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Speed Control for Low Speed Diesel Engine by Hybrid F-NFC
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Abstract : In recent, the marine engine of a large size is being realized a lower speed, longer stroke and a

small number of cylinders for the energy saving. Consequently the variation of rotational torque became larger

than former days because of the longer delay-time in fuel oil injection process and an increased output per

cylinder. It was necessary that algorithms have enough robustness to suppress the variation of the delay-time

and the parameter perturbation.

This paper shows the structure of hybrid F-NFC against the delay-time and the perturbation of engine

parameter as modeling uncertainties, and the design of the robust speed controller by hybrid F-NFC for the

engine. And, The Parameter values of linear equation are determined by RC-GA for F-NFS. The hybrid
F-NFC is combined the F-NFC and PID controller for filling up each.
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Algorithm : AF3E FALLH) ggHolEHE

o], 2 AAE ¥ Table 3o HehAA.

NB NM NS ZO PS

Y9y

-1 -2/3 -1/3 0 /3 2/3 1
Fig. 2 Membership function of £, AF

PM PB

Table 3 Parameter values of linear equation f;

Ri fi= ﬁi1E+ /61'2AE+ /BiO
Table 1 Learning data for RC-GA G; B B,
AE (29us1e] Hsid) 1 0.397 -0.020 0.477
-1.0]/-08|-06|-0.4}-0.2] 0 |02|04|06|08] 10 2 -0.009 0.472 -0.403
3 0.455 -0.001 -0.401
<10 o { o | o | o [osm|-0sm|-087] 0] 0 [ 0] 0
4 -0.005 0.500 0.339
-08) 0 0 0 0 |-0713|-0711|-0710] O 0 0 0 5 0.359 0.036 0.365
-06] o | o ol o |-os7|ossr|0s8 0o 0o | 0] 0 6 0.039 0.353 -0.377
04 o | o | o | o [-0as|-aumsl04s| 0] o | 0] 0 7 0.384 0.013 -0.358
E 8 -0.002 0.397 0.354
- -0.2|-0872|-0712| -0562| 0413|0206 | 0194 | 0 |0.4390.569|0.7400.840 9 0313 0104 0.085
2 | 0 |-087|-07m8|-0m0]-048]-0181| 0 |0.184]0.4290.566]0.7390.839 10 -0.102 0.195 -0.327
#
7t | 0.2 |-0876|-000s-0558| 043 0 |0.185/0.216 04190563 07340838 11 0.146 -0.064 -0.345
- 12 -0.062 0.267 0.301
04| o | o | o o [o445[0.430|0415{ 0o | o | 0| 0
13 -0.337 -0.403 0.009

06 0 0 0 0 [0.557)0.559|0.560| O 0 0 0

08| o 0 0 0 |0.706|0.708|0.711| O 0 0 0

104 0 0 0 0 |0.878{0.874|0.869| 0 | O 0 0

Table 2 Fuzzy rule base of F-NFC

AE
NB |NM|NS|Z0 | PS |PM| PB
NB f3
NM fq
NS I
E 70 fo| fo | Fro| fis| fra| fs | Ju
PS fo
PM fs
PB f1

* PB=Positive Big, PM=Positive Medium,
PS=Positive Small, ZO=Zero, NB=Negative Big,
NM=Negative Medium, NS=Negative Small
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Table 4 Specifications of the modeled engine WA, PIDA017]9] Z9-& EW Aojzx7]d Ao
oly o] o) 3 2=

BORE X STROKE | 800 X 2,592 [mm] :ﬁ;j* A e, 3 £ 2 e8RE

Pmean 184 [kgf/ar] Fig. 69 F-NFC®o2 Ao|g e Agole

BHP (M.C.R) 15,880 [bhp] (at 83[rpm]) HmA FEd ST Hol:m YA AAA e A

Moment of inertia 27,130.27 [kgfms®] = o4 B off-set)E TR VAL JSE ¢
SF.0.C 125 [g/bhp/h] T At

) : : : Fig. 79] Hybrid F-NFC9] $9< %9 B% &

* M.C.R : Maximum continuous rating ol A quz':giﬂ 2 omsEs AT} Qo]

* S.F.0.C : Specific fuel oil consumption sards ST wolt

1= B B SANNY¢1

Table 5 Parameters of modeled engine

parametémm] >0 60 70 | 80 W«
Ty [s] 06 | 05 | 043 | 0.38 -
7. [s] 0.03 | 0.025 | 0.021 | 0.019 .
T, [s] | 2859 | 2.381 | 2041 | 1.785 e
K, [bhp/mm] | 58.19 | 81.87 |103.23|12247| % 't
K, [rpm/bhp] | 0.014 | 0.01 | 0.007 | 0.006 ; W chd o ke :

(a) Control input U
Fig. 5% PID #Ao}7], Fig. 6= F-NFCRte2 A

o] #& u Zze] AdF} A Holt. Fig. T R
7€ Hybrid F-NFC¥ 9] &Fojt}. IR T 1§

....................................................
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\;@}&:f 2 » ;Ws 2 :lmt:.loocﬂ %?{s “ /1=B 2 62?&0
S R R (b) Time response of plant output
T TR s e e ,'9 S— Fig. 6 Step response with F-NFC
f‘;ﬁ; Lo o - | lime ]set:'lm Lo .
(a) Control mput U
= A edid
: 3
: g
,“’f"g
- z
b x5
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(b) Tlme response of plant output (a) PID control input Upsp

Fig. 5 Step response with PID controller
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Fig. 7 Step response with Hybrid F-NFC

52 &

B AN dEAE7RE AL 3fo
F-NFC$} PIDAI0)7]1E Afslo A2 9dE &
3 B3 Hybrid F-NFCE EY3le] &= W%
e 7|3 deiueel E3 bEdE 2% A5E
BYL AEHAE Bt AT F UM

&5 W% g 7% Fevigrt 2A ¥ake
dE B3t 54 £x949 7% gtr g
gt Aor|dAE F5F AeS RYS ;AT
4 dodnh 53] BE3goie F-NFCY F3e
Hg o}-gstn A4Feio A= PIDAI7] 3

S g & A s H8l
Hybrid F-NFC¢l 3% Ad5&
AA A2"d HLed BE AL o8 FAZ A

=
.

2D 28

1. AW, 1996, “A4+-§ I:]*MJM ZHIAE &%
Aoi7) AAG BE AT, RAWLE Aberg)
=%, pp. 17 16.

2. %3}, o19%, A2, 2003, “HARDE o] F
3 B gA 2 HSPIDA]7]”, HARAE
A28, Vol. 13, No. 1, pp. 857 90.

3. E. H Mamdani, 1974,
algorithm for simple dynamic plant", Proc. IEE,
Vol. 121, No. 12, pp. 1585~ 1588.

4. QA3 2002, “AFEIAS", WatERA} pp. 707
105.

5. 244, 2002, “HAED F Ao 2T, YEtE
WAL pp. 2857 369.

6. B3y, 1997, “HR=g A", T HTEIAL
pp. 1727 181.

7. A7), LA, 2002, “A 3t Ak A% AAE
9% stojrel= ", Vol.12 No.4, pp. 317~
322.

"Applications of fuzzy

- 164 -



