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Fatigue Analysis for Newly Installed Blade Antenna of Aging Aircraft

Sang Hoon Lee"t, Sook Lee', and Sang Min Choi'
'Korean Air R&D Center

Abstract

In this study, as a part of the aging aircraft performance improvement project for which no design information is
provided, a new type of blade antenna is installed on the main part of the aging aircraft, and the method of proving the
fatigue life of the main part of the aircraft is reviewed and summarized. There are various methods to prove fatigue life
according to the manufacturer and aircraft design conditions. The fatigue life prediction and damage tolerance range of
the relevant site were obtained through related regulations and industry examples. From these results, the fatigue life of
newly installed antennas around the main parts of the aging aircraft was evaluated and the maintenance period and
criteria were set according to the damage tolerance.
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New Antenna Installation
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Fig. 3 Blade Antenna Installation
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Fig.2 Blade Antenna Installation
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Spring | Component | Node | Node | Thickness | Width | Length | Young's Modulus | Stiffness
Number Name (1) (2 (t,in) (w, in) | (L in) (E, psi.) (K, Ib/in)
1 1 2 0.063 0910 | 0616 1.05E+07 977216
2 2 0.063 0910 | 0962 1.05E+07 625743
3 3 4 0.063 0910 | 2304 1.05E+07 261270
4 4 5 0.063 0910 | 0962 1.05e+07 625743
5 5 6 0.063 0910 | 0616 1.05E+07 977216
6 Skin-1 7 8 0.040 0910 | 0680 1.05E+07 562059
7 Skin-1 8 9 0.040 0910 | 0616 1.05E+07 620455
8 Skin-1 9 10 0.040 0910 | 0962 1.05E+07 397297
9 Skin-1 10 1 0.040 0910 | 2304 1.05E+07 165885
10 Skin-1 11 12 0.040 0910 | 0962 1.05E+07 397297
11 Skin-1 12 13 0.040 0910 | 0616 1.05E+07 620455
12 Skin-1 13 [ 100 0.040 0910 | 1.000 1.05E+07 382200
13 Skin-3 14 15 0.040 0910 | 0680 1.05E+07 562059
14 Skin-3 15 16 0.040 0910 | 0680 1.05E+07 562059
15 Skin-3 16 17 0.040 0910 | 0616 1.05E+07 620455
16 Intercostal | 18 19 0.063 0910 | 2034 1.05E+07 261270
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Fig. 9 Spring Joint Analysis (SJA)
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Bypass Stress =
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Location Description:
Figure 24 Single Row of Multiple Fastener Holes - Edge Fastener (Near Plate Edge)
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Toads and Stresses:
By-Pass Load (P, ): [ 2o1]mf By-Pass Stress (0,): ksi
Fastener Load (P, ): [ 1453 Bearing Stress (0,,): | 26322 |ksi
Far Field Stress (o): [[11985 Jksi
Bending Stress (Opqppk | |ksi
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Material Properties:

Plate Young's Modules: 10.00 | e6 psi
Fastener Young's Modules: | 29.00]e6 psi

Geometry:
Hole Diameter (d): 0.138in

Plate Thickness (t):

Plate Width (W): 1.00 [in Product Form Modifier (PFM): 1.00
Effective Width (We): |__os3]in X 1.00 Correct Material Type

Fastener Pitch (P): [ o091]i

Countersink Depth (Desk): 0.04]in

Edge Distance (ed): 0.316]in Grain Direction Modifier (GDM): 1.05
Fastener Spacing 062 [in X 1.05 Longitudi

Head Distance e: 046/in

Stagger Hole Angle (91):

Rod End Lug
1.0 1541914
115 e/d=200

&=

Fastener Spacing, K, 5
Staggered Hole, K,

Results: KT KTx Stress
Maximum By-Pass Stress Level: 3.52| 27.71883|ksi

Maximum Bearing Stress Level: 1.07 | 28.14855|ksi
Maximum Bending Stress Level: ksi

Maximum Stress Level: 55.86738] ksi

Calculated SSF

Fig. 10 Stress Severity Factor Worksheet
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2 ARR3IT[5].

e

Log Nt = 11.1-3.97 log (Se-15.8) (3)
Seq = Smax (1-R) **° if R = 0 then Seq = Smax

Seq & Smax o #9 @ ksi. ol# R S|
(min/max) ©]t}. cabin &H2 2] Alo]Z& R=0 o|t}. o]
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q = q/[1+sartB/y)] €Y

714,
Log B = - (Fu+ 100 ksi.)/85; Fi < 220 ksi.

0.163 <1z #7e] =H(HAE 0.0827)% ¥ Fuy
=61ksi. & A}

Log B = - (61 + 100 ksi.)/85 ®)

o)A B = 001276 = $19] 4 (5) =HE A
q=0.694 2 Aoz AL F 9},

w2 MR olge] 4 (6)o.w AAte

q = K,-D/(Ki-1) 6)

7] A
q=0.694
K. = 4.02 (Fig. 10)
K, = 3.10
w2 a%E aHs A4 Ho S8 ofdl 4 (M}
ol AakdE

Kn x 11.985 ksi = 37.104 ksi. @)

Log Nf = 11.1-3.97 log (37.104-15.8)  (8)
714,

N; = 669,884 full pressurization cycles.
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Table 2 AFGROW Inputs

Tonsi

ension 0.638 | Px 14.633
Ratio
Boar]

ea.rmg 940 Spect.rum 0
Ratio R-ratio
SMF 11.985 Material 2024-T3
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skot,
Large Hole Kt Satellite Hole Kt Combined Kt
Stress Gradient Stress Gradient Stress Gradier
(in) (in) (in)
Distance Between
Large Hole 0131 [satellite Hole 0131 |Centerlines of 0870
Diameter: Diameter
Holes
Distance Between
Large Hole 0.0655 [satellite Hole 0.0655 |Centerlines of 08045
Radius: Raduis: Satellite to Edge
of Large Hole:
Ligament Length:| 0.7390
Distance From Kt i From Kt i From Kt (theta) Crack Beta
Center of the Hole. Center of the Hole. Center of the Hole Kt at Large Hole Length | Correction
0.066 3000 0.066 3.000 0.066 3010 0.000 10034
0127 1239 0.127 1239 0.127 1244 0.062 1.0040
0.189 1082 0.189 1082 0.189 1087 0.123 1.0047
0.250 1041 0.250 1041 0.250 1047 0.185 1.0058
0312 1025 0312 1025 0312 1032 0.246 1.0072
0373 1017 0.373 1017 0373 1026 0.308 1.0092
0435 1012 0.435 1012 0.435 1024 0.370 10121
0497 1009 0.497 1009 0.497 1026 0.431 10168
0558 1007 0.558 1007 0.558 1032 0.493 1.0250
0.620 1006 0.620 1006 0.620 1047 0.554 10413
0.681 1005 0.681 1005 0.681 1087 0.616 10821
0.743 1004 0.743 1004 0.743 1244 0.677 12387
0.805 1003 0.805 1003 0.805 3.010 [Kt at Satellite Hole 0.739 3.0000
3.500
3.000 \
2.500
g /
3 2.000
: /
£ 1.500
§ N A
8
1.000
0.500
0.000
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900

Distance From Center Line of Large Hole (inches)

Fig. 12 K, Gradient Calculation
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