Peristaltic Pump With Quick Release
Rotor Head Assembly

Field of the Invention
5 The invention relates to peristaltic pumps.

Background of the Invention
Peristaltic pumping meéhanisms are well
know.
In the unlikely event that tubing associ-
10 ated with the pumping mechanism rupture or leak, it
is necessary to remove the contaminated or liquid
damaged components of the mechanism for repair or
replacement. '
A need exists for a release mechanism-that
allows the pump rotor component of a peristaltic

d{

pump to be separated from the drive train component
quickly and simply.
Summary of the Invention
One aspect of the invention provideé a
20 peristaltic pumping apparatus comprisin§ a peristal-
tic pumping element including a pump rotor carrying
a roller and a drive mechanism for rotating the
rotor. The drive mechanism includes a carrier for
holding the pump rotor. The apparatus includes a
25 release pin mechanism carried on the pump rotor and
exposed to access by a user. The release pin mecha-
nism is movable by the user between a first position
that connects the pump rotor to the carrier and a
second position that disconnects the pump rotor
30 from the carrier. Placing the release pin mechanism
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in the second position allows quick separation of
the pump rotor from the drive mechanism.

Another aspect of the invention provides a
peristaltic pumping apparatus comprising a peristal-
tic pumpiﬁg element including a pump rotor carrying
a roller and a drive mechanism for rotating the
rotor. The drive mechanism includes a carrier for
holding the pump rotor. The apparatus further
includes a roller locating mechanism for moving the
pump roller between a retracted position insidé_thg
pump rotor and an extended position at least par-
tially outside the pump rotor. The apparatus
includes a release pin mechanism carried on the pump
rotor and exposed to access by a user. The release
Pin mechanism is movable by the user between a first
position that connects the punp rotor to the carrier
and to the roller locating mechanism and a second
position that simultaneously disconnects the pump
rotor from both the carrier and the roller locating
mechanism. ?lacing the release pin mechanism in the
second position allows quick separation of the pump
rotor from the drive mechanism and the roller
locating mechanism.

In a preferred embodiment, the release pin
mechanism rotates between its first and second
positions.

The features and advantages of the inven-
tion will become apparent from the following de-
scription, the drawings, and the claims.

Brief Description of the Drawings
Fig. 1A is a side section perspective view

of a peristaltic pump that embodies the features of
the invention;

Fig. 1B is a side section view of the
carrier for holding the pump rotor assembly of the
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pump shown in Fig. 1;

Fig. 2 is a top view of the pump rotor
assembly with its rollers retracted;

Flg. 3 is a top view of the pump rotor
assembly w1th its roller extended for use;

Fig. 4A is an exploded perspective view of
the pump rotor assembly;

Fig. 4B is a perspective view of the pump
rotor assembly, when assembled and the associated
hand moved outward to withdraw the rollers; -

Fig. 5 is a perspective view of the roller
locating mechanism of the pump rotor assembly in an
assembled condition;

Fig. 6 is a side section view of the pump
rotor assembly with the handle moved inward to
extend the rollers;

Fig. 7 is a top view of the pump rotor
assembly with the rollers extended;

Fig. 8 is a side section view of the pump
rotor assemply with the handle moved outward to
retract the rollers; :

Fig. 9 is a top view of the'pump rotor
assembly with the rollers retracted;

Fig. 10 is a side section view of the
operation of the linear actuator to move the roller
of the pump rotor assembly to their retracted
position;

Fig. 11 is a side section view of the
operation of the linear actuator to move the roller
of the pump rotor assembly to their extended posi-
tion;

Fig. 12 is a perspective view of the pump
installed in a work surface;

| Fig. 13 is a perspective view of the pump
installed in a work surface with the pump rotor
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assembly removed for repair or replacement;

Fig. 14 is a perspective view of the
operation of the release bar to separate or attach
the pump/rotor assembly to the pump;

Figs. 15A and B are top views showing the
operation of the release bar in securing or freeing
the rotor assembly from the linear actuator mecha-
nism for locating the rollers; and

Figs. 16A and B are top views showing the
operation of the release bar in securing or freeirg
the rotor assembly from the drive train of the pump.

The invention may be embodied in several
forms without departing from its spirit or essential
characteristics. The scope of the invention is
defined in the appended claims, rather than in the
specific description preceding them. All embodi-
ments that fall within the meaning and range of
equivalency of the claims are therefore intended to
be embraced by the claims.

Description of the Preferred Embodiments

Fig. 1A shows a peristaltic pump 100 that
embodies the features of the invention.

The pump 100 includes a drive train assem-
bly 110, which is mechanically coupled to a rotor
assembly 292. .

The pump 100 can be used for processing
various fluids. The pump 100 is particularly well
suited for processing whole blood and other suspeﬁ—
sions of biological cellular materials.

The drive train assembly 110 includes a
motor 112. Various types of motors can be used. 1In
the illustrated and preferred embodiment, the motor
112 is a brushless D.C. motor having a stator 114
and a rotor 11s6.

The drive train assembly 110 further in-
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cludes a pinion gear 118 attached to the rotor 116
of the motor 112. The pinion gear 118 mates with an
intermediate gear 120, which is in turn coupled to
a torque gear 124 via another pinion gear 122. The
torque gear 124 and rotor pinion gear 118 are
aligned along a common rotational axis. As will be
explained in greater detail later, this allows the
passage of a concentric actuating rod 308 along the
rotational axis.

The torque gear 124 is attached to -a
carrier shaft 126, the distal end of which includes
a carrier 128 (see Fig. 1A also) for the rotor
assembly 292.

The rotor assembly 292 includes a rotor 298
that rotates about the rotational axis. The rotor
assembly 292 carries a pair of diametrically spaced
rollers 300 (see Figs. 2 and 3). In use, as Fig. 3
best shows, the rollers 300 engage flexible tubing
134 against an associated pump race 296. Rotation
of the rotor 298 causes the rollers 300 to press
against and urge fluid through the tubing 134. This
peristaltic pumping action is well known.

The rotor assembly 292 also includes a
roller locating assembly 306. The locating assembly
306 moves the pump rollers 300 radially of the axis
of rotation. The rollers 300 move between a re-
tracted position within the associated pump rotor
298 (as Fig. 2 shows) and an extended position
outside the associated pump rotor 298 (as Fig. 3
shows) .

When retracted (see Fig. 2), the rollers
300 make no contact with the tubing 134 within the
race 296 as the rotor 298 rotates. When extended
{see Fig. 3), the rollers 300 contact the tubing 134
within the race 296 to pump fluid in the manner just
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described.

The roller locating assembly 306 may be
variously constructed. In the illustrated and
preferred embodiment (see Figs. 4A and 4B), the
assembly’’ 306 includes an external gripping handle
130 that extends from.the rotor 298. As Figs. 4A and
B show, the gripping handle 130 includes a center
shaft 132 that fits within a bore 134 in the rotor
298. The bore 134 is aligned with the rotational
axis of the assembly 292.

A release bar 136 secured to the rotor 298
correspondingly sits within an off-center bore 138
in the handle 130. As Figs. 4B and 8 show, a release.
spring 140 seated within the handle fits within a
groove 142 in the handle shaft 132 and rests against
a relieved surface 144 on the release bar 136 to
attach the handle 130 to the rotor 298. Mutually
supported by the shaft 132 and the release bar 136,
and secured by the spanning release spring 140, the
handle 130 rotates in common with the rotor 298. As
Figs. 6 and 8 also show, the handle 130 slides
inward and outward with respect to the rotor 298.

As Fig. 5 best shows, the end of the handie
shaft 132 includes a first trunnion 312 within the
rotor 298, which moves as the handle 130 slides
along the axis of rotation (shown by the arrows A in
Fig. 5). As Figs. 4A and 5 show, a first link 314
couples the first trunnion 312 to a pair of second
trunnions 316, one associated with each roller 300.
In Fig. 5, only one of the second trunnions 316 is
shown for the sake of illustration. The first link
314 displaces the second trunnions 316 in tandem in
a direction generally transverse the path along
which the first trunnion 312 moves (as shown by
arrows B in Fig. 5). The second trunnions 316

This Sheet Has Been Replaced

(M i



10

15

el

25

30

35

thereby move in a path that is perpendicular to the
axis of rotor rotation (that is, arrows B are
generally orthogonal to arrows A in Fig. 5).

., As Figs. 42 and 5 also show, each pump
roller 300 is carried by an axle 318 on a rocker arm
320. The rocker arms 320 are each, in turn, coupled
by a second link 322 to the associated second
trunnion 316.

Displacement of the second trunnions 316
toward the rocker arms 320 pivots the rocker arms
320 to move the rollers 300 in tandem toward their
retracted positions (as shown by arrows C in Fig.
5).

Displacement of the second trunnions 316

; away from the rocker arms 320 pivots the rocker arms

320 to move the rollers 300 in tandem toward their
extended positions.

Springs 324 normally urge the second
trunnions 316 toward the rocker arms 320. The
springs 324:. normally bias the rollers 300 toward
their retracted positions.

In this arrangement, inward sliding move-
ment of the handle 130 toward the rotor 298 (as
Figs. 6 and 7 show) displaces the second trunnions
316 against the action of the springs 324, pivoting
the rocker arms 320 to move the rollers 300 into
their extended positions. Outward sliding movement
of the handle 130 away from the rotor 298 (as Figs.
4B, 8, and 9 show) augments the spring-assisted
return of the rollers 300 to their retracted posi-
tions. '

The independent action of each spring 324
against its associated second trunnions 316 and
links 314 places tension upon each individual pump
roller 300 when in its extended position. Each
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roller 300 thereby independently abcommodates,
within the compression limits of its associated
spring 324, for variations in the geometry and
dimensiopns of the particular tubing 134 it engages.
The independent tensioning of each roller 300 also
accommodates other mechanical variances that may
exist within the pump 10, again within the compres-~
sion limits of its associated spring 324.

"In the illustrated and preferred embodi-
ment, the roller 1locating assembly 306 further
includes an actuating rod 308 that extends through
a bore 146 along the axis of rotation of the rotor
298. As Fig. 1 best shows, the proximal end of the
actuating rod 308 is coupled to a linear actuator
310. The actuator 310 advances the rod 308 fore and
aft along the axis of rotation.

As Fig. 1 also best shows, the distal end
of the rod 308 extends into the center shaft 132 of
the gripping handle 130. The distal end of the rod
308 1includes a groove 148 that aligns with the
handle shaft groove 142, so that the release spring
140 engages both grooves 142 and 148 when its free
end rests against the relieved surface 144 (see Fig.
12). In this arrangement (as Figs. 10 and 11 show),
aft sliding movement of the actuator rod 308 slides
the handle 130 inward toward the rotor 298, thereby
moving the rollers 300 into their extended posi-~
tions. Forward movement of the actuator rod 308
slides the handle 130 outward from the rotor 298,
thereby augmenting the spring-assisted return of the
rollers 300 to their retracted positions.

The back end of the rotating actuator rod
308 passes through a thrust bearing 330 (see Fig.
12). The thrust bearing 330 has an outer race 352
attached to a shaft 334 that is an integral part of
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the linear actuator 310.

In the illustrated embodiment (see Figs. 10
and 11), the linear actuator 310 is pneumatically
operated,’ although the actuator 310 can be actuated
in other ways. In this arrangement, the actuator
shaft 334 is carried by a diaphragm 336. The shaft
334 slides the handle outward (as Fig. 10 shows) in
response to the application of positive pneumatic
pressure, thereby retracting the rollers 300. The
shaft 334 slides the handle inward (as Fig.. 11
shows) in response to negative pneumatic pressure,
thereby extending the rollers 300.

In the illustrated and preferred embodiment
(see Fig. 1A), the actuator shaft 334 carries a
small magnet 338. The actuator 310 carries a hall
effect transducer 340. -The transducer 340 senses
the proximity of the magnet 338 to determine whether
the shaft 334 is positioned to retract or extend the
rollers 300. The transducer 340 provides an odtput
to an external controller as part of its overall
monitoring function.

Selectively retracting and extending the
rollers 300 serves to facilitate loading and removal
of the tubing 134 within the race 296. Selectively
retracting and extending the rollers 300 when the
rotor 298 is held stationary also serves a valving
function to open and close the liquid path through
the tubing 134. ~ Further details of the features are
set . forth in copending Application Serial No.
08/175,204, filed December 22, 1993 and entitled
"Peristaltic Pump with Linear Pump Roller Position-
ing Mechanism", and copending Application Serial No.
08/172,130, filed December 22, 1993, and entitled
"Self Loading Peristaltic Pump Tube Cassette.™

In a preferred embodiment, the pump 100
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just described meéasures about 2.7 inches in diameter
and about 6.5 inches in overall length, including
the drive train assembly 110 and the pump rotor
assembly 2%z. 1In use (as Fig. 12 shows), the pump
100 is mountad on a work surface 150, with the pump
rotor assembly 292 exposed outside the work surface

150 and the drive train assembly 110 extending

within the work surface 150.

In the unlikely event that tubing associat-
ed with or near the pump rotor assembly 292 leakg or
ruptures, it may be necessary to clean or replace of
the assembly 292. For this contingency, the pump
100 includes a quick release assembly that allows
separation of the pump rotor assembly 292 from the
dfive_train assembly 110, as Fig. 13 shows, and the
subsequent reattachment of the same or replacement
assembly 292, restoring the pump 100 back to the
condition shown in Fig. 12. '

As Fig. 14 shows, the previously described
release bar ,136 is rotatably mounted to the rotor
298 within the off-center handle bore 138. As Figq.
14 shows, the end of the release bar 136 is exposed
when the handle 130 is in its inward position next
to the rotor 298. The end includes a through hole
152. By inserting a rigid wire tool 154 through the
hole 152, the user is able to rotate the release bar
136.

Rotation of the release bar 136 serves two
simultaneous functions. First, it frees the distal
end of the linear actuator rod 308 from the center
shaft 132 of the gripping handle 130. Second, it
frees the pump rotor assembly 292 from the carrier
128. The accomplishment of these functions allow
separation of the pump rotor assembly 292 from the
carrier 128.
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Regarding the first release function (see
Figs. 15A and B), rotation of the release bar 136
moves the relieved surface 144 out of contact with
the release spring 140. Rotation brings the opposite
side sur%ace 156 of the release bar 136 into contact
with the release spring 140, as Fig. 15B shows. The
opposite side surface 156 of the release bar 136 is
not relieved. It is generally cylindrical in cross
section, being radially spaced farther from the axis
of the release bar 136 than the flat relieved sur-
face 144. Thus, as the release spring 140 rides
along the opposite side surface 156, it is lifted
away from and out of the groove 148 on the distal
end of the rod 308, thereby freeing the rod 308 from
the handle 130. ' :

Still, the opposite side surface 156 of the
release bar 136 does not 1lift the release spring 140
completely out of the groove 142 in the handle
shaft 132. Therefore, the release spring 140 is
still captured by the groove 142 and continues to
couple the handle 130 to the pump rotor assembly
292, even when the release bar 136 has been rotated
to free the actuator rod 308. _

Regarding the second release function (see
Figs. 1B and 13), the pump rotor assembly 292 is
registered on two dowel pins 158 and 160 on the
carrier 128 of the drive train assembly 110. The
pump rotor assembly 292 includes a pair of mating
rest surfaces 162 and 164 that abut, respectively,
against the dowel pins 158 and 160 when the rotor
assembly 292 sits against the carrier 128.

As Fig. 13 also show, one of the dowel pins
160) includes a groove 166 on its distal end. The
pump rotor assembly 292 includes a pawl 168 having

an exposed edge 170 that projects from the mating
I —
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rest surface 164. The exposed pawl edge 170 engages
the groove 166 of the dowel pin 160 to secure the
rotor assembly 292 to the carrier 128.

As Figs. 16A and 1€R best show, the pawl
168 is attached to the releasc pln 136 for movement
in response to rotation of the release pin 136.
Rotation of the release pin 136 in one direction
moves the pawl edge 170 outside the rest surface 164
for engaging the dowel pin groove 166 (as Fig. .16A
shows). QRotation of the release pin 136 in;xhe
opposite direction moves the pawl edge 170 out of
the rest surface 164 and into the confines of the
rotor assembly 292 (as Fig. 16B shows). In the
illustrated and preferred embodiment (as Figs. 16A
and B show), a spring 172 biases the position of the
pawl 168 to normally expose the pawl edge 170.

When the release pin 136 is positioned as
shown in Fig. 15A to lock the release spring 140
into the groove 148 of the actuator rod 308, the
pawl 168 is, likewise positioned with its edge 170
exposed and locked within the groove 166 of the
dowel pin 160, as shown in Fig. 16A. With both
grooves 148 and 166 engaged, the rotor assembly 292
is secured to the carrier 128 for operation (as Fig.
12 shows).

When the release pin 136 is positioned as
shown in Fig. 15B to free the release spring 140
from the groove 148 of the actuator rod 308, the
pawl 168 is likewise positioned with its edge 170
withdrawn free of the groove 166 of the dowel pin
160, as shown in Fig. 16B. With both grooves 148 and
166 disengaged, the rotor assembly 292 can be sepa-
rated from carrier 128 for repair or replacement (as
Fig. 13 shows).

To secure the same or replacement rotor
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assembly 292 on the carrier 128, the user places the
release pin 136 in the position shown in Figs.
15B/16B. Aligning the rest surfaces 162 and 164
with the appropriate dowel pins 158 and 160, while
also aligning the actuator rod 308 with the handle
shaft 132, the user slides the assembly 292 into
position on the carrier 128. The user than rotates
the release pin 136 to the position shown in Figs.
15A/16A to engage the actuator rod 308 and the dowel
pin 160, securing the pump rotor assembly 292 1n
place for operation. ;

_Varlous features of the invention are set
forth in the following claims.
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1. A peristaltic pumping apparatus

We Claim

comprising
a peristaltic pumping element including a
pumb rotor carrying a roller, and a drive mechanism
5 for rotating the rotor and including a carrier for
holding the pump rotor, and
a release pin mechanism carried on the pump
rotor and exposed to access by a user, the release
pin mechanism being movable by the user between a
10 first position that connects the pump rotor to “the
carrier and a second position that disconnects the
pump rotor from the carrier and allows separation of
the pump rotor from the drive mechanism.
2. An apparatus according to claim 1
wherein the release pin mechanism rotates
between its first and second positions.
3. A peristaltic pumping apparatus

comprising
~ a peristaltic pumping element 1nc1ud1ng a
pump rotor carrying a roller, and a drive mechanism
5° for rotating the rotor and including a carrier for

holding the pump rotor,

a roller locating mechanism for moving the
pump roller between a retracted position inside the
pump rotor and an extended position at least par-

10 tially outside the pump rotor, and

a release pin mechanism carried on the pump
rotor and exposed to access by a user, the release
pPin mechanism being movable by the user between a
first position that connects the pump rotor to the

15 carrier and to the roller locating mechanism and a
second position that simultaneously disconnects the
pump rotor from the carrier and the roller locating
mechanism and allows separation of the pump rotor
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from the drive mechanism and the roller locating
20 mechanism.
4. An apparatus according to claim 2
) ,, wherein the release pin mechanism rotates
between its first and second positions.
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