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PBRXSTALTIC PULSE PUMPIBG 
SYSTEMS 1'l1D KBTJIODS 

lield of the IDvention 

n· . 
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·The invention relates to blood processing 
systems and apparatus. 
Background of the Invention 

Today people routinely separate whole blood 
by centrifugation ··into its various therapeutic 

10 components, such as red blood cells, platelets, and 
plasma. 

Conventional blood processing methods µse 
durable centrifuge equipment in association with 
single use, sterile processing systems, typically 

15 made of plastic. The operator loads the disposable 
systems upon the centrifuge before processing and 
removes them afterwards. 

Conventional automated blood processing 
methods typically entail a.range of different fluid 

20 flow rates. Relatively high flow rates are required 
to circulate blood during processing, as well as to 
circulate ancillary fluids for priming before use 
and rinsing after use. on the other hand, relative­
ly low flow rates are required to supply anticoaqu-

25 lant. 
one approach is to provide dedicated pumps, 

some to meet high flow volume requirements, and 
others to meet.low flow volume requirements. 

The approach that · the invention takes is 
30 different. A principal objective of the invention 

'·-··· 
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is to meet both high and low flow requirements with 

a single pump. 

summary of the Invention • 
The invention makes possible the operation 

5 of the same peristaltic pump to provide both high 

and low flow conditions in a relatively inexpensive 

and straightforward way. 

One aspect of the invention provides a 

peristaltic pumping apparatus and associated method. 

10 . The pumping apparatus comprises a peristaltic 

pumping element that includes a pump rotor carrying 

a rotor . and a drive mechanism for rotating the 

rotor. The apparatus and method control power to 

the drive mechanism to establish, during a preestab-

15 lished first time period, a selected first angular 

velocity. The apparatus and method sequentially 

establish during a preestablished second time period 

immediately following the first time period a second 

angular velocity different than the first angular 

20 velocity. , By preselecting angular velocities to 

switch between and by timing the periods of switch­

ing, the apparatus and method achieve a range of 

desired low flow rates. 

In a preferred embodiment, during the first 

25 time period, the pump rotor revolves less than one 

complete revolution. During the second period, the 

second angular velocity is zero so that rotation of 

the pump rotor ceases. 

According to another aspect of the inv~n-

30 tion, the apparatus and method sequentially operate 

the drive mechanism in a continuous mode and in an 

intermittent mode. In the continuous mode, the 

apparatus and method control power to the drive 

mechanism to continuously rotate the pump rotor to 

35 provide a first selected flow rate. In the inter-
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mi ttent mode, the apparatus and method provide a 

second selected flow rate less than .the first 

selected flow rate by controlling power to the drive 

mechanism to establish, during a preestablished 

first time period, a selected first angular velocity 

and sequentially establishing during a preestab­

lished second time period immediately.following the 

first time period a second angular velocity differ­

ent than the first angular velocity. 

10 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. 1 is a perspective view of a centrifu-

15 gal assembly that embodies the features of the 

invention; 

Fig. 2 is an exploded perspective view of 

a disposable fluid processing assembly usable in 

association with the centrifuge assembly shown in 

20 Fig. l; 

Fig. 3 is a perspective view of a centrifu­

gal processing system that the centrifuge assembly 

shown in Fig. l and. the fluid processing assembly 

shown in Fig. 2 comprise when associated for use; 

25 Fig. 4 is an exploded perspective view of 

a fluid control cassette that the fluid processing 

assembly shown in Fig. 2 incorporates, looking at 

the back side of the cassette body; 

Fig. 5 is a perspective view of the fro~t 

30 side of the cassette body shown in Fig. 4; 

35 

Fig. 6 is a plan view of the fluid circuits 

and interconnecting valve and sensing stations that 

the cassette body shown in Fig. 4 carries, looking 

at the back side of the cassette body; 

Fig. 7 is a side view of the cassette body, 
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taken generally along line 7-7 in Fig. 6; 

Fig. s is an enlarged side section view of 

a representative valve station located within the 

cassette body shown in Fig. 4; 

Fig. 9 is a plan view, taken on the back . . 
side of the cassette body, of the cassette shown in 

Fig. 4, witli the tubing loops attached and ready for 

use; 

Fig. 10 is a diagrammatic view of a repre-

10 sentative sinqle needle fluid processing assembly 

usable in association with the centrifuge assembly 

shown in Fig. 1; 

Fig. 11 is a side elevation view of the 

centrifuge assembly shown in Fig. 1, with the fluid 

15 processing assembly mounted for use, and with 

portions broken away to show the compartment that 

houses the associated centrifuge; 

Fig. 12 is a perspective view of the com­

partment with the door opened to gain access to the 

20 centrifuge; • 

Fig. 13 is a perspective view of the cas­

sette holding stations located on the sloped front 

panel of the centrifuge assembly, just above the 

associated centrifuge shown in Fig. 11; 

25 Fiq. 14 is a perspective view of the pump 

and valve modules on one cassette holding station, 

with the splash guard lifted to show the associated 

valve assemblies and pressure sensors; 

Fiq. 15 is a perspective view of a cas-

30 sette, carried within the tray, positioned for 

placement on the cassette holding station shown in 

Fig. 14; 

35 

Fig. 16 is enlarged perspective view of the 

one pump module with the pump tubing installed; and 

Fig. 17 is an elevated side section view 

lliiiUT 
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showing the interior of an associated pump module. 
The invention may be embodied in several 

forms without departing from its spirit or essential 
characteristics. The scope of tt~e invention is 

s 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. 

10 pescription of the Pref erred Embodiments 
Figs. l to 3 show a centrifugal processing 

system 10 that embodies the features of the inven­
tion. The system 10 can be used for processing 
various fluids. The system 10 is particularly well 

15 suited for processing whole blood and other suspen­
sions of biological cellular materials. According­
ly,. the illustrated embodiment shows the system 10 
used for this purpose. 

The system 10 includes a centrifuge assem-
20 bly 12 (see•Fig. 1) and a fluid processing assembly 

14 (see Fig. 2) used in association with the centri­
fuge assembly (see Fig. 3). 

The centrifuge assembly 12 is intended to 
be a durable equipment item capable of long term, 

25 maintenance free use. The fluid processing assembly 
14 is intended to be a single use, disposable item 
loaded on the centrifuge assembly 12 at time of use 
(as Fiq. 2 shows). 

As will be described in greater detail 
30 later, the operator removes the fluid processing 

assembly 14 from the centrifuge assembly 12 upon the 
completing the procedure and discards it. 

X. THE FLUID PROCESSING ASSEMBLY 

35 Fig. 2 shows an exploded view of the dispos-
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~ able processing assembly 14 that is usable in 
association with the centrifuge assembly. 

The assembly 14 includes a processinq chamber 
16. In use, the centrifuge.assembly 12 roto~es the 

s processing chamber 16 to centrifugally s~parate 

' blood components. The construction of the p~ocess-
ing chamber 16 can vary. 

The processing assembly 14 includes an array 
of flexible tubing that forms a fluid circuit 18. 

10 The fluid circuit 18 conveys liquids to and from the 
processing chamber 16. 

15 

20 

. 25 

The fluid circuit 18 includes a number of 
containers 20. In use, the containers 20 fit on 
hanqers on the cen~rifuge assembly 12 (see Fig. 2) 
to dispense and receive liquids during processing. 

The fluid circuit 18 includes one or more in 
line cassettes 22. Fig. 2 shows three cassettes, 
desiqnated 22A; 22B; and 22c. 

The cassettes 22A/B/C/ serve in association 
with pump and valve stations on the centrifuge 

. . 
assembly 12 to direct liquid flow among the multiple 
liquid sources and destinations during a blood 
processing procedure. The cassettes 22A/B/C cen­
tralize the valving and pumping functions to carry 
out the select~d procedure . 

A portion of the fluid circuit 18 leading 
between the cassettes 22 and the processing chamber 
16 is bundled together to form an umbilicus 24. The 
umbilicus 24 links the rotating parts of the pro-

30 cessing assembly 14 (principally the processing 
chamber 16) with the nonrotating, stationary part of 
the processing assembly 14 (principally the cas­
settes 22 and containers 20) • The umbilicus 24 
links the rotating and stationary parts of the 

35 processing assembly 14 without using rotating seals. 
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In the illustrated and preferred embodiment, 
the f"luid circuit 18 preconnects the processing 
chamber 16, the containers 20, and the cassettes 22. 
The assembly 14 thereby forms an integral, sterile 

s unit. 
In the illustrated and preferred embodiment, 

the entire processing assembly 14 is packaged for 
use within an organizer tray 26. The tray 26 holds 
the processing chamber 16, the containers 20, the 

10 cassettes 22, and fluid circuit 18 in an orderly, 
compact package before use. During use (see Fig. 

3), the organizer tray 26 mounts on the centrifuge 
assembly 12. After processing, the tray 26 receives 

the processing assembly 14 for disposal. 
15 Specific details of the construction of the· 

organizing tray 26 are not essential to an under­
standing of the invention and can be found in 

copending U.S. Patent Application Serial No. 

08/172,135, filed December 22, 1993 and entitled 
20 "Peristaltic. Pump TUbe Holder with Pump Tube Shield 

and Cover," which is incorporated herein by refer­

ence. 

25 

(i) The Fluid Processing cassette 

Each cassette 22A/B/C shares the same con-
struction. Figs. 4 to 9 show the details of the 

preferred construction. 
As Figs. 4 and 5 best show, the cassette 22 

includes an injection molded body 110 that is 
compartmentalized by an interior wall 534 to prese~t 

30 a front side 112 (see Fig. 5) and a back side 114 
{see Fig. 4). For the purposes of description, the 
front side 112 is the side of the cassette 22 that, 
in use, faces toward the centrifuge assembly 12. 

A flexible diaphragm 116 overlies the front 
35 side 112 of the cassette 22. A generally rigid back 
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panel ·118 overlies the back side 114 of the cas­
sette. 

The cassette 22, interior wall 534, and back 
panel 118 are preferably made of a rigid medical 

s grade plastic material. The diaphragm 116 is 

10 

pref erabiy made of a flexible sheet of medical grade 
plastic. The diaphragm 116 and back panel 118 are 
sealed about their peripheries to the peripheral 
edges of the front and back sides 112/114 of the 
cassette 22. 

As Figs. 4 and 

back sides 112/114 
preformed cavities. 

5 also best show, the front and 

of the cassette 22 contain 

On the front side 112 of the cassette 22 (see 
15 Fig. 5), the cavities form an array of valve sta­

tions VM and an array of pressure sensing stations 

s ... 
On the back side 114 of the cassette 22 (see 

Fig. 4), the cavities form an array of channels or 

20 paths Fw for, conveying liquids. 
The valve stations VN communicate with the 

liquid paths ·FN to interconnect them in a predeter­
mined manner. The sensing stations SN also communi­
cate with the liquid paths FN to sense pressures in 

25 selected regions. 
The number and arrangement of the liquid paths 

FM, the valve stations VN, and the sensing stations 
Sw can vary. In the illustrated embodiment, the 
cassette 22 provides nineteen liquid paths .Fl to 

30 Fl9, ten valve stations Vl to VlO, and four sensing 
stations Sl to S4. 

The valve and sensing stations Vl/VlO and 
Sl/54 resemble shallow wells open on the front 
cassette side 112 {see Fig. 5). As Figs. 7 and 8 

35 best show, upstanding edges 120 rise from the 
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interior wall 534 and peripherally surround the 

stations Vl/VlO and 51/54. 

The valve stations Vl/VlO are closed by the 

interior wall 534 on the back side 114 of the 

5 cassette 22, except that each valve station VN 

includes a pair of through holes or ports 122A and 

122B in the interior wall 534 (see Figs. 5 and 8). 

The ports 122A/B each open into selected different 

liquid paths FN and FN, (see Fig. 8) on the back side 

10 114 of the cassette 22. One of the ports l22A is 

surrounded by a seating ring 124, while the other is 

not (see Fig. 8). 

The sensing stations 51/54 are likewise closed 

by the interior wall 534 on the back side 114 of the 

15 cassette 22, except that each sensing station VN 

includes three through holes or ports 126A/B/C in 

the interior wall 534 (see Fig. 5). The ports 

126A/B/C open into selected liquid paths FN on the 

back side 114 of the cassette 24. These ports 126 

20 A/B/C chann~l liquid flow among the selected liquid 

paths FN through the associated sensing station. 

As Figs. 7 and 8 best show, the flexible 

diaphragm 116 overlying the front side 112 of the 

cassette 22 is sealed by ultrasonic welding to the 

25 upstanding peripheral edges 120 of the valve and 

sensing stations Vl/VlO and 51/54. This isolates 

the valve stations Vl/VlO and sensing stations 51/54 

from each other and the rest of the system. 

Alternatively, the flexible diaphragm 116 can 

30 be seated against the upstanding edges 120 by an 

external positive force applied by the centrifuge 

assembly 12 against the diaphragm 116 (as shown by 

the Fl-arrows in Fig. 8)., The positive force Fl, 

like the ultrasonic weld, peripherally seals the 

35 valve and sensing stations Vl/VlO and Sl/510. 
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As shown in phantom lines in Fig. 8, the 

localized application of additional positive force 

upon the intermediate region of the diaphragm 116 

overlying a valve station Vl/VlO (as shown by the 

s F2-arrow in Fig. 7) serves to flex the diaphragm 116 

10 

15 

• 
into the valve station. The diaphragm 116 seats 

against the ring 124 (as shown by phantom lines in 

Fig. 8) to seal the associated valve port 122A. 

This closes the valve station to liquid flow. 

Upon removal of the force F2, fluid pressure 

within the valve station and/or the plastic memory 

of the diaphragm 116 itself unseats the diaphragm 

116 from the valve ring 124, opening the valve 

station to liquid flow. 

Preferably, the diameter and depth of the 

valve stations are selected so that the flexing 

required to seat the diaphragm 116 does not exceed 

the elastic limits of the diaphragm material. In 

this way, the plastic memory of the plastic material 

20 alone is sutf icient to unseat the diaphragm 116 in 

the absence of the force F2. 

As will be described in greater detail later, 

in use, the centrifuge assembly 12 selectively 

applies localized positive force F2 to the diaphragm 

25 116 for closing the valve ports 122A. 

As Figs. 7 and 8 best show, upstanding edges 

128 rise from the interior wall 534 and peripherally 

surround the channels Fl/Fl9, which are open on the 

back side 114 of the cassette 22. 

30 The liquid paths Fl/F19 are closed by the 

interior wall 534 on the front side 112 of the 

cassette 22, except for the ports 122A/B of the 

valve stations Vl/VlO and the ports 126A/B/C of the 

sensing stations Sl/S4 (see Fig. 6). 

35 The rigid panel 118 overlying the back side 
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114 of the cassette 22 is sealed by ultrasonic 
welding to the upstanding peripheral edges 128, 
sealing the liquid paths Fl/Fl9 from each other and 
the rest of the system 10. 

s As Fig. 6 best shows, ten premolded tube 
connectors Tl to TlO extend out along opposite side 
edges lJOA/B of the cassette 22. The tube connec­
tors are arranged five on one side edge 130A (Tl to 
TS) and five on the other side edge lJOB (T6 to 

10 TlO). The other side edges 132A/B of the cassette 
2 2 are free of tube connectors. This ordered 
orientation of the tube connectors Tl/TlO along only 
two side edges l30A/B of the cassette 22 provides a 
centralized, compac~ unit for mounted on the centri-

15 fuge assembly 12 (as Fig. 3 shows). 
As Fig. 6 shows, along one side edge 130A, the 

first through fifth tube connectors Tl to TS commu­
nicate with interior liquid paths Fl to FS, respec­
tively. Along the other side edge 130B, the sixth 

20 through ten~h tube connectors T6 to TlO communicate 
with interior liquid paths F6 to FlO, respectively. 
These liquid paths Fl to FlO constitute the primary 
liquid paths of the cassette 22, through which 
liquid enters or exits the cassette 22. 

25 The remaining interior liquid paths Fll to Fl9 

of the cassette 22 constitute branch paths that link 
the primary liquid paths Fl to FlO to each other 
through the valve stations Vl to VlO and sensing 
stations Sl/S4. 

30 More particularly, valve station VJ controis 
liquid flow between primary liquid path Fl and 
branch fluid path Fll. Valve station V2 controls 
liquid flow between primary liquid path F2 and 
branch path Fl9. Valve station Vl controls liquid 

35 flow between primary liquid path F3 and branch path 
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FlS. Sensing station Sl links primary flow path F4 

with branch paths Fl5 and Fl6. sensitig station S2 

links primary flow path FS with branch paths Fl7 and 

Fl8. 

5 s>milarly, valve station VlO controls liquid 

flow between primary liquid path FS and branch fluid 

path F14. Valve station V9 controls liquid flow 

between primary liquid path F9 and branch path Fl9. 

valve station VS controls liquid flow between 

10 primary liquid path F10 and branch path FlS. 

sensing station SJ links primary flow path F6 with 

branch paths Fll and Fl2. Sensing station 54 links 

primary flow path F7 with branch paths Fl3 and Fl4. 

The branch paths Fl6, Fl2, Fl7, and Fl3 

15 communicate with branch path F19 through valve 

stations V4, VS, V6, and V7, respectively. 

In this arrangement, branch path F19 serves a-s 

a central hub for conveying liquid between the 

primary fluid paths Fl to FS on one side 130A of the 

20 cassette 22 ~nd the primary fluid paths F6 to FlO on 

the other side 130B of the cassette 22. The branch 

paths F16 and F17 feed the central hub Fl9 from the 

side 130A of the cassette 22, while the branch paths 

F12 and Fl3 feed the central hub Fl9 from the other 

25 side 130B of the cassette 22. 

in the illustrated and pref erred embodiment 

(see Figs. 6 and 9), an upstanding, generally 

elliptical ridge 532 occupies the mid-portion of the 

central hub Fl9. The ridge 532 helps to chan~el 

30 fluid within the hub Fl9 to the respective branch 

paths communicating with it. The ridge 532 also 

reduces the overall fluid volume of the hub Fl9 to 

facilitate liquid conveyance within it. 

As Fig. 9 shows, external tubing loop 134 

35 connects tube connector T4 with tube connector TS on 
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the side edge l30A. Likewise, external. tubing loop 
136 connections tube connector T7 with tube connec­
tor T6 on the other side edge 130B. !n use, the tube 
loops 134 and 136 engage peristaltic pump rotors on 

s the centrifuge assembly 12 to convey liquid into the 
cassette 22 and from the cassette 22. 

10 

As Fig. 7 shows, the tube connectors Tl/T2 and 
T9/Tl0 extend from their respective side edges 
130A/B in a sloping direction toward the front side 
112 of the cassette 22. In the illustrated and 

preferred embodiment, the angle a that the sloped 

tube connector Tl/T2 and T9/Tl0 make with the plane 
of the front-side 112 of the cassette 22 is about 10 
degrees. The angled relationship of the tube 

15 connectors Tl/T2 and T9/Tl0 facilitates loading the· 
associated tubing loops 134 and 136 on the peristal­

tic pump rotors. 
The remaining tube connectors T3 to TS on the 

cassette 22 are connected with the flexible tubing 

20 of the flui4 circuit 18. 

More speci_fic details of the construction of 
the cassette 22 are not essential to an understand­
ing of the invention and can be found in copending 
U.S. Patent Application Serial No. 08/173,517, filed 

25 December 22, 1993 and entitled "Peristaltic Pump 
Tube Cassette for Blood Processing System and the 
Like," which is incorporated herein by reference. 

(ii) Processing Assemblies for Platelet 

Collection 

30 The processing assembly 14 as just described 
can be configured to accomplish di verse types of 
processing techniques. Fig. 11 shows a representa­

tive a single needle platelet collection system 28 
(Figs 2 and 3 also show the single needle system 28 

35 in association with the tray 26 and centrifuge 

iifiiiflr 



- 14 -

This Sheet Has Been Replaced 

I IBH Ill~ 1111111 
assembly 12). 

The system 28 includes the process-ihq chamber 
16 and containers 20 interconnected by the fluid 
circuit 18 carried by the organizer tray 26. The 

s fluid circuit 18 for the system 28 includes the 

10 

• three centralized pumping and valving cassettes, 
identified as 22A; 22B; and 22C. The umbilicus 24 
links the rotating and non-rotating components in 
each system 28 and 30. 

The processing chamber 16 can be variously 

constructed. For example, it can be constructed 

like the double bag processing chambers shown in 
CUllis et al. U.S. Patent 4,146,172. 

In the illustrated and preferred embodiment, 
15 the processing chamber 16 in each system 28 and 30 

is formed as an elongated flexible tube made of a 
flexible, biocompatible plastic material such as 
plasticized medical grade polyvinyl chloride. The 
chamber 16 includes a first stage compartment 34 and 

20 a second stage compartment 36. 
The first stage compartment 34 receives whole 

blood (WB). When subjected to centrifugal forces, 
the first stage compartment 34 separates the WB into 
red blood cells (RBC) and platelet rich plasma 

25 (PRP). 
The second stage compartment 36 receives PRP 

from the first stage compartment 32. When subjected 
to centrifugal forces, the second stage compartment 
36 separates the PRP into concentrated platelets 

30 (PC) and platelet-poor plasma (PPP). 
Specific details of the construction of the 

processing chamber 16 are not essential to an 
understanding of the invention and can be found in 
copending U.S. Patent Application Serial No. 

35 07/965,074, filed October 22, 1992 and entitled "En-
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hanced Yield Blood Processing Systems and Methods 

Establishing Vortex Flow Conditions.," which is 

incorporated herein by reference. 

The fluid circuit 18 includes five tubing 

5 branches 38/40/42/44/46 that communicate directly 

with the processing chamber 16. Three tubing 

branches 38/40/42 serve the first stage compartment 

3 4 • Two tubing branches 4 4 / 4 6 serve the second 

stage compartment 36. 

10 The tubing branch 40 carries WB into the first 

stage compartment 34 for processing. The tubing 

branch 38 carries separated PRP from the first stage 

compartment 34. The tubing branch third port 42 

carries separated RBC from the first stage compart-

15 ment 34. 

The tubing branch 46 carries PRP separated in 

the first compartment 34 into the second compartment 

36 for further processing. The tubing branch 44 

carries separated PPP from the second stage compart-

20 ment 3 6. !l'he separated PC remains in the second 

stage compartment 36 for later resuspension and 

collection. 

The cassettes 22A/B/C serve to segregate the 

flow paths of various categories of fluids and blood 

25 components from each other during process1ng. 

The cassette 22A principally handles the flow 

of fluids containing red blood cells, either as WB 

or as RBC. The cassette 22B principally handles the 

flow of cellular-free fluids, either as PPP or 

30 anticoagulant. The cassette 22C principally handles 

the flow of fluids containing platelets, either as 

PRP or PC. 

The fluid circuit 18 for the single needle 

system 28 (see Fig. 10) includes a tubing branch 32 

35 that carries a phlebotomy needle 48 for drawing WB 
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fro~ a donor. A tubing branch 33 joins the tubing 

branch 32 and leads to the cassette 22A. A tubing 

branch 100 carries an anticoagulant solution from a 

container 98 -into the tubing branch cassette 22B 

5 (via a drip chamber 102). The anticoagulant flows 

from ca'ssette 22B through tubing branch 92 for 

addition to the WB before processing. A tubing 

branch 56 leads from the cassette 22A to convey 

anti-coagulated WB to a reservoir container 58. 

10 Another tubing branch 60 leads from the 
. . 

cassette 22A to convey anti-coagulated WB into the 

umbilicus 24 via a drip chamber 64 and tubing branch 

62. The umbilicus 24 joins tubing branch 40, which 

carries the anti-coagulated WB into the first stage 

15 chamber 34 for separation into RBC and PRP. 

The tubing branch 42 carries the separated RBC 

from the first stage chamber 34 through the umbili­

cus 24. The umbilicus 24 joins the tubing branches 

64, 66, and 68, which lead to a reservoir container 

20 70 for RBC •. 

A tubing branch 72 joins tubing branch 68 to 

carry RBC from the reservoir container 70 to the 

cassette 22A. The tubing branch 74 leads from the 

cassette 22A to carry RBC to the tubing branch 32, 

25 which leads to the phlebotomy needle 48. 

The cassette 22A thereby directs the flow of 

anti-coagulated WB from the donor into the first 

stage compartment 34. The cassette 22A also directs 

the flow of separated RBC from the first stage 

30 compartment 34 back to the donor. 

These flows are sequenced to proceed in two 

cycles. One cycle draws WB from the donor, while 

the other returns RBC to the donor. 

In the draw cycle, the single needle system 28 

35 collects through the cassette 22A a predetermined 
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volume of anti-coagulated WB in the reservoir 

container 58 (through tubing branches 32/33/56), 

while.conveying the rest of the anti-coagulated WB 

continuously to the first stage compartment 34 for 

s separation (through tubing branches 32/33/60/62/40). 
' Durinq the draw cycle, the system 28 also continu-

ously collects the separated RBC in the reservoir 

container 70 (through tubing branches 42/64/66/68). 

In the return cycle, the system 28 continuous-

10 ly conveys through the cassette 22A anti-coagulated 

WB from the reservoir container 58 into the first 

staqe compartment 34 for separation (through tubing 

branches 56/60/62/40). At the same time, the system 

28 returns through the cassette 22A the RBC collect-

15 ed in the reservoir container 70 to the donor 

(through tubing branches 68/72/74/32) as well as 

those RBC being then separated in the first stage 

compartment 34 (via tubing branches 64 and 66, 

joining tubing branch 68). 

20 This .two cycle sequence through the cassette 

22A assures that anti-coagulated WB is continuously 

conveyed to the first stage compartment for separa­

tion, either from the donor (during the draw cycle) 

or from the WB reservoir container 58 (during the 

25 return cycle). 

The tubing branch 86 carries separated PRP 

from the first stage compartment 3 4 through the 

umbilicus 24 to the cassette 22C. 

A portion of the PRP is conveyed from the 

30 cassette 22C through tubing branch so. Tubing 

branch 80 leads to the umbilicus 24, which joins 

tubing branch 46, which takes the PRP into the 

second stage compartment 36 for further separation 

into PPP and PC. 

35 In the illustrated and preferred embodiment, 
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the tubing branch 80 carries an in line filter 82. 

The filter 82 removes leukocytes from th~ PRP before 

it enters the second stage compartment 36 for 

separation. 
Another portion of the PRP is conveyed from 

I 

the cassette 22C through tubing branch 84 to the 

drip chamber 64, where it mixes with the anti­

coaqulated WB being conveyed into the first stage 

compartment 34. This recirculation of PRP improves 

10 the yield of platelets. 

Further details of the in line filtration and 

recirculation of PRP are not essential to an under­

standing of the invention and are disclosed in 

copending patent application 08/097,454, filed July 

15 26, 1993, and entitled "Systems and Methods for 

Reducing the Number of Leukocytes in Cellular 

Products Like Platelets Harvested for Therapeutic 

Purposes." 

The tubing branch 44 carries PPP from the 

20 second stag$ compartment 36 through the umbilicus 24 

and to tubing branch 76, which leads to the cassette 

22B. TUbing branch 88 carries the PPP from the 

cassette 22B to a reservoir container 90. 

During processing, a portion of the PPP 

25 collected in the reservoir container 90 is returned 

to the donor with the RBC during the return cycle. 

This portion of PPP is conveyed from the reservoir 

container 90 through tubing branch 66 via the 

cassette 22B to tubing branch 72, which joins the 

30 

35 

tubing branch 33 vi,a cassette 22A. At the same 

time, PPP then being separated in the second stage 

compartment 3 6 is returned to the donor through 

tubing branches 85 and 76 to the tubing branch 66 

via the cassette 22B. 

Another portion of the PPP collected in the 

This SheetHas Been Replaced 
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reservoir container 90 is used to resuspend PC in 

the second stage compartment 36 after separation 

ends. This portion of PPP is conveyed from the 

reservoir container 90 through tubing branch 88 via 

5 the cassette 22B, back through tubing branch 76, the 

umbilicus 24, and tubing branch 44 into the second 

stage compartment 36. There, the PPP resuspends PC 

accumulated in the compartment 3 6. The tubing 

branch 46 conveys resuspended PC from the compart-

10 ment 36, through the umbilicus 24 to tubing branch 

86, which joins the cassette 22c. Tubing branch 94 

conveys. resuspended PC from the cassette 22C to 

collection containers 96. 

Other portions of the PPP collected in the 

15 reservoir container 90 can also be used· for addi-· 

tional processing purposes. 

(which carries most of the 

For example, the PPP 

anticoagulant added 

during processing) can serve as an anti-coagulated 

"keep open" fluid, to keep the phlebotomy needle 48 

20 open during• lulls in processing. The PPP can also 

be used as a "final flush" fluid, to purge the 

tubing branches after processing. 

The PPP remaining in the reservoir container 

90 after processing can be stored for therapeutic 

25 purposes. 

Further details of the collection and use of 

PPP as a processing aid are not essential to an 

understanding of the invention and are disclosed in 

copending patent applications 08/097, 967, filed Ju·1y 

30 26, 1993 and entitled "Systems and Methods for On 

Line Collection of Cellular Blood Components that 

Assure Donor Comfort" and 08/097,293, filed July 26, 

1993, and entitled "Systems and Methods for on Line 

Collecting and Resuspending Cellular Blood Products 

35 Like Platelet Concentrate." 
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. container 50 holds a saline priming solution, 

which is used tb purge air from the sy~tem 28 before 

processing. Tubing branch 52 carries ·the saline 

from the container 50 (via the drip chamber 54) to 

s cassette 22A. The saline is conveyed from the 

cassett.~ 22A into the processing chamber 16 via 

tubing branches 60 and 62, and from there to the 

rest of the system 28 along the tubing branches 

already described. 

10 II. THE CENTRIFUGE ASSEMBLY 

The centrifuge assembly 12 (see Figs. 1 and 

11) carries the operating elements essential for a 

diverse number of blood processing procedures under 

the direction of an onboard controller. 

15 As Figs. 1 and 11 show, the centrifuge assem-

bly 12 is housed with a wheeled cabinet 228, which 

the user can easily move from place to place. It 

should be appreciated that, due to its compact form, 

the centrifuge assembly 12 also could be made and 

20 operated as,a tabletop unit. 

The centrifuge assembly 12 includes a centri­

fuge 230 (see Fig. 11 mounted for rotation inside a 

compartment 232 of the cabinet 228. The compartment 

232 has a fold-open door 234, which the user opens 

25 (see Fig. 12) to gain access to the centrifuge 230 

to load and unload the processing chamber 16 of the 

fluid circuit 18. 

Specific details of the construction of the 

centrifuge 230 are no~ essential to an understanding 

30 of the invention and can be found in copending U.S. 

Patent Application Serial No. 08/176,425, filed 

December 22, 1993 and entitled "Centrifuge with 

Pivot out, Easy Load Processing Chamber," which is 

incorporated herein by reference. 

35 The centrifuge assembly 12 also includes three 
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cassette control stations 236 A/B/C {see Fig. 13). 

one for each cassette 22 A/B/C. The cassette 

control stations 236 A/B/C are located side by side 

on a sloped outside panel 238 of the cabinet 228. 

5 The outside panel 238 also carries the shut-off 
I 

clamp~ 740, hemolysis sensor 244A, and air detector 

244B associated with the centrifuge assembly 12 (see 

Fiq. 13). 

The centrifuge assembly 12 includes a process-

10 ing controller 246. The controller 246 governs the 

operation of the· centrifuge assembly 12. The 

processing controller 246 preferably includes an 

integrated input/output terminal 248 {also seen on 

Fig. l) , which receives and display information 

15 relating to the processing procedure. 

(i) The cassette control stations 

In use, each control station 236A/B/C holds 

one cassettes 22A/B/C (see Fig. 15). The control 

station are all constructed alike, so the details of 

20 only one st4tion 236A will be provided. In use, the 

station holds the cassette 22A. 

The control station 236A (see Figs. 14 and 15) 

includes a cassette holder 250. The holder 250 

receives and grips the cassette 22A along two 

25 opposed sides 132A and B in the desired operating 

position on the control station 236A (as Fig. 3 

shows). 

The holder 250 urges the diaphragm 116 on the 

front cassette side 112 into intimate contact with 

JO a valve module 252 on the control station 236 A. 

The valve module 252 acts in concert with the valve 

stations Vl/VlO and sensing stations Sl/S2/S3/S4 in 

the cassette 22A. 

Specific details of the construction of the 

35 holder 250 are not essential to an understanding of 
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the invention and can be found in copending U. S. 

Patent Application Serial No. 08/172,654, filed 

December 22, 1993 and .entitled "Peristaltic Pump 

Module Having Jaws for Gripping a Peristaltic Pump 

5 Tube Cassette," which is incorporated herein by 

referenae. 

The control station also includes a peristal­

tic pump module 254. When the cassette 22A is 

gripped by the holder 250, the tubing loops 134 and 

10 136 make operative engagement with the pump module 

254. 

The controller 246 governs the operation of 

holder 250 on each control station 236A/B/C to grip 

the cassettes 22A/B/C upon receipt of a preselected 

15 command signal. The controller 246 then proceeds to 

govern the operation of the valve module 252 and 

pump module 254 on each control station 236A/B/C to 

convey liquids through the cassettes 22A/B/C to 

achieve the processing objectives of the system 10. 

20 (~i) Tbe Cassette Valve Module 
Referring back to Fig. 14, the valve module 

252 on each control station 236A/B/C contains an 

array of valve assemblies 286 located between the 

gripping elements 256. The force Fl that the 

25 gripping elements 256 exert (see Fig. 8), hold the 

diaphragm 116 of the cassette 22A in intimate 

contact against the valve assemblies 286. 

In the illustrated and pref erred embodiment 

(as Fig. 14 shows), a thin elastomeric membrane 288 

30 is stretched across the valve assembly 286, serving 

as a splash guard. The splash guard membrane 288 

keeps liquids and dust out of the valve assembly 

286. The splash guard membrane 288 can be periodi­

cally wiped clean when cassettes are exchanged. 

35 The valve assembly 286 includes ten valve 
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actuating pistons PAl to PAlO and four pressure 
sensing transducers PSl to PS4. The valve actuators 
PAl to PAlO and the pressure sensing transducers PS1 
to PS4 are mutually arranged to form a mirror image 

5 of the valve stations Vl to V10 and sensing stations 
Sl to S4•bn the front side 112 of the cassette 22A. 

When the cassette 22A is gripped by the 
elements 256, the valve actuators PAl to PAlO align 
with the cassette valve stations Vl to VlO. At the 

10 same time, the pressure sensing transducers PSl to 
PS4 mutually align with the cassette sensing sta­

tions 51 to 54. 
Each valve actuator PAl to PAlO comprises an 

electrically actuated solenoid piston 290. Each 
15 piston 290 is independently movable between an 

extended position and a retracted position. 
When in its extended position, the piston 290 

presses against the region of the diaphragm 116 that 
overlies the associated valve station Vl/VlO (exert-

20 ing the fo~ce F2 shown in Fig. 8). In this posi­
tion, the piston 290 flexes the diaphragm 116 into 
the associated valve station to seat the diaphragm 
116 against the ring 124, and thereby seal the 
associated valve port 122A. This closes the valve 

25 station to liquid flow. 
When in its retracted position, the piston 290 

does not apply force against the diaphragm 116. As 
before described, the plastic memory of the dia­
phragm 116 unseats it from the valve ring 124 (as 

30 Fig. 8 shows), and thereby opens the valve station 
to liquid flow. 

The pressure sensing transducers PSl to PS4 
sense liquid pressures in the sensing stations Sl to 
54. The sensed pressures are transmitted to the 

35 controller 246 as part of its overall system moni-
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toring function. 

(iii) The Cassette Pumping Module 

As Figs. 14 and 15 show, in the illustrated 

and preferred embodiment, each cassette pumping 

5 module 254 includes a pair of peristaltic rotor 

assemblies 292. The rotor assemblies 292 face each 

other at opposite ends of the valve assembly 286. 

A rear wall 294 extends about half way around 

the back side of each rotor assembly 292 (see Figs. 

10 14 and 15). The space between the rear wall 294 and 

the rotor assembly 292 forms a pump race 296. When 

the cassette 22A is gripped by the elements 256, the 

tubing loops 134 and 136 extend into the pump race 

296 (as Fig. 16 shows). 

15 As Fig. 16 shows, and as before described, the 

tube connectors T4/T5 and T6/T7 from which the loops 

134 and 136 extend slope in the direction the pump 

rotor assemblies 292 to orient the loops 134 and 136 

relative to the race 296 while loading the cassette 

20 22A onto the station 236A. 

Referring back to Figs. 14 and 15, each rotor 

assembly 292 includes a rotor 298 that carries a 

pair of diametrically spaced rollers 300. In use, 

as the pump rotor 298 rotates, the rollers 300 in 

25 succession compress the associated tubing loop 

134/136 against the rear wall 294 of the pump race 

296 (as Fiq. 43 shows}. This well known peristaltic 

pumping action urges fluid through the associated 

loop 134/136. 

30 As Fig. 17 shows, a small brushless direct 

current motor 326 drives each peristaltic pump rotor 

298. A gear assembly 328 couples the motor 326 to 

the associated rotor 298. 

Additional specific details of the construc-

35 tion of the pump rotor assembly 292 are not essen-

liiiW 
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tial to an understanding of the invention and can be 

found in copend.ing U.S. Patent Application Serial 

No. 08/175,204, filed December 22, 1993 and entitled 

"Peristaltic Pump with Linear Pump Roller Position-

s ing Mechanism," which· is incorporated herein by 
I I 

reference. 

In a preferred embodiment, each pump rotor 

assembly 292 just described measures about 2.7 

inches in diameter and about 6.5 inches in overall 

10 length, including the motor 326. 

The pump rotor assembly 292 needs to operate 

at both relatively high flow rates (between lOml/min 

and 170 ml/min) and relatively low flow rates (i.e., 

less than 10 ml/min) • The high flow rates are 

15 needed, for example, to supply WB to the processing· 

chamber 26 (typically at about 50 ml/min) and to 

circulate saline and/ or PPP to purge the tubing 

branches after processing (typically at about 100 

ml/min, or higher). 

20 Relat}vely low flow rates are needed, for 

example, when conveying anticoagulant through tubing 

branch 100 (in the single needle system shown in 

Fig. 10). This is because a wide range of donor 

reactions can occur if too much anticoagulant is 

25 added, as this anticoagulant is ultimately returned 

to the donor with the reinfused plasma. 

Relatively low flow rates are also needed, for 

example, when recirculating a portion of the PRP 

from the first stage compartment 34 back to the WB 

30 entering the compartment (through tubing branch 34 

to the drip chamber 64 in the single needle system 

shown in Fig. 10). 

The controller 246 operates the pump rotor 

assembly 292 in two modes. The first is a continu-

35 ous mode, in which the pump rotor rotates continu-
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ously at an angular velocity selected to achieve the 

desired flow rate. The minimum continUous flow rate 

that the pump rotor assembly 292 maintains in the 

first ~ode is abo~t 10 ml/min. The maximum continu-

5 ous ·flow rate can be as high as about 170 ml/min. 
,• 

When flow rates below the minimum continuous 

flow rate are required, the controller 246 operates 

the pump rotor assembly 292 in an intermittent, or 

pulse, mode. In the pulse mode, the controller 246 

10 controls power to the brushless motor 326 to achieve 

desired first angular velocity for a first selected 

time period, followed in succession by at least one 

additional time period during which power is con­

trolled to achieve a second angular velocity differ-

15 ent than the first angular velocity. 

The selected second angular velocity can be 

greater than or less than the first angular veloci­

ty. The second angular velocity can also be in an 

opposite direction than the first angular velocity, 

20 if desired to pulse fluid back and forth. 

In the preferred implementation, the second 

angular velocity is at or near zero, so that rota­

tion of the pump rotor 298 actually or essentially 

stops for the second time period. In this implemen-

25 tation, after the second time period, the controller 

246 successive controls power to achieve a third 

angular velocity that is above zero and is prefera­

bly equal to the first angular velocity, for a third 

time period, followed in succession by a fourth time 

30 period during which rotation of the rotor 298 

actually or essentially stops, and so on. 

Establishing this sequence of setting the 

angular velocity at a selected amount for a time 

period, then at or about zero for another time 

35 period, the controller 292 achieves intermittent 
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periods of rotation of the rotor 298, spaced by 

intervals in which the rotor 298 stops rotating. 

By selecting an angular velocity (in terms of 

a desired RPM) and the time intervals during which 

5 the rotor 298 is.on (i.e., rotating) and off (i.e., 
•• not rotating), the controller 292 can operate the 

pump rotor assembly 292 in a range of low flow rates 

well below the minimum continuous flow rate. 

The effective flow rate ReFF of the pump rotor 

10 assembly 292 (in ml/min)when operated in the pulse 

mode can be expressed as follows: 

where: 

Taz 
R ·--(RPM) (k) 

... F T 
CFF 

T~ is the time interval (in seconds) that 

the rotor 298 rotates, 

15 T0FF is the time interval (in seconds) that 

the rotor 298 does not rotate, 

RBM is the rotor speed during rotation (in 

revolutions per minute), and 

k is the pump flow constant of the particu-

20 lar pump rotor assembly (in ml/revolution). 

In implementing the pulse mode, the controller 

246 sets a desired RPM and turns the pump motor 326 

on and off in sequential pulses timed to achieve the 

desired flow rate. Typically, during each period in 

25 which the rotor 298 is turned on, the rotor 298 

rotates less than one complete revolution. By puls­

ing in this manner, the controller 246 achieves flow 

rates that are well below the minimum continuous 

flow rate of the pump rotor assembly 292. 

30 In the illustrated and preferred embodiment, 

in the pulse mode, the controller 292 sets the 

desired RPM to achieve the minimum continuous flow 
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rate (which, in the illustrated embodiment is 10 

ml/min). The timing of the pulses falls within the 

range of between about O.J second to 2.7 seconds. By 

varying the on and off times, the controller 246 

5 provides effective flo~ rates of between about 1.0 
' and 9 ml/min. 

The controller 246 includes a look up table in 

non-volatile memory that correlates, based upon 

empirical data that takes into account the particu-

10 lar pump flow constant and the selected RPM, the 

desired pumping rate with pulse on and pulse off 

time periods. A representative look up table, based 

upon a minimum continuous RPM of lOml/min, is shown 

below: 

15 

20 

25 

Command ~FF TON TOFF 
(in ml/min) (in secs.) (in secs.) 

1 0.3 2.7 

2 ; 0.3 1.2 

3 0.3 0.7 

4 0.4 0.6 

5 0.5 0.5 

6 0.6 0.4 

7 0.7 0.3 

8 1.2 0.3 

9 2.7 0.3 

The just described implementation is best 

achieved when the pump rotor assembly 292 has a 

30 relatively high torque. In this way, the rotor 298 

achieves the desired angular velocity in a short 

period of time when power is applied, while at the 

same time stopping rotation in a short period of 
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time when power is interrupted. There are alterna­

tive ways to achieve equivalent pulse mbde opera­

tion. ·For example, the controller could apply 

continuous power to a direct current stepper motor 

5 while changing the commutation patterns to electri-
, 

cally loc'k and unlock the rotor. As another exam-

ple, the controller could employ a mechanical brake 

in combination with the interruption of power to 

quickly stop rotation of the rotor when desired. 

10 Various features of the invention are set 

forth in the following claims. 
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We Claim 
1. A peristaltic pumping apparatus compris-

ing 
a peristaltic pumping element including a punap 

rotor carrying a rotor and a drive mechanism fC1r 
•' rotating the rotor, and 

a control mechanism coupled to the drive 

mechanism and a power source, the control mechanism 

being operative for controlling power to the drive 

mechanism to establish, during a preestablished 

first time period, a selected first angular veloc~ty 

and sequentially establishing during a preestab­

lished second time period immediately following the 

first time period a second angular velocity differ­

ent than the first angular velocity. 

2. A peristaltic pumping apparatus accord­

ing to claim 1 

wherein the second angular velocity is zero. 

3. A peristaltic pumping apparatus accord-

ing to claim 1 
wherein, during the first time period, the 

pump rotor revolves less than one complete revolu­

tion. 
4. A peristaltic pumping apparatus accord­

ing to claim 3 

wherein the second angular velocity is zero 

and, during the second time period, rotation of the 

pump rotor ceases. 
5. A peristaltic pumping apparatus compri_s-

ing 
a peristaltic pumping element including a pump 

rotor carrying a rotor and a drive mechanism for 

rotating the rotor, and 

a control mechanism coupled to the drive 

mechanism and a power source, the control mechanism 
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being sequentially operative C L N s * 

(i) in a continuous mode for control-
ling power to the drive me.chanism to continuously 
rotate the pump rotor to provide a first selected 
flow rate1 and 

• 
(ii) in an intermittent mode for 

controlling power to the drive mechanism to estab­
lish, during a preestablished first time period, a 
selected first angular velocity and sequentially 
establishing during a preestablished second time 
period immediately following the first time period 
a second angular velqcity different than the first 
angular velocity provide a second selected flow rate 
less than the first· selected flow rate. 

6. A peristaltic pumping apparatus accord-
ing to claim 5 

wherein the second angular velocity is zero. 
7. A peristaltic pumping apparatus accord-

ing to claim 5 
whered.n, during the first time period, the 

pump rotor revolves less than one complete revolu­
tion. 

8. A peristaltic pumping apparatus accord-
ing to claim-7 

wherein the second angular velocity is zero 
and, during the second time period, rotation of the 
pump rotor ceases. 

9. A blood processing system comprising 
a separation element for separating blood in~o 

component parts, 
flexible tubing coupled in communication with 

the separation chamber, 
a peristaltic pumping element including a pump 

rotor carrying a rotor for contacting a portion of 
the flexible tubing and a drive mechanism for rotat-
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ing the rotor to convey fluid through the flexible 

tubing, and 
a control mechanism coupled to the drive 

mechanism and a power source, the control mechanism 

operative in an intermittent mode for controlling 

power to'the drive mechanism to establish, during a 

preestablished first time period, a selected first 

angular velocity and sequentially establishing 

during a preestablished second time period immedi­

ately following the first time period a second 

angular velocity different than the first angular 

velocity. 
10. A system according to claim 9 

wherein the second angular velocity is zero. 

11. A system according to claim 9 

wherein, during the first time period, the 

pump.rotor revolves less than one complete revolu­

tion. 
12. A system according to claim 11 

wherein the second angular velocity is zero 

and, during the second time period, rotation of the 

pump rotor ceases. 

13. A system according to claim 9 

wherein, during the intermediate mode, fluid 

is conveyed through the flexible tubing at a flow 

rate that is less than about lO_ml/min. 

14. A blood processing system comprising 

a separation element for separating blood into 

component parts, 

a first source of fluid, 

a second source of fluid, 

flexible tubing coupling the first and second 

source of fluids in communication with the separa­

tion chamber, 

a peristaltic pumping element including a pump 
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rotor carrying a rotor that contacts a portion of 
the flexible tubing, and a drive mechanism for 
rotating the rotor to convey fluid throuqh the 
flexible tubing, and 

a .control mechanism coupled to the drive 
' mechanism and a power source, the control mechanism 

being sequentially operative 
(i) in a continuous mode for control-

linq power to the drive mechanism to continuously 
rotate the pump rotor to convey fluid from the first 
source at a first selected flow rate, and 

(ii) in an intermittent mode for con­
trollinq power to the drive mechanism to establish, 
durinq a preestablished first time period, a select­
ed first anqular velocity and sequentially estab­
lishing durinq a preestablished second time period 
immediately followinq the first time period a second 

anqular velocity different than the first anqular 

velocity to convey the fluid from the second source 

at a secon~ selected flow rate less than the first 
selected flow rate. 

15. A system according to claim 14 
wherein the first selected flow rate is at or 

about 10 ml/min. 
16. A system according to claim 15 

wherein the second selected flow rate is less 
than 10 ml/min. 

17. A system according to claim 14 
wherein the second selected flow rate is less 

than 10 ml/min. 
18. A system according to claim 14 

wherein the fluid in the second source com­
prises anticoagulant for mixing with blood before 
separation in the separation element. 

19. A system according to claim 14 
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wherein the second angular velocity is zero • 

. 20. A system according to clal~ 14 

wherein, during the first time period, the 

pump rotor revolves less than one complete revolu­

tion. 

2i. A system according to claim 20 

wherein the second angular velocity is zero 

and, during the second time period, rotation of the 

pump rotor ceases. 

22. A method for separating blood in a 

system comprising a separation element for separat­

ing blood into component parts, 

flexible tubing coupled in communication with 

the separation chamber, and a peristaltic pumping 

element including a pump rotor carrying a ~otor for 

contacting a portion of the flexible tubing and a 

brushless drive mechanism for rotating the rotor to 

convey fluid through the flexible tubing, the method 

comprising the step of controlling power to the 

drive mechanism to establish, during a preestab­

lished first time period, a selected first angular 

velocity and sequentially establishing during a 

preestablished second time period immediately 

following the "first time period a second angular 

velocity different than the first angular velocity. 

23. A method for separating blood in a 

system comprising a separation element for separat­

ing blood into component parts, 

flexible tubing coupled in communication wi~h 

the separation chamber, and a peristaltic pumping 

element including a pump rotor carrying a rotor for 

contacting a portion of the flexible tubing and a 

brushless drive mechanism for rotating the rotor to 

convey fluid through the flexible tubing, the method 

comprising the steps of controlling power to the 
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drive mechanism in a first mode to continuously 
rotate the pump rotor and switching to··a second mode 

to control power to the drive mechanism to estab­
lish, during a preestablished first time period, a 
selected first angular velocity and sequentially 
establishing during a preestablished second time 
period immediately following the first time period 

a second angular velocity different than the first 
angular velocity. 


