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Particular Risk Analysis

• Particular Risk Analysis (PRA):

� Compendium of all the assessments accomplished during 
development

� Threats to the airplane from external as well as internal 
environment

� a single point reference for the new airplane with regard to its 
ability to survive all known threats

ESTOLAS kick-off meeting – Hamburg, 07.05.2012
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Uncontained Engine Rotor Failure 

• UERF: Uncontained Engine Rotor Failure
• UERF could damage:

� Hydraulics systems
� Flight Control Surface
� Electrical wires that connect flight control computer and actuator
� Electrical Power Supply wire
� Other onboard system equipment

• Total loss of multiple flight control surfaces or their actuators 
could lead to catastrophic failure

• Fragments of the rotor could cause structural injury to the 
aircraft as well as physical injury to passengers and crew

ESTOLAS kick-off meeting – Hamburg, 07.05.2012
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UERF Example #1

• Aircraft: McDonnell Douglas MD-88

• Cause: Fracture of the left radiator fan hub due to fatigue 
cracking in the microstructure due to drilling activities on the fan

• Casualties: Two fatalities, two serious injuries

ESTOLAS kick-off meeting – Hamburg, 07.05.2012
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UERF Example #2

• Aircraft: Airbus A380
• Cause: UERF of the Intermediate Pressure (IP) turbine disc, 

systems and structural damage to left wing and wing-to-
fuselage fairing

• Casualties: None reported

ESTOLAS kick-off meeting – Hamburg, 07.05.2012



ESTOLAS

6

A
 n

ov
el

 c
on

ce
pt

 fo
r 

an
 e

xt
re

m
el

y 
sh

or
t t

ak
e 

of
f a

nd
 la

nd
in

g 
al

l-s
ur

fa
ce

 (
E

S
T

O
LA

S
) 

hy
br

id
 a

irc
ra

ft:
 fr

om
 a

 li
gh

t p
as

se
ng

er
 

ai
rc

ra
ft 

to
 a

 v
er

y 
hi

gh
 p

ay
lo

ad
 c

ar
go

/p
as

se
ng

er
 v

er
si

on
. W

or
k 

pr
og

ra
m

m
e 

to
pi

cs
 a

dd
re

ss
ed

:  
A

A
T

.2
01

2.
6.

3-
1,

 A
A

T
.2

01
2.

6.
3-

2

ESTOLAS Propellers

• ESTOLAS: Extremely Short 
Take Off and Landing All 
Surface

• Hybrid vehicle: Combination 
of features of aircraft and 
helicopter

• Three propellers:

� Hub propeller: Provides lift

� Feed propeller: Provides 
thrust

• Uncontained Engine Rotor 
Failure of propeller analysis

ESTOLAS kick-off meeting – Hamburg, 07.05.2012

Digital Mockup of ESTOLAS aircraft showing the propeller 
assembly
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Fragment Trajectory Analysis

• Large fragments (CS-25, 
section AMC 25.933, point 
8.d.): 

“For compressor drum rotors or 
spools with deep bore disks, and 
single compressor and turbine 
disks, the experience, while 
limited, indicates either a 1/3 and 
a 2/3 fragment, or a 1/3 fragment 
and multiple  intermediate and 
small discrete fragments should 
be considered. These fragments 
can be randomly released within 
an impact area that ranges � 5�
from the plane of rotation”

ESTOLAS kick-off meeting – Hamburg, 07.05.2012

Hub propeller: Trajectory of large fragments (isometric view)

Hub propeller: Trajectory of large fragments (section view)
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Fragment Trajectory Analysis

• Small fragments (debris) 
(CS-25, section AMC 
25.933, point 8.d.):

“Consider small 
fragments (reference 
AMC 20128A, 
paragraph 9.d.) that 
could impact the thrust 
reverser at � 15 
degrees axial spread 
angle.”

ESTOLAS kick-off meeting – Hamburg, 07.05.2012

Hub propeller: Trajectory of small fragments (isometric view)

Hub propeller: Trajectory of small fragments (section view)
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Fragment Trajectory Analysis

• Turbine blades fragments: Infinite energy assumed
• Propeller blade fragments: Finite energy assumed
• Impact of fragments in ESTOLAS:

� Pilot cabin

� Cargo/passenger cabin

� Helium tank

� Fuel tank

� Other systems (cooling, water, air, etc.)

ESTOLAS kick-off meeting – Hamburg, 07.05.2012

Hub propeller: Trajectory of small fragments (isometric view)
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• The breaking of the disc causes 
three trajectories in the plane of 
rotation with an angular distance 
of 120�

• The arrangement of key 
elementary systems should not 
fall on a multiple of 120� apart

• This reduces the probability of 
failure of a system in the event 
of a collision

ESTOLAS kick-off meeting – Hamburg, 07.05.2012

Trajectory of the system configuration
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Fragment Trajectory Analysis

• Feed propellers fragment 
trajectory analysis

• Limited impact on the main 
aircraft structure and other 
systems

• Potential damage to both 
engines

• A position under or above the 
wing could mitigate above risk

ESTOLAS kick-off meeting – Hamburg, 07.05.2012
Feed propellers: Trajectory of small fragments (isometric view)

Feed propellers: Trajectory of small fragments (top view)
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Risk Summary

• The propeller guard is not sufficient to prevent a possible 
collision.

• The helium tank is in the danger zone, but has no threat to the 
passengers and the aircraft.

• The pilot and passenger cabins are exposed to high risks 
which leaves a possible threat to human life.

• The fuel tank can cause an explosion due to an impact, thus 
leading to the crash of the plane.

• Other positions for the main propeller need to be investigated.

ESTOLAS kick-off meeting – Hamburg, 07.05.2012
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Safety Solutions

• To provide more space for other system components, the 
helium technique is removed.

• To intercept the flying fragments, a shield made of PTFE 
between the passenger cabin and the central propeller is 
used.

• To intercept flying fragments is a shield made of PTFE 
between the main propeller and the fuel tank can be used.

• To prevent a possible explosion, the fuel tank should be 
installed as far away as possible from the central propeller.

• Central propeller can be installed in the top mounting option 
to minimize danger

• Hydrogen can be used as a fuel to reduce the tank size. 

ESTOLAS kick-off meeting – Hamburg, 07.05.2012
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Thank you!

ESTOLAS kick-off meeting – Hamburg, 07.05.2012


