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ABSTRACT

Both static and dynamic behaviour of different mechanical
speed governors,as well as,the overall engine-governor system
have been investigated. The study shows the effect of various
design parameters of the governors on the performance of
diesel engine control systems and provides the necessary
ggide to make the effective compromises so. that the governor
can be  propefly desigﬁed and-selécted'for a.certain eﬁgine
under a particular application. Computer programs based on
the mathematical formulations of the behaviour of different
systen components were constructed and used to predict the.
steady-state and transient behaviour of different engine
control systems. Simulations of different diesel engines with
a certain govérnor , as well as , simulations of different
mechanical governors with a certain diesel engine were made.

Both experimental and theoretical results confirm that

the governor characteristics can be altered in several ways
to meet a certain opertional reguirement ; either by changing
the governor weights or by changing the governor springs.

To achieve the optimum performance from a diesel engine

control system , the governor parameters must be changed , as
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NOMENCLATURE



Ke

Fomenclature

Cross sectional area

Fulerum lever length

Governor serviceability coefficient

Length ; pre-strain ; width

Gear pump width

Spring index ; ratio ; discharge coefficient
Mean diameter ra@ius of gyrat;on -
Diameter ; spring wire diameter

Energy ; restroing force

Error ; distance

Centrifugal force

Spring deflection

Moduls of rigidity ; engine flywheel mass
Gravity acceleration

Stroke

Fuel rack travel

Number of engine cylinders ; number of turns
Reduced moment of inertia

Stability factor

Cofficient of self regulation

Mass of governor weights

- {x -



Ne

Ni

Pd

Poil

Pu

Px

Qp

Rn

ro

Xc

X1

Fuel rack mass

]

Effective engine power

Indicated engine power

Engine speed

Maximum vacuum pressure

011 working pressure

Coefficient of boost pressure gain
Pressure deviation

0il1 pump capacity

Governor serviceabilty

Radius of the rotation

Distance between the rotation axis and c.g of
the governor weights

Engine piston stroke ; lag coefficient
Time ; engine torque

Anti torque , dash-pot time constant
Rated full cil supply tinme

Load deviation

Volume ; sweept volune

Retardation factor
Deviation of the fuel rack travel

Control valve travel

Coordinates of C.G of the governor conmponents



7

z1
z2
Zpi
Zr

Subscribts

ac

cv

Deviation of the governor sleeve travel
Deviation of the dash-pot plunger travel
Deviation of Pl-element travel

Deviation of the servo piston travel
Coordinates of C.G of the governor components
Governor sleeve travel

Number of rotating gear teeth

Number of driven gear teeth

Pl-element travel

Number of the governor weights

accumulator
control valve

dash-pot

dash-pot plunger

engine

gear

governor
viscous friction
rated state
Pl-element

servo piston

- wi -

{!



Greek

€ w g o

W

Note

amplitude of the oscillator
pre-strain deviation of the govermnor
spring

specific weight ; phase angle
increment

modul

degree of irregularity

mechanicah effeciency

volumatric effeciency

speed adjustment ratio : angle

speeder

reduced mass of both governor and fuel pump

components related to the sleeve axis

ratio of length of circle to diameter (3.14.>

stiffness
stress
deviation in the angular velocity

pre-strain

angular velocity

All dimensions are in S.I. units
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ABSTRACT

Both static and dynamic behaviour of different mechanical
speed governors,as well as,the overall engine-governor system
have been investigated. The study shows the effect of various
design parameters of the governors on the performance of
diesel engine control systems and provides the necessary
ggide to make the effective compromises so. that the governor
can be  propefly desigﬁed and-selécted'for a.certain eﬁgine
under a particular application. Computer programs based on
the mathematical formulations of the behaviour of different
systen components were constructed and used to predict the.
steady-state and transient behaviour of different engine
control systems. Simulations of different diesel engines with
a certain govérnor , as well as , simulations of different
mechanical governors with a certain diesel engine were made.

Both experimental and theoretical results confirm that

the governor characteristics can be altered in several ways
to meet a certain opertional reguirement ; either by changing
the governor weights or by changing the governor springs.

To achieve the optimum performance from a diesel engine

control system , the governor parameters must be changed , as
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" CHAPTER ONE



1.

CHAFTER (I

Introduction

Depending on the operating conditions ,the diesel engine
should meet specific requirements.Under stationary conditions
the engine should maintain assigned speed mode regardless of
the 1load. In case of a diesel engine driving an electric
generator at a fixed frequency , the fuel gupply must be.
controlled so as to prevent.the vériafioﬁ in the engine speed
during load fluctuations. In the same way , the automotive
engines must neither stall when idling nor exceed the maximum
speed prescribed by the engine manufacturer , since the
overspeed 1is very dangerous to the engine components. This
necessitates the use of a speed governor. All diesel engine
fuel injection pumps operate in conjunction with a governor ,
which maintains the value of the controlled variable at a
specified level. Conseguently ,the governors must be properly
designed to meet operational requirements of the engilnes.

The work reported in this thesis was intended to examine
the effect of various design parameters on the performance of
mechanical governers . This study is to provide the necessary

guide to make the effective compromises so that the governors



can be properly designed to meet thelr regquirements.

1.1 Review of the previous work

The speed governing system has been studied theoretically
and experimentally with various governors. The speed governor
is one of partial automation of the diesel engine which has
been studied to improve the governing system performance.

Historical review of the speed governing system is given
in Appendix <II>, The following is a brief description of
the recent 1iteratprg survey

| S.Nagashima [381] sﬁudied the.relafionship between éervo
time constant of the IHI speed governor and the momentary
speed rise,as well as, the response of speed control with two
servomotors. The study showed that the speed governing system
can be improved by taking a smaller value for the servomotor
time constant and increasing the servomotor working speed.
S.Nagashima's report gave also the speed governing system
equation with Watt’'s speed governor to study the system
stability. The system consisted of marine generator driven by
steam turbine with Watt's governor . He found that the system
characteristic related to deviation of the angular velocity
was not stable according to Hurwitz's stability method and
concluded that the Watt's speed governor can not be used for

a generator driven by prime mover



H. Peter and L. David [41] explored the governor
characteristics for engines in tractors and other off high
way applications. These do not have to meet stringent
emission regulations and therefore , do not need precise
control of timing and maximum fuel. Their static study showed
that the governing characteristics depend on characteristic
and design dimension of the fuel system to determine the fuel
control.

A.S. Khachign ([43)] studied some of the _statiq _gnd
dynamic characteristics for the engine éontrol system with
quantitative control using direct - action controler. That
study showed that the governing system characteristics depend
on the design of the control organ and its drive ,as well as,
load inertia and its time constant.

S.S.Shamsi [29] studied experimentally and theoretically
the influence of four design variables , namely , the engine
and turbocharger moments of inertia , the electromechanical
governor time constant and the limit on fuel injection pump
rack on the transient performance of the turbocharged diesel
engine. The study showed that significant improvements in
the transient performance of the turbocharged diesel engine
could be achieved by changing three of these variables

without affecting its steady performance. For example , a



reduction in the fuel rack travel increased the engine speed
droop and recovery time , while a reduction in the governor
time constant reduced the speed droop and recovery time.

An increase in the engine moment of inertia reduced the
engine speed droop ,while the fecovery time increased.

The fourth design parameter , namely , the turbocharger
moment of inertia needed to be reduced to achieve inproved
engine transient performance , but that was not possible
without a turbocharger rematch unless - some ;upgr_.light'
materials were developed and used in rotor construction.

G. Hutarew and A. schmid [{13] studied experimentally the
influence of the control characteristics for different diesel
engine governors on their frequency responses.

The study showed that dynamic tests can be carried out
on any type of governors with sufficient accuracy. The results
of dynamic teéts may include all influences of the governor
variables which cannot be described by differential equationms.

They studied the influence of some governor parameters ,
namely, tenporary feedback and flexible coupling by means of
root locus techniques . This study showed that the above
parameters affect the system stability.

K. Minoruand [42] made a theoretical investigation on

the unfavorable surge phenomenon. The study showed that the



surge phenomenon i1is due tp the poor characteristics of the
speed governing systens.

G.E.Parker and D.C. Garvey [39] studied the hunting
phenomenon 1in diesel engine governors and their responses to
this disturbance . The hunting occurs during the alternate
speeding up and slowing down of the engine . The process may
be repeated and consequently oscillations may be set up . If
the frequency of fluctuations in engine speed coincides with
the natural‘frequency of oscillation of the governor , then , .
aue to resonance , t#e amplitude of oscillations becomes very
high. Consequently ,the governor tends to intensify the speed
variation instead of controlling it . The study showed that
the hunting tendency may be reduced by reducing the friction
of moving parts between the centrifugal masses and the fuel
rack

M. Wuhrer [13] studied experimentally the influence of
Coulonmb friction and oscillating masses on the fuel bar . The

study showed that all oscillating masses increase the

amplitude of the fuel bar oscillation . This effect was
observed especially at 1low frequencies 1in the case of
governors provided with additional masses and with governors
actuating double pump units . The Coulomb friction increases

the insensitivity of the governor and its inaccuracy and it



reduces the amplitude of the fuel bar oscillation.
These effects also increase the adjusted permanent speed

droop. The Coulomb friction can be reduced by vibrations

due to the fuel injection pump. The deadband of the governor
became smaller by increasing the injection and also with
double pump units.

2.3 Problem formulation

It can be seen from the previous literature that the
three requirements of stability ,accuracy and speed response.
of the automatic control s&stem of a aiésél engine must be
met . This may not always be easy because the requirements
tend to be incompatible ; compromises between them must be
made . As mentioned , there are many types of governors which
can be used to control the speed of a diesel engine . See
Appendix <¢III>.The wide variety of these governor types makes
the suitable choice of the proper governor to a particular
engine for a certain application quite difficult. Also, the
characteristics ©of +the governor depend on the design and
dimensions of its components

Therefore , it was necessary to study the subject of
the static and dynamic behaviour of mechanical governors ,
as well as , the overall engine - governor control system in

some more detail . The main aim is to provide the mnecessary



guide +o make the effective compromises so that the
mechanical governors can be properly designed and selected
for a certain engine application.

2,4 Present work

In this present work ,the influence of various design
parameters of the governor on the performance of engine
control system with three different mechanical governors are
studied . This was to achieve economical and optimum
cqmbinatipns of the design changes to meet the Dperaﬁignal
requirements . Both the theoretical aﬁd experimental pian of
work are explained below .

2.4.1 Theoretical work

The present theoretical work has progressed according to
the following scheme
1- Theoretical computer programs based on the mathematical
formulations of +the behaviour of different speed governing

system components developed by the previous investigators

have been constructed . These mathematical formulations
result in final differential equations which describe the
behaviour of different systems under transient operation. The
solutions of these differential equations are used as a
design tool to achieve economical and optimal combination of

design parameters to meet operational requirements in steady



and transient modes.
2- Study behaviour of different diesel engines with a certain
mechanical governor,as well as,different mechanical governors
with a certain engine
3- Determination of optimum governor variables
Static and dynamic studies dealt with in this work have
been carried out on three different mechanical governors.
The R-11M type was such a precision speed governor , the
BOSCH-RQ <500/1700> type was such a 1imi§ing speed governor
and the R-23 type was such a proportianal prlus integral
governor.

2.4.2 Experimental work

The experimental work was set out to i1investigate the
effect of main design parameters obtained fronm the
theoretical work on the mechanical governor time response.

For the purpose of confirmation the computer prograns
which were constructed ,both the experimental and theoretical
results have been compared.

The scope of the present text is arranged as follows

Chapter Two deals with the mathematical models of three
control systems.
A full description of the experimental test rigs is

given in chapter Three.



Chapter Four includes the theoretical and experimental
results and their discussion.
Finally , the main conclusions and suggestions for

further work are presented in chapter Five.
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