 In-situ Tensile and Creep Testing

 For the in-situ tensile and in-situ tensile-creep experiments, flat dog-bone-shaped samples, with gage section dimensions of 3 mm wide by 2.5 mm thick by 10 mm long, were EDM cut.  A slight reduction in width of 0.6 mm at the middle of the sample gage section was introduced in selected samples to ensure that failure occurred at this location.  The specimens were glued to a metallic platen and polished using an automatic polishing machine (See Figure 3.6).


These tests were performed using a screw-driven tensile stage built by Ernest F. Fullam, Incorporated (Lantham, NY), placed inside the chamber of the CamScan 44FE SEM (see Figure 3.7). The load-displacement-time relationship was obtained live during the experiments using MTESTW version F 8.8e data acquisition and control software (Admet, Inc., Norwood, MA) that allowed for either load-control or displacement-control testing.  The displacement data acquired during the experiments comprised that of the sample as well as the gripping fixtures, and the displacement values reported in this study do not represent the sole displacement of the sample.

Since the pressure within the SEM chamber never exceeded 10-6 torr, oxidation did not affect the in-situ BSE imaging characterization.  In fact, no evidence of oxidation was observed even after 162 hours of creep testing at 650°C.  Digital images of post creep tested samples are shown in Figure 3.8 (a).  Figure 3.8 (a) clearly shows that all the deformation that occurred during the creep experiments occurred within the section of the sample’s gage length located directly above the tungsten-based heating element and that the integrity of the sample’s surface was maintained throughout the duration of the experiment.


The in-situ stage allows for tensile or tensile-creep testing at temperatures ranging from RT to 1000°C and loads up to 4.4 kN (1000 lbs).  A 1000 lb load cell was attached to the end of the displacement assembly to monitor load.  The tensile and creep experiments were performed in load-control mode and the samples were loaded to the creep stress at a rate of 50 lbs/min.  The creep experiments were performed in the stress range of 335-400 MPa at 650°C.  For the elevated temperature tensile experiments and the creep experiments, the samples were heated using a 6 mm diameter tungsten-based heating element placed just below the gage section of the sample.  The heating element is surrounded by an insulating ceramic sheath, and only one face of the heating element is exposed.  A DC power supply operated at a constant voltage was used to produce the current needed to resistively heat the tungsten-based heating element.  The temperature was monitored by a thermocouple spot-welded directed to the sample’s gage section (see Figure 3.8 (b).  An additional thermocouple was placed below the heating element and was also monitored throughout the experiments.  The temperature was maintained within ( 5°C of the target temperature.  For the 650°C tensile and creep experiments the samples were held at temperature for a minimum of 30 minutes prior to addition of load.  An open bath chiller circulated 20°C distilled water through copper lining which continuously cooled the heater during the experiments.

The following list denotes the procedures involved in performing the in-situ creep experiments:

1. The vacuum chamber door of the SEM was vented.

2. The SEM porthole cover was replaced with a specially made port hole cover which contained feed-throughs for the quick-disconnect cooling lines, two thermocouple wires, the load and displacement control connections, and the DC power supply connects for the heater.

3. The tensile stage was then secured to the sample stage with set screws.
4. The cables/wires from the tensile stage were then connected to their mating fixtures located on the inside half of the specially made porthole cover.  The mating fixtures for the cables/wires on the outside half of the specially made porthole cover were then connected to the chiller, data acquisition computer, DC power supply, and the temperature readout.

5. The water chiller, temperature readout, heater DC power supply, and ADMET stage controller were then turned on.   The MTESTW data acquisition and control software was then opened on the computer.  Once the software boots, the load and displacement values are automatically set to zero.  The desired load-time profile, the desired data acquisition rate, and sample dimensions were then input into the MTESTW data acquisition and control software.
6. A thermocouple was then spotted welded directly to the gage section of the sample.  The sample was then carefully placed within the friction gripping fixtures, and secured by tightening four screws (2 within each fixture) located within the fixtures.  Care was taken when tightening the grips not to apply a load to the sample.  If a small load was applied either in tension or compression, the load was removed by carefully adjusting the displacement of the stage with the ADMET controller.

7. The vacuum chamber door of the SEM was then closed and the SEM was evacuated.

8. The stage was then positioned in the proper position for imaging the gage section of the sample.  Due to the size constraints of the stage, the typical working distance used for BSE imaging was 15-21 mm.  Pretest BSE images were then acquired from the desired areas of the sample before heating or applying load.

9. The voltage output to the heater was then increased in slow increments until the desired temperature was reached.  Due to the thermal strains that arise upon heating due to the constraint of the sample in the gripping fixtures, a compensating load was maintained by the ADMET displacement controller.  The stress resolved on the sample was maintained at 0 ( 5 MPa during heating to compensate for the thermal strains.

10.  After the temperature remained stable at the desired test temperature for at least 30 minutes, the MTESTW software control was activated.  This resulted in loading the sample at a rate of 50 lbs/min to the desired stress while simultaneously displaying a real-time displacement versus time plot.

11.  The sample was then imaged at desired times/displacements throughout the duration of the experiment, and voltage was only applied to the SEM filament when imaging was performed.  This necessitated a full beam alignment each time imaging was performed.

12.  The water level in the chiller was continuously monitored during the experiments and refilled as necessary.  The cold trap of the SEM was typically refilled with liquid nitrogen every 8 hours, with a maximum time of 15 hours in between refills.  Constantly maintaining an appropriate level of liquid nitrogen in the cold trap was essential for sustaining the integrity of the vacuum system during the creep experiments.
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Figure 3.6.  Tensile and creep samples (approximately 38 mm long) glued to a metallic platen for metallographic polishing prior to evaluation of the in-situ deformation.
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Figure 3.7. A digital image of the in-situ tensile stage.  The sample is gripped between the two fixtures shown in the middle of the tensile stage.  The 6 mm diameter tungsten-based heating element is visible directly beneath the gage section of the sample and is surrounded by the rectangular ceramic sheath.
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(b)

Figure 3.8.  Samples creep tested for up to 162 hours within the SEM using the tensile stage are shown in (a).  Note the preservation of the sample surfaces and the localization of the deformation in the gage section to the portion of the sample gage section that sat directly above the 6 mm diameter tungsten-based heating element.  The typical placement of the thermocouple attached directly to the sample gage section is illustrated in the BSE image in (b).  The white circle below the specimen in (b) is the tungsten-based heating element
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