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The Laboratory Test Bench for a Small Turbojet Engine 
 

Abstract: This paper describes a test bench for research and educational purposes of a small turbojet engine. 
Turbine engine AMT Jet Olympus HP E-start with a maximum thrust of 230N and the maximum speed of 
108 500 rpm was installed on the research bench. Measuring instruments allow measurement of all relevant 
engine operating parameters e.g. engine thrust, rotor rotational speed, temperature and pressure in different 
cross-sections of turbine engine. Signals registered by transducers are processed in a dedicated microprocessor 
controller, they are also preconditioned, digitally processed and visualized on integrated graphic data display. 
separate designated  microprocessor controller supervises the work of the engine and engine control system. An 
additional  subsystem is dedicated to measure and analyse engine vibrations. It allows to measure engine vibra-
tions in two engine mount planes and to compute signal parameters of  engine vibration signals. Test stand al-
lows both automatic or manual operation mode, it can be also used during laboratory exercises and demonstra-
tions for students. Integrated PC computer archives, processes and visualizes data acquired from the engine. 
For further processing of collected results can be carried out by transferring data in popular standard file for-
mat to be processed with other engineering tools. 

 
Key words: internal combustion engine, parameters measurement, microprocessor controller, station for re-

search and education. 

 

Stanowisko dydaktyczno-badawcze małego silnika turbinowego 

 
Streszczenie: W pracy opisano stanowisko dydaktyczno-badawcze małego silnika turbinowego. Na stanowi-

sku zainstalowano silnik turbinowy firmy AMT Jet typu Olympus HP E-start o ciągu maksymalnym 230N 
i maksymalnej prędkości obrotowej wirnika 108 500 obr/min. Oprzyrządowanie pomiarowe stanowiska umożli-
wia pomiar wszystkich istotnych parametrów pracy silnika, takich jak ciąg silnika, prędkość obrotowa wirnika, 
temperatury i ciśnienia w różnych przekrojach silnika turbinowego. Sygnały zarejestrowane przez układ senso-
rów przetwarzane są w dedykowanym sterowniku mikroprocesorowym, poddawane kondycjonowaniu i wstęp-
nemu przetwarzaniu cyfrowemu, oraz wizualizacji na wbudowanym kolorowym wyświetlaczu graficznym. Wy-
dzielony sterownik mikroprocesorowy nadzoruje pracę samego silnika i jego układu sterowania. Dodatkowym 
podsystemem zestawu jest układ do pomiaru i analizy drgań silnika. Umożliwia on pomiar drgań w dwóch 
płaszczyznach układu mocowania silnika, oraz przetwarzanie i obliczanie parametrów sygnałów drgań. Stano-
wisko umożliwia zarówno ręczne jak i automatyczne sterowanie pracą silnika i przeprowadzanie ćwiczeń labo-
ratoryjnych i badań. Na zintegrowanym w stanowisko komputerze PC zgromadzone dane są archiwizowane, 
przetwarzane oraz wizualizowane na potrzeby realizowanych ćwiczeń i badań. Zgromadzone wyniki można 
przenosić w standardowych formatach zapisu na nośniki cyfrowe w celu dalszego przetwarzania. 

Słowa kluczowe: silnik turbinowy, pomiary parametrów, sterownik mikroprocesorowy, stanowisko dydak-

tyczno-badawcze 

 

 

1. Intoduction 

This paper describes a test bench for research 

and educational purposes of a small turbojet engine 

(Fig. 1). Measuring instruments allow measurement 

of all relevant engine operating parameters e.g. 

engine thrust,  rotor rotational speed , temperature 

and pressure in different cross-sections of turbine 

engine. Signals registered by transducers are proc-

essed in a dedicated microprocessor controller, they 

are also preconditioned, digitally processed and 

visualized on integrated graphic data display. Sepa-

rate designated  microprocessor controller super-

vises the work of the engine and engine control 

system (switching fuel type during start-up se-

quence, fuel injection, control of operating parame-

ters, control of fuel pump and valves,  safe turbine 

shut-down, working parameters measurement). Test 

stand allows both automatic or manual operation 

mode, it can be also used during laboratory exer-

cises and demonstrations for students. Integrated  

PC computer archives, processes and visualizes 

data acquired from the engine. Implemented soft-

ware consists of a Scilab scripts, so the user can 
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modify algorithms for the data analysis acquired 

during the research. For further processing of col-

lected results can be carried out by transferring data 

in popular standard file format to be processed with 

other engineering tools. It is also possible to print 

reports and diagrams directly from the core soft-

ware controlling the test bench. 

 

 
Fig. 1. The laboratory test bench with turbo jet engine 

AMT Olympus 

 

2. Turbo Jet Engine 

Advanced Micro Turbines develops small gas 

turbines for the propulsion of radio-controlled fly-

ing airplanes, remote heat/power generators, and 

auxiliary power units. 

The Olympus HP has been developed as a sin-

gle radial compressor engine with an axial flow 

turbine. The combustion chamber is of the annular 

type, with a "low pressure" fuel system. Both the 

front and the rear hybrid bearings are also lubri-

cated and cooled by the fuel system, and therefore 

the engine doesn’t require separate lubrication sys-

tem and oil container.  

The time necessary for the turbojet to spool up 

and down is also relatively short due to low inertia 

of the axial turbine wheel, less than 4 seconds from 

minimal to maximal rotational speed, and only 3 

seconds from maximal to minimal speed. The tur-

bine is supervised by a microprocessor based con-

troller (ECU) which regulates the maximum per-

formance within pre-programmed software limits. 

The ECU operates fully automatically, and needs 

no adjustment by the operator. 

The engine for this laboratory test bench has 

been equipped by the manufacturer with dedicated 

measurement ports for acquisition of pressure and 

temperature values in different cross-sections of the 

engine (Fig. 3). 

Technical parameters of the Olympus HP are 

listed in Table 1 (all data given at S.T.P: 15°C and 

1013 mBar). 

 
Fig. 2. Production stage at AMT Netherlands: Olym-

pus HP internals on the balancing machine 

 
Table 1. Olympus HP ES - Technical data  

Diameter 130 mm 

Length (Electric start) 374 mm 

Weight turbine 2850 g 

System airborne weight 3795 g 

Thrust @ max. RPM  230 N 

Thrust @ min. RPM 10 N 

Pressure ratio @ max. RPM 4 : 1 

Mass flow @ max. RPM 450 g/s 

Maximum RPM 108,000 108 000 

Maximum allowed RPM 112 000 

Exhaust temperature  700 °C 

Maximum exhaust temperature 750 °C 

Fuel usage @ max. RPM 640 g/min 

Fuel type Kerosene 

Paraffin 

A-1 

white spirit 

 

System airborne weight in table above (Table 1) 

includes the weight of the engine equipped with 

ECU, pump, battery, solenoid valves, thermo-

sensor and mounting straps. 

Recommended starting gas used for the pre-

heating of the motor is propane. Starting using a 

mixture of butane/propane gas is also possible, but 

not recommended especially in colder weather 

conditions. 

 

3. Measurement of internal tempera-

tures and pressures 

Standard production Olympus jet engine is 

equipped only with one thermocouple temperature 

measurement of exhaust gas in the nozzle, which is 

wired to the engine ECU, and used in control algo-

rithm. Also rotational speed of the rotor is meas-

ured by the ECU.  

This research/educational exemplar has been 

equipped with the following additional measure-

ment ports (Fig. 3): 

• Ps1 (averaged from 3 points); 

• Ps3, Pt3, Tt3; 
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• Pt4, Tt4; 

• Pt5_1, Pt5_2, Tt5; 

• Tt6; 

 

 
Fig. 3. Cross-section of the AMT Olympus Jet En-

gine with the measurement ports for pressure and tem-

perature acquisition 

 

All the designated pressure measurement points 

are connected to silicon pressure transducers, and 

all the temperature ports are equipped with Ni-Cr 

(type K) thermocouples (Fig. 4). The process data 

gathered by sensors is pre-processed in 32-bit 

ARM-based microcontroller module, consisting of 

Texas Instruments Stellaris processor and graphic 

LCD screen with built-in touch panel. 

 

 
Fig. 4. Olympus Jet Engine with the measurement 

ports for pressure and temperature acquisition 

 

4. Measurement of the thrust 

Thrust of the engine is measured by the load cell 

mounted in front of the engine (Fig. 4). To allow of 

the thrust to be transferred to the load cell, the en-

gine is mounted on a linear guide-way. Signal from 

the strain gauge is amplified and digitalized in mi-

crocontroller unit. For testing and calibration a 

special fixture has been designated to be used in 

connection with weights. Modern load cells are 

characterised by quite stable sensitivity parameters, 

so normally there is no need to re-calibrate the 

measurement system, so this option is provided for 

verification purposes, testing of measurement chan-

nels, and detection of mechanical issues in the set-

up. 

 

5. Fuel consumption 

The jet engine stand fuel delivery system con-

sists of the pump, which is a type built from two 

gear-wheels running in a high-precision chamber 

supplied with fuel from a tank. It is very important 

that a fuel which is absolutely clean and pure is 

being used, in order to prevent blockages in the fuel 

system. Fuel consumption is measured using pre-

cise flow meter. 

 

 
Fig. 5. Fuel consumption flow meter 

 

The fuel consumption is measured by volume, 

as this is the natural signal output for this kind of 

volumetric flow transducer. The fuel mass con-

sumption can be calculated in controller taking into 

account fuel physical features such as its tempera-

ture and specific weight (unit weight). The used 

flow meter is a turbine type, with a non-contacting 

measurement element using Hall effect. The flow 

meter flow range is 0.015-1.0 l/min, sensitivity of 

20 000 pulses per litre. Accuracy of the flow meter 

is ±2% FS, with precision (repeatability) of ±0.5%. 

 

 
Fig. 5. Jet engine with vibration accelerometers at-

tached to the engine mounting brackets 

 

6. Vibration measurements 

For a jet engine diagnostics measurement of vi-

bration is a probably the most common approach, 

both in academia as well as in industry. In the  

Fig. 5 there are visible vibration transducers at-

tached to the jet engine mounts. Signals from these 
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accelerometers are conditioned and processed in 

Emerson CSI2130 two-channel analyser. 

 

 
Fig. 6. CSI2130 vibration analyser 

 

Vibration transducers used in this measurement 

are high resonance frequency accelerometers by 

CTC. Dynamic range of the accelerometers is ±50g, 

with resonant frequency of 34kHz, with sensitivity 

of 100mV/g (±5%) in 10-2500Hz range. 

 

 
Fig. 7. CTC AC240 high frequency accelerometers 

mounted on the engine bracket 

 

6. Sample results 

The designed testing bench has been used for 

carrying out basic tests on the Olympus jet engine, 

which can be useful for demonstration or educa-

tional purposes. At different commanded input 

values (the control input "throttle" channel) all 

available measurements were taken, and acquired 

data registered in the system memory. Figure 8 

presents resulting rotational speed of the turbine, 

measured thrust, and instantaneous fuel consump-

tion for turbine commanded input from 0% (idle) 

up to 75% of nominal range. 

 
Fig. 8. Characteristics of Olympus jet engine, RPM, 

thrust and fuel consumption as a function of percent of 

commanded input 

 

Figures 9 and 10 presents temperatures and 

pressures logged at different rotational speeds of 

the turbine.  

 

 
Fig. 9. Temperatures registered in Olympus jet engine 

at different RPM 

 

 
Fig. 10. Pressures registered in Olympus jet engine at 

different RPM 

 

7. Conclusions 

The laboratory test bench for a small jet engine 

allows for testing of the engine, and for acquisition 

of various parameters for educational and research 

purposes. Measured data collected from the engine 

can illustrate and support empirically knowledge 

presented to students during theoretical university 

courses, resulting in their deeper understanding of 

the subject taught. 
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Table 2. Experimental results for tests carried out on the testing stand 

% RPM thrust 
[N] 

fuel 
consumption 

[g/min] 
Ps1 
[kPa] 

Ps3 
[kPa] 

Pt3 
[kPa] 

Pt4 
[kPa] 

Pt5_1 
[kPa] 

Pt5_2 
[kPa] 

Tt3 
[C] 

Tt4 
[C] 

Tt5 
[C] 

Tt6 
[C] 

Egt 
[C] 

0 38 500 14.3 133.24 -0.48 20.41 27.50 21.96 3.41 2.56 22 477 327 370 451 

5 45 000 20.6 162.31 -1.83 34.23 37.43 31.05 4.38 1.70 29 440 325 374 460 

10 51 500 27.8 186.53 -2.46 46.96 54.27 44.01 6.82 5.00 37 392 300 347 488 

15 62 000 43.4 215.60 -4.13 68.52 77.16 63.88 9.24 7.92 56 368 286 334 479 

20 70 000 60.6 239.83 -6.10 97.28 100.07 90.35 14.60 12.31 70 360 268 309 446 
25 76 000 77.2 266.48 -8.09 120.50 128.77 113.51 18.00 18.15 84 379 256 299 433 

30 80 000 90 288.28 -9.23 140.42 145.04 135.03 23.36 22.54 94 404 270 296 423 

35 83 500 103 312.50 -10.49 157.56 163.81 149.64 27.74 28.39 103 397 270 296 405 

40 86 500 115.3 339.15 -11.65 173.31 176.78 164.54 30.65 32.77 111 429 293 303 405 

46 89 500 127.6 370.64 -12.73 189.07 193.05 183.01 35.03 37.65 119 439 306 318 414 
50 91 500 135.9 392.45 -13.39 201.52 206.30 192.94 36.50 38.63 128 463 319 334 438 

55 93 500 146 419.09 -14.19 214.52 217.34 207.27 38.08 41.55 134 478 328 346 437 

60 95 000 156.2 448.16 -15.05 223.09 222.85 212.79 41.36 43.74 138 512 338 360 456 

66 97 000 166.1 477.23 -15.68 234.42 240.23 229.34 44.52 48.86 146 527 348 379 474 

70 98 500 172.4 496.61 -15.91 241.07 244.10 232.65 46.83 47.03 150 549 357 397 497 

 

 

Nomenclature/Skróty i oznaczenia 

ECU Electronic Control Unit / Elektroniczny 

moduł sterujcy 
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