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TO ASMATURE
(57) Abstract

A d.c. motor control system, iniznded primarily for use in battery powered vehicles, includes a control switch
(RLa, RLD) for varying the connections of the motor field winding (24) to determine the mode of operation of the motor
and speed interlock means for preventing said control switch being operated to change the motor mode whilst the motor is
actually running. Instead of using a mechanical speed transducer the speed interlock means includes means for supplying
current to the motor field winding (24) when current would not otherwise be flowing therethrough and means (BR1, Ty,
P16 etc.) connected to detect the voltage across the armature which occurs in these circumstances if the motor is in
motion.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the froat pages of pamphlets publishing interna-
tional applications under the PCT

AT Austria Ly Luxembourg
BR Brazl MC Monaco

CF Cenwal African Empire MG Madagascar
CG Congo MW Malawi

CH Switzerland NL Netherlands
CM Cameroon SE Sweden

DE Germany, Federal Republic of SN Senegal

DK Denmark SU Sovizt Uimion
FR France D Chad

GA Gabon TG Togo

GB - United Kingdom Cs United States of Amenca

JP Japan




0 79/00355

PCT/GB78/00046

Technical field

This invention relates to 2 control system for a d.C.

motore.

Backeround Art

Control systems have previously been proposed for
electric vehicle motors im which there are interlocks
between various driver operable controls and comntrol devices
in the control system to prevent damage to the system. For
example, ome such interlock may be provided to prevent a
control device in the form of 2 contactor controlling the
connection of the :h‘otor for reverse and forward motoring
from being operated except when the vehicle is at reé*t.
Such an interlock, which will be referred to hereinafter
aé "a speed interlock™, necessitates the provision of means

determining whether or mot the vehicle is in motion.

In the previous proposals the control system has in-
cluded a speed tramsducer which is used both for providing
.'Log;ic signals for use in the speed interlock functions and
for providing analog signals for the control system. The
speed transducser was 2 mechanical device driven by the-
traction motor and producing & pulse train, the frequency
of which was proportional to speed. Such & ti_'a.nsducer
added considerably to the cost and complication of the con-

trol system and, being a mechanical device, required main-

tenance,

Tt is an object of the invention to provide 2 control
system for an electric vehicle traction motor incorporating
a+ least one speed interlock Sunc+ion but no mechanical

speed transducer.

Discloauze of invention

Tn accordance with the invention there is provided 2

control system for d.c. motor comprising control means for
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varying the connections of the moter armature winding and/
field winding so as to emable the motor to operate in a pl
rality of different modes, and speed interlock means for
preventing eperation of said control means to change tke
motor commections from at least one mode fte at least one
other mode whilst the motor is running characterised in th
said interlock means is sensitive to the wvoltage across th
armature winding of the moter and means are provided for
supplying a field current to the field winding when said

interlock means is required to be operative.

Thus, when a change over from forward drive to revers.
drive is demanded, for example, the speed interlock means
will be required to be operative at a time when the field
and armature currents would etherwise be zero, When it is
required for the speed interlsck means to be operative a
current pulse is applied to the fieldrvinding. If the mot:
is at rest the veltage acress the armature winding will be
zero. If, on the other hand, the moter is running, a volta
signal will be generated by the motor which signal is dete:

ted and used to prevent the change-over.,
Alfternatively it can be arranged for the field current
to have a predetermined minimum level below which it is

never allowed to fall.

Brief Description of Drawings

An example of the invention as applied to an electric.
al vehicle d.c., traction motor control system is shown in
the accompanying drawings in which, Figure 1 is a block
diagram of the armature.and field winding current controls,
Figure 2 is a bleck diagram of a logic circuit assocciated
with the circuit of Figure 1, Figure 3 is an electrical
circuit diagram of the armature current control portion of
Figure 1, Figure 4 is an electrical circuit diagram of an
armature chopper circuit and current signal generator
circuit forming part of Figure 1, Figure 5 is an electrical

circuit diagram of a field current control circuit portion
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of Figure 1, Figure 6 is an electrical circuit diagram of_
a field chopper circuit forming part of Figure 1, and
Figures 7a, 7b and 7c together make up the electrical
circuit diagram of the logic circuit of Figure 2.

Best Mode of Carrvine Out The Invention

Referring firstly te Figure 1, the armaturse current
control makss use of an arm=zturse chopper circuit 10 which
is shown in detail in Figure 4., Three thyristor drive
circuits 11, 12, 13 contxol the chopper circuit 10, these
drive circults deriving their input from' a Schmitt bistable
circuit 1. This Schmitt bistable circuit 14 receiveé its
input from a difference amplifier 15 which receives at one
input terminal a signal representing the instantaneous
armature current demand and a2t its other input terminal a
current feedback signal from a current signal generafing
circuit 16. The current demand signal is gemerated by
selecting the larger of two voltages on the sliders of twe
potenticmeters 17, 18 operated respectively by accelerator
and brzke pedals controlled by the driver of the wvehicle in
which the system is installed, Such aelsction is carried
out by a comparator circuit 19. The potentiometers 17, 18
are connected between respective output terminals of a
demand shaping circuit 20 intended to reduce the maximum
posSible demand .signals with increasing vehicle speed. Imn
fact such shaping is carried out without the use of a
mechanical speed transducer, signals already present in.the
system béing used instead. This arrangement is described
in detail in copending application number 51066/77 of even
date to which reference may be had for a full description
of the circuit 20. A demand detector circuit 21 is also
connected to the sliders of the potentiometers 17, 18 and
provides a control signal to the field current control as

well as an input to the logic circuit of Figure 2.
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The field current cont;ol includes a field chopper
circuit 22 which supplies current via a forcing and revers
ing relay network 23 to the motor field winding 24, The
field chopper circuit 22 is conmected to a Schmitt bistabl
circuit 25 via an epte-isolator 26, The Scbhmitt bistable
circuit receives a linear signal from a field current com=-
parater 27 which receives one input from a field current
demand signal generator 28 and another from a field curren
sigmal generator 1l6a. The field curremt demand signal
generator 28 has inputs from the output of the cemparator
from the deﬁand detector 21, from various points in the
logic circuit of Figure 2 and also from a field weakening
difference amplifier 29, This latier amplifier 29 receive
inputs frem a start up circuit 30 and frem a further
amplifier A5 which is operétive during braking to compare
the output of amplifier 15 with a fixed reference value.

Before turning to the detailed circuit diagrams the
block legic diagram of Figure 2 will be briefly explained.
Basically the functior of the legic circuit is te control
relays RL1 amd RL2Z in the field current control and =2
comtactor RL3 in the armature current centrel, and alse ta
control the sequence of events when the system is switched
on and off, so that a properly contrelled power up and pow
efl sequénce eccurs. An ignitien switch circuit 40 contre
the.supply of power to a power relay 41 which controls ths
supply of current to regulators 42 for supplying regulated
veltages to the electronic contrel and logic circuits and
alse to a main isolator 48 (shown in Flgure h). There are
alse various interlocks controllimg the energising and de-
energising of the power relay 41, such interlecks ensuring
that the system cannot bé brought inte operation when the
vehicle battery is on charge, when the 12V auxiliary
battery is discharged, when the vehicle is moving or when

there is an armature current demand signal present.
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A block 43 in Figure 2 represents a logic circuit
(controlling the relay RL1) which is effective during
change ever between the various metor operating modes i,e.
forward motoring, reverse motering and braking, and serves
te ensure that the field current is rapidly reduced teo
zers, before the newly selected mode is brought inte opera-
tion. A logic circuit 44 controls the relay RL2 and the
coentactor RL3 and alse provides inputs te phase check gates
L5 which are responsible for bringing the field forcing
logic 43 inte operatien. These gates detect the condition
which eccurs when the driver has selected a new mode of
eperation but the various conditions required for change-over
have not yet been met,

For providing a speed logic input to the interlock
circuit 43 and the logic circuit L4L4 there is an armature
voltage detector 46 (shewn in Figure 7c) which is used

instead of a speed transducer.

Finally Figure 2 shews a demand clamping circuit 47
which receives inputs from the field force logic 43, the
logic circuit 44 and frem "proving® contacts on the contace
tor RL3, te centrol demand clamping signals applied to the
comparater circuit 19, and the field current demand signal
generator 28, during changes in mode of operation of prevent
demand signals being generated at these times.

Turning now to Figure 3, the armature. current contfnl
circuit includes the demand shaping circuit 20 which applies
2 maximum veltage apprepriate to the existing vehicle speed
to the non-earthy ends of the potentiometers 17 and 18.

The comparator circuit 19 includes an operational amplifier
Al (which is a current differencing type operational
amplifier such as { National semiconductors type LM 3900).
The sliders of the two potentiometers 17, 18 are connected
by respective resistors Rl’ R2 to the inverting and non-

inverting input terminals of amplifier A Hysteresis is
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provided by a feedback resistor R3 to the nen-inverting
input terminal., The output terminal of amplifier Al is
connected to a termimal marked MTR/BK which is connected te
the legic circuit 44 and is at high veltage when the voltag
on the slider eof the brake potentiometer is higher than tha

on the slider of the accelerator potentiometer.

The demand detector 21 of Figure 1 is represented by a
npn transister Nl with its base connected to the common
point of twe resistors R, and R5 connected in series betwee
the sliders of the petentiometers 17 and 18. The emitter
of the tramsistor N, is commected to the earth rail of the
supply and it is biased se as te be just non~-conductive whe:
there is a zero voltage at the sliders of both potentiemete:
17, 18. The bias circuit for the transister Nl consists of
a pair of resistors R6’ R7 in series between the base. of
the transistoer Nl and the +8v supply rail, a resister RB
connecting the base of the transistor Nl to the earth rail
and a diode Dl with its anode connected to the common peint
of resistors RG’ 37 and its cathode connected to the earth
rail., A capaciter Cl is connected between the base of
the transistor Nl and the earth rail. A very small veltage
on the slider of either potentiometer 17 or 18 will suffice

to turn on transistor N. which has i1ts collecter comnnected

to the +8v rail by two iesistors Rg’ R;q in series. The
common point of these resistors R9, RlO is connected to the
base of a pnp transistor Pl which has its emitter connected
te the +8v rail and its collecter connected to a terminal
marked D>O which is comnected to interlock circuit 41. 4
diode D2 connects the collector of the transistoer Hl to a

terminal marked b (see Figure 5)e

The motor/brake comparator circuit 19 also includes an
arrangement whereby only the larger of the two voltages
at the sliders of the two potentiometers 17, 18 is passed
on to the amplifier 15. This arrangement includes a pair of

npn transistors N,, N3 with their bases comnected by
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respective resistors R R to the sliders of the poten-

’

tiometers 18 and 17 rsi;ectiiely. The emitters of these
transistors NZ’ N3 are comnnected together and a common
resistor R13 connects theg to earth. A padr of capacitors
CZ’ C:3 connect the bases of the transistors Nz, N:3 to the
earth raill and the collectors of these transistors are
cennected togetper and via a common resistor th to the
cathode of a diode Dj' the anode of which is connected to

the +8v rail.

it will be apprecilated that only the transistor N2 or
NB which has its base at the higher wvoltage will conduct
at any given time and that transistor will then act as an
emitter follower, so that the voltage on the resistor RlB
will be Jjust one vbe below the voltage at the slider of
the appropriate potentiometsr. The resistors Rll and R12
and the capacitors Cz, C3 act to limit the rate of change of
the oeutput veltage of the circuit, each R-C circuit having
a time constant of some 70mS. These alsoe act as noise
filters.

Two terminals M and B of the demand clamp édrcuit 47
(see also Figure 7b) are connected directly to the bases of
the transistors NB and N2 so that when #he signals at tﬁese
terminals are both low, the transistors are turned off.
There are two output terminals ¢ and e shown in Figure 3.
Terminal ¢ is connected to the emitters of the transistors
Nz and N3 and also to the field current control (Figure 5).
Terminal e is connected to the cellector of a pmnp tramsistor
P2 which has its base connected to the collectors of the
transistors N2 and NB' its collector connected to the +8v

rail by a resistor R16 and its emitter connected to the

same rail by a resistor Rl?' Terminal e provides an input

+h

to the field current demand signal generator 28 (see also
Figure 5) and acts as a current sourcs providing a cusrent

with a minimum level determined by R and increasing lin

17
early with tZe veltage at the emit*er of the transistors

N et
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The amplifier 15 which is another integrated circuit
current differencing operational amplifier (eg + LM 3900)
is cennected to operate as a linear difference amplifier,
To this end the non-inverting input terminal of the émplif
15 is connected by a resistor R18 to the output of an R.C,
filter circuit Rl9’ Ch across the resistor RlB' and is als.
connected by a resistor R20 and a variable resistor R21
in te the +8v rail (to provide bias current). The inverti:
input terminal of amplifier 15 is conmected by a bizas
resistor R,, to the +8v rail and by a resistor R23 to a
terminal matked Isig from the current signal generator
circuit 16 (see also Filgure 4). The output terminal of th:
amplifier 15 is commected by a capacitoer 05 to the eaxrth
?ail and also to the anode of a diode Dh' The cathode of
the diode Dh is cennected by a feedback resistor Rzu to th
inverting iaput terminal of the amplifier 153.

The amplifier 15 produces an output signal which is
linearly related to the error between the demanded armatur:
current and the actual armature current as measured by
circuit 16,

This error signal is-agplied via a resistor'R25 to tht
inverting input terminal of an operational amplifier AZ on
which the Schmitt bistable circuit 14 is based. The non-
inverting input terminal of the amplifier A2 is commected -
the +8v rzil by a bias resistor st and normal feedback is
provided via a resistor R27 between the output terminal of
the amplifier AZ and its non~inverting input terminal to
provide hysteresis (ie to set the switching threshold
voltages above and below that determined by the biasing
resistor 326)' The Schmitt bistable circuit has outputs

to the three thyristor drive circuits 11, 12 and 13. The

ct

output to the thyristor drive circuit 11 is taken fr-om the

common point of the two resistors R°8 and R 1 series

K
29 ©
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between the earth rail and one side of a capacitor 06. The
other side of capacitor 06 is comnnected to the collector of
a pnp transistor P3 which has 1ts emitter conmnected to the
+8v rail, its collector comnmected by a load resistor RBO

to the earth rail and its base connected to the common
point of two rTesistors RBl’ R32 connected in series between
the +8v rail and the output terminal of the amp;ifier Az.
The transistor P3 turns on when the output of the amplifier
Az is low so that there is a positive going output pul;e
delivered to drive circuit 11 when the output of amplifier
A2 goes low. This occurs when the actual armature current
falls below the demand current by more than the margin

established by the hysteresis of the Schmitt bistable.

The input to the drive circuit 13 is taken from the
common point of two resistors R33 and RS& connected in series
between the.earth r2il and one side of a capacitor C7. The
other side of the capacitor C7 is connected to the collector
of a pnp transistor Ph’ the emitter of which is connected to
the +8v rail and the collector of which is connected by a
load resistor R35 to the earth rail, The base of the

transistor Ph is connected to the common point of two

resistors st, connected in series between the +8v rail

R37
and the collector of a2n =npn transistor N,, the emitter of
which is commected to the ground rail. The base of the
transistor Nh is conmnected to the common point of two
resistors R38’ R39 connected in series between the eartih
rail and one side of a capacitor C8’ the other side of whid
is conmected to the output terminal of the amplifier AZ.

Said one side of the capacitor C8 is also connected to the
cathode of a diode D5, The anode of which is connected to

the earth rail,.

The transistors Nu'and Ph turn on for a time dependent
on the time constant of the capacitor C8 with the resistor
R38’ Rag (typically about 0.7ms) when the output of the

3 .
amplifier A, goes high. At the same time a short duration
BUREA(
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positive going pulse is passed to the drive circuit 13.

The capacitor C8 and resistors R38’ R39 provide part
of 2 minimum off-time éircuit which is associated with the
Schmitt bistable circuit 14. The remainder of this minimux
off-time circuit is provided by a resistor RhO and a diode
D6 in series‘betveen the collector of the transistor Ph
and the non-inverting input terminal of the amplifier A2.
These components ensure that, however the imput to the
Schmitt bistable circuit behaves immediately following the
outpuﬁ of amplifier A2 going high, the output of amplifier
A, will not go low again for a preset time, i.e. until
transistors Pk and N& sWwitch off when capacitoer Cgis
charged up, because of the additional heavy position feed-
back to the amplifier Aé.

The input to the drive circuit 12 is derived from the
signal at the collector of the transistor Ph via a mono-
stable delay circuit based on an operational amplifier A3.
The collector of the transistor Ph is connected via a

capacitor C, and a resistor R&l in series to the inverting

input termiial of the amplifier A3° The non-inverting inptu
terminal of this amplifier is connected by a bias resistor
Ry, to tﬁe +8v rail and by a positive feedback resistor R&j
to the output terminal of amplifier AB. A diode D7 has

its anode connected to the output terminal of the amplifier
A3 and its cathode connected by a resistor th to the
inverting input terminal of the amplifier A3 to provide
negative feedback when.the output of amplifier A3 is high,
a capacitor Clo connecting the cathode of the diode D7 to

the earth rail.

When transistor Ph turns on the output of the amplifie
AB goes low until capacitor ClO has discharged through the
registor th‘ The output of amplilier A3 then goes high
again the capacitor 09 having meanwhile become fully charge

and remains high until transistor P, turms on again. The
-
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output terminal of amplifier A. is connecteéd to +he earth

3
rail via a capacitor C and two resistors th’ Ry ¢ and

11
the input to the drive circuit 12 is taken from the common

peint of these resistors.,

The armature chopper circuit shown in Figure 4 includes
a main thyristor TH1l, a commutating thyrister TH2 and a
"ring-round" thyristor TH3, which are coemnected to be
triggered by the drive circuits 11, 12 and 13 Trespectively.
The main thyristor TH1 has its cathode comnected via a main
fuse 50 to an earth conductor and its anede is conmected to
one end of the armature winding 51 of the motor. The other
end of the armature winding 51 4is connected via a coﬁtact
RL3a of the contacter RL3 to a high voltage positive supply
conductor, the positive and negative supply conductors
being comnected by the isolater contacts 48 to the terminals
of a high voltage (e.g. 200-300 volts) battery. A power
diode D8 bas its cathode connected to said other end of the
armature winding 51 and its anode connected by an auxiliary
fuse 52 to the earth conductor. This diode is operative
during braking, when the contact RL3a is open. A further
power diode D9 has its anode connected to the anode of the
thyristor TH1 and its cathode comnected to the supply rail.
This further diode is operative to conduct decaying armature
current each time the wain thyristor THl'is turned off.
A resiétor RBO and a éapacitor C12 are connected in series

between the anode and cathode of the thyristor TH1.

The commutating thyristor TH2 has its anode conmnected
to the anode of the main thyristor TH1 and its cathede '
connected by a fuse 53 and an inductor 54 to one side of a
commutating capacitor Cl3’ the other side of which is
connected to the earth conductor. Said one side of the

capacitor C13 is also comnected via a resistor R and a

51
diecde DlO in series to the supply rail. The "ring-round"

thyristor TH3 has its cathode connected to the ear+h con-

BUREA [
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ductoer and its anode conmnected via an inductor 55 to said

one side of the capacitor ClB.

¥hen thyristor TH1l is fired current flows through the
armature ‘51 and the relay contact RL3a (assuming this to be
closed). V¥hen the armature current reaches a sufficiently
high level for the output of the amplifier A, (Figure 3) tc
be driven high, the thyrister TH3 is fired immediately and
the thyrister TH2 is fired after the delay mentioned above.
The capacitor C13 is pesitively charged at this time, charg
having been maintained if the thyristor TH1 has been
cenducting for a long peried by current trickling into the
via the resistoer RSl' ¥hen thyristor TE3
commences discharging threugh the

capaciter C

fires, the iipacitor C13
inductor 535, peak current being reached as the capaciter C1
becomes completely discharged. Current centinues to flew
in the inductor 55, hewever, charging capaciter Clj to a
peak reverse voltage at which thyrister TH3 ceases to con-
duct. The delay set by the delay circuit constituted by
the monostable circuit A3 is ;onger than the time taken by
this "ring-round" eperatien. ¥hen thyrister TH2 1s fired,
however, the armature current is diverted in the now rever-
sed charged capacitor 013’ allowing thyrister TH1 to turm
off. This diverted armature current continues teo flow unti
the capacitor C13 again becomes fully charged in the origin
sense whereupen thyristor TH2 turms off and the continuing
armature current (new decaying) flows through the diode-Dg.
When the armature current has fallen low enough to cause
the output of amplifier A2 to go low again thyristor THIL is
fired, In this way the armature current is kept between
predetermined limits relative to the demanded armature

cuxrxrent.

Figure 4 also shows the current signal generator 16 of
Figure 1, which includes an operatiopal amplifier Aa with
its inverting and non-inverting input terminals connected

by resistors R52 and RS“ to the output terminals of a Hall
2
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plate device 56 energised by two resistors R5h’ R55
connecting it to the +8v and earth rails respectively.

A resistor R56 comnects the non-inverting input terminal
of amplifier A& to the earth rail and an npn transistor
HS is conmected as an emitter follower to the output
terminal of the amplifier Ah' A resistor R57 and a diode

Dll in series connect the collector of the transistor N5
te the +8v rail and the emitter of this tramsistor is
connected by two resistors R58 and R59 in series to the
inverting input terminal of the amplifier Ak so that this
operates as a differencs amplifier. The emitter of the
transistor N5 is connected by a temperature compersation
network to the ground rail, such nefwork consisting of

two Tesistors Réo’ R61 in series and a thermistor RTl
connected across the resistor RGO' The output to the
difference amplifier 15 is taken from the junction of the
resistors Rééi Rgqe To provide a logic output when there
is no difference input to the amplifier Aq (i.e. when t%he
armature current is zero), a pmp transistor P5 has its

bese copnected to the collector of the itransistor N5,its
emitter commecied to the +8v rail and its collector connec-
ted to the motor/brake logic circuit 44 (see Figure 2 and
Figure TB).

Turning now to Figure 5, the field currené control
circuit includes the start up circuit 30 based on an npn
ransistor Hg which has its emitter connected to the ground
»2il and its base connected to the common point of two

resistors R R,, across a capacitor C,) connected at one
637 6L = 1

L
side to the ground rail and at the other side by a resistor
R65 to the output terminal of the amplifier AZ (Figure 3).

A capacitor C16 connects the collector of the transistor

Ns to the ground rail such collector being also comnecied by
a resistor R66 to the output terminal of the difference
amplifier 15 (see Figure 3). The tTransistor N, 1s
normally on, capacitcr C15
of amplifier Az is high and discharging only slowly when the
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output of amplifier AZ +s low (i.e. when thyristor TH1 is
on). Should the output of amplifier A, remain low for an
extended period (indicating that the demanded current
cannot be achieved) transistor HS turns eff, permitting it
collector to follow the signal at the output of the

difference amplifier 15.

The collector of the transistor N6 is connected to th
anode of a diode DlB’
a resistor R?O te the inverting input terminal of the
difference amplifier 29 (Figura l). The non-inverting

the cathode of which is conmected by

input terminal of amplifier 29 is comnected by a bias
resistor R71 to the +8v rail and é feedback resistor R72
connects the output terminal of the amplifier 29 to its
inverting input terminal., The ripple rejection circuit
shown in Figure 1 is constituted by a resistor R173 and a

capacitor c in series between the cathode of the diode !

117
D13 and the non-inverting input terminal of the amplifier
29,

Current can flow into the inverting input terminal of
the amplifier 29 via the diode D13 whenever the sigmnal at
the output terminal of the amplifier 15 is high and the

ransistorrNs has turmned off; These conditions occur only
during forward motoring.. Altermatively current can flow
into the inverting input terminal of the amplifier 29 via
a diode Dy from the output terminal of an amplifier A5
connected  as an inverting amplifier producing an output
dependent on the difference between the signal at the outpt
of the amplifier 15 and a reference value (set by a
Tesistor R73 connecting the non-inverting input of the
amplifier A5 to the +8v rail). The amplifier AS has its
inverting terminal comnnected by a resistor Rl?& to the

terminal A and by a resistor R,.. fo its output terminal.

175
This current flow occurs only during braking. In either
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event, when the current flowing into the inverting input
terminal ef amplifier 29 rises above that flowing into the
non-inverting input terminal, the aeutput of the amplifier
29 will fall linearly below 2 nermal high value,

The output terminal of the amplifier 29 is connected
by two resdistors R75, R76 to the +8v rail. Three further
resistors R77, R78 and R79 in series connect the junction of
the resistors R75, R76 to the grqund rail. The Jjunction ef
the resistors R77, R78 is connected to the cathode of a
di°de'D15’ the anode of which is commectsd to the output
terminal of an operational amplifier A6. The inverting
input of this amplifier AS is commected to its eoutput
terminal by a resistor R80 and to the +8v rail by a resistor
R81' The non-inverting input of the amplifier AE is
connected by a resistor R82’ to the emitter of the transistor
NZ’ N3 (Figure 3). Amplifier A6 acts as a non-inverting
amplifier of the voltage en the resistor R13 (Figure 3) to

boost field current at high armature current demand levels,

The Junction of the resistors RTS’ R79 is commected by
a resistor R83 to the base of an npn transister N7 the
emitter of which is conmected to the earth rail via a
resistor RBM and the collector of which 1s connected to the
collector of the transistor P, (Figure 3) which is on

whenever a demand for motoring or braking is present.

The transistor N, can be turmed off either by the signal
at a terminal F (see Figure 7b) going low or am npn
transistor N8 béing turned on. Transistor NS has its
emitter connected to the ground rail, its collector connec-
ted to the base of the transistor N7 (and to terminal F)
and its base connected to the junctiocn of two resistors 385
and R86 which are in series between a terminal F' (Figure
72) and the ground rail. Terminal F' is also connected to
the anode of the diode D, (Figure 3) so <hat transistor

NB can turn on only when the signal at the terminal !
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is high and transistor Nl (Figure 3) is off (indicating
that neither brake nor accelerator pedal is depressed).

The transistor N, acts (when transistor P, is on)
as an emitter folleower and its emitter is conmected by a
resisto? R87 to the non-inverting input terminal of the
field current difference amplifier 27, which terminal is
gg* 4
resistor R89 connects the inverting input terminal of
amplifier 27 to the +8v rail and another resistor R9O

connects this terminal to the output of the field current

alse connected to the +8v rail by a resistor R

signal generat3r429 which is similar to the armature
current signal genmerator 16 (shown in detail in Figure Ly,
Feedback arsund the amplifier 27 is provided by a resistor

Ro1 17
the output and inverting input terminals of the amplifier

27«

and a capacitor C in parallel with each other between

The Schmiti trigger bistable circuit 25 of Figure 1, i
constituted by an operational amplifier A7 with a resister
R92 comnnecting the output terminal of amplifier 27 to the
inverting input of amplifier A7. The non-inverting input o
amplifier A7 is connected by a resistor R93 to the +8v
rail and by two resistors R9A,AR95 in series to the output.
terminal of amplifier A7, a capacitor 018 being commected
across the resistor R95.

The output of amplifier 27 rises and falls linearly
with the error between the demanded field current and the
actual field current., In steady state conditions R9h’ R95
provide a small positive.feedback current which establishes
hysteresis in the operation of amplifier A, so that the
output of amplifier A7 goes low when the oétput of
amplifier 27 rises above one set level and goes high when

the output amplifier 27 falls below a lower set level.
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The capacitor ClB introduces additional positive feedback
for a short period immediately following each change in
level of the ountput of amplifier A7, thereby inhibiting

a further change in level for this periocd, irrespective
of how the output of amplifier 27 behaves.

The output terminal of amplifier A7 is connected by a

resistor R96 to the base of an npn transistor N8 which
has its emitter commnected to the earth rail and its
cellector cennected by a resistor R97 to the +8v rail. A
further npn transistor N9 has its base conmected to the
collector of the tramsistoer N8’ its emitter commnected to
the earth rail and its collector connected by a resistor
R98 and the light-emitting diode of the opto-isoclater 26.

Turning now to Figure 6 it will be seen that the
photo-transistor of the opto-isolator 26 has its base
connected by a resistor RlOO to the earth rail and its
emitter comnmected directly to the same rail. The collector
of the photo-tramnsistor is connected by a resistor RlOl
to a +12v rail conmected to 2 tapping on the traction
battery and is also connected to the base of an npn
transistor NlO which has its emitter conmected to the
negative supply rail and its collector conmected by a
resistor RlOZ to the +12v rail. The collector of the.
transistor Nlo is connected to the base of an npn transistor
Nll the emitter of which is conmected to the earth rail.
An npn transistor le has its cellector connected to the
base of the tra;sistor Nll and its emitter comnected to the
earth rail. The base of the transistor 312 is conmnected to
the collector of an npn transistor N13 which has its emitter
connected to +he earth rail and its collector commected by
a resistor Rlo3 to the +12v rail. The base of the tran-
sistox NlB is connected by a resistor Rloh to the earth
rail and by two resistors RlOS’ RlOé o0 the anode of a

zener diode ZD_, the cathode of whick is connected to the

o
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+12v rail. The collector of the tranmsistor le by a
resistor Rl76 is commected to the junction of the resistors
Rigs 224 Rypge

The collector of the transistor Nll is connected to
the cathode of a diode DZO’ the anode of which is commected
by a resistor RlO7 to the cathode of a diode DZl’ the anode
of which is connected to the +12v rail, The cathode of the
diode DZl is connected by a capacitor C20 to the earth rail
The cathode of the diode D20 is conmected by two resistors

in series to the +12v rail. The anode of the

Riogr F109 _
diode D20 is comnnected by_two resistors RllO and Rlll in

series to the earth rail. An npn transistor N14 bas its
base connected to the junction of the resistors Rllo and
Rlll and a pnp transistor P6 has its base connected to the
junctien of the resistors R108 and RlO9‘ The transistors
Nlh and P6 have their emitters connected respectively to
the negative supply rail and the +12v and their collectors

interconnected by a resistoer RllZ‘

The collector of the transistor P6 is connected by 2
resistor Rllj and a capacitor C21 in parallel to the base
of an npn transistoer5 the emitter of which is conmected
to the base of an npn transistor N16 the emitter of which 1
connected to the negative supply rail. The collectors of
the transistors le and N16 g:e‘connected together and a
diode D22 has its cathode connected to the base of thg .
transistor le and its anode connected to the base of the
transistor le. The collectors of the transistors le, N16
are conmected to the normally closed contact of a change-
over contact set RL2a of the relay RL2 and also to the
normally open contact of.a change-over contact set RL2b of
the relay RL2. The other contacts of these two contact set
are comnmected together and via a normally closed contact
RLla of relay RL1 to a high voltage supply via a filter
Fge The field winding 24 is connected between the common

cerminals of *he contact sets RL2a, RL2b. The collectors o
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transistors N15’ NlG are also conmnected by a diode D23 to
the output of the filter FR, a further diode DZ& connecting
the said other contacts of the contact sets RL2a, RL2Db
to thernegat;ve supply rail. In addition, a capacitor sz
connects the collectors of the transistors le, Nlé to the
anode of a diode D25 the cathode of which is connected to
the negative supply rail. A resistor Rllh is in parallel
with the dicde DZS' A resistor R177 in series with =a
capacitor 023 connects the cathode of diode D23 to the
cathode of diode Dzh' a diode D26 bridging the rgsistor

R, ~n
l(/o

Referring now to Figure 7a, the +12v supply is conmecter
to one side of an ignition switch LO0. The other side &f the
switeh 40 is connected to the common pole of a three way
direction selector switch 60 having Teverse, neutrazl and
forward contacts. The reverse and forward contacts are

connected to the anode of two diodes D which have

307 P31
their cathodes commnected together and, via a resistor R2OO
to the cathode of a zener diode ZD2 the anode of which is
connected to the earth rail. A pair of resistors RZOl

and R202 connect the reverse contact of the selector

switch 60 to the earth rail, the junction of these resistors
being connected to the basg of a npn transistor NlYVVhi;h
has its emitter connected to the earth rail and its collec-
tor connected to a terminal marked g (see Figure 72).

The neutral contact is connected to the anode of a diode

D32 the cathode of which is connected via the power relay
winding 40 to the collector of an npn transistor Njg. The
relay 41 has normally open contacts 4la which control the
supply of power to all the control circuits. Tor energising
the relay 4O there is a2 further diode D33 which has its
anode conmected to the +12v supply rail conirolled by the
contacts 4la and its cathode connected to the cathode of the
diode D32. A freewheel cdiode DBQ is comnected across the
relay winding 41.
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The base of the transistor le is connected by &

resistor R203 to the earth rail and by two resistors
RZO&’ 3205 in series to the cathodes of two diodes D35

and D36' The anode of the.diode D35 is conmected to the

neutral contact of switch 60, and the anode of the diode

D36 is connected to the collector of a pnp transistor P7.
The emitter of the transistor P7 is conmected to the +12v

and its base is connected to this same rail by a resistor
R206 and by two resistors R207’ R208 in series to the
cellector of an npn transistor-ng. A capacitor C30 conne¢
the common point qf reszstorg Rzoh and R205 to the earth
rail and a capacitor.,.C31 connects the junction of the

resistors R207 and R208 to the +12v rail.

A diode D has its anode connected to the collector ¢

37

the transistor P,_ and its cathode connected by two resistoz

7
R209, R210 in series to the earth rail and by two resistor:

Rle, R212 in series to the +12v rail. A capacitor C32 is

connected between the earth rail and the common point of ti
reaist 3 3 $ +
Tesistors R209, RZlO which point is also connected to the

cathode of a diode D the anode of which is conmected to

38
the cathode of the zener diode ZDZ' Two resistors R213 anc

RZlh are conmected in series across the capacitor Cjz and
their junction is connected to the base of the tramsistor

N A pnp transistor Ps'has its base connected to the

19°

common point of the two resistors R R the emitter ¢
P 211, ~212’

the transistor P8 being conmnected to the +12v rail and its

collector being connected via a resistor R216 to a terminal

£ (see figure 7b).

A further diode D39 has its anode connected to the
cormon point of the resistors R209, RZlO and its cathode
connected to the collector of an npn transistor NZO and
also connected to the anodes of two diaks Dko and Dhl the
cathodes of which are connected to two interlock functions,

one being a switch contact in a charger plug and the other

being a contact which is normally held open when the
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battery voltage is not too low for satisfactory operation.

The emitter of the tramsistor N is connected to the earth

rail and its base is connected ig the common point of two

resistors R217, R218 in series between the collector of an
npn transistor HZl and the earth rail. The emitter of the
transistor N21 is connected to the earth rail and 1ts base
is connected to the common point of two resistors R219
and R,nq in series between the switch 40 and the earth rail.

The collector of the transistor N21 is connecfed by a

221 to the +5v supply rail. A resistor R222 and

a capacitor C33 are connected in series between the base

registor R

of the transistor NZO and the +5v rail. The collector of
the transistor N20 is connected by a resistor R223 to the
cathode of a diods th the anode of which is conmected to
a terminal h (see Figure 7b).

An npa transistor N,, has its emitter connected to the
earth rail and its collector comnnected to the cathode of the
zener diode ZDZ‘ The base of the transistor N22 is connected
by a resistor R22& to the earth rail and is also connected
to the cathode of a dicde th' The anode of the diode th
is connected by two resistors R225 and R226 to two termimnals
marked SP>0 (see Figure 7c) and D>0 (see Figure 3). A
resistor R227 and a capacitor CBLL in series connect the
anode of the diode th to the +5v - rail, A diode DL¥5 has its
anode connected to the anode of the diode th and its cathode
commected to the collector of the transistor Nl9'

Turning now to Figure 7b, the terminal h is connected
to the base of a pnp transistor P9 which has its emitter
connected to the +5v rail. The base of the transistor P9
is connected by a resistor RZ&O to the +5v rail and by two
resistors thl and thz in series to the output terminal of
an exclusive OR gate Gl (% of a TTL integrated circuit type
7486). The junction of resistors Roppr Rpyp is connected
by a capacitor C15 to the earth rail. The anode of a diode

~ .
DQS is connected to the collector of the transistor P. and

9
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i1ts cathode is conmected by #hree resistors thj’ R2hh and
R2h5 in series to the rail, a capaciter C36 being connected
between the junction of resistors R243’ th& and the earth
rail. The junction of the resistors thh’ R2u5 is connecte
to the base of an npn transister N23 which has its emitter
connectsd to the earth rail and its collector connected to

the terminal F (See Figure 5).

The collector of the transistor P, is connected by two

9
resistors R246’ R2h7 in series to the earth rail, the commo
point of these resistors being connected te the base of a
transistor qu, which has its emitter connected to the eart
rail and its collector connected by a resistor R2h8 to the

+5v rail. An npn transistor N2 has its base connected to

5

the collector of the transistor Nzh’ its emitter connected
to the earth rail and its collecter connected by the windin
of the relay RL1 to the +12v rail, a freewheel diode D27

being connected across this winding.

The collecteor of the transistoer N25 is also ceonnected
to the cathede of a diode Dh?’ the anode of which is connec

ted by three resistors R2h9’ R25O and R251 in series to the

+5v rail, A capacitor C is connected between the common

37
point ef resistors R249, R250 and the +5v rail and the base

of a pnp transistor PlO is connected to the common point of
the resistors R25O and RZSl’ The emitter of the transistor

PlO is connected to the +5v rail and its collector is

. . : "
connected by two resistors R252’ R253 in series to the
earth rail., The base of an npn transistor N26 is connected
to the common point of the resistors R252, R253 and its
emitter is connected to the earth rail. The collecter of t
transistor N26 is connected by a resister stu to the +5v

rail and also by a capacitor C and a resistor R

38 255 **

series to the base of the transistor PlO' The base of the

transistor N26 is connected by two resistors R and R

256 257

in series to the terminal marked IDO (see Figure 4) and

a capaciztor C39 is connected between the junction of these

BUREAU
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The collecter of the transistor PlO is connected by
a resistor R260 to the cathede of a diode DHS’ the anode of
which is connected to the collector of a pnp transistor
Pll which has its emitter commected te the +5v rail. A
resistor R26l connects the base of the transistar Pll to
the +5v rail and a resister R262 connects the same base to
the output terminal of another exclusive OR gate G2. The
anode of the diode-Du8 is also connected to the anede of
a diode Dh9’ the cathode ef which is connected by three
resistors R263’ R26h and R265 in series to the earth rail.
A capacitor‘cuo is cennected between the earth rail and
<ne junction of the resisters R263 and RZG&‘ A diede D50
nas its cathode comnnected to the cathede of the diode D49
and its anode connected to the N terminal of the switch 60
(Pigure 75). A further diede D51 bas its cathode comnected
to the Jjunction of the resistors R263 and R264 and its
anode connected via a resistor R266 to the anode of the
diede Dh6' The Jjunction of the resistors R264 and R255 is
27 which has

its emitter conmected to the earth rail and its collector

connected to the base of an npn transistor X

connected to the terminal M (see Figure 3). A pair of
resistors R267 and R268 are connected in series between
the earth rail and the Junction of tke resistor R263 and
'-R26h' An npn transister N28 has its base connected to the
Junction of these resistors R267 and R268' its emitter
connected to the earth rail and its collector conmected to

the terminal BK (see Figure 3).

Also commected to the cathode of the .diecde Dh9 is
the cathode of a diede D52’ the anode of which is connected
to the collector of a pnp ftransistor PlZ' The emitter of
the transister P12 is connected to the +5v rail and its
tase is connected by a resistor R269 to the +5v and by a
resistor RZ?O to the col}ector of a pnp transistor Pl}'
The emitter of the transisﬁor P13 is connected to the +5v
rail and its base is connected by a resistor R27l to the
+5v rail and by a resistor R272 to the output terminal of
a

further exclusive CR gate G3. The collector of the

BUREAU
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transistor Pl3 is connected by a resistor R273 to the earth

rail and alse by a resister R274 to the terminal F'!' (see
Figure 5).

An npn transistor N29 has its emitter commected to the
earth rail and its collector connected by a resistor R275
ts the +5v rail and alsoc connected to one input terminal of
the gate G2. ‘The base of the transistor N is conmected

29

by a resistor R & to the earth rail and by two resistors

R277 and R278 iiTSeries to the +5v rail., The Jjunction of tt
resistors R277 and R278 is connected by a contact RL3b, of
the contactor RL3 to the earth rail and also wia a resistor
R279 to the anede ef a diede D53 whose cathode is coennected
to the base of the transistor N27. The collector of the
transistoer N29 is connected to the anode of a diode D54

the cathede of which is connected by a resistor R28 to the

0
base of the transistor N28'

The relay winding RL2 is connected between the +12v

30° the emitte

of which is comnnected to the earth rail, a diode D28 being

rail and the collector of an npn transistor N

comnected across this winding. The base of the transistor

is comnected by a resistor R to the earth rail and

Nao 281
by a resistor R282 to the collector of a pnp transistor

Plh’ the emitter of which is connected to +5v rail. The
base of the transistor P14 is connected by a resistor R28

3

to the +5v rail and by a resistor R284 to the Q output
terminal of a bistable latch circuit Ll (which may be +

of a TTL integrated circuit type 7475). The DATA input of
the latch Llis connected to the cutput terminal of another
exclusive OR gate G4, and its CLOCK input terminal is con-
nected to the collector ?f the transistor N26' - The DATA
input terminal of the latch Ll and its Q output terminal are

connected to the two input terminals of the gate Gl.
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The gate G4 has one input terminal connected by 2
resistor R285 to the +5v rail and also connected te the
cellector of am npn transistor N31, the emitter of which dis
connected te the earth rail, The base of the fransistor
N31 is connected by a resistor R,g. to the earth rail, by a
resistor Ryg, o the terminal MTR/BK (see Figure 3) and by
a resister R288 to the cathode of a diode DSS’ the anode of
which is connected to the earth rail. The cathode of the
diode pSs
cathode of a diode D56’ which cathode is commnected to the

is also connected by a capacitor Chl toc the

ground rail by a resistor R289' A capacitor Cuz caonnects
the cathode of the di°de,D55 to the cathode of a diode,D57
which is also connected to the earth rail by two resistors

R29O’ and 3291 in series, the anode of the diode D being

connected to the earth rail, An npn transistfor N327has

its base connected to the junctien of the resistfors R29O’
Rog31 and also to the resistor R,.g (see Figure 7a) via
terminal f. The emitter of the transistor N32 is connected
to the ground rail and its collector is conmected

to the cathodes of two diodes D58 and D59, the anode of the
diocde D58 being connected to the terminal F! and the anode
of the diode D59 being connected via two resistors R292,
R293 in series to the earth rail. The anode of the diode
D59 is alse connected by a resistor R29h to the anode of the
dicde D56’ which is also conmected to the collector of a
pop transistor Pls'
connected to the +5v rail, and its base is connected to this

The emitter of the transistor P15 is

. ‘o o -
rail by a resistor R295.. A resistor R296 connects the base

of the transistor P15 te the Q output terminal of a bistable

latch circuit Lz which has its CLOCK input connected to the

collector of the transistor N26 and its DATA input connected

to the collector of the iransistor NBl'
al of the latch L2 is alse connected to an input terminal

The Q ocutput termine-

of the gate G2, via terminal m.

The other input fterminal of the gate G4 is commected o

the Q output terminal of a third bistable latch circuiz L3

which has its DATA input terminal conmected by a resis<or

Rag7 o the +35v rail and also connected to the collector of
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the transistor Nl7 (see Figure 7a). The CLOCK input termi
al of the latch L3 is connected by a resistor R298 to the
+5v rail and is also connected to a terminal g_(see Figure

7c).

The Jjunction of the resistors 12292 and R293 is connec

ed to the base of an npn transistor N which has its

emitter comnected to the earth rail aﬁg its collector con-
nected by a relay winding RLA4 to the +12v rail, the relay
RLL4 having 2 normally open contact controlling the contact
RL3. The relay winding RL4 is bridged by a freewheel diod

D29 and a capacitor Czu bridging its normally open contact

Turning finally to Figure 7c, & bridge rectifier BR1
has its input terminals connected %o opprosite ends of the
moTor armature winding. The negative output terminal of
the bridge Tectifier—is connected by a rail 70 to one end
a transformer primary Tl' The positive output terminal of
the bridge rectifier is connected by a resistor R3OO to
the cathede of a zener diode ZD3, the anode of which is
connected to the rail 70. A capacitor Cjois connected acr:
the zener diode ZDB' The unijunction transistor Ul’
its base 1 connected to the rail 70, its base 2 connected

by a resistor R301 to the cathode of the zener diode ZD

has

38.]

its emitter conﬁectgd by a resistor R302 to the cathode of
the zener diode ZD3.- A capacitor C51 is connected between
the emitter of the unijunction transistor Ul and the oﬁher
end of the primary winding Tl’ a diode DSO being connectec
across the winding Tl.

The secondary winding T2 of the transformer is connec:
at one end to the +5v rail. Its other end is connected by
resistor R303 to the anode of a diode D61 and the cathode ¢

a diode D6°’ the cathode of the diode D61 being connected

ot

the +5v rail. The anode of the diode D62 is connected

o
By a capaciior C52 to the +3v rail and by a resistor RBOQ

ot

© the base of a pnp transistor P A resistor R

16° 305
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connects the. base of the transistor P16 to the +5v rail and
- the emitter .of this transistor .is connected to the same rail.
The collector of the transistor Pl6 is conmected to the
terminal marked SP>0 and is also comnmected by a resistor R}f
to the base of an opn transistor NB“’ the emitter of which
is connected to the earth rail., A resistor R307 connects
the base of the transistorxr N34 to the earth rail and the
collector of the transistor N34 is connected by a resistor
R308 to the base of the transister P 16 to provide latching
action. The collector of the transistor N34 is connected
to the terminal pn and is also connected by a capacitor C53
and a resistor R309 in series to the base of a pnp tran-
sistor P 17° The emitter of the transistor Pl7 connected
to the +5v rail and its collector is connected by a resistor
310 to the base of the transistor h34. The base of the

transistor P17 is commected by a resistor R to the +5v

311
rail and by two resistors R312’ R313 in series to the anode
of a diede D63’ the cathode of which is conmected (via a
terminal p) to the output terminal of the gate G3. A
capacitor C54 connects the junction between the resistors
R312’ R313 to the esarth rail.

Having, thus, described the wvarious components shown
in Figures 7a to 7c and the connections between them, the
operation of the logic circuits will now be'explained in
detail.,

At start up, when the ignition switch 4O is closed and
the switch 60 is in neutral position the fransistor N g can
turn on, being supplied with base current through the diode
D35 and the resistors RZOQ and RZOS' Current can then flow
through the diode D32 and the relay coil 41. The contacts
of this relay provide power to the circuits and also Telay
latching current via the diode D Initially, the tran-

33°

sistor PSlS turned on via ‘resistors R R R so

12 T209' Tz210

that its collector is high. The capacitor C,q charges up

via the diode D5O and the resistor R263 from the neutral
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contact of the switch 60. Capacitor CL‘O holds on both

transistors N27, and N28 which act to clamp the motoring

and braking demand signals to zero.

When the switch 60 is moved to, say, the forward

position, the transistor N receives base current via

19

diodes D30 and D38 and resistors R200 and R213. Transisto

Nl9 conducts and causes transistor P7 to tfurn on via the

resistors R208 and R217. This is a latching arrangement

and transistor is held on +via diode D

Nl9 37° and resistors
R209 and R213. The transistor P, also keeps the tramnsisto

_ 7
le on via the diocde D 6 and the resistors RZO# and R205’

so that the relay 41 rzmains energised. The transistor P8
bowever, loses its supply of base current because the
transistor P7 collectoxr has gpne high-and P8 therefore tur
off, the function of which will be explained hereinafter,
Also transistors N27 and N28 turn off after a delay whilst
the capacitor QQO dischbarges, since base current via the
neutral switch position has been lost, so that an armature

current demand can now be made.

There are certain restrictions and conditions governi
the selection of forward and reverse drive for safety
-reasons. Firstly, the transistor N2l is turned on by a
+12v supply from the vehicle "ignition” switch 40 through
the resistor R219. This keeps the junction of the resisto:
and R normally low (and transistor N

Ra17 221 20
except when first powering up the circuit when the +5v

therefore of

supply rises rapidly and transistor N20 is turmed on via t!
capacitor 033 and resistor R222 whilst capacitor C33 is
charging up. Transistor-Nzo turns on the transistor P9
through the resistor R°23 and the diode th during this pe:
od (approximately 25mS) for reasons explained hereinafter.
At the same time another capacitor/resistor combination C3‘
and 3227 hold the transistor N22 on for about 150zS3,.
Transistor N22 prevents ﬁransistor ng from turning on

during this time because of the comnection of the collecto:
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of transistor sz to the Jjunction of resistor R200 and
diode D38' These delays ensure ‘correct starting up of the
circuit when switching on and immediately selecting forwaxrd
or reverse drive. There are also four interlock signals
vhich prevent forward or reverse being selected, these
being the charger plug interlock and auxiliary battery low
cut-out which when low (Ov) hold the cathode of diede D39
low via diode Dho or Dhl and prevent transistor Nl9 from
turning on. The other two interlecks are provided by the
D>0 and SP>0 signals, which, when high, turn fransistor N22
on and also prevent transistor ng turning on, so that if
transistor Ni9 is on these two signals can have no effect
because transistor sz is held off by the diode D45 and the
ransistor Nl9°

When the "ignition" switch 40 is opened tranmsistor N21
loses iis base drive and turms off, so that transistor NZO
turns on and removes the base current from the transistor
ng via diode D39. After a delay of about 20C0mS, while
capacitor C31 discharges, the transistor P7 turns off and
transistor P8 turns on. This makes the collector of
transistor P8 go high which is used, as explained hereinafter
to make the contactor RL3 open. The transistor P9 has
previocusly turned on and clamped all the demand signals by
turning on transistors Né3’ N27 and N28 so that no current
will be flowing in the armature and field windings. After
a further delay of about 150mS whilst capacitor C30 is
discharging ,the transistor le turns off causing the relay
41 to drop out and remove power from the entire circuit.
The wvehicle can also be shut down by taking either of éhe
interlock diodes DQO’ Dhl to Ov, the same sequence than

taking place.
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¥When the vehicle is actually being driven forward (or
is in the forward drive commectien mode and at rest) and
reverse drive is required, switch 60 is operated to selsct
reverse drive. Im this reverse position base current for
the transister Nl7 is provided by resistor RZOl and
transistor N17 therefore holds the DATA input of the latch
L3 low. The latches can only change state when the signal
at their CLOCX inputs are high and in the case of the lafc
L3, this can only eccur if the vehicle is not moving,
movement being detected by sensing the voltage across
the moter armature with a small field current flowing. It
a voltage is present the motor must be rotating, the bridg
rectifier BRL detecting such veltage (the polarity ef whic
will depend on whether metoring or braking mode is in
operation). The output ef the bridge rectifier BRIl is
dropped by the resister R3OO and the zener diode ZD3 to
+15v, Capaciter C50 provides smoething during chopping
when the armature voltage varies, The voltage across the

capaciter C drives an oscillator based on the unijunctio

transistor éi, and the pulses generated by the oscillator
transferred to the remainder of the circuit through the
pulse transformexr T,, T,. The diodes Dg,, Dgoy the re-
sistor R303 and the capaciter C52 form a diode pump circui
which acts to turm on the transi;tor Plé via resister R3Oh
The transistor 316 turns on transistor N34 and also holds
the CLOCK input of the latch L3 low to prevent change over

of the latch.

When a change from forward to reverse is demanded the
following sequence occurs:- The demanded change is
detected and a small field current is applied to the motor
After a delay, if no armature voltage nas been detected, t

change over is allowed. Normally the output of gate G3 is

low because both of its inputs are the same. Transistor
P,3 is on as is transistor Pl? (via dicde D63 and resistor
-~

= a i & A - . o
T Ro.~) so that tr r N niis
\312, 31)) bot transisto 2 is on preventiing the

change over of latch L3. Wwhen the direction change is

BUREA(
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demanded the DATA input to latch.L3 goes high, se that one
input of gate G3 alse gves high as does the output of gate
G3. Transistoer P13 turns off and transistor P12
thereby clamping the armature demand via transistors

turns on

N27 and NZS' Transistor P13 turning off removes the supply
of the base of transister NS (Figura 5) via resistors R27h
and Ry, (Figure 5)., This releases the base of transistor

X, (Figure 5) so that a minimum field current demand is
applied to the field chepper. A back emf is therefore
generated if the motor is rotating. During this time the
diecde D63 has become reverse biased and capacitor 054
discharges through the resistor R312 into the base of

transistor P and after a delay of about 100mS transister

17

P17 turns off and transistor Njh also turms off, provided

that transistor P16 is not on. Turming off of transistors

Pl7 and N34 is speeded up by the capacitor 053 and resister
R309 providing positive feedback, thereby ensuring a fast

edge te the signal at the CLOCKX input of the latch L3 which

is desirable for interference-free operation. The latch

L., can now change to the required state and its Q output is

3
compared by gate G4 with the motor/brake demand sigmal from

1 The eutput of the
gate G4 goes to latch L, whose Q output drives the field

1
reversing relay RL2 via resistor R284 transistor Plh’

the collector ef the iransistor N.

resistor R282;and transistor W This circuit arrangement

30°
gives the required field current directions for forward and
reverse, motoring and braking as shown, in the following

table:=
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Operating | L3 DATA| L3Q | G4 in| G4 out | L1Q |Field | Relay
mode Direc=- | RL2
tion
Forvard .
H low | Low Low High | Normal | Off
Motoring | —-&%
Forward . . .
Lo h lo Rever Cn
Braking High w | Hig Hgh W se
Reverse 1o
Mo toring Low High w High low | Reverse | On
g;ve?sz Low Hegh| Bigh | Low High | Normal | Off

The relay RL1L is'afrangéd to be operated for a suffici-
ent time when a changesver is demanded to ensure reduction
of the field current to zero. Thus the reversing relay RL2
is never required to break ény current which could damage it:
contacts. The change-over sequence is as follows:-

The Q output of latch L3 changes as described above and
the change passes through the gate G4 to the. latch Ll DATA
input. ZHowever, latch Ll cammot change immediately because
transister st is held on by tramnsistor PlO’ and transistoer
HZS' The demanded change is detected by gate Gl whose output
goes low and turns on transistor P9 which turns on transisto:
Nzk' The dgmand clamping transist?rs N23, N27 and N28 are
also turmed on by the gate Gl output, thereby emnsuring that
there are neo field or armature current demands. The tran-

sistor qu clamps the base of transistor N to Ov and

<therefore de-energises the relay RL1 so thiz its contacts
open and the field current decays rapidly to zero., After

a2 delay somewhat lenger than that required to reduce the
field current to zerc (aboﬁt 75mS), the capacitor C37 dis-
charges and transistor Plo turns off, Thus transistor N26
loses its base current from resistors R252 and also turns
ofl, so that the latch Ll CLOCK input goes high and latch Ll

€2n change te its new state., Gate Gl then changes back to it
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normal high output state, the relay RL1 is re-energised
and the clamping transistors are turmed off after short
delays produced by capacitor 036 with resistor R244 and
267 to allow the
relays to attain their correct conditions. The wvehicle

capacitor Cho with resistors R264 and R

is then drivable in the required direction, The same
sequence of events occurs in the eopposite direction of
change over, except that the latches and gates end up
in the required state as shown in the table above.

Field foreing alse occcurs on switch on by the turning
en of the transister P9 via transistor NZO to ensure that
ne field or armature current demand is mads before the
relays have settled in their nermal operating positions.

¢ shut down a similar sequence occurs when the ignition
switch is opened or one of the interlock diodes DQO’ D‘|+

is taken low.

1

The change over from motoring to braking is very
similar to the forward-reverse change over. In motoring
the MTR/EK selector (i.e. the output of amplifier Al
Figure 3) is high so that transister NBl is on and the Q
output of latch L2 is low. VWhen the MTR/BK signal goes
low, the DATA input of latch L, and ome input of gate G4
change»state,latch Ll'therefore changes when transistor
st turns off as described above, also latch 12 changes
at the same time. Thus transistors PlS and N33 turn off,
gate G2 detects the change (because of the delay in
contactor RL3 operatiom). Transistor N29 turns off and

causes N27 to turn on via resistors R and diode

R
278! 279
Dy, (in braking) or transistor N,g to turn on via resistor
R,,-. and R and di i i i
275 280 iode D54 in motoring. This ensures
that the braking demand is clamped in motoring and vice
versa. ¥hile the Q output signal of lazch Ll and the
at the collector of transistor N2Q are out oI phase,
the output of the gate G2 is low and the transistor P holds
the transisczors NET and N*S on. These demand clamps arse

released after the contactor RL3 has reached its new

BUREA(
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position, that is transistor Pl5 has turned off and
removed drive to transistor N33 and the relay RL4, so that
the brake contact RL3 is in its de~-energised state which is
the normzally open (bfaking) pesition. There are two
further safety interlocks to protect the contactor:-
namely en IDO sigmal from the current transducer to tran-
sistor st to prevent the latch changing if an armature
current is flowing and transistor Pll conducts during chang
over to held transistor 326 on so that the latch cannct
change back to its original state until braking has been
ocbtained and transistor Pll turns off. These interlocks
ensure that there is no possibility of breaking a fault

current.

Because of residual magnetism in the motor it is
desirable to ensure that the field current is reversed be-
fore the contactor RL3 is closed into the motoring position
to prevent large uncontrolled currents being generating
9° The I>0
interleck then prevents changing back into braking unless
the motoring field is applied to Teset the magnetic

in the armature 51 and rec¢irculating diode D

circuit in the motor. By resetting the field before
ciosing the contactor, the problem is avoided. During
braking, when change over té6 motoring is demanded the MTR/
BK sigmal goes high so that the collector of transistor NBT‘

goes low, the field reversal proceés takes place exactly
as described above through gate G4 and latch Ll after a
delay for field forcing. The latch L2 also changes at the

Same time and transistor turns on so that its collector

P15
goes high. This positive-going edge is transmitted

through diode D56’ capacitor CMZ ad resistor 3290 to turm

on transistor N32 which removes the base drive +to *ran-
sistor XN through diode D_, so *hat transistor N,
33 59 33

turn on. The relay RLY4 therefore stays de-energised and

cannot

the contactor RL3 stays in the open (braking) condition
until capacitor Ch2 charges up and transistor N., turms
)h—

off., During this delay, .the Q output of the latch L, and
e

~BURER]
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the contact RL3b are out of phase so that gate G2 output is
low and the armature demand is clamped by transisfor Pll
supplying base current to transistor N27 and N28' The field
reversing relay has already changed and a reset signal

is provided by holding off the field clamp wvia diode D58
and transistor N32 so that transistor NS turns off and
allows a small field demand to be made at the emitier of
transistor N7 (the demand is for a current of approximately
2 amps). Because the transistor N32 serves the dual role
of holding the contactor in braking and allowing a field
current to £low in the cerrect (motoring) direction, the
field resetting pulse must always occur at the right
instant, i.e. after the field has reversed, but before

the braking contact RL3 closes. ¥When the transistor N32
goes off, the brake comtactor RL3 closes, the output of gate
G2 goes high and the armature demand clamps are released
after capacitor ChO has discharged. The wvehicle is then in
the motoring mode with the magnetic circuit set in the
right direction so that the recirculating diode D9 is
reverse biased. To ensure that the field pulse always
occurs correctly, the duration of the motoring signal at
transistor N31 should be longer than the time required to
change from braking to motoring. This is achieved by
another capacitor-resistor network Chl’ R288 connected to
the base of transistor N31 to hold that transister on when
the collector of tramsistor P15 goes high until the capaci-
tor Chl is charged. This delay is made slightly longer
than the contactor hold-off delay produced by capacitor

Ch2 and resistor R290, so that rapid changes Ifrom motoring
to braking and back agein do not interfere with the
operation of the field reset circuits. The diodes D55 and
D57 and the resistor R289 also contribute by allowing
capacitors C,, and Cag ©o discharge quickly after selecting

1]
T e
oraking ready for the next change into motoring.
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An extra function of these components occurs on start
up. In neutral transistor P8 is on and holds transistor
N32 on via the resistor Rle. This holds the contactor in
its braking condition and produces a small field current.
If the vehicle is moving transistor P16 will turn on

ransistoxr N22 and prevent either forward or reverse being

selected.
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1. A control system for a d.c. motor comprising control
meens for varying the connections of the motor armature
winding and/or field winding so as to enable the motor to
operate in a plurality of different modes, and speed
interlock means for preventing operation of said control
means to change the motor conﬁections.fram at least omne
mode to at least ome other mode whilst the motor is
running characterised in that said interlock means is
sensitive to the voltage across the armature winding of the
motor and means are provided for supplying a field current
to the field winding when said interlock means is reguired

to be operative.

2. A control system as claimed in claim 1 further charac-
temised in thet said interlock means includes a reciifier
BR1 connected to the armature and a means sensitive fo the

d.c. output of the rectifier,

3. A control system as claimed in claim 2 in which said
means sensitive to the d.c. output of the rectifier

i i 3 +ing t—ans-
includes an oscillator Ul’ R302, C51 an isolating trans
former Tl, T2 having its primary winding conmected to the
oscillator and a detector circuit Dél’ Déé’ C52, P16
connected to the secondary winding T2 of the isolating

transformer.
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L, A control system as claimed in any preceding claim
characterised in that the means for supplying current is
required to be operative supplies a fixed length current

pulse of predetermined magnitude thereto.
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AMENDED CLAIMS
(received by the International Bureau on 2 May 1979 (02.05.79))

1. A control system for a d.c. motor comprising control
means for varying the connections of the motor armature
winding and/or field winding so as to enable the motor to
operate in a plurality of different modes, and speed
interlock means for preventing operation of said control
means to change the motor comnmections from at least one
mode to at least one other mode whilst the motor is

running characterised in that said interlock means is
sensitive to the voltage across the armature winding of the
motor and means are ﬁrovided causing the field current to
substantially zero and then supplying a controlled field
current pulse to the field winding when said interlock means

is required to be operative.

2 A control system as claimed in claim 1 further charac-
terised in that said interlock means includes a rectifier
BR1 connected to the armature and a means sensitive to the

decs output of the rectifier.

3. A control system'as claimed in claim 2 in which said
means sensitive to the d.c. output of the rectifier includes
an oscillator Ul’ R302’ C51 an isolating transformer Tl,

T2 having its primary winding comnected to the oscillator
and a detector circuit D6l’ D62’ 052, P16 connected to the

secondary winding T2 of the isolating transformer.
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L, A control system as claimed in any preceding claim
characterised in that the means for supplying current to th«
field winding when said interlock means is required to be
operative supplies a fixed length current pulse of predeter.
mined magnitude thereto.
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STATEMENT UNDER ARTICLE 19

Claim 1 has been amended to add the limitation that
the interlock means not only detects the armature voltage,
but also causes the field current to be reduced to zero and
then applies a controlled field current pulse when
operative. No such functions are to be found in the cited
art of which the most relevant citation is French specifica-
tion No. 1461760, In this construction a re.lay is connec-
ted by diodes across the armature winding, but there is no
disclosure of how or what way the field current is controlled

in this phase of the operation.

Claim 4 is amended to restore some wording accidental-

ly omitted during typing of the original.
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