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Description

This invention relates to control systems, often called “governors”, for engine-generator units and

particularly to an electronic govarnar which provides improved performance characteristics for engine-
5 generator units.

The term “engine-generator unit”’, as used in this patent specification, refers to the combination of a
fuel burning engine and an slectric generator mechanically connected to the engine to be driven thereby.
The engine may be a turbine, diesel or gas internal combustion engine, alcohol, methanol or mixed fuel
engine or any other fuel buring engine, the speed and power output of which may be controlled through

1o variations in the fuel delivery rate. The slectrical generator may also vary considerably in physical
characteristic, but in all cases is subject to output power control through field excitation level.

Engine-generator units are found in numerous appiications, including diesel-electric locomaotives,
trucks, earth-moving and off-road vehicles having traction motor drives and in stationary and mobile
power generating stations. Although in some applications, relatively simply mechanical isochronous

15 governors will suffice, engine-generator units which are used in applications presenting wide variations in
load and frequent transitions between load and or speed ssttings present a complex control problem. For
example, transitions between power settings and/or load requirements in a diesel locomotive often resulit
in smoking due to a lack of proper correlation between fuel delivery rate and engine speed. In addition, a
transition in power demand can and typically does produce a response such as a power dip or overrun

20 which is opposite in sense to the operator-generated command. These and other adverse characteristics
have been typical of prior art systems.

US—A--3 263 142 discloses a control system for an engine generator unit in which the power is
selected by a control member that sets a required engine speed and, as a function of the required engine
speed, an injection reference signal. The required engine speed is compared with the actual engine speed

25 in an automatic speed control device for applying an output (diasel injection control signal} which is a
function of the speed error signal to the fuel delivery controller of the engine. The injection refarence signal
is compared with the diesel injection control signal {which represents the actual fuel delivery controller
setting) in an operational amplifier for applying an output to the field current controlier system. The
function of this arrangement is to reduce the field current if the actual injection is higher than the reference

3o value for the injection. In addition, the field current control is subjected to the difference between a diesel
power reference signal dependent on the actual speed and a generator power signal.

{ FR—A—1 603 866 discloses a similar control system in which a control member sets two required
S values: the engine speed (via an amplifier) and the engine power (via a function generator). The set value
for the engine power is compared with a signal determining the adjustment of the injection, so that the

35 reference value corresponds rather to a set value for the injection than for the engine power.

According to the present invention there is provided a control system for an engine-generator unit
having an engine of the type having a fuel delivery control and a generator having a fisld current controller,
the control system including a power selector having a plurality of selectable power settings, speed
calculator means for deriving a speed error signal as a function of the power selector setting and the actual

40 engine speed and for applying an output which is a function of the speed error signal to the fuel delivery
controller, rack calculator means for deriving a rack error signal for applying an output to the fisld current
controller which is a function of the rack error signal, characterised in that the rack error signal is composed
of a positive signal as a function of actual engine speed, a negative signal as a function of fuel delivery
controller setting and a positive signal as a function of the magnitude of engine acceleration.

45 The overall result of the invention is a speed dominated system capable of producing optimum speed,
fuel delivery and power settings at all times. '

Preferably, the speed calculator means comprises a digital processor and a memory to which the
processor has access, said memory having stored therein a formula including empirically determined
constants associated with a given engine calculating the fusl delivery controller setting as a function of the

s0 speed error, the derivative of the speed error and the summation of several calculated speed errors, the
processor being operative to iteratively solve said formula to vary the setting of the fue! delivery controller
in such a direction so as to reduce the speed error signal to zero.

In the preferred form the memory or combination of memories is sub-divided physically so that the
empirically determined constants may be added in a moduiar fashion to an otherwise complete and

55 pre-programmed control system.

trregularities in low power setting operation due to the switching on and off of parasitic {accessory)
loads on the engine may be avoided by providing means for sensing the existence of a low power setting in
the operator or program controlled device and effectively bypassing the field current control loop and
providing a fixed field excitation vatue which has been precalculated to correspond to a particular low

60 power setting. Alternatively, this may be accomplished by measuring the parameters of power output of
the generator to calculate an appropriate signal to the field current control ioop which is not affected by the
varigtions in parasitic loads.

The invention also inciudes a method of accurately and efficiently controlling the operation of an
engine-generator unit of the type having rack position (fue! delivery rate) and a generator having a field

&5 current control, comprising the steps of:




a

15

20

25

30

35

40

45

50

55

60

65

0 151 570

(a) generating a power setting signal;

{b) developing a desired speed signai from the power setting signal;

{c) developing a speed error from a comparison of the desired speed signal and an actuai speed signal;

(d} setting the rack control as a complex function of the speed error;

(e) developing a desired rack signal from the actual speed:

(f} detecting engine acceleration;

{g) summing the desired rack signal and the detected engine acceleration;

{h} developing a rack error signal from a comparison of the summed signal and actual rack; and

(i} setting field current as a complex function of the rack error.

Power dips and overruns due to power demand transitions in an engine-generator unit are avoided by
this method which invoives the steps of generating an error signal which controls field current setting from
a combination of a desired rack signal derived from actual engine speed, an actual rack position signal and
a signal proportional to engine acceleration, the latter signal being combined in oppasition to the actual
rack signal and in which the correct relationship to the desired rack sighal is obtained. The result is a system
response to a power increase command, for exampie, which produces an immediate field excitation
increase despite the fact that engine inertia might produce a less rapid increase in the desired rack signal
which is derived as a function of actual engine speed. During an increase in engine speed, the amount of
rack required just to accelerate the system inertia is subtracted from the measured rack so that the resuiting
measured rack is a true representation of the net power being output by the engine.

These and other faatures and advantages of the invention will be best appreciated and understood
from a reading of the following specification which describes in detail an illustrative embodiment of the
invention.

Figure 1 is a simplified block diagram of an electronic governor for an engine-genarator unit and
incorporating the invention;

Figure 2 is a graph of engine speed versus rack position for optimum efficiency operation in a diesel
engine;

Figure 3 is a detailed diagram of system organization for a governor employing the invention;

Figure 4A is a flowchart of certain functions performed by the speed calculator;

Figure 4B is a flowchart of certain additional functions performed by the speed calculator;

Figure 4C is a flowchart of certain still further functions performed by the speed calculator;

Figure 4D is a flowchart of a rack measurement/default function performed by the speed calculator;

Figure 4E is a flowchart of certain functions performed by the rack calculator:

Figure 4F is a flowchart of additional functions performed by the rack calculator:

Figure 4G is a flowchart of an optional function sequence performed by the rack calculator and using
generator voltage and current limits;

Figure 4H is a continuation of Figure 4G;

Figure 4l through 4L is a flowchart of a further option to Figure 4G;

Figure 5 is a block diagram of the invention as applied to the control of a diesel electric genarator unit

" for a locomotive; and

Figure 8 is a chart of control characteristics in an acceleration or power-increase condition.

Detailed description of the specific embodiment

Referring to Figure 1 a diesel fueled engine 10 having a rack actuator 12 for controlling fuel delivery
rate setting is mechanically connected to drive a generator 14 having a variably excitable field winding 16
which controls the power output thereof. The generator is electrically connected to a variable electrical load
18 which, as hereinafter described, may take variety of forms ranging from traction motors to numerous
other variable electrical loads. The engine 10 and generator 14 is hereinafter referred to as the engine
generator unit 10,14. The engine genarator unit 10,14 is cornected to ‘be controlled by an electronic
governor 20 having a power setting device 22 which may be rmanually controlled by a human operator or
automatically controlled by a program, or semi-automatically controlled using open loop inputs such as
from trackside waystations or the like. The power setting of the device 22 is typically implemented to be
advanced in steps or “notches” and may comprise a system of electrical switches which produce a
mathematically encoded four-bit output signal for power settings from 0—8, 0—16, or whatever numerical
sequence suits the particular application; The power setting device 22 can alternatively comprise a system
which produces a signal proportional to the desired power setting as wiil be apparent to those skilled in the
art using any number of known devices. Governor 20 further comprises a speed calculator or speed control
loop 24 which controls the position of the rack actuator 12 and hence the fuel delivery rate. Governor 20
further comprises a rack calculator or power control loop 26 which calculates a field current setting and
applies it to an amplifier 28 for establishing the value of the current through the generator field excitation
winding 16.

Describing the system of Figure 1 in greater detail, the four-bit signal from the power setting device 22
or an appropriately converted signal from the proportional version of power setting device 22 is connected
to a look-up table 30 preferably implemented using a read only memory (ROM) to generate a desired
engine speed signal for each of the various notches or power settings availabie in the device 22. The
desired speed signal which is output from look-up table 30 is applied to the positive input of a summer 32
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which forms a part of the speed calculator 24. The negative input to summer 32 is a measured engine speed
signal and is derived from a tachometer 34 actuated by the diesel engine 10 and having an output line 36.
The difference between the desired and the measured speed signals is a speed error signal e, which is
connected as the input to a digital processor 38 bearing the legend “speed computer”. The speed computer
38 is a state of the art digital processor such as the Motorola 6803 and has a signal transfer characteristic
which is a complex function of the speed error signal; i.e. “PID” function indicating an output signal which
contains a component propartional to the speed error, a component proportional to the derivative of the
speed error, and a component proportional to the integral of the speed error over time or iteration loops.
Speed computer 38 is connected to access a memary 40 in which in the formula or results of calculations
may be stored. The memory 40 is preferably sub-divided into a random access portion 40a and an add-on
ROM 40b which contains certain constants hereinafter defined which are unique to the particular engine 10
and generator 14 and which effectively tailor the governor 20 to the “personality” of the particular unit.
Hence memory module 40b is hereinafter referred to as the “personality module”.

The output of the speed computer 38 is connected to control the rack actuator 12 to create a fuel
delivery rate which will provide an output power which will maintain the engine speed corresponding to
the speed demand signai created by device 22. As will be understood by those skilled in the art, the term
“rack” is used to refer to a mechanicai component of fuel delivery systems used in diesel engines. If other
types of fuel burning engines are substituted for the diesel engine 10, the character of the rack actuator 12
will change accordingly. The position of the rack is indicated by a signal from rack position indicator 41,

Tachometer 34 is also connected by way of signal line 42 to a second look-up table 44 which forms part
of the rack calculator 26. Look-up table 44 follows the table of Figure 2 in providing a plurality of
pre-programmed desired rack position signals which are known to result in optimum fual efficiency in the
diesel engine 10 under normal operating conditions. Interpolation between these fixed points is provided
as hereinafter described. The result is an output from table 44 representing desired rack position. The
signal is applied to a first positive input of a signal summer 46. A negative input to the summer 46 is
received over line 48 from the rack actuator 12 and represents actual rack position. As will be apparent to
those skilled in the art a signal representing the actual position of the mechanical device is readily
generatad using any number of known devices. A second positive input to the summer 46 is derived from
the tachometer 34 and operated on to represent acceleration of the engine 10. This signal is applied to the
summer 46 in a sense which aids or adds to the desired rack signal and which opposes the actual rack
signal to provide improved accelerational or transitionai performance characteristics as hereinafter
described. The output for the sum of the signals applied to the summer 46 appears on line 52 and
represents rack error en. This signal is applied to a rack computer 54 which is similar to the speed computer
38 in its physical implementation and is further similar in having a_pre-programmed transfer characterstic
which is a complex function comprising at least a first factor which is directly proportional to the rack error
signal, a second factor which is proportional to the differential of the rack error signal, and a third factor
which is proportional to the sum or integral of rack error over a number of iterations or loop calculations
times. Computer 54, like computer 38, is connected to access the memory 40 and to obtain empiricaily
determined constants from the personality module 40b for caiculation purposes. It is to be understood that
although the speed and rack computers 38 and 54 are shown as physicaily separate devices, they may aiso
be implemented using concatenated processing times in a single processor. Similarly, while the memory
40 (including the personality module 40b) is shown as a single unit it may be implemented using two
physically separate memories; however, this tends to defeat the advantage of the personality module 40b
which is preferably added to the system as a single elemant at the time of installation.

The output of rack computer 54 is a field excitation current control signal and is applied to an input of
the ampilifier 28 to control the current through the field winding 16 and, hence, the power output of the
generator 14 as previously described.

‘Figure 1 further illustrates an additional feature of the invention in the use of a low power control 58
which senses a 0" ora 1" setting or notch position in the device 22. It has been found preferable in view
of unpredictable parasitic loads such as compressors, lights, and other accessory items which are powered
either by engine 10 or generator 14 to operate open loop at very low power settings by switching in
predetermined and fixed field excitation levels under these conditions. Accordingiy, control 58, which may
be implemented as part of the rack computer 54, senses a 0 or 1 position in the device 22 and effectively
bypasses or disables the computer 54 to provide fixed field excitation values to the amplifier 28.

Briefly describing the operation of Figure 1 a notch setting in the device 22 results in the generation of a
desired speed signal by table 30 and the development of a speed error ey from summer 32. Assuming a
transient condition in which the speed error signal has not yet settled out to zero, an input to the speed
computer 38 is generated and an output or control signal depending upon the particular formula which is
solved by the computer 38 is generated and applied to the rack actuator 12. The actuator 12 is advanced or
retracted to increase or decrease engine speed. The integral factor of the PID transfer function in computer
38 accumulates small speed errors over time so the speed error aventually goes to zero.

Assuming the power setting at device 22 is neither notch 0 or notch 1, the actual or measured speed
signal on line 42 from tachometer generator 34 is applied to the look-up table 44 and results in a desired
rack signal being applied to the positive input of summer 46. An actual rack position signal is applied to the
negative input by way of line 48. Under steady state conditions these two signals alone are summed and a
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rack error ex is applied to the input of the rack computer 54. Under conditions of acceleration or
deceleration, an additional positive input is applied to the summer 46 over line 50 representing
instantaneous acceleration value of the engine 10. If a command is for positive acceleration (increasing
speed per unit time) it is entirely possible in the implementation of the system as shown in Figure 1 that the
acceleration of the engine will require significantly more rack than is called for from the table due to engine
inertia and produce a negative rack error when in fact a power output increase is called for. This “dip” is
highly undesirabie from the standpoint of objective aperator performance characteristic and is eliminated
by temporarily adding in the acceieration signal via line 50 to compensate for the lag in the desired rack
signal. The constant muitiplier (hereinafter referred to as K,,) is empirically derived from engine testing and
the same or a different K,, factor may be used for deceleration control purposes to avoid an overrun or
actual power increase when a contemporanecus power decrease command is generated. In any event the
output of the summar 46 is applied to the rack computer 54 and the transfer function thereof iterates a field
excitation current setting which is applied to amplifier 28 to control the current through the winding 16.

As previously mentioned, a notched setting of 1 or 0 effectively results in a bypass of tha rack computer
54 and the generation of an appropriate field winding excitation setting by control 58 in an open loop
fashion,

Refarring now to Figure 3 additional features of the invention as found in the preferred embodiment
will be described. It is to be understood that the diagram of Figure 3, like the block diagram of Figure 1, is
arranged partly on a functionai basis and partly on a physical basis because of the “best mode
implementation’ in the form of one or more digital processors having predetermined programs stored in
memory. As will be apparent to those skilled in the art, this implementation resuits in one or more very
small and compact electronics devices performing a number of functions which in less sophisticated
impilementations might be performed by known and physically distinct devices. The invention is intended
to embrace not only the digitai processor implementation but also other less sophisticated
implementations cailing for a wide spectrum in the number &f individually implemented functions as suits
the particular user. The diagram of Figure 3 is best understood when considered in conjunction with the
software or flowcharts of Figure 4 and the table of tarms given at the end of the specification. The flow chart
functions are expressed in generic functional terms so that the programmer might implement these
functions using hardware and software formats of his own choosing. Referring now to Figures 3 and 4B the
same basic arrangement of functions as was described with reference to Figure 1 will be found. However,
certain additional control functions as well as additional details of the basic control functions are illustrated
in Figure 3. As a first item, the fundamental implermentation of the Jook-up table 30 is identified by the
corraspondingly numbered function box in Figure 4B. As will be apparent to those skilled in the art the
conversion from a four-bit signal input (from the notched device 22) to a digital number is a
straight-forward matter of look-up in a read only memory. A signal proportional to desired power from a
proportional version of the power setting device 22 can likewise be converted to a digital numbar in
straight-forward matter to be used in the look-up table. This output is applied to a ramp rate generator 60
which is part of the caiculator 24 to smooth out transitions in desired speed numbers caused by a
movement of the operator-controlied level in the device 22, Ramp rate generator 50 causes the dssired
speed signal to undergo a transition between numbers having a plurality of stairstep type incremental
increases or decreases, each increment being of fixed time. Different rates for desired speed signal
increases are used for desired speed signal decreases and the generator may be implemented with two or
more different increase and decrease rates so that the acceieration or response time of a locomotive used
for both yard and mainiine work may be adjusted to suit the operator and the application. The flowchart
boxes identified by reference numeral 60 provide the implementation for ramp generator 60 in the
preferred embodiment using digital computer implementation. The'left side of the flowchart area 60 is for
ramping up and the right side is for ramping down as will be apparent from an interpretation of the various
iegends.

Summer function 32 is correspondingly numbered in Figure 4B and, as is apparent, invoives an
arithmetic combination of two numbers.

Looking now to the calculator block 38 of Figure 3 it can be seen that the transfer characteristic from

~ speed error ey, to the voltage V which is applied to the rack actuator 12 is a complex function involving four

55

60

65

factors, the muitipliers or coefficients for the four factors baing K,, K., Ky, and K, respectively. These factors
will be referred to in the following paragraphs by the respective coefficients atone. The last or bottom line
in block 38 of Figure 3 simply indicates that the voitage must be within the limits of available potential. The
calculation blocks are correspondingly numbered with reference numeral 38 in Figure 4B.

The first or K, factor of the transfer function is the speed error itself; i.e. this is the “dirsct” in the
transfer function. The second factor or K, factor is the change in speed error as between two consecutive
loop times. The third or K; factor is a summed or integrated factor so that a steady state voltage V is
produced after the transient has passed and the speed error ey has gone to 0. The fourth or K, factor is
proportional to the change in desired speed and may be considered optional although desirabls. As will be
apparent the K, factor is essentially an acceleration factor and tends to advance or retract rack faster if a
very large speed increase is commanded and stower if a small increase is commanded. This use of an
acceleration figure tends to improve the objactive operator performance characteristics of the system as

" praviously described.
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Figure 3 further illustrates a function biock 62 which is illustrated in Figure 4A. This is essentiaily the
generation of a filtered or loop-averaged measured engine speed signal to be applied to the negative input
of the summer 32. The effect of this function is essentially the same as that of an averaging device so that
the actual speed signal applied to the summer is a more accurate function of actual engine speed than one
measured over several engine revolutions.

Referring now to Figures 3 and 4D, a backup function in the event of a rack position sensor failure; i.e.,
an electrical or mechanical failuré in the position sensor, is provided. Function block 64 in Figure 3 and
Flowchart area 64 in Figure 4D indicate an approach to a determination that a rack position sensor failure
has occurred. In this case it is simply a matter of indicating the rack position has failed to change by some
predetermined amount in the face of a rack position change command. Under these circumstances,
function block 66 in Figure 3 indicates on the left side a software implemented operation on measuring four
rack potentiometer readings and averaging them and storing the resulting average rack potentiometer
signal in a particular storage location referred to as a “table” in memory 40. The right side of Fgure 4D is an
indication that in the event of an indicated rack position sensor failure, the calculator 24, in function block
66, uses the last recorded rack actuator position average as the basis for generating a measured rack
position signal.

Referring now to Figures 3 and 4C a second measured engine speed signal is generated by a filter
function block 68 which may be implemented in either calculator 24 or 26 but in this instance is
implemented in the field control loop or calculator 26. The purpose of the routine shown in the flowchart of
Figure 4C is to generate a measured engina speed signai for application to the icok-up table 44 over one or
more revolutions of engine 10 to dramatically increase the response time and stability of the field control
loop 26.

Continuing with the detailed description of the field control loop or rack calculator 26, the notch
number from device 22 is fed to open loop control 58 which functions to determine whether the operator
has called for notch position “0" or ndtch position “1”. If, as previously described, the operator had called
for one or the other of these low notch positions, the field current setting will be made on a fixed and open
loop basis. To this end, function block 70 performs a measurement and logical determination to determine
whether the ““0”" notch position has been commanded. If this is the case, function block 72 sets the fisld
current and two mathematical terms to prescribed low levels for control of source relay 28 and the
generator field coil 16. The rack computer 54 is effectively inoperative; i.e., in the preferred implementation
as indicated in Figure 4E, the computational functions indicated by blocks 70 and 72 are preferably
combined with the computational functions of block 54 in a common digital processor which, of course,
remains operative at all times.

If device 22 calls for notch position “1”, the decision biock 70 passes the analytical function to biock 74
which detects the presence of the “1” notch position and activates function block 76 to set a second set of
field current and mathematical values in accordance with previously calculated field current figures. Again,
block 76 pre-smpts the function of the rack computer 54.

Figure 4E illustrates the open loop field current calculation function of blocks 70, 72, 74, and 76.

Assuming that a higher notch position is commanded through device 22 the determination of the
desired rack signal for application to summer 46 is passed on to the look-up table 44. As previously
mentioned, the device 22 is provided with a fixed number of notch positions or power settings and does
not, in itself, provide any proportional control between those settings in the locomotive case being
described. In the case of proportional input from device 22 the look-up table functions the same. However,
measured engine speed obviously varies relatively smoothly between settings in a proportional or
infinitely variable fashion and it is desirable to produce desired rack signals which are proportional to
measured engine speed between the optimim operating points shown in Figure 2; i.e., the desired rack
signal will follow straight line segments between the optimum operating points of Figure 2. As will be
apparent to those skilled in mathematics, this proportional control calls for an interpolation function which
is represented in the function blocks of flowchart 4E in the area of referenced numeral 44,

In accordance with a further feature of the invention the desired rack signal is adjusted in the presence
of a wheel-slip condition; i.e., in the application to traction motor powered vehicles it is desired to reduce
the power applied to the traction motors by the generator 14 in the event that the driving wheels lose
traction and begin to spin. The mechanism for detecting wheel-slip is represented by function block 78 in
Figure 3. As will be apparent to those skilled in the art, the physical implementation of a wheel-slip detector
can take a variety of forms including, for example, a comparator receiving rata signals from driven and idler
wheels or a comparator receiving rate signals from each of several driven wheels on different axles.
Referring further to Figure 3 and to Figure 4F, the detection of a wheel-slip condition in function block 78
results in a downramping of the desired rack signal as indicated by function blocks 80 in Figure 3 and 4F.
Through summer 46 this results in a field current reduction which cures the wheel-slip condition and
restores traction. Once the wheel-slip has been eliminated, function block 82 operates to ramp the desired
rack signal back up to the setting commanded by look-up table 44 in response to the measured engine
speed signal from filter 68.

Continuing with the description of Figures 3 and 4F in the area of the summer 46 and the rack computer
54, the summing function involves three input signals; viz., desired rack, engine acceleration multiplied by
the constant K,, and measured rack. As will be apparent to those skilled in the computer art a three input
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summing function is actually carried out in two steps. The first of which is the subtraction of the
acceleration factor on line 50 from the measured rack signal on line 48, and the second of which is the
summing of the result of the first step calculation with the desired rack signal to produce the rack error eg.

Looking now to the rack computer 54 the details of caiculations for this area are illustrated by the
lagend in block 54 of Figure 3 and also in the function blocks of the flowchart, Figure 4F. As previously
described the transfer function of computer 54 is of the PID {proportional, integral, differential) type
consistent with established control theory. The constants K, K, and K,q are empiricaily determined and
retrieved from the personality module 40b which makes up the computer memory shown in Figure 1.

As indicated by function biocks 54a, 54b and 54c in flowchart Figure 4F, means are provided to detect
and deal with an engine overltoad condition in which summer 32 indicates that the system is below desired
speed and that speed is decreasing. Under this condition the field current is reduced by the K,, factor.

Note that while flowchart function block 54b indicates the addition of the K, factor to the generator
field current IGF,.the ND figure is greater than NMT figure and changes the sign of the K, factor to produce
a negative rack error. As indicated by function block 54c in flowchart 4F, the K, K, and K, factors are
effectively eliminated from the transfer function and field current is reduced despite the fact that normal
load contrel operation continues to call for an increase in field current.

Figure 4G illustrates an optional field current control system in which maximum current and voltage
levels are established for al! power settings and means are provided to prevent the unit from sxceeding
these values. To implement this control function it is, of course, necessary to provide measuring devices
such. as current shunts and voltage meters in the main generator output of the engine generator unit to
provide actual current and voltage signals to the computer 54.

if, as shown in Figure 4G, the main generator current exceeds the pre-established maximum (function
block 54d) the desired rack or RD and RC figures are recalculated and used to control field current. Similarly
if the main generator voltage is outside of the upper limit, the desired rack signal is again recalculated on
the basis of the allowable maximum and used to control the amplifier 28. Another optional field current
control system in which constant power from the engine-generator unit can be provided in the lower
notches by using the information from measuring devices in the main generator circuit instead of using the
fixed excitation method praviously described. To implemant this cantrol function the actual current and
voltage signals to the computer 54 are required. If as shown in Figure 4l through 4L tha constant power
function is selected then the associated desired power is determined from the look-up table. A desired rack
which would equate to the limit for either fietd current or field voltage is calculated. The minimum desired
rack from that calculated from either the wheel slip ramp rate logic, the current limit or voltage limit is then
selected in the control equation.

Industrial applicability

Referring now to Figures 5 and 6 the application of the governor of the present invention will be
described as applied to the control of an engine 10 and generator 14 in a diesel electric locomative having
traction motors 82, 84, 86 and 88 connected to receive power from the generator 14. As shown in Figure 5
an operator-controtled notch device 22 is provided for the programming of power commands. This device
is connected to a digital processor 24, 26, 40 having a personality module 40b which is a8 ROM having the
constants K, through K,; which are peculiar to the engine 10 and genarator 14 permanently stored therein.
The operator controls/signals further include a shut-down switch 90 which preferably includes a “generator
unioad” capability so that the locomotive may be idled with no power going to the traction motors 82, 84,
86, and 88 regardiess of engine speed. The generator unload switch may optionally be tocated within a
high-voltage locker 96 which is within the physical confines of the diesel locomotive. Operator
controls/signals further include a yard/main switch 92 which sets the ramp rates of ramp rate generator 60
80 as to produce rapid acceleration performance capabilities for yard work and less rapid smoother
acceleration characteristics for main line work. Finally, a diagnostic lamp 94 is provided to indicate that the
rack measurement/default system of Figure 4D has determined the rack position sensor 12 to be
inoperative and that the engine is running on previously stored rack position/speed numbers stored in table
66 over some period of time. This is an indication that normal performance cannot be expected and that
service is required upon reaching a service station.

Ag shown in Figure 5 the processor 24, 26, 40 is connected to raceive rack position and engine speed
signals from the engine 10 and is connected to deliver a rack actuator current to the fuel controlied
mechanism associated with the engine 10; i.e., the rack actuator identified by reference numeral 12 in
Figure 1. Similarly the generator 14 is connected to deliver generator voltage and generator current signals
1o the processor 24, 26, 40 for the purpose of implementing the power limited load control options of
Figures 4G and 4l. The generator is connected to receive the field excitation current to control the power
applied to the traction motors 82, 84, 86 and 88. ‘

Referring to Figure 6 a typical operating condition and the response of the system shown in Figures 1,
3, 4 and 5 will be described. The diesel electric locomotive is assumed to be operating at a desired engine
speed correlated with notch position 2 in device 22. The operator advances the device 22 to notch position 4
calling for an increase in engine speed and an increase in power delivered to the traction motors 82, 84, 86
and 88. The dynamics of the rack actuator 12 are such as to exhibit entirely diffarent {much shorter) time
constants than the dynamics of the engine 10. Accordingly, the actual rack position may be very quickly
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advanced by the now extant speed error ey while the measured speed signal and, hence, the desired rack
signal applied to summer 46 changes quite slowly. As a resuit, the system of Figures 1 and 3 might
ordinarily generate a large negative rack error which would reduce power at the same time the operator is
calling for a power increase. To overcome this condition, K,, factor or enging acceleration factor is applied
to the summer 46 to aid the desired rack signal and actuaily boost rack {and power} beyond that
theoretically nesded to ramp from the first to tha second speed positions as shown in the upper diagram of
Figure 6; i.e., the lower diagram of Figure 6 illustrates the effect of the K, factor to produce an artificial rack
boost during the acceleration time to prevent the power dip usually associated with notch position
increases in diesel electric locomotives. Note also in the lower diagram of Figure 6 that as the engine
reaches the newly commanded speed position associated with notch 4, the K,, factor goes negative and
avoids an overshoot condition which would otherwise exist in the control loop until damped out by return
to a stable system operating position.

The following table provides definitions for the factors illustrated in Figures 3 and 4 to assist the user of
the present invention in developing commands for the implementation of the invention according to the
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TABLE 1
Fiowchart definitions

NM=measured engine speed (loop average filtered)
KN=engine speed vs. mag pick-up puise time conversion constant
NN=notch engine speed
ND=desired engine spesed at any ingtant
SP=control sample period
Rd=speeed change ramp rate in decreasing direction (adjustabie}
Ru=speed change ramp rate in increasing direction (adjustable)
ey=speed error
ey =speed error during previous gample period
E,, E;=engine speed control equation software integrators
K, K;=speed control equation constants
Ks, K =sized for application
uw=minimum rack actuator current
haax=maximum rack actuator current
|A=rack actuator current
Aey=change in speed error since jast sample period
I(NP)=table value for rack actuator current at given notch position
R{NP)=table value for desired rack position at given notch position
m, b=rack vs actuator current conversion coefficients
RM=measured rack
NP=notch position
|GF=generator field current
I1=open loop field current for notch 1
NR=speed valve used for determination of desired rack
N{NP)=table vaiue for notch speed
R=desired rack before rate of change limits
RN=rate of change limited desired rack
A RMAX=maximum allowable rate of rack change in one sample period
RD=wheal slip limited desired rack
RC=measured rack corrected for engine acceleration
ep=rack error
A &, B=load control equation software integrators
Ks, Ko, Kio=load control equation constants
K,2=sized for application
VGMAX=genaerator output voitage limit (optional)
IGMAX=generator output current limit (optional}
IGFMIN=generator field current minimum value
IGFMAX=generator field current maximum value
K,,=rack acceleration correction factor during accel.

rack acceleration correction factor during deceleration
KR=generator power to rack position conversion factor
IG=generator output current {optionally measured)
VG=generator output voitage {optionally measured)
NMT=measured engine speed {(torsional average filtered)




20

25

30

35

40

45

50,

55

&0

65

0 151 570

Claims

1. A control system for an engine-generator unit comprising an engine {10} of the type having a fuel
delivery control (12) and a generator (14) having a field current controller (28), the control system including
a power selector (22) having a plurality of selectable power settings, speed calculator means {28} for
deriving a speed error signal as a function of the power selector setting and the actual engine speed and for
applying an output which is a function of the speed error signal to the fuel delivery controller (12), rack
calculator means (26) for deriving a rack error signal for applying an output to the field current controller
{28) which is a function of the rack error signal, characterised in that the rack error signal is composed of a
positive signal as a function of actual engine speed, a negative signal as a function of fuel delivery
controller setting and a positive signal as a function of the magnitude of engine acceleration.

2. A control system as defined in claim 1, wherein the speed calculator means (24) comprises a digital
processor (38} and a memory (40) to which the processor has access, said memory having stored therein a
formula including empirically determined constants associated with a given engine calculating the fuel
delivery controller setting as a function of the speed error, the derivative of the speed error and the
summation of several calculated speed errors, the processor (38) being operative to iteratively solve said
formula to vary the setting of the fuel delivery controller (12} in such a direction so as to reduce the speed

-error signal to zero.

3. A control system as defined in claim 2 wherein the memory (40) is physically sub-divided into at least
two sections (40a, 40b) the constants being stored in one section {40b} and the formula in another section
(40a).

4. A control system as defined in claim 1 wherein the rack calculator means {26) comprises a digital
processor {54) and a memory {40} to which the processor has access, said memory having stored therein a
formula including empirically determined constants associated with a given engine-generator unit for
calculating the field current setting as a function of the rack error, the time rate of change of the rack error
and the integral of several rack errors to vary the field current controller setting in such a direction as to
reduce the rack error to zero. : .

5. A control system as defined in claim 4 wherein the memory (40) is physically sub-divided into at least
two sections (40a, 40b) the constants being stored in one section (40b} and the formula in ancther section
{40a). :

6. A control system as defined in claim 1 further including means (60) connected between said power
selector (22) and said speed calculator means (24) for time modulating the power selector setting signal so
as to effectively produce & ramp function response to an abrupt change.

7. A control system as defined in claim 6 and further including means (92) to change the ramp rate of
said means for time modulating.

8. A control system as set forth in claim 1 further including means {64) for detecting an erroneous
indication of the position of the fue! delivery controller and means (66) for producing substitute controfler
setting signals for the speed calculator.

9. A control system as defined in claim 1 further including means (58) responsive to a low power
setting of said power selector for providing a predetermined powsr output independent of said rack
calculator means.

10. A control system as defined in claim 1 further including at least one traction motor (82, 84, 86, 88)
having a drive-wheel {82a) connected to be powered by said engine-generator unit, means (78) for
detecting a slip condition in said wheel and means (80) for reducing the field current setting to eliminate the
slip condition.

11. A control system as defined in claim 1 further including means (54) for detecting the existence of an
increasing speed error and for reducing the field current setting in response thereto.

12. A control system as defined in claim 1 further including means (54) for Mmaintaining the power
output of the generator within predetermined voltage and current limits.

13. A method of controliing the operation of an engine-generator unit comprising an engine of the type
having a rack position control and a generator having a field current control comprising the steps of

(a) generating a power setting signal

(b} developing a desired speed signal from the power setting signal

(c) developing a speed control error e, from a comparison of the desired speed signal and actual speed

(d) setting the rack control as a compiex function of e,

(e} developing a desired rack signal from the actual speed

(f} detecting engine acceleration

(g} summing the desired rack signal and the detected engine acceleration

(h) developing a rack error es from a comparison of the summed signal and actual rack position; and

(i} setting field current as a complex function of ep.

14. The method defined in claim 14 further including the steps of

{h) developing a fixed field current setting for at least one low power setting; and,

. {i} substituting the fixed field current setting for the complex function of eq when the power setting is in

the low power setting.
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15. The method set forth in claim 14, wherein each of the complex control functions contains a
proportional terrn, a derivative term and an integrai term.

16. The method defined in claim 14, further including the step of maintaining a record of actual rack
positions associated with power commands and utilizing said record to develop rack errors in the event of a
malfunction in the rack position sensor.

17. The method defined in claim 14, further including the steps of substituting a fixed fuel deiivery
position to develop a field current setting from the complex function of g when the power setting is set for
low power.

Patentanspriiche

1. Steuersystem fir eine Motorgeneratoreinheit die einen Motor {10) der Bauart mit einer
Brennstoffzufuhrsteuerung {12) und einem Generator {14) mit einer Feldstromsteuervorrichtung (28)
aufweist, wobei das Steuersystem folgendes besitzt: einen Leistungswahler (22) mit einer Vieizahi von
auswihlbaren Leistungseinsteliungen, Drehzahlrechnermittel (24} zur Ableitung eines Drehzahifehler-
signals als eine Funktion der Leistungswéhlersinstellung und der Motoristdrehzahl und zum Anlegen einer
AusgangsgroBe der eine Funktion des Drehzahlfehlersignals ist an die Brennstoffzufuhrsteuerung (120),
Zufuhrrechnermittel {26} zur Erzeugung eines Zufuhrfehlersignals zum Anlegen einer Ausgangsgroe an
die Feldstromsteuervorrichtung (28) die eine Funktion des Zufuhrfehlersignals ist, dadurch gekennzeichnet,
daB das Zufuhrfehlersignal zusammengesetzt ist aus einem positiven Signal als eine Funktion der
Motoristdrehzahl, einem negativen Signal als Funktion der Brennstoffzufuhrsteuervorrichtungseinstellung
und einem positiven Signal als eine Funktion der GréBe der Motorbeschieunigung.

2. Steusrsignal nach Anspruch 1, wobei die Drehzahlrechnermittel {24) ainen Digitalprozessor (38) und
einen Speicher (40} zu dem der Prozessor Zugriff besitzt aufweisen, wobei der Speicher eine Formel
gespeichert enthélt die empirisch bestimmte Konstanten umfaft und zwar assoziiert mit einem gegebenen
Motor zur Berechnung der Brennstoffzufuhrsteuervorrichtungseinstellung als eine Funktion des Drehzahl-
fehlers, der Ableitung des Drehzahifehlers und zur Summierung mehrerer berechneter Drehzahifehler,
wobaei der Prozessor (38) iterativ die erwédhnte Formel Ist, um die Einsteilung der Brennstoffzufuhr-
stauerung (12) in einer solchen Richtung zu dndern, daf das Drehzahlfehiersignal auf Null reduziert wird.

3. Steuersystem nach Anspruch 2, wobei der Speicher {40} physikalisch (kérperlich) in zwei Abschnitte
(40a, 40b) unterteilt ist, wobei die Konstanten in einem Abschnitt {40b) und die Formel in einem anderen
Abschnitt {40a) gespeichert ist.

4. Steuersystem nach Anspruch 1, wobei die Zufuhrrechnermittel {26} einen Digitalprozessor (64} und
@inen Speicher (40) aufweisen, zu dem der Prozessor Zugriff besitzt, und wobei ferner der Speicher
darinnen gespeichert eine Formel enthiit, die empirisch bestimmte Konstanten besitzt, die mit giner
gegebanen Motorgeneratoreinheit assoziiert sind, um die Feldstromeinsteliung als eine Funktion des
Zufuhrfehlers, der zeitlichen Rate der Anderung des Zufuhrfehiers und dem Integral mehrerer Zufuhrfehler
zu berechnen, um die Feldstromsteuereinsteliung in einer soichen Richtung zu verandern, dal der
Zufuhrfehler auf Null reduziert wird.

5. Steuersystem nach Anspruch 4, wobei der Speicher vier physikalisch {(kérperlich) in mindestens zwei
Abschnitte {40a, 40b) unterteilt ist, wobei die Konstanten in einem Abschnitt (40b) und die Formel in dem
anderen Abschnitt (40a} gespeichert ist.

6. Steuersystem nach Anspruch 1, wobei ferner Mittel (60} vorgesehen sind, die zwischen dem
Leistungwihler (22) und den Drehzahlberechnungsmittein (24) angeordnet sind, und zwar fir die
Zeitmodulation des Leistungswahleinstellsignals, um so in effektiver Weise in Rampenfunktions-
ansprechen fir gine aprupte Enterung zu erzeugen. '

7. Steusrsystem nach Anspruch 6, wobei ferner Mittel {92) vorgesehen sind, um die Rampenrate der
Mittel fiir die Zeitmodulation zu &@ndern.

8. Steuersystem nach Anspruch 1, wobei ferner Mittel (64) vorgesehen sind, um eine fehlerhafte
Anzeige der Position der Brennstoffzufuhrsteuervorrichtung festzustelien, und Mittel (66) zur Erzeugung
von Steuereinstellerstazsignalen fir den Drehzahlrechner.

9. Steuersystem nach Anspruch 1, wobei ferner Mittel (58) vorgesehen sind, die auf einen niedrige
Leistungeinstellung der Leistungswahlvorrichtung ansprechen, um aine vorbestimmte Leistungsaus-
gangsgrdfBe unabhdngig von den Zufuhrrechnermitteln vorzusehen.

* 10. Steuersystem nach Anspruch 1, wobei ferner mindestens eine Zugmotor (82, 84, 86, 88)
vorgesehen ist, und zwar mit einem Antriebsrad (82a) verbunden zur Leistungsversorgung mit der
Motorgeneratoreinheit, wobei Mittel {78} zum Feststellen eines Schlupfzustandes in dem Rad vorhanden
sind und Mittel (80) zur Verminderung der Feidstromeinstellung zur Eliminierung des Schlupfzustandes
dienen. .

11. Steuersystem nach Anspruch 1, wobei ferner Mittel {54} vorgesehen sind, um das Vorhandensein
gines erhdhten Drehzahifehlers festzustellen, und um die Feidstromeinstellung infolge dessen zu
vermindern.

12. Steuersystsm nach Anspruch 1, wobei ferner Mittel (54) vorgesehen sind, um die
Leistungsausgangsgréfe des Generators innerhalb vorbestimmter Spannungs- und Stromgrenzen zu
halten,

10

B A S e e S ST S o SN e




1o

15

20

25

30

5

40

45

50

55

[:1e]

a5

0 151 570

steuerung, und wobei die folgenden Schritte. vorgesehen werden:

a) Erzeugung eines Leistungseinstellsignals,

b} Entwicklung eines gewlnschten Drehzahlsignals aus dem Leistungseinstelisignal,

¢} Entwicklung eines Drehzahlisteuerfehlers e, aus sinem Vergleich des Drehzahlsolisignals und der
Istdrehzahl,

d) Einstellung der Zufuhrsteyerung als eine komplexe Funktion von e,

e) Entwicklung aines gewiinschten Zufuhrsignals aus der Istdrehzahl,

f) Feststellung der Motorbeschieunigung,

9) Summierung des Zufuhristsignals und der detektierten Motorbeschleunigung,

h} Entwickiung eines Zufuhrfehiers &n aus einem Vergleich des summierten Signals und der Istposition
der Zufuhrvorrichtung, und

i} Einstellung des Felstromes ais @ine komplexe Funktion von ag.

14. Verfahren nach Anspruch 13, wobei ferner die folgenden Schritte vorgesehen sind:

h) Entwicklung einer festen Feldstromeinstellung fir mindestens eine Niedrigleistungseinsteliung, und

i) Substitution der festen Feldstromeinsteilung fiir die komplexe Funktion von ep, wenn die
Leistungeinsteliung in der Niedrigleistungsinstellung liegt.

16. Verfahren nach Anspruch 14, wobai jede der komplexen Steuerfunktionen einen

Revendications

1. Systéme de commande pour groupes électrogénes comprenant un moteur (10) du type doté d'une
commande d'alimentation en combustible {12) et un générateur (14) doté d'un régulateur de courant de
champ, (28} le systdme de contrdle comprenant un sélecteur de puissance (22} doté d’une pluralité de
réglages de puissance sélectionnable, des movyens de calcul de vitesse (24) permettant d'obtenir un signal
d'erreur de vitesse en fonction dy réglage du sélecteur de puissance et de la vitesse réelle du moteur et
pour appliquer au régutateur d'alimentation en combustible {(12) une sortie qui est fonction du signal
d'erreur de vitesse, des moyens de calcul de crémaiilére (26) pour obtenir un signal d'erreur de crémailldre
pour appliquer au régulateur du courant de champ (28) une sortie qui est fonction du signal d'erreur de
crémaillére, caractérisé en ce que le signal d'erreur de crémaillére se compose d'un signal positif fonction
de la vitesse réelle du moteur, d'un signal négatif fonction du régulateur d’alimentation en combustibie et
d’un signal positif fonction de Ia grandeur de l'accétération du moteur.

2. Systéme de commande seion la revendication 1, dans lequel les moyens de calcul de 1a vitesse (24)

ladite mémoire stockant une formule comprenant des constantes déterminées de maniére empirique
associées & un moteur déterminé pour calculer ie réglage du régulateur d’alimentation en combustible en
fonction de I'erreur de vitesse, de la dérivée de I'erreur de vitesse et de la sommation de plusieurs erreurs
de vitesse calcuiées, le processeur (38) étant apte & résoudre de maniére itérative ladite formule afin de
faire varier le réglage du régulateur d’alimentation en combustible (12) dans un sens tendant a réduire le
signal d'erreur de vitesse pour qu’ii devienne nul,

3. Systéme de commande seion s revendication 2, dans lequel la mémoire (40) est subdivisée
physiquement en au moins deux sections (40a, 40b), les constantes étant stockées dans une section (40Db),
et la formule dans une autre section {40a).

4. Systéme de commande selon la revendication 1, dans lequel les moyens de calcul de crémaillére
(26) comprennent un processeur numérique (54) et une mémoire {40} a2 laquelle le processeur peut accéder,
ladite mémoire stockant en mémoire une formule comprenant des constantes détermindes de maniére
empirique qui sont associées & un groupe électrogéne déterminé Pour caiculer le réglage du courant de
champ en fonction de I'erreur de crémaillére, de la vitesse de variation dans le temps de I'erreur de
crémaillére et de I'intégrale de plusieurs erreurs de crémaillére pour faire varier le réglage du contrdleur de

5. Systéme de commande selon la revendication 4, dans lequel la mémoire (40) est subdivisée
physiquement en au moins deux sections (40a, 40b), les constantes étant stockées dans une section (40b)
et la formule dans une autre section (40a).

6. Systéme de commande selon la revendication 1, comprenant en outre des movyens (60) reliés entre
le sélecteur de puissance (26) et tes moyens de calcul de vitesse (24} pour moduler dans le temps le signal
de réglage du sélecteur de puissance de facon a réaliser effectivement une réponse de Ia fonction en dents
de scie face & une variation brutale.
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7. Systéme de commande selon la ravendication 6, comprenant &n outre des moyens {92} permettant
de changer le rythme des impulsions en dents de scie des moyens de modulation dans le temps.

8. Systéme de commande selon la ravendication 1, comprenant en outre des moyens (64) destinés )
détecter une indication erronée de la position du controleur d'alimentation en combustible et des moyens
{66) destinés & établir des signaux de réglage du controleur de remplacement pour le calculateur de vitesse.

9, Systame de commande selon la revendication 1, comprenant en outre des moyens (68} gensibles au
réglage du sélecteur de puigsance sur une faible puissance pour stablir une puissance débitée
prédéterminee indépendamment des moyens de calcul de crémaillére. :

10. Systéme de commande selon ia revendication 1, comprenant en outre au moins un motaur de
traction {82, 84, 86, 88} compranant une roue d’eritrainement {82a) reliée de fagon a étre antrainée par ledit
groupe électrogéne, des moyens (78) destinés 3 détecter un état de patinage de iadite roue et des moyens
{8a) destinés & réduire le réglage du courant de champ pour éliminer I'état de patinage.

11. Systéme de commande selon la revendication 1, comprenant en outre des moyens {54} destinés 2
détecter I'existence d'une erreur de vitesse en augmentation et a réduire le réglage du courant de champ an
réponse & celle-ci.

12. Systéme de commande seion la revendication 1, comprenant en outre des moyens (54} destinés a
maintenir la puissance de sortie du générateur dans des limites de tension et de courant prédéterminées.

13. Procédé permettant de commander la fonctionnement d'un groupe élactrogéne du type
comprenant une commande de position de crémaillére et un générateur comprenant un contréle du
courant de champ, comprenant les étapes suivantes qui consistent en:

a. La génération d'un signal de réglage de puissance;

b. L'obtention d'un signal de vitesse dégiréde a partir du signal de réglage de puissance;

¢c. L'obtention d'une erreur de vitesse & partir d'une comparaison entre le signal de vitesse désirée etun
signal de vitesse réelle;

d. Le réglage de la commande de crémaillére en fonction complexe de i'erreur de vitesse;

o. L'obtention d’un signal de crémaillére désiré a partir de la vitesse réelle;

f. La détection de 'accélération du moteur; '

g. La sommation du signal du crémailiére désirée et I'accélération du moteur détecté;

h. L'obtention d'un signal d'erreur de crémaillére a partir d'une comparaison entre le signal additionné
ot la crémaillére réelle; et

i. Réglage du courant de champ en fonction complexs de I'arreur de crémaillére.

14. Procédé selon la revendication 14, comprenant en outre les étapes qui congistent:

h. a établir un réglage du courant de champ fixe pour au moins un réglage de faible puissance; et

i. & substituer 2 la fonction complexe de ep le réglage de courant de champ fixe lorsque le réglage de
puissance est ajusté sur une faible puissance.

165. Procédé selon la revendication 14, dans lequel chacune des fonctions de contrdle complexe
contient un terme proportionnel, un terme dérivé et un terme intégrale.

16. Procédé selon la revendication 14, comprenant en outre {'étape qui consiste a conserver
enregistrées les positions de crémaillére réelles associées aux commandes de puissance et a utiliser cet
enregistrement pour étabiir des arreurs de crémailidre en cas d'une défaillance du détecteur de position de
crémaillére.

17. Procédé selon 1a revendication 14, comprenant en outre les étapes qui consistent a substituer une
position d’alimentation en combustible fixe pour stablir un réglage de courant de champ a partir de 12
fonction complexe de es lorsque le réglage de puissance ast ajusté sur une faible puissance.

12
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