Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.7.638
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 7 pp. 638-644, 2020

37 T2 $EB L A9 AN B A7

A Study on the Life Management and Improvement of Vulnerable
Parts of Aircraft Structures

Hyoung Jun Choi, Sung Jae Park’
Defense Agency for Technology and Quality

o ® Qv 93] skl et waeks 2EL A1

Fotedek. Bg7] TR0 AAH 57 o L 29 BelE B 7x AW
FEE HHRY £ 242 5o 2§ 5159 FFol 2 Bulkheadd] A4to]

2719 #927] AAFSES 003inch 5234 Hlwste] AAFLANE ok 3
4oz A ) AL S Aol PF7] A SAef Aol Bashet,
7] 87 4791 15000 S84k o4 el Hok 3591 5 Hstel o 1450 LA §37]
o W 52 F7HAIA U8 D Q1] A0S WAL 27, AP HoF 35909 T2 B Fo FHS AA
stoick. WA ol e 7= el 5718 Be) Hstel YARGAI7} 0.13inchi Sslo] §g7] Aol 57}
stich. 9371 8 3 WS FL) o Aok T WEEPE H25000 SEALOEH 87 S olgom
w450 79 9L veo] e WY Seiulgnt ek wgde) Bk Hasky AN Sustct.

ﬁd
o4
_(?L
n 2
b o
4y o
N
4
i)
BN
1o
>
oH.
o
M
>
_?L
k=l
-
BN
s
ol
o

o
)
ox
o
ot
[
ol
ol
38
o
ol
& o N

>£0Hri
N

ox
B

1 e
fo
ot
w
B
)
2
o,
_?L
30 -
£
e

41::
o
Ll o
™
_?L
o, M

o

.032incho]t}.
g ofja At g
A2 AR A7

OH

L)
Rl
B L
fu
> 8

N
rulO n\i

¥
ol

>

1

ol
ok

oﬂlRO
of

0
5

Abstract This study examines cracks that occur under the load of an aircraft. The life of aircraft
vulnerability structures was analyzed and structural fitting improvements were made. Structural integrity
and safety have been achieved through preemptive life expectancy and life management of aircraft
structures. The crack size inspection capability of the aircraft under analysis is 0.03inch, compared with
0.032inch, which is the lowest of the three vulnerable parts. In addition, the fatigue life analysis results
in approximately 1450 operating hours, the lowest of the three vulnerable parts relative to the aircraft's
required life of more than 15000 operating hours, which increased the repeat count of the aircraft's
initial and re-inspection times, and hence raised the resulting costs and manpower consumption. Finally,
the features were improved through structural fitting of the identified three weak parts. The lowest
critical crack size was secured at 0.13 through increased structural resistance to generated cracks and
increased aircraft safety. The lowest structural fatigue life for cracks occurring during aircraft operation
is 25000 operating hours, which are analyzed above the required structural life, resulting in more

optimized improvements than the repair costs and excessive fitting range caused by cracks and fractures.

Keywords : Structure Flaw, Critical Flaw, Fatigue Life, Structural Life Analysis, Structural Fitting

*Corresponding Author : Sung Jae Park(Defense Agency for Technology and Quality)
email: sjpark.jay@gmail.com

Received April 1, 2020 Revised April 20, 2020

Accepted July 3, 2020 Published July 31, 2020

638



Y37] 7= FBwE @ HoPe) A4 ¥F A7

=2

—

1. M

FNe A EHEn 2Y 28 F
9]
=

2o} 27141 74 @ Aulo] oJeA g AL
48 % 9tk Wl B ojuet &4to] WAl A}
3 A5 4 Qs P27 72| JraH L4518
o] Ago] Wasitt ST G879 8 S4 4
52 Baglel WIAAZLOH, s IS TAE A7)
o] A183} Ho] o] o] ol ok B
7] 89| AAATE JAEo] AV} HAsE oA
2 Ao e QRS A H9lT %
et welomA HAUAS STt AT
719] 5o} tjgsiol et wAshe Alae] 99l
Azol Haddo] grie g e W
Qo] u]a) % 2g3ke shEAME ofs) st
mlo] o)=A Het. olAY F37] MzAAY Fage
g8 st 9t

72| el Bag 7&AEs HAs) ol o
o] 57} re] H4sfole. MIL-STD-1530014
U5 BET 9 e8AEe) SIS Brlslol 4w
942 ohd FEsli HAlsh 571 59 njgkos
15} QIeHI]. AA] 28wt Aol7h Hol s A4 &
8 Tutow Hulg AT A9, Heke AHo] gy
7 e A H1, BaF Huvh reEAy, 2
2% QIS S B 4 Qo B A5E A
3, 28 95 W 4 7] ul8 £712 ojold % 9
o Webq sgBee v Bash, olg Ea v

o §AstEA Hu) vlgT 28 24 Alolo]

F9e 94T & Ut

YD) € £SO Mgy
so] 2% FLIEE ARET FET]
o A8E YARONA o] LANAAL, 2
AN WA S 9l AskFlaw)ol WA
Fzo] ols 2R ¢ Atk Aol TREe
B of&sh Aolth2). ol AL EAF 279 7
g% dug & 9lov, olg x7l@dlet .
Z1FB A7) 15SG-20069} UM A} F220f ol
CEEIER I PR E e Rt
He 9% 271293719 27 A4 AREE] F

BB
e

Ml orlo ok oY

2L

jj_]-‘l

Q:

o I
oZ 2

1)
4 H IR}

5

P

37 & F olgt 2 HEL|RREH #2847
715 St 571 F+2E U4 e 249

639

27292720 7o 7154
27|17 EEo] skt 285
o 753 Fge
TFE2EC] 352 AT
~_,r_F°ﬂ _:]_7] 2 /é;d—@_}

ZaRool A=y 4
> Qe g

‘gelioltt. AAIE

il
jrieh

oOh
ok
N
-4
i
£ ol

ol
-

N
Loy
o
Fu
o
of,
o
o
bl
ol
k1
L]
2

oX,
4

L)
=,
ML
i

ol
Ok

EOART S L A

(¢] _{ 3
&

2.1
Fig. 12 3871 #3229 4=,
e BAE e Zolts]. 8
€ skl ARMAASS S 3571 A
A REE 5 e skl A EAIsEE Al
39 1.5 AAstar HdAsISl et ko]
G| gho] HEE AASt AEARE 7Hih 34
T 280wt Fho] skl ARdEe A
A dot. ARA=} ARMEA S 80%7HA] A4sh
= 1 TE-Rdsks ARl s, HadArks
TLA7|FE o] AI7HA AR} 2l &St
il

kis!

Al

2

82 SHIT

80% Initial Flaw Size ,*
Flaw Size

"
Q

R
_-7  Ultimate Load

' during Service Life
Flaw Size -0
‘- '
—_ 7 1

- Flaw Growth Acteleration

'
'
'
'
'
T

Initial Flaw Size

1
1
1
' ) Life
|« Fatigue Crack Generation Period 4-:'—
|
1

Fig. 1. Changes in Strength and Flew Size on Aircraft Life



&3 =54 A2149 A7%, 2020

I
[

Wi

371 D 2 A5
9] T2F Fopnele] &

3RE Table 13 #o]

5 BAl9) 20 34 %
42 Fol Aol Bagk
q

gtk AR

o
=

¢x ol
N

R

2le] 5% @ A%5-L AAske A3 5A Bulkheadd]
5 HES THSE dUL Pk 7B 27|79
9 YAZGS Bk Waswe EEsn

Table 1. Location of Structure Life Analysis

Flaw Part Location
B#1 Bulkhead, FS280, BL19 Longeron, Bolt Hole
B#2 Bulkhead, FS330, BL8 Longeron, Bolt Hole
B#3 Bulkhead, FS330, BL19 Longeron, Bolt Hole
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Verification of Structural
Fatigue Life

Fatigue growth flaw is the flaw growth
path for repetitive loads and flaws
appear in the form of destruction as
stress expansion approaches the

Critical destructive properties

Flaw

If flaws exist in the structure, the
growth of flaws is related to stress
. strength and configuration
Initial
Flaw

Fig. 2. Verification of Structural vulnerable parts
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Fig. 3. B#1 Configuration and Flaw Definition

Table 2. B#1 Structural Life Analysis Result before

Table 3. B#2 Structural Life Analysis Result before

Fitting
Fatigue Initial Critical Inspection
Life Flaw Flaw Ability
2712FH 0.0lin 0.032in 0.03in

Fitting
Fatigue Initial Critical Inspection
Life Flaw Flaw Ability
1466FH 0.05in 0.132in 0.03in
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Fig. 4. B#1 Structural Life Analysis Curve
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Fig. 5. B#2 Configuration and Flaw Definition
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Fig. 6. B#2 Structural Life Analysis Curve
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Table 4. B#3 Structural Life Analysis Result before

Fitting
Fatigue Initial Critical Inspection
Life Flaw Flaw Ability
9530FH 0.01lin 0.044in 0.03in
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Table 5. Properties Comparison of Aluminium and

CRES
Category Properties
Aluminium 2124 CRES
Tensile Strength(Ftu) 63ksi 201ksi
Yield Strength(Fty) 54ksi 190ksi
e sy |Gt | et
Fatigue Strength 25(ksi, N=10"6) 57.1(ksi, N=10"6)
Fracture Toughness 24ksixinch”0.5 70ksixinch”0.5
Density 0.11b/inch™3 0.2791b/inch™3
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Table 6. Structural Life Analysis Result after Fitting 3. &=
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