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57 ABSTRACT 
A circuit providing a means of transferring and storing 
the energy from the collapsing field of a deemergized 
inductive load to a capacitor, and subsequently deliver 
ing this energy back to the inductive load to aid in its 
re-energization. A first circuit path is provided for 
transferring the energy from the inductive load to the 
capacitor, and a second circuit path is provided for 
transferring the energy from the capacitor to the induc 
tive load, said second circuit path including a signal 
translating device, the conductivity of which is con 
trolled by the charge on the capacitor at the time re 
energization of the inductive load is initiated. 

10 Claims, 2 Drawing Figures 
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NDUCTOR ORVE MEANS 

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

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a circuit for energizing an 

inductive load. In this circuit, energy produced when 
the inductive load is deenergized is stored and applied 
to the inductive load at its next energization, in order to 
enhance the speed of such energization, and to reduce 
the energy required. 

2. Description of the Prior Art 
Energizing circuits for energizing inductive loads are 

well known. In U.S. Pat. No. 3,379,946, issued Apr. 23, 
1968, on the application of Jacques Johannes Hendrik 
Croymans, a stepping motor having a single energizing 
winding is provided with a pulsing circuit having a 
single-pole double-throw switch which automatically 
returns to rest, and which, in first position, pulses the 
energizing winding and charges a capacitor, and, in 
second position, allows the capacitor to discharge 
through the energizing winding. The double pulsing 
allows the motor to take two steps for each switching 
operation. 

In U.S. Pat. No. 3,402,334, issued Sept. 17, 1968, on 
the application of George C. Newton, Jr., an energizing 
circuit is shown which is useful for driving complemen 
tary coils which are alternately energized. Energy re 
sulting from the deemergization of one coil is applied 
directly to a second coil for increasing the rate of cur 
rent rise in this coil. 

In FIGS. 7 and 8 of U.S. Pat. No. 3,444,447, issued 
May 13, 1969, on the application of Harold R. Newell, 
are shown circuit embodiments of a driving network 
which utilize the reverse voltage surge across one wind 
ing when deenergized to enhance magnetic field 
buildup in a complementary winding. 

SUMMARY OF THE INVENTION 
This invention relates to an inductive load energizing 

circuit having the capability of storing the energy from 
the collapsing field of a deenergized inductive load and 
subsequently delivering this energy back to the induc 
tive load to aid in its re-energization. Energization of 
the inductive load is controlled by a switching means 
connected in series therewith in a first circuit path ex 
tending across a power supply. A capacitor is included 
in the circuit for the purpose of storing energy resulting 
from deenergization of the inductive load, and a second 
circuit path is provided, which includes the inductive 
load and the capacitor. 

Re-energization of the inductive load is accomplished 
by rendering the previously-mentioned switching 
means conducting, which also causes the charge on the 
capacitor to produce a bias on the control electrode of 
a signal translating device included in a third circuit 
path which also includes the inductive load, the capaci 
tor, and the switching device. The signal-translating 
device is rendered conductive by said bias on its control 
electrode, and enables the capacitor to discharge, thus 
providing supplementary energy in said third path for 
re-energizing the inductive load. 
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2 
The inductive load energizing circuit of the present 

invention thus provides a means for storing the energy 
resulting from deenergization of an inductive load, and 
subsequently utilizing this energy in the re-energization 
of the inductive load. Advantages provided by this 
novel circuit over a conventional energizing circuit 
include a lower power input requirement for rapid ener 
gization of an inductive load; reduced power dissipation 
in the switching or regulating component; and reduced 
time required for energization. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a diagram of an inductor drive circuit em 
bodying the present invention. 

FIG. 2 shows a series of wave forms associated with 
the operation of the circuit of FIG. 1. 

DETAILED DESCRIPTION 
In the circuit of FIG. 1, an inductive load 12 is con 

nected at one end over a point 14 to a terminal 16, to 
which a positive source of potential VL is connected. 
The inductive load 12 may comprise one of the wind 
ings of a stepping motor, or may comprise any other 
appropriate inductive load, such as a solenoid, for exam 
ple. At its other end, the inductive load 12 is connected 
over a point 18, a diode 20, which may be of the type 
341, manufactured by Westinghouse Electric Corpora 
tion, of Pittsburgh, Pennsylvania, United States of 
America, and a point 22 to an energizing switch of any 
suitable type for controlling energization of the induc 
tive load. In the illustrated embodiment, the point 22 is 
connected to the collector of an NPN-type transistor 
24, which may be of type 2N3771, manufactured by 
RCA Corporation, of New York, New York, United 
States of America. The emitter of the transistor 24 is 
connected to a base reference potential shown in FIG. 1 
as ground, and the base of said transistor is connected to 
a terminal 26, to which may be applied a signal SE for 
energizing the inductive load 12, as will subsequently be 
described. In FIG. 1, it may be noted that the actual 
inductor drive circuitry is shown within the line 10. 
From the point 14, a circuit branch extends over a 

diode 28, which may be of type 341 manufactured by 
Westinghouse Electric Corporation, a point 30, and a 
15-microfarad capacitor 32 to a point 34, from which 
one branch connects the point 34 to the point 22, while 
a second branch extends over a 4,300 ohm resistor 36 to 
a terminal 38, to which is applied a positive source of 
potential VA, which in the illustrated embodiment is 42 
volts. 
The point 18 is connected to the anode of a signal 

translating device 40, which may be a silicon controlled 
rectifier of type C20B, manufactured by General Elec 
tric Company, of New York, New York, United States 
of America. The cathode of said controlled rectifier is 
connected to a point 42, from which one branch extends 
to the point 30, and another branch extends over a 470 
ohm resistor 44 to a point 46, from which one circuit 
branch extends to the gate of the controlled rectifier 40. 
A parallel combination of a 0.022-microfarad capacitor 
48 and a 30,000-ohm resistor 50 extends between the 
point 46 and a point 52, from which the circuit contin 
ues over a diode 54, which may be of type IN462 manu 
factured by Sylvania Electric Products Inc., of New 
York, New York, United States of America, and an 
820-ohm resistor 56 to a connection to a base reference 
potential shown in FIG. 1 as ground. 
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The operation of the circuit of FIG. 1 will now be 
described with reference to the wave forms shown in 
FIG. 2. These wave forms illustrate transient conditions 
of voltage and current with respect to time at various 
points in the circuit of FIG. 1, and offer a comparison of 5 
the current in the inductive load using the circuit of the 
present invention, as compared to the current in the 
inductive load using a conventional circuit in which the 
counter-EMF energy is not capacitively stored and 
then used in re-energizing the load. 

Initial energization of the inductive load 12 is accom 
plished by the application of a suitable energizing signal 
SE to the terminal 26, which is associated with the base 
of the transistor 24, thus causing said transistor to con 
duct, and completing a circuit extending from the termi 
nal 16 over the point 14, the inductive load 12, the point 
18, the diode 20, the point 22, and the transistor 24, to 
ground. When the signal SE is terminated, the transistor 
24 ceases to conduct, thus interrupting the energizing 
circuit. The resulting counter-EMF from the inductive 
load 12 causes the capacitor 32 to charge, thus transfer 
ring the inductive field energy to capacitor charge en 
ergy. The current path during this transfer of energy 
extends from the inductive load 12 over the point 18, 
the diode 20, the points 22 and 34, the capacitor 32, the 
point 30, the diode 28, and back to the inductive load 12. 
Since the voltage WA at the terminal 38 is equal to the 
charged capacitor voltage, and since the transistor 24 is 
not conducting, the capacitor 32 has no discharge path. 
At the time of the next energizing signal SE, the tran 

sistor 24 is once more rendered conducting, and the 
positive terminal of the capacitor 32 is grounded. As a 
consequence, the negative terminal of the capacitor 32 
is driven below ground, thus causing a negative pulse to 
be applied to the cathode of the controlled rectifier 40, 
causing a gate current to commence flowing, which in 
turn causes said controlled rectifier to commence con 
ducting. A current path is thus established, extending 
from the terminal 16 over the point 14, the inductive 
load 12, the point 18, the controlled rectifier 40, the 
points 42 and 30, the capacitor 32, the points 34 and 22, 
and the transistor 24, to ground. Current flow in this 
path continues, discharging the capacitor 32 to a point 
at which the holding current through the controlled 
rectifier 40 falls off sufficiently to terminate conduction 
therethrough. The energizing circuit then extends from 
the terminal 16 over the point 14, the inductive load 12, 
the diode 20, the point 22, and the transistor 24 to 
ground, until such time as the energizing signal SE is 
terminated, cutting off the transistor 24. 
For given circuit parameters, the size of the capacitor 

32 can be determined by means of the following equa 
tion: 

in which 
C= capacitance of capacitor 32 
Vc=Vtransistor- Vsupply 
IL = current in inductive load 12 
L=inductance of inductive load 12. 
The above equation is derived from the two well 

known energy equations: 

E=(LI/2) and E=(V/2) 

These equations can be set equal to each other for 
purposes of deriving the equation for capacitance, since 

10 

15 

25 

30 

35 

45 

50 

55 

60 

65 

4 
the capacitor 32 stores most of the energy which is 
given up by the collapsing field of the inductive load 12. 
The time required for charging the capacitor 32 and 

deenergizing the inductive load 12 can be estimated 
by derived from the following equation, assuming no 
resistance in the diodes 20 and 28, the capacitor 32, and 
the inductive load 12: 

wo= (1/LC)(1/VLC where: 

Wa= time angular velocity in radians per second 
L = inductance of inductive load 12 
C = capacitance of capacitor 32 

and where the inductive load current takes the form of 
a second quarter cycle sine wave and the capacitor 
voltage takes the form of a first quarter cycle sine wave 
as shown in FIG. 2. 
The same equation may be used to estimate the time 

required for delivering the stored energy from the ca 
pacitor 32 to the inductive load 12 during the energizing 
cycle, assuming no resistance in the controlled rectifier 
40, the capacitor 32, the inductive load 12, and the 
transistor 24. In this instance, the inductive load current 
takes the form of a first quarter cycle sine wave and the 
capacitor voltage takes the form of a second quarter 
cycle sine wave, as shown in FIG. 2. 
The diode 20 must have a voltage rating in excess of 

the voltage level stored in the capacitor 32 plus the load 
supply voltage VL, and must have a current rating de 
pendent upon the duty cycle and current requirement of 
the inductive load 12. However, the diodes 28 and 40 
can be current surge rated, since they function only 
during periods of energy transfer between the inductive 
load 12 and the capacitor 32. 
The resistor 44 and the diode 54 are used in the gating 

circuit for the controlled rectifier 40 (which also in 
cludes the capacitor 48, the resistor 50, and the resistor 
56), in order that the gate-to-cathode junction of the 
rectifier 40 is not reversed when the cathode is biased at 
the VL level during charging of the capacitor 32. The 
resistor 56 and the capacitor 48 are chosen to supply an 
exponentially decaying current pulse to the gate of the 
rectifier 40 when the negative terminal of the capacitor 
32 is driven negative from ground at the start of the 
inductive load energization. The maximum gate current 
equals the stored capacitor voltage divided by the resis 
tance of the resistor 56. 
Where very long periods exist between inductive 

load energizing pulses, small leakages in the diode 20 or 
in the transistor 24 may cause the stored voltage on the 
capacitor 32 to be reduced. To maintain the stored 
energy level on the capacitor 32, a trickle charge may 
be applied to the positive terminal of the capacitor 32 
through the resistor 36 from the potential supply VA 
applied to the terminal 38. An advantage of this charg 
ing technique is that the capacitor 32 can be charged 
after equipment utilizing the circuit of the present in 
vention is turned on, so as to aid in the first energization 
of the inductive load 12. 
What is claimed is: 
1. In combination with an inductive load having a 

two-terminal winding, a driving circuit for energizing 
said winding comprising, in combination, 

a direct current voltage supply having two terminals; 
means connecting a first one of the terminals of the 
winding to a first one of the terminals of the direct 
current voltage supply; 

energy storage means having two terminals; 
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means including a unidirectional conducting device 
connecting a first one of the terminals of the energy 
storage means to said first terminal of said winding; 

means including a unidirectional conducting device 
connecting the second of the terminals of the wind 
ing to the second terminal of the energy storage 
means; 

switching means for controlling the state of energiza 
tion of the winding, said switching means having a 
first terminal connected to said second terminal of 10 
said energy storage means and a second terminal 
connected to the second terminal of said direct 
current voltage supply; 

signal translating means having a first terminal con 
nected to said second terminal of said winding, a 
second terminal connected to said first terminal of 
said energy storage means, and a control gate; 

means for connecting said control gate to said second 
terminal of said voltage supply; and 

means for connecting said control gate to said first 
terminal of said energy storage means; whereby 
deenergization of said winding under control of 
said switching means causes energy to be stored in 
said energy storage means, and whereby during 
subsequent re-energization of said winding under 
control of said switching means the energy stored 
in said energy storage means is applied to said 
winding through said signal translating means, 
which is rendered conducting at such time in re 
sponse to the potential level at the first terminal of 
the energy storage means. 

2. The combination of claim 1, also including means 
for applying a source of potential to said second termi 
nal of the energy storage means. 

3. The combination of claim 1 wherein the energy 
storage means comprises a capacitor. 

4. The combination of claim 1 wherein the signal 
translating means comprises a silicon controlled recti 
fier. 
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the voltage supply includes a series combination of a 
resistance, a unidirectional conducting device, and a 
parallel resistance-capacitance combination. 

6. The combination of claim 1 wherein the means for 
connecting the control gate to the first terminal of the 
energy storage means includes a resistance, 

7. Drive circuitry for controlling the energization of 
an inductive load comprising, in combination, 

switching means for controlling the energization and 
deenergization of the inductive load; 

energy storage means capable of storing the energy 
produced by deenergization of the inductive load; 

first circuit means to apply the energy produced by 
deenergization of the inductive load to the energy 
storage means; 

signal translating means having a first terminal con 
nected to one side of the load, a second terminal 
connected to one side of the energy storage means, 
and a control gate connected to a reference poten 
tial; 

second circuit means including the second terminal 
and control gate of the signal translating means, 
whereby the conductivity of the signal translating 
means is controlled by the energy storage condi 
tion of the energy storage means; and 

third circuit means associated with the switching 
means, the energy storage means, the signal trans 
lating means, and the inductive load for applying 
the energy stored in the energy storage means to 
the inductive load to aid in the re-energization 
thereof when the switching means is operated to 
energize the inductive load. 

8. The drive circuitry of claim 7 in which the energy 
storage means comprises a capacitor. 

9. The drive circuitry of claim 7 in which charging 
means are provided for maintaining the energy storage 
means in a fully charged condition during the period 
when the inductive load is deemergized. 

10. The drive circuitry of claim 7 in which the signal 
5. The combination of claim 1 wherein the means for 40 translating means is a silicon controlled rectifier. 

connecting the control gate to the second terminal of 
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