
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/023407 Al
19 February 2015 (19.02.2015) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G01N 21/954 (2006.01) F01D 21/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
G01N 21/85 (2006.01) B23P 6/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/US20 14/0478 13 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

23 July 2014 (23.07.2014) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(26) Publication Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(30) Priority Data:
61/866,189 15 August 2013 (15.08.2013) US (84) Designated States (unless otherwise indicated, for every

14/077,418 12 November 2013 (12. 11.2013) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(71) Applicant: SIEMENS ENERGY, INC. [US/US]; 4400 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Alafaya Trail, Orlando, Florida 32826-2399 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT, LU, LV,(72) Inventors: LEMIEUX, Dennis H.; 500 Queens Mirror
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Circle, Casselberry, Florida 32707 (US). FOX, David W.;
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,354 Knot Hole Circle, Chuluota, Florida 32766 (US).
KM, ML, MR, NE, SN, TD, TG).

WILLIAMS, James P.; 1414 Julip Drive, Orlando, Flor
ida 32825 (US). Published:

(74) Agents: RYAN, Daniel, J. et al.; Siemens Corporation - — with international search report (Art. 21(3))
Intellectual Property Dept., 3501 Quadrangle Blvd., Ste
230, Orlando, FL 32817 (US).

(54) Title: OPTICAL PROBE WITH IMPROVED AFFIXING STRUCTURE FOR SUPPORTING A LIGHT-REDIRECTING
ELEMENT

(57) Abstract: An optical probe (10) includes an inner tube
(30), and a light-redirecting element (54) disposed at a distal
end (56) of the inner tube. The light-redirecting element is
supported at the distal end by an affixing structure (57) not
attached to an optically- working surface (58) of the light -re -16
directing element.

I



OPTICAL PROBE WITH IMPROVED AFFIXING STRUCTURE FOR

SUPPORTING A LIGHT-REDIRECTING ELEMENT

This application claims benefit of the 15 August 2013 filing date of United States

Provisional Patent Application No. 61/866,189, which is incorporated by reference

herein.

FIELD OF THE INVENTION

The invention is generally directed to monitoring of turbine engines, and, more

particularly, to an optical probe for optical monitoring of turbine engines.

BACKGROUND OF THE INVENTION

Notwithstanding of advances which have been made in this technical field, there

continues to be a need for improved apparatus and/or techniques useful for monitoring

high-temperature regions of interest in a turbine engine.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in the following description in view of the drawings that

show:

FIG. 1 is an isometric view of a non-limiting embodiment of an optical probe

embodying aspects of the present invention, which may be used for optical monitoring

of various components of a combustion engine, e.g., a turbine engine.

FIG. 2 is a generally cross-sectional view of one non-limiting embodiment of an

optical probe embodying aspects of the present invention.

FIG. 3 is an isometric view of an inner tube of an optical probe embodying

aspects of the present invention, where it can be appreciated that in one non-limiting

embodiment, the inner tube may comprise at least two inner tube sections separable

from one another along a longitudinal axis of the inner tube.

FIG. 4 is an isometric view where the inner tube sections of the inner tube are

shown attached to one another, and further illustrates a light-redirecting element, (e.g.,

prism, mirrors) which may be supported at a distal end of the inner tube by an affixing

structure embodying further aspects of the present invention.



FIG. 5 is an isometric view illustrating further details in connection with the

affixing structure illustrated in FIG. 4 .

FIG. 6-8 each illustrates respective flow charts of non-limiting embodiments of

methods that may be practiced in connection with optical probes disclosed herein for

monitoring turbine engines.

FIG. 9 shows respective isometric views of two separate tubing structures, which

may be asymmetrically bifurcated to compensate for loss of material to construct an

optical probe embodying aspects of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors have innovatively recognized that the serviceability of

existing optical probes for monitoring components of combustion engines, e.g., turbine

engines, may be substantially limited by the monolithic (e.g., single-piece) construction

of structures that contain various optical elements which may be utilized by such optical

probes to convey imaging data to an imaging sensor. In case of breakage of any of

such optical components, gaining accessibility to replace or repair any such

components is substantially burdensome, if at all feasible. The present inventors have

further recognized that optical properties of certain optical elements (e.g., a prism) of

existing optical probes may be impaired when such elements are attached by way of

epoxies that may involve one or more optically-working surfaces of the prism.

In accordance with one or more embodiments of the present invention, structural

arrangements and/or techniques conducive to an improved optical probe are described

herein. For example, in lieu of a single-piece construction, in one non-limiting

embodiment, such improved optical probes may provide an inner tube comprising at

least two corresponding inner tube sections separable from one another along a

longitudinal axis of the inner tube. In another non-limiting embodiment, such improved

optical probes, may provide an affixing structure not attached to an optically-working

surface of a light-redirecting element (e.g., prism, mirrors). In the following detailed

description, various specific details are set forth in order to provide a thorough

understanding of such embodiments. However, those skilled in the art will understand

that embodiments of the present invention may be practiced without these specific

details, that the present invention is not limited to the depicted embodiments, and that



the present invention may be practiced in a variety of alternative embodiments. In other

instances, methods, procedures, and components, which would be well-understood by

one skilled in the art have not been described in detail to avoid unnecessary and

burdensome explanation.

Furthermore, various operations may be described as multiple discrete steps

performed in a manner that is helpful for understanding embodiments of the present

invention. However, the order of description should not be construed as to imply that

these operations need be performed in the order they are presented, nor that they are

even order dependent unless otherwise so described. Moreover, repeated usage of the

phrase "in one embodiment" does not necessarily refer to the same embodiment,

although it may. Lastly, the terms "comprising", "including", "having", and the like, as

used in the present application, are intended to be synonymous unless otherwise

indicated.

FIG. 1 is an isometric view of a non-limiting embodiment of an optical probe 10

embodying aspects of the present invention, which may be used for optical monitoring

(e.g., inspection) of various components 12 (e.g., blades, vanes, etc.) of a combustion

engine 14, e.g., a turbine engine. Optical probe 10 may be mounted through a viewing

port 15 in a turbine casing 16 and may be partially disposed within a path 17 of hot-

temperature working gases for the engine. Circle 19 is used to conceptualize one non-

limiting example of a field of view which may be provided by optical probe 10.

FIG. 2 is a generally cross-sectional view of one non-limiting embodiment of an

optical probe 10 embodying aspects of the present invention. Probe 10 may comprise a

fitting 20 including a port 2 1 and a plenum 23 for receiving a controllable supply of a

cooling fluid, which in one non-limiting embodiment may be gaseous nitrogen (GN2).

Probe 10 may further comprise an intermediate outer tubing 22 connected at a

proximate end 24 to fitting 20 and at a distal end 26 to a probe tip 28, which may

comprise a viewing window 27 and which may also define an opening for purging

cooling fluid (schematically represented by arrow 25). Outer tubing 22 and probe tip 28

may be configured to receive in their respective hollowed interiors an inner tube 30,

which may house at least one optical element (e.g., one or more optical lenses 32,

which may be arranged as relay optics).



FIG. 2 further illustrates an imaging sensor 33, responsive to imaging data of one

or more components of turbine engine disposed in the field of view of the probe and

which imaging data may be conveyed to imaging sensor 33 by the relay optics. Imaging

sensor 33 in one non-limiting embodiment may be an infrared (IR) camera (e.g., which

may operate in the near-IR spectrum) or other suitable two-dimensional imaging

sensing array. In one non-limiting embodiment, in lieu of optical lenses, optical fibers

may be used to convey the imaging data to imaging sensor 33.

FIG. 3 is an isometric view of inner tube 30, where it can be appreciated that in

one non-limiting embodiment inner tube 30 may comprise at least two corresponding

inner tube sections 34, 36 separable from one another along a longitudinal axis 38 of

inner tube 30. FIG. 3 illustrates inner tube sections 34, 36 in a separated condition while

FIG. 4 illustrates inner tube sections 34, 36 in a joined condition. That is, inner tube

sections 34, 36 are illustrated in FIG. 4 as being attached to one another.

FIG. 3 further illustrates that one of the inner tube sections (e.g., inner tube

section 36) may be filled with a series of optical lenses 40 (e.g., relay optics) stacked

along the longitudinal axis 38 of inner tube 30. In one non-limiting embodiment, at least

one optical spacer 42 may be interposed between at least a pair of the optical lenses. In

one non-limiting embodiment, inner tube sections 34, 36 of inner tube 30 may define a

hollowed interior having a varying diameter, as conceptually represented by the twin-

headed arrows labeled D 1 and D2, which in turn allows accommodating optical

elements having a varying diameter. In one non-limiting embodiment, inner tube 30 may

include at least one alignment tab 44 formed on an outer surface of inner tube 30. Inner

tube 30 may further include a stop 46 formed on its outer surface. In one non-limiting

embodiment, inner tube 30 may be configured to define respective annular spaces 29,

3 1 (FIG. 2) between its outer surface and the respective inner surfaces of outer tubing

22 and probe tip 28. These annular spaces allow externally-supplied cooling fluid to flow

between such surfaces and this cooling arrangement is expected to avoid a need for

relatively costly and rare high-temperature optical elements, which otherwise could be

needed in order to withstand the relatively high temperatures encountered in a turbine

engine environment. Moreover, such a cooling arrangement is expected to eliminate

relatively large temperature fluctuations in the probe, which otherwise could produce

optical aberrations, (e.g., focal point fluctuations) such as due to physical shifting of the



optical elements and/or warping of structures therein. Although tube sections 34, 36

need not be attached to one another by way of hinges, tube sections 34, 36 may be

conceptually analogized to a clam-shell structure for containing and effecting fast and

uncomplicated retrieval (when needed) of any of the various optical elements contained

in the interior of inner tube 30.

A means for removably affixing inner tube sections 34, 36 to one another may

include one or more affixing elements. As illustrated in FIG. 4, non-limiting examples of

affixing elements may include straps 48 (e.g., nickel-chromium alloy straps), tack-welds

50, threaded affixing elements 52 (e.g., screws, bolts and nuts), which for example may

be inserted through respective openings 53 on corresponding alignment tabs, and a

combination of two or more of such affixing elements.

FIG. 4 further illustrates a Iight-redirecting element 54, which may be disposed at

a distal end 56 of inner tube 30. In one non-limiting embodiment, Iight-redirecting

element 54 may be a prism (e.g., a triangular prism), which may be supported at distal

end 56 by an affixing structure 57 not attached to an optically-working surface 58 of

Iight-redirecting element 54 (e.g., a back end of the prism). In one non-limiting example,

affixing structure 57 may comprise one or more protrusions 60 from inner tube sections

34, 36 having a support surface 63 (FIG. 5) attached to a corresponding non-optically

working surface of the Iight-redirecting element, such as lateral surfaces 62 (FIG. 4) of

Iight-redirecting element 54. A layer 64 (FIG. 5) of adhesive may be disposed between

support surface 63 and the corresponding surface of Iight-redirecting element 54 to

establish a joining bond between such surfaces.

In one non-limiting embodiment, protrusions 60 may be integrally constructed

(e.g., machined) at the respective distal ends of inner tube sections 34, 36 of inner tube

30. It will be appreciated that affixing structure 57 need not be integrally constructed

with inner tube sections 34, 36 since, as will be now appreciated by one skilled in the

art, affixing structure 57 in one alternative embodiment may be a separate structure,

which is mountable onto the respective distal ends of inner tube sections 34, 36. It will

be appreciated that alternative modalities for Iight-redirecting element 54 may include

one or more reflecting surfaces (e.g., mirrors) arranged to redirect light.

An optical probe having separable inner tube sections configured to house at

least one optical element, as disclosed above in the context of FIGs. 1-5, may be used



to practice one or more methods, which in one non-limiting embodiment may be

described below referring to the flow chart shown in FIG. 6 .

Subsequent to a start step 98, step 100 allows constructing inner tube 30 (FIG.

3) to have at least two corresponding inner tube sections 34, 36 separable from one

another along longitudinal axis 38 of the inner tube 30. While inner tube sections 34, 36

are detached from one another, step 102 allows disposing into either of inner tube

sections 34, 36 at least one optical element, e.g., optical lenses 40, optical spacers 42,

as shown in FIG. 3 . As will be now appreciated by one skilled in the art, inner tube

sections 34, 36 may be fully or partially separable (e.g., by way of hinge elements) from

one another. Accordingly, the inner tube sections need not be fully detached from one

another since partial separation of inner tube sections 34, 36 (e.g., analogous to an

open clam shell) would provide practically unimpeded access to their respective

interiors to install and/or or retrieve optical elements therein.

Step 104 allows attaching to one another corresponding inner tube sections 34,

36 by way of at least one removable affixing element, which without limitation may

include as shown in FIG. 4, straps 48, weld tacks 50, threaded affixing elements 52.

Inner tube 30 may then be assembled (step 106) with other components of optical

probe 10, such as inserted into probe tip 28 and outer tubing 22, connected to fitting 20,

etc., (see FIG. 2). Prior to a return step 110, optical probe 10 may then be installed

(step 108) in viewing port 15 (FIG. 1) of turbine engine14 to monitor at least one

component ( 12) of the turbine engine. As may be appreciated in FIG. 1, at least a

portion of optical probe 10 may be located in the hot-temperature environment of

turbine engine 14.

In one-limiting embodiment and referring to the flow chart shown in FIG. 7, in the

event a servicing action (step 114) for optical probe 10 may be needed subsequent to a

start step 112, optical probe 10 may be removed from viewing port 15 (FIG.1 ) of turbine

engine 14, and inner tube sections 34, 36 (FIG. 4) may be detached (step 116) from

one another by removing the one or more affixing elements. This allows retrieving (step

118) the at least one optical element e.g., optical lenses 40, optical spacers 42, as

shown in FIG. 3 from either of the inner tube sections to determine a servicing action to

perform next regarding any such optical elements.



In one non-limiting embodiment, a servicing action may comprise replacing or

repairing any such optical elements. Step 120 allows disposing into either of the inner

tube sections 34, 36 at least one optical element which has been repaired or which

constitutes a replacement for any retrieved optical element. Step 122 allows re

attaching to one another the two corresponding inner tube sections 34, 36 by way of at

least one removable affixing element. Step 124 allows assembling the inner tube with

the re-attached inner tube sections into the optical probe. Prior to a return step 128,

step 126 allows re-installing optical probe 30 into viewing port 15 of turbine engine 14 to

resume monitoring of the one or more components of the turbine engine.

The present inventors have further recognized that partitioning (e.g., cutting) a

physical structure generally involves certain tangible loss of material. In the case of

conventional symmetrical bifurcating of a tube (e.g., cutting intended to divide the tube

into two equal size portions along the longitudinal axis of the tube), the loss of material

can lead to geometrical distortions and/or fitting incompatibilities between the tubing

sections resulting from such symmetrical bifurcating. Accordingly, the present inventors

propose innovative asymmetrical bifurcating of two different tubing structures, which

solves in an elegant and cost-effective manner the foregoing issues, and, for example,

may be effective to snugly accommodate cylindrical-shaped optical elements in the

interior of the tubing structures.

In one-limiting embodiment and referring to the flow chart shown in FIG. 8 (and

the respective isometric views shown in FIG. 9), subsequent to a start step 130, step

132 allows constructing the two inner tube sections 34, 36 (FIG. 3) from two different

tubing structures, such as tubing structures 150 and 152, as shown in FIG. 9 . In one

non-limiting embodiment, a constructing of a first the two inner tube sections may

comprise asymmetrically bifurcating (step 134) along its longitudinal axis 151 one of the

two different tubing structures (e.g., tubing structure 150 in FIG. 9) to divide into

respective first and second tubing sections 154, 156. The asymmetrical bifurcating is

arranged so that one of the first and second tubing sections (e.g., tubing section 154,

labeled C 1) is sized to compensate for loss of tubing material (conceptually represented

by strip 158) due to the bifurcating of tubing structure 150. Asymmetrical bifurcating

may be conceptualized as partitioning no longer intended to divide the tube into two

equal size portions.



A constructing of a second of the two inner tube sections 34, 36 may comprise

asymmetrically bifurcating along its longitudinal axis (represented by arrow 153) the

other (e.g., tubing section 152) of the two different tubing structures to divide into

respective tubing sections 160, 162. The asymmetrical bifurcating is selected so that

one of the first and second tubing sections (e.g., tubing section 162, labeled C2) is

configured to compensate for loss of tubing material (conceptually represented by strip

164) due to the bifurcating of tubing structure 152. Prior to a return step 140, step 138

allows grouping the respective tubing sections which are compensated for loss of tubing

material (e.g., tubing sections labeled C 1 and C2). The grouped tubing sections labeled

C 1 and C2 constitute the two inner tube sections 34, 36 for inner tube 30. In one non-

limiting embodiment, the tubing sections 154 and 160, which are not compensated for

loss of tubing material may be discarded.

While various embodiments of the present invention have been shown and

described herein, it will be apparent that such embodiments are provided by way of

example only. Numerous variations, changes and substitutions may be made without

departing from the invention herein. Accordingly, it is intended that the invention be

limited only by the spirit and scope of the appended claims.



CLAIMS

The invention claimed is:

1. An optical probe comprising:

an inner tube; and

a light-redirecting element disposed at a distal end of the inner tube, wherein the

light-redirecting element is supported at said distal end by an affixing structure not

attached to an optically-working surface of the light-redirecting element.

2 . The optical probe of claim 1, wherein the inner tube comprises at least two

corresponding inner tube sections separable from one another along a longitudinal axis

of the inner tube.

3 . The optical probe of claim 2, wherein the affixing structure comprises at

least one protrusion from the inner tube sections having a support surface attached to a

corresponding non-optically working surface of the light-redirecting element.

4 . The optical probe of claim 3, wherein the at least one protrusion is

integrally constructed at the respective distal ends of the inner tube sections of the inner

tube.

5 . The optical probe of claim 3, wherein the affixing structure comprises a

layer of adhesive disposed between the support surface and the corresponding surface

of the light-redirecting element.



6 . The optical probe of claim 2, wherein the light-redirecting element

comprises a prism, wherein the affixing structure comprises respective protrusions from

the inner tube sections, each protrusion having a support surface attached to a

corresponding lateral surface of the prism, wherein the affixing structure further

comprises respective layers of adhesive between the support surfaces and the lateral

surfaces of the prism.

7 . The optical probe of claim 2, further comprising means for removably

affixing the at least two corresponding inner tube sections to one another.

8 . The optical probe of claim 2, further comprising at least one affixing

element to removably affix the at least two cooperating inner tube sections to one

another, wherein the at least one affixing element is selected from the group consisting

of a strap, a tack-weld, and a threaded affixing element.

9 . The optical probe of claim 2, wherein the at least two cooperating inner

tube sections of the inner tube define a hollowed interior having a varying diameter

along the longitudinal axis.

10 . The optical probe of claim 2, wherein the at least one optical element

comprises a series of optical lenses stacked along the longitudinal axis of the inner

tube.

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

spacer interposed between at least a pair of the optical lenses.

12 . The optical probe of claim 2, wherein the inner tube comprises a stop

formed on an outer surface thereof.

13 . The optical probe of claim 2, wherein the inner tube comprises at least

one alignment tab formed on an outer surface thereof.



14. The optical probe of claim 1, further comprising:

an outer tube surrounding the inner tube;

an opening formed in a distal end of the outer tube; and

the light-redirecting element disposed proximate the opening in the outer tube.
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