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Some Numbers…
In 2006, 161 exabytes (billion GB) were generated.
In 2010 988 exabytes (billion GB) will be generatedIn 2010, 988 exabytes (billion GB) will be generated.

Amount of digital data in the world doubles ~ 11 min.Amount of digital data in the world doubles  11 min.

5.1 sec of data for three sensor channels at 200 Hz:
15 KB per dataset.
254 MB per day.
92 5 GB per year92.5 GB per year.

Using model-based methods to design measurementUsing model based methods to design measurement
systems and extract meaningful features for usage
monitoring, fault identification, and trending is
probably essential – the dynamics are coupled!



Technical Approach
Condition-based operations for ground assets
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Condition based operations for ground assets
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Mechanical Components
Examples of condition monitoring applications with commonality
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Examples of condition monitoring applications with commonality
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Issues:Issues:

Data deficit in platform
C t i t i ht tConstraints on weight, etc.
Accessibility of componenty p

Variability in loading
Incipient damageIncipient damage

Wide area inspection
Complexity



Load Identification
Lack of Data Available in Certain Platforms
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Lack of Data Available in Certain Platforms

HMMWV usage monitoring:
R h i i l it ti ti fResearch on: minimal sensor suites, estimation of usage.
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Load Identification II
Constraints on Weight and Power

4

Constraints on Weight and Power

Carbon filament wound missile casing (light for precision):
R h i bl d l d ti i tResearch on: inverse problems, model updating upon impact.
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Issues:Issues:

Data deficit in platform
C t i t i ht tConstraints on weight, etc.
Accessibility of componenty p

Variability in loading
Incipient damageIncipient damage

Wide area inspection
Complexity



Damage Identification
Detection of Damage in Non-Accessible Component
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Metal spindle housed in wheel assembly (up armor loading):
R h t bilit f tt h t tli l i

Detection of Damage in Non-Accessible Component

Research on:  repeatability of attachment, outlier analysis.
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Issues:Issues:

Data deficit in platform
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Accessibility of componenty p
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Damage Identification II
Operational Variability in Usage Environment
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Operational Variability in Usage Environment

Truck suspension fault in sway bar link (HMMWV tie bolt):
R h t bl l t f NDT i ti d t tiResearch on: portable cleats for NDT, semi-active detection.
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Damage Identification III
Need for High Sensitivity Fault Indices to Detect Incipient Faults
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Rolling tire with bead area damage (wheeled vehicles):
Research on: data fusion using coupling modeling of tire

Need for High Sensitivity Fault Indices to Detect Incipient Faults

Research on: data fusion using coupling, modeling of tire.
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Damage Identification IV
Methods for Damage Identification in Large Component

8

Heavy lift helicopter composite structure (supportability)
R h id d t ti i l t d d l i ti

Methods for Damage Identification in Large Component

Research on: wide area detection, simulated delamination.

Heavy lift helicopter Modal Hammer Measurement at Root

190 Hz 315 Hz
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Sensing and Delamination Full-Field Mode Shapes
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Damage Prognosis
Measurement Complexity in Real-Time Predictive Damage Models
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Measurement Complexity in Real-Time Predictive Damage Models

Welded steel automotive stabilizer link (subject of recall)
R h t d di ti ff t fResearch on:  component damage prediction, effects of usage.
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Thinking “in the box”
Basic Needs in Condition Monitoring and Assessment
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Basic Needs in Condition Monitoring and Assessment

- Change in properties due to 
operational variability, maint., etc.
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- Methods of data analysis that
do not require a reference.
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- Variability audit
of platformsof platforms.
- Modeling
interactions.
- Internal load

- Inexpensive sensor
nodes + processing.

R li bilit f

- Internal load
estimation.

- Reliability of sensors
and attachments.
- Self-calibration.

Measurement

- Constitutive models
(rubber, etc.).

- Dynamic system - Measurement
methodologies.
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models.
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Need #1: Model-Based Data Interrogation

D t ≠ I f ti
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Data ≠ Information

Approach: Models ↔ Simulations ↔ Experiments
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Need #2:  Prognostic Modeling

M it i ≠ P di ti
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Monitoring ≠ Prediction

Approach: Models ↔ Simulations ↔ Experiments

m n
Fault

d ⎛ ⎞
⎜ ⎟ ⎛ ⎞ ⎛ ⎞

Approach:  Models ↔ Simulations ↔ Experiments
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