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Worldwide Commercial Jet Accident

All Accidents — Hull Loss/Fatal |

25
20 Aircraft Design
Airway System
1= FAA Initiatives
Technology ( Radar, ILS,GPWS)
Qualifications/Certifications

10 Crew Resource Management
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Worldwide Departures 1965-1999
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Primary Cause of Hull Loss Accidents
Worldwide Commercial Jet Fleet (1990-1999)

<:| IVialntenance IS the

Primary Cause In 6%
0T HUll LLOSSES
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How Significant are Maintenance Factors?

Studies found that:
» Maintenance contributed to 15% of commercial
jet accidents (Boeing, 1995)
*Maintenance was the 2nd greatest contributor to
fatalities, following CFIT (CAA, 1992)
W, N alS
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The Heinrich Ratio

Fatal Accident 1

Non-fatal accidents 10

Reportable incidents 30

Unsafe acts 600




Additional Maintenance/Ramp Error Data

20-30% of engine in-flight shutdowns and
50% of engine-related flight |
delays/cancellations are caused by
maintenance error (oeing, 1997)

48,800 non-airworthy aircraft are
dispatched per year as a result of
maintenance error (Marx, 199s)

Ramp accidents cost $2-2.5 Billion

annually (Ramp Safety, Vol. 11:3)
2014 % T2 € e




Maintenance Accident Costs

 Avg. cost of an in-flight engine shutdown is $500,000

« Avg. cost of a flight cancellation is $50,000

« Avg. cost of a return to gate is $15,000

« Avg. ground damage incident costs $70,000

* One airline estimates $75-$100 million/year is lost

 Airline Transport Association estimates that ground
damage costs $850 million/yr

(Source: hfskyway.faa.gov)
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Paradigm Shift: Aloha Airlines, 1988

Watershed
Event
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Maintenance Resource Management Programs
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»Error, Incident, Hazard, & Accident Investigation/Reporting

» Determine Cause Factors (& Targets for Subsequent
Intervention)

»Provide Information for Suggesting Intervention Development
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» ldentify Causal Factor Patterns/Trends

» Assess Hazards/Risks to Prioritize Potential Targets for
Intervention

»Provide Means to Forecast Potential Impact of Identified
Interventions (ROI)
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Feedback

» Establish Metrics for Evaluating Intervention Effectiveness
(ROI)

»Provide Lessons Learned for Specific Operations/Locations

»Permit Team/Individual Participation in the Development of
Interventions
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»Reporting Errors, Incidents, Hazards, & Accidents
» Active Participation in Intervention Development
»Proactive Identification of Hazards/Errors

» Top Management Support & Individual Buy-In
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» Individual Worker - Awareness & Skill Development (Performance
Optimization, Personal Safety, Team Synergy, & Proactive
Improvement)

» Line Supervisor - Awareness, Skill (listed above), Implementation,
& Investigation/Reporting

»Upper Management - Awareness, Overview of Skills,
Investigation/Reporting, Implementation, & Metrics

» Safety/QA - Awareness, Skill Development (listed above),
Implementation, Investigation/Reporting, & Metrics
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“Edward’s
Shell Model”
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Reason’s “Swiss Cheese” Model

Organizational
Factors

"\ Unsafe L atent Condition

Supervision

\ Unsafe Act L atent Condition

Preconditions

Latent Condition

L Unsafe : .
Active Failure

Failed or
Absent Defenses
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HFACS- Maintenance Extension

Management Conditions \

\, Maintainer Conditions \
\ Working Conditions

\ Maintainer Acts

Aberdeen, South Dakota\’
(Payne Stewart accident)
October 25, 1999
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HFACS-ME in Commercial Aviation

The FAA’s Office of Aviation Medicine requested that
the US Navy’s School of Aviation Safety apply HFACS-
ME to commercial airline accidents

15 NTSB Maintenance related accident reports were
analyzed from provided sets

HFACS-ME was successfully used to code existing
NTSB reports
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HFACS-ME Results of NTSB Reports
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FirstOrder Analysisof 15NTSB Reports

) *NOTE: Similar proportions were found in US Navy accidents!
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HFACS-ME Summary

(1) HFACS-ME is effective in classifying
maintenance errors.

(2) HFACS-ME may be utilized on both
major and minor accidents to fully capture
maintenance errors.

(3) HFACS-ME enables organizations to
develop successful intervention strategies.
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HFACS-ME

Human Factor Analysis and Classification System —
Maintenance Extension
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747400
AIRCRAFT MAINTENANCE MANUAL

BOEING DASH TORQUE BOEING DASH TORQUE
PART NUMBER (NEWTON- PART NUMBER NUMBER C(INCH:
POUNDS )
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COUPLING CLAMPS, V-BAND,
AND CHANNEL-BAND [t,"‘:-

THE RECOMMENDED TIGHTENING PROCEDURE IS AS FOLLOWS:

1. APPLY THE INSTALLATION TORAGUE AS GIVEN IN THE TABLE.

2. HIT THE ENTIRE CIRCUMFERENCE OF THE CLAMP LIGHTLY WITH A WOOD, LEATHER, OR SOFT PLASTIC MALLET.
Z. DO STEPS 1 AND 2 UNTIL THE TORGUE WILL STAY CONSTANT.

| om0 1 0 1 Beel |

BACCTOHX ) 1030 [ w0 | 13 |
T I R

COUPLING CLAMPS, V-BAND,
AND CHANNEL-BAND [>

D THE RECOMMENDED TIGHTENING PROCEDURE IS AS FOLLOWS:
1. APPLY THE INSTALLATION TORQUE AS GIVEN IN THE TABLE.
2. HIT THE ENTIRE CIRCUMFERENCE OF THE CLAMP LIGHTLY WITH A WODD, LEATHER, OR SOFT PLASTIC MALLET.
3. DO STEPS 1 AND 2 UNTIL THE TORGUE WILL STAY CONSTANT.

Standard Torque Values for Clamps
Figure 209 (Sheet 1 of 2)/20-51-01-990-809

— EFFECTIVTY 20-51-01
Page 214
Oct 18/2007
; e page for cetas
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m THE RECOMMENDED TIGHTENING PROCEDURE
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m 1. APPLY THE INSTALLATION TORQUE AS
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m HIT THE ENTIRE CIRCUMFERENCE OF THE
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HFACS-ME

Human Factor Analysis and Classification System —
Maintenance Extension
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HFACS-ME

Human Factor Analysis and Classification System —
Maintenance Extension
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