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= loading
— load level

— constant amplitude / variable amplitude
— uniaxial / multiaxial

W geometry
— |oad path
— notch severity
— local stress state

=y material
— basic properties
— surface finish / manufacturing
— residual stresses
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which is the more
damaging loading:
Lift) or Loff)?
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constant
amplitude
life curve

the closed hysteresis loop is the basic damage ’
used to determine the damage increment
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local strain, €

local 4
AL life stress, r
curve c '
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same mean load different mean stress mean stress effect on
fatigue life

"from-to" rainflow counting gives the best estimate of local mean stress
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uniaxial case:

all pseudo stress
histories are
proportional -

only the maxic)
history is interesting

off) & ¢ * Lm

SO A (SR TS U

EWW7a



i
e =C1 * Lift) + C2 * Lu(f)

t licll =JC§+ Cz;-

v TCQ\-L-.S 0|.5]1
' Iell N
: .~.o O ; :o:.. : e Space - \\

B SETCICRNTIE S U EE N

structure




comparison of matrices

extreme matrices original matrices
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comparison of the 1D loading spectra

range pair histogram level crossing histogram
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load load 4
range - extrapolation range gravel road
/ measured,
physical / scaled highway
limits?
experience
? >
cycles cycles




ideal service-loads

rainflow
reconstruction,
omission

rainflow-optimized
mixing, omission
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calculation

test rig

test drive
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extrapolated from 10 %

10 %




e . stress life
Ve=Pol ‘o | k8 k5 k7
1 11
11 | 075 062 05
log 13 045 027 0,16
_ 5 | 030 013 006
log lfe 20 | 013 003 00

a {local) notch with K, = 2
can increase the damage by a factor of 100

test drives: ideal .
- customers ideal service-loads

- road types
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Copplied < Capplicable

load

usage

failure
probability:

10% 50% 90%

typical ratios of
10% / 90% probability

geometry 1,02
material

- controlled 1,15

- differentwelds 1,45
loads (car) 2,00
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load analysis strength analysis results




rainflow projection counting

load path

rainflow matrices

axial counting

diagonal counting

RP counting: proportional loading
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RP counting: loads with phase shift

[ RP counting: equidistribution in 3D-box
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logical connection between
projections in the phase diagram and

pseudo stresses
' L+

load projections:

Le(t) =d1 * Lat) + d2* Lz(t) L,

pseudo stresses:

ece(t) = c1* Lut) + c2* Lat)

after

load path optimisation
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peak slicing (mulfiple channel peak/value extraction)

changes the phase content




~
[ original load original pseudo stress history  load after omission

i

RP filtering

0 10000 1394

abstract locations user defined locations
(rainflow projections)

load level independent omission depends on load level
wy suitable for conservative first Wy further fest time reduction

filtering before structural when structure has been
definition and analysis analysed by FEM
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strain-based

stress-controlled

approach

approach

%ii(t)

0i5(t)

MROZ model
(strain-controlled)

MROZ model
(stress-controlled)
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PRECISE HIDDEN

(o}
0.5
0.54
0.58
0.62
0.66
0.7

UL

kritische Stellen

mmmm
'l

Kritische Stellen

17 *6 + 6 = 102 internal forces acting on-FEM mddel

5 min of test frack loading = 45000 samples per channel
shell elements (crifical locations: top or bottom)

37000 nodes = 74000 pas:v;ibie crack initiafion sites

18 (potentially) eritical planes per crack inttiation sife

9 1.3 million damage analyses
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1. rainflow projection
filtering based on load
influence state determines
short, medium, long history

2. determine maximum
damage percentage
elimininated by shortening
histories

3. based on short history
determine nodes which
accumulate less damage
than eliminated by
shortening the history

| durolity po'frcsig for
1.3 million critical planes can be 4. repeat for medium length
done in 30 + 30 minutes history
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[ extended
ANSYS
tool bar
- start FALANCS
- display

- damage top

- damage bottom

- damage top & bottom
- "safety” factors

damage contours

“standard"
FALANCS
user interface
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