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Comparison of the Free-Fall Impact Force Applied to a Multicopter PAV
According to External Airbag Folding Method
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Abstract

With the development of small multicopter PAV (Personal Air Vehicle), it is necessary to develop
safety-related devices for manned rotorcraft. In this study, we assumed that an external airbag can be installed
in a small multicopter PAV, and using LS-DYNA’s Airbag Folding Application, we performed a free-fall
collision analysis by modeling the airbag shapes consisting or Roll, Zigzag, and Sigma. There was no
significant difference in the final airbag deployment time of the three models. However, when it collides with
the ground during deployment, the Sigma fold type external airbag had the fastest deployment speed, applying
the most impact force to the PAV, while the Roll fold type external airbag applied the smallest impact force
to the PAV.

x =
sldel g 7)o wde wel Abgho] gets 79l A 1Y kA #A¥E FAEo] M
2 Wast Gtk ATl ~9 Aege pavel o1 dloldel 433 & gy A A%
t}. LS-DYNAY] 1rbag Folding Apphcatlon—g AFE3Fod Roll, Sigma, Zigzag % Al 7}A| £ o] o]FoH
AolW GAEE R Hidet T A48 SA

A b mae A% ool ) A
g

ol 2 Aol ALk Tel WAk AHEE F ANY FE S A9 Sigma Fold WAL 3 oo
Mol A7) & 1 WA pavel O Be AL ARALE AL Hasgor, AFH0w
Roll Fold "42] 9% ojojulo] /b4 2o S7€e Agars 228 wasin

Key Words : PAV(7]¢1€ &3 71]), Multicopter("d E] ), Free-Fall Collision(A-f+3}% ), Impact Force
(F28), External Alrbag(ﬂl?— of o] ¥y, Airbag Folding Method(ello}®] &1 H}2])

.M B

=i
o,
offt
il
_tlg
0,

2
o,
offt
il
o
I
2
X
g
>
El
offt
2
ol\
o

> ol e
N
o 3

LY =
PAV(Personal Air Vehicle)”} 7Hg=a glom
PAVE o] SW mg}  CTOL(Conventional

Received: Aug. 17, 2021 Revised: Oct. 05, 2021 Accepted: Oct. 25, 2021 Take-off And Landing), VTOL(Vertical Take-off
T Comresponding Author and Landing), STOL(Short Take-off and Landing)

Tel: +82-51-510-2477, E-mail: greatkj@pusan.ac.kr
© The Society for Aerospace System Engineering T o8 vHdAn(2]. 71 F AT FFAstL Ude A7)

N
X
f
o
D
£
1y
23
o
ol
s
s
2
i
o
o
=
o
=)
N

A2 w2 FEI SERD AME A5A S F
Aol B wmobdmt BAGl thw 4ol wrow

=)

[




o oo E9 WA mE Af det 5 A HEFHE A8 Ferlel TteiA= 48 Hlal 29

o] 7bsel ALEA Ao & F on
2 149 &gF7)e] Hgte] HAEC] g4 FEloE
% ¥ F vk a8EE WY 59 3 olFFY]
t =4 Wntra-City), =4 ZHInter-City)S ©]%3gt
T AT ATMEoEAY AdTE T £ o 29y
Kol [e)

o7 AWAQ FalE A3 Ak X ERoAE A
7 59 54 olAuTlel Al A wHom %9 H

2. AlEgojd ==

2.1 2|8 ofojuf &4t
o oojmle 1918 ePAVY] d
3}¢l EHang-184 =29

)
e
i
2
)

2
o

to wo
K
QL
&
td

ot oy

[EeT N >
>
(<0
ol
rlr
Mo £ Y a2 2

itk Al oo Afbal FA =
A4 (Crash Sensor), &3S 93] a3t ofx =3}
EFWNaN)# 2bstE(FeO)e] WEEo] a Zwb
E3 AaN)7tAE BE Al7)E Z @ ol H(nflater)
2 Y 2~E(Canister), T71FHYY dTE& st o
oW (Airbag)¥ olojme]  FAE ot HGA

(Tether) T2 FA=o] Stk & AFolx

& WA AMYzE L} oojw HEZ ks
ofe) & agstoen, =

off ool
% Bdg ues AZh ol digh 1/4 99S
Fig. 23} o] Yehliod

EHang-184 R&e] A9 g37] &pfo] ofojus

rE

[e)

=

2

i

= 0

2 |y

-1 A
N7 el 8

2

[an
o

o
~

I~

6=

AR Al - ooje] 7] sh-of HEFsoF sk
o] 576 m® AEo|th webd &g WA I T
T AEF dojue] 7]5 ofefA 7] AA s
Figure 13 #o] LS-Prepost #3tQ A4 X271
o wmuy wol AE F7]FwY(Upper Bag)#t
s F7]1F MU (Lower Bag)ol FHZ oojme] 72
Adolot A& dol= BAA A= el 22 2,400
mm °™, AYxEe A= Zolet 7t2Z el 200

mm, £°]+= 100 mm ©|t}.

ol

Fig. 2 Airbag Module in Parts

2.2 2|5 ojojw EY

LS-Prepost®] Airbag Folding Application2 AF&
slo] Qi ofoj®) EHS St o oofule <l
Zdleolele] A7l wls) BF Fo ool F7]7}t
doiFer A7) witel W A, BF T ooy
3718 Zpol7h weol yr =, dojul s Hyatr] 9]
Mz olojmls E98ts St Ao R Hol 59

ks QA 7129 ool syt s} .



30 FHT-

Airbag Folding Application2 Fig. 33 #Zo] T 7
o AHE Adgste] oojue] Hs]7] 9%k VIEAHd M
H ne 3450, 71EA ME Qe T prow 1
ol oloj o] FEM Rdo A oje] dHs Ad
W 7EA HMEE VFoR Ay diy g Wo
2 ol BE Bl olFE f4Fe] E

W

ojFofA Al H=H, 7IEAd WEE WA

wE @9 S s ga wEs He] whbs 42 7]
Fom A7 dFel5e o W AR oojug
£l B
oleg g Q8 T Qe olojue EPe]
b, oge ggon Y ol W wusiu, T
da] g8l AEd e A9e 2a5e A
H gEe A9 UvA o ansel Aol
oubsll Atk olF aAsY) Sl FAHA AM P

AIRBAG_REFERENCE_GEOMETRY 719=7}F A}
Al s AR S oojwo] £ HI] A AH
1A A7l FoAl fXE A5t
HAg A Zol7t solgd a4hEo] Fig. 49
o] FAEHA Eolubr] el el Zo)
Eole s oA M AAAA BAsE F
o}

2 dolEe] eAE FolA "k

i)

2,
i
o

U omy 2 1o oo > af 1= Kk
i,
il
2 ot x &

el

Node #1 Selected Node
z‘z:;‘?[f; to Fold Surface
/-——
=TT
®
5 o
Node #2
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Table 1 Initial Volume of Three Folded External
Airbag Modules

Type Roll Fold|Zigzag Fold| Sigma Fold
Volume (m?) | 0.133 0.132 0.120
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Fig. 5 Airbag Base Fold
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Fig. 6 Sequence and Schematic of Roll Fold
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Table 2 N, Gas Properties for Airbag

The Number| Molar Mass b
of Group (kg/mol) “ ¢

28.90 [-0.002| 107°

200,000 0.028

*Constant of Heat Capacity,
«x[inear Coefficient of Heat Capacity,
wexQuadratic Coefficient of Heat Capacity

Table 3 Material Properties of PA66

Bl

Properties ? E1 Es v V2
(kg/m”) | (GPa) | (GPa)
PA66 910 2.5 2.5 10.345] 0.345
*Density, **Poisson’s ratio

Particle Individuals Group Particles
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Fig. 10 Principle of Corpuscular Particle Method
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Table 4 Specifications of Sample PAV

Bl

Width Height | Volume p Mass
(m) (m) (m%) (kg/m®) (kg)
2.074 1.018 0.150 2,000 300

*Density

7~ Width

PAV Sample
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Fig. 12 Final Crash Model for Simulations

T

| Airbag Module

Center of Gravity l

Fig. 13 Mounting Location of Airbag Module

|
o
i

===

Fig. 14 Specification of EHang-184 PAV
3. 2|5 oflofu M| AlZz[0|M

3.1 A T AlZelold &=t

AA EY FAd uhE A 7HA SR eojw] mele]
AR B AEEUCIAE FHst Fdd ARt
e AFHF dlelEE Fig. 113 2e] 49 3§
7] wEel, E9 34 E
3 ANE S AR B A F ok 24 ms E,
Table 504 ®o] 5%o] folw] gk Aol 7} §le-&
L& 4 ARtk Ty AAVE AdEE AR
ms oA 17.5 ms ApoJe]l - ofojule] F-u]eh v
e olofme] EY el wel ZeAE AS

Fig. 159} Fig. 16 53] &< g 4 Ut}

Table 5 Final Deployment Time of Airbags

Type Roll Fold |Zigzag Fold| Sigma Fold
Time (ms) 23.7 23.7 23.5
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Table 6 Volume Data in Deployment Time

Table 7 Pressure Data in Deployment Time

. Roll Fold Zigzag Fold | Sigma Fold . Roll Fold Zigzag Fold | Sigma Fold
Time . Time =
(ms) N v v (ms) F P P
(m%) (m®) (m?) (kPa) (kPa) (kPa)
5 0.08725 0.09186 0.11656 5 737.585 699.837 527.423
7 0.26376 0.29942 0.40279 7 392.293 339.200 246.854
9 0.56472 0.67061 0.82697 9 263.110 217.068 177.046
11 1.01848 1.19369 1.32570 11 194.398 164.002 151.534
13 1.42698 1.73530 1.77353 13 186.545 150.499 152.533
15 1.81367 1.87063 1.95005 15 190.483 189.564 185.713
24 3.01295 3.00984 3.00269 24 316.406 318.691 320.111
#*Volume of Ny in Airbag #Pressure of Ny in Airbag
Time Roll Fold Zigzag Fold Sigma Fold
(ms) Front Right Front Right Front Right
5
T
9
11
13
15
24

Fig. 17 The Shape

of External Airbags in Free Deployment Over Time




o3l
Mo
o

36

s
ox

3.3 PAVe| X Yot &= AlSdold 23t
24de] A A AlEdeld AakE 7HAa Al 7t

A E9E N oo e A PAVE] FE AlE
dolds 3t Mg oE & & F e £F
PAVe] &§ ko] digh A 7|FEo|v HE]
A7gse] A 7] wiiEel, "= UBER® Elevateol
A 71Eo® g 150 m & Afrest kw4 st
35 m/s & HAF 9 HFEE AAEATT9]
AlEdeld 21 olojwo] HijEE Fold uwet

Table 83 o] 37FA& el zbz) ofojwe] A
NE AEE 71Fo2 PAVE Awe] AgEs #4s)
o, o ofojue] R 7] H el (Fig. 1790
A1) 24 ms ARDAA FEO] Yot Case 1, 9%
oojulo] oA E AJNE+= AE(Fig. 17014¢ 11
ms A)NA  FEo] oy Case 2, 94 ooy
o] w AME A#st= AE(Fig. 179142 5 ms Al
AelA FEo] dojubE Case 3, F 7HAZ U7
AEH ol HS AT Fig. 18-205 E3A Zbzh9
Az vtk Roll Fold W2, Sigma Fold W2,
Zigzag Fold W2lol Al A|ztel] we} PAVZE WA ==
b we] ztel7h AaS Bl skl
PAV7} ¥b= 7hE 7 Ao @8k 25 ms o
T R dojm Zd kAo Aagle]l FA13 vME R
AYAE Btk 7 Y W 2 A &£m9
ZFol7b A9l gl7] wiitel Q- oojwe] HAzE A
o] Folzl Al A= Fowgk xfolE el & 4 ¢l
Ak 2y Fig. 20014 Holizo] dojwe] A&
A FskE T AWy FEskeE 4fole Sigma
Fold ¥W2lo] Atjd ez o 2 71455 PAVY] A&
e 3s Fe & 4 glvh wEA 10 ms oA 25
ms Ato] AlHo| A Case 3ol widh ofoju] 7| 4
= Fig. 233 #Zo] &4 3 w3kt

o
>}L

Table 8 Parameters of Case Study

Case No. Time® Velocity | Distance™
(ms) (m/s) (m)
Case 1 5 0.75
Case 2 11 -35 0.60
Case 3 20 0.40

*Airbag Deployment Sequence in Fig. 20 at Contact

#*Distance From Ground at Initiating Deployment

PAYV Acceleration Data for Case 1
7 T T T

Roll Fold

Zigzag Fold
Sigma Fold

Acceleration [ mm/ms’ |

1 1 I 1 I
0 10 20 30 40 S0

Simulation Time [ ms ]

Fig. 18 Case 1 PAV’s Acceleration Comparison

PAYV Acceleration Data for Case 2
7 T T T
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0 10 20 30 40 50
Simulation Time [ ms |

Fig. 19 Case 2 PAV’s Acceleration Comparison

PAYV Acceleration Data for Case 3

T
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6L Zigzag Fold
Sigma Fold

5 =

Acceleration [ mm/ms? |
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0 10 20 30 40 50
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Fig. 20 Case 3 PAV’s Acceleration Comparison
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Table 9 PAV Acceleration Data for Case 3

. Roll Fold Zigzag Fold | Sigma Fold
Time .
(ms) A A ‘ A ‘
(mm/msec?) | (mm/msec?) | (mm/msec?)
6 0.612 0.632 0.757
9 2.171 2.096 2.121
12 4.060 3.205 2.538
15 3.705 3.727 3.972
18 4.696 5.683 6.018
21 5.591 6.126 6.419
24 4.769 4.900 5.153
ER™ 12.899% 4.560% 0%

*Acceleration,

s=+#Difference of Maximum Acceleration of Sigma Fold

External Airbag Volume Data for Case 3
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Fig. 21 Case 3 External Airbag Volume Data

External Airbag Pressure Data for Case 3
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Fig. 22 Case 3 External Airbag Pressure Data
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