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Quality Improvement and Analysis of the cause of defect in UAV
through the fracture analysis
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Abstract Unmanned aircraft vehicles(UAV) are in the spotlight as a critical weapon system worldwide.
UAVs are also achieving excellent results in the ongoing war between Ukraine and Russia. Previously,
UAVs mainly performed surveillance and reconnaissance missions, but recently, they have developed into
aggressive types. In Korea, corps, division, and battalion-level UAV systems have been developed and
operated according to this trend. In addition, UAVs such as Searcher and Heron are operating through
overseas purchases. Therefore, the number of unmanned aerial vehicles is gradually increasing, even in
domestic defense distribution. In this paper, the cause of propeller fastening bolt damage that occurred
in a UAV was analyzed, and an improvement plan was presented. Fracture analysis revealed the cause
of bolt damage, and an improvement method was suggested. This study is expected to help develop
UAVs in the future.

Keywords : UAV, Defect, Reconnaissance, Damage, Development

*Corresponding Author : Dae-Han Kim(DTaQ)

email: dhkim23@dtaq.re.kr

Received April 30, 2024 Revised May 29, 2024
Accepted July 5, 2024 Published July 31, 2024

271



FAte7|&te=E A A25d A7E, 2024

1. M2

& FAFF7I(UAV, Unmanned Aerial Vehicle)
AAE 3A sty Qlet. =9 BopolA= &3] F<
3717t 383 FNAAR ZRg vk Qiet. = Rof

oA o]HY FERI7]= Al W o] FH AT,
A= AA 2 L E80]1 B8 A FAk 7HsE
FRAE717F AT = ATHL,2,0].

FWE o]=gt Aol wet =1 Fofoll A X|&H
FRAIZ3717F = ik s FRI3E7191 =
e AlZo g g F
FIF717HA FU7EE 0] 28 Fol c,’Ja‘jr(Flg- DI3,41.

S=m9] A= A HxE Jdd FEE FRITT
7101 1990t Z&to] 73 Al&kste], 2004956
ARAEA] = dok 122 11 Qo =9) =Y Searcher,
Heron 50| AXujx] =o] & Folc}.

Aol A FRIFT719 A Aol dis] 24
/\833}@‘:]' 2% AlElE AT EH, TN 28 F
3719 FAAE mEedert o|gslks d4E
shoict. ZEHYE 337 759 i R,
EA7t ‘:—2"‘“ T A T3V FET 5 JoBE kA

o uj- F23%t FEolIth. ol2et e ojgo o

J xﬂﬁ EEO] mlcto] st Hoz Yehdt}

292 g AZdsty Y SE9 o] WAYSHHA T
229 o|g7HA] WA =Y

oj2f3t EE 9 Tt YRlE EAI5H] oA widd &
A[5,61% 5, AL =R AEATY
(KTR)oll 2Jg]ste], B4 ZAIE wopet. B4 7:54‘— E
Y= 47129 EE i dR1E T&oloich 4714 9
Z 7P o] =2 AE WEE= 840 A 73501'
P, o 8AF AATHE HRte = M-S Aotk

division UAV
G battalion UAV

-

AFs71, 1

[o

ﬂ-i
(¢]

2

1 o

0

2

Fig. 1. History of Military UAV developed in Korea
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(b) Standéird

(a) Bolt length

Fig. 2. Shape of broken bolt
Table 1. Actual length of broken bolts

Bolt No. Actual Length Standard
#1 4.4 cm
#2 4.4 cm

6 cm
#3 4.4 cm
#4 1 cm
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Fig. 3. Shape of normal product and defective
product
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Fig. 4. four specimens of broken bolt
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Fig. 5. SEM images of A and B specimens
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Fig. 6. SEM images of A specimen
(Low — High magnification)
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Fig. 7. SEM images of B specimen
(Low — High magnification)
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Table 2. Estimated cause and Check point of the

defect
Defect Estimated cause Check Point
Suitability of propeller bolt
and hole size
Adequacy of propeller bolt
Bolt Insufficient grip
Fracture tightening Torque value applied to

propeller bolts

Maintenance and continuous
check of propeller bolt torque
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Table 3. Improvement plan of the defect

Defect Improvement Plan
1. After the First Flight, recheck the bolt torque
2. After the first 25 hours, recheck the propeller
Bolt bolt torque
Fracture
3. Every 50 hours
4. Environment change

o]} A NARRES: Table 33 o] 24 47}
A2 St g AR 4 B T2y

8 AFol wet AYE §A/85 o
Y& Bsiel +slelch 3 UAZE 3 B T BE
o] B32 g9l T WARE A 25407 W]g § Eas
3jl, A AR o) S0Akk E32 29, nhxjgto.
B3] 5 @Rel WP sleka w28 2l

1Az £88 B9 DUEPE e 23, FUT AT
Job ke A2 Serstect

o] =4y 2}

3. &8

£ R
e
o <o
ro,
ook

o
ro

15719 $3A1E Z2Hy ojg |4t
A Z2dy ojg9] jlow
O sfcko] ¥Rt A2 sk ol

& 245 Asf ohd 242 £
ko] 2ARlof TRt AR

M

B o

T_ﬁm}mégrfm
H1
1]
r
e
m ¢
)

I )
© |

Ner e

S Al

>
_o|lt,
)
i)

- ok BEO nfHEAS SoA EE THo| &
o oA HWgsk= River pattern°] UehadE &
Q53 Y, Transgranular fracture®} Cleavage
fracture®] @Ej7} SHlE]o] Yehb= AL 3013}
= AU

- EE mite] 99l B4 o =4y EEQ &
3719 A, mEHe BE 1199 HEA, =2
He EEo] 48d EAg, Z2de EE EA9
7141 Mo Rol oA HESH.

- AT mRde] EEQ] 7]l EF FRI0|
FAsto] HAgSH Aog FRIE|glon, ol wzt
EE9 §A|/E0 ol F7|H o8 EFE g
gt = U=E RIS AASFAT

B A7 BoA BE uo 4 A, 7R
SARC fA/R450 BAH AR BT 4 Uik
85 FF71] BAVE YA /85 SAAY
HEE 23F 4 9o}, oldl A FolA olefat &
A/RAE FIYF7|E 28] o] FAY Rhehe
RS A 4 Aol B, 2§ S BAAHL
SoA] 10l Y3719 AnE Aol o & S glo
o, 2 Q% 15E ASEANE YT 4 Ut IF
Az RGP/ AtErtd, BATo fA/5%

Zvio] 23T Bgsje] B mgo] P Fo AR



FAte7|&te=E A A25d A7E, 2024

References

[1]1 J.H. Kang, D.H. Lim, “A Study on the improvement of
Air Vehicle Test Equipment(AVTE) stop by UAV Engine
noise”, Journal of the Korea Academia-Industrial
cooperation Society, Vol.21, No.1, pp.90-96, 2020.
DOI: https://doi.org/10.5762/KAIS.2020.21.1.90

John G. Grimes, Unmanned Systems Roadmap
2007-2032. p.5-15, Department of Defense, 2007.

S.R. Jeong, J.H. Kang, “The study on structural vulnerability
analysis of small fixed wing UAV with hard landing’,
Journal of the Korea Academia-Industrial cooperation
Society, Vol.20, No.7, pp.20-25, 2019.

DOI: https://doi.org/10.5762/KAIS.2019.20.7.20

D.H. Lim, G.H. Park, “A Case Study on Configuration
Change for Preventing Propulsion Wire Fracture and
Structural Deformation of Launch System of UAV’,
Journal of Korean Society for Quality Management,
Vol.50, No.3, pp.533-543, 2022.

DO https://doi.org/10.7469/JKSQM.2022.50.3.533

Y.I. Jeong, T.J. Lee, Y.H. Jang, S.S. Kim, “Fractographic
Analysis Method to Estimate Aircraft Fatigue Life”,
Korean Journal of metals and materials, Vol.44, No.3,
pp-155-162, 2006.

UCI: G704-000085.2006.44.3.010

(2]

3

(41

5

[6] D.H. Kim, J.H. Kang, “Analysis of the cause of crack
in UAV through the microstructure analysis”, Journal
of the Korea Academia-Industrial cooperation
Society, Vol.24, No.7, pp.208-214, 2023.

DOI: https://doi.org/10.5762/KAIS.2023.24.7.208

oy

SHDae Han Kim) (N3]
+ 20129 29 FAEgE 2T
ShE &9 (FE5Hh

20149 29 : RAgsty =3
SHEL skl &9 (344D
20144¢ 8¥ ~ EX) : FWEFE
A A+Y A

FAER

a4, =

276

Z & #Ju Hwan Kang) psEE!
+ 201349 29 T=Eed A

AAystat (shA
- 2013¥l 29 ~ 2016 79 : At
229 2GR
- 20164 8% ~ WA : FA|EE

49 A



