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Salb—YarETERERI 217071

@D FO—2FTEER (caefem)

daming-58 gamind-58 local failure

0.0000 0.0000
00667 0.06671" "
‘

lv,uss lu.uu' = i /‘,‘_
0.2000 [l 0.2000 : ]
0.2667 J i ) i Iu.zmr ’ y

Ia,lm & 0.3333

0.4000 ’ﬂ ‘ 0,4000 / ‘\~] ‘

0.4667 |'—‘| 0.4667 ~——

80.5333 80,5333 '
0.6000 0.6000
4
- ' - B
Slot 3: Nppon Kayaky Drone_Insurance 02v001 - State 1 at ten Slot 4: Nippon Kayaky Drone_insurance 02v001 - State 1 at tien

damind 58 pay local failure

0,0000
0.06467 /
lu 1333 PNy
0.2000 — ol
Iu 2667 ‘
i

0.3333 / ‘

0,4000 ’ ~ ‘ £
B % / 2

0.4667 o

0.3333
0.6000

Y ¥

Siot 5: Nippon_Kayaky Drone_insurance 02v001 - State 1 at tin

CFRP parts, damage variable (-), 0: no damage — 1: element failed

max. pl. stran [ShelliSclid)

0.0000
0.0200
0.0401
I 0601
0.0802
I 0.1002

7 Slat 0: Nppan_Kayaku _Drone_Irsurance 020001 - State 102 at ti

.............

GOFLY .\ =mim

FH#)

max. ol. strain (ShelliSakd

0.0000
0.0654

v L. v !
Shot 1: Rippon_Kayaku_Crone_Insurance_C2vD01 - State 102 at t Slet - Nippen_Kayaku_Orone_Insurance (24001 - State 102 at i
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. @‘@
Final Report
CFRP MATERIAL — SOIL, 3.78 M/S
Arms break due to
‘ y ) inertia of motors
) )
peX Slot 2: Nippon_Kayaku_Drone_Insurance_00Y_0OR_00 - State 1 at time 0.000000 X Slot 3: Nippon_Kayaku_Drone_Insurance_00Y_0OR_00 - State 1 at time 0.000000 Pur ose
Properties of CFRP material used in drone unknown.
600 Drone Acceleration - CFRP Material CFRPs have wide variety of properties.
= —— Previous CFRP . _ .
~ 500 T — Weaker CFRP _ A less stiff CFRP from ARRK database is investigated to see the
influnce on acceleration.
S A00L e
S Result
9 300 . ) .
g 1 4 S 1 A e B I E— Less stiff material reduces peak acceleration.
< 200 E : :
= i Arms rupture due to materials lower strenght, which cannot be
5 observed in the test.
2 100
. | | | | Conclusion
0L X 133,775 8673898 o S — ) ) )
143,662 4t 6.19993 CFRP properties cannot be determined and remain unknown
-100 . ) .
0 10 20 30 40 50 60 70 80 90 100 — Due to unrealistic failure behavior of weaker CFRP, following
Time [ms] evaluations use previous CFRP

ARRK
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Final Report

SOIL

400 Drone Acceleration - Impact Angle

C) 165.871 at 5.79996 | | — soil, 6 m/s, 0°
=2a0 4% s L . | DS T T soil, 6 m/s, 15°
o0, | ANAL Y o] oS00 e 307
S
250l Lo LA L
22000 b i~ LA UVUYY Y I NUANAN AW L. AN
g 200| UASAREANSIAN kT 3 4\ 817 Y s ATATAVHRSR M A
= e
gsolJ\ VYV o VY vV
o) | 139173at319968
-50 é s ; ;
0 10 20 30 40 50 60 70 80 90 100
Time [ms]
Acceleration

Impact at 15° and 30° very similar.

Peak acceleration at angle lower than flat impact
due to low velocity change upon first contact
and rolling over.

Medium damage, Severe damage, Severe damage,

damind-58 no failure damind-58 local failure damind-58 N local failure

0.0000 0.0000 @ 0.0000 )

0.0667 0.0667 _ 0.0667

0.1333 : Mo.1333 0.1333
~0.2000 0.2000 = 0.2000

0.2667 10.2667 = 10.2667 ;

0.3333 10.3333 0.3333 '

0.4000 ' & 0.4000 0.4000

0.4667 0.4667 0.4667

0.5333 ‘ 0.5333 I 4 0.5333 /

0.6000 \ 0.6000 0.6000

- | | - | o 4
Slot 3: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time Slot 4: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time ' Slot 5: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time

CFRP parts, damage variable (-), 0: no damage — 1: element failed,
similar to plastic strains/permanent deformation

max. v. Mises (Shell/Solid) max. v. Mises (Shell/Solid) max. v. Mises (SheII/SoIid):’\
R
0.000 0.000 @ 0.000 N N
55.556 55.556 e 55.556
111.111 : Minan Minan
1166.667 1166.667 166.667 ;
222222 M 222.222 i222.222 i
277778 277778 / 277.778 ’
333.333 333:333 // 333.333
388.889 ‘ 388.889 388.889
444.444 | 444.444 4 444.444 /
503.000 \ SOP.OOO 503.000
b | | L . 4
Slot 0: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time Slot 1: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time Slot 2: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time

CFRP parts, max. v. Mises (MPa), stresses occurring all over CFRP parts, v. Mises inconclusive
for this kind of CFRP due to anisotropic properties

max. pl. strain (Shell/Solid) STl =
AL
I [6:0000

—

0.0000,

0.0564
Mo.1128 2R,
~0.1692 )
~0.2256

0.2820

0.3384

0.3948

0.4512

0.5076

>

No failure

ySIot 4: Nippon_Kayaku_Drone_Insurance_02v001 - State 102 at ti
A

)(Slot 3: Nippon_Kayaku Drone_Insurance_02v001 - State 102 at ti

PP parts, max. plas. strain (-)

ARRK
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Final Report

GRASSLAND

80 Drone Acceleration - Impact Angle

[g]

é é é é é é : — grass, 6 m/s, 0°
70 grass, 6 m/s, 15°
— grass, 6 m/s, 30°

........................................................................................................................................................................

60|
50|
40|
30|
20|
10| |
IV AR N T T N R R T
-10

Resultant Acceleration

419072 at 2.8998

0 10 20 30 40 50 60 70 80 90 100
Time [ms]

Acceleration

Acceleration is seemingly unrealistically low: current
grass modelling acting like a cushion slowly
decelerating drone.

In reality, drone would compress grass quickly
without much resistance and impact on ground,

which causes higher acceleration.
Damage

No damage occurs.

damind-58 damind-58 S damind-58
0.0000 ~ 0.0000 0.0000 -
0.0667 0.0667 0.0667
Mo.1333 = 8 Mo.1333 - —— Mo.1333
0.2000 - [/ 0.2000 ) | 0.2000 V 4 | S
0.2667 0.2667 0.2667
10.3333 10.3333 4 0.3333
0.4000 0.4000 0.4000
0.4667 [ | | 0.4667 | 0.4667 §
0.5333 0.5333 0.5333
0.6000 0.6000 0.6000
' k. Lo

max. pl. strain (Shell/Salid)

0.000
0.141

Mo.2s2

0.423
0.565

20.706

0.847
0.988
1.129
1.270

" Slot 3: Nippon_Kayaku Drone_Insurance_02v001 - State 1 at time
\

" Slot 4: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time

" Slot 5: Nippon_Kayaku Drone_Insurance_02v001 - State 1 at tim¢
|

CFRP parts, damage variable (-), 0: no damage — 1: element failed

£ 7 3 L 0.0000
0.0449

Mo.0898

, 10.1347
10.1796

00.2244

B 0.2693

0.3142
0.3591
0.4040

Lo x

X
Slot 0: Nippon_Kayahy Drone_Insurance_02v001 - State 102 at ti

High plas. strains occurring locally
due to numerical/discretization
limitations (squeezed by
surrounding grass elements)

PP parts, max. plas. strain (-)

- max. pl. strain (Shell/Solid)~~ "“"L‘Hrﬁ' i o max. pl. strain (Shell/Solid) .~ T4
p ‘[ lv,.-;::- T » -~ T,V p ,@T‘. ) D
Mo.0738
0.1476
‘ W0.1846

0.2584

e X
Slot 1: Nippon_Kayaku_Drone_Insurance_02v001 - State 102 at ti Slot 2: Nippon_Kayaku_Drone_Insurance_02¢001 - State 102 at ti

Deformation of bracket
due to contact with soil

ARRK
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Final Report

CONCRETE

Medium damage Severe damage, Severe damage,
’
damind-58 AedEaTTars damind-58 local failure S local failure

500 Drone Acceleration - Impact Angle
B 450 ] ] g g ; i CONEIEEE 16 THIE 0° 0.0000 0.0000 0.0000
- - concrete, 6 m/s, 15° 0.0667 0.0667. 0.0667

400{ — concrete, 6 m/s, 30° 0.1333 0.1333 0.1333
S 350] AT N T . N | . . — 0.2000 0.2000 ~0.2000
® 300| AV AV AR I N 1 T 0.2667_1 I— Ro.2667 0.2667
3 250| TR VAL AL, L) AL N Y 03333 0.3333 03333
< 200 é : !\ s 0.4000 | 0.4000 ’
€ 150' T T W AN A 7L B | RS Y A T VAL 0.4667 0.4667 0.4667
= : ) ' ’ "’ \ ) “' 0.5333 ’ ;f \“I\ 0.5333 ' 0.5333 ;‘.
o 100| ; | | | : : : 0.6000 0.6000 0.6000
< 5o | | 224.025 &t 5.9997) ” // 5 .

AR 15219at299988 """"""""""" """"""""""" """"""""""" """"""""""" ' . '
of N - | I e |
-50 Slot 3: Nippon_Kayaku Drone_Insurance_02v001 - State 1 at time Slot 4: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at tim¢ Slot 5: Nippon_Kayaku_Drone_Insurance_02v001 - State 1 at time
0 10 20 30 40 50 60 70 80 90 100 ] )
Time [ms] CFRP parts, damage variable (-), 0: no damage — 1: element failed

max. pl. strain (Shelllsai\d)

) gt

k]

max. pl. strain (Shelllsai\d)

Acceleration

Impact at 15° and 30° very similar. il

Peak acceleration at angle lower than flat impact f ‘ . -
due to low velocity change upon first contact | j . .
and rolling over.

No failure

No failure

No failure
Y ¥ {
Slot 0: Nippon_Kayaku_Drone_Insurance_02v001 - State 102 at ti Slot 1: Nippon_Kayaku_Drone_Insurance_02v001 - State 102 at ti

\ N

(b [
Slot 1: Nippon_Kayaku_Drone_Insurance_02v001 - State 102 at ti

PP parts, max. plas. strain (-)

ARRK
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EXRRME

|

SEIMMNLDNT L a—bEY TOETERODT—IRFICAILIZC L] & TSINFETERLTE
FRMREOF/EICDONT RFE<OETT—ADFRICRLIZC L] ITXY, BTREBRZI2L—230F 52 ENTEHHMER
BEBETHIIENTET -,

BMREREICTEETEE. BHMAEZREL. NSV —FEETOERZT &2 5, BEE. B5H
mIAEELTDEBEITROEY EGY ., NT 21— FREICK > TRIREHAREREE & L THRIRIRE T

SEESHHREIZERBICKELENEFTNS EABREL L T,

RT3 a— MEL RIS a—bEY BERRRE0E=8H
HBE R L £18 BEEL
NTTa— FERICES TRRE BEBRAE ¥1,870,000 ¥0 e
= M= n O - R RmabanT\z , ,
*EF’JJ_I:IBFII:Ift%O)EL\ =E 30m e
B 218 TRt
EHAE 15° ¥1,735,000
BEBRRE ¥1,870,000 ¥135,000
BISERAL 218 BIEEL
EHAE O° ¥1,870,000
BEBRAE ¥1,870,000 ¥0
2 E—R—Z7BX545 k
AR 218 BT
EHAE 15° ¥1,735,000
BEBRRE ¥1,870,000 ¥135,000

GOFLY N\ =mzimEHE $SBMUtE DUSKIN



EXRRME

U B NRRY—E 20 NS 1—MEDLREREZIEHELE-FO—C0ORBHEZEISIT A5=0121F. BRESHEED & S HIEFHRO

VIR leH —

ﬁﬁtom§ T—ANBELZONE WS EZREICTAIENTELDT, A—H—IHERLEERINTLAHED
REHEB|2ERT A-ODHFEEILTHIENTET,

REREAICMAZ FO—2VA—H—LEBEL, NTF2a1— 2RI HIHATEITRIRHEOBSIZTDONTE
MERHBZED TS FE, NTVa1— b Z2REIT D EREMNENG I SNDEND T EZEERASNTLND
BATEHRHLTOLEWEEZA TS,

Fh, Inh ol Y —BEXHFWNR/ RAR/AIE/BERGE)PRREKE/ESEGZE) IS ELZH L FO—
VREDRESNHAERESN TN ZENBESNDID, ENLICHIETEAREREDHEL, Thio
2 L&Y RWMRR Y —ERZRAL—X[CRETE L AHFOCERARZEZT A ENMRELEZZ TS
o FHVPIRECELICREREDEMNEFORANDELGC ENREL LG HD., FEXTHELHBMIREL
RESHELYV—BIL—2a3 iy TERODIETEDELSILGRENHDLGMNTH FO—2FEHIC
FYBRWMRIEMRETEHRFZBEL TLS-WEFA TS,
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