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The need for standardization
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A huge “user” consumer exists

Addressing critical turbine engine test
and evaluation instrumentation development

THERMOGRAPHIC BLADE TIP CYMNAMIC

TE PHOSPHORS CLEARANCE PRESSURE

TIMING

ABOUT PIWG
_ ISA 107: Advanced Instrumentation Techniques for Gas Turbine

PIWG MISSION AND ACTIVITIES Engines

PIWG ORGANIZATION

JOIN PIWG Under the auspices of the International Society of Automation (ISA), the above Standards

: Committee was created to develop standards to ensure the measurement accuracy of the
EVENTS various parameters necessary to safely and reliably operate a gas turbine engine.
SENSOR SPECIFICATIONS Click here for Standards Subcommittee brochure

Scope of work:

This Standards Committee will organize, provide for sufficient participation, and manage
PIWG COLLABORATIONS subcommittees (writing/working groups) to suppaort the projects it selecis. Initially it started
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The need for standardization

o Manufacturers of Commercial Excitation Devices
- PCB/TMS (Models: 901,903,907,913,905)
- Kistler (Models: 6904,6906,6909)

o Existing Standard

* ISA-37-16-01-2002A Guide for Dynamic Calibration of
Pressure Transducers

o PIWG Users Group

« PIWG- lead by Kulite, Megqitt, Siemens, GE, Boeing, PW,
Rolls-Royce, Alstom, MTU, Honeywell, Dytran, Kistler, others

o No ties to National Metrology Institutes
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Kistler Pressure Calibrators

o 6906 — 10,000 bar o 6909 — 5,000 bar
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PCB & TMS have a wide selection

Range isti

g Tgrnke.y Upgrade of Existing ot o
: MPa | bar Calibration PCB Product to 91550

Ps! 21 P \Workstation Turnkey System
150 1 |10.3 K9903C K9903C01 9155D-903
1,000 6.8 |68.9 K9907C K9907C01 9155D-907
15,000 103 |1034 K9913C K9913C01 9155D-913
100,000 689 6895 K9905C K9905C01 9155D-905
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K9903C

o Max Pressure = 10
bar

o ‘Step’ Input
o Pneumatic Media
o 3 to 5 msrise time

[



K9907¢C

o Max Pressure = 69
bar

o ‘Step’ Input
o Helium Gas

o 30 50 psec rise
time

|
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K9913C

o Max Pressure =
1034 bar

o Impulse (Hammer)
Input

o Silicon Oil Media
o Dropped Masses

|
HTMS e woa stior, iwc. ®PCB PIEZOTRONICS



K9905C

o Max Pressure =
6905 bar

o ‘Brass’ Calibration
« Quasi-Static Input
« Ballistics

« 117B Series
Conformal Sensors
Only
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Pressure Calibration Software

o Derived from field proven, mature
shock option

£ TMS Transient Calibrator version 3.0.0

TMS Transient Calibrator version 3.0.0 - Dynamic Pressure T . o
- - -
Sensor Under Test Present Test = 5 Previous Tests at This Level
275 -
O Manufacturer | PCB Output (m¥) | Pressure (psi) | System
S Sensitiity Rise Time (ms)
Model 113821 2.254 24472 mV/psi 2450.1 100.00 1.08000
2
Serial Number 22713 Test Level 2458.2 100.00 112000
1.75-| 100 2452.0 100.00 1.00000
u u 154 L2
) = T 2447.8 100.00 0.52000
2 125 2447.9 100,00 238000
Data Acquisition T 0.93 ms ‘
Levels 1-|
0.75-| [__oektesdecednata | s Entries
2 :
S s e Pl —
2450.56 100 1.347
7] Indude in BFSL 60 0,25 il= Averages
&Re-Am 80 a = ”
T T 7 ; ; ] ) 41581 Jo Jo.s034 Std Dev
7 [ R 0.04 000 -0.005 0.000 0.005 0.010 0.016
Norminal TC (sec) et [ Store Time Waveforms lAveraged Results
000 Target | Avg Test System | % Linearity| 4 |
- tevel |output |Level | RiseTime | Reflevel
Amplitude Linearity (deviation from BFSL) Amplnearty [T ot Level uip S
ancel DC Offset ) T~ : 00 |49 200 25900 |0.51
= 2500 Pressure (psi) £} 100 00 [9817 (400 18280 |0.20
— e 60.0 14719 600 16360 [0.01
few/Change g
e Output i) Pressure ps) | || [ 300_| 13656 _[800 08400 |18
< 2000~ 1000 |2450.6 [100.0 | 13467 | 103
View/Change £ 1750~ Ealee b
Trigg . 2
Tigger El e
r , © 1o50-|
1000
750~
Test Parameters 500}
Test Description 250, . = . . = . . !
I ] 0w 0 80 7 80 % 100 Delete Selected Data
= Oules Testhavd Avg Outpu (M) Pressure (os)
Reference Level (ps) 1o Am20 488
2450.6 100
Gain
Ref Gain SUT Gan Slope | 24.531
= Max deviation
1 1 Sensitivity |24.53 mV/psi Intercept |0 fomBEsL L3 % StdDev 4.158 ‘ e I ‘ .

TMS 11 mopaL sHop, inc. %PCB PIEZOTRONICS I

A PCB GROUP CO



‘Step’ Data Acquisition Software (K9903C, K9907C)

= - = - = Ref Max SUT Max SUTMax/RefMax
’TMS Transient Calibrator version 3.2.0 - Dynamic Pressure i S 5
-
Sensor Under Test Present Test BFSL [ Accept ———> Previous Tests at This Level
and Indude in BFSL
Manufacturer PCB 2.25+ RAW [~ ——————— Output (mV) | Pressure (kPa) | System
2- Sensitivity Rise Time (ms)
Model SY112422 ) | 14705 mV/kPa 2094.9 146.43 2.7200
Serial Number 26742 1.5- Testlevel :::3: 12.;; :.gsoom
0ol l e T::.m = 2147 150.64 2,740
. Pressure 3 1 2225.4 151.34 2.8600
Data Acquisition 0.75- | 2.86 ms
Armed 5 0.5-] [ Delete SelectedData | 7 Entries
Cick to AbortDAQ | 0" .
_ 0.25- 2 J2154.178 147863 [J2.74 Averages
N o 206.843 0 | 0 sec
344.738 -0.25- | | i i i = J590.7830 29771 Jo.1536 Std Dev
-0.014 -0.010 -0.005 0.000 0.005 0.010 0.016
Time (msec)
Nominal TC (sec) | |
Nominal TC (sec) Total Time Duration __ 28.8 ms | Store Time Waveforms Averaged Results
[ 0.00 Target | Avg Test System | % Linearity| a |
” T . o— = Level | Output Level Rise Time | RefLevel
plitude deviation from Amp Linearity
- Aineanty & geor) oL [:, Combined Data 1379 | 21542 |147.9  |2.7400 |0.53
5500 : Pressure (kPa) }) 137.895 206.8 |3124.0 |212.9 2.6633 |[2.32
3447 | 4948.6 |339.7 2.3767 | 1.20
View/Change 5000 -
Gain & A/D FS ! Output (mV) | Pressure (Pa) | - |
- £ 4s00- 20049 | 196.43
View/Change = 2153.0 148.45
Trigger B’ 4000 - o . 8
y g - 2192.3 149.70
Acceptance Tolerance (%) 9[ 10 3500- 2214.7 150.64
2225.4 151.34
Low Pass Filter |5 kHz Low Pass 3000 - et
Test Parameters S0y 1" |
Test Description 2000 -, I I I 1 1 I I i i 1 i
Test 137,895 to 344,738 kPa 1% 160 180 200 20 2% 260 280 00 32 340 30 Delete Selected Data |
‘| = [Ell Outlier Pressure (kPa) Avg Output (mV) Pr a)
Reference Level (kPa) | Amj 145 2070
o &Pa) |5 - I @ 12154.2 1147.86 ¥
‘ Ref Gain SUT Gain Slope |14.6 Nominal Linearity | 1 %
11 1 Sensitivity |14.6 mV/kPa Intercept 0 Max deviation fromBFsL (23 % StdDev |59.78 | Store All Data I | Return I
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Impulse Data Acquisition Software (K9913C)

Yo I - - - - - Ref Max SUT Max SUTMax/RefMax
Q» TMS Transient Calibrator version 3.2.0 - Dynamic Pressure et 5
41 2.22
&q;orUnderTest e Reforence |i| Previous Tests at This Level
Manufacturer  PCB 0.3 ST ] [ Output (mV) | Pressure (a) | System |
: Sensitivity 7 Rise Time (ms)
Model SY112422 S 14.705 | mV/kPa 2094.9 146.43 2.7200
I 0.2- :
Serial Number 26742 Testlevel | 2153.0 148,45 2.8600
| . 151,344  kPa 2192.3 149.70 2.8400
2 4 — 2214.7 150.64 2.7400
. Pressure 2 @ s | 2225.4 151.34 2.8600 |
oote feaneten 286 ms :
: [ Deleteselectedpata | |7 Entries
Targetlevels w
0,05~ DIc J2154178 147863 |2.74 Averages
206.843 i 0 sec
344.738 J59.7839 29771 J0.1536 Std Dev
015y 0 y 0 i i i i il
Measure DTC -2.05 -1.50 -1.00  -0.50 0.00 0.50 1.00 1.50 2.05
- Time {ms)
mcmsaTcte)) Total Time Duration 28.8 ms | R I Averaged Results .
Target | Avg Test System | % Linearity| A |
B _ o - = Level |Output |Level Rise Time | Ref Level
plitude Linea deviation from Amp Linearity =
Cancel DC Offset Ampltisie Hneartty ( ki = — CombinedData | |73705 (21542 [147.9  |2.7400 |0.53
5500 - : Pressure (kPa) ©} 137.895 ' 206.8 | 31240 |212.9 26633 |2.32
344.7 | 49486 |339.7 2.3767 | 1.20
5000~ - Output (mV) | Pressure (kPa)| -
E 4500 - 2094.9 146.43
= 2153.0 148.45
) gm' 2192.3 145.70
Acceptance Tolerance (%) E} 10 3500 2214.7 150.64
P 2225.4 151.34
Low Pass Filter |5 kHz Low Pass 3000 - el
Test Parameters =i |
T_estDesa'iPﬁon 2000-, 1 | I 1 1 | | 1 [l | | | I
T o Do -— |'HD 160 180 200 220pr 240 . (ﬁg) 280 300 320 340 360 Delete Selected Data
= utlier essur
. - Avg Output (mV) Pressure (kPa)
Reference Level (kPa) Amj 145 2070 - - k&
o % ' 2154.2 147.86 v
Ref Gain SUT Gain . Slope | 14.6 Nominal Linearity | 1 %
1 1 Sensitivity |14.6 JmV/kPa " intercept fo Max deviation fromBFSL 2.3 % StdDev |59.78 [ Store All Data I | Return I
L
wlﬂ e
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PCB 901C Shock Tube

— 1T | - o
Driver Center Section Test Saction
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Dynamic Pressure Cal Devices

o Similar to 16063-22 - coverage would be by
“excitation device”:
« Shock Tube
« Low Pressure Gas
» High Pressure Gas
* Low Pressure Hydraulic
» High Pressure Hydraulic

o Sensors/Signhal Conditioning
« Piezo-Charge
« Piezo-IEPE
 Strain Based

« Mems |

|
HTMS e woa stior, iwc. ®PCB PIEZOTRONICS



Standardization Efforts

o ISA

* ISA 107 Advanced Instrumentation Techniques for Gas
Turbine Engines

* ISA 107.5 is driven by Propulsion Instrumentation Working
Group (piwg.org)

« ISA 107.5 Focused on hot section pressures in gas turbines
* A Key driver is the desire to run lean but reliable

o 1SO
« TC108 SC3 WG6 created a preliminary work item 10/2013
» Group leader chosen (Schiefer)
» Looking for participants (hint-hint)

|
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Dynamic Pressure Standard Outline

o Scope
o Normative references
o Terms and definitions
o Uncertainty of measurement
o Apparatus
. General considerations
. Shock tube
. Low pressure pneumatic
. High pressure pneumatic
. Low pressure hydraulic
. High pressure hydraulic
. Oscilloscope
. Computer with data-processing capability
. Filters
. Other requirements
Ambient conditions
Preferred rise time durations
Method
. Test procedure
. Data acquisition
. Signal processing
. Piezo-Charge
. Piezo-IEPE
. Strain Based Fatigue
. Microelectromechanical Systems
o Reporting calibration results
o Annex A
o Annex B
o Bibliography
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Thank you

o Mark Schiefer
O

o +1513-300-4123
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