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Fatigue Life Subjected to Dual Cyclic Strain Stage Loading in Cartridge Brass

Faculty of Engineering, Tokai University Prof, Dr. Eng. Morihito Hayashi
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For estimation of safety life in a fatigue strength design particularly in the case of fluctuating load, a way of thinking by
Palmgren-Miner rule made the basics and is applied. However, it was reported that this technique did not work partly
when the loading sequence was different or the kind of materials changed. Therefore, in this study, the phenomenon of
cartridge brass subjected to dual stage fatigue load with two levels of cyclic strain in the form of pulsating triangle with
load ratio of -1, said, low (Lo) to high (Hi) total strain range and vice versa, was investigated to correlate fatigue life
due to sequence of loading. Based on the fatigue life curve of the previous report, 0.4% was taken here as one of low
level of total strain ranges and 1.2% was taken as one of high level. In the initial stage, either of strains was loaded until
a fixed life ratio, and then shifted to the next stage, where another strain was loaded to detect a life ratio of the stage. On
the other hand, the experimental data were substituted into presumed expression formed by Coffin-Manson or Basquin
rules in order to compare with Palmgren-Miner rule. As a result, it was confirmed that fatigue life is dominated by
Palmgren-Miner rule in cartridge brass. However, the influence of load conditions of the initial stage on both of cyclic
peak stress and plastic strain, in the next stage, was found as follows. In the case of Lo-Hi, in initial stage, the strain
hardening was promoted locally, that made the microstructure further homogeneous mechanically. As a result, although
the peak stress became slightly higher in the remained stage, the plastic strain was almost unchanged, and
Palmgren-Miner rule effected still. As to the case of Hi-Lo, brass was greatly affected by strain hardening of preceding
stage, and in the subsequent stage, the deformation resistance increased, with small amount of plastic strain.

Keywords: strain controlled fatigue, cartridge brass, linear damage rule, fatigue life prediction, cumulative fatigue
damage, Coffin-Manson rule, Basquin rule, dual stage fatigue, Palmgren-Miner rule
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Table | Fatigue test results subject to dual stage.
% of Cycl % of
Test ) 00 Cycles yees| oo
Sequence Strain 1st of 12% of 2nd
q stage <l 0.4% | stage.
76.6 | 5520 | 57744 | 20.2
69.4 | 5000 111517} 39.1
. 575 4140 |119245] 41.8
Hi-Lo | 1.2t00.4
383 | 2760 | 178353 62.5
29.0 | 2090 |228052| 89.7
19.1 | 1380 |255857| 80.0
Life from SN curve 7200 | 285000
92.1 | 1638 262567 22.7
8421 1187 |240000| 16.4
. 63.1 ] 2627 | 180000 36.4
Lo-Hi | 0.4t01.2
42.1 | 4076 |120000| 56.6
39.5 ] 5110 | 112590 70.9
21.0 | 4382 | 60000 | 60.8
Y 100 —&— Miner's rule
« 0
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°eFE 50
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Initial applied cycle ratio of cyclic total
strain range of 0.4% (%)

Fig4 Dual strain stage fatigue test result for cartridge brass,

low strain range of 0.4% jn 1st stage and high strain range of

1.2% in 2nd stage respectively at the strain ratio of —1.
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high strain ran

ge of 1.2% jn 1st stage and low strain range of
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Miner

(©)



Lo-Hi

6.2

Stress o(MPa)

Fig.6 Hysteresis loop of double level fatigue test from

Fig.6

47 (2008)
Miner
Hi-Lo
Miner
Fig.7
250
200 J‘?’
150 i /
o/
/2]
-10 —0.7/ _5%6 05 L
/ _1% / —O—I%tqfll strain, ||
VX& _.-g(:);t@:“ strain, |
~250 :

Strain £(%)

Hi-1.2%g to Lo-0.4%g on cartridge brass.

250
200
- woeg f
(U 10
g oA
é 50 /4
o 0 |
%)—1.0 i / 05 ];
o —e—Total strain,
& 0.4% =
—&—Total strain, | |
1.2%
Strain £(%)
Fig.7  Hysteresis loop of double level fatigue test

from Lo-0.4%g to Hi-1.2%g on cartridge brass.

Table 2  Effect of 1st stage on total stress range and plastic

Table 2
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strain range in 2nd stage.

Test Sequence | Cyclic Strain 1st stage % U's’tlggind 85:;.'9”9 i?d
04 NS data 316 0.181
76.6 347 0.10
69.4 340 0.13
57.5 363 0.113
hi-lo 12 04 38.3 373 0.150
29.0 328 0.130
19.1 307 0.120
Mean 339 0.124
12 NSdata 406 0.779
92.1 448 0. 805
84.2 456 0. 770
63.1 424 0.800
lo-hi 04 12 42.1 394 0.770
39.5 390 0.790
21.0 440 0.790
Mean 425 0.788
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Fig.8 Stress in 2nd stage in Lo-Hi dual stage test.
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Fig.9 Plastic strain in 2nd stage in Lo-Hi dual stage test.
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Fig.12 An example of change of hysteresis loop subjected to
dual cyclic strain stage of Hi-Lo sequence.
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