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1) Background:   Gas turbines can exhibit low-level flow instabilities within their 
compressor or combustion chamber.  Historically, it has been challenging to measure 
such flow instabilities because they are typically dynamic pressures that are a fraction 
of a 𝑝𝑠𝑖 to possibly 10 𝑝𝑠𝑖 superimposed on top of a high static pressure of 200 𝑝𝑠𝑖 or 
greater in the turbine.  Pressure transducers designed to measure such large static 
pressures of 200 𝑝𝑠𝑖 or greater are unable to accurately capture such low-level flow 
instabilities because the signal generated from these low pressures are similar in 
magnitude to the noise level within the system.   
 
To help gas turbine manufacturers detect and then solve such flow instabilities, Kulite 
Semiconductor Products Inc. has developed a piezoresistive sensor, which combines 
on a single chip a differential low-pressure high frequency dynamic sensor together with 
a high-pressure static sensor.  The composite sensor is shown in Figure 1. One may 
note that the sensing diaphragm of the dynamic sensor is much larger than that of the 
static sensor and is a differential transducer instead of absolute.  To fashion such a 
sensor from a single slice of silicon one requires the same thickness but different 
dimensions obtaining, therefore, different sensitivities.  The Kulite static-dynamic 
transducer, shown in Figure 2 with the innovative patented [1,2] low-pass mechanical 
filtering structures to insure that the dynamic gauge pressure sensor will capture all high 
frequency pressure oscillations on the order of 10 𝑝𝑠𝑖 or less that may exist within the 
high-pressure environment of 200 𝑝𝑠𝑖 and greater within the turbine engine.   While this 
dynamic transducer measures the low-pressure oscillatory signals that may exist, a 
second, high-pressure static sensor within the static-dynamic transducer measures the 
large pressures in the engine of 200 𝑝𝑠𝑖 and greater.  In this way, a single transducer is 
capable of measuring high static or quasi-static pressures, while simultaneously 
measuring low-pressure dynamic signals with a high signal to noise ratio.  

 

   

Figure 1: Front (a) and back (b) of static-dynamic silicon-on-insulator sensing 
elements. 

 

(a) (b) 
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Figure 2:  Photograph of static-dynamic sensors  

fabricated on a single structure. 
 

2.) Installation and Operation:  The static-dynamic transducer screws into a machined 
port on a gas turbine engine.  The front of the transducer is capable of operation at 
temperatures up to 400°C (750°F).  The backend of the unit and cable should be 
kept below temperatures of 274°C (525°F).   
 
There are two versions of the static-dynamic transducer: XTEL-4-SD-625 and 
XTEL-5-SD-625.  Both transducers feature a 5/8-18 UNF-2A thread along with a 
high temperature crush ring. Both series of transducers feature a Inconel 625 
construction for material thermal matching thereby reducing the likelihood of the 
transducer seizing on the turbine.  The XTEL-4-SD-625 is a standard 4-wire output 
transducer.  The XTEL-5-SD-625 is a 5-wire output transducer with 2 voltage 
supply wires, 2 wires for the differential output from the Wheatsone bridge and a 5th 
wire that captures the temperature of the bridge.  This 5-wire constructions enables 
advanced post-process temperature correction should the user record the output 
from the bridge that corresponds with pressure and the 5th wire output that 
corresponds with temperature.   
 
In both versions of the static-dynamic transducer, the dynamic sensor and static 
sensor have individual cables.  Both sensors require a voltage excitation of 10 
VDC.  There are two individual millivolt outputs, one that is for the large static 
pressure within the engine of 200+  𝑝𝑠𝑖 and the second is for the acoustic-level 
oscillatory pressures from the dynamic only sensor.  The innovative low-pass 
mechanical filter structures within the static-dynamic transducer are permanently 
built into the transducer.  An outline draing that captures the mechanical features of 
both lines of transducers is shown in Figure 3 below.  There is a threaded port with 
a 2-56 thread that enables static pressure calibration for the dynamic sensor 
specifically.    
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Figure 3: Static-dynamic transducer outline.  

        
 
3.) Low-Pass Mechanical Filter Structures & Static-Dynamic Transducer Bandwidth:   

The key advancement of the static-dynamic transducer is its unique ability to detect 
low-level dynamic pressure signals within a high pressure environment through the 
use of a mechanical filter.  The static-dynamic transducer uses various mechanical 
structures to filter out high frequency dynamic pressure perturbations that may be 
superimposed on large static pressures. These large static pressures are then 
routed to the backside of the highly sensitive differential pressure sensor via a 
reference tube.  In this way, the front of the differential sensor is exposed to the 
static plus the dynamic pressure, while the back is exposed only the static pressure.  
The sensor responds therefore to the difference of these two pressures which is the 
dynamic signal alone.   Because the dynamic sensor responds only to the small 
dynamic signals that it was designed to detect, a substantially higher signal-to-noise 
ratio is achieved when compared to conventional measurement approaches.  
 
To measure the larger static pressure a second sensor with a lower sensitivity is 
also included in the transducer.  By combining the signals of the dynamic and static 
sensors, continuous improved-accuracy pressure measurements are achieved in 
high-pressure environments. Thus, the static-dynamic transducer uses a pressure 
transducer designed to measure low-pressures of less than 10 𝑝𝑠𝑖 to capture these 
low-level pressure oscillations rather than attempting to determine these pressure 
perturbations from a measurement made by a high pressure transducer, designed 
to measure large pressures of 200 𝑝𝑠𝑖 and greater.  

 
 Figure 4 below illustrates a typical situation where the static-dynamic transducer 

would be used. The actual pressure signal (shown in blue) is 2 𝑝𝑠𝑖 peak-to-peak AC 
pressure which is superimposed on top of a 200 𝑝𝑠𝑖 DC pressure. The static sensor 
(shown in red) can measure the DC portion of the signal, but its sensitivity is too low 
to effectively resolve the much smaller AC pressure.  The dynamic sensor (shown 

123

The XTEL-4-SD-625 (Inconel) Series are high temperature extremely rugged pressure transducers 
which are ideal for the measurement of flow instabilities and steady pressures in gas turbine combustors 
and compressors. The XTEL-4-SD-625 (Inconel) uses an innovative low-pass mechanical filter to enable 

XTEL-4-SD-625 SERIES
 Superior Signal to Noise Ratio of

 Dynamic Sensor
 Innovative Mechanical Filtering    

 System
 Miniature, Robust Construction
 Ultra High Temperature
 Patented Leadless Technology VIS®

 Separated Static-Dynamic Output

 Inconel 625 Screw Housing
 Dual SOI Sensor on a Single   

 Structure
 Excellent Long Term Stability
 High Accuracy
 –65°F to +750°F (-55°C to +400°C)  

 Front End* 

HIGH TEMPERATURE STATIC-DYNAMIC PRESSURE TRANSDUCER

CONN. 1 PIN DESIG.
A +IN

B -IN

C N/C

D +STATIC OUT

E -STATIC OUT

F N/C

CONN. 2 PIN DESIG.
A +IN

B -IN

C N/C

D +DYNAMIC OUT

E -DYNAMIC OUT

F N/C

*

Dynamic/Static Sensor Pressure Range 1.0/14
15/200

1.7/21
25/300

2.8/35 BAR
40/500 PSI

Operational Mode of Dynamic Sensor Differential by Design

Operational Mode of Static Sensor Absolute

Over Pressure 400 600 1000 PSI

Burst Pressure 600 900 1250 PSI

Pressure Media Air (Consult Factory For Details)

Rated Electrical Excitation 10 VDC

Maximum Electrical Excitation 12 VDC

Input Impedance 1000 Ohms (Min.)

Output Impedance 1000 Ohms (Nom.)

Resolution Infinitesimal

Full Scale Output (FSO) of Dynamic/Static Sensor 75 mV/100 mV (Nom.)

Residual Unbalance ± 5 mV (Typ.)

Bandwidth of Dynamic Sensor (Flat ± 2dB) 15 ± 10 Hz to 6.5 kHz

Bandwidth of Static Sensor (Flat ± 2dB) DC to 6.5 kHz

Combined Non-Linearity, Hysteresis
  and Repeatability ± 0.1% FSO BFSL (Typ.)    ± 0.5% FSO (Max.)
Acceleration Sensitivity Dynamic Sensor % FS/g
  Perpendicular
  Transverse

5.1x10-4

5.0x10-5
3.2x10-4

3.5x10-5
2.2x10-4

2.0x10-5

Acceleration Sensitivity Static Sensor % FS/g
  Perpendicular
  Transverse

3.3x10-5

3.5x10-6
2.3x10-5

2.4x10-6
1.6x10-5

1.7x10-6

Operating Temperature Range -65°F to +750°F (-55°C to +400°C) - Front End Only*
 -65°F to +525°F (-55°C to +274°C) - Cable

Compensated Temperature Range +80°F to +650°F (+25°C to +343°C) 

Thermal Zero Shift ± 1.5% FS/100°F (Typ.)

Thermal Sensitivity Shift ± 1.5% /100°F (Typ.)

Electrical Connection 2 x 4 Conductor 30 AWG Shielded Cable (Customer Specified Length)

Sensing Principle Fully Active Four Arm Wheatstone Bridge Dielectrically Isolated Silicon on Silicon Patented Leadless Technology

Weight 80 Grams (Nom.) Excluding Module and Leads

Mounting Torque 55 Inch-Pounds (Max.)   6 Nm

IN
P

U
T

O
U

TP
U

T
E

N
V

IR
O

N
M

E
N

TA
L

P
H

Y
S

IC
A

L

.710 (18) .250
(6.35)

.849 (21.6) .250
(6.35)

COPPER CRUSH RING

1.18 (30)CONNECTOR
SCALE 1:2

2 X 4 CONDUCTOR #30 AWG CABLE
(CUSTOMER SPECIFIED LENGTH)

DYNAMIC CALIBRATION PORT & KEEPER
#2-56 UNC-2B, .090 DP. THREAD

COMP. MODULE

A

B

C
D

E

F

CONNECTOR 1  BURNDY P/N: BT07E-10-6P
OR EQUIVALENT (MAX. TEMP. 250°F)

CONNECTOR 2  BURNDY P/N: BT07E-10-6P
OR EQUIVALENT (MAX. TEMP. 250°F)

“M” SCREEN 5/8 -18 UNF-2A

.875 (22.2)
HEX

.740
(18.8)
DIA.

.322 (8.18)
DIA.

.519
(13.2)
DIA.

the measurement of low-level dynamic pressures in high pressure 
environments with superior signal to noise ratios.

Kulite recommends the KSC-2 signal conditioner to maximize the measurement capability of the XTEL-4-SD-625 transducer.
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in green), on the other hand, captures the AC pressure well because of its higher 
sensitivity.  It filters out the DC pressure as is intended. 

 

 
Figure 4: Outputs of the static-dynamic transducer for a typical pressure signal. 

  
 
 To characterize the frequency response of the static-dynamic transducer, a dynamic 

pressure source was swept from 10 𝐻𝑧 𝑡𝑜 2 𝑘𝐻𝑧 and a transfer function was computed.  
Figure 5 is a Bode plot of the dynamic transducer’s performance.   
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Figure 5:  Dynamic sensor's spectral response. 

 
 The typical low-frequency cutoff frequency (-3 dB) of the dynamic transducer is 

15 ± 10 𝐻𝑧.  (This cutoff frequency can be adjusted if desired).  The flat bandwidth of 
the dynamic sensor extends to greater than 6.5 𝑘𝐻𝑧 (±2 𝑑𝐵).  The static sensor of the 
static-dynamic transducer likewise has a bandwidth of 𝐷𝐶 𝑡𝑜 6.5 𝑘𝐻𝑧 (±2𝑑𝐵).  It is 
important to note that the static sensor accurately measures the overall static and 
quasi-static pressures within the environment.   

 
4.) Data Acquisition & Processing: It is highly recommended that the user combine the 

static-dynamic transducer with a KSC-2 signal conditioning system in order to apply 
amplification along with antialiasing electrical filters.  Effectively conditioned data can 
then be captured from the static-dynamic transducer through a standard voltage based 
data acquisition system.   At the start of an experiment, before pressure has been 
applied to the transducer, a zero reading should be taken and recorded as a reference 
point. After taking this zero reading on both the static and dynamic sensors, the desired 
test can be completed.  It is important for users to limit their cable length to 10 𝑓𝑡 or less 
for the unamplified signal from the static-dynamic pressure transducer as the cable 
length can result in an unwanted low-pass electrical filter due to the combined cable 
capacitance and the bridge resistance of the transducer.  
 
The data from the static and dynamic sensors can be processed in real-time using the 
data acquisition software or post-processed using MATLAB or Python.  The data should 
first be converted to pressure using the equations below: 
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𝑃!"#"$% =
(𝑉!"#"$% − 𝑉!"#"$% !"#$)
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦!"#"$%

 

 

𝑃!"#$%&' =
(𝑉!"#$%&' − 𝑉!"#$%&' !"#$)

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦!"#$%&'
 

 
 
In equation above, 𝑉!"#"$% and 𝑉!"#$%&', are the static and dynamic voltages recorded 
with time by the data acquisition system in units of volts.  Please note if any 
amplification is used this must be included in the equations above (gain not shown in 
equations).  Similarly, 𝑉!"#"$% !"#$ and 𝑉!"#$%&' !"#$   are the zero readings of the 
respective sensors at atmospheric pressure.  The sensitivities of the sensors are in 
units of Volts per psi.  Applying the formula above converts the voltage output from the 
dynamic and static sensors into pressure.  
 
The pressure data from the static sensor can provide engine manufacturers with the 
overall performance of their turbine.  The static sensor will also capture any rapid 
changes in the large static pressure within the turbine.  The dynamic sensor will 
measure any acoustic level pressure oscillations within the high-pressure environment 
above approximately 15 𝐻𝑧 (𝑇𝑦𝑝. ).  An example of a typical dataset captured by the 
dynamic sensor can be viewed in Figure 6 below.* 

            
                  Figure 6:  Sample pressure vs. time data captured by the dynamic sensor of the static-

dynamic transducer.  * Typical dataset.   
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In order to better understand the periodic signals within the example dynamic data 
presented above, this time-based data can be transferred into the frequency domain via 
the discrete Fourier transform. In the frequency domain, the sample data shown above 
provides well defined peaks at the major frequency components of the pressure signal.  
A plot of the Fourier transform of the sample dynamic sensor’s data is displayed in            
Figure 7 below.   

                
            Figure 7:  Fourier transform of sample dynamic sensor pressure measurement within a 

gas turbine. *Results are typical.  
 
In gas turbines, the dynamic sensor of the static-dynamic transducer will often capture 
complex dynamic pressure signals.   The Fourier transform is a powerful tool for 
analyzing the dynamic data in order to identify major frequency components of the 
signal, which will be apparent through the well-defined peaks in the frequency domain, 
as illustrated in Figure 7 above.  

 
5.) Performance:   Please refer to the data sheets for the specifications for the XTEL-4-

SD-625 and the XTEL-5-SD-625 series of pressure transducers at www.kulite.com   
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