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Acoustic Fatigue Endurance Test of
USB Flap Structure Models at Elevated Temperature

Masaaki Sano, Yoshinori Fujimori, Soushiro lida,
Keiji Komatsu and Koichi Egawa

ABSTRACT

Since the USB flap of the NAL-STOL experimental aircraft is one of the primary
design modifications of the original C-1 transport aircraft, an acoustic fatigue test of sub-
structural models at elevated temperature was conducted to verify the safety of the flap
structure during the planned flight evaluation program.

The following five structral models were provided: upper surface (A) and lower
surface (B) substructures of the main flap, upper surface substructures of the fore flap
(C), and additional models for upper (D) and lower (E) surfaces with reduced panel
thickness,

All structural models consist of the face panel with stringers and ribs rivetted on
the backside in # shape. Thus they are called “nine-bay” models, with the center bay
being of primary importance. Test panels (A), (B), (D) and (E) are all flat but (C) has the
same curveture as the actural flap structure. The material of the face panels and stiffeners
of (A), (C) and (D) is Ti-6A14V alloy and that of (B) and (E) is 2024C-T3 alloy.

The present test program comprises the following four items:

(1) Static thermal loading up to 200°C to detect the thermal buckling temperature of
test panels (A), (C) and (D).

(2) Vibration test by an electric shaker and impact test to identify the resonant fre-
quencies, mode shapes and damping coeffidients.

(3) The dynamic strain response measurement and its data processing to compare the
results with the numerical simulation solution.

(4) Acoustic fatingue test on test panels (A), (C) and (D) at elevated temperature and
on (B) and (E) at room temperature.
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The conclusions reached by the present experiment are summarized as follows:

(1) Thermal buckling occured on test panels (A) and (D), but not on (C).

(2) Resonant frequencies of the flat test panels (A), (B), (D) and (E) fall in the range
between those of clamped and those of simply supported plates. However resonant
frequencies of (C) are very close to those of the simply supported plate.

(3) The dynamic response strain spectrum has a significant frequency content in the
100 ~200Hz range besides the peaks at the resonant frequencies.

(4) Through the prescribed fatigue test period, all structural models have proven them-
selves to be strong enough to resist both acoustic and thermal loading. No detect-
able damage was found on the panel face or around the rivet holes.

Besides the laboratory verification, analytical treatment on the strain response has
been analyzed and the fatigue life has been estimated on the assumption that the flat
test panel was uniformly loaded by heat and noise. The strain responses of simply sup-
ported panel qualitively agreed with experiments in terms of the spectrum, but their
R. M. S. values were larger than those determined measurement.

All estimated lives based on both simulated and experimental strain histories
suggested confirmation of the fatigue test results.
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4FEF (0.A. SPL) OB,

O.A. SPL=21.8log;o (T/Tpyax)+168 (dB)
(1—1)
o120, Trax IEA#NEERT
EREONIL, ZORKOTEE2R7 b, R
—~ 1 TRENBEREHS, HHINEMALTH, 2
R PADOERZDH DL, Bl LsWEL, £
o, METIE, RiEEBNHO, TOXLBTRDOL
2120.A. SPLIZEET 45 EEZ 5,

BPE R UERERO.A. SPL

=0.A.SPL —2dB

EARUERNEFO.A. SPL

=0.A.SPL —4dB

FREBO.A.SPL

=0.A.SPL —7dB
KiTR 0. A. SPL
=0.A.SPL - 10dB

((1-2)

150

144.0dB/Hz
okt (10~150Hz)
e}
o8}
iy
(\ Lol
v o
K =
=
et
10! 2 K] g 7 1‘02 2 3 .5 7 1l03 2 3 .I') 1104
B ¥ & f(Hz)
f1-1 BRXEEFERORRZJ b
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(1-1), (1-2)REBT7 74 b2 —=2ilHh
TiEpsE, USB7 7 » 7OEEBREIL, 2RO
EBHEUELZIALOCBEINS, LML, O
$ONERWELX, BHEABRTANT SOIHEET
HbH, £ T, BEBEOEZHERVLT, BERE
BHOTBAMIK, tOEBARLTHRETILAERI
-1, 1-2D&L9185, 2L, COEEER
L7:S— Nz, Ti-6A1-4VD400°F 249 5

HODT,

—4. 66

N = 8.83%10" €pps

16)

TEREINDB E LTI
Dok S1uEE»S, EBUSB7 7 » 712,
BHRDT T4 WA -V T 1754 MRETT UL,
0.A.SPL=166dBT 7.3 KkU, 3. T EFBICR
EhkOLRAEDBBAZIIZEEZLND, # o

T, 750754 FTIT

(11 -1 MR8 — v 1 ICBY 25mNHE

1 B BE 4.8 3.0 166. 0 3.0
2 £ A 3.8 30.0 161. 0 2.0
3 # EdE 3.1 6.0 162.0 0.7
4 | C.E.1.%] a8 4.5 164.0 1.5
5 | £E& 1 2.2 5.0 153.0 0
6 B i 2.1 15.0 156. 0 0.1
7| LR 2 1.9 10. 0 152.0 0
8 | L& 3 1.6 10.0 150. 0 0
9 B fin 1.0 24.5 143.0 0

Tt = 120.0 | 2ty = 73

% Critical Engine Inoperant

ff&1 -2 Rig/2—> 1B 2%

1 L1 PE 4.8 3.0 166.0 3.0
2 5 23 3.1 6.0 162.0 0.7
3 +H 1 2.2 5.0 153.0 0
4 R 2 1.9 50 152.0 0
5 K AT 1 1.8 5.0 148.0 0
6 K A2 1.7 2.5 148.0 0
7 ® A3 1.6 2.5 147. 0 0
8 | L& 3 1.6 5.0 150.0 0
9 | K R 4 1.5 5.0 147. 0 0
10 | & ft 5 1.2 81.0 144.0 0

2t = 120.0 | Ztppi = 3.7

(1-3)

( 7.3%X3754+3.7%375)
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O.A. SPL = 166dB
AR = 62 KR }
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fHE4-1 AlBEMHRER(EER)
No. | &5 5z} B B {7 | 2024-T4 | 7075-T6 | 2014-T6
E | ¥V I FE kg/mm® 7170 7240 7380
M ()3, 7288 ,, 2110 2110 2110
K Monotonic 3B ” 82.3 84.4 59. 8
n " EELIEH 0. 20 0.113 0.035
K' | Cyclic BB AH kg/ mm? 83. 7 92.8 70. 0
n' n  FEEFEH 0. 0973 0. 0835 0 081
oy | By BRERY kg/ mm® 102.6 239 110. 7
8 e/ | FBHEHHBE 2.11 1. 905 0.39
9 d | HEHREEY -0.11 -0 20 -0. 119
10 c |EyEHIER -0. 981 -0 93 -0. 659
11 | oy |HEWEE kg’ mm® 64. 3 75.9 64.0
R 2
12| 0 |® B ke S;;/ 2.82 x 10| 2.82 x 1079| 2.82 x 107
13 v TR 0.33 0.33 0.33
14 | ap |BERGEH ! 22.8%x107°%| 22.8%x107%|22.8x10°®
ik 4—2 Ti-6Al-4VHHME TR
. Ti - 6A1 - 4V ( Solution treated, aged)
No. | &8 .
o | ®5 g | B R.T. 50°C 100°C 150°C 200°C 250°C
1 E | ¥ 7% kg/ mm?® 12000 11700 11100 10500 9900 9300
2 M Y77 28K ” 3500 3500 3500 3500 3500 3500
3 K | Monotonic G ” 147 141 128 116 103 90. 4
4 n ” EELIEH 0 033 0.033 0.033 0 033 0.033 0. 033
5 | K' | Cyclic BEH#K kg/ mm’ 148 142 129 117 104 91. 4
6 n' n  ER{ER 0.075 0.075 0.075 0. 075 0.075 0.075
7 o, | HHBEGH kg/ mm?® 221 213 196 179 162 145
8 | &/ | BHEHEH 0.94 0. 90 0.83 0.76 0. 69 0. 62
9 d | BHBEERER -0.112 -0.112 -0.112 -0.112 -0. 112 -0. 112
10 c | BFEUER -0.08 -0.68 -0. 68 -0. 68 -0. 68 -0. 68
1t, | o, | BEEBE kg/ mm? 175 169 158 147 136 125
121 o | & 3 kg's‘;f;f 4.59 % 1079 4.59 % 107%} 4.58 x 1070} 4.5 X 107| 4.59 X 107 | 4.58 X 107
13 v | TV VK 0.34 0 34 0.34 0. 34 0.34 0.34
14 | o | BEERR ¢ 9.45%107%] 9,45%107°|9.45%X107°{9.45%107% | 9.45%107% | 9.45 x 107*
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