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Fiber Photo-Imprinted
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Input Spectrum Transmitted Spectrum Reflected Spectrum
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BAAO7—EYTL—RODER (E=FYU>Y)

Y —

HOFTAHEYT— 053200

Optical fiber in
protective,
braided jacket.

WBRELYY— 054300

YWEEEYY— 054200

Protective plastic carrier
and epoxy molding pre-
form.

FBG underneath
protective groove.

Double ended FBG
calibrated
temperature sensor
located along the
length of the blade.

Single ended FBG
calibrated
temperature sensor

»
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Sensor array delivered to TPI
assembled and ready for
installation.
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Attachment of the FBG strain
gage.
HOF Itz P —(0s3200)DELD fF1F
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0532000 SE &% EhiH| http://www.youtube.com/watch?v=0xgs|INOfOC8&list=UUub | IVmdilTxvgStevAeSA&index=2 | &feature=plcp

Q ro MICRON OPTICS

CMIWS Copyright© 2012 CMIWS All Rights Reserved. INTERNATIONAL COMPANY

nnnnnnnnnnnnnnnnnn




(Y-l 17V K)

/ e
52 Strain Lp. o e ol AL — TS 510 Temp LP S12TemplP 514 TemplP
83,610 : Low Pressure (LP) Skin, Internal Surface

o

S1 Temperature LP
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53 Strain HP f,-ﬁ.__dss_smrg__ 57StrainHP 58 Strain HP 59 Strain HP 611StrainHP 513 Strain HP
ey ' Gb“ ® ® U
16 : 514 Temp HP
1 bl b ngh Pressure (HP) Skin, Internal Surface e
79.1287E8 Temp H’ e el
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OFTHT—I%TL—ROFRIC
Foil strain gage with completion
bridge mid blade.

FRGUOI HT —Y (EVT Atz —0s3200)
FBG strain gage.

KRIEEHIEREE > Y —0s4300

Calibrated, double ended FBG
temperature sensor.

IEREET
Accelerometer
B REST
RTD. ) ,
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WIEBMIBEL VY —0s4300% 7 L — R D SEimaR i B
Calibrated, single ended
temperature sensor
mounted on blade tip.

OITHT—Y
Foil strain gage.

S FBGUT AT —Y (VT &Y —0s3200)
FBG strain gage.
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FBG sensing system.
FBGEYY YT IRAT LA

Data system for foil strain
gages and RTDs.

0T AT —IPRIDDT—4 VAT I

Data system for
accelerometers.
IRESDOT— VAT A
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« Data acquisition and control
equipment located on the hub.

« sm130-700 Optical Sensing
Interrogator

« sp130 Industrial Computer

« Power is supplied thru a slip
ring.

- Data is transmitted via wireless
TCP\IP to control room
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Modal Test Data.vi

Salect Sensor to Plot

S13StranlP A
S2 Strain LP

S3 Strain LP

S4 Strain LP

S6 Strain LP

51 Temp LP

SS Temp LP

510 Temp LP
514 Temp LP

S7 Stain LP

S8 Strain LP

S9 Strain LP

S11 Strain LP
S12Temp P ¥

Select Sensor 1o Plot

S13StrainHP (A
S1SranHP

S2 Sran HP

S3 Stran HP

54 Stran HP

SS Temp HP

S10 Temp HP
S12 Temp HP
S14 Temp HP

S6 Sran HP

S7 Sran HP

S8 Sran HP

S9 Stran HP
Si1StanHP ¥

5254531 LB 3 tran [EEXERE S5 Temp LP 510 Temp LP
[-76.48] Low Pressure (LP) Skin, Internal Surface

S12TemplP  S14 Temp

7o SE— 0.0 | 6

e — 6 6
]

r i S6 StrainLP S7 Strai i
51 Temp LP -21.83) 116.36)

Low Pressure Side $2 StrainLP

1516.77-
I P

£ 1516.77-

LICTRIRRLIN A

g’ 151676~

3 l RN

C 1516.76- BEp ewm Y i ' g e e Vi e e T

@ T YT' Illll il TJIM!fhHIH”W”,”“ Ml |] [y "‘1 T !“ "M]|'|“|| l' HHITEN
|

INEEILE T
|

i
)]

> 1516.76-
5 A

1516.76 -,
0

S7StrainHP S8 Strain HP

59 Strain HP

S11 Strain HP

513 Strain HP

S 5.5 152 I 23

& 52Strain High Pressure (HP) Skin, Internal Surface
S1 Strain HP nss Temp HP

High Pressure Side 81 StrainHP /\/

l

II|II
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[3 Modal Test Data.vi

Select Sensor to Plot

S13StanlP A
S2 Strain LP
S3Strain LP

S4 Strain LP

S6 Strain LP

S1 Temp LP

SS Temp LP

510 Temp LP
S14 Temp LP

S7 Strain LP

S8 Strain LP

S9 Strain LP
S11Strain LP
S12TemplLP ¥

Select Sensor to Plot

S13SranHP A
S1SranHP

S2 Sran HP

53 Stran HP

54 Stran HP

SS Temp HP

S10 Temp HP
S12 Temp HP
S14 Temp HP

S6 Sran HP

S7 Stran HP

58 Stran HP

S9 Stran HP
S11SranHP ¥

nnnnnnnnnnnnnnnnnnnn

52 Strain LP2 53 strain

S5 Temp LP 510 Temp LP
Low Pressure (LP) Skin, Internal Surface

)

( —

752

S1Temp LP

1526.94-
£ 1553

S6 Stran LP S7 Strai

Low Pressure Side 83 Strain LP

S12 Temp LP S14 Temp

[
D 152%6.92-
@

®
2 1591

1526.9-,
0

T

S9 Strain HP

$11 Strain HP

High Pressure (HP) Skin, Internal Surface
151,761 ESACIL

High Pressure Side 83 StrainHP  /\/

$13 Strain HP
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[S Modal Test Data.vi M X

e | : (EENERE] S5 Temp LP $10 Temp LP S2TemplP  S14Temp
Select Sensor to Plot [-76.48] Low Pressure (LP) Skin, Internal Surface

S13StanlP A
S2 Stran LP

53 Stran LP .
54 Stran LP ‘ -

S6 Stran LP 51 Temp LP ‘ [21.63] 116.36

S1 Temp LP

S Temp LP Low Pressure Side 848trainlP /.,
510 Temp LP 1532.15-
514 Temp LP 15%2.1
S7 Stran LP

S8 Stran LP 153205 A ! 2R PAV AT ATV
S9 Stran LP
S11StainLP
S12TemplP ¥

<L)

Select Sensor to Plot 53 Strain HP 56 Strain HP ~ §7 StrainHP S8 Strain HP S9 Strain HP S11StrainHP  S13 Strain HP
S13SvanHP A ‘

1)
S1StranHP 129.0 ' —'
52 Stran HP E
23‘ 2:::: 1 oliat 1o i High Pressure (HP) Skin, Internal Surface

S51 HP

SS Temp HP - =
510 Temp HP
S12 Temp HP
S14 Temp HP
S6 Stran HP
S7 Stran HP
S8 Stran HP
59 Stran HP
Si1StainHP ¥

s
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[3 Modal Test Data.vi

Select Sensor to Plot

S13StranlP A
S2 Strain LP

S3 Strain LP

S4 Strain LP

S5 Strain LP

S1 Temp LP

SS Temp LP

S10 Temp LP
S14 Temp LP

S7 Strain LP

S8 Strain LP

S9 Strain LP
S11StrainlLP
S12 TempLP |v

Select Sensor to Plot

S13StranHP |»
S1StranHP

52 Stran HP

S3 Stran HP

54 Stran HP

SS Temp HP

S10 Temp HP
512 Temp HP
514 Temp HP

S6 Stran HP

S7 Stran HP

S8 StranHP

59 Stran HP
S11StanHP |v

S5 Temp LP
Low Pressure (LP) Skin, Internal Surface

S10 Temp LP

S1 Temp LP

1537.1-

Low Pressure Side $6 Strain LP

S12 Temp LP

(U — — L%J;
i S6 Strain M
mm Em

7\

A AT TR e

[y

S1 Strain HP

S7 StranHP S8 Strain HP

S9 Strain HP

511 Strain HP

+
High Pressure (HP) Skin, Internal Surface

151.761 EERETY

High Pressure Side 86 StrainHP /\/

$13 Strain HP
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[3 Modal Test Data.vi

[rced 52 Strain L - [EXXE S5 Temp LP 510 Temp LP SI2TemplP  S14 Temp
Select Sensor to Plot [-76.48] E] e Low Pressure (LP) Skin, Internal Surface 88.657]

e S S S —
S2 Strain LP

gﬁg?"g i S6 StrainLP 57 Strai ; :
an M

56 Strain LP 701 -21.83] 11636}

S1TemplLP . _

S5 Temp LP Low Pressure Side 87 Strain LP

510 Temp LP
514 Temp LP

S7 Strain LP
S8 Strain LP
S9 Strain LP

511 Stain LP
S12TemplP ¥

Select Sensor to Plot S9 Strain HP
S13SranHP A LIS 18-

S11 Strain HP

S1StranHP

S2 Stran HP

53 Stran HP i High Pressure (HP) Skin, Internal Surface
S4 Stran HP

S5 Temp HP \__!.,—SS"W/
S10 Temp HP
S12 Temp HP
S14 Temp HP
S6 Stran HP
S7 Stran HP

HighPressure Side S7 StrainHP /\/

$13 Strain HP

58 Stran HP
S9 Stran HP
S11 Strain HP

»
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[3 Modal Test Data vi

Select Sensor to Plot

S13StranlP A
S2 Strain LP

53 Strain LP

54 Strain LP

S6 Strain LP

S1 Temp LP

S5 Temp LP

510 Temp LP
514 Temp LP

S7 Strain LP

S8 Strain LP

59 Strain LP
S11Strain LP
S12TemplP ¥

Select Sensor to Plot

S13SranHP A
S1StranHP

S2 Stran HP

53 Stran HP

S4 Stran HP

S5 Temp HP

S10 Temp HP
S12 Temp HP
S14 Temp HP

S6 Stran HP

S7 Stran HP

58 Stran HP

59 Stran HP
Si1StranHP ¥

-21.83] 116.36 129.35
Low Pressure Side

$8 Strain LP

kil

[T o

A

Wavelength
g g .
g

| |

O
High Pressure (HP) Skin, Internal Surface
(R e 0

£ 1572-
15719-

0 15718

W

2 1571.7-

15716-,
0
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[ Modal Test Datavi =Jokd

el e T

Select Sensor to Plot [-76.48] Low Pressure (LP) Skin, Internal Surface
S13StranlP A . .
S2 Strain LP u
S3 Strain LP
S4 Strain LP o
S1 Temp LP ' ) ,
S5 Temp LP Low Pressure Side 89 8trainlP
S10 Temp LP
514 Temp LP
S7 Strain LP
58 Stm LP hu‘wmq AMAA o jMv‘W”('l'.‘.'.'... SAARAALS
59 Stran LP L

S11 Strain LP
S12TemplP v

S10 Temp LP S12Temp P S14 Temp

Select Sensor to Plot . 59 Strain HP S11StrainHP  S13 Strain HP

S13StranHP A
S1StranHP

S2 Stran HP

53 Stran HP = i High Pressure (HP) Skin, Internal Surface
54 Stran HP

SS Temp HP -SS Teswle

510 Temp HP

512 Temp HP i . )
514 Temp HP High Pressure Side 89 StrainHP /\/

S6 Stran HP /\

S7 Stran HP
S8 Stran HP
59 Stran HP
S11StanHP v

RERERE

Ve by
w w
g &
-llh (=]

Wavelength

Data Series
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[S Modal Test Data.vi

Select Sensor to Plot

S13StainlP A&
S2 Strain LP

S3 Strain LP

54 Stran LP

S6 Strain LP

S1 Temp LP

SS Temp LP

S10 Temp LP
514 Temp LP

S7 Strain LP

S8 Strain LP

59 Strain LP

S11 Strain LP
S12TemplP ¥

Select Sensor to Plot

S13StranHP A
S1StanHP
S2 Stran HP
S3 StranHP
54 Stran HP
S5 Temp HP
S10 Temp HP
S12 Temp HP
514 Temp HP
S6 Stran HP
S7 Stran HP
S8 Stran HP
59 Stran HP
511 Strain HP

[EEEEEE S5 Temp LP 510 Temp LP

Low Pressure (LP) Skin, Internal Surface

26 o ¢

S6 StrainlP S7 Strai " .

S1 Temp LP 71.701 - -

15824~

15822~

Low Pressure Side ~ S11StrainlP /"

S12 Temp LP S14 Temp

S9 Strain HP

$11 Strain HP

High Pressure (HP) Skin, Internal Surface

High Pressure Side S11 StrainHP /\/

$13 Strain HP

£
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B Modal Test Data.vi

Select Sensor to Plot

S13SranlP A
S2 Strain LP

S3 Strain LP

S4 Strain LP

S6 Strain LP

S1 Temp LP

SS Temp LP

$10 Temp LP
514 Temp LP

S7 StranLP

S8 Strain LP

59 Strain LP

511 Strain LP
S12Temp P ¥

Select Sensor to Plot

S13StranHP ~
S1Stran HP

S2 Stran HP

S3 Stran HP

54 Stran HP

SS Temp HP

S10 Temp HP
S12 Temp HP
S14 Temp HP

S6 Stran HP

S7 Stran HP

S8 Stran HP

59 Stran HP
SiiStranHP ¥

S5 Temp LP 510 Temp LP

Low Pressure (LP) Skin, Internal Surface

U — — e

S6 StrainLP S7 Str

s D 2153) —

Low Pressure Side  S13 Strain LP
15128-

S12TemplP  S14 Temp

£ 1512.7-

2 15126-
G112
9 15125-

3 15124-
15123-

S9 Strain HP

$11 Strain HP

High Pressure (HP) Skin, Internal Surface

(TR Temo

High Pressure Side $13 StrainHP  /\/

15119~
£ 15118- HELGTMWFUL
g 1511.7-

$13 Strain HP

9 15116-

2 15115-

1511.4-,
0

Data Series
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~
Sblade Data SIOW ROIIS Select Channels to Plot
120- S1 TEMP LP -~ Plot 0 .
100 - S2 STRAINLP
$3 STRAIN LP Plot 1
80- S4 STRAINLP
60 - S5 TEMP LP
S6 STRAIN LP
40- S7 STRAINLP
20 - S8 STRAIN LP
S9 STRAINLP
0- S10 TEMP LP
20- S11 STRAINLP
S12 TEMP LP
-40- 513 STRAINLP
-60- S14 STRAINLP
S1 STRAIN HP
c -80- S2 STRAIN HP
® ) 53 STRAIN HP
e 5S4 STRAIN HP
2 -120 S5 TEMP HP
Pt S6 STRAIN HP
3 -140- S7 STRAIN HP
= -160- S8 STRAIN HP
- - 59 STRAIN HP
< S10 TEMP HP
200~ S11 STRAIN HP
$12 TEMP HP
220- 513 STRAIN HP
240 - S14 TEMP HP _
260
-260
300-
320-
-340-
360 -
-380 - 1 ] 1 1 1 1 ' ' ' 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5199
Data Points
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Y2 TIF—

4

Ampltude
o
]

110-

100~
0-
80

70-

S0-

-50-
S0~

-100-

-110-

Sblade Data Slow Rolls

o —'.ﬂMMIIIF"

2500 2750 3000 3250 3500

Tene

] | | | |
3750 4000 4250 4500 4750

|
S000 5199

Select Channels to Plot

S1 TEMP LP

S2 STRAINLP
S3STRAINLP
S4 STRAINLP
SS TEMP LP

S6 STRAINLP
S7STRAINLP
S8 STRAINLP
S9 STRAINLP
S10 TEMP LP
S11 STRAINLP
S12 TEMP LP
S13STRAINLP
S14 TEMP LP
S1 STRAINHP
S2 STRAINHP
S3 STRAINHP
54 STRAIN HP
S5 TEMP HP
S6 STRAIN HP
S7STRAINHP
S8 STRAIN HP
S9 STRAIN HP
S10 TEMP HP
S11 STRAINHP
S$12 TEMP HP
$13 STRAIN HP
S$14 TEMP HP

A
A Piot 0
Plot 1
v
v
>

s"
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» & @ 3]
A~
Sblade Data Slow Rolls cetect o Plot
o S1 TEMP LP ~ Ploto
1s0- gsmg Plot 1
o S4 STRAINLP Plot 2
SSTEMP LP
o S6 STRAIN LP Plot 3
e S STRANILP Plot 4
. S9 STRAINLP Plot 5
S10 TEMP LP
o S11 STRAINLP Plot 6
2s° S12 TEMP LP 7
513 STRAINLP
0" S14 TEMP LP Plot 8
S1 STRAIN HP
5 $2 STRAIN HP Plot 9
£ -0 53 STRAIN HP Piot 10
: S4 STRAIN HP
N
< 18- S5 TEMP HP Plot 11
: 56 STRAIN HP Plot 12
2 S7 STRAIN HP
g12s- S8 STRAIN HP Plot 13
2 S9 STRAIN HP
< -150- S10 TEMP HP Plot 14
) S11 STRAIN HP Plot 15
o S12 TEMP HP
-200- $13 STRAIN HP Plot 16
S14 TEMP HP
-225- o Plot17
P
-250- fot 18
275~
-300 -
-325-
350
375 -

500

1000

|
1500

2000

2500
Data Points

3000

3500

4000

4500

"
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Sblade Data Slow Rolls

101 -
100~
99 -
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