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Dynamic Modelling and Simulation of Engine Starting Process
for Optimization of Diesel Engine Cold Starting System
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ABSTRACT

To optimize the cold start process of a 4-stroke, 8 cylinder Diesel engine, a dynamic
simulation model from cranking to idle speed is developed. Physically-based first order
nonlinear differential equations and some algebraic equations describing engine dypamics and
starter motor dynamics are used to model the performance of starting process which is very
complex. These equations are solved using numerical schemes(Petzold-Gear BDF method) to
describe the starting process of diesel engine and to study the effects of starting parameters.
The validity of this model is examined by start test. This model can be served as a tool for
computer aided control systems design to improve cold start performance.

#27]%8°l: Fricion Torque(Pt2E.9 ), Blowby(¥ 2-%8}o]), Cranking(Z27), Starter
Motor(2=E}E] 2E]), Starting System(A]%5 A] %), Dynamic Modelling(% &
32d=), Cold Start(A &4 5)

Nomenclature J. : engine inertia(Nm/(rad/s2))
C, : discharge coefficient J, : starter motor inertia(Nm/(rad/s2))
J : system inertia (Nm.(rad/s2)) K, : flywheel to pinion gear ratio
N flywheel speed (rev/min)

Subscripts
M, : blowby gas flow(kg/s)
_ T, ° total cylinder pressure torque(Nm)
* A3 Y AFEy 7] AT T, : friction torque(INm)
w AxUsta g
wrr A3 H, L HEEAF 4

T . © engine net torque(Nm)

T,  torque provided by starter
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Iig.1 Block diagram of an engine and starting system for a naturally-aspirated DI diesel engine
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Table 1 Engine Specification

Number of cylinders 8

four-stroke cycle
diesel, direct injection

Operating method
Combustion method

Cylinder Bore 144mm
Stroke i 140mm
Compression ratio 14:1
Displacement, total | 18.3 dm®
| Injection timing 14° BTDC
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