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ABSTRACT

A crank angle-based engine control system has been developed for use as an engine
research tool to provide precise control of the fuel injection(timing and duration) and

ignition(timing and dwell) in real-time. The engine event information is provided by the

engine shaft encoder, and the engine control system uses this information to generate

spark and injector control signals for relevant cylinders. Eight different engine types and

four different rotary encoder resolutions can be accommodated by this system. Also this

system allows a user to individually control the ignition and fuel injection for each

cylinder in a simple manner such as through a keyboard or in a real-time operation from

a closed-loop control program.
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Table 1 Description of each subsystem of
ECS

Name of

Functions
Subsystem

Signal conditioning Noise filtering of the
unit Input signals

Reference signal Reconfiguration Circuit

for various engine types

Main part of the Engine
Control System

Opto-isolation unit | Enhancing Noise Immunity

generation unit
Control signal
generation unit

Analog input unit [Acquisition of Analog Signals

Fig.2 ECS hardware
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Table 2 Characteristics of Intel 8253 and
Am9513 Timer/Counters®®

Items Intel 8253 AMD Am9513
Number of | 3 independent 5 independent
Counters | 16-hit counters 16-hit counters
Counter 6 p/:
Mode |(Mode 0~Mode 5)| (Mode A ~ Mode X)
Initialization | Initialize—~Load Fig 3
Sequence | —Latch—Read
* Count binary or BCD
+ Count binary or | « Tapped Frequency Scaler
Features .
BCD * Internal concatenation
(80 bit Counter Length)
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» Enter a New Ualne X
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 Limit: 64,999 -
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Fig.11 Modification of control parameters 2 90° V6 4-Stroke
3 V8 4-5troke
TRUE TDC 4 1-Cylinder 4-Stroke
of CYL #1 5 3-Cylinder 2-Stroke
Lo 6 V8 4-5troke
—>  +— Offset 7 L6 4-Stroke
Misaligned H R TOGE ' TOCF BOC TICE
Encoder (1ppr) wiRe EF e LP Lb L» P

Fig.12 An example of encoder offset

Fig.13 Crank shaft offset compensation
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Table 4 Engine Control Parameters

Engine Spark Control |Injection Control Firing
Timing | Dwell | Timing {Duration

Type ‘BTDC| [ms]|"BTDC| [ms] Order
CFR 1
14 1342

V6-60° : 123456

V6-%° B35 % 8 165432
V8 18436572
V8 12734568

TDCE TOCE

DC 7_1 ]_’ _ T\[j?
Interrupt _U U

Timing = OFFSET “‘u
Offset ‘

Output &= Timing— u

Fig.20 Timing diagram of injection & ignition

Fig.21 Control signals for 1 cylinder engine

Fig.22 Control signals for 4 cylinder engine
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Fig.24 Control .signals_ for V6-90° engine
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