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This rmrodram will sttemrt to build on the results of the Pre-HOST
rrogram I described uvesterdawy usind the 1latest arnalutical and
exrerimental fracture mechanics techniues. The- anticirated
Frrodram and its kew fesatures are summarized on the first slide. A
flowchart is shown on the next slidey arnd I will describe the work to
be done.

First we will attemrt to extract additiomsl irmnformation from the
literature and from the Pre-HOST r~rodram. Srecificallwy ronlinear
finite element (NLFE) analuses of the tubular srecimens will be made
using GAF ELEMENTS to calculate crachk orening loads. Thensr using these
loadsy the data will be re-analgzed to see if imrraved correlstions

result.
Usrious srecimen configurations will be evaluated for
elevated—-temrerature isothermal and THMF testing with

temsion-comrression loadingy Wwith a new constraint being that rnow
crack mouth orening disrlacement (CMOL) is to be measured. The most
suitable srecimen will be selected. Available methods for measuring
CYCLIC CMODT a3t elevated temreratures on the selected srecimen will be
evaluated., Fossible methods for messurindg near—-tir disrlacements sre
also to be identified. An "analod materizl" will be selected. This
will be 3 material suitable for simulating hidh-temrersture material
behavior but at temreratures only 3 few hundred dedrees F zbove
ambient., The obdect of the analodg materiazl is to rermit
well-instrumented tests +to be rum 3t reasonable temreratures to ease
the instrumentation and cost rroblems. _

Arn  exrerimental srodram similar in score and arrroach to Task IV
of NAS3-22550 will be run with additional instrumentation (at least
CMOD) and more detailed analuysis (3 NLFE rrodrem with dar elements).
The srecimeny measurement methodsy and materisl rreviously identified
will be usedy with both isothermal and simerle (linear) TMF tests to
be rume.e A limited series of tests wusing & different srecimen
configuration will be run to see if the resulting drowth rate
correlation is indeed srecimen—indererndent.

We intend to evaluate several formulstions which have been
rrorosed for nonlinear fracture analusis in the rresence of thermal
dgradients which result in materisl inhomodeneitw. These will include
the arnzaluses of Rlackburn et 3ly Ainsworth et a3ly Wilsonm & Yuy
Kishimoto et 3ly and Atluri. Methods and stratedies for rerforming the
necessary calculations using a8 NLFE rrogram will be considered. The
five most rromising formulatiorns will be evaluated usimg the simrle
analutical model of a3n edde crack inm 3 larde rlater with a3 lirmesr
temrerature dradient (and/or corresronding modulus varistion) in  the
~direction of crack @eroradation and 8 uniform distribution rormzl to
the crack rlane. The five formulations will be comrared armd two
selected for further evaluation. One will be that Juddged to have the
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most technical merits the other-the best comrromise between technical
merit and comrutational ease. Then these two formulations will be
evaluated for further use by modeling the actual srecimen Seometrs and
temrerature dgradient to be wused in later tests. Next we wish to
determine whether the analgtical formulstions idermtified rreviously
actuallyey enable one to correlate nonlirnear crack drowth inm the
#resence of thermal dradients. Srecimers of the analod material will
be tested under monotonic and cuclic load in the rreserce of 3 simrle
(nearly linear) thermal dgradient.

At this roint it will be NASA‘’s ortion to rroceed with the
ortional srodram as rlannedy to technically redirect the ortional
rrodram by re—-nedotiationy or to terminate.

The ortional frrodgram will consist of three main elements. We
intend to extend the analuytical effort to imclude a3 comrarison of
rath-inderendent RATE intedrals (or time derivatives of rath-
inderendent intedrals)y and this will be dorme in much the same manner
as before., Then uwe will attemrt to verifu these 3snaluses using the
analod material at 3 somewhat hidher temrerature tham before (into
the creer rande). Finally we will 3sttemrt to arrly the knowleddge
g3ined using the analod material +to rredict 3nd correlate crach
Froradgation in 3 nickel-base 3llow a3t temreratures turical of
combustor liners., ’
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OBJECT:

SCOPE :

ELASTOPLASTIC CRACK PROPAGATION AT ELEVATED TEMPERATURES

& THERMOMECHANICAL CYCLING.

FOUR-YEAR TWO-PHASE CONTRACT.

FEATURES:
.* SURVEY & COMPARISON OF CURRENT PATH-INDEPENDENT INTEGRALS.

* COMPUTER TEST OF >5 PATH-INDEPENDENT INTEGRALS USING SIMPLE PROBLEM.

* EXTENSIVE USE OF CRACK DISPLACEMENT MEASUREMENTS FOR BETTER UNDERSTANDING.

DEVELOP METHODS FOR CHARACTERIZING & PREDICTING CRACK GROWTH AT ELEVATED
TEMPERATURES CONSIDERING NONLINEAR MATERIAL BEHAVIOR. THERMAL GRADIENTS

* ANALOG MATERIAL AT MODERATE TEMPERATURES (<S00F) FOR PHASE I:

AT <2000F IN PHASE II.

* CYCLIC CRACK PROPAGATION -TEST WITH TEMPERATURE GRADIENTS., THERMOMECHANICAL
CYCLING & CREEP.

BASIC PROGRAM

RE-ANALYZE
PRE-HOST DATA

OPTIONAL PROGRAM

0 EVALUATE SPECIMENS
0 CMOD, CTOD METHODS

0 ANALOGUE MATERIAL

SURVEY & EVALUATE

v

EXPERIMENT:
1SO ¢t TMF DA/DN

L

P-1 INTEGRALS
EXPERIMENT:

TEMPERATURE GRADIENT]

EVALUATE P-I
RATE INTEGRALS

Y 3

I

EXPERIMENT:
REPEAT WITH
NI-BASE ALLOY

EXPERIMENT:
DA/DT (SIMPLE)

v

EXPERIMENT:
DA/DT (COMPLEX)
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EXPERIMENT: .
COMPLEX WITH
NI-BASE ALLOY

NI-BASE ALLOY



