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RAMI data supports good design, operations, and  
safety for future machines      

    
•  Fusion is on an energy source development path.  The machines 

generate engineering data on components and systems.  Our goal for 
ITER and future experiments is to collect all possible RAMI data to 
apply to the next future machine in the path.  The progression of data 
from these machines show the growing technical maturity of fusion 
equipment, as well as support design activities and safety assessment. 

•  There are three types of information to collect for reliability data 

–  Component fault data 
–  Component population data 
–  System and plant operations data 

•  Maintenance and Inspection data – the times and personnel needed for 
hands-on maintenance and inspection work, and the times for remote 
maintenance and inspection, are important data values for future 
machines that strive for higher Availability.  These technology data are 
unique to fusion. 



Some reliability data is collected now from existing 
facilities       
•  Existing tokamak experiments (DIII-D, NSTX, JET, JT-60U, FTU, Tore 

Supra, etc) and facilities (TLK, TPL, and TJ-II, LHD stellarators) 
voluntarily collect their fault data to improve their operations.  These 
facilities share their data.  The data are tedious to analyze by hand. 

•  Some systems from DIII-D and JET that have applicability to future 
tokamak systems have been analyzed for reliability.  JET AGHS, JET 
and DIII-D vacuum equipment, plasma heating systems, diagnostics 
have been examined.  Tritium facilities have also been analyzed. 

•  ITER designers have sought and received feedback on reliability of 
tokamak components and systems.  Also, the Autorite de Surete 
Nucleaire (French regulator) requested more information on fusion 
operating experiences and evidence of these experiences being used 
in ITER design during Rapport Preliminaire de Surete (RPrS, 
preliminary licensing safety report) reviews. 



ITER should have a thorough data collection effort 
    

•  ITER operation will generate a wealth of component and system 
engineering data as a large scale D-T fusion experiment.  We need to 
capture these data for fusion development.  ITER could collect: 

–  Component operations data (successful operations) 
–  Component failures, and failure mechanisms  
–  Component repair and inspection data 

•  ITER hot cells could perform forensic investigation of failed in-vessel 
components (antennas, diagnostics, windows, and perhaps FW/BKT/
DIV as well) to determine failure mechanisms.   

•  ITER can also provide RAMI data on ex-vessel systems, including TF/
PF/CS coils, coil feeders, the cryoplant and cryodistribution, RF 
heating & CD, tritium plant, fueling, plasma controls, CODAC, ITER 
interlock system, RH equipment, etc.  Many ITER systems are relevant 
to a demonstration plant. 

•  ITER will be a large facility with 200 staff and 400 technicians, there 
will be much maintenance and inspection work to be tracked.   



ITER could collect reliability data electronically   
•  Modern digital control systems can easily collect system operation 

times, equipment starts, stops, and run times, health monitoring data, 
and log in the equipment fault time and date.  These ‘data historian’ 
electronic data can easily be saved.  The data are analyzed via 
computer programs and presented in electronic databases.  The 
overall results can be documented in written reports. 

•  A typical industrial plant might collect ~3,000 data points from 
sensors to the control computer; these points envelope all major 
systems.  ITER will collect some data points for the tokamak and for 
each on-site support plant.  The data will be shared among Parties.  It 
is not clear if the ITER CODAC presently includes a provision for any 
sort of component health monitoring. 

•  One or two personnel are usually assigned to track the data historian 
per plant.  These personnel may also perform plans and schedules. 

•  ITER’s 20-yr lifetime is limiting.  The first 8 years of operation would 
be at low availability in H, D, and limited DT ops.  That leaves ~12 
years of operation at goal A=25%; barely enough time for component 
maturation.  We must ‘cast a wide net’ to collect as much component 
data as possible will make the data sets more statistically valuable.   



ITER could collect maintenance and inspection data 
electronically     
•  Collecting ITER maintenance data to develop both hands-on and 

remote maintenance repair time estimates for equipment and systems 
is also possible with additional effort.  Task data can be retrieved 
electronically via a computerized Work Order system. 

–  Maintenance time data tend to be difficult to collect.  ITER could 
devise a system where supervisors or foremen record the hands-
on maintenance data electronically.  

–  Remote maintenance time can be tracked electronically by the RH 
control console usage.  JET already uses an electronic recording 
system on its RH equipment. 

•  Inspections that must be performed frequently are most efficiently 
done by plant personnel - these can be tracked as described above.  
Infrequent inspections are performed via subcontracts - by 
specialists, manufacturer representatives, or testing labs.  These data 
can be tracked by contractual records.  If component health 
monitoring is used, degradation trends can be analyzed electronically.  



There are some ITER components whose experience 
will not move fusion development forward 
•  The ITER blanket and first wall, and divertor are not believed to be 

DEMO relevant.  DEMO relevant materials for these components and 
actual prototypes of these components would require testing in a 
fusion environment to qualify them for use in a future fusion plant. 

•  Some type of irradiation facility, such as IFMIF, is needed to qualify 
materials for a D-T fusion environment.  Some type of test facility is 
needed to systematically test prototypes of in-vessel modules.  The 
facility should also test tritium removal from breeding materials on a 
more operational level than the ITER test blanket modules. 

•  The engineering data from these facilities must be collected and 
analyzed to determine component failure mechanisms, component 
useful lifetimes, and component reliability.  Long run times are 
needed.  

•  The test data are expected to be thoroughly documented, including 
the production processes for metal alloys, fabrication processes for 
modules, and characterization of radiation damage, module lifetimes 
and failure mechanisms of any failures in service.   



ITER is a fusion ignition experiment but also 
presents an opportunity to obtain engineering data 
•  With advanced digital controls, engineering data on 

component operation and failures can be acquired 
electronically and analyzed for every major ITER system.  
ITER can also investigate component failures by either 
hands-on or hot cell examination. 

•  Remote and hands-on maintenance data, and 
component inspection data, can also be electronically 
tracked and used to build a database applicable to a 
DEMO or future fusion experiments. 

•  Test facilities can provide experiences that ITER will not. 

•  All of these data will serve as field operations feedback 
to outline what worked well, and what did not, for the 
next steps forward in the fusion development path. 


