1ff9ac8826fc42079

SAE

AS8054A

Page 24 of 38

3.3.3.4 Resonant Frequency (Mounted): When properly mounted, per 3.3.6.2, the fundamental, mounted,
resonant frequency of the sensor in the sensitive axis shall be outside the frequency range from O to
5 times the maximum rotational frequency of the high speed rotor of the application engine.

3335

Temperature Sensitivity: The allowable sensitivity deviation of the vibration signal, for the frequency

range of interest, over the temperature range with respect to the reference temperature shall be
+10%, typical.

Note that temperature shock may cause certain types of sensor to generate a transient DC or low
frequency output, which can be of significant magnitude relative to normal signal levels. The
maximum amplitude and frequency spectrum of such outputs, for the proposed sensor location, shall

be specif]
3.3.3.6 Transvel
any dire
when vib
frequend

3.3.4 Electrical (
3.3.4.1 Insulatio
electrical
3.3.4.2 Electrica
ground s
shall als
3.3.4.3 High Pot
each con

3.3.4.4 Connect

engine manufacturer.

3.3.45 Leads: O
sensor b
(5cm) a

the signa

ied

se Sensitivity: The maximum output that may be obtained when the genso

rated in the sensitive axis, over the frequency range from zero up;to the m
y of the high speed rotor of the application engine.

haracteristics:

N Resistance: Minimum values of the electrical insulation resistance from &
pin to case ground and between each pin shall be'specified.

Capacitance: The electrical capacitance from each ungrounded electrical
hall be nominally equal and specified, The electrical capacitance of the se
be specified.

bntial: The vibration sensor shall.withstand the specified AC voltage and fr|
nector pin to ground for 30.swithout breakdown or fluctuation in current fl

rs: The class and type\of connectors used for the vibration sensors shall b
epending upan\the configuration, there may be an integral lead between t

pdy and thelgennector. Such a lead must be capable of being formed to a
nd pulled with a static load of 55 Ib (25 kg) without damage to the sensor 9

3.3.5 Environme

I is vibrated in

tion orthogonal to the sensitive axis shall be less than 5% of the putput that is obtained

aximum rotational

ach ungrounded

pin to case
nsing element

equency from

DWW,

e specified by the
he vibration

radius of 2.01in
r degradation of

ntal Requirements:

3.3.5.1 Constant Acceleration: The output of the vibration sensor in the presence of constant acceleration in

the direct

ion of the sensitive axis shall be defined.

3.3.5.2 Temperature Shock: The vibration sensor shall withstand a temperature change from the minimum
operational to the maximum operational, or vice versa, within 5 min without physical damage
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3.3.5.3 Acoustic Noise: The output of the vibration sensor, as the result of acoustic noise of 150 dB SPL
from 10 to 10 000 Hz, shall be no greater than 0.02 g equivalent.

3.3.6 Physical Requirements:

3.3.6.1

Metals: Only metals accepted by the engine manufacturer may be used.

3.3.6.2 Mounting: Mounting requirements shall be agreed between the supplier and the engine

manufact

3.4 Specific Des

urer.

ign Reguirements for Remote Converter Unit (RCU):

Remote con
them to sign
without requ
the fuselage

3.4.1 Input Requ

3.41.1 Electrica
supplied
characte
conditiorn
3.4.1.2 Vibration
suitable
dynamic
be speci

signal which could result from any possible combination of constant and/or varying

the sens
level or t

As with t
saturatio
produced

Vibration

Ie signal conditioner, care shall be taken to ensure that high levels of vibrg

erter units shall receive the direct ocutputs of the vibration sensors and am
ils which are suitable for transmission from the RCU location to the signal
ring special protection beyond that normally provided for wiring between th

irements:

Power Input: The RCU may be powered from the sighal conditioner, or fr
by the aircraft, depending on the specific installatign. In either case, the el
ristics shall be agreed upon by the RCU suppliefand the installer and/or th
er supplier, to meet the requirements of 3.1, 10.2.

Input: The RCU shall accept signals fram one or more engine mounted vi
or measuring the magnitude of vibration at the sensor location. The numb
range of the vibration sensors willdepend on the specific engine and insta
ied. Care shall be taken to ensure that the RCU can accommodate the ma

br location without saturation which could result in either the masking of th

such that either the vibration level indicated is limited, or a false failure in
(see 3.2.24).

sensor characteristics are defined in 3.3.

plify and convert
conditioner
e engines and

bm power
pctrical power
e signal

bration sensors
er type and
llation and shall
Ximum input
accelerations at
e true vibration

he generation of a falsé.indication. Vibration sensocr characteristics are defined in 3.3.

tion do not cause
dication is

3.4.2 Signal Pro

LESsIng:

3.4.21 Amplification and Conversion: The RCU shall convert and amplify the direct vibration inputs into
output signals for transmission to the signal conditioner.

The linearity and accuracy of the RCU outputs shall be consistent with the output requirements for
the signal conditioner, per 3.2.2.2.3 and 3.2.2.2.4 and shall be stated by the supplier.
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3.4.2.2 Failure Detection: A failure of the RCU, which could result in failure conditions 1, 2 or3 0f 3.2.2.4
shall be detected and result in an output to the signal conditioner per 3.4.3.2.

3.43 Output Requirements:

3.4.3.1 Vibration Output: The RCU shall output a converted, amplified signal consistent with, and suitable
for, the functional and performance requirements of the signal conditioner specified in Section 3.

3.43.2

Failure Indication: The RCU shall provide, to the signal conditioner, an output which discloses any

failures detected per 3.4.2.2. This output may be a separate signal, or discrete, or a unique value of
the normal vibration output signal, as agreed with the EVM signal conditioner supplier.

3.4.3.3 Vibration Signal Diagnostic Output(s): It is recommended that the RCU shall provid
suitable for diagnosing and troubleshooting the vibration signals. These signals-shg
closely gs possible, the “raw data” from the vibration sensors and should be.adequ

prevent
of the un

port(s) p
3.4.4 Electrical

3.4.4.1 Insulatio
insulatio
500 vD(
3.4.4.2 High Pot
damage,

1 min wi
3.5 Specific Des
The Signal d

display, deps
may be anal

he presence of instrumentation at these outputs from interferingawith the p
it. This signal{s) may be transmitted to the signal conditioner.foFmonitorin
br 3.2.3.4.

haracteristics:

N Resistance: The unit (except for printed circuit‘®eards) shall be designed
N resistance of not less than 40 MQ between-mutually insulated parts whe
at the reference temperature, per 3.3.1.

ential: The unit (except for printed circuit boards) shall be designed to with
a high potential test voltage of 700 VAC, 50 to 400 Hz, between mutually
hout any arcing or sparking orlgakage current in excess of 1.0 mA.

gn Requirements for EVM\Displays:
onditioner may interface with a dedicated flight deck instrument(s) or with

nding upon the specific installation. The signal transmissicn medium for th
bg or digital, again depending upon the installation.

The requirements and\standards for multifunction displays are beyond the scope of thig

are consider

bd to bethe responsibility of the system installer.

e cutput(s)

uld represent, as
ately buffered to
rimary functions

) at its output

to have an

' measured at

stand, without

nsulated parts for

B multifunction

ese interfaces

document and

The following

material represents the requirements and standards for flight deck instruments dedicated

to indicating

3.5.1

engine vibration level.

Indicating Methods: Either a digital display, a rotating pointer or a simulated rotating pointer (such as

could be produced by an LED or LCD display) may be used. Clockwise pointer motion shall represent
increasing vibration level.
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3.5.2 Instrument Markings:

3.5.2.1 Finish: Unless otherwise specified by the installer, white matte material shall be used for major
graduations, numerals and pointers.

Nonfunctional surfaces shall be a durable dull black.

3.5.2.2 Numerals: Sufficient numerals shall be marked to positively and quickly identify all graduations.
Numerals shall distinctly indicate the graduations to which each applies.

3.5.2.3 Graduations: Major graduations shall be used at intervals not to exceed 10% of full-scale

value.

Minor graduations shall be clearly visible and easily distinguishable from majar-grag

3.5.2.4 Digital (Qounter Type) Displays: If a digital display is used, it shall indicatesinCremen

5% of ful

3.52.5 Visibility:
acone
through

instrument case. In the case of nonround instruments, the equivalent subtended vig

be used.

The distgnce between the instrument face and theCover glass shall be the practica

shall not

3.5.3 Performan

3.5.3.1 Instrument Error:

a. Scale

error at each major graduation shall not exceed 5% of full-scale reading.

b. Positi
positid

3.5.3.2 Display f
jumps, u

-scale value.
All fixed and moving functional markings shall be visible from any point wi

hose side makes an angle of not less than 30° with @line perpendicular td
he center of, the instrument face, and whose small\diameter is the apertur

exceed 0.2510n.

Ce!

error: Instrument calibration data shall be provided with the installation ing|

bn error: TheAdifference in indicator reading, when the indicator is rotated T

n to any ether position, shall not exceed 3% of full-scale reading.

Resfponse: Needles, symbols, and other indicators shall move smoothly an

uations.

ts no larger than

hin the frustum of
, and passing

e of the

bwwing angle shall

minimum and

tructions. The

om the normal

d without sudden

hless such movement is in response to a change in the input signal.

3.5.3.3 Surface temperature: The surface temperature of displays installed in the flight deck shall not exceed

49° C.

3.5.4 Environmental Reguirements: Environmental requirements for dedicated EVM displays are listed in
3.1.11. Unless otherwise specified, all tests shall be conducted with the instrument in its normal
operating position.
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4. UNIT QUALIFICATION AND ACCEPTANCE:

4.1

4.2

43

Each type of component shall be analyzed, inspected and tested, as specified in 4.1 through 4.5.2.12, to
demonstrate compliance with the performance and other requirements of this document.

In addition, each Qualification Unit and each Production Unit shall be subjected to an acceptance test per
4.6. The qualification test and acceptance test procedures and pass/fail criteria shall be documented per

4.7.1.

Performance Measurement and Display:

The ability oiﬁe.lﬂ&isystem.bseus&.pm&&auﬂ.dﬂﬂaﬁhﬂﬂmamaﬂmmwd by engine rotor
representative

unbalance shall be established by appropriate tests, analyses and inspections covering

operational g

In most EVM
is therefore 1
environment

The equipms
stated herein

In either cas
installation ir

The manufag
inspections g
or 3.5 as ap

The installer
performance)

Test Sample

The gualifica
preduction s
development
production u

onfigurations and conditions.

systems, the various components will be installed in significantly-different
ecessary to demonstrate the performance of each component individually
5 and also the performance of the system as a whole under(the specified g

nt category for each component, as defined in the various Sections of DO

b the applicable categories to which the equipment is qualified shall be clg
structions and, where practical, on the unit'er unit nameplate.

turer of each component shall be responsible for performing all required tg
pecified herein to verify the performance requirements specified under 3.1
bropriate.

shall be responsible for ensdring that the system as a whole, as installed,
and other requirements.

5

tion tests shal-be conducted on a sample of the equipment that is in full ¢q
pecifications. If the tested item incorporates features that are still experime
stage, any tests involving the nonproduction features shall be repeated la|
Nit opevidence presented to substantiate that the test results are valid for 3

environments. It
in its appropriate
onditions.

160C, shall be as

. unless otherwise defined by the installer to be cohsistent with a specific application.

arly stated in the

sts, analyses and
and3.2,33 34

meets all the

nformity with

ntal or in the

ter on a
production unit.

Failure During Test:

The gualification test samples shall complete all tests under Section 4 without maintenance and without
necessity to re-calibrate the equipment. If a unit fails under test, the circumstances shall be documented

(per4.7.1(c)

} and the test repeated.
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4.4 Hazard Analysis:

Analyses shall be conducted to show that hazards resulting from system failures, including crew error, as
reasonably anticipated as possible, have been considered and preventive action taken accordingly.

4.5 Qualification

Test Procedures:

All qualification units shall be first subjected to the acceptance tests of 4.6. Units which pass shall then
be subjected to tests by the equipment manufacturer, under standard and environmental conditions, to
demonstrate compliance with the requirements of this document. As a minimum, the tests called out in
4.5 1 through 4.5.2.12 shall be conducted.

451 Electrical T

451.1 Electrica
and oper
EVM supi
values.

451.1.1 Power
16 of D)
the inst

451.1.2 Voltags

require
451.2 Insulatio
circuits a
where thg
this meas

4.5.1.3 High Pot

ests:

Power: Tests shall be performed to demonstrate that the EVM cempbnen
hte as specified, when supplied with electrical power of the typeand qualit
plier, or as otherwise specified by the installer, including maximum, minim

Input: The EVM components shall, where appropriate) be tested in accord
(0-160C for the equipment category selected by thenEVM supplier or othen
Aller.

b Spike: The EVM compoenents shall, where appropriate, be tested in acco
ments for category A equipment from Section 17 of DO-160C.

N Resistance: The insulation resistance shall be measured for 5 s between
nd the metallic case. Insulation\fesistance measurements shall not be mad
b potential will appear acrosselements such as windings, resistors, capaci
urement is intended only to.determine adequacy of the insulation.

ential: For this test (the potential shall be a sinusoidal voltage of a commer

with an rins value of five times the maximum circuit voltage. Hermetically sealed ing

tested at
start from
for5 s an

The EVM

five times the.maximum circuit voltage up to a maximum of 1000V rms. T
zero and befincreased at a uniform rate to its test value. It shall be maintd
d then reduced at a uniform rate to zero.

equipment shall not be damaged by the application of this test voltage be

ts can accept,
v chosen by the
im and transient

ance with Section
ise specified by

rdance with the

all electrical
€ on circuits
tors, etc., since

cial frequency
truments shall be
ne potential shall
ined at this value

tween electrical

circuits, d

I between electrical circuits and a conductive case. Since these tests are |

htended to assure

proper electrical insulation of the circuit components in question, the test voltage shall not be applied
to circuits where the potential will appear across elements such as windings, resistors, capacitors,

etc.
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452 Environmental Tests: The EVM components shall be tested to demonstrate compliance with the
performance requirements under the environmental conditions and for the categories specified in
3.1.11, 3.2, 3.3, 3.4, and 3.5 or to more stringent requirements if selected by the supplier or specified

by the equ

ipment installer.

4521 Temperature and Altitude: Testing shall be conducted in accordance with the procedures of Section
4.0 of DO-160C.

In addition, Flight Deck mounted equipment shall be operated in an environment which is thermally
equivalent to the production installation for 30 min or until the surface temperature stabilizes. The
maximum surface temperature shall be recorded.

4522 Tempergture Variation: Testing shall be conducted in accordance with the procedu

of DO-1

4.52.3 Humidityl Hermetically sealed components shall be tested for leaks by means of a

spectromieter type of helium leak detector or equivalent. The leak rate«shall not exc
per second at a pressure differential of one atmosphere.

C.

res of Section 5.0

mass
bed 1072 torr liters

Other compenents shall be tested in accordance with the procedures of Section 6.(0 of DO-160C.

452.4 Operatio
of Sectid

4525 Vibration

4526 Explosio
DO-160¢

4527 Waterprg
DO-160¢

4528 Suscepti
11.0 of O

4529 Fungusf
DO-160¢

hal Shock and Crash Safety: Testing shall be conducted in accordance wit
n 7.0 of DO-160C.

- Testing shall be conducted in accordance with the procedures of Section

W Proofness: Testing shall be conducted in accordance with the procedure

.
Lr.

ofness: Testing shall be.conducted in accordance with the procedures of

.
Lr.

bility to Fluids: Testing shall be conducted in accordance with the procedu
O-160C.

Resistanse~Testing shall be conducted in accordance with the procedures

.
Lr.

h the procedures

8.0 of DO-160C.

5 of Section 9.0 of

Section 10.0 of

es of Section

of Section 13.0 of

45210 Electromagnetic Compatibility: The FVM components shall be tested for siisceptib

ility to

electromagnetic interference in accordance with Sections 17, 18, 19 and 20 of DO-160C.

The EVM components shall be tested for excess electromagnetic emissions in accordance with the
requirements for category Z equipment from Section 21 of DO-160C.
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