Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.7.208

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 7 pp. 208-214, 2023

nAzd 24e ¢ FAFE7] 39 44 £4

Ao, Axs

—

F|lesdd

Analysis of the cause of crack in UAV through the microstructure
analysis

Dae Han Kim*, Ju Hwan Kang
Defense Agency for Technology and Quality
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Abstract Unmanned aircraft vehicles (UAVs) can be classified into fixed-wing, rotary-wing, tilt-rotor,
co-axial, and multi-copter according to the type of flight method. UAVs are also used widely in the
ongoing war between Ukraine and Russia, with fixed-wing UAVs mainly used. The advantage of
fixed-wing UAVs is that they can operate longer hours and longer distances than other types of UAV.
On the other hand, the commercial part mainly uses multi-copter UAVs. They are easy to fly and do
not need a runway to take off and land. This study examined crack defects in engine hubs in fixed-wing
UAVs. The defect was found during a pre-check to operate the UAV. The cause of cracks was examined
through microstructure analysis. Microstructural analysis used optical microscopy and scanning electron
microscopy, and the shape and propagation mechanism of the crack was confirmed. Initially,
micro-cracks appeared in a disconnected shape, and the final fracture occurred when the cracks
combined. In addition, there was a difference in shape and fraction between the intermetallic compound
of a defective specimen and the non-defective specimen. Based on these results, the management of raw
material components is necessary. The result of this study is expected to help develop UAVs in the

future.
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Fig. 1. History of military fixed wing UAV
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(b) Detail shape

Fig. 2. Shape of crack part
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Fig. 3. Crack point of A, B, C, D specimens
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Table 1. Result of element analysis

Element A (i,/];ec B (i/;()))ec C (su/sec D (;Sec
Si 0.98 0.98 0.99 0.81
Fe 0.49 0.48 0.49 0.25
Cu 0.09 0.09 0.09 0.03
Mn 0.81 0.80 0.80 0.50
Mg 0.78 0.78 0.78 0.71
Cr 0.03 0.03 0.03 0.11
Ti 0.03 0.03 0.03 0.04
Al 96.68 96.67 96.67 97.53

Si, Mn, Mg AlRMEOIA 7144 542 A4
- e gaolH, Mgot Sivh A HUHEA HY
Mg:Si9] o]AE BaliAl Al9] 71414 B/l F=A
9, Mn2 &FO == W2)ge] Asiglo] 7144 &4
= FAE 7 Qlrk SRR 7 4] g 2do] I
25, te] gy 94t A7HEY 233 7AA &
ge #AaAE e 5,0l

2.2.2 AIEF39l OJM=Z ZHEHOM 24Y)
Fig. 4= A~D A|HY] g ¥ HE Adolo] v}

| B specimen

- Sh-e(k y | A Check
N oint 4 .
3 e ‘ Point

e el

/

Fig. 4. four mounting specimens(A~D)
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Fig. 5. Low magnification OM image of four
specimens
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Fig. 7. High magnification OM image of D specimen
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Fig. 9. High magnification SEM image of @ area of C
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(a) C specimen

(b) D specimen

Fig. 10. SEM/EDS image of C, D specimen

Table 2. SEM/EDS analysis result of C specimen

Element @ Area @ Area ® Area
(wt %) (wt %) (wt %)
Mg - 31.36 0.63
Al 62.73 46.84 98.50
Si 8.24 21.80 0.56
Mn 14.18 - 0.31
Fe 14.84 - -

Table 25 E9 @A AlH © ol Al-Si-Mn-Fe®]
sHHEo] BE A AT 4 A, @ FHAE
Mg-Si 3RgHeo] Ao, ® F92 71Ades b
EPhS ER15190tt. 1A Table 3& B9 D AlHoA:=
Mg-Si SIS YERHA] gttt 2 Al-Si-Mn-Fe?|
sRtET 712de] UEhdS & 4 Atk

Table 3. SEM/EDS analysis result of D specimen

Element @® Area @ Area ® Area
(wt %) (wt %) (wt %)
Mg - - 0.65
Al 75.95 64.59 98.77
Si 6.65 8.40 0.58
Cr - 1.40 -
Mn 7.62 9.68 -
Fe 9.78 15.93 -
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Fig. 11. SEM/EDS mapping image of C, D specimen
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Fig. 12. SEM/EDS image of C, D specimen
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Table 4. Result of Vickers Hardness

Specimen Result 1 Result 2 Result 3 Average
(Hv) (Hv) (Hv) (%)
A 106 105 106 106
B 107 105 108 107
C 109 106 107 107
D 93 96 97 95
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