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5. EUROCAE performance specifications and other documents are recommendations only. EUROCAE is not an official
body of the European governments. Its recommendations are valid as statements of official policy only when adopted
by a particular government or conference of governments.

—_

N —

AL cvoNoOUORWN
N - O

N —

JEEE T T\ U G\ O\ QG QP QG \Q QU Q) QUK \Q U \J U\ U U I I
N —

DL NNNOOODODODODODODODOODOODOD OO R WS

o

NN
wi o

24
241
242
25
26
2.7
2.8
2.8.1
282
283
284
285
2.9
2.9.1
292
2.10
2.10.1
2.10.2
2.10.3

TABLE OF CONTENTS
SCOPE AND REFERENGCGES ... .ottt e sttt e st e e e st e e e s s e e e anssaeeesnsseeeeannneeas 5
[V Ty 0T LT IR= T o IR ToTo] o 1= TS USRS 5
Y o] o] [ T= 1110 o 1< 5
Mandating and Recommendation PRrases.............ooi i 6
YV (=T o B =T Tod o) i o o RSO 6
EQUIPMENT COMPONENTS. ... ittt e e et e e e sat et e e e aa bt e e e e anbeeeeeanbeeeeeanbeeeesanteeeeaas 6
Definitions and AbBDreViations ... . et e e e e e e e e e e e e e e e neneneeaaas 7
[T T a1 o) S 7
AV O Tl 9
PaY o o [Tez=1 o] (Y0 B LYol U] 4 1= o | €= TP S | B 11
SAE Puplications and SAE/EUROCAE Publications............ccccceevniveevnci e IS e 11
EUROGAE/RTCA PUDICAtIONS ......eeiiiiiiiie e st a e e e e 12
EASA RUDICAtIONS ..ot D e s 12
FAA PUPLICAtIONS .....coiiiiiiieieiiie e e e e e e e 12
U.S. Military Specifications...........cooccciiiiiiieii et S e 14
U.S. Ggvernment PUBICAtiONS ... 75 e e seeee e e e e e e 14
Arnold Engineering and Development Center ... e 14
N TS YN & {01 o] [Tor=1 1 To] o - S S 14
ASTM Bublications........ceeeiieieeeeee e SO e 15
American Institute of Aeronautics and Astronautics (AITAA) Publications.............cco e 15
Airlines|for America (A4A) Publications ................. 80 e 15
Other Applicable PUDIICAtIONS ...........coooiuiiiiii s S e e 15
Related PUbliCations ............euiiiiii N e e 15
TN = U (o] Te=1 i o] o - SRR 15
ARINC PUDIICAtIONS. .....eiiiiiiiiie g ¥t rteee ettt e et ee e s sateeeessneeeeessnteeeessnneeeedrreeeeesnteeeessbeeeessneeeeeans 15
Atmospheric Conditions Operating ENVEIOPE .........coooiiiiiiiiiiicceeee e, 16
Liquid Water Drops Icing ConditioNS; (LW).......cooiuiiiiiiiieiee e e 16
Ice Crystals in Mixed Phase or Glaciated Conditions .............cooceeiiiiiiiinieeenn 16
ASSUMPLIONS ... B ettt e ettt e e st e e e st e e e s sabe e e e s snbeeeessnteeeesanneeeedonteeeeeanbe e e e s rbeeeeesnreeeeeas 16
1070 gaT o] I Taletc R B T=Y aaTo] g 1S3 (= 14 ] N ! S 17
GENERAL DESIGN.REQUIREMENTS ......coiiiiieiiiie st ssiee et e e siee s sire e s e st e e e e e s enee e e e e 17
a1 oTo [0 {o] o I S UPUERN T PRRTTUPRRPR 17
Airworthiness and-Certification ............cccoiiiiii i 18
Ta1e=Talo = o I aU (o7 {16 o < TP UUERN YRR PRRRU 18
Y=Y ] e =02 o g 1o (U= ! SRR 18
Ice Acctetion Detection .........eeeeeeeeeeeiieeinniiiiiiiiiiieiiiiies i 18
Atmospheric ConditioNs DEECHON .........ccoii e e e e e e e e s ra e e e e e e e eaans 19
Controls Accessibility and EffECtS ..o e 19
1 E= T e= T F=1 o1y RSP 19
Software and Hardware Management DESIGN ..........uuii i 19
Additional Performance CrIteria .........oooi ittt e e e e e e e e e e e e e s ennneeeeeeaeeeanns 19
=IO T =Y (= 1 SO P 19
FIDS Temperature MEASUIEIMENT ..........cooiii it e e e et e e e e e e e et b e e e e e e e e e enabaeeeeaens 20
FIDS DESigN RODUSINESS........eiiiiiiiiii ittt s ettt e e st e e e st e e e e ssseeeessseeeeanssaeeeannseeeesnneeas 20
N (U= T g To R AN =T g - SRR 20
1@ (LT O] 0 E=] 1o [T =T 1T ] LSRR 20
General Reporting REQUIFEMENTS ..........uuiiiiiiie et e e e e e e st e e e e e e e e s nreaeeeaeeeseannnnees 20
10 a T aa b= T =T o To] o SRR 20
Substantiating Test Data/ANalYSIS .........ueeii e e 21
LIS T[0T =] 00T o PRSP 21
QTN 1 Tor=T (o g T == 1o [PPSR 21
LIS 00T 0 o USRS 22
LIS G = T 111U 22


https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL AS5498™B Page 3 of 76

2104
2.10.5
2.10.6
2.10.7
2.10.8

3.

3.1
3.2
3.3
3.3.1
3.3.2
3.4
3.4.1
3.4.2
343

4.
41
4.2
4.2.1
422
423
4.3
4.3.1

5.1

5.1.1
5.2

5.21
5.2.2
523
524
525

6.1
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.3
6.4
6.4.1
6.4.2
6.4.3
6.5
6.5.1
6.5.2

6.6.1

7.1

LIS 08 =0 [UT1 )0 4= o SO 22
Conformity and WINESSING .......coiiiiiieiiii e e e s e e st e e e e aanbe e e e aanee 22
LI 97 N1 (e [P PERPRSSRPRPT 22
POWET INPUE VOITAGE ...ttt e e e e e ettt et e e e e e e s nbee e e e e e e e e e annenneeeaans 22
oA T [T oYU oy =Yo [U =T o SRR 27

MINIMUM PERFORMANCE SPECIFICATION UNDER ENVIRONMENTAL INFLIGHT ICING

CONDITIONS ...ttt e e e e tb e e e e st ee e e s asae e e e abaee e e assaee e e sssee e e nsseeeansseeeaansseaesannreaesnnses 27
T 10T LT o) o R RERR 27
[ 1T Lo =y Y= (o] o T TSP 27
FIDS Functions and Minimum Operating Performance Specification .............cccccccoiiiiiiii e 27
Atmospheric Environmental Inflight Icing Conditions............coooiiiiiiii e 27
T g Lol O g =T = T3 =T 1S3 (o SR UPSPOUPRRPTPRRN 29
FIDS Response TiMe REQUINEMIENT .......cooiiiiiiiiiieeee et e e e e e e e e e et b e e e e e e e e snaraneeeeens 30
Enterin } i i HORS e 30
Exiting Environmental Inflight Icing Conditions............ccccciiiiiieiiineiieee e e e 32
Environmental Inflight Icing Conditions Discrimination Time...........cccocvveee O e, 33
MINIMUM PERFORMANCE SPECIFICATION UNDER ENVIRONMENTAL TEST|CONDITIONS........... 33
T 10T L1111 ) o XSS oSt € AR NSRS 33
Genera| Acceptable Means for Qualification Testing.........cooooe e L e 33
OperatiPNal MOUES .........uiiiieiee e RS et e e s nbee e e s e e e et e e e e e e enee e e e e 33
Qualifichtion Test Procedures............oooceirieieeiiiiiieeeee DN 35
Qualifichtion TSt REPOIS ... ... i e et e e e e r e e e e e e e s e e e e e e e e e e e e e e e e e e nnneee 35
Qualifichtion Requirements ........ .o O e 36
Minimum FIDS Qualification RequUIiremMents .........c...oc@ieeeeiiiiieiiiiiieeiiieeecieee e e 36
TEST BROCEDURES........ooiiiiiiee e ettt e s e st e e s e e e sttt e e e st e e e e e e e 36
LT T | N SRR 36
Perfornmance TSt REPOIS .........cccii i sttt e e e e sttt e e e e e e s e enreee e e e e s s sssnnnneees e s esnsrrrreeaeeeeesnraneeeeeas 36
Detailed TeSt ProCEAUIES ......ooiiiiiiii o8 ettt reiee e e e e e s ee e e e e s s ssnnnneeee e e s st e e e e e e e e snnnnneeeeens 37
LIS 001, LG RRRRR TSRS 37
INPUE POWET ... i ettt ettt e e s st e e e smteee e s emneee et e e s st e e s st e e e rareee e 39
Icing WINd Tunnel Test Set-Up ... srieee e 39
Atmospheric Environmental Iaflight Icing Conditions............ccoeiiiiiiiiieeeeeec e 40
[CING CRAracteristiCs....... .l e e 44
AIRCRAFT INSTALLATION GUIDANCE .....ooiiiiiiiiiiiee e sieee e sieee e e 52
a1 0T [0 o] o I e PUUERN TR OPRRRT 52
Functiopal Performance Considerations.............ccuuiiiiiiiiiiiiiieeeiiieeesiieeesieee e e 52
Aircraft JAtmMOSPREriC ENVIFONMENT ......oooooiiiiiiiie e e e e e e 52
Installaion TOCAtION .......coo it e e s sntee e e s e e e 53
TaTS =11 E= i Lo =T (o T PP T RERR 53
Structural Thermal Transfer, Structural Damage, Electrical and Aerodynamics ............ccccceviiiieeiniieneenee 55
FIDS Response Time When Installed on AIrcraft ... 55
Primary FIDS Function Integrating MUltiple SENSOrS..........oouiiiiiiiiiii s 56
Installation Information for the ENA-USEr ... e e e 56
Rotorcraft SPECIfic GUIAANCE ............eeiiiiieee et e e e e et e e e e e e eeabareeeaeas 57
Icing ENvironment CONSIAEIAtioNS ........cooiiiiiiiiiiiii et e e e st e e e st e e e e snteeeeesnteeaeesnsaeaeeas 57
[ oY= OTo g T o =Y = o T T RSP 57
[ a0 g g = o Lot O 1 (=) 4 = RSP 58
AIrworthiness CertifiCatioN.............oii ittt e e s ettt e e s eabe e e e e enbeeeesanreeeeaas 58
PN o] o] [or=T o] (TN T=To (U1 = 1T I PP SPPPRPR 58
107 a1 iToz= (o] o I C 10T =T Lo - P 59
SYSIEM FUNCHIONS. ...ttt e e et e e e s bt e e e abe e e e e anb b e e e e anneeeeeanneeeeeannee 60
T To LoT o1 @] o =T =1 1] o RSP 60
N[ I SO P 60


https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL AS5498™B Page 4 of 76

APPENDIX A FIDS RESPONSE TIME REQUIREMENTS AND RATIONALE .......c..ooiiiiiieeie e 61
Table 1 Aircraft and rotorcraft test matrices for liquid water (LW) conditions: LW-C conditions ............cccccceccveeen. 23
Table 2 Aircraft and rotorcraft test matrices for mixed phase or glaciated conditions: GL, MP conditions ............. 25
Table 3 LWC distribution requirements for LW FIDS fUNCHONS ..........oooiiiiiiiiiiieec e 28
Table 4 LWC requirements for Appendix O FIDS fuNCHONS ...........uviiiiiiii e 28
Table 5 GL and MP response time reQUINEMENTS ..........coicuiiiiiiie et e e e e e e e et re e e e e e e e e s ba e e e e e e e e s e nannnees 29
Table 6 List of ED-14/D0O-160 test conditions and reqUIremMEeNts ...........oocuiiiiiiiiiiiiiee e 34
Table 7 LW and MP test FeQUIrEMENTS ........ooiiiiiiie ittt e st e e et e e e e bt e e e e annneeeeannneeas 41
Table 8 Appendix O teSt FEQUIFEMENTS ......coi ittt e e e rat et e e e aabe e e e s rnbeeeeeanreeeeaas 43
Table 9 Ice crystals and mixed phase test reqUIreMENTS. ... 44
Figure 1 Local air flow conditions evaluated at the surface of interest ..., 31
Figure 2 Response time under mixed phase or glaciated conditions ............ccooiiiiiiiii 32
Figure 3 FIDS lopatcomditions versus aimrarme toCat OO O S s b e eee e eeeee e e eneee e e 54
Figure 4 Freezing fraction at FIDS location and on aircraft surfaces..........ccccccovceveeecccc@i e, 56



https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL AS5498™B Page 5 of 76

1. SCOPE AND REFERENCES

1.1 Purpose and Scope

This document contains minimum operational performance specification (MOPS) of active on-board INFLIGHT ICING
DETECTION SYSTEMS (FIDS).

This MOPS specifies FIDS operational performance which is the minimum necessary to satisfy regulatory requirements for
the design and manufacture of the equipment to a minimum standard and guidance towards acceptable means of
compliance when installed on an AIRCRAFT.

Detection of ICE accreted on the AIRCRAFT during ground operations is not considered in this document. This MOPS was
written for the use of FIDS on AIRCRAFT as defined in 1.3 and 2.3.

Expected minimum perfprmance specifications for FIDSand thefr functions are provided i Section 3.

The minimum performance requirements as defined in Section 3 do not consider SYSTEM performance as installed on the

AIRCRAFT. Performang¢e in excess of the minimum performance may be required by, the SYSTEM installed on an

AIRCRAFT in order to mpeet regulatory or operational requirements. This topic is considered in Segtion 6.

This MOPS document ig structured as follows:

Section 1 Provides information required to understand the need for the égquipment characteristics and tests defined in
the remain|ng chapters. It describes typical equipment applications and operational ohjectives and is the basis
for the pernformance criteria stated in Sections 2 to 4. Definitions essential to proper understanding of this
document fre also provided in Section 1.

Section2  Contains HIDS intended functions, general designfequirements and general reporting and test requirements.

Section3  Contains ’lhe minimum operational performiance specification for the equipmeni, defining performance
requirements under ENVIRONMENTAL INELIGHT ICING CONDITIONS likely to be g¢ncountered in flight.

Section 4  Describes [the environmental test conditions which provide a laboratory means of|determining the overall
performan¢e characteristics of the-equipment under conditions representative of those which may be
encountergd in actual operations:

Section 5  Describes fecommended test procedures for demonstrating compliance with Section|3 requirements.

Section 6  Provides guidance dn'the installed SYSTEM. Installation effects may require FIDS performance in excess of
the minimym requirements provided in this MOPS.

Operational performanceg Specifications for functions or COMPONENTS that refer to equipment ca;l)abilities that exceed the

stated minimum requirerments—areidentifred-asoptiomat-features:

The word “equipment” as used in this document includes all COMPONENTS and units necessary for the SYSTEM to
properly perform its intended function(s). For example, the “equipment” may include all of the COMPONENTS listed in 1.4.
It should not be inferred that each FIDS design will necessarily include all of the COMPONENTS or units listed in that
Section. This will depend on the specific design chosen by the FIDS manufacturer.

1.2 Applications

Compliance with this MOPS by FIDS manufacturers, installers and users is recommended as a means of assuring that the
equipment will satisfactorily perform its intended functions under the ENVIRONMENTAL INFLIGHT ICING CONDITIONS
established by the regulatory authorities in the reference documents listed in 1.6.

This MOPS is considered as guidance material and application of this document, and associated compliance demonstration,
in whole or in part is the sole responsibility of the applicant and shall be agreed by the appropriate airworthiness authority.
Mechanical and electrical interface standardizations were outside of the objectives of this SAE Aerospace Standard and
are therefore not addressed by this MOPS.
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As the measured values of equipment performance characteristics may be a function of the method of measurement,
standard test conditions and methods of test are recommended in Section 5.

The members of AC-9C and WG-95 recognize that no FIDS is likely to be capable of performing all of the functions described
in this document and it will be difficult to test each requirement exactly as written. Furthermore, each specific application
may desire thresholds different than those specified. Therefore, it is not intended for a FIDS manufacturer to state their
device complies with this entire MOPS. It is required that the FIDS manufacturer provide a compliance matrix against this
MOPS as part of the qualification report to assist the AIRCRAFT manufacturer in understanding the FIDS performance.
When used by an AIRCRAFT manufacturer to define FIDS requirements, the paragraphs required must be specified along
with any modifications to the functions, thresholds, and/or test conditions.

1.21 Mandating and Recommendation Phrases

a. “Shall”: The use of the word “shall” indicates a mandated criterion; i.e., compliance with the particular procedure or

specification is man

“Should™ The use df the word “should” (and phrases such as “It is recommended that..(\etc.) indicates that although
the procedure or criferion is regarded as the preferred option, alternative proceduresgspecifications, or criteria may be
applied, provided thpat the manufacturer, installer, or tester can provide information,er data to|adequately support and
justify the alternativeg.

1.3 System Descriptign

For INFLIGHT icing op|
provided and that, follo
detection may be activg
activation of AIRCRAFT]
required to activate the

and/or passive ICE dete
methods, primary or ady

FIDS is a device/SYSTH
crew and/or to AIRCRA

For the remainder of thg
Detect or detection

e Discriminate or disc

These devices/SYSTENIs detect the presence of ICE accreted on the SURFACE OF INTERE

erations, airworthiness and operations regulations. require that a methg
ving AIRCRAFT icing detection, actions required-for safe flight be impler
or passive, primary, or advisory, and may-0’may not require flight cre
SYSTEMs required for safe INFLIGHT icing-operations. If not automatic, f
bppropriate AIRCRAFT SYSTEMs. Flighticrews are required to use one o
ction methods/cues to detect icing. MOPS provided by this document apply
isory, defined herein as FIDS.

FM that senses, detects or discriminates and annunciates ICING CHARAC
FT SYSTEMS.

document:
means: “sensetdetect, and annunciate.”

fimination'means: “sense, discriminate, and annunciate.”

d of icing detection be
nented. Methods of ICE
v intervention to initiate
ight crew intervention is
a combination of active
to active icing detection

TERISTICS to the flight

ST and/or atmospheric

ENVIRONMENTAL INF

L IGHT ICING CONDITIONS, and possibly provide icing characterization in

formation.

A FIDS ensures at least

one of the intended functions defined in 2.3.

A FIDS includes at least one sensor that is directly or indirectly sensitive to the physical phenomenon of icing (such as
atmospheric liquid water droplets and/or ICE crystals, atmospheric water vapor, temperature, or ICE accretion).

Passive ICE detection methods and AERODYNAMIC PERFORMANCE MONITORING SYSTEMs (APMS) are not
addressed by this document.

1.4 Equipment Components

FIDS COMPONENTS include: sensor(s) required to perform FIDS FUNCTIONS, signal processor(s), and control unit(s)
providing the output signal. A FIDS processing unit performs signal processing, sensor monitoring, data communication, or
other functions. The processing unit may either be integrated with or separate from the sensor(s). Equipment
COMPONENTS may be contained within a single unit or in multiple units and the sensor(s) may be intrusive or non-intrusive
to the airflow.
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The FIDS may be connected to a device to provide information to the cockpit crew. The FIDS may also communicate with
other on-board equipment or SYSTEMs. However, cockpit displays or any other consumers of ICE detection information
are not addressed in this MOPS.

1.5 Definitions and Abbreviations

1.5.1 Definitions

Refer to ARP5624 for more details or more definitions of icing-related terms.

ACTIVE* ICE DETECTION: Any process used for determining the presence of ENVIRONMENTAL INFLIGHT ICING
CONDITIONS or ICE accretion which makes physical measurements and interprets/processes information to provide an

indication to the flight crew and/or to AIRCRAFT SYSTEMs requiring no interpretation that ENVIRONMENTAL INFLIGHT
ICING CONDITIONS or ICE accretion is present.

*NOTE: Both passive and active methods can be used either as a primary or advisory means.

ADVISORY FIDS (AFIDS): The AFIDS, in conjunction with visual cues, such as visible ICE-accretipn on the SURFACE OF
INTEREST, should advise the flight crew to initiate operation of the IPS using airplane flight manugl (AFM) procedures. An
AFIDS is not the prime means used to determine if the IPS should be activated. When' there is an AFIDS installed on an
AIRCRAFT, the flight créw has primary responsibility for determining when the IPS must be activated.

AERODYNAMIC PERFORMANCE MONITORING SYSTEM (APMS)Y "An AERODYNAMIC PERFORMANCE
MONITORING SYSTEM monitors aerodynamic performance of AIRCRAET surfaces that are amenable to ICE accretion
and informs the cockpit|crew or another SYSTEM about degradation of.aerodynamic performange (these SYSTEMs are
not considered in this MOPS).

AIRCRAFT: Any macHine capable of flying by means of Jbuoyancy or aerodynamic force$, such as an airship,
ROTORCRAFT, or AIRPLANE.

AIRCRAFT SURFACES: Any surfaces exposed to external ENVIRONMENTAL INFLIGHT ICING[CONDITIONS, whether
internal or external to the AIRCRAFT and/or engine;.subject to ICE accretion.

AIRPLANE (AEROPLANE): A fixed-wing vehicle that travels through air supported by the dynami¢ action of air against its
lifting surfaces.

ANTI-ICING/ANTI-ICE: The preventiontof.ICE formation on a surface.
COMPONENT: A part of a SYSTEM(e.g., sensor, processor, or display).

CRITICAL SURFACE: A surface whose integrity affects safe AIRCRAFT take off, flight, and landing. A surface that accretes
ICE and affects safe AIRCRAFT take off, flight, and landing is a CRITICAL SURFACE for INFLIGHT icing.

DEICING/DEICE: The periodic shedding of ICE accretion by destroying the bond between the ICE and the protected
surface.

ENVIRONMENTAL INFLIGHT ICING CONDITIONS: Conditions encompassing either ICING CONDITIONS, GLACIATED
CONDITIONS, or MIXED PHASE CONDITIONS.

FAILURE: Loss of function or malfunction of a SYSTEM or a part thereof.

FIDS FUNCTION(S): One of the FIDS functionalities defined in 2.3.

FREESTREAM: The air surrounding an AIRCRAFT in flight that is not disturbed by the AIRCRAFT’s passage. Relative to
aircraft icing, the undisturbed air is assumed sufficiently free from local airflow variations such that the icing drop trajectories

(relative to the AIRCRAFT) are not altered.

FROST: ICE CRYSTALS formed on a surface by water vapor deposition from the atmosphere.
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GLACIATED CONDITIONS: Conditions consisting entirely of ICE CRYSTALS,; to be distinguished in this sense from ICING
CONDITIONS containing exclusively SUPERCOOLED liquid water drops and MIXED CONDITIONS.

GLAZE ICE: Transparent or translucent ICE formed by liquid water drops which do not freeze immediately on impact.

HOVER: Flight at zero groundspeed. Operation in winds up to 35 knots from any azimuth is typically assumed.

ICE: Any form of frozen water found on an AIRCRAFT including clear ICE, GLAZE ICE, mixed ICE, RIME ICE, RUNBACK
ICE, FROST, snow, ICE CRYSTALS, etc.

ICE CRYSTALS: Any one of a number of macroscopic, crystalline forms in which ICE appears, including hexagonal
columns, hexagonal platelets, dendritic crystals, ice needles, and combinations of these forms.

ICING CHARACTERISTICS: A group of parameters that characterize an Icing event. Such parameters include, but are not

limited to: atmospheric
temperature, presence
CONTENT, the preseng
predefined values.

ICING CONDITIONS: T
INFLIGHT: Flight phase

INFLIGHT ICING DETE
to the physical phenomg

LATENT FAILURE: FA
FAILURE is one that is i
function to identify equig

LIQUID WATER CONT
a unit volume or mass d
dry air (g/m?3, g/kg).

MIXED PHASE CONDI
same cloud environmen

NUISANCE ALARM: An
ICE or no ENVIRONME

OPERATE (THE) IPS:
AIRCRAFT ANTI-ICING

conditior of encountered ENVIRONMENTAC INFOIGHT TCING CONDIT]
pf ICE, ICE thickness, ICE accretion rate, visible moisture, presence, of
e of ICE CRYSTALS, ice particle size, ice water content, water drops §
ne presence of SUPERCOOLED liquid water drops and temperature condu
5 from AIRCRAFT take off to AIRCRAFT landing.

CTION SYSTEM (FIDS): A FIDS includes at least one sensor which is direg
non of icing.

LURE which is not detected and/or annunciated. Per CS-25/14 CFR
ment FAILUREs.

ENT (LWC): LIQUID WATER CGONTENT is the total mass of water contair
f cloud or precipitation, usually’given in units of grams of water per cubic
MONS: A mixture ofiliquid SUPERCOOLED water drops and ICE CRYS]

t. Also called a mixed condition.

nunciation gfithe presence of ICE or ENVIRONMENTAL INFLIGHT ICING
NTAL INFLIGHT ICING CONDITIONS are present.

Activation or deactivation of the AIRCRAFT ice protection SYSTEM (IP
or-DEICING functions.

ONS as defined in 1.8,
water, LIQUID WATER
ize, and exceedance of

cive to AIRCRAFT icing.

tly or indirectly sensitive

P5.1309-1A, a LATENT

nherently undetected when it occurs. LAFTENT FAILURES result from the inability of the built-in test

ed in liquid drops within
meter or per kilogram of

[ALS existing within the

CONDITIONS when no

S) and/or control of the

PASSIVE* ICE DETECTION: Any process/technique used for determining the presence of ENVIRONMENTAL INFLIGHT
ICING CONDITIONS or ICE accretion which requires flight crew intervention to interpret and make the final decision that
ENVIRONMENTAL INFLIGHT ICING CONDITIONS or ICE accretion arelis present. examples include using
information/cues derived from flight crew visual observation from the following sources: ICE accretion on reference surfaces,
wipers post ICE accretion, lighted ICE accretion probe, ICE accretion information from an infrared imaging SYSTEM (non-
enhanced), etc.

*NOTE: Both passive and active methods can be used either as a primary or advisory means.
PRIMARY FIDS (PFIDS): A PFIDS must either alert the flight crew who is then obligated to OPERATE THE IPS using AFM
procedures or automatically activate the IPS before an unsafe accumulation of ice on the airframe, engine COMPONENTS,

or engine air inlets occurs.

RESPONSE TIME: The elapsed time from the beginning of the icing event of interest to the annunciation of this icing event
by the specific function of the FIDS to the flight crew and/or AIRCRAFT SYSTEMs.
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RIME ICE: Milky and opaque ICE formed by liquid cloud drops that freeze immediately on impact.

ROTORCRAFT: ROTORCRAFT includes conventional helicopters of various configurations, compound helicopters, and
tiltrotors.

RUNBACK ICE: Ice formed from the freezing or refreezing of water leaving an area on an AIRCRAFT surface that is above
freezing and flowing downwind to an area that is sufficiently cooled for freezing to take place. This ICE type is frequently
associated as an unwanted product of thermal ANTI-ICING or DEICING SYSTEMs.

SENSING SURFACE: The surface where a FIDS sensor makes its measurement.

SUPERCOOLED: Liquid cooled below the freezing point without solidification or crystallization.

SURFACE OF INTEREST: The AIRCRAFT surface of concern regarding ICE hazard (e.g., the leading edge of the wing).

SYSTEM: A combination of COMPONENTSs/devices which are inter-connected to perform one-or.tnore functions.
UN-ANNUNCIATED: Lack of indication of (a parameter of interest).

Vmin: ROTORCRAFT instrument flight minimum speed, utilized in complying with_minimum limit{speed requirements for
instrument flight.

1.5.2 Abbreviation

AC Altgrnating current, also advisory circular

AFIDS ADYISORY INFLIGHT ICING DETECTION SYSTEM

AFM Airglane flight manual

AIA Aerpspace Industries Association

AIR Aerpspace Information Report

Amdt Amendment

AOA/AOS Angle of attack/angle-of sideslip

APFIDS AUTOMATIC PRIMARY INFLIGHT ICING DETECTION SYSTEM
APMS AERODRYNAMIC PERFORMANCE MONITORING SYSTEM
ARP Aerospace Recommended Practices

AS Aerospace Standard

ATP Acceptance test procedure

CFR Code of Federal Regulations

Co Pressure coefficient

CPA Critical point analysis

CS Certification specification

DAL Design assurance level
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DC
Dmax

Dvxx = yyy

EASA
ED

EMI
EUROCAE
FAA
FIDS
FMECA
FOD
FZDz
FZRA
GL
HIRF
ICC
IGE/OGE
IO

IPS
IwC
IWT
KTAS
LRU
LW
LwC
LW-C

LW-FzZDZ

Direct current

Maximum liquid water drop size

Drops distribution such that xx% of the water in an icing cloud is contained in droplets with a diameter
smaller than yyy micrometers (um); e.g., Dv90=100 means 90% of the LIQUID WATER CONTENT is

contained by drops with a diameter smaller than 100 ym

Note: Dvxx < yyy means that you can have any distribution where the DVxx is below the specified
value, e.g., Dv99 < 100

European Aviation Safety Agency

EUROCAE document

Ele¢tromagnetic Interference

Eurppean Organization for Civil Aviation Equipment
Federal Aviation Administration

INFLIGHT ICING DETECTION SYSTEM
FAILURE modes effects and criticality analysis
Forgign object damage

Fregzing drizzle

Fregzing rain

Glagiated

High-intensity radiated fields

Ice Crystal Consortium

In ground effect/out of ground effect

Inplit/output

Ice protection SYSTEM

Ice water content; expressed in mass of ice water (from ICE CRYSTALS) per unit volume of air
Icing wind tunnel

Knots true air speed

Line replaceable unit

Liquid water drops atmospheric conditions (Appendices C and O)

LIQUID WATER CONTENT; expressed in mass of water per unit volume of air

Liquid water drops atmospheric conditions Appendix C

Liquid water drops atmospheric conditions Appendix O FZDZ
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LW-FZRA Liquid water drops atmospheric conditions Appendix O FZRA

LW-100+ Subset of liquid water drops having drop diameters above 100 ym

LW-500+ Subset of liquid water drops having drop diameters above 500 ym

MMD Median mass diameter (of an ice crystal or ICE CRYSTALS population)

MOPS Minimum operational performance specification

MP MIXED PHASE CONDITIONS; a mixture of liquid SUPERCOOLED water drops and ICE CRYSTALS
existing within the same cloud environment

MPFIDS Manual PRIMARY INFLIGHT ICING DETECTION SYSTEM

MVD Mejiian volumetric diameter; defined in DOT/FAA/CT-88/8-1

N/A Not|applicable

OEM Original equipment manufacturer

PFIDS PRIMARY INFLIGHT ICING DETECTION SYSTEM

SLD SUIPERCOOLED large drops

SSA SYJ
TWC Tot
WG-95 EU
SYS
WT Win

1.6 Applicable Docum

The following publicatio
shall apply. The applica

event of conflict between the text of this document and references cited herein, the text of this docu

Nothing in this docume
obtained.

BTEM safety assessment
bl water content (TWC = LWC + IWC)

ROCAE Working Group 95 tasked ‘with developing ED103, MOPS for INFL
BTEMS

d tunnel
ents

ns form a part.of\this document to the extent specified herein. The latest is
ble issue of{other publications shall be the issue in effect on the date of th

nt, however, supersedes applicable laws and regulations unless a speci

LIGHT ICE DETECTION

sue of SAE publications
e purchase order. In the
ment takes precedence.
fic exemption has been

1.6.1  SAE Publications and SAEJEUROCAE Publicafions

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA

and Canada) or +1 724-

776-4970 (outside USA), www.sae.org.

AIR1168/4 SAE Aerospace Applied Thermodynamics Manual Ice, Rain, Fog, and Frost
Protection

ARP4256 Design Objectives for Liquid Crystal Displays for Part 25 (Transport) Aircraft

ARP4754/EUROCAE ED-79 Guidelines for Development of Civil Aircraft and Systems

ARP4761 Guidelines and Methods for Conducting the Safety Assessment Process on Civil
Airborne Systems and Equipment

ARP5624 Aircraft Inflight Icing Terminology
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ARP5905 Calibration and Acceptance of Icing Wind Tunnels

AS8034 Minimum Performance Standard for Airborne Multipurpose Electronic Displays

Jackson, D., “Primary Ice Detection Certification Under the New FAA and EASA Regulations,” SAE Technical Paper
2015-01-2105, 2015, https://doi.org/10.4271/2015-01-2105.

1.6.2 EUROCAE/RTCA Publications

Available from EUROCAE Secretariat, 9-23 Rue Paul Lafargue, 93200 Saint-Denis, France, Tel: +33 1 40 92 79 30,

https://www.eurocae.net/.

ED-14/RTCA DO-160

Environmental Conditions and Test Procedures for Airborne Equipment

ED-12/RTCA DO-178

ED-80/RTCA DO-254

1.6.3 EASA Publicatigns

S0rtware Lonsiderations 1or Alrborne sSystems and Equipm

Design Assurance Guidance for Airborne Electric Hardwarg

Available from Europeah Aviation Safety Agency, Konrad-Adenauer-Ufer 3, D-50668 Cologne, G
for mail over 1 kg) and|Postfach 10 12 53, D-50452 Cologne, Germany (for¢mail 1 kg or less);

www.easa.europa.eu.

CS-23, Amdt. 5

CS-25, Amdt.26

CS-27, at Amdt. 7
CS-29, at Amdt. 8

CS-E, at Amdt. 6

A

(Normal, Utility, Aerobatic and Commuter Aeroplanes): §§ 2
23.1322

(Large Aeroplanes) §§,25.1419, 25.1420, 25.1302, 2
Appendix C, Appendix\O, Appendix P. AMC 25-21(g) (Pe
Characteristics in Icing Conditions), (AMC 25.1093 (Powerp
(Installed Systems and Equipment for Use by the Flight Cre
Instruments_External Probes), AMC 25.1419 (Ice Protectig
Icing Conditions)

(Smatl\Rotorcraft) §§ 27.1301, 27.1309, 27.1322, and 27.14
(Large Rotorcraft) §§ 29.1301, 29.1302, 29.1309, 29.1322,

(Engines) § CS-E 230

EASA Commission RegplationNo 748/2012

ent Certification

ermany (for visitors and
Tel: +49 221 8999 000,

3.1301, 23.1309  and

5.1309, and 25.1322,
formance and Handling
anticing), AMC 25.1302
w), AMC 25.1324 (Flight
n), AMC 25.1420 (SLD

19

29.1419; Appendix C

PART 21

1.6.4 FAA Publications

Available from Federal

Certification of Aircrait and Related Products, Parts and A
and Production Organisation

21.A.33 Inspection and Tests
21.A.609 Obligations of Holders of ETSO Authorisations

21.A.807 Identification of ETSO

pliances, and of Design

Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591,
Tel: 866-835-5322, www.faa.gov.


https://doi.org/10.4271/2015-01-2105
https://www.eurocae.net/
http://www.easa.europa.eu/
http://www.faa.gov/
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1.6.4.1  Code of Federal Regulations (CFR)

Title 14 CFR Part 23

Title 14 CFR Part 25

Title 14 CFR Part 27

Title 14 CFR Part 29

at Amdt. No. 23-64 (Airworthiness Standards: Normal,

Utility, Acrobatic, and

Commuter Category Airplanes), §§ 23.1309, 23.1322 and 23-1419

at Amdt. No. 25-146 (Airworthiness Standards: Transport Category Airplanes):
§§ 25.21(g), 25.1093, 25.1302, 25.1309, 25.1322, 25.1419, 25.1403, 25.1420;

Appendix C; Appendix O

at Amdt. No. 27-50 (Airworthiness Standards: Normal Category Rotorcraft),

§§ 27.1301, 27.1309, 27.1322, and 27.1419

at Amdt. No. 29-57 (Airworthiness Standards: Transport Category Rotorcraft):
§§ 29.1301, 29.1302, 29.1309, 29.1322, and 29.1419; Appendix C

Title 14 CFR Part 33

Title 14 CFR Part 45

Title 14 CFR Part 91

Title 14 CFR Part 121

Title 14 CFR Part 135

at Amdt. No. 33-34 (Airworthiness Standards: Aircraft Engin

at Amdt. 45-26 Identification and Registration MarKing: § 459.

at Amdt. No. 91 (General Operating and Flight Rules)

at Amdt. 121-370 (Operating Requireménts: Domestic, Fla
Operations), § 121.321

at Amdt. 135-130 (Operating Requirements: Commuter and
and Rules Covering Persons. @haboard Such Aircraft)

1.6.4.2 FAA Advisory|Circulars (AC)

AC 20-73A

AC 20-147A

AC 20-158A

AC 20-175

AC 23.1309-1E

AC 23.1311-1C

Aircraft Ice Protectién

Turbojet, Turbeprop, Turboshaft, and Turbofan Engine Ind
Ice Ingestion

The [Certification of Aircraft Electrical and Electronic Syste
High-intensity Radiated Fields (HIRF) Environment.

Controls for Flight Deck Systems

System Safety Analysis and Assessment for Part 23 Airplar

es); Appendix D

15

j, and Supplemental Air

On-Demand Operations

Lction System Icing and

ms for Operation in the

es

Installation of Electronic Displays in Part 23 Airplanes

AC 25-11B

AC 25-25A

AC 25-28

AC 25.1302-1

AC 25.1309-1A

AC 25.1322-1

AC 91-74B

AC 121.321-1

Electronic Flight Displays

Performance and Handling Characteristics in Icing Conditio

ns

Compliance of Transport Category Airplanes with Certification Requirements for

Flight in Icing Conditions

Installed Systems and Equipment for Use by the Flight Crew

Systems Design and Analysis
Flight Crew Alerting

Pilot Guide: Flight In Icing Conditions

Compliance with Requirements of 121.321 Operations in Icing
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AC 27-1B

AC 29-2C

1.6.4.3

Part 23 SLD ARC REPORT

1.6.4.4 FAA Orders
FAA ORDER 8110.4C
1.6.5

Certification of Normal Category Rotorcraft

Certification of Transport Category Rotorcraft

Aviation Rulemaking Committee Reports

Type Certification

U.S. Military Specifications

Part 23 Icing Aviation Rulemaking Committee Report Rev B, Feb 2012

Copies of these documd
JSSG 2010-5
MIL-HDBK-217
MIL-STD-130
MIL-STD-1472

1.6.6 U.S. Governme
Copies of these documg

DOT/FAA/AR-09/10

DOT/FAA/CT-88/8-1

DOT/FAA/TC-18

1.6.7 Arnold Enginee

Copies of this documen

nts are avallable online at htips://quicksearch.dla.mil.

Crew Systems Aircraft Lighting Handbook
Reliability Prediction of Electronic Equipment
Identification Marking of U.S. Military Property
Human Engineering

nt Publications

nts are available at https://ntrl.ntis.gov/NTRL/.

Data and Analysis forthe Development of an Engineering S
Large Drop Conditidons

Aircraft Icing-KHandbook Volume 1 of 3

An Assessment of Cloud Total Water Content and Partic
Campaign Measurements in High Ice Water Content, Mixeq
Canditions: Primary In-Situ Measurement

ing and Development Center

is available from Defense Technical Information Center at https://discove

tandard for Supercooled

e Size from Flight Test
Phase/lce Crystal Icing

.dtic.mil.

AEDC-TR-85-30, Vol 1

Analysis and Verification of the Icing Scaling Equations, Ga

ry Ruff, March 1986

1.6.8 NASA Publications

Available from NASA Technical Services, NASA STl Program STI Support Services, Mail Stop 148, NASA Langley
Research Center, Hampton, VA 23681-2199, 757-864-9658, Fax: 757-864-6500, http://ntrs.nasa.gov/

CR-2004-212875

CR-2006-214127

CR-2008-215302

CR-2016-219131

Manual of Scaling Methods, David Anderson, March 2004

Latest Developments in SLD scaling, Jen Ching Tsao and David N. Anderson Ohio

Aerospace Institute Cleveland Ohio

Ice Shape Scaling for Aircraft in SLD Conditions, Dave Anderson and Jen-Ching

Tsao, September 2008 (Appendix C and SLD)

Additional results of glaze icing scaling in SLD conditions
Aerospace Institute Brook Park Ohio

, Jen Ching Tsao, Ohio
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TM-107140

Further Evaluation of Traditional Icing Scaling Methods, Anderson, David N.,

January 1996

1.6.9 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM F3120

Standard Specification for Ice Protection for General Aviation Aircraft

1.6.10 American Institute of Aeronautics and Astronautics (AIAA) Publications

Available from American Institute of Aeronautics and Astronautics, 1801 Alexander Bell Drive, Suite 500, Reston, VA 20191-
4344, Tel: 703-264-7500, www.aiaa.org.

AlAA-88-0203

AlAA-95-0540

AlAA-2001-0679

1.6.11 Airlines for Ame

Available from Airlines
Tel: 202-626-4000, www

“Proposed Modifications to Ice Accretion/Icing ScalingTh
January 1988

“Methods for Scaling Icing Test Conditions,” Andérson, DaVv

“Ludlam Limit Considerations on cylinder ice ‘accretion,” Jag
Owens, 2001

rica (A4A) Publications

for America (A4A), 1301 Pennsylvania -Avenue, NW, Suite 1100, V|
.airlines.org.

Spec 2000 Chapter 9
1.6.12 Other Applicabl

Canadian National Ress
Method of Liquid Water

Incropera F., DeWitt D.,
1.7 Related Publicatidg

The following publicatio
Report.

Automated Identification-and Data Capture
e Publications

arch Council (CNRC) Report No. LTR - LT — 92, An Appraisal of the S
Content MeasurementjStallabrass J. R., 1978.

Bergman, T., Laving; A., Fundamentals of Heat and Mass Transfer, 6th E
ns

hs are provided for information purposes only and are not a required pa

eory,,” Bilanin, Alan J.,

id N., January 1995

kson, Cronin, Severson,

ashington, DC 20004,

ngle Rotating Cylinder

ition, 2007.

rt of this SAE Technical

1.7.1  SAE Publication

S

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA

and Canada) or +1 724-

AIR4367

776-4970 (outside USA), www.sae.org.

Aircraft Inflight Ice Detectors and Icing Rate Measuring Instruments

1.7.2 ARINC Publications

Available from ARINC, 2551 Riva Road, Annapolis, MD 21401-7435, Tel: 410-266-4000, www.arinc.com.

ARINC 604

ARINC 607

Guidance for Design and Use of Built-in Test Equipment (BITE)

Design Guidance for Avionics Equipment
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1.8 Atmospheric Conditions Operating Envelope

For this MOPS, ENVIRONMENTAL INFLIGHT ICING CONDITIONS include the following atmospheric conditions as defined

in 1.8.1 and 1.8.2.

1.8.1

icing.
LW atmospheric ICI

o

Liquid Water Drops Icing Conditions (LW)

NG CONDITIONS include:

29/CS-29 Appendix C for AIRPLANES.

LW: Atmospheric ICING CONDITIONS containing only liquid water drops at temperatures conducive to AIRCRAFT

LW-C: Atmospheric ICING CONDITIONS defined by 14 CFR Part 25/CS-25 Appendix C and 14 CFR PART

LW-FZDZ: Freefing drizzle atmospheric ICING CONDITIONS defined by 14 CFR Part25/(

for AIRPLANES|

Conditions for

LW-100+: Subs

(0]

LW-500+: Subs

(0]

NOTE: For LW-FZDZ,
different drop si

1.8.2 Ice Crystals in N

e Atmospheric ICING
(see note) and with
CONDITIONS inclu
o GL: GLACIATE
MP: Mixed phas
33 Appendix D 1

o

LW-FZRA: Fregzing rain atmospheric ICING CONDITIONS defined by 14 CFR Part 25/C

IRPLANES.

For this MOPS, droplet size subsets of LW-FZDZ and LW-FZRA include:

bt of liquid water drops having drop diameters above 100 um.
et of liquid water drops having drop diameters.above 500 um.

| W-FZRA, LW-100+, and LW-500+ drops populations, see A.2 for the
ve distributions.

lixed Phase or Glaciated Conditions

CONDITIONS containing 1€E CRYSTALS or particles in static air tempsg
n specific altitudes affécting the AIRCRAFT and engine surfaces icing. Th
fe:

D CONDITIONS as defined CS-25 Appendix P/14 CFR Part 33 Appendix [

e, liquidwater drops and ICE CRYSTALS conditions as defined by CS-25
or AIRPLANES.

[S-25 Appendix O FZDZ

S-25 Appendix O FZRA

cumulative mass of the

brature colder than 0 °C
ese atmospheric ICING

D for AIRPLANES.

\ppendix P/14 CFR Part

If the FIDS is used as pa

rtof the flight instruments external probes ice protection logic, the extensiq

n of the 14 CFR Part 33

Appendix D/CS 25 Appendix P conditions shall be considered. Refer to EASA AMC 25.1324, § 12.1.

NOTE: ltis recognized that there is a conflict between the upper temperature limit for EASA Figures 1 and 2 of Appendix P
and FAA Figures D1 and D2 of Appendix D and it has been agreed with the authorities that this will be harmonized

in the future.

NOTE:

The results of recent convective weather high altitude ice crystal atmospheric characterization flight research

provide new data regarding ice crystal cloud properties (e.g., ice crystal size, morphology, ice water content). The
FAA report DOT/FAA/TC-18/1 provides updated information that is different than the current Appendix D/P
regulatory envelopes. These differences will be evaluated in a future rulemaking process and may alter the current
values identified in the regulations.

1.9 Assumptions

Long range icing awareness equipment (weather radars, lidar, radiometer, etc.) are not considered in this MOPS.
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1.10 Compliance Demonstration

The test procedures specified in this document are intended to be used as one means of demonstrating compliance with
minimum performance requirements defined in Section 3 and environmental requirements defined in Section 4.

Compliance of the FIDS to the requirements of this MOPS may be performed by one of the three following methods: test,
analysis, or similarity. When analysis or similarity are used, appropriate rationale and evidence must be provided to satisfy
regulatory requirements in the relevant qualification report(s). Only similarity to the original configuration tested is allowed.

Although specific test procedures are cited, it is recognized that other methods may be preferred. When showing compliance
by tests, alternate procedures may be used if they provide at least equivalent information. In such cases, the procedures
cited herein should be used as one criterion in evaluating the acceptability of the alternate procedures. Users of this
document should not infer performance requirements based on test procedures.

Sections 2.9 and 2.10 ¢
set-up requirements and

4 and 5. Additional test
el.

staptistrthetestsetup—andTeporting Tequirementsapplicableto-Sections
guidelines are given in 5.2.3 for the conduct of tests in an icing wind tdfn
a. Environmental Test$
d limits are intended to
ent under environmental

Environmental test reqyirements are specified in Section 4. The procedures and their associatq
provide a laboratory means of determining the electrical and mechanical performance-of the equipm
conditions expected to e encountered in actual operations.

Unless otherwise specified, the environmental conditions and test procedures contained in EUROCAE ED-14/RTCA

DO-160 will be used to gemonstrate equipment compliance.
b. Performance Tests

Performance test procg¢dures are specified in Section 5. . Jhese tests provide a laboratory njeans of demonstrating

compliance with the req
for monitoring manufact
c. Installed Equipment]
Additional tests and/or
determined through Se

installation on the AIRC
analysis that might be rq

Installed equipment test

Llirements of Section 3. Test results may be used by equipment manufactu
Liring compliance and, in certainicases, for obtaining formal approval of eq

Considerations

analysis for the installed equipment are required when performance
ctions 4 and 5 test procedures or when FIDS performance parameters
RAFT and canvonly be verified after installation. Section 6 provides guid
quired.

may be:used in lieu of test simulation of such factors as power supply chg

from or to other equipmént installed on the AIRCRAFT, etc. Installed tests are normally performed

ers as design guidance,
Lipment design.

cannot be adequately
might be affected by its
ance with regard to the

racteristics, interference
under two conditions:

1.

With the AIRCRAFT-ormrthegroundandusing-simutatedoroperatiomat-SY-STEM-nputs:
2. With the AIRCRAFT in flight using dedicated Icing instrumentation and/or operational SYSTEM inputs appropriate to
the equipment under test.

Test results may be used to demonstrate functional performance in the intended operational environment.

2. GENERAL DESIGN
2.1 Introduction

This section establishes

REQUIREMENTS

the design considerations and general requirements for FIDS equipment.

In addition to the general design requirements, 2.9 and 2.10 establish the reporting requirements and the test requirements

applicable to Sections 4

and 5.
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2.2 Airworthiness and Certification

When installed on an AIRCRAFT, the FIDS shall comply with any applicable airworthiness requirements, the scope of which
is defined in the AIRCRAFT certification plan or type certification data sheet. See Section 6 for guidance.

23

Intended Functions

Minimum FIDS FUNCTIONSs performance requirements are provided in Section 3.

A FIDS shall provide one or more of the following numbered functions:

Indicate atmospheric ENVIRONMENTAL INFLIGHT ICING CONDITIONS:

1.

Discriminate specifi
3.
4.
Discriminate specifi

5.

Indicate ICING CHA

Detect liquid water drops ICING CONDITIONS (LW) above the specified threshold. See 3.3.1.1 (Appendix C, O,

D/P mixed phas

Detect ICE CRY
(Appendix D/P 1

Discriminate Ap

Discriminate Ap

Discriminate Gl
phase or ICE C

Discriminate M|
phase or GLAC

ICE accreted or

Specific ICING

e, only for the liquid part of it).

STALS in mixed phase or GLACIATED CONDITIONS above the specifie
hixed phase or GLACIATED CONDITIONS).

C liquid water drops ICING CONDITIONS:

pendix O conditions above the specified threshold. See 3.3.1.3.1 (Append
pendix O FZRA conditions above the specified threshold. See 3.3.1.3.1 (A
E GLACIATED or MIXED PHASE CONDITIONS:

ACIATED (GL) CONDITIONS above. the specified threshold. See 3.3.1
RYSTALS conditions).

KED PHASE (MP) CONDITIONS above the specified threshold. See 3.3.1
ATED CONDITIONS).

RACTERISTICS:
the SURFACE OFP INTEREST. See 3.3.2.1.

CONDITIONS that exceed AIRCRAFT design parameters. See 3.3.2.2.

WATER CONTIEENTVICE water content, total water content, max drops size, MVD, other

Provide other i}formation on ICING CHARACTERISTICS. Indicate: ICE thickness, ICE|
and following sybsections.

d threshold. See 3.3.1.2

x O).

ppendix O).

4 (Appendix D/P mixed

.4 (Appendix D/P mixed

accretion rate, LIQUID
barameters. See 3.3.2.3

2.4  Sensing Techniques

FIDS may use one or a combination of the following sensing techniques:

241

Ice Accretion Detection

Makes a measurement on a SENSING SURFACE separated from the SURFACE OF INTEREST (e.g., probe type
Sensors).

Makes a measurement on a SENSING SURFACE which is part of the SURFACE OF INTEREST (e.g., flush mounted
Sensors).

Makes a remote measurement on a SENSING SURFACE which is part of the SURFACE OF INTEREST (e.g.,
observation of the wing from the fuselage.
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2.4.2 Atmospheric Conditions Detection

e Directly sensitive to ENVIRONMENTAL INFLIGHT ICING CONDITIONS:

Methods that measure directly the characteristics of the atmospheric conditions that might be conducive to ice accretion on
the AIRCRAFT SURFACES. For example, techniques may remotely measure LW drops size, LW drop concentration and/or
ICE CRYSTALS in the airflow (e.g., drops or ICE CRYSTALS imaging, optical sensors, lidar, radar, radiometer, etc.).

¢ Indirectly sensitive to ENVIRONMENTAL INFLIGHT ICING CONDITIONS:

Methods that indirectly measure the characteristics of the ENVIRONMENTAL INFLIGHT ICING CONDITIONS by

measuring the induced effect of the conditions on a sensing element. Such techniques may be sensitive to the presence of
ice and/or water and/or heat exchange and/or aerodynamic degradation, excluding APMS.

2.5 Controls Accessilility and Effects
Controls which are not tp be adjusted in flight shall not be readily accessible to flight personnel.

The operation of FIDS gontrols (e.g., test or reset inputs) available for use during flight; 'shall not fesult in a condition, the
presence or continuatiof of which would be detrimental to the continued safe flight ofithe AIRCRAFT.

2.6 Maintainability
A FIDS design shall provide evidence to the AIRCRAFT (and other SYSTEMSs as required) cpncerning any need for
unscheduled maintenange action linked with loss of FIDS functionalities. Troubleshooting of the failed COMPONENTSs shall

be as detailed as necesfary to fault isolate to the line replaceable unit:(LRU) and/or function.

For any maintenance agtion, needs for non-standard tooling .o specific labor skill should be avoided unless accepted by
the OEM.

FIDS design should ensuire no life limitation due to any COMPONENT, and thus no scheduled maintenance unless accepted
by the OEM.

FIDS COMPONENTSs w|th the same part number shall be fully interchangeable.
FIDS design shall include mechanical and electrical features ensuring proper installation.

FIDS manufacturers shall provide infermation to support AIRCRAFT maintenance and repair docyimentation (procedures,
actions, etc.).

2.7 Software and Harflware:-Management Design

Software design shall follow EUROCAE ED-T2/RTCA DO-178. The software design assurance Tevel (DAL) will depend on
the particular equipment function and application.

Electronic Hardware design shall follow EUROCAE ED-80/RTCA DO-254. The hardware DAL will depend on the particular
equipment function and application.

Reference should be made to ARP4754/EUROCAE ED-79 as an additional source of guidance in these areas.
2.8 Additional Performance Criteria
2.8.1 Built-in Test (BIT)

Built-in test for the FIDS shall be designed taking into account reliability, maintainability, and safety considerations consistent
with the requirements of the AIRCRAFT manufacturers. See 6.5.2.2 for additional guidance.
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2.8.2 FIDS Temperature Measurement

For FIDS that rely on temperature measurement (internal or external to the FIDS), accuracy must be assessed when
establishing the temperature threshold to avoid potential UN-ANNUNCIATED ENVIRONMENTAL INFLIGHT ICING
CONDITIONS that are part of the intended FIDS FUNCTIONS.

The temperature thresholds used shall be specified by the FIDS manufacturer or the AIRCRAFT manufacturer.

If the temperature is used in combination with water content measurement, a SAT <5 °C or TAT <10 °C is commonly used
to detect the presence of ENVIRONMENTAL INFLIGHT ICING CONDITIONS.

2.8.3 FIDS Design Robustness

External conditions likely to be encountered in service, such as air flow conditions, sun, rain, fuel, hydraulic fluid, deicing
fluids, insects, sand, etq; meedto be considered M the design Tobustness analysis.

FIDS manufacturers shall identify external conditions that could foreseeably lead to ‘errongous annunciation and
demonstrate FIDS meets its intended functions under these conditions or clearly establish-FIDS limitations.

Limitations resulting fromn external conditions shall be documented.
2.8.4 Nuisance Alarms

The FIDS should not anpunciate the presence of ice or ENVIRONMENTALMNFLIGHT ICING CONPITIONS when no ice or
no ENVIRONMENTAL INFLIGHT ICING CONDITIONS are present. NUISANCE ALARMSs should pe minimized.

2.8.5 Other Considerations
2.8.5.1 Hazards

If any COMPONENT of the FIDS can produce a hazard/to personnel or property, then a warning Igbel shall be prominently
provided on the unit.

2.8.5.2 Foreign Objeqt Damage (FOD)
The FIDS shall be consfructed so that paftsdo not detach during normal operations.
FIDS FAILURE due to HOD shall be_annunciated.

The FIDS should withstand strains, impacts, vibrations, and damage from foreign objects expecied in normal operation.
With the exception of FAILUREindication, the FIDS is not required to remain functional in order to|satisfy this requirement.

2.9 General Reporting Requirements

It is recognized that it can be difficult to achieve and to demonstrate the stated performance requirements. Not only are
those requirements difficult, but the state of the art in test/analysis capability will present challenges demonstrating the
requirements of Section 3 particularly given uncertainties in test conditions and FIDS measurements. Requirements that
are not met must be stated in the test report.

Additional test reporting requirements are listed in 2.10.

2.9.1  Summary Report

The equipment manufacturer or type certificate holder shall document as a minimum:

a. Qualification plan that follows the recommendations of 2.10.1.

b. Compliance matrix to the requirements of Sections 2, 3, and 4 as included in the qualification plan.
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e.

A completed environmental qualification form in accordance with Appendix A of EUROCAE ED-14/RTCA DO-160.

A description of the FIDS performance envelope. This shall include, but not be limited to, possible FIDS FUNCTION
deviation, accuracy, and threshold for each of the applicable requirements of Section 3 over the ENVIRONMENTAL
INFLIGHT ICING CONDITIONS and the intended flight envelope (e.g., altitude, airspeed, angle of attack/angle of

sideslip (AOA/AOS)

, etc.).

Installation information for the end-user in accordance with 6.3.

2.9.2 Substantiating Test Data/Analysis

The equipment manufacturer shall compile and make available for review all the following:

a.

g.
h.

Data to support the compliance of the equipment with all demonstrated requirements as required by the qualification

plan. This includes
4.2.3 and the perfor

For FIDS incorporat

For FIDS incorporat
DO-254.

As applicable, analy

As applicable, analy
FAILURE.

As applicable, FAIL
Verification test rest

As applicable, desig

The preceding informati

210 Test Requirement

2.10.1 Qualification Plg

The equipment manufal
similarity, etc.) used to g

dld [0 SNow compliance withn e aesign requirements or section £, the g
mance test report of 5.1.1.

ng software, data to show compliance with the appropriate level EHROCA

ng complex hardware, data to show compliance with the appropriate level §

sis to show the effectiveness of built-in test capability:

URE modes effects and criticality analysis (FMECA).
Its that detail any human factor or@esign limitations.
n tolerance/sensitivity and testing error analysis.

DN is also referenced in5.2 of this MOPS.

[

n

cturer, shall prepare a qualification plan that include the means of com
emeonstrate:

alification test report of

= ED-12/RTCA DO-178.

FUROCAE ED-80/RTCA

sis to calculate the probability of functional FAILURE or the probability of @n undetected functional

pliance (tests, analysis,

All design requirements of Section 2.

All functional requirements of Section 3.

All environmental re

quirements of Section 4 and EUROCAE ED-14/RTCA DO-160.

The qualification plan shall include detailed test procedures and test setup when tests are used to determine compliance
with this MOPS and the FIDS equipment performance specification. In particular, test procedures such as the ones given
in Section 5 should be used to demonstrate the requirements of Section 3. These procedures shall include the ICING
CONDITIONS from the test matrices (Tables 1 and 2) and any supplemental conditions required by the critical point analysis
(see recommendations of 5.2.1 and 5.2.1.2).
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The qualification plan shall also identify deviations such as:

FIDS requirement deviations by design.
e Test facility limitations requiring alternative means of demonstrating compliance and description of the alternate method
or test conditions.

2.10.2 Test Setup

The test setup used for qualification testing shall be representative of the AIRCRAFT installation. Depending on the DAL of
the ICE detection function (e.g., Level A, B, etc.), an AIRCRAFT SYSTEM-level qualification test may be required.
Alternatively, the exact wiring harness used on the AIRCRAFT may be required for certain qualification tests including an
accurate representation of the impedance, loads, etc., of interfacing equipment outside of the FIDS (refer to FAA AC
20-158A or latest revision and EASA CS-25 Appendix R). Details of the qualification test setup(s), including photographs,

shall be provided in the
2.10.3 Test Facilities

Each test facility use
(e.g., calibration, tracea

2.10.4 Test Equipment

All test equipment used
equipment used in the 4

ualiTication test repori(s).

] to perform testing shall demonstrate compliance with sindustry ri
ility with standards, etc.). Each test facility used shall be recerded in the t

to perform testing shall be properly calibrated prior to the start of testing
psting shall be provided in the test report(s). Thetest equipment listing she

description, manufacturg¢r, model, asset identification number, and galibration due date at a minim

2.10.5 Conformity and

Depending on regulatory
and/or test setup(s) may
No 748/2012, paragrap

Witnessing

requirements, a regulatory authofity (not just company) conformity Inspe
be required prior to the start ofltesting (refer to FAA Order 8110.4; EASA
h 21.A.33 inspection and.test). Since multiple test setups may be us

consideration must be given whether the setup change is significant enough to warrant a new ¢

addition to the Conformi
by a delegated engineer
inspection paperwork (iff

2.10.6 Test Article
Each ice detector test 4

standard. The test articl
and 6 testing. The exag

y Inspection requirements, it may be required by the regulatory authority th
ng representative and/or representative from the AIRCRAFT manufacturer
applicable) shall@e-included in the test report(s).

rticle shall be built to a released, documented configuration which is equ
b(s)shall successfully pass an acceptance test procedure (ATP) prior to

bcommended practices
pst report(s).

The complete listing of
Il include the equipment
im.

ction of the test article(s)
Commission Regulation
ed for a particular test,
onformity inspection. In
at each test is witnessed
. A copy of all conformity

valent to the production
ne start of Sections 4, 5,

t Serial number of the test article(s) used in each qualification test and it

5 associated ATP report

(data sheet) shall be do

2.10.7 Power Input Vol

umented i the testTeport(s):

tage

Unless otherwise specified or agreed with the AIRCRAFT manufacturer, all tests shall be conducted with the power input
voltage adjusted to design voltage +2%. The input voltage shall be measured at the equipment input terminals.
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Table 1 - Aircraft and rotorcraft test matrices for liquid water (LW) conditions: LW-C conditions

B [ D E F G H I J L | M | o P
Maximum RESPONSE TIME requirements according to Section 3.4
Test
es Atmospheric | Aircraft True Static _Static | Liguid Drops Detaction Time Detection Time
Case . - e - LWl wo Discrimination Tlime Discrimination Time
Conditions Air Speed Temp Temp Drop MVD | Distribution (LWC) (lwc)
# App O Drops,>10ppum | App O Drops >500pum
(---) (knots) (deg C) (deg F) (um) (um) (glms) (glm3) (seconds) (seconds) (seconds) (seconds)

1 Lw-C 200 -40 -40,0 15 Dv99 <100 0,25 0 14 No.Detection MNo Detection MNo Detection

2 LW-C 200 -10 14,0 15 Dv99 <100 0,6 0 7 No Detection No Detection No Detection

3 Lw-C 150 -20 -4.0 25 Dv998 <100 0,15 0 28 No Detection No Detection No Detection

4 LW-C 200 -30 -22,0 30 Dvo9 <100 0,5 0 No Detection No Detection No Detection

5 LW-C 250 -20 -4.0 15 DvO9 <100 1,9 0 No Detection No Detection No Detection

6 Lw-C 200 -10 14,0 25 Dv99 <100 1,45 0 L) No Detection No Detection No Detection

7 LW-C 120 -30 -22,0 40 Dv99 <100 0,05 0 99 No Detection No Detection No Detection

8 LW-C 200 -3 26,6 40 Dv99 <100 0,14 0 46 No Detection No Detection No Detection

9 Lw-C 150 -2,5 27,5 30 Dv99 <100 1,3 0 34 No Detection MNo Detection MNo Detection

10 Lw-C 200 -3,5 25,7 15 Dv99 <100 2,9 Q 18 No Detection No Detection No Detection

11 | Lw-FzDZ 450 25 13,0 20 MVD =40 | 5565 | o 5 56 No Detection No Detection
Dmax <500

12 | LW-FzDz 200 4 248 20 MVD <40, +\g43 | o 23 87 No Detection No Detection
Dmax <500

13 | Lw-FzDz 200 25 13,0 110 MVD >40" | 505 | 0o 55 103 No Detection No Detection
Dmax <500

14 LW-FZDZ 200 -4 24.8 110 8P ~40 0,43 0 24 26 No Detection No Detection
Dmax <500

15 LW-FZDZ 300 -13 8.6 110 D =20 0,24 0 8 14 No Detection No Detection
Dmax <500

16 LW-FZRA 200 -4 24,8 19 MVD <40 0,29 0 24 33 49 No Detection

17 LW-FZRA 150 -2,5 27,5 526 MVD =40 0,05 0 72 96 137 No Detection

18 LW-FZRA 200 -13 8,6 526 MVD =40 0,05 0 54 72 103 No Detection

Appendix C Appendij @ -
= gy o AIRCRAFT Test Matrix
1M FZDZ > 40 FZRA > 40
NOTE: Test case LW-C #1 at -40 °C is an extremely low temperature condition belonging to the Appendix C IM envelope of the current regulations. Figure 4 of

Appendix C is representing this -40 °C temperature limit by a dotted line and as a possible extent of the temperature limits. Indeed, at such low temperature
there is a high risk of spontaneous drops freezing with a possible partial or total drops freeze-out, reducing the number of (or avoiding any) liquid water drops
to reach the FIDS under test. The applicant should identify the occurrence of this phenomenon and alternate methods should be considered to demonstrate

the capability to detect these conditions.
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B C D E F G H | ) L M | o \ p
Maximum RESPONSE TIME requirements according to Section 3.4
Test i Rotorcraft i A L
Atmospheric . Static Static Liquid Drops
Case Conditions True Air Temp Temp Drop MVD | Distribution Lwc Iwc Detection Time Discrimination Time Discrimination Time Detection Time
# Speed (LWC) App O Drops >100um | App O Drops >500um (wc)
(==-) (knots) (deg C) _(deg F) (um) (um) (clm3) (clma\ (seconds) (seconds) (seconds) (seconds)
1R LW-C 120 -30 -22,0 15 Dvo9 <100 0,25 0 26 No Detectign No Detection No Detection
2R LwW-C 120 -15 5,0 15 Dv99 <100 0,6 0 1 No.Detectign No Detection No Detection
3R LW-C 80 -10 14,0 20 Dv99 <100 0,15 0 61 No Detectign No Detection No Detection
4R LW-C 120 -20 -4,0 30 Dv99 <100 0,5 0 10 No Detectign No Detection No Detection
5R LW-C 140 -10 14,0 15 DvE9 <100 1,9 0 6 No Detectign No Detection No Detection
6R LW-C 120 -5 23,0 20 Dv99 <100 1,45 0 14 No Detectign No Detection No Detection
7R Lw-C 40 -20 -4.0 40 Dv99 <100 0,05 0 321 No Detectign No Detection No Detection
8R LW-C 150 -2,5 27,5 40 Dv99 <100 0,16 0 45 No Detectign No Detection No Detection
9R LwW-C 80 -2,5 27,5 30 Dv99 <100 1,3 0 37 No Detectign No Detection No Detection
10R Lw-C 120 -3,5 25,7 15 Dv99 <100 29 0 17 No Detectign No Detection No Detection
11R | LW-FZDZ (*) 150 25 -13,0 20 MVD <40 | 595 WD 15 170 No Detection No Detection
Dmax <500
12R | LW-FZDZ (%) 80 -4 24,8 20 MVD <40 | gus | o 24 219 No Detection No Detection
Dmax <500
13R | LW-FZDZ (*) 80 -25 -13,0 110 Lt s 0,05 0 138 260 No Detection No Detection
Dmax <500
13R | LW-FZDZ (*) 120 -2,5 27,5 110 MXD >40 0,43 0 40 42 No Detection No Detection
Dmax <500
15R | LW-FZDZ (*) 150 -13 8,6 110 e 0,24 0 15 29 No Detection No Detection
Dmax <500
16R | LW-FZRA (*) 150 -4 24,8 19 MVD <40 0,29 0 21 44 65 No Detection
17R | LW-FZRA (¥) 80 -2,5 27,5 526 MVD =40 0,05 0 134 180 257 No Detection
18R | LW-FZRA (*) 150 -13 8,6 526 MVD =40 0,05 0 72 96 137 No Detection
Appendix C Appendix O ROTORCRAF[T Test Matrix
CMm FZDZ < 40 FZRA <0 (") FZDZ & FZRA test conditions are given in this document in case of ROTORCRAFT Regulations change but
M FZDZ > 40 FZRA > 40 were not applicable at the time of the approval of this document.



https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL

AS5498™B

Page 25 of 76

Table 2 - Aircraft and rotorcraft test matrices for mixed phase or glaciated conditions: GL, MP conditions

B C D E F G H I J K L o | P | R s
Maximum RESPONSE TIME requirements according to Section 3.4
Test
° Atmospheric | Aircraft True Static Static Liquid Drops Ice Crystal Detection Time | Discrimination Time | Discrimination Time | Detection Time
Case . R . . LwWcC IWcC TWC
# Conditions Air Speed Temp Temp Drop MVD | Distribution MMD (LWC) App O Drops App O Drops (IWC)
>100pm >500pm
(---) (knots) (deg C) (ded F) (um) (am) (g/m?) (um) (g/m?) | (g/m®) (seconds) (seconds) (seconds) (seconds)
1 GL 450 -60 -74.0 n/a n/a 0 50-200 3,3 3,3 No Detectiah N$ Detection No Detection 6
2 GL 300 -40 -40,0 n/a n/a 0 1000 3,5 3,5 No Detection N¢p Detection No Detection 8
3 GL 250 -40 -40.0 n/a n/a 0 50-200 2 2 No Detection N Detection No Detection 19
4 GL 250 -20 -410 n/a n/a 0 50-200 4.8 4.8 No Detection N Detection No Detection 7
5 GL 150 -20 -410 n/a n/a 0 50-200 1,3 1,3 No Detection N Detection No Detection 79
6 GL 200 0 32|0 n/a n/a 0 50-200 3 3 No Detection N$ Detection No Detection 15
7 MP 200 -20 -410 15 Dv99 <100 | 0,7 50-200 0,5 1,2 5 Np Detection No Detection 500
8 MP 300 -10 14{0 15 Dv99 <100 1 50-200 2 3 7 Np Detection No Detection 15
9 MP 450 -20 -410 15 Dv99 <100 | 0,29 50-200 4.3 4,59 5 Np Detection No Detection 4
10 MP 150 -2,5 27|5 15 Dv99 <100 | 0,5 50-200 0,5 1 38 Np Detection No Detection 500
11 MP 250 -5 23|0 15 Dv99 <100 1 50-2Q0 4 5 18 N$ Detection No Detection 9
12 MP 200 -20 -410 110 Pt 0.2 50-200 1 1,2 14 26 No Detection 76
Dmax <500
13 MP 200 -4 24|18 110 B Y 0,43 50-200 0,6 1,03 24 26 No Detection 341
Dmax <500
14 MP 300 -10 14{0 110 iR 0,2 50-200 2,8 3 9 17 No Detection 10
Dmax <500
15 MP 450 -20 -410 110 MVI=>Ys 0,2 50-200 3,8 4 6 11 No Detection 5
Dmax, <500
16 MP 150 -2,5 27|5 526 MVD >40 0,2 50-200 0,8 1 45 45 46 341
17 MP 250 5,5 221 526 MVD >40 0.2 1000 4.8 5 19 20 21 7
Ice i;y:tgls + Ice Crystals + ApplO FuI’I: Clag;apted
PP -
oM F7D7 < 40 7RG AIRCRAFT Test Matrix
1M FZDZ > 40 FZRA"™> 40
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B C D E F G H | J K L ) P | R | s
Maximum RESPONSE TIME requirements according to Section 3.4
Test . Rotorcraft . . L.
Case Atmospheric True Air Static Static Liquid Drops LWC Ice Crystal wc | Twc Maximum Discrimination Time | Discrimination Time o
4 Conditions Speed Temp Temp Drop MVD | Distribution MMD Detection Time App O Drops App O Drops Deteclt‘:‘c;z Time
(LWC) >100um >500pum ( )
(--4) (knots) (deg C) (dedF) (pm) (pm) {g/m’) am) {gfm”) | (g/m’) [Seconds) (seconds) (seconds) (seconds)
1R GL (%) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
2R GL (%) 150 -30 -22.0 n/a n/a 0 1000 SiG SiG No Detection Np Detection No Detection 18
3R GL (%) 120 -30 -22.0 n/a n/a 0 50-200 2 2,0 No Deteetioh Np Detection No Detection 54
4R GL (%) 120 -20 -410 n/a n/a 0 50-200 4.8 4.8 NoBetection Np Detection No Detection 16
5R GL (%) 80 -20 -4{0 n/a n/a 0 50-200 1,3 1,3 No Detection Np Detection No Detection 500
6R GL (%) 120 0 32{0 n/a n/a 0 50-200 3 3,0 No Detection Np Detection No Detection 30
7R MP () 120 -20 -410 15 Dv99 <100 | 0,7 50-200 0,5 {2 9 Np Detection No Detection 500
8R MP () 140 5 23{0 15 Dv99 <100 1 50-200 2 3,0 14 Np Detection No Detection 43
9R MP () 150 -20 -410 15 Dv99 <100 | 0,29 50-200 43 4.6 17 Np Detection No Detection 14
10R MP (*) 80 -2,5 2715 15 Dv99 <100 | 0,5 50-200 0,5 1,0 36 Np Detection No Detection 500
11R MP (*) 120 = 23{0 15 Dv99 <100 1 50-200 4 50 15 Np Detection No Detection 20
12R MP (*) 80 -20 -4{0 110 MVD >40 0,2 50-200 1 1,2 35 65 No Detection 500
Dmax <500
13R MP (*) 120 -2,5 2715 110 MVD =40 0,43 50-200 1 1.4 40 42 No Detection 341
Dmax <500
14R MP (*) 120 -10 1410 110 S 0,2 50-200 2,8 3,0 23 43 No Detection 89
Dmax.<500
15R MP (*) 150 -20 -410 110 et 0,2 50-200 3,8 40 18 85 No Detection 16
Bmax <500
16R MP (*) 80 -2,5 2715 526 MVD >40 0,2 50-200 0,8 1,0 46 46 64 500
17R MP (*) 150 -5,5 221 526 MVD >40 0,2 1000 4.8 S.(0) 18 24 34 12
Fully Glaciated =
oe Crytls + ce Crystals + Ap 0 y Glacia ROTORCRAFT Test Matrix
CM FZDZ < 40 FZRA < 40 (*) GL & MP test conditions are given in this document in case of ROTORCRAFT Regulations change but
IM FZDZ > 40 FZRA > 40 were not applicable at the time of the approval of this document.



https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL

AS5498™B

Page 27 of 76

NOTE: For the AIRCRAFT and ROTORCRAFT Table 2, the maximum detection time of Column O and the discrimination
time of Column P and R under the mixed phase (MP) conditions are calculated considering only the relevant LWC
part contained in the MP conditions. In some MIXED PHASE CONDITIONS with low LWC and high IWC, erosion
may occur, preventing this requrement to be met. If this occurs, the FIDS manufacturer must characterize this
behavior and provide the information in the report provided to the end user (see 6.3).

2.10.8 Power Input Frequency

In the case of equipment designed for operation from an AC power source of essentially constant frequency (e.g., 400 Hz),

the input frequency shal

| be adjusted to design frequency +2%.

In the case of equipment designed for operation from an AC power source of variable frequency (e.g., 300 to 1000 Hz),
unless otherwise specified, tests shall be conducted with the input frequency adjusted to within 5% of a selected frequency

within the range for whi

h the equipment is designed.

3. MINIMUM PERFOR
3.1 Introduction

This section defines the
the performance requir

MANCE SPECIFICATION UNDER ENVIRONMENTAL INFLIGHT ICING

minimum performance specification under ENVIRONMENTAL'INFLIGHT |
bments for FIDS FUNCTION, including RESPONSE TIME requirements

requirements may be ne¢eded to satisfy specific AIRCRAFT manufacturer’s requirements and/or t

requirements. Deviation
The FIDS manufacturer|

possible impacts on Fl

5 shall be documented.
shall take into account the possibility that ENVIRONMENTAL INFLIGHT

S performance when exposed to differentivalues and ranges of ICING CH

the installed location mtiy differ from FREESTREAM conditions. See*Section 6 for installed SYS]

extended temperature r

See 5.2.1.2 for guidancg on installation factors when showing compliance with the following requir,

3.2  Flight Envelopes

Unless otherwise spec
depending on the AIRC
¢ ROTORCRAFT: 40
AIRPLANE: 60 KTA

NOTE: Both ROTORCH

fied the following airspeed and altitude apply to all requirements of th
RAFT type:

KTAS < TAS <200 KTAS and -2000 feet < Alt < 20000 feet.
S < TAS'<-520 KTAS and -2000 feet < Alt < 51000 feet.

RAFT and AIRPLANE requirements may apply to tilt-rotors and other comp

nge, LWC and IWC concentration facter, MVD distribution, airspeed, etc.).

CONDITIONS

CING CONDITIONS and
. Deviations from these
b comply with regulatory

ICING CONDITIONS at
'EM considerations and
ARACTERISTICS (e.g.,

ements.

e following paragraphs

ound ROTORCRAFT.

3.3 FIDS Functions and Minimum Operating Performance Specification

3.3.1  Atmospheric En

vironmental Inflight Icing Conditions

A FIDS that detects ENVIRONMENTAL INFLIGHT ICING CONDITIONS shall communicate the information to the flight
crew or to another AIRCRAFT SYSTEM complying with one or more of the following FIDS FUNCTIONS.

3.3.1.1  Detect Liquid

Water Drops Icing Conditions (LW)

LW FIDS FUNCTION shall be sensitive to LWC conditions equal to or greater than 0.05 g/m3.

The maximum RESPONSE TIME of this LW FIDS FUNCTION to detect the presence of liquid water drops when exposed
to LW atmospheric conditions as defined by 1.8.1 shall be calculated using Equation 1, given in 3.4.1.1, where the LWC
distribution considered is defined in Table 3.
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Table 3 - LWC distribution requirements for LW FIDS functions

LW FIDS FUNCTIONs LWC distribution used in Equation 1
LW-C Appendix C only (LW-C)
LW-FZDZ Freezing drizzle portion of Appendix O (LW-FZDZ)
LW-FZRA All of Appendix O (LW-FZRA)

3.3.1.2 Detect Ice Crystals in Mixed Phase or Glaciated Conditions

Whether in glaciated or MIXED PHASE CONDITIONS, this FIDS FUNCTION shall be sensitive to IWC conditions equal to
or greater than 0.5g/m3 regardless of the TWC.

The maximum RESPONSE TIME of this FIDS FUNCTION to detect the presence of MIXED PHASE OR GLACIATED
CONDITIONS shall be calculated using Equation 2 and the resulting curve (curve fit) as described in 3.4.1.2, where the
IWC considered is defined in 1.8.2.

3.3.1.3 Discriminate $pecific Liquid Water Drops Icing Conditions

This FIDS FUNCTION ghall be sensitive to LWC conditions equal to or greater than 0;05 g/m? fof the drops belonging to
the relevant drop populgtion as defined by 1.8.1.

3.3.1.3.1 Discriminat¢ Appendix O Conditions

The FIDS may provide gn Appendix O and Appendix O FZRA function which discriminates the presgnce of liquid water drop
conditions having drop diameters exceeding a particular value as defined-in Table 4 and in 1.8.1.

The maximum RESPONSE TIME for this FIDS FUNCTION to discriminate Appendix O and Appendix O FZRA conditions
from other ICING CONDITIONS shall be calculated using Equation 1 given in 3.4.1.1, where the LWC considered is only
for drops belonging to the desired drop population as defined-in Table 4 and in 1.8.1.

See A.2 for assumptiong and discrimination time calculations.

Table 4 - LWC requirements for Appendix O FIDS functions

Appendix O FIDS N
HUNCTIONS O Environment Drops Population for LWC
Appepdix O LW-FZDZ or LW-FZRA | >100 ym(LW-100+)
Appenpdix O FZRA LW-FZRA >500 ym(LW-500+)

NOTE: When Appendiq O canditions are identified without the identification of Appendix O FZRA/[ then Appendix O FZDZ
conditions are irrferred.

3.3.1.4  Discriminate Specific GLACIATED or MIXED PHASE CONDITIONS

This FIDS FUNCTION discriminates GLACIATED (GL) from MIXED PHASE (MP) CONDITIONS from liquid water (LW)
conditions as defined by 1.8.2.

The maximum response time for this function to discriminate GL or MP conditions from other ICING CONDITIONS is given
in Table 5.

Whether in fully glaciated or mixed phase, this FIDS FUNCTION shall be sensitive to IWC conditions equal to or greater
than 0.5 g/m?® regardless of the TWC.
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Table 5 - GL and MP response time requirements

F

FIDS

unction Discrimination Time

GL

Calculated using IWC in Equation 2 and the resulting curve
(curve fit) of Figure 2 as described in 3.4.1.2

MP

The longer of the two values calculated from LWC using

resulting curve (curve fit) of Figure 2 as described in 3.4.1.2.

Equation 1 given in 3.4.1.1 and using IWC in Equation 2 and the

3.3.2

Icing Characteristics

A FIDS that provides information on ICING CHARACTERISTICS when flying in the ENVIRONMENTAL INFLIGHT ICING
CONDITIONS shall communicate the information to the flight crew or to another AIRCRAFT SYSTEM complying with one

or more of the following

3.3.21 Ice Accreted

This FIDS FUNCTION
SURFACE OF INTERE

If the FIDS has the cap|
duration to recover the ¢
is in excess of the thres

3.3.2.2 Specific Cond

This FIDS FUNCTION d
exceed thresholds deter
of 3.3.2. AIRCRAFT m4g
typically based on drop

The FIDS FUNCTION s
the specified threshold.

NOTE: The design parg
3.3.2.3 Provide Othel

Unless specified in the fi
be specified in the FIDS

lPIUb FUNCTIONS.

n the Surface of Interest

detects the presence of ICE with a maximum thickness detection thres
BT using ice accretion based sensing methods; see 2.4.1 for'more details.

ability to remove accumulated ice, the annunciation ef ICE should be meé
apability of performing detection. If the thickness of aecreted ICE on the FIL
nold thickness, the FIDS shall continue to annunciate the presence of ICE.

itions that Exceed Aircraft Design Parameters
etects when the ENVIRONMENTAL INELIGHT ICING CONDITIONS and/g
mined by the AIRCRAFT manufacturer within the accuracy specified in the

nufacturers may identify design liraitations of the AIRCRAFT ice protectiq
bize (e.g., Dmax, MVD, etc.), L\MC, ICE accretion rate, etc.

meters are specified’by the AIRCRAFT manufacturer.
Information’on ICING CHARACTERISTICS

pllowing-sections, the RESPONSE TIME and sampling rate for each of the
manufacturer’s specification.

hold of 0.3 mm on the

intained at least for the
S SENSING SURFACE

r resulting ICE accretion
relevant sub-paragraph
n. These limitations are

nall continue to annunciate.that exceedance conditions exist as long as the measurement exceeds

following functions shall

3.3.2.3.1 Ice Thickness Measurement and Indication
ICE thickness measuring capability shall indicate the ICE thickness value above 0.3 mm with a measurement accuracy of

+0.2 mm or +20% of the thickness, whichever is greater.

The FIDS manufacturer shall specify the maximum thickness the device can measure and the range for which this accuracy
applies.

It is expected that the sampling rate the FIDS uses to measure the function above should take into account the ICE accretion
rates that can be encountered.

3.3.2.3.2 Ice Accretion Rate Measurement and Indication

The ice accretion rate measuring function shall provide a measurement of ICE accretion rates as low as 0.1 mm/min, and
as high as 18 mm/min. The ICE accretion rate measurement shall have a minimum accuracy of £30% or +0.1 mm/min,

whichever is greater. For ICE accretion rates greater than 18 mm/min, the FIDS may saturate, but shall still indicate at least
18 mm/min.
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The FIDS shall indicate the ICE accretion rate value within two times the RESPONSE TIME z as defined by Equation 1,
given in 3.4.1.1, as long as an initial ICE detection signal is provided within one times t. Once provided, the FIDS shall
update the measurement at a maximum interval of one times .

It is expected that the sampling rate the FIDS uses to measure the function above should take into account the ICE accretion
rates that can be encountered.

3.3.2.3.3 Liquid Water Content (LWC) Measurement and Indication

LWC shall be measured having a minimum threshold of 0.05 g/m3 and with a measurement accuracy of +0.03 g/m? or +30%,
whichever is greater. The maximum measurable LWC and the LWC range that the required accuracy applies to shall be
defined.

3.3.2.3.4 Max Drops Size (Dmax) Measurement and Indication

Liquid water Dmax capapility shall measure with an accuracy of 100 ym or £20%, whichever is sn||aller. The minimum and
maximum measurable [Jmax that the required accuracy applies to shall be defined.

This FIDS function shalllbe sensitive to LWC conditions equal or greater than 0.05 g/m?.
3.3.2.3.5 Drops MVD[Measurement and Indication

MVD shall be measureq with a measurement accuracy of £20%. The minimum and maximum measurable MVD that the
required accuracy appligs to shall be defined.

This FIDS FUNCTION shall be sensitive to LWC conditions equal to©rgreater than 0.05 g/m3.
3.3.2.3.6 lce Water Gontent Measurement and Indication

IWC shall be measured having a minimum threshold of 0.5.g/m? and with a measurement accuracy|of +30%. The maximum
measurable IWC and thge IWC range that the required accuracy applies to shall be defined.

3.3.2.3.7 Total Water|Content Measurement and-Indication

Total water content megsurement under MIXED PHASE CONDITIONS shall comply with requirements given in 3.3.2.3.3
for LWC for the liquid water part and shall comply with requirements given in 3.3.2.3.6 for the IWCjfor ICE CRYSTAL part.

3.3.2.3.8 Measuremgnt and Indi¢ation of Other Parameters

Some FIDS FUNCTIONs may provide information on other parameters (ICE CRYSTAL size, MMD, temperature, etc.). In
this case, the FIDS manufacturer shall specify the accuracy of these parameters in their range of measurement.

3.4 FIDS Response Time Requirement
3.4.1 Entering Environmental Inflight Icing Conditions

3.4.1.1  When Exposed to Liquid Water Drops Icing Conditions

Equation 1 shall be used to calculate the maximum FIDS RESPONSE TIME, 1, to detect the presence of ICING
CONDITIONS liquid water (LW) icing.

See Appendix A for FIDS RESPONSE TIME requirements and rationale, A.1 for RESPONSE TIME when exposed to liquid
water drops conditions, and A.2 for rationale for discrimination time when exposed to Appendix O conditions.
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T = tp/(Bs LWCs Vs ns) (Eq. 1)

where each of these terms is evaluated at (or on) the AIRCRAFT CRITICAL SURFACE OF INTEREST, local conditions as

represented by Figure 1 and defined as follows:

T = maximum FIDS RESPONSE TIME (seconds)

Bs = local collection efficiency (non-dimensional value)

LWCs = local LIQUID WATER CONTENT calculated from liquid water mass of interest (g/m°) (see A.2, 3.3.1.1, and

3.3.1.3)

Vs = local true airspeed (m/s)

ns = local freezing fraction (non-dimensional value)
t = maximum allowable ice thickness (m)

p = ice density (g/mf); p = 0.917 x 10® g/m3

The equipment manufagturer should work with the AIRCRAFT manufacturer to-détermine the appfopriate values of fs, ns,
and t to use in Equation [I. However, if no information is directly available fromthe’ AIRCRAFT mandfacturer; for the purpose
of this MOPS and in order to provide a practical way to calculate a RESPONSE TIME, a maximunj allowable ice thickness
(t) of 0.3 mm can be redommended, and the parameters s and ns can be calculated using the mgthod given in A.1.1.

Picture pouftesy of DEENG AB

EREESTREAM Airflow: LW(, V

Local conditions evaluated at (¢r
on) the AIRCRAFT CRITICA
SURFACE OF INTEREST

S

By, LWCq, Vg, ngand t)

S>0

S40

bope im 3y _dyY
- 35+0 &S " dS
Definition and graphic from SAE ARP 5624

Figure 1 - Local air flow conditions evaluated at the surface of interest

3.4.1.2 When Exposed to ICE CRYSTALS in MIXED PHASE or GLACIATED CONDITIONS

The requirements for MIXED PHASE or GLACIATED CONDITIONS do not apply to ROTORCRAFT.

Sections 3.3.1.2 and 3.3.1.4 provide FIDS FUNCTIONs requirements when exposed to MIXED PHASE or GLACIATED
CONDITIONS and shall take into account the following maximum RESPONSE TIME determination method.
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The maximum RESPONSE TIME to detect the presence of ICE CRYSTALS contained in MIXED PHASE or GLACIATED
CONDITIONS as defined by 1.8.2, is provided by Equation 2 and the resulting curve (curve fit) of Figure 2.

See A.3 for rationale on

the RESPONSE TIME when exposed to ICE CRYSTAL conditions.

900

Response Time vs Ice Water Mass Flux

800

700

€00

{2} nay
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where:
a =4000g/m?

300

b =50g/(m?s)

\ V  =True Airspeed (m/s)

Note: Assumes engine data was collected

T Response Time (seconds)

200

\ at 150 m/s (290 KTAS)

100

I N ;

0 0 =4

100 200 300 400 500 600
Ice Water Mass Flux = IWC ( g/m3 ) x Velocity ( m/s )

=—Curve Fit

IWC = Ice Water Content (g/m?3) | Engine Data

Equation 2 provides ma

where IWC and V are |
therefore the terms are

© = maximum FIDS

Figure 2 - Response time-under mixed phase or glaciated conditions

Kimum FIDS RESPONSE TIME when exposed to IWC conditions:

T = a/[(IWC V) - b]

efined.as follows:

RESPONSE TIME (seconds)

IWC = FREESTREAM ice water content (g/m3)

V = FREESTREAM
a =4000 g/m?

b =50 g/(m?s)

true airspeed (m/s)

3.4.2 Exiting Environmental Inflight Icing Conditions

(Eq. 2)

FREESTREAM conditions and it is assumed engine data was collected at 150 m/s (290 KTAS);

At a minimum, FIDS should identify the exit of the icing encounter within 180 seconds of exiting the icing encounter. In any
case, the annunciation should be maintained for a minimum of 60 seconds hold time to avoid frequent on/off activation of
the signal to the flight crew and/or other AIRCRAFT SYSTEMSs.

These values are given for information, but are specific for each AIRCRAFT manufacturer application. The equipment
manufacturer should work with the AIRCRAFT manufacturer to determine the appropriate values.


https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL AS5498™B Page 33 of 76

3.4.3 Environmental Inflight Icing Conditions Discrimination Time

The maximum RESPONSE TIME to discriminate a specific ICING CONDITION corresponds to the time after entering the
ENVIRONMENTAL INFLIGHT ICING CONDITIONS and the abilities of the FIDS FUNCTIONS described in 3.3.1.3 or
3.3.1.4 to identify and annunciate presence of one specific icing condition from the others. For rationale, see A.2
(Appendix O conditions) and A.3 (MIXED PHASE or GLACIATED CONDITIONS).

4. MINIMUM PERFORMANCE SPECIFICATION UNDER ENVIRONMENTAL TEST CONDITIONS
4.1 Introduction
The intent of this chapter is to provide required test protocols applicable to FIDS under all environmental conditions. General

guidelines are also given for test procedures. However, the reference for test procedures for determining equipment
performance under environmental test conditions is EUROCAE ED-14/RTCA DO-160.

The test categories proVided in 4.2 are based on Issue G of EUROCAE ED-14/RTCA DO-160;The applicant shall use the
latest revision of the EUROCAE ED-14/RTCA DO-160 and ensure the categories used are équivalent to those specified in
4.2.

4.2 General Acceptalle Means for Qualification Testing
4.2.1 Operational Mogles

The equipment manufagturer shall consider the different operational modes.of the ice detector and|consider the impact that
each mode may have fpr the various qualification tests described in Table 6. For example, if QEICING or ANTI-ICING
heaters are activated irf some operational modes, the additional current draw may contribute to| increased (or reduced)
sensitivity/susceptibility.| Similarly, it may be necessary to evaluate and/or test the I/O in each operational state in order to
ensure that undetected Joss may not occur as a result of exposure to the particular qualification tgst. DC and/or AC power
switching may also be factors to consider along with operating frequencies of electrical COMPONENTSs such as crystals,
microcontrollers, etc.
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Table 6 - List of ED-14/D0O-160 test conditions and requirements

EUROCAE
ED-14D/RTCA
DO-160G Applicable Category or
ltem # Section Title Guideline Comments
4.5 4.5 Temperature Category D2
Altitude,
4.6 4.6 Decompression, Category D2
Overpressure
Temperature
5 5.0 Vari:tion Category A
Presence of humidity could impact
6 6.0 Humidity Category C RESPONSE TIME and could cause
falSe Ice detection.
For this item¢gperformance should be
Operational checked after exposure to the gust only
7.2 7.2 Shock Category B (other sources fof operational shock
are forground phases).
73 73 Crash Safety Category B The application of thig test may result
in damage to the|equipment.
8 8.0 Vibration gﬁ‘tegow S, curves C and
9 90 Explosion NA or Cf_:\tegory E _ The application of this_ test may result
(depending on location) in damage to the|equipment.
Category S outside6f
10 10.0 Water Proofness AIRCRAFT,; category R F;Dti:;naeslleté?riifsﬂggct’?\// |\t/ apeotl;:s)
inside of AIRGRAFT phics, y, ete.
Contamination can only be applied
Fluid prior to installation in WT, not during.
11 11.0 S e Category F For verification of performance during
usceptibility L
contamination, other means shall be
used. 1
Contamination can only be applied
prior to installation in WT, not during.
12 12.0 Sand and Dust Category S For verification of performance during
contamination, other means shall be
used.
Demonstration is|usually that fungus
13 13.0 Fungus Category F cannot develop on the device so it will
not affect performance.
Contamination can only be applied
prior toinstattation in WT, not during.
14 14.0 Salt Spray Category S For verification of performance during
contamination, other means shall be
used.
Device needs to be tested in all modes
of operations (in dry conditions/ICING
15 15.0 Magnetic Effect Category A CONDITIONS, heater/cooling SYSTEM
active or not active or with transition if
applicable).
Category Z for DC
16 16.0 Power Input Category A(WF) for AC
For this item, performance should be
17 17.0 Voltage Spike Category A checked after exposure only (very short
exposure time).
18 18.0 Audio Frequency Category Z for DC

Susceptibility

Category R(WF) for AC
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EUROCAE
ED-14D/RTCA
DO-160G Applicable Category or
ltem # Section Title Guideline Comments
19 19.0 Induced Signal Category ZC for DC
) Susceptibility Category ZW for AC
20 20.0 Radio Frequency | Category R for conducted,
) Susceptibility category W for radiated
Device needs to be tested in all modes
21 210 Eac_ﬂio_Frequency Category H of qperation (he_ater/coo_ling SYS'_I'EI\{I
mission active or not active or with transition if
applicable).
:_lghtmr(;g Cateﬁg_onl'é/ '%3G3L3 For this item, performance should be
22 22.0 nduce (unshielded) checked after exposure only (very short
Tramstent— Category B3K3L3 exposure time)
Susceptibility (shielded) {
Depends if'device is supposed to be
23 230 Lightning Direct Category XX1A or XX2B functioning after ¢xposure. If yes, then
) Effects depending on location performance needs to be demonstrated
aftér exposure. Iffno, N/A.
24 24.0 Icing Category A
Electrostatic For this item, performance should be
25 25.0 Di Category A checked after exposure only (very short
ischarge .
exposure time).
26 26.0 Fire/Flammability Category C

4.2.2 Qualification Tept Procedures

The qualification test prgcedures shall address the requirements planned to be satisfied by test and
steps required to accomplish each agreed to test, diagram.the test setup and list the test equipment {
information required to perform the test shall be provided in the qualification test procedure (refe]
other documents are no} sufficient). The operationakmedes of the equipment shall be carefully considered and reflected in
the applicable qualificatjon test procedure(s). Each_procedure shall define if conformity and/or wi
required and which parggraphs (including figures)-are subject to these requirements. The qualifica
clearly identify the pasg/fail criteria for eaehtest performed along with any performance test p,
abbreviated acceptance|test) that may be"used to confirm proper operation of the equipment.

4.2.3 Qualification Tept Reports

Qualification test reports shallbe generated following the completion of qualification tests. The
summary of all tests including the following:

shall specify the detailed
0 be used. All necessary
rences to procedures in

nessing requirements is

tion test procedure shall
rocedure (e.g., a full or

reports shall contain a

a. The actual qualificatfomtestprocedures as performed or a reference 1o the Tefevant procedure
deviations or details missing from the procedure defined in the qualification plan (see 2.10.1).

ighlighting any changes,

b. A record of all tests, test results and test data, including the recorded results of pre-qualification and post-qualification
performance tests. All recorded test results will be quantitative in that actual test results will be recorded. Graphic,
tabular, and photographic entries will be made as required for clarity and completeness. Supporting test data will include
a narrative history or log of the test.

c. A description of and the disposition of any equipment FAILURESs or defects occurring during the tests.

d. All relevant pre/post qualification ATP reports (data sheets) (see 2.10.6).

e. Details of the test set-up, test facility and test equipment used (see 2.10.2, 2.10.3, and 2.10.4).

f. Relevant conformity and witnessing documentation (see 2.10.5).
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4.3 Qualification Requirements

4.3.1  Minimum FIDS Qualification Requirements
For this section, icing detection performance shall be understood as the capability of FIDS to perform intended function with
applicable requirements as defined in Section 3, and to not detect the presence of icing when no icing is present.

Exposure to the environmental tests shall not impact FIDS icing detection performance. However, it is recognized that it
may not be possible to expose the device simultaneously to environmental testing and ENVIRONMENTAL INFLIGHT ICING
CONDITIONS.

When trying to demonstrate compliance to the requirements in all environmental conditions, the FIDS manufacturer should
use the “comments” provided in Table 6 and provide sufficient evidence that this environmental condition does not impact
icing detection performance. The FIDS manufacturer should also demonstrate the robustness of FIDS icing performance to
this condition and identify potentiattimitations; see28-3-

Modified minimum FIDY qualification requirements may be used if there is agreement with the)AIRCRAFT manufacturer.
See 6.5.2.1 for additional qualification requirements specific to AIRCRAFT installation.
5. TEST PROCEDURES

5.1 General

This section defines th¢ laboratory test procedures used to verify thesminimum operational pefformance requirements
specified in Section 3.
5.1.1 Performance Tgst Reports

Performance test reports shall be generated following the. Completion of the performance tests. Thie reports shall contain a
summary of all tests including the following:

a.

The actual perform
changes, deviations

Data from the criticg
be provided to subs

Compliance of the €
and flight envelope

of Section 3 need to
(e.g., lab, IWT, etc.)

ance test procedures as‘performed or a reference to the relevant pro
need for scaling, or details missing from the procedure defined in the qualif]

| point analysis (CRA) as required in 5.2.1 and/or detailed data on the scz
antiate the additional/modified ICING CONDITIONS selected in the qualifi

le.g., altitude, airspeed, AOA/AOS, etc.). The accuracy and threshold of the
be demonstrated and documented. This includes the accuracy and uncerta

cedure highlighting any
cation plan (see 2.10.1).

ling methods used shall
cation plan.

quipment with the applicable requirements of Section 3 including the intepded FIDS FUNCTIONS

applicable requirements
nties of the test facilities,

In-addition, the FIDS design accuracy shall be evaluated including, but nd

t limited to, mechanical,

electrical, aerodyna

Tiic, thermodymarmic, software, etc:

A description of and the disposition of any applicable FIDS FUNCTION non-compliance, FAILURES, or unexpected
behavior (e.g., nuisance indication) occurring during the tests.

A record of all tests, test results and test data, including the record of key information as requested by each test
procedure of 5.2.4 and 5.2.5. In addition, the considered installation factors, test duration and the pass/fail criteria shall
be documented. All recorded test results will be quantitative in that actual test results will be recorded. Graphic, tabular,
and photographic entries will be made as required for clarity and completeness. Supporting test data will include a

narrative history or |

og of the test.

All relevant pre/post qualification ATP reports (data sheets) (see 2.10.6).

Details of the test set-up, test facility, and test equipment used (see 5.2.3, 2.10.2, 2.10.3, and 2.10.4).

Relevant conformity and witnessing documentation (see 2.10.5).
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5.2 Detailed Test Procedures

521 Test Matrix

Tables 1 and 2 define matrices of test points which represent a minimum set of flight conditions to be used to demonstrate
compliance to the requirements of Section 3. Each table contains one matrix for AIRCRAFT application (test points #1
through 18) and one matrix for ROTORCRAFT application (test points #1R through 18R). In the following sections, when
test conditions are indicated with a number (e.g., test point #7 or #1 through 17) it shall be understood that for
ROTORCRAFT application the test conditions to be used are the one from the ROTORCRAFT matrix (e.g., test point #7R
or #1R through 17R). Additional test points may be required by the OEM. The equipment manufacturer should consider
testing beyond this minimum data set in order to fully characterize dependency of the equipment on certain parameters,
such as maximum drop size and distribution, altitude, airspeed, angle of attack, etc.

A critical point analysis (CPA) must be performed by the manufacturer to determlne if these additional test points are

V vV U

required depending on te
be affected by the installation location.

U LT UIUUYV WU coC Pdld . c U

When establishing the nmhinimum number of test points, the corners of each icing appendix,were co
MVD at maximum temperature and maximum LWC within Appendix C). To ensure an.adequate
corner conditions, points were selected to represent different MVD, drop size and temperature ¢
envelope (Appendices ¢, O, or D/P, as applicable). Once the atmospheric conditions were selectg
varying airspeeds. Typi¢ally, lower airspeeds were paired with lower LIQUID WATER CONTENT
with higher LIQUID WATER CONTENTSs. The intent of the pairing is to bound the detector's RESP

se parameters may also

nsidered (e.g., minimum
distribution between the
iterion within each icing
d, they were paired with
s, and higher airspeeds
DNSE TIME. The lowest

water content at the lowpst airspeed will represent the maximum RESPONSE TIME expected from the device. In contrast,

the highest water content at the highest airspeed will represent the quickest RESPONSE TIME, n
freezing fraction.

The values identified for|freezing fraction and collection efficiency-may be used for testing purposes
indicate acceptable valdes for a particular AIRCRAFT. Theseshall be revisited with the OEM.
5.2.1.1 Maximum response time requirements and altitude conditions:

The “Maximum RESPQONSE TIME requirements™ indicated for liquid water conditions or MIXED
(columns L to O Table 1 and columns O to R Table 2) were established according to the method d
The freezing fraction and collection efficiency-values were determined using the Equations A-3
barometric pressure of 42797 Pa corresponding to an altitude of 22000 feet. The choice of the 22
liquid water or mixed phase test conditions of Table 1 and Table 2 ensures the highest freezin
shortest RESPONSE TIME requirement giving an additional safety margin on the time to detect o
CONDITIONS. This safety margin‘is substantially higher for slower and/or lower flying AIR
performance jet AIRCRAFT. It isstecognized that for particular applications (e.g., AIRCRAFT or RO]
limitations) or specific epvironmental conditions (e.g., warm temperatures, FZRA) the 22000 foot
minimum temperature might not be appropriate and one should be selected based on the

A

q

ot including the effect of

only. The values do not

PHASE CONDITIONS
escribed in Appendix A.
and A-5 of A.1.1 with a
DOO foot value for all the
y fraction value and the
r discriminate the ICING
CRAFT than for higher
[ORCRAFT with altitude
alue and the associated
pplication AIRCRAFT’s

performance envelope. Fherelevant alternati
the appropriate authorities.

feed on by the OEM and

It shall be also recognized that some testing facilities are unable to set a specific barometric pressure value in the test
section of the tunnel (e.g., the 22000 foot conditions), the following paragraph gives recommendations on how to manage
such situations.

5.2.1.2 Test Conditions

If the recommended test conditions are not deemed suitable for the application or testing facility, alternate test conditions
need to be investigated by either of the following:

o Tests with modified test conditions, using justified and state of the art scaling laws for determination of scaled tests
conditions.

L)

Analysis (i.e., maximum, minimum speed, maximum drop size, drops distribution spectrum, maximum, minimum LWC
or IWC, etc.) to verify compliance with the applicable requirement.
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The alternate conditions need to get the approval of the appropriate authorities to verify the same intent is achieved.

The number of times the test points indicated in Tables 1 and 2 are repeated for each test condition shall be agreed by the
relevant stakeholders.

5.2.1.3 Test Point Scaling

When a particular FREESTREAM (reference) test condition cannot be achieved due to a test facility limitation, scaling
methods may be used to arrive at an achievable test condition. Refer to scaling documents AEDC-TR-85-30, Vol 1,
NASA/CR-2004-212875, NASA/CR-2008-215302, AIAA-88-0203, AIAA-95-0540, and NASA TM-107140, which are
provided as guidance. State-of-the-art scaling laws shall be considered.

The particular parameters that are scaled shall not affect the characteristic being evaluated by the test (e.g., detection
threshold, DEICING or ANTI-ICING capability, LWC characterization, freezing fraction, etc.).

In particular, effects of dltitude have to be evaluated and considered in the scaling laws, to besepresentative of INFLIGHT
heat transfer coefficients.

Ice crystal scaling methods continue to evolve. Suitable methods for scaling altitudetest of ICE CRYSTALS may be
developed in the future.|These methods must be thoroughly validated.

5.2.1.4 Installation Fgctors
In order to cover most offthe AIRCRAFT FIDS applications, the user of thisMOPS shall consider relevant installation factors
for the test conditions ihdicated in Tables 1 and 2; see 6.2.3 for rationale. At a minimum, FIDS performance shall be

demonstrated over a rapge of local LWC and IWC installation factors;.also known as the concentration factor.

A critical point analysis (CPA) may be conducted by FIDS manufacturer to determine the concentration factor(s) that should
be applied to each test point.

The factors utilized for gach test point shall be recorded(in the test results and form part of the testrecord.
5.21.5 Test Duration

Two COMPONENTS of ftesting, ICE detection-performance and risk of adverse ice accretion, are |considered here in term
of test duration.

e |CE detection perfofmance:

The matrix will be rin for-aminimum of 3 minutes or three ice detection RESPONSE TIME |cycles whichever is the
greater.

¢ Risk of adverse ice accrefion:

The purpose of this testing is to determine if accretions occur that would adversely affect the performance of the FIDS.
A critical point analysis will be performed to determine the critical points from the run matrix for assessing this aspect.
Note that the highest thermal load may not be the only critical point, e.g., warm case at low LWC for a deicing SYSTEM.
These runs will be conducted to show that either:

o No ICE accretes, or

o Stabilized ice accretions form that do not adversely affect the performance of the FIDS.
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The duration of the test is the greater of:

o 10 minutes, or
o Time for thermal stabilization (ANTI-ICE SYSTEM) once no ice remains, or
o Time to establish stabilized ice accretions (a minimum of three build and shed cycles where the ice accretions have
reached their maximum size).
5.2.1.6  Correct Functionality Over an Extended Time Period

Over the duration of each test point as defined in the above section, observed ice accretion formed on FIDS surface shall
not demonstrate potential risk of FIDS performance degradations and the annunciation of the conditions shall remain stable
until the end of the FIDS indication after the water drops/ICE CRYSTAL injection has stopped.

5.21.7 FIDS Functiorl\s Pass/Fail Criteria

Instrumentation used for calibration of the IWT or during the conduct of the test have theirown tg
tunnel facilities have petr[formance limitations in term of Icing cloud uniformity, temperature accurag
and FZRA drop distributions, drops/particles injection transient and regularity during the conduct of
recirculation, drops freezing at low temperature, etc.

lerances and icing wind
y, MVD accuracy, FZDZ
the test, drops/particles

Therefore, when assessing FIDS FUNCTIONS compliance with the expécted requirements, the impact of the above
uncertainties and possible side effects of IWT operations shall be analyzed.before determining compliance with the pass/fail
criteria. Special attentiop should be drawn to test conditions exhibiting Iong maximum detection/ discrimination time or test
conditions with low fregzing fraction values where small changes.in:one IWT parameter may have large impact on the
RESPONSE TIME, see fthe example in A.1.2. Also, care must be takeén when the stabilization tim¢g| of water drops/particles
injection is longer than the FIDS RESPONSE TIME requirement:

The RESPONSE TIME |requirement from the test matrix assumes certain values of the terms given in A.1. It should be
understood that each of|these terms should be more carefully evaluated for each test condition taking into account specific
test parameters which npay be used in these equations.

5.2.2 Input Power

To demonstrate that th¢ FIDS can function-correctly over the AIRCRAFT supply voltage range,| perform step (b) of the
following test procedurgs at the uppervand lower limits of the supply voltage range, unless a ciitical point analysis can
demonstrate that a limit¢d number oficritical points chosen in the test matrix are sufficient.

For all tests defined un
operates within specific
(AC only) ranges and s

ler thisschapter (see Tables 1 and 2), it shall be demonstrated via analysgis or test that the FIDS
htion_over the entire EUROCAE ED-14/RTCA DO-160 “normal” operating voltage and frequency

specification, resuming |

nall-survive any “abnormal” voltages and frequencies within the EUROCAE ED-14/RTCA DO-160

If the FIDS is required to operate under emergency power, then the FIDS supplier and the AIRCRAFT manufacturer shall
agree on what level of functionality is required from the FIDS and what are the minimum and maximum power supply
voltages that shall be considered for the FIDS performance demonstration.

5.2.3 Icing Wind Tunnel Test Set-Up

Before starting the test, the icing wind tunnel (IWT) shall be calibrated for the test conditions. The calibration process might
require the removal of the FIDS; refer to ARP5905.

The FIDS shall be tested in an IWT. The FIDS shall be mounted in the IWT such that the IWT test section boundary layer
will not adversely affect the airflow over the FIDS SENSING SURFACE.

If the operation of the FIDS may be affected by its interface to the AIRCRAFT then, for an IWT test, the FIDS shall be
mounted in a manner representative of its intended operating environment.


https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL AS5498™B Page 40 of 76

For example, for FIDS that can be flush mounted into an AIRCRAFT structure (for example in a wing) it might be necessary
to provide evidence that its performance is not impacted by and does not impact the operation of other AIRCRAFT
equipment. In such a case, the FIDS should be mounted in either a section of the actual AIRCRAFT structure (which might
have to be modified to ensure that the IPS (if fitted) or other important sub-SYSTEMs still function) or, if the IWT working
section is small, a scaled model of the AIRCRAFT structure.

If a scaled section is used, both scaling for thermal and aerodynamic scaling for proper flow field need to be evaluated.
Guidance on how to address aerodynamic scaling can be found in FAA Advisory Circular 20-73A; Appendix R. Any test
section used shall be constructed to the same manufacturing tolerances as a production part.

5.2.3.1 IWT and FIDS Stabilized Conditions

Refer to ARP5905 for definition of IWT temporal stability.

The FIDS Manufacturer [strattdefimeintermat F1D'S parameterandconditiornstodectare F1BStemppral stability.

5.2.4 Atmospheric Environmental Inflight Icing Conditions
5.2.41 Detect Liquid Water (LW) Icing Conditions

This section provides gyidance on verifying that this FIDS FUNCTION meets the’requirements of $.3.1.1 when exposed to

LW-C, LW-FZDZ, or LW{FZRA liquid water drop conditions as defined in 1.8.1 and'MIXED PHASE CONDITIONS as defined
in 1.8.2.

Test Conditions:

At a minimum, the FID$ shall be tested for LW-C, LW-FZDZ and‘LW-FZRA test cases #1 throligh 18 as referenced in
Table 1.

FIDS shall be also testeq for glaciated and MIXED PHASE .CONDITIONS, test cases #1 through 17 as referenced in Table 2.

Test Procedure:

The FIDS manufacturer|shall demonstrate through steps (a) and (b) that:

e LW-C FIDS FUNCTION complies with~“Table 3 LW-C requirements when exposed to LW-C or MP atmospheric
conditions.

e LW-FZDZ FIDS FUNCTION( complies with Table 3 LW-FZDZ requirements when expos¢d to LW-FZDZ or MP
atmospheric conditipns.

o LW-FZRA FIDS FUNCTION complies with Table 3 LW-FZRA requirements when expos¢d to LW-FZRA or MP
atmospheric conditions.

FIDS shall continue to comply with the above requirements over an extended period of time.
a. Demonstration of minimum detection threshold.

The IWT and FIDS shall be allowed to stabilize at the specified velocity and temperature. After this, record the output
of the FIDS before the activation of the liquid water drops injection at 0.05 g/m?® into the IWT to ensure the FIDS is
stabilized for the tests. This should be performed for each of the test conditions #7, 13, 17, and 18 as referenced in
Table 1. Confirm that the FIDS detects the conditions within the RESPONSE TIME requirement given in 3.3.1.1.
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b. Demonstration of correct functionality over an extended time period.

The IWT and FIDS shall be allowed to stabilize at the specified velocity and temperature. After this, record the output
of the FIDS before FIDS is exposed to test cases #1 through 18 as referenced in Table 1 and test cases #1 through 17
as referenced in Table 2. Confirm that the FIDS detects the condition within the RESPONSE TIME requirements given
in 3.3.1.1. After the FIDS starts detecting the conditions, maintain this condition for a minimum time as indicated in
5.2.1.5. The FIDS shall operate in accordance with its intended function during this period. After this time, the liquid
water drops injection/ICE CRYSTAL introduction shall be stopped while maintaining the other wind tunnel parameters.

The following information shall be recorded during the test:
e The IWC and LWC values shall be known and recorded during the conduct of the test.
e RESPONSE TIME: This is the time from initial exposure of the ice sensor to the liquid water drops until the first detection

of the condition. Verify that the FIDS does not provide a NUISANCE ACARM when exposed to GLACIATED
CONDITIONS as dgfined in Table 2 test cases #1 through #6.

e Record the minimurh LWC detection threshold.

e Record the time required for the FIDS to annunciate no ICING CONDITIONS after the liquid water drops injection has
stopped.

Function Pass/Fail Criteria:

LW FIDS FUNCTIONS:

To show compliance with 3.3.1.1, the relevant FIDS FUNCTION, shall meet the RESPONSE TIME requirements for each
of the LW and MP test gases as defined by Table 7. The RESRONSE TIME may be corrected takjng into account the real
LWC value recorded dufing the test. The LWC used shall be-reported.

Table 7 - LW and MP test requirements

LW Conditions GL and MP Conditiohs
Maximu | Maximum
FIDS RESP RESPONSE
FUNCTIONS :I'IQ,E Test Cases TIME Test Cases
LW-C Table 1 Table 1 Table 2 Tablg 2
Column L #1-10 Column O #7-11
Table 1 Table 1 Table 2 Tablg 2
LWiFZDZ Column L #11-15 Column O #12-15
LwiFzra | Jablel IR Jable 2 ors o
CUITUTTIT L T 1TOT1T0 U U T 1TO= 1

In addition to the above requirements, when exposed to GLACIATED CONDITIONS as defined in Table 2 test cases #1
through 6, it shall be demonstrated by test or analysis that the FIDS does not provide a NUISANCE ALARM in accordance
with 2.8.3 and 2.8.4.

5.2.4.2 Detect Ice-Crystals in Mixed Phase or Glaciated Conditions

This section provides guidance on verifying that this FIDS FUNCTION meets the requirements of 3.3.1.2 when exposed to
GLACIATED (GL) and/or MIXED PHASE (MP) CONDITIONS as defined by 1.8.2.

Test Conditions:

At a minimum, the FIDS shall be tested for GLACIATED and MIXED PHASE CONDITIONS, test cases #1 through 17 as
referenced in Table 2 and liquid water condition test cases #1 through 18 as referenced in Table 1.
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Test Procedure:

The FIDS manufacturer shall demonstrate through steps a) and b) that:
e This FIDS FUNCTION complies with 3.3.1.2 requirements when exposed to MIXED PHASE or GLACIATED
CONDITIONS as defined by 1.8.2.

FIDS shall continue to comply with the above requirements over an extended period of time.

a. Demonstration of minimum detection threshold.

The IWT and FIDS shall be allowed to stabilize at the specified velocity and temperature. After this, record the output of the
FIDS before activation of the ice crystal introduction at 0.5 g/m? into the IWT to ensure the FIDS is stabilized for the test.
This should be performed for each of the test conditions #7 and #10 as referenced in Table 2. Confirm that the FIDS detects
the condition within the RESPONSE TIME indicated in Column S.

b. Demonstration of cqrrect functionality over an extended time period.

The IWT and FIDS shall
FIDS before FIDS is e
referenced in Table 1.
3.3.1.2. After the FIDS
The FIDS shall operate
injection /ICE CRYSTAL

The following informatio
e The IWC and LWC

RESPONSE TIME:

of the condition. Ve
(test cases # 1 throy
Record the minimun
[ )

Record the time req

Function Pass/Fail Cri

be allowed to stabilize at the specified velocity and temperature,“After this
posed to test cases #1 through 17 as referenced in Table‘2 and test c
Confirm that the FIDS detects the condition within the RESPONSE TIM
starts detecting the conditions, maintain this condition{fora minimum time
in accordance with its intended function during this/period. After this tim

record the output of the
ases # 1 through 18 as
E requirements given in
as indicated in 5.2.1.5.
e, the liquid water drop

introduction shall be stopped while maintaining the other wind tunnel parameters.

h shall be recorded during the test:

alues shall be known and recorded during the conduct of the test.

This is the time from initial exposure)of the ice sensor to the ICE CRYSTAL
ify that the FIDS does not provide a NUISANCE ALARM when exposed t
gh 18 as referenced in Table\t).

n IWC detection threshold:

ired for the FIDS to detect that the ICE CRYSTAL injection has stopped.

eria:

ICE CRYSTAL FIDS FU

NCTION:

S and the first detection
b liquid water conditions

To show compliance of

3:3)1.2, the RESPONSE TIME of this function as identified in Column G

shall not exceed those

identified in Column S of Table 2. The RESPONSE TIME can be corrected taking into account the real IWC value recorded
during the test. The IWC used shall be reported.

In addition to the above requirements, when exposed to liquid water conditions as defined in Table 1, it shall be
demonstrated by test or analysis that the FIDS does not annunciate a NUISANCE ALARM in accordance with 2.8.3 and
2.8.4.

5.2.4.3 Discriminate Specific Liquid Water Drops Icing Conditions

5.2.4.3.1 Discriminate Appendix O Based on Drop Size Conditions

This Section provides guidance on verifying that this FIDS FUNCTION meets the requirements of 3.3.1.3.1, when exposed
to Appendix O liquid water drops conditions and discriminate Appendix O, Appendix O FZRA, atmospheric conditions within
the RESPONSE TIME requirements given in 3.3.1.3.1.
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Test Conditions:

See 5.2.4.1 for the test conditions.

LWC Measurement Considerations:

The requirement to verify that this FIDS FUNCTION can discriminate specific atmospheric conditions means that the drops
size distribution and the associated LWC values achieved in the IWT shall be known and recorded during the conduct of
the test for the two following populations of drops:

e |LWC measured from liquid water mass of drops above 100 um (LW-100+).

e LWC measured from liquid water mass of drops above 500 um (LW-500+).

Test Procedure:

See 5.2.4.1 for test prodedures and guidelines.

The RESPONSE TIME {o discriminate Appendix O or Appendix O FZRA conditions from-other ICING CONDITIONS is the
time from initial exposurg of the ICE sensor to the liquid water drops until the FIDS EUNCTION disgriminates the condition.

Function Pass/Fail Criteria:

Appendix O FIDS FUNGTIONSs:

To show compliance with 3.3.1.3.1 the relevant FIDS FUNCTION shaltmeet the maximum RESPONSE TIME requirements
for each of the LW, GL| and MP test cases as defined by Table\8" The RESPONSE TIME can [pe corrected taking into
account the real LWC value due to the contribution of drops above 100 uym for the Appendix O fungtion and 500 pm for the
Appendix O FZRA functjon recorded during the test. The LWG used shall be reported.

Table 8 - Appendix O test requirements

LW GL and MP Condition$
Maxim : Maximum
HIDS RESP RESPONSE
FUNCTIONS T Test Cases TIME Test Calses
Appehdix O Table 1 Table 1 Table 2 Table_g
Column M #1-18 Column P #1-17
Appepdix O Table 1 Table 1 Table 2 Table[2
FZRA Column O #1-18 Column R #1-17

5.2.4.4 Discriminate $pecific Glaciated or Mixed Phase Conditions

This Section provides guidance on verifying that this FIDS FUNCTION meets the requirements of 3.3.1.4 when exposed to
GLACIATED and/or MIXED PHASE CONDITIONS and discriminate as such the GL and/or MP atmospheric conditions

within the RESPONSE TIME requirements given in the 3.3.1.4.

Test Conditions:

See 5.2.4.2 for the test conditions.

Test Procedure:

See 5.2.4.2 for the test procedures and guidelines.

The RESPONSE TIME to discriminate GL and/or MP conditions from other ICING CONDITIONS is the time from initial
exposure of the ice sensor to the GL or MP conditions until the FIDS FUNCTION discriminates the condition.
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Function Pass/Fail Criteria:

GL and MP FIDS FUNC

TIONS:

To show compliance to 3.3.1.4 requirements, the relevant FIDS FUNCTION shall meet the maximum RESPONSE TIME
requirements for each LW, GL, and MP test case as defined by Table 9. The RESPONSE TIME can be corrected taking

into account the real LWC/IWC value recorded during the test.

Table 9 - Ice crystals and mixed phase test requirements

LW Conditions GL and MP Conditions
FIDS RESPONSE Test RESPONSE Test
FUNCTION TIME Cases TIME Cases
Table 1 Table 1 rable|2
GL Column P #1-18 Table 2 Column S LT
MP Table 1 Table 1 Table 2 Column O or S Table|2
Column P #1-18 (See Note in 5.2.4.4) #1-1Y

NOTE: When testing in
times from Colu

The LWC/IWC used shg
5.2.5 Icing Characteri

5.2.5.1

MIXED PHASE CONDITIONS, the RESPONSE TIME should be the lon

mns O or S.
Il be reported.

Stics

Ice Accreted ¢n the Surface of Interest

This Section provides gliidance on verifying that this FIDS FUNCTION meets the requirements of |
LW-C, LW-FZDZ or LW-FZRA liquid water drops conditions as defined in 1.8.1 and MIXED P
defined in 1.8.2. The FIDS shall demonstrate detection-of ice accretion that can occur in flight (

RUNBACK) on the SU

RUNBACK icing conditi
accretion sensing techn
the best practice that sh

Test Conditions:

At a minimum, the FIDS

FIDS shall be also tests

Table 2.

FACE OF INTEREST usingl€E accretion based sensing methods; see 2.1
bn is considered to be covered by the GLAZE ICE test condition. Due to
ques technology, this‘section will not specify the exact test method, but
all be used during the verification testing.

shall be tested for LW-C, LW-FZDZ, LW-FZRA, test cases #1 through 18 3

d far, GLACIATED and MIXED PHASE CONDITIONS, test cases #1 thro

ger of the two detection

B.3.2.1 when exposed to
HASE CONDITIONS as
FROST, GLAZE, RIME,
1.1 for more details. The
the wide variety of ICE
Will provide guidance on

s referenced in Table 1.

ugh 17 as referenced in

Test Procedure:

The FIDS manufacturer shall demonstrate through steps (a) and (b) that this FIDS FUNCTION detects the presence of ice
accreted within the detection threshold and that the FIDS will operate correctly over an extended period of time.

Ice Thickness Measurement Considerations:

The requirement to verify that a FIDS is able to sense the onset of ICE accretion before 0.3 mm of ICE has accreted on the
SENSING SURFACE, means that the equipment used to verify this thickness shall need accuracy within a range of

0.03 mm.
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Before testing commences, the chosen method of verifying ICE thickness shall be agreed by the relevant stakeholders.

Possible methods are:

the width of a pixel can be equal to a given fraction of a millimeter).

Real time remote measurement. For example, using a high definition video camera (30+ MP with a macro lens where

Interruptive measurement where the IWT is stopped and the ice is measured in-situ on the FIDS.

ICE removal where the IWT is stopped and the ICE is removed from the FIDS and measured. For the later method, the

FIDS manufacturer shall be required to demonstrate/calculate how much ICE is lost during the removal process.

If the purpose of the test is to verify that the FIDS is able to sense the onset of ICE accretion before 0.3 mm of ICE has
accreted, the surface roughness of the ICE at this thickness is not sufficient to warrant using an average thickness of the
ICE. However, if the purpose of the test is to determine the accuracy of the FIDS ICE thickness measurement (which may

mean measuring many
roughness will be requir
stakeholders.

a. Demonstration of m
The IWT and FIDS shall
FIDS before the activati
is stabilized for the test,

test cases #1 through 1
accreted ICE.

If a FIDS technology do
thickness of accreted ic
INTEREST to assess th

b. Demonstration of cd
After the FIDS annuncis
introduction for a minim|
during this period. Aftg
maintaining the other wi

If a real time ICE thickne
stopping the IWT.

The following informg

millimeters of accreted ICE), an average of the ICE thickness that takes
bd. A statistical methodology for determining average ICE thickness shall\b

nimum detection performance.

be allowed to stabilize at the specified velocity and température. After this
bn of the liquid water drops injection/ICE CRYSTALS ihtroduction into the
This should be performed for each of the test cases’#1 through 18 as re
7 as referenced in Table 2. After the FIDS detects the presence of ICE

es not make a direct ICE thickness measurement on the SURFACE OF |
e using a different method, a 25 mm diameter cylinder can be used in pla
e performance of this FIDS FUNCTION.

rrect functionality over an extended time period.

tes the presence of ICE as.defined in step (a), keep the liquid water drop
um time as indicated in 5.2.1.5. The FIDS shall operate in accordance w
r this time, the liquid-"water drop injection/ICE CRYSTAL introduction
hd tunnel parameters.

ss verification’method is being used, then tests (a) and (b) can be perform

tion-shall be recorded during the test:

account of the surface
e agreed by the relevant

record the output of the
IWT to ensure the FIDS
ferenced in Table 1 and
, verify the thickness of

NTEREST but infers the
ce of the SURFACE OF

injection/ICE CRYSTAL
ith its intended function
shall be stopped while

ed back-to-back without

RESPONSE TIME:
accretion.

has stopped.

I'his 1s the time from Initial exposure of the Ice sensor 10 water and the

is fitted with a DEICING heater and detection capability is lost during a DEICING cycle).

continue to annunciate the presence of ICE.

started.

Additional information that shall be recorded if the FIDS has these functions:

irst annunciation of ICE

Record the time required for the FIDS to annunciate no ICE or that ICE accretion has ceased after the water injection

Unavailability of active detection signal: The time period when an active signal is not available (for example, if the FIDS

That if the thickness of accreted ICE on the specific surface is in excess of the threshold thickness, the FIDS shall

That during a DEICING cycle, the FIDS shall continue to annunciate the presence of ICE until a new detection cycle is


https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL AS5498™B Page 46 of 76

That the location of the FIDS in the AIRCRAFT structure does not adversely affect the ICE detection performance of
the FIDS, nor the performance of any AIRCRAFT equipment in this area.

Functions Pass/Fail Criteria:

To show compliance with the requirements specified in 3.3.2.1, this FIDS FUNCTION shall annunciate the presence of ICE
accreted on the SURFACE OF INTEREST when exposed to LW-C, LW-FZDZ, LW-FZRA, and MP mixed phase
atmospheric conditions as soon as the ice thickness has reached the 0.3 mm thickness threshold.

Correct functionality over an extended time period.

Over the test duration, observed ICE accretion formed on the FIDS SENSING SURFACE shall not demonstrate potential
risk of FIDS performance degradations and the annunciation of the conditions shall remain stable as long as the ICE remains
on the SENSING SURFACE.

5.2.5.2 Ice Accreted an Specific Aircraft Surfaces that Exceeds the Design Parameters

This cannot be specified
and adapted to cover th

in this MOPS as it is AIRCRAFT specific, but the test procedure given in the 5.2.5.1 can be followed
e specific AIRCRAFT requirements.
5.2.5.3 Specific Envirpnmental Inflight Icing Conditions that Exceed the Design,Parameters
This cannot be specified
subsections can be follg

in this MOPS as it is AIRCRAFT specific, but the te'st procedure given in
wed and adapted to cover the specific AIRCRAFT.xequirements.

he following 5.2.5.4 and

5.2.5.4 Provide other|information on Icing Characteristics

52541 Ice Thickneps Measurement and Indication

This section provides gu
to LW-C, LW-FZDZ, or
defined in 1.8.2. The H
INTEREST (either FRO|
details. The runback icin
of ICE accretion sensin

idance on verifying that this FIDS(EUNCTION meets the requirements of
| W-FZRA liquid water drops cenditions as defined in 1.8.1 and MIXED P
IDS shall demonstrate its_capability to measure ICE thickness formed
ST, GLAZE, RIME, RUNBACK) using ICE accretion based sensing meth
g condition is considered-to be covered by the GLAZE ICE test condition
j techniques, this section will not specify the exact test method, but will

3.3.2.3.1 when exposed
HASE CONDITIONS as
bver the SURFACE OF
ods; see 2.4.1 for more
Due to the wide variety
brovide guidance on the

best practice that shall e used during the vefification testing.

Test Conditions:

Use test conditions desgribed,ifn5:2.5.1.

Test Procedure:

The FIDS manufacturer shall demonstrate through steps (a) and (b) as defined in 5.2.5.1 and step (c) described here that
this FIDS FUNCTION is capable to measure ICE thickness with the required accuracy over the range specified by the FIDS
manufacturer and that the FIDS will operate correctly over an extended period of time.

To show compliance with these requirements conduct steps (a) and (b) as defined in 5.2.5.1 and step (c) described here.

c. Demonstration of correct measurement ICE thickness.

After the FIDS annunciates the presence of ICE as defined in procedure 5.2.5.1 step (a), keep the liquid water drops
injection/ICE CRYSTALS introduction for a minimum time as indicated in 5.2.1.5 for the particular test point together with
the equipment being used to verify the thickness of accreted ICE on the FIDS SENSING SURFACE. Record the ICE
thickness measurements of the FIDS and compare to the ice thickness verification equipment measurements. After this
time, the liquid water drops injection/ICE CRYSTALS introduction shall be stopped while maintaining the other wind tunnel
parameters.
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If a real time ice thickness verification method is being used, then tests 5.2.5.1 steps (a) and (b) and tests 5.2.5.4.1 step (c)
can be performed back-to-back without stopping the IWT.

If a FIDS technology does not make a direct ICE thickness measurement on the SURFACE OF INTEREST but infers the
thickness of accreted ICE using a different method, a 25 mm diameter cylinder can be used in place of the SURFACE OF
INTEREST to assess the performance of this FIDS FUNCTION.

In addition to the information recorded according to test procedure 5.2.5.1, the following information shall also be recorded
during the test:

e The maximum thickness of accreted ice that can be measured by this FIDS function together with the accuracy of

measured ice thickness.

Functions Pass/Fail Criteria:

ate the thickness that is
FzZDZ, or LW-FZRA and

To show compliance wit
accreted on the SURFA
MP mixed phase atmos

h the requirements specified in 3.3.2.3.1, this FIDS FUNCTION shall indiq
CE OF INTEREST with the required accuracy when exposed to LW-C/EW-
bheric conditions.

Correct functionality ovdr an extended time period.
Over the test duration,

performance degradatig
Sensor.

bbserved ICE accretion formed on the FIDS surface shall not demonstrate potential risk of FIDS
ns and the annunciation of the conditions shall remain stable as long aq the ice remains on the

5.25.4.2 Ice Accretion Rate Measurement and Indication

This section provides gu
to LW-C, LW-FZDZ, or
defined in 1.8.2. The H
INTEREST (either FRO
details. The runback icir
of ice accretion sensing

idance on verifying that this FIDS FUNETION meets the requirements of
| W-FZRA liquid water drops conditiohs as defined in 1.8.1 and MIXED P
IDS shall demonstrate its capability to indicate the ice accretion rate

g condition is considered to.be’ covered by the GLAZE ICE test condition
techniques, this section will not specify the exact test method, but will prov

ST, GLAZE, RIME, RUNBACK).using ICE accretion based sensing meth

3.3.2.3.2 when exposed
HASE CONDITIONS as
pver the SURFACE OF
ods; see 2.4.1 for more
Due to the wide variety
de guidance on the best

practice that shall be usgd during the verification testing.

Test Conditions:

Use test conditions desgribed in 5.2/5.9.

Test Procedure:

The FIDS manufacturer

shall demonstrate through steps (a) and (b) as defined in 5.2.5.1 and step (c) described here that
this FIDS FUNCTION |5WM3MFWWMWWWMTUV£ the range specified by

the FIDS manufacturer and that the FIDS will operate correctly over an extended period of time.

To show compliance with these requirements, conduct steps (a) and (b) as defined in 5.2.5.1 and step (c) described here.

c. Demonstration of correct measurement ice accretion rate.

After the FIDS annunciates the presence of ice as defined in procedure 5.2.5.1 step (a), keep the liquid water drops
injection/ICE CRYSTALS introduction for a minimum time as indicated in 5.2.1.5for the particular test point together with
the equipment being used to verify the ICE accretion rate on the SURFACE OF INTEREST. Record the ICE accretion rate
indication given by the FIDS and compare to the ice accretion rate verification equipment measurements. After this time,
the liquid water drops injection/ICE CRYSTALS introduction shall be stopped while maintaining the other wind tunnel
parameters.

If a real time ice thickness verification method is being used, then tests 5.2.5.1 steps (a) and (b) and tests 5.2.5.4.1 step (c)
can be performed back-to-back without stopping the IWT.
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If a FIDS technology does not make a direct ice thickness measurement on the SURFACE OF INTEREST but infers the
ICE accretion rate using a different method, a 25 mm diameter cylinder can be used in place of the SURFACE OF
INTEREST to assess the ICE accretion rate performance.

In addition to the information recorded according to 5.2.5.1 test procedure, the following information shall also be recorded
during the test:
[ ]

The accuracy of measurement of the rate of ICE accretion on the SURFACE OF INTEREST.

Functions Pass/Fail Criteria:

To show compliance with the requirements specified in 3.3.2.3.2, this FIDS FUNCTION shall indicate the ICE accretion rate
on the SURFACE OF INTEREST with the required accuracy when exposed to LW-C, LW-FZDZ, or LW-FZRA and MP
mixed phase atmospheric conditions.

Correct functionality ovgr an extended time period.

p potential risk of FIDS
the ice remains on the

observed ICE accretion formed on FIDS surface shall not detngnstrat
ns and the annunciation of the conditions shall remain stable,as long as

Over the test duration,
performance degradatig
sensor.

52543

Liquid Watgr Content Measurement and Indication

This section provides g\ 3.3.2.3.3 when exposed

to LW-C, LW-FZDZ, or |

idance on verifying that this FIDS FUNCTION meets the requirements of
L W-FZRA liquid water drops atmospheric conditions as defined in 1.8.1.

Test Conditions:

At a minimum, the FID$ shall be tested for LW-C, LW-FZBZ; or LW-FZRA, test cases #1 throygh 18 as referenced in

Table 1.

Additional points shall b¢ considered for testing the_ maximum LWC value this FIDS FUNCTION cap measure as mentioned

in 3.3.2.3.3.

LWC Measurement Considerations:

The requirement to veri
equipment used to calib

Test Procedure:

The FIDS manufacturer

y that this FIDS.FUNCTION has a measurement accuracy of +0.03 g/m3
Fate the IWT shall meet a similar accuracy requirement or better.

or 30% means that the

shall demonstrate through steps (a), (b), and (c) that this FIDS FUNCTI

DN has the capability to

measure the LWC valu

with the minimum detection thresnold and accuracy requirements speci

ied in 3.3.2.3.3 and can

continue to do so over an extended period of time over the range specified by the FIDS manufacturer.

a. Demonstration of minimum detection threshold.

The IWT and FIDS shall be allowed to stabilize at the specified velocity and temperature. After this record, the output of the
FIDS before the activation of the liquid water drops injection at 0.05 g/m3 into the IWT to ensure the FIDS is stabilized for
the test. This should be performed for each of the test conditions #7, 13, 17, and 18 as referenced in Table 1. Record the
FIDS RESPONSE TIME to indicate the first LWC value.

b. Demonstration of correct functionality over an extended time period.
After the FIDS indicates the first LWC value as defined in step (a), maintain this condition for a minimum time as indicated

in 5.2.1.5. The FIDS shall operate in accordance with its intended function during this period. After this time, the liquid water
drops introduction shall be stopped while maintaining the other wind tunnel parameters.
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C.

Demonstration of LWC accuracy.

During the test condition of step (b), record the LWC measurements of the FIDS. Compare the FIDS measurement of LWC
against the calibrated LWC for the IWT to evaluate the accuracy against the requirements of 3.3.2.3.3 are achieved.

The following information shall be recorded during the test:

measurement.

The LWC value shall be known and recorded during the conduct of the test.

RESPONSE TIME: This is the time from initial exposure of the ice sensor to the liquid water drops and the first LWC

Record the time required for the FIDS to indicate no LWC after the liquid water drops injection has stopped.

That if the LWC is
maximum LWC valy

Additional Information th
e The maximum LWC|
[ ]

The accuracy of LW

Function Pass/Fail Cri

present in excess of the maximum LWC measurement, the FIDS shall
e for the device.

at shall be recorded if the FIDS has these functions:
that can be measured by the FIDS together with the accuraegy.
C measurement for the FIDS FUNCTION.

eria:

To show compliance to
with the minimum LWC

this above test procedure.

During the tests, it shall
FIDS can measure com
5.2.54.4 Max Drops

This Section provides g
to LW-C, LW-FZDZ, or |

Test Conditions:

See 5.2.4.1 for the test

3.3.2.3.3 requirements, this FIDS FUNCTION"shall indicate the LIQUID W
threshold value and the accuracy specified in 3.3.2.3.3 when exposed to

be verified that the RESPONSE TIME to indicate the LWC value and the n
ply with the FIDS manufacturer specification.
Bize (Dmax) Measurement and Indication

lidance on verifying that this FIDS FUNCTION meets the requirements of
lW-FZRA liquid water drops atmospheric conditions as defined in 1.8.1.

tonditions.

continue to indicate the

ATER CONTENT value
conditions described in

haximum LWC value the

3.3.2.3.4 when exposed

Liquid Water Drops CH

aracteristics Considerations:

The requirement to verify that this FIDS FUNCTION has a measurement accuracy of £100 um or £20% means that the
equipment used to calibrate the IWT shall meet a similar accuracy requirement or better. In order to ease the verification of
the FIDS FUNCTION, the drops spectrum distribution of the proposed test conditions can be modified using monomodal
drops distribution.

Test Procedure:

See 5.2.4.1 for test procedures and guidelines.

Function Pass/Fail Criteria:

To show compliance to 3.3.2.3.4 requirements, this FIDS FUNCTION shall indicate the Dmax values with the accuracy
specified in 3.3.2.3.4 when exposed to conditions described in this above test procedure.
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It shall be verified that when FIDS is exposed to glaciated and MIXED PHASE CONDITIONS (test cases #1 through 17 as
referenced in Table 2), this FIDS FUNCTION, which is sensitive to liquid water drops, continues to indicate Dmax with the
expected accuracy in the presence of ice crystals.

52545 Drops MVD

Measurement and Indication

This section provides guidance on verifying that this FIDS FUNCTION meets the requirements of 3.3.2.3.5 when exposed
to LW-C, LW-FZDZ, or LW-FZRA liquid water drops atmospheric conditions as defined in 1.8.1.

Test Conditions:

See 5.2.4.1 for the test conditions.

Liquid Water Drops Characteristics Considerations:

The requirement to verif]
to calibrate the IWT sh
FUNCTION, the drops
distribution.

Test Procedure:

See 5.2.4.1 for test prog

Function Pass/Fail Cri

y that this FIDS FUNCTION has a measurement accuracy of +20% means
pll meet a similar accuracy requirement or better. In order to ease’the
spectrum distribution of the proposed test conditions can be {maodified

edures and guidelines.

eria:

To show compliance to
specified in 3.3.2.3.5 wh

It shall be verified that W
as referenced in Table

with the expected accur
52546 lce Water G

This Section provides g
to glaciated and/or mixe

Test Conditions:

At a minimum, the FIDS

3.3.2.3.5 requirements, this FIDS FUNCTION shall indicate the MVD v
en exposed to conditions described in this above test procedure.

P) this FIDS FUNCTION which.is sensitive to liquid water drops continue
Acy in the presence of ICE CRYSTALS.

ontent Measurement and Indication

lidance on verifying-that this FIDS FUNCTION meets the requirements of
d phase atmospheric conditions as defined in 1.8.2.

shall'be tested for glaciated and/or mixed phase atmospheric conditions t

as referenced in Table g'.

that the equipment used
verification of the FIDS
using a specific drops

blues with the accuracy

hen FIDS is exposed to GLACIATED and MIXED PHASE CONDITIONS (fest cases #1 through 17

5 to indicate drops MVD

3.3.2.3.6 when exposed

est cases #1 through 17

Additional points shall be considered for testing the maximum IWC value this FIDS FUNCTION can measure as mentioned

in 3.3.2.3.6.

IWC Measurement Considerations:

The requirement to verify that this FIDS FUNCTION has a measurement accuracy of +0.1 g/m® or 30% means that the
equipment used to calibrate the IWT shall meet a similar accuracy requirement or better.

Test Procedure:

The FIDS manufacturer shall demonstrate through steps (a), (b), and (c) that this FIDS FUNCTION has the capability to
measure the IWC value with the minimum detection threshold and accuracy requirements specified in 3.3.2.3.6 and can
continue to do so over an extended period of time over the range specified by the FIDS manufacturer.
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a. Demonstration of minimum detection threshold.

The IWT and FIDS shall be allowed to stabilize at the specified velocity and temperature. After this, record the output of the
FIDS before the activation of the ICE CRYSTALS injection at 0.5 g/m? into the IWT to ensure the FIDS is stabilized for the
test. This should be performed for each of the test conditions #7 and 10 as referenced in Table 2). Record the FIDS
RESPONSE TIME to indicate the first IWC value.

b. Demonstration of correct functionality over an extended time period.
After the FIDS indicates the first IWC value as defined in step (a), maintain this condition for a minimum time as indicated
in 5.2.1.5. The FIDS shall operate in accordance with its intended function during this period. After this time, the ICE

CRYSTAL introduction shall be stopped while maintaining the other wind tunnel parameters.

c. Demonstration of IWC accuracy.

During the test conditior] of step b) above, record the IWC measurements of the FIDS. Compare'the FIDS measurement of
IWC against the calibrated IWC for the IWT to evaluate the accuracy against the requirementsyof 3.3.2.3.6.

The following informatioh shall be recorded during the test:
e The IWC value shall be known and recorded during the conduct of the test.

o RESPONSE TIME:[This is the time from initial exposure of the ICE sensor to the ICE CRYSTALS and the first IWC
measurement.

e Record the time required for the FIDS to indicate no IWC after the'{CE CRYSTALS injection has stopped.

e That if the IWC is present in excess of the maximum IWC' measurement, the FIDS shall fontinue to indicate the
maximum IWC valug for the device.

Additional information that shall be recorded if the FIDS:has these functions:
e The maximum IWC that can be measured by the FIDS together with the accuracy.
e The accuracy of IWC measurement for(the FIDS FUNCTION.

Function Pass/Fail Criteria:

To show compliance t0]3.3.2.3.6. requirements, this FIDS FUNCTION shall indicate the ICE watgr content value with the
minimum IWC thresholq valué-and the accuracy specified in 3.3.2.3.6 when exposed to conditiohs described in this test
procedure.

During the tests, it shall be verified that the RESPONSE TIME to indicate the IWC value and the maximum IWC value the
FIDS can measure comply with the FIDS manufacturer specification.

5.2.5.4.7 Total Water Content Measurement and Indication
This section provides guidance on verifying that this FIDS FUNCTION meets the requirements of 3.3.2.3.7 when exposed
to glaciated and/or mixed phase atmospheric conditions as defined in 1.8.2 and/or to LW-C, LW-FZDZ, or LW-FZRA liquid

water drops atmospheric conditions as defined in 1.8.1.

Test Conditions:

Use the test conditions described in 5.2.5.4.3 and in 5.2.5.4.6.

Test Procedure:

Use the test procedure described in 5.2.5.4.3 and in 5.2.5.4.6.
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Function Pass/Fail Criteria:

To show compliance to 3.3.2.3.7 requirements, this FIDS FUNCTION shall indicate the total water content value with the
minimum IWC and LWC threshold value.

The FIDS TWC measurement accuracy shall comply with 3.3.2.3.6 requirement for the IWC part and with 3.3.2.3.3
requirement for the LWC part.

During the tests, it shall be verified that the RESPONSE TIME to indicate the IWC value and the maximum IWC value the
FIDS can measure comply with the FIDS manufacturer specification.

5.2.5.4.8 Measurement and Indication of Other Parameters

This cannot be specified in this MOPS as the procedure will be specific to the type of parameter that needs to be measured
and indicated. Neverthgless, the varfous testprocedures given i this chapter can be used as gyidelines and adapted to
cover this specific need

6. AIRCRAFT INSTALLATION GUIDANCE

6.1 Introduction
This section provides gu
AIRCRAFT design are
AIRCRAFT OEM or oth

idance for installing FIDS on an AIRCRAFT. Detailed¢knowledge of both the FIDS design and the
1equired for installation. Generally, for a FIDS supplier, this means a worKing relationship with the
r party knowledgeable of the specific AIRCRAFT.

This section provides gyidance in four areas:

1. Impacts of AIRCRAFT specific installation on the functional-performance of FIDS.

2. Installation considenations specific to ROTORCRAFT,

3. Airworthiness certifi¢ation.

4. Implications of the tyvo modes of operationt(advisory and primary).

6.2 Functional Perforinance Considerations

General design requirenpents of Section 2 are applicable and installed performance criteria are the game as those contained

in Section 3. Certain FIL
verified after installation
installation on the funct

DS performance parameters may be affected by its installation on the AIR
Sections'6.2.1, 6.2.2, 6.2.3, and 6.2.4 provide guidance on possible impag
onal.pefformance of FIDS. Section 6.2.5 specifies the FIDS RESPONSE

CRAFT and can only be
ts of AIRCRAFT specific
TIME requirement that

should be met when insjalled on AIRCRAFT.

6.2.1  Aircraft Atmospheric Environment
A FIDS should be able to operate within the operating limitations of the AIRCRAFT, including airspeed, flight loads and
types of operation.

The installed FIDS should be compatible and reliably perform its intended function within the atmospheric environmental
conditions present at the location on the AIRCRAFT where the equipment is installed.

AIRCRAFT manufacturers may require different levels or additional tests beyond or different than those specified in
Sections 4 and 5. This may also include sensing at temperatures above freezing and specific to the AIRCRAFT’s or engine’s
design.


https://saenorm.com/api/?name=3f628402b23c4793470bec726e6a5071

SAE INTERNATIONAL

AS5498™B

Page 53 of 76

6.2.2

Installation Location

To help guide the FIDS and AIRCRAFT manufacturer in determining the proper location and design of the FIDS, the

following factors should

be considered:

settings, slat/flap, landing gear position, AOA/AQOS, gust, etc.

o

Installation location that could affect the local ICING CONDITIONS, e.g.:
Local flow angularity and airspeed.

Local airspeed affecting temperature and pressure coefficient.

AIRCRAFT configuration including dynamic disturbances in all attitudes encountered in flight operations, e.g., all throttle

Local collection
Surface bounda
Influences of for

LWC/IWC conc
between FREES

Disturbance ind
AIRCRAFT SUH

The above consideratio
the same.

6.2.3 Installation Fact
As a consequence of the
be different from the FR
below one to greater tha

Figure 3 illustrates the |
FREESTREAM conditio

Local freezing ffaction.

efficiency.
ry layer characteristics and impinging droplet distributions.

ward AIRCRAFT equipment on FIDS droplet impingement and water colle

ction.

bntration factor over the range of possible drop/crystal size and the associated drop/crystal spectra

5TREAM and local conditions.

uced by other AIRCRAFT upstream/downstream objects (probes, possibl
RFACES, etc.).

s are applicable whether or not the=SENSING SURFACE and the SURF

ors

above considerationsiICING CHARACTERISTICS and airflow conditions
FESTREAM value. The ratio of these values, also known as the “installatio
n one, depending an the FIDS location and the flight conditions.

bcal conditions'seen by the FIDS SENSING SURFACE when installed on
ns.

e ICE build-up on some

ACE OF INTEREST are

sensed by the FIDS can

n factor,” can range from

the AIRCRAFT and the
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Pict

The installation factor (
temperature, and the re|
conditions parameters (
The ratio of LWCF/LWC

The installation factor in
SENSING SURFACE c(

The ratio of IWCF/IWC i

Local ICING CONDITIONS

to LWC;, Ve with B and

the FIDS is installed and exposed

when

Mg

FREESTREAM Airflow: LWC, V

Local conditions evaluated at (or on)

Figure 3 - FIDS local conditions versus airframe local conditions

sulting freezing fraction ne)on the FIDS SENSING SURFACE compared
p.g., LWC, V, and Cpand SAT).

is also referred to.as the LWC concentration factor (CFLWC).

mpared\with the FREESTREAM conditions IWC and V.

b alsoreferred to as the IWC concentration factor (CFIWC).

the AIRCRAFT CRITICAL

SURFACE OF INTEREST

(s> EWES Vs s and 1)

= A =1

rtesy of DEENG AB
lre couriesy o % 68

| §<0
it :

t ~ im sy _dy

B= ss+0 35 db

Definition and graphic from SAE ARR5624

an be defined by the ratio;of each individual local parameter (e.g., LWCkF, VF, local C,, local

with the FREESTREAM

ICE CRYSTALS conditions can be mainly defined by the ratio of IWCr and Ve sensed by the FIDS

When assessing the IWC and LWC values at/on the FIDS SENSING SURFACE, the differences in the drop/crystals spectra
between FREESTREAM and local conditions should also be assessed. Differences in drop spectra might affect the FIDS
RESPONSE TIME, but can also impair the performance of the FIDS Appendix O and/or Appendix D/P discrimination

functions.

For a particular application, the installation factors may vary within a certain range depending on the different AIRCRAFT
configuration and flight phases.

When the FIDS is installed at a particular location of the AIRCRAFT, the influence of these installation factors on the FIDS
performance should be analyzed taking into account the FIDS installation factors already specified by the FIDS
manufacturers in 5.2.1.4. The results of this analysis could require additional testing demonstrating full coverage of the
ICING CHARACTERISTICS and airflow conditions at the installed location.
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6.2.4  Structural Thermal Transfer, Structural Damage, Electrical and Aerodynamics

In addition to the generic installation standards applicable to AIRCRAFT equipment, the following factors should be

considered:

e Thermal compatibility such as:

o Heat exchange
o Heat exchange
o Material therma

o AIRCRAFT interacti

from the AIRCRAFT structure to the FIDS.
from the FIDS to the AIRCRAFT structure.
| expansion.

on such as:

o ICE shedding fr
o Flow disturbanc
o Environmental g
e Maintainability such

o Protective devig
operations.

e Electrical such as:
o Appropriate bon

o Appropriate gro
two parts.

6.2.5 FIDS Response

Based on the above an
AIRCRAFT flight envelg

where:

bm the FIDS impacting the AIRCRAFT SURFACES.

e affecting the AIRCRAFT SURFACES and other instruments.
ontamination (e.g., fluids, bugs, slush, mud, etc.) during taxiing, landing, 3
as:

es and maintenance procedures may be needed-if damage to FIDS c

ding to the AIRCRAFT structure for Electromagnetic Interference (EMI) ar

Inding between the case of FIDS-and the AIRCRAFT structure to minimize

Time When Installed.on Aircraft

alysis the followingg RESPONSE TIME requirement should be met when
pe:

T FIDS_installed < T AIRCRAFT ICE buildup

nd take-off.

An occur during ground

d lightning protection.

the voltage between the

operating within the full

(Eq. 3)

T FIDS_installed = the maximum RESPONSE TIME to sense and annunciate the ICING CONDITIONS when the FIDS
is installed and exposed to local LWC concentration (LWCk, B¢), local airspeed (Vr), local Cp, local temperature, and
the resulting freezing fraction (nr) on the FIDS SENSING SURFACE

T AIRCRAFT ICE-buildup = the time to accumulate the maximum allowable amount of ICE on the AIRCRAFT CRITICAL

SURFACE OF INTEREST, this time can be calculated using Equation 1 and local parameters t, p, LWCs, Vs, Bs, and
ns as defined in 3.4.1.1

The aerothermal and aerodynamic analysis conducted on the SURFACE OF INTEREST should provide the appropriate
values of 3, n and the maximum allowable ICE thickness, t, to use in Equation 1. This is a reflection of how the airframe
moving through the environment affects these parameters in the immediate region of the SURFACE OF INTEREST. These
locally varying parameters are important when assessing airframe ICE accumulations and FIDS performance.
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The freezing fraction term is a function of many different variables and must be evaluated independently for both the
AIRCRAFT SURFACE OF INTEREST and FIDS SENSING SURFACE taking into account the local LWC, V, surface
temperature, etc., seen by each. See A.1.1.

Figure 3 illustrates the local conditions seen by the FIDS SENSING SURFACE when installed on the AIRCRAFT and the
local conditions seen by the AIRCRAFT CRITICAL SURFACES OF INTEREST.

Figure 4 represents an example of resulting freezing fraction on the FIDS SENSING SURFACE when installed on the
AIRCRAFT and the freezing fraction on the airframe surface (AIRCRAFT CRITICAL SURFACE OF INTEREST) showing
possible miss-alignment of the two critical temperatures.

Ludlam Critical

imi SAT
Decreasing L"Imt Tempnlerature 0°C

emperature . AIRCRAFTCRITICALSURFACES .
*ulﬂwwn ‘ﬁ
/ -

ALL Impinging YVater Drops / ‘Freezing fracion” representthe portion of Water Drops NONE of thg impinging

P 4 |

freeze onthe syrface below that reeze onthe surface betweenthe “Ludlam Limit’ / I Water Droffs freeze on i
this temperaturg called the - andthe “Criical temperature” 2 | the surfacq above this
‘Ludlam Limit". ; Freezing Fraction n = 1>n>0 -« | temperaturp called the |

y |<.,'——->i “Critical Temperature’ |

/ I oS Example of possible FIDS {Airframe |

|

[ ICEDETECTOR | surface Critical Temperature misg-alignment. |
*ALBEHAVIOR QN *
Figure adaptedwith permission from SAE Technical\Raper(*) 2015-01-2105. © SAE Interndtional

Figure 4 - Freezing fraction at FIDS location and on aircraft surfaces
Refer to SAE Technical |Paper 2015-01-2105, Figures 11, 12, and 15.
6.2.5.1 Effect of FIDY Detection and Deteetability Threshold

AIRCRAFT airframe exposure to ICING.CONDITIONS below the FIDS detection or detectability thresholds should be
assessed by the AIRCRAFT manufagturer for safe operation during the maximum exposure time.

6.2.6 Primary FIDS Functiontintegrating Multiple Sensors
Safety assessment: When-showing installation level compliance to the SYSTEM safety requirements for a PRIMARY FIDS
FUNCTION integrating m@mmmmmmmmv@ctor leads to the loss of
the PRIMARY FIDS FUNCTION, unless it can be demonstrated that the remaining ICE detector(s) can still ensure detection

performance in the whole approved ICING CONDITIONS and flight envelope that meets the safety objectives. Otherwise,
the FIDS FUNCTION should revert to an ADVISORY FIDS FUNCTION.

6.3 Installation Information for the End-User

The FIDS equipment manufacturer shall prepare information for the end user (e.g., installation instructions and user’s
manual) containing at a minimum the following:

1. Operating instructions and limitations sufficient to describe the equipment’'s operational capability and the specific
intended ICE detection function(s) per 2.3 of this specification.

2. Any required operating safety precautions (e.g., probe is hot when the heaters are active and can result in burn injury).
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Installation procedures and limitations sufficient to ensure that the INFLIGHT ICE detection SYSTEM meets the

requirements of this specification when installed (e.g., power availability limits, concentration factor limits, etc.). Specific
installation guidance may be incorporated by reference to Section 6 of this specification.

of this specification.

specification in service.

documents, DAL, qualification test results, FAILURE rate information, etc.).

6.4 Rotorcraft Specific Guidance

Equipment installation limitations, exceptions or test deviations resulting from the 4.3 qualification testing requirements

Instructions for maintainability per 2.6 of the specification to ensure equipment continues to meet the standards of this

Certification documentation as required to support installation approval (software and electronic hardware supporting

6.4.1 Icing Environme
While sharing a numbe
conditions, often at low
ICING CONDITIONS fo

It should be noted that:

Appendix O, as defi
thus it is not current

Appendix D/P as de
is only applicable to

SLD (Appendix O), d
CS-29/14 CFR Part
drizzle or freezing rg
may not be applical

The ROTORCRAF
ROTORCRAFT has
capable of detectin
ROTORCRAFT fligh

6.4.2 Hover Consider

nt Considerations

of design characteristics with AIRPLANES, ROTORCRAFT are{eften flo
speeds (including HOVER) and close to the ground. In additien? ROTOR
the duration of the flight and not simply pass through an icing cloud.

hed in CS-25/14 CFR Part 25, is not part of CS-29/14 CFR Part 29 or CS
y applicable to ROTORCRAFT.

fined in CS-25 /14 CFR Part 33, is not part of CS-29/14 CFR Part 29 or CS
AIRCRAFT engines and therefore is not currently applicable to ROTORC

29 Appendix C icing envelope;:-thus ROTORCRAFT, with no criteria fo
in, are currently prohibited frony flying in such conditions. Accordingly, 3.3.1
le to a rotorcraft installation.

[ manufacturer may,“provide or identify cues to crew such that they
entered such conditions, and that adequate exit or avoidance procedures
g such conditions, any applicable limitations pertaining to the FIDS sh
t manual.

ations

ROTORCRAFT, includi

vn in adverse operating

CRAFT may operate in

+27/14 CFR Part 27 and

-27/14 CFR Part 27 and
RAFT.

laciated and mixed phase (Appendix D/P) ICING CONDITIONS are beyond the range of the current

certification in freezing
3,3.3.1.3.1and 3.3.14

may recognize if the
exist. If the FIDS is not
buld be included in the

hg~ conventional helicopters, compound helicopters, and ftilt-rotors/tilt-wi

ngs, have the ability to

operate at low airspeed

, including HOVER, sideward, and rearward flight. The FIDS should be able to consistently detect

the presence of ICING CONDITIONS such that the necessary AIRCRAFT ICE protection SYSTEMs can be activated.

While current commercial operating rules prevent flight in ICING CONDITIONS below Vwmini, other applications require that
the FIDS must be able to detect ICE continuously from take-off to landing. In HOVER, the blades and engine intakes can
accrete ICE, but large sections of the fuselage may not. As a result, there may be no visual cues to prompt the crew to
manually activate the AIRCRAFT ICE protection SYSTEM. The requirement for measuring ICE accretion or ICE accretion
rate at low speed (<40 knots) should be closely coordinated with the ROTORCRAFT manufacturer.

Care must be taken while selecting and placing the FIDS, as rotor downwash may affect the flow-field around the
AIRCRAFT.

NOTE: Rotor wash is highly variable and may not be suitable for inducing sufficient flow over the FIDS to provide an
accurate reading as it varies with AIRCRAFT gross weight, height above ground (IGE/OGE) and cross winds.
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An aspirated FIDS may be used to provide ICE detection/rate of accretion in the low-speed range. Consideration, however,
should be made of the likely operating environment at low speed near the ground, where snow, ICE, and dirt particulates
are often present when the ROTORCRAFT operates over unimproved surfaces.

Environmental Considerations

As noted in 6.4.1, ROTORCRAFT may operate in non-ideal environments. The FIDS will need to maintain full operational
capability while not generating NUISANCE ALARMS.

Due to the dynamic characteristics of rotor SYSTEMSs, the rotorcraft vibratory environment may be higher than that of fixed
wing AIRCRAFT.

ROTORCRAFT are operated in closer vicinity to crew, passengers and cargo than fixed wing AIRCRAFT. Due to their
runway independence and often critical mission reqwrements personnel unfamlllar with the AIRCRAFT have the potential

to damage any expose
design requirements, and be capable of performing self-diagnosed pre- take off performance chech

6.4.3 Performance Cifiteria

Traditional FIDS perforfnance criteria, detailed in 6.2.1, 6.2.3, and 6.2.5 may not be ‘applicable
critical ICE accretion tifne cannot be calculated simply based upon a FREESFTREAM velocity,

conditions. There are significant differences in collection efficiency and velocity-at-any blade sectio
correlation between ICH accretion rates on the rotor and the fuselage (in paftictlar the engine inle]
stabilizing surfaces. Thig disparity between the fuselage and rotor is designand flight condition sp

The critical rotor bladg ICE accretion time will need to be determined by the AIRCRAFT
ROTORCRAFT, a specific ICE thickness is required prior to the triggering of rotor DEICE SYSTEM
from generating runback refreeze while preventing self-shedding-of oversize pieces of ICE.

6.5 Airworthiness Ceittification

6.5.1 Applicable Regulations
A FIDS shall comply wi
FIDS equipment may a
include the United State
and the FAA regulate th

h applicable airworthiness requirements defined in the AIRCRAFT’s type

s Federal Aviatiom Administration (FAA) and the European Aviation Safety
b design of AIRPLANES with the following airworthiness regulations:
CS-23/14 CFR Part

23 for nofmal, utility, acrobatic, and commuter category AIRPLANES.

CS-25/14 CFR Part|25 foritransport category AIRPLANES.

so be defined by AIRGRAFT manufacturer specifications. For this MOPB

e appropriate bird strike
S.

to ROTORCRAFT. The
especially in low speed
n and there may be little
t) and any fixed lifting or
beific.

nanufacturer. On some
to prevent the SYSTEM

certification data sheet.
, regulatory authorities
Agency (EASA). EASA

CS-27/14 CFR Part Z7for small ROTORCRAFT.
CS-29/14 CFR Part 29 for large ROTORCRAFT.
CS-E for engines.

e 14 CFR Part 33 for engines.

Safety assessment processes provided by ARP4761 should be followed.
Consideration should also be given to operational regulations:

.

14 CFR Part 91 for general operating and flight rules.

e 14 CFR Part 121 for domestic, flag, and supplemental air operations.
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14 CFR Part 135 for commuter and on-demand operations.

Certification requirements may vary depending on the FIDS’s function, mode of operation, and design. Specific certification
requirements and means of compliance for the FIDS may be provided by certification authorities in the form of a certification
review item, issue paper, acceptable means of compliance, or in an advisory circular.

6.5.2 Certification Guidance

Beyond unique certification requirements issued for specific FIDS applications, the following general certification guidance

is applicable.

6.5.2.1

FIDS Qualification Requirements to be Considered when Installed on AIRCRAFT

FIDS may be located on virtually any part of the AIRCRAFT. While mounting to the fuselage is the most common,

installations on the win
vibration levels, EMl/lig
type of power supply us
AIRCRAFT structure, t
shielded versus non-shi

Depending on the abov

6.5.2.2 Reliability, Av
The integrity (i.e., how
requested mode of ope
for the “item” (LRU) and
DAL associated with ea
and availability (roughly
coordinated with the AlR
6.5.2.3 Human Facto
Design and installation ¢
23.1309, 23.1322, 25.1
compliance guidance is

Even though the pilots r
recognized the natural

Therefore, undetected §
lower FAILURE conditioj

g
ning energy exposure, min/max temperatures local pressures, exposure.t
d by the FIDS needs to also be considered. If the FIDS is mounted te)a m
is can also have a significant impact on the qualification requirements
Ided wiring harness will affect the test levels used for HIRF andightning

considerations the categories provided in 4.3.1, Table 6 shall be reviewe
hilability, and Integrity

good the data is) and availability (i.e., SYSTEM"is working normally) of
ation and the AIRCRAFT SYSTEM safety asséssment (SSA). The desig
functions is derived from the SSA and associated analyses from ARP4754
th function or LRU largely determines thesIntegrity required as per AMC/A(
1/reliability) is driven by AIRCRAFT, dispatch and other operational req
CRAFT manufacturer.

S
f any FIDS shall take into account the applicable human factors as require
802, 25.1309, 25.1322,°27.1309, 29.1302, 29.1309 and 29.1322, and MIL
provided by AMG25:1302, FAA AC 20-175, 23.1311-1C, 25-11B, 25.1302

btain responsibility to monitor external conditions when an ADVISORY FIC

can have an impact on
b contaminants, etc. The
etallic versus composite
Similarly, the use of a
ests.

l and adapted.

the data are driven by
h assurance level (DAL)
/EUROCAE ED-79. The
L 25.1309. The reliability
uirements and must be

i by CS-23/14 CFR Part
-FSTD-1472). Regulatory
-1, and 25.1322-1.

S is installed, it shall be

endency (of) flight crews to become reliant on the ADVISORY FIDS as they would on a PFIDS.

FAILURE=should be considered as at least a Major FAILURE unless sub
h classification.

stantiated as meriting a

6.5.2.4 Displays

If a display is to operate in conjunction with a FIDS, then compliance to CS-25/14 CFR Part 25.1302 is required and
recommended procedures/specifications of ARP4256 and AS8034 regarding displays shall be considered. It may be useful
to also consider JSSG-2010-5 paragraph 3.5.2.1.8.5 Visual Displays.

6.5.2.5 Marking

Marking on the FIDS shall follow the guidelines of 14 CFR Part 45.15 and/or CS Part 21A.609(e) and CS Part 21A.807(b),
unless otherwise specified. If the COMPONENT includes software, the part number shall include hardware and software

identification, or separate part numbers may be utilized for hardware and software. The part number shall uniquely identify
the hardware and software design (unless the unit has Field loadable software), including modification status.

If radio frequency identification (RFID) and/or machine-readable information (MRI) is to be used for part marking, A4A Spec
2000 Chapter 9 or MIL-STD-130 may be used for guidance.
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6.6 System Functions

6.6.1

Modes of Operation

For guidance for both ADVISORY and PRIMARY FIDS, refer to the latest revision of the following regulatory documents:
AC 20.73A, 25-28, 121.321-1, 27-1B, 29-2C, AMC 25.1419. Also refer to ASTM F3120.

6.6.1.1  Advisory

An ADVISORY FIDS (AFIDS) provides advisory ICE accretion or ENVIRONMENTAL INFLIGHT ICING CONDITIONS
information used by the flight crew in the decisions that AIRCRAFT and/or engine icing is present and that implementation
of AFM procedures for INFLIGHT icing operations is required. This advisory information cannot be the only available ICE
detecting cue, but is used with other AFM identified icing detecting cues to confirm AIRCRAFT and engine icing.

6.6.1.2 Primary

A PRIMARY FIDS (PFI
required for safe INFLIG
ICE accretion or ENVIR
provide ICE ACCRETI(
flight crew is required t
PFIDS may provide icin
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