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Development of Protective Device for Quadcopter on Impact
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ABSTRACT

Recently, research and interests in pilotless and radio-controlled quadcopters have increased due to military,
hobby, and air-photo applications. However, quadcopters are fragile and can very easily to break when they
crash. Therefore, it is necessary to create a protective device such that these devices can protect the main

board, motor, and propellers from outside impacts.

In this paper, a protective device for a quadcopter is

designed in the form of a circle to disperse shock. Also, a dropping and impact simulation was performed to
verify that the quadcopter can be efficiently protected when using the proposed device, created with the

commercial finite element software Solidworks.
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Fig. 1 Impulsive force graph of inelastic and

elastic collision

e_I_d_A—Pi ()

e =/, ©)

3. 25 Ex[ dA H M=

B AFoxe dA H ML mdy 9 #3
2484 T2 SolidworksE  AFE3FH o™
B3% X9 A7]= Table 13} 21 Fig. 2& HE
2 WA HAE Yepdid F QAL drta
Z2}2Y<Q Poly Lactic Acid(PLA)O|H E4d3
Table 29} 2T} PLAE A% GA2 2% w}
HEH T Hyo] I 4 or= 23 C
2ol A AEE A
A FHoZ= A S EWE Eriad
Ze2gHE HFete AAC wet EAE AFFE
Al A&E 4~ = Fused Deposition Manufacturing
(FDM) %21¢] 3D ZHE7} AMEESIY FDM %
2lo] YL HAek ol FHekslr] wjEo] A=
FH7F 93t st E wWo] 4&E st AAH
HePstA A5 WS BAHSA

Fig. 33 20|, o] BE X9 HA A A o
o FHCRRE FE=FEHE HES] 93
ATzE AAEEY. g Z2d8e] MY
qS st Be A9 HAE dAdsta, v
T8 Ragyt Z2dgd 114 HA FEF A

lo W orfF o o

2 e 3o s Azsiglon v Y
g3 T 2 U A Az AAEn. 4 ¥
= o5l dER ddgd et & HEFde] =
AL BOANZ F e 95 2 % F, F
g A Bt 24 duAE B FATE BF
Tl ZalEo=N TR ADHE A
g 2R3 Heo] BRES o] =Ho| 7hsdt
o TR AEFEY I A 2AE =+ 3
== syt

Table 1 Specification of protective device

Material Size (w-d-h) Mass
Poly Lacti
O M 1122112230 mm | 1000 g
Acid

Table 2 Properties of PLA

Tensile | Flexural | Flexural

at 23 C strength | strength | modulus | Mass(kg)
(MPa) | (MPa) | (GPa)

Value 939 80 4 1

Fig. 2 3d model of quadcopter with protective
device

Fig. 3 Fabricated protective device shape and
interference check with quadcopter
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Table 3 Simulation conditions

Fall g(m/sz) Height(m) | Mass(kg)
Without device | Yerucal | ¢ gy 3 1
gravity
Vi Vertical | g g, 3 21
evice gravity

(a) Upper side of center

Probe 1~18 Probe 1~18

(b) Side of center

(c) Bottom side of center

Fig. 4 Stress distributions of each part and
measuring point

1E+0.8 * 2
2

£ 1E+06
Z

a

£ 1E+04
3

o

[}

L

= 1E+0.2
=

o

>

12 3 45 6 7 8 9 1011121314151617 18
Measuring point

M Upper side of center Side of center ® Bottom side of center

Fig. 5 Stresses of quadcopter without protective
device
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Fig. 8 Varation of impulsive force with time in
simulation result

5. ¥

=4 H3t aHelA HAuz &9 JFe T
Ty 7T 4 5 e A¥s] Ss
4 F5 AY AAE olgsdt. AHE of
A Fig. 99F ol dLs vt 4 F7F Tt
£% 98] msPoE UEtete] BE Ax7F 93
BEo 4L 713t O 3 B3 ZA ol
AAg Z=A(U2AD12)9 50| 7Fs|A Aztel
uE FAEY] 1g=E E—M & 5 gl

A=HHY A9 ZEH = oﬂ e} HE Fo
7} 7ha o), oo, AAl 4 APE BE AX
E AFF A=FEHY A Hlﬁﬁ Eol9l 3 mE
stRS W, SAGsE Mo AR T4
Fo 9IA ouArE Z2oan HAAsAT wEkA
34 Fo 93l mols FAHI 8 b 2
& AL AT A 9 g FEIEE
& %3 981 m/s’, me o AFOE 36 kg
olW mt HEFH HFOE 21 kgoli he
o dat = 1 ht HEFHO HE Eo]Z 3
mo|th. b g2 tidstd 4 (1003 Za o
5t EolE A A (1) pomg Fo Y
3} Hol= 1.75 mE A

m;gh; =m,gh, O]

- 67 —



YR, wEat, oldA, ZElE, Hrel

=7 AZLE S A, A4, Az

3.6kg + h, =2.1kg » 3m (10)

h, =175m (11)

Ad A= Fig 1034 23 Ao 48 #S
A Fd e o :LEHHP gAF AT Hdl
FAYES 2 —E lzl 0.0024 so]3L oluje] Ht)
49 No|gith whAIFE 317 93l

586
%ge_ﬂl% 2= NS JFo g WY A
38 FAY Lo 2718 A e

O

&
Kl
o
>
N
u
A
o
=4
=)
2
[\S]
w
v}
:L
HU
:Ll
N
A
nl?lJ
o

;]_3: H]—lﬁo
104856 Ns, 315 %
0554 NSO]?)\E‘I] o] & FAFY H|d
= 08622 AXMEAT. Fig. 112 F74
o, 4, Ak vin AIAE HAE
& 7 WAY F4S v Az vﬁﬂ
2R AN A ALtE 54 U“—i 2 AIZE

K

D)

Lo
off T N
2 i ol

B4 o
oﬁ

o}rné%l>mlc>l:oo{>1'££rlouﬁu
o,
2%
e
4,
b
fol
oii
©
2
™
e
Y
do
r&*l
rn:
ol
7

e BT 4 Aok mey
5 X e g HAZ Fhss,
3 a4 Ak AWAASE {AT FFE S

=$¢ F 4 Aok

dedoz B 34 44 % 492 B 349

& Hzsiatel YoFEe] YL FUAL 5

k. 2, ol@ HAE wHoR B APelA:
=

lmpa}:t
Pendulum

B Load Cell ¢

Fig. 9 Impulse experiment environment

Impulsive Force F (N)

(o] c.o014 o.c028 oco042 0.0056 0.007
Time t (s)

Fig. 10 Varation of impulsive force with time

7000
6000

z P
w 5000
g
£
S 4000 s
£ <
2 3000 R
= 3 § K
2 2000 |}7 | %z
1000 | i B e
5 i S
o I T 0.002a's T =
o 0.0014 0.0028 0.0042 0.0056 0.007
Time t (s)
----------- Experiment — — — = Analysis Theroy

Fig. 11 Variation of impulsive force according to
theory, analysis, and experiment

6. 48
B ERAAE 248, Y 2 258 Eob
of T3 AgHI s ASFH T WAE
A8 mE WFOERY A BE T F Yt
25 4% A7 4 W Jlel @
Acge e Fgt A M < BAYE st

g A Hu FEES gAAE ? e FHo=
AAAT. a8y FA4Ys sldS 35t F
g Al Z1Ald sl A E ¥ A% agzs
53 FHFS A5E FFEAT B Bs AX
5 FDM %29 3DZHHE o] &3ty AZsla,
Fe Al HUFZF o] BAYSE vy e F
A5 AES 53 RE AA Hes ASA
o}

Az Ay AFAE SRS v, BE X
o LA} 7 P AZF FBol YT A=Y
o] FAF YFEES FF3AL F, B3 AAE

— 68 —



o
4
ol
)
oo
9
il
fo

@ Ao nE A AR

D A=AV A, A4, AlE

AHE A YA RFol VE $Ye A7t o
AEG A gol s H7] Wgel] on FHoww
B ASFEE HEsE 34 §5 309 458

A=FE e wgass M 9
A o 7 w2 ARE AL Sle ARS
xAete Z1Ale] v Ades AfAdskaA dhdh
aga 2 =ReAs 4o Z2AHE T 7
E FEHE VEoR BT ZAE AR,
HAEFHY FFE 2229 Aol w2 g
Al WHAZ] wiEell oy TR AEFHAE

5 22 A g 29l o A7

a

7|

o

o] =EL 20143 AR (v Az
02 FIdAFAGL] YL who} FPE ALY,
(NO. 2011-0030058).

REFERENCES

1. “Air raid of drone”(2014), http://bbs. kbsec.co.kr/b
oard/front/nboard_filedown.action?basePath=/uploa
d/nboard/board/201404/&saveFileName=20140417
075044259 .pdf

2. Singiresu S, Rao, Mechanical Vibration,
Addison-Wesley Publishing Company, pp. 16-38,
1995

3. “Work and energy, impulse and momentum.”
(2011), http://phylab.yonsei.ac.kr/board.php?board=
experiment&command=body

4. Raymond A. Serway, John W.Jewett, Physics for
scientists and engineers with Modern Physics,
PrenticeHall, pp. 177-183, 2008

5. Robert T. Smith, Roland B. Minton, Calculus,
McGraw-Hill, pp. 273-280, 2011

6. Jeon. J. S, Oh. B. k, Solidworks Simulation

2011, tHE A}, pp. 188-194, 2011

7. Na. Y. M., 2012, Structural analysis of magazine
gripper for multi-tasking machine tools, a
bachelor’s degree, Changwon National
University, Republic of Korea.

8. TSNE, Introduction to Linear Finite Element
Analysis and interpretation, TSNE, pp. 25-35,
2009

9. Beer Ferdinand P, Mechanics of Materials,
McGraw-Hill, pp. 325-338

10. Kim. S. S., “General Physics Experiment”,
Bookshill, pp. 39-53, 2010

11. “Usage corresponding to the shape of the grid
and the principle of the strain gauge.”(2013),
http://tkawns4537.blog.me/70169354299

12. Shin. U. C “A Study on the Shock Absorption
Performance of the Safety Helmet using

Coefficient of Restitution”, Journal of the

Korean Society of Safety, v. 27 no. 5, pp.

30-34, 2012





