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Motivation

Boeing 787 Dreamliner fire due to overheated Li-ion battery
Japan Airlines (JAL) in Boston, Jan. 2013
Consequence: Over $1.1 million daily loss due to groundings
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I-35W Bridge collapse due to faulty design, Aug. 2007
Consequence: 13 deaths, 145 injured, $60 million loss

Wind turbine collapse due to faulty maintenance, Feb. 2008
Consequence: Collapse of whole wind turbine
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Motivation

Power transformer fire due to faulty bushing, Jul. 2002
Consequence: $5 million property & business loss

UPS flight fire possibly due to overheated Li-ion battery, Feb. 2006
Consequence: 3 injured, loss of whole airplane

Research Questions:
Q1. Is it possible to design a system with near-zero failure probability?

Q2. Is it possible to anticipate and prevent failures during system operation?

IOWASTATELUNIVERSITY System Relabily &



Research Timeline

2007 2009 2011 2013 2015

Prognostics and Health Management (PHM)
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Reliability-Based Design

Design of Control Arm (US Army): Methodology
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Reliability-Based Design

Design of Control Arm (US Army): Optimization Results

Initial Optimum
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Reliability-Based Design

Design of Control Arm (US Army): Optimization Results
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Prognostics and Health Management (PHM)

Human PHM Process
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Prognostics and Health Management (PHM)

An engineered system cannot manage itself.

It must be managed.
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Prognostics and Health Management (PHM)

Health Management of Power Transformer
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Prognostics and Health Management (PHM)

Intelligent Prognostics Platform for Wind Turbine Gearbox

Condition-Based Control
and Maintenance
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Li-lon Battery in Implantable Medical Devices

Since 2004 Since 2010

Spinal Cord Stimulators Deep Brain Stimulators
Mild electrical stimulation in the Targeted electrical stimulation to part of
spinal cord to alleviate chronic pain. brain for mitigating movement disorder.

Targeted longevity of 9 years, and 1000+ cycles
Inductively coupled recharge
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Battery Prognostics

Do Patients/Physicians Need to Know More?
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Battery Prognostics

Schematic of Prognostics

® Estimated capacity based on voltage and current measurements
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Hu C,, Jain G., Tamirisa P., and Gorka T., “Method for Estimating Capacity and Predicting Remaining Useful Life of Lithium-lon
Battery,” Applied Energy, v126, p182-189, 2014.
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Battery Prognostics

Particle Filter for Estimating Joint Distribution of Model Parameters
[Pitt and Shephard, 1999, Journal of the American Statistical Association]
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Hu C,, Jain G., Tamirisa P., and Gorka T., “Method for Estimating Capacity and Predicting Remaining Useful Life of Lithium-lon
Battery,” Applied Energy, v126, p182-189, 2014.
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Battery Prognostics

Life Prediction @ Cycle 200 Life Predictions @ Multiple Cycles
y
100 ; ‘
J' S 800 -~ R —— True RUL
< 95,!\; ,,,,,,,, .5 S —= Predicted RUL
o \ B N | | |
= 5 L 600> [ I I
S 90\\,_ o9 2 | | |
S o5 Redl S RN i i
© g5 -heal | Fay L4000 N L i
3 data " = 400 RN | |
N — ) | N |
[ SO — LT AN * | ‘ |
5 ¢ Failure . T B NG T
Z ******************************************* - | | |
| | N
7(9[0] 200 [3.1] 400[6.0] 600 [8.8] 800 [11.5] & [0] 200[3.1]  400([6.0] 600 [8.8]

Hu C,, Jain G., Tamirisa P., and Gorka T., “Method for Estimating Capacity and Predicting Remaining Useful Life of Lithium-lon
Battery,” Applied Energy, v126, p182-189, 2014.
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Future Research Plan

Energy Storage J Student to be identified

* Reliability evaluation and
failure prognostics of new
materials

Design for

Functional
Reliability

Design for
Design for Resilience

Fa”““_* Wind Energy Ms. Kayla Johnson
Prevention (PhD Student)

* Intelligent prognostics
of wind turbine
gearbox
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Thank You!

Q/A
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PHM Toolbox being Developed at Hu’s Lab

Fast Fourier transform

Wavelet analysis

Principle component analysis

Expert feature extraction

Statistical correlation (copula)
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Health Diagnostics Health Prognostics

Self-organizing map
Clustering analysis
Mahalanobis distance
Support vector machine
Relevance vector machine
Artificial neural networks
Classification Fusion

Extended Kalman Filter

Similarity-based interpolation
Bayesian linear regression
Particle Filter / MCMC
Ensemble prognostics
Semi-supervised learning

K-Nearest Neighbor
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