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A study on the viscosity control system
of fuel oil for diesel engine
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Abstract

The viscosity control of fuel oil is very important for diesel engine, because the
viscosity of fuel oil greatly affects the combustion condition and efficiency of diesel en-
gine. But viscosity control system usually contains not only a desd time element but
also nonlinear parameters, which make it difficult to apply frequency domain method
to the analysis and synthesis of this system.

In this paper the viscosity control system of fuel oil is analyzed in time domain and the
square integral of control error is defined as a criterion function, and the optimal
parameters of PI controller are determined by means of minmizing the criterion.

Experiments on the viscosity control system of M/S HANBADA and numerical
computations show a good result as expected, and this result is examined again by the
frequency domain analysis.
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Disturbance

——Contrqlled
Reference %(S) + %(5) 67“22(5) g'—/)(&) Vérn.a??‘;e.
(Viscisity) !— (Vijzcosity)
Setting device Controller Diaphragm valve Heater and
) R pipes
£

S S,

Detector

Disturbance: Variation of steam pressure, flow rate of fuel il and room temperature etc.
Fig. (1) General block diagram of a viscosity control system
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» / +5==)) - >
R - E® TrS7 | %) A ATS
. Transducer PI Controller Controlled object

.o dx
T=T,: =/
1 ar >0
Ty -‘jf~_<o

Fig. (2) Simplified block diagram of viscosity control system
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=t (&) =uo(#): unit step function
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e(oo)=lime(0) = limsE(s)  (R(s)= )

=lim s : 1 - ,51
O bk pk, (1+7~.}?) e"L1S/(14Ts)
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akp =0, aT, =0
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okp? ok T
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oTkp oT,%
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(a) etk

Fig. ()¢ E4gEz= F5 F(E XQ.8)

_ kpkako(14Ts) e~28
Fey= == aT1s @2.8)

3 Ze] Hr2 —KANBEERES GBS A0 A4 RQ.DG K@ 10D FRH .
r=| F(jo)| =é&kd_]iL 1+(¢0TT)2

T» I+ 2.9

b=/F(jo)=tan"' (0T —oL—tan" (2 T)— 5 (2.10)
geha o] R REtkiES et el "l
Ty, [ 14+ (. T)%_

0=k by VTF . T T @1

A7IA k= dERS) BRI (eritical gain) 224 o] & deci Bel(dB)= Hms Aol kp=1
W ol Rikel FIBHH(gain margin)7} Het. 0.2 f=—27t G 09 o ohe R4 Rt
T+ deh.

o L+tan (0, T)—tan"* (0, T,) = % (2.12)

(b) Jt#fE Mp 4 S{HKEE ¢ (equivalent damping factor)

Fig. (Dol BE g EE&HA(s) =

—LS
A= T15(1+k;‘/;;/iigp—zdg;]gl)i T,s)e s~ 2.13)
S Aol FipElm [AGe)| =Mz} s\ M R(2.14)9F 7o) £ <},
M=k\/ 1+(0Tp?
(kcoswL+-ko T sinoL)2+ (ko T, coswL+oT;—ksinwl)?
ik k=kpkik, (2.14)

mEbA R

Mp= “ljf‘xM(w) @.15)

A Folalvh AOF EHAM 19 2ARL EUENE 99 BEBEEL -
_ —_1“_‘—:?7]‘,?
t=t a-J1- ) (2.16)
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1 VISC 21P

2 Indicating instrument scaled 0---150 sec Red
wood No. 1

3 Pneumatic Pl-controller EUROCONTROI
type RPI

4 Manual/auto station EUROCONTROL type
LPI with indicating instrument for output
pressure

5 Indicating instrument indexed 0---150 sec Red-
wood No. 1 for acutal and set point value

6 Pueumatically controlled valve EUROCONT
ROL type V30 MO

7 Temperature indicator 8 Three way valve

9 Heavy oil 10 Diesel oil
11 Pumps 12 Heater
13 Filter 14 Diesel motor

15 Heating media

16 Alarm at high temperature

17 Alarm at high viscosity

Fig 3. Schematic diagram for the pneumatic
vicosity control system of M/S
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3.1 EHHEEREH
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A BmiRe] FGk R HEHRD @ede
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HANBADA o] Hgiet.
k=154 [Red wood Nol sec/kg/cm?*]
L=2.3 (min.] l
Q.17
T=4,3{min.): tlojo}zujui B & 4 o J
=7.7(min.): vlololzayl i B 5 ZF u]
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Fig. (Dol A Hi MEHR 7o gt A9 #ed e A4 449 =¥ EEE Ve
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thgol 99 KRN A KiES B HoHREES Bt 2 WKE RASAE o A B
melgl o, By EREA A KT RIS KHRT ks ohsh e

ks=0.0055(kg/cm?/Red wood No.1 sec]
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L. a ) | 1 el 3 N ! Pl
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L=2.3 t (min)——0

A ' experimental curve
x: estimated curve
(a) for positive input

- =23
(=Tle-+t2

3 +44)

y: viscosity (Redwood No. 1)

(b) for negative input

=77(1—e 23 +440)

Fig. (4) Step responses of the controlled

3.2 HiEHE

object: G,(s8)=

@) kp 3 T,o Rt 35
nifiel A et g KC D RASZ, rO)=u) o K2.6)9] Jkp THE Grid

Search Method® 2 #fiiste] JAgi<tube] zhe Lo vehfel Table(D)5} o] et o

koe~LS

1+Ts

Lable(1)e] #ifii= [J(kp, T,)—3.324)X10%% vHEl o),
v} &} Davidon-Flescher-Powell Method” ¢} Powell’s Quadradic Interpolation Method® of]
QA Jkey, TDS A ZF kp, T/ BilE kp, TiS Rt FER g3 el H gl

t (min)———

’

— kp | [ i !
1.966 | 1.972 | 1.978 | 1.983 | 1.989 | 1.995 2.001 | 2.007 |2.013 | 2 019
T o=l | | | ~ B R R
g
6. 90 347 199 123 195 181 295 503! 7730 1102 1493
6.91 364 206 115 126 142 265 449 709 1034 1430
6.92 402 226 113 110 127 226 419 640 948 1339
6.93 434 252 121 95 112 196 365 591 8901 1261
\ |
6.94 442 268 155 81 92 176 316 547 8320 1185
| N
6. 95 480 281 165 83 84 150 295 501 773 1117
6. 96 500 309 178 113 71 139 275 463 718 1061
6. 97 562 341 190 115 72 126 249] 409 687 1017
6. 98 597 371 207 117 92 106 209 382 625 947
6.99 649 403 211 126 101 120 207 368 583 907
7.00 709 449 263 144 110 124 202 332 548 840
7.01 751 504 301 181 127 120 197 323 532 806
7.02 829 542 342 197 137 127 190 315 512 770

Table (1) Values of the criterion function (T;: [(min))
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k,=1.989
T,=6.96(min]

JEp, Tr=3.324071
(b) ko] #3E
Thgol RQ.IDo2 RS = BARE ko) ke T/9 @A Hust Wwstd Fig. ()% 2

o e

)

10 p
T e ¢ —
ke 8 p T=11.1

6L -
T=7.7
+p _ . a .
: Ts4,.3
'
2r :
]
I
LA 1 2 i [} 1 9 [} M [} " )|
2 4 6 I 8 10 12 14
. ti(min) >

T1=6.96

Fig.5. Critical gain k, for various values of T;

BREEL QoA s asTY $8< ER/T 5 o7 A Fd A9 &9 iRl dide TE
Ty Ty 3 2Ff(Ti+ T /29 3742 ghes FEgoly #49 3@ HAA #HETE Aol N
T e #HE dolAdx el T el 99 e 37bx HBE BEstsich

(c) AR kel o R~ #HE

Ziegler Nicholse] BERKEEYH dslA Plifgsae] m@sai=e Ky T,& iHs =4
Table(2)¢t #e] ® =t

T(min) wy(rad/min)| Py(min) ' ko Kp T;(min] K.,

T,=4.3 ‘ 0. 805 7,805 4,254 2,128 | 6,494 3,789
ﬁ+2_T2= 7.7 0.757 ‘ 8,300 6,979 3,490 | 6,906 6,094
T,=11.1 0.736 1 8,537 9,713 4,857 | 7,103 8,401

Tabld (2) Values of Parameters calculated by Ziegler Nichols method
Table(D ol A 0,9 Pox 4#5E PR 19 < w9 HERBS AFKEEST REAMIA
koo olwl o] RAFIGe et kp Tre %% Ziegler Nicholssh #7538 RABEH 9% k9
T8 BBEEA kp=0.5k1, Ti=0.832Pp\eh. & kathp=Fkp T,/=T.% PlHiEHHE RANE

oo BRAFIG] .
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(d) Mp, & 35

o T(min) [ Mp | L,
ol Rl A FHET BiEH Ay ke B
T.9) PISIMES WTstd e el o  Hfkol 4.3 1,394 0, 389
He RQIDY KEHM, 3 R(216)9] B 7.7 1,342 0. 408
WHELE s 29 Table(3)d o] wr}, 11.1 1,295 | 0.427

Table (3) Values of Mp, ¢,
4. 1% it

Afiel Aok Lol HiEHB Fel MRS BT wola Al o=k 2 sden g ghe] st
© AL BRSOl B A L ke HMMBES A 93 Fitko ns FEWs Rilost W
MEohel. A% A $RE Fiikel A Hed BEe A7) 9 Zegler Nicholse] R g 2
ol oAl o e =] el ol el A Fig2)e] Righell #He ol = 4 fE% (indicial response) S %4 I
Bestel Fig. (6)7) 2ol gle}. Fig. (6)el A & 4 g5o] AWl REF Skel daid ko
B e el el w o] Rke] ol AR e vk Wikl et d Table®9 My t9 e 4
el BRI KOS A —figeh. a2l Ziegler Nicholess] Jikel] gl A & grife]
WA HEERY HBERTE T2 5 1L12 23 kT F=4,857 T,=6,494(min)2 W9 R

T
g

/5

204

0.5

crie

2 4 ¢ az/;/jz/é /'6 /'e,?ozz.zézs.eesat.__;
Dmem)
(: for the optimal parameters

@: for the parameters obtained by Ziegler Nichols Method (T=4.3)
®: ditto (T=7.7)

Fig. (6) Indicial responses of the system deseribed by the block diagram of Fig. (2)
LH AR S Rific) FiEstd BRst~ 23 ow kp=3,490, T;=6,906(min)= ] Fi#:e] <l =4
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RO B3 U E Aol widAstA Heje), ol& TS 2 Aoz 7%EYsl A Ed kvt UF 34
2 Aol = ERelwz 4248, T% A9 J& 43(min)z A5z, ®F sHd=s F k=
2,128, T,=6,494[minJe ¢ Rkl 4 BEE > HEEe 2RAMBel Behs Erkel A9 &
EREEE ohdth, o9} Wl £ WS JEndm gtk thie] REsAvle 5, kp=1,989, T,=
6.96% W o] AMEHBEAM B Vo9 2= g@E 22 Fig. (D #e] A=}, EMT F
Emmo MHBEE HRY = 9o, FARKS 10.22~17.01 (dB), MHIBHE #55°71 4
& Fig. (D28 & 4 gom, o fii %KY KRW A& A9 —KT+.
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Fig. (7) Niquist diagrams of the Viscosity control system values of the parameters optimal
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o HEMEC glol A ol AT FipMe 53 HEsr d& & 5 Ak
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BRI AS o] AFZA L HEE S MERES BT 2ol kot ADd s BE
S e RSl M2 ool AKBURE IS KEHE Tl Bl A MEFEY 2REBLE 5
ElB=A &%} o) F ROE Sk Bekel A S Prlgdase] BiwREk, % BEaRN T8
BERA S s He BRet o, MEENEAR HEf Do HEMARKD H
3w L WEIES frehed b HIEAE vieh ge Aol BET MRE A

3o HEHIBREe Ratets ol ERISA FHEC & AR LS KM AT WHe
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