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IN THE UNITED STATES DISTRICT COURT FOR THE o
DISTRICT OF MASSACHUSETTS

GERALD N. PELLEGRINI,

Plaintiff,
V. Civil Action No.
ANALOG DEVICES, INCORPORATED fj}) 7 T T mEAC
s \;",’Fag (\/_‘v) /“f
Defendant.
F?&CE:PT# 7
AMOUNT /g > ,
COMPLAINT AND JURY DEMAND LSUMMONS ISSUED ¢ A
OCAL RULE
4.1
Plaintiff, Gerald N. Pellegrini, alleges that: A\;IVSIVER FORM
Fl
1. Plaintiff, Gerald N. Pellegrini (“Pellegrini”), is an individaly %9@

DATE

?/ia\

2. On information and belief, defendant, Analog Devices, Inc. (“ADI”), is a

Granby Road, Worcester, Massachusetts 01604.

Delaware corporation having its corporate headquarters at One Technology
Way, Norwood, Massachusetts, 02062.

3. This is an action arising under the Patent Laws of the United States, Title 35,
United States Code. This Court has jurisdiction of the subject matter hereof
under the provisions of Title 28, United States Code, Section 1338(a). Venue
in this judicial district is proper under the provisions of Title 28, United States
Code, Sections 1391(b) and (c), and 1400(b).

4. Pellegrini is the owner of the entire right, title, and interest in and to United
States Patent No. 4,651,069, entitled “Back-EMF Brushless D.C. Motor Drive
Circuit,” duly and legally issued on March 17, 1987, to Gerald N. Pellegrini
(her. nafter the “’069 patenté;). A@copy of the *069 patent is attached hereto as
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10.

11.

On information and belief, by engaging in acts of making and selling directly or
through an agent DSPs, publishing technical reports, and engaging in technical
support and other marketing and promotional activities, regarding its digital
signal processors (“DSPs”), ADI is inducing its customers to infringe one or
more claims of Pellegrini’s '069 patent in this judicial district and elsewhere in
the United States.

On information and belief, by engaging in acts of making and selling directly or
through an agent DSPs, publishing technical reports, and engaging in technical
support and other marketing and promotional activities regarding its digital
DSPs, ADI is supplying in or from the United States a substantial portion of the
uncombined components of the invention of the ‘069 patent in such a manner as
to actively induce the assembly of those components outside the United States
where such assembly, if it occurred within the United States, would infringe
the ‘069 patent. |

On information and belief, one or more of ADI’s customers is directly
infringing one or more of the the claims of the ‘069 patent.

On information and belief, one or more of ADI’s customers is assembling
ADI’s DSPs outside the United States in a manner that would infringe one or
more of the claims of the ‘069 patent if such assembly occurred within the
United States.

On information and belief, by engaging in acts of making and using directly or
through an agent brushless motor controls, ADI is directly infringing one or
more claims of the ‘069 patent in this judicial district and elsewhere in the
United States.

ADI’s acts of infringement, as described above, have been and continue to be
willful, wanton, and deliberate, without license, and with full knowledge and
awareness of Pellegrini’s patent rights,

Unless enjoined by this Court, ADI will continue its acts of infringement as

decribed above to Pellegrini’s substantial and irreparable damage.




Cﬁaeé:1@2%('4552%@06%%88-$iI%@WGHSP&@&;@@MIB
WHEREFORE, Pellegrini demands judgment as follows:

A. preliminarily and permanently enjoining and restraining ADI, its
officers, directors, employees, agents, servants, successors, and
assigns, and any and all persons acting in privity or in concert with
it, from making or using brushless motor controls which infringe any
claim of the ‘069 patent;

B. preliminarily and permanently enjoining and restraining ADI, its
officers, directors, employees, agents, servants, successors, and
assigns, and any and all persons acting in privity or in concert with
it, from making or selling DSPs, publishing or otherwise distributing
technical reports, and engaging in technical support and other
marketing and promotional activities which induce, and/or otherwise
inducing, infringement of any claim of the ‘069 patent;

C. preliminarily and permanently enjoining and restraining ADI, its
officers, directors, employees, agents, servants, successors, and
assigns, and any and all persons acting in privity or in concert with
it, from making or selling DSPs, publishing or otherwise distributing
technical reports, and engaging in technical support and other
marketing and promotional activities regarding its DSPs in such a
manner as to actively induce the assembly of said DSPs outside the
United States where such assembly, if it occurred within the United
States, would infringe any claim of the ‘069 patent;

D. assessing against ADI and awarding to Pellegrini damages sufficient
to compensate Pellegrini for ADI’s direct infringement of the ‘069
patent, inducement of infringement of said patent, and for ADI’s
supplying of DSPs in such a manner as to actively induce said
assembly, and ordering an accounting to determine such damages;

E. increasing such damages to three times the actual amount found or

assessed;
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F. awarding to Pellegrini its costs and disbursements in this action,
including reasonable attorneys’ fees; and
G. granting to Pellegrini such other and further relief as this Court may

deem just and proper.

JURY DEMAND

Pellegrini demands a trial by jury on all issues triable of right by a jury that are

raised for determination by this Complaint or that may be raised by any counterclaim to

be filed herein.

GERALD N. PELLEGRINI
Plaintiff, pro se

Dated: August 1, 2002 ié;fg ey L,/ l ; QQ)A ézﬁ&-—k
Gerald N. Pellegrini
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United States Patent (9 11] Patent Number: 4,651,069
Pellegrini 45] Date of Patent: Mar, 17, 1987
[54] BACK-EMF BRUSHLESS D.C. MOTOR 3,959,700 5/1976 Sugiura et al. e 318/254
DRIVE CIRCUIT 4,156,168 5/1979 Vogel .crinnes wrveieees 3187254 X
16 1 4N, Pell 37 Granby Rd 4,494,054 1/1985 Pellegrini coineiinncsscsennnne 318/254
[76] Inventor: - Gerald o B ot " " Primary Examiner—William M. Shoop, Jr.
211 Aool. Nos 703731 Assistant Examiner—Bentsu Ro
[22] F'l::d. ” Fi ’ 21, 1985 571 AB cr
22} Filed: e 21, The invented circuit energizes the stator windings.of a
. brushless three phase permanent magnet rotor type
mm‘ US. Application Data motor to provide synchronism and optimum torgue
[63] Continuation-in-part of Ser. No. 484,178, Apr. 13,  angle between the stator magnetic field and the rotor
1983, Pat. No. 4,494,054. field independent of speed and torque thereby giving
[51] Int. CL* "HO2P 6/02 the motor the running characteristics of a d.c. motor.
[52) US. QL 318/254; 318/138;  The circuit compensates for the voltage drop across
: 318/439; 318/721 stator phases due to conductive impedances from the
[58] Field of Search ............... 318/138, 254, 439, 711, voltage of the respective stator phases. The resultant
318/718, 719, 721, 722 back-emf voltages are used to generate directly the
. switching control which energizes the stator currents to
(561 Refereaces Cited flow through the stator phases from phases of highest
U.S. PATENT DOCUMENTS back-emf to phases of lowest back-emf.
3,200,315 871965 THOmMPSON wuvesinisssssrmienees 3187138

3,909,690 971975 Sugilra e 318/254 A

16 Claims, 5 Drawing Figures
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BACK-EMF BRUSHLESS D.C. MOTOR DRIVE
CIRCUIT

The present application is a continuation-in-part of
present inventor’s prior patent application Ser. No.
484,178, filed 4-13-83, having been patented with U.5.
Pat. No. 4,494,054, issued 1-15-85.

BACKGROUND OF THE INVENTION

The prior art of driving brushless d.c. motors has for
the most part used some kind of position signal which in
turn is decoded to provide for the proper switching of
the power delivered to the motor windings. Most cases
use magnetic sensors (Hall Sensors) or optical sensors to
provide rotor position sensing. There is one case which
the applicant is aware of which processes or integrates
the back-emf signal to produce a position signal. There
have also been three phase brushiess d.c. motor drive
circuits which use the ratio of the back-emf signals of
two of its phases to provide for the proper energizing of
the third phase. :

‘The attempt to provide for back-emf commutation of
brushiess d.c. motors has been active for a variety of
reasons among them being the elimination of position-
ing sensors in the motor with their troublesome imple-
mentation and calibration. Also back-emf commutation
can provide for greater realiability and efficiency over
speed and torque ranges. In the past back-emf commu-
tation, has been too complicated and costly for wide-
spread use. A disadvantage of back-emf commutation is
the necessity of a separate starting circuit to provide
torque to the motor until a sufficient back-emf is gener-

" ated to operate self-commutation. There exist although
.methods which will provide a starting mode. for self-
commutating motors. For example the motor may be
Tun as a stepper motor for an initial period. :

SUMMARY OF THE INVENTION

The present invention substantially simplifies the
circuitry required to produce back-emf self-commuta-
tion of brushless d.c. motors. The present invention
energizes the motor windings in such a way that an
-electric current flows through the windings from the
highest back-emf phase to the lowest back-emf phase by
switching transistors controlled by the same highest and
lowest back-emf and without the need for any position
signal. For this reason the invention also has the charac-
teristic of operating. a single phase motor once it is
started and - miultiple phase motors by simply adding
phases to the commutating circuitry. The invented cir-
cuit also provides for the compensation of the voltage
drop due to conductive impedances in any particular
phase of the motor, thereby producing a back-emf sig-
nal of that respective phase whether or not the same
phase is energized. The back-emf signals of all the pha-
ses of the motor are then directed to rectifying circuitry
which activates control transistors and the power tran-
gistors in such a way that whichever phasc back-emfs
are conducting in the rectifying circuitry those same
phases are also energized with current flowing throngh
the ‘phase ‘windings from highest back-emf to lowest
back-emf. The invention may also operate in-a unipolar
mode where only highest back-emf phases are ener-
gized by the positive potential source. and where the
common point of the phase windings is connected to the
negative potential sink, or where only lowest back-emf
phases are energized by the negative potential sink and
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where the common point is connected to the positive
potential source.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the self-
commutating drive circuit of the present invention op-
erating a threc phase motor in a unipolar mode with the
center point of the windings being connected to the
positive source potential. FIG. 1 also illustrates the
operation of the invention when the voltage drop across
the phase windings due to conductive impedances is
small compared with the generated back-emf and no
compensation for this voltage drop is needed.

FIG. 2 is a schematic diagram illustrating the inven-
tion operating a single phase motor in a bipolar mode
when no compensation for the voltage drop due to
conductive impedances across the phase winding is
nceded,

FIG. 3 is a schematic diagram illustrating the inven-
tion operating a multiphase motor (three) in a bipolar
mode when compensation for the voltage drop due to .
conductive impedances is provided.

FIG. 4 and FIG. 5 are schematic diagrams illustrating
the voltage compensation circuit and a complementary
current type voltage compensation circuit respectively
which can be used in FIG. 3 and in any application

" where voliage compensation is needed.
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DETAILED DESCRIPTION
Describing first the cirenit of FIG. 1, there is shown

. three phase windings 10, 11, and 12 whose common

point is-connected to the positive potential terminal of
the d.c. electric power 17. Power transistors 4, 5, and 6
energize the phase windings 10, 11, and 12 respectively.
Also in turn transistors 4, 5, and 6 are brought into a

_ conducting state when base drive transistors 7, 8, and 9
- respectively are brought into- conduction. The diodes

13, 14, and 15 being connection between the terminals
of phases 10, 11, and 12 respectively and transistors 7, 8,
znd 9 respectively whose emitters in turn are connected
to a common point of current source 19 forn three-
phase half-wave rectifying and switching circuitry.
Current from current source 19 will flow at any one
time to the phase terminal of lowest electrical potential,
thereby bringing its respective base drive transistor into
conduction and in turn energizing the same lowest elec-
trical potential phase.

FIG. 1 illustrates currents provided by the resistors in
the emitter circuits of the power transistors and the

“limited voltage applied to the bases of the power transis-
tors

For example when phase 10 is the lowest potential.
phase a current from current source 19 flows only
through the base circuit of transistor 7 and the diode 13.
This in turn enables current to flow from current source
19 to the base of power transistor 4, thereby energizing
the same phase 10 to the negative potential 18 of the d.c.
power. Also since the base voitage of transistor 4 is
limited by the two diodes 16 bias voltages, the current
through transistor 4 is limited by the emitter resistor 20.
"This Limit of the current allows for the voltage drop due
to conductive im to be small compared with
the generated back-emf. Then the potentia! of phase 10 .
is approximately the generated back-emf of phase 10, 1t
is easily seen from the circuit symetry that phases 11-and

. 12 in similar manner will be energized. The net result is

that only the phases of lowest potential or approxi-
mately lowest back-emf will be energized. When the
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phases are energized in this manner the stator field re-
mains in synchronous rotation with the rotor field inde-
pendent of speed, and the torque angle between the
stator field and the rotor field remains approximately
optimal. It can also be easily seen that the circuit of 5
FIG. 1 could have been done using PNP type power
transistors and NPN base drive transistors and operated
by switching on the positive potential power to the
three phases whose common point is the negative po-
tential power terminal. Also with one phase eliminated
FIG. 1 could represent a single phase nnipolar drive
circuit with the winding point center connected to the
positive potential. This circuit, however is limited be-
cause it requires that currents be relatively small to

remain within the assumption of small conductive volt- 15

age drops.

FIG. 2 illustrates operating a single phase winding in
a bipolar mode where full-wave rectification is used and
the power transistors operate from the positive and

negative power potentials, If, for example, the terminal 20

of winding 21 which is connected to the common point
of diodes 29 and 30 is at a higher electrical potential
than the terminal connected to the common point of
diodes 31 and 32, then a small current will flow through
diode 29 then through base circuit of transistor 23 to
point A then through current limiter 33 to point B then
through base circuit of transistor 24 and then through
diode 32, The current just described will put transistors
23 and 24 into conduction which in turn will put power
transistors 25 and 27 into conduction. Current then
flows from positive power terminal 96 through transis-
* tor 27 then through winding 21 then through transistor
25 to the negative power terminal 97. A similarly in
FIG. 1 the current is limited through the power transis-

tor 25 by the emitter resistor 104 and diodes 102 and 35

likewise through transistor 27 by resistor 108 and diodes
106. By the circuit symmetry again it can be seen that

...transistors 28 and 26 will be conducting if the voltage at

. common point of diodes 31 and 32 is greater than com-

mon point of diodes 29 and 30. Here is also as in FIG. 1 40

the sitnation where the voltage drop due to conductive
impedances by small or limited current across the phase
winding 21 is small as compared to the generated back-
em{. The phase winding 21 is consequently energized in
such a way that current always flows through the wind-
ing 21 from approximately higher back-emf to lower
back-emf. This ensures that electrical power is con-
verted to mechanical power and the commutation is
such to provide for approximately optimum torque
angle independent of speed.

FIG. 3 illustrates three phase stator in 2 bipolar mode
where compensation for conductive voltage drops
across stator windings is provided. This will ensure for
more proper commutation over a wide range of cur-
rents. In FIG. 3 there is shown three voltage compensa-
tion circuits (V.C.) for each phase input of a three phase
stator winding. For example V.C. 49 for phase input 1,
V.C. 50 for phase input 2, and V.C. 51 for phase inpnt 3.
The V.C. circuits provide for a potential difference

between the phase inputs and the respective outputs of 60

the V.C. circuits. For example in V.C. 49 a potential
difference is provided between points 1 and 1'. This
potential difference is tailored to the electrical charac-
teristics of the respective stator winding and is equal to
the voltage drop across the respective phase due to
conductive impedances, For example the potential dif-
ference between points 1 and 1’ is equal to this voltage
drop across winding 114 or the phase connected to

25

45

65

4

input point 1. The result of this compensation is that at
points 1', 2, and 3’ appears the generated alternating
current (a.c.) back-emf of the three phase windings 110,
112, and 114, respectively, whether or not current is
flowing in any phases. This fact is undetstood since at
any time the potential of any phase input is equal to the
generated back-emf plus any voltages due to conductive
impedances in the respective phase. The three phase
generated a.c. back-emfs are connected to three phase
full-wave rectifying and switching circuitry consisting
of six diodes 52, 53, 54, 55, 56, 57, and six transistors 43,
44, 45, 46, 47, 48, and current limiter 58, This rectifying
circuitry will rectify the three phase generated a.c.
back-emf into a d.c. voltage between point A and point
B. This d.c. voltage represents the difference between
the hiphest back-emf and the lowest back-emf of the
three phase a.c. back-emf. At the same time the two
transistors of this rectifying circuitry whose bases are
connected to the highest back-emf and the lowest back-
emf through their respective diodes will be activated
into conduction by the action of the same highest and
lowest back-emfs.

For example, if phase input 3 has the highest gener-
ated back-emf and phase input 2 has the lowest pener-
ated back-emf then as stated above point 3’ will have the
highest potential and point 2' will have the lowest po-
tential of the three points 1', 2', and 3'. With this condi-
tion only diodes 56 and 55 will be in conduction. This in
turn will activate transistors 47 and 46 to be in a conduc-
tive mode, Transistor 47 being in conduction switches
power transistor 41 into conduction. Likewise transistor
46 being in conduction switches power transistor 40
into conduction. The net result is that a power current
from positive source point 62 flows through transistor
41 to the highest back-emf phase input 3 through the
current sense resistor 61 then through the stator wind-
ings 112 and 110 to the lowest back-emf phase input 2
then through the current sense resistor 60 and then
through transistor 40 to the negative source point 63,
From the circuit symmetry it is easily seen that which-
ever phase input has the highest back-emf relative to the
other phase inputs will be switched on to the positive
source potential, and likewise, whichever phase input
has the lowest back-emf relative to the other phase
inputs will be switched on to the negative source poten-
tial. This switching action of current going to the high-
est back-emf phase input then through the windings to
the lowest back-emf phase input is generated by the
back-emf voltages of the same highest and lowest back-
emf phase inputs. In a real sense the motor windings are
generating their own switching in the drive eircuit. The
dotted current sources 64 and 65 and dotted diode 66
were drawn in the FIG. 3 to illustrate the operation of
the rectifying circuitry when the rectified current from
the positive and negative half-cycles are independently
connected to the negative potential source 63 through
current limiter 65 and the positive potential source 62
through current limiter 64 respectively. The diode 66
with its bias voltage is connected between points A and
B to prevent points A and B from having a voltage
between them which could cause two power transistors
of the same phase to be simultaneously switched on
when using the independent current limiters 64 and 65.
When using, however, the dependent or direct current
limiter 58 no diode is needed since point B would never
be at a higher potential than point A to causc a simulta-
neous conduction of same-phase power transistors.
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FIG. 4 illustrates compensation circuit 49. Since the
voltage compensation circuits of FIG. 3 are all the
same, a description of voltage compensation (V.C.)
circuit 49 will be all that is required. This circuit nses
the cuwrrent sense resistor 59 to semse the current
through phase input 1. Compensation for the conduc-
tive voltage drop across phase winding 114 is accom-
plished ‘at point 1’ by the circuitry of FIG. 4. By the
action of OP AMP 98 the voltage at point 1[V(1)]
minus the voltage at point 1[V(1)] equals the value of
resistor 68 (Rsg) times the value of the current through
that same resistor (iss). Also the following relation is
true:

(1 + JwRﬂCss)

Rer Rsgly.

s =

Where:
Rgr=value of resistor 67;
Ceo=value of capacitor 69;
we==27 times the frequency;
j=v-1
Rs9=value of resistor 59;
Ij=current out of phase input 1.
Then:

i R,
ot S8 RaRaaly = MUY — WD)

Howevet the voltage drop across the phase winding
114 due to conductive unpedance V(e has the follow-

- ing relation:

MO)= =L+l /RORT;.

Where: _
- Re=resistance of winding 114;
L=inductance of winding 114.
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For the back-emf voltage [Vemf] to appear at point 1’ it
40

must be that:

K1) - = —KO),

since: -

' Vemfa D)K.
Then the desired condition is that:

RerCe)
(1 + jwRs7Ces) RsgResl = (1 + wL/RRTI.

. This- gives' the -following relations for matchmg the

values of elements within the circuit with the electrical
characteristics of the stator winding 114 to compensate
for conductive voltage drops:

RsoReg

R= Rer ; L/R = Rg1Ceo.

With similar V.C. Circuits in the remaining phases of

- the drive circuit as illustrated in FIG. 3 in place, the

three phase back-emf of the three phase stator windings
110, 112, and 114 appear at points 2', 3' and 1' respec-
tively.

FIG. § illustrates 2 complementary current type V.C.
circuit which may be used for V.C. 49. In this circuit
also as in FIG. 4 compensation for the voltage drop
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across the stator winding 114 is provided. Also the
values of the capacitor 69 and resistor 67 is the same in
FIG. 5 as in FIG. 4. This circuit provides for the volt-
age across the resistor 67 to be the same as the voltage
across the current sense resistor §9. The emitter-base
voltage (Veb) of iransistor 90 is used to balance the Veb
of transistor 92 and the Veb of transistor 91 is used to
balance the Veb of transistor 93. For example, when a
current 1; is flowing out of phase input 1 a voltage
Rsol appears across Rsg. A collector current (ig2) will
flow through transistor 92 such that the voltage across
the parallel pair of Cgo and Rg7 will equal Rsol, and no
collector current (igs) will flow through transistor 93 so
that

R Rgr i 1]
ol = T wRerCes

(We will assume that base currents are negligible com-
pared to collector currents and we will neglect for the
moment the current through Resistor 89). The collector
cwrrent igy will flow-through diode 79 and resistor 75.
Diode 79 serves as a bias for emitter-base voiltage (Veb)
of transistor 94 so that the collector current of transistor

94 (g4) is related to igz by the values of resistors 75 (R7s)

and 73 (R73) as
Ryziga=Rasina.

Also since the bias voltage of diode 77 will balance the
Veb of transistor 90, the voltage drop across resistor 70
(V70) equals the voltage drop across resistor 71 (V7))

‘Since ig4 is broken up into current through resistor 71

(i71) and resistor 70 (izo) then

Vo

. L&i1 1
=M+ io="go+ R

1
= ¥m (.R'u +Tn
Qr

Ry R7o
R11 + R

- RnRm
Ry + Rno

Rys
T3

Vg =

From earlier eqnatiqn (1) relating Igy to I, it is seen that

RyiRy0 2]

- Ris
M ="Rn + Kn

1y

(1 + wRe1Cen)
- Re

Rspl1.

But as stated above the Veb of transistor 90 should

- equal Veb of transistor 92, For similar transistors this

implies the collector currents should be equal. There-

fore,

¥; ¥ )
hz=bo=hl=-ﬁ-:-';'-'§%'-lim Fro = V1.
Then for Vit is seen that
Vo=Rnkz -
which from earilier equations [1] ard [2] implies that

Ry R3s -1
R+ &kn En ’
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~continued
and
(1 + jwRe7Ce9)
Vo = Rey RsgR7idy 5

As seen in FIG. 4 and noting Fo= F(1")— (1) it is seen
that

(I + jwRe7C69) 10

T RssRoyly = (1 + jwL/RRI;.

This as before gives the matching values of circuit ele-
ments as follows:

RsgRy)
R= Reg?

; L/R = Rg1Cen.

Ry in FIG, 5 takes the place of Rgs in FIG. 4. FIG. 5,

however, has the additional internal condition that 20

R Rys =1
R+ R Rp ’

The situation when I, is reversed produces a collector
current iy3 flowing through transistor 93 and ig; being
zero. It is easily seen that the same conditions apply
with Ry6=R7s, Ru4=R73, and R7o=R7. Finally the
resistor 89 provides for & small current to activate the
circuit. The net result is that at point 1' appears the
potential of point 1 compensated by conductive impe-
dance voltage drops producing a back-emf signal for
stator winding 114, With similar circuits for V.C. 50 and
V.C. 51 in FIG. 3 the operating circuit is obtained.

' MODE OF OPERATION
The described circuit of FIG. 3 with its voltage com-
- - pensation circuits will exhibit a conventional six-step
- three-phase bipolar switching wave form after it is

started by some external force of auxiliary circuit. The 40

- switching will be in synchronism with the speed of the
rotor independent of current or torque 5o long as the
speed is above some minimum value to ensure sufficient
back-emf to operate the invention. (This switching

gives the motor the running characteristics of a d.c. 45

motor.) The motor characteristics will be such that
when the load increases at constant voltage the speed
will decrease causing the windings to draw an increased
current which in turn provides for increased torque. A

balance is achieved between load and torque at some 50

speed. In order to increase speed one meeds only in-
crease the d.c. source voltage which causes an increased
winding current which in turn increases motor torque
1o increase speed at constant load. A balance is again

achieved between load and torque at some greater 55

speed. The rotor position, relative to a particular phase,
at the commutation times remains at the optimum angle
for torque since the circuit maximizes the conversion of
electrical energy to mechanical energy by energizing

the winding in phase with the winding Back-EMF. 60

Therefore this proper commutation position occurs
simultaneously with maximum Back-EMF of the same
phase. Also the switching frequency in the circuit is
directly proportional to the rotor speed and can be used

as a speed signal. - 65

The circuit described by its symmetry has no pre-
ferred direction and will operate equally well in either
direction, The actual motor direction is determined by
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the starting direction since mechanical power is gener-
ated once the motor is started and the torque will be in
the same direction as the rotation.

Obviously since the described invention is a Back-
EMF controlled drive circuit, it requires a minimum
Back-EMF to effect its operation of a motor. Therefore
in its actual applications it can be mechanically started
or it can be used in conjunction with a starting circuit or
apparatus, or it can be used as part of a motor-generator
system which may alternatingly generate electrical
power from mechanical power or mechanical power
from electrical power. One starting circuit that has been
used for particular applications employed a two-step
sequence of energizing pulses. The first pulse energized
the stator to a particular magnetic state which caused
the rotor to align itself with that state. The second pulse
then energized the stator to provide a torque sufficient
to cause the rotor to rotate and generate an EMF which
operated the invention. Another starting circuit em-
ployed a forced six-step switching at some base fre-
quency where the rotor would begin to follow the ro-
tating stator field. Then the frequency would be slowly
increased causing the rotor to speed up (stepper motor
starting).

1 claim:

1. A motor drive circuit having an input terminal, a
neutral terminal, and a plurality of drive terminals,
wherein each of said plurality of drive terminals being
connected 10 a corresponding input switching means,
said input switching means being controlled by a corre-
sponding input signal and being connected to said input
terminal for controlling current flow between said cor-
responding drive terminal and said input terminal, said
input terminal and said neutral terminal being con-
nected to a direct current power source, said drive
terminals and said neutral terminal being connected to
stator windings of a brushless motor having a perma-
nent magnet rotor or a commutatorless motor having an
energized rotor to provide a synchronous phase current
drive in said motor, said synchronous phase current
drive providing current flow through said stator wind-
ings against Back-EMFs of said stator windings after
the motor being started by an external means, said cir-
cuit further comprises:

an input control means for each of said input switch-

ing means, for providing control therefor by con-
trolling its corresponding input signal, said input
control means being responsive to a potential of the
drive terminal connected to the same input switch-
ing means;

signal means for providing a plurality of said input

signals;

current limiting means for limiting current flow

through said drive terminals.
2. A motor drive circuit as recited in claim 1, wherein
said input contro} means including:
an input rectifying means being responsive to said
potential for providing an input rectified signal;

an input signal switching means responsive to said
input rectified signal for controlling said input sig-
nal .

3, A motor drive circuit having a source terminal, a
sink terminal, and & plurality of drive terminals, wherein
each of said plurality of drive terminals being connected
10 a corresponding source switching means and a corre-
sponding sink switching means, said source switching
means being controlled by a corresponding source sig-
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nal and being connected to said source terminal for
controlling current flow between said source terminal
and said corresponding drive terminal, said sink switch-
ing means being controlled by a corresponding sink
signal and being connected to said sink terminal for
controlling corrent flow between said corresponding
drive terminal and said sink terminal, said source termi-
nal and said sink terminal being connected to a direct
current power source, said drive terminals being con-
nected to stator windings of a brushless motor having a
petmanent magnet rotor or a commutatorless motor
having an energized rotor to provide a synchronous
phase current drive in said motor, said synchronous
phase current drive providing current flow through
said stator windings against Back-EMFs of said stator
windings after the motor being started by an external
means, said circuit further comprises:

a source control means for each of said source switch-
ing means, for providing control therefor by con-
trolling its corresponding source signal, said source
control means being responsive to a potential of the
drive terminal connected to the same source
switching means;

a sink contro] means for each of said sink switching
means, for providing control therefor by control-
ling its corresponding sink signal, said sink control
means being responsive to a potential of the drive
terminal connected to the same sink switching
means; -

signal means for providing a pluralxty of gaid source
signals and said sink signals;

-current limiting . means for limiting current flow
through said drive terminals.

‘4. A motor drive circuit as recited in claim 3, wherein

said source control means including;: -

a source rectifying means responsive to said potential
for providing a source rectified signal;

. a source signal switching means responsive to said
source ‘rectified signal for controlling said source
signal; and wherein said sink control means includ-
ing;

10

an input control means for each of said input switch-
ing means, for providing control therefor by con-
trolling its corresponding input signal, said input
control means being responsive to said compensa-
tion and a potential of the drive terminal connected
to the same input switching means;

signal means for providing a plurality of said input
signals.

6. A motor drive circuit as recited in claim 5, wherein

said input control means including:

an input rectifying means being responsive to said
compensation and said potential for providing an
input rectified signal;

an input signal switching means responsive to said
input rectified signal for controlling said input sig-
nal

7. A motor drive circuit having a source terminal, a
sink terminal, and a plurality of drive terminals, wherein
each of said plurality of drive terminals being connected
to a corresponding source switching means and a corre-
sponding sink switching means, said source switching
means being controlled by a corresponding source sig-
nal and being connected to said source terminal for
controlling current flow between said source terminal
and said corresponding drive terminal, said sink switch- -
ing means being controlled by a corresponding sink
signal and being connected to said sink terminal for
controlling current flow between said corresponding
drive terminal and said sink terminal, said source termi-
nal and said sink terminal being connected to a direct
current power source, said drive terminals being con-

" nected to stator windings of a brushless motor having a

40

amkmcﬁfhngmeansmpomvetomdpotenﬂal '

for providing a sink rectified signal;
a sink signal switching means responsive to said sink
rectified signal for controlling said sink signal,
5. A'motor drive circuit having an input terminal, a
nentral terminal, and a plurality of drive terminals,
- wherein each of said plurality of drive terminals being
connected to & corresponding input switching means,
said input switching means being controlled by.a corre-
sponding input signal and being connected to said input
- terminal for controlling current flow between said cor-
responding dfive terminal and said input terminal, said
input terminnl and said neutfal terminal being con-
nected to a direct current power source, said drive
terminals and said neutral terminal being comnected to
stator windings of a brushless motor having a perma-
nent magnet rotor or a commutatorless motor having an
energized rotor to provide a synchronous phase current
drive in said motor, said synchronous phase current
drive providing current flow through said stator wind-
ings against Back-EMFs of said stator windings after
the motor being started by an external means, said cir-
cuit further comprises:
compensating means for providing a compcnsauon of
potential differences due to conductive impedances
associated with said stator windings;

45
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permanent magnet rotor or a commutatorless motor
having an energized rotor to provide a synchronous
phase current drive in said motor, said synchronous

phase current drive providing current flow through

said stator windings against Back-EMFs of said stator
windings nfterthemotorbcmgstu-tedbyanextcmnl
means, wd circuit further comprises:

compensating means for providing a compensation of
potential differences due to conductive impedances
associated with said stator windings; _

2 source control means for each of said source switch-
ing means, for providing control therefor by con-
trolling its corresponding source signal, said source
control means being responsive to said compensa-
- tion and & potential of the drive tmmnal connected
to the same source switching means;

aunkcontmlmumforeachofmdmkswmhmg
means, for providing control therefor by control-
ling its corresponding sink signal, said sink control

- means being responsive to said compensation and a
potential of the drive terminal connected to the
same simk switching means;

signal means for providing a plurality of said source
signals and said sink signals.

- 8, A motor drive circnit as recited in claim 7, wherein
said source control means including:

a source rectifying means responsive to said compen-
sation and said potential for providing a source
rectified signal;

a source signal switching means responswe to said
source rectified signal for controlling said source
signal, and wherein said sink control means includ-

a smk rectifying means responsive to said compensa-
tion and said potential for providing a sink rectified

signal;
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a sink signal switching means responsive to said sink
rectified signal for controlling said sink signal.

9. A motor drive circuit having an input terminal, a-

neutral terminal, and a plurality of drive terminals,
wherein each of said plurality of drive terminals being
connected to a corresponding input switching means,
said input switching means being controlled by 2 corre-
sponding input signal and being connected to said input
terminal for controlling current flow between said cor-
responding drive terminal and said input terminal, said
input terminal and said neutral terminal being con-
nected io a direct current power source, said drive
terminals and said neutral terminal being connected to
stator windings of a brushless motor having a perma-
nent magnet rotor or a commutatorless motor having an
energized rotor to provide a synchronous phase current
drive in said motor, said synchronous phase curremt
drive providing current flow through said stator wind-
ings against Back-EMFs of said stator windings after
the motor being started by an external means, said cir-
cuit further comprises:

a current source means which provides an R.C. cur-
rent for each of said drive terminals that flows
through a parallel resistive and capacitive branch
sufficient to canse a voltage across the said branch
to be proportional to a current flowing through the
corresponding drive terminal;

a bias means, which provides bias for each of said
current source means, and being responsive to the
R.C. current of the cotresponding drive terminal;

an output signal means which provides an output
signal for each of said drive terminals, said output
signal being different from a potential of the corre-
sponding drive terminal by an amount proportional
to the R.C. current corresponding to the same
drive terminal;

an input control means for each of said input switch-
ing means, for providing control therefor by con-
trolling its corresponding input signal, said input
control means being responsive to the output signal
corresponding to the drive terminal connected 1o
the same input switching means;

signal means for providing a plurality of said input
signals.

10. A motor drive circuit as recited in claim 9,
wherein said input control means including:

an imput rectifying means being responsive to said
output signal for providing an input rectified sig-
nal;

an input signal switching means responsive to said
input rectified signal for controlling said input sig-
nal,

11. A motor drive cireuit having a source terminal, a
sink terminal, and a plurality of drive terminals, wherein
each of said plurality of drive terminals being connected
to a corresponding source switching means and a corre-
sponding sink switching means, said source switching
means being controlled by a corresponding source sig-
nal and being connected to said source terminal for
controlling current flow between said source terminal
and said corresponding drive terminal, said sink switch-
ing means being controlled by a corresponding sink
signal and being connected to said sink terminal for
controlling current flow between said corresponding
drive terminal and said gink terminal, said source termi-
nal and said sink terminal being connected to a direct
current power source, gaid drive terminals being con-
nected to stator windings of a brushless motor having a
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permanent magnet rotor or a commutatorless motor
having an energized rotor to provide a synchronous
phase current drive in said motor, said synchronous
phase current drive providing current flow through
said stator windings against Back-EMFs of said stator
windings after the motor being started by an external
means, said circuit further comprises:

a current source means which provides an R.C, cur-
rent for each of said drive terminals that flows
through a paralle] resistive and capacitive branch
sufficient to cause a voltage across the said branch
to be proportional to a current flowing through the
corresponding drive terminal;

a bias means, which provides bias for each of said
current source means, and being responsive to the
R.C. current of the corresponding drive terminal;

an output signal means which provides an ouput sig-
nal for each of said drive terminals, said output
signal being different from a potential of the corre-
sponding drive terminal by an amount proportional
to the R.C. current corresponding to the same
drive terminal;

a source control means for each of said source switch-
ing means, for providing control therefor by con-
trolling its corresponding source signal, said source
control means being responsive to the output signal
corresponding to the drive terminal connected to
the same source switching means;

a sink control means for each of said sink switching
means, for providing control therefor by control-
ling its corresponding sink signal, said sink control
means being responsive to the output signal corre-
sponding to the drive terminal connected to the
same sink switching means;

signal means for providing a plurality of said source
signals and said sink signals.

12. A motor drive circuit as recited in claim 11,

wherein said source control means including:

a source rectifying means responsive to said output
signal for providing a source rectified signal;

a source signal switching means responsive to said
source rectified signal for controlling said source
s:gnal and wherein said sink control means includ-

a smk rectifying means responsive to said output

signal for providing a sink rectified signal;

a sink signal switching means responsive to said sink

rectified signal for controlling said sink signal.

13. A motor drive circuit having an input terminal, &
neutral terminal, and a plurality of drive terminals,
wherein each of said plurality of drive terminals being
connected to a corresponding input switching means,
said input switching means being controlled by.a corre-
sponding input signal and being connected to said input
terminal for controlling current flow between said cor-
responding drive terminal and said input terminal, said
input terminal and said neutral terminal being con-
nected to a direct current power source, said drive
terminals and said neutral terminal being connected to
stator windings of a brushless motor having a perma-
nent magnet rotor or a commutatorless motor having an
energized rotor to provide a synchronous phase current
drive in said motor, said synchronous phase current
drive providing current flow through said stator wind-
ings against Back-EMFs of said stator windings after
the motor being started by an external means, said cir-
cuit further comprises:
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means for providing a Back-EMF signal for each of
said drive terminals, said Back-EMF signals indica-
tive of said Back-EMFs of said stator windings;

an input control means for each of said input switch-
ing means, for providing control therefor by con-
trolling its corresponding input signal, said input
control means being responsive to the Back-EMF
signal corresponding to the drive terminal con-
nected to the same input switching means;

signal means for providing a plurality of said input
signals. : .

14. A motor drive circuit as recited in claim 13,

wherein said input control means including:
an input rectifying means being responsive to said

Back-EMF signal for providing an imput rectified:

signal;

an input signal switching means responsive to said
input rectified signal for controlling said input sig-
nal.

15, A motor drive circuit having a source terminal, a
sink terminal, and a plurality of drive terminals, wherein
each of said plurality of drive terminals being connected
to a corresponding source switching means and a corre-
sponding sink switching means, said source switching
means being controlled by a corresponding source sig-
nal and being connected .to said source terminal for
controlling current flow between said source terminal
. and said corresponding drive terminal, said sink switch-
ing means being controlled by & corresponding sink
signal and being connected to said sink terminal for
controlling current flow- between said corresponding
drive terminal and said sink terminal, said source termi-
nal and said sink terminal being connected 10 a direct
current power source, said drive terminais being con-
nected to stator windings of a brushless motor having a
permanent magnet rotor of & commutatoriess motor

. 14
having an energized rotor to provide a synchronous
phase current drive in said motor, said synchrongus

" phase current drive providing current flow through
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said stator windings against Back-EMFs of said stator

windings after the motor being started by an external

means, said circuit further comprises:

means for providing a Back-EMF signal for cach of
said drive terminals, said Back-EMF signals indica-
tive of said Back-EMFs of said stator windings;

a source control means for each of said source switch-
ing means, for providing control therefor by con-
trolling its corresponding source signal, said source
control means being responsive to the Back-EMF
signal corresponding to the drive terminal con-
nected to the same source switching means;

a sink control means for each of said sink switching
means, for providing control therefor by control-
ling its corresponding sink signal, said sink control
means being responsive to the Back-EMF signal
corresponding to the drive terminal connected to
the same sink switching means;

signal means for providing a plurality of said source
signals and said sink signals.

16. A motor drive circuit as recited in claim 15,

‘wherein said source control means including:

a source rectifying means responsive to-said Back-
EMEF signal for providing a source rectified signal;
a source signal switching means responsive to said
source rectified signal for controlling said source
signal; and wherein said sink control means includ-
mg: ‘
asink rectifying means responsive to said Back-EMF
signal for providing a sink: rectified signal; .
2 sink signal ewitching means responsive to said sink
- rectified signal for controlling said sink signal.
]
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