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[57] ABSTRACT 
An electric motor controller comprises a circuit for 
selecting between driving and braking an electric motor 
in accordance with the health or otherwise of a pair of 
main electric motor control switches (14 and 16). In a 
preferred embodiment the health of the switch is deter 
mined by the voltage (A) between the switches. The 
controller also comprises apparatus for detecting the 
sense of movement of the motor. In the event that the 
motor is moving in a sense opposite to that selected, the 
apparatus increase ?eld current to reduce the armature 
current thereby increasing the braking effect of the 
motor. Also in the controller are apparatus for changing 
from armature to ?eld current control and vice versa, in 
response to a given magnitude of control signal. In 

abandoned. . . 

order to provide an unambiguous change-over, a lock 
[30] Foreign Application Priority Data out circuit is provided to inhibit change-over in a transi 

Oct' 5' 1987 [GB] United Kingdom _____________ " 8723364 tion region. The lockout circuit maintains the mode of 
control to above/beneath the change-over level when 

[51] [11L (15 ............................................. .. H02“ 3/17 changing from one level to another, The controller has 
U.S. Cl. ...................................... .. 361/31; a drive circuit uses a ?ywheel inductor to pro 

361/93; 361/87; 324/523; 340/644 vide an enhanced actuating signal for a transistor con 
l58] Field of Search 361/33, 86, 90, 31, trol switch for the motor. In a ?rst state, the inductor is 

361/53, 93, 37; 324/522, 523; 340/644 connected to by-pass the transistor to build-up a 
[56] References Cited ?ywheel current. In a second state, the flywheel current 

is arranged to be applied to the transistor as a spike 
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ELECTRIC MOTOR CONTROLLERS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a continuation of application Ser. 
No. 07/253,025 ?led Oct. 4, i988 abandoned. 

This invention relates to controllers for electric mo 
tors. The invention is particularly, though not exclu 
sively, applicable to a control circuit for an electric 
traction motor for a vehicle. 

Control systems for electric motors, for example 
separately excited direct current (d.c.) motors, which 
are used as traction motors in vehicles are known in 
which a variable mark/space ratio rectangular wave is 
used to control sets of silicon controlled recti?ers 
(SCR’s). The SCR‘s are arranged in the circuit of the 
electric motor to control both the speed and power 
output of the motor by regulating the voltage across the 
armature winding and the excitation current applied to 
the ?eld winding. 
The connection of the armature winding can be 

15 

20 

25 
changed in relation to its battery supply so that the ‘ 
motor acts as a regenerative brake which charges the 
battery while decelerating the vehicle. 
However, SCR’s suffer from some disadvantages. 

Firstly, they are prone to miscommutation due to noise. 
Secondly, they require a large amount of peripheral 

circuitry which makes the controllers relatively expen 
sive to manufacture. 
Known control circuits do not allow a smooth and 

yet rapid transition between controlling the traction 
motor to drive the vehicle in a motoring mode and 
retard it in a braking mode. 

It has also been proposed to control a traction motor 
by means of power transistors. However, power transis 
tors have only found application in specialised func 
tions. The control systems developed to drive them 
have been complex and not easily suited to cost effec 
tive production in the large numbers required to satisfy 
the potential electric vehicle market. 
According to a ?rst aspect of the invention there is 

provided an electric-motor controller arranged to oper 
ate in a ?rst mode variably to control the armature 
current of an electric motor by varying the armature 
voltage and in a second mode variably to control the 
armature current by varying the field current, compris 
ing control means arranged to produce, a signal repre 
sentative of an input demand signal, change over means 
arranged to operate in response to the control signal to 
change between modes, and offset means arranged to 
apply an oifset biassing signal to the control signal when 
the controller is in a given mode. 

Preferably, the given mode is the second mode. The 
offset means may also be arranged to operate in re 
sponse to the control signal, for example in response to 
a particular control signal DC level. DC level detection 
means may be provided for that purpose. 

Conveniently, the control signal is applied to an inte— 
grator. In such a case, the offset means and the switch 
ing means may be arranged to operate in response to an 
output of the integrator. 
The control means may be arranged to produce the 

control signal in dependence upon a motor feedback 
signal representative of the motor operation. 
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2 
Desirably, the motor feedback signal is representative 

of the armature current. The control means may be 
arranged to produce, as the control signal, an error 
signal representative of the difference. 
The control signal or integrated control signal may 

be applied to armature current control means arranged 
to vary the armature current in dependence upon the 
applied signal. The armature current control means may 
include means for varying the effective armature volt 
age when the controller is in the ?rst mode, and means 
for varying the ?eld current when it is in the second 
mode. Conveniently, the armature voltage is chopped 
by means of a variable chopper circuit. The chopper 
circuit may comprise a comparator arranged to receive, 
as inputs, the control signal or integrated signal and an 
oscillatory waveform, (desirably a sawtooth). In such 
an arrangement, the offset means may be arranged to 
apply the holding signal when the DC level of the con 
trol signal or integrated control signal reaches the upper 
or lower edge of the oscillatory waveform. 

In one embodiment, the controller is arranged to 
control the currents so as selectively to drive or to 
brake the motor. In this embodiment the offset holding 
signal is a different polarity depending upon whether 
the motor is being driven or braked. Thus, the inte 
grated DC control signal is respectively pulled below 
or above the level of the oscillatory waveform. 

Separate circuits may be provided for controlling the 
current according to whether the motor is being driven 
or braked, each arranged to operate in response to the 
control, or integrated control signal. Each circuit may 
include its own chopping comparator, preferably re 
ceiving an oscillatory input from a common source. 
This allows the controller to move from driving to 
braking without the use of complex switching circuitry 
thereby providing a rapid and smooth transition. 
The rapid transition may be assisted by the provision 

of a discharge resistor across the integrator. This pro 
vides rapid discharge of the integrator capacitor. 
According to a second aspect of the invention there is 

provided an electric-motor controller comprising de 
tecting means arranged to detect when the motor is 
moving in a direction opposite to that selected, and ?eld 
control means arranged to operate in response to an 
output of the detecting means to vary the field current 
to tend to enhance electrical braking. 

Preferably the controller comprises means arranged 
to produce a signal representative of a selected vehicle 
direction. Such an arrangement is particularly useful 
when the motor is being forced in the reverse direction 
by a vehicle in which the motor is contained rolling 
back, on a bill for example or when the current in an 
armature of an electric motor to be controlled is exces 
sive. In either case damage to the motor and/or control 
ler could occur. 

If the motor is forced against its selected direction, 
back-current or emf may build up which could damage 
the circuitry. Accordingly, ?rst means may be provided 
which are arranged to increase the field current in order 
to prevent excessive armature current. Conveniently, 
second means for actuating, for example, a contactor in 
series with the motor armature, is provided to open the 
contactor in the event that the ?rst means fails to arrest 
motion of the motor sufficiently. The second means 
may be arranged to operate in dependence upon the 
armature voltage or alternatively the armature current. 
In this event, it is preferable that the ?eld current is 
reduced before the contactor is actuated. 
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According to a third aspect of the invention an elec 
tric load controller comprises ?rst switch means selec 
tively operable in response to a control signal to control 
the load and switch test means, connected to monitor 
the condition of the ?rst switch means and arranged to 
inhibit the controller if the ?rst switch means is faulty. 

It may be that the controller comprises second switch 
means, connected in series with the ?rst switch means, 
each of which switch means are selectively operable in 
response to the control signal to control the motor for 
electrical driving and/or braking. 

Preferably, the switch test means is operable in re 
sponse to the voltage at the junction between the switch 
means; alternatively, it may be operable in response to a 
current signal. In either case, the switch test means may 
be arranged to inhibit start-up if the voltage or current 
falls outside speci?ed limits. Effectively the switch test 
means detects whether there is an excessive leakage 
current through either of the switch means, on start-up. 

If the junction is also connected to the motor arma 
ture, via a contactor, this arrangement provides for 
contactor proving without the need for a microswitch. 

Preferably, the switch test means is arranged to de 
tect whether the voltage at the junction falls outside a 
predetermined range, for example 40 to 60 percent, of 
the voltage across both switches, and to provide an 
output inhibit signal if it does so. The voltage at the 
junction may be located in the desired range, when the 
switch means are healthy, by the provision of ?rst and 
second by-pass means connected respectively across the 
?rst and second switch means. The by-pass means are 
desirably resistors. 

Further test means may be provided, responsive to 
the voltage across both switch means, to inhibit start-up 
if the said voltage falls below a desired value, for exam 
ple if the main battery voltage is too low. 
According to a fourth aspect of the invention an 

electric-motor controller comprises ?rst switch means 
selectively operable in response to a drive control signal 
from drive control means to control a motor for driv 
ing; second switch means selectively operable in re 
sponse to a braking control signal from brake control 
means to control a motor for braking; and lockout 
means, responsive to a lockout signal representative of 
the drive control and braking control signals, arranged 
selectively to inhibit the ?rst switch means or the sec 
ond switch means according as the motor is respec 
tively braking or being driven. 

Preferably, the drive control means and the braking 
control means are arranged to operate in response to a 
common control signal. This control signal may be an 
integrated error signal provided from control means 
arranged to produce the control signal in dependence 
upon an input demand signal, and desirably further in 
dependence upon a feedback signal representative of 
the actual motor operation. The drive control means 
and the braking control means conveniently each com 
prise a variable mark/space generator, the mark/space 
ratio being arranged to vary in dependence upon the 
control, or integrated control, signal. 
The lockout signal may be derived from a summation 

of the drive control and braking control signals, for 
example from a variable resistance chain extending 
between the outputs of the drive and braking control 
means, the summing means being constituted by ampli 
fying means, to an input of which the drive and braking 
control signals are applied. The lockout means may 
comprise voltage-detector means arranged to inhibit 
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4 
one of the switch means if the lookout signal is higher 
than a ?rst reference value and to inhibit the other 
switch means if the lookout signal is lower than a sec 
ond reference value. The second value is desirably 
higher than the ?rst, thereby creating a small voltage 
region at the intermediate point at which neither switch 
means is actuated. . 

The lockout means may comprise ?rst and second 
comparators, arranged to detect values of the lookout 
signal respectively higher or lower than ?rst and second 
reference values, and arranged to output respective 
inhibit signals in response thereto. 

According to a ?fth aspect of the invention a drive 
circuit for electronic switch means comprises a 
?ywheel inductor arranged, when the electronic switch 
means is in a ?rst state, to carry a ?ywheel current, and 
?ywheel current switch means arranged to divert the 
path of inductor current thereby switching the elec 
tronic switch means to a second state. 

Preferably, the drive circuit also comprises further 
circuit switch means which are switchable to establish a 
current ?ow in the ?ywheel inductor before the elec 
tronic switch means are switched to the second state. In 
this case it is desirable that the circuit also comprises 
delay means which are operable to actuate the ?ywheel 
current switch means after the further circuit switch 
means, on receipt of a switch control signal, to switch 
the electronic switch means to the second state. 

Preferably, the drive circuit is arranged to control the 
current ?ow within a motor. 
The ?ywheel current switch means may be con 

trolled by a current or voltage signal derived from one 
side of the ?ywheel inductor. Desirably, where the 
electronic switch means is a power transistor, the base 
thereof may be connected directly to the inductor. 
The ?ywheel current switch means may also carry 

the ?ywheel current. The ?ywheel current switch 
means may be for example, a bipolar transistor receiv 
ing the actuating signal at its base, or an FET receiving 
the signal at its gate. The ?ywheel current may ?ow 
from a current source, through the inductor, through 
the ?ywheel switch means to a current sink. Altema 
tively, the ?ywheel switch means could be on the other 
side of the inductor. 
The delay means may comprise a charging or dis' 

charging capacitor, the voltage of which is compared in 
a comparator with a reference} level to produce the 
actuating signal. 
The electronic switch means may be arranged to 

revert to the ?rst state by at least some of the current 
through the inductor being diverted instead along an 
alternative current path. This may be conveniently 
achieved by the actuation of second further circuit 
switch means in the alternative path, thereby allowing 
current to ?ow along that path instead of through the 
inductor. The resultant change in inductor current or 
voltage may be applied to the switch means to switch it 
to its ?rst state. The second further circuit current 
switch means may be a transistor arranged to operate in 
response to the switch control signal. 
The switch means may be arranged to vary the cur 

rents in the motor armature and/or ?eld winding. 
According to a sixth aspect of the invention an elec 

tric vehicle includes an electric traction motor arranged 
to be controlled by a controller as previously de?ned, 
preferably including a drive circuit as previously de 
?ned. 






















