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Application: Raillway Systems

High speed trains

Task (selection)

Monitoring overhead traction line

Ultrasonic inspection for
crack detection in wheels
and in rails
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Transportation and Traffic Prafverfahren
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Automatic Ultrasonic
Railroad Wheel Set Testing
Station:

* Reliable Flaw Detection
« Fast Analysis
« Complete Documentation
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Aircraft inspection Prifverfahren

* Regular inspections
» Coating removement

* Fatigue testing

» Eddy current inspections

« Ultrasonic inspections _
Aircraft components
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The Past The Future

Reliability by » permanent checking

« Over sizing “health monitoring”

- Periodical checking & - distributed sensor systems

“time-of-live” estimation

d

* New design concepts

Additional weight

Extended service times in
short intervalls
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* Reduced weight

“Smashing a nut

. \ » Short service time in long intervals
with a mallet
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Distributed Sensor Systems

Cheap individual
d Sensors
High number of

sensors to monitor a Standardized
large structure area- components

wide ~ Intelligent sensors

» Unique core for data processing and communication
» Modular input stages for analog/mixed signal processing
» Modular output stages for data transfer and inter-sensor-communication

» Sensor network: sensor redundancy
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Self Assembling Sensor Networks

 Data on demand / data in case of need

* Inter-sensor communication
* Networked sensors
* Integrity of the values (plausibility checks)
» Bypassing/virtual replacement of defect sensors

* Need of small transmission power Bad knot can still be

addressed: Its value
is interpolated by
neighboring sensors
of the same kind.
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Miniaturization Required

Ultrasonic NDT System
ZfK Rossendorf 1988
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PC Ultrasonic Board Prifvertahrer

PCUS Hardware PCUS Software

| "Probe"
AN

Transmitter Echo

receiver prob L
Mtk * Analogue and digital System control

J« 3 ZT Signal processing gat? anlalysis
T X Depth compensation rotoco

* Presentation
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Smart Sensor

Transducer Analog Board DSP Board User
CAN
Ultrasound
_ _ Digital signal processor RS232

Acceleration K Analog signal processor

Data storage USB
Force — Wave-form generator .

Communication interface
Pressure Bluetooth

‘«jRHe

MICROSYSTEWMS
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Actuator

Sensor interface
with analog preamplifier
— o o o & ® o ®
Waveform generator
high power amplifier
—  ®» ® o ® ® ® ®

DSP for signal acquisition, processing, and

Kommunikation
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Electric power modul
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SHM with Ultrasound: Tomography

Fiber composite material

Delamination

Sound path

Sensor with structure integrated
signal evaluation electronics
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Application: Railroad Health Monitoring

Intelligent Acoustic
Sensor System (IASS)

: : =
» Sensors integrated into the E‘
rotating shaft ~ | —
- Data reduction within —8——-——-|
Sensors /' 1 -
» Telemetric transmission o
Antenna of / \ % b
telemetry =

Acoustic Crack-induced
sensor acoustic emission
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* Sensing Element
« Trigger Module

» Signal Processing
* Module

* Power Module

* Telemetry Module

Telemetric antenna

Sensors for NDE Sensors for SHM

-Periodical inspection *Sensors stay on board (cont. or periodical readout)
«Coupling or non-contact *Structure integrated

«Scanning or imaging Local (hot spots) or averaging (fibers, plate waves)
*High performance *Low cost

oSignal preprocessing on board 'Inte”igent (processor + Interface) SAN

oEasy to rep|ace °EXtreme|y hlgh rellablhty (10 to 30 YeaI’S)

*Energy not critical -Stand alone, energy management




Instrumentation of CFRP-Panel

Applications of Sensor Networks
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Applications of Sensor Networks Prifverfahren

» Monitor for pipes in the chemical industry,
refineries and power plants (RWE, Total)

» Combination of high-frequency, guided waves
and low-frequency vibration measuring
technique

» High-temperature sensors

Image Total
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Sensor Networks Prifverfahren

Local Sensor Network

Multiple Sensor Systems,
Smart Structures T

TGy S RSP Real-time Warning of Structural Damage
) o SRR > Condition Based Maintenance

"In-flight data
communication
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. . .
Real-time il Real-time
Communication \4 Communication

NDE Signal Processing
and Analysis
Saarbruecken, Germany

NDE Modeling,
Moscow, Russia

Structure Modeling
Dayton (OH), USA
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Meshed Topology Vision:

Wireless Sensor Network
Self organizing / scalable

Advantages Disadvantages
 Distributed management * High efforts for
« Unlimited extension administration
« Redundant layout » Expensive networking

High reliability
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The “Sensor Hill”
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Health Monitoring

» Airplanes
L. * Railroad systems
Applications - Pipelines
of modular « Chemical plants
Sensor » Medicine
systems « Environmental protection

NDE of Materials and Structures
according to codes, standards, and regulations

Process Monitoring

User Support

« Airplanes

» Railroad systems
« Automotive ...
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