@ Problem

What Problem(s)
When Date

Time

Different, unusual, unique
Where Geographic Area

Impact to the

@ Analysis

Basic Level Cause Map - Start with simple Why questions.

Safety Goal

Impacted

Unit, area, equipment
Task being performed

Goals
Safety

Property/ Equipment

Labor/ Time

Frequency

Crash of flight

November 12, 2001

9:16 AM EST

Wake turbulence/ jet wash from nearby plane

Belle Harbor, New York

Airbus A300-65R

Takeoff

LOSS OF FLIGHT 587

Cause Mapping is a Root Cause Analysis method that captures basic
cause-and-effect relationships supported with evidence.

crash

Flight 587 took off shortly after another large aircraft. The plane

experienced turbulence and when the pilot attempted to respond with

Cause Map
Pilot response to turbulence leads to

rudder motion, the vertical stabilizer separated from the plane.

260 people onboard (all) killed

5 people on the ground killed

Loss of plane

4 homes destroyed, 6 damaged

Recovery, investigation

structure had never happened before to a US
transport aircraft

Separation of a major component from an airplane

"Aircraft Pilot Coupling (APC) events . . . occur only when the

pilot attempts to control what the aircraft does. For this
reason, pilot error is often listed as the cause of accidents

and incidents that include an APC event.. . . However, it is
typically not feasible for the pilot to identify and execute the

required actions in real time."

@ Solutions

- National Rese

Possible solutions are placed directly

on the Cause Map, above the cause(s)
they control. (Here solutions are

Basic Cause-and-Effect

shown in green boxes.)

All 260 people onboard Flight 587, plus 5 on
the ground, were killed when the plane
crashed into a residential area. According to

265 people
killed

Overuse of the NTS_B, the p_ilot's overuse of the_ rudder
rudder mechanism, which had been redesigned and
mechanism asa re_sult was unusually sen_smve, re_s_ulted in

such high stress that that vertical stabilizer

separated from the body of the plane.

More Detailed Cause Map - Add detail as information becomes available.

Safety Goal
Impacted

Safety Goal
Impacted

Property/
Equipment
Goal Impacted

Property/
Equipment
Goal Impacted

Labor/ Time

Goal Impacted

investigation

Solution:
Effect Cause
260 people ‘
onboard (all) €5 Evidence:
killed
Possible solution:
Revise airplane
upset recovery
training aid
5 people on the ]
ground killed Crash of pl Vertical
rash of plane ertical
] into residential [¢— -5 f contrel stabilizer  {<—
area snapped off
Loss of plane €+
4 homes
destroyed, 6 < For a free copy of our Root Cause Analysis Template in
damaged Microsoft Excel, used to create this page, visit our web site.
Recovery, Investigate Problems. Prevent Problems.

Houston, Texas  281-412-7766  ThinkReliability.com

Copyright ThinkReliability 2013

Possible solution:
Detailed visual
inspection of
structural integrity
after extreme in-
flight lateral loading

Possible solution:
Caution box on
opposite rudder

movement
event
High stress on Overuse of
vertical rudder I<—
stabilizer mechanism

Evidence: Per
performance study,
laerodynamic loads
\were 2x design load

AND

Strength of
vertical

Evidence: Per flight
data recorder, five
cyclic movements of
the rudder and
rudder pedals in <7

arch Council

Response to
wake
turbulence

Aircraft Pilot Coupling

Evidence: First Officer
said maneuvering
program directed
aggressive rudder

usage

AND

Possible solution:
Modification to flight
control system

Unusually

Possible solution:
Detailed visual
inspection of stabilizer
ito fuselage and rudder|
lto stabilizer

Fracture of

stabilizer
attachment

sensitive
rudder controls

CAUSE MAPPING

Problem Solving « Incident Investigation < Root Cause Analysis

( : é What's the
Step Problem Problem?
- Why did it
Step( : ) Analysis happen?
N What will be
Step( : ) Solutions e
Possible solution:
Reevaluate
separation standards
Takeoff 2
Wake .
. minutes after 2 |Allowed by FAA
turbt;l:aen:e in other large requirements
aircraft
AND Evidence: Cautioned
by tower controller
Possible solution: about wake
Develop formal turbulence

training for operators
specific to models

Inadequate pilot|
training

No updates after 10

in-service events
involving same
aircraft

Sensitivity of

| Less complex

design

Variable stop

AND

Design had less|
severe failure
modes

pedals rudder travel
increases with limiter system
airspeed design
Evidence: Change
AND ifrom variable ratio
design on previous
Decreased
force required Suggested by
to depress pilots
pedals

l<—

Evidence: Reduced
control wheel forces by
30% and pedal forces
consistently

AND

Possible solution:
Require handling

evaluation
Aircraft had not Certification for
undergone . 3 aircraft not
formal handling Not required updated with
testing rudder changes

Tensile static

High stress on

attachment
lugs

overload

Evidence: Full-scale
testing (NTSB)

vertical
stabilizer

See same cause




