EP 0 327 209 Bl Description This invention relates to punps for delivering
medi cal fluids and particul’arly gpeg 8s®soetsn peristaltic punps for delivery
of enteral nutrition fluids to a patient. 5 I n accordance with known
techni ques the delivery of enteral nutrition fluids to a patient can be
accur at @egeripiab r ol | ed as to volunetric delivery rate by the use of a
delivery systemwhich includes a notor unit and a di sposable delivery set.
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at 10 h known systems for delivering enteral fluids the rate of fluid delivery is controlled by regulating the
speed of a pump motor in accordance with the desired volume rate. Pump motor speed may be controlled,
J;& for example, by providing pulses to a stepper motor. Another system for providing variable rate fluid
B delivery makes use of a peristaltic pump with variable tension on the pump tube in combination with a
constant speed motor.

15 in other known systems for pumping medical fluids there are provided means for monitoring rotation of
the pump rotor, for example, by magnetic detection or by optical rotation detectors. In such systems the
actual rotation rate of the motor is compared to the desired rotation rate for purposes of making corrections

- to the rotation rate of the motor. Alternately the motor may be operated to rotate the pump by a number of
o/ rotations corresponding to the desired volume. '

20 It is an object of the present invention to provide a new and improved method for regulating the
volumetric device is implantable into the body or is carried externally on the body. The device includes
means for metering the amount of fluid infused. Monitoring of the rotary movement of the rollers may be
provided by means of magnets on the pump rotor passing undemeath a detector carried on an arm above
the rotor.

25 It is an object of the present invention to provide a new and improved method for regulating the
volumetric rate of fiuid delivery in a medical fluid delivery system and to provide apparatus for carrying out
the improved method.

In accordance with the present invention there is provided a motor unit for a medical fluid delivery
U system for use with a disposable delivery set for pumping medical fluid, comprising:

30 pump operating means, including a motor, for acting in cooperation with the delivery set having a pump

tube to deliver a volume of the fluid during each operating cycle;

a housing, surrounding the motor;

a rotor, attached to and adapted to be driven by the motor, the rotor having at least one roller so that
rotation of the rotor by the motor causes the roller to contact the pump tube and move fluid through the

35 pump tube, ’
pump conirol means for controlling the pump operating means to deliver the fluid at a desired volumetric
rate, the pump conirol means including means responsive to signals indicating the desired rate for
activating the pump operating means for one of the operating cycles and for repeating the activation at
variable time intervals selected in accordance with the desired volumetric rate;

40 characterised in that
the pump control means, including means for sensing the condition of the pump operating means with
respect to the operating cycle, comprises at least one magnet and a magnetic field sensor whereby the
magnetic field sensor is adapted to sense the magnet passing as the rotor rotates,
the motor is a DC motor

4 and there are provided means for detecting the AC component of the current provided to the DC motor; and
means for comparing the detected AC component to a reference level to detect the presence or absence of
a pump tube on the rotor.

Preferably the magnet is, or the magnets are, attached to the rotor and the magnet field sensor is
located behind the rotor and attached to the housing.

50 In accordance with the present invention the motor is a DC motor and the AC component of the DC
motor current is detected and compared to a reference level in order to detect the current variation which
results from the presence of a pump tube on the rotor. Accordingly, any mis-installation of the pump tube
will be detected by the fluid delivery pump.

A method for controlling the rate of fluid delivery in a medical fluid delivery system of the invention

55 comprising a housing containing a motor unit and a -rotor driven by the motor unit and a disposable fluid
delivery set for mounting to the motor unit to form a pump, in which the motor unit is adapted to act on the
fluid delivery set in repeated operating cycles to deliver a volume of fluid for each cycle and means are
provided for detecting the completion of the operating cycle, including at least one magnet attached to the
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for exanple, by providing pulses to a stepper notor. Anot her system for
providing variable rate: fluid delgpgpyr sgg@s use of a peristaltic punp with
vari abl e tension on the punp tube in conbination with a constant speed
notor. 15 In other known systens for punping nedical fluids there are
provi ded rolezand a megnetim fieid déterior riorated ibefindo fhe trbler dngitached do the fhousingxsenipatethe by
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th Figure 4 is a timing diagram illustrating signals utilized in the present invention.
Figure 1 is an illustration of an enteral fluid delivery system incorporating a motor unit in accordance

15 with the present invention. The enteral delivery system 10 includes a motor unit 12 and a disposable
delivery set generally indicated as 14 which is arranged to be mounted on the motor unit. The motor unit 12
includes a housing 16, which in the illustrated embodiment includes a recess 17 within which a rotor 18 is
mounted. Rotor 18 is driven by a conventional constant speed DC motor which drives shait 42. The delivery

\_ sot 14 includes a pump tube 20, made of flexible plastic which surrounds rotor 18 and interacts with 3

20 rollers 36, 38 and 40 mounted on rotor 18 to form a peristaltic pump. Rotation of the rotor 18 in the
direction indicated by the arrow in Figure 1 causes the rollers 36, 38 and 40 to interact with pump tube 20
and pump fluid through the tube at a rate which is determined by the rate rotation of rotor 18.

Delivery set 14 includes an inlet tubs 22, which is connected to a supply of enteral fluids, such as a
fluid reservoir which may be mounted on an IV pole above the motor unit 12. The inlet tube 22 is connected

25 1o drip chamber 24 which is mounted to a recess on housing 16 and secured to one end of pump tube 20.
The outlet end of pump tube 20 is provided with a mounting member 26 which is received in another
recess on housing 16 to thereby secure the outlet end of tube 20. A fluid delivery tube 28 is connected to
mounting member 26 and supplies fluid pumped by the system to an enteral feeding tube connected to a

\_/ patient or to another medical fluid delivery system.

50 The system illustrated in Figure 1 additionally includes a light source 30 and a light detector 32 for
operation in connection with drip chamber 24 to detect the occurrence of drops in the drip chamber which
pass between light source 30 and detector 32 in a manner which is known in the art. Mouting member 26
includes magnetized material, the presence of which can be detected by magnetic field detector 34.

The motor unit 12 includes control buttons 51 through 58 for operating the unit to turn it on or off, to set

35 the dose or volume rate of fluid delivery by the pump, to interrupt operation of the pump and to increase or
decrease the designated fluid volume or volume rate. A four digit alphanumeric segment display 59 is
provided for indicating the selected fluid delivery rate or delivered volume and for providing alarm
messages or codes. Light emitting diode 80 and 61 are provided for indicating that the unit is plugged into
AC power or indicating that the volume setting has been cleared. An enunciator 62 is provided for signalling

40 an audible alarm to indicate, for example, that the pump has completed delivering a designated volume of
fluid.

Housing 16 is provided with a magnetic field sensor 50 which is arranged adjacent and behind rotor 18
in order to detect the magnetic field provided by magnets 44, 46 and 48 which are mounted on rotor 18.
The presence of the magnets 44, 46 and 48 is detected as the magnets pass sensor 50 during rotation of

45 rotor 18.

Figure 2 is a schematic diagram of the circuits in the pump motor unit 12 of Figure 1. The schematic
representations of the various components of Figure 1 have been given same reference numerals in Figure
2.

)

The motor unit operates under the control of a microcomputer 64 which is provided with a control

so program which is set forth in Appendix I. A programmable interval timer 68 is provided for operating and
initiating microcomputer 64. A clock 86, operating-at 2 Mhz, provides clock pulses to the system. The
various controls of the unit, 51 through 58, are provided as input signals which ground various input
terminals of the microcomputer to thereby signal the operators input instructions. The alphanumeric display

59 is driven by the microcomputer as is LED indicator 61. Additional inputs to the microcomputer are

s5 provided by the magnetic field sensors 34 and §0 which sense respectively the magnetized mounting
member 26 and the magnets 44, 46 and 48 on rotor 18. Likewise the drop detector 30, 32 is connected to
provide input signals to the microcomputer. An AC power rectifier 72 is provided for AC operation and
battery charging. Portable DC operation is available using battery 74. The AC circuit is arranged to charge



provi ded by neans of magnets on the punp rotor passing underneath a
detector carried on an .arm abovEP©DI327209B1. 25 It is an object of the
present invention to provide a new and inproved nethod for regulating the
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occurs, to avoid providing excess enteral fluid to a patient. _
Unlike conventional enteral nutrition systems the system 10 of the present invention is designed to
provide an intermittent motor operation with the periodicity of the intermittent operation being regulated to
adjust to the desired rate of fluid delivery. The operation of the system of the present invention is therefore
cyclical and will be explained with respect to timing diagrams of Figure 4. Graph A of Figure 4 illustrates the
715 motor voltage of the enteral fluid delivery system 10. The motor voltage is turned on and operated for a
time period G which is regulated by detecting the rotation of rotor 18, in the case of Graph A for one
complete revolution. With reference to Figure 1 it may be seen that during one complete revolution,
represented by motor voltage period G, three magnets 44, 46 and 48 all pass magnetic field detector 50
(] and are sensed thereby. Curve B in Figure 4 illustrates the output signal from the rotor sensing magnetic
20 field detector 50 which occurs during the cycle of operation indicated by motor voltage G. During an initial
period of approximately .45 seconds designated F in Figure 4 the operation of the rotor sensing is inhibiting
by software in microcomputer 64, so that the initial on period J of magnetic field detector 50 is not
responded to by the program. Thereafter, during one compiete revolution of the rotor, the signal from
detector 50 goes to zero as each magnet is encountered by detector 50. Upon detection of the third
25 magnet, at the end of period G, the motor voltage is turned off. In accordance with the preferred
embodiment of the present invention the unit repeats the cyclical operation a time period | after initiation of
the first operation. The time period H during which there is provided no motor voltage is permitted to be
variable, since it depends on the actual time taken for rotation of the rotor and the selected interval 1. The
L_/ interval | is selected according to the rate of fluid delivery to be provided by the set which is set by the
30 operator. In one embodiment of the invention period | varies from 13.5 seconds corresponding to a delivery
rate of 100 milliliters per hour to 4.5 seconds corresponding to a fluid delivery rate of 300 milliliters per
hour. Motor operation period G takes approximately 4 seconds but may vary according to mechanical
conditions of the motor and pump tube. _
Graph E in Figure 4 shows an alternate iiming arrangement wherein the motor cycle consists of a single
35 one-third of a rotation of the rotor 18. In accordance with the operation method of Graph E the motor current
period G' is ended by the detection of the first of the three circumferentially arranged magnets by magnetic
field sensor 50. Again the timing | between each operating cycle of the motor is varied in order 1o control
volumetric fluid rate delivered by the pump. In the same embodiment as previously discussed a fluid rate of
1 to 100 milliliters per hour can be delivered using a cycle interval | which ranges from 450 to 4.50
40 seconds.

' In addition to providing magnets on rotor 18 for purposes of detecting completion of a motor cycle, the
motor current may be monitored for purposes of determining the rotational position of the rotor 18. Figure 3
is a schematic diagram of a circuit wherein there is provided a motor current monitoring circuit 868 which
includes a low resistance resistor in series with the motor the voltage across which is AC coupled to an AC

45 amplifier 92 for purposes of monitoring the AC component of the DC motor current. Graph C of Figure 4
illustrates a typical motor current for the operating cycle of Graph A of Figure 4. The motor current initially
rises to a high level for purposes of overcoming the starling resistance and accelerating rotor 18 to its

- normal velocity. Thereafter the motor current drops but reaches periodic peaks corresponding to the
resistance of rollers 36, 38 and 40 as they stretch pump tube 20 to its furthest position. The peak periods of

s0 motor current, which are illustrated as negative going pulses in the digitized signal of curve D, which is the
output at point 96 of the circuit of Figure 3, may be used for purposes of detecting rotor position and may

be used also for assuring that the pump tube 20 is propsrly mounted to rotor 18. Because of the initially
high rotor current, which results from starting up the rotor, the current sensing is software inhibited for time
period K of approximately .25 seconds prior to initiating the threshold detection which results in the pulses

s5 of curve D. Each of the pulses illustrated in curve D, which are negative going, have a positive going puise
which occurs a time period L prior to the end of a motor cycle, thers being three such pulses during one
rotation of the rotor. Accordingly, the curve D signal can be used for purposes of detecting and monitoring
rotation position of rotor 18, and thereby indicating to the motor control circuit the completion of an

b

ral

4



rotation of the rotor by the notor causes the roller to contact the punp
tube and nove fluid through-the 3p pgsiedee, punp control means for
controlling the punp operating nmeans to deliver the fluid at a desired
volunetric rate, the punp control neans including neans responsive to
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‘ 10 occurrence of the one-third rotation of the rotor sensing current shown by curve B. If the flag is not cleared
by the negative going pulse of curve D there is an indication that either there is no pump tube or that the
pump tube has been improperly mounted and an alarm signal can be initiated.
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45 and there are provided neans for detecting the AC conponent of the
current provided to the,DC not orgp gigsh sgeays for conparing the detected AC
conponent to a reference |evel- to detect the presence or absence of a punp
tube on the rotor. Preferably the magnet is, or the nagnets are, attached
to the rotqr and the nmagnet field sensor is |ocated behind the rotor and
attached to the housing. 50 In accordance with the present invention the
nmotor is a %(:nntor and the AC conponent of the DC notor current is
detected anfl conpared to a reference |evel in order to detect the current
vari ation which results fromthe presence of a punp tube on the rotor

Accordingly, qny ms-instaflation of the punp tube will jbe detefted by the
fluid delivery punp. A nethod for controlling the ©ate qf. fluidjdelivery in
a nedical flu#d delivery siystemo the i nventi on 5% congrising g housing
cpntaining a fotor unit and a rot®r ven~by the @tor junit @njl a
di spd8able fl did E E g
. B A
5 Ea B Ea e
15 E g . C e
7 : E S
: | .
. T
T THHEH M
: HHITTIE
B0 g i s
~
B v EE \E@ EE
* En| kel 2 g
KL
: TITHHEL
THIBHHIHE
o | g 8
y 88| 8385nuds
— A -
O - _;. O e cm e s e mer —— e —— O.
o o o
. 2 3 S
S em == D e e e mer e - —— - - &~
S 2 <
40 < <3 (=)
2 N e
ﬁ - -
. - O fSa B84 fSa 84 Sun fa Sun e fa 4 O e O
45
3 YIRS ANNILERRIBRAIFTAAIAAS

50

66



delivery set for nmounting to the notor unit to forma punp, in which the
motor unit is adapted to act- on tgpofgoyibgh g¢l i very set in repeated
operating cycles to deliver a volune of fluid for each cycle and neans are
provi ded for detecting the conpletion of the operating cycle, including at
| east one magnet attached to the 2 EP 0 327 209 Bl rotor and a nagnetic
field detector |ocated behind the rotor and attached to the housing so that
the magneti cgfield sensor senses the magnet passing as the rotor rotates
conpri ses: cg)er ting the notor unit until the conpletion of the operating
cycl e #s det ecgd by the magnetic field sensor
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FIXED 24 HOUR TIME ERROR. PUMP WAS TIMING 21

MODIFIED SO THAT PUMP DISABLES AFTER 24 HOURS
WHEN ON AC OR BATTERY POWER.

CHANGED SETCK ROUTINE TO TEST FOR- SET WHENEVER
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WHEN MOTOR IS RUNNING.

ADD RECHECK OF PUMP ID DURING TESTD
ADDED DEIAY FROM MOIOR TURN-ON TO DEAD BAT ROUTINE

RATE CHECK FOR 324 IS DISABLED DURING TEST MODE.
_ CHANGED LOW BAT ROUTINE SO IT KILLS POWER IF -
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detecting the passing of the magnet; 5 and repeating operation of the
notor unit at tinme intefvals selgpcy g8 aga gccordance with the desired rate
of fluid delivery. For a better understandi ng of the present invention,
together with other and further objects, reference is nade to the foll ow ng
descriptiory taken in conjection wth the acconpanying draw ngs, in which:
Figure 1 igga plan elevation view of an enteral fluid delivery system
incorporatig\g the present invention. 10 Figure 2 (conprising Figures 2a,
2b and 2c) @A s a circuit diagramfor the systemof Figure 1. Figure 3 is a
circlit diagramfor a portion of a nodified delivery systemin accordance
wWith the presgnt invention. Fighre 4 is ajtimng dizagram i ljl ustrat{ ng
signals utilized in the presentiinventionj Figure is an il lustrafion of
an enteral flyid delivery systeminggrporptindga og, uni g igu accprdance
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15 with the present invention. The enteral delivery system 10 includes a
motor unit 12 and a di sposabl e dePiog27\209®1 general ly indicated as 14 which
is arranged to be nounted on the notor unit. The notor unit 12 includes a
housi ng 16, which in the illustrated enbodi nent includes a recess 17 within
which a rot@r 18 is nounted. Rotor 18 is driven by a conventional constant
speed DC nogor which drives shaft 42, The delivery set 14 includes a punp
tube 20, mafe of flexible plastic which surrounds rotor 18 and interacts

W th 3 20 mollers 36, 38 and 40 nounted on rotor 18 to forma peristaltic
punp. °Rotation of the rotor 18 in the direction_ indicated by the arrow in

Figure 1 causes e rollery36, 38 and 40 g¢o inrderact tﬁth punp gube 20 and
punp fluid throu the tubdgat a rate which is teterm ped by thejrate
rotation of roto 1E.y Dell rg set 14 includes an inlet tjube 22, fwhich is
connegjed to a s edal fluiflls, such a fluld jreservolr which
may be nounted o 1/ I above t notlor u@t 12. Thd inl fube 22 is
connected 25 to @&i é% 24 whichais unt%? to fedess housing 16
and secured to orE n% ng t ube & E‘
| 2 g 1
° E‘EE : : g e g
| g 8 E 8 8 ; g' # -
N\
20 Egn 8 ﬁ E E
TR I 3
HEHTEIE
SR 2|
]
EEE 56 o g 5
R | I I EE THIN
- g8 _ _HE _
© -~ o-— o- Q - - 2
=] o) © ~ O
» 8 2 2 g 3
~ T ~ T e~ ~ T T [ g
40 © © © © ©
8 8 o ) )
o~ N o o ({
& > > > 3
. | 45 (1Y (1Y ‘u (29 L 1Y (19 (1Y (19 (1Y (19 (1Y (1Y on Sm . (1Y *n o on *n "
8838858333883 885888888

50

55



The outlet end of punp tube 20 is provided with a nounting nmenber 26 which
IS received in another recess OEP®a 209 B16 t 0 thereby secure the outl et
end of tube 20. A fluid delivery tube 28 is connected to nounting nmenber 26
and supplies fluid punped by the systemto an enteral feeding tube
connected &0 a patient or to another nedical fluid delivery system 30

The systemyillustrated in Figure 1 additionally includes a |ight source 30
and a |ighP detector 32 for operation in connection with drip chamber 24 to
detect themoccurrence of drops in the drip chanmber which pass between |ight
sourc® 30 and detector 32 in a manner which is known in the art. Muting

menber 26 includes magneti zed naterijal, the presence of whj ch n be
detected by magneta.c fipld detgctor |34. The npto uniag 12 § ncl wgles control
buttons 51 t oug 58f3r per@ingfthe ynit to kurn,t onf or f, to set
35 thg dose I r pt & of uidjdel i &ty by the plinp, o inderrupt
oper ation of ;Errp andg.o i crgage or ease t hdd desi nat ui d
vol unme or vol réte. A Pour g t Jal ph rlc seggnt d splag/ S
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provided for indicating the selected fluid delivery rate or delivered
vol ume and for providing al arm negpa®2? 209 ggodes. Light emtting diode 60
and 61 are provided for indicating that the unit is plugged into AC power
or indicating that the volune setting has been cleared. An enunciator 62 is
provi ded for~signalling 40 an audible alarmto indicate, for exanple, that
the punp hasg,conpl eted delivering a designated volunme of fluid. Housing 16
is provided gmtl1 a magnetic field sensor 50 which is arranged adjacent and
behlndsrotonu18 in order to detect the magnetic field provided by nmagnets
44, 46 and 48 which are nounted on rotor 18. The presence of the nmagnets
44, 46 and 48 is detgected as the gnets pass sensor 50 during rotation of
45 rotor 18. Figur§82 i s a schematji ¢ di agrarm of e Cijrcuits 4Ln the punp
%t[ﬁors of t rlous

1% runeral gure

notor unit 12 of @i gure The schgmati gg r epriesen
conpongnts of Figdrg 1 h eﬁb%n gifven sane djef er

"gl B £ | &
;
i
g gé ggg, : Eé o
i g : ag 2. 5Bl
HEHHEART Eégg
25 %g -gngg 88 ag E &
’ HELHEHET +H
" owe| YEuE| P3| g ﬁégg
= EEEEEEEESELEEREREREE Y

50

56

11



2. The notor unit operates under the control of a mcroconputer 64 which is
provided with a control -50 -“pro@Eragsan20iBI s set forth in Appendix |. A
programuabl e interval timer 68 is provided for operating and initiating

m croconputer 64. A clock 66, operating at 2 Mz, provides clock pulses to
the systempy The various controls of the unit, 51 through 58, are provided
as input siggnal s which ground various input termnals of the m croconputer
to thereby%i gnhal the operators input instructions. The al phanuneric

di splay 59ai s driven by the mcroconmputer as is LED indicator 61.

Addi tfonal inputs to the nicroconputer are 55 pgovi ded by the magnetic

field sensors§34 and pO whi ch senge respectitvel y&t he nmagneti zed nti ng
menber 26 andithe rmaghets 44, 46 and 43 on #otoril8. Liklew se thrrirop
detect or 30, (233 cohnected to piovid®d i npit signals tg the m cradconputer.
An AG,power rectdfiery 72 is provided fgr ACloperf@tion and battery phargl ng.
Portabl e DC o% rgltionlls avapd abl ¢ usi g battery@74. Thg AC circuif is
arranged to ¢ arﬁe E é g 2 E
15 E . EE Io g
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3 EP 0 327 209 Bl the DC battery when the unit is connected to AC power.
A |l ow battery and dead -battery deparsar2oeigicuit 70 is provided to signal
the m croconputer that the battery needs recharging. The m croconputer
provi des an output notor signal which is coupled by transistor 80 to
switching transistors 82, 84. Trgnsistor 82 turns on the power supply to
not or vol tage regul at or 88 when e notor is to be operated and transistor
84 short 5 <circuits the notor t@nlock it into position when the notor
signal is no |onger present. Swi B hi ng transistor 78, which is provided
with & power signal by transistor 76, operates to supply current to the
not or system and
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the other electronic systens by voltage regul ator 86 when power is turned
on. The notor 90 i's provided vm'tgp@:,gai%t g4 Circuit 92 which provides a
short circuit when the notor is operate or an excess period of tine. The
short circuit causes fuse 94 to open thereby disabling the set when

conti nuous _notor operation 10 occurs, to avoid providing excess enteral
fluid to afbatient. Unl i ke conventional enteral nutrition systens the
system 10 qf the present invention is designed to provide an intermttent
motor_oper@ion with the periodicity of the intermttent operation being
regulbted ro adjust to the desired rate of fluid delivery. The operation of
the system of the present invention is therefore cyclical and wll be

explained with respect to timng diagranms of Figure 4. aph A of Figure 4
illustrates the 15 notor voltlage ®& gthe enteral flui d deliverty system 10.
The nptor voltage is turned gn &n@ operated for a tline Beriod G which is
regul ated by dftecting the rqgtati bf rot-6r 18, | the;ﬁase of Graph A for
one conplete rgvolution. Wth referepce to Figure it y bd seen' that
during one conpl ete revol utidn, a o
15 - HE
=
= g
N 0 E
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3 4 3 g
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o g !
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4 2B
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50
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AAAAeEA%3938383333233373
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represented by notor voltage period O, three magnets 44, 46 and 48 all pass
magnetic field detector ~50 and argpaga3eds ghereby. Curve B in Figure 4
illustrates the output signal fromthe rotor sensing nmagnetic 20 field
detector 50 which occurs during the cycle of operation indicated by notor
voltage G Ruring an initial period of approximately .45 seconds desi gnated
Fin Figure<4 the operation of the rotor sensing is inhibiting by software
in mcroconputer 64, so that the initial on period J of nmagnetic field
detector 50 s not: responded to by the program Thereafter, during one
conpl efe revlution of the rotor, the signal fromdetector 50 goes to zero
as each magnet is encountered by detector 50. Upon detection of the third
25 magnet, at the end of period 9, the notor vojtage is turned off. In
accordance with the pr fesrsd nbodi nent of thej poesenlg ilnvention the unit
repeatg the cyclical operatWNoflm ajtinme periods)] after”i i th ati on of the
first operation. The tidnme periodiH during whichithere is Jprovided no notor
voltage is permtted t® be variaple, sipce it deends on ft he actual tine

taken for rotation of f#he rot Pnd t hegsel ected i ntervall |. The
-lQ : - -
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interval | is selected according to the rate of fluid delivery to be

provi ded by the set which i s setepp3dhgoe¥y operator. In one enbodi nent of
the invention period | varies from 13.5 seconds corresponding to a delivery
rate of 100 mlliliters per hour to 4.5 seconds corresponding to a fluid
delivery ratg of 300 mlliliters per hour. Mtor operation period G takes
approxi mately 4 seconds but may vary according to nechanical conditions of
the notor ang punp tube. Graph E in Figure 4 shows an alternate tining
ar r angenent erein the notor cycle consists of a single 35 one-third of a
rotation of the rotor 18. In accordance w th the operation nethod of G aph
E the notor current perigd G is ended by the detection of the first of the
three circunferentially & ranged magnets by nmagnetic field sensor 50. Again
the timng | between eaclf operating cycle of the notor is varied in order
to cgptrol volunetric flgid rate delivered:by the punp. In the sanme

enbodi nent as previously#discussed a fluid rate of 1 to 100 mlliliters per
hour can be delivered usgng a cch? interval | which ranges from450 to

4 50 >
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40 seconds. In addition to providing magnets on rotor 18 for purposes of
detecting conpletion of a nbtor cgplogazbbhggiotor current may be nonitored
for purposes of determning the rotational position of the rotor 18. Figure
3 is a schematic diagramof a circuit wherein there is provided a notor
current nonitordng circuit 96 which includes a | ow resi stance resistor in
series wwth the notor the voltage across which is AC coupled to an AC 45
anplifier 92 fd purposes of nmonitoring the AC conmponent of the DC notor
current. Gaph X of Figure 4 illustrates a typical notor current for the
operat fng cycle of Graph A of Figure 4. The notor current initially rises
to a high I evel for purposes of overconmng the starting resistance and
accelerating rotor 18 togits normal velocity. Thereaftgr the notor current
drops but reaches pdfi odfc peaks corresponding to the gesistance of rollers
36, 38,,and 40 as th stietch punp tube 20 to its furtlest position. The
peak periods of 50 nptor¥current, which are illustrat e§ as negative going
pul ses in the di giti?ed §i gnal of curve D, which is thg
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output at point 96 of the circuit of Figure 3, may be used for purposes of
detecting rotor position and nagp ba2rgedBsl so for assuring that the punp
tube 20 is properly nounted to rotor 18. Because of the initially high
rotor current, which results fromstarting up the rotor, the current
sensing is software inhibited, for tine period K of approximately .25
seconds prior to initiating the threshold detection which results in the
pul ses 55 of curve D. Each ofgthe pulses illustrated in curve D, which are
negative going, have a p05|tNWe goi ng pul se which occurs a tinme period L
priof to the end of a notor cycle, there being three such pul ses during one
rotation of the rotor. Accordingly, the curve D signal can be used for

pur poses of detecting and nonitoring rotation position of rotor 18, and
thereby indicating to the notor control circuit the conpletion of an 4
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EP O 327 209 Bl operating cycle. As an alternate to providing delay L after
the end of the curve D pul ses, tIBP 0827209B1Ccl e may be arranged to end at
the end of the pulse, providing a different rotor position between cycl es.
The notor current nonitoring previously described can additionally be used
in cases whereih the notor voltage is provided only for a one-third
rotation of the& rotor as discussed with respect to curve E. 5 An

addi tional usegof the notor current nonitoring circuit, which provides the
signal_of curvg D of Figure 4 is to provide assurance to the systemthat
the punp tube 20 has, been properly nounted on rotor 18. Accordingly at the
initiation of notor furrent and after a delay period K a flag can be set by
the m croprocessor vﬂhlch is clgared by the negative going pulse of curve D
to indicate proper gprrp tube p ioning. The flag would be reset at the
start ,f each operat§ ng cycle y al so be reset on the
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10 occurrence of the one-third rotation of the rotor sensing current shown
by curve B. If the flag is not ckraseri2égsi he negative goi ng pul se of curve
Dthere is an indication that either there is no punp tube or that the punp
tube has been inproperly nmounted and an al arm signal can be initiated.
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55 1. A notor unit for a nedical fluid delivery systemfor use with a

di sposabl e delivery set for puppiog@z7izesiBsal fluid, conprising: punp
operating neans, including a notor, for acting in cooperation with the
delivery set (14) having a 134 EP 0 327 209 Bl punp tube (20) to deliver
a volume of the fluid during each operatlng cycle; a housing (16),

sur roundi ng fhe not or ;
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a rotor (18), attached to and adapted to be driven by the notor, the rotor
(18) having at |east one roller EpQ & 208)B1s0 that rotation of the rotor by
the notor causes the roller to contact the punp tube and 5 nove fluid
t hrough the punp tube (20), punp control neans for controlling the punp
operating neans to deliver the fluid at a desired volunetric rate, the punp
control neans including neans-responsive to sigrnals indicating the desired
rate for activating the punp @perating nmeans for one of the operating
cycles, and for repeating the fctivation at variable tinme intervals sel ected
in accordance with the desirdd volumetric rate; 10 characterised in
that the punp control neans, including nmeans for sensing the condition of

t he punp operating neans with respect to the operating cycle, conprises at

| east one magnet (44, 46,48) and a magnetic field sensor (50) whereby the
ragnetd c field sensor is adapted to sense the nagnet passing as the rotor
rot ates,
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the notor is a DC notor 15 and there are provided neans for detecting
t he AC conponent of the currentEPoO@27desiBio the DC notor; and neans for
conparing the detected AC conponent to a reference level to detect the
presence or absence of a punp tube (20) on the rotor (18). 2. A nobtor unit
as claimed in®laim1l wherein the operating cycle conprises a sel ected
angul ar rotation of 20 the punp rotor. 3. A notor unit as clainmed in
claim1 or 2 vherein at |east one magnet (44,46,48) is attached to the
rotof (18) andithe magnetic field sensor (50) is |ocated behind the rotor
and attached to the housing (16). 25 PatentansprCche 1. Mdtoreinheit fO
ei n Abgabesystem f Ur ]mdi zinisches Fluid, zur Verwendung mt einem Ei nweg-
Abgabeset zum Punpen {ei nes mnedi ni zi schen Fl ui'ds, unfassend:
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V> ei ne Punpenbetitigungseinrichtung mt einemMtor, fO den
genei nsanen Betrieb mt dem 30 EepotmedeEt (14), welche ein Punprohr (20)
zur Abgabe ei nes Fl ui dvol unmens wahrend jedes Bet Ati- gungszykl us aufwei st;
ein den Mdtor ungebendes Gehiluse (16), einen am Modtor befestigten und von
di esem antrei bbaren Rotor (18), welcher Rotor (18) minde- stens eine Rolle
(36, 38, 40) aufweist, so daB die Drehung des Rotors durch den Motor

bewi rkt, daB dig 35 Rolle mt dem Punprohr in Kontakt gelangt und Fluid
durch das Punpr®hr (20) bewegt, eine Punpensteuerungseinrichtung zur

St euerlung der Punpenbefati gungsei nricht yng zwecks Ab- galje des Fluids mit
ei ner bestimten Durchjl uBnenge, wel chejPunpensteuerungsgi nrichtung Mttel
enthAl't, die auf die ggpwUnschte Menge apzei gende Signal elreagieren, umdie
Punpenst euerungsei n- rfchtung far einenjder Betriebszykl¢n ZIE aktivieren
und di,g AKtivierung infentsprechend derjgewf nsch-
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40 ten Durchfl uBmenge .gewhilten, variablen Zeitintervallen zu

wi eder hol en; dadurch?gekennzei cimetazez7 deg3seli € Punpenst euer ungsei nri cht ung,
einschlieBlich Mttel zum Erfassen des Zustandes der Punpen-

bet ati gungsei nri chtung in bezug auf den Betriebszykl us, m ndestens ei nen
Magnet (44, 46, 48) umd ei nen Magnetfel dsensor (50) aufweist, wobei der
Magnet f el dsensor den <bei m Drehen des Rotors 45 passi er enden Magnet
erfassen kann, der or ein Geichstrommotor ist, und Einrichtungen zum
Det ektieren der Wechsgl stronkonponente des vom G ei chstronmmotor gelieferten
Strofis sowi e Einrichtungen zum Vergl ei ch der detektierten
Wechsel st ronkonponente mt ei nem Ref erenzpegel zwecks Detektierens der

Anwesenheit oder Abwesenheit eines Punprohres (20) 80 am Rot or (18)
vor gesehen sind.
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48) am Rot or

40,
Magnef f el dsensor (50) hinter dem Rotor angeordnet und am

85 & Mdtoreinheit nach
EP0327209B1

Bet ri ebszykl us ei ne

der

wel cher

gew hite W nkel drehuhg des Punpempq sareoggiafit.

bei
m ndest ens ei n Magnet (44,

bei wel cher
ist. 135
]
)]
o]
[o P

Gehi use (16) be&esti gt

Revendl cati ons

2. Motoreinheit nach Anspruch 1,
befestigt und der

Anspruch 1 oder 2,
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1. Dispositif noteur pour, un systene de distribution de fluide nddical &
utiliser avec un dispositif diskpol2zeegBj et abl e pour ponper un fluide
nmedi cal , conprenant: 5 un dispositif d' actionnenent de ponpe,
conprenant un noteur, destine a agir en cooperation, avec |le dispositif
di stributeur §14) conportant un tube de ponpage (20) pour ddbiter un vol une
du fluide pendant chaque cycle de fonctionnenent; un bootter (16) entourant
| e nDteur ungrotor (18) fixe au noteur et propre & etre entratnd par
celul-ci, le fotor (18) conportant au nmoins 10 un galet (36, 38, 40) de
sorte que la rotation du rotor par le ntieﬁr;fbrée“lé"gﬁlét*a venir en
contact avoc | e tube de ponpage et a refpul ed du fiajéle dan | e tube de
ponpage (20), un dispositif de connandeége p8npe p éénnamder | e
di spositif d'actionnoneng de ponpe on v dexddbiter re‘fluﬁde a un debit
vol ugi que souhaite, |e digpositif de coqnan de p
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conpronant un noyen rdagi ssant a des signaux indiquant |le debit souhaitd
pour activer |le dispositif 15 Egpg@'sgzbegBnenent de ponpe pendant |'un des
cycles de fonctionnenment at pour rnpeter |'activation a des intervalles de
tenps variabl es s6l ectionnds en fonction du ddbit vol um que souhaitd,
caract ~ri sE en«ce que | e dispositif de commando de ponpe, conprenant un
moyen pour detécter |'etat du dispositif d' actionnenent de ponpe par
rapport au cyc@§ de fonctionnenent, conprend au noins un ai mant (44, 20
46,48% et un det ecteur de chanmp nagndtique (50), co ddtecteur de chanp
magneti que etant & mane de detecter |e passage de |'aimant |orsque le rotor
toume, |le noteur est un noteur a courant continu et des noyens sont prdvus
pour detecter |a conposante alternative du courant fourni au noteur a
courant continu; ainsi que des mByens pour conparer |a conposante
alterpative ddtecteo & un ni veaug
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25 de refdrence en vue de ddtecter |a prdsence ou |'absence d' un tube
de ponpage (20) sur ‘le rotor (ER)os2#20bE3ipositif noteur suivant |a
revendi cation 1, dans |equel |le cycle de fonctionnenent conprend une
rotation angul aire sEl ectionnde du rotor de ponpe. 30 3. Dispositif noteur
suivant la regendication 1 ou 2, dans |equel au noins un ai mant (44, 46,
48) est fixd-au rotor (18) et |e detecteur de chanp magndti que (50) est
installe derrgbre le rotor et est fix4 au bottler (16). 35 40 45 50 55
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Claims
1. A motor unit for a medical fluid delivery system for use with a disposable delivery set for pumping

medical fluid, comprising:
pump operating means, including a motor, for acting in cooperation with the delivery set (14) having a

134



~ 10

15

25

30

35

50

EP 0 327 209 B1

o
(g}
[
=
[
A
E Em
‘g
™~
B
;.
3838858
b S . B B B
N NN A NN NN

=1C00

1C00 1E 01
1C02 20 FC

Claims
1. A motor unit for a medical fluid delivery system for use with a disposable delivery set for pumping

medical fluid, comprising:
pump operating means, including a motor, for acting in cooperation with the delivery set (14) having a
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pump tube (20) to deliver a volume of the fluid during each operating cycle;

a housing (18), surrounding the motor;

a rotor (18), attached to and adapted to be driven by the motor, the rotor (18) having at least one roller
(36,38,40) so that rotation of the rotor by the motor causes the roller to contact the pump tube and
move fluid through the pump tube (20),

pump control means for controlling the pump operating means to deliver the fluid at a desired
volumetric rate, the pump conirol means including means responsive to signals indicating the desired
rate for activating the pump operating means for one of the operating cycles and for repeating the
activation at variable time intervals selected in accordance with the desired volumetric rate:
characterised in that

the pump control means, including means for sensing the condition of the pump operating means with
respect to the operating cycle, comprises at least one magnet (44,46,48) and a magnetic field sensor
(50) whereby the magnetic field sensor is adapted to sense the magnet passing as the rotor rotates,

the motor is a DC motor

and there are provided means for detecting the AC component of the current provided to the DC motor;
and means for comparing ‘the detected AC component to a reference level to detect the presence or
absence of a pump tube (20) on the rotor (18).

A motor unit as claimed in claim 1 wherein the operating cycle comprises a selected angular rotation of
the pump rotor.

A motor unit as claimed in claim 1 or 2 wherein at least one magnet (44,46,48) is attached to the rotor
(18) and the magnetic field sensor (50) is located behind the rotor and attached to the housing (16).

Patentanspriiche

1.

Motoreinheit flir ein Abgabesystem flir medizinisches Fluid, zur Verwendung mit einem Einweg-
Abgabeset zum Pumpen eines medinizischen Fluids, umfassend:

eine Pumpenbetatigungseinrichtung mit einem Motor, flir den gemeinsamen Betrieb mit dem
Abgabeset (14), welche ein Pumprohr (20) zur Abgabe eines Fluidvolumens wihrend jedes Betiti-
gungszyklus aufweist;

ein den Motor umgebendes GehZuse (16),

einen am Motor befestigten und von diesem antreibbaren Rotor (18), welcher Rotor (18) minde-
stens eine Rolle (36, 38, 40) aufweist, so daB die Drehung des Rotors durch den Motor bewirkt, daB die
Rolle mit dem Pumprohr in Kontakt gelangt und Fluid durch das Pumprohr (20) bewegt,

eine Pumpensteuerungseinrichtung zur Steuerung der Pumpenbet8tigungseinrichtung zwecks Ab-
gabe des Fluids mit einer bestimmien DurchfluBmenge, welche Pumpensteuerungseinrichtung Mittel
enthilt, die auf die gewlinschte Menge anzeigende Signale reagieren, um die Pumpensteuerungsein-
richtung flir einen der Betriebszyklen zu aktivieren und die Aktivierung in entsprechend der gewlinsch-
ten DurchfiluBmenge gewihiten, variablen Zeitintervallen zu wiederholen;

dadurch gokennzeichnet, daB

die Pumpensteuerungssinrichtung, einschlie8lich Mittel zum Erfassen des Zustandes der Pumpen-
betdtigungseinrichtung in bezug auf den Betriebszyklus, mindestens einen Magnet (44, 46, 48) und
einen Magnetfeldsensor (50) aufweist, wobei der Magnetfeldsensor den beim Drehen des Rotors
passierenden Magnet erfassen kann,

der Motor ein Gleichstrommotor ist,

und Einrichtungen zum Dstektieron der Wechselstromkomponente des vom Gleichstrommotor
gelisferten Stroms sowie Einrichtungen zum Vergleich der detektierten Wechselstromkomponente mit
einem Referenzpegel zwecks Detektierens der Anwesenheit oder Abwesenheit eines Pumprohres (20)
am Rotor (18) vorgesehen sind.

Motorsinheit nach Anspruch 1, bei weicher der Betriebszyklus eine gewidhlite Winkeldrehung des
Pumpenrotors umfaBt.

Motoreinheit nach Anspruch 1 oder 2, bei welcher mindestens ein Magnet (44, 46, 48) am Rotor
befestigt und der Magnetfeldsensor (50) hinter dem Rotor angeordnet und am Gehiuse (16) befestigt
ist.
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Revondications

1. Dispositif moteur pour un systtme de distribution de fluide médical & utiliser avec un dispositif
distributeur jetable pour pomper un fluide médical, comprenant :

5 un dispositif d'actionnement de pompe, comprenant un moteur, destiné 2 agir en coopération, avec
le dispositif distributeur (14) comportant un tube de pompage (20) pour débiter un volume du fluide
pendant chaque cycle de fonctionnement;

un bottier (16) entourant le moteur;
un rotor (18) fixé au moteur et propre & &tre entrainé par celui-ci, le rotor (18) comportant au moins

10 un galet (36, 38, 40) de sorte que la rotation du rotor par le moteur force le galet & venir en contact

avec le tube de pompage et & refouler du fluide dans le tube de pompage (20),

un dispositif de commande de pompe pour commander le dispositif d'actionnement de pompe en
vue de débiter le fiuide & un débit volumique souhaité, lo dispositif de commande de pompe
comprenant un moyen réagissant 2 des signaux indiquant le débit souhaité pour activer le dispositif

15 d'actionnement de pompe pendant I'un des cycles de fonctionnement et pour répéter I'activation 2 des
intervalles de temps variables sélectionnés en fonction du débit volumique souhaité,

caractérisé en ce que
le dispositif de commande de pompe, comprenant un moyen pour détecter I'état du dispositif
N~ d'actionnement de pompe par rapport au cycle de fonctionnement, comprend au moins un aimant (44,
20 46,48) et un détecteur de champ magnétique (50), ce détecteur de champ magnétique étant & méme
de détecter le passage de I'aimant lorsque le rotor tourne,
le moteur est un moteur & courant continu ,
et des moyens sont prévus pour détecter la composante alternative du courant fourni au moteur 3
courant continu; ainsi que des moyens pour comparer la composante alternative détectée 2 un niveau
25 de référence en vue de détecter la présence ou I'absence d'un tube de pompage (20) sur le rotor (18).

2. Dispositif moteur suivant la revendication 1, dans lequel le cycle de fonctionnement comprend une
rotation angulaire sélectionnée du rotor de pompe.

s0 3. Dispositif moteur suivant la revendication 1 ou 2, dans lequel au moins un aimant (44, 486, 48) est fixé .
au rotor (18) et le détecteur de champ magnétique (50) est installé derriére le rotor et est fixé au boftier
(16).
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