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Research on Domestic Chips Control System of High-Pressure

Common-Rail Diesel Engine
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Aiming at the problem that the high pressure common-rail diesel engine control unit
(ECU) is highly dependent on imported chips and lack of independence, an ECU scheme based on
fully domestic chips is proposed. The domestic micro-controller named GD32F450 produced by
Gigadevice is adopted as the core of engine data sampling, processing, storage and control tasks.
The Boost circuit is employed to provide the peak current of diesel injector. A double-side drive
circuit with current feed-back functional module is designed using domestic discrete electrical
devices and the drive current of the diesel injectors is controlled in the way of closed-loop without
imported application specific integrated chip. Moreover, the bottom driving software of high
pressure common-rail diesel engine is developed based on FreeRTOS and the execution period of
different tasks has been precisely controlled. Finally, the ECU scheme is verified by
experiments. The results show that the developed domestic ECU of a high pressure common-rail

diesel engine proposed in this paper is full-featured and works stable. Additionally, the typical
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peak current and hold current of the double-side drive circuit is 22 A and 10 A, respectively. The

minimum interval time of multi-injection is 200 ps and it is comparable to the Bosch system in

terms of the multi-injection characteristics. The tasks execution period is controlled precisely and

the bottom driving software has good real-time performance at varying engine speeds. This

research confirms that the feasibility of the high pressure common-rail diesel engine ECU scheme

based on fully domestic chips and provides a reference for promoting the self-developed engine

ECU technology.

Keywords: high-pressure common rail diesel engine; engine control unit; domestic chips;

underlying software; FreeRTOS operating system
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Fig. 1 ECU architecture of high pressure common rail

diesel engine
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Fig. 2 High pressure common rail diesel engine ECU diagram
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Fig. 3 Crankshaft position signal interface circuit
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Fig. 4 Single-side drive circuit
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Fig. 5 Boost circuit
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Fig. 6 Schematic diagram of double-side drive circuit
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Fig. 7 Waveform diagram of double-side drive circuit
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Fig. 8 Sensor interface circuit

3.3 HITSHREHRG

e F B S vl ML A S P AT A A R L ) e
(IR R R A A O B ) € 2o 7 5 BT AR ¢
AT 3K 2 W I WS R HE PWM U 5 A5 L AT LR
Tl 2E Hh L 451 R A 1 O B T o L g R K o 2 0t B
T3 BR By R T A o T e A e — AR IR
AR SO FH A B 85 SR R A Sl Sl 2 - 90E B A 2R O s
X AT A HE AT

A 2 AT BT BN 4, B )2 4 SR AR 35 & 3
BAT TOL S0, 1T W0 I B R mE 3 Bk 98 . K2
% 31 3K 20 3 A DA bR WA S8 A, T S i
Bl Y ok - A B ORLT R AS A  WI B A Y ik K
5 5 ] i - B g ) SRR R AN 9 T
7N s AW E I BT 7R A5 5 U A1 1A A D fi & 14 L i il
filt % %5 > ECU JE B} 8% ¥ 1 1B 19 45 5 0, AR 438 ik
KR 5 T I B Y AR RE 25, 45 G BRI i AR
S B Fsf (1] S B A (i) PR £ A A0 PR T S B (1] 45 o D
W% Y TE B A K e

FE T it b o7 0 Ml S B BLAR vk R

N, = (AJA) —2 4
T, — (%—N1>T‘ (5

http: // zkxb. xjtu. edu. cn

60000
" V.N

e N R fih S th 5 s AL S koo o 4 B2 s A, R
A A BE AT 5/ ARFRIUEE 3 Ty O S IR R (] mis 5
T, Fo¥esd 1A B9 IEE ms; V. 9 & S N
HHE T ERSEER IR 1 ¢8

(6)

A

— 3 Ll

1 I A0 ‘
34—0
W P 5 S |
W AR AT W IE R
B9 fih K- A B 42 ) i 3 ]

Fig. 9 Trigger-delay control schematic
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Fig. 10 Common rail pressure closed-loop control
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Fig. 12 Crankshaft signal filter circuit waveform diagram
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Fig. 15 Schematic diagram of pulse on-time operation at

different speed
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Fig. 16 Schematic diagram of pulse width and timing at the

same speed
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