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ABSTRACT: To reduce or avoid stress corrosion and corrosion fatigue cracking of the aircraft body in service,

short-wavelength characteristic X-ray diffraction technology and equipment were used to non-destructively detect the distribu-
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tion of internal residual stress and assembly stress of aircraft aluminum alloy assembly simulation parts. The 0.5 mm rectangular
gap caused a tensile stress of 110 MPa and above on the upper surface of the root of lower edge of the strip parts; the 0.3 mm
rectangular gap caused a tensile stress of about 80 MPa on the upper surface of the root of lower edge of the strip parts; the 0.5
mm wedge-shaped gap caused an average tensile stress of about 55 MPa on the upper surface of the root of lower edge of the
strip parts. By short-wavelength characteristic X-ray diffraction technology, the internal stress of aluminum alloy components
and the distribution of it are non-destructively measured and characterized. The assembly gap caused large tensile stress on the
upper surface layer of the lower edge of the strip parts, which is consistent with the position where there are more atypical
cracks in the screwed parts of the aircraft fuselage in service; the tensile stress of the upper surface layer of the lower edge of the
strip parts of the rectangular gap assembly is greater than that of wedge-shaped assembly parts with the same gap value, and the
smaller the assembly gap, the smaller the tensile stress. Reducing the ratio of the assembly gap at the root of the nut to the dis-
tance from the root of the nut to the wall plate will decrease the tensile stress of the assembly parts, reduce or avoid the occur-
rence of SCC&CFC and the occurrence of atypical cracks.

KEY WORDS: assembly stress; high-strength aluminum alloy; internal stress; bolt connection; short-wavelength characteristic
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Fig.1 Stress corrosion cracking of assembly parts: a) crack
between two holes; b) root’s crackle
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Fig.2 Schematic diagram of rectangular assembly gap and resulted assembly tensile stress: a) the structure of simulation parts, b)

the location of crackle
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Fig.3 Schematic diagram of wedge-shaped assembly gap and resulted assembly tensile stress: a) the structure of simulation parts,

b) the location of crackle
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Fig.4 Schematic diagram of sample and test point location
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tion light path
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Tab.1 Internal stress measurement results of assembly simu-
lation parts with 0.5 mm rectangular gap
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Fig.7 Test photos of the strain in the ND and RD directions of the root of lower edge of the strip parts: a) ND direction, b) RD
direction
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Tab.3 Internal stress measurement results of assembly simu-
lation parts with 0.5 mm wedge gap 0.5 mm away from the
surface

BRI L BEEmE  ND MR, RD il
FLIM AR A7 B /mm 71/MPa R 71/MPa
401%-10 0.5 +68.8 -28.6
402%-10 0.5 +39.5 +44.8

FORHBOSRIRPESE IR A2, DL IR X AT
SPHASCICABT 0 7 892 I L ) 2 S s T 28 2 7 5 o
F B R AR R B IO o PRI, S il A B P9 758 17
T35t B RO ) A —E R 225 . T H., A
KX BPEATHATCH I E 5 N TR0 S AFAE£25 MPa
IR 22 , 022 SR FH Pt Rz 7 AR A AR Y 5305 fi
FFIARRIE S FrLL, ASSEER T I E A A
J1 5V RN 7 Y 22 5 PR E T2 0 Y S B 2k iR
28 AR 22 | THRARR LR R G55 A B AR R
WA

PRI, BSOS T T ) 2 T TR] B3 A/ N 286 2 A [
AR AN T 2R BCASE LM | TG0 I 5 4 P9 38 L ) IS A7 A —
25

3.2 EWEEFREEMHFERE ND FE
HREEAEER TE&FHNEES S

DA 101N 1027245 B ASEFBL 1 300 AR 36 ND J7 i B
PN ) S Y R % 5% R B i A A an 5] 8 Fi /R o i
Jir i F 3R 0.5 mm 4bAY 133.8 MPa il 113.7 MPa
AR Ak 3 rh ] JEEE AR Y 60.7 MPa i1 20.97 MPa, i |3
Il 1.5 mm 4L, 70.0 MPa F1 61.3 MPa ()53 17 {4k
YA, 25 R RNV I R 7 15 25 A +25 MPa, A
PIIA N2 A o TRIRE, A5 B4 2017255 B AR 401 4430
MR ND 5[] 19 BRI 7 R LV T 2% 2% JEE BE (1) 43 A 4
B9 s, WAl LI AR A o 5 2E N o i 1

200
—=— 101-IND
150 —— 102-1ND
£ 100
2 sl
‘]21
0 L
_50 -
-100
1 1 | | |
0.5 1.0 1.5 2.0 2.5
A T BE B /mm
Bl 8 101%F1 102484 1 45 ND J7 [ IR ) M vl T 4
R B 43 A

Fig.8 Internal stress of samples 101% and 102* in the ND di-
rection at 1 point and their distribution along the thickness of
the root of lower edge of the strip parts
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Fig.9 Comparison of the internal stress in the ND direction at
1 point of samples 101% and 102" and the internal stress in the
ND direction of sample 201"
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Fig.10 Schematic diagram of bolt loading of assembly simulation part, (a) wedge-shaped gap; (b) enlarged view of the
wedge-shaped gap; (c) rectangular-shaped gap; (d) enlarged view of near nut for the rectangular-shaped gap
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