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Crack Initiation Strength of Aluminum Alloy
Having Experienced Cyclic Large Strain

Hirora Kazuhiro, YaJima Hiroshi, Kao Yunbo
YAaMAMOTO Motomichi, I1zuka Satoshi

Summary

Effects of large compressive plastic strain on the strength, notch toughness and fracture
toughness, and results of assessing and studying quantitatively on the crack initiation
strength under the cyclic strain with various amplitude for steel materials have been
reported.

In this paper, results of studying on the characteristic of strengths in tension of the
prestrained material, and the crack initiation strength under the cyclic large strain after
undergoing buckling collapse with strip specimens for aluminum alloy (JIS A5083P) are
reported. Moreover, in order to obtain the true stress ~ true strain relationship under a
cyclic large strain range of the aluminum alloy (JIS Ab083P), an axially cyclic material
test was carried out. As a result of this study, following conclusions were obtained.

(1) The characteristic of strengths in tension (0.2% proof stress, tensile strength, elongation)
of aluminum alloy (JIS AH083P) with up to 50% axial prestrain in compression were
obtained.

(2) The true stress ~ true strain relationship under a cyclic large strain range of the
aluminum alloy (JIS A5083P) was obtained in detail.

(3) Relationships between longitudinal strain range of the second cycle at the crack initiation
part and number of cycles to crack initiation and to fracture can be expressed by linear
functions on logarithmic scale.

(4) Tt is possible to assess the crack initiation life of the aluminum alloy (JIS A5083P-H321)
under the cyclic large strain with various amplitudes after undergoing buckling

collapse.
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Table 1 Chemical composition and mechanical
properties of aluminum alloy

(JIS A5083P-0)

[ t:46 mm]
Si|Fe|Cu|Mn|Mg|Cr|Zn| Ti | YP. | TS. | EL
) | @) | @) | @) | &) | &) | ©6) | ) | (Nmm?) | (Nmm?) | (%)
0.15/0.21]0.02|0.64|4.83|0.07{0.00/0.02| 153 | 307 | 22
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Fig.2 Location for measuring Vickers hardness
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Fig.7 Shape and size of specimen for axially cyclic
material test
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Photo 3 Appearance of axially cyclic material test
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Table 2 Chemical composition and mechanical
properties of aluminum alloy
(JIS A5083P-H321)
[t:8mm]

Si|[Fe|Cu|{Mn|Mg|Cr|zn| Ti | YP. | TS. | EL
@) | ) | @ | ) | @) | @) | @) | ) | (Nmmd | Nmmd) | (%)

0.1710.18/0.01]0.67[4.71{0.12/0.01]0.01] 249 | 348 | 13
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cyclic large strain

AR P rh R oo i (R R 1 1, EEHlo
&) I 5mmﬁaﬁ%@*§¥’i’y‘%h‘to

4.2 HBRAE

B0 IR U RZETE N Bz e R I % Photo 4
IR, MBS & 75 B & 5 wis BB A
AR CGRERZTTS - 1, BRRE S,
a R H v v MogiRkEE GRERR MR iA
LA 757 v MO R @ 210mm)
Thb,

Photo 4 Appearance of crack initiation test under
cyclic large strain

AR, 100k NEE Sl U 7 stk = v T
ZALHIH TITE 7o ZALEEE 12 20mm/min
L 30mm/min& L7, ¥/, ik~ 7 35
v YDOBEHEICE AL (3.5mm) IZMAT, A
BoW o 1 #Eic35mm (&t Tmm) OfFL%E
Bz 1,




B0 LREE 22027 v =9 AEEM O BITERE

HBTIE%Fig. 1212”7, 9, SR i)
EfamEA S 2 CRmAiE s, HEE T 22N
B2 (WETEMEZENE  Dcom) F THMT 5, ©
D%, BlIEMEAAMLCHEE T 2EME (1)
[\15 [§RZE RIS © Dten) ¥ THl5R%, DItR, A -
BlaED (oK LZERE  Dre) 2 0IKL, J
JEES AR B & O R & OB DI -
B L1,

o Target
i {5 i Measurement
ng. after

First
Target |$ Bending [>

Cyclic Large
Checkered Pattem Strain

Measurement of

Compressive Load Tensile Load

Fig.12 Procedure of crack initiation test under
cyclic large strain

Table 3 Applied displacement

Initial Initial Cyclic
Test Specimen | Compressive Tensile D laygexrn t
Condition Mark Displacement | Displacement 'SS « )en
Dcom (mm) Dten (mm) e {mm
A10-10-10 10 10 10
A20-20-20 20 20 20
A30-30-30 30 30 30
Casel A40-40-40 40 40 40
A50-50-50 50 50 50
AB0-60-60 60 60 60
A70-70-70 70 70 70
AS0-90-90 90 90 90
A30-15-15 30 15 15
A30-20-20
Ci
ase2 A40-20-20 e 20 20
A40-30-30 30 30
A30-30-20 30 30 20
A50-50-20 20
Case3 A50-50-30 50 50 0|
A70-70-20 70 70 20
0 05 Number of Cycles 2 [cycles]
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Table 4 Results of crack initiation tests

Number of Cycles | Number of
Test Specimen to Crack Initiation | Cycles to
Condition Mark Nc (cycles) Fracture
ICom. [CC] Ten. [TS]| Nf (cycles)
A10-10-10 400 499.5 675
A20-20-20(1)] 45 — 58
A20-20-20(2)] 50 79.5 80
A30-30-30(1) 22 25.5 32
A30-30-30(2)] 15 245 33
Casel |"pd0-40-40 | 7 95 13
A50-50-50 <56.5 <5.5 55
A60-60-60 <35 <3.5 3.5
A70-70-70 <2.5 <2.5 25
A90-90-90 <1.5 1.5 1.5
A30-15-15 595 450.5 802 |
Case2 A30-20-20 140 166.5 250
A40-20-20 240 240.5 379 |
A40-30-30 31 39.5 78
A30-30-20 50 34.5 89.5
Case3 A50-50-20 75 34.5 92.5
A50-50-30 25 19.5 30.5
A70-70-20 48 30.5 90

Crack Initiation Part

Fig.14 Crack initiation part
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Table 5 Results of FE-analysis

Longitudinal Strain, £ (%) Longitudinal [ Number of
; Strain Range|Cycles to Crack Mumbar o
Test | Specimen 1st Cycle 2nd Cycle e Cycles to
Condition| Mark ¢ ; ; ; i gf2nd Oyels Inillation Fracture
ompression| Tension [Compression| Tension AE2 (%) Nc (cycles) NF (cycles)
CC| TS |cCC|[TsS|[cC | TS |CC| TS |[CC|TS | CC TS
A10-10-10| -3.1 | 3.1 [ 11| 1.4 [ 33| 34 | 14| 1.7 1.9 | 1.7 | 400 |499.5 675
A20-20-20| -54 | 59 | -1.6 | 24 | -57 | 64 | 2,0 | 2.8 3.7 | 3.6 50 79.5 80
A30-30-30| -74 | 82 | -1.9| 3.1 [ -78 | 89 | 24 | 3.7 54 | 6.2 15 24.5 33
Casef A40-40-40| -9.2 | 10.2 | -2,2 | 3.7 [ -96 | 11.3 | 2.5 | 45 | 7.1 6.8 7 9.5 13
A50-50-50{ -11.0| 12.1 | -2.4 | 4.3 [-11.5[ 13.5 | -2.5 | 52 9.0 | 83 | <5,5 | <5.,6 5.5
A60-60-60|-12.8| 13.9 | -2,7 | 4.9 |-13,6| 16.0 | 25 | 58 | 11.1 [ 10.2 [ <3,56 | <3.,5 3.5
A70-70-70|-14.6 | 15.7 | -3.1 | 54 |[-16,2| 186 | 24 | 6.3 | 13,7 | 123 | <256 | <2.5 2,5
A90-90-90|-18.3| 19.0 | -3.0 | 6.0 |-21,8| 24.5 | -0.2 | 66 | 21.6 [ 17.9 | <1.5 | <1.5 1.5
A30-15-15| -74 | 82 | -58 | 66 | -74 | 82 | -58 | 6.7 16 | 1.5 595 | 450.5 802
Case2 A30-20-20| -74 | 82 | -49 | 57 |-76 | 85 | -5.1 ] 6.0 25 | 2,5 140 | 166.5 250
A40-20-20| -9.2 | 10.2 | -7.2 | 83 [ 94 [ 104 | 74| 85 | 2.0 | 1.9 240 | 240.5 379
A40-30-30| -9.2 | 10.2 | -5:3 | 6.4 | -9.7 | 10.8 | -5.7 | 6,9 | 4.0 | 3.9 31 39.5 78
A30-30-20| 74 | 82 | -19| 31 | 58| 68 | 21| 33 3.7 | 35 50 34,5 89.5
Case3 A50-50-20|-11.0| 121 | 2.4 | 43 | 6,1 | 78 | 25| 43 | 3.6 | 3.5 75 | 34,5 92.5
A50-50-30| -11.0| 121 | 24 | 43 | -79 | 9.7 | -25 | 44 54 | 63 25 19.5 30.5
A70-70-20[-14.6| 15.7 | -31 | 54 | 67 | 89 | 30| 653 | 3.7 | 3.6 48 30,56 90
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Fig.16 Deformed model and strain distribution in
X-direction after applying 50mm displacement
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