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Evaluation of Static Structural Integrity for Composites Wing

Structure by Acoustic Emission Technique
Joon-Tak Jun* and Young-Shin Lee**

ABSTRACT

AE technique was applied to the static structural test of the composite wing structure to
evaluate the structural integrity and damage. During the test, strain and displacements
measurement technique were used to figure out for static structural strength. AE parameter
analysis and source location technique were used to evaluate the internal damage and find
out damage source location. Design limit load test, the 1st and 2nd design ultimate load tests
and fracture test were performed. Main AE source was detected by an sensor attached on
skin near by front lug. Especially, at the 1st design ultimate test, strain and displacements
results didn’t show internal damage but AE signal presented a phenomenon that the internal
damage was formed. At the fracture test, AE activities were very lively, and strain and
displacements results showed a tendency that the load path was changed by severe damage.
The internal damage initiation load and location were accurately evaluated during the static
structural test using AE technique. It is certified from this paper that AE technique is useful
technique for evaluation of internal damage at static structural strength test.
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Table 1. Material Properties Table o] GFmFH Haz FAHAE IJFZEF
(Whippletree)¥¥l5 AH&-3te] AgstFo] &%
Carbon pp
Cabon | AL202 stsor RrtHES Ao s b
Fabric HT145/RS| 4 SCM o] A/T9 &F& 7zt 237kgfS} 197kgfolth. Al
Pt L L dalFe AN MIS SHa557 49
E1(GPa) 65.1 | 1200 | 73.77 | 200.0 Aero’90°]m, =EH< B W9 ARE 53}
E2(GPa) 65.1 | 5.0 73.77 | 200.0 7] AsiMe AAAE F5HQ) Systemd000<
G12(GPa) 358 | 248 2758 | 79.3
Vi 0.09 | 0.295 033 | 023 Table 3. Location of Strain gage
X' (MPa) 804.6| 1390.0 | 296.5 | 248.2
X (MPa) 493.0| 5740 | 241.3 | 2482 S G ol 5 S G ol 5
S 19| bl D Sxtelx |8 D
Y (MPa) 4930] 345 | 2065 | 2482 No. | TonA ol TR
Y (MPa) 804.6| 151.7 2413 | 2482 Front Spar BL25O0,
S(MPa) 493.0| 28.3 234.4 | 1448 1S |BL210%lugatly 20R |FS2168,
t(mm) . 0.19 | 0.14 = Web &7+
olglem”) 157 | 157 280 | 7.86 ,, R BL620O0,
2S BL440 Atch 21R FS2168, "
Table 2. Whippletree Design Table 3s | BL740 Abch oop B L9900,
FS2168,
Link oA T/P Link Station Load 48 " BL1240 Abch 23R ESE1186 ”4 2,
No. |or Link No.\ |Fs BL (kaf) BEL260
) aveh | ,
LN1  |P1 P3 1935 | 472.3|62.6 > BL1s40 =& 24R FS2468, "
66.6 Rear Spar BL1642,
LN2 |P5 |P7 1935 | 8726 65 |oia0 Arct 25R | conag, -
LN3 |P9  |P11 1935 | 1322 |67.7 o | BLizd0 aret s |k, front, [ET=y,
LN4 |P2 |P4 2380.2| 464.6|13.1 - BL440 E3=x
LN5  |P6 P8 23385 907.8(11.2 8S |" BL1840 Abct 27R |” BL740
LN6 |P10 |P12 | 2296.7| 1313.1|94 o |Font spar  [Et=y ]
LN7 LN2 |LN3 1935 1099 . BL270 &2t E3=z
134.3 F
LN8 |LN5 |LN6 | 2319.4| 10934[20.6 10R |" BL440 =2+ 20R ;‘Cﬂoceme“
LN9 |LNT |LN7 | 1985 | 899.7|196.9 11R |" BL670 &2F 30R |" BL740
LN10 |LN4 |LN8 | 2343 | 8488|338 12R |" BL1240 =2+ | 31R |" BL1040
LN11 [LN9 |LN10 | 1993.2| 892.4(237.0
LN12 |P15 |P17 1935 | 2085 |73.9 13R | BL1840 &7t |" 32R |" BL1440
LN13 |P19 |P21 1935 | 2717.9|73.7 14 |RE@r Spar ap |SKin. rear,
LN14 |P16 |P18 | 2218 | 2072 |6.2 BL440 S BL440
LN15 |P20 |P22 2157 | 2913 |29 15R |" BL1240 &7t |" 34R |" BL740
LN16 |P13 |LN12 | 1935 | 1951.6(110.6 16R | BL1840 Z=7H sk | BL1OO
LN17 |P14 |LN14 | 2234 1918 (103
B L2520 Eq=x Front lug
LN18 |LN16 |LN13 | 1935 | 2258 |184.3 17R |FStads, £a., (36 [cutout E1=y
LN19 |LN17 [LN15 | 2217.3| 2079.1(13.2 Web &7+ upper side
LN20 |LN18 |LN19 | 19532| 2046.4(197.0 BL617, Front lug
18R |FS1848, 37S |lower skin|”
. B Web &7t side
o s H7HE A7l (elst A/T)E AHE-3t BL1639, Front lug pin
o RIletgt. A= AYE gy AE9 19R |FS1848, 38S |hole  lower|"
RTV60S AFg3te] Hzstyom, Table 29F % Web &7+ side
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Table 4. Location of Displacements

Transducer

5; Gage type Sen;’mvit £ & 9 % |6l

DT 180%‘::; 1.497 f“g‘iszzar d'zr

DT? " 1494 re;[;%ar v

DT4 " 1363 re;[é%ar ’

DTS " 1359 frgﬂ Sggr v
rear r

DT6 1417 eBaL 1382

oo | o | mE
fron r
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Table 5. Test Load Profile

Tests Load Profile (%)
DLLT 0,10,20,30,40,50,30,10,30,50,60,70,50,
L 30,50,70,80,60,40,60,80,90,70,50,70,

MR BFSEEA| S
(EARMESEAE) | o) 10090.705030,100

0,10,20,30,40,50,60,70,80,90,100,80,60,
40,60,80,100,110,90,70,50,70,90,110,

D.ULT1
__ _,. | 120,100,80,60,80,100,120,130,140,120,
(HAIF et A1)
100,120,130, 140,150,130,110,90,70,50,
30,10
DULT? 0,10,20,30,40,50,60,70,80,90,100,80,60,

80,100,110,120,100,80,100,120,130,
140,150,130,110,90,70,50,30, 10
0,10,20,30,40,50,60,70,80,90,100,110,
120,130,140,150,130,110,130,150, 160,
170,150,130, 150,160, 170,180,190,200,
180,160, 180,200,210,220,200, 180,200,
220,230,240,250

(HAIFErsetEAIR)

D.FLT
(BErotESAIE)

Fig. 3. Photo of test set-up
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