|

P/00/008

Section 29(1)

Regulation 3.1(2)
AUSTEALIA
Patents Ace 1990

NOTICE OF ENTITLEMENT

We, SOLARIA RESEARCH ENTERPRISES LTD of 440 Phillip Street, Unit 21, Waterloo,
Ontario, N2L, 5R9Y, Canada, being the applicant in respect of Application No 38834/93 state
the following:-

The person(s) nominated for the grant of the patent:

has entitlement from the actual inventor(s) by assignment.

The person(s) nominated for the grant of the patent:
has entitlement from the applicant(s) of the application(s) llsted in the declaration
under Article 8 of the PCT by assignment.

The basic application(s) listed in the declaration made under Article 8 of the :*)CT

is the first application made in a Convention country in respect of the invention.

DATED: 20 July 1995

.....................................

CARTER SMITH & BEADLE
Patent Attorneys for the Applicant:
SOLARIA RESEARCH ENTERPRISES LTD




o
§ o>

I

I

B e o oo

Be~r

PAPCB13B 1.9 PCT APPLICATION DETAILS 30/09/94 10:33:

Application ID: 38834 / 93 PCT Number : PCT/CA93/00131
Applicant-Name
Solaria Research Enterprises Ltd.

440 Phillip Street Unit 12

Waterloo

Ontario N2L 5R9 Canada

Title ¢ Synchronous-rectification type control for direct current
motnrs and method of making

Priority Country Priority Date Priority App. No.

us 30 MAR 92 859226

Address-for Service :

CARTER SMITH & BEADLE

Qantas House

2 Railway Parade

CAMBERWELL, VIC 3124

Date of Lodgement : 30 MAR 93

31

6




AU9338834

(12) PATENT ABRIDGMENT  (11) pocumentno. AU-B-38834/93
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 668552

(Modified Examination)

(54) Title
3YNCHRONOUS-RECTIFICATION TYPE CONTROL FOR DIRECT CURRENT MOTORS AND METHOD
OF MAKING
International Patent Classification(s)

(51)5 HO2P 005/17 HO2P 007/29

(21) Application No. : 38834/93 (22) Application Date : 30.03.93

(87) PCT Publication Number : WO93/20611
(30) Priority Data :

(31) Number (32) Date (33) Country
859226 30.03.92 US UNITED STATES OF AMERICA

(43) Publication Date : 08.11,93
(44) Publication Date of Accepted Application : 09.05.96

(71)  Applicant(s)
SOLARIA RESEARCH ENTERPRISES LTD.

(72) Inventor(s)
ROBERT LANKIN; ANDREW E LANKIN; RICHARD J HELLINGA

(74) Attorney or Agent
CARTER SMITH & BEADLE , Qantas House, 2 Railway Parade, CAMBERWELL VIC 3124

(56) Prior Art Documents
US 4906906
US 4859921
US 4626750

(57) Claim
1. An electronic control for a direct current traction motor, comprising:

a first plurality of parallel-connected power field effect transistors arranged
for connection in series with the motor, a field gate electrode of each first field
effect transistor being connected to a first common control line for controlling an
on-off cycle of conduction through the first field effect transistors to provide drive
current to the motor from a direct current source; and I

a second plurality of parallel-connected power field effect transistors ’
arranged for connection in parallel with the motor, a field gate electrode of each
second field effect transistor being connected to a second common control line for
controlling a synchronous-rectification on-off cycle of conduction through the

second field effect transistcrs in synchronism with the on-off cycle of conduction

of the first field effect transistors for commuting a motor current when the first

parallel-connected field effect transistors are switched off. %
9. An electronic control for a direct current traction motor, comprising: '

a first plurality of parallel-connected power field effect transistors arranged :

for connection in series with the motor, a field gate electrode of each first field
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effect transistor being connected to a first common control line;

a second plurality of parallel-connected power field effect transistors arranged
for connection in parallel with the motor, a field gate electrode of each second field
effect transistor being connected to a second common control line; and

control circuitry for generating first and second synchronous control signals,
the control circuitry being connected to the first common control line which
conducts the first control signal to switch the first field effect transistors in an on-
off cycle of conduction to provide drive current to the motor from a direct current
source, and the control circuitry being connected to the second common control

line which conducts the second control signal for switching the second field effect
transistors in a synchronous-rectification cycle of conduction for commuting a

motor current when the first field effect transistors are switched off.
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(57) Abstract

A MOSFET (50, 51) control topology and a physical structure for a motor control which provide a more efficient and econ-
omic DC motor control are disclosed. The control topology introduces a synchronous-rectification technique wherein free-wheel
diodes are replaced with MOSFET (50, 51) devices that are switched on and off by a logic circuit (38) so that they are conductive
for commuting motor current during periods that the motor (24) current supply is switched off. The physical structure and meth-
od of zssembling a DC motor control (33) eliminate time consuming assembly techniques while ensuring effective waste heat ex-
change between electronic components (46, 50, 51) and a heat sink (96) of the control (33) by providing quick-install spring re-
taiiers (110) for urging the components (46, 50, 51) into heat conducting contact with the heat sink (96). The physical structure

also provides for high density packing of electronic components (46, 50, 51) in the control (33).
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SYNCHRONOUS-RECTIFICATION TYPE CONTROL FOR DIRECT CURRENT

MOTORS AND METHOD OF -MAKING

The present invention relates to direct current motor

control systems used in controlling the rotational speed of
traction motors for battery-powered vehicles and, in
particular, to a novel DC motor control topology and structure.
RELATED APPLICATION

The present application is related to U.S. patent
application Ser. No. 07/859,590, filed concurrently herewith
for "An Optimal DC Motor/Controller Configuration'.
BACKGROUND OF THE INVENTION

The control systems which currently dominate the battery-

powered direct current motor market fall into two principal
categories, control systems which use silicon controlled
rectifiers and those which use metaloxide-semiconcductor field
effect translators for switching DC current to control motor
speed.

Silicon controlled rectifiers (SCRo) are commonly employed
in heavy equipment control devices for providing a variable

mark-space ratio power regulator responsive to a motor current

"command signal. SCR controllers have been widely accepted and

are proven to be reliable in most operating conditions. = SCR
controllers do have disadvantages, however, SGR controllers are
physically bulky and massive. They are also known to
dissipate substantial amounts of energy and they are not well
suited for automated assembly techniques. In addition,
although SCR devices are readily switched on extra commutation
circuitry is required to switch them off. A further problem
with SCR controllers is that the commutation frequency of those
controllers is in the audible range, commonly at 2000 Hz or
less. During operation, SGR controllers therefore tend to emit
an audible hum and a poorly designed SCR controller can emit
noise which humans fine irritating and fatiguing.

More recently, metal-oxide :semiconductor field effect
transistor (MOSFET) controllers have been invented. Such
controllers are disclosed in U.S. Pat. No. 4,626,750 which

issued Dec. 2, 1986 to Curtis Instruments.

TNB:LD:#16292.SPE 19 July 1995
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In these controllers silicon controlled rectifiers are replaced
vwith MOSFETS for switching battcory current in an on-off pulse to vary
the current to the drive motor, thereby varying the motor torque and
consequently the motor's rotational speed. MOSFETs are advantageous
because they have a high input impedance, low energy dissipation and
are readily switched from a conductive to a nonconductive state
without additional circuitry. MOSFETs are also advantageous because
they are small devices that are well suited for use with automated
assembly techniques. They are further advantageous because the per
unit cost of the device is rapidly decreasing as a result of
utilization in a wide range of consumer, industrial and automotive
applications. MOSFETs are also switchable at frequencies which are
at the limit of, or beyond the audible range for humans so that
MOSFET controllers reduce or eliminate controller-generated audible
noise.

These two types of DC motor controllers, collectively known as
pulse-width modulated (PWM) motor controllers, include free-wheeling
diodes for commuting armature current generated by a motor during
periods of operation when the battery current is switched off.
Without free-wheeling diocdes, the voltage transient generated by the
armature when the switching device opens would destroy the control.
Although free-vheeling diodes are effective for commuting those
currents, they have the disadvantage of contributing to significant
powver losses through waste heat generation. For example, a forklift
accelerating up a grade may require 500 A to the motor armature at a
20 percent PWM duty cycle. Under such conditions, free-wheeling
diodes generate some 480 Watts, assuming a forward voltage drop of
1.2 V at 500 A vhich is typical of free-wheeling diodes. Prior art
MOSFET controls go into "thermal cutback" under heavy lugging and
prolonged acceleration as a result of this heat generation by the
free-wheeling diodes. Consequently, MOSFET controllers have not been
used extensively in the Class 1 and Class 2 truck markets. MOSFET
controllers have only seen reasonable acceptance in the smaller Class
“3 walk'behind truck market and small electric vehicle markets, such
ag electric golf carts and light baggage carriers.
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SUMMARY OF THE INVENTION

It is an object of the invention to provide an electronic
controller for a direct current traction motor which permits
sustained creeping and lugging of a vehicle driven by the motor
without entering a condition of thermal cutback de to heat
build-up in the physical structure of the controller.

It is a further object of the invention to provide an
electronic controller for direct current traction motors which
reduces energy consumption, especially during vehicle lugging
and creeping conditions.

It is yet a further object of the invention to provide an
electronic controller for direct current traction motors which
is more economic to construct than prior art controllers.

It 1is another object of the invention to provide an
electronic controller which operates at a communication
frequency that 1is above the upper frequency threshold of
hearing for human beings. ‘

It is yet a further object of the invention to provide a
MOSFET switched DC motor controller which is suitable for use
in Class 1 and Class 2 electrically powered trucks.

A DC motor .control in accordance with the invention
introduce a technique hereinafter referred to as "synchronous-
rectification" in which the free-wheeling diodes in prior art
controllers are replaced with MOSFET devices. The synchronous-
rectification MOSFETs, hereinafter referred to as "SR FETs" are
switched on during intervals that free-wheeling diodes would be
conducting. Since MOSFETs have a much lower forward voltage
drop than free-wheeling diodes, the resulting control is
significantly more efficient. In the example described above,
free-wheeling diodes generate some 400 Watts while SR FETs
under equivalent conditions generate only about 120 Watts.
Consequently, synchronous-rectification significantly reduces
controller heating during heavy 1lugging and prolonged
acceleration. Synchronous-rectification controls are therefore
capable of sustained high amperage thrcughputs and are suitable
for use in Class 1 and 2 trucks as well as Class 3 trucks.

e .

TNB:LD:#16292.SPE S 19-July 1995
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The invention thus provides an electronic control for
direct current traction motors comprising a first plurality of
parallel-connected power field effect transistors arranged for
connection in series with the motor, a field gate electrode of
each first field effect transistor being connected to a common
control line for controlling an on-off cycle of conduction
through the first field effect transistors to provide drive
current to the motor from a direct current source; and a second
plurality or parallel connected power field effect transistors
arranged for connection in parallel with the motor, a field
gate electrode of each second field effect transistor being
connected to '‘a common control line for controlling a
synchronous-rectification on-off cycle of conduction through
the second field effect transistors for commuting the motor
current when the first parallel connected field effect
transistors are switched off.

In accordance with a further aspect of the invention there
is provided a physical structure for a direct current traction
motor controller which includes a heat sink structure having a
top surface; the top surface of the heat sink structure
including at least two spaced-apart channels for receiving a
first and second plurality of electronic components affixed to
a circuit board positioned on the top surface; and, at least
two elongated retainers respectively insertable in the channels
while the electronic components are received therein, the
retainers being movable after insertion in the channels to a
disposition wherein they urge the respective first and second
plurality of electronic components to a heat exchanging contact
with a sidewall of the respective channels. This physical
structure permits a high density packing of electronic
components.

The invention thus provides a novel energy-conserving
control topolcgy, and a novel physical structure for a DC motor
controller which is more economically assembled and permits a
higher packing density of components than prior art controls
for motors of the same type.

TNB:LD:#16292.SPE 19 July 1995
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Synchronous-rectification type controls are suitable for
se with series wound motors as well as separately excited
motors. Although the description of the preferred embodiments
which follows relates to series wound motors, the invention is

in no way limited to series wound motors in its utility.

TND:LD:#16292.SPE i,n 19 July 1995
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now bé described by way of .example' only and
with reference to the following drawings, wherein: '

FIG. 1 is a schematic diagram of the topology of an electronic
control for a direct current traction motor in ‘accegdance with the
invention; _ _ ' '

FIG. 2 is a graph of the theoretical loss comparisons of a prior
art MOSFET control which uses free-wheel diodeé to commute motor
current compared to a synchronous-rectification type control in
accordance with the invention; '

FIG. 3 is a schematic diagram of the control logic circuit
illustrating the relationship between the enable and pulse-width
modulated aignjls input to the control logic circuit and the motor
FET and SR FET output signals generated by the control logic circuit;

FIG. 4 is a simplified schematic circuit diagram of a preferred
embodiment of the control ldgic circuit in aécordance with the
1nvént1'on;

FIG. 5 is a_crou-uctionil view of a preferred physical
structure for a controller in accordance with the invention; and

FIG. 6, which is on sheet two of the drawings, is a detailed

.viev of a locking system for securing circuit components to sidewalls
of the channels in a heat sink of the structure shown in FIG. 5.

QecRiIeTIo OF THE DREFERRED EMBODWMENTS

FIG. 1 shows a schematic diagram of a direct current motor
system which includes an electronic control tbpolouv in accordance
with the invention. The system includes a battery 20 and 2 series
wound DC trlction.notor, generally referred to by reference 24 which
includes an armature 26 and a field winding 28 having associated
motor direction contactors 30, 31 for reversing a direction of a' :
torque of the motor 24. | '

The circuit is provided with a dilconne:t 22 used for
disconnecting the battery from the motor. A f\iae 32 protects the
circuit from extreme current conditions which can arise, for :
instance, if short circuit condition develops in the system. Other
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details of the circuit are constructed in accordance with well--xnown
electrical principles which are familiar to those skilled in the art.

The electronic control in accordance with the invention,
generally referred to by reference 33, includes that portion of the
diagram in FIG. 1 surrounded by the dotted line. an—the—left-hand—side
ocf=the—figure. The control includes a microprocessor 34 which
receives an input aignal from an_accelerator potentiometer 36. The
microprocessor 34 processes the accelerator input and outputs signals
to a control logic 38. Those signals include an enable signal 42 and
a pulse-width modulated motor current command (PWM) signal 44. As
will be understood by those skilled in the art, the sigrals }:hat the
microprocessor 34 outputs on znable line 42 and PWM line 44 are
dependent on a number of variables in addition to the input signal
from the accelerator potentiometer 36. Other variables which affect
the microproceasor output on the enable line 42 and the PWM line 44
may include battery current, motor current, motor direction, battery
voltage, control heat sink temperature, hydraulic pump status, and
seat switch status if the control 33 is installed in a vehicle having
an operator's seat. There is also a "plug braking" sensing circuit
which monitors the directiin of flow of current through a plug brake
diode 46 that is connected in parallel :'th the armature of motor
24, The plug-braking diode commutes armature current when the motor §
field is raversed for an operation known as "plug braking", commonly
used to slow down an electric vehicle by reversiig the polarity of
the motor. It 18 hercinafter assuiied that those skilled in the art
nf electronic controls are familiar with the algorithms used to
generate a PWM signal for controlling the current to a DC motor.

A control logic circv.. 38 drives the gate electrodes of a i
plurality of motor MOSFETs 50, hereinafter referred to as "Motor
FETa", and the guate electrodes of a pluraiity of
synchronous-rectification MOSFETs 51, referred to as "SR FETs", as
noted sbove. ]

The function of Motor FETs 50 is well understood in the art. i
Motor FETe %0 are switched on and off by the common control line 48

in an on-5ff cycle of conduction to provide drive current to the E
motor 24 from the battery 20. When Motor FETs 350 are switched off,
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the 'mot:br 24 resists the decay of current on commutation of the
éupply current by the Motor FETs 50. In prior art controllers,
reverse connected "free-wheeling" diodes have been parallel connected
with the motor to commute the inductive load when the Motor FETs 50

5 are switched off. In accordance with the invention, those
free-vheeling diodes are replaced by SR FETs 51 which are switched on
when Motor FETs 50 are switched off thus providing a path of
conduction for the armature current of motor 24 as the current path
through Motor FETs 50 is closed. The timing of the on-off cycle of

10 Motor FETs 50 and SR Fuls 51 is critical and shall be explained in
more detail belew in relation to FIGS: .3 and 4.

The control in accordance with the invention also includes a
plurality of capacitors 49, as is common in MOSFET controllers. The
capacitors are preferably low equiﬁalent-series-reaist:ance, low

15 inductance and high capacitance components vhich isolate the battery
from the ripple current created by the switching cycle of the
MOSFETs. _
FIG. 2 showa a sraph o:tf the theoretical lcss comparisons for
'con'troi-lern based on a free-wheel diode control system as compar'ed
20 with a synchronous-rectification control asystem in accordance with
the invention. _ o
_' The horizon'ul.nxio of the graph represents the percent duty
' cycle of the motor current drive aignal. Duty cycle is a measure of
the pulse width of the motor current drive s:lgna;.\. At a 100X duty
25 cycle, the motor is connected to the battery 7ia the Motor FETs 50
100X of the .t:lme, vhile at a 20X duty cycle the motor is connected to
the battery 20X of the time. The vertical axis of the graph
represents both the motor current in Amps and the controller energy
losses tn Wedts ' .

30 As is apparent from the graph, theoretical losases in free-wheel

,J diode control systems are dramatically greater than théoreticnl
losses in synchronous-rectificntidn control systems. This is
'especinny true wvhen duty cycles are below 50 percent and motor
currents are 400 A or more. These conditions of motot operation are

+35 commonly referred to as "“lugging"™ conditiens. .It is well-known that
during lugging of DC ndtorh, free-wheel diode type control systems
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tend to enter thermal cutback wherein the duty cycle is reduced in
order to permit waste heat built up in the control heat sink to
dissipate. As is apparent from the graph, cutback of the duty cycle
can cause more rapid heating, further exacerbating the problem. The
theoretical losses in waste heat energy are cut by almost 50% at a
10% duty cycle, and more than 30X at a 50X duty cycle.
Synchronous-rectification type controls therefore significantly
reduce heating in the physical structure c¢f a cocntroller during heavy
lugging and prolonged acceleration by improving the energy efficiency
of the control system.

FIG. 3 is a timing diagram illustrating the inputs and outputs
of control logic circuit 38. The purpose of the control logic
circuit 38 is to generate gate signals which turn the Motor FETS 50
on when the PWM is driven high and to turn the SR FETs 51 on when the
Motor FETS 50 are off, thus preventing the Motor FETs 50 and SR FETS
51 from being simultaneously conductive. The control logic also
receives an enable signal which permits microprocessor 34 (see FIG.
1) to turn off both the Motor FETs and the SR FETs if a fault
condition is detected. As seen at the top of FIG. 3, microprocessor
34 outputs a PWM motor current command signal on PWM line 44 and an
enable signal on enable line 42 to control logic circuit 38. The
control logic circuit 38 outputs a Motor FET gate control signal on
line 48 and a SR FET gate control signal on line 52. 1In order to
provide an electronic DC motor control which does not emit reise in
the range audible to humans, the microprocessor 34 preferably outputs
the PWM pulse at 20,000 Hz, wvhich is well within the operating limits
of the Motor FET3 50 and the SR FETs 51.

At the bottom of FIG. 3 are shown the input and output signals
of control logic 38 in relation to a time-line. As explained above,
microprocessor 34 generates an enable signal and a PWM signal on
lires 42 and 44 reuapectively. The enable signal is driven high at
all times factors monitored by the microprocessor 34 indicate that
the system is in a safe operating condition. The enable signal 88 is
driven low to ensure that both Motor FETs and SR FETs are switched
off whenever a parameter monitored by the microprocessor 34 indicates
a system or operator malfunction. For instance, if a vehicle is

A i e
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equipped with a seat switch and the operator leaves the seat of the
vehicle for a predetermined length of time, the enable signal is
driven low and the control logic cuts power to the drive motor 24
(see FIG. 1) by switching off both the Motor FETs 50 and the SR FETs
51, A PWM signal 90 is generated by the microprocessor 34 in
response to an output of an accelerator potentiometer 36, as well as
other variables monitored by the microprocessor and described above.
As is apparent from FIG. 3, a time delay 86 separates the periods
when the Motor FETs 50 are switched on and the periods when the SR
FETs 51 are switched on. The time delay 86 is necessary to
accommodate the switching response time of the FET devices. Power
FETs may take as long as 700 ns to switch fully off in response to a
gate signal. Without time delay 86, a brief period would exist when
the motor FETs 50 and SR FETs 51 were both conductive, resulting in
large current surges. This delay is preferahly a few tens of
nianoseconds longer than the device switch response time of the
respective FETs.

As will be apparent to those skilled in the art, many techniques
exist for generating the signals illustrated in FIG. 3.

FIG. 4 shows a schematic diagram of a preferred embodiricnt of
the control logic circuit 38. The PWM line 44 and the enable line 42
transmit signals from the microprocessor 34 (see FIG. 1) to the
control logic circuit 38. The PWM line 44 is ccnnected to a first
phase inverter 54 whose output is connected to an ARD gate 74 by
connection 56 and to a delay circuit 62 by connection 60. The delay
circuit 62 may constitute any number of circuits that are gapable of
delaying an electrical pulse without ‘undue distortion. Without the
delay circuit 62, the drive circuits 80 and §4 for each of the Motor
FETs and the SR FETs would be switched on almost simultaneously and
would be mutually ccnductive for a brief period of time that would be
adequate to short circuit the control system and cause damage to the
electronic components of the controller. Delay circuit 62 must
therefore delay a pulse by at least the device switch time of the
FETs used in the countrol. Typically, a delay of abtout 750
nanoseconds is appropriate. The output of delay circuit 62 is
connected by connection 64 to ARD gate 74 and by connection 66 to a

PCT/CA93/00131
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gsecond phase inverter 70 which inverts the phase of an electrical
pulse tc its original condition. The output of phase inverter 70 is
connected to a second AND gate 58 which also receives pulsed signals
directly from PWM line 44 via connection 76. The output of AND gate
5 58 is directed to a drive circuit 84 for the Motor FETs 50 by a
connection 48. The output of AND gate 74 is connected by a
connection 78 t» a drive circuit 80 for the SR FETs 51.
FIG. 5 shows & cross-sectional view of a preferred embodiment of
a novel physical structure for a motor control in accordance with the
100 ‘'invention. Because DC motor controls switch large amounts of
current, a path for wvaste heat dissipation from electronic switching
Although the

synchronous-rectification system in accordance with the invention

components such as MOSFETS and diodes must be provided.

generates less heat than prior art DC motor control systems, a
15 = physical structure for a controller which accommodates and
facilitates the ready dissipation of waste heat is essential for
efficient controller operation and extended service life. In order
to ensure efficient heat dissipation, the heat generating electronic
components must be maintained in close physical contact with an
20 efficient heat sink structure.

prior art controls by the use of screw fasteners or the like.

Such contact has been assured in

Although screw fasteners are reliable and effective, they are

labour-intensive to install and therefore contribute to the cost of

manufacturing a control. The physical structure for a motor

25 controller in accordance with the invention provides an alternate
method of ensuring heat conducting contact between the electronic
switching components and the heat sink structure of a controller.

As shown in FIG. 5, the physical structure of a preferred

embodiment of a motor controller includes a heat sink base 96. The

30 Dbase 96 has a top surface which includes a plurality of spaced apart
channels 98 for receiving electronic switching components such as
Motor FETs 50, SR FETs 51, plug brake diodes 46, and ancillary
circuits. These electronic components are attached by their

respective legs to a current control board 100 that is supported on

35 the top surface of the heat sink base 96. A plurality of power bar

conductors 102 rest atop current control board 100. There are
' s lﬁa.‘ii’z\\
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preferably five power bars 102 provided. Two power bars are
connected to the opposite poles of the battery 20 (see FIG. 1). One
power bar 102 is connected to the motor field 28, one power bar 102
is connected to motor field/armature conjunction and one power bar
102 is connected to the motor armature 26. A capacitor board 104
rests atop the power bars 102 and supports capacitors 48.

Preferably, low equ:lvalent-series.-res:ls‘tance, low inductance high
capacitance capacitors are connected in two rows of four capacitors
each along opposite edges of the capacitor board 104. A"
microprocessor board 106 is supported on a top surface of capacitor
board 104 between the opposite rows of capacitors 48. Microprocessor
board 106 supports the microprocessor 34 and related circuitry.

In order to assemble a DC motor controller efficiently, a quick
and simple method of ensuring a heat conductive contact between the
electronic components of the controller and the controlier heat sink
is required. Electronic components such as FETs and diodes are
commonly available in a component package which meets JEDEC (Joint
Electron Device Engineering Council) standards. Commonly available
packages are the T0220 package and the T0247 package. Either of
these component packages is suitable for use in a physical structure
for a controller in accordance with the invention. )

In assembling a physical structure of a controller in accordance
with the invention, the electronic switching components are first
connected to the circuit control board 100 by inserting their
respective legs into preformed holes in the circuit board 100 but the
legs are not soldered to the printed circuit at this stage of the
process. Electronic components of the controller are electrically
insulated from the heat sink base 96. It is therefore necessary to
position electrically insulating/heat conducting sheets 108 between
the components and the heat sink base 96. The insulating sheets 108
are generally made of a specifically formulated plastic polymer which
readily conducts heat but not electricity. The insulating sheets 108
are wvell-known in the art and widely available. Because insulating
sheet 108 is pliable, the electronic components must be inserted into
channels 98 without making intimate contact with the sheets 108.
This is the principal reason for not soldering the legs of the
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components to the current 'control board 100 as it permits the
compohent:s to be tilted together for insertion into respective
channels 98. After the components are inserted in the channels, a
pair of retainer members 110 are slid between the components. Each
retainer member is preferably a structure with a dogleg-shaped
cross-section made of a spring steel, or the like, each retainer
member 110 is provided with registration tabs 101 which mates with
alignment holes in the current control board 100. The ins'ert.ion and
positiohing of retainer members 110 will be explained in more detail
below in relation to FIG. 6. As is apparent, retainer members 110
exert a constant pressure to urge electrical components into contact
wvith insulating sheets 108 for a direct heat conduction to the heat
sink 96. Thus, an efficient transfer of waste heat is accommodated
without the use of screw fasteners or other time c’onsi.nniﬁg fastening
techniques. In practice, it is inportant that motor FETs 50 and SR
FETs 51 be installed in adjacent channels 98. The juxtaposition of

the FETs is necessary to reduce stray inductance which could generate

voltage that might destroy the FEIs.

The various conponeﬁtu of the controller are locked in an
assembled condition by screw fasteners cr the like which pass thréugh
preformed h_oleé in the circuit boards and en;.nger appropriately
positioned nuts 112 that slide in invérted T-gshaped slots 114 which
are machined between the channels 98 in the top surface of the heat
sink base 96. o '

FIG. 6 shows a detailed cross-sectional view of the electrical
component fastening system in 'a,ccordnnce with the invention. The
channels 98 for receiving electrical components attached to the
current control board 100 are preferably machined with two spaced

. apart'pu‘allél ridges _116_on a bottcm surface of the channel. The

retainer members 110 are slid into the channel with their bottom ends
between the r:ldjes 116. After retainer members 110 are inserted in
channel 98 an elongated key having a tﬂmular crou-uéction and a
t'apei'ed front end (not illustrated) is inserted between the retainer
members and guided by the channel formed by the ridges 116 to force _
the botf,on edges of each retainer member over a corresponding ridge
116. The retainer member 110 shown on the left of FIG. 6 has been
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forced over ridge 116 using the key 118. The opposite retainer
member 110 on the right is shown in a relaxed condition. Using
this method, electrical components are quickly and easily
locked in a heat exchanging relationship with the sides of
channels 98 and the time consuming steps of drilling and
tapping holes to receive screw fasteners for securing the
components to the heat sink base 96 are completely eliminated.
This technique also permits significantly higher component
packing density because space for accommodating drilling,
tapping and/or screw fastener driving equipment need not be
provided. After the electronic components are locked in place
against the sides of the channels 98, the legs of each
component are soldered to the printed circuit and the remainder
of the controller is assembled. This method permits the
assembly of a DC motor controller in less time and at less
expense than prior art methods.

The 8specific embodiments hereinbefore described are
intended to be exemplary only, the scope of the invention being
limited solely by the scope of the appended claims.

TND:LD:#16292.SPE S ,i/ i 19 July 1995
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The claims defining the invention are as follows:
1. An electronic control for a direct current traction motor, comprising:

a first plurality of parallel-connected power field effect transistors arranged
for connection in series with the motor, a field gate electrode of each first field
effect transistor being connected to a first common control line for controlling an
on-off cycle of conduction through the first field effect transistors to provide drive
current to the motor from a direct current source; and

a second plurality of parallel-connected power field effect transistors
arranged for connection in parallel with the motor, a field gate electrode of each
second field effect transistor being connected to a second common control line for
controlling a synchronous-rectification on-off cycle of conduction through the
second field effect transistors in synchronism with the on-off cycle of conduction
of the first field effect transistors for commuting a motor current when the first

parallel-connected field effect transistors are switched off.

2. The electronic control as claimed in claim 1, further including a
microprocessor and a control logic circuit driven by the microprocessor, the control
logic circuit having first and second discrete output lines which are in respective

electrical connection with the first and second common control lines.

3. The electronic control as claimed in claim 2, wherein the microprocessor
outputs two separate signals to the control logic circuit, a pulse width modulated
on/off motor current regulation command signal and an enable signal to ensure that

both the first and second plurality of power field effect transistors are switched off

if a fauit condition is detected.

4. The electronic control as claimed ia claim 3, wherein: the control logic
circuit includes a first phase inverter, a pulse delay circuit, a second phase inverter,
first and second electrical AND gates and first and second drive circuits in

electrical connection with the first and second discrete output lines.
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5. The electronic control as claimed in claim 4 wherein the pulse delay
circuit delays the pulse width modulated on/off motor current regulation command
signal for a period of time that exceeds a device switch time of the first and second

plurality of field effect transistors.

6. The electronic control as claimed in claim 3, wherein the pulse-width
modulated on/off motor current regulation signal is cycled at a frequency of at least

15,000 Hz so that the contrcl does not emit noise in an audible range for humans.

7. The electronic control as claimed in claim 1, further including at least one
plug braking diode connected in parallel with an armature of the motor to commute
armature current when a polarity of a field of the motor is reversed in order to

brake a momentum of equipment driven by the motor.

8. The electronic control as claimed in claim 1, further including at least one
low resistance, low inductance capacitor connected in parallel with a battery for
providing the direct current supply, said capacitor having a capacitance adequate to

even a load on the battery to an extent that the load is substantially constant.

9. An electronic control for a direct current traction motor, comprising:

a first plurality of parallel-connected power field effect transistors arranged
for connection in series with the motor, a field gate electrode of each first field
effect transistor being connected to a first common control line;

a second plurality of parallel-connected power field effect transistors arranged
for connection in parallel with the motor, a field gate electrode of each second field
effect transistor being connected to a second common control line; and

control circuitry for generating first and second synchronous control signals,
the control circuitry being connected to the first common control line which
conducts the first control signal to switch the first field effect transistors in an on-
off cycle of conduction to provide drive current to the motor from a direct current
source, and the control circuitry being connected to the second common control

line which conducts the second control signal for switching the second field effect
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transistors in a synchronous-rectification cycle of conduction for commuting a

motor current when the first field effect transistors are switched off,

10. The electronic control for a direct current traction motor as claimed in
claim 9 wherein the control circuitry includes a signal delay circuit, and the control
circuitry generates the first and second control signals from a single puise width
modulatgd input signal, the first control signal corresponding in phase and duration
to the pulse width modulated input signal and the second control signal being
inverted in phase and delayed with respect to the first control signal so that the first

and second plurality of field effect transistors are not simultaneously conductive.

11. The electronic control for a direct current traction motor as claimed in
claim 10 wherein the control circuitry further includes an enable signal input
terminal and the control circuitry drives the first and second control signals low to
turn off both the first and second plurality of field effect transiétors when an enable

signal applied to the input terminal is driven low, regardless of a state of the pulse

width modulated input signal.

12. The electronic control for a direct current traction motor as claimed in
claim 11 wherein the electronic control further includes a microprocessor

generating the pulse width modulated signal and the enable signal.

DATED: 19 July 1995

CARTER SMITH & BEADLE
Patent Attorneys for the Applicant:
SOLARIA RESEARCH ENTERPRISES LTD i
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ABSTRACT
A MOSFET control topology and a physical structure for a motor
control which provide a more efficient and economic DC motor
control are disclosed. The control topology introduces a
synchronous-rectification technique wherein free-wheel diodes
are replaced with MOSFET devices that are stitched on and off
by a logic circuit so that they are conductive foir commuting
motor current during periods that the motor current supply is
switched off. The physical structure and method of assembling
a DC motor control eliminate time consuming assembly techniques
while ensuring effective waste heat exchange between electronic
components and a heat sink of the control by providing quick-
install spring retainers for urging the components into heat
sink conducting contact with the heat  sink. The physical
structure also provides for high density packing of electronic

components in a controller.

TNB:LD:#16292,SPE 19 July 1995
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