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Reliability in the Real world 

More Real Depiction (Delicate Dance) 

The process generally benefits some more than 
others 

How Achieving World-Class 
Reliability Can Appear 
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How Reliability is achieved 

• Diligent, system-specific characterization and re-characterization 

– Constant monitoring 

– Gathering data 

• Understand Failure Mechanisms and Failure Rates to proactively 
schedule Preventative Maintenance 

• Understanding the interdependence of one sub-system to another 

• Intelligent Data Logging facilitates in-depth analysis in support of the 
aforementioned bullet points 
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Why Intelligent Data Logging? 

• Automation is possible 

• Data collection is consistent 

• Can be adapted to similar systems quickly 

• Type of data and data storage allows for easy software integration 

• Examples 

– Dissolved Gas Analysis (DGA) Data Collection Software 

– Radio Frequency Quadrupole (RFQ) Field Flatness Measurement Tool 
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High Voltage Converter Modulator Nominal Setup CCL4 

• Components of the High Voltage Converter Modulator (HVCM) 
produce the pulsed power needed to power the klystrons 
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SNS HVCM Setup (Cont.) Inside Modulator tank 
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Why Dissolved Gas Analysis (Cont.) 

• Gases dissolve into the insulating oil following breakdown stages 

• Analysis of dissolved gases allows for anticipation of total insulating 
material breakdown and preventative maintenance can be scheduled 
accordingly 

• One extreme example of oil breakdown is the modulator for Drift 
Tube Linac 3 (DTL 3) 

– Impurities built up sufficiently to allow for arcing 

– Acetylene was created 

– Sufficient quantities of acetylene were exposed to arcing 

– Catastrophic failure of the insulating oil caused a deformation of the top cover 
of the oil tank (about a ½ inch thick steel plate bowed about 3-4 inches) 

• Subsequent repair and replacements incurred about 24 hours worth of downtime 
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Serveron Dissolved Gas Monitor  

• Monitors 8 gas levels 

• True Total Dissolved Combustible Gas (TDCG) 
output is available 

– Σ H2, C2H2, C2H4, CO, CH4, C2H6 in PPM 

– Each gas is measured at 100% of detected level. 

• Total Hydrocarbons (THC) output is available 

– Σ CH4, C2H2, C2H4, C2H6 in PPM 

– Each gas is measured at 100% of detected level. 

• Moisture-in-oil and Oil Temperature 
Safety 

IEC 61010-1, IEC 61010-2-81 

UL 61010-1 (2nd Edition), UL 60950-1 Clause 6.4 

CSA-C22.2 No. 61010-1-04 
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Installation 

• The modulator for 
Coupled Cavity Linac 
section 4 was selected 
as first deployment 

• Data recorded every 4 
hours 

• Modified oil pump 
assembly allows for 
system to monitor oil 
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Collecting the Data (Manual Way) 

• Proprietary data collection stores data from DGA in Microsoft SQL 
database 

• Manufacturer software can query database and display results 

– Calculations are performed 

– Charts and Graphs are automatically generated 

– Not very portable and not designed for monitoring multi-system deployment 

– No easily read log file of which to speak 

• Engineer was manually copying data and pasting into a spreadsheet 

– Desired calculations, charts, and graphs were recreated in Excel 

– Involved logging into two different servers every day (about an hour each 
import) 

– Collaboration not easy 
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Collecting Data (New Way) 

• Proprietary system still stores data in Microsoft SQL database 

• Using Virtual Basic Scripting 

– Grab data and import them into a *.csv file 

– Update master spreadsheet with calculations and graphs 

– Employing formulae and filters to hide cells with bogus data 

– Publish/Update *.html page which can be accessed by anyone within defined 
group at any time 

– All are updated every morning before 0800 

• Result is consistent, reliable, and portable data collection which can 
be accessed without logins and without copying data from database 
to spreadsheet 

• Excel spreadsheet maintenance is required 
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Filtered Data in Actual File 
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Excel Screenshots 
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Continuous Data Monitoring Available via Web Browser  
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Example of DGA Capturing Problem 
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Radio Frequency Quadrupole (RFQ) Field Flatness 

• At the SNS, our RFQ has experienced three detuning instances coming 
out of maintenance periods 

– All instances required retuning the cavity to operate 

– Downtime for retuning an RF cavity can measure on the order of days 

• Subsequent measurements revealed significant deviation from 
documented field values 

• An effort was initiated to characterize the RFQ field flatness under 
nominal operating conditions for a baseline to compare against when 
RFQ field and resonance error started to move 
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Collecting Data 

• Combined use of Engineering, Physics, and Industrial Controls 
System (EPICS) database, Extensible Display Manager (EDM), and 
perl script does all the work 

– EPICS is used to control the Process Variables (PVs) needed to change the 
multiplexer inputs 

– EPICS also monitors readback PVs and copies readbacks into placeholder 
PVs 

– EDM is a Graphical User Interface (GUI) which allows the user to see the 
progress of the database in collecting the data and change certain variables 
(frequency of collection, offset values, etc.) 

– Perl is employed to grab data and append a running *.csv file which can be 
imported into Excel at a later date 

• *.csv file is used because appending an Excel file programmatically in Perl is not trivial 

– *.csv is text based file which can easily be appended and can be imported into Excel easily 
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RFQ Field Flatness Measurement Results 
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How to Implement Your Own Solution 

• Requirements are key 

– Poor requirements lead to poor software 

– Also true is good requirements ignored make poor 
software 

• Once the requirements are laid out, stick to 
them 

• Determine the right method 

– Database? 

– Script? 

• What language? 

– Where will the data reside, ultimately? 

• Format of the file and portability 
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Conclusion 

• Software is being deployed more ubiquitously now than ever in the 
accelerator world for new and innovative tasks 

• Benefits are numerous to using scripts and databases to help grab 
data in an orderly and consistent fashion 

• Make sure the requirements are clearly laid out 

• Be ready for customers to want more than requirements (scope 
creep) 

• Understand that on-going maintenance will be required 
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That’s All, Folks! 

If everything is done right, 
reliability can be properly 
optimized without very much 
disruption to personnel time 
through the use of software 
data collection.  In some ways, 
the goal is to make the 
transition to 100% reliability 
seem effortless; like turning on 
a light switch. 
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Why Dissolved Gas Analysis  

• HVCM electric insulating material breaks down due to multiple causes 
(Cooper Industries FR3 Insulating Oil) 

• Coronal discharge under abnormal conditions in the tank heats oil and 
generates gases starting around 150

o 
C 

– H2, CH4, and C2H6 and eventually C2H4 are generated 

– There are well known “hot spots” that generate gases associated with the low 
temperature range inherent in the design. 

• Quantity of C2H4 can indicate the temperature and intensity of the corona 

• Acetylene (C2H2) is generated when the oil conducts sufficiently to allow 
arcs (causing a fault temperature of 700

o
 C) 

• CO and CO2 can be released during electrical cellulose insulator 
degradation.   
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DTL 3 Aftermath Pictures 
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Some Other Failures That the DGA Could Catch 
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SNS Mercury Target background 

• Experience with a total of 12 
Mercury Targets at SNS 

• Varying lifetimes which are still 
being investigated 

– Lifetimes range from 1 week to 8 
months 

– Some of the lifetime constraints are 
self-imposed as Preventative 
Maintenance 

– Why such a large discrepancy is still 
under investigation 

– Plans for improvement and plans for 
administrative/operational changes 
are underway 
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Target Data Retrieval Tool 

• Developed to assist Engineering staff in gathering readings from the 
Target vessel 

– Pressure 

– Temperature 

– Flow 

• Data is used to perform post mortem on failed Targets 

– Attempt is to find some diagnostic that is a direct (or indirect) prediction of 
failure 

– Downtime incurred from Target failure is anywhere between 7-14 days for 
changeout 

• Data is archived and is accessible through many avenues 
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ARTTY (Archive Retrieval Tool To You) 

• Using Perl and the Graphical Tool 
Kit an archive retrieval tool was 
created to make customized 
searches of archived signals 

• Satisfies the requirements of the 
engineer to pull archived data 
from a particular date range at a 
particular interval down to 1 
second 

• Stores results in a *.csv file 
format for later retrieval  


