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Problem Statement
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® Collect, organize, and analyze large amounts of data for
numerous operational photovoltaic systems

® Implement an efficient tool for data collection and
organization

® Example: A photovoltaic generating facility can be
composed of thousands of modules and infrastructure
components



Data Requirements for Reliability & Availability
Analysis
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® Data collected from an operating system is censored data

® Not all components have failures, a mixture of failures and
suspensions (right censored data)

® Exact time of failure for some components may not be known (interval
or left censored data)

® Minimum Data Required for Photovoltaic Generating Systems
® Times to failure or times to suspension for all components

® All sources of downtime
Restoration times for all repairs/replacement
Preventive maintenance times
® Upgrades
® Inspections
External effects on system
® Grid perturbations
® Lightning strikes
® Other environmental effects



Failure Data Organization for Analysis

Censored Data—Not All Failures
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XFRACAS Tool Description
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® XFRACAS, a web-based application, provides all of the
tools to troubleshoot issues as they occur in the lab or in
the field,

® captures the data required for important reliability, quality,
safety and other analyses,

® facilitates teamwork to resolve underlying problems,
® builds a "knowledge base" of lessons learned that assists

future troubleshooting and development efforts.

® XFRACAS supports the entire incident management
process, from the initial development stages to complete
tracking of fielded serialized units.



Ideal Data Collection Tool Characteristics versus
XFRACAS Capabilities
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Data Collection Tool Characteristic Capability | User Mod Comments
Present in to
XFRACAS | XFRACAS
Handle multiple system & component populations X Passwords and permissions protect
proprietary information
Contain customizable query and sort features X User configurable
Handle both legacy and real-time data entry X
Discriminate independent vs. dependent failures at all levels X
Keep track of restoration times X
Keep track of retired & replaced components X
Export data in “organization for analysis” format into reliability & X Downtime and subsystem reliability
availability tools growth analyses require custom SQL
queries and post-processing in Excel
Offer “intuitive” user-friendly interface X User-specific operating instructions are

needed




Steps Necessary to Import Legacy Field Failure &
Repair Data into XFRACAS =

® Create a serialized bill of material consistent with
system reliability block diagram

® User-configure data import template
® Populate template with field data
® Import template into XFRACAS

PV Array
(Basic DC Power Generating Element)

PV Marshalling DC PV 150 208/480 Power| . AC
450 Box ) Disconnect_r RIEE g Inverter Transformer_' Meter Disconnect

Array

¥ Lightning




TEP SGSSS Bill of Material (BOM)
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Serialized BOM for one of 26 SGSSS arrays (Display of
XFRACAS Parts Import Template)

Part Part Serial Manufacturing
Level Number Part Description Version Number Quantity | Build Date | Ship Date Catalog Code
SGS Solar System
1 S5G555 Power Block S5G5-1 1 07/13/2001
48034 .8k
2 THL Transformer SCL-2 1 07#13/2001
208%/4804
2 TS Transformer TXS-1 1 07/13/2001
AC Disconnect
2 ADS Switch ADS-1 1 07/13/2001
DC Disconnect
2 0DSs Switch DDS-1 1 07/13/2001
Array Electrical
2 ECON Connections ECON-1 1 07#13/2001
2 M4 Inverter IM-1 1 07/13/2001
2 LIGHT Lightning Event L1 1 07/13/2001
2 WMOoD P Wodule hl-1J1-1 1 07/13/2001
2 WMOD P Module h-1J1-2 1 07/13/2001
2 MOD P Module h-U1-3 1 07#13/2001
2 WMOoD P Wodule h-1J1-4 1 07/13/2001
2 WOD P Wodule hl-L1-5 1 07/13/2001
2 MOD P Module h-U1-6 1 07#13/2001
2 WMOD P Module h-1J1-7 1 07/13/2001
2 WOD P Wodule hl-L1-8 1 07/13/2001
2 WMOD P hodule h-1J1-3 1 07/13/2001
2 WMOD P Module h-1J1-10 1 07/13/2001
2 MOD P Module h-U1-11 1 07#13/2001
2 WMOoD P Wodule h-1J1-12 1 07/13/2001
2 WQoD P Wodule h-L1-13 1 07/13/2001
2 MOD P Module h-L1-14 1 07#13/2001
2 WMOoD P Wodule h-1J1-15 1 07/13/2001
2 WOD P Wodule f-LU1-16 1 07/13/2001
2 MOD P Module h-U1-17 1 07#13/2001
2 WMOD P Module h-1J1-18 1 07/13/2001
2 WQoD P Wodule h-L11-19 1 07/13/2001
2 WMOoD P Wodule h-1J1-20 1 07/13/2001
2 WMOD P4 Module h-11-21 1 07/13/2001



XFRACAS Data Needs for Export of Data to
Reliability/Availability Analysis Tools
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Data ltem Reliability Availability TEP Logs
Incident Occurrence Date/Time X X X
Bill of Material Part Number X X X
Part Serial Number X X
Part Commissioning Date X X X
Incident Description X X X
Incident Category X X X
Service Response Date/Time
Service Completion Date/Time X
Restoration to Duty Date/Time X X
Energy Lost (kWh) X X X



How Incidents Are Entered
into XFRACAS

i

Process is incident entry driven

Information collected is identical for legacy and real-time
entries (However, legacy data may be incomplete)

Incidents are classified according to the source of the
problem

Incidents are classified into categories as chargeable or
non-chargeable

Failure types are required for each incident and are
similarly classified
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Rationale for Classification of Failures and
Suspensions
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® Incident Categories

® Chargeable
Hardware Failure
Software Problem
Hardware Upgrade Required to Operate
Software Upgrade Required to Operate
Equipment Installation Problem
Hardware Application Problem
Software Application Problem
Unknown

® Non-Chargeable
Hardware Upgrade
Software Upgrade
Preventative Maintenance
Troubleshooting Issue
System Upgrade
End of Useful Life Failure
Grid-induced Failure/Suspension
Environment-induced Failure/Suspension
Vandalism



Rationale for Classification of Failures and
Suspensions (Continued)
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® Failure Types
® Chargeable

Primary Failure

® Non-Chargeable
Preventative Maintenance Suspension
Corrective Maintenance Suspension
Grid-induced Failure
Lightning-induced Failure
Other-induced Failure
Grid-induced Suspension
Lightning-induced Suspension
Other-induced Suspension

® Failure is the logical AND of chargeable failure type and
chargeable incident category

® Suspensions are all other combinations



SGSSS Legacy Data Entry

Oceurrence Repair (BOM Level 1 P.LiVSEI 1 I BOM Level 2 Service Incident Incident Cat R T
Date Duration |Part Number| ' o “#" part Number Response Date Status neident Lategory eport lype
2 Number
| 3 [2/7/03 3:54:00 AP% SGR5S SGEH 0ps closed Hardware Failure Unplanned Field
4 [2H14103 (i SGS55 SG5-10 M closed Software application problem Unplanned Field
| = | pp p p
& 21103 E SGSS5 5G53 MO0 closed Hardware Failure Unplanned Field
= P
6 |3/9/03 82100 PH3 SEE58 5653 oo clogsed Hardware Failure Unplanned Field
| 2 | B
7 [anms (i SGEEE =G5-10 [N cloged Hardware application problem Unplanned Field
. pp p p
| g [4/1/03 7:30:00 AN2E SGSES 5G5-10 I cloged Hardware application problerm Unplanned Field
iTMHEIS T SGESS SG5-10 [N closed Equipment Installation Problern  Unplanned Field
|10 [4/23/03 7:30:00 gl SGSEE 5G5-9 [N cloged Prevantive Maintenance Planned Field Ev
lﬁ:’BfDS 28 SGESS SG5-3 MWOD closed Hardware Failure Unplanned Field
| 12 |5/29/03 1:17.00 FO SG3ES SGE6 DD closed Hardware Failure Unplanned Field
ETSHEIIM 70 SGEES SGE7 ECON closed Freventive MWaintenance Flanned Field Ev
|14 [B£23/03 3:44:00 (G SG55S 5G5-12 I closed Unknown Unplanned Field
| 15 [BA003 4:31:00 F17 SG55E SG5-12 I closed Hardware Failure Unplanned Field
" L
16 [7A1/03 a SG3ES SG54 W00 closed Hardware Failure Unplanned Field
r
17 (7103 7:14:00 A0 SGR5S SGE-3 [N closed Grid-induced Failure/Suspension Unplanned Field
18 (741103 7:14:00 £0 SGEES SGE4 [P closed Grid-induced Failure/Suspension |Unplanned Field
r
18 (7103 7:14:00 A0 SGESS SGE-13 [N closed Grid-induced Failure/Suspension Unplanned Field
|20 [7A1103 7:14:00 A0 SG55S SGE7 I closed Grid-induced Failure/Suspension | Unplanned Field
|21 [7A11/03 7:14:00 A0 SG3ES SG3-12 [ closed Grid-induced Failure/Suspension | Unplanned Field
|22 (7103 7:14:00 20 SGESS SG5-8 [N closed Grid-induced Failure/Suspension Unplanned Field
|23 [7A103 7:14:00 A0 SG55E SG59 I closed Grid-induced Failure/Suspension  Unplanned Field
|24 [7A1/03 7:14:00 A0 SGEES SG3-10 [P closed Grid-induced Failure/Suspension |Unplanned Field
| 25 [7A103 7:14:00 A SG5ES SG5-1 [ closed Grid-induced Failure/Suspension | Unplanned Field
| 26 [7£21/03 4:53:00 F124 SG3ES SGE-1 [ closed Environment-induced failure/suspe Unplanned Field
| 27 [7£21/03 4:53:00 F124 SG55S S5G54 I closed Environment-induced failure/suspt Unplanned Field
| 28 [7£2103 4:53:00 Fa3 SG55E SG5-6 I closed Environment-induced failure/suspt Unplanned Field
|28 [7/2103 4:53:00 F124 SGR5S SGE-7 [N closed Ervironment-induced failure/suspe Unplanned Field
| 30 [7/21/03 4:43:00 F148 SGESS SG5-8 [N closed Ernviranment-induced failure/suspe Unplanned Field
| 31 [7£21/03 4:53:00 F124 SG5ES SG54 [ closed Environment-induced failure/suspe Unplanned Field
| 32 [721/03 4:53:00 F360 SG3ES SGE-1 [ closed Environment-induced failure/suspe Unplanned Field
| 33 [7/21/03 4:53:00 F1032 SGSS5 5G5-12 1% closed

“Status of Troubleshooting # Team Members £ Instructions /

Ervironment-induced failure/suspe Unplanned Field

1<
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SGSSS Legacy Data Entry (continued)

L . Restored to Incident S Initiating Clock | AC kWh
Description of Incident Duty Date Resolution Completed Event Hours Loss
2 iy Date
3 |Tripped with a Door Interlock fault Interlock Imw2/8/2003 7:07:00 repaired 4563 560
I Over and Under frequency faults Unknown Inve2/14/2003 repaired "3600 T
| & [ASE madule shorted positive to ground PY m 21252003 replaced Ma032 =0
| 6 [DC interlock fault Interlock Inverter U-3 31042003 12:11:Crepaired 13675 395
| 7 [Owver and Under frequency faults Inverter U-103A1/2003 repaired "2960 "5
| 3 [Replacement controller card for Inverter U-10 ¢4/2/2003 05:40:00 repaired W71 70
9 |Recurrent over- and under-frequency faults for 472652003 repaired 1704 0
EU—B controller card replaced resulting in B pha4/29/2003 11:43:Crepaired new board didniB511 2190
| 11 [short to ground in module P% module U-3 Row4/30/2003 repaired wire found pincerS?'E )
| 12 [Tripped with a DC Interlock fault Interlock Inve 572972003 4:.55:00 repaired 2787 350
| 13 [loss of small amount of capacity Row box A 6/22/2003 repaired row box fuse in 7512 60
| 14 |indication of High C phase current Caontraller 15282003 4:52:00 repaired 0471 "44
| 15 [indication of High B&C phase curent Controlli7/1/2003 4:51:00 repaired 5520 54
| 16 [module dead PY module U-8 Row 4 7142003 replaced 5016 480
17 |Low AC valts Environmental Inverter L-3 F12003 7:18:00repaired 16639 368
|18 [Low AC volts Environmental Inverter UG FA11/2003 7:18:00 repaired 15031 2
| 19 [Low AC volts Environmental Inverter U-13 FA1/2003 7:18:00 repaired Bos 2
| 20 [Low AC Frequency Environmental Inverter U-77/11/2003 7:18:00 repaired 5263 2
| 21 [Low AC Frequency Environmental Inverter U-17/11/2003 7:18:00 repaired G77s .
| 22 [High AC Frequency Enwiranmental Inverter U-£7,/11/2003 7:18:00 repaired G263 .
| 23 [High AC Frequency Enviranmental Inverter U-£7/11/2003 7:18:00 repaired 263 .
| 24 [High AC Frequency Enviranmental Inverter U-77/11/2003 7:18:00 repaired 7135 2
| 25 [High AC Frequency Enviranmental Inverter U-77/11/2003 7:18:00 repaired 5175 2
| 26 [U-1 OOS due to lightning activity 841242003 repaired 17728 p)
| 27 [U-5 003 due to lightning activity 8/12/2003 repaired "15260 4580
| 28 [U-6 0OOS due to lightning activity 8/5/2003 repaired "4032 4550
| 28 [U-7 O0% due to lightning activity 01242003 repaired B512 3320
| 30 [U-B 003 due to lightning activity 8/16/2003 repaired B512 4580
| 31 [U-2 0O0E due to lightning activity 841242003 repaired B512 5840
| 32 |U-11 005 due ta lightning activity 5/5/72003 repaired D424 4950
| 33 [U-12 003 due o lightning activity 81242003 repaired "o024 :32EI

- . . . N . . _ . _
M 4 » Wi Incident { Repar Replace f Detals 4 Status of Troubleshooting 4 Team Members / Instructions /|4
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Real-time Failure Data Entry
Incident Wizard Screen
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Logged in as: JEFFREY A MAHN Incident #New

Current Entity: |Sandia Solar Energy FRACAS »

New Incident Report
(Step 1 of 8) Please provide the Serial Number and Part Number

Incident Type:

| Serialized Incident v|

BOM Level 1 Part Serial Number:

[eGs-10 [«

BOM Level 1 Part Number:

|sGsss ]

Uze Singlz Form Cancel | | = Back || Next > | | Fnish




Analyses Supported By
XFRACAS Data Exports

Reliability growth analysis

Life data analysis

Downtime analysis

Reliability and availability analysis
System simulation

Comparisons of suppliers, operating sites, similar
hardware, etc.
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ReliaSoft's RGA 6 PRO - RGA.ReliaSoft.com

Inverter Parametric Recurrence Data Analysis
Cumulative and Instantaneous MTBF per Inverter

Cum. and Instant. MTBF vs Time
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Predictable reliability growth is
occurring with field repair by
finding problems and applying
fixes to all the inverters.

Instantaneous MTBF is improving
with time.

Solid red line is instantaneous line
fit, and solid black line is cumulative
line fit.

Time is in days.



Conclusions
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Collaborated with ReliaSoft to upgrade XFRACAS features
to export data for reliability/availability analyses

Successfully demonstrated import of legacy data into
XFRACAS and export of data in analysis format to
Weibull++ and RGA

Successfully demonstrated entry of additional real-time
data into XFRACAS and export to analysis tools

Automated data collection, entry, and organization for
analysis increases efficiency and accuracy of analysis
results




Future Work
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® Sandia’s DOE Photovoltaic Reliability Program is interested in
partnering with Renewable Energy manufacturers, installers and
operators to develop baseline reliability data for Photovoltaic
components.

® A single database like XFRACAS could support a life cycle
approach for managing conceptual development through
retirement of fielded PV systems by recording and tracking:

Design iterations and upgrades

Review boards

Failure analyses

Corrective actions

Field operations

Test results

Data for reliability growth and system availability predictions

® Reliability and availability descriptions can be integrated with
higher-level models like GOLDSIM to simulate variations in
weather, seasons, and geography on the kWh performance of
photovoltaic systems.
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ReliaSoft™ reliability analysis commercial software was
used for modeling and data analysis.

® XFRACAS

® Weibull++7

® RGA 6

® BlockSim 7
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