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GB 2040085 A 1

SPECIFICATION
Electromobile control device

The present invention relates to a control device
for an electromobile equipped with a shunt motor,
and more particularly to a control device for driving
a shunt motor by armature and field currents which

_ can generate at the highest efficiency a motor output
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torque specified in accordance with how much an
accelerator pedal is trodden.

An electromobile uses a storage battery as the
power source thereof and is relatively short in travel-
ling distance. Therefore, it is demanded to make the
loss in the driving system of the electromobile as
small as possibie. Further, since the electromobile
passes a road together with an automobile with
gasoline engine, it is required that the electromobile
is easy to operate as in the case of the automobile
with gasoline engine. To this end, an electromobile
control device has been known in which a shunt
motor is employed as the driving motor of an elec-
tromobile. For example, a U.S. Patent 4,037,144 dis-
closes a control device of such a shunt motor. In this
control device, in order to minimize the total loss in
the driving system of electromobile, the armature
current of the shunt motor is detected and the field
current thereof is controlled so as to have an
optimum value on the basis of the detected value of
armature current. However, this device has a draw-
back that the selected value of field current is
affected by a dynamic characteristic of the armature
current.

An object of the present invention is to provide an
electromobile control device capable of driving a
shunt motor at the highest efficiency to generate a
selected output torque.

Another object of the present invention is to pro-
vide an electromobile control device equipped with a
pattern generator for storing, as predetermined pat-
terns, armature and field currents which can drive an
electric motor at the highest efficiency thereof to
generate an output torque of electric motor specified
in accordance with an angie of an accelerator pedal
trodden.

A further object of the present invention is to pro-
vide an electromobile control device making use of a
microcomputer for driving a shunt motor at its high-
est efficiency under a selected output torque.

In order to attain the above objects, according to
an aspect of the present invention, there is provided
a control device for an electromobile provided with a
shunt motor comprising: a command unit for
generating an output torque command of the shunt
motor in accordance with angle of an accelerator
pedal trodden; a pattern generating means for stor-
ing, as predetermined patterns, armature and field
currents capable of generating an output torque of
the shunt motor indicated by the output torque
command in such a manner as producing a
minimum loss in the driving system of the elec-
tromobile, and for generating an armature current
command and a field current command in accor-
dance with the predetermined patterns and the out-
put torque command; armature control means for
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passing an armature current corresponding to the
armature current command through the armature
winding of the shunt motor; and field control means
for passing afield current corresponding to the field
current command through the field winding of the
shunt motor.

Further, according to another aspect of the present
invention, there is provided a control device for an
electromobile provided with a shunt motor compris-
ing: a command means for generating an output
torque command of the shunt motor in accordance
with an angle of an accelerator pedal trodden;
memory means for storing predetermined patterns
respectively indicating armature and field currents
capable of generating an output torque of the shunt
motor indicated by the output torque command in
such a manner as producing a minimum loss in the
driving system in the electromobile; a microproces-
ser for calculating an armature current command
and a field current command corresponding respec-
tively to the armature and field currents producing
the minimum loss, in a predetermined processing
order, on the basis of the output torque command
and the predetermined patterns, and for delivering
the armature current command and the field current
command; armature control means for passing an
armature current corresponding to the armature cur-
rent command through the armature winding of the
shunt motor; and field control means for passing a
field current corresponding to the field current
command through the field winding of the shunt
motor.

The foregoing and other objects, features and
advantages of the present invention will be apparent
from the following description taken in conjunction
with the accompanying drawing, in which:

Fig. 1is a block diagram showing an embodiment
of an electromobile control device according to the
present invention;

Fig. 2 is a graph showing a relation between an
angle 0 of accelerator pedal trodden and a torque
command Tp;

Fig. 3 is a graph showing relations between a tor-
que command 7, and current commands i¢; and imc
based upon predetermined patterns;

Fig. 4 is a circuit diagram for showing an example
of a function generator used in the present inven-
tion;

Fig. 5 is a graph showing an input-output charac-
teristic of the function generator shown in Fig. 4;

Fig. 6 is a block diagram showing both the arma-
ture control circuit and the field control circuit which
are included in the embodiment shown in Fig. 1.;

Fig. 7 is a circuit diagram for showing an example
of the armature control circuit shown in Fig. 6;

Fig. 8 is a circuit diagram for showing an example
of the pulse amplifier shown in Fig. 6;

Fig. 9is a block diagram showing another embod-
iment of an electromobile control device according
to the present invention;

Fig. 10 is a circuit diagram for showing an exampile
of that circuit part of the embodiment shown in Fig. 9
which includes the changeover circuit and the
changeover signal generator;

Fig. 11 is a block diagram showing a part of a
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further embodiment of an electromobile control current command i, and the field current command
device according to the present invention, which i, respectively. The functions generated in the func-
embodiment includes protection means in addition tion generators are determined in the following
to the circuit arrangement shown in Fig. 1; manner. When the armature current and field cur-

5 Fig. 12 is a circuit diagram for showing an example 70 rents of the shunt motor are expressed by i and i,
of the minimum value circuit shown in Fig. 11; respectively, the torque 7, of the motor is given by

Fig. 13 is a block diagram showing a part of a dif- the following equation:
ferent embodiment of an electromobile control Tm = Kimlf  ceeerervnrermmmscnerninccseesissnsnnnsesssnnens (1)
device according to the present invention, which where k denotes a constant.

10 embodiment includes means for conducting a 75  While, the total loss W in the driving system of the
field-weakening control, in addition to the circuit embodiment shown in Fig. 1 is given by the follow-
arrangement shown in Fig. 1; ing equation:

Fig. 14 is a block diagram showing a part of an W= flin, i N} e (2)
additional embodiment of an electromobile control where N denotes the number of rotations of the

15 device according to the present invention, which 80 motor.
embodiment includes means for limiting the con- Now, let us consider a case where the loss depend-
duction ratio of a chopper to a maximum value, in ing upon the number N of rotations is separable
addition to the circuit arrangement shown in Fig. 1; from the remaining loss, then, equation (2) can be

Fig. 15 is a block diagram showing still another rewritten in the following manner: °

20 embodiment of an electromobile control device 85 W =gilim i) + 92N} e (3)
according to the present invention, which embodi- Assuming that the output torque is at constant, a
ment employs a microprocessor; relation between i, and i at which the total loss W

Fig. 16 is a block diagram showing one has a minimum value, is obtained experimentally on
conduction-ratio control oscillator shown in Fig. 15; the basis of the equation (3) and is expressed in the

25  Fig. 17 is a block diagram showing the other 90 following manner:
conduction-ratio control oscillator shown in Fig. 15; imn =03l e (4)

Fig. 18 is a time chart for explaining the processing The following equation is obtained by substituting
made by the microprocessor shown in Fig. 1; and gslis) for i, of equation (1):
Figs. 19 to 21 are flow charts for explaining the T =K B - Q3ll) e (5)

30 command generation processing, field-current con- 95 When the torque 7, is given, the field current i¢ is
trol processing and armature-current control pro- determined by equation {5), and then the armature
cessing, respectively. In the drawings, like reference current iy, is determined by equation {4).
numerals refer to like parts. In more detail, for example, the previously-

Now, explanation will be made on an embodiment mentioned U.S. Patent 4,037,144 discloses the fol-

35 of an electromobile control device according to the 100 lowing empirical equation which expresses the total
present invention. In Fig. 1 showing the above loss W excepting the loss g,(N) depending upon the
embodiment, reference numeral 1 designates an number of rotations.
accelerator pedal, 2 an accelerator unit for generat- W= KiinZ + Kai? + W e (6)
ing an electric output in accordance with how much where W, denotes a constant mechanical loss, and k,

40 the accelerator pedal is trodden, namely, an angle ¢ 105 and k, a constant respectively. Further, in the above
of the accelerator pedal trodden, 3 a command unit patent, the armature and field currents i, and i; are
for generating an output torque command 7. of a given by the following equations:
shunt motor 9 based upon the output 6, of the 4 e
accelerator unit 2, 4 a pattern generating means im = k2k2 ...................... (7)

45 made up of two function generators 5 and 6 for 110 1 :
generating an armature current command imc and a
field current command ii, 7 an armature control cir-
cuit for controlling the current flowing through the s
armature winding of the shunt motor 9, 8 a field con- R 2

50 trol circuit for controlling the current flowing 116 ii = k1k2 ,,,,,,,,,,,,,,,,,,,,,, (8)
through the field winding 10, and 11 and 12 detec- 2
tors for detecting armature and field currents,
respectively.

Now, the operation of the embodiment shown in Thus, armature and field currents which reduce

55 Fig. 1 will be explained below. 120 the total loss W to a minimum value, are readily

When the accelerator pedal is trodden, the obtained for a constant torque.
accelerator unit 2 delivers the electric output 6, cor- The function generator 6 incorporated in the
responding to the angle 6 of the accelerator pedal embodiment shown in Fig. 1 delivers the output
trodden, and the command unit 3 generates the tor- based upon the relation given by equation (5) or (8)

60 gue command 7. For example, there issuch arela- 125 between the field current and the torque, and the
tion as shown in Fig. 2 between the angle 6 of accel- function generator 5 delivers the output based upon
erator pedal and the torque command 7. The the relation given by the combination of equations
output 7, of the command unit 3 is applied to the (4) and (5) or equation (7) between the armature cur-
pattern generator 4 made up of the function rent and the torque.

65 130 A main feature of the present invention resides in

generators 5 and 6, which generates the armature
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that each of armature and field currents capable of
_driving the shunt motor with a minimum loss for an
output torque command is stored in each of the
function generators (5) and (6} in the form of a pre-
5 determined pattern.

Fig. 3 shows an example of each of functions
stored in the function generators (5} and (6). As is
seen in Fig. 3, a maximum current at which field
saturation takes place, is indicated by iy, and only

10 the armature current inc is increased within a range
of torque requiring the maximum field current.

Although the function generators satisfying the
above relations between the armature and field cur-
rents and the output torque can be readily formed by

15 those skilled in the art, an example thereof is shown

b in Fig. 4. In Fig. 4, reference symbols V;to V, desig-

nate reference voltages, OP1 and OP2 operational
amplifiers, V,y an input signal corresponding to 7i,
and Voyr an output signal corresponding t0 ipe OF .

20 The circuit shown in Fig. 4 can produce, for example,
the input-output characteristic shown in Fig. 5 when
appropriate circuit constants are employed.

Next, the armature control circuit (7) and the field
control circuit (8) which are shown in Fig. 1, will be

25 explained below in detail by reference to Fig. 6. In
Fig. 6, reference numeral 13 designates a current
control circuit for producing an armature current
corresponding to an armature current command ipmc,
from both the command i, and-an amplified signal

30 i, through a feedback control, 15 an amplifier for
amplifying a detected current signal i.,; to deliver the
amplified signal in, 17 @ conduction-ratio control
oscillator for defining the conduction ratio of a
thyristor chopper 21 in accordance with the output of

35 the current control circuit 13, 19 a pulse amplifier for
amplifying the output signal o, of the oscillator 17,
30 a storage battery serving as a power source, 22
and 23 thyristors, 24 a diode, 26 commutation
capacitor, 26 a commutation reactor, and 27 a fly-

40 wheel diode. The above circuits and elements make
up the armature control circuit 7.

Similarly, the field control circuit 8 includes a cur-
rent control circuit 14, a conduction-ratio control
oscillator 18, a base drive circuit 20 for a transistor

« 45 29, an amplifier 16, a fly-wheel diode 28, and the
transistor 29, and supplies a field winding 10 with a
field current corresponding to a field current com-

. mand .

A circuit arrangement of the part which includes

50 the amplifier 15 (or 16), the current control circuit 13
{or 14) and the conduction-ratio control oscillator 17
(or 18), is shown in Fig. 7, and an example of the
pulse amplifier 19 is shown in Fig. 8. In Figs. 7 and 8,
reference symbols OP3 to OP7 designate operational

55 amplifiers, and ON1 to ON3 monostable circuits.

The armature current command in. delivered from
the function generator detector 11 are processed in
the circuits shown in Figs. 7 and 8 to deliver from the
amplifier 19 an on-pulse and an off-pulse each for

60 controlling the thyristors 22 and 23. The current con-
trol circuit 14, the conduction-ratio control oscillator
18 and the amplifier 16 which are included in the
field control circuit 8, may have the same circuit con-
struction as those shown in Fig. 7. Accordingly, the

65 field current command i, delivered from the function

generator 6 and the output signal i of the field cur-
rent detector 12 are processed in a similar manner,
and thus an appropriate field current is supplied to
the field winding.

70 Inthe above-mentioned embodiment, an arma-
ture current and a field current which can drivé a
shunt motor with a minimum loss, are indepen-
dently selected by the pattern generator 4 on the
basis of an output torque command corresponding

75 1o an angle of accelerator pedal. Accordingly, the
shunt motor can be driven at its highest efficiency.

Fig. 9 shows another embodiment of an elec-
tromobile control device according to the present
invention. The embodiment shown in Fig. 1 is used

g0 in acase where equation (2) can be converted into
equation (3). In fact, there is a case where the loss
depending upon the number of rotations cannot be
separated. In such a case, information on the
number of rotations of motor has to be considered in

85 the pattern generating means. Fig. 9 shows one
embodiment applicable to this case. Referring to Fig.
9, a pattern generating means 31 for generating the
armature current command includes function
generators 33, 34 and 35, and another pattern

gg generating means 32 for generating the field current
command includes function generators 36, 37 and
38. Further, the embodiment shown in Fig. 9
includes a changeover circuit 39 for selecting one of
the outputs iner, imez @and imes Of the function

95 generators 33, 34 and 35, a changeover circuit 40 for
selecting one of the outputs i, iz and ig; of the
function generators 36, 37 and 38, a changeover
signal generator 41 for generating a changeover
signal, and a tachometer generator 42. The function

100 generators 33 and 36 store functions which can drive
a shunt motor 9 with a minimum loss when the
motor 9 is low in the number of rotations, the func-
tion generators 34 and 37 are used when the motor 9
is intermediate in the number of rotations, and the

105 function generators 35 and 38 store functions cap-
able of driving the motor 9 with a minimum loss
when the number of rotations is high. In other
words, the pattern generating means 31 and 32
includes three sets of functions corresponding to

110 three ranges of the number of rotations. A function

set in each of the function generators 33to 38 is

determined on the basis of a predetermined pattern,
and each function generator may have the same cir-

cuit construction as shown in Fig. 4.

Fig. 10 shows examples of the changeover signal
generator 41 and changeover circuit 39 (or 40). The
changeover signal generator 41 shown in Fig. 10
inciudes resistors Ry, Rs:, Rsz and Ras, operational
amplifiers OP8 and OP9, NOT circuits NOT 1 and
120 NOT 2, and an AND circuit AND 1. The output vol-

tage Vy of the tachometer generator 42 is applied
through the resistor Ry, to the positive input terminal
of the operational amplifier OP 8 to be compared
with a constant voltage V; which corresponds to the

125 number of rotations of motor equal to N,. Accord-
ingly, the output of the operational amplifier OP8 is
put in the level of “1” when the number N of rota-
tions is greater than N,. The output voltage Vy is also
applied to the operational amplifier OP 9 to be com-

130 pared with a constant voltage Vg which corresponds

115
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to the number of rotations equal to N,. The output of
the operational amplifier OP 9 assumes the level of
“1” when the number N of rotations is greater than
N,. The AND circuit AND 1 is applied through the
5 NOT circuit NOT 1 with the output of the operational

amplifier OP 8, and is directly applied with the output
of the operational amplifier OP 9. Accordingly, the
output of the AND circuit AND 1 assumes the level of
“1” when the number N of rotations satisfies a rela-

10 tion N; <N = N,. Further, the output of the opera-
tional amplifier OP 9 is applied to the NOT circuit
NOT 2, and therefore the NOT circuit NOT 2 delivers
the output signal having the level of 1" when the
number N of rotations satisfies a relation N < N,.

15  The changeover circuit 39 (or 40) shown in Fig. 10
includes analog gates AG2, AG3 and AG4, resistors

R,. and R and an operational amplifier OP10. When -

the number N of rotations is greater than N,, the gate
AG2 becomes conductive and the input iy is

20 applied to the operational ampilifier OP 10 through
the resistor R;, to form the current command i,..
Similarly, the gate AG3 or AG4 becomes conductive
according as the relation N; <N =N, orN =< N, is
satisfied. Thus, the input i Or ine: is applied to the

25 operational amplifier OP 10 to form the current
command ipye.

The torque command 7, has a constant value dur-
ing the angle @ of accelerator pedal is kept constant
In such a state, when the tachometer generator 42

30 detects that the shunt motor 9is low in the number
of rotations, the output of the changeover signal
generator 41 operates the changeover circuits 39
and 40 so as to form the armature current command
imc and the field current command i, by the output

35 ime Of the function generator 33 and the output iz of
the function generator 36, respectively. As a result,
an armature current and a field current are employed
which can drive the shunt motor 9 with a minimum
loss in a range of number of rotations which includes

40 the number of rotations now used.

As mentioned above, the embodiment shown in
Fig. 9 takes the number of rotations of motorinto
consideration, and can drive the motor 9 by a com-
bination of armature and field currents which pro-

45 duces a minimum loss, even in such a case that equ-
ation (2) cannot be converted into equation (3).

Fig. 11 shows, in block, a part of a further embod-
iment of an electromobile control device according
to the present invention. Since this embodiment is

50 different only in a part for determining the armature
current command from the embodiment shown in
Fig. 9, only the above part is shown in Fig. 11. In
more detail, in the embodiment shown in Fig. 11, a
function of detecting the temperature of the shunt

55 motor or the control device in order to protect them
and a function of protecting a storage battery when
the voltage thereof is decreased, are added to the
embodiment shown in Fig. 1. When the temperature
of the driving system of electromobile becomes

60 high, or when the voltage of the storage battery is
decreased, the armature current is usually made
small to protect the driving system and the battery.
The embodiment shown in Fig. 11 is applicable to
such a case.

65 Referring to Fig. 11, the function set in the function

generator 43 has such a form as shown in a block
indicated by reference numeral 43. That is, the out-
‘putimT of the function generator 43 is decreased as
the temperature T, of the motor 9 becomes higher in

70 atemperature range exceeding a predetermined
temperature T,,. Further, the function set in the func-
tion generator 44 has such a form as shownin a
block 44. That is, the function generator 44 delivers a
constant output i,y when the battery voltage V; is

75 increased to a voltage range exceeding a predeter:
mined mined voltage Vg,. The outputs iy, imc and imy
are applied to a minimum value circuit 45. Fig. 12
shows an example of the circuit construction of the
minimum value circuit 45. The smallest one of the

80 outputs imr, im: and iny is selected by the circuit 45,
and is applied to the armature control circuit 7 to
pass a desired current through the armature winding
of the shunt motor 9. In other words, the outputs inr
and iy are used as limit signals for limiting the

85 armature current.

According to the above embodiment, the armature
current is reduced, when the temperature of the
shunt motor becomes high, and when the battery
voltage is decreased. Thus, the safety of elec-

90 tromobile can be enhanced.

Fig. 13 shows a part of a different embodiment of
an electrode control device according to the present
invention. This embodiment includes means for
conducting the field-wakening control in addition to

95 the circuit construction shown in Fig. 1. In more
detail, the current control circuit 13 (such as shown
in Fig. 6) of this embodiment is made up of a differ-
ence amplifier 46 and function generators 47 and 48.
As is shown in blocks 47 and 48, the function

100 generator 47 delivers a constant output when the
outputa of the amplifier 46 is increased to a range
exceeding a predetermined value a,, and the output
of the function generator 48 is decreased as the out-
puta of the amplifier 46 becomes greater in a range

105 exceeding the value a,. A multiplier 49 multiplies the
output ii. of the function generator 6 by the output
& of the function generator 48 to apply the product iz

- 8 to the field control circuit 14.

As the number of rotations of motor becomes

110 higher in a state that both the output i, of the func-
tion generator 5 and the conduction-ratio ar, of
chopper are kept constant, the counter electromotive
force of the motor is increased and the fedback cur-
rent imz is decreased. As a result, the output a of the

115 amplifier 46 is increased and therefore the output of
the function generator 47, namely, the conduction
ratio o, of chopper is increased. When the outputa
of the amplifier 46 reaches the value a,, the conduc-
tion ratio «,, becomes equal to 1, that is, the chopper

120 1s always kept in the conductive state. After this
time, the output 3 of the function generator 48 is
decreased, and therefore the actual field current
command i, - §is also decreased. As a result, the
output a; of the field control circuit 14 is decreased.

125 Thus, the field-weakening control is conducted in
driving the motor at a high speed. As is apparent
from the above, a high-speed driving system con-
ducting the field-weakening control can be readily
added to the embodiment shown in Fig. 1. '

130  Further, there is a case that a maximum torque is

&

er
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limited in accordance with the angle of accelerator
pedal. Fig. 14 shows an example of a circuit
arrangement applicable to such a case. The circuit
shown in Fig. 14 includes a function generator 50
5 and a minimum value circuit 51 in addition to the

circuit configuration shown in Fig. 13. The output o,
of the function generator 50 in increased as the out-
put 6. of the accelerator unit becomes greater in a
range below a predetermined value 8,. The outputs

10 of the function generators 50 and 47 are applied to
the minimum value circuit 51, and therefore the out-
put a,, of the circuit 51 is limited to a,, even when
the output o, of the function generator 47 is greater
than an,. The output characteristic of the function

15 generator 50 which is described above and shown in
a block 50, merely shows an example of the function
stored in the function generator 50, and any desired
function can be readily formed by those skilled in the
art. Since the circuit construction of the minimum

20 value circuit 51 is well known in the art, the explana-
tion thereof is omitted for brevity’s sake.

The above embodiment can prevent the shunt
motor 9 from being driven at a high speed when the
accelerator pedal is slightly trodden, and thus can

25 improve a drive feeling of the electromobile.

Fig. 15 shows still another embodiment of an elec-
tromobile control device according to the present
invention, which employs a microprocessor 60 as a
control unit. The blocks indicated by like reference

30 numerals have the same functions as those shown in
Figs. 1 and 6. Referring to Fig. 15, the output of an
accelerator unit 2 is converted by an analog-digital
converter 66 into a digital signal, which is applied to
a microprocessor 60. Further, reference numeral 61

35 designates a random access memory (RAM) for
temporarily storing data, 62 a read only memory
(ROM) for storing the relation shown in Fig. 2, 63 an
ROM for storing the relation shown in Fig. 3 between
imc @and 7, 64 an ROM for storing the relation shown

40 in Fig. 3 between i;, and 7., and 65 and ROM for
storing the processing order in the microprocessor
60.

The above embodiment is further provided with
such peripheral circuits as a conduction-ratio control

*45 oscillator 69 for generating on- and off-pulses of a
thyristor chopper in accordance with the
conduction-ratio command ang delivered from the

t  microprocessor 60, an analog-digital converted 67
for converting the ouput of an amplifier 15 into a

60 digital signal, another conduction-ratio control oscil-
lator 70 for generating a square wave having a con-
duction width {or pulse width) in accordance with
the conduction-ratio command asy delivered from
the microprocessor 60 to turn on a transistor 29, and

55 another analog-digital converter 68 for converting
the output of another amplifier 16 into a digital
signal.

Each of the conduction-ratio control oscillators 69
and 70 is made up of only digital elements, as shown

60 in Figs. 16 and 17. In more detail, the conduction-
ratio control oscillator 69, as is shown in Fig. 16,
includes a register 71, a counter 72, a digital com-
parator 73, and monostable circuits 74 and 75. The
conduction-ratio command ang from the microp-

65 rocessor 60 is setin the register 71. While, the

counter 72 is applied with a pulse train having a pre-
determined frequency, so that the contents of the
counter 72 is repeatedly increased from zero to a
maximum value. The output of the digital com-

70 parator 73 assumes the level “1” or the level of “0”
accordingly as the value set in the register 71 is grea-
ter than the contents of the counter 72 or not. Thus,
the digital comparator 73 delivers a square wave
signal. The square wave signal is applied to the

75 Mmonostable circuits 74 and 75, which deliver an
on-pulse synchronized with the rising time of the
square wave signal and an off-pulse synchronized
with the falling time of the square wave signal,
respectively. The on-pulse and the off-pulse form

go signals for turning on and off the thyristor chopper,
respectively.

The conduction-ratio control oscillator 70 shown
in Fig. 17 includes a register 76, a counter 77 and a
digital comparator 78, and delivers a square wave
g5 signal, which has a duty factor corresponding to the
conduction-ratio command w4 and forms a signal for
controlling the base voitage of the transistor 29.
The ROM 65 stores therein the procedure for pro-
cessing the contents shown in Figs. 19 to 21. Every
gg Processing in the flow chart shown in Fig. 19 is
always conducted when no interrupt is generated.
That is, the field current command and the armature
current command are generated in accordance with
the output of the accelerator unit 2. The flow chartin

95 Fig. 20 shows the processing in an interrupt which is
carried out at intervals of T, that is, the field-current
control processing. The flow chart in Fig. 21 shows
the processing in another interrupt carried out at
intervals of T,, that is, the armature-current control

100 Processing. This processing is conducted in prefer-
ence to the field-current control processing.

Now, explanation will be made on the control
operation by reference to the time chart shown in
Fig. 18 and to the flow charts shown in Figs. 19 to 21.

105 When the microprocessor 60 is supplied with a
supply voltage, the processing indicated by the flow
chart in Fig. 19 is first conducted. At first, an initial
processing is conducted. In this processing, the
interrupt is first inhibited, both the armature current

110 command and the field current command are made
equal to zero, and then the interrupt inhibit is cancel-
led. Subsequently, the command generation proces-
sing is conducted. That is, the microprocessor 60
takes in the angle 6 of accelerator pedal through the

115 analog-digital converter 66, and takes in the contents
of the ROM 62 specified by an address correspond-
ing to the above-mentioned 6, that is, a desired tor-
que command 7. Next, the microprocessor 60 takes
in the contents of each of the ROM's 63 and 64

120 specified by an address corresponding to the
above-mentioned .. The taken-in contents are
stored as the armature current command i, and the
field current command i in the RAM 61 serving as
the working area. In the command generation pro-

125 cessing, the above process from the detection of 6 to
the generation of current command is repeated.

When the interrupt for controlling the field current
is generated in the above state, the field current con-
trol processing in the flow chart shown in Fig. 20 is

130 carried out. In this processing, the microprocessor
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60 takes in the field current value igg which is
detected by the detector 12 and then amplified by
the amplifier 16, through the analog-digital con-
verted 68, subsequently reads out the field current
command i, stored in the RAM 61, and then con-
ducts the following calculation:

arg = Kelire — i) when i = igq,

Qg = 0 when ifc < iffd

The conduction-ratio command ayq (for the field
current chopper) thus obtained is set in the register
76 of the conduction-ratio control oscillator 70. Thus,
the oscillator 70 delivers a square wave signal hav-
ing a conduction ratio of a;, which controls the trans-
istor 29 through the base drive circuit 20 to pass a
desired current through the field winding 10. With
the above operation, the field current is made nearly
equal to the field current command.

A similar operation is performed in the armature
current control system. Since the response of arma-
ture current is generally rapid as compared with that
of field current, a period T, for controlling the arma-
ture current is made shorter than a period T, for con-
trolling the field current, and the interrupt for arma-
ture current control is carried out in preference to
that for field current control.

When the interrupt for controlling the armature
current is generated, the microprocessor 60 con-
ducts the armature current control processing in the
flow chart shown in Fig. 21. The armature current
control processing is carried out in the same manner
as the field current control processing. That is, the
conduction-ratio command a,y for the armature cur-
rent chopper is calculated from the armature current
command iy and the output iy of the analog-digital
converter 67 by using an equation similar to equa-
tion (9), and is set in the register 71 of the
conduction-ratio control oscillator 69. Thus, the
thyristor chopper 21 repeatedly conducts an on-off
operation having a conduction-ratio of a,, to pass an
armature current nearly equal to the armature cur-
rent command i, through the motor 9.

The embodiment shown in Fig. 15 is simple in
construction since the relations shown in Figs. 2 and
3 are merely stored in the ROM’s 62 to 64, and
moreover can be provided with desired characteris-
tics by using other ROM’s in place of the ROM’s 62 to
64.

Needless to say, the embodiment shown in Fig. 15
can store various patterns of armature and field cur-
rents which have been explained in connection with
Fig. 9.

Further, it will be evident to those skilled in the art
that the embodiment shown in Fig. 15 can be readily
provided with the protective function shown in Fig.
11, the function of conducting the field-weakening
control shown in Fig. 13, and the function of control-
ling the maximum torque shown in Fig. 14.

CLAIMS

1. A control device for an electromobile provided
with a shunt motor comprising: .

a command means for generating an output tor-
que command of said shunt motor in accordance
with an angle of an accelerator pedal trodden;

a pattern generating means for storing, as pre-

70

75

80

85

90

95

determined patterns, armature and field currents
capable of generating an output torque of said shunt
motor indicated by said output torque command in
such a manner as producing a minimum loss in the
driving system of said electromobile, and for
generating an armature current command and a
field current command in accordance with said pre-
determined patterns and said output torque com-
mand;

armature control means for passing an armature
current corresponding to said armature current
command through the armature winding of said
shunt motor; and

field control means for passing a field current cor-
responding to said field current command through
the field winding of said shunt motor.

2. An electromobile control device according to
Claim 1, wherein said pattern generating means
includes a function generator for generating said
armature current command and a function generator
for generating said field current command.

3. An electromobile control device according to
Claim 1, wherein said pattern generating means
includes a plurality of patterns which are different
from each other in dependence upon the number of
rotations of said shunt motor.

4. An electromobile control device according to
Claim 1 further comprising minimum value means
for comparing said armature current command with
an armature current limiting signal defined to pro-
tect said shunt motor and said control device for said
electromobile, and for supplying the smaller of said
armature current command and said armature cur-
rent limiting signal, as said armature current com-

v

100 mand, to said armature control means.

5. An electromobile control device according to
Claim 1 further comprising means for reducing said
field current command when a voltage developed
across said armature winding of said shunt motor

105 has a maximum value.

110

115

120

125

130

6. An electromobile control device according to
Claim 1 further comprising:

means applied with an output of an accelerator
unit for reducing said output of the accelerator unit
and delivering a reduced output signal when said =
output of said accelerator unit is smaller than a pre-
determined value; and

minimum value means for comparing the output s
signal of said means with said armature current
command, and for supplying the smaller of said out-
put signal and said armature current command, as
said armature current command, to said armature
control means.

7. Acontrol device for an electromobile provided
with a shunt motor comprising:

a command means for generating an output tor-
que command of said shunt motor in accordance
with an angle of an accelerator pedal trodden;

memory means for storing predetermined pat-
terns respectively indicating armature and field cur-
rents capable of generating an output torque of said
shunt motor indicated by said output torque com-
mand in such a manner as producing a minimum
loss in the driving system of said electromobile;

a microprocessor for calculating an armature cur-

©
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rent command and a field current command corres-
ponding respectively to said armature and field cur-
rents producing said minimum loss, in a predeter-
mined processing order, on the basis of said output
torque command and said predetermined patterns,
and for delivering said armature current command
and said field current command;

armature control means for passing an armature
current corresponding to said armature current
command through the armature winding of said
shunt motor; and

field control means for passing a field current cor-
responding to said field current command through
the field winding of said shunt motor.

8. An electromobile control device according to
Claim 7, wherein said memory means stores a plur-
ality of patterns which are different from each other
in dependence upon the number of rotations of said
shunt motor.

9. An electromobile control device according to
Claim 7, wherein said microprocessor is provided
with a function of comparing said armature current
command with an armature current limiting signal
defined to protect said shunt motor and said control
device for said electromobile, and a function of sup-
plying the smaller of said armature current com-
mand and said armature current limiting signal, as
said armature current command, to said armature
control means.

10. An electromobile control device according to
Claim 7, wherein said microprocessor is provided
with a function of reducing said field current com-
mand when a voltage developed across said arma-
ture winding of said shunt motor has a maximum
value.

11.  An electromobile control device according to
Claim 7, wherein said microprocessor is provided
with a function of producing a reduced signal smal-
ler than an output of an accelerator unit when said
output of the accelerator unit is smaller than a pre-
determined value, a function of comparing said
reduced signal with said armature current com-
mand, and a function of supplying the smaller of
said reduced signal and said armature current com-
mand, as said armature current command, to said
armature control means.

12. A control device for an electromobile sub-
stantially as hereinbefore described with reference
to Figures 1 to 8, or Figures 9 and 10, or Figures 11
and 12, or Figure 13, or Figure 14, or Figures 15 to 21
of the accompanying drawings.
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