
PRE-HOST HIGH TEMPERATURE CRACK PROPAGATION 
Thomas W. Orange 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland •. Ohio 44135 

The Pre-HOST activities in Hi~h Temperature Crack Propa~ation are 
described in detail in NASA CR-167896, "Fracture Mechanics Criteria 
for Turbine En~ine Hot Section Components." What follows is a brief 
recap of the hi~hli~hts of that contract. 

This was a 14-month contract awarded in late 1980 to Pratt & 
Whitney Aircraft. The principal investi~ator was G. J. Mewers. The 
pro~ram consisted of five technical Tasks. 

In Task I, the Contractor was to "establish the locations, 
characteristic ~eometry, temperature levels, and stress levels in hot 
section components of typical advanced turbine en~ines which present 
crack initiation and crack propa~ation conditions that may 
si~nificantlY impact ensine operational safety or enSine maintenance 
costs." "The suitability and the limitations of the currently 
available methods for correlation and ~eneralization of crack 
propasation data such as linear elastic fractUre mechanics parameters· 
were to be evaluated. The kew results of this Task are shown in the 
first two fisures. 

In Task II, the Contractor was to identify "the empirical crack 
srowth predictive methods and data necessary for effective desi~n 
involvinS the potential crackins conditions identified in the 
preceedins Task I" and als~ "the test specimen desi~ns and the 
facility reauirements which can provide the reauired data under 
suitablY controlled thermomechanical crack propa~ation conditions." A 
suitable testin~ proSram was to be developed. 

In Task III, The Contractor was to "conduct an analysis to 
identify and define the nature and masnitude of the crack initiation 
and propa~ation mechanisms at the sites identified in Task I." "An 
analYsis of the correspondinS test specimen ~eometry and loadins" was 
also to be made. The component which received the Sreatest amount of 
analysis is the combustor liner shown in Fi~ure 3-1. A finite-element 
analysis had already been performed under another contract, and the 
results are shown in FiSure 5.2-3. The louver lip (location 1) is the 
area of interest. and contains stronS thermal sradients. A more 
detailed model, Fisure 5.3-8, was constructed for J-inte~ral analysis 
usins the MARC proSram (note the three contours). The calculated 
J-int~sral was found to be very sensitive to material property 
variations within the contour of inte~ration (Fi~~res 5.3-9 and 
5.3-10). The results of this analwsis indicate that the J-intesral 
calculation resident in the MARC pro~ram is not satisfactorw for this 
kind of problem. The specimens that were to be tested in Task IV were 
analyzed usinS a modified Shih-Hutchinson approach. 

Task IV consisted of the actual testin~. The specimens used were 
tubular specimens with short circumferential throush-thickness cracks 
as shown in Fisure 6.2-1, with the initial EDM slot beins about 0.040" 
Ions. The external-ridse specimens were used· for the isothermal 
tests, the internal-ridse for TMF tests. The TMF cycles that were used 
are shown in Fi~ure 6.2-2. Cycle I and Cycle II are linear, the 
"Faithful CYcle" is an approximation to the calculated louver-lip 
cycle shown earlier. The test matrix is shown in Tables 6-1 and 6-11. 

The data are correlated and ~eneralized in Task V. As shown in 
FiSures 7.4-2 and 7.4-3, The J-inte~ral 'was not entirelw successful in 
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correlatin~ the data. One should note, however, that all calculations 
were effectively based on the assumption that the crack be~an to open 
at maximum compressive load. If all cracks opened at the same 
percenta~e of max. load, then all calculations are in error by the 
same constant factor. Based on data spread, the crack tip openin~ 
displacement (which was calculated from the J-inte~ral) ~ave a 
somewhat better correlation. 

There are two si~nificant points to be noted. First, the 
J-inte~ral calculation resident in the MARC computer pro~ram is not 
satisfactorY for problems involvin~ thermal ~radients. Second, the 
specimens tested here were sparsely instrumented, and therefore we can 
only ~uess at how they actuallY responded to the thermal and 
mechanical cyclin~. 
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TABLE 3-11 

IMPORTANT DAMAGE MECHANISMS FOR 
JT9D HIGH-PRESSURE TURBINE AIRFOILS 

Ai rfojJ 

First-Stage Turbine Vane 

Second-Stage Turbine Vane 

First-Stage Turbine Blade 

Second-Stage Turbine Blade 

D9~ag~h~e~ha"js~s 

o Cracking (oxidation-assisted) of leading edge 
and pressure-side wall. 

o Burning around leading edge cooling holes. 

o Leading edge cracking (early models). 
o Coating oxidation ana impact damage (later 

models). 

o Radial cracking of pressure- and suction-side 
wa 11 s. 

o Blade tip oxidation. 
o Stress rupture. 
o Impact damage. 

o Impact damage. 
o Stress rupture (early models). 
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Figure 5.2-3 Strain-Temperature Response at Several locations Along Combustor 
11 ner louver. 
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Figure 5.3-8 Coarse Grid Finite Element Mesh for J-Integral Test Cases. 
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Figure 6.2-1 Tubular Strain-Controlled Crack Propagation Specimens. 
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Figure 6.2-2 Strain-Temperature Cycles used in Thermomechanical Fatigue 
Testing. 
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TABLE 5-1 

CONDITIONS FOR ISOTHERMAL TESTING* 

Average 
Strain Minimum Maximum Cyclic Strain 

Test Temperature Range Strain Strain Rate Rate 
~ 1:.£l .L:EL.J!L lSI 1%1 ill!!!L lin!inl!min Conrnents 

1 -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--0.25S 
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 
I-B 649 1200 0.40 0.05 0.45 1.0 0.008 Mean Strain-+O.25S 
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 
1-11 760 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 
1-19 927 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 
1-21 927 1700 0.25 -0.125 ~ 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 Hold Time 
1-23 982 1800 O. 15 -0.075 0.075 1.0 0.003 

1-23a 982 1800 1.50 -0.75 0.75 1.0 0.030 Large Strain Range 
1-24 982 1800 0.25 -0.125 0.125 1.0 0.005 
1-25 982 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 

Shape 

* All tests hao a sinusoidal wave shape, zero mean strain, and no hold 
time, except where indicateo. 

TABLE 6-II 

CONDITIONS FOR THERMOHECHANICAL FATIGUE TESTING* 

Average 
Maximum Strain Minimum Maximum Cyclic Strain 

Test Temperature Range Strain Strain Rate Rate 
~ 1:.£l ~ .l!L {%l {%l .i£E.!!!L {1 n!i n 1 lJ!!i n Conrnents 

T-l 927 1700 0.15 -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 9,7 1700 0.25 -0.125 0.125 0.83 0.0042 Cycle II 
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 Hol0 Time 
T-7 982 1800 . e.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-l0 649 1200 0.25 -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 inoicated. 

,. All tests hao a minimum temperature of 427°~ (800°F) and zero mean strain. 
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