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(57) Abstract

‘ Battery-operated motor control circuit. An adjustable voltage reference (18, 26, 28) is coupled to the battery (10). :
with t.he output of the adjustable voltage reference being coupled to the positive input of an operational amplifier (34). The
negative input of the operational amplifier (34) is coupled to ratio control means i60) for setting the gain of the operational ;
amplifier (34) and thus setting the motor (34) to a selected spesd. A transistor-pair amplifier (38, 40) is coupled to the out- :
pu.t;of the operational amplifier (34), with a negative teedback line (30) being coupled from the output of the transistor am-
plifier to the negative input of the operational amplifier. The motor is also coupied to the output of the transistor amplifier. '
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VOLTAGE REGULATOR IN MOTOR CONTROL

FIELD OF THE INVENTION

The present invention concerns a novel voltage reg-
ulator circuit, and more particularly, a voltage regulator
circuit that has significant utility to the comtrol of a

5 Dbattery-operated motor. |
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BACKGROUND ART ’ )

Ambulatory low volume infusion pumps are known Ior
use in connection with infusion of various fluids to a pa-
tient. In one prior art ambulatory battery-operated in-

5 fusion device, a physician calibrates for a flow rate by
adjusting a trimming potentiometer and viewing the adjust-
ment on a meter. Various inaccuracies have been found us-
ing this prior art system, )

In order to have a successful ambulatory infusion

10 pump, it is essential that the pump have predictable vari-
able speeds in order to give predictable flow rates. The
selected flow rates must remain constant over various states
of charge of the battery,. Furtﬁer, a reasonable torgque
control is required in order to be able to control the flow

l-J
w

rates over the different speed settings.
It is, therefore, an object of the invention to pro-
vide a voltage regulator circuit that is operaztive with a
battery-operated motor to provide predictable accurate ficw
rates (motor speeds) notwithstanding variable loads and
20 notwithstanding the variable input voltages resulting from
variations in the condition of the battery voltage.
It is another object of the present invention to pro-
vide a voltage regulator circuit which is constructed to
have a terminal which can be comnected to a computer or
25 the like to measure the functioning of the circuitry, in-
cluding the actual flow rates at all the speeds, the bat-
tery voltage and the current used.
A further object of the present invention is to pro- .
vide a voltage regulator circuit that can be enclosed in a
30  small module and be completely testable with =z single out- -
put.
Other objects and advantages of the present inven-

tion will become apparent as the description proceeds,
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DISCLOSURE OF THE INVENTION

In accordance with the present invention, a voltage
regulator circuit is provided which comprises a DC wvoltage
input and means coupled to the input for providing a volt-

5 age reference. First amplifier means having its positive
input coupled to the voltage reference means is provided
and the negative input of the first zmplifier means is
coupled to ratio control means for setting the gain of
the first amplifier means, Negative feedback means are

10 coupled from an output of the first amplifier means to
the negative input of the first amplifier meazns.

In the illustrative embodiment, the voltage refer-
ence means comprises a current regulating circuit in sexries
with a potentiometer. The arm of the potenticmeter is

15 coupled to the positive input of the first amplifier means,
thereby providing an adjustable voltage reference. The
first amplifier means includes a pair of transistors conm-
nected to provide a double inversion and the zatio control
means comprises a plurality of resistors and means for

20  coupling to ground a selected resistor of the plurality
of resistors.

In the illustrative embodiment, the feedback means
includes a series resistor. The ratio control means is
operative to provide a voltage ratio factor zt the output

25 of the first zmplifier means that is equal to zbout 1 +
Rfb/Rg where Rfh is the resistance of the series resistor
and Rg is the resistance of the selected resistor of the
plurality of resistors.

In the illustrative embodiment, the positive input

30 of a second amplifier means is coupled to the voltage
reference means. A voltage divider is coupleé to the
positive input of the second azmplifier means Zor simulat-
ing the load at the output of the first azmpliZying means.
Indicating means, such as a light emitting diode, are cou-

35 pled to the output of the second amplifier mezns for indi-
cating the battery condition.
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In the illustrative embodiment, the system takes the
form of a battery-operated motor control circuit, operating
to drive an ambulatory infusion pump for infusing fluids
into a patient.

A more detailed explanation of the invention is pro-
vided in the accompanying drawings.

BRIEF DESCRIPTION OF TEE DRAWINGS

The Figure is a schematic circuit diagram of a vol-
tage regulator circuit constructed in accordance with the
principles of the present invention.
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DETAILED DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENT

Referring to the drawing, a battery 10 having its
negative terminal comnected to ground is connected to a
double pole, triple throw switch 12, 95 having "run' ter-
minals 13, 96, "off" terminals 14, 97 and "test" terminals
15, 98. Run terminal 96 and test terminal 98 are con-
nected to a drain terminal 16 of a current regulator cir-
cuit 18. Current regulator circuit 18 comprises an FET 20
and a resistor 22. The source terminal 23 is connected to
the gate 24 through resistor 22 and gate 24 is connected
to a potentiometer 26 which is connected to ground through
resistor 28.

The arm of potentiometer 26 is connectec via line
32 to the .positive terminal of an operational amplifier
34, The output of operational amplifier 34 is comnected
through resistor 36 to the base of an NPN tramsistor 38,
the collector of which is connected to the base of a PNP
transistor 40 and the emitter of which is connected to the
collector of transistor 40 through resistor 42. The emit-
ter of tramsistor 38 is connected to ground through resis-

. tor 44,

Transistors 38 and 40 comprise a power booster cir-
cuit for operational zmplifier 34. The operational ampli-
fier 34 cannot alonme drive a motor as required, because
it does not have suitable power. Further, the saturation
output -voltage of operational amplifier 34 would be a prob-
lem even if it could drive the motor. By connecting tran-
sistors 38 and 40 so that the collector of trznsistor 38
drives the base of transistor 40, a double imyversion is
obtained, thereby resulting in the same phase as the out-
put of operational amplifier 34. This enables a feedback
circuit to the negative terminal of operationzl amplifier
34 from the collector of tramsistor 40, through current
limiting resistor 46, line 48, line 50 and resistor 52.
The resulting circuit has an extremely low voltage drop

between the output and power source. For exa—ple, a power
BUREA[
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source of 2.2 volts can be used to regulate a final output .-
voltage to the motor requirement of 2.1 volts or to within
about 0,1 volt of the battery voltage,

Output line 48 is coupled to motor 54 and also through

5 resistor 56 to a terminal 58 which may be comnected to mea-
suring means, such as a meter or a computer,

Ratio control means 60 is coupled via line 62 to the
negative input terminal of operational amplifier 34. Ratio
control means 60 comprises parallel connected resistors

10 64, 66 and 68, with a grounded single pole switch arm 70
that is adapted for connecting to either resistor 64 by
contacting terminal &4, resistor 66 by contacting terminal
3, resistor 68 by contacting terminal 2 or no resistor by
contacting terminal 1. Resistor 64 has the lowast resis-

15 tance, resistor 66 has the next lowest resistance, resistor
68 has a higher resistance and, of course, an infinite re-
sistance is provided when the switch azrm 70 contacts ter-
minal 1. . _

Resistors 64, 66 and 68 can be selected to provide

20 a predetermined speed ratio for the motor, once the initial
speed of the motor is calibrated. In order to calibrate
the initial speed of the motor, switch arm 70 is connected
to terminal 4 of ratio control means 60. This will be the
highest speed of the motor at which there is most ripple

25 thereby providing the greatest spikes for the operator to
observe. Assuming that motor 54 is a five-pole motor,
there will be ten spikes per revolution of the mctor. By
coupling measuring means to terminal 58 and knowing that
there are ten spikes per revolution of the motor, it is

30 simple to determine the precise speed over the motor for
a particular time period. This is most easily accamplished
when the switch arm 70 is connected to terminal & because
of the large ripple that is achieved. While the operator
notes the speed at output 58, the precise speed desired

35 is calibrated by moving arm 30 of potentiometer 26, Once
this maximum speed is calibrated, the other selected speeds

are obtained by merely moving switch arm 70 of gain control
SURZA(
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means 60 to terminal 3, or 2 or 1, depending upon the speed

desired. :

With switch arm 70 at terminal 1, motor 54 has the
same voltage as the voltage on line 32. With switch amm

S 70 at terminal 2, motor 54 has the yoltage on line 32 times

(1 + Rfb/Rg) where Rfp is the resistance of resistor 52
and Rg is the resistance of 68, Likgwise, when switch arm
70 is connected to terminal 3, motor 54 will have the wlt-
age on line 32 times (1 + Rfp/Rg) where Rfb is the resistance

10  of resistor 52 and Rg is the resistance of resistor 64.

A test circuit 74 is provided as follows. Arm 30 of
potentiometer 26 is connected to the positive input terminal
of a second operational amplifier 76. The output of opera~
tional amplifier 76 is connected to the base of a PNP tram

15 sistor 78 through Tesistor 80, The collector of PNP tran-
sistor 78 is connected to an indicating means 82, in the
form of an LED, through resistor 84. The negative input
of operatiomal amplifier 76 is comnected to a voltage di-
vider circuit comprising a first resistor 86 connected to

20  the positive test terminal 15, a potentiometer 88 and a
resistor 90 conmnected to ground.

Resistors 86 and 90 and potéentiometer 88, which form
a voltage divider circuit, are of such value to load the
battery 10 slightly in excess of the motor load. Thus the

25 energization of an LED in a test made will serve to indi-
cate that the power supply has sufficient reserve to oper-
ate the system.

By utilizing the aforementioned circuit, the selected
motor speeds will remain constant over various states of

30 charge of battery 10, If the load on motor 54 increases,
the voltage at point 92 tends to drop. This is sensed at
the negative input of operational amplifier 34 which drives
the output at point 92 back to its initial level increas-
ing motor torque. At stall the circuit is protected and

35 the motor torque is limited by resistor 46. After the

.voltage on line 32 has been set, arm 94 of potentiometer

88 can be moved to adjust operatiomal emplifier 76 so tha
BUREAy
oMP!
4 TEmA




WO 82/03298 PCT/US82/00193

LED 82 will be a low voltage indicator.

The system is particularly useful in an ambulatory s
low volume infusion pump, Typically, four desired flow
rates may be appropriate, Thus resistors 64, 66 and 68

5 are elected so as to provide the proper flow speed ratios.

When the system is not in use, switch 12 will be in
its "off" position. Testing may be accomplished by plac-
ing the switch in the "test' position and operation of the
motor 54 is accomplished with the switch in the "run' posi-

10 tiom.

It is seen that a voltage regulator circuit has bemn
provided that is operative with a battery-operated motoxr
to provide predictable accurate motor speeds, notwithstand-
ing wvariable loads and notwithstanding the variable input

15 voltages resulting from variations in the condition of the
battery voltage, ’

Although an illustrative embodiment of the inven-
tion has been shown and described, it is to be understood
that various modifications and substitutions may be made

20 without departing from the novel spirit and scope of the

present invention.

BUREA[
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THAT WHICH IS CLAIMED IS:

1. A voltage regulator circuit which comprises:

a DC voltage input;

means coupled to said input for providing a voltage
reference;

first amplifier means having a positive input, a neg-
ative input and an output, said first amplifier means hav-
ing one of its inputs coupled to said voltage reference
means; '

* ratio control means coupled to the other input of
said amplifier means for setting the gain of said first
amplifier means;

feedback means coupled from an output of said first
amplifier means to said other input of said first ampli-
fier means;

a second amplifier means having a positive input, a
negative input and an output;

means coupling said voltage reference to one of the
inputs of said second amplifier means; .

a voltage divider coupled to the other input of said
second amplifier means for simulating the load at the out-
put of said first amplifier means; and

indicating means coupled to the output of said sec-

ond amplifier means.

2. A voltage regulatof circuit as described in Claim
1, said voltage reference means comprising a current regu-
lating circuit in series with a potentiometer, with the
arm of the potentiometer coupled to said one input, there-
by providing an adjustable voltage reference.

3. A voltage regulator circuit as described in Claim
1, said first amplifying means including a pair of tran-

sistors connected to provide a double inversiom,

4, A voltage regulator circuit as described in Claim
BUREA(
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3, said first amplifying means including an NPN transistor .
the base of which is coupled to the output of szid first
amplifier means, a PNP transistor the base of which is cou
pled to the collector of said NPN tramnsistor, a resistor

5 coupling the emitter of said NPN transistor to the collec- .
tor of the PNP transistor; said feedback means coupling
the collector of said PNP tramsistor to the negative input

of the first amplifier means.

5. A voltage regulator circuit as described in Claim
10 1, said ratio control means comprising a plurality of re-
sistors and means for coupling to ground a selected resis-

tor of said plurality.

6. A voltage regulator circuit as described in Claim
5, said feedback means including a series resistor and said
15 ratio means beiné operative to provide a voltage ratio fac-
tor at the input of the first azmplifier means that is equal
to about 1 + be/Rg where be is the resistance of said
series resistor and Ry is the resistance of the selected
resistor of said plurality.

20 7. A voltage regulator circuit as described in Clain
1, said second amplifying means including an amplifier cou-
pled to the output of an operational amplifier; and said
indicating means being coupled to the output of said amp-

lifier.

25 8. A voltage regulator circuit as described in Clain
7, said amplifier comprising a transistor and said indi- -

cating means comprising a light emitting diode.

9. A voltage regulator circuit as described in Clain

1, including means for adjusting said voltage reference
30 means; ,
a motor coupled to an output of said first amplifier

means;

D, RPO
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a measurement terminal coupled to said first ampli-

fier means output; and
said adjusting means being operative to calibrate

the motor speed.

10. A voltage regulator circuit as described in
Claim 9, said ratio control means being operable to selec-
tively control the motor speed, said ratio control means
comprising a plurality of resistors and means for coupling
to ground a selected resistor of said plurality.

11, A voltage regulator circuit which comprises:

a DC voltage input;

means coupled to said input for providing an adjust-
able voltage reference, said adjustable voltage reference:
means comprising a current regulating circuit in series
with a potentiometer;

first amplifier means having a positive input, a neg-
ative input and an output;

the arm of the potentiometer being coupled to said
positive input, thereby providing an adjustable wvoltage
reference; ' '

ratio control means coupled to the negative input
of said first amplifier means for setting the gain of said
first amplifier means, said ratio control means comprising
a plurality of resistors and means for coupling to ground
a selected resistor of said plurality;

feedback means coupled from an output of said first
amplifier means to said other input of said first ampli-
fier means;

said feedback mezns including a series resistor and
said ratio means being operative to provide a voltage ratio
factor at the input of the amplifier means that is equal
to about 1 + be/Rg where Rfp is the resistance of said
series resistor and Rg is the resistance of the selected
resistor of said plurality;

a motor coupled to an output of said first amplifier
BUREA[F
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means ; .
a2 measurement terminal coupled to said first ampli-
fier means output; and
said potentiometer arm being operative to calibrate

¥}

the motor speed,

12. A voltage regulator circuit as described in
Claim 11, including second amplifier means having a posi-
tive input, a negative input and an output;

means coupling said voltage reference to the input
of said second amplifier means;

the voltage divider coupled to the positive input
of said second amplifier means for simulating the load at
the output of said first amplifier means; and

indicating means coupled to the output of said second
operaticnal amplifier

13. A voltage regulator circuit as described in
Claim 12, said second amplifier means including an ampli-
fier coupled to the output of an operational zmplifier

PR

and said indicating means coupled to the output of said
eamplifier.

14, A voltage regulator circuit as described in
Claim 13, said first amplifying means includine a pair of
transistors connected to provide a double inversion, szid
pair comprising an NPN transistor the base of which is cou-
pled to the output of said first amplifier means, a PNP
transistor the base of which is coupled to the collector
of said NPN transistor, a resistor coupling the emitter -
of said NPN transistor to the collector of the PNP tran-
sistor; said negative feedback means coupling the collec-
tor of said PNP transistor to the hegative input of the
first amplifier means.

15. A battery-operated motor control circuit, which

comprises: ’ CRERR
8 u
_ompr_
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a battery;
means coupled to said battery for providing an adjust-

able voltage input;

first amplifier means having a positive input; a neg-
ative and an output, the positive input being coupled to
said adjustable voltage imput;

ratio control means coupled to the negative input of
said first amplifier means for setting the gain of said
first amplifier means and thus setting the speed of the
motor, said ratio control means being operable to selec-
tively control the motor speed in discrete increments;

negative feedback means coupled from an output of
said first amplifying means to the negative input of said
first amplifier means; and

means coupling an output of said first amplifying

means to the motor.

16. A device as described in Claim 15, said ratio
control means comprising a plurality of resistors and means
for coupling to ground a selected resistor of said plu-

rality.

17. A device as described in Claim 16, said feedback
means including a series resistor and said ratio control |
means being operative to provide a voltage ratio factor
at the input of the first amplifier means that is equal to
about 1 + Rfp/Rg where Rfp is the resistance of said series
resistor and Rg is the resistance of the selected resistor

of said plurality.

18. A device as described in Claim 15, including
second amplifier means having a positive input, a nega-
tive input and an output;

means coupling said adjustable voltage input to the

-positive input of said second amplifier means;

a voltage divider coupled to the positive input of

said second amplifier means for simulating the load at
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the output of said first amplifying means; and
indicating means coupled to the output of said second

amplifier means,

19, A device as described in Claim 15, said first *

5 amplifier means including an NPN transistor the base of

which is coupled to the output of said first amplifier

means, a PNP transistor the base of which is coupled to

the collector of said NPN transistor, a resistor coupling

the emitter of said NPN transistor to the collector of
10  the PNP transistor; said negative feedback means coupling

the collector of said PNP transistor to the negative input

of the first amplifier means.
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