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Ky FIG. 1

(57) Abstract: An optical mspection system for nondestructive internal visual inspection and non-contact infra-red (IR) temperature
monitoring of an online, operating power generation turbine. The optical inspection system includes an optical tube having a view -

Ing port, at least one retlective mirror or a mi
tinuous operation at temperatures g

ror array having a retlectivity spectral range from 550nm to 20um, and capable ot con -
reater than 932 degrees Fahrenheit (500 degrees Celsius), and a transparent window with high

transmission within the same spectral range mounted distal the viewing port. The same optical mirror array may be used to measure
selectively surface temperature of metal turbine blades in the near IR range (approximately 1um wavelength) and of thermal barrier
coated turbine blades in the long IR range (approximately 10um wavelength).
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SYSTEM AND METHOD FOR ONLINE INSPECTION

[0001]

[0002]

United States utility patent applications entitled “SYST!

AND METHOD FOR ONLIN.

L]
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ASPH!

"SYSTEM AND

INCLUDING T
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MOUNT”,

werc

re

L MP

OF TURBINES USING AN OPTICAL TUBE

WITH BROADSPECTRUM MIRRORS

ference herein.

ERATURE

This applilication claims the benefit of

L]

assigned serial number 13/362,308,
' TTHOD FOR ONLLI

assigned serial number 13/362,365, both of
filed January 31,

[0003] STATEMENT R
DEVELOPMENT
(0004 ] Development

part by Contract No.

United States Department of

CROSS-REFERENCE TO RELATED APPLICATIONS

pre——

co-pendlng

L]

M

N

L]

> INCLUDING

INSPECTION OF TURBL

and
S
NS

whilich

N

L]

N

L]

INSPECTION OF TURBLI

+1

AND VI

BRATION COMPENSATING L

2012, and are 1ncorporated by

]
-

]
-

L GARDING FEDERALLY SPONSOR

DE-FC26-05NT42644,

for thilis 1nventilion was supported 1n

awarded by the
the United

—
pr—

EFnergy. Accordingly,

States Government may have certaln rights 1n thils 1nvention.

[0005] BACKGROUND OF THE DISCLOSURE

[0006] 1. Fileld of the Invention

[0007] The 1nvention relates to an optilcal system for
nondestructilve 1nternal 1nspectilion and temperature
monitoring of onlline power generatilion turbines, 1ncludiling
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gas turbines with either metal or thermal barrier coated

(TBC)

temperatures 1n the range o:

par

system,

clcularly,

mlrrors having a spectral re:

vislble to the long wave 1ni

gold mirror,

temperatures greater than 932 degrees Fahrenheilt
degrees Celsius).
used to measure selectively sur:
turbine blades 1n the near

wavelength)

the

long IR range

[0008] 2.

che presen

and capable of

pr——

Description of the Prior Art

Ve

- over 600°C

invention rela

pre——

The same re:

pr—

turblne blades that are operating with surface

(1112°F) .

LE S

"lectivity range

O an op

including an optilcal tube utillizing a serilies of

More

c1cal

pre——
h—

from the

"rared, namely 550nm to Z20um for

contlnuous operation at

—

pr—

(approximately 8-12um wavelength) .

(500
"lective optical system may be
"ace temperature of metal

IR range (approximately 1-Zum

and of thermal barrier coated turbine blades 1n

[0009] nfra-red or visilble spectrum onlline camera

pre——
—

systems monitor critical internal englne components of a

power generation gas turbine,

steam turbine,

generator or

thelr assoclated equipment durilng theilr operation 1n a power

plant, by combining a hligh temperature re:
optical system with hligh-speed camera 1magery.

system deslign requilires selection and comblnation of

pr—

"ractive lens
The optical

lenses

and optical material 1n order to provide the best 1mage

quality compatible with the 1nspected component’s

emlssivity,
environments of the egquipment.

possible,

—

pr—

It 1s also pre:

to use the same optlcal i1nspection system

whille surviving wilithin the harsh operating

"erable, where

components across a broad spectrum of 1nspection wavelengths

englne components.

pre——

for multiple applications 1n multiple types of internal
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[0010]

emlssivlity 1n the near 1n:

PCT/US2013/0240735

For example, metal turbine blades have high

There are sultable refractive lens mate

transmissivity 1n the near and mid IR 1

that can resist hostile temperature environments of

‘ra-red 1-Z2um wavelength range.

p—
p—

rials that offer good

-oum wavelength range

pr—
—

approximately 1000°C (~1830°F) within operating gas turbine

blade sections. Thus, camera monlitoring

those re:

systems coupled to

"ractive lens optilical systems 1n the near IR range

generate good gquallty 1mages that can be used, among other

things,

for accurate metal blade surfac

measurement.

[0011]

barrier

long IR

1magling

surface

n contrast, gas turbilne blad

coatings (TBC) have a high emis

range around 8-12um wavelength.

1s preferred for measurling gas

temperature. The 8-12um detect

e Lemperature

es havling thermal

sivity value 1n the

Thus, long IR

turbine TBC blade

1on band can provide

accurate TBC blade surface temperature measurement. However,

1t 1s challenging to find sultable long

optlcal materials that are as robust fo

IR refractive lens

r optical tubes used

1n a gas turblne environment as the near IR refractive

materials used 1n near

(0012 ]

for the

parts during their entire operating 1lif

Robust optical tubes are need

pr——
e

contlnuous online monitoring of

pr——

are 1ntended to be operated continuousl

malntenance cycles. The optomechanical

lnspection systems cannot be removed fr

turbine

during the latter’s operation,

malntenance period. Typilical malntenanc

pr——

IR optical system optical tubes.

ed 1n the 1ndustry

internal turbilne
ecycle. Gas turbines
v between scheduled

pre——

components OL camera

om a moniltored gas
until a scheduled

e 1nspection cycles

of gas turbines are scheduled every 4000 hours, with



10

15

20

20

30

CA 02861376 2014-07-16

WO 2013/116475 PCT/US2013/0240735

tyvpically a major 1nspection every 8000 hours. It 1s

therefore critical for a continuous online 1nspection

monlitoring system to remaln operational wilthout disassembly

at least 4000 hours before 1t has a chance to be 1nspected

and serviced.

[0013] Thus, a need exists 1n the art for a high

temperature environment i1nspection system for power system
turblines and the like that can withstand continuous

operation 1n temperature environments above 500°C (932°F)

and desirably up to 1000°C (1832°F).

(0014 ] There 1s another existing need to 1ncrease optical

pr—
—

transmilission efficiency while malntaining and preferably

lncreasling 1lmage qualilty across a multilispectral 1magiling

pr—
—

wavelength range without the need to use different optical

—
o

tubes for different 1nspection applications.

[0015] There 1s another overall need 1n the art to

lncrease high temperature i1nspection system operational

service life so that 1t colncides with scheduled turbine

malntenance service periods: desirably for 4000 hours.

Z
=

[0016] SUMMARY OF TH.

L]

INVE

1ON

pr—

the 1nvention 1s to

[O017] Accordingly, an object o

create a high temperature environment i1nspection system for
power system turbilines and the like that can withstand

continuous operation 1n temperature environments above 500°C

(932°F) and desirably up to 1000°C (1832°F).

[0018] Another object of the invention 1s to 1ncrease

pr— pp— —
pr—

ficiency of optical tubes 1n optilical

optlcal transmission e:
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lnspection systems that provide high 1mage quallity across a

multispectral 1maging range, 1ncluding the near IR range and

pr——

the long IR range, without the need to use different optical

pre——

“ubes for di

"erent 1nspection applications.

[0019] There 1s another overall need 1n the art to

lncrease high temperature i1nspection system operational

service life so that 1t colncides with scheduled turbine

malntenance service periods: desirably for 4000 hours.

[0020] These and other objects are achileved 1n accordance

wlith the present i1nvention by an optical i1nspection system

for nondestructive 1nternal visual 1nspection and non-

—

contact 1nfra-red (IR) temperature monitoring of an online,

operating power generation turbiline. The optical 1nspection

system 1ncludes an optical tube having a viewling port, at

least one mirror having a spectral reflectivity range from

—

5o0nm to 20um, and capable of contlnuous operation at

temperatures dgreater than 932 degrees Fahrenheit (500
degrees Celsius), and a transparent window with high

transmission within the same spectral range mounted distal

B

the viewlng port. The optical tube may comprise a series of

mirrors. The same optical system may be used to measure

pre——

selectively surface temperature of metal turbine blades 1n

pr—
p—

the near IR range (approximately 1-2um wavelength) and of

thermal barrier coated turbilne blades 1n the long IR range

(approximately 8-12um wavelength) .

(0021 ] The 1nvention features a turbine 1nspection
apparatus having an optical tube housing having a viewling

port; and at least one mirror mounted within the housing 1n

optical alignment with the viliewlng port, the mlrror having
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B

spectral reflectivity from 550nm to 20um, and capable of
contlnuous operation at temperatures Jgreater than 932

degrees Fahrenheit (500 degrees Celsius).

pr——

(0022 ] Additionally, embodliments of the 1nvention feature

a turblne camera 1nspectilion system i1ncluding an optilical tube

housing having a viewing port. At least one mirror 1s

mounted within the housing 1n optical alignment with the

viewlng port. The mirror has a spectral reflectivity from

—

>o0nm to Z20um wavelengths, and 1s capable of continuous

operatlon at temperatures greater than 932 degrees
Fahrenheit (500 degrees Celsilus). A transparent window 1s
mounted within the housing distal the viewing port 1n

optical alignment with the at least one mirror. The window

has a spectral transmilission band from 550nm to Z0um

pr—

wavelength and 1s capable of continuous operation at

temperatures greater than 572 degrees Fahrenheit (300

degrees Celsius). The reflector lens array transmilts within

p—

the housing through the window an 1mage of an object of

pr—

interest that 1s oriliented within a field of view established

by the at least one mirror. The optilical tube may comprise

pre——

a serles of milirrors. A camera 1s coupled to the housing 1n

optlical alignment with the window and the at least one

mirror, for capturing i1mages formed by the optical system.

[0023] The i1nvention also features a method for visually

—
—_—

inspecting 1n the infra-red (IR) spectrum areas of 1nterest

withlin an operating gas turbine with an IR camera 1nspection
system having: an optical tube housing having a viewlng

port,; at least one mirror mounted within the housing 1n

optical alignment with the viewlng port, the mirror having

B

spectral reflectivity from 550nm to Z20um, and capable of
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contlnuous operation at temperatures Jgreater than 932
degrees Fahrenheit (500 degrees Celsius); a transparent

window mounted within the housing distal the viewlng port 1n

alignment with the at least one mirror having spectral

transmilissivity from 550nm to 20um; the at least one mirror

transmitting within the housing through the window an 1mage

pr— pr— pr—
e

of an object of i1nterest that 1s oriented within a field of

view established by the optical system; and a camera coupled

to the housing i1n alignment with the system, for capturing

the 1mage formed by the optical system. The optical tube may

—

comprlse a serlies of mirrors. The 1nspection method 1is

performed by 1nserting the camera 1nspection system housing

pr——

viewlng port 1nto an 1nspection port of a gas turbine and

— —

generating 1mages of areas of 1nterest within the gas

turblne during turbilne operation.

—

(0024 ] The objects and features of the present 1nvention

may be applled joilntly or severally 1n any comblnation or

sub-comblnation by those skilled 1n the art.

[0025] BRIEEF DESCRIPTION OF THE DRAWINGS

L.L

[0026] The teachings of the present i1nvention can be

readily understood by consildering the following detailed
description 1n conjunction wilith the accompanylng drawlngs,
1n which:

—

(0027 ] FIG. 1 1s a schematilic elevational view of a gas

B

turbine beilng i1nspected with a camera 1nspection system of

the present i1nvention;

—
p—

[0028] FIG. 2 1s a schematic elevational view of an

— pr—

embodiment of a reflective optical system of the present
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INONS

located within a

[0029]

an optical tube housing of

lnvention 1ncorporatlng a series O

F1G.

CA 02861376 2014-07-16

fi1eld o:

forming an 1mage of

pr——

3 1s a parti

pre——

- vVi1iew

PCT/US2013/0240735

— p—

an object of

lnterest

(FOV) ;

al axial cross—sectional view of

pr—

an embodiment of

the present

2y

pr— pr—
P

mirrors of FIG.

whereln an 1mage 1s taken 1n line wilth the tube central

aAxX1ls;

[0030]

pr——

OL

FlG.

4 1s a schematic elevatilional perspective view

an 1lnspection system of

pre——

the present 1nvention coupled to

a gas turbine 1nspection port;

[0031]

an 1lnspection camera

inspection system of

[0032]

pr——

OL

FlG.

FlG.

5 1s schematic elevational perspective view

6 1s a block diagram of

pre——

focus adjustment mechanism of

the present 1nvention;

the present i1nvention, 1

pr—
p—

all

and

p—

an 1lnspectlon system

ncluding the camera i1nspection

system and related electronic/electromechanical control

system components.

[0033]

TO

numerals have been used,

1dentical elements that are common to the

(0034 ]

[0035]

A

DETALT

LE

DESCR

skilled 1n the art will

pr——

OL

lnspection system

facilitate understanding,

where possible,

PT1

fter considering the

1dentical reference

to designate

figures.

ON

those

following description,

clearly reallze that the teachings

my lnvention can be readily utilized 1n an optilical

for nondestructive 1nternal visual
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inspection and non-contact i1nfra-red (IR) temperature

—

monlitoring of an onliline, operating power Jdeneratlon turbine.

The optical 1nspection system 1ncludes an optilical tube

having a viewing port, at least one non-planar milrror having

a reflectivity spectral range from 550nm to Z20um, and

pr——

capable of continuous operation at temperatures greater than

932 degrees Fahrenheit (500 degrees Celsius), and a
transparent window with high transmissilion wilithin the same
spectral range mounted distal the viewing port. The optical

pr—

tube may comprise a seriles of mirrors. The same series of

1

mirrors may be used to measure selectively surface

pr—

temperature of metal turbiline blades 1n the near IR range

pr——

(approximately 1-Z2um wavelength) and of thermal barrier

coated turbiline blades 1n the long IR range (approxXximately 8-

12um wavelength). Thus a single optical tube design can be

utllized to 1nspect and obtain remote non-contact surface

pr——

temperature readilings of turbines 1ncorporatling eilther metal

turbine blades or thermal barrier coated turbine blades.

[0036] FIG. 1 shows schematically a known gas turbine 30

pr——
—

having a compressor section 32, a plurality of

clrcumferential combustors 34 and a turbiline section 38

through which passes rotating shaft 40. The turbilne section
38 1ncludes stationary row 1 vanes 42, as well as row 1

blades 44 that are rotatively coupled to the shaft 40. The

pr—
p—

turbine section 38 1ncludes successlve alternating rows of

stationary vanes and rotating blades, such as row 2 vanes 46

and row 2 blades 48. The turbiline 30 1ncorporates a

—

plurality of 1nspection ports, 1ncludling exemplary

inspection port 36, to facilitate inspection access to

ilnternal components.
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pr——

[0037] As shown 1n FIG. 1, an embodiment of a camera

inspection system 50 1s coupled to 1nspection port 36, and

includes an optical tube housing 54 with a viewing port 56

pre——

chat establishes a field of view (FOV) that 1s aligned with

pr—

the housing central axis. Alternatively a field of view can

be allgned at an angle skewed to the central axis by

incorporating a mirror or prism to redirect the image

through the housing central axis. Flange 57 on optical tube

housing 54 1s coupled to the 1nspection port 36. Camera

enclosure 58 captures 1mages transmitted by mirror array 60

and repeater mirror arrays 60’7, 60” 1n the optilical tube

housing 54. The camera 1nspection system 50 1s useful for

—

inspecting areas of 1nterest within the turbine 30 visible

1n the field o:

g

Cemperature oO:

—

view, such as for example monilitoring surface

g

row 1 turbine blades 44

the leadlng edges o

by known non-contact infrared (IR) thermal 1maging systems.

pre——

While FIG. 1 shows use of a single 1nspection system 50, two

Or more 1nspection systems 1n di:

pre——
—

ferent 1nspection ports can

be used simultaneously or serially 1n any comblnation at the

pre——

discretion of

[0038] FIG.

the system user.

—
e

72 shows a schematic embodiment of an

exemplary reflectlve mirror array 60 that 1s used 1n the

pr—

optical 1nspection system of the present invention. The

reflective mirror array 60 captures an 1mage within 1ts

pr——

objective fileld of view (FOV) and transmlits the i1mage to an

ocular focal plane F. The mirror array 60 1s retailned

within a mirror housing 61, preferably comprilisling a

—

temperature resistant metal capable of sustalned operation

at temperatures equal to or greater than 500°C (932°F).

Concave mirror 62, optilonally having a coating surface 63

reflects the FOV 1mage to an objective reflector mirror 64

_10_
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that 1n turn relays the 1mage to an ocular reflector mirror

66. The 1mage reflected by reflector milirror 66 1s relavyed

to convex mirror 68 that focuses the 1mage along focal plane

F'. The optical array assembly 60 dimensilons are selected,

using known optilical princilples, to be packaged within the

pre——

optical tube housing 54 dimensions, set field of view angle

pr—
p—

and focal plane axial length, and 1mage magnification (1f

anvy) .

[0039] Optical array assembly 60 components preferably

pre——

comprilse heat resistant metals capable of sustailned

operation at temperatures equal to or greater than 500°C

(932°F). Lens elements 62, 64, 66, 68 comprise heat

resistant glass or metal substrates with a reflectilve

surface metal coating layer 63 applied by known methods,

such as sputter coating. Sulitable coating material layers

comprise gold (Au) and molybdenum (Mb), preferably with a

chromium (Cr) adhesion layver for enhancing high-temperature

heat resistance. Gold has spectral reflectivity 1n a broad

wavelength bandwidth from approximately 550nm to 20um and

does not 1ntroduce any chromatilic aberration. The Gold

reflectivity bandwilidth covers the visible, near IR and far

IR spectra, making 1t suitable for turbine blade metal

surface or thermal barriler coated surface 1nspection,

including non-contact temperature monitoring. Thus an

optical tube i1ncluding the gold- or molybdenum-coated

—

reflector mirror array assembly embodiments of the present

invention can be utilized for multiple 1nspection

applications for both metal and thermal barrier coated

turbine blades.

(0040 ] Optical tube housing 54 internal construction 1s

shown schematically 1n FIG. 3. The optical tube housing 54

——

PCT/US2013/0240735
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1s shown 1nserted within turbine inspection port 36, and 1s

pr——
—

3

fixed 1n sealed

fashion to the 1nspection port by known

construction flange 57, so that turbine combustion gasses do

no

- exi1lt

shown 1n FIG. 3 has a seriles

re

the 1nspection port.

pr——

OL

The optical

“ube embodiment

three optically aligned

flective mirror arrays or assemblies 60,

pr——

00’, 60" that

capture an 1mage field of view established by the viewing

port 56 and relay 1t to the camera enclosure 58 that 1s

external the turbine 30.
relays 60, etc. 1s selected to capture the 1mage field of
view and relay 1t to the camera enclosure 58. The end of
optical tube 54 distal
wlith transparent re:

exhaust of turbiline combustions gas.

pr——

The number and dimensions of

pre——
—

"

—
e

from the vliewing port 56 1s sealed
"ractive pressure window 70, to prevent

The window 70 1s

located external the turbine 1nspection port 36 and 1ts

operational temperature does not exceed 300°C. The external

re

fractive pressure window 70 comprises material having

complimentary transmission gquallty to the reflective lens

array 60,

etc., 1n the long

pre——

IR wavelength range, that 1s

capable of sustaining 300°C continuous operational

temperatures. The refractive pressure window 70 preferably

comprilises zlnc selenide

(ZnSe) .

Other refractive materials,

having transmittance properties compatlible with the optical

system’s desired 1nspection wavelength range, may be

substituted

[ O

041 ]

for zinc selenide.

The camera enclosure 58 hardware components that

are coupled to the optical tube housing 54 are shown 1n

Bl

Gs. 4 and 5.

The optical tube 54 and camera 1magiling

system enclosure 58 are coupled to a turbilne 1nspection port

36 by a port

that seals the i1nspection port.

-1 27—

pre——

flange mounting ring 57 of known construction

A known 1maglng camera 187
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mounts on a camera focus drive 184, with a known servo

pr——

motor/position encoder 186, that is capable of translating

the camera along focus X directional arrow.

(0042 ] Referring to FIG. 6, 1mage control system 190

provides power to the camera focus drive motor 186 as well

as the camera 182, causes to focus drive motor to start,

stop and reverse, based 1n part on focus drive position

pr—

information supplied by the encoder of the motor 186,

triggers the camera 182 to record i1mages and recelves 1madges

from the camera for further processing and storage, such as

for example performing known non-contact temperature sensing

pr——
—

by monitoring and correlation of IR wavelength emlssions oO:

pr——
—

—
-

an object within the optical tube viewlng port 56 fleld of

view. The 1mage control system 190 1ncludes a known
controller 194 that executes program 1nstructions stored 1in
memory 196. The controller 194 1s 1n communlcation via a

bidirectional data pathway (e.g., a cable and/or data bus

implementing Ethernet communlcatlons protocol) with a host
controller 200. An exemplary host controller 200 1s a
personal computer (PC) having a processor 202 i1mplementing

programmlng 1l1nstructions accesslble 1n memory 204. A known

human machine interface (HMI) 206 i1is in communication with

the PC 1n order to 1mplement human command, control and

monitoring. The PC may also communicate with other HMI

devices, such as tablet computer 208 via a known wilreless

communication protocol, such as Bluetooth protocol. The
1mage control system may 1nclude a data storage device to

store, process and archive images and/or correlated

temperature readlngs recelved from the camera 182.

_13_
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(004 3] Prior to starting a gas turbine that 1s to be
inspected, one or more camera 1nspection systems 50 are

individually coupled to respective desired turbine

lnspectlion ports 36, etc., by 1nserting the optical tube

pre——

housing 54, therein and affixing the port flange mounting

ring 57 to the 1nspection port. The camera 182 captures

pr— pr—

images of areas of i1nterest withilin the gas turbine 1nternal

components 1n response to trigger commands recelved from the

1mage control system 190 and transfers the captured 1mages

to the 1mage control system for subsequent processing (e.dg.,

for turbilne blade surface temperature sensing) and

archiving.

(0044 ] Using reflectilive mirror arrays 1n the camera

—

lnspection system optical tubes of the present 1nvention

provides at least the followlng benefits over traditional

refractive lens optical tubes:

[0045] 1. Improved 1mage quality over a broad spectral

range: unlike refractive lens optical tubes, reflective

—

m1lrror array optlcal tubes are capable of transmitting

—

lmages over a wlide spectral bandwidth of 550nm to Z20um with

no chromatic aberration and thus provide an advantage when

forming a high quality i1mage from the visible to the long

IR.

pre——

(004 6] 2. Given the wilde spectral bandwidth of reflective

m1rror array optlcal tubes, a single optical tube design can

be used to 1nspect both metal surface and thermal bond

coated surface turbine blades 1n the near and long IR

pre——
—

"erent tTube

ranges. In refractilive optical tube systems, di:

—

designs would be needed for each portion of the IR range.

-1 4 -
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Long IR range refractive lens optical tubes have severe

compromlses between 1mage quality and tube life.

(0047 ] 3. Combined higher temperature operability and

—

service life: reflective mirror lens arrays utilized 1n the

pr——

present 1nvention optical tubes are capable of continuous

operatlon at temperatures greater than 932 degrees

Fahrenheit (500 degrees Celsius), whille providing good

—

quality 1mages 1n a broad spectrum of wavelengths. N

pre——

contrast, refractive materials capable of transmitting

comparable i1mages 1n the long IR wavelength range (8-1Zum)

pre——

are not capable of operating for sustained periods at

temperatures greater than 500 degrees Celsius. Embodiments

p—

of the present 1nvention seal the optical tube with an

external refractive pressure window having complimentary

transmilission quallity 1in the long IR wavelength range. The

pr——

window 1s oriliented at the distal end of the optilical tube

external the turbine 1nspection port. The window’s

operational temperature does not exceed 300°C, and 1is

pre——

capable of continuous operation.

(0048 ] Although various embodliments that 1ncorporate the

pre——

teachings of the present i1nventlion have been shown and

described 1n detail herein, those skilled 1n the art can

readily devise many other varied embodiments that still

lncorporate these teachilings.

_15_
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CLAIMS

What 1s claimed 1s:

1. A turbine 1nspection apparatus comprising:

an optical tube housing having a viewlng port; and

at least one reflector mirror mounted within the

housing 1n optical alignment with the viewlng port, the at

least one mirror having spectral reflectivity from 550nm to

pre——

20um, and capable of contilnuous operation at temperatures

greater than 932 degrees Fahrenheit (500 degrees Celsius).

pr—

2 . The apparatus of clailm 1, the at least one mlrror

further comprising a substrate selected from the group

—

conslsting of metal and glass that 1s coated with a

reflective metal laver.

pr—

3. The apparatus of claim 2, further comprising the at

—

least one milrror 1s coated with a reflectlive metal laver

pr—

selected from the group consisting of gold (Au) and

molybdenum (Mb) .

—

4 . The apparatus of claim 1, further comprisiling a

transparent window mounted within the housing distal the

viewlng port 1n optical alignment with the at least one

mirror, the window having a spectral transmission band from

pr—

ooUnm to Z20um and capable of continuous operation at

temperatures greater than 572 degrees Fahrenheit (300

degrees Celsius).

pr—

o. The apparatus of clailm 4, the transparent window

comprising zlnc selenide (ZnSe).

_16_
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pr—

o . The apparatus of clailm 5, further comprising the at

least one mirror 1s coated with a reflectilive metal layver

pr—

selected from the group consisting of gold (Au) and

molybdenum (Mb) .

pr—

B

7. The apparatus of claim 1, comprising a plurality of

mlrror array relays 1n the optical tube.

pr—

8 . The apparatus of claim 1, further comprising a gas

turbine having thermal barriler coated blades, and an

inspection port, wherein the optical tube housing viewling

port 1s 1nserted 1n the i1nspection port, for generating

p—

1mages of a turbine blade that 1s oriented within a field of

i

view established by the 1nspection apparatus.

9. A turbine camera 1nspection system comprilsilng:

an optical tube housling having a viewlng port;

at least one reflectilve mirror array mounted within the

housing 1n optical alignment with the viewling port, the

mirror array having spectral reflectivity from 550nm to

pre——

20um, and capable of contlnuous operation at temperatures

greater than 932 degrees Fahrenheit (500 degrees Celsius);

a transparent window mounted withilin the housing distal

the viewlng port 1n optical alignment with the reflective

mlrror array, the window having a spectral transmission band

—

from 550nm to 20um and capable of continuous operation at

temperatures greater than 572 degrees Fahrenheit (300

degrees Celsius);

the reflectlve mirror array transmitting within the

pr—— pr—

housing through the window an 1mage of an object of 1nterest

pre——

that 1s oriented within a field of view established by the

mlrror array,; and

-1 77—
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a camera coupled to the housing 1n optical alignment

with the window and the reflective mirror array, for

capturing 1mades transmitted through the reflective array.

pr——
—

10. The system of claim 9, further comprilising at least one

pr——

mirror of the reflective array 1s coated with a reflectilve

metal laver.

pr——

11. The system of claim 10, further comprising at least one

pr—

mirror of the reflective array 1s coated with a reflective

metal layer selected from the group consisting of gold (Au)

and molybdenum (Mb).

pr——

12. The system of claim 9, the transparent window

comprilising zlnc selenide (ZnSe).

pre——

13. The system of claim 9, comprising a plurality of

B

reflective mirror relays 1n the optical tube.

pr——

14. The system of claim 13, further comprising a plurality

pr—
pr—

of mirrors 1n each o

— pr—
pr—

the plurality of reflective arrays are

coated with a reflective metal laver selected from the group

consisting of gold (Au) and molybdenum (Mb) .

pr——

15. The system of claim 9, further comprilising a gas turbilne

having an i1nspection port, wherelin the housing viewling port

1s 1nserted 1n the 1nspection port before gas turbine

pr— pr—
—

operation and the system generates 1mages of areas of

interest within the gas turbiline during turbine operation.

pr——

16. The system of claim 9, further comprilising a gas turbine

having thermal barrier coated blades, and an i1nspection

port, wherein the optical tube housing viewling port 1s

_18_
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"

inserted 1n the 1nspection port, for generatling 1mages of a

—

turbine blade that 1s oriented within a field of view

established by the lens array.

17. A method

pr——

for visually 1nspecting areas of 1nterest

within an operating gas turbilne, comprising:

providing

an IR camera 1nspection system having:

an optical tube housling having a viewlng port;

at least one reflective

m1lrror array mounted within the

housing 1n optical alignment with the viewing port, the

mirror array having spectral reflectivity from 550nm to

—

20um, and capable of contlnuous operation at temperatures

greater than 932 degrees Fahrenheit (500 degrees Celsius);

a transparent window mounted within the housing distal

the viewing port 1n alignment with the reflective milrror

array, the window having a spectral transmilission band from

5o0nm to 20um and capable of

temperatures greater than 572 degrees Fahrenheit (300

pr—

degrees Celsius);

contlnuous operation at

the reflective array transmitting within the housing

pr— —

through the window an i1mage of an object of 1nterest that 1s

orliented within a

array, and

pre——

field of view established by the milrror

a camera coupled to the housing 1n alignment with the

wilndow and the

reflective mirror array, for generating

1mages transmitted through the reflective array;

inserting the camera i1nspectilion system houslng viewling

pr——

port 1nto an 1nspection port of a gas turbine; and

pre——

pre——

generating 1mages of areas of 1nterest within the gas

CuUrbine during

“urblne opera

18. The method of claim 17

pre——

c1o0on.

, further comprilising selectively

generatlng 1mages of a turbine blade selected from the group

_19_
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—

conslisting of a turbine blade with high emissivity 1n a near

pr—

infra-red (IR) wavelength of approximately 1-Zum and a

thermal barrier coated turbilne blade with high emissivity 1n

pr——

a long IR wavelength of approximately 8-1Z2um, the 1mage

generating step performed wilth the same optical tube housing

for either type of turbine blade.

19. The method of claim 13, further comprising determining

pr—

temperature of a turbine blade selected from the group

pre——

conslisting of a turbine blade with high emissivity within a

pre——

near 1nfra-red (IR) wavelength of approximately 1-Z2um and a

thermal barrier coated turbilne blade with hligh emissivity

p—
p—

within a long IR wavelength of approximately 8-1Zum, the

temperature determining step performed with the same optical

pr——

tube housing for either type of turbine blade.

_20_
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