Solutions to the written examination in Fatigue Design for:
* IMP in Automotive Engineering
* IMP in Naval Architecture
* M4 MMA115 Utmattningsdimensionering

THEORETICAL PART (14 p)
Question 1 (4p)

a) The tensile overload will introduce a large plastic zone at the crack tip leading to
compressive residual stresses in the vicinity of the (behind) crack tip. This
reduces the effective stress intensity factor range for crack growth (a plasticity
crack closure effect). An overload is detrimental e.g. if the crack is so long that
the overload causes the stress intensity factor to exceed the fracture toughness. It
is also detrimental if it induces the growth of a small crack that otherwise would
be dormant.

b) When R is increased the mean value of the loading is increased. Then the
minimum X is also increased, for constant AK. This means that the closure effect
are dimished giving a larger effective part of AK and hence a faster crack growth.
So, the upper line, A, corresponds to a higher R-value.

Question 2 (4 p)

a) See the course material on multi-axial fatigue, p 9. One has
of -0} = (6,-0,)-(0,-0,)=0,-0,

b) See Dowling p 652-654.
ga=07/E 2N + & (2Np)°

The Coffin-Manson relates the total strain amplitude &, to the fatigue life N, the first term
is the elastic strain amplitude and the second term is plastic strain amplitude. Tests are
normally carried out with alternating, reversed loading, R = -1.

Elastic

Strain Amplitude (log scale)

05 Ny
Cycles to Failure (log scale)




THEORETICAL PART (14 P), cont’d

Question 3 (3 p)

Rain flow count is described in Dowling p 404-406. For the sequence given, one has

g, Strain
1 | I N |
b O 20 ~nweo
|

One cycle B-C-B’ with ¢, =1 and &, = 2 and
One cycle A-D-A’ withe,=0and g, =5

Question 4 (3 p)

The Palmgren-Miner rule is described in Dowling p 402. The linear damage rule defines
a cycle ratio n/ N where n is the number of cycles at a stress level S and V is the fatigue
life in cycles at the same stress level S. The damage fraction caused by the stress level S;
is equal to mi/N;. The structure is exhausted, that is failure will occur when the sum of
damage caused by all stress levels in the load spectrum equals unity that is Z; 7/N; = 1.

The Palmgren-Miner linear damage accumulation rule has one main shortcoming. It does
not consider sequence effects, i e the load history is described by a load spectrum only.
The theory predicts that the damage caused by a stress cycle is independent of when it
occurs in the load history. This is contradicted by several experiments.
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Question 7 (12 p)
See the course material on Multi-axial fatigue on p 12-13 and 16-17

We get the material parameters oepy = 75y, and cpy = 3(7gy, /opy, —1/2)=3/18.

We get the normal stress amplitude as o, = 4P,/ mi? =95 MPa. The static shear stress
will not influence the fatigue impact according to Dang Van.

The Dang Van stress thus becomes

01a—02a O, 3'0'3:50'a:5'95

O'EQ,DV:’T-FCD\/O'h,max:-—Z—-i- 3.3 5 9 =53 MPa

The safety factor becomes
SF = O'eDV/O'EQ,DV =100/53=1.89



