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Fatigue Life Prediction and Ratcheting behavior of the

Elbrodur-NIB under Fatigue loading with mean stress
Chang-Bum Lim*

ABSTRACT

An experimental study was carried out for the Elbrodur-NIB(copper alloy) at room
temperature under stress-controlled uniaxial fatigue loading with and without mean
stress. As a result, the effects of stress amplitude, mean stress and stress rate on
ratcheting behavior were investigated. The ratcheting strain increased with increasing
stress amplitude for a given mean stress, and with mean stress for a given stress
amplitude. But, the ratcheting strain decreased as the stress rate increased. The three
mean stress models were investigated and the mean stress models of
Smith-Watson-Topper and Walker yielded good correlation of fatigue lives in the life
range of 10°-10°cycles.
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Fig. 1. Tensile stress-strain curve of the
Elbrodur-NIB

Table 1. Chemical composition of the
Elbrodur-NIB

Elements Weight (%)

Cu 97.64

Ni 1.79

Be 0.29
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Table 2. Chemical composition of the
Elbrodur-NIB

Mechanical  Properties

621.3

4791

62.4

23.9

27.05

Strength (MPa)
Strength (MPa)

Modulus (GPa)
(%)

Ultimate

Yield

Young’s

Elongation

Reduction of

area (%)
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Table 3. Fatigue test conditions and cycles

to failure
Mean Stress, Alternative Cycle to
om(MPa) Stress, 0a(MPa) | failure, Ni(cycle)

480 5,764

0 440 12,775
400 15,330
360 62,441
480 3,889
440 5,242

50 400 11,877
360 23,910
480 1,905
440 4,428

100 400 7,044
360 15,740
480 5,066

50 440 13,595
400 34,330
360 85,120
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Fig. 2. Stress—strain hysteresis loops at
different life fractions for a fully
reversed cycles with 400 MPa

stress amplitude

Stress (MPa)

T T T T T
o 2000 4000 6000 8000 10000

N (Cycles)

Fig. 3. Variation of max. and min. stresses
with cycles in strain control test with
amplitude of 0.8%
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Fig. 4. Ratcheting strain versus cycle curves
under different mean stresses at
480MPa stress amplitude

16 .

T T T T

Mean Stress 50 MPa v
Stress Amplitude

12 —m—360MPa |
—®— 400MPa
A 440MPa v |
® —w- 480MPa &
£ 084 e |
= v _A
®» v ia
A
=)
= 044 — |
T
=
s — e————®
< s 8 o 0 99— O O —0—
004 r " m =N = ==& " = m m m-wm |

Elbrodur-NIB R.T.

Uniaxial

0.4 T T T T T
0.0 0.2 04 06 0.8 1.0

N/N,

Fig. 5. Ratcheting strain versus cycle curves
under different stress amplitudes at
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