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The integrity of an aircraft's aerodynamic surfaces is paramount to flight safety. Even a layer of frost as thin as 0.4
millimeters (the thickness of coarse sandpaper) can reduce lift by as much as 30% and increase drag by up to

40%. This physical reality forms the basis of the Clean Aircraft Concept, a regulatory and safety mandate that
prohibits any aircraft from taking off with frost, ice, snow, or slush adhering to its wings, control surfaces, propellers,
or engine inlets. To achieve this, the aviation industry relies on a rigorous framework of standards, most notably
SAE AS6285 and ICAO Doc 9640, which dictate the technical execution of ground-based de-icing and anti-icing
procedures.

The Theoretical Framework of Aircraft Icing

Ground icing occurs when moisture in the atmosphere (freezing rain, snow, or fog) comes into contact with an
airframe that is at or below freezing point. There are two distinct mechanisms at play: De-icing, which is the

reactive process of removing existing contaminants, and Anti-icing, which is the proactive application of fluids
designed to prevent the formation of new ice for a limited duration. Understanding the chemistry and physics of
these processes is essential for ground crews and flight deck personnel.

De-icing vs. Anti-icing: Functional Distinctions

While often used interchangeably in lay terms, they are distinct engineering processes:

* De-icing (Reactive): Uses thermal and/or chemical energy to break the bond between ice and the aircraft
surface. Typically involves heated Type | fluids.

e Anti-icing (Proactive): Uses thickened fluids (Type II, Ill, or IV) that form a protective film. This film absorbs
incoming frozen precipitation and prevents it from bonding to the metal or composite structure until the aircraft
reaches take-off speed.

Technical Classification of De-icing and Anti-icing Fluids

Fluids used in ground operations are classified based on their chemical properties, viscosity, and aerodynamic
performance. These fluids must comply with SAE AMS1424 (for Type 1) and SAE AMS1428(for Types I, Ill, and
V).



Fluid Type Composition & Color Primary Function Characteristics

Type | Unthickened; Orange/Straw De-icing Low viscosity; applied
heated (usually 60°C+);
very short holdover time.

Type Il Thickened; Light Yellow/ Anti-icing Contains pseudoplastic
Clear thickeners; designed for
aircraft with higher rotation
speeds (>85 kts).

Type I Thickened; Bright Yellow Anti-icing A hybrid fluid designed for
smaller aircraft with lower
rotation speeds (

Type IV Thickened; Emerald Green Anti-icing Highest viscosity and
longest holdover times;
designed for large
commercial jets.

Lowest Operational Use Temperature (LOUT)

Every fluid has a Lowest Operational Use Temperature (LOUT). This is defined as the higher of: the lowest
temperature at which the fluid meets the aerodynamic acceptance test for a specific aircraft type, or the freezing
point of the fluid plus a safety buffer (usually 10°C for Type | and 7°C for Types Il/1V). Operating below the LOUT
can lead to fluid thickening to a point where it does not shear off during takeoff, potentially causing catastrophic
loss of lift.

The Regulatory Landscape: SAE AS6285 and ICAO Doc 9640

Modern ground operations are governed by a triad of global standards. Previously, the Association of European
Airlines (AEA) published yearly standards, but these have been superseded by SAE International AS6285. This
document, now in its latest revision (AS6285D), provides the global baseline for "Aircraft Ground Deicing/Anti-Icing
Processes."

Core Components of SAE AS6285

The standard establishes the minimum requirements for the application of fluids and the inspection of aircraft
surfaces. It is complemented by SAE AS6286, which focuses on Training and Qualification Programs, ensuring that
ground crews are not just operators of machinery, but technical experts in contamination detection.

ICAO Doc 9640 (Manual of Aircraft Ground De-icing/Anti-icing Operations) aligns with these SAE standards to
provide a unified international approach. For operators in EASA-regulated regions, SIB 2017-11and Part-CAT
requirements (CAT.OP.MPA.250) mandate that de-icing programs must be based on these recognized international
standards.

Standard Operating Procedures (SOP) for Ground De-icing

The execution of ground de-icing follows a specific technical sequence to ensure the "Clean Aircraft Concept" is
maintained through the moment of rotation.

1.The One-Step Method



In the one-step method, a heated, diluted de-icing fluid is used to both remove the ice and provide a limited level of
anti-icing protection. This is typically used when the precipitation is very light or when the aircraft is expected to
take off almost immediately.

2.The Two-Step Method

The two-step method is the industry standard for active precipitation (snow, freezing rain). It involves:

e Step One (De-icing): Application of heated Type | fluid or a heated mixture of water/Type II/IV to remove all
existing ice/snow. This step must start at the leading edges and move toward the trailing edges.

e Step Two (Anti-icing): Application of a cold, unheated anti-icing fluid (Type Il Ill, or IV) before the first step
freezes. This creates the protective barrier.

Tactical Application Sequence

To maximize efficiency and safety, ground crews must follow a specific order of application:

1. Wing Tips to Root: Ensures that melted runoff does not refreeze on already cleaned surfaces.

2. Leading Edge to Trailing Edge: Protects the most aerodynamically sensitive parts of the airfoil first.

3. Vertical Surfaces: Sprayed from top to bottom.

4. Fuselage: Sprayed along the top centerline and then out to the sides, taking care to avoid windows, sensors
(Pitot tubes/Static ports), and engine intakes.

Mathematical Modelling of Holdover Times (HOT)

The Holdover Time (HOT)is the estimated time that an anti-icing fluid will prevent the formation of frost or ice and
the accumulation of snow on the protected surfaces of an aircraft. It begins at the start of the final anti-icing
application.

The determination of HOT is not a static number but a variable influenced by several environmental parameters:
HOT =f(P, T,W, C, V)

Where:

P: Precipitation type and intensity (e.g., light snow vs. moderate snow).
T: Outside Air Temperature (OAT).

W: Wind speed and direction (causing localized thinning of the fluid).

C: Aircraft skin temperature (cold-soaked wings from high-altitude flight).
V: Fluid concentration (e.g., 100/0, 75/25, or 50/50 mix).

Operators must consult official HOT Guidelines (updated annually by the FAA and Transport Canada) to determine
their operational window. If the HOT is exceeded before takeoff, the aircraft mustreturn for a fresh de-icing
application; "refreshing" the fluid by simply adding another layer is strictly prohibited under SAE AS6285.

Critical Inspection Protocols: Pre-takeoff and Post-De-icing

Technical compliance is verified through two distinct inspections:

The Post-De-icing Check

Performed immediately after the de-icing/anti-icing process by a qualified person. This check ensures that all frozen
deposits have been removed and that all critical surfaces are clear. This is a regulatory requirement under EASA
and FAA rules and must be documented.



The Pre-takeoff Contamination Check

Conducted by the flight crew when the Holdover Time has been exceeded or whenever the PIC (Pilot in Command)
deems it necessary. This is often a visual check from the cockpit or cabin to ensure the anti-icing fluid is still
"active" and has not failed (turned opaque or accumulated snow).

Failure Modes and Operational Hazards

A failure in the de-icing process can lead to loss of control or engine flameout. Understanding failure modes is
essential for troubleshooting.



Failure Mode Root Cause Technical Consequence

Fluid Shear Failure Using Type IV on a low-speed aircraft. Fluid fails to flow off the wing during
takeoff, causing reduced lift and stall.

Refreezing (Flash Icing) Step 2 applied too late after Step 1. A layer of ice forms beneath the anti-
icing fluid, which is undetectable from
the cockpit.

Aerodynamic Degradation Residual thickened fluid in Interference with flight control

aerodynamic gaps. movements (ailerons/elevators).

Engine Ingestion Direct spraying into engine inlets. Compressor stalls or toxic fumes
entering the cabin air system (bleed
air).

The Role of Training and Qualification (SAE AS6286)

Ground de-icing is a highly specialized task. SAE AS6286 establishes the training requirements, which must
include both theoretical knowledge and practical evaluation. Key training modules include:

Recognition of frozen contamination types (Hoar frost, Rime ice, Clear ice).

Operation of de-icing vehicles and spray nozzle techniques.

Interpretation of HOT tables and meteorological reports.

Environmental regulations (recovery and disposal of glycol).

Certification for ground crews must be renewed annually, usually before the winter season, ensuring that the latest
updates to AS6285 and HOT guidelines are integrated into operational habits.

Advanced Considerations: Cold-Soaked Wing Phenomenon

A significant challenge in ground operations is the Cold-Soaked Wing. When an aircraft flies at high altitudes for
extended periods, the fuel in the wing tanks becomes very cold (often -20°C or lower). After landing in humid
conditions, even if the OAT is above freezing (up to +15°C), the cold-soaked fuel can cause moisture to freeze on
the wing surfaces above the fuel tanks. This "clear ice" is notoriously difficult to detect visually and requires a
physical tactile check according to many manufacturer manuals.

Solution Strategies

The standard solution involves either waiting for the fuel to warm up or performing a specialized de-icing procedure
using heated Type | fluid to raise the skin temperature above the freezing point, followed by an application of anti-
icing fluid if precipitation is present.

Environmental Impact and Mitigation

De-icing fluids are primarily composed of Ethylene Glycol or Propylene Glycol. While necessary for safety, these
chemicals have a high Biological Oxygen Demand (BOD) and can be toxic to aquatic life if allowed to enter local
waterways. Modern airports utilize De-icing Padswith dedicated drainage systems to collect runoff. This captured
fluid is then processed, recycled, or disposed of in accordance with environmental regulations such as the Clean
Water Act (US) or EASA environmental directives.



Summary of Operational Best Practices

Achieving excellence in ground de-icing requires a systematic adherence to the following pillars:

» Strict Adherence to SAE AS6285: Ensuring that the process is standardized across all ground handling
providers.

e Continuous Communication: Clear and concise communication between the Ground De-icing Coordinator and
the Flight Deck (using standardized phrases as per ICAQO).

¢ Conservative Decision Making: When in doubt, the aircraft must be de-iced. The margin for error in winter
operations is zero.

e Data-Driven Planning: Using real-time METAR/SPECI reports to adjust fluid mixtures and anticipate changes
in Holdover Times.

As aviation technology evolves, including the development of electro-thermal de-icing systems for composite wings
and more environmentally friendly fluids, the core principles of the Clean Aircraft Concept remain unchanged. The
integration of SAE AS6285 into global airline operations ensures that regardless of where an aircraft is serviced—
whether in the arctic conditions of Northern Europe or during a freak storm in the southern hemisphere—the
technical standards of de-icing remain consistent, rigorous, and, above all, safe.

The future of ground icing operations lies in automation and precision spraying, which promise to reduce glycol
usage and decrease turnaround times. However, the human element—the trained inspector's eye and the pilot's
final authority—will always be the final line of defense against the hazards of winter weather. By mastering the
technical nuances of fluid chemistry, aerodynamic impact, and regulatory compliance, aviation professionals
maintain the highest standards of operational safety in the most challenging environments.

Baca Juga (Artikel Terkait)

¢ The Definitive Guide to Aircraft Recovery Planning, Upset Prevention, and Operational Safety
URL: http://alaskawriters.com/comprehensive-guide-aircraft-recovery-planning-upset-prevention.pdf
e Technical Guide to Overweight Landings: Engineering Standards. Operational Protocols, and
Maintenance Requirements
URL: http://alaskawriters.com/technical-guide-overweight-landings-aviation-engineering-maintenance.pdf
¢ Aviation Safety and Engineering Analysis: A Comprehensive Guide to Bird Strike Mitigation and
Structural Integrity

URL: http://alaskawriters.com/aviation-safety-engineering-bird-strike-mitigation-structural-integrity. pdf

» Comprehensive Technical Analysis of Boeing 737NG and MAX Emergency Procedures, Operational
Limitations, and Standardized SOPs
URL: http://alaskawriters.com/boeing-737-emergency-procedures-technical-analysis.pdf

Tags: #SAE AS6285 #Aircraft De icing #Aviation Safety #Ground Operations #ICAO Doc 9640 #EASA Compliance


http://alaskawriters.com/comprehensive-guide-aircraft-recovery-planning-upset-prevention.pdf
http://alaskawriters.com/technical-guide-overweight-landings-aviation-engineering-maintenance.pdf
http://alaskawriters.com/technical-guide-overweight-landings-aviation-engineering-maintenance.pdf
http://alaskawriters.com/aviation-safety-engineering-bird-strike-mitigation-structural-integrity.pdf
http://alaskawriters.com/aviation-safety-engineering-bird-strike-mitigation-structural-integrity.pdf
http://alaskawriters.com/boeing-737-emergency-procedures-technical-analysis.pdf
http://alaskawriters.com/boeing-737-emergency-procedures-technical-analysis.pdf

Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6



