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METHOD AND APPARATUSFORF LUID FLOW CONTROL IN A PARENTERAL ADMINISTRATION
" SYSTEM

This invention relates generally to
improvements in fluid flow control systems and,
5 more particularly, to a new and improved auto-
matic, self-regulating, highly accurate drop
flow control system for parenteral adminis-
tration (referred to herein as "intravenous
administration" or "IV administration™) of
10 medical fluids over a wide range of fluid flow
rates. More specifically, the invention relates
to iﬁprovements in IV controllers using electric-

ally actuated IV tube pinchers.

The usual medical procedure for the

15 gradual IV administration of fluids inta the
human body, such as fluid replacement, liquid
nutrients, blood or plasma, makes use of apparatus

which is commonly referred to in the medical

art as an intravenous sclution administration

20 set. The set typically is a disposable plastic
product, and comprises a drop chamber adapted to

be connected to a fluid source, a length of tubing
extending from the chamber to the patient and a

valve mechanism, such as a roller clamp on the

25 tubing.
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The drip chamber serves the dual func-
tion of allowing a nurse or other attendant to
observe the rate at which the fluid drips out of
the fluid source and also creates a reservo}r'for
the fluid at the lower end of the drip chamber to
insure that no air enters the main feeding tube

leading to the patient.

While observation of the rate of drop
flow via the drip chamber is a éimple way of
controlling the amount of fluid fed to a patient
over a period of time, its ultimate effectiveness
requires that a relatively constant vigil be
maintained on the drop flow, lest it cease entire-
ly due to exhaustion of the fluid supply or vary

unacceptably from the set rate.

By way of example, it has been a common
practice in hospitals to have nurses periodically
monitor drop flow rate at each intravenous feed}ng
or parenteral infusion station. Such monitoring
of drop flow is a tedious and time consuming
process, resulting in a substantial reduction
of the available time of qualified medical
personnel for other important duties. Typi-
cally, the nurse monitoring drop flow rate
will use a watch to time the number of droés
flowing in an interval of one or more minutes,
and she will then mentally perform the mathe-
matics necessary to convert the observed data
to an appropriate fluid flow rate, e.g., 1in

milliliters per hour or drops per minute. If
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the calculated flow rate is substantially dif-
ferent than the prescribed ‘rate, the nurse must
manually adjust the roller clamp for a new rate,

count drops again, and recalculate to measure the

5 new rate.

Obviously, each of the aforedescribed
measurements and calculations and flow rate
adjustments usually take several_ﬁinutes time
which, when multiplied by the number of stations

10 being monitored and the number of times each
station should be monitored per day, can result-in
a substantial percentage of total personnel time

available.

In addition to the aforedescribed
15 difficulties, the IV administration of medical
fluids by gravity inddced hydrostatic pressure
infusion of the liquid from a fluid source suspend-
ed above a patient, is susceptible to fluid flow
rate variation due to changes in the fluid level
20 in the bottle, changes in temperature, changes in
the venous or arterial pressure of the patient,
patient movement, and drift in the effective
setting of the roller clamp or other valve mechan-
ism pinching the feeding tube. Moreover, there
25 are a number of situations, such as in intensive
care, cardiac and pediatric patients, or where
rather critical drugs are being administered,
where the desired drop flow rate must be capable
of precise selection and must not drift beyond

30 certain prescribed limits.
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It will be apparent, therefore, that
some of the most critical problems confronting
hospital personnel faced with a heavy duty
schedule and limited time availability are the
5 problems of guickly, easily, reliablv and accurate-
ly monitoring and regulating drop flow rate in the

1V administration of medical fluids.

In recent years, a number of electrical

monitoring systems, drop flow controllers and

10 infusion pumps have been developed to accomplish
the wvarious tasks of éensing and regulating drop

flow rates. However, while such monitoring

and drop rate control devices have generally

served their purpose, there is a continuing need

15 for improvement in accuracy and precision of
adjustment over a wide range of selected flow

rates. Difficulties have been experienced in
connection with establishing and ﬁaintaining such
accurate drop flow rates at the extreme ends of

20 the operating range, i.é., at very high flow rates
and very low flow rates. Such difficulties are
manifested in IV controllers by sticking of the IV

tube as it opens and closes at low drop flow rates

and failure of the IV tube pincher to completely

25 close off the IV tube at high drop flow rates
because the mechanical inertia of the plunger may

be too high to respond to each electrical pulse in

a very high freguency pulse train.

Bence, those concerned with the develop-
30 ment and use of IV fluid administration systems,
and particularly those concerned with the design
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of automatic fluid flow control systems, such
as IV controllers, have recognized the need
for improved, relatively simple, economical,
reliable, stable and accurate devices for fluid
flow control which obviate the aforedéscribed
difficulties. The present invention clearly
fulfills this need.

SUMMARY OF THE INVENTION

Briefly, and in general terms, the
present invention provides a new and improved
method and apparatus for controlling drop flow
in the IV administration of medical £fluids,
wherein the frequency and width of control pulses
which open a normally shut-off feeding tube are
controlled by a digital system capable of sensing
and regulating dro§ flow rate accurately over a
wide range of flow rates. More particularly,
the présent invention provides novel improvements‘
in drop flow controllers of the.type @escribed
in U.S. Patent No. 3,800,794, issued April 4,
1974, for Method and Apparatus for Fluid Flow
Control, inventor Heinz W. Georgi, and the disclos-
ure of the latter patent is specifically incorpora-
ted herein by reference. The improvement of
the present invention provides for varying the
ratio of the control pulse frequency to the drop
flow rate as a function of the selected drop

flow rate.

In the system of the present invention,
as well as in the system of the aforementioned
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U.S. Patent No. 3,800,794, the system for
establishing control pulse fregquency is an open
loop subsystem wherein the control pulse frequency
representing desired flow rate is a relatively
high, preferably non-integral, multiple-éf the
actual drop flow rate frequency (typically expres-
sed as DPM, or drops per minute) which results in
less drop distortion and more consistently repeat-
able drop size from one drop to another.

Additional control over drop flow rate

" is accomplished by varying control pulse width,

i.e., the open period duration for the feeding
tube for each control pulse. Variation of control
pulse width to regulate actual drop flow rate so
that it is maintained within close tolerances at
the desired flow rate is established by a closed

loop subsystem.

By way of example, a feeding tube
clamping member (normélly in the tube shut-off
position) is repeatedly moved to the tube-open
position by a driver which 1is, in turn, energized
by pulses from a variable pulse generator which
produces control pulses at a frequency which-is a
high multiple of the desired drop flow rate.
The width of each control pulse is determined by
the amplitude of a control voltage produced by a
rate memory which compares a pair of electrical
signals proportional to the measured and desired
drop flow rates, respectively, and integrates the
electrical difference between these signals with

the proper polarity to either increase or diminish

PCT/US81/01477
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the amplitude of the control voltage. In this
. way, precise regulation of the control pulses to
the proper pulse width for establishing the
desired drop flow rate is accomplished.

5 The present invention provides further
novel improvements in the aforedescribed system by
varying the ratio of the control puise frequency
to drop flow rate freguency so that the ratio is

- higher at low drop flow rates and lower at high

10 drop flow rates. This variable ratio accommoda-
tion mitigates problems of IV tube wall stick-

ing, at very low flow rates, and tube pincher

hover or inertial lag at very high drop flow

, rates. Typically, and by way of example in a

15 presently preferred embodiment of the invention,
the ratio may be increased to 15 1/2 at very low
drop flow rates, such as 11 DPM or less, and
decreased to 2 1/2 at very high drop flow rates,
such as 342 DPM or more. Drop flow rates between

20 these limits’are matcheé to a plurality of differ-
ent ratios between 15 1/2 and 2 1/2. The values
of control pulse to drop rate ratio may be varied
continuously, or as a step-function, and may be
accomplished by any analog or digital means,

25 including microprocessors, known to those skilled
in the art, without departing from the spirit of

the invention.

_ The new and improved fluid flow control
~ system of the present invention is extremely
30 accurate, reliable and easy to use in selecting

and maintaining drop flow rates ‘throughout a wide
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range. Hence, the system of the present invention
further minimizes the time consuming and error

prone aspects of human monitoring and flow rate
adjustment and frees medical personnel for other

5 duties. " :
These and other objects and advantages

of the invention will become apparent from the
following more detailed description, when taken in
conjunction with the accompanying drawings of

10 illustrative embodiments.

2

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a fluid
flow control system in accordance with the present
invention;

15 FIG. 2 is a table of typical values of
control pulse frequency to drop rate ratio for
selected drop rates, in’accardance with a present-
ly preferred embodiment of the invention;

FIG. 3 is a combined electrical schemat-
20 ic and block diagram of a drop.rate selection and
control pulse generation subsystem, including
means for generating corresponding appropriate
ratios of control pulse frequency ‘to desired drop
rate, suitable for use in the flow control
25 system of the present invention; and

FIG. 4 is an electrical schematic

diagram of a rate memory subsystem operating under
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the control of the variable control pulse frequen-
cy to desired drop rate ratios generated by the

subsystem shown in FIG. 3. -

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now particularly to FIG. 1 of
the drawings, there is shown a drop flow control
system embodying the novel features of the present
invention. In the ensuing description, while
reference will be made to the term "IV" normally
connoting intravenous administration or even more
broadly, parenteral administration, it is to be
understood that this is by way of example only,
and the flow control system of the present
invention is suitable for other medical fluid

administration.

In order to control drop flow rate, it
is necessary to continuously monitor the actual
drop flow as it occurs’ in an IV solution admini-
stration set. This is accomplished in the system
of FIG. 1 by a drop flow monitor which includes a
drop sensor 10 and a pulse generator 12 adapted to

detect each drop as it falls and generate an

- electrical pulse train at a frequency directly

proportional to the drop flow rate.

The drop sensor 10 monitors drop flow in
a drip chamber (not shown) of the IV administra-
tion set and typically may include a sensor

housing (not shown) containing a reference light
source spaced from a photocell to define an

PCT/US81/01477
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optical sensing gap therebetween, with a reference
light beam normally impinging upon the photocell.

_The housing is appropriately clamped upon the drﬁp

chamber of the IV set with the drip chamber
positioned within the sensing gap to intercépt'the
reference beam. A falling drop of fluid within
the drip chamber interrupts the reference beam,
and the variation in the electrical response of
the photocell is communicated to appropriate
circuitry indicating the presenéé of a drop.
While a photocell monitoring device is ideally
suited for the drop sensor 10, it will be appre-
ciated that any drop sensing device capable of
providing an electrical indication of the presence

of a drop may be used without departing from the

spirit and scope of the invention.

The pulse generator 12 receives elect-
rical output from the sensor 10 over line 11 and
is typically a conventional Eccles-Jordan mono-
stable flip-flop (one;shot) which provides an
output pulse with a prescribed pulse width and
amplitude each time a drop is detected by the drop
sensor 1l0. The pulse generator 12 typically
provides a positive going pulse train proportional
to measured drop flow rate, as an electrical input
over line 13 to a pulse-width control rate hemofy
14.

A second electrical input to the rate
memory 14 is provided over line 15 in the form of
a2 negative going pulse train from a variable

frequency pulse generator 16. The pulse generator

Ay, WIFOQ
43 RNATIO
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16 is typically a variable frequency sguare wave
generator which generates a negative pulse train
at a frequency determined by a drop rate selection
and control pulse frequency to drop rate ratio
generation subsystem, such as that shown in
more detail in FIG. 3 of the drawings. In this
regard, a drop rate selector 17 in FIG. 1 directs
its voltage output over line 18 to the variable
frequency pulse generator 16 to establish the
output pulse frequency from the latter generator
and, at the same time, conditions over line
19 a control pulse fregquency to drop rate ratio
selector 20 which, in turn, determines the appro-
priate ratio for the selected drop rate and
conditions the pulse generator 16 by electrical

input over line 21.

The positive pﬁlse train over line 13
from the pulse generator 12, indicative of meas-
ured drop flow rate, and the negative pulse train
over line 15 from the pulse generator 16, indiéa—
tive of desired drop flow rate, are combined and
compared in the rate memory 14, the electrical
difference between the signals indicating measured
and desired rates being integrated in the rate
memory with the proper polarity to either increase
or diminish the amplltude of a d.c. output control
voltage which is fed from the memory, over line
22, as an electrical control input to a pulse
generator 23 having a selectively variable
output pulée width. The variable pulse width
generétor 23 also receives a pulse train input
over line 25 from the variable frequency pulse
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generator 16. It will be apparent that any

variable width pulse generating circuit suscepti-
ble to control by the control voltage from the
rate memory 14 may be utilized for the variable
5 pulse width generator 23 without in amy way
departing from the spirit and scope of the btesent

invention.

The pulse width control rate memory 14
also receives an electrical input, over line 24,
10 from the ratio selector 20 so that the pulse
trains over lines 13 and 15 are properly weighted.
A suitable rate memory subsystem for this purpose
is illustrated in FIG. 4 of the drawings.

The output pulses from the pulse gener-
15 ator 23 are directed over line 26 as energizing
pulse input to a driver 27 thch, in turn, moves a
tube manipulating device, such as a clamping
member 28, away from a flexible IV feeding
tube 29 ,to thereby open the feeding tube for
20 fluid flow. The clamping member 28 is normally
spring-biased to a position which pinches the
tube 29 in a shut-off state.

Each output pulse over line 26 causes

the clamping member 28 to be retracted and

25 thereby -open the feeding tube 29 for the duration
of the energizing pulse width.

In accordance with the teachings of the
aforementioned U.S. Patent No. 3,800,794, the
control pulse output from the pulse generator 16

SUREAT
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directed over lines 15 and 25 is a multiple of
the actual drop flow rate frequency desired.
As the ratio of driver pulse frequency to actual
drop flow rate fregquency increases, drop size
5 distortion, and consequent lack of consistent drop
size repeatability, diminishes. Best results are
achieved with a relatively high, non-integral

ratio of driver pulse frequency to desired drop
frequency. . ‘

10 It has been discovered that,_partiéular-
ly at very low drop flow rates, the walls of the
1V tube 29 display a tendency to stick together
and, the longer the period of tube close-off by
the clamping member 28, the more pronounced the

15 tube sticking, with its inherent potential for
introducing drop flow inaccuracy. This is .
particularly true for the vinyl IV tubing commonly
in use in the parenteral administration of lig-
uids, but is also the case, in varying degrees,

20 for other plastic and ,elastomer IV tubing mater-

ials as well.

It has also been determined that, at

higher drop flow rates, the clamping member 28

behaves as a mechanical low pass filter for the

25 driver pulses and can thereby introduce inertial
lag so that the clamping member hovers in a
partially open position without completely
clamping off the IV tube 29 between driver

pulses, a condition which also may introduce drop

30 flow inaccuracy.
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Hence, in accordance with the invention,
the ratio of control pulses to drops is varied
with selected drop flow rate, rather than being
maintained at a constant ratio for all selected

5 drop flow rates. In this connection, the ratio of
the control pulse frequency to drop flow rate is
varied so that the ratio is higher at low drop
flow rates and lower at high drop flow rates.
This variaﬁle ratio accommodation as a function of

10 selected drop flow rate mitigates problems of IV
tube wall sticking, at very low flow rates, and
tube pincher hover or inertial lag at very
high drop flow rates. Typically, and by way of
example in a presently preferred embodiment of the

15 invention, the ratio may be increased to 15 1/2 at
very low drop flow rates, such as 11 DPM or less,
and decreased to 2 1/2 at very high drop flow
rates, such as 342 DPM or more. Drop flow rates
between these limits would be selected as a

20 function of selected drop flow rate with appro-
priate ratio values falling between 15 1/2 and
2 1/2. )

FIG. 2 of the drawings is a table of

typical wvalues of control pulse frequency to drop

25 rate ratios for sélected drop flow rates between
zero and 380 DPM, in accordance with a presently
preferred embodiment of the invention. The values

of control pulse f%eqﬁency to drop rate ratio may

be varied continuously or as a step-function, and

30 may be accomplished by any known analog or digital
means, including microprocessors or other computer
implementation, without departing from the spirit

and scope of the invention.

Q7\YJHO
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Hence, in accordance with the present
invention, each drop which flows through the IV
feeding tube 29 is made up of a multiplicity of
smaller drop portions which are attached to each
5 other to form a contiguous fluid body making up
the final drop, which is thus grown in steps under
the control of the energizing pulses from the
pulse generator 23, and the ratio of the ener-
gizing pulse frequency to drop flow rate is varied
10 as a function of the selected drop }low rate. The
width or duration of the energizing pulses 1is
varied by the closed loop system including the
drop sensor 10, pulse generator 12 and rate memory
14 to ensure regulation of the actual drop flow
15 rate measured to the desired drop flow rate
indicated by the pulse output from the pulse
generator 16.

The control voltage output from the rate

memory 14 is also directed over a line 30 to any

20 apprépriate monitor and alarm system (not shown)
for detecting any out-of-limit conditions. Such

monitor and alarm systems may take any form well

known in the art, such as high and low level
discriminators for selectively triggering aural or

25 visuai alarms (not shown).

One example of a subsystem suitable for
performing the functions of the drop rate selector
17, control pulse frequency to drop rate ratio
selector 20 and variable freguency pulse generator

30 16 is shown in FIG. 3 of the drawings.
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The system‘of FIG. 3 provides, by way
of example, means for the determination of four
different ratio signals S1-S4, corresponding to
Ratio 1-Ratio 4 of control pulse freguency to drop

5 rate. However, it is to be understood that the
choice of four ratios is illustrative only, and
any number of ratios which are an appropriate
function of the selected drop rate may be used,
and determined in any convenient manner, analog,

10 digital or by computer, without departing from the

invention.

The rate selector 17 is schematically
depicted in FIG. 3 as a variable potentiometer
which provides an analog signal over line 19 as

15 input to the variable frequency pulse generator
16. The rate selector 17 also provides the same
electrical output over line 18 to a comparator
network for determination of the ratio signals
S1-54.

20 The comparator network includes four
resistors 32-35 connected in series between a
positive voltage source and ground as a conven-
tional weighted resistor ladder, three comparators
37-39, three logical inverters 41-43, and a pair

25 of And gates 45, 46. Each comparator receives one
input from the resistor ladder and the other input
from the rate selector 17. The comparator
network determines a single control pulse fre-
quency to drop rate ratio exclusively at any one

30 time, so that only one of the ratio signals S1-S4
w}ll be "true" at any one time, with all of the

other ratio signals being "false" at that time.
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Assuming, for example, a very high drop
rate is selected, then the electrical outputs from
all of the comparators 37-39 over lines 47-43,
respectively, will all be “true". Hence, the
5 ratio signal S4 on line 47 will be “true".
However, in view of the inverters 41-43, all of
the ratio signals S1-S3 will be "false". If a
lower drop rate is selected, -the output over
line 47 will be "false", but lines 48 and 49 will
10 still be "true". The "false" output on line 47
will be inverted to a "true" input to the And gate
45, so that ratio signal S3 will be "true".
However, all other ratio signals S1, S2 and S4
will still be "false". Similarly, if still lower
15 drop rates are_selected, only the output from
comparator 39, over line 49, will be "true", which
will result in the ratio signal S2 being "true" at
the output of the And gate 46. All other ratio
signals 81, S3 and S4 will be "false”. If still
20 lower drop rates are selected, then none of the
signals over lines 47, 48, 49 will be "true" and,
therefore, the only "true" ratio signal will be
the inverted output from the inverter 43 which
is the ratio signal Sl1. All of the other ratio
25 signals S2-S4 will he "false".

The rat;o signals S1-S4 are used to

control the variable frequency pulse generator 16

to alter the frequency output of the pulse gener-

ator for any given control voltage input over line

30 19 from the rate selector 17. The ratio signals
S1-S4 may modify the pulse generator 16 in any
conventional fashion, as by switching component

valpes in an oscillator circuit to alter oscil-

lator freguency.
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One embodiment of electrical circuitry-
suitable for carrying out the necessary.functions
of the pulse width control rate memory-1l4 is
illustrated in FIG. 4 of the drawings.' The
negative pulse train from the pulse generator 16
is directed over line 15 through a selected one of
a plurality of current determining resistors R1-R4
and diode D1 as input to the negative channel of a
conventional operational amplifier 31 which,
together with a capacitor Cl, is electrically
wired in a conventional integrating configuration
to provide the d.c. control voltage output over
line 22 to the variable width pulse generator 23.
In a similar manner, the positive pulse train from
the pulse generator 12 is directed over line 13
through a selected one of a.plurality of current
determining resistors R5-R8 and diode D2 as an
additional input to the same negative channel of
the amplifier 31 as the negative pulse train

passed by-the diode Dl.

If the measured and desired flow rates
are the same, then the net electrical input to the
amplifier 31 is ‘zero, since the positive and
negative pulses essentially cancel each other out;
and the d.c. control voltage output over line 22
stays constant. If the desired rate is higher
than the measured rate, the control voltage output
drifts more positive while, on the other hand, the
control voltage drifts more negative if the flow
rate measured is higher than the desired flow
rate. It will also be apparent that, in the event
the electrical inputs to the émplifier 31 are

- PCT/US81/01477
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disconnected, the d.c. control voltage output of
the amplifief will hold constant at its last level

prior to disconnection. -

As shown in FIG. 4, the particular
resistors R1-R4 and R5-R8 are selected in corres-
ponding pairs by ganged switches SW1l-SW4 and
SW5-SW8, respectively, under control of suitable
relay drivers 51-54. These relay drivers 51-54
are, in turn, energized selectively by the output
ratio signals S1-54 from the control pulse freg-
uency to drop rate ratio selector subsystem of

FIG. 3. The resistive ratios are weighting terms

.for the pulse trains to the integrator. Of

course, the switching subsystem may be accomp-
lished by relays, FET switches, computer control

or any eguivalent devices.

- In this way, as illustrated for example
in FIGS. 2 and 3 of the drawings, the variable
freguency pulse generator 16 and pulse width
control rate memory l4 are properly adjusted and
compensated for the variable ratios of control
pulse freguency to drop rate which occur as the
desired drop rate is changed by adjustment of the

drop rate selector 17.

The new and improved method and appara-
tus for drop flow control, in accordance with the
present invention, further satisfies a long
existing need in the medical arts for an extremely
accurate, relatively low cost, reliable, easy to

4 WI
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use system providing digital precision in select-
ing and maintaining drop flow rates over a very
wide range. The system of the present invgntion
functions to maintain selected flow rates substan-
5 tially independent of changes in temperature,
crimps in the feeding tube, variations in venous
or arterial pressure of the patient, muscular
activity of the patient, or variations in the
height of the IV bottle or solutiorn level within

10 the bottle.

It will be apparent from the foregoing
that, while particular forms of the invention have
been illustrated and described, various modifica-
tions can be made without departing from the

15 spirit and scope of the invention. Accordingly,
the invention is not to be limited, except as by

the appended claims.
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CLAIMS

|. In the parenteral administration of medical

fluids by an intravenous set including drop forming means and
£luid conduit means coupled To said drop forming means, a method
of controlling the rate of drop flow through said fluld conduit

means, comprising the steps of:
clamping said fluid conduit To a substantially shut-

off state;

repeTiTive[y opening and closing said fluid conduit to
fluid flow, The frequency of opening said fluid conduit being af
a higher frequency than the desired drop flow rate through said
£luid conduit, the ratio of said frequency of opening and closing
to said desired drop flow rate being higher for relatively low
drop flow rates than for relatively high drop flow rates, whereby
a plurality of cycles of opening and closing said fluid conduit
are required fo produce each Individual drop of flow,

2. A method as set forth in Claim |, wherein tThe
frequency of opening said fube Is an integral multiple of the
desired drop flow rate.

3. A method as set forth in Claim I, wherein the
frequency of opening said tube is a non—InTééraY‘mulTipIe of the
desired drop flow rate.

4. In the parenteral administration of medical
fluids by an intravenous set including drep forming means and
fluid conduit means coupled to said drep ferming means,.a method
of controlling the rate of drop flow fhrough said fluid conduit
means, comprising the steps of:

clamping said fluid conduit to a substantially shui-
off state;

producing centrel pulses having a frequency higher
than a desired drop flow rate through said fluid conduit,- the
ratio of said conftrol pulses to said desired drep flow rate
being higher for relatively low drop flow rates than for reiatively
high drop flow rates; and

repetitively opening and closing said fluid conduii To
flow in response to said confrol pulses, the fregquency of eﬁening
said fluid conduit being at a higher frequency than The desired
drop flow rate Through said fluid conduit, whereby a plurality

of control pulses and cycles of opening and closing said fluid
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conduit are required to produce each individual drop of flow.
5. A method as set forth in Claim 4, wherein said
control pulses are produced at a frequency that is a relatively
high multiple of the desired drop flow rate.
6. A method as set forth in Claim 4, wherein said
control pulses are produced at a frequency that is an infegrel
multiple of The desired drop flow rate.
i 7. In the parenteral adminisiration of medical
fluids by an intfravenous set including drop forming means and
fluid conduit means coupled to said drop forming ﬁéans, a method
of controlling the rate of drop flow through said conduit means,
comprising the sfeps of: '
clamping said fluid conduit to a substanfially shut-
off state;
selecting a desired drop flow rate; and
repetitively opening and closing said fluid conduit Jo
flow, the frequency at which said conduitf is opened being higher .
than the desired drop flow rate through said fluid.conduit, .the
ratio of said frequency of opening and closing to said desired
drop flow rate be{ng higher for relatively low drop flow raves
than for relafively high drop flow rates, whereby a plurality of
successive cycles of opening and closing said fluid conduit is
required to produce each individual drop of {low.
8.  In the parenteral adminisfration of medical
fluids by an infravenous set including drop forming means and a
flexible Tube coupled to said drop forming means for carrying
drop flow, a method of conirolling the rate of drop flow through
a flexible fube, combrising the steps of:
clamping said Tube to a substantially shuf-off staie;
producing conirol pulses at a selected frequency
greater than the desired rate of drop flow, The ratio of saigd
conirol pulses to said desired drop flow rate being higher for
relatively low drop flow rates than for relatively high drop
flow rates;
monitoring the actual drop flow occurring through said
Tube;
selectively varying the duraticn of each of said
control pulses in accordance with the actual drop flow; and
repetitively opening and closing said fube o fluid SUREAD
% %;2(;— A
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flow in response o said control pulses fo regulate the actual
drop flow rate so that it conforms fo said desired drop flow
rate. '

9. In a system for.parenferai administration of
liquids by drop flow, apparatus for contfrolling the rate of drop
flow comprising:

drop forming meané;

a feeding tube coupled fo said drop forming means;

tube clamping means for closing said feeding Tube To
prevent liquid flow therethrough;

flow rate setting means for designating a desirsd flow
rate; and

means responsive fo said rate sefting means for un-
clamping said tube at a selected frequency higher Than the
desired drop flow rate to allow repetitive liquid flow Through
said feeding tube, the ratio of said ffequency of unclamping
said Tube to said desired drop flow rate being higher for rela-
tively low drop flow rates than for relatively high drop flow
rates, .whereby a plurality of successive cycles of unciamping
said fube are required to produce each individual drop of flow.

0. In a system for parenteral administration of
liquids by drop flow through a feeding fube, apparatus com-
prising: '

clamping means for clamping said feeding fube in a
normal ly shut-off state;

electrical pulsing means for generating confrol pulses
at a rate greater than the desired drop flow rate to perio-
dically energize said clamping means and thereby open said fube
to liquid flow, the rafiorof the frequency of said control
pulses to said desired drop flow rate being higher for rela-
tively low drop flow rates than for relatively high drop flow
rates;

rate sefting means for generating an electrical signal
proportional to desired drop flow rate;

flow monitoring means for monitoring actual drop flow
through said tube and generating an electrical signal proportional
to measured drop flow rate; and

means responsive to both said rate setting means and

said flow monitoring means for regulating the pulse length of
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pulses from said pulsing means.
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