
28 4

2011 4 Control Theory & Applications
Vol. 28 No. 4

Apr. 2011

–

: 1000−8152(2011)04−0525−06

1, 2, 3, 1, 1

(1. , 400044; 2. , 400044;

3. , 211153)

: ,

, PID

. MATLAB ,

PID , .

: ; ; ;

: TP273 : A
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Abstract: The speed stability of a gasoline generator is an important factor that affects its electrical performances. To

tackle this problem, we propose a control system consisting of current feedforward and speed feedback in a closed-loop.

The feedback controller is a multimodal controller composed of the fuzzy control, PID and maintain mode. Simulation

of speed control is implemented by MATLAB, and the experimental results show that the present controller has superior

characteristics in the static and dynamic performances of speed stabilization, in the comparison with the traditional PID

scheme. It is efficient in speed regulation for gasoline generator.
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2 (Modeling of gasoline gen-
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.

dω

dt
=

1
J

(Teng − Tload), (1)

: ω , rad/s; t , J

, Teng , Tload

. 4 .

1) ,

.

θ, , ( )
[6,7]:

mai = f(θ) · g(Pm), (2)

: mai , g/s;

Pm , bar, 1 bar = 105 Pa.

f(θ) :

f(θ) = 2.821 − 0.052θ + 0.103θ2 − 0.0063θ3.

(3)

g(Pm) :

g(Pm) =

⎧⎪⎨
⎪⎩

1, Pm <
P0

2
,

2
P0

√
PmP0 − P 2

m,
P0

2
< Pm < P0.

(4)

P0 , bar.

(2)∼(4),

,

.

,

:

dPm

dt
=

RT

Vm

(mai − mo), (5)

: R , Vm

, mai , mo

.

,

mo Pm ω

:

mo =−0.366 + 0.08979ωPm −
0.0337ωP 2

m + 0.0001ω2Pm. (6)

ω .

2) ,

.

3) ,

[6] ,

Teng = −181.3 + 37.96mao + 4.91
A

F
− 0.85(

A

F
)2 +

0.26σ − 0.0028σ2 + 0.027ω − 0.000107ω2 +

0.00048σΩ + 2.55σmao − 0.05σ2mao. (7)

: Teng , mao

, meo ,

A/F , σ , rad.

,

α [8]

A

F
=

mao

meo

= αL0, mo = mao + meo. (8)

L0

, . [8] , L0 =
14.80.

4) , .

,

,

.

, p , n , r/min, f

, Hz. E0

E0 = CeΦ0n, Φ0 ,

, Ce ,

. T = CTΦRIq, ΦR

, Iq , CT

.

,

U̇ İ Ė0

Ėδ Ėa

: Ėδ = Ė0 − Ėa ≈ U̇ , Ėa = jİdXd + jİqXq,

Ė0 = U̇ + jİdXd + jİqXq, (9)

: Ė0 ; İd

, Ė0 0◦ 180◦; Xd ; İq

, Ė0 , Xq . Ė0

İ ψ, ,

1 (

), Id = I sin ψ, Iq = I cos ψ.

1

Fig. 1 Vector diagram for synchronous generator

(9) d q , :
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q d

E0 = U cos θ + IdXd, (10)

U sin θ = IqXq. (11)

3 (Analysis of system struc-

ture)
3.1 (Analysis of control tasks)
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I ,
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2 .

: ,

IN(n), ,

, ,

.

.

2

Fig. 2 Structure of speed regulation system

3.2 (Strategy of feedforward con-

trol)
,

[9]. ,

IN(n)
.

,

, IN(n)

uf(n) = f(IN(n)). (12)

,

– -

,

, .

3.3 (Strategy of feedback control)
PID

. PID

, ,
[10].

,

. ,

,

,

, PID .

PID ,

,

PID [11,12].

3 .

3

Fig. 3 Illustration for the mode switch mechanism of

multimode control

PID PID , :

Δu(n) = u(n) − u(n − 1) =

KP[e(n) − e(n − 1)] + KIe(n)T . (13)

T . PID ,

, ;

, [13].

:

u(n) = u(n − 1). (14)

4 .

5 .

, e ec

, Δu . 7 ,

7 ,

NB, NM, NS, ZO, PS, PM, PB.

Δu=(e × ec) ◦ R, e ec, Δu.
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, , 1.

1

Table 1 Fuzzy control rules

e
ec

NB NM NS ZO PS PM PB

NB NB NB NM NM NM NS NS

NM NM NM NS NS NS ZO PS

NS NM NM NS NS ZO PS PM

ZO NM NM NS NS ZO PS PM

PS NM NS ZO PS PM PM PM

PM NS ZO PS PS PM PM PM

PB PS PS PM PM PM PB PB

3.4 (Mode and

switch problem of feedback control)
,

, ,

, ;

, ,

; , PID
[7,8]. ,

:

Rule 1: If |e(n)| > M1, or e(n) · ec(n) > M2,

Then Δu(n) = Kd · Δu = Kd ·
n∑

i=1

(μi · ΔUi);

Rule 2: If Δu(n) = KdΔu = Kd

n∑
i=1

(μi · ΔUi),

Then Δu(n) = 0;
Rule 3: If M3 � |e(n)| � M1, and e(n) · ec(n)

� M2, Then

Δu(n) = Kp · [e(n) − e(n − 1)] + KI · e(n).

Rule 1∼3

PID . ,

M1 ,

;

M3 ,

.

M1 = 120, M2 = 10000, M3 = 30.

4

Fig. 4 Structure diagram of fuzzy controller

4 (Results of simulation and

experiment)
MATLAB/Simulink

– , 5 .

PID

,

. MATLAB 6 .

5

Fig. 5 Simulation model of speed regulation system

N

θ ,

Rs = U2
N/PloadN , UN

.

, W:

PloadN (t) =

⎧⎪⎨
⎪⎩

0, 0 s � t < 20 s,
1000, 20 s � t < 40 s,
1500, 40 s � t < 60 s.

(15)
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, MATLAB

, 7 .

6

Fig. 6 Simulation model of feedback control subsystem

(a) PID

(b) –

7

Fig. 7 Speed simulation result at the transition of load

, –

,

1%,

8%, 3 s.

PID .

,

.

SDQF2-II

,

68 mm 54 mm, 8.5:1,

2 kW.

, .

8 ,

8(a) , 8(b)

.

2 3

.

(a)

(b)

8

Fig. 8 Comparison of engine matching results

2

Table 2 Test of steady state performance

/ / /

/% (r/min) (r/min) (r/min) /%

1 100 3000 3040 2977 2.1

2 75 3000 3035 2982 1.77

3 50 3000 3022 2990 1.07

4 25 3000 3048 2973 2.5
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3

Table 3 Test of transient performance

/(r/min) /(r/min) σ1/% σ2/% /s

1 3285 2593 9.5 −13.6 3.2

2 3326 2582 10.9 −13.9 3.5

3 3310 2589 10.3 −13.7 3.0

,

, � 2.5%,

� 3.5 s, 13.9%,

10.9%,

G2 [14,15].

– ,

.

5 (Conclusion)
,

,

- ,

PID

. ,

.
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