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November 26, 2007 

TO: IPS Documentation File 

FROM: Tatiana A Burtseva NE-IPS 

SUBJECT: Procedure for the Ring-Compression Tests in Laboratory DL-102A 

References: (1) Instron Manual, Series 5500 Load Frames, Ml0-14190-EN, Revision A, 2005. 
(2) Instron Manual, Merlin Software, M12-13795-EN, Revision A. 2003. 
(3) Instron Development Manual, Merlin Application, M-Merlin-K2-EN, 

Revision B, 2003. 
(4) Instruction Manual, Series 3610 Test Oven, Fifth Edition, February 1997. 

This procedure is developed to standardize the operation of the Instron Model 5566 
testing machine in Laboratory DL-102A. An oven is installed around the working zone of the 
test machine and the oven will be used to heat the test samples prior to elevated temperature 
tests. Primary emphasis will be on ring-compression testing at room temperature (RT) and 135°c 
of cladding in the form of 8 mm ring specimens at a slow-displacement rate (2 mm/min) for • 
evaluation of LOCA post-oxidation and post-quench ductility. In addition, axial bending test will 
be run at elevated temperature. 

No radioactive samples will be permitted to enter Laboratory DL-102 under this testing 
program and radiological facility controls will not be required. 

The following information is provided for Instrument and Software testing equipment 
description: 

Model: 5566 
Machine SIN: 5566P7763 
Load Cell SIN: 2525-804/41146 
Load Capacity: 10 kN (2250 lbf) 
Maximum Speed: 500 mm/min (20 in/min) 
Minimum Speed: 0.005 mm/min (0.0002 in/min) 
Return Speed: 600 mm/min (24 in/min) 
Time: 100 ms 
Voltage: 120 V 
Oven: Applied Systems Test, Inc., Oven Series 3610 
Temperature Control System: Series 2404; ATS, Inc.; No: 04-1217-8-04, K-type TC 
Temperature Indicator: Digital Display Temperature Indicator DP-4 Series 
Software: Instron Merlin Testing Software 
Speed, Displacement, and Force Calibration Due Date: 03/09/08 
Instron Field Service Engineer: Monique Mitchell (800-473-7838 x1641) 



Distribution 

M. Billone 
T. Burtseva 
R.Daum 
J. Dobrzynski 
J. Herman 
A. Hins 
D. McGann 
Y.Yan 

Prepared By: ----6-& ~"""---'s",,;· "-'" --~'--~---- Date: 
~eva, IPS Staff 

IPS-495-00-00 

Reviewed By: -~'----_, =a=~.:_lh-r.'-'-"'._!l_l_!/W!!_____,_ __ Date: l(h ~ /ztJJ0 r 
Allan G. Hins, IPS Staff 

ApprovedBy: M. C, ~-nt Date: / I /,__ 6 Ive, o 7 
M. Billone, IPS Manager 

IPS Documentation File 

2 



IPS-495-00-00 

Phase 1. Setup oflnstron 5566 for Conducting Ring-Compression Specimen Testing 

I. I. Verify the expiration date for the speed, displacement, and load cell calibration. 
Recalibrate the Instron as required and file the recalibration documents. 

1.2. Ensure that all cables are properly installed and securely connected. 

1.3. For 135°c ring-compression tests, turn on the oven by flipping rocker switch on the 
temperature controller back side panel and turn on the heating program by changing 
status to ON. Verify that thermocouples are operating properly by observing digital 
displays on temperature controller and temperature indicator. Once the temperature has 
stabilized at the target temperature for the experiment test, proceed to the next steps. 

1.4. Turn the power switch for the machine to the ON (I) position. Ensure that the Power 
indicator light on the control panel illuminates. 

1.5. Power on all other system components (e.g. computer, temperature controller and any 
other accessories). 

Note: Before starting the software, wait until the numeric status display on the controller 
displays a 1 or 2. The controller counts through a diagnostic self test sequence for about 
20 seconds and then it displays a 1 or 2. Do not open the software until this self test is 
complete. 

1.6. Open the Instron Merlin software. Wait for the software to fully initialize the machine 
before using the jog controls on the machine. 

1.7. Ensure that the displays on the control panel are illuminated. 

1.8. Perform a system calibration and then let the system warm-up for at least 15 minutes to 
stabilize the load weighting components. 

1.9. Re-calibrate the system. 

1.10. Set the test parameters via the software program in accordance with testing 
requirements. 

Phase 2. Pre-Test Measurements and Sample Installation 

2.1. Section the 8 mm segments for the ring-compression test per the approved sectioning 
diagrams in Laboratory DL-112. 
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2.2. Perform a 10 minute cleaning operation in Laboratory DL-112 to remove cut-off debris 
and oil from the ring samples using the ethanol ultrasonic bath. Dry the sample(s) on a 
clean tissue paper 

2.3. Place, store and transport the 8 mm ring samples in the correctly labeled individually 
marked plastic bag(s). 

2.4. Measure the precise length and outer-diameter (loading direction and perpendicular 
direction) of each individual ring segment to ±0.02 mm using the Digimatic Caliper. 
Record the results. 

2.5. Mark the designated top of the specimen by permanent marker to provide correct 
orientation while loading into the compression platens. 

Note: Have the Digimatic caliper calibrated by a certified inspector prior to conducting 
programmatic testing. Record the inspection date in log book. Prior to initiating a test 
run, review the calibration notation in the log book. 

2.6. With tweezers, place and center a specimen onto the bottom compression platen. 

2.7. For elevated temperature tests, install the thermocouple directly on the inner-surface of 
the specimen. 

2.8. Balance the load cell by pressing the button "Balance Load" in the monitor to obtain a 
load of approximately zero after 15 seconds. 

2.9. Lower the Instron actuator to a position approximately 0.3-0.5 mm above the specimen; 
be sure to use the SLOW jog button. 

Note: When using free wheel to move actuator, be sure to rotate the wheel slowly while 
watching load changes; if wheel is rotated too fast, the specimen may be inadvertently 
damaged. 

Note: Don't forget to zero the actuator position after each vertical change by pressing the button 
"Reset Gauge Length" in the monitor. 

2.10. For elevated temperature tests, recheck to make sure the oven is on and up to operating 
temperature as required by experiment test parameter notations. Nominal temperature 
will be 13 5°c. 

Caution: Oven inner surfaces and load cell components will be hot for elevated temperature 
tests. Use fire resistant soft fabric gloves and tweezers to handle hot specimens in the oven. 

4 



IPS-495-00-00 

Phase 3. Verify Instron Machine Calibration and Precision by Compressing Three 8 mm 
As-received Rings a Distance of 2 mm at Room Temperature (RT). Test an 

Additional Three Rings Using tbe Same Parameters at 135°C 

Note: Verification is performed only for sponsors requiring that the work be performed 
according to NQA-1 quality assurance. 

3.1. Verify that the setup and test parameters in the software are reasonable, correct as 
necessary for the upcoming test, and in accordance with published test requirements. 

3.2. Warning: Ensure that travel safety limit stops on the frame are set. 

3.3. Ensure that the following status indicators on the control panel illuminate: 

frame ready: illuminates Green 
test stopped: illuminates Red 

3.4. Start a test from the software program, or press the "Start Test" button on the control 
panel. 

3.5. Print a load-displacement curve. Check a "RAW" File option in "File ➔ Setup File 
Save" menu. Save all data to C:\INSTRON\USER\DATA on sanbox\ips as *.tdB files. 
Make a copy of load-displacement plot to a *.bmp file and save file on sanbox\ips. 
Determine loading slope: check of both load and displacement readings. Record the 
results. 

3.6. Determine offset displacement and strain from load-displacement curves. Record the 
three measurements, average value and one standard deviation. 

3.7. Compare previous values to those determined directly by measuring diameter in the 
loading direction before and after the 2-mm-displacement test. Record the results. 

3.8. After the RT tests on three samples are complete, repeat the above described operations 
from step 2.1. through 3.7. for the 135°C tests. Again use three standard cladding rings. 
Document the results as before. 

Phase 4. Oxidized Specimen Testing 

Now perform test runs on samples for data generation. Test series will be done at either 
RT or at an elevated temperature of 135°c. 

4.1. Repeat step-by-step the above described test procedure from step 2.1. through step 3.4. 
for the ring-compression tests at RT or at 135°C and at a rate of 2 mm/min. 

Note: Set maximum load and displacement values for oxidized specimen testing. 
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4.2. Interrupt the test following the first significant load drop (>30%); this is relatively easy to 
do as, concurrent with the load drop, one can hear a loud cracking noise. One can stop a 
test using hardware controls on the machine or by pressing the "Stop" button in the 
software control. 

Note: The ring-compression specimen will have failed during this test (except in the case of an 
"interrupt testing" event) so small particles may have broken off from the sample fracture 
surfaces. Therefore, take considerable care to prevent puncturing gloves while handling 
specimens. Also, the specimen itself may be in several pieces. 

4.3. Print load-displacement curve. Check a "RAW" File option in "File ➔ Setup File Save" 
menu. Save all data to C:\INSTRON\USER\DATA on sanbox\ips as *.tdB files. Make a 
copy of load-displacement plot to a *.bmp file and save file on sanbox\ips. 

Phase 5. Post-Test Characterization and Measurements 

5.1. Using fire resistant fabric gloves and tweezers remove specimen from Instron bottom 
platen (in case of 135°c test). 

5.2. Allow sample to cool to RT (in case of 135°C test), and examine it under microscope or 
magnifier to determine if the sample failed with a single through-wall crack along the 
whole length of the sample or with multiple cracks. Generally, load drops of 30-50% 
imply a single crack, while larger load drops (80-100%) imply two or three cracks. 

5.3. If a single, tight, through-wall crack is found, measure the post-test minimum and 
maximum diameter using caliper. Determine the permanent displacement. Normalize this 
displacement to the pre-oxidation test outer diameter to determine the permanent strain. If 
permanent strain is <1 %, classify sample as brittle. If multiple cracks are found, the post­
test diameter measurement is meaningless and this step is eliminated. 

5.4. If multiple cracks are found, use offset displacement and strain from load-displacement 
curve. For samples with <2% offset strain classify samples as brittle. 

5.5. Record both offset and permanent strains, along with pre-oxidation test characterization 
(as-fabricated, prehydriding H-content), oxidation temperature, CP-ECR, ECR 
determined from measured weight gain (i.e., measured ECR), quench temperature; ring 
compression test temperature; and number and location of cracks and any other notable 
crack morphology results. 

5.6. Place specimen remains in properly-labeled bag. 

5.7. Keep records for all steps described above including paper and electronic copies of load­
displacement curves. 

5.8. If no additional tests are to be run, go to Phase 6. 
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Phase 6. System Shutdown 

6.1. After the tests are completed ensure that the "Test in Progress" indicator light on the 
control panel no longer illuminates. 

6.2. Exit the software and turn off the computer using the normal shutdown procedure. 

6.3. Shut off all other components or accessories. 

6.4. Switch the power for the load frame to the Off (0) position. The Power indicator light 
should no longer illuminate. 
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