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01 Research Background

Adventage Of Drone In Fire Disaster
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e CETE J7|Y Gryphon Dyanamics AtO|A LY £[X 2
X 29| Jjjeto| k&l HEZF QIX|2t O]= 30kge| &2 A%}
A =

= —
-T- —_
=2 FNE SE0|H Ol WEE o TUE EESE 1SE

o 7|Z ASIoFA| CHH| BE=t0f| d5¢h 7tASIO|=2]|0| E Ao}l

HESI7|0l= LHAHO0|H 2 YMETL Y

C2g a2t 2Z| ES| HHAl0] 1X2F Chl C2HCr} 4 PHe| <tHo| O 2 25

O|2t= O|™MS &SI/ flol 7t2A5H0| =20 E A-SrEt

HE LCENEolER

IS HEE T|E AR AEetEl 7HASHO| =5|0|E AStEH| CHSHA = 2hE A

I;

SAl LHS0| 7ts¢t 71ASIO0|=2|0| E AotEr HE =& 70| ER



02 Research Specification

JIASIO|ER|O|E ASIEL EFX] EEZ0| Jjjdt ISk

- 4

( 7|ES EES HEYCEM R HIE B 7|2 AT

MG EET SHES AAHS
HF 51 %te S SHAO|| HIEA| ML JHs

Research
. JIASHO|E E A% A Xts2E ESH C
Objective = o SAXISE o Cf

)

rot 2 meof| chal At He

0
F




03 Reference Model

Model Specifications

Z|Cf B X obs 2.7kg
=/t 0|5 27 okg
L} & 7ts Z|Cf &% 12m/s
Z[CH 1]l AlZE 552
A0} 512 £ 2 Sm/s

N 23m/s

[ DJI Matrix 300 RTK ]

OO0 Sl $iEC| E4AS Zotsto], LIE 7ts B4, HIAIZt S 12{stod DJI Matrix 300 RTK 222 Reference Model £ 43
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01 Outline

WorkFlow : SimLab - HyperStudyE 0|2t Parametric £[&g} T2 N|A

Parametric
Modeling
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Analysis

AS2RAATZE
AP0 JFs%tSimlabs
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Optimization
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parametric DOEE £3tigt o~
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ToolZ M
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Initial Research Design
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Research Design
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()2 Analyis

Parametric Modeling : CATIA Model2| Parametric Design 3

Design Parameter

AIB061-T6 0| o] 8h RI} =] TS 2t2 5mm, 1.5mmz AH

Parameter Design
SimLabd| Cad ParameterE &7H import 57| [ CATIAS| OH7HEHZ 7|

Publication
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()2 Analyis

Automation : Simlab AtS3t A3ZE &HM

Import : Catia Model2| Import Options

Desigh Parameter

Set Working Folder Catia®| parameter BEZE Simlab2 2 &7H| import
st ATEE Ad SH M= "

Publicaitons
Record Xt&2tEl parametric DOEE e Ul A HE A Face ID7} HE2tH
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()2 Analyis

Mesh : FIne Meshing

FotR A ZH = Mesh QualityOl| ZIZSHA| BEESHE 2 Quality Check
s= 83l Surface 3! Tet mesh2| quality X5t RAE =I5t Fine
Meshing2 &



()2 Analyis

Material : Ramberg Osgood Equation= 0|2%t S-S Curve =&

1 Eus

n(55 (E = 71500 MPa, o,y= 310MPa, 0, = 300 MPa, ¢, = 0.12)
l (gtu (0.2% of fset 71’8 Al,a = 0.002)

n

o

0, Otu
€ = E"'a(a_o) Eus = 100(e, _?) n

o == X =2| Stresset Strain A0 H|MEM S LIEILHZ| Tt O|2
o EtMA|L StEUL IotUdr HAEE =6 Stress-Strain Curve Plot

e AlI6061-T62| 2MX[= Altair Material, Matweb &1



02 Setup

Simlab2 0|24l 2FAst Automation Script &

Define Models

Define Input Variables



()2 Analyis

Material A

e Density, Youngs Modulus, Initial Yield Ponit s Al6061-T6 =24 X| M4

olgq
H

e Ramberg Osgood EquationZ 0|83l S-S Curve =& ¥ SimLab0i| CHg



()2 Analyis

Create Solution & Constraint : H|
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SAlO FAIE =

291oh7| flet A He

(Parameter)?| £[X Zpl= T=9l¢, 7|s= TSoIHA EEE Edot= A= SHE

X Ol M

L-.O O

Max_Stress 7f0]| 62.893 MPa= Al 6061-T62| =222l 300 MPaELCH &M
A2 250|11 Max_Displacement EE9F 0.18174mmO| 22 XX O 2 QST T

Lyl

e Factor Of SafetyZ| 2f 4.77= HtXol E= 2HEIT|O0| sHESH= R+
&2 A2, o|ufe| MassE= 2F 0.956kg
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01 Outline

A I A0 2FAHE %|Az6H| It BA Ha(Parameter) 2| %X Xgf
HA ZEelE Hdol= A2 252 4%
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E=510, 71s

Research Objective
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01 Outline

HyperStudy WorkFlow

Setup

AH| B4~ Mo | 51 Automation

Saipt RS AT

DOE

HOlE! A R0l T

HHPOEE 7 HIoZ

APRSIE Qot AR B

Optimization
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02 Setup

Model Testing2} Responses M9

Test Models

Define Output Responses
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Box Behnken

Parameter

joll &

DOE Settings

()3 DpoE

Response Zt=2 Mass, Max_Stress, Max_displacement



()3 DoE

DOE Table &=

o NZOE AAHSO £=E2 HHYIIH & 13H2| shiA 2

o L= MA Ha XxTH0| BIEEl A2 DOE DesignZPHoMLe] 2F 7}
OH—lﬂf SaI™0]| CHot Bt MO Z SljA Ane| EAHH
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03 Post

Processing : Scatter

Scatter 2M 2 Sot M| He =4 5l DEl 7EA o}

—

e Max_Stress®?t Max_Displacements &2 AZEAE
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03 Post

Processing : Main Factor Analysis

Pareto Plot

Pareto Plot

Linear Effect: R

Linear Effect: R

Linear Effect: T

Linear Effect: T

e Pareto Plot SlLinear Effect 24 21 Mass2l Stress| 4L

D= o] 7ha 2 FR QIRHE R 0l

X710 |ESHHZ Linear Effect 2AM0| A RO| Z71et42
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04 Optimization

ME[E =2 Fit RES 7|02 ZEelet #
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150MPa O|st2 A%
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X ot St HE 2|8l Max_Stress= a=221(300MPa)
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04 Optimization

=
MU =

)2

Optimum value

R [mm]

T[mm]

3.1544240

1.1169732




04 Optimization

Initial Model

Optimized Model

Mass [kg] Mass [kg]
0.956 0.4095508
Parameter Value [mm] >>> Parameter Value [mm]
R 5 R 3.1544240
T 1.5 T 1.1169732

ST eI o= | T2 CH| 255 0.956 kgOllM 0.410 kg2 S 57.1%
P =H2l1 0.43 kg O|o} =71E £=stn

= S50 SAH 7= Ed Kot
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Predicting Response : Physics Ai WorkFlow

Datasets

Training
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Model Sk 5

T O

Testing
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02 Datasets

Create Datasets

e Parametric Optimization THA[0f[A] M-d =l SiA Z1p T (.h3d)S
7|Hto = st5& H[Oo|EAlIS 4

e Physics Al2| Dataset 7|s2 &85t0{ siA RAS YA HA =,
SE U0 S8, HAHE 5)2 A5 =2 F=6111, Al °|'A01| ESESKElE

o 1y

71X H0|EE +d
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04 Testing

StE =l PE Testing & ME|M AS

e Physics AlQ| Testing 7|s& &&805I0] o=l 22| o= Z3H(PREDICTED)2t &H| fote4 54 ZuHTRUE)E H|w
e Von Mises 23 7|Z0i|A 0f|ZZt2] Z|CHX|= 182.4MPa, AX|Zte| £|CHX|= 200.7MPaz 2 9.1%2| X2

o i &9 A= AT F2| =HFL A WU 29| & Jistt 22 = TE

o MEtN, DHO| AR 21X SEHS M| QAR HHE 4 U= ME|T Y £FO2 SIBE|USS 2ol



05 Predict

M=zE2 2Hof CiSt Response 0|F

e Physics Al9| Predict 7|s& &5 R = 4mm, T = Tmm=
HFSID, AA|UE 20l 2ot 22 2'2oj| CHolf Response 0=

e Von Mises 83 7|E0|M o|FEl £[C 382 182.1MPa0|H, O|=
AlG061-T62| &= (300MPa) CHH| 2F 60.7% =02 AXst
SH MM A4 20f|= Cta O|X|X| Z5HX2H ALE
A w2 AEAN MY StHE= TSt F O 2 T
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RBE

2] B4 LEE StLte| SA L EoF ZH| HESIH 5tF 2

?3._40}7| 2[5l RBE AtE

Create RBE
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03 Analysis

Create Solution & Constraint : 22[M A= HAZZ1 Solver Settings £%t off A Mt =tH

TEZ2 IR HEs+ U ST T =S /o - =-
- B CE3 dZg|= TXE (RBE A L5)0| XYZ He| 14 XE
Optistruct Solver2t Normal Type MEY I HEE = IFF ( =1 )Ofl ¢ 75 HE



03 Analysis

CE PH 9 e 5 : ST vy 45 fle 52 2H o

%‘%EQ!T = W = g
9kg - 9.81m/s? = 829N

88.29 N
~EHME FET = 7 = 2207N

T =Cr-p-n?-D*

22.07 N, 74l C; = 0.11,

GFET =
& l%_.‘ip = 1.225 kg/m3 e A7 D = 0.432m)

~n = 68.7Hz

o TXH[HAl 2 o|H Fhe= E2 UM S

o TZTIH[AMAl HE| ofF === DJI ALOf| A

o EEEE M EMEE MH 75 5 XS0 Hete|= OE I

SlAfo] A JHsAo0| =X

L- O —

With interference, the front rotor power decreases
by 2.55%, and the rear rotor power increases by
1.2% at a speed of 50km/h.

. fr = 68.1 Hz,
fr = 71.2 Hz

S 4719 Z2EE T}t #S5HH X[-eICh= 7HESH|, SISO E ASE FHAS AL8d £

M|l RPM Cl|O|E{ S NM|SokX| g0, FAlet HESE AlS O == W 22UES 10l ==

o= A8



o EE DE[O] 3| FI4 (S 70HZ) 1 DEIHE DHHES ),
Tx2uto| 27 JHs N EE| Botety| Slsh aA] ik HelS
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o ZIO|T 1X20| AL XQ NRHSSH
RIZE| 0, MRS A 2D (300Hz) < O
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FIII
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04 Response

Potential Resonance Modes
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02 Analysis

Create Solution & Constraint : sjA1S 2|5t Solution AHAM 8l AZ|M Ql= AAHXH MHS Eot oj|Md M=t =t-

RNk SLIBIMS E3t BE Al 175 QHEA TCHS

2|5l Optistruct Solver2t Modal Frequency CE1 HEE|= IXHE(RBE A LE)0f| XYZ HE| 24 ML
Response Type MEH



HOB FI4 SEHAQ| Azl ot

Acceleration Levels : Typically between 0.2g and 10g for avionics, but higher for
structural components.

F=m-a—63kg 10-9.81m/s = 618.03 N

(m: T, 5 FEE 9% 9 AE AR5 & A
a: DO — 16001]}\1 ﬁz% zerL;qz}zm] A8 AL #a1s 1()g§ 94

p—

o CE &% #2(6.3kg)0| Chish, 11 2|1H 8 ST 7ts&@7X| Aot HEX 7|E0 = Hs 75k
10g(98.1m/s?)= HESIH ZAF = 618N2| 71EHS LHged

&2 ASHXAEH| TISA|E 74 (DO-160)0[A H|A[SH= HE| LHO|A] 7H&
CE0| MEotv| #let 42 OtL|X[2h EE BA FH| 5 HO| =25 2 A|0f[A]
s



Frequency - Amplitude Table2 E& 2 32| FoIx
ST fledo| =2 oY AEHEQI 55 o



Solver Setting : ¢
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03 Response

£

>>> ZXFm

004295mm, 0.006357mmZ= LIE{L} L= 2| HYO| O|0[5tEE,

(69Hz, 138Hz)0i| A 2| Z|CH HS| 7} 0.
st H HE O damper A= S 2 QoCEHD THEE
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04 Overall Result

e CATIAZ| Parametric Design= SimLab2} H&5t0q, 24| Hy £80| 7t 94 7|8 K52t 23S +48
o oli'e AH0| CH3H hard one-point landing =4S 718t H|MY DX siME 2ot 24, 27| 4| 7|= 2F 0.956kg2
X2k FOS 4.772 TP A| AtEfjelS 3o
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2
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o Alg|Me

1 L—-—1 O

¢ 7

eiE|2ioLt, eSS Sfgh Aol Ee

I

]

o MAHL(R T)E AH35I0| Box-Behnken Ef4!9| DOE £=3

t

o Fit O] ZAA$(R?): 1.00(Mass), 0.99(Max_Stress) = =2 0% Ht: =t

o X|XSI0|M= S= MEQI Max_DisplacementE H|7{st Mass %22} & Max_Stress = 150MPa (FOS 2 H£)2
7|Z=2 2 GRSM(Global Response Surface Method) 7|8F £(HZXH =&

o ZIHMOZ A2ES 0.43kgl 2 ZEksletnt A0 = QHEM ohH



04 Overall Result

e Parametric Optimization -0 A HMHEl .|h3d ZIHY 7[Ho= A
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Aerodynamic Analysis
01 Outline
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01 Outline

Tool Selection
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01 Outline

Simlab WorkFlow

Mesh Bourfd-ry Solution
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01 Outline

O|&7[M B EAS EH 2fxl| % 15m 30N 9] Ch7 |2 & B EO

— Flow Assumption : Steady Incompressible Flow Ideal Gas

dF
dF = gdm = gpdV = —pgAdy ,dP = — = —pgdy
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15m ~
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02 Modeling

Cruising Altitude : 835m
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02 Modeling : Ver2
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02 Analysis : Ver2

Flow Box Definition & Boundary Conditions Settings

Wall
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02 Analysis : Ver2

Battery Cells Heat source Setting
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02 Analysis : Ver2

Wall condition Setting

e Applied Flux
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Heat source B 200

_ 2
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Applied Flux =
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03 Result : Ver2

Acusolve; Temperature Distribution
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Convergence
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Acusolve; Temperature Distribution

e Acusolve; Temperature Distribution
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03 Result : Ver3

Convergence
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01 Outline

Inspire WorkFlow

Condition Safety. rate Optimization
Setting Setting
HHE2 [0 ZH3 1= ZloRdE
o2l 2H E0 FHEERIE 2ot
249) 405



E
Ol
ol
=
4 ,
« R
T 10
< <
5 TH O
K o Hil
@a_ﬁ o 0
N on OH
OF ol
M A gor
M__m*_. LH 0
=T 00 ®o
= Ko
UF S =
| <l oo
o o Kl
S _ =
n T

L <l
of Lo
i s

; : -

N o 0 O

- o <K

._w. H MH

'®) Ol L]

0 iy

(7)) 104

O

D 4

A4

O

i

T




Thickness Opti.
02 Modeling
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03 Analysis

C20| £ 23m/s 2 A= HAEIN|A Q]
S 9F 35.6m/s = ZQIot0 58.6m/s= 2= AH| A
N =24
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NINERER:

e M= Aluminum 6061-T6 Setting
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Drone Optimization

02 Expected effect
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