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US-A-5571084 discloses a powered breast pump in which the user has some limited
control over the pumping cycle. The limited control that the user has is itself a

problem.

20 Summary of the Invention
A poweted breast pump system, according to the present invention, is characterised
in that the controller is configured to control the pumping operation of motorised
breast pump such that the suction produced by the pump follows a suction level
control signal, produced by operation of the user input means during pumping.

25
Thus, since the user has instantaneous control over the suction, the user can have
fine control over the profile of the pumping cycle and vary the cycle with time so

that the pumping can be optimised for effectiveness and/or comfort.

30  The controller may configured to operate the motorised breast pump in a learn
mode, in which said suction level control signal is followed, and a run mode, in
which the controller controls the pumping operation of the motorised breast pump

so as to mimic previous learn mode operation. °



whi ch the controller controls the punpi ng operation of
the notorised breast punp so as to m mc previous
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it has been found that it is satisfactory to obtain a
few key paranmetef s and control the punp using these.
Therefore, preferably, the controller is configured to
store paraneters defining a punp operation cycle
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connecting the pump unit to the handheld unit and containing a working fluid
which is pumped back and forth by the motorised pump unit for varying the

20 pressure within a milk receiving chamber in the handheld unit. Mote preferably, the
handheld unit includes a flexible diaphragm separating the working fluid from the

milk receiving chamber.

The motorised pump unit preferably comprises two pumps connected to respective
25 handheld units by respective tubes and driven in phase by a shared motot. If the

units were to be driven out of phase, the pumping cycle profile would need to be

symmetrical to avoid different cycles being followed by each handheld unit. Driving

the units in phase, means that asymmetrical profiles are possible.

30  Preferably, the or each handheld unit comprises a temovable head which may
include a diaphragm and a cap connected to the tube. The diaphragm and the cap

may be separable. Advantageously, the removable head can be replaced by a similar



the units in phase, nmeans that asymmetrical profiles

are possible. Preferably, the or each handhel d unit
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Fi gUbBudl toshéusect i onal view of the slave head nounted

to a body; Figure 3 is a sectional view of the naster
head and part of a body; Figure 4 is a rear view of
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B e%ﬁgure ED 1s a sectional view of the slave head mounted to a body;

Figure 3 is a sectional view of the master head and part of a body;
Figure 4 is a rear view of the master head;

20  Figure 5 is a block diagram of the actuating pump and its control system;
Figute 6 is a flowchart illustrating the operation of the system in Figure 1;
Figure 7 is a flowchart illustrating mode changing of the system in Figure 1;
Figure 8 is a plot illustrating two exemplary pumping cycles duting “learn” mode
operation of the system in Figure 1;

25 Figure 9 is a flowchatt illustrating patt of the “learn” mode operation in detail; and
Figure 10 is a plot illustrating three “run” mode pumping cycles of the system of

Figure 1.

Detailed Description of Preferred Embodiment

30  Refetring to Figutre 1, a breast pump system according to the present invention
comptises a pneumatic pump 1 (shown without its casing), a master head 2, a slave
head 3, a manual head 4, first and second feeding bottles 5, 6 and first and second

identical bodies 7, 8. The master and slave heads 2, 3 ate connected to the pump 1



operation of the systemin Figure 1; Figure 9 is a
flowchart illustrating part of the "learn" node
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illustrating three "run" node punping cycles of the
systemof Figure 1. Detailed Description of
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pressute in the cup 22 drops relative to the pressure in the neck 21 and opens when
the pressure in the cup 22 rises to match the pressure in the neck 21.

20
The slave head 3 comprises a cup-shaped elastomeric diaphragm 25 and a cap 26.
The diaphragm 25 is received within the cup 22. The tim of the diaphragm 25 is
turned back on itself to form a channel 27 which receives the rim of the cup 22 to
secure the diaphragm in the cup 22. The cap 26 comprises a disc 28, which is large

25  enough to cover the intetior of the diaphragm 25, and an annular flange 29 which
projects coaxially from the disc 28. The flange 29 is received snugly in the mouth
of the cup-shaped diaphragm 25 to form an air-tight seal between the cap 26 and
the diaphragm 25. A nipple 30 projects from the exposed face of the disc 28. A
channel extends through the nipple 30 and opens into the space within the

30  diaphragm 25. In use, the nipple 30 is connected to the pump 1 by the second
flexible tube 10 and, when the pump 1 sucks air through the second flexible tube
10, the floor of the cup-shaped diaphragm 25 is lifted, reducing the pressure within



pressure i the cup 22 drops relative to the pressure
in the neck 21 and opens when the pressure in the cup
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af fixgg. 1@ the base 41. Referring also to Figure 4, an
arm 43 and a | ever 44 extend fromthe back of the
doned body 42. The overall forn1of t he arn143 and t he

£eve 4 ese ver .
%ranualpu%leg{)dm f;rbsfxﬁfc'ChIJéver 02?2 Qhe %Iﬁ%(%% dgl naI 5 %EPIOIP'“S
I N idefepllpRotiintandn@nte Hhﬁeﬁbﬂiﬂy‘l& W@Jt&?iv&tdhﬂﬁt&hﬁdﬂe&s a boss

slot 45 substantially filli it. The proxjnmal end o

*he Vg PO RE SRS Y HEBFPhe R Lo 4% SEEoRmal end so

'S &h&ﬁ&hﬁﬁugtcﬂ’ tRe itk 3 W ards the cup 22 closes the switch 46. A resilient
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20  the base 41 to bias the arm 43 away from the cup 22.

The lever 44 is biased outwards by a spring 44a within the domed body 42. The

lever 44 is pivoted at its proximal end on the same axis as the arm 43, The pivot

arrangement of the lever 44 includes a stub 44b that passes through a preset-type
25  potentiometer 47 so that the wiper of the potentiometer 47 moves when the lever

44 is pivoted.

A nipple (not show) projects from the base 41 into a recess in the side of the domed
body 42 and is connected to second tube 11.

30
Referring to Figure 5, the system is powered from an external 12V source 51. The
power from the external source 51 is filtered by an EMC filter 52 and provided to 2

H-bridge circuit 53, which provides power to a motor 54, and a regulator 55. The



A push-to-make swtch 46 is nmounted in the doned body
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whi ch engages the switch's actuator. The arm43 is
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The processing circuit 56 provides motor speed and direction signals to H-bridge
circuit 53 to control the movement of the motor 54.

20

The operation of the system will now be described.

Referring to Figure 6, when the system is turned on, the processing citcuit 56

determines whether the crank is in its home position by comparing the output of
25 the rotary encoder 58 with a home reference value, i.e. O (step s1). If the crank is

not in its home position, the processing circuit petforms an error checking routine

and signals any errors using the status LED 59 (step s2) and halts the system.

The system enters “learn” mode by default. However, referring to Figure 7, closing
30  the switch 46 while the system is in “learn” mode switches it to “run” by setting a

run mode flag (steps s101 and s102) and closing the switch 46 while the system is in

“run” mode will switch it back to “learn” mode by resetting the run mode flag

(steps s101 and s103).



The switch 46 is coupl ed between an interrupt input of
the processing circuit 56 and ground. The
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relaxation stroke (td). The processing circuit 56 also monitors the start position (s)

20  and lengths (d) of each suction stroke.

Referring to Figute 9, at the end of the second and each subsequent relaxation
stroke, i.(;. at td,, (step s201) the processing circuit 56 calculates the suction sttoke
velocity (i.e. d/(tb-ta)), the suction hold period, the relaxation stroke velocity (i.e.
25 d/td-tc)) and the rest petiod of the previous cycle (if any) are calculated from the
monitored times for the current and preceding cycles (step s202) and stored (step
$203). The state of the run mode flag is then checked (step s204) and if the mode
has changed to “run” mode, “learn” mode is left otherwise the process returns to
step s101.
30
When the system is switched to “run” mode by the user closing the switch 44, the
processing circuit 56 coﬁuols the motor 54 in accordance with the stored velocities

and periods and the stored stroke and depth value.



and allow ng the lever 45 to nove towards its rest
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Fodgopetigaieg 0 TR UojsagbEtat RS PFEL L SEMaB B fodvhen th

whetshigtiod held peabdk Biodspirkd (stdp $Meahe @&icewﬁ‘% ditcait, 56|oueputs speed
the suct] on stroke start position, é@t s4) and
it iconiret pultns garrespopding e srorglires ceHeribn ks &ﬂ%ﬂt% to the

Ci I Qilibkidpd cirddd 5350k thBOwii € rSRERAi QAL (RE INU Dhes@dignals cause the
motor to be driven in a second, opposite direction, driving the pistons on their up

20  strokes, and are tetminated when the rotary encoder 58 indicates that the pump has
returned to its rest position (steps s11 and s12). The processing circuit 56 does not
then output any further motot control signals and when the stored average rest

period has expired (step s13), it returns to step s3.

25 The system can be operated by a user in “learn” mode without switching to “run”
mode. Thus, the system also provides a power-assisted breast pump which gives the
user continuous conttol ovet the pumping cycle as with manual breast pumps but

without the physical effort required by a manual breast pump.

30 It will be appreciated that the present invention can be implemented in other ways.
For example, the “tun” mode cycles could follow the “learn” mode cycle with
greater fidelity. This could be achieved by recording the position of the crankshaft

at a plurality of instants during each stroke in “learn” mode. The “run” mode cycle



and a direction signal so that the pistons nove on
their up or down stokes at the stored average suction
wa2006011t7y5 (step s5) until the rest position isPCERRINOH051657

When the crankshaft is in the rest position (step s4),
the processing circuit 56 beings to output a stream of

not or speed control pulses to the H bridge circuit 53
together with a forward signal for causing the notot

54 to run in a first direction (step s6). These pul ses

and t f or war fgnal are output until the t put . of

he couf ae pohenat Py Bla Eree Dhurcloremerrn eop S o
POSiphirfiity 8PRatd o8¢ OfcRY. FbF BkifreHRRt) (NhLinpGt BRafs/himics the
at which time the notor is stopped (step s8). Wen the

not eetuftes oheeynyal Muerstipumpe Thisgeeagsment cprid etrepaceddya foot
not $RE AL 6PN LERhg RULERS obBbEdarite BEAIRM control
cor?gggg%%1ﬁgm?%ﬁgﬁe stoFed sgct%on Eblg peﬁ%édehas_ conte
éx piunigd Ths uegs ig®)ts mighdn commugisateddn thoprdcpsingeircpis yirelessly, e.g.
expiredlﬁstep s9), the processing circuit 56 outputs

usin >
speeg'gontrol pul ses, corresponding to the stored
average rel axation stroke velocity, to the H bridge

circuit 53 together with a reverse signal, (step s9).
Thedth diegnure T suct oo ol Bad ap Gl oEth Tedineki
SeCQBEbimRPYSLRL i 4 R6L h Ritionddrath&ter 4d¥esupiisd BHIY pBition
their up strokes, and are term nated when the rotary
@ncpde™meHs- i ndi cates that the punp has returned to its
rest position (steps sll and sl2). The processing
circuit 56 does not then output any further notor
control signals and when the stored average rest
period has expired (step si 3), it returns to step s3.
The system can be operated by a user in "learn" node
W thout switching to "run" node. Thus, the system al so
provi des a power-assi sted breast punp which gives the
user continuous control over the punping cycle as with
manual breast punps but w thout the physical effort
requi red by a manual breast punp. It will be

appreci ated that the present invention can be

i npl enented in other ways. For exanple, the "run" node
cycles could follow the "l earn" node cycle wth



greater fidelity. This could be achieved by recording
the position of the crankshaft at a plurality of
w0 p®bsant73s duri ng each stroke in "learn" node. ACEEP200£051657
node cycl ecoul d be established by taking averages of
cycle paraneters obtained froma plurality of learn
node cycl es. For conveni ence, tlhg.user input neans
m mcs the actuator of a manual breast punp. This
arrangenent could be replaced by a foot switch and
pedgl, rather |ike that of a sewing machine or a
sepa a%e handhel d control unit. The user inputs nmay be
connunlcated to the processing circuit wrelessly,
u5|g IR An alternative to the suction start
par érret e’ RATEEred PISRY PUBHYTRt B FARBEYRS conbi nat i on

woul d beaqm;tggigednggdsgbgﬁpq@rzarypter and suction hold
position paraneter.d ai ng Apowered breast punp

dystem @snwmngmwgns@4%wmd psed breast punp (1, 2, 7);

user inpyt and a controller (56),
characteglsgsaﬂ§(§ at the controller (56) is

conf i gur ebataotesisrd iwith4thbe pompolleg (58 & @mnifigaredfto control the

not gnsed brea suc e,su t

M b R SR R N B R
contpreducsd §i ﬁ{e. uip (i eet foflowpesaddoanevl cdditol 4Rkl produced by
i nput means duri ng 2. A system according

Yo opaiafipa of fifetees WPPh’é‘e%%‘l‘) Jeigg OIS s conf i gur ed

to operate the notorlsed breast punmp (1, 2, 7) in a

| earn node, in which said suction |evel control‘signa

i s fol | ofettstemmgcerdingriorride, 1, imheigint ths coneroBer(Be)dh kefigured to

(56)opeRRd .0 ln*?ott)ﬂfedmigg't ggng?,rzﬁ} m} N RirntHEad R QBREDaid suction
brea t punp ( mc preV|ous [earn

mod devspeqratal elanalss f owpds e o onaticniy whick Kz enngroller (56)
wher gl ok i 319%:5@ | Lgf’augg @} tHe mgt%qgécglwé%q p{xgp (1,2,7)soas to

mimic previous learn mode operation.

3. A system according to claim 2, wherein the controller (56) is configured to

store parameters defining a pump operation cycle during learn mode operation.
20

4. A system according to claim 3, wherein said parameters include suction

stroke average velocity.

5. A system according to claim 3 or 4, wherein said parameters include

25 relaxation stroke average velocity.

6. A system according to claim 3, 4 or 5, wherein said parameters include

suction hold duration.

0 7. A system according to any one of claims 3 to 6, wherein said parameters

include rest hold duration.



store paraneters defining a punp operation cycle

during | earn node operation 4. A system according to
w@bk@sno11375 wherei n sai d paraneters include suctPOHEP2004/051657

stroke average velocity. 5. A systemaccording to

claim3 or 4, wherein said paraneters include

rel axation stroke average vel qgjjty 6. A system

according to claim3, 4 or 5 wherein said paraneters

i nclude suction hold duration. 1 A systen1according to

any one of claims &&to 6, mherphn s?id arane er s )

i ncPude #SEYCRAFTPIARELP AIRORE OIS PeOh Ta SESIH RIS pyrameters

any jRifle QhctfIntike Ren@th. 7, Wherein said paraneters

i nclude suction stroke |length. 9. A system according

to any one of clainms 3 or 7, wherein said paraneters

I nchude g ?sttéxgl'&céc;rﬁfﬁ Qo §Lﬁ5£ £P&kikds 3 or 71thct%n§¥§3 Piameters

according to any pre€eding c ?a|n1 wherei'n t he

srot orclsle dudiiomastokp atapt [fokitio®; 7) conprises a notori sed

punp unit (1), a handheld unit (2, 7) for receiving a

user's breast and capturing expressed mlk and tubing

(9) 160NNAGYKitaE atéradipgtp atm'ptecédh)g tleini, veheham tiredndtomised breast

(2, 7 nd ontalnln a mnr qu| wh|

e RebR TS OB Tt BrCnt i tith (e ps R B ECS) for

var yi c@g'xﬂgrheus@f’ﬁ‘éfddgt@a.nw cﬁﬁduﬂngl e rlai%e«ﬂ ek 2adRgbiaH @meﬁnecung the

in the handhel d unit 11 A system accordi 81
Brgdad which i

181 aPHmPENithkioha heﬁ@wllﬁaﬁ%@ d e %on(caznmg)a W9
fl eﬁ}h&h@d gé«%ﬁalﬁﬁqgf&l (g he &%R%@H 'pﬂ&gttﬂx@c @Pfcﬁ 'vgﬂurfgl fHE Pressure

fro recel ving chanb

acc otitlimgmily rededriing dignder mthe\hhedleql%umhéz r?i)t or i sed

punp unit (1) conprises two punps connected to

_respective handheld units (2, 7; 3, 8) by respective

t ubds. (9A sy@pmandordinigvertldim 1phwbecinythe hekdebturioof) includes 2

15  flexible diaphragm (25) separating the working fluid from the milk receiving

chambert.

12. A system accotding to claim 10 or 11, wherein the motorised pump unit (1)
comptises two pumps connected to respective handheld units (2, 7; 3, 8) by

20  respective tubes (9, 10) and driven in phase by a shared motot.

13. A system according to claim 10, 11 ot 12, wherein the or each handheld unit
(2,7; 3, 8) comptises a removable head (2; 3) comprising the diaphragm (25) and a
cap (26; 42) connected to the associated tube (9; 10).

25
14. A system according to claim 13, wherein the or each diaphragm (25) and the

associated cap or caps (26; 42) are separable.

15. A system according to claim 13 or 14, including a manual head (4)
30  comprising a diaphragm and operating means for manually operating the diaphragm
for varying the pressure in the milk receiving chamber, wherein the manual head is

interchangeable with said removable head (2; 3).



13. A systemaccording to claim10, 11 or 12, wherein
the or each handheld unit (2, 7; 3, 8) conprises a

wo eowwabre head (2; 3) conprising the di aphr agpre /EB)004/051657
and a cap (26; 42) connected to the associated tube
(9; 10). 14. A systemaccording to claim 13, wherein
the or each di aphragm (25) and {)he associ ated cap or
caps (26; 42) are separable. 15. A system according to
claim13 or 14, including a manual head (4) conprising
a di aphragm and operating neans far. manyal.ly operatin
he 1B apA RS OAP ALY PHE-BreSaimans noipha FEp Head (¢
reCebhbiéng Bg@f@ﬂg mWRI8 Mahifly VR thB @@aéhshs® in a milk receiving
I nterchangeable wth said renmovabl’'e head (2; 3).16. A
systhambeecohdringhe ;maany) hord & intpreaapeabld wich a@raigr ¢riven head
manyalsy head (4) conprising operating neans for
man alky varying the pressure in a mlk receiving
ghanber, wherein the manual head (4) is
I nterchangeabl e wi t.h t or, .drj ven head (. A
sysﬁz”m ag%é;?ta?lﬁéc?rgm @ﬁgirgr%nﬁé?  WAET & tﬁe the (uﬁ%uet rﬁﬁaﬁ%@t@ ahe
mearsnfidddd aich thanhé gist ededticls ol dtoduamgussiedrsuction level control
operationsgﬁgr producinqisaid suction | evel contréﬁ .
si grigPaliesahly therer QReETiogRe At PRI B8 PR JpEFAPTATY Pumpive:
means for manually punping. 18. A system according to

claim 17, wherein the operating neans conprises a .
evdB. A system according to claim 17, wherein the operating means compzises a

lever.



