-1- Powered Breast Pump Field of The Invention The present invention
relates to a powered breast pump system, comprising a 5 motorised breast
pump, user input means and a controller. Background to the Invention
WO-A-01/47577 discloses a programmaBble powered breast pump
apparatus. The disclosed breast pump apparatus is programmed by
recording control data on or in a data carrier which is then inserted into the
bre X We it B 48 aRBPrhe control data is read from the data carrier and
controls the pumping cycle. The breast pump apparatus disclosed in
WO-A-01/47577 suffers from the disadvantage that the programming
proddgiieiBhfplax 18 s-A-5571084 discloses a powered breast pump in
whitdhé¢he user hasnsome:lirited acanikatove e puim ping vy clen giedgmnited

gontral that the user as IS self.a. problem. 20 symmary of the Invention A
powered breast pump s%’stem, ccording to the present invention, is
characterised in that the controller is configured to control the pumping
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optimised for effectiveness and/or comfort. 30 The controller may configured

to oPUPRIE4HE Motorised breast pump in a learn mode, in which said suction
level control signal is followed, and a run mode, in

The breast pump apparatus disclosed in WO-A-01/47577 suffers from the
disadvantage that the programming process is complex.

15
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 powered 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 uset 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.



which the controller controls the pumping operation of the motorised breast
pump so as to mimic previous learn mode operation. -2- The mimicry need
not be exact and it has been found that it is satisfactory to obtain a few key
parameters and control the pump usingtBese. Therefore, preferably, the
controller is configured to store parameters defining a pump operation cycle
during 5 learn mode operation. The parameters may comprise suction stroke
velocity, relaxation stroke velocity, suction hold duration, rest hold duration,
strokedength ranecguctian stmkexsdaftm@mianfd&mer&ge ivaduessare referaibyin

used foy e YIoglh. bAATEIRS 42 RIsiErably. fhe mplorised Heast BUMA.
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useps hrgastand capturing expressed milk and tube connecting the pump
unit to the handheld unit and containing a working fluid 20 which is pumped
back and forth by the motorised pump unit for varying the pressure within a
1amilk receiving chamber in the handheld unit. More preferably, the handheld
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15 pressure within a milk receiving charnber in the handheld unit.

Preferably, the motorised breast pump comprises a motorised pump unit, a
handheld unit for receiving a user's breast and capturing expressed milk and tube
connecting the pump unit to the handheld unit and containing a working fluid

20  which is pumped back and forth by the motorised pump unit for varying the
pressure within a milk receiving chamber in the handheld unit. More preferably, the
handheld unit includes a flexible diaphragm separating the working fluid from the

milk receiving chamber.

25 The motorised pump unit preferably comprises two pumps connected to respective
handheld units by respective tubes and driven in phase by a shared motor. 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 removable 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, means that asymmetrical profiles are possible. 30
Preferably, the or each handheld unit comprises a removable 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 -3- manual head including operating means for
manually varying the pressure in the milk receiving chamber. Preferably, the
usePHpiH Rfddr-lidtonRgarey StreRThat B (B GiseRsidHPrars we in the
contralling:-thenpotamibethe learn mode resemble the user operation of the
operating means for manually pumping with a manual breast pump. More
preferably, the operating means comprises a hand operable lever which can
be Bisérsteld-Withuiss Hand tsanis otaitigtiedbody. trHishfors of Reser contrs|

hasdeenifauinct tebe particulariy adaniageousdn: eth dpe-manual aumping,
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1 shows a breast pump system according to the present invention; Figure 2
is a'SuBfloRAI VR G attivaAess b GRtEd 6 BIWALP ERIRS iR can be
1sechonatalieweai dhd rpnasterheachanddparhofea thoay; ekigune hisiaveanyiew

of the master head; 20 Figure 5 is a block diagram of the actuating pump and

its control system; Figure 6 is a flowchart illustrating the operation of the
system in Figure 1; Figure 7 is a flowchart illustrating mode changing of the

systeminkigi#igdlonfdgLie Biswaglet illustrating two exemplary pumping
CyClgg gxlrjlgggigggtrg} mg%?esent invention will now be described, by way of example,
15 with reference to the accompanying drawings, in which:
Figure 1 shows a breast pump system according to the present invention;
Figure 2 is 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;
Figure 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 during "learn" mode
operation of the system in Figure 1;
25 Figure 9 is a flowchart illustrating part 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  Referring to Figure 1, a breast pump system according to the present invention
comprises 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 are connected to the pump 1



operation of the system in Figure 1; 25 Figure 9 is a flowchart illustrating part
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 Referring to Figure 1, a breast pump
system according to the present invention comprises a pneumatic pump |
(shown without its casing), a master head 2, a slave head 3, a manual head
4, Pt itscsar Saim bbthes s B ahterist ot aktond dentica agies
7,8.nThe-mastee anchslaae heads 2 3ralkefeonnectadster thexpampthe4-daypfirst
and second flexible tubes 9, 10. The flexible tubes 9,10 are 1.3m long. A
multi-core electrical lead 11 also extends from the master head 2 to the pump
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neck 21, a cup 22 supported on the neck and a trumpet 23 projecting from
the side of the cup 22. The bottom of the neck is flared and provided with an
ranteRedtthngad P4 der 3cliewiag tldebbady Soapiaa hottle 3,6.21he tumpedbA3d
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presseyeziviiecupdd Zriseshtoopatchithe gréssine imthpendgkizdugh the bottom
of cup 22 and the neck 21 to the open, bottom end of the neck 21. A valve 30 is

provided between the cup 22 and the neck 21. The valve 30 is closed when the
pressure 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 rim 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 interior 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



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 rim 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 diaphtagm in the cup 22. The cap 26
comprises a disc 28, which is large 25 enough to cover the interior of the
diaphragm 25, and an annular flange 29 which projects coaxially from the
disc9B “FRBHHHGE 29 s Fltéveb sy hitbrfstitieorety Giprehipea’ milk
diaphsagme2bdosforeasan 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 dafshragrir 25streusaheHe vippie 30sisleonerdcteth to thenglngy 1Setsabed
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flexible tybe 10, the flqor of the cup-shaped diaphragm 25 is lifted, reducing
the ‘f)?aé%gu?gdvlﬁt i -%%%ng]%.fngd( (riutr%ﬁ%i %S,ec%]'sing the valve 30 and
encouraging the expression of milk from the user's breast. Referring to

Figue 3. e 0UstOedy. /. 1§ identigaliodhe geepnd bodyaS:desehibeghio.ahove.

The master head 2 comprises a base 41, similar to the cap 26 of the slave
heatP8 StP A dbmERFEOdAE S Ufiid 6 tHa BA3BUT RefdrfihGeaisePtt’ Figure
144, aoparmiddland g2leverddaxiand fdomthe loackiafithea domiedibadyld245 in
The, Qverall form, of the am.43,and the leyer 44 reserbles the 40, opgratingr,
lever 12 of the manual head 4. The lever 44 has a fongltudlnal slot 45 i its
profifnained hafthe birar4d prejects titcthe emtdisosubstahtially fillfgeied to
The, preximal end of the lever 44 extends into the domed body 42 where it is
attached to a fulcrum. 15 A push-to-make switch 46 is mounted in the domed
body 42. The arm 43 projects generally horizontally into the domed body 42

ovethesbwitcha46 antchds & bossited in the domed body 42. The arm 43 projects
generally horizontally into the domed body 42 over the switch 46 and has a boss
which engages the switch's actuator. The arm 43 is pivoted at its proximal end so
that pressing of the arm 43 towards the cup 22 closes the switch 46. A resilient
finger 48 projects from the back of the arm 43 and bears against an extension 49 of

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 a

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



which engages the switch's actuator. The arm 43 is pivoted at its proximal
end so that pressing of the arm 43 towards the cup 22 closes the switch 46.
A resilient finger 48 projects from the back of the arm 43 and bears against
an extension 49 of 20 the base 41 to bia$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' BRBEArrarjme T iever 22 Hierqes & stita4l tHit1as8Es is built
throughral presetbtyperdfpotentiometer 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
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built.aronpd 2 migtognfiolies. The motor 54 drives a crankshaft back and
forth over a range of up to 180 via a 60 5 : | reduction gear 57. A pair of

pistons are driven via a 1: 1 gear train from the crankshaft. The movement of
1¢he pistons pumps aircoutroflahdyintodiwy i aster iandostaviecheads @3 piathie
flexible tubes 9,10, The angular position of the crankshaft is sensed by a
rotary encoder 58. 10°A status LED 59 is controlled by an output from the
control circuit 56 to provide feedback to the user. The switch 46 is coupled

betwaenwrcinterrypt ippudt fithe Pracassing Cirplit S6rangr @aungd kb 56 and
potentlorge&ejrfp?&gne%%c!eg Qetween hcelposmve voltage ou vat of the

1s coup tween the positive age output of the
15 regulator 55 and ground, and the wiper of the potentiometer 47 is connected to an

analogue-to-digital converter input of the processing circuit 56.

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 circuit 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. 0 (step sl). If the crank is

not in its home position, the processing circuit performs 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).



15 regulator 55 and ground, and the wiper of the potentiometer 47 is
connected to an analogue-to-digital converter input of the processing circuit
56. The processing circuit 56 provides motor speed and direction signals to
H-bridge circuit 53 to control the movemént 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 circuit 56 determines whether the
crank is in its home position by comparing the output of 25 the rotary
encodekhd Withd e seferenceoralues toar@di(stepyshe If the ciagkiis nobin
its home position, the pracessing girquit performs an errof.checking routing
and signals any errors us[?ng the status LED 59 step s2) and halts the

systent ety stevir ehteds™ e armunitod by erstaedithd owevao mefetringroyes
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encoder and any error is uged to generate control’signal to dtive the motor
56 $BCASS FeieVEtHREFOFS PYERSiNg fiveitever g cdauaekHhed iistor 5410

move henpistanspn thedown strake directionss causingdheo Aianiuagars.26ve
to ri\és\yed%qfcésa&?&w% sucking force in the breast receiving trumpets 23, 10 and
allowi e '

ing the TeVer 4596 move towards its rest position causes the motor 54 to

“move the pistons in the up stroke direction, relieving the sucking force. Thus,

the Referring to Figure 8, during operation in the "learn" mode, the processing circuit
56 monitors the times of the start of each suctions stroke (ta), the end of each
suction stroke (tb), the start of each relaxation stroke (tc) and the end of each
relaxation stroke (td). The processing circuit 56 also monitors the start position (s)

20 and lengths (d) of each suction stroke.

Referring to Figure 9, at the end of the second and each subsequent relaxation
stroke, 1. e. at td,. (step s201) the processing circuit 56 calculates the suction stroke
velocity (i. e. d/ (tb-ta)), the suction hold period, the relaxation stroke velocity (i. e.
25 d/td-tc) ) and the rest period of the previous cycle (if any) are calculated from the
monitored times for the current and preceding cycles (step s202) and stored (step
s203). 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 controls the motor 54 in accordance with the stored velocities

and periods and the stored stroke and depth value.



pressure in the trumpet 23 is set by the position of the lever 44 and the user
can experiment by pressing and releasing the lever 45 until a comfortable
and effective cycle has been discovered. 15 Referring to Figure 8, during
operation in the "learn" mode, the proces&ing circuit 56 monitors the times of
the start of each suctions stroke (ta), the end of each suction stroke (tb), the
start of each relaxation stroke (tc) and the end of each relaxation stroke (td).
The processing circuit 56 also monitors the start position (s) 20 and lengths
(d) ofeeaeh suctin sty okerRefarfring stpsEigumi&,e&hthaiendmfﬁh'euﬁeeﬁmleaﬁtfap
eac sequent. relaxation stroke, i tt te 0 e processing
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the switch 44, the processing circuit 56 controls the motor 54 in accordance
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speedief e aton Sd: @@d)gpdthgté@%)igweaqﬁhamnﬁ RISIOBSIRWP Q1) the
thel{)rl?l)%eosglgg\lc\ll?cgggg%oes not output anymore speed control pulses until a period
15 corresponding to the stored suction hold period has expired (step s9). When the
suction hold period has expired (step s9), the processing circuit 56 outputs speed
control pulses, corresponding to the stored average relaxation stroke velocity, to the
H-bridge circuit 53 together with a reverse signal (step s9). These signals cause the
motor to be driven in a second, opposite direction, driving the pistons on their up
20  strokes, and are terminated 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 motor 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 control over 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 "run" 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



stored average suction velocity (step s5) until the rest position is reached.
When the crankshatft is in the rest position (step s4), the processing circuit
56 beings to output a stream of motor speed control pulses to the H-bridge
circuit 53 together with a 10 forward signdl-for causing the motor 54 to run in
a first direction (step s6). These pulses and the forward signal are output
until the output of the rotgg;;r encoder 58 matches the sum of the rest position

andthecshsrestiones depivaIte eh <A de MR thne e trdHsPTR 2
stoppedi(step 53 Whendhe-motardoasdagenstopped; thenpreaessingiciraut
56 does not output anymore speed control pulses until, a period 15
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stroke ve ﬁcity, to the H-bridge circuit 53 together with a reverse signal (step
sQ).u?lﬁlgse signals cause the motor to be driven in a second, opposite
direction, driving the pistons on their up 20 strokes, and are terminated when

the Fotany.gnceder 58 indigates that.the, aump has retmned to.ts rest
position (steps s11 and s12). The processing circuit 56 does not then output
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1hasexpitedr(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
control over 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 "run" 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 -9- could be established by taking averages of cycle parameters
obtained from a



plurality of learn mode cycles. For convenience, the user input means mimics
the actuator of a manual breast pump. This arrangement could be replaced
by a foot switch and pedal rather like that of a sewing machine or a separate
handheld control 5 unit. The user inputs hay be communicated to the
processing circuit wirelessly, e. g. using IR. An alternative to the suction start
parameter and stroke length parameter combination would be a rest position
par&lr?é’f’é? and suction hold position 10 parameter. -10- Claims 1. A powered
breast pump system, comprising: a motorised breast pump (1,2, 7); 5 user
inpyt mea;}s (04“4;()e n[gregsgontrollsersggg),C%Qgr%cs:ltgr:ised in that the controller
(56) is con @)ureci to: control the gumping oBerat%on of motorised breast pump
(1, 2, 7) sugithetthésastiorprobideéd by the pump (1,2, 7) follows a

suction level-1Pxemntrahsignal .produced by operation of the user input
means (44) durin ping, and operate the motorised breast pump (1, 2, 7)
in a learn ?ncoodletf??llev%ﬁlggh said suction level control signal is followed, and a
run mode cimwhichstide ncbmtrokero(56) cord®|s ther pampirg: operation of the

motorised breast pimp 2 idd SPARHDIMG BIRUPHR I €2,7
operation. 2. A system ac,cé%c[lli?ril’g %o (gaim 1, Wheréin the cont%ﬂile&r{}(%%) IS )

configured 6" $kdfé fsaraietersodefitiny rpunppefativP by g 1darf
ramode opetatianl 26h3, froystednbacgetding tofclaims2; iwhereinasaid4) during
parameterguirrgl%glrjlg?aﬁgction stroke average velocity.
operate the motorised breast pump (1, 2, 7) in a learn mode, in which
said suction level control signal is followed, and a run mode, in which the

controller (56) controls the pumping operation of the motorised breast pump

15 (1, 2, 7) so as to mimic previous learn mode operation.

2. A system according to claim 1, wherein the controller (56) is configured to

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

20 3. A system according to claim 2, wherein said parameters include suction

stroke average velocity.

4. A system according to claim 2 or 3, wherein said parameters include
relaxation stroke average velocity.

25
5. A system according to claim 2, 3 or 4, wherein said parameters include

suction hold duration.

6. A system according to any one of claims 2 to 5, wherein said parameters

30  include rest hold duration.



4. A system according to claim 2 or 3, wherein said parameters include
relaxation stroke average velocity. 25 5. A system according to claim 2, 3 or
4, wherein said parameters include suction hold duration. 6. A system
according to any one of claims 2 to 5, wHérein said parameters 30 include
rest hold duration. -11- 7. A system according to any one of claims 2 or 6,
wherein said parameters_ include suction stroke length. 8. A system
according fo*EH§ DAL BILRNS2Y0r 6, WHEHE &It paraiifdterdd Sifithiders
suctiomugtrokeristakt pasitien:19. A system according to any preceding claim,
wherein the motorised breast pump (1,2, 7) comprises a motorised pump
unit (1), a handheld unit (2,7) for receiving a user's breast and capturing
expfessed'milkeRd BRI edBnABem g H@s1d pumphanfi(Brid Rhgmeters

hangheld-unit(@an/9-nd g@nt@i(mﬂg,@_ working fluid which is pumped back and
forth by the motorised pump unit (1) for varying the pressure within a milk
receiving chamber in the handheld unit (2,7). 10. A system according to claim
9, wherein'thesrandéreldiugit {207 )pirrchdtiies Aaits fexible diaptragne{28yast

seppialing the yiorkipa uidian the milk/easivng, hamber, k1 Arsystem

according to claim 9 or 10, wherein the motorlsed unit (%)g)comprlses

two BETPRCORITE SR ﬁ@épfé@ﬁ%%amra%ﬂ%ﬁn @l tuRigg fhy spnnccting the
1respeeiive dithes (OO hanthdrdvericire phase h:;hasﬁkagedwmmg ﬂﬂdAsz&tesm
accordin 1. wherein or ea pdheld.unit,
con?pnspgsdtg remO\(}t(Zlfble91 r?%ad 2m§)oc%c§ﬁ%p |smpgth9£ apﬁr%%n(gz ﬁggautgap

(26 49 Eormdeteertt the kssbeiated e docld opit (2.7)-

10. A system according to claim 9, wherein the handheld unit (2, 7) includes a
15 flexible diaphragm (25) separating the working fluid from the milk receiving

chamber.

11. A system according to claim 9 or 10, wherein the motorised pump unit (1)
comprises two pumps connected to respective handheld units (2,7 ; 3,8) by

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

12. A system according to claim 9, 10 or 11, wherein the or each handheld unit
(2,75 3,8) comprises a removable head (2; 3) comprising the diaphragm (25) and a
cap (26; 42) connected to the associated tube (9; 10).

25
13. A system according to claim 12, wherein the or each diaphragm (25) and the

associated cap or caps (20; 42) are separable.

14. A system according to claim 12 or 13, 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).



25 13. A system according to claim 12, wherein the or each diaphragm (25)
and the associated cap or caps (26; 42) are separable. 14. A system
according to claim 12 or 13, including a manual head (4) 30 comprising a
diaphragm and operating means for maridally operating the diaphragm for
varying the pressure in the milk receiving chamber, wherein the manual head
is interchangeable with said removable head (2; 3). -12- 15. A system
according foEri§ pASERHRG Eratf, MEGHing S HiaM A Hedd BIncdmprsidy
opetatiyisiieassforimantalyfvanyingaahevpraagute iframitkiieceiling.ceiving
chamber, wherein the manual hea is interchangeable with a mator drive
oo s e e e A el
the ¢s®F input means (44) for producing a suction level control signal and the
pperation of the operating means for manually pumping are the same
ope{%tion.Alo 17. A s%/st M acc r.din%t%glaim 6, wherein thgtggeratin

system ac¢ording to claim erein the operation o usetr 1input
means comprises a lever.

means (44) for producing a suction level control signal and the operation of the

operating means for manually pumping are the same operation.

0 17. A system according to claim 16, wherein the operating means comprises a

lever.



