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ABSTRACT

Fatigue is a primary consideration in the design of aerospace structures for long term durability

and reliability. There are several types of fatigue that must be considered in the design. These

include low cycle, high cycle, combined for different cyclic loading conditions - for example,
mechanical, thermal, erosion, etc.

The traditional approach to evaluate fatigue has been to conduct many tests in the various

service-environment conditions that the component will be subjected to in a specific design.

This approach is reasonable and robust for that specific design. However, it is time consuming,

costly and needs to be repeated for designs in different operating conditions in general.

Recent research has demonstrated that fatigue of structural components/structures can be

evaluated by computational simulation based on a novel paradigm. Main features in this novel

paradigm are progressive telescoping scale mechanics, progressive scale substructuring and

progressive structural fracture, encompassed with probabilistic simulation. These generic

features of this approach are to probabilistically telescope scale local material point damage all

the way up to the structural component and to probabilistically scale decompose structural loads

and boundary conditions all the way down to material point. Additional features include a multi-

factor interaction model that probabilistically describes material properties evolution, any

changes due to various cyclic load and other mutually interacting effects. The objective of the

proposed paper is to describe this novel paradigm of computational simulation and present

typical fatigue results for structural components. Additionally, advantages, versatility and

inclusiveness of computational simulation versus testing are discussed. Guidelines for

complementing simulated results with strategic testing are outlined. Typical results are shown

for computational simulation of fatigue in metallic composite structures to demonstrate the

versatility of this novel paradigm in predicting a priori fatigue life.
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* Fatigue is a primary co_:_.sidera_ion i_. _.he deydg I_ o,{!aero:_,pace s_.r_.c_:u.re,:;

:for I.(mg-_erm d_._rabiti.ty and _x?Iiabili_y.

e There are several iypes _:ri'fatigue I.ha_.mus_. be c;.,msiderec in _:_e desigm
such as: Iow cvCleo hisz 1 cycle, combi_]ed for differre__ cyclic loadi_>,

com_il:kms- fo:_:examp.{e, mechanical. _i{_err._a/, erosio_, e_c,

This _q,_proach is reas_.mabie mid _>b_,s_for _I_a{ speci[_c c e_i*:,__

However, i_.is _ime cons_m:i_g, cos_D" and _e.eds _obe repea_:ed %r

design_ in diffe_'en_ operath_g cor_ditio_> in general.
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Dime_sions' _

Le__g,h = 133 fL

D_ameter at w_de angle diH!_ser end = : 1_67 ft
Diamete_ at aem_ar d_fft_se_ e_d- 41o2_ ft

o i,Mate_ _a| A>1•6 Grade 70 s_:eel{

° Lead: _i_ter_a1 pressl_re = 5 arm (73,0 ps{)
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SUMMAR7 ;

.Probabi.I:i,,4]c .fs_gue by comp_tai:iomil sim_4a_(,m is doable al_d ca_ be

adap_ed _i_ro_g._._o_4: f./_e desig__ p.rac_ice,

O::e way :oe::ha::ce i:s impIeme::tat:io:, is to ide::{:ify a:',,ppropri::te s_aff
a_ld [ask them_-" l:o do _1:.
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WHAT ;IS THE FUTURE OF _ ROBABHffS.HC
t!ATIGbE i ;.H_FH( DS:
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The futm'e is a,a expo_aem_:_.l use of Probabi[ _;_ic }"atie_/e Methods beca_se

_ I)esig_ Concepts
_ Ma.terial

,_--Etc,

Probabili__tic Fatigue Simu/al:ion is tIle most efti-_:c_ive .tbrmal .mettled to

q_mr_tify ri._;k and : ....": .... , .... "................... " .........._........... ._,_kl>{,tty v(,lg.{.m./tmel_[ o.f lwq_l_l_.,d l¢.5<_t.tI<,_-.._.
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