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Abstract
In this paper the recent studies of digital governor for the Diesel Engine in Korea is
summarized and that of usage in the marine and land field as of power plant is analyzed for
the interest and development of the enterprise with relation to this industrial part.
Our investigation shows that until now the studies on the digital governor are mainly carried
out in KMU and land usage for the power plants is increased gradually because reliance of
digital governor is improved and system for the maneuvering and monitoring the plants is

computerized.

1. Introduction.

There are various methods to increase the output power of marine propulsion Diese! Engine.
Those are increasing the sectional area of cylinder, the stroke of piston and mean effective
pressure with high super charging and decreasing RPM of engine to increase the efficiency of

propulsion etc.

Recent marine propulsion diesel engine tends to become slower in speed ,longer in stroke and
higher in mean effective pressure to raise the output power per unit fuel by increasing the

propulsion efficiency and decreasing the cooling loss and result in high output per cylinder.
Therefore the required numbers of cylinders to get the same output are decreased .

The marine propulsion diesel engine with long stroke, small numbers and large size of
cylinders makes the uncontrollable time of fuel to be elongated with long explosion interval
because the output power is not able to be controlled during explosion due to the fuel which
had been already injected into cylinder previously even though the fuel rack is adjusted present
time.

Due to this reason it is difficult for hydromechanical governor to prevent from over speed of
engine with steep acceleration in case of sudden loss of load such as in rough sea condition and

to prevent from hunting of rpm with jiggling of fuel rack in case of low load.
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For example ,We assume that B&W 6L80OMCE ( of which MCR is 69.9 rpm) lost load
suddenly , under assumptions of enough air supplied by super charger and the governor not to
work, the percentage of engine acceleration rate per second is 89%/sec .Curve in Fig 1.1

explains how the acceleration is occurred in this case.

1307 / Off speed of the hydromechanical governor is
about 10.9%( or 77.5 rpm, 0.35 sec) on typical
7 / and also this type Governor can be adjusted
o’ within 9.5 - 12.5% by changing the buffer
spring or relay valve of it. This is corresponding
100 to 76.6 rpm( 0.3257 sec) and 78.6 rpm(0.374
sec) but maker limitation is 10.3% (77 rpm) off
90 speed.
The difference between governor response time
8o and engine dead time, we call it as a governor
reaction margin , is 0.01 sec which is far less
B9 oz oifios 05 o o7_ab o9 10

Time 1 SeC. than 0.2 sec in conventional case.
Fig 1.1 The Acceleration of engine when

100% load is off at MCR Fig 1.2(a) shows the response curves in the
case of using 14.4 LB/in buffer spring and 70% relay port and 90% load off during 4 sec. We
can see the engine is controlled under 6.94% off speed which is close to the over speed trip and
is unstable after load being off.Fig 1.2 (b) explains the case of 33 LB/in buffer spring and

different opening of needle valve but both case cannot be controlled within the allowable range.
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(a) 14.4 LB/in buffer spring (b) 33 LB/in buffer spring

Fig 1.2 Response curve of engine when 90% load off in 4 sec
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This is the reason why this engine maker recommend to use the digital governor when the
parameter of multiplying number of cylinder by MCR(maximum continuous rpm) is less than

450 and to use it as possible when the parameter is between 450 and 700. Fig 1.3 shows this.

seomc]

o 2. Various studies on the digital governor in

LBOMC
570"1[4. . .
K90MC| foreign countries
KapMC i
L7()f1(.: o o4
SE0MC } L
mrrscf?,f?,/ﬂ , j 111 2.1 Studies on the small size and high speed
ssomcy
L50NC ; diesel engine
L42MC L
$¢ Study of G.E. Harland and K.F.Gill
s et et s ! Tétyfl_(' Harland and Gill studied on the David Brown

Fig 1.3 Recommanded range for Diesel Engine without supercharger of which
usage of Digital Governor power is 50 BHP and operating revolution is
1000 - 1400 rpm in 1973. They modeled combustion and revolution system of the diesel
engine as first order system each as Fig. 2.1 and decided the rate of K1/K2 experimentally
when the engine parameter was changed and proposed how to tune the parameter of Pl

controller to make the engine to be responded same as the model approximately with analog

computer.

Dynamometer

Controller Diesel Engine
- - No

Fig. 2.1 Block Diagram of G.E. Harland and K.F.Gill Study

Study of P.E Wellstead, C.Thiruatooran, D.E. Winterbone
Wellstead et al studied on the 6 cyl. 4 stroke, medium speed (operating speed 1000 - 1800

rpm), turbo-charged 6YEX Ruston diesel engine. They divided the engine as High Speed High
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Load(1800rmp, 810Nm), Mid Speed Mid Load(1400rpm,620Nm), Low Speed Low
Load(1000rpm,210Nm) according to operating range and modeled it as Fig.2.2 in 1978.

u(s) + N(s)
F.O.Rac | Speed
Position

Fig.2.2 Block Diagram of P.E Wellstead, C.Thiruatooran, D.E. Winterbone study

They identified the parameters of transfer function with digital technique as following and
knew that the identification was not accurate because mutual spectral of u(t) and r(t) was nearly
zero with investigation of frequency response and that the pole of the engine transferred from
the point near to positive origin when the operating range was in LSLL to the point near to
negative origin when that range in HSHL. So they proposed gain Kt by turbocharger to be
revised as to first order Kt/(s+b).

Study of P.A.Hazell and J.O.Flower

Hazell et al thought that diesel engine generated torque like square wave by the explosion of
fuel and modeled it as discrete system and proposed P controller to control the speed of 6 cyl. 4
stroke 720 rpm 350 KW diesel engine.

Study of Y.Murayama, T.Terano, S.Masui, N.Akiyama
Murayama et al studied on the 3 cyl. 350 PS marine diesel engine and proposed fuzzy

controller to minimize the fuel consumption with adjusting the fuel injection timing.

2.2 Studies on the large size and low speed diesel engine

Study of dtJIIIEA

ALHIE A studied on low speed diesel engine which was MCR 65 and 75 rpm , 2 stroke super
charged marine diesel and modeled combustion system that the diesel engine generated torque

as pulse wave by fuel combustion with constant time delay and the revolution system of first
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order as in Fig 2.3. He seek for the dead time Tk and gain Ke with division of operating range
as low speed , medium speed and high speed and simulated them by the computer with optimal

PID parameter by critical sensitivity method with disregard of torque limit and surging limit.

di
F.O.Rack Servo Mechanism Tdis Engine

'd ¥dei’'0'd

Fig. 2.3 Block Diagram of Gitagawa Study

Study of X%
¥ %) developed MG-800 digital governor system with basis of the study of dtJIIIE A and
experimented it with marine propulsion diesel engine MISTUI B&W 5S80MC and reported to
have good results in 1987.
Study of B+ & #

HFFFL 8 modeled the diesel engine as in Fig .2.4 and developed ccmputer program to find
changing trend of optimal parameters according to the criterion function to reduce the change

of manipulation.

Load

Actuator

Controller

rm

Engine

Fig. 2.4 Block Diagram of FIF{E#H Study

Study of Norcontrol company

They modeled Jow speed large diesel engine of which combustion system was a first order
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system with dead time and revolution system also first order system as in Fig. 2.5 and

manufactured DGS8800 system

Diesel Engine

Fig. 2.5 Block Diagram of Norcontrol Company Study

Study of S.T.Lyngso company
They developed EGS900 system using MRAC(Model Reference Adaptive Control) as
Fig.2.6.

weather pitch knot

Fig. 2.6 Block Diagram of S.T.Lyngso Company Study
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C

3 Various studies on the digital governor in Korea

In Korea studies on the digital governor of diesel engine started from when low speed large
stroke marine diesel engine had been appeared and provoked speed control problems due to
severe changes of various engine parameters especially engine dead time and gain due to
increasing power and stroke while decreasing revolution per minute and numbers of cylinder as
described in the introduction chapter.

Table 3.1 indicates what a severe changes occur to each parameters according to rpm in whole
operating range of marine propulsion diesel engine with low speed, large stroke, small number

of cylinder.

Table 3.1 Variation of Engine Parameter According to Operating Range

rpm 20 30 50 60 70 80
constant
L 1.5 1.0 0.6 0.5 0.43 038

Te 0.07 0.05 0.03 0.03 0.02 0.02
Kc 16.3 229 582 81.9 103 122
KL ‘36.7 35.6 69.4 99.9 136 177
Kr 0.02 0.03 0.01 0.01 0.007  0.006

Tr 2.16 3.35 2.86 2.38 2.04 1.79

Study of Y.H.Yu and J.S.Ha

Yu et al model diesel engine of which combustion system is first order system with dead time
and revolution system as first order and propose speed control system using optimal control
theory as in Fig 3.1.  Because in optimal control system if the parameters of controlled system
become different from those of model, controlled variables may not be followed to the
references , so they augment the system with the new state variable which integrate the
difference of their rpm to accord reference rpm and real engine rpm even though parameters of
modeled system are not consistent with those of real system by the various reasons.

Also in the rough sea control system is required with rapid response due to abrupt and large
amounts of revolution change, they propose to insert feed-forward control path under

assumption of known additional load by wave, tide and wind etc.
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Additional Load

rem Ref.

Fig 3.1 Block Diagram of Yu et al Study

They divide whole operating range of marine propulsion diesel engine by appropriate sections
with investigation changing trends of each optimal gains and propose to use the optimal
feedback gains of the divided section including operating rpm for practical usage. They
construct the proposed system with digital computer and analog computer for hybrid simulation
and practice various experiments under mock of real sea environments to validate practical

application.

Study of B.D.Kim and J.S.Ha
Kim et al model combustion and revolution system of diesel engine as first order system each
and propose PID control system of which parameters is tuned automatically with revised

critical sensitivity method of Ziegler and Nichols by Kim as in Fig. 3.2,
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Actuator

v

Fig 3.2 Block Diagram of Kim et al Study

Also they propose to insert intuitive controller which prevent engine rpm from severe change
with feedback of engine torque using experimental knowledge of experts when the load torque
of diesel engine change severely at the rough sea condition . They propose estimation method

of load torque for this using the rpm and it’s derivatives.

Study of M.O.So and J.S.Ha

So et al model combustion system and revolution system of diesel engine as first order system
as in Fig 3.3 and study on the estimation of parameters. They propose modified least square
estimation method which eliminate square item from conventional least square method under

the assumption of known stochastic characteristics of measured noise.

Fig. 3.3 Block Diagram of So et al Study
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Study of B.G. Jung and J.H. Yang
B.G. Jung et al model of which combustion system is second order system with approximation

engine dead time as first order system and revolution system as first order system. They propose

44 control system and p-synthesis control system with feed forward path which parameters

variations of diesel engine according to the change of operating range are handled with modeling

uncertainty of that as in Fig.3.4

Fig. 3.4 Block Diagram of Jung et al Study

4. Market Prospects of Digital Governor In Korea

The market of digital governor is depend on the ship building market for marine use. But land
use for the emergency diesel generator unit and power plant gradually increase because the lack
of electricity bring forth often at the peak demand especially in summer season .and
maneuvering and monitoring system of generator unit is computerized ,and speed governor
trends to be included in the those system. In 1996 forecast for the Korean Shipbuilding
Industry is “Bright on the whole somewhat blunted growth™ according to The KSA(Korean
Shipbuilder Association). The KSA predicts a moderate 10 percent expansion in Korca's
shipbuilding order winning with the Japanese Yen's change being a major variable. As the
major reasons for its rosy forecast,
1. The increase in old vessels, 25 years or so, required for replacement.

2. The expansion in crude oil transactions which increase orders for tankers.
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Fig. 4.1 Korean Share in World Shipbuilding Market

The Fig.4.1 indicates world market share of shipbuilding

Table 4.1 The Tendency of New Shipbuilding Order in the World

(UNIT; Million GT)

CLASSIFICATION 1995 1996(Forecast)
VLCC 8.0(20%) 20 - 22(55%)
Bulk(SUEZ - CLASS) 21.0(55%) 9 - 12(29%)
Container 6.0(16%) 2.5-3.5(8%)

The Others 3.6(9%) 2.5-3.4(8%)

® Note ; The Figures in Parentheses Denote Deals On The Korean Share

As explaining in the Introduction . recently it is almost used digital governor systems for

marine propulsion engine . So we can image the market of digital governor with investigation

of the plans for shipbuilding and marine propulsion engine.

Table 4.1 and 4.2 show shipbuilding plan and Table 4.3 for marine propulsion diesel engine

manufacturing orders.

Table 4.2 Plans For New Shipbuilding Orders

(Unit : $100 Million)

CLASSIFIC 1995(record) 1996(forecast) Changes(%)
ATION No. of Ships Amount No. of Ships Amount
Hyundai 49(1) 28(0.5) 51(3) 30(2.5) 7
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Daewoo 17 73 30(7) 20(3) 174
Samsung 37 8.19 37 19 -
Hanjin 15 9.5 13(5) 5(1.8) -
Halla 20 10.6.5 33 15 131
Total 138(1) 65.8(0.5) 164(15) 89(7.3) 35
Note : 1.The figures in parentheses denote deals on a deferred payment basis.
2. The Korean Shipbuilding Capacity : 6.5 million GTS.
Source: The Export - Import Bank of Korea.
Table 4.3 Manufacturing Plan of Marine Propulsion Diesel Engine
Classification | Hyundai H.I Korea H.I Samsung H.I | Ssangyong H.1 Hatla H.I
Engine Unit 106 44 24 Medium Speed NEW
80
Others 132
Remark 14/12K98MC Medium speed | PERKINS(Engl
-C (1000 - 2000 and)Medium
BHP)HOLIBY Speed(up to
L23/30, L28/32 2900BHP)
New SULZER
Diesel

Table 4.5 Various Projects Until 2000 for Shipping Company

Mammoth

Container etc.

Container, Bulk

etc.

Classification Hyundai Hanlij Shipping | KGC(Korea Gas VLCC Project
Merchant(HMMC) Corporation)
Details New Building 165 New Building New LNG 10-13 | KOTC(Kuwait):
(Existing 39 -> 100 300,000GTx3
233) (Existing 56- BP(England):
LNG, LPG, >Abt 200) 300,000GTx3(4)
Product, Cruiser, Mammoth MOBIL(USA):

300,000GTx2(2)
CBM(Belgium):
300,000GTxi-2

It is particular thing that instead of steam turbine Dual Fuel Diesel Engine like L70MC-GI or

L8OMC-GI is being investigated to apply for LNG Carrier.
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Besides marine usage of digital governor, land usage of it is increasing gradually.

Table 4.6 shows Diesel Power Plant Project to be carried out by Korean Company.

Table 4.6 Diesel Power Plant Project in 1996

41

Classification Hyundai Heavy Industry HanJung
MW x UNIT 12x3 12x3
12x3 12x3
125 x 4 30x4
30x4 54.1x2
20x5 20x3
50x4
40x2
20x5
3.5x3
TOTAL UNITS 33 15

5. Conclusion

We investigate the studies on the digital governor for low speed , marine propulsion diesel
engine and medium speed diesel engine. With this investigation, almost all models of low
speed ,long stroke marine propulsion diesel engine to design digital governor are considered
engine dead time. And various kinds of control technique can be applied for the best
performance, or design flexibility is very redundant. Because digital governor is a kind of
computer, we can easily use many kinds of information from it for monitoring and
maneuvering the engine. Because digital governor is composed of electronic chips except
actuator, it can be easily manufactured in comparison with hydromechanic one.

Of course there are some problems in endurance and reliance of actuator and electronic parts,
but these are able to fixed up with various methods and redundancy as well as these kinds of
problems are also placed in other systems. Besides, there are many necessities for the engine to
be automated in our industries. There are many constraints after developing the digital
governor in the case of marine usage like the ship’s classification, certificates, owner’s
designation and nominations etc. ,but because especially digital governor of medium speed
diesel engine for land usage of emergency power plants can create a lot of demands for
domestic usage, this item is fully worth while to invest for developing and practical application
under the our industrial environment. So we deeply hope that this is opportunity for our

enterpriser to be interest in this fields.
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