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Low Cycle Fatigue on Cartridge Brass
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Generally, there are three categories for fatigue designing for machinery. The first one is based on fatigue endurance
limit, the second is on s-n curve, and the third one is on fatigue crack growth. On the second one, it is so called “linear
damage rule” applied to the construction or machinery on which the fluctuated or repeated stress, or strain, is loaded. As
known, cartridge brass has good machinability and sound mechanical properties, accompanying by corrosion-resistance
and superior thermal conductivity, so it has been widely utilized as machine parts. However, for supplementing its high
specific-gravity and improving its thermal-conduction, the weight- or thickness-reducing is measured on so to be able to
use in crucial circumstances. In such a case, it is indispensable to have the sufficient data prepared for low cycle fatigue
designing. For sufficing and complementing past fragmentary data and to procure the low-cycle fatigue life curve to make
clear the features on cartridge brass, the transverse specimen was fabricated from rolled sheet, and the axially
strain-controlled low cycle fatigue test is carried out. The tensile data and properties are obtained in advance. On fatigue,
the change of the peak and the lowest stresses on cyclic hysteresis loops during each test is investigated. And plastic and
elastic strain range, total stress range, and cycles to failure versus total strain range are presented as in table. And then
the rule of Coffin-Manson and the rule of Basquin are obtained from the relationship of total strain range versus fatigue life
as shown in diagram and in equation and the coefficients and the exponents are examined, too. Furthermore, for the
estimation of fatigue strength, Langer’s formula, best fit fatigue curve, and design fatigue curve on cartridge brass are
introduced. Finally, from the fractography, the origin, stable crack growth, and final unstable fatigue fracture are examined.
Keywords: Keywords: low cycle fatigue, cartridge brass, Miner’s rule, Baspuin’ rule, fatigue life prediction, linear

damage rule, Langer’s formula, best fit fatigue curve, design fatigue curve.
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Fig.3 The diagram of stress versus strain
curve of cartridge brass.
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200 3 EHF-EB-10L
0.64pm GL.
Table 1 Chemical composition of specimen 12.5mm
Chemical composition  mass% Fig.4
i Table 3
69.14 |0.018|0.002|0.007/0.001(0.002|0.002| Re. (1)
Table 2 Tensile properties on cartridge brass.
Specimen 2600-1/2
(JIS)
Tesile strength 404 355 440
(MPa)
0.2  proof 230
strength
(MPa)
Elongation 34 Over 28
(%)
Rate of reduction 40
— - "'L' N ";!-'-'r"i..‘ 5 ((y,O) -
Fig.1 Microstructure of transverse section of Young’s ratio 110
. . . (GPa)
cartridge brass fatigue specimen.
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100 Table 3 Fatigue test conditions.
Specimen 7/3 brass
Fig.2 Configuration of fatigue specimen. (C2600 1/2H)
Test environment R.T. in Air
500 Waveform of strain Sawtooth
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@ 200 .
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Fig.6 The change of the peak and the lowest stresses of hysteresis

loops in each tests.
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Table 4 Strain controlled fatigue test results of cartridge hrass (R:-1, waveform: sawtooth)

Spe f £, Strain and stress at N, (% or MPa) Nr
= (Hz) (%) {cvcle)
Mo. £ pr £ & Oz iy a0
1 0.25 [i] 534 0.66 306 334 640 05
2 0.375 4 304 0.96 298 -298 596 129
3 0.75 2 1.44 0.56 239 239 478 3036
4 1.25 1.2 0.825 0.375 201 =201 402 9704
L] 1.875 0.8 0.47 0.33 194 -194 jos 12781
i] 2.143 0.7 0.372 0.328 180 -187 367 Ja614
i 3 0.5 0.262 0.238 168 177 345 124911
8 3 0.5 0.228 0.272 167 -176 343 351329
9 80 0.4 0.200 0.200 140.1 -140.1 280.2 32333
10 375 0.4 0.168 0.232 166 -149 315 329248
1 375 0.4 0.168 0.232 166 -148 34 347000
12 80 0.338 0.14 0.19s 130.5 -130.5 261 504557
13 i5 0.2 0.064 0.136 118 -114 232 10292510
14 80 0.18 0.05 0.13 114 -114 228 3281923
I I I I I I I I
Cartridge brass
W 0.1 ® &, Total strain range
A O &, Plastic strain range |
O & Elastic strain range
Q
4
0.01} i
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Fig.7 Diagram of strain range versus fatigue life on
cartridge brass.
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® Fictitious stress amplitude

- - ‘Langer's equation _
< ---Best fit fatigue curve
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Fig.8 Diagram of Fictitious stress amplitude
versus fatigue life on cartidge brass.
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Final .
unstable Fig.10
rupture SEM photo of
failed fatigue
specimen with
total strain
Stabla range of 0.4%.
crack
growth =
Origin
Fig.11

Fig.11 SEM photo denctes fatigue
crack originated by a flaw.

Fig.12 0.4%

(1)

BzZ18@11

Fig.12 SEM photo, striations are detected in
stable growth zone of failed specimen

strained cyclically with total strain
range at 0.4%.
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