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The Pre-HOST asctivities in High Temrerature Crachk Froragation are
described in detail in NASA CR-1678%96r "Fracture Mechanics Criteria
for Turbine Endine Hot Section Comronerts." What follows is 3 brief
recar of the hidhlights of that comtract.

This was 23 14-month contract asuwarded irm late 1980 to Pratt &
Whitriew Aircraft,. The rrincirsl investigator was G. J. Mewers. The
rogram consisted of five technical Tasks.

In Task Iy the Contractor was to ‘“establish the locastionss
characteristic deometrys temrerature levelsy and stress levels in  hot
section comromnents of turical advanced turbirne endines which rresent
crack imitiation and crackh rroragdation conditions that may
significantly imract endgine orerationsl safety or engine maintenarce
costs." ‘*The suitability and the limitations of the currently
available methods for correlation 3rnd dgeneralizstion of crackhk
roradation data such a3s linear elastic fracture mechanics rarameters”
were to be evaluated. The kew results of this Task are shown in the
first two fidures.

In Task I1» the Contractor was to idenmtifw "the emrirical crach
drowth rredictive methods and data necessary for effective desidgn
involving the rotential crackindg conditions identified in the
rreceeding Task 1I' and 3lso "the test srecimen desidns and the
facility recuirements which can rrovide the required dats under
suitably controlled thermomechanical crack rroradgation conditions." A
suitable testind srodram was to be develored.

In Task 111y The Contractor was to ‘"conduct 3n amslesis +to
identify and defime the nature and madgnitude of the crack imitistion
and rroradation mechanisms st the sites identified inm Task I.* ‘aAn
analysis of the corresronding test srecimen deometrw and loadindg® was
also to be made. The comronent which received the drestest smount of
anslusis is the combustor liner shown in Figure 3-1. A finite-element
analusis had s3lready been rerformed under amother contracty and the
results are shown in Figure 5.2-3. The louver lir (location 1) is the
area of interest and comtains strong thermal dradients. A more
detailed modely Figure 5.3-8y was constructed for J-intedral snalusis
using the MARC srodram (rnote +the three contours). The calculated
J=-inmtedral was found to be verw sensitive +to material srorertwu
variations within the corntour of intedration (Figures 5.3-9 zand
5.3-10)., The results of +this srnalusis indicate that the J-inmtedral
calculation residermt in the MARC rrodram is not satisfactorwy for this
kind of rroblem. The srecimens that were to be tested in Task IV were
analuzed usinmg 3 modified Shih-Hutchinson areroach. : ,

Task IV consisted of the actusl testing. The srecimens used were
tubular srecimerns with short circumferentiszl through-~thickness crachks
as shown in Figure 6+2-1y with the initial EIM slot beind about 0.040"
long. The external-riddge srecimerns were used- for +the isothermal
testsy the internal-riddge for TMF tests. The TMF cycles that were used
are shown in Figdure 6.2-2., Cucle I arnd Cucle II a8re lirmnears the
*Faithful Cucle® is an arrroximation to the caslculated louver-lirs
cdycle shown earlier. The test matrix is shown in Tables &-1 and &6-11.

The data are correlated and dermneralized irn Task V. As shown in
Figures 7.4-2 and 7.4-3y The J-intedrazl ‘was not entirels successful in
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correlating the data. Orie should noter howevery that 3ll calculstions
were effectively based on the assumrtion that the crack began to oren
at maximum comeressive load., If 3ll cracks orerned at the same
rercentade of max. loady themn all calculations are in error by the
same constant factor. Based on data srreads the crack tir orening
disrlacement (which was calculated from the J-intedral) dave a

somewhat better correlation.
There are two significanmt roints to be roted. Firsgts the

J-intedral calculstion resident in the MARC comruter rrodgram is not
satisfactory for rroblems involving thermal dradients. Secondy the
srecimens tested here were srarselw instrumentedr and therefore we can
only duess a3t how thew asctuslls resronded to the thermal and

mechanical cuclind.
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DOCUMENTATION OF DAMAGE RESULYS 1T JIJU LUMBUMIUR LINERS
(Outer and Inner)

fFigure time (% of Cycles (X of Calculated Calculated
tmmber  Calculated 8-50 Calculated 8-50 Temperature (°f) Strain Range (X) Natyre of Damage

COMBUSTOR OUTER LINERS
3-2 k1 . 20 1780 0.45 Lip Collapse
Coating Spallation
Surning
Extensive Cracking

AR ] a4 85 1810 0.45

Crocklm, and Burning
(Similar to Figure 1.2}

3.4 51 (1} 1780 0.45 o Extensive Cracking
o Locallized Distress

3-5 8l 1 1780 0.4 o Extensive Cracking
_{One Severe Crack)

COMBUSTOR INNMER L JXERS
3-§ 7 10 17 0.25 o CErosion and Burning

o Axisl and Circumferential Cracking
o Dilution Air Hole Cracking
37 5) N 1730 0.37 ‘o Mild Dilution Air Male Cracking
o Cracking in Aft End
NOTES:
Cooling Type; Film Cooled Material; Hastelloy-X Coating; Metailic-Ceramic Thermal Barrier

Crack Inftiation Location: Ouler Liner; End of lowver lip
Inner Liner; €End of louver 1ip and circumferential seam weld

Liners must be weld-repaired or eventually replaced.

FAILURE COMSEQUEMCES: )

Outer Liner: Axfal cracks link together, resulting in Viner deformation. This deformation may affect combustor
exit temperature distridution with an uitimste effect on turbine performance and durability.

inner Liner: Intersection of large axial and circumferential cracks con result In Viberation of pieces of the
Viner, causing secondary damage to turbine blades and vanes.

TABLE 3-11

IMPORTANT DAMAGE MECHANISMS FOR
JT90 HIGH-PRESSURE TURBINE AIRFOILS

Airfoil Damage_Mechanisms
First-Stage Turbine Vane "0 Cracking (oxidation-assisted) of leading edge

and pressure-side wall. ]
o Burning around leading edge cooling holes.

Second-Stage Turbine Vane o Leading edge cracking (early models).
o Coating oxidation ana impact damage (later
models).

First-Stage Turbine Blade o Radial cracking of pressure- and suction-side
walls.
o Blade tip oxidation.
o Stress rupture.
o Impact damage.

Second-Stage Turbine Blade o Impact damage.
o Stress rupture (early models).
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Figure 5.2-3 Strain-Temperature Response at Several Locations Along Combustor

Liner Louver.
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EXTERNAL RIDGE SPECIMEN
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Figure 6.2-2 Strain-Temperature Cycles used in Thermomechanical Fatigue

Testing.
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TABLE 6-1

CONDITIONS FOR ISOTHERMAL TESTING*

Average

Strain Minimum Maximum Cyclic Strain
Test Temperature Range Strain Strain Rate Rate
No. (°C) (°F) _(%) (%) (%) (epm) (in/in)/min Comments
I-1 427 800 0.15 -0.075 0.075 60 0.18
1-2 427 800 0.40 -0.20 0.20 10 0.08
1-3 427 800 0.40 -0.45 -0.05 10 0.08 Mean Strain=-0.25%
1-4 427 800 0.25 -0.125 0.125 10 0.05
1-6 649 1200 0.15 -0.075 0.075 2.0 0.006
1-7 649 1200 0.40 -0.20 0.20 1.0 0.008
1-8 649 1200 0.40 0.05 0.45 1.0 0.008 Mean Strain=+0.25%
1-9 760 1400 0.15 -0.075 0.075 1.0 0.003
1-10 760 1400 0.25 -0.125 0.125 0.5 0.005
I1-11 760 1400 0.40 -0.20 0.20 1.0 0.004
1-13 760 1400 0.25 -0.125 0.125 0.5 0.005 1 minute Hold Time
1-14 871 1600 0.15 -0.075 0.075 1.0 0.003
1-15 871 1600 0.175 -0.0875 0.0875 1.0 0.0035
1-16 871 1600 0.40 -0.02 0.02 0.5 0.004
1-18 927 1700 0.15 -0.075 0.075 1.0 0.003
I1-19 927 1700 0.25 -0.125 0.125 - 1.0 0.005
1-20 927 1700 0.40 -0.20 0.20 0.5 0.004
1.2 927 1700 0.25 -0.125 0.125 1.0 0.005 Mean Strain=-0.25%
1-22 927 1700 0.25 -0.125 0.125 0.5 0.005 1 minute Hola Time
1-23 982 1800 0.15 =0.075 0.075 1.0 0.003
[-232 982 1800 1.50 -0.75 0.75 1.0 0.030 Large Strain Range
I-24 982 1800 0.25 -0.125 0.125 1.0 0.005
I-25 982 1800 0.40 -0.20 0.20 0.5 0.004
1-26 982 1800 0.40 -0.20 0.20 0.5 0.004 Triangular Wave

time, except where indicated.

TABLE 6-11

Shape

* All tests haa a sinusoidal wave shape, zero mean strain, and no hold

CONDITIONS FOR THERMOMECHANICAL FATIGUE TESTING*

: Average
Maximum  Strain Minimum Maximum Cyclic Strain

Test Temperature Range Strain Strain Rate Rate :

No. (°C) (°F) _(%) (%) (%) fepm) (in/in)/min Comments

T-1 927 1700 Q.15 -0.075 0.075 0.83 0.0025

T-2 927 1700 0.25 -0.125 0.125 0.83 0.0042

T-3 927 1700 0.40 -0.20 0.20 0.44 0.0035
T-4 927 1700 0.25 -0.125 0.125 0.83 0.0042 Cycle 11

T-5 927 1700 0.40 -0.20 0.20 0.44 0.0035 Faithful Cycle
T-6 927 1700 0.40 -0.20 0.20 0.30 0.0035 Faithful Cycle;-1.125-

minute Hold Time

T-7 982 1800 - {.25 -0.125 0.125 0.83 0.0042
T-8 871 1600 0.25 -0.125 0.125 0.83 0.0042
T-9 760 1400 0.25 -0.125 0.125 0.83  0.0042
T-10 649 1200 Q.25 -0.125 0.125 0.83 0.0042
T-11 927 1700 0.40 -0.20 0.20 0.30 0.0035 1.125-minute Hold Time
T-12 871 1600 0.40 -0.20 0.20 0.44 0.0035

* All tests were Cycle I with no hold time except where indicated.

* All tests haa a minimum temperature of 427°C (800°F) and zero mean strain.
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