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Abstract

For aluminum alloy, the influence of different defect characteristic parameters on the fatigue life
of aluminum alloy was determined. Pearson coefficient was selected and the characteristic para-
meters with great influence on fatigue damage were studied. The damage model of defect charac-
teristics was established based on Abaqus analysis software. The relative weights of the effects of
different defect characteristics on the fatigue properties were obtained. Finally, the mesoscopic
damage factors were obtained through the multiple linear regression equation, which can effec-
tively characterize the damage degree of aluminum alloy materials.
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2. WHEHRSELE
2.1 WHHIHIE

AR YT 55 FAR SR F 2 5T ASTM E8 btk il %1 6061 456 i fF. 6061 #5442 —Fp LAREFI
BRFEEGSTENBE S S S HMMEAELL, B 5 TAESE, 5, YRy, S5%%, 55
AR AOEE, BRI v LT, 2 6 RAVER A& AEE FEW—M &85, 6061 44k
PERPRAH LT A R &4, BAA B0 T a8 DL BUR 2S00 RS, W T3, s, &
F.BH. BT RS R, BRERERATS. BASMENEERSWE 1 R, BESMEA
TR S R an 1 1 B

Table 1. Composition of 6061-T6 aluminum alloy
7= 1.6061-T6 SR & &R

Al Mg Fe Si Cr Cu Zn Mn Ti HAth

95.8 0.8~1.2 0.7 0.6 0.3 0.2~0.4 0.25 0.15 0.15 0.15

DOI: 10.12677/0rf.2023.131038 362 BE 51


https://doi.org/10.12677/orf.2023.131038
http://creativecommons.org/licenses/by/4.0/

E Tk

100mm AA 2mm

25mm | !
\___/—

| T~ | i

s

15mm

5mm

>

Figure 1. Dimensional of experimental specimen
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Figure 2. SJ-210 Roughness measuring instrument
2. REEREENEMN

Table 2. Surface roughness of selected 15 test pieces

2. AR REAAERE

A 2H 5 N TR FHHEE Ra/pum

1 0.395

F—A 2 0.421
3 0.412

4 0.390

| 5 0.402
6 0.386

0.395

oA 8 0.423
9 0.411
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Continued
10 0.421
ZEIUH 11 0.396
12 0.405
13 0.429
FhH 14 0.412
15 0.410

22. BOEZR

BT H R SEIARHE R E IR HEAT B 2, 153 VS MBI EA T 2S5, AR5
S AH S8 i FH R BE 46 72 MTS Landmark (W13 3 BIor), 1286 i B a6 sl 8 A idar 1 2 F S DO e g
e (R e, REYWIE T TE, MAZREELMASMEE. FeE. Rate g
PRI A 12k RE . AT DAEAT IR bty s IR IRIA 5T N 9 77 =2 PR REI Ko

Figure 3. MTS Landmark Electro-hydraulic servo dynamic test system
3. MTS Landmark E& & {RIARENZAS MR R %E
AR AR AR SR A s FE 1R 77 UgE AT, R IR EE 1 0.2 mmis. it SEBR R IRYE, AR
B = AR R S EO P EAE R R A 1528, Wk 3 Fos. JFLAIS iR & SR
IR ) - AR R R, Wik 4 iR,
2.3. FHRIMEE
NSRS [RGB B B, f#F MTS Landmark HLE AR AR 3045 AR R Gt 45 & S BRI TR
BAERPE DT RS20 . Fe T CAIR1G B 1 A S B0 R HEAT 2 OB 57 TRSE S, ARG 07 B e N
10 JIIRIINEREATE > 3600 N, KBk, S50 RH 3600 N AE A 5 far SR A E AT B BRI 57, SR IAH
REE RS H R 4 Pros.

Table 3. Mechanical properties of 6061 aluminum alloy
7% 3.6061-T6 SR A &R NI F 14 RE

hif#H5RE Rm (MPa) JERRBESE Ry, (MPa) AR E (MPa) K A (%)
339.8 326.6 58368 3.96
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Figure 4. Stress-strain relationship curve of 6061-T6 aluminum alloy specimen

[& 4. 6061-T6 {5 AR HHIN I - NEXFHphik

Table 4. Test parameters of fatigue test
F 4 BEEHRMERSH

SR B Ingg 7 = Ival=4 A g
B2 24°C IESZ 0.1 52 Hz 3600 N

Pl AZHRE 4 PSR, R SEIR RS I B 9 B A, 23t RO S IR I 2 TR, 4
IR 6 J3R 8 TN 10 J5 ik, MRS B 3 kA, 3k 15 MR, Al anlAl 5.

Figure 5. 5 groups of test specimens for fatigue tension

5. BFHHIREY 5 HI

3. ERPAYFES HIAYIEER
AT B IR AR 5 2 M (Pearson) 7t 5 98 57 8 U A O PE ORI ARFAE, - B2 ZR AR 5@ R B 5 SN »
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_cov(X,Y) E[(X-EX)(Y-EY)] E(XY)-E(X)E(Y)

0y 0,0y JE(XE)=E2(X)JE(Y?)-E*(Y)
Hobcov W72, o JbmifeE. BOREAREREH —EER R, ARAFSECAMLHBE, iR
A3 AE-1 B 1 Pl AR 57 hr i SEI RIS B (RS B0 6 P, SIN RIZZ B 57 0624 8 Ik
REBAEA R 57 AL L, HORBRHE (B E « A2 B TARFIFLBRFR)BEAT AHSCAE 20 HT, K538 5 kB sky
TEZ B ARON T 3598 55 B B PR R B R TE A5 B AR 1 B AR AR SR R BORMR A 5, AT 51 %AV RFAE 5598
TP R AR R EL, Wi 6 Fin.

@)

XY

Table 5. Defect characteristics and characteristic quantities of each test piece

5. B HFROB S ERIGHEFER

TEI BT IX) 2 4 6 8 10

H— 35,106 215,398 125,703 35,684 20,982
FLIAHCEA | 36,061 233,821 104,895 30,569 16,456
£t 34,854 190,636 76,695 24,534 18,672

H—A 0.035 0.166 0.268 0.338 0.343

FLBRZE/% | 0.076 0.141 0.219 0.288 0.376
| 0.06 0.176 0.242 0.343 0.439

H— 996 1965 2145 3360 4806

I K AL AR A um® E bl 1117 2048 2238 3045 4463
ot 1064 1896 2405 3251 4907

H— 0.0124 0.0231 0.0614 0.0895 0.1541

B KA R E A um? | 0.0097 0.0291 0.0541 0.0932 0.1932
H=A 0.0113 0.0340 0.0481 0.0747 0.2056

HE

FLpg

JEAR 0.9749 0.9039

frE

PEIR B

Figure 6. Correlation coefficient between characteristic parameters and the number of cycles
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4.1. BRFEISERNNEAR

B AR ER U, A BRI 2 R S B PE R (. MW LR WI[6], B
T BS54 A b RHIE 554 0 B B R AR, IR TIOR3 5 . 2 W 25 258 X e 2 —
BT HT, SRR A BB 2 N, AT R AL SR L, LU A
RGO ISR S HO AR & S bR S S I R
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B R AL T (. 26T ABAQUS 1 MRIE A HT B PR S SR BT, (s Forh— B R 2
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4.2. FHIRGIREHEST

FEPE 55 hr I RE A, AR AN R o A 2t IR /NI B BE AL R o ) 7 B AR A A DL X e A 11
ARAY ST T BB B 57 003 R ) A AT ik o AERITFEH, FIHT ABAQUS 7 FL A il (ke b 1k AT
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Figure 7. The equivalent damage model of the CT scan area of the specimen
B 7. W CT X FHIRHIREY
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Figure 8. (a) Tension model, (b) Simulation results
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A, BEH A N R, 78 Z 07 mE =280, 2 57E Z 7 2.8 mm, 3 mm,
3.2mm 4k, EBE 160 MMEE, 7 XY P R 7 9 Ars.

Figure 9. The distribution of defect defects in the model on the xy plane

9. B PERPEE xy FE LS

MRAEALE TR TTIE, SRIE AR IR AN 10%. 17 36 S SR 0 IR B FRIAH ELRE R, 24 shEE AR AL B 3R 1
ORI, FEORFRIEA BB BEARIINE DL, 42 BB SR I o [RIIN ORAIE AR 7] (2 Bioss B AR 7 (0 19 A
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Figure 10. Change of stress concentration factor with different defect characteristics, (a) Position, (b) Porosity, (c) Shape
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