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WEIYEREIY & Background

N Wing'empennage
N leading edge

Engine inlet,
lan blades

Windshield, window [rame,
radome, fusclage panels
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Bird strike Hail strike
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of damage

The AUVSI
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market volume
will reach 4.7
million units
by 2020




WEIYEREIY & Background

Small remotely piloted aircraft

s o UAS Airborne Collision Hazard
systems drones mid air collision study

Severity Evaluation (ASSURE, 2017)

Potential damage assessment mid air
collision small RPA (Australia, 2013)

Structural level drone collision ground test in accordance with real collision scenario.

Finite element model obtained through reverse engineering and validated by structural level test data.

Hazard assessment of different drone airborne collision scenarios by validated computational model.
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BESSIET S of the FE Model

V' L LD @™ gy LT e

CAD model FE model

Insprie |

Average mesh size: 5mm

—

____________________1

camera| (.64 (-125, 0, -161)

Solid elements:
11544 |

I Component | Mass/kg | Center of gravity/mm Shell elements: I

I Total UAS | 3.428 (-197, 0, 5) 29971 '

I motors | 0.462 (-214, 0, 12) I
battery| 0.57 (-271, 0, 4) -



BESSIET S of the FE Model

Airliner horizontal stabilizer leading edge s

—_—_—_—_—_—_—_—_N

frontal beam \
A Si‘.‘CUIlgﬂl'y beam w
rd

bird

\

Y 4
skin triangle plate
before impact after impact

- o e . . oy,
- e - e s . .

\ Triangular reinforcement®

\________________

v

*Jun Liu et al. International Journal of Impact Engineering, 2017

front spar | Code| Material Thickness
2024-T3 1.2-2mm
7075-T6 1.27mm
-~ ribs 7075-T6 1.27mm
i~ 7075-Té6 Imm+1mm
triangular 7075-T6 1.6mm
reinforcement
272mm 7075-T6 2mm
452mm 7075-T6 1.27mm

Certification for 3.6kg bird srtike
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BESSIET S of the FE Model

Drone material model | :
PC and PA6 | CFRP damage evolution
Density Young modols  Podsson's ratie Yield stress Failure strain I )
; r? g, <&
p[ka'm®]  F [P v o [MPa]  fuar | : LA
PCOTISD 2.35 03 02 0.2 I ) N ) )
PAG 1330 6.2 03 70l 0.2 I E=iE(-d"y d'=d] ; e I
| E'Q-d’)y df =1-(1-dH3L o <e,
B
I i
CFRP I
4L Young's modulus  Young's modulus  Powsson’s ratio Shear modulus | (shear damage)
E: [GPa] E; [GPa] s (7 Gl |
Code Material 191 9.9 0.33 6.3 | (transverse damage)
Polycarbonate |
Polyamide 6 | : .
Carbon Fiber Reinforced Polymer Lithium-ion battery I [ =(r- 1-:1})-‘ 1€ ? (stiear damage)
batte ]ri ‘= { Y-} '_]> Y (transverse damage)
Density Young modulus Poisson’s ratio |
camera | E - E'(l—d")
6061-T6 aluminum allu}' i) | kgl."rﬂ; I E | MIa I ¥ { = =
electronic boards | G, =G,(1-d)
e 1750 500 0.01 I
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BESSIET S of the FE Model

Fastener (P-LINK element)

Aluminum alloy i
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I 0.0 0.4 0.8 1.2
£ . & .
Johnson-Cook Model EeaITEN: 74 IEX S F-0I EYVAN : Displacement, mm
10000
-&-F1: V=13mis
I =z S - F2: V=15m's
- 5 F3: V=15m/
Parameters of aluminum alloy I8 o4 Ve22ms
| ..8 Bl00 -9~ F5: V=21m/s _
A[MPa]  B[MPa] n C . - <rfev=tams  Opyax—4200N
| g 4000 < F7: V=15m/s
-: 1]
2024-T3 280 400 0.2 0.015 0.2 I & o0l
T075-16 480 400 0.42 0.001 0.12 l : B Mooy ©
] 8o 0.5 1.0 15 2.0

Displacement, mm



BESSIET S of the FE Model

Mesh Sensitive Test

Internal erergy (J)
g g

o

5mm 3mm 2mm

Clement size

15mm 10mm

Fixture and boundary conditions

p 4= =

\ Fixed to the rocket sled

\_____—_—__—_—___—_—_—_—__—_—_—_—_—_—_—_—

Maximum
plastic strain

5500 - 15Smm 10mm
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4000
: ' '

—_—_—_—_—___—_—__—_—__—_—_—_—_—_—_—_—_—_~

0.500
0450
0400
0350
0300
0250
0200
0150
0100

0.030

Horizontal stabilizer

v

Fixture |

Horizontal stabilizer section
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SqecginlEhiell Validation

Test collision scenario determination

Results

Impact locations:
on rib & between ribs

Drone attack angle:
-45°~45° at an interval of 22.5°

Drone yaw angle:

1°~180° at an interval of 45° 800

—a— attack angle
—e— yaw angle

m
=
(=]

400

(]
(=]
(=]

front spar internal energy (J)

1# 2% 3# 4# 5#
impact scenarios




 KEVLAR strings

SqecginlEhiell Validation

Test procedure

@\\ g EXxpected speed : 151 m/s

S0m
(RN
[ D) G’T/ ) D
©)
EEE%EESI 50m

1200m [ 300m |

v

-~ \ -
Mind shield 7
: /
Rocket sled

High speed camera

Rocket sled and Inspire | UAS

——

(A) rocket sled, (B) head structure and windshield, (C)
horizontal stabilizer leading edge, (D) steel track, (E)

fixture frame for the drone, (F) KEVLAR strings, (G)
the drone, (H) shield for high-speed cameras, (l) water

brake. 1-6 high-speed cameras. Calibration of the drone position




SqecginlEhiell Validation

Sled velocity

Velocity (m/s)

1. Impact point v=152.8m/s

2. Fuel exhaustion v=159.2m/s

3. Water brake v=56.4m/s

High-speed camera 1
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SqecginlEhiell Validation

Damage features

Experiment

The main structure of
the drone penetrated
Into the airframe

Structural component

Some small drone
components penetrated

the front spar (fracture
size about 15 mm)

Simulation |

/ \

» « . . .
Ultrasonic ranging Lithium-ion pouch The “thlum'lo_n battery
module cell penetrated into the

airframe had a smoke
sign in the test
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SqecginlEhiell Validation

. I
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It I 0002 p
I 0001 |
SIS T iRty ey 2ot I g o
I 0001 p
|
I 0002 -
| 2.003 - : 0003
0.000 0002 0004 00086 Q000
I Time (8)
|
0004
I
I Q6003
randomness factors during the collision | 2002}
process I &
I
the differences between the simplified | e
FE model and real drone structure. I s
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DBIEEEEEof Different Impact Scenarios

horizontal stabilizer leading edge FE model

The structure was about 5.74
m long and can be divided into
four sections

Slat 1 Slat 3

£
go

1Swept angle The whole FE model contained
v = gigfglg_lNSI?eelllerrelleenr;ems "
= .
t Section used in the test
t
® PLINK join
@® Impact poin
LN 1o+ Fixed boundary conditions
v Imm+ Slat 4 _
Slat1/° ggo \dmm  Slat 2 e tom  Slat3 \ :;;zg »samm WEre applied on the upper and
) 80 lower edges of the front spar

{ 160mm | ( 130mm . 100mm 60mm
l ! I 1
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DBIEEEEEof Different Impact Scenarios

Different impact locations I Results
I
I slat | slat 2 slat 3 slat 4

- e '

I

Drone projection areas on the leading I morphology

edge at different impact points I afier impact
|
Protect e dlass in Wass
iR I“HJ'-"-"“IJ|I ojection i el I Bl UAS battcry Bl UAS structural component
area [enr | arca [*a] |
arga kgl aren [¥u]

Sla | 3584 £3.9% 2,707 7900 | Maximum

Shai 2 1413 7 g0 3 539 73z, | priqcipal

Slat 3 295 6 69.2% 2172 634y | S

Slat 4 1905 44 6% 1.577 d60% | 0"0 0.18 0.16 014 Ol" OlO 0.08 0()6 0.04 0.02 0.00
I
|
I Energy
| distribution
I
l ® structure internal energy  ® UAS internal energy  # residual kinetic energy other
: Fire risk YES YES YES NO
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DBIEEEEEof Different Impact Scenarios

Different impact locations Results

120m/s 151m/s [ 80m/s

Velocity-attack angle relationship of
the airliner

morphology
after impact

Miss
Projection arca )
Velocity [mvs]  Attack angle [°] ' ] projeciion area Bl UAS battery == UAQ 'sll'll(,llll'al component
g | o]
05 |5 TR 4% Th.4%% Maximum
126 b 80,99 78.2% principal
strain
155 4 8. 7% T8. 2%

020 0.18 0.16 014 012 010 0.08 0.06 0.04 0.02 0.00
o — b e —

100% 928
Energy :g: | 17317
distribution

40% 8515

20% 12134

0%
® structure internal energy  ® UAS internal energy  # residual Kinetic energy other

Fire risk NO YES YES
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eI with Bird Strike

Bird model Results

g EII I DI I I B B . -y,
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[ = =i | |
I S\l Z I
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1 & — |
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| i I |
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I I 25 300 S—
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I l 2 20} s e
I oY I g S 200l 83% higher
I p=p+B||—| -1 | 15} ‘gf
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I I e 10F g
100
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w S
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‘ ' ° A A A y -
0.000 0.002 0.004 0.006 0.008 0.010 09000 0.002 0.004 0.006 0.008 0.010
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Conclusion

. The impact behavior simulated by the FE model was in acceptable agreement with test

data and the simulation methodology is proved to be an efficient way to reduce

certification costs.

. The commercial airliner cannot complete the flight safely when a UAS airborne

collision happens at its cruising speed.

. Some anti-bird strike designs were proved to be not so efficient against UAS airborne

collision, new design principles should be considered.

. UAS collision would cause more serious consequences than bird strike at the same

mass level, Relevant airworthiness standards should be drafted.
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