Solutions to the written examination in Fatigue Design for:
* IMP in Automotive Engineering
* IMP in Naval Architecture

* M4 0722 MMAT115 (Utmattningsdimensionering)

THEORETICAL PART (14 P)

Question 1 (4 p)

a) A larger notch root radius, r, means that increased stresses prevail deeper into the material,
facilitating growth of an initiated crack. Hence, larger r-values are expected to result in higher
Ke-values (closer to K). This is also seen from the structure of the expression of the notch
sensitivity g.

b) Log 5-10* =4.70, 2 6= 0.400

Hence Log N o75=4.70 — 0.40 = 4.30 = N ¢75 ~ 2-10*

Question 2 (3 p)

There are crack closure effects at repeated loading in the growing crack tip (plasticity,
environment etc) meaning that only part of AK is effective in the crack growth process.
When R increases Kj min increases and the closure effect becomes smaller. Then more of AKj is
effective and da/dN increases.

Question 3 (3 p)
Rainflow count is described in Dowling p 404-406. Rainflow counting now gives four strain
cycles for the present sequence with

Cycle Mid strain gmid Amplitude strain gmp

A-D-A 0 4.5

B-C-B 0.5 2

E-F-E 2.5 1

G-H-G -2 0.5
Question 4 (4 p)

a) See Dowling p 671. The critical plane concept is an approach used in numerical calculations
to find the material plane where the largest fatigue damage, according to a fatigue criterion,
occurs during cyclic loading. In principle, the fatigue damage is calculated on a large number of
material planes, each of them having different orientations. The plane that experiences the largest
fatigue damage is identified as the “critical plane”. In a multi-axial fatigue situation, the principal
stress and strain directions vary in time (in-phase, out-of-phase, proportional or non-proportional
loading). The critical plane must be used to find the material plane that experiences the largest
fatigue damage. This is particularly important for elasto-plastic material responses.

b) See Dowling, p 402: The linear damage rule defines a cycle ratio ni/N; where #; is the number
of cycles at stress level S; and W, is the fatigue life at S;. The damage fraction D; is defined as the
fraction in life used up at this stress level, D;= ni/N;. Failure is assumed to occur when %; D; =1
The linear (Palmgren-Miner) damage rule can not account for sequence effects.
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