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PINCH CLAMP DEVICES, METHODS, AND SYSTEMS

BACKGROUND

[0001] Pinch clamps or valves that use a pinching motion to control the flow of a fluid

through a compressible tube are known. Actuated pinch valves use an actuator to displace a

pinching element against a portion of the outer wall of the compressible tube. The pinching

element progressively collapses the outer wall portion against an opposing section of the pinch

valve or other support structure to regulate fluid flow through the tube. Due to the separation

of the pinching element from the fluid flowing through the compressible tube, cross-

contamination is prevented, which renders actuated pinch valves preferable for use in various

medical devices, including, for example, dialysis equipment, intravenous systems, blood

analyzers, etc.

[0002] Pinch valve actuators typically employ an electrical solenoid that is

counterbalanced by a spring. The spring applies the force for pinching and solenoid holds the

actuator against the spring to open the valve. Thus, when power is applied to the solenoid, the

valve is open and the valve is closed by selective deactivation of the solenoid or by loss of

power. This functionality serves as a safeguard by halting the flow of fluids when system

power is lost. This can be critical in medical treatment systems.

SUMMARY

[0003] The following summary pertains to representative embodiments and is not an

exhaustive list thereof. Embodiments of the present disclosure provide a linearly actuated pinch

clamp comprising a housing, a motor connected to the housing, a mechanical drive unit

connected to the motor for converting a rotary motion of the motor to a linear motion and for

introducing a mechanical advantage to the motion of the motor, and a pinching element having



a body and a pinching surface. The pinching element body is coupled to the mechanical drive

unit and slidably mounted to the housing such that the pinching element is linearly displaceable

by the mechanical drive unit between a first position and a second position where the pinching

surface cooperates with a fixed surface to pinch closed a flexible tube.

[0004] Further embodiments of the present disclosure also provide a linearly actuated

pinch clamp comprising a housing having a flange, a motor connected to the housing, a

mechanical drive unit connected to the motor for converting a rotary motion of the motor to a

different rate and/or type of motion which may include an increase in mechanical advantage to

the motion of the motor. A coupling element may including a cam surface and be connected to

the mechanical drive unit and slidably and mounted to the housing. A rotationally displaceable

pinching element may engage with the cam surface and be rotated thereby to effect pinching.

[0005] Embodiments of the present disclosure also provide a pinch clamp system that

includes a power supply, a microcontroller coupled to the power supply; an energy storage

device coupled to the power supply; a motor driver coupled to the energy storage device; and a

linearly actuated pinch clamp coupled to the motor driver and the microcontroller. The pinch

clamp includes a motor, a mechanical drive unit connected to the motor for converting a rotary

motion of the motor to a linear motion and for introducing a mechanical advantage to the

motion of the motor; a displaceable pinching element coupled to the mechanical drive unit and

including a pinching surface, the pinching element being displaceable between a first position

and a second position where the pinching surface cooperates with a fixed surface to pinch

closed a flexible tube; and a sensor to measure a position of the pinching element. The system

further includes a switch, coupled to the power supply, the microcontroller and the motor

driver, to pass commands from the microcontroller to the motor driver when the power supply

voltage remains above a predetermined threshold, and to provide a command to the motor



controller to move the pinching element to the second position when the power supply voltage

falls below the predetermined threshold.

[0006] There has thus been outlined, rather broadly, certain embodiments of the

disclosure in order that the detailed description thereof herein may be better understood, and in

order that the present contribution to the art may be better appreciated.

[0007] Before explaining at least one embodiment of the disclosure in detail below, it is

to be understood that the disclosure is not limited in its application to the details of construction

and to the arrangements of the components set forth in the following description or illustrated

in the drawings. The disclosure is capable of embodiments in addition to those described and

of being practiced and carried out in various ways. Also, it is to be understood that the

phraseology and terminology employed herein, as well as the abstract, are for the purpose of

description and should not be regarded as limiting.

[0008] As such, those skilled in the art will appreciate that the conception upon which

this disclosure is based may readily be utilized as a basis for the designing of other structures,

methods and systems for carrying out the several purposes of the present disclosure. It is

important, therefore, that the claims be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figs. 1 and 2 are perspective views of a linearly actuated pinch clamp in open

and closed positions, respectively, in accordance with an embodiment of the present disclosure.

[0010] Figs. 3 and 4 are partial cross-sectional views of a linearly actuated pinch clamp

in open and closed positions, respectively, in accordance with the embodiment depicted in Fig.

1.



[0011] Fig. 5 is a perspective view of several components of a linearly actuated pinch

clamp, in accordance with the embodiment depicted in Figs. 1 and 2.

[0012] Fig. 6 is a perspective view of a pinching element, in accordance with the

embodiment depicted in Figs. 1 and 2.

[0013] Fig. 7 is a perspective view of a coupling block, in accordance with the

embodiment depicted in Figs. 1 and 2.

[0014] Figs. 8 and 9 are perspective longitudinal sectional views of several components

of the linearly actuated pinch clamp depicted in Fig. 5, in open and closed positions,

respectively, in accordance with the embodiment depicted in Figs. 1 and 2.

[0015] Figs. 10 and 11 are perspective views of a linearly actuated pinch clamp in open

and closed positions, respectively, in accordance with another embodiment of the present

disclosure.

[0016] Figs. 12, 13 and 14 are perspective, top and bottom views of a coupling block, in

accordance with the embodiment depicted in Figs. 10 and 11.

[0017] Figs. 15, 16 and 17 are perspective, top and bottom views of a pinching element,

in accordance with the embodiment depicted in Figs. 10 and 11.

[0018] Figs. 18 shows a mounting bracket for a circuit board and sensor that detects the

position of the coupling block according to embodiments of the disclosed subject matter

[0019] Fig. 19 shows an embodiment in which close and open cam surfaces are

provided on a coupling block with the spring force provided by longitudinally-extending coil

springs.

[0020] Fig. 20 presents a block diagram of a linearly actuated pinch clamp system, in

accordance with an embodiment of the present disclosure.

[0021] Fig. 21 is block diagram of a valve according to the present disclosure.



[0022] Figs. 22A and 22B show another type of pinch clamp embodiment which may be

used in some of the embodiments of the present disclosure.

[0023] Figs. 23A and 23B shows an advantageous system that employs a pinch clamp

according to embodiments of the present disclosure.

[0024] Fig. 24 is a block diagram of a valve according to the present disclosure in which

an intermediate connection between the mechanical drive and a biased actuator causes the

actuator to close the conveyance, thereby avoiding the need for energy storage.

[0025] Figs. 25A and 25B show a pinch clamp embodiment of the valve of Fig. 24 in

which an electromagnet is used as a releasable coupling element and otherwise is similar to the

embodiment of Figs. 1-9.

[0026] Figs. 26A and 26B show an alternative arrangement of an electromagnet for a

variant of the embodiment of Figs. 25A and 25B.

DETAILED DESCRIPTION

[0027] The disclosure will now be described with reference to the drawing figures, in

which like reference numerals refer to like parts throughout.

[0028] Embodiments of the present disclosure advantageously provide a linearly

actuated pinch clamp that is small, lightweight, reliable, low cost and simple to control, provides

clamp pinching element position information, and consumes less power and produces less noise

than solenoid-based devices. Embodiments of the present disclosure also ensure that the

linearly actuated pinch clamp is automatically closed upon detection of a power failure.

[0029] Fig. 21 is a block diagram providing an overview of the disclosed pinch clamp.

The clamp 1030 comprises a motor 1000, which can be a conventional motor, a stepper motor,

etc. The output of motor 1000 is connected to drive a mechanical drive unit 1001 that either



converts the motion of the motor 1000 to a different kind of motion (e.g., linear-to-rotary or

linear-to-curvilinear) with or without force multiplication. The force multiplication may include

the generation of mechanical advantage provided by the mechanism of the mechanical drive

1001. Examples of such force-multiplying mechanisms include gear trains, worm drives, cranks,

linkages, chain drives, screw drives, etc. The mechanical drive converted mechanical output of

the mechanical drive 1001 is applied to an actuator, for example, a pinching element that

pinches a flexible tube (which is an example of a conveyance 1010) to block the flow of fluid

therethrough, or a valve portion. I n particular embodiments, the mechanical drive unit 1001

includes a screw drive, such as used in many linear actuators. I n other embodiments, the

mechanical drive unit 1001 comprises a set of gears, such as a rack and pinion arrangement.

I n still further embodiments, the mechanical drive includes a cam and follower arrangement.

These embodiments are merely illustrative and may of a variety of different types within the

scope of the disclosed and claimed subject matter.

[0030] The output of mechanical drive unit 1001 is applied to a biased actuator 1002

which applies a biasing force of a spring, elastomer, or other equivalent biasing device, to a

member that alters the state of the conveyance 1010 to stop a flow therethrough. The

arrangement between the biased actuator 1002 and the mechanical drive 1001 is such that the

mechanical drive 1001 is able to apply a force against the biasing device to retract and open the

fluid conveyance 1010. The fluid conveyance can be a flexible bag, a tube, or other device for

conveying fluid. Preferably the motor 1000 and mechanical drive 1001 are configured such that

the spring or other biasing device of the biased actuator 1002 is not able to force itself into a

relaxed state when the motor 1000 is at rest. I n this way, the motor 1000 can be operated

when the state of the conveyance 1010 is to be altered. In embodiments, the biased actuator

1002 includes a pinching element that is forced against a flexible tube type of conveyance 1010



wherein the tube is pinched in cooperation with a fixed member. I n embodiments, the pinching

element may be two opposing pinching elements the open and close in a gripper or scissor

fashion to pinch claim tube. I n other embodiments, the pinching element may be a single

element that cooperates with a fixed stationary element between which the tube is compressed.

[0031] In embodiments the pinching element is linearly displaceable. I n other

embodiments the pinching element is rotationally displaceable. Various kinematic mechanisms

can produce combinations or types of motion and may be employed with the pinching element.

I n any of these embodiments, the pinching element may be a single element that cooperates

with a fixed element or may be one of multiple elements that cooperatively pinch the tube. I n

any of the embodiments biased actuator 1002 may include an urging element such as a spring,

elastomer, or arrangement of magnets, effective to produce a biasing force that biases the

actuator (e.g., pinching element or elements) to a closed position; i.e., a position that closes

the conveyance 1010. The motor 1000 applies a force to overcome the bias of the urging

thereby permitting the tube (generally, the conveyance 1010) to open. The biasing element

may be selected to provide precisely the force, applied to an actuator of the biased actuator

1002 (e.g., pinching element or elements) to ensure a reliable seal of the conveyance 1010

(e.g., flexible tube). Advantageously, the mechanical drive 1001 may be selected such that no

power is required to maintain the pinching element or elements in the open or closed position.

I n other words, the motor is deactivated after an open or closed position is reached. I n

embodiments, this is assured by a suitable selection of the mechanical drive 1001 such that

internal friction of the mechanical drive 1001, the motor 1000, and or the biased actuator 1002,

or interfering resistance of any or all of these, prevents movement of the biased actuator unless

the motor 1000 is used to drive it.



[0032] Motor 1000 is controlled via signals and/or power from a controller 1003, which

is connected to an energy storage device 1004 and a power loss detector 1005. The controller

1003 may include a motor drive that applies both power and command signals to the motor

1000, such as in a stepper motor configuration. Alternatively, the controller 1003 may apply

electrical power to the motor in a feedback or feedforward control configuration. The motor

1000 and mechanical drive unit 1001 may maintain the biased actuator 1002 in the open and/or

the closed position without the application of power. A "fail safe" feature closes the clamp if

power is lost. I f a power failure occurs, controller 1003 receives a signal from power loss

detector 1005. I n response, controller 1003 applies energy stored in the energy storage device

1004 to operate the motor 1000 to move biased actuator 1002 to the closed position. For

example, the energy storage 1004 may be a mechanical energy store such as a spring,

pneumatic pressure vessel, a battery, or a capacitor.

[0033] I n any of the embodiments, a biased actuator (or equivalent thereof) may be

configured such that the release of the bias device, or equivalent, is such that the force applied

to the conveyance is determined by the selected bias force of the bias device, or equivalent. I n

any of the embodiments, the motor and mechanical drive, or equivalents thereof may displace

the biased actuator, or equivalent thereof, in a progressive manner.

[0034] Figs. 22A and 22B show a pinching device with a chassis 1114 and a linear drive

1112 affixed thereto. When the drive 1112 moves the cam member 1110 to the position shown

in Fig. 22A, this permits a force of a spring 1120 to move pivot arms 1116 to move pinching

members 1108 together thereby to pinch a tube 1118. The linear drive 1112 moves

progressively from the position shown in Fig. 22A to the position shown in Fig. 22B and back

again under control of a controller. I n Fig. 22B, the linear drive 1112 has moved the cam

member 1110 to urge the pivot arms 1116 against the force of a spring 1120 thereby to



displace pinching members 1108 in opposite directions away from the tube. The cam member

thereby takes up the force generated by the spring 1120 so that the tube 1118 is released and

fluid is able to flow. I n each of the positions of 22A and 22B, the motor may remain at rest,

with the linear drive 1112, the cam member 1110, and the pivot arms 1116 providing sufficient

resistance (friction) to prevent the spring 1120 from moving the pivot arms 1116 without the

action of the linear drive 1112. Thus, the controller (not shown but which may be any suitable

type of controller) may produce a drive current to the linear drive (which may include, for

example, an electric motor) to cause the motor to run, then stop, then run in reverse, then stop

in order to selectively achieve the states shown in Figs. 22A and 22B.

[0035] Figs. 23A and 23B show a device, for example, a medical device with first and

second parts 1102 and 1104 that movable together and apart such that a pair of pinching

members 1150 surrounds a tube 1152 (as in Fig. 23B) or moves away from the tube 1152 Fig.

23A. The tube 1152 may be carried on a support 1154 such as a cartridge or cassette carrying

various fluid circuit elements. The support may, in turn, be supported by second part 1104.

Alternatively the tube 1152 may be supported directly by the second part 1104. When one or

both of the parts 1102 and 1104 are brought together, for example by manually forcing them or

by means of a motor (not shown). The positions of the parts 1102 and 1104 may adapted to

facilitate loading of the support 1154 (or tube 1152, alone) and the positions of the parts 1102

and 1104 may be adapted for operation of a system in which fluid flows through the tube 1152.

The pinching members 1150, in the configuration shown in Fig. 23A may open and close about

the tube according to any of the embodiments described herein. The pinching members are

shown in open position at 1152A and in a closed position as dashed lines at 1152B. The

arrangement of Figs. 23A and 23B is such that no force needs to be resisted between the parts

1102 and 1104 in order to close the tube 1152. Note that part 1102 may carry multiple pinch



clamps and part 1104 may carry multiple tubes 1152 all of which may be operable selectively

and independently. Note that the pinching members 1150 are merely figurative and can be the

pinching elements of the pinch clamp embodiment 200 described below with reference to Figs.

10-18 or other embodiments.

[0036] Figs. 1-9 depict various views of a linearly actuated pinch clamp 100, in

accordance with an embodiment of the present disclosure. The pinch clamp 100 regulates the

flow of liquid through a flexible (i.e., compressible) tube 50, and, in this embodiment, the pinch

clamp 100 cooperates with a fixed surface 75, such as, for example, a portion of a hemodialysis

machine through which flexible tube 50 is routed, to control the fluid flow. The pinch clamp

100 is selectively adjustable to provide an open position and a closed position, and, in certain

embodiments, a plurality of intermediate positions.

[0037] The pinch clamp 100 includes a housing 110 that has a body 112 and a lower

plate 114 including a circular flange 116 with a central bore 117. The housing body 112 is

shown in phantom in Figs. 3 and 4 to facilitate illustration of the internal components of the

pinch clamp 100. The lower plate 114 is attached to the housing body 112 via screws 118 or

other known attachment means. A motor/mechanical drive unit 120, such as a stepper motor

linear actuator as shown at 120, is attached to housing body 112 via screws 118 or other

known attachment means, and has an output shaft 122 and power leads 124. I n certain

embodiments, a stepper motor linear actuator includes a bipolar motor, and the power leads

124 include four wires, two for each phase. I n other embodiments, the stepper motor linear

actuator used as motor/mechanical drive unit 120 includes a unipolar motor, and the power

leads 124 include six wires, three for each phase.

[0038] I n one embodiment, the motor/mechanical drive 120 is a Series 19541-05-905

captive, bipolar stepper motor linear actuator available from Haydon Kerk Motion Solutions of



Waterbury, CT, USA, having a 0.544 inch stroke, a 15° step angle and an operating voltage of

5 VDC. Other stepper motor linear actuators may also be used, such as, for example, non-

captive, external, unipolar, 12 VDC operating voltage, etc. Generally, motor/drive units such as

stepper motor linear actuators include a stator, a rotor having a nut attached to it, and a

threaded lead screw coupled to the nut and an output shaft. The rotor includes a permanent

magnet, and the stator coils are sequentially energized, via the power leads, to incrementally

turn the rotor in one direction or the other. As the rotor turns, the nut and threaded lead screw

convert the rotational motion of the rotor into linear motion of the output shaft.

[0039] A linearly displaceable pinching element 130 is at least partially enclosed within

the housing body 112, and has a body 132, a pinching surface 134 at a distal end, and a

shoulder 136 disposed above the pinching surface 134. A spring 150, such as, for example, a

helical compression spring, at least partially surrounds the pinching element body 132, and has

a proximal end 151 that abuts a portion of the housing body 112, and a distal end 152 that

abuts the pinching element shoulder 136. As shown more clearly in Figs. 6, 8 and 9, the

pinching element body 132 defines a longitudinal bore 131 and a transverse bore 138. The

longitudinal bore 131 partially extends into the pinching element body 132 from a proximal end,

and the transverse bore 138 intersects the longitudinal bore 131 and extends completely

through the pinching element body 132.

[0040] A coupling block 140 is slidingly arranged within the longitudinal bore 131, and

includes a body 142 defining a transverse bore 144 in which a pin 146 is disposed. The

proximal end of the coupling block 140 is connected to the output shaft 122 of the motor/drive

unit 120, using, for example, a threaded connection. The length of the coupling block pin 146

is greater than the width of the coupling block body 142, and the diameter of the coupling block

pin 146 is smaller than the diameter of the transverse bore 138 of the pinching element body



132. The coupling block pin 146 thus allows a limited range of coupling block 140 motion

within the longitudinal bore 131. As shown more clearly in Figs. 8 and 9, which are perspective

longitudinal sectional views of several components of the linearly actuated pinch clamp depicted

in Fig. 5, in open and closed positions, respectively, the upper surface 139 of the transverse

bore 138 interferingly engages the coupling block pin 146 when the coupling block is moved by

the motor/mechanical drive 120 is moved in the proximal direction to pull the pinching surface

134 away from the tube 50. The coupling block pin 146 is positioned between the lower

surface 137 of the longitudinal bore 131 and the upper surface of the longitudinal bore 131

when the coupling block 140 is driven in the distal direction to release the pinching element 130

thereby to permit the spring 150 to urge the pinching surface 124 against the tube 150. The

longitudinal dimension of the transverse bore 138 is substantially greater than the diameter of

the coupling block pin 146 to provide play sufficient to allow the pinching element to transmit

the force of the spring 150 to the task of pinching the tube 50 without interference by the

coupling block pin.

[0041] The pinch clamp 100 also includes a circuit board 160, attached to the housing

body 112, on which a magnetoresistive sensor 162 is mounted. I n one embodiment, the

magnetoresistive sensor 162 is a digital position sensor, such as, for example, a Model KMA36

universal magnetic encoder available from Measurement Specialties of Hampton, VA, USA, that

determines the position of the pinching element 130 by sensing the position of an external

magnet 164 mounted within a recess 133 in the pinching element body 132. I n one

embodiment, the external magnet 164 is a cylinder magnet, while in another embodiment, the

external magnet 164 is a magnetic pole strip. A pole pitch of 5 mm or less may be used; other

pole pitches are also contemplated. Power and data connections to and from the



magnetoresistive sensor 162 are provided by an electrical connector 166 mounted on circuit

board 160.

[0042] A microcontroller (not shown for clarity in Figs. 1-4) is coupled to the pinch

clamp 100, via the connector 166, and receives pinching element position measurement data

from the magnetoresistive sensor 162. The microcontroller determines the position of the

pinching element 130, and provides position commands to a motor driver (not shown for clarity

in Figs. 1-4) coupled to the stepper motor linear actuator 120 via power leads 124. The

functionality provided by the microcontroller may be incorporated into a microprocessor

onboard the device in which the pinch clamp 100 is employed. The motor driver converts the

position commands from the microcontroller into drive signals for the stepper motor linear

actuator 120, and then provides those drive signals via power leads 124. The motor driver may

include a power supply, logic and switching circuitry, a clock pulse source, etc., and may be a

bipolar drive, a unipolar drive, a constant voltage or an L/R drive, a chopper drive, a

microstepping drive, etc. The motor driver may be coupled directly or indirectly to a DC supply

voltage source. The operation of the microcontroller and motor driver may be as explained in

more detail below with respect to Fig. 20.

[0043] When the pinching element 130 is commanded to the open position shown in

Fig. 3, the upper surface 139 of the transverse bore 138 interferingly engages the coupling

block pin 146, moving the pinching element 130 thereby causing the spring 150 to be

compressed to a first predetermined length . When the pinching element 130 is commanded

to the closed position, shown in Fig. 4, the spring relaxes to a second predetermined length L2

that is greater than the first predetermined length coming to rest due to interfering

engagement of the pinching surface 134 and the squeezed tube 50. The difference between

and L2 may be at least the difference between the fully open diameter of the tube 50 and the



fully pinched diameter of the tube 50, to permit the tube to be fully open and fully pinched.

The difference between and L2 may be between 2 to 20 mm, for example. Advantageously,

the arrangement of the spring 150 requires a maximum motor power to be used to open the

pinch clamp 100, and a minimum motor force to close the pinch clamp 100.

[0044] Additionally, when the pinching element 130 is commanded to the open position,

each end of the coupling block pin 146 contacts the upper surface 139 of the transverse

bore 138 of the pinching element body 132, and, when the pinching element 130 is

commanded to the closed position, preferably neither end of the coupling block pin 146

contacts the upper surface 139 or lower surface 137 of the transverse bore 138. I n the closed

position, the coupling block 140 is floating, or in a state of equilibrium, within the transverse

bore 138 of the pinching element 130 at a point determined by the position and dimensions of

the tube 50 and the position of the fixed surface 75. I n the closed position, the spring 150

provides all of the force applied to compress the tube 50 and shut off the flow of fluid. I n one

embodiment, the pinch force provided by the spring 150 in the closed position is about 8

pounds.

[0045] The motor/drive unit 120 advantageously maintains the position of the pinching

element 130 when the pinch clamp is de-energized and, in one embodiment using a stepper

motor linear actuator as motor/drive unit 120, consumes about 3.5 W when changing state, i.e.,

from open to closed or from closed to open, and 0 W when not changing state, i.e., the static

condition. The position may be maintained without power because of the high mechanical

advantage ratio between the rotor and pinching element which allows friction in the drive,

principally the lead screw (shallow pitch) of the linear motor, to prevent movement.

[0046] Figs. 10-18 depict various views of a linearly actuated pinch clamp 200, in

accordance with another embodiment of the present disclosure. The pinch clamp 200 regulates



the flow of liquid through a compressible tube (not shown for clarity), and is selectively

adjustable to provide an open position and a closed position. I n alternative embodiments, the

pinch clamp can be adapted for a plurality of intermediate positions for regulating intermediate

degrees of patency of a pinched or partially pinched tube.

[0047] The pinch clamp 200 includes a housing 210 that has a pair of support

shafts 211 attached to a lower plate 214. A circular flange 216 extends from the lower plate

214, with a central bore 217 that extends through the lower plate 214. The flange 216 defines

opposing slots 215 through which a compressible tube may be passed according to a method of

use of the pinch clamp 200. The lower plate 214 may be attached to the housing support

shafts 211 via screws 218, rivets, welding, adhesive, or other attachment means.

[0048] A motor/drive unit 220 is attached to housing support shafts 211 via any suitable

attachment means, for example a fastener such as a screw. The motor/drive unit 220 has an

output shaft 222 and power leads 224. I n certain embodiments, the motor/drive unit 220

comprises a stepper motor linear actuator including a bipolar motor, and the power leads 224

include four wires, two for each phase. I n other embodiments, a stepper motor linear actuator

includes a unipolar motor, and the power leads 224 include six wires, three for each phase.

[0049] As described above, in one embodiment, the motor/drive unit 220 is a

Haydon Kerk Series 19541-05-905 captive, bipolar stepper motor linear actuator with a 0.544

inch stroke, a 15° step angle and an operating voltage of 5 VDC. Other stepper motor linear

actuators may also be used, such as, for example, non-captive, external, unipolar, 12 VDC

operating voltage, etc.

[0050] A coupling block 240 is slidingly arranged along the housing support shafts 211

via support shaft bores 241, and includes a coupling block 240 defining at least one cam

surface 244, best seen in Fig. 12. I n a preferred embodiment, two cam surfaces 244 are



provided, as depicted in Figs. 10, 11, 12 and 14. The proximal end of the coupling block 240 is

connected to the output shaft 222 of the stepper motor linear actuator 220, using, for example,

a threaded connection 245.

[0051] A rotationally displaceable pinching element 230 is at least partially enclosed

within the coupling block 240 and the housing lower plate flange 216. The pinching element

230 includes a body 232, a pinching projection 234 at a distal end of the body 232, a cam pin

235 disposed through a transverse bore 238 at a proximal end of a body 232 of the pinching

element 230, and a spring pin 236 disposed through another transverse bore 238 at about the

middle of the body 232. The cam pin 235 cooperates with the coupling block cam surfaces 244

to convert linear motion of the coupling block 240 to rotational motion of the pinching element

230, and the pinching projection 234 cooperates with an edge of one of the lower plate flange

slots 215 to pinch the compressible tube closed.

[0052] A spring 250, such as, for example, a helical torsion spring, at least partially

surrounds the pinching element body 232, and has a proximal end 251 that abuts a portion of

one of the housing support shafts 211, and a distal end 252 that abuts the pinching element

pin 236. The spring 250 generates a moment that forces the cam pin 235 against the cam

surfaces 244 so that they ride therealong causing the body 230 to rotate thereby rotating the

pinching projection 234 to pinch a tube aligned within the opposing slots 215. Specifically, tube

is pinched between a pinching edge of the pinching projection 234 and a pinching edge of one

of the opposing slots 215 under the urging of the spring 250 when the linear position of the

linear actuator 220 is retracted such that the cam pin 235 rides the cam surface 244 until the

tube is pinched whereupon the cam pin 235 is released from the surface as the tube supports

the full force of the spring by resisting the pinching edges of the between the pinching edge of

the pinching projection 234 and the pinching edge of the one of the opposing slots 215.



[0053] The pinch clamp 200 also includes a bracket 270, connected to the housing 210

between the motor/drive unit 220 and the proximal ends of the housing support shafts 211,

which supports a circuit board 260 on which a magnetoresistive sensor 262 is mounted. As

discussed above, in one embodiment, the magnetoresistive sensor 262 is a digital position

sensor, such as, for example, a Measurement Specialties KMA36 universal magnetic encoder,

that indicates the position of the coupling bock 240 by sensing the shape of the magnetic field

of an external magnet 264 mounted within a recess 243 in the coupling block 240. I n one

embodiment, the external magnet 264 is a cylinder magnet, while in another embodiment, the

external magnet 264 is a magnetic pole strip. A nominal pole pitch of 5 mm or less may be

used; other pole pitches are also contemplated. Power and data connections to and from the

magnetoresistive sensor 262 are provided by an electrical connector 266 mounted on circuit

board 260.

[0054] A microcontroller (not shown for clarity in Figs. 10-11) is coupled to the pinch

clamp 200, via the connector 266, and receives coupling element position measurement data

from the magnetoresistive sensor 262. The microcontroller determines the position of the

coupling block 240, converts the linear position of the coupling block 240 into a rotational

position of the pinching element 230, determines and provides position commands to a motor

driver (not shown for clarity in Figs. 10-11) coupled to the stepper motor linear actuator 220

via power leads 224. The functionality provided by the microcontroller may be incorporated

into a microprocessor onboard the device in which the pinch clamp 200 is employed. The

motor driver converts the position commands from the microcontroller into drive signals for the

stepper motor linear actuator 220, and then provides those drive signals via power leads 224.

The motor driver typically includes a power supply, logic and switching circuitry, a clock pulse

source, etc., and may be a bipolar drive, a unipolar drive, a constant voltage or an L/R drive, a



chopper drive, a microstepping drive, etc. The motor driver is coupled directly or indirectly to a

DC supply voltage source. The operation of the microcontroller and motor driver are also

explained in more detail below with respect to Fig. 30.

[0055] When the pinching element 230 is commanded to the open position, the

spring 250 is compressed to a first predetermined angular deflection on, and, when the pinching

element 230 is commanded to the closed position, the spring is compressed to a second

predetermined angular deflection a 2 that is less than the first predetermined angular deflection

i . The difference between ¾ and a 2 is related to the maximum diameter of the tube 50 that

can be serviced by the pinch clamp 200, which is governed, generally, by the stroke of the

motor/drive unit 220, the measurement limits of the magnetoresistive sensor 262, the spring

constant of the spring 250, the compressibility of the tube 50, the width of the housing flange

slots 217, etc. Advantageously, this arrangement of the spring 250 requires a maximum motor

force in order to open the pinch clamp 230, and a minimum motor force in order to close the

pinch element 230. I n one embodiment, the pinch force provided by the spring 250 in the

closed position is about 8 pounds.

[0056] The motor/drive unit 220 advantageously maintains the position of the pinching

element 230 when the pinch clamp 200 is de-energized, and, in one embodiment where a

stepper motor linear actuator is used, consumes about 3.5 W when changing state, i.e., from

open to closed or from closed to open, and 0 W when not changing state, i.e., the static

condition.

[0057] Fig. 19 depicts a linearly actuated pinch clamp 300, in accordance with an

embodiment of the present disclosure. The pinch clamp 300 regulates the flow of liquid

through a compressible tube 50, and is selectively adjustable to provide an open position and a

closed position, and, in certain embodiments, a plurality of intermediate positions.



[0058] The pinch clamp 300 includes a housing 310 that has a pair of support shafts

311 and a lower plate 314 including a circular flange 316, with a central bore 317, extending

from the lower plate 314. The flange 316 includes opposing slots 315 through which the

compressible tube passes. The lower plate 314 is attached to the housing support shafts 311

via screws 318 or other known attachment means. A motor/drive unit 320 is attached to

housing support shafts 311 via screws 318 or other known attachment means, and has an

output shaft 322 and power leads 324. I n certain embodiments, motor/drive unit 320

comprises a stepper motor linear actuator including a bipolar motor, and the power leads 324

include four wires, two for each phase. I n other embodiments, the stepper motor linear

actuator includes a unipolar motor, and the power leads 324 include six wires, three for each

phase.

[0059] As described above, in one embodiment, the motor/drive unit 320 is a Haydon

Kerk Series 19541-05-905 captive, bipolar stepper motor linear actuator with a 0.544 inch

stroke, a 15° step angle and an operating voltage of 5 VDC. Other stepper motor linear

actuators may also be used, such as, for example, non-captive, external, unipolar, 12 VDC

operating voltage, etc.

[0060] A coupling block 340 is slidingly arranged along the housing support shafts 311

via support shaft bores 341, and includes a body 342 defining at least one cam surface 343. I n

a preferred embodiment, two cam surfaces 343 are provided which engage with cam pin 335.

The proximal end of the coupling block 340 is connected to the output shaft 322 of the stepper

motor linear actuator 320, using, for example, a threaded connection 345.

[0061] Two springs 350, such as, for example, helical compression springs, surround the

housing support shafts 311, and have proximal ends 351 that abut portions of the motor/drive

unit 320, and distal ends 152 that abut the shoulders 346 of the coupling block 340. I n other



embodiments, a single helical compression spring 350, surrounding a single support shaft 311

or, alternatively, a single helical compression spring surrounding the output shaft 322 and

abutting the upper portion 348 of the coupling block 340, may also be used.

[0062] A rotationally displaceable pinching element 330 is at least partially enclosed

within the coupling element body 342 and the housing lower plate flange 316. The pinching

element 330 includes a body 332, a pinching projection 334 that is similar and functions

identically to pinching projection 234 at a distal end of the body 332, and a cam pin 335

disposed through a transverse bore 338 at a proximal end of the body 332. The cam pin 335

cooperates with the coupling block cam surfaces 344 to convert linear motion of the coupling

block 340 to rotational motion of the pinching element 330, and the pinching projection 334

cooperates with an edge of one of the lower plate flange slots 315 to pinch the compressible

tube 50 closed. A retaining ring groove 331 may be provided in the body 332 to receive a

retaining ring.

[0063] The pinch clamp 300 also includes a bracket 370, connected to the housing 310

between the motor/drive unit 320 and the proximal ends of the housing support shafts 311,

which supports a circuit board 360 on which a magnetoresistive sensor 362 is mounted. As

discussed above, in one embodiment, the magnetoresistive sensor 362 is a digital position

sensor, such as, for example, a Measurement Specialties KMA36 universal magnetic encoder,

that determines the position of the coupling bock 340 by sensing the position of an external

magnet 364 mounted within a recess 343 in the coupling block body 342. I n one embodiment,

the external magnet 364 is a cylinder magnet, while in another embodiment, the external

magnet 364 is a magnetic pole strip. A nominal pole pitch of 5 mm or less may be used; other

pole pitches are also contemplated. Power and data connections to and from the



magnetoresistive sensor 362 are provided by an electrical connector 366 mounted on circuit

board 360.

[0064] A microcontroller (not shown for clarity in Figs. 20-21) is coupled to the pinch

clamp 300, via the connector 366, and receives coupling element position measurement data

from the magnetoresistive sensor 362. The microcontroller determines the position of the

coupling block 340, converts the linear position of the coupling block 340 into a rotational

position of the pinching element 330, determines and provides position commands to a motor

driver (not shown for clarity in Figs. 20-21) coupled to the motor drive unit 320 via power leads

324. The functionality provided by the microcontroller may be incorporated into a

microprocessor onboard the device in which the pinch clamp 300 is employed. The motor

driver converts the position commands from the microcontroller into drive signals for the

motor/drive unit 320, and then provides those drive signals via power leads 324. The motor

driver typically includes a power supply, logic and switching circuitry, a clock pulse source, etc.,

and may be a bipolar drive, a unipolar drive, a constant voltage or an L/R drive, a chopper

drive, a microstepping drive, etc. The motor driver is coupled directly or indirectly to a DC

supply voltage source.

[0065] When the pinching element 330 is commanded to the open position, the

springs 350 are compressed until the block body 342 is detected at a predetermined position.

At that position, the pinching element 330 is in the open position of the tube, the springs are

compressed to a second predetermined length L2 that is greater than the first predetermined

length . The difference between and L2 is related to the maximum diameter of the tube 50

that can be serviced by the pinch clamp 300, which is governed, generally, by the stroke of the

motor/drive unit 320, the measurement limits of the magnetoresistive sensor 362, the spring

constant of the spring 350, the compressibility of the tube 50, the width of the housing flange



slots 317, etc. Generally, the difference between and L2 ranges from about 0.1 inches to 1.0

inches; in one embodiment, the difference is about 0.5 inches. Advantageously, this

arrangement of the spring 350 requires a maximum motor force in order to open the pinch

clamp 300, and a minimum motor force in order to close the pinch clamp 300. I n one

embodiment, the pinch force provided by the springs 350 in the closed position is about 8

pounds.

[0066] The motor/drive unit 320 advantageously maintains the position of the pinching

element 330 when the pinch clamp is de-energized, and, in one embodiment where a stepper

motor linear actuator is used as the motor/drive unit, consumes about 3.5 W when changing

state, i.e., from open to closed or from closed to open, and 0 W when not changing state, i.e.,

the static condition.

[0067] Fig. 30 presents a block diagram of a linearly actuated pinch clamp system 400,

in accordance with an embodiment of the present disclosure. Pinch clamp system 400 includes

a linearly actuated pinch clamp 100, 200, 300, a motor driver 410 coupled to the pinch clamp

100, 200, 300, a microcontroller 420 coupled to the pinch clamp 100, 200, 300 and the power

supply 480, a switch 430 coupled to the microcontroller 420 and the motor driver 410, an

energy storage device 440 coupled to the motor driver 410, a voltage boost converter 450

coupled to the energy storage device 440 and the power supply 480, a power fail voltage

detector 460 coupled to the switch 430 and the power supply 480, and an oscillator 470

coupled to the switch 430 and the power supply 480. I n one embodiment, the microcontroller

420 is directly coupled to the motor driver 410.

[0068] Because the pinch clamp 100, 200, 300 nominally retains its currently-

commanded position when system power fails, due to the use of the motor/drive units 120,

220, 320, pinch clamp system 400 advantageously provides energy storage and command



authority to close the pinch clamp 100, 200, 300 during a system power failure. I n one

embodiment, voltage boost converter 450 boosts the 24 VDC system voltage provided by power

supply 480 to 42 VDC, and provides this boosted voltage level to energy storage device 440 in

order to maximize the electrical energy storage. I n this embodiment, energy storage device

450 includes one or more conventional capacitors and supporting electronic circuits; those of

skill in the art will appreciate that other embodiments may include batteries and associated

charging circuits, potential or kinetic energy storage devices and conversion circuits, etc.

[0069] The energy storage device 440 provides power to the motor driver 410, which

drives the pinch clamp 100, 200, 300 under the direction of commands received from the switch

430. Under normal operation; i.e., when the voltage provided by power supply 480 remains

above a predetermined level, the switch 430 passes the position commands received from the

microcontroller 420 to the motor driver 410. When power fail voltage detector 460 determines

that the power supply voltage has fallen below the predetermined level, a control signal is sent

to switch 430. I n response to the receipt of the control signal from power fail voltage detector

460, switch 430 discontinues passing commands from the microcontroller 420, and sends a

command to close the pinch clamp 100, 200, 300, to motor driver 410. This command is based

on a signal received from the oscillator 470. I n one embodiment, the power supply voltage is

about 24 VDC, and the predetermined threshold voltage is about 20 VDC.

[0070] Because the oscillator 470 is coupled to the power supply 480, a reduction in

power supply voltage during a power failure may affect the functioning of the oscillator 470. I n

one embodiment, the oscillator 470 is also coupled to the energy storage device 440 to ensure

that the signal is provided to the switch 430 at least until the pinch clamp 100, 200, 300 closes

during the system power failure.



[0071] Fig. 24 is a block diagram of a valve according to the present disclosure in which

an intermediate connection between the mechanical drive and a biased actuator causes the

actuator to close the conveyance, thereby avoiding the need for energy storage. The present

embodiment is a variant of that disclosed in Fig. 21 which represents functionally and

schematically the other embodiments disclosed above. Fig. 24, like Fig. 21, represents a range

of possible physical embodiments in which instead of using a power loss detector and an energy

storage, a release 1240 that releases the force applied by the mechanical drive 1001 against

the biased actuator 1002 such that the biased actuator 1002 is released to close the

conveyance 1010. I n embodiments, power is applied from a power source 1245 to the motor

1000 and the release 1240. I n an embodiment, the release 1240 is an electromagnet and

magnetic conductor that when powered-on, can apply a tractive force to the biased actuator

1002 thereby permitting the mechanical drive 1001 to open the conveyance 1010 as in

foregoing embodiments.

[0072] A clamp 1031 comprises a motor 1000, which, as in prior embodiments, can be a

conventional motor, a stepper motor, etc. The output of motor 1000 is connected to drive a

mechanical drive unit 1001 that either converts the motion of the motor 1000 to a different kind

of motion (e.g., linear-to-rotary or linear-to-curvilinear) with or without force multiplication. The

force multiplication may include the generation of mechanical advantage provided by the

mechanism of the mechanical drive 1001. Examples of such force-multiplying mechanisms

include gear trains, worm drives, cranks, linkages, chain drives, screw drives, etc. The

mechanical drive converted mechanical output of the mechanical drive 1001 is applied to an

actuator, for example, a pinching element that pinches a flexible tube (which is an example of a

conveyance 1010) to block the flow of fluid therethrough, or a valve portion. I n particular

embodiments, the mechanical drive unit 1001 includes a screw drive, such as used in many



linear actuators. I n other embodiments, the mechanical drive unit 1001 comprises a set of

gears, such as a rack and pinion arrangement. I n still further embodiments, the mechanical

drive includes a cam and follower arrangement. These embodiments are merely illustrative and

may of a variety of different types within the scope of the disclosed and claimed subject matter.

[0073] The output of mechanical drive unit 1001 is applied through a release 1240 to a

biased actuator 1002 which applies a biasing force of a spring, elastomer, or other equivalent

biasing device, to a member that alters the state of the conveyance 1010 to stop a flow

therethrough. The arrangement between the biased actuator 1002 and the mechanical drive

1001 is such that the mechanical drive 1001 is able to apply a force against the biasing device

to retract and open the fluid conveyance 1010. Power is supplied from a power source 1245 to

the motor 1000, the controller 1003, and the release 1240. The conveyance 1010 can be a

flexible bag, a tube, or other device for conveying fluid. Preferably the motor 1000 and

mechanical drive 1001 are configured such that the spring or other biasing device of the biased

actuator 1002 is not able to force itself into a relaxed state when the motor 1000 is at rest. I n

this way, the motor 1000 can be operated only when the state of the conveyance 1010 is to be

altered. In embodiments, the biased actuator 1002 includes a pinching element that is forced

against a flexible tube type of conveyance 1010 wherein the tube is pinched in cooperation with

a fixed member as in embodiments described herein. I n embodiments of clamp 1031, the

pinching element may be two opposing pinching elements the open and close in a gripper or

scissor fashion to pinch claim tube. In other embodiments, the pinching element may be a

single element that cooperates with a fixed stationary element between which the tube is

compressed.

[0074] In embodiments the pinching element is linearly displaceable. I n other

embodiments the pinching element is rotationally displaceable. Various kinematic mechanisms



can produce combinations or types of motion and may be employed with the pinching element.

I n any of these embodiments, the pinching element may be a single element that cooperates

with a fixed element or may be one of multiple elements that cooperatively pinch the tube. I n

any of the embodiments biased actuator 1002 may include an urging element such as a spring,

elastomer, or arrangement of magnets, effective to produce a biasing force that biases the

actuator (e.g., pinching element or elements) to a closed position; i.e., a position that closes

the conveyance 1010. The motor 1000 applies a force to overcome the bias of the urging

element thereby permitting the tube (generally, the conveyance 1010) to open. The biasing

element may be selected to provide precisely the force, applied to an actuator of the biased

actuator 1002 (e.g., pinching element or elements) to ensure a reliable seal of the conveyance

1010 (e.g., flexible tube). Advantageously, the mechanical drive 1001 may be selected such

that no power is required to maintain the biased actuator 1001 in the open or closed position.

I n other words, the motor is deactivated after an open or closed position is reached. I n

embodiments, this is assured by a suitable selection of the mechanical drive 1001 such that

internal friction of the mechanical drive 1001, the motor 1000, and or the biased actuator 1002,

or interfering resistance of any or all of these, prevents movement of the biased actuator unless

the motor 1000 is used to drive it, except upon power loss, due to the release 1240, as now

described.

[0075] The mechanical drive 1001 forces the biased actuator 1002 against its biasing

element to open the conveyance 1010 through a release, which provides at least a part of a

mechanical coupling between the mechanical drive and the biased actuator. The release

automatically releases (i.e., disengages) this coupling when power is lost from power source

1245. For example, an embodiment of a release includes an electromagnet and magnet circuit

element that remain attached when power is supplied to the electromagnet thereby forming a



continuous connection between the mechanical drive 1001 and the biased actuator 1002.

When power is on, the clamp 1031 operates in the same manner as the embodiment 1030 of

Fig. 21 with the motor 1000 transmitting a force to move the biased actuator 1002 to permit

flow in the conveyance 1010. That is, the energized electromagnet maintains a connection that

allows the force to be transmitted. However, upon power failure, the release 1240 releases

(e.g., electromagnet de-energizes) and the biasing element passively moves the actuator of the

biased actuator 1002 into the "closed" conveyance position. This obviates the need for an

additional power storage device and drive circuit of earlier embodiments. Advantageously, no

additional power storage device required for closure in event of power failure. Further, no

additional drive circuit is required to close valves in event of power failure. The size and power

requirement advantages of earlier embodiments still obtain, that is, high linear travel and thrust

force may be accommodated in a smaller, lower cost assembly as compared to solenoid type

pinch valves, for example. Also, the present embodiments, allow valves to function as a

proportional flow valve (stepper motor allows fine pinching anvil location resolution) that self-

closes upon power failure

[0076] Fig. 25A shows a variant of the embodiments of Figs. 1-9 but which falls within

the description of Fig. 24 and modified accordingly in order to illustrate an example of how the

embodiments of Fig. 24 may be implemented. To the extent the description of Figs. 1-9 does

not contradict the following, all the features of the embodiments described with respect to

those figures to the embodiment of Figs. 25A and 25B, including the numbered elements.

These features will not be described again hereinbelow, so as to minimize unnecessary

repetition. I n the pinch clamp 191, pinching element 130 is divided in parts 175A and 175B,

with part 175A being coupled to the motor 120 output shaft 122 and part 175B being biased by

the spring 150. Power may be transmitted continuously to an electromagnet 176 to maintain a



coupling (closed interface between the two parts 175A and 175B shown at 185A) between the

pinching element parts 175A and 175B, with the part 175B functioning a magnetic circuit and

being of a suitable material for providing such a function. Alternatively, a magnetic circuit

element may be embedded in part 175B to perform this function. Power may be conveyed to

the electromagnet 176 by means of sliding contacts on part 175A and brushes on housing body

112 or by means of a flexible circuit element or coiled wires. These alternatives and others,

being well within the scope of known routine design principles are not elaborated. When power

is lost, the electromagnet 176 the coupling force between the parts 175A and 175B is lost and

the closed interface 185 opens as indicated at 185B. As a result of the loss of power, the

pinching surface of the pinching element part 175B is urged against the flexible tube 50,

thereby closing it. To reopen the flexible tube, upon restoration of power, the motor 120 can

extend the pinching element part 175A until the electromagnet 176 attaches the pinching

element part 175B whereupon the latter may be retracted against the force of the spring 150

causing the flexible tube 50 to open.

[0077] Figs. 26A and 26B show an alternative arrangement of an electromagnet for a

variant of the embodiment of Figs. 25A and 25B. I n Figs. 25A and 25B, the first 1202 and

second 1204 parts of the pinching element are separated proximally of the pinching element

magnet 1210 whose position is sensed by a magnetoresistive sensor 1208. I n this way, the

precise location of the second part 1204 can be determined by a controller for precise

positioning. The electromagnet 1206, as in the embodiment of Figs. 25A and 25B, performs the

same function of causing a release of the second part 1204 in the event of a loss of power. I n

the embodiment of Fig. 26B, an additional magnet 1214 whose position is sensed by a

magnetoresistive sensor 1212 is provided. The latter provides feedback to a controller to



determine a current position of the pinch element first part 1202, for example to determine a

current status to be determined by the controller.

[0078] According to first embodiments, a linearly actuated pinch clamp comprises a

housing, a motor connected to the housing, a mechanical drive unit connected to the motor for

converting a rotary motion of the motor to a linear motion and for introducing a mechanical

advantage to the motion of the motor, and a pinching element having a body and a pinching

surface. The pinching element body is coupled to the mechanical drive unit and slidably

mounted to the housing such that the pinching element is linearly displaceable by the

mechanical drive unit between a first position and a second position where the pinching surface

cooperates with a fixed surface to pinch closed a flexible tube.

[0079] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the motor includes a rotor, and the mechanical drive unit

comprises a nut attached to the rotor and a lead screw threadingly engaged with the nut and

coupled to the pinching element.

[0080] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the motor comprises a stepper motor and the mechanical drive

unit comprises a screw drive.

[0081] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the pinch clamp comprises a sensor, connected to the housing,

to measure a linear position of the pinching element.

[0082] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the sensor is a magneto-resistive sensor, and the pinching

element includes a magnet pole strip for cooperating with the sensor to provide an indication of

when the pinching element is in the first or second position.



[0083] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, a spring is operatively connected between the housing and the

pinching element to bias the pinching element toward the second position, thereby reducing a

force necessary to move the pinching element from the first position to the second position and

pinch closed the flexible tube.

[0084] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the pinching element body comprises a shoulder, and the

spring is a helical compression spring at least partially surrounding the pinching element body,

the spring having a first end abutting the housing and a second end abutting the pinching

element shoulder to bias the pinching element toward the second position.

[0085] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the pinching element body defines a longitudinal bore and a

transverse bore, the longitudinal bore partially extending into the body, the transverse bore

extending through the body and intersecting the longitudinal bore. The pinching element

includes a coupling block, slidingly arranged within the longitudinal bore of the pinching

element body, coupled to the stepper motor linear actuator output shaft.

[0086] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the coupling block includes a body, connected to the

mechanical drive unit, defining a transverse bore; and a pin, disposed within the transverse

bore of the coupling block body, having a length greater than the width of the coupling block

body and a diameter smaller than the diameter of the transverse bore of the pinching element

body. When the pinching element is disposed in the first position, each end of the pin contacts

an upper surface of the transverse bore of the pinching element body and, when the pinching

element is disposed in the second position, neither end of the pin contacts the transverse bore



of the pinching element body, and the spring maintains the pinching element in the second

position.

[0087] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, the mechanical drive unit is coupled to the coupling block body

via a threaded connector.

[0088] The first embodiments may be revised to form further first embodiments. For

example, in such embodiments, a motor driver is coupled to the motor; and a microcontroller is

coupled to the motor driver and the sensor to command the pinching element to a desired

position based on the sensor position measurements.

[0089] According to second embodiments, a linearly actuated pinch clamp comprises a

housing having a flange, a motor connected to the housing, a mechanical drive unit connected

to the motor for converting a rotary motion of the motor to a linear motion and for introducing

a mechanical advantage to the motion of the motor; a coupling block including a cam surface,

the coupling block connected to the mechanical drive unit and slidably mounted to the housing;

and a rotationally displaceable pinching element. The pinching element includes a body

rotatably mounted to the housing, a pinching surface at a distal end of the body, and a

projection on the body engageable with the coupling block cam surface such that the pinching

element is rotationally displaceable by linear motion of the mechanical drive unit and the

coupling block between a first position and a second position where the pinching surface

cooperates with the housing flange to pinch closed a flexible tube.

[0090] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, the motor includes a rotor, and the mechanical drive unit

comprises a nut attached to the rotor and a lead screw threadingly engaged with the nut and

coupled to the coupling block.



[0091] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, the motor comprises a stepper motor and the mechanical

drive unit comprises a screw drive.

[0092] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, a sensor is attached to the housing to measure a linear

position of the coupling block.

[0093] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, the sensor is a magneto-resistive sensor, and the coupling

block includes a magnet pole strip for cooperating with the sensor to provide an indication of

when the pinching element is in the first or second position.

[0094] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, a spring is operatively connected between the housing and

the pinching element to bias the pinching element toward the second position, thereby reducing

a force necessary to move the pinching element from the first position to the second position

and pinch closed the flexible tube.

[0095] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, the pinching element comprises a pair of the projections,

and the coupling block comprises a pair of the cam surfaces that each cooperate with a

respective projection of the pinching element.

[0096] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, a spring is operatively connected between the housing and

the coupling block, and the coupling block cam surface is arranged to engage the pinching

element projection such that the spring biases the pinching element toward the second



position, thereby reducing a force necessary to move the pinching element from the first

position to the second position and pinch closed the flexible tube.

[0097] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, the housing includes two support shafts, and the spring

comprises two helical compression springs respectively surrounding each support shaft, each

helical compression spring having a first end abutting the housing and a second end abutting

the coupling block.

[0098] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, a motor driver is coupled to the motor; and a

microcontroller is coupled to the motor driver and the sensor to command the pinching element

to a desired position based on the sensor position measurements.

[0099] The second embodiments may be revised to form further second embodiments.

For example, in such embodiments, the microcontroller converts the coupling block linear

position, measured by the magneto-resistive sensor, to a rotational position of the pinching

element.

[00100] According to third embodiments, a pinch clamp system includes a power

supply, a microcontroller coupled to the power supply; an energy storage device coupled to the

power supply; a motor driver coupled to the energy storage device; and a linearly actuated

pinch clamp coupled to the motor driver and the microcontroller. The pinch clamp includes a

motor, a mechanical drive unit connected to the motor for converting a rotary motion of the

motor to a linear motion and for introducing a mechanical advantage to the motion of the

motor; a displaceable pinching element coupled to the mechanical drive unit and including a

pinching surface, the pinching element being displaceable between a first position and a second

position where the pinching surface cooperates with a fixed surface to pinch closed a flexible



tube; and a sensor to measure a position of the pinching element. The system further includes

a switch, coupled to the power supply, the microcontroller and the motor driver, to pass

commands from the microcontroller to the motor driver when the power supply voltage remains

above a predetermined threshold, and to provide a command to the motor controller to move

the pinching element to the second position when the power supply voltage falls below the

predetermined threshold.

[00101] The third embodiments may be revised to form further third embodiments. For

example, in such embodiments, the pinching element is linearly displaceable.

[00102] The third embodiments may be revised to form further third embodiments. For

example, in such embodiments, the pinching element is rotationally displaceable and is coupled

to the mechanical drive unit via a coupling block that converts the linear motion of the

mechanical drive to pinching element rotational displacement.

[00103] The third embodiments may be revised to form further third embodiments. For

example, in such embodiments, the coupling block includes at least one cam surface, and the

pinching element includes a projection that cooperates with the coupling block cam surface.

[00104] The third embodiments may be revised to form further third embodiments. For

example, in such embodiments, a voltage boost converter is coupled to the power supply and

the energy storage device to boost the voltage provided to the energy storage device. A power

fail voltage detector is coupled to the power supply and the switch to detect when the power

supply voltage falls below the predetermined threshold voltage. An oscillator is coupled to the

power supply and the switch to generate a signal to move the pinching element to the second

position.



[00105] The third embodiments may be revised to form further third embodiments. For

example, in such embodiments, the power supply voltage is about 24 VDC, the predetermined

threshold voltage is about 20 VDC, and the energy storage device voltage is 42 VDC.

[00106] According to fourth embodiments, a pinch clamp includes a motor connected

through a mechanical drive unit and a releasable coupling to a pinching element which is biased

by a biasing element against a fixed element, a gap between the pinching element and the

fixed element receiving a tube that is thereby pinched to with a force determined by the biasing

element The coupling element has first and second parts that are connected when power is

applied to them and disconnected when power is lost, such that when the motor is driven

through the mechanical drive unit to retract the pinching element against the biasing element

with power applied to the coupling element, the gap is opened and a tube received therewithin

permitted to open and in the event of a loss of power, the releasable coupling releases the

second part causing the biasing element to force the pinching element second part to close the

tube.

[00107] The fourth embodiments may be revised to form further fourth embodiments.

For example, in such embodiments, the coupling element includes an electromagnet on one of

the pinching element first and second parts and a magnetic circuit on the other of the pinching

element first and second parts.

[00108] The fourth embodiments may be revised to form further fourth embodiments.

For example, in such embodiments, the mechanical drive includes a transmission that increases,

through mechanical advantage, a primary force of the motor, whereby a compact size of the

motor can be provided.



[00109] The fourth embodiments may be revised to form further fourth embodiments.

For example, in such embodiments, the mechanical drive includes a linear drive with a lead

screw.

[00110] According to fifth embodiments, a blood processing system that accepts

replaceable disposable fluid circuits comprises one or more pinching devices and a

programmable controller. The one or more pinching devices each including a pinch clamp or

pinch clamp system according to any of the foregoing embodiments, each pinching device being

positioned with respect to a disposable fluid circuit support that removable accepts the fluid

circuit and holds it in a predefined orientation and position. The programmable controller being

programmed to control the one or more pinching devices to define predefined fluid paths in an

attached fluid circuit.

[00111] The many features and advantages of the disclosure are apparent from the

detailed specification, and, thus, it is intended by the appended claims to cover all such features

and advantages of the disclosure which fall within the true spirit and scope of the disclosure.

Further, since numerous modifications and variations will readily occur to those skilled in the

art, it is not desired to limit the disclosure to the exact construction and operation illustrated

and described, and, accordingly, all suitable modifications and equivalents may be resorted to

that fall within the scope of the disclosure.



CLAIMS

1. A linearly actuated pinch clamp, comprising:

a housing;

a motor connected to the housing;

a mechanical drive unit connected to the motor for converting a rotary motion of the motor

to a linear motion and for introducing a mechanical advantage to the motion of the motor; and

a pinching element having a body and a pinching surface, the pinching element body

coupled to the mechanical drive unit and slidably mounted to the housing such that the

pinching element is linearly displaceable by the mechanical drive unit between a first position

and a second position where the pinching surface cooperates with a fixed surface to pinch

closed a flexible tube.

2. The pinch clamp according to claim 1, wherein the motor includes a rotor, and the

mechanical drive unit comprises a nut attached to the rotor and a lead screw threadingly

engaged with the nut and coupled to the pinching element.

3 . The pinch clamp according to claim 1, wherein the motor comprises a stepper motor

and the mechanical drive unit comprises a screw drive.

4 . The pinch clamp according to claim 1, comprising a sensor, connected to the housing, to

measure a linear position of the pinching element.

5. The pinch clamp according to claim 4, wherein the sensor is a magneto-resistive sensor,

and the pinching element includes a magnet pole strip for cooperating with the sensor to

provide an indication of when the pinching element is in the first or second position.

6 . The pinch clamp according to claim 1, further comprising a spring operatively connected

between the housing and the pinching element to bias the pinching element toward the second

position, thereby reducing a force necessary to move the pinching element from the first



position to the second position and pinch closed the flexible tube.

7 . The pinch clamp according to claim 6, wherein the pinching element body comprises a

shoulder, and the spring is a helical compression spring at least partially surrounding the

pinching element body, the spring having a first end abutting the housing and a second end

abutting the pinching element shoulder to bias the pinching element toward the second

position.

8 . The pinch clamp according to claim 6, wherein the pinching element body defines a

longitudinal bore and a transverse bore, the longitudinal bore partially extending into the body,

the transverse bore extending through the body and intersecting the longitudinal bore, wherein

the pinching element includes a coupling block, slidingly arranged within the longitudinal bore

of the pinching element body, coupled to the stepper motor linear actuator output shaft.

9 . The pinch clamp according to claim 8, wherein the coupling block includes:

a body, connected to the mechanical drive unit, defining a transverse bore; and

a pin, disposed within the transverse bore of the coupling block body, having a length greater

than the width of the coupling block body and a diameter smaller than the diameter of the

transverse bore of the pinching element body,

wherein when the pinching element is disposed in the first position, each end of the pin

contacts an upper surface of the transverse bore of the pinching element body and, when the

pinching element is disposed in the second position, neither end of the pin contacts the

transverse bore of the pinching element body and the spring maintains the pinching elements in

the second position.

10. The pinch clamp according to claim 9, wherein the mechanical drive unit is coupled to

the coupling block body via a threaded connector.

11. The pinch clamp according to claim 4, further comprising:



a motor driver coupled to the motor; and

a microcontroller, coupled to the motor driver and the sensor, to command the pinching

element to a desired position based on the sensor position measurements.

12. A linearly actuated pinch clamp, comprising:

a housing having a flange;

a motor connected to the housing;

a mechanical drive unit connected to the motor for converting a rotary motion of the motor

to a linear motion and for introducing a mechanical advantage to the motion of the motor;

a coupling block including a cam surface, the coupling block connected to the mechanical

drive unit and slidably mounted to the housing; and

a rotationally displaceable pinching element, including:

a body rotatably mounted to the housing,

a pinching surface at a distal end of the body, and

a projection on the body engageable with the coupling block cam surface such that the

pinching element is rotationally displaceable by linear motion of the mechanical drive unit and

the coupling block between a first position and a second position where the pinching surface

cooperates with the housing flange to pinch closed a flexible tube.

13. The pinch clamp according to claim 12, wherein the motor includes a rotor, and the

mechanical drive unit comprises a nut attached to the rotor and a lead screw threadingly

engaged with the nut and coupled to the coupling block.

14. The pinch clamp according to claim 12, wherein the motor comprises a stepper motor

and the mechanical drive unit comprises a screw drive.

15. The pinch clamp according to claim 12, comprising a sensor attached to the housing to

measure a linear position of the coupling block.



16. The pinch clamp according to claim 15, wherein the sensor is a magneto-resistive

sensor, and the coupling block includes a magnet pole strip for cooperating with the sensor to

provide an indication of when the pinching element is in the first or second position.

17. The pinch clamp according to claim 12, further comprising a spring operatively

connected between the housing and the pinching element to bias the pinching element toward

the second position, thereby reducing a force necessary to move the pinching element from the

first position to the second position and pinch closed the flexible tube.

18. The pinch clamp according to claim 12, wherein the pinching element comprises a pair

of the projections, and the coupling block comprises a pair of the cam surfaces that each

cooperate with a respective projection of the pinching element.

19. The pinch clamp according to claim 17, wherein the housing includes two support

shafts, the pinching element body includes a spring pin, and the spring is a helical torsion

spring surrounding the pinching element body, the helical torsion spring having a first end

abutting one of the housing support shafts and a second end abutting the pinching element

spring pin.

20. The pinch clamp according to claim 12, further comprising a spring operatively

connected between the housing and the coupling block, wherein the coupling block cam surface

is arranged to engage the pinching element projection such that the spring biases the pinching

element toward the second position, thereby reducing a force necessary to move the pinching

element from the first position to the second position and pinch closed the flexible tube.

21. The pinch clamp according to claim 20, wherein the housing includes two support

shafts, and the spring comprises two helical compression springs respectively surrounding each

support shaft, each helical compression spring having a first end abutting the housing and a

second end abutting the coupling block.



22. The pinch clamp according to claim 15, further comprising:

a motor driver coupled to the motor; and

a microcontroller, coupled to the motor driver and the sensor, to command the pinching

element to a desired position based on the sensor position measurements.

23. The pinch clamp according to claim 22, wherein the microcontroller converts the

coupling block linear position, measured by the magneto-resistive sensor, to a rotational

position of the pinching element.

24. A pinch clamp system, comprising:

a power supply;

a microcontroller coupled to the power supply;

an energy storage device coupled to the power supply;

a motor driver coupled to the energy storage device;

a linearly actuated pinch clamp, coupled to the motor driver and the microcontroller,

including:

a motor,

a mechanical drive unit connected to the motor for converting a rotary motion of the

motor to a linear motion and for introducing a mechanical advantage to the motion of the

motor;

a displaceable pinching element coupled to the mechanical drive unit and including a

pinching surface, the pinching element being displaceable between a first position and a second

position where the pinching surface cooperates with a fixed surface to pinch closed a flexible

tube; and

a sensor to measure a position of the pinching element;

a switch, coupled to the power supply, the microcontroller and the motor driver, to pass



commands from the microcontroller to the motor driver when the power supply voltage remains

above a predetermined threshold, and to provide a command to the motor controller to move

the pinching element to the second position when the power supply voltage falls below the

predetermined threshold.

25. The pinch clamp system according to claim 24, wherein the pinching element is linearly

displaceable.

26. The pinch clamp system according to claim 24, wherein the pinching element is

rotationally displaceable and is coupled to the mechanical drive unit via a coupling block that

converts the linear motion of the mechanical drive to pinching element rotational displacement.

27. The pinch clamp system according to claim 26, wherein the coupling block includes at

least one cam surface, and the pinching element includes a projection that cooperates with the

coupling block cam surface.

28. The pinch clamp system according to claim 24, further comprising:

a voltage boost converter, coupled to the power supply and the energy storage device, to boost

the voltage provided to the energy storage device;

a power fail voltage detector, coupled to the power supply and the switch, to detect when the

power supply voltage falls below the predetermined threshold voltage; and

an oscillator, coupled to the power supply and the switch, to generate a signal to move the

pinching element to the second position.

29. The pinch clamp system according to claim 28, wherein the power supply voltage is

about 24 VDC, the predetermined threshold voltage is about 20 VDC, and the energy storage

device voltage is 42 VDC.

30. A pinch clamp, comprising:

a motor connected through a mechanical drive unit and a releasable coupling to a



pinching element which is biased by a biasing element against a fixed element, a gap between

the pinching element and the fixed element receiving a tube that is thereby pinched to with a

force determined by the biasing element;

the coupling element having first and second parts that are connected when power is

applied to them and disconnected when power is lost, such that when the motor is driven

through the mechanical drive unit to retract the pinching element against the biasing element

with power applied to the coupling element, the gap is opened and a tube received therewithin

permitted to open and in the event of a loss of power, the releasable coupling releases the

second part causing the biasing element to force the pinching element second part to close the

tube.

31. The clamp of claim 30, wherein the coupling element includes an electromagnet on one

of the pinching element first and second parts and a magnetic circuit on the other of the

pinching element first and second parts.

32. The clamp of claim 30 or 31, wherein the mechanical drive includes a transmission that

increases, through mechanical advantage, a primary force of the motor, whereby a compact

size of the motor can be provided.

33. The clamp of claim 32, wherein the mechanical drive includes a linear drive with a lead

screw.

34. A blood processing system that accepts replaceable disposable fluid circuits, comprising:

one or more pinching devices that each include a pinch clamp or pinch clamp system

according to any of the foregoing embodiments, each pinching device being positioned with

respect to a disposable fluid circuit support that removable accepts the fluid circuit and holds it

in a predefined orientation and position;

a programmable controller programmed to control the one or more pinching devices to



define predefined fluid paths in an attached fluid circuit.
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