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Design of robust speed controller for marine diesel engine

Soon-kyu Hwang

Department of Mechatronics Engineering

Graduate School of Korea Maritime University

Abstract

Robustness has been an important issue in control-systems design ever
since 1769 when James Watt developed his flyball governor. A successfully
designed control system should be always able to maintain stability and
performance level in spite of uncertainties in system dynamics and/or in the
working environment to a certain degree.

And the energy saving is one of the most important factors for profit in
marine transportation. In order to reduce the fuel oil consumption the ship's
propulsion efficiency must be increased as much as possible. This situation
led the conventional mechanical-hydraulic governors for engine speed control
to replace digital speed controllers which adopted the PID control or the
optimal control algorithm. But these control algorithms have not enough
robustness to suppress the engine's variation of the time delay and the
parameter perturbation.

In this study the author compares robust stability and performance of the

designed controllers with sub-optimal A_, H_ loop-shaping, p-synthesis and



D-K iteration algorithm. And the wvalidity of these three controllers is
investigated through the response of computer simulation with Matlab.

Finally, the author designs the digital governor for engine speed control
through the fore-mentioned robust control theory and applies it to the closed
system via computer program. The result of the engine speed control shows
the good disturbance rejection and reference signal tracking. In particular, p
controller is the most excellent in the nominal performance, robust stability
and performance. But it has great difficulty in using in the industry because
of controller's high order. In order to apply it to the industry, it needs to

reduce 1its order.
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Nomenclature

: System matrix

: Inverse of system matrix

: Norm-bounded subsets of A

: Polynomial of denominator

: Real n X n matrix

: Transpose of £
: Linear fractional transformation of G and K

: Lower linear fractional transformation
. Upper linear fractional transformation

. Transfer function matrix of nominal model

: Transfer function matrix of the engine's combustion subsystem
: Nominal engine plant

: Transfer function matrix of

: Transfer function matrix of the engine's rotation subsystem
: The shaped system with the weighting functions W, and W,
: Transfer function matrix of plant with the perturbation

: Hamiltonian matrix

: Unit matrix

: Controller

: Gain of the engine's combustion subsystem
: Suboptimal A, controller

. p-synthesis controller

: Loop shaping design procedure controller

: Gain of the engine's rotation subsystem



K., : Reduced order controller

M(G K) : Interconnected transfer function matrix
N(s) : Polynomial of numerator

P(s) . General plant

Q : Real n x n matrix

R and C : Field of real and complex numbers

S . Sensitivity function

1 : Time constant of combustion subsystem
1y : Time delay of fuel injection system
1, : Time constant of the engine's rotation subsystem
Uls) : Control signal of the fuel pump rack
w : Real n x n matrix

w, W, : Weighting functions

|24 : Pre-compensator

W, : Post-compensator

Z(A) . Uncertainty set

a, : Physical parameter

a : Nominal value

d : Disturbance vector

det(A) : Determinant of A

diag : Diagonal matrix

e : Error signal vector

n : Measurement noise vector

D, : Perturbation

r : Reference input vector

U : Control signal vector

w : Exogenous input signal vector

_Vi_



T . State vector

Y : Output signal vector

z : Output signal vector

B : Constant

A . Perturbation block

Ap : Fictitious performance uncertainty block
0, : Uncertainty parameter

€ : Stability margin

ol : Constant

A : Eigenvalue

7 : Structured singular value

o(A) : The largest singular value of A

W : Rotational angular velocity

e : Transfer function of combustion time delay
= : Belong to

- : Subset

= : Defined as

A : All of

e, : 2-norm

e Il : co-norm

e Il : Hankel norm
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Figure 1: Perturbation configuration
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Table 1: Specification of the modeled engine

Bore x Stroke 800 x 2592[mm]
Prnean 18.4[kgs/cm’]
BHP(M.C.R) 15,880[bhp] (83 rpm)
Moment of inertia 27,130.27[kgf-m-52]
S.F.0.C 125[g /bhp /h]

* M.C.R: Maximum continuous rating

S.F.O.C: Specific fuel oil consumption

Table 2: Specific value of the modeled engine

rpm
50 55 60 65 70
parameter
a, 35.71 39.24 42.85 46.38 50.05
ay 79.90 96.59 | 115.05 | 134.90 | 156.83
as 24.97 33.20 43.14 54.80 68.61
b, 73.62 80.59 87.97 95.25 102.86

shalat v s Akabefel]l whek shetmlele] Zho] WSER o W9 Qlel
ol Aolgtx 7MY 4 9gonmg olefel o] vepd £ 9k

a :a_1(1+pa15a1) ay = i(l tP00) ag=0a3(14p0,) b = b_l(l + Py dy)

od7| A EAZL a,=42.85,a,=115.05,a,=43.14 L b,=87.97, H 719
stebuleel] @ 7HedE AT DusPap Pugr Pt LBIIL Gyp5 09 0,5 6 01 B

A7V = Py =0y =02, P =04, py =06, B —1<0,,,0,0,0, 0, < 1%
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