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Integrated coordination control of marine generators based on
Hamilton function approach
ZHANG Li-jun, MENG Jie, LAN Hai

(Automation College, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: The propeller load is a crucial factor affecting the transient stability of the marine power system. This makes
the stability study of marine power system more challenging than that of the land power systems. Based on Hamilton
control theory of energy, an integrated coordination control of generator excitation and speed regulation is investigated for
the marine power systems with propeller loads. After analyzing the nonlinear coupling between the marine diesel generator
and the propeller load, we develop the stabilizing integrated control law by constructing the Hamilton energy function.
Being different from other existing control laws, this one explicitly provides the functional relation between the propeller
revolution and control performances. Simulation results show the effective suppression of the impact from the propeller
load to the system performance.
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2 (Model of ship
diesel engine power system)

,
[5],

. 1 .

1

Fig. 1 Principle diagram of diesel-generator set control system

2.1 (Mathematical model of
synchronous generator )

[5] :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

δ̇ = (ω − 1)ωs,

ω̇ =
Tb

Ta
ω +

1
Ta

c1 +
c2

Ta
L − 1

Ta

E′
qU

X ′
d

sin δ−
1
Ta

U2

2
X ′

d − Xq

X ′
dXq

sin(2δ),

L̇ = − L

T1
+

K1

T1
u1,

Ė′
q =

1
Td0

Efd − 1
Td0

E′
q +

1
Td0

Xd − X ′
d

X ′
d

U cos δ,

(1)
: δ ; ω ; E′

q q

; Efd ; L

; T1 ; K1 ;
X ′

d d ; Xq

q ; u1 ; Td0

; U

, U =
√

U2
d + U2

q ,{
Ud = −RId + XdIq,

Uq = −RIq − X ′
dId + E′

q,
(2)

: Ud Uq d q

; Id, Iq ; R ;
Xd d . (1)

Ta =
Jω2

g0

SB
, Tb =

60m1ω
2
g0 − 2πKpω2

g0

2πSB
,

ωg0 =
100π

p
, c1 =

d1ωg0

SB
, c2 =

aωg0

SB
, a =

M e
1

Le
,

d1 = b1 − aL0,

J ; p ;
ωg0 ; K

; m1, b1 ; SB

; M e
1 ;

Le, L0 .

2.2 (Model of electric prope-
ller’s load )

, .

2.2.1 (Model of per-
manent magnet synchronous motors)

,
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[11] :⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

ω̇r =
3npφ

2J
iq − B

J
ωr − M

J
,

i̇q = − Rs

Lm
iq − npωrid − npφ

Lm
ωr +

1
Lm

uq,

i̇d = − Rs

Lm
id + npωriq +

1
Lm

ud,

(3)

: ωr ; np ; φ

; J ; B ; M

; Rs ; Lm (d q

); id, iq ud, ud

d q .

2.2.2 (Model of propeller load)
[12]⎧⎨

⎩
dv

dt
=

P − R

m + λ
, R =

1
2
ρΩζv|v|,

P = K ′
P(1 − tp)ρD2[(1 − μ)2v2 + D2n2],

(4)

: n �= 0 ; v �= 0 ; P

; m ; λ

; tp

; ρ ; ζ ; D

; μ ; Ω ;
K ′

P .

,

J ′ =
(1 − μ)v√

(1 − μ)2v2 + D2n2
. (5)

M = K ′
MρD3[(1 − μ)2v2 + D2n2], (6)

: n �= 0 v �= 0, K ′
M .

K ′
P, K ′

M J ′ [9].
(4)∼(6) , v

n .

(1)∼(6)
,

, δ

ω ,
, ,

. (1)∼(6)
:

,
,

,
,

, . (1)∼(6)
2 ,

.

2

Fig. 2 Structure diagram of marine diesel engine generator with propeller loads

2.3 (Nonlinear mathe-
matical model of diesel engine power system)

(1), (δ0, ω0, L0, E
′
q0)

:{
x1 = δ − δ0, x2 = ω − ω0,

x3 = L − L0, x4 = E′
q − E′

q0.
(7)

ω0 = 1, u2 = Efd,
ε1, ε3 ε2, (7) , (1)

ẋ1 = ωsx2, (8a)

ẋ2 =
Tb

Ta
(x2 + ω0) +

c2

Ta
(x3 + L0) +

1
Ta

c1 − 1
Ta

(x4 + E′
q0)

X ′
d

U sin(x1 + δ0) −



1544 28

1
Ta

U2

2
X ′

d − Xq

X ′
dXq

sin(2x1 + 2δ0), (8b)

ẋ3 = −x3 + L0

T1
+

K1

T1
u1, (8c)

ẋ4 =
1

Td0
u2 +

1
Td0

Xd − X ′
d

X ′
d

U ×

cos(x1 + δ0) − 1
Td0

(x4 + E′
q0). (8d)

, (8) .
, : u1

u2 x3 q

x4,
ω0, δ0, E

′
q0. Hamilton

.

3 Hamilton
(Coordination control based on Hamil-

ton function )
3.1 Hamilton [6](Brief description

of methods of Hamilton system)

{
ẋ(t) = f(x(t)) + G(x(t))u(t),

y(t) = h(x(t)),
(9)

: x ∈ R
n , u ,

y . f(x), G(x) h(x)
.

1 (9),
H(x),

ẋ = M∇H + G(x(t))u(t) (10)

, ∇H H(x) ,
(10) Hamilton ,

H(x) Hamilton .

1 Hamilton (10),

{
ẋ = (J − R)∇H + G(x(t))u,

y = GT(x(t))∇H,
(11)

J R ,
(11) ,

u =−KGT∇H, (12)

K , (11)
.

1, Hamilton
,

Hamilton (11) ,

, (12) .

3.2 (Coordinated
control design based on excitation and speed
regulation)

(8), ,
Hamilton ,

.

H =
1
2
Taωsx

2
2 +

1
2(Xd − X ′

d)
[(x4 + E′

q0) −
Xd − X ′

d

X ′
d

U cos(x1 + δ0)]2 +
1
2
(x3 + L0)2 +

X ′
d − Xq

4X ′
dXq

U2(1 − cos(2x1 + 2δ0)) +

Xd − X ′
d

2(X ′
d)

2
U2(1 − cos2(x1 + δ0)) +

(Tbω0 + c1)(π − δ). (13)

Hamil-
ton

ẋ = M1∇H + G1u, x ∈ R
4, u ∈ R

2, (14)

:

M1 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0
1
Ta

0 0

− 1
Ta

Tb

T 2
a ωs

c2

Ta
0

0 0 − 1
T1

0

0 0 0 −Xd − X ′
d

Td0

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

∇H =

⎛
⎜⎜⎜⎜⎜⎝

(Tbω0 + c1) + X
Taωsx2

x3 + L0

x4 + E′
q0

Xd − X ′
d

− U

X ′
d

cos(x1 + δ0)

⎞
⎟⎟⎟⎟⎟⎠ ,

G1 =

⎛
⎜⎜⎜⎜⎜⎜⎝

0 0
0 0

K1

T1
0

0
1

Td0

⎞
⎟⎟⎟⎟⎟⎟⎠

,

: X =
x4 + E′

q0

X ′
d

U sin(x1 + δ0) +
Xd − X ′

d

2X ′
dXq

×
U2 sin(2x1 + 2δ0).

, (11)
, , :

u1 =− c2

Ta
x2 + v1, (15)
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v1 , (14)
(11) :

ẋ = (J1 − R1)∇H + G1ũ, ũ = [v1 u2]T, (16)

:

J1 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

0
1
Ta

0 0

− 1
Ta

0
c2

Ta
0

0 − c2

Ta
0 0

0 0 0 0

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

,

R1 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

0 0 0 0

0 − Tb

T 2
a ωs

0 0

0 0
1
T1

0

0 0 0
Xd − X ′

d

Td0

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

.

Tb < 0, R1 ,
(11) , (16)

(
y1

y2

)
=

⎛
⎜⎜⎝

K1

T1
(x3 + L0)

1
Td0

(
x4 + E′

q0

Xd − X ′
d

+
U

X ′
d

cos(x1 + δ0))

⎞
⎟⎟⎠ .

(15), (12) :(
u1

u2

)
=

⎛
⎝− c2

Ta
x2

0

⎞
⎠ + (−K

[
y1

y2

]
). (17)

K =

[
k1 0
0 k2

]
, k1, k2

.

(
u1

u2

)
=

⎛
⎜⎜⎝

− c2

Ta
x2 − k1

K1

T1
(x3 + L0)

− k2

Td0
[
x4 + E′

q0

Xd − X ′
d

+
U

X ′
d

cos(x1 + δ0)]

⎞
⎟⎟⎠ .

(18)

(18)(15) (8)

ẋ1 = ωsx2,

ẋ2 =
Tb

Ta
(x2 + ω0) +

c2

Ta
(x3 + L0) +

1
Ta

c1 −
1
Ta

(x4 + E′
q0)

X ′
d

U sin(x1 + δ0) −

1
Ta

U2

2
X ′

d − Xq

X ′
dXq

sin(2x1 + 2δ0),

ẋ3 =
K1

T1
{− c2

Ta
x2 − k1

K1

T1
(x3 + L0)} −

x3 + L0

T1
,

ẋ4 =
1

Td0
{− k2

Td0
[
x4 + E′

q0

Xd − X ′
d

+

U

X ′
d

cos(x1 + δ0)]} − 1
Td0

(x4 + E′
q0) +

1
Td0

Xd − X ′
d

X ′
d

U cos(x1 + δ0). (19)

ẋ = (J1 − R1)∇H − G1KGT
1 ∇H, (20)

1 (20) .
,

k2 = Td0(Xd − X ′
d), (21)

(19) 4

ẋ4 = − 2
Td0

(x4 + E′
q0).

. ,
.

1 (8), (18)
(21), .

(18) (21) ,
(16)

ẋ = (J1 − R1 − G1KGT
1 )∇H,

J1, R1 .

H1(x) = H(x) − H(xe) > 0,

H(xe) = 0,

Ḣ1(x) = Ḣ(x) = (∇TH)ẋ =

(∇TH)(−R)(∇H)+

(GT∇H)T(−K)(GT∇H).

K , R , ˙̃H(x) � 0,
˙̃H(x) Lyapunov .

˙̃H(x) = 0 y = 0, u = 0, (8)

{x ∈ R
4 : −(Tbω0 + c1)+

x4 + E′
q0

X ′
d

U sin(x1 + δ0)+

Xd − X ′
d

2X ′
dXq

U2 sin(2x1 + 2δ0) = 0,

x2 = 0, x3 = −L0,

x4 + E′
q0

Xd − X ′
d

− U

X ′
d

cos(x1 + δ0) = 0}.

, (16) ,
(16) , (8)

(18) .



1546 28

4 (Effect
of propeller load to the terminal voltage)

(18) U ,
.

.
(3), ud, uq ,

.
(18).

,
, ,

.
(5) [13]

M = Kn2. (22)

, n0,
ωm0 =

n0πp

30
. backstepping

. (3)
, y = id − i∗d, i∗d
, y = 0, (3)

{
ω̇r = amiq − bmωr − cm,

i̇q = −dmiq − npωri
∗
d − emωr + fmuq,

(23)

:

am =
3npφ

2J
, bm =

B

J
, cm =

M
J

,

dm =
Rs

Lm
, em =

npφ

Lm
, fm =

1
Lm

.

(23) ω̂r = ωr −ωm0,

α = −kαω̂r +
1

am
(bmωm0 + cm),{
e1 = ω̂r,

e2 = iq − α.
(24)

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

ė1 = amiq − bm(e1 + ωm0) − cm,

ė2 = −dmiq − np(e1 + ωm0)i∗d−
em(e1 + ωm0) + fmuq+

kα[amiq − bm(e1 + ωm0) − cm].

(25)

Lyapunov

V1 =
1
2
σ1e

2
1, V2 = V1 +

1
2
σ2e

2
2,

V̇1 =−(amσ1kα + σ1bm)e2
1 + amσ1e1e2,

V̇2 =−(amσ1kα + σ1bm)e2
1 +

σ2e2[−np(e1 + ωm0)i∗d − dmiq +

kα(amiq − bm(e1 + ωm0) − cm) −
em(e1 + ωm0) + fmuq+

σ1am

σ2
e1].

uq = Lmnp(e1 + ωm0)i∗d + dmLmiq − Lme2 −
kαLm(amiq − bm(e1 + ωm0) − cm) +

Lmem(e1 + ωm0) − amσ1Lm

σ2
e1, (26)

V̇2 = −(amσ1kα + σ1bm)e2
1 − σ2e

2
2 < 0.

Lyapunov V3 = V2 +
1
2
σ3y

2,

V̇3 =−(amσ1kα + σ1bm)e2
1 − σ2e

2
2 +

σ3y[−dmid + np(e1 + ωm0)iq + fmud].

ud = Rsid − Lmnp(e1 + ωm0)iq −
Lm(id − i∗d), (27)

V3

V̇3 = −(amσ1kα + σ1bm)e2
1 − σ2e

2
2 − σ3y

2 < 0.

(3) . (26)(27)
uq, ud (18),

. ,
(18) ,

.

5 (Simulation analysis)
(18)

, 5 s ,
. 1: 100 rad/s

200 rad/s; 2: 200 rad/s
100 rad/s. 1 2.

1
Table 1 Generator parameters

Ta Tb c1 c2 X ′
d Xd

1. 136 −0. 4917 1. 5146 −0. 2154 0. 213 2. 053

Xq T1 R Td0 K1 d1

1. 003 0. 05 0. 011 2. 2 0. 2 15042

2
Table 2 Load parameters

np φ/Wb B/(N · ms · rad−1) J/(N · ms2) Rs/Ω L0/mH

2 0. 341 0. 0058 0. 00132 1. 47 5. 33
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3∼8 .

4 5 1
.

6 7 2
, .

8 .

3
Fig. 3 The responses of the angular speed of

permanent magent synchronous motor

4

Fig. 4 The responses of the generator power angle

5
Fig. 5 The responses of the generator angular

speed

6

Fig. 6 The responses of the generator power angle

7

Fig. 7 The responses of the generator angular speed

8

Fig. 8 The response of generator terminal voltage

,
. 4∼8

,
,

,
,
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6 (Conclusions)
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