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settings, such as hospitals or other care giving facilities, there may be a sizable

number of individuals needing such solutions. Therefore, it is desirable that these
15  solutions are prepared in a safe, efficient and accurate manner.

There are several devices which are designed to compound a desired
nutritional solution in a collection container by varying the amount of each of a
number of nutritional components which are added to the container. One such
exemplary device is the Automix® compounder sold by Baxter Healthcare

20  Corporation of Deerfield, Ilinois.

In one method of utilizing such devices, a pharmacist or nutritional
caregiver will determine the nutritional solution which is to be administered and
specify the desired quantity of each of the nutritional components which are needed
to form the desired solution. This information will then be utilized to compound the

25  desired solution. A number of source containers of the various individual nutritional
components may be clustered about and connected to the collection container for the

nutritional solution. A desired quantity of one or more of the components is then

1



In one nethod of utilizing such devices, a pharmacist or nutritional

caregiver will determne the nutritional solution which is to be
adm ni stered and specify the desired quantity of each of the
nutritional covpwreers?s which are needed to formthe descrmdsmeduti on.

This information will then be utilized to conpound the 25 desired

oo f ! " . o O
nutritonal AR aOBAE SaESEBhARICE, B RO o ML 8 SBhyolie
col l ection caophmieneUpoRrcofpetion the Bblldctibh @0mhinePlsiscofnecfedifi beshtemgnt i ty

of one or nore of the conponents is thgar] transferred fromthe
sour ce cont aitnansported #oithe clividuali fon adwintistiation. i n a control | ed manner .

Upon conpl etion the collection container .is,disconnected and eventuyal ly
transported to the indfyicande 495’?3%ﬁ$,n¥t§§ i&%bﬁ?sua%fe that the compounﬁmgAs can

Che ot 11t odrtnbd s s AR oidinknts 16 é UBIEARRARRIRE o dp acliEpdg™ 2
manner. |n ongameA TP Bne mqu@,tm@ chefR iy WilfAR aPc gerapmichvirasdfers, in

transfers, in a controll ed manner, t'he desired quantities of the

nutritional coopureletdsmamerhthe desired cjubntitidsoof the musitienal cAinpbumenghia the

conpounder may_be, properly instructed to make the putritional

sol ution, an HEEHORONRMEE ﬁqﬁ’ﬁ’t‘éb&’edp“{mg“%mﬂ he,PrapRylst Watriciestognakey

component bel g rgu%%af Soileltsh, G URLAR bt e uahe diddne pers | S

al so desi ?é“
10 component being added to the container during the transferring process is also

desirable.

To promote sterility of the nutritional solution, surfaces which come
into contact with any of the nutritional fluids must be kept clean. To implement this
requirement, compounding devices frequently utilize a sterile disposable apparatus

15 or transfer set for connecting the containers housing the sterile nutritional
components to the collection container. At appropriate times, the transfer set will
be replaced, with the replaced set properly disposed of.

These transfer sets, however, may make it difficult to use fluid
sensors which must contact a fluid to distinguish the different types of fiuids in the

20 compounding method. Thus, typically if transfer sets are used, it is highly desirable
that the compounding apparatus be operable without utilizing sensors which require
contact with the fluid to function properly.

Generally, in compounding solutions such as nutritional solutions, the
type of source solution in a particular container is one of the inputs.to the

25 compounder. However, in some instances, there may be a possibility that the type
of solution is input incorrectly. It would be highly desirable to have a compounder

that independently verifies. the type of solution which flows from a particular
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It is therefore an object of the present invention to provide an
10 assembly for transferring compoﬁent fluids from a plurality of individual source
containers to a receiving or collection container. A related object is to provide such
an assembly which controllably transfers desired volumes of the component fluids
and compounds a desired nutritional solution in a collection container in at least
partial dependence on a determination of the type of the fluids being transferred.
15 Another object of the present invention is to provide an assembly for
individually transferring and compounding a number of predetermined nutritional
solutions in a collection container in an efficient and accurate manner.
A further object of the present invention is to provide an assembly for
transferring a plurality of component fluids and compounding a desired solution by
20 adding in a controlled manner the components to a collection container to form the
desired solution. A related object is to provide as an input to such a compounding
process, the type and amount of components which have been transferred to the
collection container.
Yet another object of the present invention is to provide an assembly
25 for transferring component fluids with the assembly adapted to utilize a disposable
transfer set to connect source component containers to a receiving or collection

container. A related object is to provide such an assembly having sensors uniquely
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conpoundi ng improved assefitbly forerinsfariap Gomipbhdtit fRiidsCARMPMYPTunRdig Ldesitaye been
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carry out compounding processes in a way which minimizes the probability of false

alarm signals and yet achieves safe and reliable operation.

15 Yet another object of the present invention is to provide such an
assembly which is adapted to provide the necessary atarm signal indications when
such are warranted during operation, but which utilizes operating strategies which
preclude alarms when it is known from actual sensed conditions that some further
limited compounding activity, for example, can safely proceed.

20 Stili another object of the present invention is to provide such an
improved assembly which has sophisticated operation in that it can distinguish
between the absence of a transfer set conduit, the presence of such a conduit and
when it is empty, and can identify the fluid within the conduit in a noninvasive
manner, and use such distinguishing capabilities to control the producing of

25  selective alarm indications in a very accurate manner.

A more detailed objftct lies in the provision of controlling the pump

motors associated with each of a plurality of source containers in a transfer set in
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operation under closely monitored and known conditions that would otherwise

trigger a preselected alarm indication condition. A related object lies in the

provision of providing an improved assembly that is convenient for a user to operate

10 and which minimizes the generation of unwanted and disruptive false alarm
indications during operation.

SUMMARY OF THE INVENTION

The present invention provides an assembly which controllably

transfers component fluids from a plurality of individual source containers through

15  a transfer set to form or compound a desired mixture in a collection container while

determining or sensing the type of fluid being transferred. The identified

component fluid type may then be compared with the desired fluid type to verify

that the fluid being transferred matches the desired fluid. To this end, the

transferring assembly of the present invention includes a sensing assembly which

20 is in sensory contact with the component fluid as the fluid flows through the

transfer set and provides a distinguishing characteristic of the solution being

transferred. In an embodiment, the sensing assembly is in noninvasive sensory

contact with the component fluid during flow. The distinguishing characteristic

provided by the sensing assembly accurately identifies at least one of the component

25 fluids without the necessity of further input. In a further embodiment, the

transferring assembly identiﬁes. a distinguishing characteristic which may

correspond to a plurality of fluid types. Then, if the distinguishing characteristic

5
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4 distinguishing characteristic of the fluid. The mixing assembly further includes the

ability to determine the differences between the flow rates of the cbrnponent fluids

10  thereby providing a further distinguishing characteristic of the component fluid

flowing through the transfer set.

In an embodiment, the sensing assembly includes a plurality of
sensors which are disposed in close proximity to tubing forming a part of the
transfer set. A signal transmitted by one of the sensors is received by a second

15  sensor, and the received signal is indicative of a distinguishing characteristic of the
fluid within the tubing.

In an embodiment, the mixing assembly includes a weight sensor

- operatively contacting a collection container to distinguish between varying flow
rates of different component solution by measuring weight change of the container
20 over a predetermined time interval.

In the embodiments described, the mixing assembly includes control
means that is adapted to control the operation of the assembiy, acquire, receive and
process the signals that are generated by various sensors of the assembly and control
the operation of the pump motors and selectively generate preselected alarm

25 indication signals during operation of the assembly and includes an alarm means

which provides both visual and audio alarm indications to the user.
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FIG. 5 is a schematic block diagram generally representing a
portion of the control and operating system of the fluid transfer apparatus shown
15 inFIG. 1; '
FIG. 6 is a flow chart illustrating at least part of a preferred method
for identification of a distinguishing characteristic of a component fluid which is
to be transferred by the apparatus of FIG. 1;
FIG. 7 is a flow chart illustrating at least part of a preferred method
20 for identification of a second distinguishing characteristic of a component fluid
which is to be transferred by the apparatus of FIG. 1;
FIG. 8 is a preferred embodiment of a transfer set adapted for use
with the transfer apparatus of FIG. 1;
FIG. 9 is a top planar view with parts broken away of a bracket
25 forming a part of the transfer set of FIG. 8; and
FIG. 10 is a top planar view of the bracket of FIG. 8 illustrating

the movement of the bracket.



25 fluids without the necessity of further input. 1In a further

enbodi nent, the transferring assenbly identifieses a distinguishing
characteristic which may correspond to a plurality of fluid types.
Then, if the wpsvomgui shing characteristic PCT/US99/18421
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at | east one podsentiaventisponent fluids within the transfer set to force a
flow of that fluid along at |east a portion of the transfer set. The
rate of the flow particularly within the transfer set, varies in at
| east partial depend®BESCRIPTION OF THE(RREFERRERUEMBOBIMENEt i ¢ of the
fluid. The m xing assenbly further includes the ability to determ ne

B A e S
f1 owi ng t hr oussentbiyeof thapsésent meention is generally indicated at 10. The illustrated
embodiment of the assembly 10 includes a pumping device 12, such as a
compounder, examples of which include those compounders set forth in U.S.
Patent no 4,712,590 entitled “ELECTRICAL CONNECTION MEANS FOR

10 MULTIPLE BULK COMPOUNDING SYSTEMS”; U.S. Patent No. 4,513,796
entitled “HIGH SPEED BULK COMPOUNDER” ; and U.S. Patent no.
5,228,485 entitled “FLEXIBLE TUBING OCCLUSION SENSOR?”, the
disclosures of which are incorporated herein by reference.

The pumping device 12 is shown utilizing a transfer set 14 to place

15 multiple source containers 16 in fluid communication with a receiver or collection
container 18. In operation, individual fluids 20 within the source containers 16 are
forced by at least one pump 24 forming a part of the pumping device 12, through
the set 14 to the receiver container 18. Examples of the receiving container 18
include flexible bags and syringes, among others.

20 In the preferred embodiment, the pump 24 is a plurality of pumps,
preferably six (6) peristaltic pumps 26, 28, 30, 32, 34 and 36 contained within
housings 38a, 38b which are placed in a stacked relationship. The transfer set 14
includes conduits 40 formed of flexible tubing 44 arranged to form at least a portion
of a fluid passageway 46 (FIG. 4a) from the individual source containers 16 to the

25 receiver container 18. To place tl}e pumps 24 in hydraulic contact with fluid 20 in

the tubing 44, a portion of each of the tubing 44 is placed around rollers 47 which



In an enbodi ment, the sensing assenbly includes a plurality of sensors
whi ch are disposed in close proximty to tubing formng a part of the
transfer set. A signal transmtted by one of the sensors is received by a
second 15 sewsaumosnd the received signal is indicative of parmusgeisa:

di stingui shing characteristic of the fluid within the tubing.
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6 hydraulically contact the fluid to create the positive pressure include syringe, or

volumetric, or cassette pumps among others.
It is also envisioned that the pump 24 may include a pump which
10 hydraulically contacts the fluid by creating a negative pressure on the fluid to force
the fluid to flow along the tubing. For example, the pump 24 may create a vacuum
in the collection container 18 or an intermediate chamber (not shown) to force the
flow of fluid along the tubing 44.
Referring also to FIG. 2, in the preferred embodiment, each of the
15  peristaltic pumps 26-36 is individually and operatively controlled by a controller
indicated generally at 48. Desired quantities of component fluids are transferred by
selective operation of the individual pumps 26-36 by the controller 48. The
controller 48 controls the pumps 26-36 in at least partial dependence on various
inputs and data which may be supplied by various sensors, a separate remote
20 controller or the operator. Preferably the controller 48 is housed within a separate
enclosure 50 wired to the housings 38a, 38b but may also be placed elsewhere, such
as in one of the housings 38a or 38b (FIG. 1). Generally the controller 48 includes
at least one microprocessor connected to various combinations of volatile and
nonvolatile memory.
25 Typically, the panel 54 has an input keypad 56, and a plurality of
display stations 58 corresponding‘to each of the pumps 26-36. Each of the display

stations 58 is also associated with one of the source containers 16 and may be color



BRI EF DESCRI PTI ON OF THE DRAW NGS FIGURE 1 is a front
perspective view of a fluid transfer apparatus formng a part of a
preferred enbodi nent of the present invention; FIG 2 is
a front planawovwim®egsof a controller within a control panel pcxusastsstior m ng
a part of the preferred enbodi nent of the present invention;

FIG. 3 i ' ' ' t

of FiG 1 wi PRl BE el frca Bl pthitel nhe kRl RU PHariclf keypag BRNEE ™ 1S

appar at us shgiis ipthRigRBER r&%ﬂiﬁe:yf(RCL) and a clear key (CLR) as We@ astothér &9

el evati onal view of tﬁe sensor block of FIG 2 in the 10 open position;

FIG 4a is ademrib@:dibelowoss secti onal vi_ew of the sensor block taken

O herat 2 1 008 noe iy ehehbIE U s mtoces a v s
I d | i :

"or 1 BRpHe 60 ha Wbk Bufing chfty ey, 6% QOSHE er BTEAT B d B

aflo ratrng a east
part of a prgépesseshdBidueet componkt fanfiBdikplag 701208 eqfrykesti7al | Thiecitiodg
characteristic of a conponent fluid which's to be transferred by the

appar at us of p&ie54 4lso includes an ID display 76 fdFitte callactomcéntaimer héhand an alagmr at i ng
at least part_of a preferred nethod 20 for identification of a second
di stingui shi APENABact eristic of a conponent fluid which is to be

transferred by the apg?éf%&’iﬁ? o 6'FIG tjz;’ a'ila%t B%lggs forrth% gglume to%va%ﬂﬁtctezi; a

preferred enbodi nent ansfer 'se 0 _
transfer jgppeeaspecifitl gfabfty; did the solution family of flui€lffom Ani individuap spheaar
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container 16 may be manually input or input by a remote controller 80.

On one of the display stations 58, the type of component fluid to be
transferred by the associated pump 26-36 is entered by pressing the entry key 74 to
scroll through the various types on the display 70 until the proper type is shown,

15 For the volume to be delivered and specific gravity, the proper values
are input using the respective entry key 64, 68 and keypad 56. Upon pressing the
entry key, the displayed digits flash to indicate the entry mode of operation.

Pressing one of the other entry key 64, 68, 74 enters values which
have been input and shown on the station display 58. Entry of a value stops the

20 respective display from flashing. If a value is incorrect, the respective entry key
64, 68, 74 is pressed and then a clear key 90 is pressed to zero out the value, and
the entry process is repeated.

As noted above, the input values may also be loaded into the
controller 48 by a remote controller 80. An example of such an automatic method

25 and assembly for performing such a method is described in U.S. Patent No.
4,653,010 entitled “COMPOUNDING SYSTEM” the disclosure of which is

incorporated by reference herein. To place the controller 48 in the proper mode for

10



25 formng a part of the transfer set of FIG 8; and

FIG 10 is a top planar view of the bracket of FIG 8 illustrating t he
novenent of the bracket.

7 wobtlo@ise 11 t hrough 26, 27A, 27B, 28A and 28B t@maetdefis4ri
represent flow charts Il lustrating operation of a preferred enbodi nent

Sesch o ek BB AR e BB bl 01 o onre
FIG 1, a prefsf 5 eemBiAR6h ﬁ%é?éof?fx canéépahémgroa%ffﬁr lma}ipui’tf@g?@;%é&s@ctt jkhe

present invention is generally iIndicated at 10. ThHe 1

enbodi ment ofrekded. dBiwemble kéys 95 maydeciude Autopl/Dy(AD Forcwhdr? thesnsxh patierd
conpounder, exanples of which include those conpounders set forth in U S.
Patent no 4, deptifiagor in 3 greug 18 &W@@&Ldmgm e AsmotegRntrollenyiO. TI PLE

BULK COVPglJ N%nNo e??gdél\fc%;%% %‘Mapr%}a? 1)) wl) léey,S oBQJe%S the remote controller 80
to download input values for a particular patient or prescription. A third mode key,
the Standard Mode (STD) key, places the controller 48 into the mode for accepting
input values entered using the control panel 50, as set forth above.

When utilizing the remote controller 80, the patient ID may be
10 displayed on the control panel 50 utilizing the volume to be delivered display 60 of
one or more of the stations 58. An identification of the collection container 18 may
be displayed on the container ID display 76. Other values such as the source or
component family fluid identification may also be downloaded by the remote
controller, The displayed patient and collection container identification may then
15 be checked against records (not shown). The source component fluid identification
may be checked against the source component connected to that station 54 (and
pump 26-36). If the operator determines that all displayed values are correct, the
verify key 84 may be pressed. |
Then the input values for the specific gravity and volume to be
20 delivered for one or more of the component fluids 20 which are to be used can be
downloaded from the remote controller 80 to the controller 48 and displayed on the
station 58 for verification in a similar manner.
Referring back to FIG. 1, the coliection container 18 such as a
flexible bag 98 is operatively attached to a weighing sensor 99, preferably hung
25 from a load cell 100, which transmits information regarding the weight of the
container 18 along with any contefits to the controller 48. The load cell 100 may

be attached to a bracket 101 forming a part of the pumping device 12. Should the
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entitled "H GH SPEED BULK COMPOUNDER' ; and U.S. Patent no. . 5, 228, 485
entitled "FLEXI BLE TUBI NG OCCLUSI ON SENSOR', the di scl osures of which
are incorporated herein by reference. The punpi ng device
12 i s shown WQe00gd6mg a transfer set 14 to place 15 nul ti poF/uspasee
containers 16 in fluid conmmunication with a receiver or collection
container 18 : i | QelL Vi I i .t Al

cont ai ners 18’6@3%%%5&&#8;}%%%5@?@?&?@%@1 Lﬁ(s)%ésc%lg 4%6 Lz%b?’é‘i’mh‘f‘ﬁgwga%g’i %8 of the
punpi ng devi gfiyhéed tdbOpidbed on thet 38leI6esthBlidhOtht ldpefaBiv cutaccont ai ner  18.
Exanpl es of thé receiving container 18 I ncl ude fl exible bags and
syringes, anong ot her & tragsfer tube 104 forming |anpath@fghe firansted sehibbamayebe , t he

punmp 24 is a plurality of punps, referably six erjstalti.c punps
26, 28, 30, S%negﬁdéﬂ&h%éoﬁ?f%&t??@dl%agﬂi%mCtlogWiﬁgéogﬂaih%ﬂl?‘Wﬁ ch are

pl aced inga t i s i

conduits ‘ZO ﬁ%‘ﬁﬁ@gqgﬁ e#‘vi%égiﬂ%s gl 1%%@?%%@#%8@?@@‘0? ‘hl{cgt . ﬁ%ggfssg
portion iPéonfminitttbnRASH S8 \Wiher4 OTHents of Bk thiagnal hee Fétdﬂradlycb!ﬁ\ihecﬁo_ur ce
containers 16 to the 25 receiver container 18. To place the punps 24 in
hydr aul i ¢ cotd the junatiph ridnifoll P06 sonthat the juhationiiocigyfotrhs azpasbof thotrapsfeeach of

the tubing 44 is aced arqund raqllers 47 which s
8 g set 14. p{n confrast, the transfer tuI{)e 164 is removably connected to the junction

manifold 106 to allow numerous collection containers to be sequentiaily filled by

10  connection to a single junction manifold.

A cradle 108 is attached to the housing 38b and configured to accept
the junction manifold 106 in only a predetermined desired orientation. As described
later, the fit between the cradle 108 and manifold 106 promotes proper attachment
of the transfer set 14 to the transferring assembly 10.

15 Forming a part of the transferring assembly 10, is a fluid sensing
device or assembly generally indicated at 200. Preferably, the sensing assembly
200 noninvasively provides an indication of the type of fluid within each of the
individual tubing 44 in fluid communication with the corresponding source
containers 16.

20 The sensing assembly 200 operates by including, at least partially, a
sensing method which is described in a basic form in United States Patent No.
5,612,622, entitled "APPARATUS FOR IDENTIFYING PARTICULAR
ENTITIES IN A LIQUID USING ELECTRICAL CONDUCTIVITY
CHARACTERISTICS", and more particularly in U.S. Patent Application No.

25 08/762,578, filed December 9, 1996, the disclosures of which are incorporated by
reference herein. The preferred method of the present invention includes sensing

electrical characteristics of the tubing 44 and contents of the tubing at predetermined

12



forma part of the peristaltic punp 26-36 corresponding to the individual

segnent, In operation, the peristaltic punp 24 transfers
fluid in a particular source container 16 to the receiving container
18 by sel ecti weoomdsagyy novenent of the rollers 47. Thispgpﬁgﬁﬁﬂ&]
causes the punp 24 to hydraulically contact the fluid 5 20 by conpressing

h |1 f t.h I ng., 44 I . I ti . h fluid,
Uher eby. for ci Hiee AEdyaeaicims alorte, BeCnBilly B compRrips e readipgmisspiadoena
hydraul ical 1y affkifing BRarhetishid of &b 4ol AfaRBIMHEppRgESUr @ 1 ncl ude

syringe, or tric, or cassette punps anong o

It is also envisioned Reférringein/panicildr @EFIGSICY Liake 42 e sERsHB i aaerdtily 200
hydraulically contacts the fluid by creating a negative pressure on the

fluid to forchcludes athousing 02 famedmf abesegelement 204 agd aFcoverelemmne 206 he
tion contaiper 18 or.an

24 in the col
7t or mod 28 o RIS AERGE Rheth obEr fork clameidl eratieriegty oW FR BASSEIoRg t h

t ubi ng 44. i3 f IRg t ol d
enbodi nment , e(é:alg?]edoyostnhoen (fE"WB?rﬁ i}ggilft)f (t:]?el pgéésse‘??%r?bz q%saéfn%fggéﬁﬁﬁgﬁd
operatively cdefireotiatelb208 @F0G! UYIfbe Feceiving iat! laS0h PoraGN6F Md bty 4P
Desired quantities of conponent fluids are transferred by . selective

operati on of Begauseniyisdegirable te pgnse eachodf thy fluids, wibing 4 frem e4eh of the source
controller 48 control.s the ps .26-36 in at. .| east rtial, dependence on
vari ous ?%P?Salﬁc?x&é‘figgﬁq}l@h TIFSPAAING PUBP BP-3mandaleng 2 segrae o
separate @”D&lﬁmﬁéh ypt S tr!?ﬁmﬁé?ﬁ C | er
48 i s houged W t |nogggeggl§:at exvﬁﬁal enc osﬁagﬁﬁggﬁ%@@?ﬂé@%gg%ﬁ@gﬁgé 38a,
38b but nmy aileng heomimnepland.sewhere, such as in one of the housings
38a or 38b (FIG 1). Generally the controller 48 includes at | east one

ni cr opr ocessor connect MViithis thehousing 26 anddispesed alang\eachiof ithe chadnels 208

nonvol atile "2 phfrality of sensing elements indicated generally at 214. A transmitting element

216 is disposed along the top of each of the respective channels 208a-f. A first

15 receiving or sensing element 218 is disposed at a first predetermined distance from
the first transmitting element 216 and preferably downstream from the first element.

A second receiving or sensing element 220 is disposed at a second predetermined
distance from the transmitting element 214 and first receiving element 216 and
preferably downstream from the receiving element.

20 A signal is applied by the transmitting element 214 to the tubing 44
and any fluid contents at the transmitting element. The first receiving element 218
and second receiving element 220 detect the signal after the signal has been
transmitted along the tubing 44 and fluid contents. By referencing the detected
signal vis-a-vis the applied signal, a distinguishing characteristic of the contents of

25 the tubing 44 may be determined.

In the preferred emb'odiment of the sensing assembly 200, the signal

includes a pulse forming a square wave of a predetermined frequency and voltage.

13



25 Typi cal ly, the panel 54 has an input keypad 56, and a

plurality of di splay stations 58 corresponding to each of the punps
26- 36. Each of the display stations 58 is al so associated with one of
t he source cowbacoseéss 16 and rmay be col or PCT/US99/18421

9 coded for identification purposes. The keypad 56 is a 16

Cllaar oy (e sl Pve may e Bl Valo& G s of af i g Storlte " @

Al so, each ofpylseqs dpsiRidant thd fitdt QBSsifSeleftieht/8BS Thy Frstecdifin ?%wiﬂédt\med S
di splay 60 and corrésponding entry key 64; a specific gravi di spl ay 66

and entry and lseqgpné Seceiving element 226 thanrpcqmmtth& signdly 'lalesmltqge Iﬁlehnﬁthe ntry

key 74. The control anel 4 al s |nc udes an. I D display 76 for .the
col | ection C@ﬁﬁwqd@gnghlséﬁ@ datd Jcﬂ H? digegete timé after the applied

Fﬁge;[)laggisl cig S%vl ]{/&n‘gﬁzgl 4: © o %é 8—¥ %1%\@4\‘1%@%% b? %ﬁ q%é/?iﬁsg%gdual
iglrjr[ ?& or B%QéHna'tﬁﬁ‘é perfodi@d BR dmBeate th theRathpled voliilie betech the TRét218
and second receiving elements 220, the distinguishing characteristic of the type of
fluid may be determined. Air or the absence of liquid in the segment 40 of the
tubing 44 proximate one or more of any of the sensing elements 216, 220 is also one
10  of the fluids having a distinguishing characteristic which may be pictured by the
desired sensing method.

The sensing assembly 200 has the capability to distinguish between an
empty tube condition and a no tube condition is beneficial for several reasons.
Since either an empty tube or no tube condition result in a highly predictable output

15 from the sensing assembly 200, a diagnostic check to determine if the system is
properly functioning can be reliably carried out from time to time, such as when
requested by a user or perhaps upon restarting operation after a transfer set has been
installed or the assembly is made operational after a shutdown.

Although in the preferred embodiment the sensing elements 214
20 comtact the tubing 44, it is envisioned that the sensing elements may be disposed in
other positions ard still function to practice the preferred method of the invention.
These sensing elements 214 should be in sensory contact with the tubing and
contents. The sensory contact includes disposing the transmitting element 216 and
receiving elements 218, 220 so that the signal may be transmitted to the tubing 44

25 and contents and received from the tubing and contents in such a fashion that the
distingnishing characteristic may })e determined.

In other embodiments other types of signals may also be used. For

14



On one of the display stations 58, the type of conponent fluid to be
transferred by the associated punp 26-36 is entered by pressing the entry

key 74 to scroll through the various types on the display 70 until the
proper type i SVabmaps9 15 For the vol unme to bepcwisovessed and
specific gravity, the proper val ues are input using the respective

i sl ayed di TRt REPRAL 0 of BRERAERRS0 8L Mirepon W fofpily abd e

Pressing one gdedt he other entry key 64, 68, 74 enters val ues which
have been input and shown on the station display 58. Entry of a value stops
the 20 respective di sfhayechsiognasscastiy PO isfalso comfipgured so rthatr each tchauied

br cbsed 1o 5 eh0BhdROoRROTYS i Bae Ghite Pumpsiideston Tk, JhUL BUBDEALY apeeicilr |
cont ol e agoiy o8 T Wit 86 3 G i, ARARE rbig I e movtiomar
oL . TSP SLbe RO 10 S0 8 TS (ot o ovur e o
which is i ncor por Aosevesy it bdscheen deurtkthet in cofpophding nhitritionainsohnioner 48
' the pr Operforrr%ggelitg,rﬂlere may be types of source solutions for which the characteristic of 10
the fluid given by the described distinguishing method may not be as distinct as
10  desired to distinguish between the solutions. For example, high concentration
dextrose solutions and a solution containing branched chain amino acids may
exhibit similar characteristics when exposed to the detection method. Therefore,
for some fluids exhibiting similar characteristics it may be advantageous to
supplement the detection method with an additional second method which
15  distinguishes between such fluids.

One such second method is to distinguish between fluids by examining
the flow rates of the fluids while the fluids are being pumped. Fluids frequently
possess distinguishing physical characteristics which along with the hydraulic flow
resistance found in the transfer set 18 have an effect on the flow rate of the fluid

20 within the set. The junction manifold 106 is an example of a portion of the transfer
| set 14 which forms hydraulic flow resistance for the flow of fluid through the set.

For example, as may be appreciated; dextrose has a higher viscosity
than a fluid containing branch chain amino acids. Thus, under similar pumping
conditions, the flow rate of dextrose through the transfer set 14 will typically be

25 lower than the flow rate of the source fluid containing branch chain amino acids.

Referring also to FIG. 1, one way the flow rate differential can be

indicated is by a novel use of the weight change per unit of time of the collection

15



accepting entered i nput values fromeither the control panel 50 or renote

controller 80 or a conbination thereof, a corresponding one of a
plurality of node keys 94 is pressed. The node keys 94 may i ncl ude
Auto |1/ D (Al')wioanosween the next patient | dentificati orvd'nmswwﬂue i's
automatically downl oaded fromt he renote controller 80. Anot her node
key 94 is a Man LD (M r to
downl oad i npu"f "@é‘i‘%& ﬁso‘F“%?dg’ay IPF gj\'fgéﬁfgp gﬁf‘&ggﬂ%ﬁeo%gﬁsp 512 p ugr%tu}ﬁ'_rd
mode key, f@néﬂni’pléfbdﬁc&ﬁz%ek tp@'@@-@é éﬂﬁbﬁogihmakl flimfiggi nt 0
t he node for a cepti I nput val ues entered using the control panel

50, as set f OcEHai’ao&kﬂmes the flow rate of each of ﬂthndmZ{B throughy thehramsferosee 14
controller 80, the patient ID may be 10 displ (ﬁ/ %H the ¢ ontrﬂ% panel 50
utilizing thedspendsas least partially Pgél?eeﬂs‘alsg}bpﬁ@aﬁ 18 Va&‘ﬁ@‘”b?‘n W Latgt the

stations 5 den ca n of.. 1

di spl ayed n \éﬂle{’ %l FB‘?‘I“F%‘/uPQbﬁaL}? é?‘é &% 63{‘]’ ?ﬁ%eghgﬁéh ’E'? n ource
or COMPORGNbE M‘ﬂl‘ 1*0)‘11& Ebiitamee D iab HiCACERBs BRY typeSHT ditnpiaety padedoby the
renot e controller e di splayed patient and "Coll ection contai ner

i dentificati oversmya tdvond type diccarhpomentiflaigai Tiass, theochadge ofidte whighndf thehe
source conponent fluid identification 3{ be checked agai nst the

sour ce conponemtainesrifaer aait 06 timeAurivg PuppingsHil; Fhwany nstapegsy Vary-SEYEED) ¢ he

operat or dete m nes t gitds awincﬂ g19esa§§1eﬂdlcgéfcﬁ1e§f @ﬁglo%&pfar % ﬁ{ffqryﬁf‘al pnd tl'fl.ﬁg“ fy

key 84 may be I'npu ues
SpeCifiC av' gﬁfylgé‘@rv&ée'tﬁ{ﬁ?%él%%o@e colRkihmer ed for one or nore of the
I C

conponent 0 be used can be downl oaded fromthe .
renote cont roI | er 80 t @rehpartioular aldvantagesofimsingi thpl sepsnt assembly 200 andt at i on

58 for verification in a simlar manner. ferri back
to FIG 1, thweighingsensas P98 themethoddeserihed ahgve, is that ﬂw@gm@e Pg@

operatively ahi 3¢ Aoc Spfnsehy Udithe H0REY whith aB 6! RGEHRE Yorkt? A

to function properly. In fact, a disposable transfer set 14 is easily accommodated

15 by these sensing devices.

Referring back to FIGS. 3, 4 and 4a and turning now to the above-
identified sensing assembly 200 in greater detail, the housing 202 is attached to the
upper housing 38a (FIG. 1). The housing 202 (FIG. 3) is preferably placed at an
angle relative to horizontal to facilitate placement of the tubing 44 within the

20 housing and opening of the housing about the bracket 101. The housing 202
includes a latching assembly 226 to retain the base element 204 and the cover
element 206 in the closed position (shown in FIG. 1).

Referring to FIGS. 4 and 4a, both the base element 204 and the cover

element 206 of the housing 202 include an outer shell 228 and an inner element
25  230. Preferably, the channels 208 are defined in the inner element 230 of the base
204 while the surface 231 of the inner element 230 of the cover 206 is generally

.. planar. In alternate embodiments, a portion of the channel 208 may be defined in
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25 froma load cell 100, which transmts information regardi ng the wei ght

of the container 18 along with any contents to the controller 48. The
| oad cell 100 rmay be attached to a bracket 101 forming a part of the
pUITpI ng devi cewddenspépoul d t he PCT/US99/18421

melghlng sensor 99 take other fornms, such as a scale (not
shown), the c ntal ner. eed t e placed on the scale to
formng a part of thet@%bcs t
col l ection bag 18 and aﬁj E?I gﬁg&g‘%\iﬁ?%@%@d%e J{}Rﬁ’t%@ﬂ“%&e@ﬁ@rd 106
al so pl aces atte firsereceivinggletieritrX181dntiahd Sibod futaivifOMERBnICN awﬁrcﬂm&@

in comruni cation with each other. The ends of the tubing 44 are generally
bonded t sranpfaciuae and assembly.fall of tecsepsing letemernkse2 4 aet similafly dotnetlor s a
part of th contras the transfer tube 104 is

removabl y g on :@ﬁ%%‘#ﬁ“ﬁgﬂ%ﬁﬂﬁ‘?%?&e Tens‘ﬁﬁ AT 24 are formedas rﬁfWh\ﬂBUs
Snote | unce s SrEEhving o9 © SRRR'criss detion, i gt suiRlN 3 KERAAE RS ¢ e

housi ng 38b afiflerésrihioowhieH alpbreiés ©Ph length of the tubing 44 is inserted.

In cross section particularly shown in FIG. 4a, the inner surface 234

is generally circular and is sized to smugly fit about the tubing 44. The element 214
10 is formed so that a central axis 236 of the tubing 44 is interior of, or recessed
relative to, a plane 238 defined by edges 240 of the inner surface 234 disposed
directly opposite the tube 44. Thus, the element 214 preferably envelopes a
majority of the circumference of the tube. It has been found that the tubing can be
easily inserted into an opening defined by the edges 240 with the elements then
15  removably clutching the tubing which promotes intimate contact between the sensing
elements and tubing. Such contact facilitates the operation of the sensing assembly
200.
To minimize pinching or gouging of the tubing 44 by the elements
214, the outer edge 240 of the element is formed with a smdoth radius. It has also
20  been found that the surface texture of the inner surface 234 affects the elements 214
in transmitting or receiving the signals.
Although the separation between the elements 214 along a channel
208 may vary, in the preferred embodiment the transmitting element 216 is
separated from the first sensing element 218 by approximately 0.2 inches, while the
25  second sensing element 220 is separated from the transmitting element 214 by
approximately 1.6 inches.

To isolate the elements from potential electrical interference, the inner
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the junction manifold 106 in only a predeterm ned desired orientation. As

descri bed later, the fit between the cradle 108 and manifol d 106

pronot es proper at t achnment of the transfer set 14 to the transferring
assenbly 10. %@ 00/09069 Formi ng a part of the transferrifgifassenbly
10, is a fluid sensing device or assenbly generally indicated at 200.

Preferably, t e sen g_assen Q. noni nvasi vel rovides an

i ndi cati on of F‘Hgmf%@ W F9r ?fg%qfh?rhegggﬁa npﬂ nduc%xgogg%yme&ﬂﬁ Wb ng
44 in fluid cQuEmByCH00 Pithdes genBfall lhﬁﬁpﬂﬂdﬁ§94§ EREably is aR EUMEAT S 16.
20 &iyhe sensi nghgassen'gogl 0 oper at eg#by | nclsudl ng, at | east
partially, a conductﬂmategalmhimhcéxmnommm {lbeinnen diexdentmami paeralyf marahiel n
United States Patent 622, entitled "APPARATUS FOR

| DENTI FYI NG FRrs GM!AF%S 208 ant%iwmbE@ sidgs of epch pithe chanaelsy Edwmsbepp found

Appl cat i oh et sEas LS 3E 7 mreclily BahVeeh b ' hle 1A Al B 0EC o1

whi ch are |ncd)1 b@bRfg %eofmeéﬁhﬁagggg herein. The preferred nethod of
the present invention |nc udes sensi ng el ectrical characteristics of

t he tubing 44 and cont &nis alsofenvisimned thantheasengimgabserablyi200dnay be adapted so
12

that the transfer tube 104 may also be passed through the sensing assembly. The
sensing assembly 200 may then sense the contents of the transfer tubing. Such an
10  arrangement may however, lead to nuisance alarming as the transfer tubing 104 will
likely contain fluid from a previous pumping cycle upon the initiation of a second
pump 24. Thus the controller 48 may find a mismatch. A delay may be
incorporated to reduce this nuisance alarming.
Referring to FIG. 5, a block diagram illustrates the general layout of
15  a preferred embodiment of the circuit, indicated generaily at 250, forming a part of
the sensing assembly 200. - The controller 48 actuates a switching circuit 252 to
activate the sensing elements 214 along a desired channel 208 to sense the fluid in
the tubing 44 extending along that channel. The ¢ircuit 250 is preferably housed in
the base 204 (FIG. 4). For example during operation of one of the pumps 24 (FIG.
20 1), the controller 48 actuates the channel 208a-f corresponding to that pump. The
controller 48 gencrally actuates the sensory assembly 200 at predetermined times.
Upon actuation of the sensing elements 214 for the desired channel,
a signal generator 254 supplies a signal, preferably a pulse consisting of a square
wave of a predetermined frequency and voltage to the transmitting element 216.
25 The signal is then transmitted by the transmitting element 216 into the tubing 44
(FIG. 1) and the contents of the tubing.

The signals received 4t the first receiving element 218 and second
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times and positions along the tubing and conparing the readings to produce

a di stingui shing characteristic of the type of fluid wthin the
t ubi ng, ' Referring in particular to FIGS. 3 and 4, the
sensi ng assentwe o@2606s9 i ncl udes a housing 202 fornmed of rch@ee1Rbenent

204 and a cover element 206 5 which are attached to each other in a
clanshel |l arr ment.. pl aced.. . | osed _positia h I n
EESAR 1 T N T M e e X S
208 (FIG 4) fQfer @feedibattbrabf |ae%ﬁiin% dRfift! 28V @ir_n%fé@ the DishSlieit ?ignals at
Because it is desirable to sense each of the fluids, tubing 44 from each of
the source  predeteymtimidntimes,]preforablydtva beparagé tiniss, celaties ponhe ngnamited 26- 36
and along a separate 10 channel 208a-f. The individual channels 208a-f are
preferably patstﬂnﬂ]el and arranged al ong a common pl ane.

Wthin the_housing 202 and di long_ each o e_channel s 208 IS
a plurality of sensing Sreih §§§£§§%1€5¥eer}gerb§%réw “Fé/pod?n 21133}_’211;!8 Ers?& ¢ i ng
el ement 2Hhé prefefPefBodiAg thd fhal ir@RI5898 chmBodel DPGETe

channel s 208a-ft. A§¥i rst 15 rece‘igvi ng or sg‘e)(fhlgi ng el e?ren?025§8 :ats: éﬁ?ggsed
at a first pradétpesfarablydtwb ffitialdeokupotables 2605 tvhefel ths tsampladssigrals frgmethenent
216 and preferably downstreamfromthe first el enent. A second

Ei ecej Vi ngf or sﬁéﬁsﬂﬂ@%‘l 2ifeand mlrlwlﬁp@rﬁ%’@dargtc]‘oau@&%ﬁmsm@hm? FRREES
. e v . Pr 216
and o b of SrtEp RS it cPo B R kel B afiiiof, e, ORu HERT R
A signal 15 apgtihEBoRyp t4bfest 2G0BTrdnsimteedeloSd 8stond 160@}_%&%?1?3 DghiwiacH diso

and any fluid contents at the transmtting el ement. rst receiving
el ement 218 companes! thecsignats toestared valge ednges reprédentative efcknowesosragrsalutiafit er
t he signal has been transmtted. al ong{at he tubing 44 and fluid

contents. By Mféﬁ&%ﬁb"%%@fg@tié‘& éPOk“P bleg; 20 an S%OWQO%E%%MQ
sianal . a di st gyl sl g G118 AHEEbitbpbnihe b'E ni8 Wb RRlEnPlie 351wk Wimbitl N9

44 may be det &
signals are also compared to this range.

15 If the signals fall within the value ranges stored in at least one of the
initial lookup tables 260 and second lookup tables 264, a code representative of the
corresponding compound fluid type is transmitted to the controller 48. If the signals
do not fall within the stored value ranges, an indicative code is returned to the
controller 48. If the code indicative of any unidentified fluid type is received, the

20 controller 48 preferably generates an alarm.

Many of the operational steps of compounding a solution are
described in the U.S. patent nos. 4,653,010 and 4,513,796 noted above, with the
disclosures of these patents incorporated by reference herein. The present
invention, however, significantly enhances the efficacy of these described methods.

25 For example, upon starting of the pumping device 12, the controller
48 will check the specific gravity for each of the fluids being pumped by the
pumping device with the range of'speciﬁc gravity for that type of fluid. As noted
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In the preferred enbodi ment of the sensing assenbly 200, the signal
I ncl udes a pulse formng a square wave of a predeterm ned frequency and

vol t age. 13
Thi s square waxaownassst ake on nmany val ues such as 5v at aboupcB@solidsphert z.
The pul se is applied at the first sensing el enment 216. The first

receiving ele : V] I e uire
the signal. e Voﬁfegsagm 1% %ﬁa %ﬁﬁgﬁ]d Eﬁﬁ&%‘cﬁﬁ??‘%&’%g? gﬁgf@%h@ﬁ@ﬂ&@gﬁﬁpl ed
at a first andggosaeRd il A6id8tEbé pimped.t The thftralRPUB Ao dontadiyl faBgesBf
conparing the difference in the sanpled voltage between the first and

second tine pspeciitgravity vaines doif the differentitypes bfcompapertdluids 20ngEpdrepushing t he
first 218 and second rgc&i Vi n% fl enqents 22Q, the_distjnguishi n&lﬁ

char act eri st i ©f & stagbutiopd 04 the controlier4g companss thesperific gAYty Mput o (e
absence ofcliqui.d . t [ 4 [ ne or
nor e of anéy OM{%&H‘Qgﬁ;@ﬁgggﬁ%%uﬁ?sgwg%&a%?ﬁ %ung'ég (?9’ gﬁ%ﬁgﬁbﬂfgfdg?%g 1?I ui ds
having a di st tmelssdgbggmfgbaff%@éaﬁb ghdvityWor ﬂi%t] eBdip&RenP fiGiduype. o the hfput

desired sensi ng net hod. ) e sensing asSenbly 200 has the
capabi ity t osphicifid grgwity Hodsenotdfalh within the stored range, an alarm will sound and the

station 58 having the mismatched specific gravity will blink,
Referring to FIG. 1, 6 and 7, a preferred method for utilizing the
10  sensing assembly 200 and weight sensor 99 (FIG. 1) is illustrated. The sensing
assembly 200 supplies a signal to the controller 48 (FIG. 2)indicating the type of
fluid within the segment of tube 44 extending through the housing 202, as
illustrated by block 300 in the figure.
The controller 48 then determines if the signal indicates that a solution
15 type was identified by the sensing assembly 200 as shown in decision diamond 302.
If the solution type was not-identified, the controller 48 stops operation of the fluid
transfer assembly 10 and sounds an alarm. Referring briefly to FIG. 2, the alarm
may be muted by pushing a stop/mute button 109 on the control panel 50.
As illustrated by decision diamond 304, if the solution type is
20 identified by the sensing assembly 200, the next step is to determine if the sensed
fluid type is one of those types of fluids, for example dextrose and branch chain
amino acids, for which an additional distinguishing characteristic is desired.
If the additional distinguishing characteristic is not desired, a
determination is made whether the sensed type of fluid is air . If the sensed type of
25 fluid is air, as represented by decision diamond 306, the assembly 10 continues in
a normal operation and the process is repeated by the supply of the next signal 300

from the sensing assembly.
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enpty tube condition and a no tube condition is beneficial for several
reasons. Since either an enpty tube or no tube condition result in a
hi ghly predictable output 15 fromthe sensing assenbly 200, a diagnostic
check to det er Word03069 t he systemis properly functioni necrasyoim2l
reliably carried out fromtinme to tine, such as when requested by a

user or perhaps upon T e dohfh MG 1A Al, 8 Ehparioh RN beriRln 3 3eEE"

installed or the assenbly is made operati ona er a shutdown.

Al t hough in t ligpepofefliid andithertppeloffiuid which isembé axpeeted ifromh the2sbiradtona@it act
the tubing 44, it is envisioned that the sensing elenents may be disposed
in ot her 1§owhichdmsonngetesk to thertyhiagj 4nbeing sersedi 8 ilustrapedebye decisionet hod

of the invention, These sensing, el nts 214 shoul d be i enso
contact with (GAEMHIR, gﬁaetype 0?51831 B’n&g?sqtﬁﬁe CORIRIDPY, lg&ﬁa‘ﬁﬁcﬁ%%gés
di sposi ng &he )t gem_ : =YX TRVA g , 220
so t hat thg sit%aﬁgﬁaﬂr%yﬁybg%t ngﬁ m t%%?f%%ﬁgmlgugi ﬁ% %’g@ Qg%g?@%%t%n s and
recei ved fromprdvdodshpiinput dmd therwoatrbRer 48,sascdeseribeats ibvae. t Ifathetsefised tyPe

di stinguishing characteristic may be determned. ] n
ot her enbodi natatehes thecinputytype; the cemponnder hhgoniinyes ipa npssw! opasation and the

14 process is repeated by the supply of the next signal 300.

If, however, the sensed type of fluid does not match the input type of
10 fluid, the respective pump 24 ceases operation, and an alarm is sounded and
displayed on the front face of the panel 54 (FIG. 2), as represented by block 310.
The display of such an alarm state, is preferably achieved by blinking the displayed
digits on the corresponding display station 58 for that fluid and an error message
such as “incorrect solution” is displayed on the error display 78.
15 Referring to FIGS. 1 and 7, during pumping and using input from the
' weighing sensor 99 the change of weight of the container 18 and contents of the
container over a predetermined time interval is repeatedly calculated by the
controller 48. It has been found that a time interval of 3 seconds provides
satisfactory results, although other time intervals may also prove satisfactory. The
20 change of weight calculating step is represented by block 312.
Based on the input supplied by decision diamond 304, the controller
48 determines if the additional identifying characteristic for the fluid identified by
the sensing assembly 200 is desired, as indicated by decision diamond 314. If no
additional characteristic is desired, the controller returns to the weight change
25  calculating step.
If the additional characteristic is desired, a determination is made as

to whether the sensing assembh'/ 200 has detected air in the tubing over the
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exanple, a magnetic field or electrical pulse of a different wave form may

al so be used. The sensing assenbly 200 is al so
configured so that each channel 208a-f corresponds to one of the punps
26- 36. Thus, WP8V¥0&unped by a particular 5 one of the pOIpPsIASRB6 is to
fl ow through tubing received in the particular corresponding channel
208a-1. predetermined time Gharin Evhﬁl‘?ﬁhﬁ@l%gé Bf'ﬂglgﬁmzfs Eﬂ?ﬂ&i‘.d' ng
nutritional ut ons or pat| nts ere-nmay es o source

sol utions forThikiaih defeetioh atepciserepsdsemted by decxsxdwmdlaﬁlhandd3m VeAs leyn thee
descri bed distinguishing nethod may not be as distinct as 10 desired to
di stingui sh BERRgEiated; #iE owing Vishia thewping,ddmpaecause d changed veight of the

exhi bi ¢ st mi FRpaiiEe 18 a8 pPedt 16h SRSl AR Sen B IRP sRCERRE ™
Therefores there Beén BB dobHaengonb 'caeuté iodl MHud! he wd@ﬁ ﬁﬂg;tmﬁgat may

be advant ageous suppl enment th et ection netho I'tional

second net hOde\idrdxcduvkEofmb ﬂbwrrgwcfthmrbmﬂmelamuhuch f1 uids.
One such second nethod is to distinguish between fluids by exam nin

the flow rates of the fpifiiaghewbing édﬁﬂeﬁeﬂguﬁnéﬂ@él%ﬂmmﬁéﬂerm

frequently e hysi ¢ hayact eri st i ¢ whi ch al ong
with the hydﬂ%?uf:&glsgﬁ welgﬂ O?gcls&@éé& %8011%6 ﬁ‘gminﬁ8 et(‘rogq'g 1818 have
an effect Oncilbﬁlaﬁhg"ﬂieréﬁaﬁ @gf{vg@h{#&lﬂm&gnﬂgthl n the set. The Junctl_on
mani fold 106 1s an exanple of a portion of the transfer set 14 which

fornms hyd@aulic flow rlsirshamot b&cn detheted,| they coftrélleri48 ¢dmpaneshthe veciglet .

For exanple, as may be appreciated;, dextrose has a higher VISCOSIt¥
than a fl ui dchageavith adookupahleslaveighiehapgescfona comﬁabl@; ok of Jimg fogy

211, 60 4B B D PR *

cont ai ni ng byadisitn Widhnd®BRMOifakk Geight change is within a range of stored weight

change values for a particular source solution which matches one of the possible

F'

15  source solutions as indicated by the éensing assembly 200, that type of solution is
identified, as indicated in block 326, otherwise an alarm is returned.

Referring also to FIG, 6, the identified solution is then compared with
the input solution type as represented in decision diamond 308, described above. If
there is no match, the assembly 10 ceases operation and the alarm is sounded. If

20 there is a match, the assembly continues normal operation.

Thus it can be seen, that the controller 48 forming a part of the
mixing assembly 10 utilizes inputs from the sensing assembly 200, and possibly the
weighing sensor 99 to distinguish or identify the type of solution flowing through
the particular tubing 44 and into the collection container 18. The identified solution

25  is then compared with or checked against the solution type which has been input into
the controller 48 for a particular pump 26-36, typically by the operator or remote

controller 80. If the types do not match, an alarm condition is sounded and the
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Referring also to FIG 1, one way the flow rate differential can be
indicated is by a novel use of the weight change per unit of time of the

col l ection 15
cont ai ner 18 2¥04¥#8ed by t he wei ght sensor 99 and whi ch oc®gTaisedsiiig
punpi ng. By way of exanple, because the punps 26-36 exhibit simlar
punpi.ng Gha §Hicaides flowrate of each of the fluids 20

t hrough the transfer ggt8!46pm£8&%epends at |east partially on the

viscosity of that fl ui dOthEhisethrlsiofistiing &n addatebﬂamﬁsﬁ_ﬁgumﬁhg_cnspacz%}iséi@ast
partially, indicated in the difference between the weight gain per

unit of time PbthetrnstesredAfiviéreidsemincinded ictbe pessentriovengion. dHor exampleahé
fluids 20 ver.sus fa Seﬁlg{]eﬁré't 31{’@% of c&r;p&nent fluid. Thus, the change of
the wei ght of CPffaton ot 3 yg ¢ PREIpBAY b ¢enspdent 0 ther typg qfutkwidrping | | |

I n many i ngt ange var e TR | ri.ous £l uyid which gjyves an

| ndi oat i on>of PrEEed, ov'\?hrlgt b Sipitoring i‘g‘?e opiia u8F e “Burady ;’%‘e giditonalt | i g
goi ng into thehgaaedisdeay be identified. One particul ar advant age of
using the sensor assenbly 200 and wei ghi ng sensor 99 in the nethod
descri bed above, is thdRefemmgitolEFHGS.f1 ant 3,dhshwiild teeunderstodki| thatdke &entroller

accompl i shed sensi ng devi.ces whjch do_not require contact with the fluid
P QX may be Tevhote y located reiatlve to the housings 38a and 38b. Signals may be

transmitted by a number of ways between the sensing assembly 200, the controller
10 48, the Joad cell 100 and the housings 38a and 38b. Hard wiring is one such way.

Another envisioned way is by infrared or radio transmission. Also, the controller

48 may be configured to directly output or cause the output of the signal to the

transmitting electrode 216 and read the signal detection inputs from the receiving

electrodes 218, 220. The controller 48 may then perform the identification method
15  on the respective signals.

In the preferred method, upon the initial starting of the assembly 10,
the sensing assembly 200 identifies the fluids within all of the tubing which extend
through the channels 208. Because the fluid within a particular tubing 44 may not
be flowing initially, flow rate identification is not performed. The types of solutions

20  identified by the sensing assembly 200 are compared with the input types of
solutions for the corresponding pumps 26-36 and an alarm is sounded if a mismatch
is found.

Because there is no flow at start up, if the solution identified by the
sensing assembly 200 is one for which the second identification method is normally

25 performed, that second method is not performed and instead the controller 24
checks the indicated solution type' against the plurality of possible solution types.

If a match is found among the plurality, the assembly 10 continues normal
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to function properly. In fact, a disposable transfer set 14 is easily
accommodated 15 by these sensing devi ces. Referring back
to FIGS. 3, 4 and 4a and turning now to the above- i dentified sensing
assenbly 200 woogbsees er detail, the housing 202 is attachedcrasidmgs

upper housing 38a (FIG 1). The housing 202 (FIG 3) is preferably placed
at an an(gale relative to horizontal to facilitate placenment of the
tubing 44 wit EFRYRe 20 housi ng and openi ng of the housing about the

bracket 101. The housi P&% il %dﬁgﬁéiﬁé@ﬂ%t@gmgmgﬁg 440

retain the base el enen in the cl osed
posi tion (shane comtrdile48 identifies the fluid or air in the tubieg ¢4 throggh whidhGSfluid imnd 4a,
both the base el ement 204 and the cover el ement 206 of the housing 202
i ncl ude an oulewinghusing Fumitsframaboth ke pensingrassambly 200 3md, Hy racaysabl. yhe t he
channel s 208 are defined i,n the.inner el.enent 23Q.of the . 04
whi | e t he Ssur'Veight ehange as Fﬁ@cﬁeﬁr? rtﬂglv%% g f%%g % ﬁseh%sg{}ggé %%vei. STl%e
general ly : I b i dton . the channel
508 may be d elfi?l‘fﬂtkef?alasﬁludoﬁ t#pé R"thé fa g TR e inPutdRdtioAnty s o

the inner element 230 ©fa hekmatchds fowrl, 20 eraduringo itdiial X¥4iup or subsequent

operation, the alarm is sounded. The operator then checks to insure that the proper

CL

source container 16 is connected to the station 58 displaying the alarm condition.
10  The operator may also check to see if the right solution type has been input into the
station 58.
In the preferred method of operation of the present invention includes
examining the input from the weight sensor 99 only when the sensing devices 200
determines that the type is one or more of a subset of possible solution types. In
15 other embodiments, the present invention may also include utilizing the input from
the weighing sensor 99 regardless of the solution type sensed by the sensing device
200.
It is envisioned that there may be instances where the source solution
is correct, and the type of solution may be input correctly into the system, and yet
20 the controller 48 generates a solution mismatch alarm. One example of such an
occurrence, is when the source solution container 16 having a particular solution
type is correctly replaced with a container having another type of solution, and the
new input solution type is correctly input into the controller 48. Fluid from the first
solution type may still be in the tubing 44 with the old solution being sensed by the
25 sensing assembly 200, thereby generating the alarm.
Referring to FIGS. 1 and 2, to overcome such an alarm, the transfer
set 14 is flushed by depressing il;e flush switch 110 on the front face 54 of the
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Di sposed al ong each of the channels are the transmtting el enent 216,
the first receiving elenent 218 and the second receiving elenment 220. To

facilitate manuf acture and assenbly, all of the sensing elenents 214
are simlarly HQydsRsbss O In the preferred enbodi nent, the s | | ement s
214 are fornmed as a tubul ar segnent having a "C' shapeg&sc{ir’%ggse"?(action
and an inner surface 234 form ng an interior into which a portion of

a length of tHenrghparelD.i s Theskump 36-36 corresponding to the alarming stagiosdst i on

particularly b B ElGs . e rf 23 IS neral |y
circular and %gﬁ%%%gartaoﬁ%er@gp?ﬁ ? ?tuh@bqgéfé&ﬁgﬁﬁﬁ%fsn tgﬁgd,-f%glug? mB14 10
is formed so t4aat If thevbirabt sothor? dfpelfs tBR ihatiried eS| ih®" or
recessed relative to, a plane 238 defi nlec by ’eglgeeg&g gﬁﬁhgﬁlgﬁ{ R%er
surface 234 dirspiatei The cdilectionl gonteipersi8 ds tthen tisbarddd,. as hndicatedao ahenent
214 preferably env ority of the circunference of the tube.

| .
It has beer fSQREC qx%ehsmge fm%gg W vsaght from g doadeell 188+ tAemew goliection

openi ng defin . ] h nt hen 15 renpvably

ol at chi'ng-t he CORRIED THf B TnER drch b b oL S0 ol e Bmagn et ng
el ements and trpftasigt. Such contact facilitates the operation of the sensing
assenbl y 200. To m nim ze pinching or gougi ng of
the tubing 44 by the el Eenontroller 482idy alsvebo vonfigueethso 24 iofcoimperee | therent

is formed with a snooth radius. 1} has also 20, been found that the surface
texture of t hé:OPWH@rOfstg? 1“3&@8 ﬁZFei%“f’ gde g‘et oretatjonnefeng ofthe pumpsj 26-36 to

e of Ssurf _ Al tpona
Separ at | orOe v e ik Wondtifh S For stample, ity coptroller 48,5t Homel | |
the preferred sendlag¥emblyt 260 Bésigfating ah Renp?) QPR 48 4Rd tifen at a 1a&?§ﬁéﬁﬁ£d

fromthe first sensing elenent 218 by approxi mately 0.2 inches, e the
25 second semedeingsel eoderdesizpoting ligeiddn ahe tibingowithowt the somresponding wingprent
214 by a%gxrn%ﬁln %%%realti%n,lé ?rele rh%b;\/egdndition may be identified.

Referring to FIG. 8 in conjunction with FIG. 1, the preferred

15  embodiment of a combining portion 274 of the transfer set 14 which finds particular

application with the compounder 12 and sensing assembly 200 is illustrated. The

combining portion 274 includes a plurality of tubing segments 276, One end of

each of the tubing segments 276 may be connected to one of source container 14.

Preferably, attached to one end of the tubing 276 are connectors 280 for removably

20 connecting to source containers 14, In the preferred embodiment, the connectors
280 are spikes for accessing ports forming a part of a flexible solution contairer.

An intermediate portion 282 of the tubing segments 276 is uniquely

configured for operative attachment to one of the pumps 24 and includes retainers

284 to maintain the operative attachment between the tubing 276 and pumps during

25 operation. To facilitate the proper attachment of the transfer set 14 to the

compounder 12, the connector 2§0 and retainers 284 on a particular one of the

tubing segments 276 are color coded to match the color coding on the display station
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To isolate the elenents frompotential electrical interference, the inner
17 el ements 230 are conposed of an electrically nonconducti ng
pol ymer and t he assenbly 200 includes generally planar shields 246
preferably isWaMoed0ectri cal conducting material whi chPegmusysdsit hin
the inner elenents and generally parall el to the channel s 208 and

I bot h si t .t
2i (r)nnlgar Oshi Z: [ ngﬁfsg@ﬁ%{? %@eﬁa?%ﬁm@ghﬂg{ﬁg@lagﬁgﬁ gooé'[l‘%xtrygﬁog{ gﬁéf 220

di sposed al orthe pmep @6-36Mkatdb operatively?Cdhnected to a single color coded display statici0
envi sioned that the sensing assenbly 200 may be adapted so that the
transfer tube¥8104 nmay al so be passed through the sensing assenbly. The

' nmbly 200 t hen. h ts. of t f t ubi ng.
Such an 10 arr SngemontieERRIRETEN Of FRITOL BB 210 SiefAReTeRe the
Such an 10 arrangener _ 191 HentiP " |
cycle upor { HaSeH bl 106, A5 bRl iReRAE ety SRRThe BRI ROt T 25

gﬁ?/s; :’l 23 gl (Tr %p%g@hr phnge2636 satirdaded throughrthe propeptieainélR08ds iagortant 6r
there will be a mismatch between the fluid sensed by the sensing assembly 200 and
the type of fluid input for that particular pump.

Referring also to FIGS. 9 and 10, to arrange the various tubing 44 so

10  that the individual tubing is placed in the proper corresponding channel 208a-f a
bracket 290 is provided. The bracket 290 retains the individual tubing segments 276
in a predetermined arrangement relative to each other. The bracket 290 preferably
is formed as two similarly configured portions 292 holding an equal number of
tubing. The portions 292 are connected to each other by a living hinge 294 attached

15  to arear corner 292a of one of the portions 292 and the opposing rear corner 292b
of the other portion.

The hinge 294 allows the bracket 290 to fold so that the portions 292
extend along each other to facilitate packaging of the combining portion as
particularly shown in FIG. 10. In addition, the hinge 294 allows the portions 294

20  to be unfolded to a position where the portions are generally aligned with each other
and an abutting interference between the two portions 292 prevents further
unfolding as shown in FIG. 9. The bracket 290 forms passageways 296 for the
tubing 276. Opposing teeth 298 are formed within the passageways 296 to clamp
the tubing 276 and prevent slippage of the tubing‘276 relative to the bracket 290.

25 The bracket 290 is important in facilitating the attachment of the
connection portion 274 of the transfer set 14 to the pumping device 12. As noted

previously, each of the channels 2b8 (FIG. 4) corresponds to a particular pumping
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Referring to FIG 5, a block diagramillustrates the general |ayout of 15
a preferred enbodi nent of the circuit, indicated generally at 250, form ng

a part of t he sensing assenbly 200. The controller 48 actuates a
switching ciroyubbogdogd to activate the sensing el enments p¥dised/ @9 2
desired channel 208 to sense the fluid in t he tubi ng 44 extending

S0 180, SPSGReL o HE CUAESL ok Bl 550 L OHERGAL s 95
D "o SRR et e el msam ot G

pump. The contr e sensory assenbl
pr edet er ni ned chidi#®ePas the component fluid flows thelgph tBe tubiig /1 iffprépee chgiei DOS
el ements 214 for the desired channel, a signal generator 254 supplies
a signal, prefwhenbthe Suidub senscdbyitbe senpingf assembly308, a nuisanee alapm will be
predeterm ned frequency and voltage to the transmtting el ement 216. 25
The si gnal di s8EMEACHr ansnitted by the transmitting el ement 216 into the
t ubi ng 44 (FIG 1) : [
The signals received a_tTl?‘{:gr ?%swfex%g%s\slft%e Iragfrf;lyr]:l? t@%%adgﬁge%tle}lpglr]aae the
8 _ wroﬁgamir\\%]mnﬁheﬁmmﬁﬁ& 208¢e BHEHradkee200nia the wifolded pesiitw a
sanpling circuit 256 I ch

aligns the tubing segments 276 in the proper order relative to each other. In

addition, in the preferred embodiment the bracket 290 is placed at a predetermined
10 distance d1 from the junction manifold 106 along the tubing segments 276. This
distance d1 is set by the spacing sl .between the cradle 108 an at least one of the
upper edge 200a or lower edge 200b of the sensing assembly 200. Preferably the
distance d1 is set by the spacing between the cradle 108 and upper edge 200a so that
when the junction manifold 106 is placed in the cradle 108, the tubing segments may
15 be extended so that the bracket just clears the upper edge..
As noted earlier, the cradle 108 and junction manifold 106 are
configured so that the junction manifold can be received in the cradle in only a
desired orientation. When the junction manifold 106 is placed within the cradle 108
and the tubing segments 276 between the bracket 290 and junction manifold are
20 extended so that the bracket clears the upper edge 200a, the proper alignment of the
tubing segments becomes self evident. Orienting the bracket 290 in the opposite
direction, causes a corkscrewing of the tubing which reduces the effective length of
the tubing so that the junction manifold 106 cannot be received in the proper -
orientation in the cradle 108. In addition, a sideways displacing of the bracket 290
25 relative to the sensing assembly 200 in either direction, will cause at least one of the
tubing segments 276 to not be r?ceived in a corresponding channel 208. This

“orphaned” tubing segment will then interfere with the closing of the sensing
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under the direction of a timng circuit 257 sanples the anplified signals

at predetermned tinmes, preferably two separate times, relative to the
transmtted " signal. 5 The sanpl ed signals are then
transmtted t evaaoaososal yzing circuit 258. I n the pref epdeasosrdapdi ment,
the analyzing circuit 258 is conposed of at |east one and preferably

two initial |ookup, tables 26 er.e .t he sanpled signals fromthe

first el ement aﬁfQBgnﬁﬁgﬁé‘Hﬁﬁg%ﬁ@mm%@?’e conpared to stored val ue
ranges represent gh\ : iha ' 55’&1{% 0 r 0t han
types. Qutput fromthe 18 E?I%fl?l?gf)ﬂﬁ %5%{%&?% es 0 igﬁﬁacﬁlg%ﬂﬂlg%h@o a
second | ookupcéitfulies 48 Gvhisthimpiemests the aboveodssaritesl dpeeationg vatich havesbened
val ue ranges representative of known source sol ution tyF At | east

one of the i ngenczallyldsswihed andHessribabinneanection mith the oy chans e EI%J‘B 6 and
the. sanpl 63 I+ e iAo Bl ot EDR e b St T Ak thald dhobn "
If the signal iahy i | th
i1 al 1 ookl Tabr 45 Uik AL KRB LEREBL L o REwsR 9 SpecRiniRRatty 1

represent at i vehadteprdyents importautraspaeeyefi thg peesssidunentionti d type is transmtted

to the controller 48. If the signals do not fall within the stored
val ue ranges, an i ndi cdurniag seweto BIG. dilywhea the assembly is togompound erbags. | f

o oS e RO M S o 08 kS S iy 1
operation S C ' ' ' ' uU. S
patent nott o (AR T ITETEN A TuREk B3P ATk formed. MERAEIEYRA RS, |- o
of these pat ecliezkipushbyonali@dshown itf BIGN2 ewliear #d transfEh eetpiscinstailed in the

i nvention, however, significantly enhances the efficacy of these described

met hods. 25 compounding assemblyor Tdinshowd prpduresa dmowngresalt thye thsuseasing
device 12, the coptroller. . 48 W | ck the specific.qravity for each
of 'the f1ui doStSERAY BiHiBels #y infigentn thaf 155 EombRuiREE ity ¥ anbras@eor
specific gravpiopefip! A hdhsfey 8@ Rfthéd HisthlledSaltPififther FS check is done, which

15 should also yield a known result indicating an empty tube reading. If the sensing

assembly continues to produce a no tube reading for one of the channels 208, an

install alarm may be generated to indicate to the user an incorrect ot no installation

of the transfer set 14 in the sensing assembly 200. While these tests are adequate

to determine if the compounding assembly is operational, an alternative test may

20 involve installing a test fixture where a transfer set is installed and having a known
result indicated.

It is determined whether the test patterns are valid (block 326). In

this regard, the sensing assembly 200 provides digital signals to the controller 48

on four lines. If any of these lines are shorted, false data can be transmitted. To

25  check for such a condition, known test patterns consisting of 0101 and 1010 (as

shown in FIG. 22) are sent from the sensor assembly 200 to the controller 48. If

the test patterns fail, then an alarm is issued. In this regard, it should be understood
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19 above, the specific gravity and fluid solution type are

both input into the controller 48 for each of the fluids to be punped.
The controller 48 al so contains ranges of specific gravity val ues for
the different Wwppeswef conponent fluids 20. Upon pushing petAised ¥R St art
button 107, the controller 48 conpares the specific gravity input 1nto the

5 controller, for each of fhe fluids which are to he punped by the punping
devi ce 12 that the ¢pnirofier 43yTecalyg nppt §1§%9§$ from the YaTI0ys Segsors ninclud ent

fluid type. If,& | t ' 0 n | L. whthin ihe
stored range, f“é%g}gl gac:l:ur:)nd{’vv?? Iangoégégggnlggﬁgige%&)ﬁdét atl o&n&%r&ﬂﬂésviwﬁ%ﬁ’fﬁéﬁe
n smat ched speehditiényire \satisfied tol ghehéﬂ'a%one of many preselected alarmRaE@AIS.| BacH O

FIG 1, 6 and 7, a preferred nethod for utiliZing the 10 sensing assenbly
200 and wei ghtalasmrsignalo@esylFinalam mdicatidns suchaaseah avtiealarm sindyisual alamssenbl y

200 supplies g signal to the co ol]Jer 483 (FIG 2)indicating_the type of
fluid withPn tda thhsawpf%%iﬁde%&l%g’ﬁ%mr%ﬁw%w%dﬁiﬁa@pﬁg Ajégf as
illustrated b [ | ; o The controller
48 then deter @%ég%&ﬁ%%g bgi%ﬁgﬁaﬁygl%cggfggs%g{arxg bsegfg.ﬂsfl_}?ﬁl‘ 15 type was
identified by the sensipgh@fgdehindeAfb@mhab HRMYséiblySakIBHE alliA RAdRP2-

software logic for controlling the particular characteristics of the alarms that are

generated. While the logic can be implemented in different ways, it is preferred

10  that a look up table be used which controls the alarm characteristics, including the

text shown on the display, whether LEDs are illuminated in a steady or flashing

manner, whether a beeper or other type of audio alarm is sounded. Certain alarms

will require the assembly to halt operation and wait for an operator to perform some

task. Also, there is a correlation concerning the type of alarm that is generated and

15  the type of operation that can be continued. Some alarm conditions will permit a

bag to be completed, while others will require that the bag be discarded. The flow

charts relating to the alarm logic will be hereinafter discussed in connection with
FIGS. 26, 27A, 27B, 28A and 28B.

If the test patterns are valid, then weights corresponding to the desired

20 volume of fluids to be transferred are calculated (block 328). After weights are

calculated, the assembly begins to pump all stations (block 330) and motor usage

alarm checks are made (block 332), which if unsuccessful, provide either an

incorrect motor turn alarm or motor failed to turn alarm. If the motor checks are

okay, then the bag is compounded and the total delivered amount is reported (block

25  334) resulting in a signal complete (block 336) if successful or an over delivery or

under delivery alarm if not. Witk.x regard to the reporting function, when the bag

is completed, the volume of each component actually transferred to the bag is
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If the sol uti

on type was not identified, the controller 48 stops opera

of the fluid transfer assenbly 10 and sounds an alarm Referring
briefly to FIG" 2, the alarm may be nuted by pushing a stop/nute
button 109 onwdwoswnt rol panel 50. As i pdisdonadaed

deci sion dianond 304, if the solution type is 20 identified by the se

assenbly 200,

t

i d ine if th d i
o oo of 1 noRbTyhe bigadsiloiadehi St Btk B recos KPR Bomssc et

am no aci ds,
desired.

bifinoWlirsdtegn addi tional distinguishing characteristic is
; @’iﬁirﬁ © I f the additional distinguishing character

is not desired, a The pempiatiatations reutine dslosih330) d¢ alkd shovanBHERIG. ViR&o 0

fluid is air

deci si on di anmeprise@ flaw,ehars e

t he sensi

| f _the_ sensed tzlrgg of 25 fluid is air, as represented

and the proces s ? pRe S ndbon'in SO Btohes 80} 5iped @102k 380 1f he

If th inGhui | ' )
the sensedsdiibhuirbed ¥ deflcled & AITALrARE sh SIS SORSEC I & RobRES

type of flui
cont ai ner

the“type of fluid e expected from
thed thevieixe Station squngpetigblock 34 Deand whergall satierisige panped, thas

Il lustrated by decision

10

15

20

25

routine is exited,

The pump one station routine is shown in FIG. 13 and begins by
determining the volume to be pumped. Even if the volume to be pumped is zero
(block 344), a solution matched flag is set (block 346) to insure that a correct
solution is seen as a further check. If it is not zero, then test pattern checks are run
(block 348). If the test patterns are valid, the assembly calculates the finishing rate
cut-in weight (block 350), determines whether the cut in weight corresponds to a
volume that is greater than 35 milliliters (block 352). If yes, pumping at high speed

is carried out (block 354) up to the volume corresponding to the cut in weight,
followed by a wait for the weight cell to stabilize (block 356) before pumping at a
finishing rate (block 358) which is at a low speed to complete the addition of the
corresponding source component. The controller determines whether there was an
overfill or underfill (block 360) which results in an alarm indication if either an
overfill or underfill occurred or if there is flow determined after the motor has
stopped. This would occur for a free flowing condition where the weight sensor 99
detects an increase in weight of the receiving container even though the motor of
that station had been stopped_. If there is no overfill or underfill detected, then the
motor select signals are turned off (block 362) and the routine is exited.

With regard to the I{lOtOI' select signals, it should be understood that

each motor has two switches that must be closed for the motor to run. A main
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di anond 308. The type of fluid in that source container 16 and which is to
be 5 transferred by the punp 26-36 corresponding to the channel 208a-f

had been previously input into the controller 48, as described above.
| f the sensed wy peoesos9 mat ches the i nput type, the conpoundefkde@@iti nues
in a normal operation and the process is repeated by the supply of the

| f h h luid
Hons or ot i’ﬁgmsww the motarp myst b ploBeet 5 Rhisy A BB RIET s 8 eaf E'esf
e el 54" LR RGBT I MRS i€ Bfen idje mBUS BhEEAuSP o pld B, heft > ©

such an al ar rraetr@mﬁw orspeuifie gravity yof aclrce geldtiby informmitiongot ifehete 49h dyice
digits on the corresponding display station 58 for that fluid and an error

nessage sperplam or ﬂ%ﬂpé@ﬂa@blmﬂ pastrolies oprns il apaserso selegiswitehess agd spl ay

78. 15 1 and d d

i nput fron? t h@pens the M"b PS}%I' §§Ht C)r %@gﬁ? o n‘é% PSgsrl'%gg'gﬁl@ngSP 2po int'S' "9
18

container 18 gpfhe gﬁf&;n%(z?tfgf&l &chg \gouldcl%&»%'r@ﬁﬁy Uile £ g:g% ﬁﬁﬁ”ﬁﬂ gét i me

interval is repeat ate t he control een

found that a tiifignal.nThas(af thoinadn p@nmtcnrfﬁwddﬁan on comaabn shéaiowrywodd ul t s,
al though other time intervals may al so prove satisfactory. The 20 change

of wgu ght ﬁal still aot opgrate évpcauge thepmetosrselsat wtcthdmsnllan the open posmon as set

B 48
B o e, bR et e s of s orBRt ERded o S g e
'de”t'f'eg 0PY sel t5 %@?@e%&&%@ﬁo?ﬁgﬁ%?h&iar 1 Lol f&el??illb&‘@fﬁ@érﬁﬁe y

deci si on di anon I st I's desire t he

control | er rebriunderfilled hefficienginto ciearegm Aarm dalicatoatto det sffegt.
If the additional characteristic js desired, a determ nation is nmade as
to whether the sensing Eereisn youting fas sorfealling &ie purmp ehhighespeedh PPRIadater t he

and referring to FIG. 14, the controller first tests for alarm condition (block 364)
which if an alarm condition occurs, results in exiting the subroutine. If there are
15 no alarm conditions found, the pump motor is started (block 366) and a
determination of whether a- motor control error has been reported is carried out
(block 368). If there is an error, a motor control failure alarm signal is generated.
If not, the routine determines whether a stop button has been pressed (block 370)
which results in the motor stopping. If not, the routine then does a monitor
20 pumping analysis (block 372). The routine then inquires whether pumping had been
stopped and restarted (block 374) which if such had occurred, returns to the start
pump motor step (block 366). If there was no pumping stopped and restarted, the
routine determines if the goal weight had been reached (block 376), and if not,
results in a return to block 368. If the goal weight has been reached, the pump
25 motor is stopped (block 378). The delivered volume is displayed (block 380), a
delay occurs (block 382) to allow the load cell circuitry to update the volume
delivered and the updated delivered volume is again displayed (block 384), which
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21 predeterm ned tine interval during which the change of

wei ght has been cal cul at ed. This air detection step is represented by
deci si on di anond 316. As can be appreciated, air flowng within the
t ubi ng 44 nmay wawwneed he change of wei ght of the cont ai per/uddadnd

contents to be different than that which would have occurred had 5 there

been_liquid f ' e entire period. Thus, the weight change may not
be indicati veérgdfé/tﬁ%édb?ﬁg% fate of a particular |iquid.

I'f air in the tubing 44pkf Hel Rphatk ﬁﬂii'd)ﬁtﬁletﬁ?obéﬁﬁng MHEHYRD ANBE alieCh
the change of weight of container 18 is exami ned, thé controller returns to

cal cul ati ng tﬁewehan(jmshfngvuatfgand peferringi to HIG. t]imhe Deitial command to putnp | f
air has not been detect ed, % controller 48 conpares_the

change W|th afinishirg gate {bl ogko’»ﬁ )Néffsgm lwﬁm@rmampwgc%%%ﬁ' t:amalaém time

as i nai cat o SypRieOR S Bt A RER Borbrs8 5874 Miad T 3P BRI B 1

range of Storﬁﬁ'mi’i@' t dtﬁhﬁ{éﬁ W@l 488 (bRIckBI8RHefcit! e AW BforgClsut i on
whi ch mat ches one o?ﬁt%grepgs?y bl eeb15 sour(%ecso ag?l ons as |nd| cated by t he

sensi ng assentibppeAO®lock!B80)1 yAethis peint, uhemm8|$short delayl€block i392) wdsch is
i ndi cated in bl ock 326,_otherw se aﬁ? gég\ i s returned.
0

Referring al seeeded fQ etabitize theaweighh | The wrmsmtew@ﬂu’éwaﬁ@ar thet n
STOP button has been pressed (block 396) which if so, results in exiting of the

10 routine. If not, a further check for alarm conditions is run (block 372). If no alarm

conditions are present, the subroutine inquires whether the goal weight has been

reached (block 398) and if so, ends the subroutine, If it has not been reached, then
the subroutine determines whether the maximum number of motor drive pulses or
clicks have expired (block 400), which may initially be 8 pulses or 32 pulses after

15 a restart. If the maximum number of pulses have not expired, the subroutine
displays the current delivered volume (block 402) and calculates the length of the
next pump pulse (block 404) before it again starts the motor (block 386). If the
maximum number of pulses have expired (block 400), then a no flow alarm signal
is generated.

20 In accordance with yet another important aspect of the present
invention, it is important that a completed compounding process produce a bag
having the proper composition and that it continue to be monitored after completion
of the filling of the bag to the prescribed amount after the pumps have been shut off.

It is known that there can be some running of fluid from a source bag to the

25 receiving bag even after the pumps have been shut off if there is less than complete

sealing in the peristaltic pump opc?raﬁon. Therefore, a continuation of monitoring

of the weight of the receiving bag by the sensor 99 is done after the compounding
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the input solution type as represented in decision dianond 308, described

above. |If there is no match, the assenbly 10 ceases operation and the
alarmis sounded. If 20 there is a match, the assenbly continues nor nal
oper ati on. WO 00/09069 Thus it can be seen, that the peqRisbishar 48
formng a part of the m Xi ng assenbly 10 utilizes inputs fromthe

.. wei.ghi
G St gt sh oS seReSmAeEAe T %lrlt B m&qlreﬂn“?'fl’?mi'%éﬂ?ﬁﬂféﬁé%g&eﬁﬁm? ot
part] oul ar tupy ficéufty vt iy O BB SRR RBE e oFpbrigad | o
I'S e ec t

solution 25 n conpare or c agal nst t I on

whi ch has beetheitfipbfer tdliimg, and remdw:g:matréwnhﬁg c&ﬂmh&r fremph¢ ldadtchFIOQU P
26-36, typically by the operator or renote controller 80. If the types
do not mat ch, thercoatiaued feesrfiow iiomoniforedu thga@ faeedflawi @larm signal is gencrated by

22 nbl t
met hods of 3 seH%i Cﬁ‘gtsrs ré’(?ﬁi"t‘ aﬁnﬁ‘?g‘g? gﬁ?%‘?ﬁeé&g& St forh i thesubrqytine showhi "bf t he

transferred fi; re also included in the present invention. For exanple
t he opera |on of a volunetric punp nay be dependent on the type of

; 113: ?. gﬁ:ﬂng 5 punpedOncéhie dhgcknigiinvoked gbloble 360) tht i controflert Hererminps t he
whether the amount of fluid delivered, as determined by the weight from the weight
sensor 99 which senses the receiving container and its contents, is greater than or

10 equal to the goal weight plus some tolerance value (block 406). If it is greater than
or equal to the goal weight and tolerance, then an overfill alarm signal is generated,
but if not, then the routine causes the delivered amount to be measured to determine
if it is less than or equal to the goal amount minus a tolerance value (block 408).

If so, the controller generates an underfill alarm signal. If the amount delivered is

15 greater than the goal minus the tolerance, then the routine delays for about %
second (block 410) and determines whether the weight increased by some
predetermined amount, such as at least 4 grams (block 412), which if so, results in
a flow after motor stop alarm. If no weight of at least 4 grams is detected, then the
subroutine is exited. This flow after motor stop determination is made once after

20 the motor stops. Another similar flow check will be hereinafter described in
connection with FIG. 25.

The monitor pumping portion of the routine shown in FIG. 14 (block
372) further comprises a subroutine shown in FIG. 17 which results in the weight
being read (block 414), and the controller determining whether the door to either

25 of the housing 38a or 38b or serisor 200 (FIG. 1) is open (block 416). If any of the
doors are open, the pump motor is stopped (block 418) and an alarm signal

generated. If any of the doors are not opened, the flow rate is monitored (block
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characteristic may be identified. Referring to FIGS. 1
and 3, it should be understood that the controller 48 may be renotely
| ocated relative to the housings 38a and 38b. Signals may be

transm tted byweosssosdder of ways between the sensing assenbl ypZdiooidia
controller 10 48, the load cell 100 and the housings 38a and 38b. Hard

i ri ' t.h b f d
Fadi 0t ranam 42Pbmd R seuion sriegR MR Glod ¥ forSime tanidnd fregtied.o
direct]y utput or causmdbes auidbibule el BAALILOS B when ol 885 H {1 N0

el ectrode 216 and read e signal detection inputs fromthe receivi

el ectrodes 218vaittidOfor Weight anstabilizesrcalléd (blockt 304D ané tioisshioha indH G, I18Iaﬁdt i on
met hod 15 on the respective signals. In the preferred
met hod, upon tikcludesi & delays of rapproxi@atelh &2 a$§§@md)l(910!2b 424) for ﬂwecgmrtﬂlmg

sl 290 RRbht! She S aS Sespred vp PSS SRS OB 44
may not sl 108}, Pl ot bl Rinaiaheyd dephd LG9 0RBBOTON e

perfornmed. The types 0 utions t|f|e e’ sensi ng

200 are conpapgegramidedtvotumasutsst thpe SO afilliliters os dieut/d swoend delat has explred
correspondi ngtﬁ) nps 26-36 _and an alarmis sounded if a nmisnatch
e su

f ound. broutine callpgorghe delivesedvolyme do br displayed w(block 430) and thn@
| ut dent j f f h th
second | dent | HPCRTFb SRR tpifing RS PloeB A5 ol B skl iSen SheAiisd st oo

51 00% B Bl BRSNS Bt o e e o
mat ch is foundignabiyg gtireeatpd.ur Howfeyer, tifict ds $exstrthyn 1he goal iphuseolérancas | the
23 subroutine is ended. If the ten loops of delay have not expired, the subroutine
stores the largest weight that has been measured (block 436) and compares that
weight to determine if it is equal to the previous weight plus some marginal
15 tolerance (block 438). If the weight is not equal to the previous weight plus some
tolerance, the subroutine returns to block 424. If it is equal to the previous weight
plus some amount, then the subroutine is ended.
The controller also has a subroutine for performing the monitor flow
rate check (block 420) which is shown in FIG. 19 and it is adapted to determine if
20  a negative flow condition, no flow condition or high flow condition occurs. The
subroutine initially determines whether two consecutive negative weight gains
greater than 11 grams have occurred (block 440), which if such has occurred,
results in a negative flow alarm. If not, the subroutine determines whether the
pump was operating at high speed (block 442). If it is not operating at high speed,
25 the software inquires whether it has been running at least 11 seconds from the
beginning of pumping (block 444), and if not, results in exiting of the subroutine.

If the motor is in high speed operation, then it determines if it has been at least five
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operati on. After initial start up and fluid is being
punped t hrough the tubing 44, the controller 48 identifies the fluid
or air in the tubing 44 through which a fluid is fl owi ng, using inputs
from both thevwensiwey assenbly 200 and, if necessary, the 5pcrhRbéfiia;change
as detected by the wei ghing sensor 99, as described above. The

I dent.ified so ' tvpe Ls.then. mat ched agai nst the. input solution type.
If a m smat ché#éﬁﬁgfﬂ?%s% PhRPORINE q{gatﬁﬁz}sfl Arams 9f Weiehs gam Bascensurred in
operation, thgmbative 15 ; t.Q . .t hat

t he proper soFJlr ce ge;cg%dg?g%;val}gﬁ %og??%%gilltl‘;e ?? %’C{éﬁg&?paa?li lgﬁﬁ%gemg

di spl ayi ng t humadd¢ whetheothei mimbmuml @eigh¥ peindbe tAs péricliarbsea RARSEA (Blosee i f

the right solution type has been _input into the station 58.
In the preferfdf) étivbditsrlcyipesatiieciexs pulsh dengtle defare idniving thenpump Imotes

200 et AR 4s0] g a Q‘%gﬁﬁ%"gbﬁ%ﬂ%’%m“rﬁfrﬁm%e?&tsa‘i?n%igé’xﬁﬂces
| uti 3 t:hars [ ' N A
nclude ut ||y yRen RS IR e B Ph 0 R €2 ot

the sol ution 4 weighs gaindn chyess b€ 160 geimy wisivh ¢8such occid®éY (block 451). results
It is envisioned that there may be instances where the source solution
in a high flow alarm signal being generated. If the weight gain is not too much, the

subroutine is exited.

10 As will be described, an alarm condition is generally issued when the
sensed characteristic does not match the characteristic of the solution which has
been input as the correct solution. However, it is desired to further distinguish if
the sensed characteristic does not conform to the correct characteristic due to the
incorrect sofution in the transfer tube or to the correct solutjon being in the transfer

15 tube and another condition occurring which generates the different sensed

- characteristic. This is important as required corrective actions to an incorrect
solution indication may be more involved than those required corrective actions for
other conditions which also give rise to different sensed characteristics.

By way of example, it may be desired to require a flushing of the

20  transfer tube and disposal of the final mixing container if an incorrect solution alarm
is generated, whereas an alarm generated by depletion of a source container may
only require the attachment of a new solution container without a required flushing
or disposal. A no flow alarm may also be generated by such occurrences as a kink
in the transfer set tubing as well as an empty source container.

25 Thus, in accordance with yet another important aspect of the present
invention, it has been found that' a false incorrect solution alarm signal can be

generated when the pump motor is operating at high pumping rates and a source
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Is correct, and the type of solution may be input correctly into the
system and yet 20 the controller 48 generates a solution msmatch alarm

One exanpl e of such an occurrence, is when the source solution
cont ai ner 16 Mavioregoéa particul ar sol ution type i s correctrivgsgmpiaced
wi th a container having another type of solution, and the new i nput

solution type_lS..cor.t | | cant rol | 483. Fluid fromthe
Fret Y SopbR b Steobiel BB, e iR a0 Bl oy o or e

sol ution bein i ;@i ng
the alarm %h?&'ﬁﬁ%t@&l&%aé%f r??SS&E%%EI&@W%QQ%&M%Fq{lgﬂicl)%cg‘?@g%gﬁsuch
an al arm t heis presesit.edn accordarwetwifldl thesprésems fre@ntion,depinessectosolutions dlasin
switch 110 on the front face 54 of the . . L.

24 signal sy gengsaled|if 40 consaeutiyr spfution eswaichdeteIminaiipns are he

oi uti on ;8 cbRgedaIf e erBiaE hadiasiode, e onkiFief pr e St BRGER L o
ol T ecti on cony ariad ety (A cRaRg oY Reel o Trofes solution (BRI O¢ miskifich
control | er 48coyntéheSinestheaixhaistddsaures @intaifieraontditionlio agpicatlyl actOfiparicdew
collection by empty tube readings in addition to incorrect solution readings, the realization of
the combination of these conditions thereby eliminates the majority of false incorrect
10  solution alarm signals that could otherwise occur under these conditions. It should
be understood that the mismatch counter reset does not apply when operating in the
finishing or low speed pumping rate. In addition, it is preferred that in the
consideration of being able to differentiate no flow from incorrect solution, it is
preferred that the weight gain, i.e., flow of fluid into the receiving container be
15 checked in three consecutive 4 second intervals. If any of the three % second
period intervals shows low flow, i.e., less than about 3 grams, then a no flow
condition is indicated rather than a false incorrect solution alarm. This aspect of the
present invention is carried out by the controller in accordance with the flowcharts
shown in FIGS. 20, 21 and 23.
20 In accordance with still another important aspect of the present
invention, the assembly is designed so that when a source bag 16 runs out of fluid,
a no flow alarm indication should occur. However, nonvented collapsible
containers run out of fluid, the system may generate an incorrect solution alarm
signal rather than a no flow alarm. The cause of the discrepancy is believed to be
25  due to partial solution segments remaining in the transfer set tubing near the sensing
assembly 200. The preferred embodiment of the present invention utilizes load cell

100 data in conjunction with the sensor assembly data to determine if the mismatch
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container 18 is then hung fromthe | oad cell 100, and the conpoundi ng

process is restarted. The controller 48 may al so be
configured so that it conpares the contents of the tubing 44 reI ative
to the operati o eaboogne of the punps 26-36 to 10 sense a frﬁ@”{,
condition. For exanple, if the controller 48 receives fromt sen5| ng
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i s illustratednoritosing the rm)af)wmghgclpogc andhd&@ernining Ithed ése weightichminge is 1ofs
tubi ng segnents 276, Oa each of the tubing segnents 276 may be
connected too Jhan exPesE rf@”ea é@ﬁ@%ﬂl rPé‘Flpillg sequeneeprﬂﬁeswaswﬂw@mrgcg@eerate@ aone

sour ce cont ai i 0o sfarf Spff BE6EC R eBudilbs sB indoBITRY Siinlon Harrf SRRRC W' 53
are spi kes forregsaessisprefstdd tHae the RYstdmPahi aggr(ﬁgi&)ht% b' s%céﬂcLUBéfB

cont ai ner. An i ntefnediate rtion 282 of e tu

segnents 276 ideterminpseiny weight changd afteredpump mmper s iinitiattopetutiont t o one of
[ 284 to maintain the operative

t he punps 24 and includes retaj
att achnent bet ween the MS% E’P&Tg/ndmﬁhﬁ???e‘alfpl% detsrmingtien of dhe typeef
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speed (block 452) or is between pulses in slow speed operation. If the answer is no,

the subroutine is exited, which means that pumping is continued. If yes, the
subroutine waits for the positive ID reading from the sensor 200 (FIG. 1) which

15 indicates that the sensed solution corresponds to the inputted solution and executes
a time out decision (block 454). If no reading was received within the
approximately 1 second time out period, then a time out alarm signal is generated.

If it has not timed out, then the routine inquires to determine if there have been 10
consecutive illegal solution codes (block 456)., If 10 illegal codes have been

20 received, the routine then determines if a low flow condition existed within the time
out period (block 458) and if so, exits the routine. If not, the subroutine stops and
attempts to analyze the problem (block 462) and generates an alarm condition. If
there have not been 10 illegal codes received (block 456), the software determines
whether a no reading condition has occurred (block 464), which if yes, results in the

25 subroutine being exited. If no, it inquires whether there has been an empty tube
reading made (block 466). If 50, @ dextrose cross check inhibit timer is set at

approximately % second (block 468) and an inquiry is made whether the pump is
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58 on the control panel 50. The color coding is also applied to an entry

port 57 of the punp 26-36 that is operatively connected to a single
col or coded display station 58. The opposite ends of
each of the tubodoeesd6 are connected to the 5 junction mapickRIsehikdf. AS
can be appreciated, ensuring that a tube extending from a particular

punp 26-36 is _threaded,through the . proper channel 208.is i rtant or

there will beOBefﬁ?%H%@ﬁqﬁ%ﬁa%@mpﬂga# &F%‘%%%O H&Jﬁ#%@sé’ggg’ﬁ%%@e%| y
200 and o] ol f:or t i .

Referring al sgﬁﬁ%lé%. if9rI 0’:;121[’(1"OI T.B:{?&k{%ne&r?re ’éﬁ%@ btu Egrst\?ar%fégﬁfs“"?ﬁgﬁ%‘ém &coggt 10
that the indi gowhad 10udre3et (blockl 473 end thel foatife Badited OrTIRSiRNGE theef RapnEl
208a-f a bracket 290 is provided. The bracket 290 retains the

i ndi vi dual t ubecaysesié grese issanenapty tube, no flaidis goingdnio the dagr soathereriemo need at i ve
to each other., The, bracket 290 preferably Is formed as two simlarly
confi gur ed poFQWSH’ész‘gﬁ % g an equal nunber of t ubi ng. The

portions 292 are conne YA | 4 d 15
to a rear coner 292a ng' gﬁ"éé %ﬁgﬁ@%?ﬁ;&% %Bli lr%dr?gggt @é&gﬁ%@r Hg‘ﬁ ?rgegtr??
corner 292b there Bffliid & Bk dbe didrthe 6w rate can be measured, whichhighéYene tak8dt

allows the bracket 290 to fold so that the portions 292 extend al ong
each ot her t osdractime taacsomplisthbgoaysedhe flow rate mistory nyingpliceiedn The subroutine

Bg; E : gﬁls arzlgz/ ﬁfé% etein?xinltzals %het?bgf thlenso u(%i%lntlé 8&&(}32 ?blgci:knﬁ4)2“%%cﬁ %tl s%\fv%cswtse in
10  an incorrect solution check being made (block 476). If the solution is not dextrose,
then the subroutine determines whether the solution is water (block 478) and
inquires whether the solution is incorrect (block 480) which if not, resuits in setting
the solution matched flag (block 484) If the solution is not dextrose or water, a
determination is then made as to whether the programmed solution matches the
15  positive identification ("PID") reading (block 482). If it does, the solution matched
flag is produced (block 484) which resets the solution mismatch countdown to 10
(block 472) and results in an exit of the subroutine. If the solution does not match
the PID reading, the subroutine determines if there are 10 consecutive solution
mismatcﬁes (block 486) which if not, results in exiting of the subroutine. If the
20 answers to the inquires in blocks 476, 480 and 486 are yes, then the subroutine
continues to FIG. 21. It should be noted that a yes from either of blocks 476 or

480 count as one of the 10 solution mismatches in block 486.
If the correct solution occurred within the grace time and with a low
flow indication (block 488), then the subroutine does not count the last solution
25 mismatch (block 489) and exits the subroutine, i.e., it continues pumping. The
rationale for this is that if the sens'ing assembly 200 is not seeing the right solution

and if the minimum flow criteria is not being met, a solution mismatch alarm is not

38



20 to be unfolded to a position where the portions are generally aligned
wi th each ot her and an abutting interference between the two portions
292 prevents fiuther unfol ding as shown in FIG 9. The bracket 290
forms passagewsgso@ed for the tubing 276. Qpposi ng t eetfrrAR80/%
formed wthin the passageways 296 to clanp t he tubing 276 ancf prevent
slippage of the tubin 76,rel ative t.o the bhracket. 290Q._ 25,

The  bracket 28teeeted A3 TR ST b i b Poredt it Fuldifi s dpterteg. The
connecti on pogjaj ; ﬁ'ffée i kng device 12. As
not ed Brg%?rgti}gﬁgﬁ)rggvéglﬂgﬁf he cﬁ%in%gflﬁ%get’??@&%%gbrresponds to a
particul ar punpi ng If the incorrect solution was not detected within the %race time wit26
station 26-36 to which a _conponent fluid 20 has been identified by input to
t he cont 819 Bpw(eundition, then thegoyingpeagain §isips andeajtesints 27 Ginalyze dhe

[ ted ipto_the h I t component flyi.d flows, through
et ubi ngb anBroPiE GRB 499 Ap B iterm Toes et G ot cerdition EFSBAbIGGK ¢ he

' 2 | i | r :
The bracket 260 mpels| M /mRAch Fodfvh 1 apfin riter 4TI BIFER 404 gaa e

subroutine is exited. However, if a no flow condition was not detected, a mismatch

countdown is again reset to 10 (block 496) and an incorrect solution alarm signal
is generated.

10 When the subroutine of FIG. 20 operates and reaches the stop and
analyze problem (block 462), it initiates a subroutine shown in FIG. 24 which
initially performs a determination as to whether at least 8 of the last 10 PID readings
are empty tube readings or not (block 498). This determination is performed
because it has been found that under certain situations when a certain solution is

15 being pumped, it can be combined with air, and can result in an empty tube
indication. This determination effectively insures that such a false empty tube
indication and consequent incorrect “install” alarm does not occur. If at least 8 of
the last 10 readings are empty tube readings, it generates an “install” alarm to alert
the user that the transfer set may not be installed correctly, If there are less than

20 eight empty tube readings, the subroutine stops the pump motor (block 500), delays
for 1-1/2 seconds (block 502), takes five PID readings (block 504) and then
determines if the last 15 PID readings are illegal or test pattern code readings (block
506), which if yes, results in an illegal solution alarm signal being generated.

The last 15 PID readings are considered because of a special

25 circumstance that could occur as a result of stopping the motor and delaying 1.5

seconds. Because of the delay antll the stopped motor, examining a lesser number

of readings, such as 5 PID readings, for example, could easily result in an incorrect

39



w ong tubing segnent in a channel 208. The bracket 290, in the unfol ded
position aligns the tubing segnents 276 in the proper order relative
to each other. In addition, in the preferred enbodi nent the bracket
290 i s pl acedwatod9ofr edet ermi ned 10 distance dl fromthe jrowtssomsasani f ol d
106 al ong the tubing segnents 276. This di stance dl is set by the

spacing s1 b pper edge
2003 or 1 overinon gogeuE feherattd, 3By Bing I3 AT sRinks. Toe possiibiE

di stance dl lfﬁls@ﬁicoﬁaecﬁémmamaﬁ&\gem&hqs gfeaﬁy@nﬁ%mad WRRGEgAH9€
200a so that when the junction fanifold 106 is placed in the %radle
108, the tubltn@hesbglﬁemcgndrdylamthxmrms dinzlbaoinglaryt wWecmmsbsaﬂukam andi sir
clears the up arlier, the cradle 108

te
and junction ﬁ%myogﬂpffe@té? the sensing gssembly & A@) gsqtqijf“a&‘l’ﬁee%‘%@b’dﬁmﬂﬂm fol d

Fanct  on' Rans oy ARoE MR (AR e e oYY 200" T B MPhon tET, 1 °

segnment s 276 beef wRstichbeal éafdacﬁk@bla?%gemunﬁﬂ%s%mﬂbﬁpl d are 20 extended
so that the bracket clears the upper edge 200a, the proper alignnent of the

tubi ng segnents beconel theldst &y Pdlorreadiags amtmcrﬁglld:gak ob ttest lpetteradthdes, thhe
opposite | rection, S corkscrewi ng of the tubing which_reduces
the effecti vé“gré’HBPW‘HP‘res whe ‘gﬁ’é&f‘ TRvayatdgast ﬁg? eRpl (ubemeeading (Rierk AR 106
cannot be re t

aadi i on, o ST sbebl if e on; olaym Qg elle Sl 1 uft, B Sotdoe "

sensi ng amserdetema&@ whetlet tiee¢ weie RAédsothred\bdrrect wﬁﬁoﬁfeahﬁght(bma@ 59%) the
tublng segnents 276 to not be received in a correspondi ng channel 8. This

'or phaned” t (hielyifseegnessulisin 4 no flow alatmrsignabbeing igendreted! ddowgvenf iftthe
sensi ng

determination was no, the subroutine determines if the stan%n?) is actually
programmed for pumping electrolytes (lytes)(block 512), and also determines if
there are any missing tube or electrolytes readings (block 513). If there are, a no

15 flow alarm is generated, but if not, the subroutine determines if there were an
dextrose or water detected in the last 15 PID readings (block 514). If there were,
a no flow alarm is generated, but if not the pump motor is turned on for 1 second
(block 515). A no determination that electrolytes are not being pumped (block 512)
also results in the motor being turned on for approximately one second (block 515),

20  adelay is run (block 516) and a determination is made whether a weight gain of at
least 6 grams was detected (block 518). If not, a no flow alarm signal is generated
and if yes, an incorrect solution alarm signal is generated. The logic contained in
blocks 512, 513 and 514 is used to avoid the situation where electrolytes are being
pumped and air is in the solution, which often had resulted in an incorrect solution

25 alarm being generated. However, the logic of blocks 512, 513 and 514 largely
eliminates this possibility,

In a similar subroutine, the stop and analyze problem (block 490) of
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assenbly which indicates the m spl acenent. The operation
of the preferred enbodinent is carried out utilizing the controller 48
whi ch i npl enent's t he above descri bed operations which have been

general | y des®oiobemwéand described in connection with the fl ewgleks;of
FIGS. 6 and 5 7. The general overall operation is carried out according

to the fl t . 11: 24 whi gh Wil b | |
descr i bed. oo 2hS Gmerises & sibrdiind théiin B By retcadeduinme Yhe
i nportant aspakinatchftypd ®ldRkeSONt The ¥eMkarenitally determines w{xgﬁhgé &‘T %%gow

to FIG 11, when the assenbly is to conpound a bag
user closes tsobitigpatarmedndisionesasemitiatly detdotais@iocki 5225 T ARt tiid Qibrd@ine( bl ock

322). Prestart checks oC are perforned, includin ressing a FS
che)ck pus hbutPass ﬂéoﬁg%m%ﬁ@é byt 1&5{@% rpgults ﬂraﬂgfr@@tosbcx%g gtq’pp@d aa?m in
t he dj ng |3\ TU: S S r ce nown result by the
sensi ng Son%ggge%'gas\%g&ﬁdﬁ@’a@@%d—pﬁ;ﬂbgﬁg ?ﬂﬁt he etlﬁSO?FﬂBﬁmﬂ%Qf §enbl y
i s operating additiondlfFlDeﬂehdingﬁﬂ%WS?ira 8&&5& afl tb’l’?ﬁe?ﬁérlea? leaRf Ehr@ g her

FS check is done, which 15 uld also vyi a known resu I'ndicating an
enpty tube rdbaiieadings werchemptyrraberpadings (blesle5B0)y X @ot,i the esutine deteriige® a no
t ube reading _}or one, of the channels 208, an install alarm may be
gener at ed t o If Higrebadebecs & welght gaingn lastohalf second spmplesdhatl wag lesnthat 4 of

the transfer sef. 144 nsi ssenb 200. \Wile these tests are
adequat e BIg é%cthe{br%‘n&r!(gs?ﬁ't ﬁggggn%&gn@‘ﬁqﬁ%éwwrﬁ 0 ﬁaa‘? i¥OndP, an
al ternatiige GR&kredPdblution alarm signal is generated.

An example of the decoding of the solution code is carried out by a

ol

subroutine shown in FIG. 22 beginning with (block 532). The subroutine
determines whether the code is present in a look up table (block 534) which if yes,
returns the found code from the table and if not, performs a test pattern code inquiry
15  (block 536) which may result in a no reading response. If not, it determines if there
have been ten consecutive illegal codes received (block 538) which if not, results
in a no reading indication. If 10 illegal codes have been consecutively returned, the
subroutine determines whether there is an alarm already pending (block 539) which
if not, results in the illegal code alarm signal being generated and if yes, exits the

20  subroutine.
While the flow after motor stopped routine has been described in FIG.
16, that routine is only run once after the motor has been stopped. Another similar
idle flow monitor is provided by the compounder assembly of the present invention
and is shown in the flow chart of FIG. 25. The routine is started at 540 and initially
25  determines if there are periods of time at which the same rate of flow occurs
consecutively (block 542), with the same rate being within 6.25% of a previous

measurement. If such consecutive flow is detected, the compounder determines
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20 involve installing a test fixure where a transfer set is installed and
havi ng a known result indicated. It is determ ned
whether the test patterns are valid (block 326). In this regard, the
sensi ng assenkyooai9foPr ovi des digital signals to the controlg-ghcffigsy;  ©ON
four lines. If any of these lines are shorted, false data can be

transmtted To 25 . check for such a condltlon known test tEatterns
consisting of Whewber it ivinagidle ssafe (block 341098 the-bag iscomplete K the gempownder he

TS S ool Ry by A B o e ok i e BRLGBRORLR |
28 assembryu%um et 60 E‘thft@cl ifer wé118 ghif B8 ¥on defH@t&inbgl' BB Wedath 5QRbE he

vari ous sensors, including t wei ght sensor 99 and the sen5|ng
assenbly 200, 9Qnir xdfstmlammesmvd;ehdm aldren idle ﬂowdlag(ﬂblbcloﬁ«sS)as setawtticlstviled t o
generate one of mang/rbgr ese| ected al gr m signal s. Suc al arm si gnal s

result in 2l aPTAdBeRy the stagt pshBitoR is deprassad m&ﬂw situation bag natbgen 5
A of PR Pt 0 Birfend SyBRor0GRSL if MERRE RACHER bl S TR Do

i ssued. detected In this instance, the routine waits seven seconds from a weight gain

detection (block 550) and then determines if the weight has returned to the armed
weight after the pause (block 552). If the weight has been returned, then the
10  program returns fo block 542, If it has not returned, then an idle flow detected
alarm is produced. The armed weight is that which exists after a gain has been
detected, i.e., it is at the beginning of a period. If a one gram weight gain per
minute is detected, then an idle flow alarm will be produced. The rationale for the
seven second delay (block 550) is that after a bag has been completed, it is common
15  practice for it to hang on the hook (as shown in FIG. 1) until a pharmacist comes
by and initials or otherwise approves it for a patient. It has been found that the
process of initialing the bag will jostle it and cause a weight change to be detected.
The seven second delay enables such a practice to occur without creating an idle
flow detection alarm. It should be understood that the amount of the delay can be
20 somewhat smaller than seven seconds and can be appreciably longer, i.e., up to
twenty seconds or more, if desired. The seven second delay is not triggered until
after a weight gain is detected which means that the bag may remain on the hook for
an extended time until a pharmacist or other technician would come by and jostle
it.
25 The routine also has a gross flow detection step (block 546) which
measures larger gains in weight over several seconds which may occur as a result

of a pump motor remaining on or a tube not being properly installed on a rotor so
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It should be understood that the assenbly includes al arm handling

software logic for controlling the particular characteristics of the alarns
that are generated. While the logic can be inplenented in different
ways, it is prwebeddse® 10 that a |ook up table be used whichy 958§4§1the
al arm characteristics, including the text shown on the display,

whet her LEDs g}rae LI um Tate in a i]toeady or flashing ~ manner, whether a
beeper or ot hE1t a\JHge Jolume figwagouldopaurs olf fyet a gress Bpw isldetested, then thiel |

equire the a -Aaf | it for..an o ator to perform
dome | © 't arointet Sl ReleriBBRG) W PR SRR i R TRE S 5ebo R m
that is gener giqd flondis Hetectdde the/Ratiné derRemales %e&ﬂk?twéigﬁt I&ﬁ.r‘éﬂﬂﬁ%cﬂ{beﬂe Sone
alarmconditions will permt a bag to be conpl et ed, iTe others wll

require that eameedouejghtabldck 654)dwhich ifrse, fesolts in the idloflowslagbeig rget @ldcke
FI GS

al arm | ogi ] e .hereinafter discussed in connection wth . 26
27A, 27B, gs%é@d B‘Q‘s‘%mt, SEIPS this step so that whepthg siart baien jrapressed bleek 558), i d,

transi of fod_af S e ar 2y « e SE5IeFi dae 7 PR o, olock S50, i oo
the assenbly begirélts o tieHlard] bei?g IR 0 I for? HMlow S BOmBBLRTing BPGEre

al arm checks are nmade (bl ock 332), unsutcess , provi

i ncorrect notor turn almaccardamet withfyet landthe akpece of the Predeht ikventiBh Ok
t hen the bag is compounded and the total delivered

checks are kay,

anount is repB‘iOP@EF 35| exestedowhere 3n ancorrest solwting alarmsignagran osewrpineiteations ock
336) if suygce | 4.Qr del.] fy . under..delivery alatmi,f not.
Wt% rega?@ t%ﬁ%%emrgecggl%tc fﬁgﬁl?%éé %g‘?ﬁlfyﬂlmgwgt Rumped, it i S‘:?‘E‘%&HBWH}%C},S t he
\Z/SI ume of  eacémpied aRpNthab @l hIflow Glams §ighileeecuPs GPS PSRt 'ntar the ultimate

receiving container volume, i.e., within approximately 5 milliliters of completion.

If the pump is then restarted, then the goal rate may be reached by filling the bag

with solution that is in the tubing between the sensor assembly 20 and the final

15  receiving container without installing a new source container. The present invention

allows a restart from a no flow alarm if the prescription is at a point near

completion. In addition the invention may be configured to only allow completion

if the correct solution and only empty tube values are reported by the sensor

assembly 200 from the time that the pump is restarted, and the goal weight is then

20 reached. In other words, the assembly may be configured t0 enable the bag to be

completed when it is very close to cdmpletion and it is known that only the correct
solution or empty tube reading occurred since restart.

The alarm processing logic is determined by routines that are

illustrated in FIGS. 26, 27A, 27B, 28A and 28B which are called into operation

25 whenever an alarm condition exists. As previously described with respect to the

flow charts embodying the present invention, there are many different kinds of

alarms that can be generated, each of which may result in a different type of alarm
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preferably uploaded to a central conmputer for record keepi ng purposes, and
al so for billing purposes. The punp all stations
routi ne (block 330) is also shown in FIG 12 to conprise a flow chart
that begi ns byopsesing a single station (block 338) until txb@r 39/ 2%gg)lrrect
amount of solution fromthe station has been punped (bl ock 34 f

solution punped is detected as being incorrect, an alarmis sounded If it
is correct, conditipRefiichias VAEIQES étsakayﬁﬁnp@dmr?ﬁé@ng hispéay s and) vazioys \ﬂmzlﬁ aI I

stations are_punm t.

U one ot atHHRY o NEvvare sHERH h e Rweillst B 163,26, is il caled with i ng
t he vol une t i e

(bl ock 344), (aaaqglo utlﬁb]r(r)g{(?k:]gdfetp&ag |@?§s%blg%§ﬂ%) dﬁﬁfﬁﬁ%‘?emtﬁgt a
correct seftivatd looking upethe ahsmanfauraﬁdmr tablegblock I572) which may resaltdn at hen
test pattern checks are run ock 348). If the test Pratterns are

val i d, dt hé adisplay W% g @J,qqr!]& &x Weafﬂ%ﬁhmﬁ ﬁtjpla&t@lock 57Qut Tihg wbr@lrtme( bl ﬁck
350) , ne
P éreafte?r{“ﬁg e AleS i e A B U a8V GHOGC 08" Which s cnd dimks B ”‘Seted"’“

is carried 0%¥ %u%’?@at l;b@rfaﬁné Vii0he khﬂﬁﬁaﬁ&fs&@%&@ﬂﬁh@%o%?

wei ght , ollo by a'wait for the weight cell to stabi |ze(block
356) before psunpibegcampeunded, pefforms hhmgarnmxg dfbpresériggioM) labelschnd othet a
| ow speed to conplete the additjon of th correﬁ)ondl ng, source

conponent . TH@nGtonRs. &f the hogfink: iagkve. the §‘H€P‘1t!r#$elpﬁksmlﬁ egggmine if the alarm

10  condition is one which requires pushing of a stop button to be cleared or if it is an

invalid PID (block 580). If either of those occur, then the routine waits for the user

to clear the alarm (block 584). If the alarm is not one that results from an invalid

PID or requires a stop button to be pressed, the alarm condition is sent to the host

computer (block 582) resulting in the same wait state (block 584) . In the alarm

15  wait state, the user must either press the STOP button or remove a completed bag
in order to clear the alarm.-

In the subroutine which waits for the user, it is shown in FIG. 27A

and 27B with the initial block 584 beginning the subroutine. The logic determines

if the STOP button has been pressed (block 586), which if not resulis in a

20 determination whether one of the conditions of the door being open, a no flow

condition or an incorrect solution 2 alarm having occurred. If the STOP button has

been pressed, then the logic reinitializes the system for restart and exits (block 590).

It should also be appreciated that in the reinitializing for restart (block 590) does

not necessarily enable the user to restart. This is because the decision to permit a

25  restart is one which is determined in the routine that initially cause the alarm routine

to be called. If there is not a no ﬂPw condition, an incorrect solution 2 alarm or the

door open, the subroutine creates a beep signal (block 592) and initiates a flush
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20 overfill or underfill (block 360) which results in an alarmindication
I f either an overfill or underfill occurred or if there is flow
determ ned after the notor has stopped. This would occur for a free

fl ow ng condi ty,@peker € the wei ght sensor 99 detects an, | in
wei ght of the receiving container even though the notor of @c‘rﬂ.&%ﬁg?ﬁ

stati on had been stopped. If there is no overfill or underfill detected,
then the 25 statiop-subEquiine (ogkn2943 apd monitersdle kst cqmmuricatigrijnkaghtock$96)
routine is exjt .. Wth regard to th tqQr sel ect
signals, it J?&fﬁ%“ﬂ&“%%‘?@?%&% bpgpshave occurred or, 4 Sip B‘ﬁtg%“? CERPITHRL ¢ hat
must be cl osegddr’59851e THR sighificndelT the1 §Bédps being made i i -
30 d) pov%tg?.| SW tfgﬁlto t he notorsébrsn?gltngt%a gllsorsnec(rflyéoss%ls)?epéngrmtor
sel ect swi t chafterra reasnable time pertid winizthds approkinidiely dSseotuids inshe preferrédl| e
node where a user can input data, as volume or specific gravity

of source %ol embesiment; Jf gither o these IslgiCehhaﬁE?@di the dluglestatéen subrouting jestatted m or
opens { he ., (o@D ik Rt e SRFOTRE S 10 HE iR ork S0 RS 458 g e
Fun' i s quit o Sttt SRHGuR £ AUk B0} M e MANBE bER qotpriicdich S O 1
condi tion, thig then eontimueldo be monitored (block 602) and a determination whether the
STOP button has been pressed is made (block 604). If it has been pressed, the
10  system is reinitialized before restart (block 590) but if not, the subroutine returns
to flush additional stations. In this regard, it should be recognized that for certain
kinds of alarm states, they can be distinguished only by performing a flush operation
which is carried out by a user pressing a flush button. It should also be understood
that the flush station's subroutine which is shown in FIGS. 28A and 28B does not
15  actually result in stations being flushed, but merely monitors to determine if the
flush station buttons have been pressed which then may extinguish the alarm
condition.
A positive indication from block 588 causes the routine to move to
FIG. 27B and a determination is made as to whether a START button has been
20 pressed or a final bag removed (block 606). If it has been removed, the system is
initialized for restart (block 590). If it has not, then a beep is generated (block 608)
and the host communication link is monitored (block 610). A determination is then
made whether 15 beeps have occurred or the STOP button pressed (block 612)
which if not, returns the subroutine to block 606. However, if either of these events
25  have occurred, the subroutine determines if the START button has been pressed or
the final bag removed (block 614) which if yes, results in reinitializing for restart

(block 590). If not, the subroutine causes the host communication link to be
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still not operate because the notor select switch is still in the open

position as set by the controller. The final step of the routine of
FIG 13 is to turn off all notor 10 select signals any time a receiving
cont ai ner has We#mspnpl etely filled or overfilled or woeesdohkded

sufficiently to create an alarmindication to that effectj
Thereisar | t hi 0 atj o

and referring P@@F%ﬁﬁ({%ﬁa’%zgh@o F%gﬁ&}nﬁe}s eeggggsged?@fo%cl @%Sﬂ hﬁ‘ﬁﬂ fhei on
(bl ock 364) STOPMttsxhhasfbe%ﬂp@és@édntﬁ@%témmeﬂﬁﬁ&q f%??ééhaﬁ? e ﬁé‘éd{{ong t he
subroutine. If there are 15 "no alarm’conditions foun S
started (bl ocﬂnoﬂl&ﬁ)thaholst gommuniciéor link ixoughiow ftherreitine ris dumli the f@&'lhét()'

error has bee eported is carried out (bl ock 368). If there is an
error, a notd e@ £ TBgssaags |ﬂeﬁfeara|g§a¢ﬁa@ﬂgbierhcl %Osg@ﬁmputeédhat are senf tonthe, t he

routine d . ?P% has essed bl agk 370

whi ch resu tséglnlib% e e‘wlgl s oppI ng&%ﬂe% "f ftlcr?g‘ 1 (gggerg

noni tor 20 pafigrrdroadidionsi s (bl ock 372). The r_out| ne then inquires whether
punpi ng had been stopped and restarted (block 374) which if such had

occurred, returns to tWithsegard to the algranflushosubrousine and béferring36HIGS| R8Aher e
i tarted, the routine determnes if the

was no punping .S ed nd re
goal vvelogmo ig pﬁ‘ %E?t@@t@r@m whegher ithe flarm is an incprrect] Sphlﬁon a

return to bI has been reached g@éu

nmotor is stopph-g??ﬁ? imég’g?&??h@@%e%@ PRGNS %gzﬁfeglﬁlrﬂ) 81 I’%ék t
380), a 10 pledsayhek albrih (MIRCE22IB2AF dod, He! QWrd tE€| butGEREY! fkY tO
upd?ate t he volﬂume del ?J\%red 2a?md t he updat e&ﬂ% 1|9ve} ed v% ur¥g 'i's again
di spl ayed ( blsybtougge jietemhine$ whether if the solution alarm is on a current station (block

31 624). Ifitis, the subroutine determines if the flush button has been pressed (block

626), which if not, results in exiting of the subroutine. If it has been pressed, it

silences the beeper (block 628) and monitors whether the flush current current
15  station operation has occurred (block 630) and advances to the next station (block
632). If the solution alarm was not on the current station from block 624, the
subroutine also causes an advance to the next station (block 632) and thereafter the
subroutine determines if there are more stations left (block 634). If there are, it
returns to block 624 and if not, an inquiry is made whether there is a correct
20  solution on all stations (block 6?;6). If not, the subroutine is exited. If yes, the
incorrect solution alarm indication is turned off (block 638) and the subroutine
exited. If the alarm is an incorrect solution alarm from block 620, the subroutine
moves to FIGS. 28B where a determination is made whether the flush button has
been pressed (block 640) which if yes, results in the beeper being silenced (block
25  642) a flush current station monitoring operation (block 644) occurring and an
inquiry as to whether the flush w'as successful (block 646). If not, the routine is

exited, as is the case if the flush button has not detected that it been pressed (block
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ends the subroutine. There is a separate subroutine for
operating the punp notor at the slower or finishing rate and referring
to FIG 15, the initial command to punp finishing rate (bl ock 358)

results in a nPod@bgopuMPi ng (bl ock 372). If no alarm 5 copeiddod)ikariS
detected, the punp notor is started (block 386) and results in the punp

runni ng for a _predeterm ned pul se tjne ock 388) before the.pu notor is
st opp'eg (bl oc Qg@gdf theflusys §UCGes l,d’lpﬁ}é%g‘%)i’ g’eef;o of ?0?95?%1?(1{"5?@&%%%@2‘}
which is il . iLght (block 394). The subroutine

I nqui res whet Rgﬁg@ggég) ﬂ%ﬁéﬁoﬁ%ﬁeﬁéﬁbeeg pressed %bl ock 396) which if

so, results in exiting Rdfedrig & FIGOW,i Acfurthér Raportsnt ffentube rof cthe cirebent
al anm conditions is run (block 372). If no alarm conditions are

present, the inventen inthe nupnitorng wifcthe dlushing obo e wansfen s¢tald idoring such
reached (block 398) and,if so,.ends the,subroutine. If it, has not heen
reached, tfenflushing.; Reeviquslye IR F’ﬁ‘éred}&tépﬁ%“i?é%ecmi‘{Wé‘rwﬁsﬁé‘ XF?WCHB:FPS%r of

i1l Ty e Sl sgy 14,57 1l o B SRRkt Ba O Aikhlog N Kl
el i ver od Vol A S R o e Loa ol f haved ongit rent
punp pul se ( bilwctkanéfet tutieeddq ithe eight cliangs imthe fimaheontainer 18 wiay bk nggutpred. f t he
Sranal T SWhenahe,negessay WEIEht chiangd occutd vliety FRRRFETARY P FedSSRR her
| mpor tant 18° p%%tshiﬁé axh&?nt%a%stggﬁtered, the flushing stopped. Alternately, a certain amount
of pumping time or number of pumping cycles may have been required when a
flushing cycle was initiated. Either way such proxies will likely result in more
correct solution being flushed than is necessary which is wasteful.
With the present invention the flushing cycle continues until the
15 proper source solution is registered by the sensing assembly 200. Further, it may
be desired that a small additional volume is pumped to compensate for the tubing
length between the sensing assembly 200 and manifold 106. Although it may be
necessary to utilize other methods to insure the small additional volume is pumped,
such volume is small and any waste is likely to be minute.
20 While various embodiments of the present invention have been shown
and described, it should be understood that other modifications, substitutions and
alternatives are apparent to one of ordinary skill in the art. Such modifications,
substitutions and alternatives can be made without departing from the spirit and
scope of the invention, which should be determined from the appended claims.

25 Various features of the invention are set forth in the appended claims.
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invention, it is inportant that a conpleted conpounding process produce a
bag havi ng the proper conposition and that it continue to be nonitored
after conpl etion of the filling of the bag to the prescribed anount
after the punp® dawes been shut off. It is known that tp@ﬁgggggnpe sone
running of fluid froma source bag to the 25 receiving bag even after the

punps have b f .l ere is less than conplete ~sealing in the

peristaltic mﬁ%w])#eref ore, a continuation of nonitoring of

the weight of the recejvingbagshinlhors SBRPS1aDY 't?anqmngfh&?it 6m a '
conmpoundi ng

has been conmpplefatity. of idisidual sdarve coptaiery thedugh tkhisfe8etdTithe §pE WhiélPhas
determ ne that no fluid continues to flowinto the recéiving container

prior to the apEradityef eengdnithdirough which fluidinarf pass tafimya dﬂsirﬁd_emimim?niahefl

[ ront tor od. GHIBAE SO, ARch B BT e Rubetnb o pbase et tiaseurce.
Il | spl : ' Jarth i ey.3uhr outid ne

Shown i n* > © Copluet 3R AP CombnhiGHAE R e Epef i k! e RSB G

360), the cordomprisitig: det er m nes

a pump assembly being adapted to operatively act on fluid in at least
one conduit to force a flow of said fluid therethrough, the rate of the flow varying
in at least partial dependence on a characteristic of said fluid, said pump assembly

10  operating responsive to predetermined signals being applied thereto;

a first sensor adapted to be in operative contact with the receiving
container adapted to generate a signal that is indicative of the weight of the
receiving container and its contents;

a second sensor being adapted to be positioned in close proximity to

15 said at least one conduit when properly installed, said second sensor being in
noninvasive sensory contact with fluid present in said at least one conduit, and
- adapted to sense and selectively determine the absence of said at least one conduit,
the absence of fluid in said at least one properly installed conduit, and a
characteristic of the fluid present in said at least one conduit and generate signals

20 that are indicative of such determination;

a controller for controlling the operation of said apparatus, including
said pump assembly and for processing said signals from said first and second
sensor and being adapted to generate preselected alarm signals in response to
predetermined conditions; and,

25  analarm indicator operatively confxected to said controller for providing preselected

alarm indications in response to preselected alarm signals being generated by said
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whet her the amount of fluid delivered, as determ ned by the weight fromthe
wei ght sensor 99 which senses the receiving container and its
contents, is greater than or 10 equal to the goal weight plus sone

tol erance val woophsoeck 406). If it is greater than or eap@kodhieey he
goal weight and tolerance, then an overfill alarmsignal is generated,

but i.f not, t‘g’%ﬁ' h routi ne causes the delivered anount to be neasured to
determ ne P% is less than or equal to the goal anobunt nminus a

tol erance val ue (bl ock 408). If so, the controller generates an

underfill alarmsignal, If t  deld ver.ed,i. 5 reater than.the
goal mnus the toler an%'e, té}g%s%?oaat%ﬁ@\é@éﬁa‘i@a irwg%(?ﬂl[ said con% g?:rond
(bl ock 410) ' d"m i '

predeterm ne?@%&ﬁg?{n@?&?ﬁl as g?&ft%dagl?rﬁ}%ég{a&?rssin?&gﬁeﬁg??%m%seﬁ orso,
results in sensing tHembsericeaf sawteomdsitop alarm |f no wei ght of at |east 4
grans is detected, then the subroutine is exited. This flow after
notor stop determ nation is nmade once after 20 the notor stops. Another
simlar flow check wi |3. be Amassemblytasrdefiosdini diaioh 2 wherein saicd alarmm tindicatod t h

FI G 25. A ) The nitor punping portion of the routine
shown in FI Gingludes display operaitysly ¢onnested te saigcoameller fannravidingea ¥isoh i n

FIG 17 which, : | i bei ng read (bl ock 414), and the
controller d&@?&éﬁ%@daﬁgagg%?%g&&oor to either 25 of the housing 38a or
38b or sensor 200 (FIG 1) is open (block 416). If any of the doors

are open, the punp notgr is %E : : '
generated. |If any of tﬁ'e do%r?é&g%?g'né‘ibaopeﬁle}é,@afﬁe@ Wﬁg&v?/ %{I&e%l gg‘#g!ﬁ%sor ed
(bl ock includes an audible alarm operatively connected to said controlle?3or providing

an audible indication of said preselected alarms.

5. An assembly as defined in claim 1 wherein said first sensor
includes an extension on which the receiving container is adapted to be removably
connected, said controller generating one of said preselected alarm signals in the
event said first sensor senses an increase in the weight of the receiving container

5  subsequent to said controller terminating operation of said pump assembly.

6. An assembly as defined in claim 1 wherein said alarm indicator
is adapted to provide a no flow alarm indication responsive to said controller
generating a no flow alarm signal, and an incorrect solution alarm indication
responsive to said controller generating an incorrect solution alarm signal, said

5  controller processing said weight signals and said fluid characteristic signals during
operation of said pump assembly and initially generating a no flow alarm signal
when said weight signals indicate a less than expected weight change and said fluid

characteristic signals are sufficient to generate an incorrect solution alarm signal.

49



420) and the solution type is determ ned (bl ock 422) before the routine is

exited. There is a subroutine for the controller to run
when the step of waiting for weight to stabilizes called (block 394)
and this is shwowodosssFl G 18 and includes a del ay of aperR%biBRLS! Y

second (bl ock 424) for the controller 5 determ nes whether there has been
more than 50 mlliliters prqgrammed (block 426). . ich i.f so, results
i n anot her appr oxi matel7§/ sgg‘(ﬂfﬁerﬁ e ({%%P%Wélﬁwﬁ ‘IV}Vl\QrteHbsald contselisg A% ned

volune is |es Qﬁfb b d biddefesmBeat LLad,

t he subrouti nép%:ra sﬁ?g?a#hdeb%ééﬁ%l ve(r?rgaé1 @@thrﬁr:gﬁtao fgﬁd%%:‘géég%%']%gﬁﬁw)
and then ptieeésed after infripimg Wperdichiof Gaidpnipiassélablyck 432) . If the

| ar gest wei ght neasured is 10 greater than the goal weight plus sone

tol erance (bl ock 434), then an overfill alarm signal is generated.
However, if it is |ess 8 hanAnheseptdy apdefinet ol elninn ¢ evhetdig said pumplaesepitily ne i s
ended. If the ten | oops of delay have not expired, the subroutine i
stores the | aFgeptisehst lghst twp puITipascash daving apumpanotor fendrindag thersameosaidir es

t hat weight to determne if if js equal, to.th revi ous . .wei ght pl us
Some mar gi nal ol PEhE ApL o soRtralie SBFRtion B Gash R mOIE oY Sefbeivelh ¥ e
previ ous wei g , r b REiehet t@slal ock
Toa, 1Tt 1 aouRuly 39 power SBHER AHE R il m e R o T e
subrout i ne5i smmsdedin an operating state to operatd h pumphdtor,Iseid swihedbeingactudtedut i ne
for performng the nonitor flow .rate check (block 420) which is shown
in FIG 19 aniEspensive tggaidrcontrelderchslestivaly, generating signatscigs plagings saishswitahes t i on,

no flow condi 31{ Said %5er%ﬂ£‘ sgt(g\/\éa%) rc]gﬂtg'cl)li)erll p?gc%lljgr Sdid %n power switch and said

pump motor select switch in a nonoperating state in response to said preselected

alarm signals being generated.

9. An assembly as defined in claim 8 wherein said controller is
adapted to be placed in an idle mode wherein all of said pump motors are not
operating and a user of the éssembly can input operating and information data into
the assembly, said controller placing said main power switch and said pump motor

5 select switch in a nonoperating state in response to said controller being in said idle

condition.

10.  An assembly for controllably transferring fluids from a

plurality of individual source containers through a transfer set of the type which has

a plurality of conduits through which fluid can pass to form a desired mixture in a

receiving container, each conduit of the set being adapted to place one of the source

5 containers in fluid communication with the receiving container, the assembly
comprising:

a pump assembly being adapted to operatively act on fluid in at least
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subroutine initially determ nes whether two consecutive negative weight

gai ns greater than 11 granms have occurred (bl ock 440), which if such
has occurred, - results in a negative flow alarm |f not, the subroutine
det er m nes wh@blogboéshe punp was operating at high speegctBbafkif42) .

If it is not operating at high speed, 25 the software inquires whether it
has been running af.least 1ll.secqnds {fr. th begi nnj f punpi ng
(bl ock 444), Oaﬁg‘”i“#“l%fffsmﬁé‘sﬂ?‘w?ﬁ aé‘il-}l_& @F@eﬁf‘“{gﬂeﬂ&fﬁ%ﬁé (o fow Varyhng e
mtor s 1N i @eaR paAiaP AEFRKERD orf A Efarabreflfice ValPAuid! shiti psp RSGHLH!
seconds fipomopertifig désppnsive togpredetatmined signdlsdebippappliedehgbio; gai n has
occurred in consecutive [err] second intervals (block 446), which if
so, results in an inqu figstisenseg adapted terdgeinvapstattie camactkiwitnthe wetiylmg gai n
for this period hasﬁﬁg n,achi eved ul at es

the next pul SENRIDSH £ 3P BEFTAlS %glséﬁé Pahyds ﬂé‘ﬁg‘)fﬁveggf O%i“@éé‘tﬁoﬁwand
i ssues a no flawiRd asiintosd its tdnt ﬂ}g m ni mum wei ght gain has been
achieved, then 1t Tnquires as to whether there has been too nuch wei ght
gain, i.e., a el gobnd sensot beiax adsmedto BOPogdtiems invidloseprokintitycto
occurred (block 451), results
15 said at least one conduit when properly installed, said second sensor being in
noninvasive sensory contact with fluid present in said at least one conduit, and
adapted to sense and selectively determine a characteristic at least partially
identifying the fluid present in said at least one conduit and generate signals that are
indicative of such determined characteristic and to sense and selectively determine
20 the absence of fluid in said at least one properly installed conduit and generate
signals that are indicative of an empty conduit;

a controller for controlling the operation of said apparatus, including
said pump assembly and for processing said signals from said first and second
sensor and being adapted to generate preselected alarm signals in response to

25 predetermined conditions, said controller including a memory having data that
identifies at least one fluid in said at least one conduit; and,

a alarm indicator operatively comnected to said controller for
providing preselected alarm indications in response to preselected alarm signals
being generated by said controller, said alarm indicator being adapted to provide a

30 no flow alarm indication responsive to said controller generating a no flow alarm
signal and an incorrect solution alarm indication responsive to said controller
generating an incorrect solution alarm signal;

said controller being adapted to begin acquiring a predetermined

plurality of said fluid characteristic signals during operation of said pump assembly
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in a high flow al arm signal being generated. If the weight gain is not too
much, the subroutine is exited. 10 As will be
described, an alarmcondition is generally issued when the sensed
characteri stiwodoesmenot match the characteristic of the sol péi/0svorddzeh has
been input as the correct solution. However, it is desired to further

di sti ngui i f the. sensed .characteristic.does not .conformto the
correct c:f?;r Aodsompar e%é’%lsﬁﬁtmgmﬁty with isﬁi@(ﬂ‘}l‘éé‘%@gﬂ% AYR 1p SiCHBEPPG s f er
tube or tot QY oRfloA 4 di r i AOfednot her
condi tion ocgaS)rd %&éﬁ%ﬁﬁcg’gneré’@ﬂ? héﬁl dgllglfaétr“g%? %Esl@ncsoég) arisHR P

char act eri st iiacorfé¢vt Soluioh,port ant as required corrective actions to an

i ncorrect solution indication may be nore involved, than those required
corrective actions for said contgaliesbeingadapied e imumediately begiy pcquiring anetber

di fferent sensed,charagterjsti.cs. . . By ;way of ex e, it
may be desir SUURRHDF F GhAECIETISC Signply 1o respenss jo S?F%ﬁgcloéfi s[eéﬁcg %ﬁi%catﬁ'gg'posal
of the figal qhchi? ' ok thfia r | HS

gener at ed‘fbamhéegrteasgiggqg%g?gr@ggeer?fgr atleéﬁI %ﬂg/iadfetg aeS?i%(ll)lgtﬂg éﬁ}sgftf?élgdccggtgﬁt’ner
my onl yvhéerelyi precludingaicompletient obfsaid rempadion: iofnsad ndaaliere mcyquitddout a
required flushing = = or disposal. A no flow alarmnmy al so be generated
by such occurcharastesistie signiis aid possible genayation efasf isgorseat selysipn glaam signal. as an
enpty source container. 25 Thus, in accordance with yet

anot her inportant aspect of the present invention, it has_been_ found
that a false incorrect l5ol udRAssembly Assdefinedl inaige 10 whergigngaid paeralifen t he

ggﬁp motor | “cof perfs {ig guc%gssWegstfgrﬁﬁ%@gaiﬁ%géol@%egeﬁt%yréﬁ?ncor;eqt solution

[=ry

signal when 10 successive signals do not correctly compare.

12.  An assembly as defined in claim 10 wherein said controller is
adapted to generate 2 no flow alarm signal when a plurality of said weight signals
over successive approximately % second intervals indicate a less than expected

weight change and preclude-the generation of an incorrect solution alarm signal.

13.  An assembly as defined in claim 10 wherein said pump
assembly is adapted to selectively operate at a high speed and a low speed, said
controller being precluded from immediately beginning the acquisition of another
plurality of characteristic signals in response to said second sensor selectively

5 determining the absence of fluid in said at least one properly installed conduit when

said pump assembly is operating at said low speed.

14.  An assembly as defined in claim 13 wherein during high speed
operation of said pump assembly, said controller delays the acquiring of a

predetermined plurality of said fluid characteristic signals during operation of said
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container is exhausted due to the fact that there is partially enpty tubing
or conduits whi ch can produce readi ngs by the sensor assenbly 200 that
an incorrect solution is present. In accordance with the present

i nvention, an ywheRgob@Ct sol ution alarm signal is only gpppi8doRdsyf 10
consecutive solutiron m smatch determ nations are 5 detected. If an enpty

tube reading occurs, the controller of the present_inventjon ses t hat
enpty tube reRMpgassemblysumtilt 41@1'?4?&5?’(1@‘3{] qgg‘l‘tl}i' i ‘gnﬂ‘é‘gnléaéc?ﬁqnv@nﬂf’ th
counter. Since, the ex t ,ner condition is typically
acconpani ea Staf“’t%/"%“%%‘f‘ih &Sﬁ?ﬁb@%ﬁi%@gﬁ@k' addition to incorrect solution
readi ngs, the realization of the conbi nation of these conditions

thereby elimnates the fgaj orAI{ yaSQJmIEI%?& icﬁg{géﬁ%d&iﬁ}ﬁ%ﬁf Pﬁgﬁgﬁﬁg{na

signals that coul d ot hersi sé occur er t ons.

be under st 0od phi¥ality o erdivigia isetirce @unfatiers es@ightoeansisriscagithy tygeevhicphasat i ng
in the finishing or | ow speed pﬁirlgi ng rate. In addition, it is
W

preferred thata pluratityeof conduitothsough flud chr pagy tafoen aslesired BIXMHIE iBtde no
flow fromincorrect solution, it is, referred that .t he wei.ght gain,
i .e., flow of TPYEINIRE FGRLAINGT, saghcondyit Hﬁﬂlfo%fg?% @8%341% PlagreQne %S‘I%ﬁ %e
consecutive [err].sec L nt : - 0 : riod
i nterval s ghoﬁgm%agéfsf ﬁg\?\},&ﬁi] .Cgaﬁq‘%lggasdoﬁlhWa%u%&gléﬁﬁs&taﬁg’nﬂg %Sose?llbgl\(/ev

condition is icBipgigingd rather than a false incorrect solution alarm This
aspect of the present invention is carried out by the controller in
accordance with the fl| cwptmptassembly beingvadapigdito operatively act om fuigiin atdeast

'n accordance o\ge tcgn utltI tloI fo?créoa{ ce){v (;{ngx%r ﬁm tﬂu?rseﬂgg{[lgh?fmé pa%e BE &%%Tgw varying
in at least partial dependence on a characteristic of said fiuid, said pump assembly
10  operating responsive to predetermined signals being applied thereto;

a first sensor adapted to be in operative contact with the receiving
container adapted to generate a signal that is indicative of the weight of the
receiving container and its contents;

a second sensor being adapted to be positioned in close proximity to

15 said at least one conduit when properly installed, said second sensor being in
noninvasive sensory contact with fluid present in said at least one conduit, and
adapted to sense and selectively determine a characteristic at least partially
identifying the fluid present in said at least one conduit and generate signals that are
indicative of such determined characteristic and to sense and selectively determine

20 the absence of fluid in said at least one properly installed conduit and generate
signals that are indicative of an empty conduit;

a controller for controlling the operation of said apparatus, including
said pump assembly and for processing said signals from said first and second

sensor and being adapted to generate preselected alarm signals in response to
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I nvention, the assenbly is designed so that when a source bag 16 runs out

of fluid, a no flow alarmindication should occur. However, nonvented
col | apsi bl e containers run out of fluid, the system may generate an
i ncorrect sol wbioonsoed ar m signal rather than a no fl ow gtgusngipe cause

of the discrepancy is believed to be 25 due to partial solution segnents

The. prel b e SRR, Bondifibns, ‘i FoREofisn, BRNGRE Reinomebayaa date hat
100 data in GEaiHACHEWki¥hiaAd il F BE ALicRSSEMaERL fhd O deternine if the

m smat ch 36
between the sensed solart iatrmanndieiter wperitively tonrdurdt ® 3aido chhteoMeg Ofegli t i on
i nst ead of the wong solution in the transfer tube prior to generating

an i ncorrect PEeYidingdgweselectedyalgrmm igdigations imivesponee éo presalecisd alrmmsigoali| ow i s
enerally ac | i shed 1 tor t he rate of ht. chan and

get er ni n?lng ﬁ’% 5rd\'77§1't%'h§alq:c‘" ssaftgégrmgl 1?%@%%@%&9 Efi)cﬂl""glg%?‘andar d

punpi ng %@qu%'&%w emSineicaiod F&g@ﬁs?‘feeto toRer enerandkoa B{)%vﬁﬁl

signal before it generates an iIncorrect so utlon a arm si I'n

regard, it isignabhed madintbmectt Mxmysalarmvmdicaﬁ@plré@pbﬁﬁbehu s3ids eetsirer bef or e
It

OG0

generating an incorrect solution alarm signal;
said controller being adapted to begin acquiring a predetermined
plurality of said fluid characteristic signals during operation of said pump assembly
35  and compare each of said plurality with fluid identifying data in said memory and
generate an incorrect solution alarm signal when said comparison indicates an
incorrect solution;
said controller being adapted to preclude generation of said incorrect
solution alarm signal if said weight signal indicates the weight of said receiving
40  container and its contents is within a predetermined amount of said weight of fluids
in the receiving container that is indicated by said data in said memory , and the last
sensed characteristic corresponded to the identity of the fluid in said at least one

conduit that was specified for said conduit in said memory .

16. An assembly for controllably transferring fluids from a

plurality of individual source containers through a transfer set of the type which has

a plurality of conduits through which fluid can pass to form a desired mixture in a

receiving container, each conduit of the set being adapted to place one of the source

5 containers in fluid communication with the receiving container, the assembly
comprising:

a pump assembly being adapted to operatively act on fluid in at least
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determ nes any wei ght change after a punp notor has initiated operation.
More particularly, with respect to the determ nation of the type of 10
solution that is sensed by the assenbly 200, and referring to FIGS. 20 and
21, the w0l90/69069 ne begi ns by determ ni ng whet her the propuswigsii s
operating at a fast speed (bl ock 452) or is between pulses in slow

speed operatiQn. 1 he r . r ' ' ' : i ch
nmeans t hat puo?r%icr?g&f%&c@% | %r‘l\ﬁlg(‘ja}. éﬁé?({/glsud tpﬁlteeﬂﬁ'()ﬁggs ug%"ggfo |fnee @gﬁ@&@m t he
positive |D rigaicag pareandependenos oh axdardctristic b saiiffifid, 1daid pielp asdehibly hat

the sensed sol ution corresponds to the inputted solution and executes
a time oulld dexpesiting resplonsive 46 predetermined signtilhbeing epplisskiberdoni t hi n t he

approximately 1 second tj ne out ri o hen a ti.me out alarmsignal is
gener at ed. If it AAESHYISeS E&?t“éﬂ{", lt’? e APSTARYVS 8%‘?%“’?‘&%‘?1’ Y
determne if - e hayec he 1o ti.ve 4l | UL S
(bl ock 456). ‘itogﬁi‘ger i ‘f“’f‘geg &géélg%raﬁ?a%é“ Y i s @8@3#‘@%3& '?‘Ee%lggﬁ’ﬁgﬂ?ehen
det er m nes i fregeilipW cohfae afdiifsicontents; sted within the tine ~out period
(block 458) and if "so, exits the routine. If not, the subroutine stops and
attenpts to anal yze t he sgorond|sensaf hieigkadapeyl taibe pysitioned &sclase proximity to
condition, |If t here have not been 10 ill egal codes received (bl ock

456), t hel3sofsRifarleleash enmraRdnt when groperdy 1Bstalledy saldi $GOBS FERIAr feingdn
occurred (bl : ' i -l @sul | n-1he. 2 braut jne.. bej ng
exi ted. | f ngﬁ)@'ﬁ/gi@r\{a S%gggy\ﬁgéﬁgﬁlﬁhhgﬁlg é{gssé r[]eutégglgnaelﬁg#y&%u@él Iaﬁl_t’ Eﬁc[‘.
readi ng made 4dahtegkiot&dhse 4dd %@kc@vdﬂfﬂdt&ﬁﬁn& ra0gBarabefiktic Wi lehdt pdrtiElly | S
set at approximately second (bl ock 468) and an inquiry is nmade
whet her the pdentifyipg the fluid present in said at least one conduit and generate signals that are 37

indicative of such determined characteristic and to sense and selectively determine
20 the absence of fluid in said at least one properly installed conduit and generate
signals that are indicative of an empty conduit;

a controller for controlling the operation of said apparatus, including
said pump assembly and for processing said signals from said first and second
sensor and being adapted to generate preselected alarm signals in response to

25 predetermined conditions, said controller including memory having data that
specifies the weight and identity of fluid in said conduit; and,

an alarm indicator operatively connected to said controller for
providing preselected alarm indications in response to preselected alarm signals
being generated by said controller, said alarm indicator being adapted to provide a

30 no flow alarm indication responsive to said controller generating a no flow alarm
signal and an incorrect solution alarm indication responsive to said controller
generating an incorrect solution alarm signal;

said controller proce:ssing said weight signals during operation of said

pump assembly and generating a no flow alarm signal when said weight signals
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operating in the fast speed node and greater than 20 mlliliters has been
punped (block 470). If no, the subroutine is exited, but if so, a
sol ution m smatch count down to 10 is reset (block 472) and the

routine i s exybetlgeegre i nhibit timer is set because i fpdiingyogndsasr an
enpty tube, no fluid is going into the bag, so there is no need 5 to
nonitor the flow rate. | f there has not been an enpty

t ube reading ipgicaiei 13@6‘3‘?“?%‘%‘&???? changgihere is fluid in the tube and
the flowrate can be ”?a?@%o?lﬁop&&]'ag ii”iﬂgezli g:'?éde)(ﬁrﬁﬁlﬁéﬁsglur%lﬁgssu aill! fHHq! O

acconpl i sh because the ow rate hirstor I nmplicate routi ne

then det er m nggrasheishesighie dagingoperatiba of exil hamp dskintsly add ¢dmphrimedch so,

results in 10 an incorrect solution check bei r]g made (bl ock 476). If the
sol ution is roftsaitepiuraiye with fluidtidentifying datdinsaid menansy angibeing adepteddp t he

solution is water (blaock 478) and I nquj res _whet her the solution is
i ncorrect (blSSARTaBAR Wﬂré??tisf’ﬁ%%f‘,al?@é lﬂ&%'aai i\\ﬁxegespﬁ fpuparison, ifdiCatEs ap; o,
mat ched f).ag . Elqﬁtﬂ : .dextrose or water, a
det er m na @on‘g%ﬁﬁgéﬁﬁg ghaeg?ﬁ%eéﬁqgg er tuﬁlgggﬁ)’ogr amred sol uti on matches
the 15 positive identgdid @aﬁtkéllbr(ﬁéiﬂgfi'dhplredad'Bmgh(dblgenéradﬁﬂy)f saiid iricorrelctes,
t he sol ution matched flag i s produced (block 484) which resets the
sol ution m snmiutioncalemm dignal ifcsaidyweight siggab tdicates)the weeight N fuid jwitham aex ¢
of the subroutine. |f the so)Jutian,does, hot nmatc ... the Pl D r .ng, the
subrouti ne deREHAR QEsaidsc E’Fg}t‘ & I‘i‘i??e@oﬁi%@fﬂ P8 TEGHYIRE (5:ﬂnt§m|2r aﬁ??ﬁ@t ches
(bl ock 486) Waiogl L0k R frSadsuid Guffof o BTN wichht of Budse 20
answers to t‘(}%&:&%ﬂqﬁnrsb;ngsi%ﬁgﬁ%&rgd% , 4%%1%‘#? 04886 as?g yes, E".t.i%en t he
subrouting in the receiving container that is indicated by said data in said memory , and the
sensed characteristic approximately corresponding to the fluid immediately before
the no flow alarm signal was generated indicated that the fluid was a correct
solution, and sensed characteristics since said no flow alarm signal was generated
indicated that said conduit is empty, said controller then operating said pump
50 assembly to pump said fluid in said portion of said conduit into the receiving

container.

17. An assembly as defined in claim 1 wherein said controller is
adapted to determine the flow rate of fluid into the receiving container by
determining the change in weight of the receiving container per unit of time during

operation of said pump assembly.

18.  An assembly for selectively transferring fluids from one or
more source containers to form a desired mixture in a receiving container, the

assembly comprising:
a pump assembly being adapted to force fluid through each conduit
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continues to FIG 21. It should be noted that a yes fromeither of bl ocks
476 or 480 count as one of the 10 solution m smatches in block 486.
If the correct solution occurred within the grace tine and with a | ow
flow i ndi cati avo fomemek 488), then the subroutine does not coyly, st
solution 25 msmatch (bl ock 489) and exits the subroutine, i.e.sfggﬁ4£la

' rationale for this is that if the sensing

ti . .1h .
;grs]elrftr;ﬁSZggans“g%‘bsﬂv%@eﬂpﬁbwq AEVe SERRlSs ol uti on and if the mninmumflow
oY > b ! ! ol o he m
Gg o' @ e not DR N0 By SenS6 4thefly To PRHenR gl Bt indicative of e

fluid flow i sw(é(ghe@fﬂﬁ.rea'éjeing contaite®f m t herefore will not be triggered
until fluid flow is neasured. If the incorrect solution

was not detected withi schendjsenser assembly inhnoninvasiversensdrywontactimithafiuidt hen
the routine agai n stops and gtterr’rl‘ats to anal ze th&)g 5 (grobl em (bl.ock 490)
and then det ePSFESILFGRATHER OF 3 PTIRE FXICHAME: fehpead g souyds) eanfainer andthoy | f
yes, the ms .count.do ' ' 1.0 e

2o out nid sPEERELSHARN e s BehSy Beiretuckfet o Retbetvbly BRtmding
m smat ch absence of a conduit, the presence of an empty conduit, and a characteristic of the

fluid present in the conduit and to generate signals that are indicative of such
determinations;
a controller for controlling the pump assembly, for processing the
15 signals from the sensor assemblies, and for selectively generating alarm signals;
and, _
an alarm indicator connected to the controller for providing alarms

when alarm signals are received from the controller.

19. An assembly for selectively transferring fluids from one or
more source containers to form a desired mixture and goal weight in a receiving
container, the assembly comprising:

a pump assembly being adapted to force fluid through each conduit

5 responsive to applied drive signals;

a first sensor assembly for generating a signal that is indicative of the
weight of the receiving container and its contents;

a second sensor assembly in noninvasive sensory contact with fluid
present in a portion of a conduit extending between the source container and the

10  receiving container, the second sensor being adapted to selectively determine the
absence of a conduit, the presence of an empty conduit, and a characteristic of the

fluid at least partially identifying the fluid present in the conduit and to generate
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countdown is again reset to 10 (block 496) and an incorrect solution alarm
si gnal I s generated. 10 When the subroutine of FIG 20
operates and reaches the stop and anal yze probl em (bl ock 462), it
initiates a sukoowmssbgde shown in FIG 24 which initiall ycpridoasHd a
determ nation as to whether at least 8 of the last 10 PID readings are
enpty tube readings, or _not.. (bl ock 498). This.determ nation is perforned
because it ha§’gﬂglgﬁhé%&ﬁ%ﬂquwel9ga'&% %%?%'Pﬁ‘@?’t uations when a certain
solution is 15 being BnRebtet t : ' | jr ul t
in an enpty tube %dl catlﬁegrfgpiaﬁ?tgﬁgggﬁym%%Hlm’efg{%gﬁegﬁ%g%fes
that suchis f sigasls €ropd shetseiddr assemblios]iand forostistively garmeatingrillarhigigialss eie
"install" alarm does not occur. If at |east 8 of the last 10 readings
are enpty tubeortzelifrngjsp inaludjag et amesmorynhaving atal thah specifiesothg) igentity of t he

user that the_transfer t. not .be installed correctly. If there are

|l ess than 20 P %{Wf@ll@%@étp@g&fe@g}e ¢9Rgul M ut i ne stops the punp

not or (bl ock 500), del ays : =1 n I t five
alarm  ih@icatbs 6(%1&%&9@. S thed &ﬁﬁgﬁ%)for 1@5&35&'

PI D readi ngs (bl ock 504) and then ermnes 1f t st

readi ngs are ptdselgeted alarhe shep ptdselected atiemrsipeisags recbived from the cohtfgller,whi ch
if yes, results in an illegal solution alarmsignal being generated.
The | ast 28 PH® sleumindipaterrbeingordaptedrte proddaase ilw alamp indicgtiop svhen a no

R A
examning a | &i’tiop Wi an incorréth sbR#th '&ﬂﬁmté'zg&ﬁi‘ isrRcelvéd FomtRaibls; for

exanpl e, could easily result Iin an incorrec
39 the controller acquiring a number of fluid characteristic signals

during operation of the pump assembly and compare each of them with fluid
25  identifying data in the memory and generate an incorrect solution alarm signal when
the comparison indicates an incorrect solution, unless the weight signal indicates the
weight of the receiving container is within a small amount of the goal weight, and
the last sensed characteristic: corresponded to the identity of the fluid in the conduit

that was specified for the conduit.

20.  An assembly for selectively transferring fluids from one or
more source containers through respective conduits to form a desired mixture in a
receiving container having a goal weight, the assembly comprising:

a pump assembly being adapted to force fluid through each conduit

5 . responsive to applied drive signals;

a first sensor assembly for generating a signal that is indicative of the
weight of the receiving container and its contents;

a second sensor assembly in noninvasive sensory contact with fluid

present in a portion of a conduit extending between the source container and the
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solution al arm being generated. By using 15 of such readings, the

possibility of an fal se incorrect solution alarmbeing generated is
greatly dimnished. Wth regard to the 1-1/2 second delay, this
permts the boumogoyssbet ween any solution and air t hat pdysed)fsqfir esent

In the sensing assenbly 200 to settle down, essentially letting 5 gravity
I nfluence_the flow of fl.uid throu t he gssenb 00. Thi.s .phenonenon has
been exper? enfEGVAECAPRING é%,schﬁggﬂ;og?qemgﬁ(iaége%ttﬂeseECBB?Igrq%temlne ¢

If the last 1 ' esdnct bFgga

subroutine i n%ﬁ%&ﬁﬁ%’ﬁ%ﬁ tﬁLegg egg\}\l/gs at%’ I Jggg)t' c%[ﬁg&’e?rlgit é/%?%gg@ﬂgizcd?ﬁn&&g

(bl ock 508) fluid ateasd paftiadly, idemtifyingsthe Mludd peeséntaw the gonduit andito pericrge
generated. If not, the subroutine 10 detern nes whether there were at

| east three csignalsthatareindinative afipurdicdetesminations) | which if vyes,

results in a no flow al arm signal being,.generated. Howeve if the

det er i nati on was no, tq]gorg{@%{ﬁ?q A HIWP 1as§qr;\éﬁg,t Jé@f"i Rcsssingdhe o) | y
f oL ' I ] I + 3 det '

P 09" AN ls | o SighklPRoftPu sl diskirBcs, okl S8 dellofifety RédctaicMlafih Snfle R P2

there are, a péntidilerfdlovindhading i ngeney aistng duta fhat Rpécifiedehe ddentivt iofie
determnes if there were an dextrose or water detected in the |ast 15
Pl D readi ngs predockmBed fluids thahmay bedn ghe conduitzandy f 1 ow al armi s generated,

but if not the punp notor js tur&e&oon for 1.secqond Hgblg)%k 515).. A no
determination that el e@ 3iaFiedNdFRIOR GONNECtRG, Wuﬂ'ﬁ%aco(%’l'o k Wioproviding 5) 5o
results in th | i ck

515), 20 o dErAgerEd FRRAPyheA PREcBled denfRBE JRI G R TRm BRRRRAC
wei ght gapp ofheadlarm indida6iHeiry giapted topsovidsd & abdidw Mlafakndi¢®jon whermmoho a no

flow al armsignal is generated X .
ow alarm signal is received from the controller and an incorrect solution alarm

indication when an incorrect solution alarm signal is received from controller;
the controller acquiring a number of fluid characteristic signals during
operation of the pumnp assembly and comparing each of them with fluid identifying
25 data in the memory and generating an incorrect solution alarm signal when the
comparison indicates an incorrect solution, unless the weight signal indicates the
weight of fluid within a portion of the conduit that is located between the receiving
container and the second sensor is within a predetermined amount of said specified
weight of fluids in the receiving container that is indicated by said data in said
30 memory, and the sensed characteristic approximately corresponding to the fluid
immediately before the no flow alarm signal was generated indicated that the fluid
was a correct solution, and sensed characteristics since said no flow alarm signal
was generated indicated that the conduit is empty, the controller then operating the
pump assembly to pump the fluid in the portion of the conduit into the receiving

35 container,
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and if yes, an incorrect solution alarmsignal is generated. The |ogic
contained in bl ocks 512, 513 and 514 is used to avoid the situation
where el ectrol ytes are being punped and air is in the solution, which
often had reswdemossm an incorrect solution 25 al arm being padsd
However, the logic of blocks 512, 513 and 514 | argely elimnates this

Lbility. In a simlar subroutine, the_ stop and
gﬁZISI;}ZIe :orgbl em (bl ock23,90) Ag; assemgly for controllably transferring fluids from a

40 : ' r.oMf | in F 23 for
determ ni ng t?}grah%,&mran;vgﬁ;gt?&ug ypé1 E gl %@g%ﬂ%ﬁis@ﬁ%@e ?”hfc‘;ihihéfl y
det er m nes wheplwedlitgof cogduits @iough whichsfid ich® Pass té fdtnt £ Belifel FHXMRE in a
initially detected (block 522). If not, the subroutine passes to

bl ock 462 i n Terelying4ontainer,i gac é@t,lduit@fuﬁl(lfi) Tﬁt b!l:(ing g?thoglmﬁbngoﬁmppp?de( bl ?ck
5 524), 1.5 second, del bei ng, run ock 5 and the acquisition o
five 5 ad%ﬂn?qlﬁﬂél mPﬁB@/@%PWS’%‘:aPB’P o‘t‘f}@h ?29}%“11)81%%?1% Bl tﬁnnggtlltl‘l)

whet her at | ; Wer I ngs

(bl ock 530) TmEeRfublo he recehify EGRARB0%A B HarfIRY frablier chiRR, e

wei ght gai n i#gsémbly cdmpaisingsecond sanpl es that was |ess that 4 gr ans

each (block 531). If yes, a no flow alarmis generated, and if no, an
a pump assembly being adapted to operatively act on fluid in at least

one conduit to force a flow of said fluid therethrough, the rate of the flow varying

10  in at least partial dependence on a characteristic of said fluid, said pump assembly
operating responsive to predetermined signals being applied thereto;

a first sensor adapted to be in operative contact with the receiving
container adapted to generate a signal that is indicative of the weight of the
receiving container and its contents;

15 a second sensor being adapted to be positioned in close proximity to
said junction transfer conduit or one of said transfer set conduits, said second sensor
being in noninvasive sensory contact with fluid present in said conduit, and adapted
to sense and selectively determine the absence of said at least one conduit, the
absence of fluid in said conduit, and a characteristic of the fluid present in said

20  conduit and generate signals that are indicative of such determination;

a controller for controlling the operation of said apparatus, including
said pump assembly and for processing said signals from said first and second
sensor and being adapted to generate preselected alarm signals in response to
predetermined conditions; and,

25 an alarm indicator operatively connected to said controller for
providing preselected alarm indications in response to preselected alarm signals

being generated by said controller,
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10 incorrect solution alarmsignal is generated. An
exanpl e of the decoding of the solution code is carried out by a

subroutine shown in FIG 22 beginning with (block 532). The subroutine

det er m nes whatdoenedshe code is present in a | ook up table (pbpekohsd) Which
I f yes, returns the found code fromthe table and if not, perforns a

test.  pattern code inqui 1 bl gck H36 lch may result..in a no reading
response. If not, it dei%rngﬂ@és Qo(i¥ Hglf 8gle%e@hgeg§f%tégg {]‘élﬂs rélEﬂ’F%é’BEﬁfve
|11 egal - codesnpaCauvllcddthifls %bim" dEdirdd' miftine 1O Wdebving coptathedl 18
reading indication. If 10 1llegal codes have been consecutTvely returned,

t he subrazsgmbleg comipeisingnes whet her there is an alarm al ready pendi ng
(bl ock 539) which if not, results in the illegal code alarm signal

bei ng generated and i f 2 puBp asgemblytheinpadaptedidpdorgerfiuid through each conduit

VWhile the flow after ‘}ro?ped outi ne has been described in FIG
it

ot gt s&to )
16, that outrFf‘%m?’sYe(B?lla?pHSln b Yer the notor has been st opped. Anot her
simlar idle flo [ ' ' : ieRAIRRA : of
the present inventi on%wgi sgi%{?r ??e@ﬁ%{qdﬂi n %}ﬁtéﬂé]f(ij char {19%@%?%@%?{ The
routine is stwgightdfahe betRivamgicomaineml |y 25 deternmines if there are periods
of time at which the same rate of flow occurs = consecutively (bl ock
542), with the sane r atseonadrignsartassemntdy 28 nonigyasive seasery epntact with fluid

measurenent. |f such consecutive {low is..detected. the conpounder
det er mi nes  present in a portion oft a conciutt extending {)etween the source cr:?n?%ger and the

10 receiving container, the second sensor being adapted to selectively determine the

absence of a conduit, the presence of an empty conduit, and a characteristic of the
fluid present in the conduit and to generate signals that are indicative of such
determinations;
a controller for controlling the pump assembly, for processing the
15  signals from the sensor assemblies, and for selectively generating alarm signals;
and,
an alarm indicator connected to the controller for providing alarms
when alarm signals are received from the controiler;
said controller monitoring said first sensor assembly signals and data
20 relating to the desired mixture being formed in the receiving container, and
determining whether weight gain is occurring after completion of compounding of
the desired mixture when said pump assembly is not operating, said controller
inhibiting generation of an alarm signal for a predetermined time period after
receiving signals from said first sensor assembly indicating a weight gain have been
25 received, said controller receiving signals from said first sensor assembly to
determine if the container weight r‘eturns to the completed weight that existed before

said signals were received indicating a weight gain bad occurred, and generating an
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whether it is in an idle state (block 544) or the bag is conplete. If the

conpounder is idle, and an enpty bag is placed on the hook, it is
apparent that the conpounder assenbly shoul d not be started if a wait
gai n has beenwwawesmted by the wei ght sensor 99. If it plcsmjsgb,ﬁghll dl e

state, then an alarmidle flow flag (block 548) is set which wll

ot been - A Ebtwdt o by PR ARNGR B R RREeT o bag EZZ' been

conpleted and idle flow detected. In this instance, the routine waits

determnes i1 the wei ot nduP Rabubly en P LR 28 vtEteir G pifecrmiEd o

pause (bl ock tﬁﬁ@i,endcﬁstwmmmhg@aﬁawBta%wm%ecéda@n the 10 program

returns to bl ock™ 542. it has not returned, then an 1dle flow detected
alarmis produced. The arned wei ght is that mhlch exists after a gain has
been detected, i.e., it is at the beginning of a period. If a one gram
wei ght gai n per mnute is detected, then an idle flowalarmw |l be
produced. The rationale for the seven second delay (bl ock 550) is that
after a bag has been conpleted, it is common 15 practice for it to hang on
the hook (as shown in FIG 1) until a pharmaci st cones by and initials

or otherw se approves it for a patient. It has been found that the

process of initialing the bag will jostle it and cause a wei ght change to
be detected. The seven second del ay enabl es such a practice to occur

W thout creating an idle fl ow detection alarm It should be understood
that the anount of the delay can be 20 sonmewhat snaller than seven seconds
and can be appreciably longer, i.e., upto twenty seconds or nore, if
desired. The seven second delay is not triggered until after a wei ght
gain is detected which neans that the bag may remain on the hook for
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an extended tine until a pharmaci st or other technician would conme by and

jostle it. 25 The routine also has a gross fl ow
detection step (block 546) which nmeasures | arger gains in weight over
several second80ow#iésed? may occur as a result of a punp PR IR Ni NY
on or a tube not being properly installed on a rotor so

42 . that a |l arge volune fl could occur. If such a gross
flowis detected, then the conpouﬂggb state determ nation is nade as
previ ously discussed (block 544). If no gross flowis detected, the

routi ne determ nes whether weight has returned to the armed wei ght

(bl ock 554) which if so, resul ~the idle flow flag being reset (block

5 556), but if not, skips thi eetlat-ien the start button is
pressed (bl ock 558), a I Tessreaetner the idle flow flag
has been set (bl ock 560) mhig/' ! ‘ _//"?afiﬁ?é;$;:5‘he al ar m bei ng
generated and if not, allows \ 3228 1 o gfart =% In
accordance with yet another aBped ' | ‘ i nventli on, a

probl em has exi sted where an kr ! can occur in

\

si tuati ons

2

FIG. 1



10 where the correct solution is actually being punped if the source

container is enptied such that a no flow al arm signal occurs at a
poi nt near the ultimte recei ving container volune, i.e., within
approxi mat el ywh dilobdss | i ters of conpl eti on. If the pu Ssed /%8R
restarted, then the goal rate may be reached by filling the Bag W th

solution that is in the tubing between the sensor assenbly 20 and the final
15 receiving container wthout installzﬁﬂ)a new source container. The
present invention allows a restart froma no flowalarmif the
prescription is at a point near conpletion. In addition the invention
may be configured to only allow conpletion I f the correct solution and
only enpty tube values are reported by the sensor assenbly 200 from
the time that the punp is restarted, and the _gaal weight Z&\then 20
reached. In other words, the assenbly may .llwﬁﬂ red [t gNeRaby9 t he bag

! Ll o

to be conpleted when it is very

restart. The aké ' Bt er mi ned by
d i )
ng

that only the correct sol uti ony
routines that are i1 lustrate

are called into operation 25 whg
previ ously described with respect} t

present invention, there are many (
be generated, each of which may rei
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condi tion,
various audi o
isinitially called with

start operati oWOOWbHoE® results in the
an alarmtable (block 572) which may result
574) .or a flashing display (block 576).
link is active (bl ock

whet her the host
control
prescription
prescription | abels and ot her

t he subroutine |ooks to determine if the alarm 10
requires pushing of a stop button to be cleared or
of those occur,
to clear the alarm (bl ock 584).
PI D or
the alarmcondition is sent to the host

PID (block 580). If either
user

results froman invalid

in the sane wait state (block 584)
must either

such as various displ ays,

press the STOP button oF

ina b5

316

functions. If the

I ncludi ng flashing di splays and
alarns. The software shown in the flowhart of FIG 26
al arm handl er bl ock 570 representing the

sof tware | ooki ng wethiRe/@kar min

di splay al arm (bl ock

subrouti ne
which is the link to the
conputer that performs various cal culations to determ ne how a

Is to be conpounded, perforns the printing of

link is active,
condition is one which
i f
then the routine waits for the
If the alarmis not one that

host

it is

det er m nes

an “invalid

requires a stop button to be pressed,

In the alarm 1
renove a conpl

to clear the alarm 44 hepsubr o
the user, it is shown in FIG 27A and j2 it h
begi nni ng the subrouti ogi ¢ deter
been pressed (R 584) ,
whet her one of the ag/0EEEONs of t or
condi tion or an incof{€Ct=sgut i 8i42
button has bee r ed,2{ he
restart and exits ( k 5
36b /)
X A7) 5
204 b
= N A
= l"mu |w
N U
==,
N\
3 \ -
14 N/ /=&

Y

t
t
t

o giels
L2

conput er_ (bl ock 582)

wai t

q
dnéfvaw
e ini
i fLa,t he

dd
a no

i mﬁlu

resul ting
state, the user
i n order

#fich waits for

i al block 584
TOP button has
erm nati on

| ow

I f the STOP

he 2mfor
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It should al so be appreciated that in the reinitializing for restart (block

590) does not necessarily enable the user to restart. This is because
the decision to permit a 25 restart is one which is determned in the

routi ne that waiotesadsl y cause the alarmroutine to be eatiusdnse{ there
Is not a no flow condition, an incorrect solution 2 alarmor the door

open, the subroutine creates a beep Si&ﬂﬁb (block 592) and initiates a
flush 44

station subroutine (block 594) and nonitors the host comunication |ink

(bl ock 596) for determ ning whether 15 beeps have occurred or a stop
button has been pressed (bl ock 598). The significance of the 15 beeps
being made is nerely to stop beepinEI after a reasonable tine period
which is approximately 15 seconds i gﬁe referred 5 enbodi nent. |If

ei ther of these have happened, the flush station subroutine is started

(bl ock 600), but if not, the subroutine returns to the deep (block 592). If
the flush staiié6rs subroutine is run (block 600), then the nonitor
host communi cation (4R I's then conti ©o be nonitored (bl ock 602)
and a determ nati on whe€8&M t he STOR button has besn pressed i s nmade
(bl ock 604). If it bee pré€sed, the 28
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10 systemis reinitialized before restart (block 590) but if not, the

subroutine returns to flush additional stations. In this regard, it
shoul d be recogni zed that for certain ki nds of alarm states, they can
be di stingui sH&aowrsp by performng a flush operation W@rmggg,@nqarrl ed

out by a user pressing a flush button. It should al so be understood
that -the flush station's subroutine Mhléﬂ% s shown in FIGS. 28A and 28B
does not 15 actually result in station ing flushed, but nmerely nonitors

to determine if the flush station buttons have been pressed which then
may extinguish the alarm condi tion. A positive
i ndi cation from bl ock 588 causes the routine to nove to FIG 27B and a

determ nation is made as to whether a START button has been 20 pressed or
a final bag renoved (block 606). If it has been renoved, the systemis
initialized for restart (PTrock 5907 TTT1]t has not, then a beep is

generated (bl ock 608) a@d-%he-hes%-ﬁo#wun+eaikoﬂ link is nonitored
(bl ock 610). A determ na ionlis t hgn mhetheJ 15 beeps have
occurred or the STOP but ?resse@ | ock 61 ) hhich if not, returns

t he subroutine to bl ock :06 er of these events 25 have
occurred, the subroutine tér nes |f tHe START button has been pressed or

the final bag renmoved (b|agki644) Wwhich if yes, resul s inreinitializing
for restart (bl ock 39@)1 he:su auses t he host
comuni cation link to be |
45 | |

l |
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nmoni tored (bl ock 616) until
Once the

for restart. The need to

that are generated by the host conputer that are sent to the

%ﬁgﬁnt or the ho

conpounder, which require an
generate an error condi
alarm flush subroutine and r

STOP button has been pressed,

t he

a STOP button has been pressed (hlock 618).

systemis reinitialized

noni tor the host communi cation |ink
t hr oughout t h&vQwoeine is due to the fact that

acknow ed
tion.
ferring to FIGS 28

t her e mITRUSIWSIAIQES

5

st conputer wll

Wth regard to the
and 28B, the

subroutine first determ nes Jh&|GNALREGEIVEBD s{ an i ncorrect sol ution

al arm (bl ock 620) which if_pdt FREMISENSING i npuisrJOBs to whether the
alarmis a 10 please flpsh gl gEy(dEock 622). If not, the subroutine is
exited, but if yes, the —subroutTre—determnes whether if the solution

alarmis on a current st
determnes if the flush
not, results in exiting

ht i on (bl ock
but t on has begR_pr egs302( bl ock

624).

fit

| f t he subroutine
626), which if

has been pressed, it

it is,

bf the subreliting
o\ SQIELTIONT

ush current

silences the beeper (blo
current 15 station oper
next station (bl ock
station from bl ock 624,

YR

alu V'd

Me al so causes an adv

nces to the
t he current
nce to the

next station (block 632)fand thereafte \the subroutine detfermnes if
there are nore stations jeft (block 63¢). | Dere are, it returns to
bl ock 624 and if not, anjinquiry is peOs é? er there is a corfect 20
solution on all stations](block 63&7Y. N, the subroytine is]exited. If
yes, the i ncorrect §ol utiop : a‘(ﬂ]is t ey of f§ (bl ock 638)
and t he subroutine pXi t ed M an | Nog t soution alarm
from bl ock 620, the subrputine 6 FIGS. 28B™rtre a

determ nation is nade whgt her the fl b Hutt on has
N
306
Y
—(
308
Y

SENSED
FLUID MATCH
INPUT FLUID

CEASE PUMP _—310
OPERATION/

SOUND ALARM
FIG. 6




been pressed . (bl ock 640) which if yes, results in the beeper being silenced

(bl ock 25 642) a flush current station nonitoring operation (bl ock 644)

occurring and an inquiry as to whether the flush was successful (bl ock

646). |f not, whewwedtine is exited, as is the case if pbigsoligih

button has not detected that it been pressed (bl ock

46 . 640). If the flush is‘f%ﬁgessful (bl ock 646), the correct

solution indication is turned of f 4 ck 638) and the subroutine

exit ed. ' Referring to FIG 1, a fu %bgr i nportant feature
I t

of the present =v-aRt i on 1S TS RPEUIC ol e flushing of the
A during such_ uigﬁhwouly,
i \ irely rle l

transfer set to insure that an
i ncorrect sol hnsfer set 14, one
a conpllete fAUTSMENg of |a tube B4 in a
i T e ey egorTed anopunt] of fluid fl owed

he_wal ght change in fhe final container
gB¢4t chanpe occurred which
was regi stpred, the flushing

transfer set.
t hr ough

18 may be nonitored.
corresponded to a desired 10
stopped. Alternately, a certain angke

SENSED
DURING
ATIME

(318

COMPARE _AWEIGHT
ATIME

WITH KNOWN FLUIDS

1 320

IDENTIFY
SOLUTION

*

FIG. 7



of punping tinme or nunber of punping cycles may have been required when a

flushing cycle was initiated. Either way such proxies will likely result in
nor e correct solution being flushed than is necessary which is

wast ef ul . WG 00/09069 Wth the present invention the Hdsad/sg2icycl e
continues until the 15 proper source solution is registered by the sensing
assenbly 200. Further, it may be dasqaped that a small additional

vol une is punped to conpensate for the tubing | engt h bet ween t he
sensing assenbly 200 and mani fold 106. Al though it may be necessary to

utilize other nethods to insure the small additional volunme is pugped,
such volune is small and any waste is,likel,y to be mnute. 20

Whi | e various enbodi nents of the presgnt iffventi on have been shown and
described, it should be understood th ot Her nDdIflcatlon?BCFUbStl utions

and alternatives are apparen dinary s I'n the art.

Such nodi fications, substitu on an rnatives/can be made{w t hout

i pventi/on, which should be

departing fromthe spirit and schpe
Various feaflures of

determ ned fromthe appended
the invention are set forth i th

47
—284

=ﬁl

| 1k 290

106
FIG. 8



VWHAT IS CLAI-MED | S: 1. An assenbly for controllably
transferring fluids from a plurality of individual source containers
through a transfer set of the type which has a plurality of conduits
t hr ough whi chWa {86 an pass to forma desired m xture in apCT/Ussy/isecei vi ng
cont ai ner, each conduit of the set being adapted to place one of the source
5 containers in fluid conmuni cation wglgot he receiving container, the

assenbly conpri si ng: a punp assenbly bei ng adapted
to operatively act on fluid in at |east one conduit to force a flow
of said fluid therethrough, the rate of the flow varying in at |east

partial dependence on a characteristic of said fluid, said punp assenbly 10
operating responsive to predeterm ned signals being applied thereto;

a first sensor adapted to be in operative contact with the receiving
cont ai ner adapted to generate a signal tka98s indicative of the weight of
t he recei ving container and its contents; a second
sensor being adapted to be positi 8823 in close proxinity to 15_said at

| east one conduit when properly inst |, said second sensor Béing in

noni nvasi ve Sensor Y Aok t - 1 T st one
conduit, and ietle; t he|labsence of
said at |east one i G He<at |east one
properly installed cond 7pf the fluird2goesent
in said at | east one con are indicative

4',-’-'

of such determ nat| W N , A ¥ortrdr -ﬁuﬂntr)lling t he
operation of said gpped N > SRS Z x>/
Jin -
Lo o
276 290a 294 290b

FIG.9

FIG. 10



said punp assenbly and for processing said signals fromsaid first and
second sensor and being adapted to generate preselected alarmsignals
in response to predet erm ned conditions; and, 25 an al arm i ndi cat or
operatively cH®8626Y to said controller for providing presmaiTusoedzi
alarmindications in response to presel ected alarm signals being generated
by said 10 48

controller. 2. An Jggenbl y as defined in claim1l
wherein said controll gf generates—one of said presel ected al arm signal s
in response to said second %@@Hr Sens| t he absence of said conduit.
3.  An assenbly as dpfi HBEOGUNDABAGH 2 Wner%?n said al arm i ndi cat or

322

DOOR CLOSED & START

NO BUTTON RELEASED

FINCHK
PRE-START CHECKS [~ 3%

326

. PTNTST
PIDA TEST PATTERNS VALID

ALARM E-64 (TEST
No  PATTERNFAILED)

CALCWGT
CALCULATE WEIGHTS [— 328
)
AUTFIL
PUMP ALLSTATIONS [~ 330
Y 31

ALARM E-70 (INCORRECT

_ MOTOR TURNED)

NO  ALARME-71 (MOTOR
FAILED TO TURN)

MOTOR USAGE CHECKS OK

ALARME-34
TOTCHK
(OVERDELIVERY)
TOTAL DELIVERED WOWT ALARM E-36
(UNDERDELIVERY)

COMPLT
SIGNAL COMPLETE.

EiD FIG. 11

~— 336




i ncludes a display operatively connected to said controller for providing a

vi sual di splay of said presel ected al arns. 4, An
assenbly as defined in claim2 wherein said al arm neans i ncl udes an
audi bl e al ar m¥p¥Evel y connected to said controller for pcouseiiBgg: an
audi bl e indication of said presel ected al arns. 5. An
assenbly as defined in claim1l wherein .ﬁk irst sensor i ncl udes an

extension on which the receiving container 1s adapted to be renovably
connected, said controller generating one of said preselected al armsignals
in the event said first sensor senses an increase in the weight of the
recei ving container 5 subsequent to said controller term nating operation
of said punp assenbly. 6. An assenbly as defined in
claiml1l wherein said alarmindi cator is adapted to provide a no flow
alarmindication responsive to said controller generating a no fl ow
alarmsignal, and an incorrect solution alarmindication responsive to
said controller generatjng anggpgerrect polution alarmsignal, said 5
control |l er processing spi } f | g—emreBB38ai d fl uid characteristic
signals during oper assenbly and initially generating
a no flow al arm si gnal ght signals indicate a | ess than
expect ed wei ghtf change and sai characteristic signals are
sufficient to generate an i tion alarm signal.

ONEBAG
PUMP ONE STATION [— 338

340

ALARM E-63

SOLUTION MATCHED FLAG .
0 (INCORRECT SOLUTION)

42

ALL STATIONS PUMPED

EXIT

FIG. 12



49 7. An assenbly as defined in claim®6 wherein

said controller is operative to delay a predeterm ned tinme period
before said weight signals are processed after initiating operation of
sai d punp ass@A049069 8. An assenbly as ®eifissenssen clai m
1 wherein said punp assenbly conprises at |least two punps, each having
a puap notor for driving the same, said controller bei ng adapted to
control the operation ' 7D orzgy sel ectively controlling a

¢ tch, both of which 5 nust be
fp nmotor, said sygtches being actuated
I gnal s for placing

| I'er placing said

noper at i ng
LUTION ng

ener at ed.
CHED FLAG EXIT

mai n power switch and a
in an operating state

,_n1s$

ALARM E-64
PIDA TEST PATTERNS VALID (TEST PATTERN FAILED)
. NO
CALSTP
CALCULATEFINISHING |__—_ 55,
RATE CUT-IN WEIGHT
)
_ VOLUME TO PUMP
>35 ML ?
354
PMPFST ALARM EXIT
PUMP AT HIGH SPEED > EXIT
356
STABLE o
WAIT FOR WEIGHTTO | -ALARMEXIT oo
STABILIZE
358
| PMPSLW ALARM EXIT
“IPUMP ATFINISHING RATE|—— —* EXIT

60  ALARME-27 (FLOW AFTER
MOTOR STOPPED)

CHKOVR

OVERFILL / UNDERFILL ALARM B-30 (OVERFILL ON
DETECTED STATION)
0 ALARM E-31 (UNDERFILL ON
¥ ‘ STATION)
TURN OFF ALL MOTOK

SELECTSIGNALS ~ |— 362

— FIG. 13




9. An assenbly as defined in claim8 wherein said controller is

adapted to be placed in an idle node wherein all of said punp notors are
not operating and a user of the assenbly can input operating and

i nformati on daYQ0K0a46s the assenbly, said controller pla®cmgssmisezinai n
power switch and said punp notor 5 select switch in a nonoperating state
in response to said controller being inqsgagide condi ti on.

10. An assenbly for j ' ransferring fluids from a plurality
of i ndividual source < ysansfer set of the type which
has a plurality of_ which fluid can pass to forma
desired mxture in a ' each conduit of the set being

with the receivi ng co ' conpri si ng:

' ' @gflwdlnatleast

alrd fluid therethrough, the
rate of the flow varyi ng

NO ¥

START PUMP MOTOR  f— 366

368

MOTOR CONTROL
ERROR REPORTED BY
HARDWARE .

 ALARME-32
VES _(MOTOR CONTROL FAILURE

370

STOP BUTTON PRESSED “S>——cs- STOP PUMP MOTOR & EXIT
, N
STTCHK ALARMEXIT
MONITOR PUMPING > EXIT

374

PUMPING STOPPED
AND RESTARTED

YES

e
GOAL WEIGHT REACHED DELAY 1/2 SECOND
Y
STOPPUMPMOTOR  f—— 378 D%?%ééﬁ%
. Y
DELIVEREDVOLUME [~ 3 By 384
: FIG. 14




in at |east par
assenbly 10
t her et o;

tial

afir

contact with hgodie8ss! Vi N

is indicative of the weight of the
a second se
said at

contents;

in close proximty to 15
sai d secpnd sensor being in

install ed,

:Aa+4L_

dependence on a characteristic of said fluid,
operating responsive to predeterm ned signals belng applied

said punp
st sensor adapted to be in operative
cont ai ner adapted to genera;gnﬁgﬁngﬂgl t hat
recei ving container an

nfﬂbgel ng adapted to be positioned

onduit when properly
noni nvasi ve sensory contact

| east

with fluid pre
and sel ectively
identifying th

B

signals that ar®

sense and sel e
one properly i
i ndi cati ve of

ast one conduit, and adapted to sense

lactenkstic at | east partially
said at | east one conduit and generate

Tinarcattve of such deternined characteristic and to

controlling the

tively—determnrey20—8We absence of fluid in said at |east
stal | 8dTe8ndui t 4pd, aeperat e signals that are

n MENITPR EEMBING ; > EXIT a controller for
operarijon or sai d Y&Bparatus, including sai d punp

rpnr.ooco Py r

assenbly and f

P‘r\.l\.?\r J_r Ilgwl

first and second

sir%%sfrmnsmd

sensor and bei ng @gapPesr MVOTORN armsignals in response
to 25 predet grm ned conditiong, said controller [ncluding a nenory having
dat a t hat st one fluid in safd at | east one conduit;
and, hndi (. operatively connected to said
controller for QﬁW@inﬂmf égéﬁgigﬁa al g gxitngli cations in response to
presel ected al dr BUMP BORPESE TIME Heing sgenerated by $aid controller, said

al arm i ndi cat or "PEIMyg qdapted to provide a 30 no|flow al arm i ndi cation
responsi ve to saie—eentl-eller—ggqnerating a no flowjal arm signal and an
i ncorrect sol utj OQT@mMchath_gn\@g@pom A%CfJQAm'EﬂG‘?ﬁ@F' ol ler
generating an ijncorrect solutionf alarm signa NEXTP NHSE ~— 48ai d
controll er bein n acqui-rind ermone plurality

of said fluid ¢

g aaaptsa T peg

nal s during operat@on of sald punp assenbly

' TTCHK
TESTFORALARM

CONDITIONS _..

DELAY 1/4SECOND ~ }— 392 DISPLAY CURRENT
T DELIVERED VOLUME [~ 402
STABLEWAITFOR | AT ARM EXIT 1
WEIGHTTOSTABILIZE |~ —  — EXIT
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51 35 and conpare each of said plurality wwth said fluid
identifying data in said nenory and generate an incorrect solution
al arm si gnal when said conparison indicates an i ncorrect solution;
sai d control | ewolhebspe adapted to i nmedi ately begi n acqui ri ngpEf$PHLE421
plurality of characteristic signals in response to said second sensor

sel ectively 40 determ ni ng the absence,qf @Iuid in said at | east one
properly installed conduit, thereby1§{% | udi ng conpl etion of said
conparison of said earlier acquired characteristic signals and
possi bl e generation of an incorrect solution alarmsignal.

11. An assenbly as defined in claim10 wherein said plurality

conprises 10 successive signals, and said controller generates an incorrect
sol ution si gnal when 10 successive signals do not correctly conpare.

CHKOVR
CHECK FOR OVERFILL

~—> 360

DELIVERED< ALARM E-30

GOAL + TOLERANCE (OVERFILL)
408

DELIVERED > ALARME-31

GOAL - TOLERANCE - (UNDERFILL)
DELAY 1/2SECOND }—— 410
412

WEIGHT INCREASED BY ALARME-27

AT LBAST 4 GMS (FLOW AFTER MOTOR STOP)

EXIT

FIG. 16



12. An assenbly as defined in claim10 wherein said controller is

adapted to generate a no flow alarmsignal when a plurality of said weight
signal s over successive approxinmately [err] second intervals indicate
a | ess than ewoaiads wei ght change and preclude the gepefaédbRipf an
incorrect solution alarmsignal. 13. An assenbly as
defined in claim 10 wherein said punp assenbly is adapted to

sel ectively operate at a high speed and 18/86w speed, said controller
bei ng precluded frominmedi ately begi nning the acquisition of another
plurality of characteristic signals in response to said second sensor
selectively 5 determ ning the absence of fluid in said at | east one

properly installed conduit when said punp assenbly is operating at
sai d | ow speed. 14. An assenbly as defined in claim
13 wherein during high speed operation of said punp assenbly, said
controller delays the acquiring of a predeterm ned plurality of said

fluid characteristifC ST Ongh&pdurrng operation of said
52 MONITORPUMPING  f— 372

|

READ & FILTER WEIGHT }—— 414

418
416 :
ALARM E-15
DOOR OPEN STOPPUMPMOTOR |
YES (DOOR OPEN)
- /420
FLWCHK ALARM EXIT _ oo
MONITOR FLOW RATE —E
422
Y 1/'//
CHKSOL ALARM EXIT
MONITOR SOLUTION TYPE — EXIT
EXIT

FI1G. 17



punp assenbly until a predeterm ned quantity of fluid has been punped after
5 starting operation of said punp assenbly. ' 15. An
assenbly for controllably transferring fluids from a plurality of

i ndi vi dual solfPO¥¥éht ai ners through a transfer set of the pgpussshgmh has
a plurality of conduits through which fluid can pass to forma desired
mxture in a recei vi ng contai ner, fyﬁgoconduit of the set being
adapted to place onre ' contalners in fluid comunication

with the receivinglc [ a§senbl y conpri si ng:
a punp assenbly beiln et g vy act on fluid in at |east
one conduit to for o ABILIZE <oi dlf 1 uid t heret hrough, the rate of the

gst partial dependence on a characteristic of
operating responsive to predeterm ned

si gnal s bei ng jappl i ; a first sensor adapted to
be in operatiye conta j ivin contai ner adapted to
generate a signal b of ﬂﬂb wei ght of the recei vi ng
container andjits : a second sensor bei ng adapted
to be positioned in close groximty to 15 said at |east e conduit when
properly instglled, said Dglgng 1 N noni yivasi ve sensory
contact with f{luid pres | east one condui t+ and adapt ed
to sense and gel ec#d crerrstitcat teayt partially

identifying the eaPELANE? SEoodm t Jand generate
signals that are

fl ow varying in at
said fluid, sdid punp

DISPLAY CURRENT 430
DELIVEREDVOLUME | ALARME30
(OVERFILL)

434

10 LOOPS OF WAIT FOR
STABILIZE EXPIRED

LARGEST WEIGHT SEEN
>GOAL + TOLERANCE

YES

NO
/436

REMEMBER LARGEST

WEIGHT SEEN SO FAR

L

WEIGHT = PREVIOUS WEIGHT
+00R+1GMS

NO

FIG. 18



I ndi cati ve of such determ ned characteristic and to sense and sel ectively
determ ne 20 the absence of fluid in said at | east one properly installed
conduit and generate signals that are indicative of an enpty conduit;
a control |l er Wowo906t rol | ing the operation of said appar at usgT/Seg/ksdgh Ng
said punp assenbly and for processing said signals fromsaid first and
second sensor and bei ng adapted to.lgfé'ﬁrate presel ected al arm si gnal s
in response to LWCHK 53

25 pr edet er m ned 40l ljer 1 ncl udBOX{Ayenory ha

t hat speci fi h?:'bﬁ : 'no |dent|ty oMONITORING 'PARAMETERENd
an al armindi cator operatl ely connected to (sgitgd ContprRide MAOGAIN

provi di ng presel ected al argn i ndi cat‘{ﬂ8ns in rleEER%EED! | arm
signal s bei ng generated by sait control|l@heysal d gw m hiaghscatpr being
adapted to provi de 3 O\ aI armlndl | d

) ) signal and an incorrect solution
al armindi cation 3 ' 6 LNl | er 'L generating an incorrect

ALARME-22
NO (NEGATIVE FLOW)

FINISHING RATE

444

>11 SECONDS FROM
START OF PUMPING

SECONDS FROM
START OF PUMPING OR> 4 GMS IN
2 CONSECUTIVE 1/2SEC. _

NO

. WEIGHT GAIN
PER PERIOD CK N CALCUL;‘:;S g’?HXT PULSE
(SEEBOX A) NO
YES \\45 ) ALARMEL
450 (NO FLOW)
TOO MUCH WEIGHT GAIN  ALARMES
YES " (HIGHFLOW)

(> 100 GMS)

FIG. 19



said controller being adapted to begin acquiring a predeterm ned
plurality of said fluid characteristic signals during operation of said

punp assenbly 35

al arm si gna
said- controll e

sol ution al arm si gna

recei ving 40
of said weight
by said data
corresponded t

that was speci{iFE#2%br | 46

16. An assenb
plurality of i
type whi ch has
forma desired
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comuni cation with t
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and conpare each of said plurality with fluid
i dentifying d¥PAVASSsai d menory and
when sai d conparison indicates an
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if said weight si

generate an incorrgeiusHohsshi on
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i ndj as the wei ghjspof said
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one conduit to force a flow of said fluid therethrough, the rate of the

fl ow varying ‘in at |east partial dependence on a characteristic of
said fluid, said punp assenbly 10 operating responsive to predeterm ned

si gnal s bei ngwayapbdoed t her et o; a first sgagpg dﬁg@pted to
be in operative contact with the receiving cont ai ner adapte

generate a signal that is indicative of b@g wei ght of the recei vi ng
container and its contents; 20/30 a second sensor being

adapted to be positioned in close prgximtyat 5 said at |east one
conduit when properly installed, saiaﬁizgo (géésor being in

noni nvasi ve Se-nso:-y—co-n-t-&f‘f uufh fluid nrprnT in said at least aone

conduit, and adapted to sense and selectlvely determ ne a
characteristic at |east partially identifying the fluid presenf in
said at | east one conduit and generate signals that are i ndi cative of

such determ ned characteristic and to sense and sel ectively determ pe 20
t he absence of fluid in said at | east one properly installed condui{ and
generate signals that are indicative of aAL&RMEMW2conduit;
a controller for controlling the operation dTam@TmHﬁmnaratus, i ncl udi ng
said punp assenbly and for processing said signals fromsaid first and
second sensor and being adapted to generat%_ resel ected al arm §i gnal s
in response to 25 pr edet er m sa? controller inclugding

nmenory having data that SpesTéRES ight and identity of fluid in
said conduit; IN GRACE TIME WITRILO® aryg i ndi cat or operativel:
connected to said contro for prow YES g

482
POSCHK EXIT
STOP AND ANALYZE }——— (ALARM CONDITION
PROBLEM SET BY POSCHK)
>
463
— [ SeroexmosE v 0
| CROSS-CHECK INHIBIT INFAST PUMP MODE
TIMER TO 0.5 SEC AND >20 ML PUMPED

SOLDET
INCORRECT SOLUTION
DETECTED

INCORRECT SOLUTION
DETECTED

NO amn
ln " RESET SOLUTION >
484L:/t Mlgi&fglrﬁugfg&c —> MISMATCH —r
. COUNTDOWN TO 10

i

Y

TOFIG.
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provi ding preselected alarmindications in response to preselected al arm

signal s bei ng generated by said controller, said alarmindicator being
adapted to provide a 30 no flow alarmindication responsive to said
controller generating a no flow al arm signal and an incorrect solution
al arm i ndi cat| onsive to said controller eneratin n incorrect
sol ution alarﬁg%m&ﬁg ; sai d contrgller pFS@H@?Pﬁ&Isaid
wei ght signals during operation of said punp assenbly and generating a
no ftow al arm signal when said wei ght sRdi30s

55 35 indicate a |less than expected wei ght change;

said controller acquiring a predetermned plurality of said fluid

FROM FIG 20
4
488 889
. TSTGRC
DON'T COUNT LAST
IN GRACE TIME WITH LOW
ELOW - SOLUTION MISMATCH
MSMTYP
STOP & ANALYZE PROBLEM}— 4%
4?
RESET SOLUTION
NO-FLOW DETECTED MISMATCH
COUNTDOWN TO 10
ESETS
MISMATCH —— 494
COUNTDOWN TO 10
l‘ ALARM E-63
EXIT (CONTINUE (INCORRECT SOLUTION)
PUMPING) ALARM E-69
(INCORRECT SOLUTION 2)

FIG. 21



characteristic signals during operation of said punp assenbly and conparing

each of said plurality with fluid identifying data in said nmenory and
bei ng adapted to generate an incorrect solution alarmsignal when said
conpari son indi-cates an 40 incorrect solution unless precluded from doi ng
So; wooomseee Sai d controller being adapted to preclude generation
of said incorrect solution alarmsignal if said wei ghfCHUEM gpm

i ndicates the weight of fluid within a portion of said conduit that
is located between said receiving contai2B30nd said second sensor is

Wi thin a predeterm ned anount of said specified weight of fluids 45 in the
receiving container that is indicated by said data in said nenory , and the
sensed characteristic approximtely corresponding to the fluid inmediately
bef ore the no flow al arm signal was generated indicated that the
fluid was a correct sol utijon, arghreepsed chjaracteristics since said
no flow al armsignal was_gener at @ECODESOLUHGN@@ et a2 sai d conduit is
enpty, said cﬁQDE)ISDHﬂTIOMe opere o -150 assenmbly to punp said
fluid in sai dj(ort EMRTOTUBER} d condui t i n§ o the recei ving cont ai ner.

17. An assenblole|s OFRER ned in claim n saidseonggoller is :
adapted to del@pm pergghe fljow ra et he receiving contai ner by
det erm ni ng t hgochppgmrdse eraht C@DEFOWDMOIG—WE} gpt ainer _per unit of
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transferring fluids fromone or
respective conduits to forma desired
cont ai ner having a goal weight,

18. An assenbly for selectively
nore source containers through
mxture in a recei ving

t he assenbly conpri sing:

a punp assenblwo b9 adapted to force fluid through each comedsoige®
responsive to applied drive signals;

assenbly for generating a signal

t hat

a first sensor
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wei ght of the receiving container and its contents; a
second sensor assenbly in noninvasi ve sensory contact with fluid

present in a portion of a conduit extending between the source container
and the 10 ﬁﬁﬁhﬁﬁgg cont ai ner, the second sensor being adapted to

sel ectively de the absence of a conduit, the presengRopfsan
enpty conduit, and a characteristic of the fluid at least partially
i dentifying t he uid present in the coqggkgoand to generate signal s
t hat are indicatfi 0 Al _det erjm nat i ons; a
controller for 20 p 46enbly, for processing the 15
signals fromth - =25, and for selectively generating alarm
signals, the contrpller also including a nmenory having data that
specifies the identity of redetermned fluids that- may be in the
condui t; and, STOP PUMP MOTOR ﬁ}—/anSMHarn1indicator connected to the
controller for peos-ding piesel ected al arns when presel ected al arm

signals are rec
adapted to provi
signal is rece
i ndi cati on when
controller;

characteristic $ mlﬁﬁ

conparing each ? &&&pﬁl‘ dentifyi ng ~
generating an i ﬂanEpL sotut+or al art'si gnal when
i ndi cates an incorrect solution, unless the weight

wei ght of fluid within a portion of the conduit tha
recei vi ng

the controller, 20 the alarmindicator being
3) o fIOM/aIa m i ndi cati on when a no flow al arm
e CONIfnt fotTeb02and an ineofA@cesol ution gear m
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s conparfi son
.|@%ﬁl i ndifcates the
is |ocatgd between the

5ALARM E-61 (ILLEGAL
SOLUTION CODE)

AT
LEAST1
EMPTY TUBE READING

508
ALARM E-14 (NO FLOW)

AT LEAST 3 CORRECT

SOLUTION READINGS ALARM E-14 (NO FLOW)

TURN ON MOTOR FOR 1.0
SECONDS

Y
DELAY 10SECONDS |—— 516

~ 514

518

WEIGHT GAIN DETECTED
(AT LEAST 6 GMS) ?

ALARM E-14 (NO FLOW)

ALARM E-63
aNcorREcTSOLUTION) FIG. 24



contai ner and the second sensor is wthin a predeterm ned anount of said

specified wei ght of fluids in the receiving container that is
i ndicated by said data in said 30 menory, and the sensed characteristic
approximately corresponding to the fluid i mmedi ately before the no

flow al arm si YRMORES generated indicated that the fluid  PCT/USRRIS4
correct solution, and sensed characteristics since said no flow alarm

si gnal was generated indicated thpgg;gge conduit is enpty, the
controller then operating the punp assenbly to punp the fluid in the
portion of the condutrtg D receiving 35 container
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I 19. An assenbly for controllably transferring
fluids from a plurality of individual source containers through a
transfer set of the type which has a plurality of conduits through
which fluid can pass to forma desired mxture in a receiving
cont ai ner, eacWO&HMaei t of the set being adapted to place oper/o§osife sour ce
5 containers in fluid communication with a manifold junction. that is in

fluid conmuni cation to the receiviﬁgﬂaantainer via a manifold transfer
conduit, the assenbly conpri si ng: a punp assenbly
bei ng adapted to operatively act on fluid in at |east one conduit to

force a flow of said fluid therethrough, the rate of the flow varying 10
in at |least partial dependence on a characteristic of said fluid, said punp

assenbl y opqgr ALAM AL&RRMONSi ve to predeterm ned signals being applied

t hereto; HANDLER  [@ fTrst-¥Bnsor adapted to be in operative
contact with the ‘ecervwrrg contai ner adapted to generate a signal that
is indicative of the\M%QHH of the receiving container and its
contents; 15 a second sensor being adapted to be

positioned in cl ¢EOKIVRAGARMIN] t said junction transfer conduit or
j ﬁﬁﬁi\qyﬁﬁi

one of said transf aLARMTABIE 2second sensor being in
noni nvasi ve sensdTV“thratT'w th fluid present in said conduit, and adapted-
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to sense and sel ectively determ ne the absence of said at |east one

conduit, the absence of fluid in said conduit, and a characteristic
of the fluid present in said 20 conduit and generate signals that are
i ndi cative of &%E‘geternination; a controller for
controlling th2YB%¥ati on of said appar atus, i ncluding PCTAIS&490 843U

assenbly and for processing said signals fromsaid first and second
sensor and being adapted to generate ppgggpected alarmsignals in response
to predeterm ned conditions; and, 25 an al arm

preselected alarmindications in response to

bei ng generated by said cantroller.
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20. An assenbly as defined in claim19 wherein said predeterm ned tine
period is within the range of about 5 to about 20 seconds.
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22. An assenbly for selectively transferring fluids fromone or nor e
source containers to forma desired mxture in a receiving container, the
assenbly conpri.sing: a punp assenbly being adapted to
force fluid thro(gg each conduit 5 responsive to applied drive signals;

a first sensor” Iy for generating a signal that is indPCHU$NR84RI t he
wei ght of the receiving container; a second sensor
assenbly i n noninvasive sensory cont act3%yi3td1 fluid present in a
portion of a conduit extending between the source container and the 10
receiving container, the second sensor being adapted to sel ectively
determ ne the absence of a conduit, the presence of an enpty conduit,
and a characteristic of the fluid present in the conduit and to
generate signals that are indicative of such det ermi nati ons;

a controller for controlling the punp assenbl for processing the 15
signals fromthe i and I generating alarm

si gnal s; and, 7y [ connected to the
controller for p Q}(E\QDUSJP@(} s ed from
the controller; first
sensor assenbly signal s and data 20 the desired m xtlure bei ng
formed in the receiving contai ner, and YES
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determ ni ng whet her weight gain is occurring after conpl etion of
conpoundi ng of the desired m xture when said pulm, LY i smnot

operating, said controller i nhibiting generatio @ﬁ@gﬁrrﬁlﬁ%nal
for a predetermned tinme period after recei ving; signal s Tromsai d

first sensor assenbly indicating a weight gain have been {25 £t oagmi Vied,
said controller receiving signals fromsaid first sebs g,_r_k_____a_g_s_g,nbl‘"y t_g
determine if the container weight returns to the conpl eted wei ght “that

exi sted before said signals were received indicating a_wei ght gailn had
occurred, and generating an

61 . I ' j | et ed i ght i t
ret ur ned. 35" %mcﬁfe%nl%%@gn E@ﬁ%?&%?&@gﬁgefi ﬁedwielngcl a= fn 2(2) wherein

said predetermined tine paaicHbevidiihe! MprtaBmifl Bhitly QiR 20
seconas.

characteristic signals during operation of said pump assembly and comparing each
of said plurality with fluid identifying data in said memory and being adapted to
generate an incorrect solution alarm signal when said comparison indicates an

40  incorrect solution unless precluded from doing so;
said controller being adapted to preclude generation of said incorrect
solution alarm signal if said weight signal indicates the weight of fluid within a
portion of said conduit that is located between said receiving container and said
second sensor is within a predetermined amount of said specified weight of fluids
45  in the receiving container that is indicated by said data in said memory , and the
sensed characteristic approximately corresponding to the fluid immediately before
the no flow alarm signal was generated indicated that the fluid was a correct
solution, and sensed characteristics since said no flow alarm signal was generated
indicated that said conduit is empty, said controller then operating said pump

50  assembly to pump said fluid in said portion of said conduit into the receiving
container.

17. An assembly as defined in claim 1 wherein said controller is
adapted to determine the flow rate of fluid into the receiving container by

determining the change in weight of the receiving container per unit of time during
operation of said pump assembly.
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18. An assembly for selectively transferring fluids from one or

more source containers through respective conduits to form a desired mixture in a
receiving container having a goal weight, the assembly comprising:

a pump assembly being adapted to force fluid through each conduit

responsive to applied drive signals;

a first sensor assembly for generating a signal that is indicative of the
weight of the receiving container and its contents;
. a second sensor assembly in noninvasive sensory contact with fluid

present in a portion of a conduit extending between the source container and the

receiving container, the second sensor being adapted to selectively determine the
absence of a conduit, the presence of an empty conduit, and a characteristic of the

fluid at least partially identifying the fluid present in the conduit and to generate

signals that are indicative of such determinations;

a controller for controlling the pump assembly, for processing the
signals from the sensor assemblies, and for selectively generating alarm signals, the
confrolier also including a memory having data that specifies the identity of
predetermined fluids that may be in the conduit; and,

an alarm indicator comnected to the controller for providing
preselected alarms when preselected alarm signals are received from the controller,
the alarm indicator being adapted to provide a no flow alarm indication when a no
flow alarm signal is received from the controller and an incorrect solution alarm
indication when an incorrect solution alarm signal is received from controller;

the controller acquiring a number of fluid characteristic signals during
operation of the pump assembly and comparing each of them with fluid identifying
data m the memory and generating an incorrect solution alarm signal when the
comparison indicates an incorrect solution, unless the weight signal indicates the

weight of fluid within a portion of the conduit that is located between the receiving
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container and the second sensor is within a predetermined amount of said specified
weight of fluids in the receiving container that is indicated by said data in said
30 memory, and the sensed characteristic approximately corresponding to the fluid
immediately before the no flow alarm signal was generated indicated that the fluid
was a correct solution, and sensed characteristics since said no flow alarm signal
was generated indicated that the conduit is empty, the controller then operating the

pump assembly to pump the fluid in the portion of the conduit into the receiving
35  container.
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19. An assembly for controllably transferring fluids from a
plurality of individual source containers through a transfer set of the type which has
a plurality of conduits through which fluid can pass to form a desired mixture in a
receiving container, each conduit of the set being adapted to place one of the source
containers in fluid communication with a manifold junction. that is in fluid
communication to the receiving container via a manifold transfer conduit, the
assembly comprising:

a pump assembly being adapted to operatively act on fluid in at least
one conduit to force a flow of said fluid therethrough, the rate of the flow varying
in at least partial dependence on a characteristic of said fluid, said pump assembly
operating responsive to predetermined signals being applied thereto;

a first sensor adapted to be in operative contact with the receiving
container adapted to generate a signal that is indicative of the weight of the
receiving container and its contents;

a second sensor being adapted to be positioned in close proximity to
said junction transfer conduit or one of said transfer set conduits, said second sensor
being in noninvasive sensory contact with fluid present in said conduit, and adapted
to sense and selectively determine the absence of said at least one conduit, the
absence of fluid in said conduit, and a characteristic of the fluid present in said
conduit and generate signals that are indicative of such determination;

a controller for controlling the operation of said apparatus, including
said pump assembly and for processing said signals from said first and second
sensor and being adapted to generate preselected alarm signals in i'esponse to
predetermined conditions; and, _

an alarm indicator 6perative1y connected to said controller for
providing preselected alarm indications in response to preselected alarm signals

being generated by said controller.
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20.  An assembly as defined in claim 19 wherein said predetermined

time period is within the range of about 5 to about 20 seconds.
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(57) Abstract

A mixing assembly (10) which transfers a number of
nutritional fluids (20) from individual source cortainers (16)
into a collection container (18) while noninvasively sensing
the type of fluid being transferred is provided. The mixing
assembly (10) utilizes a transfer set (14) to establish fiuid
communication between the source containers (16) and the
collection container (18). A sensing assembly is configured
to noninvasively sense a number of the types of fluid flowing
through the transfer set (14) to help to prevent improper
mixing. For other fluids for which the sensing assembly
{200) alone may not be able to distinguish with the desired
accuracy, the mixing assembly (10) utilizes a method to
approximate the flow rate of that fluid with the flow rate also
providing an indication of that type of fluid. By combining
the output of the sensing assembly (200) with the flow
rate determination, additional fluids can be identified. The
assembly (10) includes a controller (41) that executes a number
of routines that minimize the occurrence of false alarms, while
insuring accurate and rcliable compounding of prescriptions.




