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Implementation of Engine Start Control Logic of
Micro Gas Turbine Engine Using Arduino
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ABSTRACT

In this study, the starting sequence of the commercial micro gas turbine engine was analyzed and the control logic was
developed and implemented using Arduino. The starting sequence the engine is composed of five steps: engine cranking, fuel
supply, ignition, acceleration, and stabilization. The control logic of the starting sequence is to get the engine to reach a
target(Idle) RPM by controlling the sub-components of the engine such as the start motor, fuel pump, glow plug, start valve,
and the main valve. And these sub-components are controlled based on measured values of RPM and EGT(Exhaust Gas
Temperature) at the start region. The start sequence of the micro turbine engine was analyzed by conducting a set of
experiments using a commercial engine, Jetcat P300-RX and its ECU (Jettronics V10). Then the control logic was developed
using Arduino and Arduino MEGA-based ECU was implemented onto the micro turbine engine system. MOSFET modules and
motor drivers were used to control the sub-components and Hall sensor and K-type thermocouple were applied to RPM and
EGT measurements, respectively. Effects of three parameters, fuel flow rate at ignition step, start motor acceleration rate, and
fuel flow rate at acceleration step on engine behavior was investigated and optimal values for those parameters were obtained
and applied to the control logic. The results showed that a successful starting sequence is achieved with a maximum EGT of
less than 700°C and a start time within 60 seconds using the developed control logic, which is quite similar to the commercial

micro turbine behavior.
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(b) Jetpack Aviation — Speeder

Fig. 1 Micro Gas Turbine in vehicles™?

(a) BQM—167A Target Drone

(b) Coyote Block 2 Anti—Drone UAV

Fig. 3 Militarily UAV applications®
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Fig. 4 P300—RX JetCat micro gas turbine
(19)

engine

Table 1 P300—RX Specification™

Parameters Values Unit
Idle RPM 35,000 RPM
Max RPM 106,000 RPM
Thrust @ Idle. RPM 14 N
Thrust @ max. RPM 300 N
Maximum EGT 750 T
Pressure ratio 3.55
Mass flow 0.5 kg/s
Fuel Consumption @ max. RPM 980 ml/min
Fuel Consumption @ Idle. RPM 179 ml/min
Weight 2,630 g
Diameter 132 mm
Length (incl. starter motor) 365 mm
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Fig. 6 Micro gas turbine engine wiring diagram
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Table 2 Turbine state®®

NO. State Description
1 OFF OFF
Glow plug ON, Start Motor
2 PreHeat 1 P gCr anking
3 PreHeat 2 Start Motor, Fuel Pump ON
4 Ignite Starting Valve ON
5 Acceleration Delay Preheat combustion chamber
6 Keros.FullOn Rising EGT
7 Accelerate Accelerate RPM
8 Stabilize Reach Idle RPM 130%
9 Learn LO Deceleration to Idle RPM
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Fig. 7 JetCat P300—RX engine test results
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Fig. 8 Flow chart of start sequence
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Table 3 Parts name and quantity

Name Classification Quantity Use
IRF520 MOSFET Start v/v Main
Module®” MOSFET 2 A%
BIS7960 Motor driver 3 St;?'twn]:;?i
Motor Driver®
Fuel pump
MAX6675
Thermocouple Thermocouple 1
module
HAL 4012 Hall effect :
sensor
Arduino Mega .
ADK Arduino 1
Switching Power 12V Power |
Supply supply
Tactile Push Push button ) start
Button emergency stop
Potentiometer Potentiometer 2
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Fig. 17 RPM control logic test results according to start
motor logic
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Fig. 18 RPM and EGT history with integrated control
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