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Gas Turbine Combustion Section

Online Condition Monitoring Needs SIEMENS

® Hot section combustion components of gas turbine engine are exposed to harsh
operating conditions and high temperatures. As a result, combustion parts have
shorter design lives and more frequent maintenance inspection interval
requirements than other parts of the turbine engine.

® Frequent maintenance inspection outages affect engine availability and reliability.

® Use of sensor technology that directly detect and monitor hardware life online can
help to optimize maintenance outage intervals. At present, there are no proven
high temperature sensors available to continuously monitor the two primary life-
limiting issues of combustion parts: cracking and wearing.

Compustor

Compressgor

Siemens SGT6-5000F Turbine
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Project Overview

SIEMENS

Project Goal:

The project goal is to develop wear and crack monitoring technologies to enable real-time
condition monitoring and assessment of critical hot section combustion parts. The project
develops hot component sensors and an integrated system to use the sensors to enhance
plant and component reliability with a robust condition monitoring network.

Project Objectives:

1) Develop a Magnetic Crack Sensor: Design, develop, and demonstrate a high temperature
multifunction magnetic sensor to monitor cracking and temperature in hot section
combustion components

2) Develop a Fiber Optic Wear Sensor: Design, develop, and demonstrate a high
temperature sensor to monitor wear of hot section combustion components

Compressor Combustor Turbine
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Program Tasks SIEMENS

Task 7 Task 1

Program Management Monitoring System Configuration
and Specifications

A 4

Task 2 (K Sciences) Task 3 (JENTEK Sensors) Task 4
Develop High Develop Multi-Functional Develop Parts Condition
Temperature Wear Online Monitoring Sensor Assessment Model for Remaining
Monitoring Sensor for Crack, Crack Growth, Life Determination and
and Temperature Maintenance Interval Optimization
A\ 4 A \ 4
Task 5

Implement Integrated Combustion
Components Online Monitoring System

Task 6
Engine Demonstration Test
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Participants and Roles

SIEMENS

Participants

Role of Participants

Added Siemens Energy, Inc.
Vendor

Program Management

Combustion Monitoring System Specification

Design Integrated Combustion Condition Based Monitoring System
Prototype Sensor System Tests in Simulated Engine Environment
System Validation Testing in Demonstration Engine

Laboratory Proof of Concept Tests

Sensor Redesigns

Added
Scope
y —

Philtec Inc.
K Sciences GP, LLC

Design High Temperature Wear Sensor
Fabricate Wear Sensor and Electronics
Laboratory Proof of Concept Tests and Prototype Tests

JENTEK Sensors, Inc.

Design Multifunction Magnetic Crack and Temperature Sensor
Fabricate Multifunction Sensor and Electronics
Laboratory Proof of Concept Tests and Prototype Tests

03-14-2012
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Development Status:

Key Milestones and Deliverables SIEMENS

® Sensors passed two formal R2 conceptual design reviews.
® \Wear sensor passed a final R5 engine design review
® \Wear sensor approved for engine installation in March to April Outage

Technical Go / No-Go
Progress . Task Description Status
Milestone Milestone
Develop Online Combustion Monitoring System Specification for the Wear
M1 1.4 |and Crack Sensors Completed
M2 2.2 |Concept Design of Wear Sensor Completed
M3 2.5 |Lab Proof of Concept Wear Sensor Test Completed
M4 3.2 |Concept Design of Crack and Crack Growth Monitoring Sensor Completed
M5 3.3 |Concept Design of Temperature Monitoring Sensor Completed
Integrate Crack and Temperature Monitoring Capabilities within a Single
Milesto M6 3.4 |Sensor Completed
St at M7 3.7 |Lab Proof of Concept Crack Detection Test Completed
M8 4.4 |Develop Crack and Wear Monitoring Algorithms for Online Monitoring Completed
M9 5.4 |Wear and Crack Conditon Monitoring Sofware Prototype Completed
M10 6.1 |ldentfy Engine Unit for the Prototype System Demonstration Test Completed
M11 6.3 [Design Review of Integrated System Specification Completed
Installation
March-April
M12 6.6 |Perform Demonstration Test 2012
M13 6.6 |Final Report- TestResults Sep-2012
03-14-2012 Siemens Energy, Inc. 6



Develop Specifications for Sensors SIEMENS

Fuel Nozzles/BasketSwirler Bore
Assembly Interface
* Fuel Nozzle Stem and Basket
Swirler Bore contact surfaces Basket/Transition Assembl

Interface

« Basket Spring Clip and Transition
— Inlet Ring contact surfaces

Transition/Stage1l Vane Assembl
Interface

* Transition Floating Seal and Vane

Assembly Interface

Identify Critical Combustion
Parts for Monitoring

- Identify locations

- Define monitoring needs

03=1z=zUuxz

Driving factors and Develop online combustion
Nl operating conditions ——N| monitoring system specification
——( contributing to wearing and | V] for the wear and crack
cracking monitoring (Milestone 1)




Wear Sensor Development Specification SIEMENS

Requirements Target Note
Sensor Maximum Operating 1000°C * Very high target for a new sensor
Temperature (1832°F) development.
Fiber Optic Transmission Cable 500°C * Transmission cable used from the sensor
Operating Temperature (932°F) location to outside of engine casing.
: +/-0.025 mm * Very high resolution target , informati
Wear M rement Resolution : ery high resolution target , information
ear Measurement Resolutio (0.001 inch) valuable if resolution is 0.25mm
Wear Measurement Range 0to 10 mm * Prototype sensor target
Minimum of 2000 hrs A _ _ ,
Sensor System Operating Life for prototype sensor ' Ultimate goal is to have a sensor with design
d tration test life equal to combustion parts inspection interval
emons cycle measured in thousands of hours.

03-14-2012
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Magnetic Sensor Development Specification SIEMENS

Requirements Target Note
Sensor Maximum Operating 1000°C * Very high target for a new sensor
Temperature (1832°F) development.
Transmission Cable Operating 500°C * Transmission cable used from the sensor
Temperature (932°F) location to outside of engine casing.

Minimum of 0.50mm
Crack Detection Resolution crack length by
0.25mm crack depth

Crack Growth Monitoring Range * Prototype sensor target

(max crack length) 0'to 30 mm

* Secondary objective to use the sensor for
Temperature Measurement +1-15°C (27°F) dual use (temperature and crack
Accuracy monitoring).

* Ultimate goal is to have a sensor with
design life equal to combustion parts
inspection interval cycle measured in
thousands of hours.

Minimum of 2000 hrs
Sensor System Operating Life for prototype sensor
demonstration test

03-14-2012 Siemens Energy, Inc. 9



Sensor Development Progress SIEMENS

Wear Sensor

Inadequate measurement stability

K Sciences Baseline Design in wearing environment

Alternative Design with Philtec Probe I
Crack Sensor DESIE

Failed to develop an integrated

system with measurement capability

JENTEK Sensors Inc. I Proposed development needs too large to continue

03-14-2012 Siemens Energy, Inc. 10



Validation Tests: Key Success Factors

Obtained from Various Testing Levels SIEMENS

Key Success Factor Vender Test Siemens Lab Tests Engine Test
Measurement resolution and accurcy
Measurement in actual materials and
reflection environment of an engine
Measurement repeatability
Wears with contacting part
Temperature cabability, short term
Temperatuer capability, long term
Engine robustness
Installation capability
Engine impact acceptable

R2 Concept Design — R3 Design m==lp | R5 Final Design Details

Siemens developed specialized laboratory tests to go beyond vendor capabilities

03-14-2012 Siemens Energy, Inc. 11



Develop High Temperature Wear Monitoring

Sensor (Baseline Sensor) SIEMENS

® Fiber optic sensor technology, initially developed by K-Sciences, monitored
wear by determining sensor length directly as the sensor tip erodes with the

wearing layer.

® Sensor development target: operating temperature of up to 1000C, and wear rate
measurement resolution of +/-0.025mm (0.001inch).

3.50 4.00

To Signal Processing .
Electronics Fiber Optic Cable o \\
Sensor : . \
Wearing Element S
Layers \ ém \\

Sensing Element Length, mm Application

Schematic of wear sensor Raw output correlation to sensing Example
instrumentation element length
Siemens Energy, Inc. 12
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Concept Design of Fiber Optic Wear Sensor

(Baseline Design) SIEMENS

® The fiber optic wear sensor works using optical light transmission principle governed by
Beer-Lambert Law. The optical light transmission intensity through a fiber can be related to
the fiber length as shown below.

Optical fiber with attenuation
coefficient, a, and length, L

Lightin

Beer—Lambert Transmissivity of Light as It Travels through an Optical Fiber

® Using dual fiber optic elements with different attenuation coefficients allows the monitoring
of sensor length or wear

Wearing surface Sensor probe
(mating surface) imbedded in

the part Optical signal processing electronics
(Ui i O ,
e _ Transmission fibers Opt|ca| emission Solve for |ength L
Optical fiber with (sensing element to

attenuation a,

Sensing element sensing element-2
length, L e e e e e e e e e e e e e e e e - -

|
|
| - attenuation a, electronics) I Light inter|15ity O{ 1 | :
2 sensing element-
25a Iy | % o L In| =L
S — | 1 0 5
593 = N . => L= L2 |
B = —_— | = | *a 2 I
SEs I 27 0 a,-q
g § E Optical fiber with : Light intensity of |
|

Note: I, is the same for both sensing elements (same light source)

03-14-2012 Siemens Energy, Inc. 13



Detector Output, mv

03-14-2012

Laboratory Proof of Concept Tests

K Science Wear Sensor

SIEMENS

Signal Repeatability and Sensing Element Length Determination Experiments

17.0
K Sciences and Siemens conducted initial
16.0 | _ : . . lab proof of concept tests
A e i W T SR e oY P P
15.0 ——TestRun-1 [
Test Run-2
Test Run-3
14.0 * 0.5 dB/cm fiber exposed to incandescent lamp light source. ——Test Run-4
* InGaAs Detector with an operating wavelength range of 700- — Test Run-5
1800nm (near infrared region) used. —— Test Run-6
13.0 * Gain Setting: 50dB (gain of 4.75 x 10° V/A +/-2%) —— Test Run-7 70
—— Test Run-8
T eirins —_J___.____.
12.0 Test Run-10 60 e —
110 _ 50 A I Scaled fiber length
£ representation
10.0 ‘ ‘ ‘ ‘ ‘ 2 40 I
20 40 60 80 100 ‘3 I ¢ W‘
Time, s > I
- % 30 3 z » I v
Measurement Stability and g = 2 = 2h A
- = 20 S S S £ i |
Repeatability Tests g S z 5 5
> 0 0 o B
o o (=] n 2
5 & - (=} (=]
10 ~ a g - s
~ 8 3 — ™
> > J % 3
< < < & &l
0 T T T T T T T T
0 60 120 180 240 300 360 420 480 540 600

Siemens Energy, Inc.

Time in seconds

Length Test

Detector Output versus Sensing Element
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Laboratory Proof of Concept Tests SIEMENS

Wear Compatibility Test

Wear Probe

|| ¥y

High speed wear simulation test
on agrinder (wear probe rubbing
against spinning abrasive surface).

High speed wear simulation test on
alathe (wear probe rubbing against
spinning metallic surface).

Sensing fibers assembled
in this grove using high ™|
temperature cement glue

03-14-2012 Siemens Energy, Inc. 15



Baseline Sensor Wear Demonstration Test SIEMENS

Metal-to-Metal Wear Simulation Test: created wide uncertainty band in measurement

Measured by Sensor

"'l )
Uncertainty band =
1.5 mm
Target resolution 0.25 mm
~ Actual Feed rate ™
Weatring the fiber created cracks that 1 +—— (dial gage indicator) B
reflected light and made the 0.5 -
measurement very noisy i
0
100 150 200

Time {sec)

Siemens and K Sciences spent a great deal of effort to resolve issues
» Fiber bundle designs

' > Dat '
03-14-2012 Siem¢ ata averaging



Baseline Wear Sensor Replaced with an Alternate Wear

Sensor Concept SIEMENS

Fiber cable

Wear probe

Wear probe
Sensing

Sensing elementsin
contact with elements
wearing surface Optical guidein
contact with the

wearing surface

Wearing parts
Wearing parts

Baseline Fiber Optic Wear Sensor
Design (K Sciences)

Alternate Optical Wear
» The Baseline Sensor performed Sens_or DeSIQn
marginally in static tests. (Siemens)
» When the fibers were exposed to wear,

the measurements became unusable

Philtec Gap Measurement Technology Integrated with a Siemens Wear Probe Concept

- Performs better in aggressive wear environment
- Closer to practical demonstration than the K Sciences concept

03-14-2012 Siemens Energy, Inc. 17



Sensor Design: Alternative Wear Sensor

: — Transmit light Transmit light
Mating part _ Emits light through hot outside o%
reflects light into Plug and zone, up to engine (low

through Plug receives 500C (high temperature

back to Probe reflected light temperature fiber cable)
\\ fiber cable)

» Generates probing light

(880nm diode)

>Receives reflected light s Processing and
and converts it into
electrical signals.

» Digitizes and pre-
processes signals

e o e iy
— o -

Fiber Cable

Background
reflection
measured with
no light source

Ratiometric method used
to measure distance from
fiber end to wearing part

03-14-2012 Sie

Y

Optoelectronic
Module

SIEMENS

Data

Storage System

User Interface
PC
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Alternate Sensor Wear Simulation Test

Separating the optical fiber with an optical wear plug greatly SIEMENS
Improved the measurement stability

> 4

« Preliminary probe measured
5.0 uncertainty of 0.3mm

Raw Output, V

~
2.5 ~

2.0

0 2 4 6 8 10
Wear, mm

(b) Sensor output correlation
to probe tip wear progression

Wear simulation test using bench
grinding machine

Alternate sensor design improved wear monitoring
capability over the Baseline (K Sciences) design in a
dynamic wear simulation environment

Uncertainty achieved = +/-0.3mm.

03-14-2012 Siemens Energy, Inc. 19



Alternative Wear Probe Improvement SIEMENS

Baseline/ | Alternative/
Criteria Specifictions | K Science Philtec
Distance operating range, mm 0-10 0-10 0.2-12.7
Maximum operating temperature, C 1000 1000 800
Instability, room temperature, um 25-250 740 2
Instability, operating temperature, um 25-250 XX 30
Uncertainty during wear, um 25-250 1500 300

Wéar Sensor Driftat25'c Wear Sensor Temperature Drift

=}
|

9402

B .
.+

94015

.
9401 -

E G
= 94005 P
o
3

Thickness, mm

g 100C 500C 700C
§ 9400

9399.5

9399

Q@ = N W A M @ N R e

o
o
o
| e
)
3
=]

9398.5

20 40 60 8o 100 120 140 G0

Optical properties of the quartz media and
reflective surfaces are temperature dependent; so

- calibration at operating temperatures is needed.
03_14_2012 Slemen —TTCTyYy,; mMro. y4v)

At room temperature the sensor output
drifted less than 2 um during 48 hours.




Alternative Wear Probe High Temperature Tests SIEMENS

TCZ‘ TC"" Thermocou pie 1.8'L — ¥ |——Thermocoupls 2, 237 L

Keithley madel 2700
Data Acquisition Sys B

Test Objective: Evaluate sensor response and
integrity in high temperature environment

L_ UPPER CERAMIC FIBER HEATER
175" 1D.x@" L

i
11]|[f—— MDOLE CERAMIC FIBER HEATER

Philtec Test Results: e

1. Probe materials (fused silica fiber, optical guide, i ————
ceramic cement, and Hast-x probe housing) are e Tes
capable to operate up to 1000C. ; HH

2. Probe performance stable for up to 600C. Pt e b S e e

3. Small drift observed at 800C and up due to _
thermal radiation noises and other setup issues. :

Base Plate, 12" x 127 x 318"

{

Philtec Sensor
Electronics

A vertical stack of heaters used to heat the
sensor tip plus one meter of cable length.

03-14-2012 Siemens Energy, Inc. 21



Alternative Wear Probe:
High Temperature Test - Probe tip exposed to 450C for 12 hrs
e R

SIEMENS

5.0 = .
45 45
a0 / 40 o After 4
s | 35 ;— heating
Before / -
3.0 ; 4 Y\ — /
2, heating 2 | /!
o 25 pooooi
= o SENSITIVITY = 14.143 mv/mil = /" SENSITIMITY = 14.481 rhv/mi
20 #
15 ,/ 15 Foi //
1.0 1.0 P /
08 Koo 05 |~
1] 50 100 150 200 250 300 350 400 450 500 i} 50 100 150 200 250 300 350 400 450
Sl Linear Range + 1% = 161.5 - 293.9 mils Gap, mils
Noise Ripple @ 2.0 VDC (DC-20 KHz) = 0.00 mv pk-pk
Y Intercept = -0.810 Volts
Sensor response after heated to
450°C for more than 12 hours

Linear Range = 1% = 167.1 - 305.2 mils
Noise Ripple @ 2.0 VDC (DC-20 KHz) = 14.00 mv pk-pk

Y Intercept = -0.787 Volts
Sensor response before exposed
to high temperature test

NN

T
w

The calibration curve before and after heating remained the
same and the response during heating was as expected.

03-14-2012

Siemens Energy, Inc.
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High Temperature Test:

Probe tip exposed to 780C for 4 hrs SIEMENS

i
800 T empeta,turedurmg, the h}eaimg
: | | | | |
20 Calibration To 2mm Enamel Coated Glass 30 Nov 10 600 ""i’""i-"‘-""“'i" T Cyc ¢s -ir-- T ":’""':’""'i"r'i""'
E ] - [ || | i i i Al ! ! ! ! [

45 F dDu ____I'3"__T____':'____T____T____T____'____}___"'_'}____T____T____'} ____________ '[ _______
E | Pl | | : P : : : : ol
a0 oo |-l A
E o i AN i i P i i i i i [
35 | P A S T S S S S 1 S N N S S S T e
30 F ] 1 2 3 4 5 [ T ] 9 10 11 12 12 14 15 18

% . F /SENSITIVTY:'B 596 mv/mil Hours.
> F
2o k / PHILTEC GRCATY sin 2053
Heat Teat 1
Esaiml Covited Gliss
15
e 2
10 :\
05 / )
00 :\ Ll Ll Lol el Ll el Ll el Ll Ll

0 50 100 150 200 250 300 350 400 450 500

SNR Volage
-
o

Linear Range + 1% = 78.8 - 171.2 mils Gap, mils
Noise Ripple @ 2.0 VDC (DC-20 KHz) = 8.00 mv pk-pk
Y Intercept = -0.258 Volts

Sensor calibration curve before the high
temperature test. The linear range spanned 78 to

-

Sensor response
shifted due to

=]
n

: Hours background radiation
171 mils (me to 4.3 mm) PHILTEC GRCT71 sin 2053 - that is now
!nmlacnndﬂhu / Compensated

L

Some drift observed at 800C and up due to thermal radiation noises and other
setup issues. Work in progress to resolve the issues.
03-14-2012 Siemens Energy, Inc. 23




Transition Floating Seal Wear Monitoring

Application SIEMENS

. . . . Wear Monitoring
Example of prototype sensor application configuration Algorithms

-

Fiber optic
transmission cable

PC / Data
Processing /
Storage Device

Signal processing
electronics

wear probe

Transition Exit Floating Seal Wear

03-14-2012 Siemens Energy, Inc. 24



Materials and Installation

SIEMENS

Fiber Cable: ~
Stainless Steel,

Quartz Fib{‘ TN

Probe Tip:
Hastelloy,
Quartz Fiber

\

Wear Plug:

/ uart

T

Siemens Energy, In

Measuring outer seal wear
03-14-2012 -



Transition Floating Seal Wear Monitoring Application
1 3,%13,'N

_____

Bnllblil:l L-Seal

; " Row 1V, firesss
Transition Exit bl

! Hot Lip Wear Surface N
m

Route the cable along
inside casing wall 9\
(or route straight-up

using tube) -

Cuter Stage One Seal

Probe can be mounted on the floating seal with the probe tip
flesh against the wearing surface.

- Threaded probe tip, 0.375” diameter
- Flex hose cable, 0.25” diameter

The cable will be routed using a guide tube to the outside
casing

03-14-2012 Siemens Energy, Inc. 26



Installation Design:
Optical Wear Sensor — Routing Access SIEMENS

: Analysis |
Curve | F33{SKETCH_B)
[ Detai...

‘&welengﬂ1=1-lﬁﬁ.33

GiS_LENGTH_1|

Requested installation of 4 sensors, but only 2 sensors were approved by customer

Outer seal high-temperature cable length is 1.5 m

03-14-2012 Siemens Energy, Inc. 57



Risk Assessment:

FMEA Performed and Presented to Customer

Effect{e] o Pten

SIEMENS

03-14-2012
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Demonstration Engine Sensor Validation SIEMENS

Tasks:

»  Component instrumentation drawings (part
modification, instrumentation routing, etc.)

Risk assessment

Design review for installation

Customer acceptance - Level of Authority (LOA)
Component and engine instrumentation installation
Monitor and evaluate sensors performance

Final test result report

Basket 2 is installation location

VV VYV V V

Wear Sensor Being Installed in a Siemens SGT6-5000F
Turbine During Current March Outage (US Location)

03-14-2012 Siemens Energy, Inc. 29



Develop Multi-Function Crack and

Temperature Monitoring Sensor (JENTEK) SIEMENS

® The multifunction magnetic sensor is an eddy current sensor based on JENTEK'’s Meandering Winding
Magnetometer (MWM-Array) technology that determines cracking and surface temperature by monitoring
changes in the electrical conductivity of the material under the sensor. The MWM-Array technology has
especially arranged conducting windings that consist of a drive winding to create a magnetic field and
multiple sensing elements.

® To monitor cracks, a time varying magnetic field is created by applying a current at a prescribed
frequency to the drive winding; the resulting material dependent response is processed using a
multivariate inverse method and pre-computed sensor response database to allow the conductivity to be
measured independently over a wide dynamic range of nonlinear sensor responses. The change in
conductivity can be related to temperature or crack initiation.

® When a crack, corrosion damage, an inclusion, surface roughness, or an internal geometric feature alters
the flow of the eddy currents, then the inductive sensing coils sense an absolute magnetic field that is
altered locally by the presence of the crack or other flaw. The measured quantities are absolute, and
they are automatically compensated for lift-off (proximity)
1

Sensor

» / B Sensar Information
--------- - >
— Lift-Off or Air Gap '_I_L> MWM and
777777777 ¥ .—|_|__:> MUT Model
gﬂtntnrlnl Under Test [MUT}/’( e ot
P B Ay B e A mMuT

Information Measurement Grid

Data Measurement . Table or
Acquisition Sensor Grid Property Display
Response Estimates
. JENTEK Sensors, Inc. — R

03-14-2012 Siemens Energy, Inc. 30



JENTEK Magnetic Sensor System

SIEMENS

t'f;,?;'ﬁ?g%ﬁ%% Probe-to- Instrument-to-
Spec: >500C, ~2m long, Instrument computer (USB)
~5mm cable bundle diameter Cable Cable

MWM-Array Sensor — , g
Spec: 21000C, ~ 30mm x L aptop with
38mm size, detects crack Probe Electronics Unit Impedance | nstrument GridStation Software
size of ~30mm long with a (can be placed next to the (can be placed away from (PC/laptop sensor data
sensitivity of 0.5mm length engine, from the outside) the ec?ogrlltnr(ca;l ?(J)%?na)‘s the access can be arranged to
by 0.25mm deep crack be done remotely )
Y P N— _/
~

These system components did not require that much development work.
Directly adapted from existing system (prototype unit).

Challenges:
High temperature MWM array
High temperature cable and attachments

Signal to noise ratio in long (>1m) cable system
03_14_2012 OTCTTITCTITO |_||\.rgy, InC.
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Crack Sensor Transmission Cable Fabrication SIEMENS

Chuter Crverall Pair

Jacket Shield Shields Twistad Pair

Frobe Linit Adapter, and
cahle-to-adapter
assembly finish

T et
|I|.

r..:. -rj. L

1

=

A
-

Brazinoghelding joints to
sensor lead wires, and |
cahle-tn-sensnrassemhly

Cable material selection, twisted pair cable packaging, cable-to-probe unit adapter,
and cable-to-sensor lead wire connection requires significant improvement.

03-14-2012 Siemens Energy, Inc. 32



Online Parts Condition Monitoring System

SIEMENS

Parts Condition Monitoring
Software/ User Interface

Wear Monitoring Module Crack Monitoring Module
(wear assessment) (crack damage assessment)
I\\/INega,érJrDe‘ranpctaﬂt Wear Assessment Crack and Temperature Crack Assessment
M odel M easur ement M odel
(convert voltage to wer (Task 4) (convert conductivity and lift (Task 4)
et ongcurve) off to crack and temperature
reading - measurement grid
T calibration)
Data Acquisition i
System Data Acquisition System
(BNC Connector) (BNC Connector)
Photo Detector Impedance I nstrument Unit
(convert voltage/phase to
t conductivity and lift off)
Optical Wear Sensor - > -
(optical signal) Multifunction Magnetic
Sensor
(voltage and phase angle)
03-14-2012 Siemens Energy, Inc. 33



