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Abstract

With the continuous development of electronic information technology and modern control theory,
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the requirements for precise engine control have become increasingly stringent. Addressing the re-
quirements of the engine control system, a two-stroke engine model was constructed using GT-
Power software. Through comparative verification, the maximum error in power performance was
found to not exceed 5%. And combining the already designed engine ECU controller based on the
M(C9S12XS128 main control chip with the application layer control software built in the Simulink
software environment, co-simulation of the GT-Power engine model with the application-layer con-
trol software was conducted, providing preliminary verification of the control software and estab-
lishing a foundation for the subsequent design and optimization of control strategies. To further
validate the practical performance of the control system, a hardware-in-the-loop (HiL) platform for
the engine control system was built. This platform was used to test the simulated voltage signals of
the signal interface simulator and the control signals of the engine ECU controller, respectively. The
test results show that the simulated voltage signals from the signal interface simulator are accurate,
and the designed control system exhibits good real-time performance and high accuracy.
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Table 1. Main geometric parameters of the prototype
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He/ee 75
PRFE/mm 40
HLAZ/mm 49
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JE4i bl 8.4
Ty kw 3.3
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Figure 1. GT-Power engine simulation model
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Figure 2. Engine torque comparison results
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Figure 3. Engine power comparison results
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Figure 5. Simulink co-simulation interface configuration
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Figure 6. Joint simulation speed PID control verification
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Figure 7. Signal interface simulator framework diagram
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Figure 8. Main code running process
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Figure 9. Engine control system hardware-in-the-loop platform device connection diagram
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Table 2. Throttle opening data comparison
2. TRINFERIEL

TRTTIFFE (%) fe AR A (V) LA (V) REH (%)
10 0.682 0.683 0.15
20 1.109 111 0.09
30 1.536 1.537 0.07
40 1.963 1.962 0.05
50 2.39 2.39
60 2.817 2.816 0.04
70 3.244 3.245 0.03
80 3.671 3.672 0.03
90 4.098 4.099 0.02
100 4525 4526 0.02

Table 3. Intake pressure data comparison
7= 3. HRENHIEITLL

BRUEE(KPa) R BIR S HE (V) BB EAE (V) REBF (%)
10 0.4 0.401 0.25
20 0.805 0.808 0.37
30 1.21 1.215 0.41
40 1.615 1.61 0.3
50 2.02 2.021 0.05
60 2.425 2.426 0.04
70 2.83 2.833 0.11
80 3.235 3.236 0.03
90 3.64 3.645 0.14
100 4.045 4.046 0.02

Table 4. Comparison of intake and cylinder head temperature data

F 4 HES FIEEREBIEITEE

BE(T) fe BB BRI HEV) B EAE (V) REH (%)
30 3.09 3.096 0.19
50 212 2121 0.05
70 1.32 1321 0.08
90 0.79 0.791 0.13
110 0.47 0.471 0.21
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Figure 10. Schematic diagram of working current of direct injection nozzle
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Table 5. Control parameter error under the conditions of 3000 rpm speed and 20% throttle opening
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S HAnE SehME RE(%)
RUKRIRATAC) 49 49
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Figure 11. Verification of the relationship between actuator signal and crankshaft position signal
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