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Aircraft
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Abstract In this study, a fatigue analysis of an external fuel tank and pylon for fixed-wing aircraft was
carried out as part of the domestic development of fixed-wing aircraft. Through structural analysis, the
analysis areas were selected, and the transfer function for unit loads was established in the selected
parts. For each of the continuous load profiles, stress components in the selected areas were calculated
using the load of each profile and the transfer function, and the Von Mises equivalent stress was
employed as the representative stress of each profile. In addition, the rainflow counting technique was
used to extract individual profiles obtained from the initial large load profiles and to calculate their
amplitude and average values. For life evaluation, the S-N diagram of the Metallic Materials Properties
Development and Standardization (MMPDS) was applied, and the damage value was calculated by Miner's
rule to assess the life of the selected area. As a result of the life assessment, the life span requirement

for the selected area of the external fuel tank and the pylon was assessed as being satisfied.
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FPob7] Qg AR o R xS Bl R
ERA9} g9 HIRLSE A5ttt
24 AAIAZEE A3E o5 ZaEIS
ARgStGiETl,  Sefskeel  ogt HAgR(Transfer
Function)& F+&3t0] Z+ sk Z2uto] ofgh txs
(Representative Stress)g AALIATE F12, & =
HolMe Z 5% Z=2utA9] ESHOZH Von Mises
7HEE ARgSkSITh
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<Step 1>
Selection of Critical Area
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<Step 2>
Construction of Transfer Function

<Step 3>

Calculation of Stress Component ‘
of Each Load Profile

O
<Step 4>

Calculation of Representative Stress
of Each Load Profile
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<Step 5>
Rainflow Counting
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<Step 6>
Calculation of Smax, Smin,
Stress Ratio, Seq
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<Step 7>
Calculation of N

O

<Step 8>
Calculation of Damage

Fig. 1. Procedure of Fatigue Analysis
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Pylon

External Fuel Tank

Fig. 2. Assembly of EFT and Pylon used in Fixed
Wing Aircraft
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Fig. 3. Force imposed on EFT
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Fig. 4. Boundary Conditions of EFT

Boundary Condition
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Table 1. Boundary Conditions of EFT

Constraints

FWD Lug X, Y, Z Fixed
AFT Lug X, Y, Z Fixed
Pivot Y, Z Fixed

(2 (b

Fig. 8. Joint #01, #02 : Critical Area in EFT
(a) Joint #01 (b) Joint #02

Force
Fig. 5. Force imposed on Pylon

Table 2. Boundary Conditions of Pylon -

Constraints Fig. 9. BRU Pin Hole : Critical Area of Pylon
FWD In-board 7 Fix
FWD Out-board Y, Z Fixed
AFT X, Y, Z Fixed
FWD In-board
v (@) (b) (0
Fig. 10. BRU Cutout : Critical Area of Pylon
" FWD Out-board 3 Station (a) #01 (b) #02 (c) #03

Fig. 6. Boundary Conditions of Pylon

Fig. 7~12& #2314 2725 E AYH m=2sj4
FEEM, Fig. 73 82 9 AR I0A AHH T
24 B0l Fig. 9~12+ w4 AXH F=2
314 Feloth. HESNE 5] R AsAolM=
Center Frame, Lug Support, AZ2EE 445191, 1}
Y#olA= BRU Pin Hole, BRU Cutout, BRU
Connector, Bottom Frame& X735ttt

(a)

Fig. 11. BRU Connector : Critical Area of Pylon
(a) #01 (b) #02

Fig. 7. Center Frame and Lug Support, Critical Area in

EFT Fig. 12. Frame Bottom: : Critical Area of Pylon
(a) Center Frame (b) Lug Support
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E11Yo] Table 49} Zo] FojX= 7§-°r—,
2} o}, oy, 7y & okefiet Lol Akt

o =(Fx_n - Unit_Fx1)+(Fy_n - Unit_Fy1)+(Fz_n -
Unit_Fz1)+(Mx_n - Unit_Mx1)+(My_n -
Unit_My1)+(Mz_n - Unit_Mz1)

oy=(Fx_n * Unit_Fx2)+(Fy_n - Unit_Fy2)+(Fz_n -
Unit_Fz2)+(Mx_n - Unit_Mx2)+(My_n -
Unit_My2)+(Mz_n - Unit_Mz2)

m5=(Fx_n - Unit_Fx12)+(Fy_n - Unit_Fy12)+(Fz_n -
Unit_Fz12)+(Mx_n - Unit_Mx12)+(My_n -
Unit_My12)+(Mz_n - Unit_Mz12)

Table 3. Transfer Function Table

Component o1 02 T2
Fx (IN) Unit_Fx1 Unit_Fx2 Unit_Fx12
Fy (IN) Unit_Fyl Unit_Fy2 Unit_Fy12
Fz (1N) Unit_Fz1 Unit_Fz2 Unit_Fz12
Mx (IN.mm) Unit_Mx1 Unit_Mx2 Unit_Mx12
My (1N.mm) Unit_Myl Unit_My2 Unit_My12
Mz (IN.mm) Unit_Mz1 Unit_Mz2 Unit_Mz12
Table 4. N Load Profile
Prg])ii'le Fx Fy Fz Mx My Mz
NP Fx_n Fy_n Fz_n Mx_n My_n Mz_n

Ao} 515 Landto] o B8 mud
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Ae 6 24 ZEudE9 qESHS ALt 4
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2.3 Rainflow Counting Method
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Fig. 13. Example of Rainflow Counting Method
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of Uehd MMPDS-11 3.7.5.2.8() S-N AEE 283}
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1.00~0.50 o]t}
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Shax ~ Sin
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Fig. 14. MMPDS-11 3.7.5.2.8(f) S-N Curve

Applied min. stress = 6,

Alternating
Stress

Applied max. stress = o,

Opman Line

Mean Stress

Opmany/ 2

Fig. 15. Modified Goodman Diagram
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Table 5. Result of Fatigue Analysis in EFT

Critical Area Cycle_p)Cycle_g

Center Frame Satisfied

Lug Support Satisfied
Joint 1 Satisfied
Joint 2 Satisfied

Table 6. Result of Fatigue Analysis in Pylon

Critical Area Cycle_p)Cycle_r

BRU Pin Hole Satisfied

BRU Cutout #01 Satisfied

BRU Cutout #02 Satisfied

BRU Cutout #03 Satisfied

BRU Connector #01 Satisfied

BRU Connector #02 Satisfied

Frame Bottom Satisfied

4. 3=

2 =M e 1HFE7E Rdugaet ud
Aol oigt m=ESfY HE Ak, Rainflow
Counting 7|¥< Z85ta] 41 Yris $35t9ch 5=
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A7E FERlolA 7S BF Bl 208 Ut
Act.
References
[1] C. Amzallag, J.P. Gerey, J.L. Robert, J. Bahuaud,

“Standardization of the rainflow counting method for
fatigue analysis,” International Journal of Fatigue, vol.
16, no. 4, pp. 287-293, 1994.

DOI: https://doi.org/10.1016/0142-1123(94)90343-3

S.D. Downing, D.F. Socie, "Simple rainflow counting
algorithms," International Journal of Fatigue, vol. 4,
no. 1, pp. 31-40. 1982.

DOI: https://doi.org/10.1016/0142-1123(82)90018-4

(2]

167

=)

Federal Aviation Administration(FAA), Department of
Defense(DoD), National Aeronautics and Space
Administration(NASA), “Metallic Materials Properties
Development and Standardization(MMPDS) Handbook:
MMPDS-11," Battelle Memorial Institute, pp. 532-563,
2016.

S.H. Baek, S.S. Cho., W.S. Joo, “Fatigue life prediction
based on the rainflow cycle counting method for the
end beam of a freight car bogie,” International
Journal of Automotive Technology, vol. 9, pp. 95-101,
2008.

DOI: https://doi.org/10.1007/s12239-008-0012-y

SJ. Cho, YJ. Park, J.W. Han, G.H. Lee, “Fatigue Life
Prediction of the Carrier of Slewing Reducer for
Tower Crane,” Journal of the Korean Society of
Manufacturing Process Engineers, vol. 14, no. 3, pp.
131-140, 2015.

DOI: https://doi.org/10.14775/ksmpe.2015.14.3.131

Ralph I. Stephens, Ali Fatemi, Robert R. Stephens,
Henry O. Fuchs, “Metal Fatigue In Engineering,” John
Wiley & Sons, Inc., USA, pp.74-79, 2001.

Julie A. Bannantine, Jess J. Comer, James L. Handrock,
“Fundamentals of Metal Fatigue Analysis,” Prentice
Hall Inc., USA, pp.5-10, 1990.

4 & 7|(Hyun-Gi Kim) [(H32]

+ 200048 29 : AgHEE 7|AY
T3 (84D

+ 20024 2€ : Aetiste 7IA
T3 (4D

+ 20064 29 : ALtigtn 7IAY

S5 (FHAD
+ 20064 2€ ~ 20074 129 : AT AYAFL
+ 20079 129 ~ @A : F=FTFATY FAATY
(Tl Eop
37 FxY, FRAFS), fA-TF=2 AGNH



