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The NTSB is an independent US federal agency 
charged with determining the probable cause(s) 

of transportation accidents, making 
recommendations to prevent their recurrence, 
conducting special studies and investigations, 

and coordinating resources to assist victims and 
their families after an accident.

NTSB Mission

Presenter
Presentation Notes
A quick review of the mission of the SB for those that may not be aware what we do. 
We are an independent agency that reports directly to Congress.

And the SB has no regulatory authority.
The SB’s only product, are reports, studies, and recommendations.  
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NTSB Priorities – Business Aviation 

• Airframe Icing

• Runway Excursions

• Rest & Duty Requirements - Fatigue 

• Pilot Professionalism

• Crew Resource Management

• Safety Management Systems
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Why?
• Kansas City, Missouri, February 16, 1995 (fatigue)

• Volcano, Hawaii, September 25, 1999 (CRM)

• Mt Waialeale, Hawaii, June 25, 1998 (CRM)

• Aspen, Colorado, March 29, 2001 (CRM)

• Eveleth, Minnesota, October 25, 2002 (CRM)

• Jefferson City, Missouri, October 14, 2004 (SMS) (professionalism)

• Kirksville, Missouri, October 19, 2004 (fatigue)

• Montrose, Colorado, November 28, 2004 (icing) (CRM)

• Teterboro, New Jersey, February 2, 2005 (professionalism)

• Pueblo, Colorado, February 16, 2005 (icing) 

• Cleveland, Ohio, February 18, 2007 (fatigue)

• Milwaukee, Wisconsin, June 4, 2007 (excursion)

• Orlando, Florida, July 11, 2007 (SMS)

• Hilo, Hawaii, February 13, 2008 (fatigue)

• Oklahoma City, Oklahoma, March 4, 2008 (SMS)

• Columbia, South Carolina, September 19, 2008 (excursion)

• Clarence Center, New York, February 12, 2009 (fatigue) (professionalism)
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Airframe Icing
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Airframe Icing

• Majority of icing conditions encountered will not 
be a problem for certificated aircraft – NTSB 
deals with the uncommon occurrences.

• NTSB recommendations on aircraft icing date 
back to 1981.

• Airframe Icing has been on the NTSB’s Most 
Wanted List of safety improvements since 1997.

Presenter
Presentation Notes
The overall SB view of aircraft Icing:

Vast Majority of icing conditions encountered will not be a problem for aircraft certificated for flight in icing conditions ; we deal with the uncommon, rare occurrences ad atmospheric conditions
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Airframe Icing  

10/31/1994  - Avions de Transport Regional, model 72-212 (ATR 72), operated by Simmons 
Airlines, Incorporated, dba American Eagle flight 4184, crashed during a rapid descent after 
an uncommanded roll excursion, in Roselawn, Indiana (Fatalities: 4 crew; 64 passengers).   

Investigation found accident involved Supercooled Large Droplets, (SLD), which created 
ridge of ice aft of deice boots and caused ailerons to deflect, resulting in loss of control.

Presenter
Presentation Notes

The accident which generated many of our recommendations was the 1994 loss of control accident due to in-flight  icing of an American Eagle ATR-72 in Roselawn, Indiana.  The airplane was equipped with a de-ice boots system designed to remove accumulated ice from the leading edge of the wing.  However, the accident flight flew through clouds that contained Supercooled Large droplets, for which the ice protection system was not designed.  The investigation found that the large water droplets caused ice to accumulate behind the de-ice boots which could not be removed by the deice system.  This ice accumulation disrupted airflow in front of the ailerons which resulted the ailerons suddenly moving to their maximum deflection and loss of roll control of the airplane.

This accident was a watershed event, and advanced the aviation communities understanding of SLD and its associated dangers. It resulted in the issuance of many NTSB icing recommendations. 
(NEXT SLIDE)
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Presenter
Presentation Notes
This is an animation of the American Eagle flight showing the airplane and the pilot’s control wheel.  When the flaps, highlighted in yellow, were retracted, the loss of control was initiated.  Soon afterwards, the ailerons, highlighted in red, moved uncommanded to their maximum position as a result of the airflow disruption.  The airplane lost roll control, and entered a steep dive that it did not recover from, despite control inputs by the crew.  
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• Accretions can cause stall or 
control anomalies at higher 
airspeed than normally expected

• Ice can accrete aft of ice 
protection system

• Sometimes difficult to see or 
detect

• Pilots may not detect an unsafe 
condition

Airframe Icing
Why is SLD important to 

consider?

Presenter
Presentation Notes
The term Supercooled large droplets or SLD, refers to icing conditions that are not currently considered in icing certification.  SLD is not a typical icing encounter. So why does it need to be considered? NTSB investigations and industry research have demonstrated that SLD ice can cause serious aerodynamic problems. It can accrete aft of an ice protection system, and can cause stall or control problems at a much higher airspeed than expected. Because SLD ice accretions can be difficult to observe or recognize, flightcrews may not detect an unsafe condition and take appropriate and timely action. 
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Airframe Icing

Appendix C

SLD

Wing leading edge cross section

Direction of flight

Effect of SLD on ice accretion:

Presenter
Presentation Notes
SLD can have considerable effect on the shape, distribution, roughness, and type of ice that can accrete.  The top  diagram of a wing leading edge cross section shows where a typical, within appendix C ice accretion forms,  It is concentrated on the very front edge of the wing, completely on the de-ice or anti-ice protection.  The lower wing cross section diagram schematically shows how the ice accreted in SLD can be different in terms of the distribution of the ice; it can extend further back on the leading edge of the wing, sometimes aft of the protected surface. [CLICK]



11Lewis Research Center
Icing Branch                

Resultant Ice Shapes

Front Edge of Wing

Rough Ice

Presenter
Presentation Notes
This is a cross section of the thin, rough ice developed in the NASA icing tunnel.  Note the thickness is very small, yet the extent on the leading edge is much greater than a typical icing encounter.   
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Part 25 Appendix C
Continuous Maximum Icing
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Airframe Icing

Presenter
Presentation Notes
The current FAR part 23 and 25 certification regulations use the Part 25 Appendix C chart to define the icing environment in which an airplane must demonstrate the ability to operate safely when certified for flight in icing conditions.  This environment for continuous maximum exposure is primarily defined by the mean volumetric Diameter,  on the horizontal axis of the chart, and liquid water content, on the vertical axis of the chart. 
 The smallest mean volumetric diameter droplets that need to be considered are 15 microns, [CLICK]
and the largest mean volumetric Diameter is 40 microns[CLICK].  A 40 micron droplet is less than half the width of a human hair;  12  of the 40 micron drops can fit across the diameter of the lead in a mechanical pencil.
  Supercooled Large droplets are  considered to be  droplet size greater than 50 microns, and can be as large as 1000 microns in freezing rain. [CLICK]
    FAA data indicates that 97 to 99 % of all icing environments are  30 microns or less . [CLICK]; hence SLD is a rare occurrence in the atmosphere, but it has played a major role in past major accidents and incidence including the 1994 ATR –72 accident in Roselawn, IN,  The 2001 EMB-120 Comair 5054 incident in West Palm Beach Fl,  the 2005 Citation accident in Pueblo and the  2006 American Eagle 3008 Saab 340 incident in San Luis Obispo. The Board has made recommendations in the past, including one on the Most Wanted list, to include SLD in the icing certification envelope
An NPRM is out that would expand this envelope for new aircraft.
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Presenter
Presentation Notes
A major cause of icing upsets is early stall.

There are usually several warnings available for stall upsets that can be illustrated on this lift curve.  Here we have lift coefficient plotted against angle of attack.  Post stall lift behavior varies between airplanes.  Straight wing aircraft (CLICK) typically loose lift after stall where swept wing (CLICK) lift may increase after stall.

Natural signs of a stall upset include buffet (CLICK) for some aircraft and the stall break (CLICK).  The characteristics of the break vary but a roll off that can’t be controlled by opposing wheel is commonly seen.

Artificial warnings for the stall for some aircraft include stick shaker (CLICK) and a stick pusher (CLICK).   
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Presenter
Presentation Notes

As illustrated by the SAAB 340 cases, icing can cause a stall to occur at a significantly lower angle of attack (CLICK) (CLICK) and thus, of course, a significantly higher airspeed. 

Since stick shaker and stick pushers are triggered by angle of attack, the stall can occur without artificial warning.  The angle of attack for these warnings are set with no-ice stall values though in some aircraft the pilot can select lower alpha values based on Appendix C icing.  No aircraft can set these values for SLD icing.

The  pilot must be able to recognize a stall from the characteristics of the break or stall buffet if it occurs and respond to it properly by pitching down to a lower angle of attack.
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Saab 340
Lift Coefficient Extraction

Stall Warning

Presenter
Presentation Notes
Utilizing the Board’s kinematic extraction tool, The extracted lift coefficients for the events are plotted as a function of angle of attack and compared to the normal no-ice lift curve here.

This event shows an early degradation of lift, followed by a rapid stall prior to the stall warning.  As seen in the previous plot, this is manifested as a roll control event.
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Airframe Icing 

2/16/2005 - a Cessna Citation 560, N500AT, operated by Martinair, Inc., 
for Circuit City Stores, Inc., crashed east of Pueblo Memorial Airport, 
Pueblo, Colorado, while on an instrument landing system approach to 
runway 26R (Fatalities:  2 pilots; 6 passengers).

Presenter
Presentation Notes
Several other airplanes operating under Part 135 or 91 have experienced fatal accidents due to in-flight icing, including SLD.   These include the 2005 Cessna 560 airplane owned by Circuit City Corp,  operating as a Part 91 corporate flight that resulted in 8 fatalities..
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Airframe Icing
Altitude Time History – C560

Clear ice mentioned

Stall

De-ice boots operated

Gray ice mentioned

PUBSLD

Presenter
Presentation Notes
This chart shows the airplane’s altitude time history during the descent in Pueblo. [CLICK]
 Analysis of available weather data by the Safety Board and the National Center for Atmospheric Research (or NCAR) indicate the airplane passed through an icing layer as it descended between 24000, and 14,000 feet.  During this ice encounter the crew mentioned [CLICK] the ice being gray, and after passing through 18,000 feet [CLICK]ran the deice boots, which left some residual ice on the de-ice boots.

 The flight than exited the icing layer, and later in the descent entered  
[CLICK]
A second icing layer below 9,100 feet.  NCAR determined that SLD likely existed here, and soon after the airplane entered this layer [CLICK]
the crew mentions the presence of clear ice.  NCAR estimated that approximately 1/6th of an inch of ice or less was accreted in this second icing layer. [CLICK]
After about 4 minutes of exposure, the airplane entered a stall. [CLICK]
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C560 Accident Sequence

• Airplane slowed below Vapproach

• De-ice boots not operated in second icing layer

• Presence of an estimated 1/6 of an inch or less of ice accreted in 
SLD conditions caused the airplane to stall prior to stick shaker 

• Airplane entered a rapid left roll prior to stall warning 

• Airplane did not recover in the 1,500 feet agl available 

Airframe Icing 

Presenter
Presentation Notes
Hence, the investigation determined [CLICK]

Airplane slowed below the approach speed in icing conditions [CLICK]

De-ice boots were not operated in second icing layer encounter, which likely involved SLD[CLICK]

Presence of an estimated 1/6 of an inch or less of ice accreted in SLD which conditions caused the airplane to stall prior to stick shaker  - possibly accumulated on top of residual ice from the first icing encounter[CLICK]

Airplane entered a rapid left roll prior to the stall warning [CLICK]

Airplane did not recover in the 1500 feet above ground level  available [CLICK]
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C560 Accident Airplane Relevant Speeds

76

81

86

114

Clean Stall Speed

“Ice” Stall Speed

“Ice” Stick Shaker

Approach speed in icing

Accident Stall Speed90

Knots

Airframe Icing 

Presenter
Presentation Notes
The dangers and increase in stall speeds caused by this type of ice accretion was highlighted in the Board’s investigation of the Pueblo, CO Cessna 560 accident.  The investigation calculated the airspeed of the accident airplane using available radar data and data recovered from the Enhanced Ground Proximity warning System, and compared this speed to the known stall speeds of the airplane, both clean and with Appendix C ice accretions.
[CLICK]
The clean, uncontaminated stall speed of the airplane at the accident conditions was 76 knots
[CLICK]
Cessna had estimated the stall speed in icing conditions to be 81 knots
[CLICK]
Hence, the stick shaker was programmed to activate 5 knots higher than the stall speed, at 86 knots
[CLICK]
As mentioned in the IIC’spresentation, the approach speed in icing conditions would have been 114 knots
[CLICK]
The speed at which the accident airplane stalled was approximately 90 knots, prior to the activation of the stick shaker, and 9 knots higher than the ice stall speed.  This clearly demonstrates that the presumed 81 knot stall speed in icing was not adequate.  Yet it also demonstrates the need for enhanced airspeed vigilance when operating in icing conditions, for the aerodynamic stall can occur unexpectedly and prior to any warnings.







20

Airframe Icing 

11/28/ 2004, Canadair, Ltd., CL-600-2A12, operated by Air Castle Corporation 
doing business as Global Aviation Glo-Air flight 73, collided with the ground 
during in snow conditions during takeoff at Montrose Regional Airport , 
Montrose, Colorado (Fatalities: 2 crew; 1 passenger). 

Presenter
Presentation Notes
In November of 2004, a Bombardier Challenger crashed on takeoff from Montrose, CO, resulting in 3 fatalities and 3 passengers seriously injured.  During the Safety Board investigation, the Board issued an Alert to Pilots regarding the hazards of ground icing, specifically targeted at small business jet operators.

[NEXT SLIDE]
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Small, almost
imperceptible 
accumulations

Photos from Chaput, M., Hanna M., Ruggi E. and Mayhew, J.  
Aircraft Full-Scale Test Program for the 1998/99 Winter,

APS Aviation Inc. Montreal, October 1999, 
Transportation Development Centre TP 13485E

Airframe Icing 
Montrose, CO –

Flight CL 6002812 

Presenter
Presentation Notes
For years most pilots have understood that visible ice contamination on a wing accumulated in flight can cause severe aerodynamic and control penalties; However, it became apparent that many pilots do not recognize that minute amounts of ice adhering to a wing, such as those shown here,  can result in similar aerodynamic penalties.  

The commercial airline industry has strict clean wing policies in certain atmospheric conditions.  however for the charter, biz jet and private pilots community, it is the pilots and operators decision to remove any accumulations or contaminations on the  wing prior to takeoff. 


[NEXT SLIDE]
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Recent Accidents and Incidents 
Demonstrate:

• Icing continues to be a threat to aviation safety

• Airplanes are operating in SLD environments 
for which they are not certified, particularly in 
lower layers of the atmosphere

• Rough ice shapes and intercycle ice shapes 
can cause large aerodynamic penalties, larger 
than some ice shapes currently used in 
certification

Presenter
Presentation Notes
The accidents, and other incidents, indicate that (first bullet) Icing is still here.  It is still a problem. And Icing continues to be a threat to aviation safety.  Even though some of these accidents primarily involved flight crew actions or inactions, it is clear the threat posed by some conditions is not appreciated, or is unknown by some flightcrews.

Secondly, airplanes can encounter SLD conditions for which it is not tested, particularly in the lower levels of the atmosphere, and even after the lessons learned and training materials available since the icing accidents in the mid and late 90’s, the icing conditions are not always recognized by the crew as serious; 

Lastly, Rough ice shapes and  intercycle ice shapes, particularly when the airplane is operating near the freezing level, can be much more detrimental than shapes currently used in certification.
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What can pilots remember?
• AIRSPEED, AIRSPEED, AIRSPEED

• Deice boots for all equipped airplanes need to 
be operated as soon as airplane enters icing 
conditions

• Autopilot can mask changes to handling 
qualities and trim changes due to ice.  When 
possible, disconnect autopilot in icing 
conditions. 

Presenter
Presentation Notes
However, the FAA has not yet adequately addressed three key safety areas, more than a decade after the NTSB recommendations were issued.

A  NPRM and final rule are still forthcoming regarding consideration of SLD in certification, and the Safety Board believes these revised standards should be applied to all airplanes currently certified for flight in icing conditions.  And all deice boot equipped airplanes need to operate the deice boots as soon as the airplane enters icing conditions.  
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Runway Excursions
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Commercial Transport Aircraft 
Accidents 
1995 Through 2008

Aircraft 
Type Turbojet Turboprop

Damage Major Substantial Major Substantial

286 372 528 243

Total 658 771

1,429 total accidents
Western- and Eastern-built turbojet and turboprop aircraft

Source – FSF Runway Safety Initiative

Presenter
Presentation Notes
All data utilized in the Flight Safety Foundation (FSF) Runway Safety Initiative are from the World Aircraft Accident Summary (WAAS). The specific data shown on the next slides represent a high-level analysis of all major and substantial damage accidents involving Western- and Eastern-built commercial jet and turboprop aircraft from 1995 through 2008.
Commercial transports were involved in 1,429 accidents with substantial or greater damage during the 14-year time period, 1995 through early 2008.
There were slightly more accidents involving turboprop aircraft than turbojet aircraft.
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Accident Type

Number of 
Accidents

Average 
Annual Rate

Percent of 
Total 

Accidents*

Incursion 10 0.7 0.6%

Confusion 4 0.3 0.3%

Excursion 417 29.8 29.0%

Commercial Transport Runway Accidents 
1995 Through 2008

* A total of 1,429 accidents occurred during the period.

Source – FSF Runway Safety Initiative

Presenter
Presentation Notes
When the runway-related accidents are considered separately, it becomes clear that the vast majority of them are of the runway excursion type. Of the 1,429 accidents, 431 accidents (30 percent) were runway-related. Of the 431 runway-related accidents, 417, or 97 percent, were runway excursions.  
The number of runway excursion accidents is more than 40 times the number of runway incursion accidents, and more than 100 times the number of runway confusion accidents. Over the past 14 years, there has been an average of almost 30 runway excursion accidents per year for commercial aircraft, while runway incursion and confusion accidents combined have averaged about one accident per year.
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Incursion — turbojet

Confusion— turbojet

Incursion — turboprop
Confusion— turboprop

Excursion —
turboprop

Runway Excursions

Commercial Transport – Runway Related Accidents
1995–2008

Excursion —
turbojet

Source – FSF Runway Safety Initiative

Presenter
Presentation Notes
This figure clearly shows that excursion accidents for both turboprop and turbojet commercial aircraft occur much more frequently than do runway incursion or confusion accidents.
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Fatal/Nonfatal Runway Accidents,
Commercial Transports — 1995–2008 

Runway Excursion

Runway Confusion

Runway Incursion

Fatal

Nonfatal

Number of Accidents

Source – FSF Runway Safety Initiative

Runway Excursions

Presenter
Presentation Notes
As you can see by this figure, the majority of the runway-related accidents resulted from runway excursions. Forty-one of the 431 runway accidents were fatal. 
Excursion accidents accounted for 34 of those 41 fatal accidents, or 83 percent of the fatal runway-related accidents.  
Most excursions are survivable; only a small portion are fatal. However, the overall number of excursions is so large that even that small portion adds up to a lot of fatalities.
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Accidents - 1995 through 2008

Takeoff
Veer-off

8%

Takeoff 
Overrun

13%

Landing Overrun
37%

Landing Veer-off
42%

Source – FSF Runway Safety Initiative

Runway Excursions

Presenter
Presentation Notes
This figure shows the proportions of the four types of runway excursion accidents.  
Takeoff excursions, although the smallest portions of the pie, have a substantially greater likelihood of serious injuries and post-crash fires.
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Presenter
Presentation Notes
During most of the 13-year study period, the annual number of takeoff runway excursion accidents decreased.  
However, for the most recent several-year period, the reduction of excursion accidents appears to have leveled off, as shown by the curved trend line.
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Unable to rotate

Tire failure

Degraded eng perf
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Rotation: No attempt

Non-compliance SOP

No rotation—below Vr

RTO: before V1

Pilot directional control

RTO: Initiated after V1

Takeoff Excursions, Top 10 Factors

113 Events

Presenter
Presentation Notes
These are the top 10 factors found in the takeoff data analyses.  
The factors “Unable to rotate” and “Rotation: no attempt” are often related to weight and balance and performance issues.
“Tire failure” and “Degraded engine performance” are often initiating events leading to a rejected takeoff (RTO).
Deficient “CRM” (crew resource management) and “Non-compliance with SOPs” (standard operating procedures) are systemic problems that also show up in landing excursions, as well as many other types of accidents.
“Pilot directional control” – staying on the runway laterally – was a factor in almost one-third of the takeoff excursion accidents.
The process of rejecting the takeoff is often not properly executed, as can be seen in the top factors in this chart. Almost half of the takeoff overruns involved rejecting the takeoff at speeds in excess of V1.
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Presenter
Presentation Notes
The annual accident data show that in the late 1990s, the trend for landing excursions was a reduction of accidents.  
However, for most of the last decade, the trend is upward – increasing numbers of landing excursion accidents.
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Landing Excursions, Top 10 Factors
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Touchdown: Fast
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Flight Crew: CRM

Pilot directional control

Non-compliance SOP

Runway Excursions

Presenter
Presentation Notes
This chart shows the top 10 factors in landing excursion accidents.
Flight crew nonadherence to SOPs (standard operating procedures) and CRM (crew resource management) issues are systemic issues involved in many of the landing excursions. 
Long, fast or hard touchdowns and fast approaches are the potential outcomes of unstabilized approaches.
Ineffective braking due to runway contamination often compounded the landings.
Landing gear malfunction was sometimes the result of a hard touchdown that damaged the gear and, in many cases, resulted in a veer-off. 
By far, the major factor was the flight crew not conducting a go-around when one was clearly called for. In many cases, the accident reports clearly showed that the crew continued the approach in the face of clear and overwhelming evidence that the approach was not stabilized.
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Presenter
Presentation Notes
This table compares the total landing excursion data set (all aircraft over 12,500 lb MTOW in red) to the subset of business aviation (in light blue) and shows that the pattern and priority of risk factors is similar for all aircraft and for business aircraft. 
A very similar result was generated by the Foundation’s ALAR (approach and landing accident reduction) work, which showed that it really does not matter what type of aircraft you are flying, the primary risk factors are identical.
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Risk Reduction Summary 
• Takeoff Excursions

– RTO decision and execution
– Weight and balance and performance 

calculations

• Landing Excursions

– Unstable approaches
– Failure to conduct a go-around
– ATC influences
– Runway contamination information

Runway Excursion

Presenter
Presentation Notes
To reduce the risks associated with runway excursions, there are several areas that were shown by the data to be in need of attention. In general, the runway excursion accidents studied showed many problems that have been present for a long time.
Rejected takeoff (RTO) decisions need to be made with proper recognition of the problems and in a timely way with regard to V1.
Many deficiencies in weight and balance and takeoff performance calculations were encountered.
All too often, the landing excursions were at the end of an unstabilzed approach that should have prompted a go-around.
Runway contamination continues to be an issue – starting with a useful assessment of the runway conditions and continuing through a realistic determination of the resulting aircraft performance impacts.
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Runway Excursion 

• Common Issues

– Mechanical malfunction
– SOP adherence, development and review
– Airport runway environment and safety areas
– Global standards for runway condition   

measurement and reporting
– Aircraft performance data 

Risk Reduction Summary (continued)

Presenter
Presentation Notes
Several issues common to both takeoff and landing excursions were identified in the accidents studied.
Surprises to the flight crew due to mechanical malfunctions presented problems in both takeoffs and landings.
Standard operating procedures (SOPs) were often ignored, which contributed to runway excursion outcomes.
Experience has shown the benefits of proper runway end safety areas and arresting materials.
And, finally, the aviation industry could benefit from a standardization of runway condition measuring and reporting. Aircraft performance could then be determined by the flight crew with greater accuracy and confidence.
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Why?

NTSB Board Meeting – March 15, 2011

July 31, 2008 – East Coast Jets flight 81, Beechcraft, crashed while attempting 
to go around after landing on runway 30 at Owatonna Degner Regional Airport, 
Owatonna, Minnesota (Fatalities: 2 pilots; 6 passengers).

Presenter
Presentation Notes
The Board is scheduled to review the accident report on this event, March 15,k 2011.

And although it may not touch on icing, several of the identified safety issues under the investigation included: landing distance assessments, go-round guidance, crew pairing training/crew resource management, checklist ambiguity/confusion/en route surveillance of part 135 on-demand operators, and guidance to pilots on sleep disorders.

Even with efforts to raise awareness and actions underway by FAA, we see recurring issues in aviation accidents.
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