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1.

1.1

SCOPE:

This SAE Aerospace Standard (AS)/Minimum Operational Performance Specification (MOPS)
specifies the minimum performance requirements of Ground Ice Detection Systems (GIDS). These
systems may be mounted onboard the airplane, or be ground-based. They may provide information for
indication and/or control.

Chapter 1 provides information required to understand the need for the GIDS characteristics and tests

defined in the re
and is the basis
essential to the

Chapter 2 conta
operations.

Chapter 3 conta
performance un

Chapter 4 descr
operations.

Chapter 5 descr
and 3.

Chapter 6 conta
and flight tests
under standard

Applications:

Compliance w
functions as gi

for the performance criteria stated in Chapter 2 through Chapter®:
proper understanding of this document are provided in Chapter 1.

ns general design requirements for an ice detection system used d

ns the Minimum Operational Performance Requirements for the Gl

re included when(performance cannot be adequately determined th
est conditions.

th this AS/MOPS ensures that the GIDS will satisfactorily perform it
ven'by paragraph 1.3 during airplane ground operations.

maining chapters. It describes typical GIDS applications and operat

ler icing conditions likely to be encountered during ground operatiof
bes environmental test conditions providing laboratory means of te
performance characteristics of the GIDS under conditions which may be encounterg

bes recommended test procedures for demonstrating compliance W

ns the Minimum Opérational Performance Requirements for installg

onal objectives
Definitions

iring ground
DS, defining

1S.

sting the overall
d in actual

ith Chapters 2

d GIDS. Ground
rough testing

5 intended

Compliance with this AS/MOPS does not necessarily constitute compliance with regulatory
requirements. Any regulatory application of this document in whole or in part is the sole responsibility

of the appropri

ate government agencies.

The measured values of the GIDS performance characteristics may be a function of the method of
measurement. Therefore, standard test conditions and methods of testing are recommended in this

document.
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1.1

1.2 Description of

(Continued):

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 mandatory and no alternative may be applied.

“Should”: The use of the word “Should” (and phrases such as “It is recommended that...”, etc.)

indicates that although the procedure or criterion is regarded as the preferred option, alternative

procedure
tester can

GIDS are inter]
the flight crew

The GIDS may
and tactile che

b, specifications or criteria may be applied, provided that the manufg

cturer, installer or

brovide information or data to adequately support and justify the @ltgrnative.

System:

ded to be used during airplane ground operations to inform the gro
and/or a relevant system about the condition of monitored airplane

provide a complementary or, when approved,-a functional alternati
cks required by regulatory agencies, including the European Joint A

(JAA), the Uni'led States Federal Aviation Administration*(FAA) and Transport Can

(TCCA), to de
freezing conta

A PRIMARY G
to airplane gro|
applicable reg

An ADVISORY
operating rules

The GIDS fund

* FROZEN C(Q
and/or slush

mination.
und icing conditions, including pre-deicing check, post-deicing chec
Llatory pre-take-off checks.

GIDS, combined with other means, provides information for compl
applicable to airplane ground icing conditions.

tion is:

INTANHNATION DETECTION; which is to detect frozen contaminan
on'airplane surfaces.

ind crew and/or
surfaces.

ve to the visual
viation Authorities
ada Civil Aviation

ermine the condition of airplane critical surfaces under operating conditions involving

IDS can be used as the solemeans of compliance with the operating rules applicable

k and/or any

ance with the

s (ice, frost, snow

and/or

* FLUID CONDITION MONITORING; which is to monitor and indicate de/anti-icing fluid conditions.
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1.2.1

1.2.2

1.3

Onboard GIDS: Airplane mounted systems are designated as "ONBOARD GIDS" and include the
following two sub-categories:

IN SITU: GIDS that make a direct measurement on a monitored surface (flush mounted sensors).

REMOTE: GIDS that make a remote measurement of a monitored surface (e.g. optical camera

methods).

Possible teck
cues, ultrasag

The ONBOA

» Spot sensq
* Local area
* Wide area

Ground-Bas
designated 3

REMOTE: (
methods).

Possible tec
etc.

The GROUN
» Spot sensq

* Local area
» Wide area

nologies include, but are not limited to, latent heat of fusion, vibratin
nic sensors, visible or IR cameras, other optical methods, etc.

RD GIDS may be:
rs (area of coverage per sensor < 40 cm? [6.2 in?])
sensors (40 cm? [6.2 in?] < area of coverage persensor < 5 m? [53

sensors (area of coverage per sensor > 5 m? [53.8 ft2])

bd GIDS: Ground-based, hand held, pedestal or truck mounted sys
s "GROUND-BASED GIDS" and includée.only the following sub-cate

5IDS that make a remote measurement on a monitored surface (e.g
nnologies include, but are-net limited to, visible or IR cameras, othe

D-BASED GIDS may be:

rs (area of coverage per sensor < 40 cm? [6.2 in?])
sensors (40 cm? [6.2 in2] < area of coverage per sensor < 5 m? [53
sensorsy(area of coverage per sensor > 5 m? [53.8 ft2])

g elements, visual

18 t2))
tems are
gory:

. optical camera

optical methods,

8 ft9])

Composition of @-GIDS:

GIDS include:

+ At least one sensor which is directly or indirectly sensitive to the physical phenomena of icing and/
or de/anti-icing fluid condition and which may be exposed to weather conditions as given in
paragraph 2.8.6.

» A processing unit to perform signal processing. The unit may either be integrated with or separate
from the sensor(s).

* A device to provide information to the flight and/or ground crew.
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1.4 Definitions and Abbreviations:

1.4.1

Definitions:

ANTI-ICING: A precautionary procedure that provides protection of an airplane against the
formation of frost or ice and accumulation of snow or slush on treated surfaces of the airplane for a
limited period of time.

DEICING: A
provide clea

FALSE NEG
is present on

FALSE POS
contaminatio

FLUID FAILY
surface freez
reflectivity c4g

FROZEN Cd
snow, slush.

IN SITU: GI
MONITORE
REFERENC

REMOTE: C
methods).

procedure by which frost, ice, snow or slush is removed from the a
h surfaces.
the reference surface.

TIVE: An indication of the presence of frozen contamination when
n is present on the reference surface.

URE: Possibly indicated by the presence of frozen contamination in
ing or snow accumulation, random snow,accumulation and/or dullir
used by the gradual deterioration of the fluid.

DNTAMINATION/CONTAMINANTS: For the purpose of this AS/MO

D SURFACE: Theé surface of concern regarding ice hazard.
F SURFACE:\The surface where a GIDS sensor makes its measur

5IDS that make a remote measurement on a monitored surface (e.g

jrplane in order to

ATIVE: An indication of absence of frozen contamination when frozZen contamination

no frozen

or on the fluid,
g of surface

PS: frost, ice,

DS that make a direct measurement on a monitored surface (flush mounted sensors).

ement.

. optical camera

SYSTEM: Acombination of components which are inter-connected {0 perform one or more

functions.
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1.4.1 (Continued):

VISUAL PATTERN OF FAILURE: Area and location of visible frozen contamination in or on or
under the de/anti-icing fluid.

Descriptors of this frozen contamination may be any of the following, but not limited to:

WEATHER (

1.4.2 Abbreviationks:

@00 oD

Ice front
Ice sheet

Slush, in

clusters or as a front

Disseminated fine ice crystals

Frost on
Clear ice

surface
pieces partially or totally imbedded in fluid

Snow bridges on top of the fluid

A.C.
AC
AMJ
ARINC
AS
CEN

EN
EUROCAE
FAA

FAR

FOD

FPD

GIDS

IEC

CONDITIONS: See References paragraph 1.5 Weather Related Do

Advisory Circular

Advisory Circular (FAA)

Advisory Material Joint.(JAA)

Aeronautical Radio, Inc.

Aerospace Standard

Comité Européen de Normalisation . European Committee for §
Europaisches Komitee flir Normung

Norme Européenne . European Standard . Europaische Norm.
The European ©Organisation for Civil Aviation Equipment
Federal Aviation Administration (USA)

Federal Aviation Regulations (USA)

Foreigti. Object Damage

Freezing Point Depressant; used to qualify the nature of fluids
Ground Ice Detection System

International Electricity Committee

cuments.

ptandardisation.

JAA

JAR

LRU

min
MOPS
MTBF
OAT

SAE
T.C.-CAR
T.C.

Joint Aviation Authorities (in Europe)

Joint Aviation Requirements (Europe)

Line Replaceable Unit

Minute

Minimum Operational Performance Specification

Mean Time Between Failure

Outside Air Temperature

Society of Automotive Engineers (USA originated)
Transport Canada -Civil Aviation Requirements

Transport Canada (The Canadian Civil Aviation Authority)
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1.5 References:

The following documents are incorporated by reference. The latest issue in effect shall be the one

which will apply.

EUROCAE/RTCA or EUROCAE/SAE Publications:

ED-14/RTCA DO-160

Environmental conditions and test procedures for airborne equipment.

ED-12/RTCA IPO-178
ED-79/SAE ARP4754
ED-80/RTCA DO 254
DO-216
SAE Publicatigns:
AIR4367
AS5116
AS8034
ARP582
ARP4104/4
ARP798
ARP4102
ARP4102/7
ARP4102/8

ARP4256
ARP4737

Software considerations for airborne systems and equipment
certification.
Certification Considerations for Highly-Integrated or Complex Aircraft
Systems.
Design Assurance Guidance for Airborne Electric Hardware.
Minimum General Specification for Ground-Based E]ectronic
Equipment

Aircraft Ice Detectors and.ICing Rate Measuring Instfuments. (In Flight
Icing)
Performance Standard for Airplane Ground Ice Deteftion System,
Airplane/Ground-Based
Minimum Performance Standard for Airborne Multiplirpose Electronic
Displays
Lighting,\Integral, for Airplane Instruments: Criteria for Design of Red
Lighted Instruments

Flight Deck Alerting System (FAS)
Design Criteria for White Incandescent Lighted Aerogpace Instruments
Flight Deck Panels, Controls and Displays
Electronic Displays

Flight Deck, Head Up Displays

Design Objectives for Liquid Crystal Displays for Part 25 (Transport)
Airplane Deicing/Anti-icing Methods with Fluids for Liarge Transport

ARP4761

SAE J1211

SAE AMS 1424
SAE AMS 1428

Airplanes

Guidelines and Methods for Conducting the Safety Assessment
Process on Civil Airborne Systems and Equipment
Recommended Environmental Practices for Electronic Equipment
Design

Deicing Anti-Icing, Aircraft, Fluid, SAE TYPE |

Deicing Anti-Icing, Fluid, Aircraft, Non-Newtonian (Pseudoplastic),
SAE TYPES II, lll, and IV

-10 -
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1.5 (Continued):

JAA/FAA Requirements, Regulations:

JAR-1
JAR-Part 21
JAR/FAR Part 23

JAR/FAR Part 25

Definitions and Abbreviations

Certification procedures for aircraft and related products and parts
Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter

Category Airplanes

Airworthiness Standards: Transport Category Airplanes

JAR Part 26
JAR/FAR Part|27
FAR Part 29
FAR Part 33
FAR Part 39
FAR Part 43
FAR Part 91
FAR Part 121

FAR Part 125

FAR Part 129

FAR Part 135
JAR TSO
JAR/OPS 1, []

Leaflet #4 to JAR/OPS1

JSSG-2010-5

JAR-E
JAR-P
JAR-MMEL/MEL

FAA Aircraft lgng-Handbook

Additional airworthiness requirements for operationsJt

Airworthiness Standards: Normal category Rotorcra
Airworthiness Standards: transport Category. Rotorcl
Airworthiness Standards: Aircraft Engines
Airworthiness Directives

Maintenance, Preventive Maintenance'-rebuilding an
General Operating and Flight Rules

Certification and Operations: Domestic Flag, and Su
Carriers and Commercial Operators of Large Aircraf]
Certification And Operations:“Airplanes Having A Se

aft

d Alteration
pplemental Air

ating Capacity Of

20 Or More Passengers:Or A Maximum Payload Capacity Of 6,000

Pounds Or More

Operations: ForeignAir Carriers And Foreign Opera
Registered Aircraft Engaged In Common Carriage
Air Taxi Operators and Commercial Operators

Joint Technigal Standard Orders.

Commereial Air Transportation (Aeroplanes)

Ice and other Contaminants procedures
Jaint*Service Specification Guide. 5 “Crew Systems,
Handbook”

Engines

Propellers

ors Of U.S.-

Aircraft Lighting

Master Minimum Equipment List/Minimum Equipment List

AC 00-34A
AC 20-73
AC 20-117

AC 23-1419-2A
AC 91-51A

AC 120-58

AC 120-60

AC 135-9

AC 135-16

AC 135-17

AC 150/5300-14

Aircrait Ground Handling and Servicing
Aircraft lce Protection

Hazards Following Ground Deicing and Ground Operations in

Conditions Conducive to Aircraft Icing

Certification of Part 23 Airplanes for Flight in Icing Conditions
Effect of Icing on Aircraft Control and Airplane Deice and Anti-Ice

Systems

Pilot Guide for Large Aircraft Ground Deicing
Ground Deicing and Anti-Icing Program

FAR Part 135 Icing Limitations

Ground Deicing & Anti-Icing Training & Checking
Pilot Guide - Small Aircraft Ground Deicing
Design of Aircraft Deicing Facilities

-11 -
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1.5 (Continued):
Transport Canada Regulations:

TC-CASS 622.11 Commercial Air Service Standard - Ground Icing Operations Standard
TC CAR 602.11 Canadian Aviation Regulation - Aircraft Icing

CEN/IEC/ISO Publications:

EN 50020 Electrical apparatus for potentially explosive atmospheres, intrinsic
safety “i

CEN 50082-2 Electromagnetic compatibility - Generic immuhity stgndard - Part 2:
Industrial environment

CEN 50081-2 Electromagnetic compatibility - Genericeemission stgndard - Part 2:
Industrial environment

CEN 12312 pgrt 6 Deicing/Anti-icing equipment. A/C.Ground support ejuipment
requirements

IEC 0079 Part|11 Electrical apparatus for potentially explosive atmospheres, intrinsic
safety

ISO 11077 Aerospace deicing/anti-icing vehicle requirements

ARINC Documents:

ARINC-403 Guidance for Designers of Airborne Electronics Equipment
ARINC-408A Air Transport’Indicator Cases and Mounting ARINC-#09A Selection
and Application of Semiconductor Devices ARINC-4{13 Airplane
Electrical Power Utilization and Transient Protection

ARINC-415 Operational and Technical Guidelines on Failure Wafning and
Eunctional Test

ARINC-600 Equipment Cases and Racking - Air Transport ARINC-602-1 Test
Equipment Guidance

ARINC-604 Guidance for Design and Use of Built-in Test equipment (BITE)

MIL Documentst

MIL-STD-1472
Weather related documents:

World Meteorological Organization Aerodrome Reports and Forecasts (Doc No. 782, revised 1 Jan
1996.

Transport Canada Commercial and Business Aviation Advisory Circular (CBAAC), number 0165R,
00/10/23, Table 8. http://www.tc.gc.ca/aviation/commerce/advisory/english/ac0165r_table8 e.htm

-12 -
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2. CHAPTER TWO - GENERAL DESIGN REQUIREMENTS:

2.1

2.2

2.2.1

222

Introduction:

This chapter identifies general design considerations for systems comprising onboard and ground-

based GIDS.

Airworthiness and Operational Requirements:

Onboard GIDS: An onboard GIDS installation used by the flight crew for airivort
shall comply|with applicable requirements, and as further specified in paragraph
Requiremenis. Regulatory bodies include the European Joint Aviation Authorities
Canada (TC) and the United States Federal Aviation Administration((FAA). The |
the FAA regulate the airworthiness of airplanes with the following standards:

+ JAR/AWMJFAR part 23 for normal, utility, acrobatic, and commuter category ai
+ JAR/AWMJFAR part 25 for transport category airplane,

Consideratign shall also be given to JAA/TC/FAA opégrating regulations.

Groujnd-Based GIDS: The ground-based GIDSshall comply with JAA/TC/FAA
regulations, and shall ensure detection of frozen contamination and/or fluid cond
compliance With the operator’s approved.deicing program.

The ground-based GIDS shall also becompatible with the airplane airworthinesg

2.3 Complex Hardware and SoftwareDesign:

2.3.1

2.3.2

The design of pomplex hardware such as large scale integrated circuits shall folloy
specified in document EROCAE ED-80/RTCA DO-254 “Design Assurance Guidg

Electric Hardware”.

Onboard GIDS: 'Software design shall follow the guidelines specified in docume

hiness decisions
2.7 Safety

5 (JAA), Transport
AA, TCCA and

rplane.

bperation

tion monitoring in

requirements.

v the guidelines
ince for Airborne

nt EUROCAE

ED-12/RTCADO-T78 “Software Considerations in Alrborne systems and Equipm

ent Certification”.

The software criticality level will depend on the particular GIDS function and application as defined

by the airplane specification.

Ground-Based GIDS: Software design shall follow the guidelines specified in document
EUROCAE ED-12/RTCA DO-178 “Software Considerations in Airborne Systems and Equipment
Certification”. The software criticality level will depend on the particular GIDS function and

application.

-13 -
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2.4 Technical Requirements:

2.4.1

242

243

244

245

Materials: Materials shall be of a quality which experience and/or tests have demonstrated to be

suitable and

dependable for use in the GIDS.

Workmanship: Workmanship shall be such as to minimize degradation of service performance
and reliability. All components shall be fitted properly and firmly in their appropriate positions. All
electrical connections shall be mechanically secured and electrically sound. Care shall be given to

neatness an
screwed and
sharp edges

Electrical bo
power, DC p
"referenced"

Conductive ¢
which may b
interface cor
shall be bon
surface prep
of adequate
bonding or g

Interchanges
other physic

Marking: Inf
guidelines of
the compone
identification
number mus|

bolted assemblies, marking of parts and assemblies, and elimifatig

nding and grounding: The GIDS grounding system shall provide for
pwer, chassis ground and signal ground(s). Optionally;-signal groun

bquipment enclosures must be capable of bging bonded to the airpla
e done by dedicated faying surface contacts; bonding jumper or by
nector. On non-conductive enclosureséontrols or metal parts whic
jed to ground. Case ground shall not:be used for electrical power re
pration and finishes for electric bonding surfaces shall be compatible
electrical conductivity over the life of the GIDS. The maximum resis
rounding junction shall be 0.25Q, as manufactured.

bility: All LRU’s having'the same part number, shall be interchange
lly and functionally,

brmation marked.on the manufacturer's nameplate on the GIDS sha
JAR 21.609(e) and 21.807 (b) and/or FAR 21.607(d) unless other{
nt includes‘software, the part number shall either include hardware
or use-separate part numbers for hardware and software identifica
L uniqUely identify the hardware and software design, including mod

to chassis ground. Wire shields shall not be usedas a signal return.

 thoroughness of soldering, wiring, welding, brazing, surface treatments, painting,

n of burrs and

separation of AC
d(s) may be

ine structure,
wiring through an
h may be touched
turns. Materials,
with preservation
ance across any

able with each

Il follow the
vise specified. If
and software
ion. The part
fication status.

2.5 Minimum Structural Requirements.

2.5.1

Exposure During Normal Operations: GIDS parts exposed to the external environment should be
designed to withstand the temperature, pressure, chemical and/or radiation environment
associated with deicing/anti-icing conditions. GIDS parts exposed to the external environment
should be designed to withstand impact from ice particles shed from the airplane and remain

functional.
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2.5.2 Foreign Object Damage (FOD): The sensor should be constructed so that parts do not become
loose in service. In the normal operating environment, it should withstand strains, impacts,
vibrations, and damage from foreign objects. The GIDS is not required to remain functional in
order to satisfy this requirement.

2.6 Human Factor

2.6.1

2.6.2

Design of any
MIL-STD-1472

Ice formation on the protruding parts of the ONBOARD GIDS shall not represent a FOD risk for the

airplane part

Hazards: If {he GIDS can produce a hazard to personnel or property then a war

prominently
fault conditio
fire, all mate

Displays: TH

a. Utilize ng
b. Provide
c. Provide

If a display is
SAE ARP42
JAA/FAAITG
useful to als¢
Lighting Han

Iformation that is immediately discernible.

s installed downstream.

(2]

GIDS should include consideration of the applicable human, factors
. As a minimum, each design shall consider the following faetors:

provided on or close to the unit. The GIDS shall not'produce toxic fi
ns. Except for small parts that would not signifiéantly contribute to tf
ials used must be self-extinguishing.

e display design shall:

tural and meaningful symbology that'is readily understood.
n indication when the GIDS.is inoperative.

b6, ARP582, ARP798, ARP4102, ARP4102/4, ARP4102/7, ARP41(
CA-AWM 23.1322 and 25.1322 regarding displays shall be conside

consider the Jaint Service Specification Guide JSSG-2010-5 “Crew
dbook” paragraph 3.5.2.1.8.5 Visual Displays.

as enumerated in

ning label shall be
Umes under any
e propagation of

to operate in conjunction’with a GIDS, then the requirements of the latest issues of

2/8, AS8034 and
red. It may be
Systems, Aircraft
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2.7 Safety Requirements:

2.71

2.7.2

2.7.3

Design for safety: All aspects of the ice detection system design should be considered in terms of

safety. The GIDS system should be designed so that, when installed:

1. Those features required for type certification or operational approval, or whose improper
functioning would reduce safety, perform as intended under the airplane operating and

environmental conditions.

2. The systems and associated components, considered separately and in rela
systems [ should be designed so that failure conditions classification and effg
compliance with JAR/FAR/AWM 523/23.1301, 523/23.1309, 525/25:1301, 52
applicable. Information concerning unsafe operating conditions must be proy

3. GIDS myst be designed, installed, operated, and maintained according to ap
standardp defined by the authority having jurisdiction, inéluding the requirem

D0O216 § 3.3.6.2.3 when applicable.

4. In order {o assist designers, manufacturers, installers and certification autho
safety agpects associated with ONBOARD GIRS design, the following two SA

referenced:

EUROCAE ED-79/SAE ARP4754 - Certification Considerations for Highly-Integr
ms.

\U

Aircraft Syst

SAE ARP4761 - Guidelines and Methods for Conducting the Safety Assessmen

Airborne Sygtems and Equipnient.

Failure Analysis: Undetected failure rate and MTBF of the GIDS shall be detern
analysis in apcordance \with AMJ 25.1309 or AC 25.13009.

The failure apalysis/shall include False Negatives.

ion to other

cts must be in
5/25.1309, where
ided to the crew.
plicable safety
ents of RTCA/

ities with the
A\E documents are

ated or Complex

Process on Civil

ined by failure

Detection reliability: The detection reliability is the capability 10 recognize frozen contamination
when frozen contamination is present on the monitored surface. The detection reliability can be
influenced by the physical measurement principle and the position of the sensor(s).

The detection reliability shall be included in the failure analysis.

NOTE: Chapters 5 and 6 define test procedures that demonstrate detection capability of the

system.
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2.8 GIDS Operation:

2.8.1

2.8.2

2.8.3

284

2.8.5

2.8.6

GIDS Controls: The operation of GIDS controls intended for use during normal operations, in all
possible positions, combinations and sequences, shall not result in a condition the presence or
continuation of which would be detrimental to the continued performance of the GIDS.

GIDS controls which are not intended to be adjusted in normal operation shall not be readily
accessible to the ground and/or flight crew.

Data Proces
GIDS shall b

The system
the input dat

Onboard GII

a. To have
on groun

b. To autoni

c. Toremai
Built-In Test
The test fung
The GIDS sh

Built-In Test
defined in p3

Nuisance Alarms:<Nuisance alarms should be minimized.

5ing:  Following acquisition, the processing and interpretation of.ess
e automatic.

shall be designed in such a manner as to preclude the display of out
p required for proper computation are acquired and validated.

DS Activation: Onboard GIDS may need:
d

atically inhibit the display during the take off roll.
N dormant in flight.

tion shall be automatic during operation.
all indicate when(the system is not operational.

Equipment (BITE) shall ensure the safety objectives and the reliabilit
ragraph 2:%. BITE shall annunciate detected GIDS failures to the af

Fquipment (BITE): The GIDS shall include a confidence (BITE) tes;.

ential data by the

but data unless all

b means on the flight deck to activate and de-activate the display while the airplane is

y requirements as
ppropriate crew.

Operating

eather Conditions:

* Outside Air Temperature from +20 °C and down to -40 °C

* Frost

+ Visibility conditions down to 100 meters
* Snow (Wet or Dry)

* Fog or Freezing Fog

* Freezing Drizzle

* Light Freezing Rain

* Rain

The GIDS shall operate under the following conditions:
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2.9 Qualification Tests:

2.9.1

Responsibility for Testing: The manufacturer of the product shall be responsible for performing

and documenting all required tests specified in Chapters 4, 5 and 6 to demonstrate compliance
with this AS/MOPS.

292

Test Article: The tests shall be conducted with one or more GIDS that are in full conformity with

production build. If the tested item incorporates features that are still experimental or in the

developmen
production item, or evidence presented to substantiate that the test results are'v
production instrument.

293

As a minimum performance requirement, the test articles_shall complete all testg
maintenance

2.10 Reports and

2.10.1 Summary Test Report: The GIDS manufacturer shall prepare a summary report

Effects of Tepts: Unless otherwise stated, the design of the systemshall be suc
after the application of the tests specified in Chapters 4, 5 and 6, ne’condition e
be detrimental to the subsequent performance of the GIDS.

stage, any tests involving the non-production features shall be repg

and without necessity to re-calibrate the test articles.

clarations:

pated later on a
alid for the

h that during and
ists which would

without

declaring the

revision number if

ccessfully

DN.
bh B.4.5.5.
RTCA DO-160,
he resulting

following:

a. The part humber and serial number, which identifies the GIDS as tested, and
applicable.

b. A statemient of all performance tests that have been successfully completed.,

c. A specifi¢ statement for each performance test that was not performed or su
completdgd.

d. A specifi¢ statementfor each declared or identified operational GIDS limitatic

e. The summary report shall include the support data, see Appendix B paragra

f. An envirpnmental Qualification Form, in accordance with EUROCAE ED-14/
indicating Which environmental tests were conducted and where applicable,
environmental category of the GIDS.

g. Compliance with Requirements of EUROCAE ED-12/RTCA DO-178 and submission of

supporting data.
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2.10.2 Substantiating Test Data/Analysis: The GIDS manufacturer shall compile and make available for
review all the following:

2.10.3

2.104

3. CHAPTER THR

This chapter def
described in par

a
b.
above.

C.
d.
The foregoin
AS/MOPS.

. A description of the test facility and test procedures used.
The test results and technical data which substantiate the declarations of paragraph 2.10.1,

The processing cycle and/or refresh rate of the GIDS from data acquisition to final display.
Failure modes and effects analysis.

g information shall be available by referencing the appropriate secti

Operating Pocedures: A set of operating procedures for each specifi¢’GIDS sh

Declarations
limitations wi

+ Lighting co
* Airplane s\
* Range fron
* Visibility

* Vibrations

* Movement
* Any other

The GIDS manufacturer shall document and clearly identify all op
nich are applicable to the GIDS such as:

nditions
rfaces compatibility
n sensor to the surface subject to inspection

during operations
between the GIDS and the target during acquisition cycle
imitations

These limitafions shall also be stated in the Summary report.

=E - MINIMUM ‘PERFORMANCE SPECIFICATION:

nes the minimum performance criteria that shall be used for the de
agraphs>172 and 1.3. Chapter 6 defines the performance and valida

the GIDS when installéed.

3.1

Frozen Contar

pns of this

all be developed.

brational

5ign of GIDS
ion methods for

nination Detection:

Under the operating weather conditions given in paragraph 2.8.6, a GIDS shall be able to detect the
presence of frost, ice, slush, or snow on the surface where the sensor makes its measurement.
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3.1.1 Detection Threshold: As a minimum, the detection threshold shall ensure the detection of 0.5 mm
thickness of ice and 0.5 mm maximum peak height of frost, or less, continuously distributed over
an area of 315 cm? or less. For snow or slush the detection threshold determined in accordance
with the tests of Chapter 5 shall be reported and documented.

The detection threshold of 0.5 mm has been chosen for the purpose of testing these devices and is
not a statement of the acceptable level of frozen contamination on an airplane. The values of
thickness sensitivity and area resolution are based on a consensus of EUROCAE WG54 and the
SAE G-12 Ground Ice Detection subcommittee as to the capability of commonly|available
technology gt the time of the writing of this version of the AS/MOPS.

The GIDS shall provide an indication of this condition in the presence ofr.absencg of on-going
precipitation|in one or more of the following situations:

a. When thé¢ airplane surfaces have not been deiced.

b. When uskd for a post de/anti-icing check immediately following de/anti-icing

c. When th¢ airplane surfaces, have been de/anti-iced, and where the presencg of contamination
may be indicated by surface freezing or snow accumulation, random snow acpumulation and/or
dulling of surface reflectivity caused by the gradual deterioration of the fluid.

3.1.2 Frozen Contamination Above the Detection Threshold: If frozen contamination ¢n the monitored
surface is injexcess of the detection threshold, the GIDS shall indicate its presence.

3.2 Fluid Conditiop Monitoring:
Under the opefating weather conditions given in paragraph 2.8.6, a fluid monitoring sensor shall
detect impend|ng ice formation in;)yon or under the fluid, and shall not require ice build-up on the

surface where|the sensor makes its measurement.

A GIDS which|monitors-flaid conditions shall be able to provide an indication relatiyve to the fluid
condition.

The information¢shall include one or more of the following:

Fluid dilution.

Fluid failure, possibly but not necessarily indicated by surface freezing or snow accumulation,
random snow accumulation, and/or dulling of surface reflectivity caused by the gradual
deterioration of the fluid.

» Temperature difference between plate surface temperature and freezing point of the fluid.
Estimated time to fluid failure.
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3.3 Monitored Surface Finish and GIDS Performance:

A GIDS shall meet the performance criteria defined by paragraphs 3.1 and 3.2.

The GIDS performance shall not be affected by the material, the surface finish and/or surface
treatment of the monitored surface.

The performance of the Remote GIDS shall not be affected by the transition between two surface

finishes.

4. CHAPTER FOUR - MINIMUM PERFORMANCE SPECIFICATION UNDER ENVIROQNMENTAL TEST
CONDITIONS:
4.1 Introduction:

a. The environmental test conditions and performance criteriaydescribed in this sg¢ction provide a
laboratory means of determining the overall performance:characteristics of thg GIDS under
conditions Jrepresentative of those which may be encountered in actual operatipn.

b. Unless otherwise specified, the test procedures applicable to the determination of GIDS
performan¢e under environmental test conditians are contained in EUROCAE [ED-14/RTCA
DO-160 “Environmental Conditions and TestProcedures for Airborne Equipmeint”. For each test,
the manufacturer must choose an appropriate category based on the expected application of the
GIDS.

c. Some of the environmental tests contained in this section do not have to be performed unless the
manufactufter wishes to qualifyithe GIDS for that particular environmental condition; these tests
are identified by the phrase“if'Required”. If the manufacturer wishes to qualify the GIDS to these
additional ¢nvironmentaliconditions, then the “If Required” tests shall be perfofmed.

4.2 Testing:

The following fests’determine whether the GIDS can withstand the effects of the fgllowing

environmentalltest conditions-and-applicable-test procedures-described-in-document EUROCAE

The functional tests, defined in EUROCAE ED-14D/RTCA DO-160D, will be performed in
relationship to the identified GIDS categories. Compliance will be also verified with the performance
and accuracy of the GIDS design requirements defined in Chapter 3 after each environmental test as
applicable. As it is not required (and not feasible) to conduct the tests under icing conditions, the
acceptance criteria during the tests is limited to the absence of false positive and absence of system
dysfunction. The GIDS manufacturer shall provide sufficient functional test data to show compliance
of the equipment before, during and after the various tests detailed in the following tables.
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4.3 Onboard GIDS:
TABLE 1
Test CONDITIONS ED-14/ COMPLIANCE COMMENTS :
# DO-160D | REQUIREMENTS :
SECTION
1 Survival Low Temperature 4.5.1 §4.2
2 Operpting Low Temperature 4.51 §4.2 Limited to -40%C for
equipment parts exposed to
external envirohment
3 Survival High Temperature 4.5.2 §4.2 Upde85°C for|equipment
parts exposed o external
environment
4 Operpting High Temperature 452 §4.2 Limited to +20fC for
equipment parts exposed to
external envirohment
5 In Fljght Loss of Cooling 454 (if required)
6 Altityde 4.6.1 §4.2
7 Decdmpression 4.6.2 (if reguired)
8 Overppressure 4.6.3 (ifrequired)
9 Temperature Variation 5.0 §4.2
10 | Hum]dity 6:0 §4.2
11 Operptional Shock 7.2 §4.2
12 Crash Safety 7.3 The GIDS shall remain in its | This test shall e subject to
mounting and no part of the | Airworthiness Btandards
equipment or its mounting shall | depending upon type
have become detached. approval basis pf the
airplane.
The application of this test
may result in dimage to the
GIDS. Paragraph 2.9.3
Effects of tests does not
apply.
13 Vibration 8.0 §4.2
14 | Explosion 9.0 (if required and if intrinsic The ap pllcgtlon of this test
safety is not demonstrated)) may result in damage to the
GIDS. Paragraph 2.9.3
Effects of tests does not
apply.
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TABLE 1 (Continued)

Test CONDITIONS ED-14/ COMPLIANCE COMMENTS :

# DO-160D REQUIREMENTS :

SECTION

15 Waterproofness 10.0 §4.2 Applicable to equipment
parts exposed to
TXtermatienvironment
only;

. - §4.2 . .

16 | Fluids|Susceptibility 11.0 Applicable to equipment
parts exposed to
external jenvironment
only.

17 Sand gnd Dust 12.0 (if required)

18 | Fungus 13.0 (if required)

19 | Salt Spray 14.0 (if required)

20 Magngtic effect 15.0 (ifrequired)

21 Power|input 16.0 §4.2

22 | Voltage spike 17.0 §4.2

23 | Audio|Frequency 18.0 §42

Susceptibility
24 Induced Signal Suseeptibility 19.0 §4.2
25 | Radio [Frequency 20.0 §42
Susceptibility-
26 | Radio Frequency Emission 21.0 §4.2
27 | Lightning Induced Transient 22.0 §42
Susceptibility

28 | Lightning Direct Effects 23.0 §4.2 Extent of testing subject
to system design and
component location.

29 Icing 24.0 (if required)

30 | Electrostatic Discharge 25.0 (if required)
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4.4 Ground-Based GIDS:
TABLE 2
Test CONDITIONS Document COMPLIANCE COMMENTS :
# K REQUIREMENTS :
SECTION
1 Survivfal Cow Temperature Eb-+4 T2 Category|B2 (-55°C
p DO160D § gory[B2 ( )
451
2 Operafing Low Temperature ED-14/ §4.2 Category [B2 limited to -
DOT60D 40°C for {GIDS parts
4.5.1 exposed tp external
environment
3 Survivjal High Temperature ED-14/ 4.2 Category [B2 (+70°C
g p DO160D § gory [B2 ( )
452
4 Operajing High Temperature ED-14/ §4.2 Category B2 limited to
DO160D +20°C fof GIDS parts
4.5.2 exposed tp external
environment
9 Tempg¢rature Variation ED-14/ §4.2 Category [C
P DO160D sory
5.0
6 | Alitude ED-14/ 1§45 If requirel. 13000t
DO160D max.
4.6.1
10 | Humidity ED-14/ §4.2 Category [A for
DO160D cquipment parts not
6.0 exposed tp external
environment.
Category B for GIDS
parts exposed to
external environment.
11 Operational Shock SAE J1211 §4.2 Shipping, handling and
4.8 installation
13 | Vibration SAEJIZ11 | 5 4.2
4.7
14 Explosion ED-14/ on applicable Category X
p DOL60D (Non app ) gory
9.0
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TABLE 2 (Continued)

Documents

Test CONDITIONS COMPLIANCE COMMENTS :
# SECTION REQUIREMENTS :
15 Waterproofness ED-14/ §42 Category S for GIDS
DO160D parts exposed to
10.3 external environment.
16 | Fluids|Susceptibility ED-14/ | ghall sustain De/anti-icing fluids | Applicable to GIDS
DO160D (other fluids if required) exposed|to fluid
11.4 projectigns.
17 Sand gnd Dust SAE JI211 (if required) Dust, sahd and gravel
4.5 bombardment
18 Fungup ED-14/ (if required) Conduct test on
DO160D compongnts only
13.0
19 | Salt Spray ED-147 1 (if requiited)
DO160D
14.0
20 Magngtic effect ED-14/ Non applicable Category X
g DO160D ( pp ) g
15.0
21 Power] input DO216 § §4.2 If applicpble
P 32125 PP
22 Voltage spike DO 216 § §4.2 If applicpble
3215
23 Audio|Frequency, ED-14/ §4.2
Susceptibility DO160D
18.0
24 | Inducqd“Signal Susceptibility EN 50082-2 §42
25 Radio Frequency EN 50082-2 §4.2
Susceptibility
26 Radio Frequency Emission EN 50081-2 §4.2
29 Icing ED-14/ Ensure that all mechanical Category A
DO160D | gevices operate satisfactorily.
24.0
30 | Electrostatic Discharge ED-14/ (if required)
DO160D
25.0
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5. CHAPTER FIVE - TEST PROCEDURES:

5.1

5.1.1

5.1.2

5.1.3

5.1.4

5.1.5

5.1.6

General:

Test Plan, Procedures, and Reports: A test plan and test procedures shall be prepared, and may
be submitted to the appropriate authorities for review.

A report of test results shall be prepared in accordance with paragraph 2.10 Reports and

Declarations

Except wher
mechanical ¢
each of the

Power Input
power input

Power Input
source of es

In the case ¢@
unless othern

Ambient Cor
ambient roor
RTCA DO-1¢

Warm-up Pe
manufacture

Test Procedy

b tests are GO/NO GO in character (e.g. the determination of'wheth
jlevices function correctly) the test conditions and actual numerical v
arameters tested shall be recorded.

Voltage: Unless otherwise specified, all tests shall"be conducted at
yoltage. The input voltage shall be measured atdhe equipment inpy

Frequency: In the case of equipment designed for operation from g
sentially constant frequency, tests shall\be conducted at the designe

f equipment designed for operationdfom an AC power source of va
ditions: Unless otherwise specified, all tests shall be conducted un
n temperature, pressure;-and humidity, as defined in document EUR

50, paragraph 3.5.

riod: All tests_shall be conducted after the warm-up period specifieq
.

res:

ving test procedures are considered to be a satisfactory means of €

er or not
alues obtained for

the designed
t terminals.

n AC power
d input frequency.

riable frequency,

vise specified, tests shall be conducted at the designed input frequéncy range.

der conditions of
ROCAE ED-14/

by the

stablishing

ce with the performance speciiications of Chapter £ and o.

Alternative procedures which provide equivalent information may be used. In such cases, the

procedures described in this chapter shall be used as reference criteria for evaluation of such
alternative procedures.

a. The follo
complian

b.

C.

All test procedures shall be documented.
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5.2 Detection Indication:

5.3

False Positive and/or False Negative indication shall be reported and the conditions giving rise to the
false alarm shall be documented.

In case of False Negative indication, the test is failed.

Detailed Test Procedures:

The tests give

N in this section, summarized in Appendix A, and detailed in Appendg

to demonstrat¢ the capability of the GIDS to perform the functions as described by
the operating Wweather conditions as given in paragraph 2.8.6.

The operating
visibility. There

capability of the Remote GIDS to detect contamination through/active precipitation.

The test equip

weather conditions of paragraph 2.8.6 include environmental factor:
fore additional tests described by paragraph 5.3.3 are required to d

ment of paragraph 5.3.1.2 including different*material surfaces and

finishes to comply with paragraph 3.3 are included to€nsure demonstration of GI[

under represe
selected: Alun
and red.

To demonstrat
conditions spe

inum, polished, unpolished and paitited white and red; Fiber re-info

e the capability to identify-frezen contamination, the selected labora
cified in paragraph 5.3.1.2.1 are considered to be consistent with na

SLUSH formatfion and SNOW.

Test conditiong

, including methods to generate, control and validate precipitation o

given in appendix B.

These test cor

ditions-have been adapted from and use the same principles as lab

procedures under.dévelopment for airplane deicing/anti-icing fluids (SAE Type |, li

establish deici

ng/anti-icing Endurance Time Tables.

ix B are required
3.1 and 3.2 under

5 which affect
emonstrate the

different surface
DS performance

ntative operational conditions. For test\purposes, the following surfarr:es have been

ced painted white

tory precipitation
ural FROST, ICE,

onditions, are

oratory test
, 11l and IV) to

Particular tests are specified for detection of laboratory-generated frost:

Remote GIDS tests are based on "frost" growth on the test surface of a box cooled below ambient
temperature in a humid environment.

In-Situ GIDS tests are based on freezing fog accumulation on an otherwise clean plate.
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5.3.1 Frozen Contamination Detection (paragraph 3.1.1):

5.3.1.1

5.3.1.2

5.3.1.2.1

Purpose of the Tests: The purpose of the tests is to demonstrate that the GIDS

complies with the

minimum performance specifications for the detection of frozen contamination with and/or

without FPD fluids.

The tests for In Situ GIDS and Remote GIDS specified by paragraph 5.3.1.3 address three

applications:

a. Untreated surfaces subject to precipitation: Demonstrate compliance with tIhe performance

specifi¢ation of paragraph 3.1.1 under the conditions defined by paragraph

3.1.1a.

b. Contaminated surfaces treated with fluid: Demonstrate complianee with the performance

specifi¢ation of paragraph 3.1.1 under the conditions defined‘by paragraph

3.1.1b.

c. Treated surfaces subject to precipitations: Demonstrate/compliance with tHe performance

specifi¢ation of paragraph 3.1.1 under the conditions.defined by paragraph

3.1.1c.

Test Equipment Required: For more details on eqifipment requirements refer {o Appendix B.

Conduct tgsts using flat test plates representative of airplane surface materialg

and finishes,

subject to the specified SAE approved deicing and anti-icing fluids, and exposg¢d to artificial
precipitatign in a temperature-controlled;climatic chamber. Alternative procedures, including tests
conducted|under natural conditions,-which provide equivalent information but which require

different tet equipment may be used (see 5.1.6 b).

Where physical facility limitations exist which influence the set-up and conduct [of the tests, these

limitations ghall be noted.
Precipitation Conditions:

For laboratory{ests:

The test platesare t0 be exposed 1o precipitation in accordance with Table B3, see Appendix B
(B.5). For tests requiring fluid treatment, exposure to precipitation shall start within thirty

seconds after the application of the de/anti-icing fluid.
For tests under natural conditions:

The test plates are to be exposed to natural precipitation for conditions given
Appendix B. Tests shall be conducted when the mean precipitation rate is eq

in Table B3, see
ual to, or greater

than the required rate, and the temperature shall be lower or equal to the required value. Actual

test conditions shall be reported, as experienced.
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5.3.1.3

Test Procedure for Detection of Frozen Contamination: For more details on procedure
requirements refer to Appendix B.

Appendix A provides a summary of tests:

- Test set #1 is the list of tests required for In Situ GIDS.
- Test set #2 is the list of tests required for Remote GIDS.

The testing

a. Untrea

Aseto
FROST

weathgr conditions in accordance with conditions given inthe test matrix o

Table B

Co

Eac
thig
(tes

End of test occurs when the GIDS first detects the contamination or wh

agent shall ensure that all plates are clean at the beginning of eac
ed Surface Subject to Precipitation - Paragraph 3.1.1 a

f tests shall be conducted to demonstrate the capability.of'GIDS to i
[/F0), Ice (test FZDZ-C/F0) and Snow (test SN-B/FQ) under simulaté

3.
nduct tests FROST/F0, FZDZ-C/F0O and SN-B/FO0.

kness of frost at the time of detection;(test FROST/F0), ice (tests FZ
t SN-B/FO0).

N test.

dentify Frost (test
bd operating
[ the Appendix B -

h time contamination is first detected by-a GIDS sensor, measure gnd record the

DZ-C/FQ) or snow

en the monitored
with a thickness

asured shall not

reshold thickness

easured and

surface is covered with a contaminated area greater than 315cm? and
grepter than 0.5 mm.

Acceptpnce Criteria

e Forltests FROST/FO0, and FZDZ-C/F0, the contamination thickness me
exdeed the.threshold criteria as defined in paragraph 3.1.
FortestSN-B/F0 and in accordance with paragraph 3.1, there are no th
criterigfor snow-Howeverthe detection-threshold thickness-shall- be m
reported.

Test Reporting

Document the test procedures, thickness measurement methods and results for each test
conducted.
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5.3.1.3 (Continued):

b. Contaminated Surface Treated With Fluid - Paragraph 3.1.1 b

A set of tests shall be conducted at -10 °C to demonstrate the capability of GIDS to identify
residual ice under a fluid layer in accordance with the criteria defined in paragraph 3.1.1 b.
For these tests Ethylene glycol, Diethylene glycol and Propylene glycol based fluids shall be

used.

tot
315
sig

The
ice

Re

Devyetor

bst in order to ensure a maximum thickness of 0.5 mm and a maxin
cm? of ice after the fluid application. Only for this test, and in order|
nificant fluid thickness over the contamination, the plates shall be hg

b sensor, or all sensors of the GIDS involved in the test-shall indicaté

Podir a Type | fluid as described in Appendix B oneach test plate.

peat the test with a Type Il and a Type I\/-néat and Type | followed b

IV fluid layer of 3 mm thickness over the ice patch at the start of the Gl

(As
aly
The flu

Accept

The
ice

Accept

Ver
Ver

a minimum, Type | followed by Type;ll and IV shall be limited to on
Lol base).

d selection process is described in Appendix B.

bnce Criteria for In Situ GIDS

b sensor, or all sensors of the GIDS involved in the test shall indicaté
after the fluid(s).application.

bnce Criteria-for Remote GIDS

ify thatthe remote GIDS indicates the presence of ice after the fluid
ify thatthe displayed contamination formation(s) displayed is (are) g

he sensor subject
um area of

to ensure a
rizontal.

e the presence of

y Type Il or Type
DS observation.
y one compatible

e the presence of

s) application.
onsistent with the

visyialebservation of ice present (if required).

Test Reporting

for each test conducted.

Document the test procedures, fluids used, thickness measurement methods and results
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5.3.1.3 (Continued):

c. Treated Surface Subject to Precipitation - Paragraph 3.1.1 ¢

A set of tests shall be conducted to demonstrate the capability of GIDS to identify fluid
contamination resulting from exposure to simulated operating weather conditions in
accordance with the conditions given in the test matrix of Appendix B - Table B3 and
summarized hereafter:

Type | [Fluid: FZDZ-C/F1, SN-E/F1
Type ll|Fluid: FZDZ-C/F2, FZRA-C/F2, FZRA-B/F2, SN-B/F2, SN-D/F2
Type I\ Fluid: FZDZ-C/F4, FZRA-C/F4, FZRA-B/F4, SN-B/F4, SN-D/F4

The flujd selection process is described in Appendix B.

For thesse tests Ethylene glycol, Diethylene glycol, and Propylene glycol ba
used, With the fluid for each test selected randomly.

Within 30 seconds of the start of the test (Startdime = TO) all plates are
FPD fluid.

Beflore the start of precipitation, verify the absence of False Positives tf
induced by the presence of fluid on the test plate(s).

Staft Precipitation at TO and conduct tests FZDZ-C/F1, SN-E/F1, FZDZ
FZRA-C/F2, FZRA-B/F2, SN=B/F2, SN-D/F2, FZDZ-C/F4, FZRA-C/F4,

S

NiB/F4 and SN-D/F4.

Each time contamination is first detected by a GIDS sensor, record the

fail

mofe specificalfyzover the surface where the sensor makes its measureg
of detection(

E

sed fluids shall be

to be treated with

at could be

-C/F2,
FZRA-B/F4,

visual pattern of

ire on the plate ‘and evaluate the contamination thickness over the failure area and

ment at the time

en the monitored

nI:T ofitest occurs when the GIDS first detects the contamination or wh

surface'is covered with a contaminated area greater than 315 cm? and
greater than 0.5 mm.

with a thickness

Test Reporting

Document the test procedures, fluids used, thickness evaluation methods, the visual fluid
pattern of failure and results for each test conducted.

5.3.1.4 Frozen Contamination Above the Detection Threshold: Validate by analysis or by tests that
frozen contamination on the monitored surface in excess of the detection threshold will be
detected by the GIDS.
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5.3.2 Fluid Condition Monitoring (Paragraph 3.2):

5.3.2.1 Purpose of the Tests: The purpose of these tests is to demonstrate that the fluid condition
monitoring GIDS complies with the minimum performance specifications of paragraph 3.2 for
monitoring deicing or/and anti-icing fluid condition, and to verify the ability of the GIDS to provide
indications relative to the fluid conditions defined in paragraph 3.2.

5.3.2.2 Test Equipment Required: Test setup is identical to paragraph 5.3.1.2.

5.3.2.3 Test Proce
that shall b
GIDS.

A set of teg
Appendix E

Type | Flu
Type Il Flu

Type IV Flyid: FZDZ-C/F4, FZRA-C/F4, FZRA-B/F4.: SN-B/F4, SN-D/F4

The fluid s

The testing

Within
fluid.

Before
by the

Start P
FZRA-
SN-D/H

dure for Fluid Condition Monitoring: Appendix A provides a summa
e performed. Test set #3 is the list of tests required for fluid conditio

its shall be conducted in accordance with conditions given in the tes
B - Table B3 and summarized hereafter:

d: FzZDz-C/F1, SN-E/F1

d: FzZDzZ-C/F2, FZRA-C/F2, FZRA-B/F2, SN-B/F2, SN-D/F2
blection process is described in Appendix B.

agent shall ensure that all plates are clean at the beginning of eac
BO seconds of the start of-the test (Start time = T0) all plates are to be
the start of precipitation, verify the absence of a False Positive that
presence of fluid on the test plate(s).
recipitation at TO and conduct tests FZDZ-C/F1, SN-E/F1, FZDZ-C/|

B/F2,SN-B/F2, SN-D/F2, FZDZ-C/F4, FZRA-C/F4, FZRA-B/F4, SN
4.

ry of all the tests
ns monitoring

t matrix of the

N test.

 treated with FPD

could be induced

-2, FZRA-C/F2,
B/F4 and

The GIDS indications, the plate visual aspect, and the temperature of the plate (applicable if
the GIDS uses the temperature buffer to provide an indication on the fluid condition) shall be
recorded continuously or by time increment by any standard means.

During the test, fluid samples and plate temperature shall be taken at appropriate time
increments and each time an unsafe fluid condition is first detected by a GIDS sensor.

Fluid sampling locations shall be selected such as to be representative of the conditions over
the sensing area without influencing the sensor measurements.
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5.3.2.3 (Continued

determ

):

ine fluid dilution level during or after the tests.

Stagger the collection of samples, identify each sample and measure its refractive index to

Each time an unsafe fluid condition is first detected by a GIDS sensor, sample the fluid,

record the visual pattern of failure on the plate, and evaluate the contamination thickness
over the failure area, and more specifically, over the surface where the sensor makes its
measurement at the time of detection.

End of
surface
greater

Acceptanc

*  During
true flu

The Gl

test occurs when the GIDS first detects the contamination or when'
is covered with a contaminated area greater than 315 cm? and witl
than 0.5 mm.
b Criteria

the test and at the end of the test, verify that GIRS indications are d
d conditions measured.

DS shall indicate unsafe fluid conditions‘consistent with a fluid failur

Test Repotting

Docum
method
each te

5.3.3 Area Detecti

5.3.3.1  Purpose of
with the m
specified b
5.3.3.2 Test Equip

ent the test procedures, fluids used, fluid sampling method, thickne
s, and the visual fluid pattern of failure. Report measurement value
st conducted.

bn and Visibility Tésts for Remote GIDS:
the Tests: -Fhe purpose of the tests is to demonstrate that the remg
nimum performance specifications of paragraph 3.1 under visibility

y paragraph 2.8.6.

ment Required: The test setup is identical to paragraph 5.3.1.2.

he monitored
N a thickness

onsistent with the

5s evaluation
s and results for

te GIDS complies
conditions as
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5.3.3.3 Test Procedure for Area Detection and Visibility Test: Appendix A, provides a summary of all the
tests that shall be performed. Test set #4 is the list of tests required for Remote GIDS visibility

tests.

Conduct tests to demonstrate the ability of the remote GIDS sensor to detect an area of 315 cm?
of ice on a test plate at the maximum distance of use in accordance with the conditions specified
in paragraph 2.8.6.

< Develo

* The Gl
contan

e Condu
-FZFQG

- SN-V
- FzZDZ
- FZRA
Acceptanc
* These

p 0.5 mm of ice on each plate over one circular area of 315 cm~.

DS, when inspecting the plates without precipitation, shall indicate t
ination.

Ct tests with the following precipitation conditions:

-V with visual interference equivalent to a field visibility of 100 m.
between the plates and the sensor(s), and encompassing the sens
-B between the plates and the sensor(s), and-encompassing the se
-B between the plates and the sensor(s);ahd encompassing the se
e Criteria

hsor(s), when inspecting the plates through active precipitation, sha
e the presence of contamination.

ng
ent the test procedures, precipitation rates, measurement methods

the following:

indicats
Test report
*  Docum
Includg
- Dista

- Visibi

ce between the GIDS and the plate.
ity conditions and precipitation characteristics.

he presence of

pr field of view.
nsor field of view.
nsor field of view.

| continue to

and results.

6. CHAPTER SIX - INSTALLED EQUIPMENT PERFORMANCE:

6.1

Introduction:

This chapter specifies the minimum acceptable level of performance and test procedures for
verifying the performance of the GIDS when installed. This chapter does not specify means to show
compliance with regulatory requirements. Installed performance criteria are generally the same as
those contained in Chapter 3, which were verified through laboratory and environmental tests.
However, certain performance parameters may be affected by the physical installation and can only
be verified after installation. The installed performance limits specified below take these situations
into consideration.
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6.1.1

6.2

6.2.1

6.2.1.1

6.2.1.2

6.2.1.3

6.2.1.4

6.2.1.5

6.2.1.6

Installed Equig

Test Plan, Procedures, and Reports: A test plan and test procedures shall be prepared, and may
be submitted to the appropriate authorities for review.

A report of test results shall be prepared in accordance with paragraph 2.10 Reports and
Declarations.

Except where tests are obviously GO/NO GO in character (e.g. the determination of whether or not
mechanical devices function correctly) the actual numerical values obtained for each of the
parameters fested shall be recorded.

ment Requirements:

General:

Installation
presentin
maintenan

Display Vis
normal op¢
relevant of

Controls A
position.

Failure Prg
any other ¢

Failure of i
validity of g
defined in

Interfereng

. The GIDS shall be compatible with the physicaland environmenta
he installed location. Installation of the equipmént should permit ea
ce and testing. It shall be physically impossijble-to install the GIDS in
ibility: The user(s) shall have an unobstructed view of the displayec
erating conditions.

ccessibility: Controls shall be readily accessible from the user’s nor
tection: Any probable failure of the GIDS shall not degrade the nor
bquipment or systems.

nterfaced equipment or systems shall not degrade the safe operatior
ignals fremtinterfaced equipment or systems shall be considered in

paragraph2.8.4.

e(Effects: The GIDS shall not be the source of harmful interference

| conditions
5e of access for
nproperly.

| data when in the

brating position. Display intensity shall-be adequate for data interpretation under all

mal operating

mal operation of

of the GIDS. The
the BITE as

and shall not be

adversely affected by interference from other equipment or Systems.

Documentation: Documentation provided with installed systems shall incorporate the operating
procedures defined in accordance with paragraph 2.10.3.

If any operational limitations (see paragraph 2.10.4 Declarations) are applicable to the GIDS,
these limitations shall clearly be stated in the documentation provided with the system.

-35-



https://saenorm.com/api/?name=2cea3f190c6f3501b95d16199be181f1

SAE AS5116 Revision A

6.2.2 Technical:

6.2.2.1

6.2.2.2

6.2.2.3

6.2.2.4

6.2.2.5

6.2.2.6

6.2.2.7

6.2.2.8

6.2.2.9

6.2.2.10

6.2.2.11

Power Source: The GIDS shall meet its performance criteria when supplied with the specified
electrical power.

Protection

against inadvertent turnoff should be provided.

Aerodynamic Compatibility: The onboard GIDS shall not adversely affect the airplane flying

qualities.

Thermal C
accurately

Self-Heatin
componen
sensing su
surfaces, U

Intrinsic S4

pmpatibility: The thermal characteristics of the GIDS shall not.affec
perform its intended function.

g: If onboard surface mounted sensors incorporate any electrical d
s, the power dissipation shall be such that, the resulting temperatun
rface level is always less than 0.25 °C when thésensor is mounted
nless heating is part of the contamination detection principle.

fety: The requirements of EN 50020 of{EC 0079 part 11 or any log

apply to GIDS where installation locations couldsbe made hazardous by the pr:

explosive ¢

External Li
non-visible

Operation
reduced vi
paragraph

as or vapor.

light conditions.

During Reduced Visibility Conditions: The GIDS performance shall
5ibility conditions fesulting from operations under environmental cor
2.8.6.

Compatibiljty With the‘Monitored Surface: The GIDS performance shall not be

material, th

Non-Froze

e surface finish and/or surface treatment of the airplane monitored

h{ontaminants on the Monitored Surface: GIDS performance shot

its ability to

evices or
e rise at the
on the airplane

al requirements
psence of

ght: The GIDS performance shall not be affected by natural and arfficial visible and

not be affected by
ditions defined in

affected by the
surface.

ild not be affected

by non-frozen contaminants on the monitored surface. Any non-frozen contami
the manufacturer and/or end users to affect the performance of the GIDS shall be documented in
the summary test report.

nants identified by

Dynamic Response: The GIDS performance shall not be affected by the dynamic operating
conditions of installation (User, vehicle, and airplane movement encountered during ground
operations).

Electromagnetic Interference Effects: The GIDS shall not be the source of harmful
electromagnetic interference and shall not be adversely affected by electromagnetic interference

from other

equipment or systems.
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6.2.2.12 Fluid Foaming Effects: The GIDS should not be affected by foaming in applied de/anti-icing

6.3

6.3.1

6.3.2

6.4 Conditions of ]

6.4.1

6.4.2

6.4.3

6.4.4

fluids.

Installed Equipment Performance:

Installed GIDS shall comply with the requirements of paragraph 2.2 and the operator’s approved

deicing program.

The GIDS shall achieve, when installed, the performance specified in Chapter 3, taking into account

the following:

If the surface where a GIDS sensor makes its measurement is smaller than’the m

the capacity of

Onboard Gl
experiment,
compliance

Ground-Bas
shall be detg
contaminatig
and regulato

Safety Precg
radiation, etq
test.

While the ma
procedure m
hazards that
familiarity wi

the GIDS to assess the condition of the monitored surface shall be
50 as to ensure detection of frozen contamination or monitoring of fl
vith the operator’s deicing program and regulatory requirements.

bd GIDS: The installation, sensor resolution or/and operation of the
rmined, either by analysis or by experiment, so as to ensure detecti

Iy requirements.

[est:

.) resulting from @peration of the GIDS shall be analyzed and docur

iterials, methods, applications, and processes described or refereng
ay invelve the use of hazardous materials, this procedure does not
may ‘be involved in such use. It is the sole responsibility of the user|
hithe safe and proper use of any hazardous materials and processq

bnitored surface,
demonstrated.

DS: Sensing unit(s) shall be located on the airplane, either by analygis or by

uid condition in

sensing unit(s)
on of frozen

n or monitoring of fluid condition innéompliance with the operator’s deicing program

utions: Any unusuakcharacteristics or hazards to personel or propeérty (e.g. laser

nented before the

ed in this
address the

to ensure

s, and to take the

necessary p

ecautionary measures 10 ensure the health and safety or all person

nel involved.

Power Input: The test(s) shall be conducted with the GIDS powered by the installed equipment
electrical power generating system.

Associated Equipment and Systems: All other electrical or mechanical equipment likely to be
operated simultaneously on ground shall be activated for the test(s).

Environment: During the test, the environmental conditions shall not exceed those specified by the
airplane manufacturer or ground support equipment manufacturer, as applicable, and accepted by
the GIDS manufacturer.
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6.4.5 Warm-up Period: All tests shall be conducted after a warm-up period as specified by the

6.5 Test Procedures for Installed Equipment Performance:

6.5.1

6.5.2

6.5.2.1

6.5.2.2

6.5.2.3

6.5.2.4

manufacturer.

General: These test procedures are aimed at demonstrating proper operation (qualitative) of the
installed GIDS, since simulation of all icing conditions listed in paragraph 2.8.6 is usually not
feasible, they also address additional conditions that are not covered by Chapter 5 tests.

Ground Test|procedure: Testing will consist of compatibility and operational test
detector output may be used to demonstrate proper operation of the display and

system operation.

Conformity| Inspection: The installed GIDS shall be inspected to ‘determine co

acceptable
connection
manufactu

Maintainah
maintenan

Verify that

System O
system op;

Validate th

Interfereng
GIDS perfq

s have been made, and that the equipment is installed in accordang
fer's recommendations.
Ce practices.

t is not possible to incorrectly install or connect any Line Replaceah

erations: The installed system shall be operated according to the d
prating procedures. Proper function shall be verified.

At the Remote GIDS display correctly identifies the inspected surfag

e Effects: General: The effects of some possible interference whic
rmance aré not always easy to identify through dedicated tests. Th

behavior
functionali

reliable tei;s cannotbe defined to validate the effect of some possible interferg

ay need to be monitored for an appropriate period of time to demor
under actual operating conditions.

5. A simulated
other parts of the

hformity with

workmanship and engineering practices, that preper mechanical and electrical

e with the

ility: Verify access and removal of the €quipment in accordance with the best

le Unit (LRU).

ocumented

e.

N may affect the
prefore, when
bnce, the GIDS
strate its

Thermal compatibility: Validate that the thermal characteristics of the GIDS do not affect its
ability to accurately perform its intended function.

Sensor self-heating: Validate that IN SITU sensor self-heating will not increase the temperature
of the sensor surface by more than that specified in paragraph 6.2.2.4, unless heating is part of
the contamination detection principle.

External light: Validate that GIDS performance is not affected by artificial or natural external light
(visible and/or non-visible).
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6.5.2.4 (Continued):

6.5.2.5

6.5.2.6

6.5.2.7

Operation under reduced visibility conditions: Validate that Remote GIDS performance is not
affected by reduced visibility conditions.

Compatibility with the monitored surface: Validate that GIDS performance is not affected by the
material, the surface finish and/or surface treatment of the airplane monitored surface.

Non-frozen contaminants on the monitored surface: Validate that GIDS performance is not

affected by
operation 3
contamina
the GIDS ¢

Dynamic R
conditions

operations).

Electromagnetic Interference and Electromagnetic Cempatibility: Validate that
of harmful interference and is not adversely affected by interferencg from other

the source
equipment

Fluid Foanping Effects: De/anti-icing fluids-shall be applied according to the st;

icing meth
applied de
of the GID
Power Suf

Displays a
are readily

Frozen Co

nd maintenance. If tests show that non-frozen contaminants affect
ion detection or fluid monitoring abilities of the GIDS, this limitation
ocumentation supplied to the operator.

esponse: Validate that GIDS performance is not affected by dynam]
of installation (User, vehicle, and airplane movement encountered d

or systems.

hds as defined by the operator's approved program. If tests show th
anti-icing fluids affects the-frozen contamination detection or fluid m
5, this limitation shall be\noted in the GIDS documentation supplied

ply: Under installed*conditions, verify the proper operation of the e

accessiblesintuitive and easily interpreted.

htamination Detection and Fluid Monitoring: The GIDS shall be mo

demonstra

Fe its functionality under actual operating conditions and tested as fq

a. When the airplane surfaces have not been deiced.

non-frozen contaminants (e.g. grease, dirt, fuel) commonly occurring in airplane

he frozen

shall be noted in

ic operating
uring ground

the GIDS is not

hndard de/anti-
at foaming of
onitoring abilities
to the operator.

Juipment.

nd Controls-Accessibility: Demonstrate that all equipment controls gnd displayed data

hitored to
llows:

Determine the presence of frozen contamination consistent with the GIDS performance

criteria

b.

defined in paragraph 3.1.1.

When used for a post de/anti-icing check immediately following de/anti-icing.

Determine the presence of frozen contamination consistent with the GIDS performance

criteria

defined in paragraph 3.1.1.
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6.5.2.7 (Continued):

c. When airplane surfaces have been de/anti-iced.

Tests shall be conducted on a stationary airplane under conditions of winter precipitation to
demonstrate that the GIDS or an array of GIDS indicates the onset of an unsafe condition.

NOTE: The Operator may define additional GIDS acceptance tests prior to receipt of the GIDS

for service use.

6.5.3 Flight Test procedure:

Aerodynami¢ compatibility: The onboard GIDS shall not adversely affect-the flyi
airplane.

ng qualities of the

PREPARED UNDER THE JURISDICTION OF
SAE SUBCOMMITTEE G-12ID, ICE DETECTION OF
COMMITTEE G-12, AIRCRAFT GROUND DEICING
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APPENDIX A
Test Set 1: Minimum_Tests Required to Demonstrate Frozen Contamination Detection,
Applicable to In-Situ GIDS
Test Set: #1-1 Test Plate 1
Test# Precip. Type Precip. Rate Temperature Fluid P_rlecig. ID / fluid.
(g/dm</h) (Deg. C)

FROZEN CONTAMINATION DETECTION: Paragraph 3.1.1 a) — BEFORE DEICING
1 Freezind Fog 2,0 -10 None FROST/ FO
2 Freezing Drizzle 5,0 -10 None FZDZ-C / FO
3 Light Fr|Rain 13,0 -10 None FZRA-C/ FO
4 Snow 25,0 -3 None SN-B/ FO

FROZEN CONTAMINATION DETECTION Paragraph 3.1.1b) — FOLLOWING DEICING
5 None - -10 Ice under Type (D base) -
6 None - -10 Ice under Type'! (E base) -
7 None - -10 Ice under-Type | (P base) -
8 None - -10 Ice underType |l (E base) -
9 None - -10 Ice under Type 1l (P base) -
10 None - -10 Ige,under Type IV (E base) -
11 None - -10 |ce under Type IV (P base) -
12 None - -10 Ice under Type I+l (E or P base) -
13 None -10 Ice under Type I+IV (E or P base) -

FROZEN CONTAMINATION DETECTION: Paragraph(3:1.1 ¢) — PRIOR TO TAKEOFF
14 Freezing Drizzle 5,0 =10 Type ! (D, E or P base) FzZpz-C/ F1
15 Freezing Drizzle 5,0 -10 Type 1l (E or P base) Fzpz-C/ F2
16 Freezing Drizzle 5,0 -10 Type IV (E or P base) FZDZ-C/ F4
17 Light Fr.|Rain 13,0 -10 Type Il (E or P base) FZRA-C/ F2
18 Light Fr.|Rain 13,0 -10 Type IV (E or P base) FZRA-C/ F4
19 Light Fr.[Rain 25,0 -3 Type Il (E or P base) FZRAB/ F2
20 Light Fr.|Rain 25,0 -3 Type IV (E or P base) FZRA-B/ F4
21 Snow 10,0 -10 Type | (D, E or P base) SN-E/ F1
22 Snow 25,0 -3 Type 1l (E or P base) SN-B/ F2
23 Snow 25,0 -3 Type IV (E or P base) SN-B/ F4
24 Snow 25,0 -10 Type Il (E or P base) SN-D/ F2
25 Snow 25,0 10 T\Ilpn AV (I'—' orpP haea) SN-D / F4

Sub-Total, Test set #1 = 25 tests

Test Set: #1-2 Test Plate 2
Sub-Total, Test set #2 = 25 tests

Test Set: #1-3* Test Plate 3 *Only required if GIDS is to be installed in a composite surface

Sub-Total, Test set #3 = 25 tests

Total Tests: In-Situ Sensors (Sets 1-1,1-2): 50, plus 25 additional tests (Set #1-3), if required.

FIGURE A1
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Test Set 2: Minimum Tests Required to Demonstrate Frozen Contamination Detection,
Applicable to Remote GIDS

Test Set: #2-1 Test Plate 1 at minimum sight angle and maximum distance.
Test# Precip. Type Precip. Rate Temperature Fluid Precip. ID / fluid.
{g/dm2/h) (Deg. C)
FROZEN CONTAMINATION DETECTION: Paragraph 3.1.1a) — BEFORE DEICING

1 Frost - <0 None FROST/ FO
2 Freezing Drizzle 5,0 -10 None FZpzZ-C / FO
3 Light Frf Rain 13,0 -10 None FZRA-C/ FO
4 Snow 25,0 -3 None SN-B/ FO
FROZEN CONTAMINATION DETECTION Paragraph 3.1.1b) — FOLLOWING DEICING
5 None - -10 ice under Type | (D base) -
6 None - -10 Ice under Type | (E base) -
7 None - -10 lce under Type | (P base) -
8 None - -10 lce under Type Il (E.base) -
9 None - -10 Ice under Type IL{P.base) -
10 None - -10 Ice under Type IVA(E base) -
11 None - -10 Ice under Type\lV (P base) -
12 None - -10 Ice under Type I+l (E or P base) -
13 None - -10 Ice underType 1+IV (E or P base) -
FROZEN CONTAMINATION DETECTION: Paragraph 3.1.1c) — PRIOR TO TAKEOFF
14 Freezing Drizzle 5,0 -10 Type'| (D, E or P-base) FzpzC/ F1
15 Freezing Drizzle 5,0 -10 Type Il (E or P base) FZpzZ-C/ F2
16 Freezing Drizzle 5,0 -10 Type IV (E or P base) Fzpz-C/ F4
17 Light Fr} Rain 13,0 -10 Type Il (E or P base) FZRA-C/ F2
18 Light Fr} Rain 13,0 -10 Type IV (E or P base) FZRA-C/ F4
19 Light Fr} Rain 25,0 =3 Type Il (E or P base) FZRA-B/ F2
20 Light Fr} Rain 25,0 -3 Type IV (E or P base) FZRAB/ F4
21 Snow 10,0 -10 Type | (E or P-base) SN-E/ F1
22 Snow 25,0 -3 Type Il (E or P base) SN-B/ F2
23 Snow 25,0 -3 Type IV (E or P base) SN-B/ F4
24 Snow 25,0 -10 Type Il (E or P base) SN-D/ F2
25 Snow 25,0 -10 Type IV (E or P base) SN-D/ F4
Sub-Total, Test set#1.= 25 tests
Test Set: #2-2 | TestPlate 2 at minimum sight angle and maximum distance.
Sub-Total, Test-set #2 = 25 tests
Test Set: #2-3 LTest Plate 3 at minimum sight angle and maximum distance. |

Sub-Total, Test set #3 = 25 tests

Test Set: #2-4 Test Plate 4 at minimum sight angle and maximum distance.
Sub-Total, Test set #4 = 25 tests

Test Set: #2-5 Test Plate 5 at minimum sight angle and maximum distance.
Sub-Total, Test set #5 = 25 tests

Test Set: #2-6 Test Plate 6 at minimum sight angle and maximum distance.
Sub-Total, Test set #6 = 25 tests

Total number of tests at minimum sight angle and maximum distance : 150 Tests.

Repeat test set 2-1 to 2-6 at maximum sight angle and minimum distance: 150 Tests.

Total number of tests for Remote GIDS (All tests) 300 Tests
FIGURE A2
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Test Set 3: Minimum Tests Required for Fluid Conditions Monitoring GIDS.

- Applicable to Fluid Conditions Monitoring GIDS -

Test Set: #3-1 Test Plate 1

Test# Precipl Type Precip. Rate Temperature Fluid recip. ID / fluid.
(g/dm2/h) (Deg. C)

FLUID CONDITION MONITORING: Paragraph 3.2.
1 Freezing Drizzle 5,0 -10 Typel (D, E or P-base) FZDZ-C/ F1
2 Freezing Drizzle 50 -10 Type Il (E or Pbase) FZDZ-C/ F2
3 Freezing Drizzle 5,0 -10 Type IV (E or P base) FZDZ-C | F4
4 Light Fr.|Rain 13,0 -10 Type Il (E-Of P base) FZRA-C/ F2
5 Light Fr.|Rain 13,0 -10 Type IV {E/or P base) FZRA-C/ F4
6 Light Fr.|Rain 25,0 -3 Typell.(E or P base) FZRA-B/ F2
7 Light Fr.|Rain 25,0 -3 Type’lV (E or P base) FZRA-B/ F4
8 Snow 10,0 -10 Typel (D,EorP-base) PBN-E/ F1
9 Show 25,0 -3 Type Il (E or P base) SN-B / F2
10 Snow 25,0 -3 Type IV (E or P base) SN-B / F4
11 Show 25,0 -10 Type Il (E or P base) SN-D / F2
12 Snow 25,0 40 Type IV (E or P base) SN-D / F4

Sub-Total, [Test set #1 = 12 tests

Test Set: #3-2 Test Plate 2
Sub-Total, [Test set #2 = 12 tests

Test Set: #3-3* [Test Plate 3 “Only required if GIDS is to be installed in a composite surface
Sub-Total, [Test set #3 =12 tests

Total Tests: In-Situ Sensors (Sets 3-1,3-2): 24, plus 12 additional tests (Set #3-3), if required

FIGURE A3
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Test Set 4: Minimum Tests Required to Demonstrate Remote GIDS ability to 'see’ under
different visibility conditions

- Applicable to Remote GIDS -

Test Set: #4-1 Test Plate 7 at minimum sight angle and maximum distance.

Test# Precip./Type Precip. Rate Temperature Visibility conditions Prlecip. ID.

{(g/dm2/h) {Deg. C)
CONTAMINATION CANDITIONS: ICE ON DRY SURFACE.
1 Fog to be adjusted -20 Clear/ Fog Vis. < 100m FAFG-V
2 Snow >25 -10 Clear / Through Precip. SIN-V
3 Freezing|Drizzle 13,0 -3 Clear / Through Rrecip. F4DZ-B
4 Light Fr. Rain 25,0 -10 Clear / Through Precip. FZRA-B

Sub-Total, Test set #1 = 4 tests

Test Set: #4-2 Test Plate 8 at minimum sight angle and maximum distance.
Sub-Total, Test set #2 = 4 tests

Test Set: #4-3 Test Plate 9 at minimum sight angle:and maximum distance.
Sub-Total, Test set #3 = 4 tests

Total Tests: Remote Sensors (Sets 2-1,2-6): 12 Tgsts.

FIGURE A4
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