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I 
· \ ABSTRACT 
i 
\ An in-reactor fatigue experiment is being designed to determine the 
I 
; 

effect of dynamic irradiation on the fatigue crack propagation (FCP) behavior 

of candidate fusion fir~t wall materials. This investigation has been prompted 
by studies which show gross differences in crack growth characteristics of 
creep rupture specimens testing by postirradiation versus dynamic in-reactor 

methods .. The experiment utilizes miniatur~ center-cracked-tension specimens 

developed specifically for in-reactor studies. In the test, a chain of 

eight specimens, precracked to various initial crack lengths, is stressed 
during irradiation to determine crack· growth rate as a function of stress 

intensity. Load levels were chosen which result in small crack growth rates 

encompassing a reqi~e of-th~.crack. growth. curve not previ6usl~ i~vestigated 
during irradiation studi~s of FCP. The test will be conducted on 20% cold 

worked 316 stainless steel at a temperature of 425°C, in a sodiurn environment, 

and at a frequency of 1 cycle/min. Irradiation will occur in the Oak Ridge. 
Research Reactor, resulting in a He/dpa ratio similar to th~~ expected at· 
the first wall in a fusion reactor. Detailed design of the experiment is 

presented, a'ong wi~h crack growth data obt~ined from prototypic testing 

of the experimental apparatus. These results are compared to data obtained 

under· s ·inri 1 ar:· cund it ions yen era ted by :::onventi on a 1 test methods. 
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PROGRAM SU!··1f1'1ARY 

The research and development activities of the Reactors Materials Program 
of Fusion Energy consists of four major task areas: Damage Analysis and 
Fundamental Studies (DAFS),.Alloy Development for Irradiation Performance 
(ADIP), Plasma- Materials Interaction (PMI), and Special Purpose Materials 
(SPM). The ADIP program has as its objective the development of structural 
materials to withstand the hostile ~nvironment of the first wall of a 
magnetic fusion: reactor. ~1aterial problems that can cause failure include 

low cycle fatique, creep-fatique interaction, fatigue crack propagation (FCP), 
irradiation creep, loss of strength, and swelling. 

In order to conduct in-reactor FCP studies, it was first necessary to 
develop miniature specimens small enough to test in-reactor. 
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TEST MATRIX 

The experiment will be conducted at 425°C in sodium at a frequency of 
1 cycle/min. The complete test matrix is shown in the table. Irradiation 
will occur in the Oak Ridge Research Reactor (ORR), taking advantage of 
the thermal neutron-nickel two-step reaction, resulting in a He/dpa ratio 
similar to that expected in a fusion reactor. 
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SPECIMEN: 

MATERIAL: 

TEMPERATURE: 

ENV I RON~1ENT: 

FREQUENCY: 

MA>~ IMUi1 LOAD: 

STRESS RATIO: 

FAST FLUX: 

IN-REACTOR FATIGUE CRACK PROPAGATION 
EXPERIMENT TEST MATRIX 

MINIATURE CENTER-CRACKED-TENSION 

20% COLD-WORKED 316 SS 

425°C 

SODIUM 

1 CYCLE/MINa; SAWTOOTH . 

. TBD ( ~ 500 LBS) 

MIN. LOAD/MAX. LOAD~ R = 0.05 

3 x 10 14 N/CM 2-SEC (E > 0.1 MEV) 

DURATION OF TEST: TBD ( ~ 6 f'IONTHS) 
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IN-REACTOR FATIGUE MACHINE 

A pneumatically actuated fatigue machine will perform the elevated tempera
ture FCP test in the ORR (Experim~nt MFE-5). 

Miniature center-cracked-tension (CCT) specimens, developed specifically 
for in-reactor testing, are linked together forming a· specimen chain. The 
bottom of the chain is connected to a rigid specimen support tube, while 
the top is connected to a bellows. Sodium surrounds the specimens in the 
core region, while helium at a constant pressure fills the chamber above 
the sodium. l~hen the pressure in the bello\'JS is cycled with helium, the 
bellows expands and contracts, providing a cyclic load to the specimen 
chain. The chamber pressure and the bellows pressure extremes and flow 
rates are adjustable to provide the desired load range and wave-form. 

The load will be monitored by two strain gauges welded to each side of 
the n~cked portion.of the connecting rod. (This section is acutally about 
three feet above the top of the reactor core.) The information from these 
gauges will be used to make necessary adjustments to the pressures and flow 
rates. 

Irraaiation temperature will be controlled by flowing a mixture of helium 
and neon through a contoured gap bet1·1een the primary and secondary contain
ment walls. The gas gap will be separated into three independently controlled 
zones, giving the versatile control necessary to maintain a flat temperature 
profile despite uncertainties in the qamma heating profile and uny time
dependent shifts which may occur in the profile during the reactor cycle. 
Thermocouples at each specimen and near the strain gauges will continuously 
monitor the temperature. 
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Schematic of the In-Reactor Fat igue Ma chine 

--·.- -.t - -<'"'--

• • , ! 
·--·": ~ • -;: :·'f 

-. . - . . . ~ - ..;_; 
............ ~·-"" 

:·~0.:;·•. 
·- .·· . 

-·-· .••.• :;./o;-.'' .. . 
• • 1, ' .:: 

.:.. 

-"'-"· . 

; .. : ~ 
. ~ -{'· . :.. . 

.. 
. ' · 

.. .... ...... 
·r. ._ ... ... , . :_.· 

.. ... •_:: ... 

.... 

'-d: - :' 

~.- . .. . 



SPECIMEN CHAIN 

The specimen chain will consist of eight specimens, precracked to five 
difference crack lengths; one crack length will be duplicated and another 
triplicated. The duration of the experiment will be determined by the 
specimen with the largest precrack, the test terminating after a predeter
mined number of cycles, or after gross yielding or complete separation ,of 
a specimen, whichever is·first. At this time, the final crack lengths will 

be measured and the results compared with those of an ex-reactor test con
ducted at HEDL. The HEDL test will be run on the prototype under the 
identital test conditions, including the sodium environment. It will 
parallel the ORR experiment, trailing it by a few days. This will allow 
for communication between the labs to assure that the HEDL test duplicates 
the ORR test in every way. The end result is that one-to-one comparisons 
between dynamically irradiated and unirradiated specimens anywhere in the 
chain can be made. 
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FCP CHAIN TESTS ON CONVENTIONAL MACHH~ES 

Tests on FCP specimen chains have been conducted on conventional MTS machines 
·to establish a data base and to aid in the finalization of the in-reactor 
test matrix. An electrical potential method was used to monitor the crack 
length of each specimen during the test. From the results, the data can be 
reduced by the conventional method. The in-reactor.test .. \tiill.-reJy_on_obly 
initial and final crack length measurements~ Statistical treatment of these 
results will al~o yield curves in the conventional form. 
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EXPERIMENT SUMMARY 

G 

0 

Fatigue Crack Propagation may limit first wall lifetime. 

Dynamic Irradiation may effect Fatigue Crack Propagation. 

Miniature specimen chains enable large volume-real time in
reactor and postirradiation testing. 

The electrical potential method increases accuracy of crack 
propagation rate measurements; and reduces manpower-time 
requirements. 




