The Role of Loading Rate in Creep Properties of Ti-834
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Howmet Aerospace certifies the mechanical properties of superalloy components for jet engines through creep and hot
tensile testing. In performing 100-hour creep tests on Ti-834 using newly installed creep frames from ATS, Howmet
observed elevated creep in these samples compared to historic results. Our group investigated possible material and
testing factors could contribute to the observed behavior, including; load rate, stress, temperature, and processing. Load-
and-hold and creep testing was conducted to test hypothesis for various contributors allow for elimination of load rate,
stress, and temperature as possible factors. The group also provided recommendations of additional areas that would be
possible contributors to the observed creep behavior.
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Project Background

Experimental Design Discussion and Analysis

Load-and-hold Testing: controlled load rate to identify any -

corresponding changes in creep response

- Performed on UHMWPE as a model at room temperature,
where conditions are shown below:

- Standard creep testing, defined by ASTM E139,
measures strain with time “at and following the instant” of
application of the full stress.

- Prior to the onset of the test, some amount of creep strain

The power law creep rate is given by,
E
= Ag™ S
& ag"exp ( RT)

where n is the power-law exponent, and E is activation
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Set of tests were run at increased load (166 MPa and 188
MPa) to test the extent to which stress impacts primary
creep response

Table 1: Elemental Composition

A stress error of 25% was determined to be highly unlikely
given calibration procedures.

- Trace impurities of iron in Ti-834
affect transient creep strain [3]
Increased concentrations of iron

Percentages Ti-834 [4]
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Figure 5: Load-and-Hold Tests performed on UHMWPE,
showing the strain response during holding once full load
is reached.
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Conclusions & Recommendations
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- We eliminated several factors that may have caused
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Figure 7: Loading profiles for Howmet’s ATS machines and
“automated-hot step loading” on Purdue’s ATS machine
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experimental setup that isolated loading rate to observe
its effect on creep behavior
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Figure 8: Creep curves of TI-834 at varied loading
conditions compared to the results observed by Howmet.
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