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DFR value testing and theoretical calculation on laser beam
welded structures of fuselage panel
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Abstract; The aircraft fuselage panel is the key position of fatigue. To evaluate the fatigue performance of the laser
beam welded (LBW) structures which are first applied in aircraft fuselage panel by Airbus Company instead of
traditional riveted structure, two methods of experimental determination and statistical theoretical calculation were
used. The fatigue tests, fracture analyses and detail fatigue rating ( DFR) analyses were carried out on two groups of
laser beam welded structures which were obtained by different post weld heat treatment (PWHT) processes ( solid
solution + aging treatment, and aging treatment) with the new type of aluminum lithium alloy 2060-T3, and the
test DFR value was acquired as well as the theoretical DFR value. The analysis results show that the test DFR value
of the solid solution + aging treatment is 118.0 MPa and the one of aging treatment is 113.7 MPa. The theoretical
DFR values for them are 115.8 MPa (the relative error is 1.86% ) and 112.2 MPa ( the relative error is 1.32%) ,
respectively. The source of cracks in the two structures is produced both at the weld toe. The crack propagates along
the thickness of the plate and the crack propagation area is characterized by brittle cleavage river pattern. The
difference is that final fracture region of the former is characterized by micropore aggregation fracture with many
small dimples in the fracture, and the one of the latter is intergranular fracture with many grains in the fracture. The
theoretical analysis can be used to restore the Weibull shape parameter, to verify the applicability of the theory of
statistical analysis method, and to provide the reference for the DFR value of laser beam welded structures of
fuselage panel.
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1.1 KHEHREFE

KRR 1.5 mm AYELHIA AL 2060-T3 #5448
BalEMREA R, BN 1.2 mm ) ER4047 S22
YERIFEIRLZ eI Ao D3R 1. 50 i %
bR B EAT NaOH ¥ 2= AL HNO IR I b
H G AKE VR IR HE T, SR FH I A T (] A
PRI AR Y I T AN 22 BRI B i 0
S R BIRILE 1, TESEON O 2300
W, PR 3.5 m/min, £ 228 2 m/min, f£ 7S
P 15 L/min. BUEA5S 30 0 X0 1242 3k K 4 S 0
FRERR I an e 2, g o B S AL M e, 1k 1R
[ R A4f.

JEFTATRE T T3 $Ab BRI 2 28 5 155 4
AFE(PWHT) J5 A REEAT IR A% , $AAb B 142 3k 5k
JER] 5 2060-T8 Bl#F AT HLHR, J H Al B0 T K
PLSE B B4 | Ja 3 O PTRIsR R S01MPa ™. 2R
PSSR BE T2 1) [ 500 C/1 h, ZK¥AA4b
PR BEJG I 165 °C/20 h, 259 ([ + UG 3 )
2) AL 165 °C/20 h, 258 (I RLAL IR . 45 530 5E
SR A R B PR, PR IS AL B S (R AR ST
P BE 43 5 h 375 MPa H1 430 MPa, 4351l & 2060 -
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Fig.1 Schematic diagram of laser beam welding
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Fig.2 Weld appearance and cross section of butt joint
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Fig.3 Schematic diagram of test piece size
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Tab.1  Chemical compositions of 2060 aluminium lithium alloy and filler wire ( mass fraction, %)

kL Cu Li Si Mg Zn Mn Zr Ag Fe Al
2 H . 2060-T3 3.9 0.8 0.02 0.7 0.32 0.29 0.1 0.34 0.02 A

TR YL . 4047 <0.001 — 11.52 0.01

0.001 0.01 — — 0.02 R
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Tab.2  Fatigue life of LBW structure under two kinds of PWHTs

W57 F5 4 N/ IR

R
A B 4
1 458 796 404 376
2 397 330 296 941
3 305 176 268 953
4 282 531 255 310
5 166 603 190 424
6 161 798 169 203
7 156 730 164 714
8 152 401 129 067
9 146 491 127 663
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Fig.4 Fracture position of fatigue specimen
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Fig.5 Fatigue fracture morphology for Group A
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Fig.6  Fatigue fracture morphology for Group B
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Tab.3 Confidence coefficient

n 3 4 5 6 7 8 9

S¢ 1.195 1.175 1.16 1.15 1.13 1.125 1.12
2.1.3 BSR40 1% 57 A2 v B DFR {H
RIS T 49 55 0 TR B2 DFR (Y3155
AN (4) VR,
DFR { = 0.940, /[ (0.940, /o
(0.475?5"%”“95/99 - [()).53> -
(0.028 250 &Ms99) +0.0318) ] . (4)
K ARG ER S-N MARES =& S = 2, RN )
o, =310 MPa.
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ARV FRHE 77 5 B AT FETETF AT Nos,o5 I
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Tab.4 Results of test DFR value

. S<5-lg Nos95) _

max

o 5] B Nos,o5 DFR {f/MPa
A 313 861 133 444 118.0
B4 269 404 114 542 113.7

MR 4 T LU 0 TROEIR RS, R A8 %
+INRICA B (A ) BYRFAE A3, ] S 2 i A0
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11’1 lnw—alnN—alnB. (5)
1
2y =In lnw,x =InN,k=a,b=-alnp,
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XF 5 1 A A% 55 F A B AT RS 15
| k=1.92359,b =— 24.196 85, LM LR r =
0.751 17. HRMKERFERFR, Y n-2=7 HESS
JEH 95% I MR B r, = 0.666,r > r,, FIHIH 2
MSEUBAT IR 3. SKAT B B AR 2R o0 A S50
WRSH «, = 1.92 5+ EFH A B, =290 397. ILH 4

- N 1.92 359 ‘
A eRECH F(N) =1 = exp[ = () 1,5k
P 4290 397 ’
" . 1.923 59
PR A R RN (N) = -
290 397
N 0.923 59 N 1.923 59
( ) expl- (Goones)
290 397 290 397
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Tab.5 Fatigue life, failure probability, conversion for A
e DRI IR,
5 55 X His 5 i y=Inln !
FFfir, N OF(N) = —— 1 - F(N)
x =InN 1+n
1 458 796 13.036 36 0.9 0.834 03
2 397330 12.89252 0.8 0.475 88
3 305176 12.628 64 0.7 0.185 63
4 282531 12.551 54 0.6 -0.087 42
5 166 603  12.023 37 0.5 -0.366 51
6 161 798  11.994 10 0.4 -0.671 73
7 156 730 11.962 28 0.3 -1.030 93
8 152 401  11.934 27 0.2 —-1.499 94
9 146 491  11.894 72 0.1 -2.250 37
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Tab.6 Fatigue life, failure probability, conversion for B
i & Esais IR,
P45 ol X EGE T i y=Inln !
Hfhw, N T F(N) = 1 - F(N)
x=1InN 1+n
1 404376 129101 0.9 0.834 03
2 296941 12.601 29 0.8 0.475 88
3 268953 12.502 29 0.7 0.185 63
4 255310 12.45023 0.6 -0.087 42
5 190 424 12.157 01 0.5 -0.366 51
6 169 203  12.038 85 0.4 -0.671 73
7 164 714 12.011 97 0.3 -1.030 93
8 129 067  11.768 09 0.2 -1.499 94
9 127 663 11.757 15 0.1 -2.250 37

X3 6 (9 B 2419 57 A e BB A T R EIUA, 15
F| k =2.384 02,b =— 29.680 35, L& HEAH KR E r =
0.900 87. A RIMEREMEEFR, Y n-2=7 HESS
JEH 95% I MR B r, = 0.666,r > r,, R
MSEUBAT IR H3 AR, KAT I 7 BT IR 73 0 S5
TERSEL o = 2.38, FHEF7 4 B, = 255 175. BLET4)

WM F(N) =1 —exp[ - (o) ] k%

255 175
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Tab.7 Calculation results of theoretical DFR value

ZH 5 @ B Nos o5 DFR {&/MPa
Al 1.92 290 397 123 468 115.8
B4 2.38 255 175 108 493 112.2
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Tab.8 Contrast between test and theoretical DFR value

20 5] X% DFR/MPa B3t DFR/MPa W/ %
A 118.0 115.8 1.86
B 113.7 112.2 1.32
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Fig.7 Weibull distribution function probability density for two

groups of fatigue life
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