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DESIGN PHILOSOPHIES
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« Design is a mixture of analysis and creative thought.

« (Good designs are based on excellent concepts and properly
designed detalils.

* Analogous to physical exercise, analysis is a form of mental
exercise that trains the mind to be strong and swift. Many
designs would never have even been conceived of if the
design engineer did not understand the basic physics
behind the process or machine that prompted the need for a

new design.

« Design engineers must be good at identifying problems.
Once a problem is identified, it will usually yield to an
unending barrage of creative thought and analysis.

 |n addition to identifying and solving problems, the design
engineer must also learn to identify what the customer really
needs, which is not necessarily what the customer thinks

that he or she needs.




Structural Integrity Llnks to desugn and Life Assessment
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DESIGN PHILOSOPHIES (damage mechanism example: Fatigue)

Infinite-Life Design: all expected stress levels during
operation will be below the material endurance limit.
Safety factors are introduced in the material S-N
curves.

Safe-Life Design: the component must remain crack
free (without nucleation) during its service life.

Cracl_< | Crack_ » Rupture
nucleation propagation

Fail-Safe: the structure must withstand all loads
expected during service time, even if failure
occurs in one of its components. It characterizes
a redundant structure.

The expressions “single-load path” and “multiple-
load path” are closely related to fail-safe design
philosophy.
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Fatigue Design
Component _ Material
Resistance F(Cp, Gy Gy, ., G X Resistance

] ASTM, ISO, etc
Cn: - Geometric Concentrators

- Loading Configuration 1T
Assumption q - Residual Stresses

- Surface Condition

- etc...

In most design applications C, are empirically determined

‘ large uncertainties ...

Aim: New technologies for fatigue analysis,
prediction and design of metallic components
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Curvas S-N
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CRACK PROPAGATION CURVES
* Curve: da/dN vs. AK (Log-Log)

« da/dN = crack propagation rate
(mm/cycle or in./cycle)

* AK = stress intensity factor
variation:

« Lower limit for AK: fatigue crack
growth threshold

« Upper limit for AK, region close to
instability, where K., IS approaching
the material fracture toughness.
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High Cycle Fatigue of High-Strength Carbon Steels
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High Cycle Fatigue of High-Strength Carbon Steels
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Very-High Cycle Fatigue (VHCF)
of High-Strength Carbon Steels
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Shiozawa K., Lu L. and Ishihara S. (2001). Fatigue Fract Engng Mater Struct Vol.24,
pp.781-790.



Very-High Cycle Fatigue of High-Strength Carbon Steels
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Surface and Internal Fatigue Limits
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J. Schijve /International Journal of Fatigue 45 (2012) 31-38
J. Schijve /International Journal of Fatigue 61 (2014) 39-45

Total Fatigue Life

The fatigue life of a notched structural element consists of an

initial period for crack initiation followed by a crack period of crack
growth until final failure, see Fig. 2. Briefly:

N Ninitiatinn T Ncrack growth

¢

Transition Crack Length = 0.5-1 mm

Cyclic Crack Micro crack Macro crack Final
slip  [”| nucleation [ growth i growth failure
< Initiation period > <Crack growth period >
- K Kic
b Stress intensity Fracture
Stress concentration factor factor toughness

Different phases of the fatigue life and relevant factors
Schijve ]. Fatigue of structures and materials. 2nd ed. Springer; 2009.




Fatigue of welded joints

Key features dominating fatigue strength of welded joints:
a Geometric stress concentrations
a Welding flaws ( 10-400 um)
= High tensile residual stresses

I

Assumption
Fatigue life of the welded joint consists mainly of macro-crack growth

.

S-N curve can be calculated by integrating
the crack growth law

d a = Fatigue strength
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Example -1
Fatigue strength of non-load-carrying transverse fillet welded joints

Yan-Hui Zhang, S.J.Maddox, Fatigue life prediction for toe ground
welded joints, International Journal of Fatigue, 31, 2009, pp 1124-1136.

w
(=
(=

Crack
Initiation? o~

200 |

>

150 |

Nominal or equivalent stress range, MPa

Estimation:
Fatigue 100 O As-welded .
crack : %2 g;gﬁgg and needle peened e
] 2 Unbroken \-\
prc;pagatlon N P [ . Class F mean S-N curve [3] ‘\‘\‘\
a _ m [N Booth [4], toe ground fillet welds ]
dN - A(AK) 5205 | | - .1:JB | | - '10
(No fatigue limit) Endurance, cycles

“...Both the experiments and calculations based on fracture mechanics suggested that the fatigue lives of
the toe ground joints that gave fatigue lives <10° cycles were dominated by the crack propagation
process. However, in the long life regime (>10° cycles), crack initiation became significant. Reasonable
estimates of the crack initiation period were made using the local stress approach proposed by

Lawrenceetal....”
N, >> Np



Fatigue resistance prediction by applying local fatigue concepts, e.g. the notch strain in
combination with the crack propagation approach.

P. Schaumann, M. Collmann.
Center for Wind Energy Research, Institute for Steel Construction. Hannover, Germany Exam P le -2

Procedia Engineering 66 ( 2013 ) 62 — 72. Fatigue Design Conference 2013

Welded joint Noteh geometry | Stress-strain path .
Loading Noteh stress (Neuber, Seeger) SAW and NVEBW (non-vacuum electron beam welding)
A A ' I
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Fig. 5. Notch strain approach according to Seeger; scheme following [12]. 4 m,;= 3.58

o . : = o
_Ba3|cally, it is assumed thgt total fatigue = VarlationB Variation C j
life Nf of components consists of two g m; = 3.56 m, =3.44 ;
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crack propagation Np. With regard to ors AGe; =103 N/mm* | P -
local effects at the fatigue critical detail, _ — AGc, = 75 N/mm* |
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A0 g

crack with a depth of 0.5 mm and o D sa AGes= 94 N/mn
a width of 1.0 mm is initiated may be | E+04 | E+05 LE*06  Nowp,  LE+07
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e.g. according to Seeger.”



Proposal

Instead of: a=0.5-1 mm
Cyclic Crack Micro crack Macro crack Final
slip  [™] nucleation [ growth > growth | failure
< Initiation period > <Crack growth period >
K K Kic
st tt tion fact Stress intensity Fracture
ress concentration racitor factor toughness
It is proposed: a = d Microstructural dimension, i.e. grain size
Cyclic Crack Micro crack Macro crack Final
slip nucleation growth growth failure
<Initiation period> < Crack growth period >
kt Stress concentration factor Kic
Fracture
toughness

K  Stress intensity factor
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Estimating Fatigue Crack Propagation Rates and Lives

A da
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Tokaji and Ogawa. Fatigue Fract Engng Mater Struct, 1988 11 331

Fig. 2. Crack growth curve for small fatigue cracks.



Example -1
Fatigue strength of non-load-carrying transverse fillet welded joints

Yan-Hui Zhang, S.J.Maddox, Fatigue life prediction for toe ground
welded joints, International Journal of Fatigue, 31, 2009, pp 1124-1136.

o 300 :
o
=
g Crack
& 200} Initiation?
o X
% 150 |
Estimation: =
Fatigue T -
k % 100 E?S-weldedd
CracC oe groun
g A Toe ground and needle peened ‘\‘\\’ i
: o 2 Unbroken .
propagaton Np 2 | 2 o
£ ~ Class F mean S-N curve [3] ‘\‘\.
£ o oo
glc\lj A(AI() 2 " [ N Booth [4], ltoe gf0unld f||.|etlwt=3|c?sl ' o '\'\'
_ o 10° 10° 10’
(NO fatigue |Imlt) Endurance, cycles

“...Both the experiments and calculations based on fracture mechanics suggested that the fatigue lives of
the toe ground joints that gave fatigue lives <10° cycles were dominated by the crack propagation
process. However, in the long life regime (>10° cycles), crack initiation became significant. Reasonable
estimates of the crack initiation period were made using the local stress approagh rol\f)osed by
Lawrenceet al....” |



Estimation of fatigue strength of non-load-carrying
transverse fillet welded joints

Fatigue behavior prediction of welded joints by using an integrated fracture mechanics approach.
Chapetti, Jaureguizahar. International Journal of Fatigue Vol.43, pp.43-53, 2012.
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Fatigue strength of butt welds

S-N Curves
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Fatigue strength of butt welds

Influence of plate thickness

Ao, o

Ao, (25)

2t

Estimations using AKy,

Model &; [mm]

-=-=--0.028
— — 0.1

0.25
0.5

Ao, _ (éj he
) t




Fatigue strength of butt welds
Influence of reinforcement angle, o
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Fatigue strength of butt welds Crack
detection and monitoring
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Fatigue behaviour of small cracks induced by
Example 1 foreign-object damage (FOD) in Ti-6A-4V

M.D. Chapetti, International J. of Fatigue Vol.27, No5, pp 493-501, 2005

J.0. Pet al. | Engineering Fracture Mechanics 69 (2002) 1425-1446 1439

Fig. 12. Residual stress distribution in plane M specimen, a n 300 mfs normal (90°) impact sing
(a) 1 mma d(h)\2mmd\mel sevll or (c) 2 lnm/ nclin d(m),mp sing 3.2 mm steel shot. ‘Afer Chen .Jn chin
[12]. 7, = normal residual stress, o, = yiel Id stress (915 MPa).

Ball Diameter: 3 mm

Impact Speed: 300 m/s Tensile residual

. stresses
Rim

Compressive residual
stresses

Plastic

FOD




Fatigue crack propagation
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S-N Curves
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Aplication: Analysis of the fatigue behavior of parabolic springs

Example 3

Convencional




stresses profile from pre-stressing and shot-peening

1
| . |
+ +

) Yield : Yield
stress E stress
As formed and heat treated | Tension Compressi.on
E Loaded above yield strength (presetting) E i —_—1 =
Actual Computed
Stress stress

Residual stress after presetting operation

* — ©

Residual stress after presetting operation and shot peening

e,

Maximum service load

Actual Corhputed
stress stress



For X-ray residual stress measurement, a Rigaku DMAX 2000 was used, with Cr tube, 40 kV
20 mA as reference. The equipment is from x-ray diffraction lab from IPEN/CNEN-SP, Brazil.

Residual Stresses

Residual Stress (MPa)
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Fig. 8. Residual stress-depth profile (intensity=0.38 mmaA).
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Experimental Tests and Results
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Figure 2. a) Rotating bending test specimen, b) Example of the spring test setting



A springs, With RS, R=0.1

Experimetal results ; )
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Conclusiones:
(Rol de la Universidad)

- Incorporar de forma continua a los cursos de grado y posgrado nuevas
herramientas y nuevo conocimiento

C> Condicién: - Formacion continua de docentes (investigacion)
- Pertinencia (docentes a cargo de areas, formados).

- Actualizacion de los planes de estudio regularmente (10--C afios?)

- Elaborar canales de dialogo permanente con autoridades ministeriales
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