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Abstract—In view of the existing micro turbine engine 

(MTE) design a test bench, which can measurement the key 

performance parameters. When the micro turbine engine is 

in operation, we can measurement the exhaust temperature, 

the vibration, rotate speed of the engine, also the dynamic 

pressure and static pressure of the exhaust nozzle. This 

article also introduces the installation method of various 

measuring sensors. According to characteristic of thrust 

measurement using CREO based on the piezoelectric force 

sensor design a six degrees of freedom thrust measuring 

platform, in the case of normal operation of the micro 

turbine engine can sense the condition of the thrust in all 

directions, and then according to the characteristics of the 

thrust measurement platform confirm the calibration 

principle. And then based on ANSYS make a modal analysis 

for the whole thrust measuring bench, get the inherent 

frequency. 

Keywords-Microm Turbine Engine;Thrust Measurement;   

Test bench;Structural Design; Modal Analysis  

I. INTRODUCTION  

Engine test bench is the basis experiment and scientific 
research, is the guarantee of increase and improve the 
quality of the engine. Experimental research on the micro 
turbine engine can get the technical data which theoretical 
calculation can't get, it can verify and perfect with the 
theoretical calculation method and showed the real engine 
performance. When the performance parameters confirmed 
from the experiment can't meet the technical requirements, 
you can change or adjust the technical performance 
parameters of the engine in real time. Through the 
experiment to verification the finally determine product 
design direction, technical parameters and comprehensive 
implementation details in the future. Measured engine 
requires an effective test method to obtain accurate test 
results and parameters, and then design an engine which 
has best performance and the most reliable. The rapid 
development of micro turbine engine test platform and test 
technology research also must satisfy the above 
requirements, therefore, high technical content of the test 
platform and test technology is indispensable. 

II. RESEARCH STATUS 

At present, many research teams, both at home and 
abroad are actively do the research and development work 
about overall performance test experiment of MTE. The 
Karlsruhe Institute of Technology tested a kind of micro 

turbine engine which designed thrust was only 30N 
manufactured by Schneider-Sanches. Then carry out the 
engine performance test and data collection analysis

 [1]
. 

Catholic University of Louvain designed and set up a 
complete set of the micro engine test bench which detailed 
testing the parameters of the MTE

[2]
 . National Tsing Hua 

University in Taiwan of China carried out the dynamic and 
steady-state performance and components characteristics 
research of the whole machine experiments and then 
created a set of micro turbine engine design and test 
method

 [3-4]
. NASALewis researched a kind of micro thrust 

test bench which can thrust stand for pulsed plasma 
thrusters

 [5]
. MSFC’s Propulsion Research and 

Development Laboratory recently developed the Variable 
Amplitude Hanging pendulum with Extended Range 
(VAHPER) thrust stand, which has proven over a range of 
thrust levels from 1 milliNewton to 1 Newton to have very 
good measurement resolution of 0.1 milliNewtons. This 
thrust stand will be used to measure the thrust produced by 
E-IMPAcT to independently confirm and extend the 
measurements previously acquired in the Princeton 
laboratories

 [6]
.From 2001 the Nanjing University of 

Aeronautics and Astronautics had conducted extensive 
research and experiment for micro turbine engine, at 
present they have been successfully designed and 
manufactured out of the four types of micro turbojet 
engine principle prototype

 [7-8]
, and has established a 

relatively complete miniature experiment platform and 
micro combustion experiment platform. 

III. MEASUREMENT METHOD AND SENSOR SELECTION 

A. Exhaust Temperature Measurement  

In order to measuring the high temperature gas we 
choose the infrared thermometer was the CellaTemp PA 
which made by KELLER, Germany. The measurement 
principle is shown in Fig .1. The CellaTemp PA Pyrometer 
Series is based on a modular concept consisting of the 
following components: optics, sensor and signal 
processing, data output and target sighting. The optical 
system comes with one of five available lenses. Select the 
one most suitable, depending on the target size and 
measuring distance of your application. The pyrometer is 
infinitely adjustable to ensure superior precision across a 
wide focusing range. CellaTemp PA’s signal processing is 
based on the latest DC technology and does not involve 
any moving parts, thus ensuring maintenance free, non-
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wearing operation. Signal conditioning combined with 
high resolution analogue-to-digital conversion enables a 
wide measuring span. The temperature resolution remains 
uniformly high across the entire measuring range. For 
measurement data output, Cella Temp PA features 2 
analogue outputs, a USB interface and a network-
compatible RS 485 interface as well as two switching 
outputs. Three target sighting systems are available to 
facilitate focusing, alignment and indication of spot size: 
through-the-lens sighting, laser spot light or an integrated 
video camera. The individual components and 
subassemblies can be combined in different ways, yielding 
24 instrument variants. 

 
Figure 1. Measuring principle diagram 

1-optical system 2-signal processing 3-data output 4-target sighting 

B. Rotate Speed Measurement 

The volume of measured micro turbine engine is small, 
we cannot use the contact method to measure the rotate 
speed, so this paper adopts eddy current sensor to measure 
the rotate speed. The method is to milling two keyway of 
symmetrical on the rotor shaft. As shown in Fig .2.The 
probe of eddy current sensor is facing the keyway. 
Because of the two keyway when the axis of rotation 
rotating, the eddy current sensor can outputs periodic 
continuous variation of the pulse signal, and then statistics 
on the number pulse signal. The speed of the rotor can be 
calculated. The eddy current sensor is KD2446 
manufactured by KAMAN, America. This king of sensor’s 

frequency response can up to 10 KHz. Theoretical rotating 
speed of micro turbine engine is 155000 rpm, so it can 
satisfy the measurement requirements. 

 

 
Figure 2. The method of rotate speed measurement 

C. Vibration Measurement 

We will use contact measurement to measure the 
vibration of micro turbine engine. But the vibration sensor 
should not be affecting the whole test bench. So we choose 
8002 made by Kister. Type 8002K is a high precision 
accelerometer for shock and vibration measurements in 

laboratory applications. Its excellent performance is 
derived from an ultra-stable crystalline quartz sensing 
element. The weight of the sensor is only 20g. Mounting is 
accomplished by inserting a Type 8402 stud into 10-32 
UNF threaded hole in the object to be measured. 
Orthogonal measurements in three principal axes can be 
accomplished by utilizing a Type 8502 triaxial mounting 
cube. 

D. Static And Dynamic Pressure Measurement 

Pressure measurements during engine testing are taken 
using two probes – one static and one dynamic. The static 
probe is open to the inside of the engine nozzle, normal to 
the exhaust flow and near the outlet. The dynamic pressure 
sensor is on a track that enables position control during 
testing. While the engine is running, the dynamic probe is 
swept across the midline of the engine nozzle 
perpendicular to the exhaust flow. The dynamic pitot probe 
required a sufficiently rigid pitot tube to avoid the extreme 
velocities and temperatures it encountered during testing. 
Probe tip will feel the pressure signal transmitted to the 
scanner, then the scanner's internal sensors and signal 
processing systems will pass over the pressure signal into a 
digital signal. Pressure data is output over the Ethernet 
interface supporting both TCP and UDP protocols. The 
type of scanner is Net scanner Model 98RK which 
manufactured by Netscan. 

IV. THE METHOD OF THRUST MEASUREMENT 

A. 6-Degree of Freedom Static Thrust Test Bench 

Micro turbine engine thrust measurement system 
should have enough stiffness, high natural frequency, high 
sensitivity and good system stability. The test bench shall 
ensure that the measurement error is small, the thrust 
measurement accuracy. In order to meet the above 
requirements, the piezoelectric force transducer is a better 
choice. The main material of piezoelectric force transducer 
is piezoelectric quartz. Compared with other forms of force 
sensor it has advantage of high rigidity, high natural 
frequency, and compact structure. The overall structure of 
the thrust measurement system is shown in Fig .3 

 
Figure 3. The overall design scheme of test bench 

1- Fixed holder 2- Lateral force sensor 3- Longitudinal force sensor 4- 

brace 5-bace 

The thrust measurement platform mainly has four parts. 
The jet engine installed on the fixed holder. Three 

1 

4 

Keyway 
1 

2 

3 

4 

5 

2 
3 

544



horizontal sensors and three longitudinal sensors were 
installed on the fixed holder. There are two thread hole of 
M3 which on both ends of the piezoelectric force 
transducer. It can fix the sensor. The total length of the 
sensor is 64 mm, and installed directly between fixed 
holder and base. Three horizontal sensors into a 120 ° 
Angle to each other and three longitudinal sensors into a 
120 ° Angle to each other too. 

When the micro turbine engine is running the thrust 
measuring system can measurement the six thrust in space 
simultaneous. The jet engine is mounted with exhaust 
gases exiting upward and axial thrust acting downward, 
avoiding ground effects. Six load cells provide six degrees 
of freedom when characterizing engine thrust. Six sensors 
can force decomposition and then output charge

 [9]
. 

Through the charge amplifier to processing signal, then 
will enter the final result to the compute.  

As mentioned earlier, the thrust stand was designed so 
the engine exhausts plume exits vertically, and the thrust 
acts downward into the test cart. The load cells are divided 
into axial [Aa, Ba, and Ca] and lateral [Al, Bl, and Cl] 
groups based on the orientation of their sensing axes. The 
coordinate system for the thrust stand, pictured in Fig .4.1, 
is defined with the z-axis acting vertically upward along 
the axial centerline of the engine. Thus, the thrust acts in 
the negative z-direction. The y-axis runs perpendicular to 
and intersects with the longitudinal axis of the axial load 
cell, Aa. The x-axis completes the system. Apositive 
rotational moment about the y-axis is equivalent to a 
positive pitching moment on the vehicle; a positive 
moment about the z-axis is equivalent to a positive yawing 
moment on the vehicle; and a positive moment about the 
x-axis is equivalent to a positive rolling moment on the 
vehicle. The origin of the coordinate system is centered in 
the plane of the engine mounts, and lies along the sensing 
axes of the lateral load cells

 [10]
. 

B. Thrust measurement bench natural frequency 

analysis 

We should be validated whether the engine thrust test 
system meets the test requirements of thrust when in the 
design stage of micro turbine engine thrust test systems. 
The thrust of micro turbine engine changed quickly when 
it in testing process, so the thrust of the engine test system 
require a higher natural frequency. We will use finite 
element analysis software to do the modal analysis and 
simulation of thrust measurement test bench after the 
design completed. Then get the natural frequency and the 
vibration mode. It shows in Fig .4. It is the first six modal 
analysis results. 

 
(1)  The first modal             (2)  The second modal 

 
(3)  The third modal            (4)  The fourth modal 

 
(5)  The fifth modal            (6)  The sixth modal 

Figure 4. Modal analysis results 

From the modal analysis results of test bench we can 
see the natural frequency is similar about first model and 
second model. The frequency is 865.75 Hz and 
866.91Hz.And the fourth fifth sixth model is 3072.4, 
074.1and 3074.5Hz. Theoretical rotating speed of micro 
turbine engine is 155000 rpm, so the maximum frequency 
of the engine is 2583 Hz. Although the natural frequency 
of the former 2 modals is low, but considering the rotating 
speed of the engine is faster. So the resonate probability 
between engine and test bench is very low, can be 
neglected. The 2583 Hz is less than the natural frequency 
of test bench, so it can meet the requirements of frequency. 

V. JET ENGINE THRUST STAND CALIBRATION 

PROCEDURE 

Because of the geometric complexity of the test stand, 
the entire test stand was calibrated for output forces and 
moments as a function of the 6 load cell readings

 [11]
. For 

this calibration process, the test stand is mathematically 
modeled as a linear perturbation model of the form. 

F F F F F Fx x x x x x

V V V V V VAa Ba Ca Al Bl Cl

F F F F F Fy y y y y y

F x V V V V V VAa Ba Ca Al Bl Cl

F y F F F F F Fz z z z z z

V V V V V VF Aa Ba Ca Al Bl Clz

M M M M M M Mx x x x x x x

V V V V VM y Aa Ba Ca Al Bl

M z
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M M M M M Mz z z z z z

V V V V V VAa Ba Ca Al Bl Cl

     

     

     

     

 
 
 
 
 
  
  
  
  
  
  
  
  
  

  
 
 
 
 
  

       (1) 

In Eq. (1) the vector [Fx, Fy, Fz, Mx, My, Mz] 

contains the desired forces and moments to be calculated 

when the thrust stand is loaded. The vector [VAa, VBa, 

VCa, Val, VBl, VCl] contains the output voltages from the 

six axial and lateral load cells as pictured in Fig .28. The 

linear system of Eq. (1) assumes that the voltage readings 

for the 6 load sensors have been adjusted so that zero-load 

on the thrust stand produces zero load cell output
 [12]

. The 
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36 elements of the Jacobian matrix define the externally 

applied forces and moments in terms of the sensed (and 

zeroed) load cell outputs. The calibration procedure 

reverses the process with multiple known external forces 

and moments applied to the thrust stand, and the 

corresponding sensor reading are logged. Assuming a set 

of N calibration inputs, 

 °

1 2

x x x

y y y

z z z

x x x

y y y

z z z n

F F F

F F F

F F F
F

M M M

M M M

M M M

      
      
      
       

       
      
      
      
       

K                (2) 

 
and a corresponding set of sensor outputs 
 

 °

1 2
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Al Al Al n

V V V

V V V

V V V
V

V V V
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K               (3) 

   
Eq. (1) can be written as the 6 × N dimensioned matrix 

equation 

 ° °F JV                                 (4) 

In Eq. (4) J is the Jacobian matrix from Eq. (1). Post-

multiplying both sides of Eq. (4) by °
T

V  produces the 6 × 

6 dimensioned system 

 ° ° ° °( )
T T

FV J VV                          (5) 

Post multiplying both sides by ° ° 1( )
T

VV 
 gives the 

least squares estimate for the Jacobian matrix 

 µ °° ° ° 1( )
T T

J FV VV                        (6) 

Now given an arbitrary set of load cell readings 

(zeroed for the no load case), the force and moment  

outputs from the thrust stand can be calculated as 

 µ

Aa

Ba

Ca

Al

Al

Al

F x V

F y V

F Vz
J

M Vx

M Vy

VM z

   
   
   
   
    
   
   
   
    

                        (7) 

Calibration loads and moments are applied to the test 

stand using known calibration weights. Three axial and 

three lateral loads are applied at any one time, and the 

resulting forces and moments are calculated using the 

known input geometry. 

VI. CONCLUSION 

First, this paper research a test bench for a kind of 

micro turbine engine. It can measurement exhaust 

temperature, vibration, static and dynamic pressure and 

thrust. Second, use the finite element analysis software 

analysis the natural frequency. At last give the method of 

thrust stand calibration procedure. 
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