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The Idle Speed Control Problem

specifications:

—-» Maintaining the crankshaft speed within a specified
range despite load torque disturbances and
transmission engagements/disengagements.

constraints:
—» Good combustion and emission quality;
—» Acceptable NVH characteristics.




Hybrid model of the engine
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Intake manifold dynamics (linear approximation):

P(t) = app(t) + bya(t)

Power-train dynamics:

A(t) = ann(t) + b (T(t) — Ty (t))

e(t) = 6n(t),
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Single cylinder FSM

negative spark advance H
positive spark advance
% ItoBS | m:=G,p+M,
Ny E
dc BSto ¢$:=180-6
PA AS PA
|
9& PAto | T:=Ty(m) 7{¢ - @ o M)
% wh &« AS | =Tou(m.¢)
% NAto |¢:=-6
dc AS T:=Tym(m, - 0)
BS NA )| [asto [T:=0
H




Reduced Finite State Machine
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Parameters and Set-Point Values

Engine parameters =
values

Set-point values Of ——fp-
gtate and control
variables

Crankshaft momentum of inertia (clutch open) Jo [ 09 Kgm®

Crankshaft of inertia (clutch closed] | J, | L4 Kgm®

Crankshafi viscosity coeffichent B [0 Kgm™ s

Pumping and friction torque T, | 20 Nm

Cylinders" torque gain G| 300000 Nm[Kg

Cylinders" torque offsat Ty | =142 Nm

Spark_efficiency funclion (8] | =013+ /0085 + 0.0063 |
Manifold dynamic parameter o, | -23s° "

Manifold dynamic parameter by | B3 T T |
Compression_mass [pressure_gain Gmp | 4.5e -0 Kg/FPa
Compression mass offset My | =208e=15 Kg

Manifold pressure | p | 2.47ed Pa
Torque T | 213 Nm
[of ion mass | m. | Be— 5 Kg
Expansion mass me | 0 Kg
Spark advance & | W7
Crankshaft speed | ng | 800 RPM
Throttle angle a | ¥

Spark advance w | 207




A Simulink/Stateflow implementation

FSM+DES with Stateflow:

SparkichT_eff = (G'me+TOyeta(0) }

S plus
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A Simulink/Stateflow implementation

Event generation: spark actuator block
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A Simulink/Stateflow implementation

Event generation: spark&DC event generator block
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A Simulink/Stateflow implementation

Event generation: negative spark advance
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A Simulink/Stateflow implementation

Event generation: zero spark advance
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A Simulink/Stateflow implementation

Event generation: positive spark advance
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A Simulink/Stateflow implementation

Open-loop behavior: no disturbance torque
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A Simulink/Stateflow implementation

Open-loop behavior: no disturbance torque
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A Simulink/Stateflow implementation

Open-loop behavior: no disturbance torque
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A Simulink/Stateflow implementation

Open-loop behavior: disturbance load torque
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A Simulink/Stateflow implementation

Open-loop behavior: disturbance load torque
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It may be noticed how the revolution
speed profile, while being strongly
affected by the disturbance load torque,
isalmogt insendtive to any variation of
the crankshaft momentum of inertia due
to the clutch command; the introduction
of the clutch state, however, represents
afirg step towards a thorough hybrid
model of the engine, including the gear
ingertion mechanism and itsinfluence
on continuous dynamics.
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