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SYSTEMS AND METHODS FOR 
MONITORING MOVING SURFACES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 12/767,904, ?ledApr. 27, 2010, Which is 
a continuation of US. patent application Ser. No. 11/839,173 
?led on Aug. 15, 2007, now US. Pat. No. 7,734,435, Which 
claims priority from US. Provisional Patent Application 
60/822,497, ?led Aug. 15, 2006. The contents of all of the 
above mentioned applications are incorporated herein by ref 
erence. 

FIELD 

[0002] The present speci?cation relates generally to meth 
ods and systems for monitoring of vibration, motion and other 
aspects of moving devices, and more particularly relates to a 
monitoring system for gas turbine engines and other moving 
devices. 

BACKGROUND 

[0003] Systems and methods for measurement of vibration 
and motion of rotational devices are knoWn. For example, 
many audio spectrum analyZers are available in the market 
place as Well as modular approaches using analog-to-digital 
converter hardWare. 
[0004] The gas turbine engine is one rotational device that 
can bene?t from this technology. Without positional informa 
tion, many engine faults go unidenti?ed or are identi?ed 
incorrectly, until failure is imminent. Yet, due to extreme 
operating conditions, gas turbine engines are among the most 
dif?cult type of rotating machinery for engineering a syn 
chroniZation solution. 
[0005] The most common positioning solution for gas tur 
bine engines is based on using a ?xed reference point posi 
tioned on the shaft surface. HoWever, this solution can be 
intrusive to normal turbine operation and can require shut 
doWn conditions. Maintenance activities are then restricted 
only to those that can be performed When the unit is doWn 
(e.g. during a Wash cycle). During shutdoWn conditions, 
dynamic testing is accomplished by applying a dab of re?ec 
tive paint to mark a speci?c location on the shaft. A once-per 
revolution signal is obtained by using a tachometer device 
connected to a borescope access port. Once the engine is 
started, hoWever, the paint is reliable for only a short time as 
it loses its re?ective characteristics soon afterbeing subjected 
to the high temperatures and particulate matter passing 
through the engine. Use of the paint spot method also presents 
an operational limitationithe paint must typically be applied 
at least tWenty-four hours prior to any subsequent testing. 
Typically, this prohibits normal turbine operation for thirty 
six hours creating the potential for havoc for normal opera 
tions and severe ?nancial losses. 

[0006] In contrast to shutdoWn conditions, obtaining a 
clean once-per-revolution signal from the rotating shaft is the 
optimum method of gathering data of an operating gas turbine 
but poses signi?cant engineering challenges. Some of these 
constraints include: (1) the probe cannot make contact With 
the shaft, (2) the shaft cannot be modi?ed in any Way, (3) 
nothing must be attached to the shaft, (4) the closest point to 
the shaft must be several inches aWay due to rotating com 
pressor blades, (5) the shaft is fully enclosed in a pressurized 
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section of the engine, Where the nominal pressure can equal 
tWo-hundred pounds-per-square-inch (“PSI”), and (6) the 
shaft surface temperature can be approximately four-hundred 
degrees Fahrenheit. 
[0007] Lacking accurate positional information during 
operation, many engine faults go unidenti?ed until failure is 
imminent. While engine-monitoring technologies such as 
magnetic or radio frequency sensors can detect impending 
problems (e.g., engine vibration), they require special treat 
ment or changes to the materials used in the machine con 
struction. As a result, the fault remedy is global and not 
speci?c. Most often, the expeditious (but costly) remedy is 
replacement of the entire turbine, versus a time-consuming 
quali?cation of fault recognition, and subsequent repair of the 
causal condition. 

SUMMARY 

[0008] The present speci?cation provides, amongst other 
things, a ?ber-optic tachometer borescope and a focusing tip 
borescope. The borescope can be used for once-per-revolu 
tion phase-dependent turbine inspection and/or positionally 
aWare tangential velocity and/or remote visual inspection. 
[0009] The present speci?cation provides, amongst other 
things, systems and methods for obtaining a ?xed positional 
reference point on rotating surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs a schematic representation of a system 
for monitoring for a moving surface. 
[0011] FIG. 2 shoWs the optical portion of the system of 
FIG. 1 
[0012] FIG. 3 shoWs a partial perspective vieW of the elec 
tronics portion of the system of FIG. 1 
[0013] FIG. 4 shoWs a perspective vieW of the system of 
FIG. 1. 
[0014] FIG. 5 shoWs a partial vieW of the end of the optical 
portion of FIG. 2. 
[0015] FIG. 6 shoWs a representation of an exemplary dis 
tribution of emitting and non-emitting of ?ber optic strands in 
a cross section of the optical portion of FIG. 2 through the 
lines VI-VI in FIG. 5. 
[0016] FIG. 7 shoWs the surface of a spinning Wheel 
embossed With metal stamped numerals in the upper half of 
FIG. 7, and an associated Waveform. 
[0017] FIG. 8 shoWs an example of three separate Wave 
forms as detected by the system of FIG. 1. 
[0018] FIG. 9 shoWs the Waveforms of three separate 
speeds of the Wheel of FIG. 7. 
[0019] FIG. 10 shoWs a ?oW-chart depicting a method for 
monitoring a moving surface. 
[0020] FIG. 11 shoWs a ?oW-chart depicting another 
method for monitoring a moving surface. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0021] FIGS. 1-4 shoW a system for monitoring a moving 
surface indicated generally at 50, and Which comprises an 
electronic portion 54 and an optical portion 58. 
[0022] Optical portion 58, Which is shoWn in greater detail 
in FIG. 2, comprises aY-shaped ?ber optic cable 62. Cable 62 
includes aV-section 66 and a collective section 70. V-section 
66 includes a source line 74 and a receiver line 78 Which 
merge into collective section 70. Source line 74 terminates 
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With a source connector 82 While receiver line 78 terminates 
With a receiver connector 86. Collective section 70 terminates 
With a tip portion 90. Tip portion 90 (shoWn inboth FIG. 2 and 
in FIG. 5) comprises a ?ber-optic bundle 94 and a connector 
98 disposed betWeen bundle 94 and collective section 70. 
Fiber-optic bundle 94 contains a plurality of ?ber-optic 
strands. A portion of the ?ber-optic strands Within bundle 94 
are emitting as they are connected to source-line 74, and those 
emitting strands Will thus emit light from an extreme tip 100 
of bundle 94. As Will be discussed further beloW, the remain 
ing portion of the ?ber-optic strands Within bundle 94 are 
non-emitting as they are connected to receiver-line 78, and 
those non-emitting strands Will thus receive light that is inci 
dent upon extreme tip 100. In general, cable 70 uses multiple 
?bers, in the order of hundreds, to achieve ?exibility alloWing 
a small bend radius for cable 70 and in order to carry a 
concentrated light source. 

[0023] Referring to FIG. 2, tip portion 90 is con?gured to be 
received into, and removably secured to, a bulkhead ?tting 
102 and an associated light focusing mechanism. Bulkhead 
?tting 102 is con?gured to be a?ixed to or integrated With a 
bulkhead, chassis, frame or the like that is ?xed in relation to 
the rotating surface to be measured using system 50, such that 
the extreme tip 100 of tip portion 90 is proximal to the rotating 
service. 

[0024] A presently contemplated rotating surface is a gas 
turbine engine, but other moving surfaces are also contem 
plated. Indeed, the term “moving surfaces” is intended to be 
non-limiting to encompass, for example, rotating, reciprocat 
ing/oscillating, and linear movement. Indeed, other move 
ment could include any patterns that repeat, Whether truly 
periodic or not, can be monitored. For example, shafts or 
surfaces driven randomly by a stepper motor in robotics or 
automation can be monitored. 

[0025] It should noW be understood that bulkhead ?tting 
102 is optional and/or can be substituted for other types of 
mounts that are appropriate to the particular moving surface. 
HoWever, in the present embodiment Which includes bulk 
head ?tting 102, bulkhead ?tting 102 thus also includes a tube 
108 complementary to ?ber-optic bundle 94 in order to 
receive bundle 94 therein and a connector 106 complemen 
tary to connector 98 to permit removable attachment of tip 
portion 90 to bulkhead ?tting 102. Bulkhead ?tting 102 also 
includes a set of exterior threads 109 on its distal tip. Threads 
109 are for attaching a lens or other light focusing mechanism 
(not shoWn), and to alloW adjustment thereof to focus emitted 
light onto the rotating surface. 
[0026] Electronics portion 54, Which is shoWn in greater 
detail in FIG. 3, comprises a chassis 110 that encases elec 
tronics and supports a light source port 114 and a receiver port 
118. Light source port 114 includes a ?tting that is comple 
mentary source connector 82 so that source-line 74 can be 
removably attached to light source port 114. LikeWise, 
receiver port 118 includes a ?tting that is complementary to 
receiver connector 86 so that receiver-line 78 can be remov 
ably attached to receiver port 118. Chassis 110 also supports 
a data port 122, Which in the present embodiment is a univer 
sal serial bus (USB) port, but in other embodiments can be 
based on any type of Wired or Wireless standard, including 
Ethernet, RS-485, Institute of Electronic and Electrical Engi 
neers (IEEE) standard 802.11, Bluetooth. Data port 122 per 
mits connection of electronics portion 54 to an external com 
puting device either directly or through a netWork, so that 
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programming changes can be made to electronics portion 54 
and/or data collected on electronics portion 54 can be doWn 
loaded therefrom. 

[0027] In an embodiment, the electronics Within electron 
ics portion 54 thus comprises any standard microcomputer 
con?guration including one or more central processing units, 
volatile memory (e.g. random access memory), non-volatile 
memory (e.g. read only memory, FLASH memory), all inter 
connected by a bus to Which ports 114, 118 and 122 Will also 
connect. The microcomputer con?guration renders electron 
ics portion 54 functional to operate as a tachometer (or other 
monitoring system) in accordance With the teachings further 
described beloW. Those skilled in the art Will noW recogniZe 
that the electronics in electronics portion 54 can also be 
implemented using other hardWare con?gurations, such as 
using ?eld-programmable-gate arrays or the like. 
[0028] In operation, optical portion 58 is connected to elec 
tronics portion 54 by attaching source connector 82 to source 
port 114 and receiver connector 86 to receiver port 118. 
Bulkhead ?tting 102 is disposed Within the bore of a chassis 
of a gas turbine engine or other moving surface. Tip portion 
90 is disposed Within bulkhead ?tting 102 and attached 
thereto by joining connector 98 to connector 106, such that 
extreme tip 100 is proximal to the rotating surface. PoWer is 
then applied to electronics portion 54 and then light is driven 
through source line 74 and then emitted from extreme tip 100 
and onto the rotating surface. The features of the rotating 
surface then re?ect the emitted light back toWards tip 1 00 into 
the non-emitting ?ber-optic strands Within tip 100, and that 
light is then carried back through receiver line 78 and back 
into electronics portion 54. 
[0029] Those skilled in the art Will noW appreciate that the 
re?ective features of the rotating surface Will vary over the 
circumference of the surface. Accordingly, non-emitting 
?ber-optic strands Within tip 100 Will receive a time varying 
pattern of re?ected light from the surface of the rotating 
surface that Will substantially correspond to the re?ective 
features of the rotating surface. Accordingly, time-varying 
periodic patterns of light Will be collected through receiver 
line 78 and back into electronics portion 54. 
[0030] FIG. 6 shoWs a representation of an exemplary dis 
tribution of emitting and non-emitting of ?ber optic strands in 
a cross section 145 of bundle 94. Cross section 145 includes 
a plurality of emitting 147 and non-emitting ?ber optic 
strands 149. Emitting strands 145 are represented by a solid 
circle, While non-emitting strands 149 are represented by an 
empty circle. Cross section 145 includes in the order of hun 
dreds of strands 147, 149. In a present embodiment include 
about one-thousand strands 147, 149. (For convenience and 
ease of explanation, only a representative feW strands 147, 
149 are actually shoWn in FIG. 6.) Approximately half of the 
strands in cross section 145 are emitting strands 147 that 
combine in source line 74, While the remaining strands in 
cross section 145 are non-emitting strands 149 that combine 
in receiver line 78. In a present embodiment, strands 147, 149 
are dispersed in a substantially random pattern throughout 
cross section 145. In a present embodiment, strands 147, 149 
are also dispersed in a substantially evenly in relation to each 
other throughout cross section 145. Such approximately siZed 
distribution pattern of light can substantially fully illuminate 
the surface to be sensed. The individual strands 147, 149 can 
cooperate to create a visual “average” of the surface re?ection 
for detection by the electronics portion 54. It is to be under 
stood, hoWever, that such a visual “average” of re?ection is 
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not required and other measurement paradigms are contem 
plated as desired for a particular situation. 
[0031] To provide a simpli?ed example of a signal gathered 
from an exemplary rotating surface, FIG. 7 represents the 
surface of a Wheel 150 embossed With metal stamped numer 
als betWeen the numbers one and ?fteen. Wheel 150 is rep 
resented tWice in FIG. 74once as a cylinder, and again as bar. 
The bar representation of Wheel 150 represents a linear pro 
jection of the circumference of Wheel 150. The stamped 
numerals are distinct artifacts that are present on Wheel 150 
such that When Wheel 150 is rotating, system 50 Will detect 
those artifacts, as Will be discussed in greater detail beloW. 
Wheel 150 also is shoWn With tWo physical artifacts 151, 
Which represent any kind of scu?ing, abrasion, imperfections 
or any other type of marking that could appear on Wheel 150. 
Of note, While such markings can be specially applied for 
purposes of utiliZing system 50, such markings need not be 
specially applied. 
[0032] FIG. 7 also shoWs a Waveform 154 that corresponds 
to the detected re?ective features of Wheel 150. Waveform 
154 can be generated using system 50. The re?ected light 
from Wheel 150 is represented on Waveform 154 as arroWs 
158 indicating a relationship of ‘light’ and ‘dark’ character 
istics of the stamped numerals and artifacts 151 (and other 
marking that are not expressly draWn but Which are implied in 
Waveform 154 for purposes of providing an example) on the 
surface of the spinning Wheel 150. A shorter arroW indicates 
a dark characteristic, While a longer arroW indicates a light 
characteristic. 
[0033] To provide a more complex example of a signal 
gathered from an exemplary rotating surface, FIG. 8 shoWs 
three separate Waveforms 162-1, 162-2, 162-3 (Collectively, 
Waveforms 162, and generically Waveform 162. This nomen 
clature is used elseWhere herein.) as detected by system 50. 
These Waveforms represent three different speeds of a gas 
turbine engine. Waveform 162-1 represents a sloW rotation, 
With only one complete rotation being shoWn in entire Wave 
form 162-1. Waveform 162-2 represents a faster rotation (in 
relation to Waveform 162-1), With three complete rotations 
being shoWn in entire Waveform 162-2. Waveform 162-3 
represents a faster rotation (in relation to Waveform 162-2), 
With six complete rotations being shoWn in entire Waveform 
162-3. The extreme negative-going excursion (or trough) 164 
in each Waveform 162 separate and distinct from the turbine 
blade re?ections represents a unique mark that is present on 
shaft of the gas turbine, and can be used as the once-per 
revolution marker. Of note is that the unique mark can be 
based on some inherent feature or artifact already present on 
the shaft of the gas turbineiand it need not be a specially 
applied paint or other marker. 
[0034] FIG. 9 shoWs Waveforms 170 Which respectively 
correspond to Waveforms 162 of FIG. 8. The three separate 
speeds shoWn in FIG. 8 are processed by electronic portion 54 
creating pulses 174 that are the absolute positional dependent 
“once-per-revolution” signals created by the extreme nega 
tive going excursions 166 discussed in relation to FIG. 8. It 
should be understood that Waveforms 170 and 162 are merely 
exemplaryiindividual revolutions can be associated With 
smoother and/or gentler changes in Waveforms as Well, and/ 
or any other unique artifact associated With any given Wave 
form shape. 
[0035] Having provided an overvieW of system 50, further 
discussion of various aspects and features of system 50 is 
providedbeloW. As previously described, optical portion 58 is 
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connected to electronics portion 54 by attaching source con 
nector 82 to source port 114 and receiver connector 86 to 
receiver port 118. Bulkhead ?tting 102 is disposed Within the 
bore of a chassis of a gas turbine engine or other rotating 
surface. Tip portion 90 is disposed Within bulkhead ?tting 102 
and attached thereto by joining connector 98 to connector 
106, such that extreme tip 100 is proximal to the rotating 
surface. PoWer is then applied to electronics portion 54 and 
light is driven through source line 74 and then emitted from 
extreme tip 100 and onto the rotating surface. An optical 
focusing tip or other light focusing mechanism can be per 
manently applied to bulkhead ?tting 102 Within the chassis of 
the gas turbine engine. 
[0036] System 50 is con?gured to transmit light onto the 
rotating surface via a light source as connected to a bulkhead 
?tting via a light focusing mechanism. The noW-illuminated 
rotating surface then presents its re?ection to a light sensitive 
device again via the light focusing mechanism. The light 
focusing mechanism is con?gurable to focus the re?ected 
light from the rotating surface onto the receiving (i.e. non 
emitting) ends of bundle 90. 
[0037] Additionally, electronics portion 54 can receive the 
re?ected light (via cable 62) and be con?gured to provide a 
single averaged value of the averaged values already being 
received due to the dispersion of the emitting and non-emit 
ting ?ber optics Within extreme tip 100. This average of the 
average is used to quantify of the surface re?ection. Electron 
ics portion 54 is con?gured to convert the presented re?ected 
light to an electronic signal that can be measured and recorded 
by a sampling mechanism also incorporated into electronics 
portion. The sampling mechanism Within electronics portion 
54 measures and records this electronic signal in accordance 
With timing instructions provided by its connection to the 
recognition process and timing mechanism. These measured 
and recorded points are called “sample points”. Over time, 
these sample points represent an electronic signature of the 
re?ected image as vieWed by the light focusing mechanism. 
The surface recognition feature records a high-speed elec 
tronic “?ngerprint” of the rotating shaft surface. In an 
embodiment, up to 70,000 data points/second can be pro 
cessed, Which is suitable for a gas turbine engine. In other 
embodiments, hundreds-of-thousands of data points/second 
can be processed. In general, the number of data points/ 
second that are processed can be chosen to correspond With 
the speed of the surface being monitored. The timing mecha 
nism performs a series of comparisons of the electronic signal 
to determine a repeating pattern. When there is a suf?cient 
correlation betWeen previously recorded sample points and 
current sample points, this event is marked. When the recog 
nition process ?nds a repeating event, it outputs a signal in 
coordination With the timing mechanism that marks the event 
marker position in time via the optional event marker. These 
signals are called “coded signals”. A signature representing 
one cycle of the surface With a knoWn or derived position 
and/or velocity is used for comparison to subsequent data. As 
neW data streams from the sampling mechanism to the pro 
cessing device, the neW data is compared to the signature; 
When the correlation is su?icient it is then determined to 
represent the appearance of a neW cycle and an event marker 
may be issued. Signatures longer than one cycle can be cre 
ated representing long-term trends; re?ectivity, angle, etc. 
Other shorter signatures can be created representing short 
terrn events such as peak poWer, transient events, scale, etci 
both for improvement of the cyclic recognition and general 
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maintenance and monitoring. The foregoing and the other 
related functionalities of electronics portion 54, can all be 
implemented as software and/or hardWare and/or ?rmWare 
and/ or combinations thereof Within electronics portion 54. 
[0038] Referring noW to FIG. 10, a method for monitoring 
a rotating surface is depicted in the form a ?oW-chart and 
indicated generally at 500. Method 500 can be implemented 
can be implemented as softWare and/ or hardWare and/ or ?rm 
Ware and/or combinations thereof Within electronics portion 
54. Method 500 further illustrates various features and 
aspects of system 50, although method 500 (and variants 
thereof) can be used With variants of system 50. Beginning at 
step 510, a plurality of light signals are emitted in a random 
pattern onto a rotating (or other moving) surface. When per 
formed using system 50, electronics portion 54 Will emit light 
through a plurality of emitting ?ber optic strands 147 from 
light source port 114 and through cable 62 and out through 
distal tip 100. Next, at step 515, re?ections from the rotating 
surface are collected at non-emitting ?ber optic strands 149 at 
distal tip 100, Which are in turn carried back through cable 62 
to electronics portion 54 via receiver port 118. 
[0039] Next, at step 520, the light received at step 515 is 
combined into a at least one Waveform. The Waveform can 
have the appearance of any of Waveforms 162 in FIG. 7. 
[0040] Next, at step 525 sample points are derived from the 
Waveform that is generated at step 520. These sample points 
can be any or all of the troughs found in, for example, Wave 
forms 162 of FIG. 7. Step 525 merely identi?es these points. 
[0041] Next, at step 530 a plurality of the sample points that 
are derived at step 525 are collected and analyZed. The analy 
sis is con?gured to ascertain a repeating pattern Within Wave 
form 162. Thus, at step 535, a determination is made as to 
Whether su?icient sample points have been collected to ascer 
tain a repeating pattern. If “no”, method 500 cycles from step 
535 back to step 530. If “yes”, method 500 advances from 
step 535 to step 540. 
[0042] At step 540, a timing period is derived based on the 
collected sample points, and a marker is de?ned therefrom at 
step 545. At step 550 an output signal is generated based on 
the marker de?ned at step 545 and the timing period derived 
at step 540. An example of an output signal that corresponds 
to signal 162-1 Would include output signal 170-1 of FIG. 9. 
(Likewise, output signal 170-2 Would correspond With signal 
162-2 and output signal 170-3 Would correspond Without 
signal 162-3). 
[0043] As one variation to method 500, upon completion of 
step 550, method 500 can return back to step 535. Indeed, it is 
to be understood that method 500 is shoWn as a series of steps 
for ease of presentation and explanation, but that When imple 
mented by persons skilled in the art, the steps of method 500 
are deployed in an iterative, self-correcting manner so that as 
more sample points are derived at step 525, an improved 
timing period can be derived at step 540 and more precise 
marker can be derived at step 545 so that a more meaningful 
output signal can be generated at step 550. Indeed, such 
iterations can eventually reveal any variations or ?uctuations 
in the surface that occur over a number of rotations or other 
period of time. 
[0044] FIG. 11 shoWs another variation of method 500, 
shoWn as method 50011. Steps 51011 through 53011 are substan 
tially the same as step 500 through 530. At step 53511, neW 
data is correlated to a previously-collected signature pattern. 
The previously-collected signature pattern can be a signature 
pattern associated With the rotating surface associated With 
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step 51011, and the previously-collected signature pattern can 
be obtained by performing steps substantially equivalent to 
steps 51011-53011 on a separate process prior to the actual 
performance of method 50011. At step 54511 the marker asso 
ciated With the previously-collected signature pattern is 
de?ned and/ or updated and/ or re?ned as the case may require. 
At step 55511 output is generated. After step 55511 the method 
returns to step 53011. The output that is generated at step 55511 
can be a Waveform or in any other suitable format. Note that 
it can be desired to perform steps 53011-54511 according to a 
desired criteria (eg a number of cycles so that the results of 
those cycles can be averaged) prior to actually performing 
step 55011. 
[0045] The functionality of method 500, and the other 
related functionalities of electronics portion 54, can all be 
implemented as softWare and/or hardWare and/or ?rmWare 
and/or combinations thereof Within electronics portion 54. 
[0046] While the foregoing presents certain speci?c 
embodiments, variations, combinations and/or subsets of 
those embodiments are contemplated. For example, system 
50 can be altered to employ a camera in place of tip portion 
90. As another example, embodiments herein refer to a bundle 
94 of ?bre optic strands in cable 62. HoWever, in other 
embodiments, cable 62 can be implemented With a single 
?ber as an emitter and another as a collector. In a single-?ber 
solution it can be desired to use a brighter source, such as a 

laser or a pulsed light emitting diode (“LED”) to compensate 
for reduced re?ection. Alternatively, ?bre can be omitted 
altogether and other types of emitters or collectors can be 
used. In addition, cable 62 can be eliminated altogether by a 
con?guration that implements the emitting and receiving 
function of electronics portion 54 Within a device that is 
resident all Within the same form-factor as tip 94 in and of 
itself. As a still further example variation, hybrids of the 
above are contemplated Whereby a source is housed com 
pletely Within tip 94, but a receiver line (such as line 78) is 
connected to a modi?ed version of electronics portion 54 that 
does not include a source or a source port 114. In these 

variations, it can be desired to provide additional cooling 
capabilities, particularly Where the entire system is incorpo 
rated into tip 94 and located proximal to the moving surface. 
As a still further variation, a lasing device can be used in place 
of an emitting lamp Within electronics portion 54. Those 
skilled in the art Will noW recogniZe that method 500 and 
method 50011 and variations of each can be implemented on 
other systems, other than system 50. 
[0047] There are various novel features of the present 
speci?cation. For example, the use of the tip portion 90 and 
the signal processing electronics Within electronics portion 
54. The tip portion 90 alloWs system 50 to be used in many 
different applications. The electronics of electronics portion 
58 also process an electronic representation of the observed 
surface re?ection inherent to the surface of the rotating object 
to obtain the desired output. 
[0048] The electronic portion 58 is con?gured to amplify 
and ?lter the Waveform obtained at receiver port 118 into yet 
another Waveform that also represents the passing rotating 
surface. In Mode 1 operation the repeating pattern can have a 
distinguishing unique “marker” that deviates from the normal 
signal level. This unique mark can be directly related to a 
knoWn physical location on the rotating surface and thereby 
becomes a knoWn reference point that the surface recognition 
technology can utiliZe Without operator intervention. In Mode 
2 the pattern repeats by there is no unique distinguishing 



US 2012/0072152 A1 

marker evident in the Waveform. In this Mode an operator Will 
observe the Waveform and either create a physical reference 
point or assign a physical reference point that electronics 
portion 58 Will then retain. 
[0049] In both Mode 1 and Mode 2 the Electronic Portion 
produces a Transistor-Transistor Logic (“TTL”) level output 
pulse in accordance With the processed data that has produced 
a reference point as seen in FIG. 9 as derived from the Wave 
forms 162 shoWn in FIG. 8. It should also be understood that 
other types of output signals are contemplated, other than the 
type of signal shoWn in FIG. 9. 
[0050] While system 50 addresses the positioning problem 
associated With gas turbine engines, this technology also 
applies to other less restrictive applications. Such uses 
include: commercial poWer systems; the aircraft industry; 
industrial infrastructure machinery such as pumps, compres 
sors and motors; gas turbine poWer system engines, Which 
includes stationary engines such as commercial and military 
poWer systems, co-generation plants, and emergency standby 
generators; gas and steam turbine poWered marine propulsion 
systems; and mobile turbines. These are other possible appli 
cations and are not intended to be an exhaustive list of all 
potential applications. 

1. A monitoring system for a moving surface comprising: 
an emitter for emitting at least one light signal onto said 
moving surface; 

a collector for receiving at least one re?ected representa 
tion of said light signals; 

electronics connected to said receiver and con?gured to 
combine said re?ected representations into at least one 
Waveform; said electronics further con?gured to derive 
and collect a plurality of sample points from said Wave 
form; said electronics further con?gured to derive a tim 
ing period from said collection of sample points When a 
su?icient number of said sample points have been col 
lected; said electronics further con?gured to de?ne a 
marker in said single Waveform and generate an output 
signal that includes a representation of at least said 
marker. 

2. The monitoring system of claim 1 Wherein said emitter 
comprises a plurality of light emitting ?ber-optic strands 
randomly dispersed in parallel to each other. 

3. The monitoring system of claim 2 Wherein said collector 
comprises a plurality of non-light emitting ?ber-optic strands 
randomly dispersed in parallel to each other and in relation to 
said light emitting ?ber-optic strands. 

4. The monitoring system of claim 1 Wherein said electron 
ics comprise a microcomputer con?guration including one or 
more central processing units, volatile memory, non-volatile 
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memory, all interconnected by a bus to Which a source respec 
tive to said emitter and a receiver said collector also connect. 

5. The monitoring system of claim 1 Wherein said rotating 
surface is a gas turbine engine and said emitter and receiver 
are mounted Within a bulkhead ?tting attached Within a bore 
of a chassis of said gas turbine engine. 

6. The monitoring system of claim 1 Wherein said emitter 
and said collector are connected to said electronics via a ?ber 
optic cable. 

7. The monitoring system of claim 1 Wherein said electron 
ics further comprise an interface for connecting an external 
device to receive said generated output signal. 

8. The monitoring system of claim 1 Wherein said surface 
is rotating. 

9. The monitoring system of claim 1 Wherein said at least 
one Waveform is a single Waveform. 

10. The monitoring system of claim 1 Wherein said elec 
tronics comprise a plurality of ?eld programmable gate 
arrays. 

11 . A method for monitoring a moving surface comprising: 
emitting at least one light signal onto said moving surface; 
receiving at least one re?ected representation of said light 

signals; 
combining said re?ected representation into at least one 

Waveform; 
deriving a plurality of sample points from said Waveform; 
deriving a timing period from said collection of sample 

points When a su?icient number of said sample points 
have been derived; 

de?ning a marker in said Waveform; and, 
generating an output signal that includes a representation 

of at least said marker. 
12. The method of claim 11 Wherein said emitting step is 

performed using a plurality of light emitting ?ber-optic 
strands randomly dispersed in parallel to each other. 

13. The method of claim 12 Wherein said receiving step is 
performed using a plurality of non-light emitting ?ber-optic 
strands randomly dispersed in parallel to each other and in 
relation to said light emitting ?ber-optic strands. 

14. The method of claim 11 Wherein said rotating surface is 
a gas turbine engine and said emitter and receiver are mounted 
Within a bulkhead ?tting attached Within a bore of a chassis of 
said gas turbine engine. 

15. The method of claim 11 further comprising sending 
said output signal to an external device. 

16. The method of claim 11 Wherein said surface is rotat 
ing. 

17. The method of claim 11 Wherein said at least one 
Waveform is a single Waveform. 

* * * * * 


