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The trend toward increaszed performance for aircraft gas turkine enrgiresz has
resul<ted in ligh2r turbkine blade tip speeds and higher inlet gas temneraiuras
nd wreszures. These iore severe ozerating cconiditions lLiave reduced the
durclility of kot sectlon conronentc and have demonstrated the need to improve
upcn thz current anaiytical nmothods used in the design of these coagconents.
Under a recently institutad contrazt effort undertalen as part of th=e LGST
prozrawn, crack initiation life grealiction methods will ba develoned for hot
sacticn ceongonents fabr’ cated from icotropic materizls. To apply these methcds
it i3 first nzcessary to deternine the compenent strucitural response,
sgecificalily the °»r°-~—svr1in history at thz2 critieal craclzing location. The
structural analysis aethod must be capable of accounting for cyclic
thericonzchanics ing, vlastic flow during therinal transients, creap and
stress re i d ring teady-state operaticn and inelastic strain
ratchztting and raverszal due Tto rapeated £light cycles.

In recent vaars, nenlinear Sfinite elzanent comguter ccdes such as aNSYS and HARC

have bececn2 avzllablae for cyclic analysiszs cf components inveolving inclastic

strains. Thece codes a2re bacseld on classicel plasticizty th_ory and use uncoupled
hed ]

creen consiitutive modele. The classical methods utiiize sinplifying

assuanticns for computaticnal convenience. Riong these as :umculono are (1) the
7 on of a specific yield surface with associzated flow rules and hardexning
nedals, (2) the partitioninz of inelzcstic strains into timz~independant
(plastic) and time-dependzni (creep) sirains and (3) the uneoupling of
tine-indeperndont and time-dependent inelastic strain effzcts. That these
classical and their ascuaptions do not realisticzlly represent
superalloy materizl pehavior undar cyclic loading have hecn demonstiated in two
pra-HOST nrograms {(the turkine blade durability study reported in NASA

cR-1 :268 and the combustor liner durability study reported in NASA CR-165250).

Th2 objective of this prograia is to develop a unified constitutive mode
firite-ciciiant structural anzalysis of Tturkinz engine hot sectican comm n
This effort constitutas a different apnroach for nonlinear finite-element
nuter codez whicn have heretoicrz ba2n based on clascical inelastic metheds.
ied onstitutive Theory will zvoid the simdlifying ascunpticns of
1 theory and cshould more accurately represzint the kshavior of
suparallcy naterials under cvelic lcading conditions and high temperatura
licdzl develornent will be directed toward icsotropic, cast
2 allecys usad for aircoolzd turline blades "nﬂ vanes. Ine Centractor
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Eace HMaterizl for model developn2nt and an Ritermate Material for
n purpos2s fronm a list of thrae allcys spac ified by NASA., The

;53 rasrecent & crosc-sechion of turbine klade and van2 materials

koth larze and snell size enzin=s manufacturers. ilaterial stoclk

nd Alsernate Iaterizls will be supplied to the Contractor by tha

tracTual effort will b crnducted in two phases, a Razic Progran of two
yezrs duraiion and an oyulcng; follou-on vrogran also of two years curation. In
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~the Basic Program, a unified constitutive model will be devzloped for the
prediction of the structurzl response of isctropic materials for the
temperatures and strain ranges characteristic of cooled turbine vanes in
advanced gas turbine engines. A data base of uaiaxial and multiaxial material
propertias required for the constitutive model will be obtained for the Base
Haterial. The constitutive model will be incorpcrated into a finite-element
comzuter code. An evaluation will be made of the capability of thz analytical
method tc predict structural response for nultiaxial siress states and
nonisothermal conditions by conducting thermomechanical loading and benchmark
notch verification experiiments and aralyses. As a final evaluation of the
analytical methods, a structural analysis will be performed for a2 hot section
component fabricated of the Base HMaterial for simulated engine operating
conditions. In the optional program entitled Cption 1, further developument will
be undertaken tc consider thermal history effects and to correct any
deficiencies indicated in the constitutive model or in the computational
algoritims in the code. The material property test procadure will be developed
to mininize the amount of testing required, estimate the model material
constants from conventional property data, and account for coatinz effects. In
addition, the constitutive model development will be verifiecd for an alternate

material.
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CONSTITUTIVE MODEL DEVELOPMENT
FOR ISOTROPIC MATERIALS

OBJECTIVE:
TO DEVELOP A UNIFIED CONSTITUTIVE MODEL FOR

REPRESENTING CYCLIC INELASTIC BEHAVIOR OF
ISOTROPIC CAST NICKEL-BASE ALLOYS USED FOR
AIRCOOLED GAS TURBINE BLADES AND VANES.
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BASIC PROGRAM
SCREENING OF CANDIDATE CONSTITUTIVE MODELS
SPECIMEN FABRICATION AND TESTING

UNIAXIAL EVALUATION OF CONSTITUTIVE MODELS
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BASIC PROGRAM
IMPLEMENTATION OF MODELS IN F. E. CODE
MULTIAXIAL EVALUATION OF CONSTITUTIVE MODELS

BENCHMARK NOTCH EXPERIMENTS



0ce

BASIC PROGRAHM

COMPONENT DEMONSTRATION PROBLEH

-BELIVERY OF COMPUTER CODE TO NASA
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OPTION 1

DEVELOPMENT OF MAT. PROP. TEST PROCEDURE

FINAL DEVELOPMENT OF CONSTITUTIVE MODEL

MODEL. VERIFICATION FOR ALTERNATE MATERIAL



