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HEATING DEVICE WITH AN INTEGRATED THERMOBLOCK

FOR A BEVERAG!

L]

PREPARATION MACHIN.

L]

FField of the Invention

The present 1nvention concerns a heating device with

i

an 1ntegrated thermoblock for the heating of a liguid in

a liquid food or a beverage preparation machine.

Background Art

Ligquid food and beverage preparation machines have

F

been known for a number of vears. For example, US

5,943,472 discloses a water circulation system between a
water reservolir and a hot water or vapour distribution

ﬁ

chamber of an espresso machine. The circulation system

includes a valve, metallic heating tube and pump that are

H

erent

connected together and to the reservoilir via di
silicone hoses, which are jolned using clamping collars.

EP 1 o640 305 discloses a Dbeverage preparation
machine with a heating device that heats circulating

H

water which 1s then supplied to the 1nlet of a brewiling

unit. The brewling unit 1s arranged to pass heated water

to a capsule containing a beverage 1ngredient for 1ts
brewing. The brewing unit has a chamber delimited by a

first part and a second part movable relative to the

first part and a guide for positioning a capsule 1n an

intermediate position between the first and second parts

before moving the first and second parts together from an

H

open to a closed configuration of the brewing unit.

In-line heaters for heating circulating liguid, 1in

particular water are also well known and are for example
disclosed in CH 593 044, DE 103 22 034, DE 197 32 414, DE
197 37 694, EP 0 485 211, FR 2 799 630, US 4,242,568, US
4,595,131, US 5,019,090, US 5,392,094, US 5,943,472, US
0,393,967, US 6,889,598, US 7,286,752, WO 01/54551 and WO
2004/006742.
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More ©particularly, CH 593 044 and US 4,242,568

HH

disclose a coffee machine with an 1nline thermoblock

heater having a metal mass with resistive heating cable

F

cast 1n the mass and with a duct for the circulation o©
5 water to be heated.

EP 0 485 211 discloses a heater for a water heater,
shower, washing machine, dishwasher or kettle. The heater

includes a vessel for heating 1ligquid, and an electric

~—

heating element which 1s arranged to heat a portion of

10 the vessel. The heating element incorporates a thick-film

resistive heating circuit with a thermal fuse 1ncluded 1n

the thick-film. The document further discloses a triac-

type power regulator mounted directly on the heating

element that acts as a heat sinker for this triac. Also

H

15 disclosed 1s the presence of a thermistor, a temperature

sensor, formed on the thick film, a thermal fuse, a flow

control wvalve to continuously adjust the flow rate

through the heater, a flow control and a temperature
control. These electrical components are connected to a

i

20 control unit that can be remote or formed as part of the

H

dielectric laver of the thick film at a location close to

the i1nlet pipe where the heater’s metal substrate 1s kept
cool by 1ncoming cold water. Similar 1deas are disclosed
in DE 103 22 034, DE 197 32 414 and DE 197 37 ©94. In-
25 line tubular heaters for beverage preparation devices are
disclosed in WO 01/54551, WO 2004/006742 and US 7,286,752.

US 6,889,598 discloses a beverage device containing

a ligquid and having an operating apparatus for heating,

cooling, agitating, whipping, pumpling or frothing the
30 liguid or grinding an ingredient, the operating apparatus
being powered via an electronic switch such as a triac
that 1s cooled by being 1n heat passing relationship with
the ligquid so as to evacuate the heat produced by the

H

switch to the ligquid, 1in particular via the bottom of a

H

35 liguid heating tank made of steel or aluminium, and

optionally with a radiator.

Moreover, US 5,019,090 discloses a Dboiling water

dispenser that has a resistive heater powered via a triac
switch connected wvia cables to a control module and

40 mounted on the bottom of the dispenser’s water reservoilr
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to evacuate heat generated at the triac switch wvia the
water.

US 4,595,131 discloses a  beverage preparation
machine with a water heating reservolr that 1S
electrically connected to a printed circuit board wvia a

F

series of cables leading to a thermostatically controlled

heater and a thermistor probe 1n the reservoir. EP 1 610

596 discloses a heat evacuation system for a printed

’

circuit board that includes layers of thermally highly

conductive material extending to a thermally conductive

H

bar located at and along an edge of the printed circuit

H

board for dissipation of heat generated by the printed

clircult board.

FR 2 799 030 discloses an espresso machine having a
cold water reservolir connected to a brewing unit via a
pump and a thermoblock. The thermoblock 1ncludes a

cemperature SEensor and an electric heater. The
temperature sensor and the heater are connected to a
printed circuit board with a controller, electric power
being passed to the heater via a triac located on the
printed circuit board and controlled by the controller.

ﬁ

Summary of the Invention

H

A preferred object of the present 1invention 1s to

simplify and 1mprove the 1ncorporation of the heating
function 1n a liguid food or beverage preparation machine
to facilitate and permit an 1i1ncreased automation of the
assembly of the machine, reduce the manufacturing
operations and costs and 1ncrease the reliability of the
machine.

This object 1s 1n particular achieved by providing a
heating device that 1integrates electrical and optionally

fluid connections without requiring any flexible and

deformable cable or tubes, for guiding current or liguid,

to connect the heating function to other functional units

H

of the ligquid food or beverage preparation machine, or at

H

least to limit the number of such flexible and deformable

connections.
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Therefore, the present 1nvention relates to an 1in-

line heating device for a 1liquid food or Dbeverage

preparation machine. In such a machine, liquid 1s

circulated, for 1nstance from a liquid reservolir via a
pump, through this heating device. Typically, the ligquid
that 1s circulated through the heating device 1s water.
From the heating device, the heated liguid 1s guided 1into
a machine’s brewing chamber 1n which an ingredient may be
brewed. The brewing chamber may 1include a capsule or pod

housing, e.g. recelver, for housing an 1ngredient
supplied within a capsule or pod i1nto the brewing chamber.

For 1nstance, the brewing chamber 1s arranged to

contain a food or beverage 1ngredient, such as powder

H

soup, ground coffee or tea optionally 1n a capsule or a

pod. The brewing chamber may have an upstream part into

which hot 1ligquid 1s 1njected for brewing the food or
beverage 1ngredient contained 1n the chamber and a

downstream part leading into an outlet for guiding the

liquid food or beverage produced by brewiling.

Thermoblocks are typically 1n-line heaters through

which a ligquid 1s circulated for heating. They comprise a
heating chamber, such as one or more ducts, 1n particular

H

made of steel, extending through a (massive) mass O

H

H

metal, 1n particular made of aluminium, 1iron and/or

another metal or an alloy, that has a high thermal

capacity for accumulating heat energy and a high thermal

H

conductivity for the transfer the required amount of the

accumulated heat to 1liguid circulating therethrough

whenever needed. Instead of a distinct duct, the
thermoblock’s duct may by a through passage that 1is

machined or otherwise formed 1n the duct’s body, e.qg.

H

formed during a casting step of the thermoblock’s mass.

H

When the thermoblock’s mass 1s made of aluminium, 1t 1S

preferred, for health considerations, to provide a

H

separate duct, for example of steel, to avoid contact

between circulating 1ligquid and aluminium. The block’s

ﬁ

mass can be made of one or several assembled parts around

the duct. Thermoblocks usually 1nclude one or more

resistive heating elements, for 1nstance discrete or
integrated resistors, that convert electrical energy 1nto
heating energy. Such resistive heating elements are
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typically 1n or on the thermoblock’s mass at a distance

H

of more than 1 mm, 1n particular 2 to 50 mm or 5 to 30 mm,

from the duct. The heat 1s supplied to the thermoblock’s
mass and via the mass to the circulating 1ligquid. The
heating elements may be cast or housed 1nto the metal

F

mass or fixed against the surface of the metal mass. The

duct (s) may have a helicoidal or another arrangement
along the thermoblock to maximise 1ts/their length and

heat transfer through the block.

The heating device of the 1i1nvention comprises: a
thermoblock with a metal mass that 1ncorporates an inlet,
an outlet and a heating chamber extending therebetween,
the mass being arranged to accumulate heat and to supply
heat to the 1ligquid; and one or more electric components
that are rigidly secured onto or 1nto the thermoblock and

that are connected to a printed circuit board (PCB)

and/or a flex-print arranged to control such thermoblock

’

and optionally further functions of the 1liquid food or

beverage preparation machine. Such electric components

may include sensors, thermal fuses and/or electric power

components, 1n particular temperature sensors, flow
meters, resistor heaters, ammeters and electric power
regulators.

ﬁ

In accordance with the invention, one or more of

these electric components are rigidly connected to the

printed circuit board and/or flex-print (or flexible
cilrcult), 1n particular via rigid connector pins oOr
blades or rigid plug and socket members.

H

To reduce the number of assembly operations, 1n

particular human 1nterventions during the manufacturing

H

process, the number of flexible, deformable, electric

cable connections are reduced. In particular, the
electric components can be rigidly connected to this

printed circult board or flex-print, for 1i1nstance via
ri1gid connector pins or blades or rigid plug and socket

members. Possibly, the electric components are present

H

che form of 1n i1ntegrated components on a printed circuit

board or flex-print that 1s secured to the thermoblock
and comes with these electric components 1nto contact

with the thermoblock’s metal mass. In such a way, the
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electric components, 1n particular those which come 1into
contact with the ligquid circulation system such as the
heating resistor(s), can be mounted automatically on the

printed circuit board or the flex-print, and then the

5 Dboard or flex-print with 1ts electric components 1s

assembled (for 1nstance clipped or glued) automatically
onto the 1liguid circulation system without using any

flexible, deformable electric connectors (e.g. cables)

between the board Or flex-print and the liguid
10 circulation system. Alternatively, the electric
components may be automatically mounted 1n a first step

H

at dedicated locations of the 1liguid circulation system

and then, 1n a second step, the printed circuit board or

flex-print 1s assembled, for 1nstance via an appropriate

15 connector, to the electric components. It 1s also
possible to assemble by welding the electric components
to the liguid circulation system, 1n particular to the
thermoblock and/or to the printed circuit board or flex-

ﬁ

print. As mentioned, 1t 1s possible to provide some of

20 these electric components as integrated components in the

printed circuit board or flex-print, such as a heating

H

resistive fi1lm formed on the surface of a printed circuit

board or flex-print and applied directly agailinst the

—

surface of the thermoblock’s metal mass.

25 In one embodiment, such an electric component 1s

F

secured 1n a cavity of the thermoblock’s metal mass.

Optionally, the component 1s secured 1n the cavity by

’

means of a biased spring element 1n the cavity or the

cavity forms a socket for a plug comprising the component.

30 Electric components may also be cast into the metal mass
or glued 1nto or onto the metal mass, or attached by any
other suitable means together with the metal mass, e.qg.

screwlng, force fitting, welding, etc..

such electric component may include a power

35 component, such as a resistor heater and/or a power
switch, which 1s rigidly connected via a rigid electric
power pln and a rigid power connector that has a socket

for receiving the rigid electric pin. The rigid connector

’

can be resilient, 1n particular made of one or more

I

40 spring blades, to allow small displacements of the socket
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H
—

for self-positioning the socket around the pin and to

secure electric contact between the pin and the connector.

The printed circuit board may be contained 1n a
thermal and electric 1nsulating housing, such as a
plastic housing, that 1s mechanically connected to the

thermoblock, 1n particular via snaps. Preferably, the
housing 1s substantially 1mpervious to protect the board
against ligquids and wvapours 1n the machine. The printed

clrcult board may have one or more openings for the

~—

passage of the electrical connectors for connecting to

the printed circuilt board such electric components that
are rigidly secured on or in the metal mass.

The flex-print may be secured, typically glued, to a

surface of the thermoblock, 1n particular to 1ts metal

mass. The flex-print can have: an 1nner side that faces
the thermoblock or metal mass and that 1ncorporates a

H

resistor heater 1n the form of a heating foil or film;

and an outer side to which one or more electric
components are optionally rigidly secured. Alternatively,

the flex-print may i1ncorporate on the 1nner si1ide one or
more electric components, 11 particular discrete
components, such as resistor heaters, sensors and/or
power switches, e.g. triacs, that are rigidly secured
into and/or onto to the metal mass, and/or one oOr more

components on the other side o0of the flex-print, for

example a controller, a clock element and an 1nterface

connector for other electric devices of the liguid food
or beverage preparation machines, such as a pump,

electro-valve, user 1nterface, level detector 1in a liguid
reservolr or used i1ngredient collector, etc..

The electric components may be discrete components

and/or integrated components, for instance formed

directly 1nto the flex-print and secured with the flex-
print directly onto the thermoblock or 1ts metal mass.

Tyvpically, thermal fuses, heating resistors and

e~ -

temperature SEensors may be formed 1n ex—-print

technology.

Generally speaking, the printed circuit board as

well as the flex-print can be arranged to control the

thermoblock and optionally further functions in a liquid



10

15

20

25

30

35

WO 2009/043865

CA 02701678 2010-04-01

PCT/EP2008/063128
8

)

food or Dbeverage preparation machine, of the type

H

mentioned above by way of example.

The heating chamber 1n the metal mass 1s usually

H

elongated, e.g. forms a duct, along a direction of Iflow

H

of 1ligquid through the mass. The heating chamber may

comprise an upper flow portion followed by a down-coming

H

flow portion, for example portions of a generally helical

duct which extend helically along a horizontal or non-

vertical 1inclined axis. Such upper flow and down-coming

flow portions may have a narrowed cross-section for

i

promoting an 1i1ncreased velocity of 1liguid therealong to

H

1nhibit an accumulation of bubbles 1n such an upper flow

portion by pushing them down the down-coming flow portion

H

by the flow of ligquid with 1increased velocity. In this

configuration, the elongated chamber 1s arranged so that

H

the si1ze of 1ts cross—-section changes along the chamber,

to 1ncrease the flow wvelocity 1n areas, usually upper
areas, which might otherwise serve to capture bubbles, 1in
particular vapour bubbles. The 1ncreased ligquid velocity

1n these areas “washes” the bubbles down and away from

H

these areas with the fast flow of liguid 1in these areas.

To avoid overheating 1n such areas with reduced cross-
section, the heating power may be reduced on the

corresponding parts of the heater, for 1nstance, by
adjusting the resistive means on these parts.

Another aspect of the 1nvention relates to a liguid
food or |Dbeverage preparation machine. This machine
comprises: a brewing chamber for brewing a food or
beverage ingredient by clrculating heated liguid
therethrough; and an 1n-line heating device with a

thermoblock having a metal mass, as described above, for
heating and supplyving circulating ligquid to the brewing
chamber. The Dbrewing chamber may be a capsule or pod

housing for receiving an 1ngredient supplied within a
capsule or pod i1into the brewing chamber.

Tyvpically, the metal mass’ 1nlet, outlet and heating

chamber form together a rigid passage, 1n particular a

H

rigid free-flow passage, for guiding the liquid

cilrculating through the mass.
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The thermoblock 1tself may 1ncorporate an upstream

H

part of the brewing chamber, the upstream part being

formed by or rigidly anchored 1in the metal mass so that

the rigid passage, 1n particular the rigid free-flow

F

passage, of the metal mass extends 1nto the brewing

chamber. Furthermore, the machine usually 1includes a

downstream part having a liquid food or beverage outlet

and cooperating with the upstream part to form the
brewing chamber. The downstream part and the upstream

part may be movable apart and movable together for the

supply 1nto the brewing chamber and the evacuation from

H

the brewing chamber of said ingredient. For instance, the

upstream part and the metal mass are fixed, the

downstream part being movable to and from the upstream
part. Alternatively, the upstream part and the metal mass

can be movable en bloc to and from the downstream part,

the downstream part Dbeing fixed or movable 1n said
machine.

—

Hence, the heating device of the 1nvention may be

H

used 1n connection with brewing chambers o the type
disclosed 1in EP 1 646 305 or in EP 07117853.7 (NO840Db>).

H

A further aspect of the 1nvention relates to a

i

liquid food of beverage preparation machine, 1n

particular as described above. The machine comprises: an
electric supply circult connectable to an electric power

source; a heater powered by the electric supply circuit;

and a thermal fuse device 1n thermal communication with
the heater and associated with the electric supply

circulit. The fuse device 1s arranged to interrupt the

electric supply circuit from the power source when the
heater exceeds a temperature limit.

In accordance with the 1nvention, the thermal fuse

device 1S reversible and comprises a switch for
automatically 1interrupting the electric supply circuilt
when the heater exceeds this temperature limit. The

switch 1s operable by a user to close the electric supply

cilrculit when the heater has a temperature that has
returned below said temperature limit. Typically, the

fuse device comprises an actuator that 1s arranged to
push out a pin, rod or piston against the user switch
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when this temperature limit 1s exceeded by the heater so
as to actuate the user switch and open the circuit.

This beverage or liguid food machine may 1nclude any

H ﬁ

of the above disclosed features oY comblination of

features.

The fuse device may have an actuator which comprises
a thermo-mechanical component that 1S 1in thermal

communication with the heater and that mechanically
actuates the user switch to open the electric supply
cilrcult when the heater exceeds the temperature 1limit.
The thermo mechanical component comprises 1n particular a
shape memory element or a bimetal element.

The fuse device can 1nclude a safety electric
temperature sensor 1n thermal communication with the
heater and an electromechanical actuator that actuates
the user switch to open the electric supply circuit when

the safety sensor 1s exposed to a temperature generated
by the heater which exceeds the temperature limit.

In one embodiment, the beverage or 1ligquid food

machine has a printed c¢ircuit board with a contro.

circult for controlling the heater and optionally further

H

functions of the machine, such as a pump or an electric

interface, the printed circuit board further 1including a

safety circuit that 1s electrically separated on the

printed c¢ircuit board from the control <c¢ircuit, the

safety cilrcult being connected to the safety sensor, 1in

particular rigidly connected to the safety sensor, and
arranged to control the electromechanical actuator.

~—

At least part of the fuse device, 1n particular the

actuator, electromechanical or thermo-mechanical actuator,

the user switch and/or, when present, the safety sensor,

ﬁ

may be rigidly connected to a printed circuilit board of

the ligquid food or beverage machine, optionally on a part

that 1s electrically 1insulated from an ordinary control

H

unit of the machine, e.g. a unit for controlling the

usual operations of the machine such as beverage or

liquid food dispensing, self-cleaning, user-interface,

’

etc... Hence, assembly and integration and safety of the




10

15

20

25

30

35

WO 2009/043865

CA 02701678 2010-04-01

PCT/EP2008/063128
11

fuse device 1nto the ligquid food and beverage machine 1s
1mproved.

ﬁ

Yet another aspect of the 1nvention relates to a

liquid food of beverage preparation machine, 1n
particular as above. The machine comprises a fluid
arrangement and a printed circuit board, 1n particular a
printed c¢ircuit board bearing a control unit - for
controlling one or more functions of the "luid

arrangement. Typically the functions may 1nvolve the use

—

of a pump or a heater, such as the above discussed

thermoblock, as well as sensors, detectors and a user-

H

interface for a user-control of the fluid arrangement.

This printed circuit board 1s enclosed within a
substantially 1mpervious housing to protect the printed

circuit board from fluid and/or vapor emissions from the

fluid arrangement.

This beverage or liguid food machine may 1nclude any

ﬁ

of the above disclosed features oY combilnation Of

features.

ﬁ

In yet a further aspect of the 1nvention, a printed

clrcult board or flex-print for a beverage preparation

machine, for 1nstance as described above, 1s rigidly

connected to a flow meter, 1n particular a magnetic flow

meter. The flow meter may comprise: a magnetic field

detector, such as a hall sensor, that 1s 1incorporated

into the printed c¢ircuit board or flex-print and a
rotatable magnetic helix or turbine which 1s 1located

within a duct or pipe that 1s arranged for circulating

liquid therein and that 1s rigidly secured to the printed

circult board or flex-print.

H H-

By avoiding the use o: exlble, deformable cables,

ﬁ H

the number of operations during the assembly process of a

ligquid food and beverage preparation machine 1s reduced,

H

1n particular the number of human 1nterventions 1s

reduced. Hence, the manufacturing and assembly costs are

H

correspondingly reduced as well as the risks of failure

due to human error. By avoiding flexible and deformable

’

cable connections, automation of the assembly may be

lncreased.
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Brief Description of the Drawings
The 1nvention will now be described with reference

to the schematic drawings, wherein:

- Figure 1 shows a heating device 1ncorporating a
thermoblock and a printed circuit board 1n 1ts housing
according to the i1nvention;

H

- Figures 2 and 3 show further details of the same

printed circult board 1n 1ts housing;

- Figure 4 shows a printed circuit board with a flow
meter 1n accordance wilith the i1nvention;

H

- Figures 5 and 6 show the assembly of an electric

H

power component to a metal mass of a thermoblock and to a

printed circuit board 1n accordance with the invention;

g
p—

- Figures 7 to 9 show the assembly of a sensor to a

H

metal mass of a thermoblock and to a printed circuit

board 1n accordance with the invention:

- Figure 10 shows an electric power connection
between a power component i1in the metal mass and a printed

H

circult board of a thermoblock 1n accordance with the

invention;
- Figures 1la and 1lb 1llustrate a deflection
according to a first direction of the power connection

shown 1n Figure 10;

- Figures 12a and 12b 1illustrate a deflection

F

according to a second direction of the power connection

shown 1n Figure 10; and

— Figure 13 shows a heating device with a

thermoblock and a flex-print circuit 1n accordance with
the i1invention.

- Figures 14 and 15 schematically 1llustrate two

embodiments of the 1nvention of an electric circuit of a

beverage machiline with a user-reversible safety fuse 1n
accordance with the i1nvention.
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Detalled description

I

F'igure 1 shows an exploded view of a heating device

H

of a ligquid food or beverage preparation machine, 1n

which ligquid 1s circulated through a thermoblock and then

gulided 1nto a brewing chamber for brewing a food or
beverage 1ngredient supplied 1into the brewing chamber.
For 1nstance, a beverage 1ngredient 1s supplied to the

machine 1n prepackaged form, for example contained 1in a

—

capsule or 1n a pod. Typically, this type of ligquid food

or beverage machine 1s suitable to prepare coffee, tea

and/or other hot beverages or even soups and like food

H

preparations. The pressure of the ligquid circulated to

the brewing chamber may for instance reach about 10 to 20
atm.

The heating device 1ncorporates a thermoblock and a
printed circuit board according to the invention. Figures

H

2 and 3 show further details of the printed circuited

H H

board 4 1n 1ts housing 3 of the heating device of Fig. 1.

The heating device shown 1n Figures 1 to 3 has a
thermoblock with an aluminium metal mass 1 and a

functional block 2 including a thermal and electrically
insulating plastic housing 3 containing a printed cilrcuit

board 4.

Metal mass 1 1ncorporates a water 1inlet, a water
outlet and a water heating duct extending therebetween to

form a rigid free-flow passage (not shown) for guiding

water circulating from a water reservolr via a pump
through metal mass 1.

As mentioned above, the heating duct may comprise an

upper flow portion followed by a down-coming flow portion,

H

for example portions of a generally helical duct which

extends along a horizontal or non-vertical 1nclined axis.

Such upper flow and down-coming flow portions may have a

narrowed cross—-section for promoting an increased

H

velocity of water therealong to 1nhibit an accumulation

of bubbles 1n such upper flow portion by pushing them

’

down the down-coming flow portion by the flow of water

with 1ncreased velocity. In this configuration, the duct

H

1s arranged so that the size of 1ts cross-section changes
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along the chamber, to increase the flow veloclty in areas,
usually upper areas, which might otherwlse serve to
capture Dbubbles, in particular vapour Dbubbles. The
increased liguid velocity 1n these areas ‘“washes” all
5 possible bubbles away from these areas with the fast flow
of liguid in these areas. To avold overheating 1n such
areas with reduced cross-section, the heating power may

=

be reduced on the corresponding parts of the heater, for

instance, by adjusting the resistive means on these parts.

10 In a variation, this duct has a reduced cross-section

along its entire length to provide a sufficient velocity

of the water flow for flushing possible vapour bubbles
formed therein during heating.

Metal mass 1 of thermoblock further includes an

15 opening 1b which forms or rigidly anchors an upstream
part of the brewing chamber (not shown) so that the rigid
passage of metal mass 1 extends into the brewing chamber.

The liquid food or Dbeverage preparation machine also
comprises a downstream part (not shown) having a liquid

20 food or beverage outlet and cooperating with the upstream
part to form the brewing chamber, the downstream part and

the upstream part can be movable apart and movable
together for the supply into the brewing chamber and the

evacuation from the brewing chamber of the ingredient.

25 Typically, the upstream part of the brewing chamber
integrated into the thermoblock, will Dbe fixed 1in the
liquid food or Dbeverage preparation machine and the
downstream part of the brewing chamber will be movable.
The Dbrewing chamber may have a generally horizontal

30 orientation, i.e. such a configuration and orientation

that the water flows through the food or beverage
ingredient in the brewing chamber along a generally
horizontal direction, and the upstream part and/or

downstream part may be movable in the same or 1n the

35 opposite direction of the water flow 1in the chamber.
Embodiments of such a thermoblock and brewing chamber are
for example disclosed in EP 07117853.7 (NO8405).
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Functional block 2 1s secured to metal mass 1 wvia

H

snaps 3a of housing 3 that cooperate with corresponding

H

recesses la 1n the surface of metal mass 1 when housing 3

H

1s assembled to metal mass 1 1n the direction of arrow 37.

H

The two part housing 3 of functional block 2

encloses printed circuit board 4 on all sides, 1n
particular 1in a substantially 1mpervious manner so as to
protect board 4 against ligquid and vapours 1n the machine.

’

The two parts of housing 3 may be assembled by screws 3D

or any other appropriate assembly means, such as rivets,
gluing, welding, etc.. Functional block 2 1includes a user

interface with a master switch 2a and two control
switches 2b that are connected wvia housing 3 to printed

H

circuit board 4. It 1s of course possible to use more

elaborated user 1interfaces 1ncluding screens or touch
screens. Printed clrculit board 4 1ncludes power

connectors 80 for supplying electric heating power to
metal mass 1 via power pins 11 extending through

correspondlng openings 1n housing 3, further electrical

connectors 4a for one or more further electric devices 1n

the ligquid food or beverage preparation machine, such as

a user 1nterface, pump, fan, wvalve, ligquid cooling
element, etc.. as required, and a connector 4b to the

malns for the central electric power supply.

The thermoblock i1includes electric components, namely

a temperature sensor /0 connected to plug member 52,

H

thermal fuses 75, a power switch i1in the form of a triac

H

o0 1n a cavity the opening of which 1s formed between

protruding walls 102 and a heating resistor (not shown)
with connector pins 11, that are rigidly secured 1into
metal mass 1 and rigidly connected to printed circuit
board 4, as will be explained 1n greater detaills below 1n

connection with Figures 5 to 12b. Furthermore, printed
circuit board 4 1s electrically connected via a rigid

H

connector or cable 91 to a hall sensor 90 of a flow meter

H

that 1s located on the water circuit of the beverage

preparation machine, typically between a pump and a water
or other ligquid source such as a water or ligquid
reservolr, or between a pump and a heating device, or
within the heating device.
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Moreover, printed circuit board 4 may carry a mlicCro-

controller or processor and possibly a quartz clock for

H

controlling the 1ntensity of current passed to resistive

H

heating element based on the flow rate of the circulating

H

d water measured with the flow meter and the temperature of

the heated water measured with the temperature sensor. To

F

increase the accuracy of the temperature control, one or

more temperature sensors may be 1ncorporated 1nto metal
mass 1 and/or 1into the brewing chamber and/or upstream
10 the metal mass 1 or at 1ts water inlet. The controller or

H

processor may also control further functions of the

ligquid food or beverage preparation machine, such as a
pump, a liquid level detector 1n a water supply reservoir,

a valve, a user 1interface, a power management arrangement,
15 an automatic beverage 1i1ngredient supplier such as an

~ ~—

integrated coffee grinder or an automatic supplier of

1ngredient capsules or pods, etc..

Figure 4 1llustrates another embodiment according to

’

the 1nvention of a flow meter 95 for a ligquid food or

20 beverage preparation machine according to the invention.
Flow meter 95 1includes a hall sensor 90’7 that 1s
incorporated onto printed clrcult board 4 as an

H

integrated component of the printed circuit board 4 or as

a discrete component rigidly mounted or connected thereto,
25 typically by welding. Flow meter 95 1s also integrated in
the water circulation circuit 5 and 1s connected to a
water 1ncoming pipe 5’ and a water outgoing pipe 5’7 and
to the printed circuit board 4 via hall sensor 907 . Water

H

pipes 5’,5’" may be flexible, e.g. made of silicon, or

30 rigid to facilitate automatic assembly. Flow meter 95

includes a 1nternal magnetic helix or rotor (not shown)

through which water 1s circulated. The water flow drives

within flow meter 95 the magnetic helix or rotor 1in
rotation at an angular speed that 1s proportional to the

H H

35 velocity of the flow of water thereby causing a

—

corresponding rotation of the magnetic field generated by

the magnetic helix or rotor, which 1s detected by hall
sensor 90’ and converted 1nto a corresponding electric
signal on printed circuit board 4.

40 By providing flow meter 95 with hall sensor 907
directly on printed circuit board 4, the corresponding



10

15

20

25

30

35

40

WO 2009/043865

CA 02701678 2010-04-01

PCT/EP2008/063128
17

H

manufacturing steps of the 1liguid food or Dbeverage

preparation machine do not reguire human 1ntervention,
less components, 1n particular no separate connector link,
1n particular no electric cable, and thus reduces the

F ﬁ

production costs of the assembly of the liguid food or

beverage preparation machine as well as 1ts reliability

since fewer parts are 1nvolved and the human factor 1s

also reduced.

During use, a ligquid to be heated 1s circulated, for

instance by using a pump, via flow meter 90,90’,91,95 and

H

then freely through the 1inlet of metal mass 1, through

H

the heating duct and through the outlet of mass 1 1into

brewing chamber for brewling the 1ngredient contained
therein. The controller on printed circuit board 4 1is

arranged to control triac 60 for adjusting the heating
current passed via power pins 11 to heating resistor in

F

metal mass 1, based on measures of the liguid flow by

means of flow-meter 90,907,91,95 and of the temperature

— ~

of the heated liguid by means of temperature sensor 70

connected to plug member 52.

Figures 5 and 6, 1n which the same numeric

references designate the same elements, 1llustrate 1n

i

greater detail the rigid assembly of a discrete power

F

a triac 60 to metal mass 1 and

component 1n the form o

to a printed circuit board 4 according to the invention.

Whereas Figure 5 shows the assembly 1n an exploded
perspective view, Figure o6 discloses the assembly 1n
cross—-section.

H

Metal mass 1, a part of which 1s shown 1n Figures 5

and o6, has a recess 101 for receiving power component o00.

ﬁ

Recess 101, the opening of which 1s formed between

protruding walls 102, 1s associated with a spring element

F F

103, for example 1n the shape of a spring leaf, assembled

to metal mass 1, e.g. via a screw 104. Other spring and

H

assembly systems may of course be used, for example, the

H

spring leaf may be i1integral with metal mass 1 or welded

H

chereto so as to reduce the number of parts. Spring

element 103 urges power component 60 against walls 102 of
recess 101 1in metal mass 1 when component 60 1s 1nserted
into recess 101, to secure component 60 1n mass 1 and
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provide an optimal contact between mass 1 and
component 60.

Power component 60 has one or more rigid electrical

connector pins 6l, for 1instance three pins for the triac
shown 1n Figures 5 and 6, which are rigidly connected to
printed circuit board 4. Furthermore, power component 60

H

1s covered with an optional cap 62, e.g. made of silicon,

H

that may assist fixation of the power component 60 1n

recess 101, as well as an optional non conductive sleeve
63 around 1ts connector pins 61 which spaces the main

H

body of power component 60 from printed circuit board 4

and protect pins 61 against the environment. Moreover,
cap ©02 and sleeve 063 provide an electric 1nsulation
around power component o60.

Hence, metal mass 1 serves as a heat sinker for
power component o600 Dby evacuating, via mass 1 and

optionally via the water circulating through mass 1, heat
generated by the power component during use. For this

F

purpose, mass 1 1s configured and made of a metal, such

H

as aluminium or steel, that allows optimal evacuation of

heat from the power component along the heat evacuation
path through mass 1.

Power component 60 may be a switch or regulating

element, e.g. a triac as mentioned above, for adjusting
the required electric power that 1s supplied to the

resistive means, e€.g. a heating resistor, for generating

the desired heat 1n metal mass 1 1n order to heat the

clrculating water to the appropriate temperature.

Figures 7 to 9, 1n which the same numeric references

designate Che same elements, 11lustrate _he rigid

H

assembly of a discrete electronic component 70 1nto metal

mass 1 and to a printed circuit board 4. This electronic
component may be a sensor such as a temperature sensor, a

flow meter, a thermal fuse or another similar component,

such as an ammeter for providing a Ifeedback of the
current passed through the resistive heating means, e.g.

H

heating resistor. For the purpose of 1llustration, a

ﬁ

thermal sensor 70 for the control of heating electric

current passed to the heating resistor via pins 11 and

H

adjustment of the heat generated 1n metal mass 1 1s
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disclosed. Thermal sensor 70 may for example be located

H

at the 1nlet or outlet of metal mass 1 or thereinbetween.

Several thermal sensors may be used to allow a more

H H

precise control of the heating of the water passed via

metal mass 1.

Metal mass 1, a part or which 1s shown 1in Figures 7

to 9, has a recess 111 <for receiving the electronic

component 70. Recess 111 1s formed between protruding

H

walls 112 and extends below the surface of metal mass 1.

Sensor /70 has a connector socket 71 through which a

sensor element 72 1s joilned to electric flat connectors

’

/3 on the opposite side of socket 71. The sensor’s

connection pins 73 are brought 1nto contact with flat

H I

connector pins 51, one of which 1s shown 1n Figure 8, of

printed circuit board 4. Pins 51 extend through a plug

H

member 52 of board 4 1into socket 71 for contacting the

corresponding connection pins /3 o0of sensor /0. When

H

connector socket 71 1s urged between walls 112 of body 1,

H

sensor element 72 1s located 1n recess 111 of metal mass

1. As shown 1n Figure 2, plug member 52 extends through
housing 3 via a corresponding opening. Alternatively,
plug member 52 may be 1ntegral with housing 3 and
electrically connected to printed circuit board 4.

When sensor 70 1s a temperature sensor, the electric

I

characteristics of sensor element 72 will depend on the

temperature 1n recess 111, which will Dbe used for

F

evaluating the temperature of metal mass 1 at this

H

location and optionally also the temperature of water

cilrculating 1n metal mass 1 1n an 1ndirect evaluation
process.

Sensor element 72 may for 1nstance be an NTC

F

(negative temperature coefficient) resistor or a PTC

—

(positive temperature coefficient) resistor.

sSuch a SENsSOor configuration permits reliably
measuring the temperature 1n the corresponding location

of the heater, fast reaction (low 1nertia) and provides
an excellent and reliable electric contact system.
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Sensor /0 may be preassembled 1into socket 71, for

H

instance made of thermoplastic material, and assembled

into metal mass 1 and to printed circuit board 4 1in a

fully automatic process. Sensor 70 may be glued 1nto

metal mass 1 using for example an epoxy compound. The
preassembled sensor 70 may then be connected by pressing

~—

the socket’s flat connectors 73 1nto connection slots of

socket 71 1n such a way as to be connected to sensor
element 72. Printed circuit board 4 1s then mounted with
housing 3 onto socket 70 wvia plug 52 and connector
pins 51.

It follows that the assembly of thermoblock with
metal mass 1 and printed circuilt board 4 does not reqguire

handling any flexible parts and thus the assembly can be

H

carried out automatically without the need of any human

H

intervention. Furthermore, the assembly of sensor 70

H

1tself only requires 1low cost components. Hence, the

—

assembly of sensor 70 on metal mass 1 and 1ts connection

to printed circuit board 4 leads to significant cost

savings.

Figure 10 1s a perspective view 1n an xXyz orthogonal

referential, as 1ndicated by the corresponding arrows

H H
—

assocliated with Figures 10 to 12b, of a self-positioning

rigid electric power connector 80 for connecting a

H

heating resistor to a printed circuit board 4 and for

carrying electric heating current thereto or therefrom.
Figures 1la and 1lb on the one hand, and Figures 12a and

F

12b on the other hand, schematically show the self-

H

positioning of power connector 80 i1in the vy direction and

the x direction, respectively.

Power connector 80 1s typically metal-based, and may
in particular contain steel, aluminium and/or copper

H

alloys that provide sufficient electric conductivity,

mechanical resistance and resilience.

Power connector 80 extends between a palr of flat

feet 81 for connection to a printed circuit board 4. Each

I

foot 81 1s connected to a bottom part of a flat generally

I

upright spring member 82. The upper parts of the upright

spring blades 82 are connected together via a transverse

spring member 83 that comprises a flat central horizontal

H

part 84 1nbetween a palr of 1nclined 1ntermediate parts
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35,857 . Upright members 82, 1ntermediate part 84 and

H

inclined parts 85,857 of transverse member 83 are 1n a

H

general M arrangement on the pair of feet 81l. Transverse

member 83 further 1ncludes a socket 86 with a through-

passage for securing therethrough an electric connector

pin 11 extending from metal mass 1.

In Figures 1la, 1lb, 12a and 12b, 1n which the same

numeric references designate the same elements, a power

connector 80 1s schematically shown assembled via a power
pin 11 to a heating resistor (not shown) 1n metal mass 1.

F

metal

Power pin 11 extends upright from the surface o

H

mass 11 and 1s secured 1n the through-passage of socket

36 of transverse member 83. To simplify the 1llustration,

housing 3, as shown 1n Figures 1 to 3, extendling between
printed circuit board 4 and metal mass 1, 1s not shown 1n
Figures 1la to 12b.

Feet 81 of power connector 80 are electrically

connected and secured onto printed circuit board 4, for
instance by rivets or welding 81’ or any other suitable

assembly means. Metal mass 1 faces printed circuit board
4 so that power pin 11 extends through corresponding
holes 1n housing 3 and through board 4 wvia a through-

I

opening 55 1n board 4 to the other side of board 4 and 1s

H

then secured 1n through-passage 86 of power connector 80.

Continuous electrical connection between power pin 11 and

transverse member 83 may be achieved by force-fitting or

welding pin 11 1n through-passage 86.

Power connector 80 allows for small positioning

~—

displacements of through-passage 86 1n the x direction

and y direction, with reference to the xyz referential

I

assoclated with Figs. 10 to 12b. Different directions of

H

displacements are provided by the different orientations,

1in particular perpendicular orientations, of the
resilient spring blade members 82,83, which permit

displacements along corresponding directions.

Figures 1lla and 1lb, on the one hand, and Figures

~—

12a and 12b, on the other hand, show a displacement of

the connector’s socket 86 assembled to power pin 11 along
the vy direction and the x direction respectively.

H

Displacement of socket 86 1n the x and y directions 1s

H

achieved by a small flexion of upright spring blades 82
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H

and a small flexion of 1nclined intermediate parts 85,857,

respectively.

Figures 1la and 12a show power pin 11 extending
right through the middle of through-opening 55, and

through the through-passage of socket 86 which all extend
along substantially the same axis. In this configuration,

power pin 11 1s positioned 1n 1line with power connector

30 which 1s thus not subjected to any displacement

flexion stress 1n 1ts upright spring blades 82 and
inclined intermediate parts 85,857.

In contrast, Figures 1llb and 12b show power pin 11
extending eccentrically through through-opening 0o.

’

Through-passage of socket 86 aligned to power pin 11 1s

equally eccentric with respect to through-opening 55. In

this case, printed circuit board 4 1s not perfectly

H

aligned with power pin 11 of the heater and power

H H
—

connector 80 self-adapts the position of 1ts through-

H

passage 1n socket 86 to match precisely the position of

H

prin 11 by flexion of 1ts upright spring blades 82 1in the

ﬁ

X direction, as shown in Figure 12b, or by flexion of 1ts

transverse spring member 83 1n the vy direction, as shown

~—

1in Figure 1llb. In order to facilitate 1insertion of power

H

prin 11 1nto through-passage of socket 86, the lower part
36’ of socket 86 has a generally funnel-like or frusto-

conical shape that 1s arranged to recelve a Jgenerally

H

conical upper end of power pin 11.

H

The displacement of socket 86 to adapt to the

H

position of power pin 11 may result from discrepancies,

~—

e.g. manufacturing tolerances or different temperature-

related dilatation mechanisms, between the relative

H H

positioning of a pair of power connectors 80 on printed

circult board 4 with respect to the relative positioning

H H

of a corresponding pair of power pins 11 on the metal

H

mass. Furthermore, the relative position  of other

electrical components that are rigidly connected to the

H

printed circuit board and fixed parts of the beverage

preparation machine, 1n particular the metal mass, for
example temperature sensors and power regulator or
switches, e.g. like the ones shown 1in Figures 5 to 9, may

H

1nduce displacements at the level of the power connection.

H

During use, the passage of current from and back to

printed circuit board 4 via first power connector 80,
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first power pin 11, the heating resistor (not shown) in

metal mass 1, the second power pin 11, the second power
connector 30, 1s controlled Dby a power switch or

regulator, e.g. a triac o060, for 1nstance as 1llustrated

1n Figures 5 and 6.

~—

Figures 1la and 1lb also illustrate how an error of

i

relative positioning of feet 81 and inclined parts 85,85’

on printed circuilit board 4 1s managed by power connector

30. As shown, feet 81 and thus 1nclined parts 85,85’ are

not perfectly aligned 1n the x direction but slightly

H

off-set one to another. This off-set 1s however fully

compensated by a corresponding resilient deflection of

transverse member 83 without causing excessive stress 1n
printed circuit board 4 or 1n power connector 80.

] —

Likewise, 1f the spacing between the two anchorage

locations on printed circuit board 4 for anchoring feet

31 are greater or shorter than the spacing between feet

31 when the power connector 1s 1n a relaxed state, then a

H

corresponding resilient deflection of members 82 can

H

"erence without excessive O0Or

absorb such a spacing dai

detrimental stress 1n power connector 80 or printed
cilrcuit board 4.

H

Tests have shown that 1n the case of an M-shaped

I

power connector of the type shown 1n Figures 10 to 12b

ﬁ

having an overall width and height above the feet of

H

about 1.3 cm x 1 c¢cm, made of bent blade-type conductive

H

metal spring portions that have a cross-section of about

H

"set that can

3 mm X 0.2 mm or 0.3 mm, the positioning o

be tolerated and compensated 1n all directions while

malntaining good electrical and mechanical contacts for
currents above 10 amps and temperatures around 80°C, may

be 1n the range of 3 to 8%, 1n particular about 5%, or
0.25 to 0.7 mm, typically around 0.4 mm.

Hence, with such power connectors allowing small

H

displacements 1n one or more directions of 1ts connection

part 86 relative to 1ts base 81 for connection to a

F

printed circuit board 4, small position tolerances o

preassembled or preformed heating element connectors can
be compensated and still provide a good electrical

contact performance under high current and elevated
temperature conditions.
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ﬁ

Therefore, with such a power connector 80 that self-

positions 1ts socket 86 on connector pins 11, 1t 1s
possible to provide a cableless precise and continuous

contact for high electrical currents, 1n particular
between a resistive heating means on a heater and the

F

power supply at printed circuit board 4. The absence o0

flexible power cables lncreases the integration,

I

facilitates the manufacturing automation level of the

device and reduces 1ts production costs as well as 1ts

reliability by reducing the human factor.

H

Figure 13 1llustrates a wvariation of the heating

device 1n accordance with the 1nvention which 1ncludes a

H

flex-print 4’ 1instead of a printed circuit board.

Flex-print 4’ 1s bonded, 1n particular glued, to the

H H

surface of a metal mass 1 of a thermoblock. Flex-print 4’

has: an 1nner side applied to metal mass 1 that

H

incorporates a resistor heater 1n the form of a heating

H

foi1l or film. The outer side of flex-print 4’ carries one

or more electric components 00,75 that are rigidly
secured to the outer side. Flex-print 4’ may also
incorporate on 1ts 1nner side one or more electric
components. The electric components may be 1ntegrated
components or discrete components, such as resistor
heaters, sensors and/or power switches, e.g. triacs, that
are secured 1into and/or onto to the metal mass, and/or

H

one or more components on the outer side of the flex-

print, for example a controller.

e~ -

As 1llustrate 1n Figure 13, ex-print 4’ 1s rigidly

connected to a thermal fuse 757 and to a triac 60. Since

H H

the i1inner surface of flex-print 4’7 matches the surface of

H

metal mass 1, triac 60 on the outer surface of flex-print

47 15 1n thermal communication with metal mass 1 wvia

flex-print 4’7 so that heat generated by triac o060 during
use can be well evacuated via metal mass 1 and optionally

via the water circulating 1n mass 1. In a variation, a
triac and/or other electric components, such as thermal

ﬁ

sensors, may be rigidly connected to the 1nner side of

flex-print to 1improve thermal communication between the
triac and the metal mass.

Flex-print 4’ 1s connected to functional Dblock Z

into housing 3 via arm 4’7’ for data and power connection.
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Via arm 4’7’7 flex-print 4’ may be connected to a printed

circuit board, for i1instance in housing 3, and/or to

further electric devices, such as a user 1nterface or a
maln switch Z2a. The thermoblock with 1ts metal mass 1 1s

also rigidly connected to functional Dblock 2, for

—

instance by means of snaps, screws, rivets, etc..

Figures 14 and 15, 1n which the same numeric

references designate generally the same elements,

’

schematically disclose two alternative embodiments of a

beverage or 1liquid food machine with a user-reversible

fuse device.

The machine according to the 1nvention has an
electric supply circuit 57 that 1s connectable to a power
source (not shown), such as the mains or an eqgquilvalent
power source. Supply circuit 57 1s connected to a printed

cilrcuilt board (PCR) 4 which bears the machine’s control
unit, e.g. a micro-controller, memory device, various

H

interfaces to the wvarious parts of the machine that

requlre automatic control, such as a user—-interface, a
pump, a heater 1, sensors 00,70, etc.. Supply circuit 57
has a main switch 205,205’ allowing a user to switch on

HH

and o the beverage or liguid food machine.

In-line heater 1 has a water inlet 1’ connected to a
water source, 1n particular via a pump (not shown), and a

—

downstream cavity 1b delimiting an upper part of a

brewing unit arranged to receive a pre-packaged beverage

HH

1ngredient such as a coffee or tea capsule and to

cooperate with a beverage or liguid food outlet member or

assembly (not shown).

Advantageously main switch 205,205’ 1s mechanically

mounted onto PCB 4 to facilitate assembly and 1increase

—

integration of the system.

Furthermore, the machine 1ncludes a thermal fuse

device 200 that has a switch 205 on circuit 57 and an
actuator 201,201’ arranged to disconnect circuit 57 by
actuating switch 205 when heater 1 has a temperature that
exceeds a temperature limit, e.g. a temperature limit 1n
the range of 120°C to 180°C, 1in particular 140°C to 160°C,

~ o~ —

indicative of a malfunction of heater 1 or of 1ts control

unit 4.
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Thermal fuse device 200 1s wuser reversible. Upon

H

safety disconnection of circuit 57 by fuse device 200,

switch 205 may be operated by a user to reconnect circuit

H H

57 and re-establish electric powering of PCB 4. Hence, 1f

thermal fuse device 200 goes off i1mproperly or 1f heater

1 merely has an accidental one time overheat condition,

’

the ligquid food or beverage machine of the i1nvention does

not need to be returned for servicing 1n order to replace

the fuse device, unlike existing beverage or ligquid food

machines fitted with one-time thermal fuses.

Fuse device 200 has an actuator 201,201’ that 1i1s

arranged to push out a pin, rod or piston 202 against the

H

user switch, e.g. a switch of the push-button type, when

sald temperature limit 1s exceeded by the heater so as to
actuate the user switch and open circuit 57.

The embodiment shown 1n Fig. 14 has a fuse device
200 with an actuator 201 1ncluding a pin 202 movable

H

along the direction of arrow 202’7 and a thermo-mechanical

component mounted onto heater 1 and 1n thermal
communication therewith. The thermo-mechanical component

H

may be any arrangement sultable to convert the passage of

a temperature level 1nto a mechanical action Or

H

displacement, such as an element made of a shape memory

alloy that remembers 1ts shape, or a bi-metallic strip

clement.

Hence, when heater 1 exceeds the temperature 1limit,

H

the thermo-mechanical component of actuator 201 1S

activated and will urge pin 202 against user switch 205.

—

This will disconnect the electric parts of the machine

from the power supply connected to circuit 57. When the
heater’s temperature drops below the temperature 1limit,
the thermo-mechanical component will return back into 1ts

normal state and pin 202 will either follow the thermo-

mechanical component or may be pushed back 1nto 1ts
normal position by a user who actuates switch 205 to re-

H

establish the power connection of the machine.

In the embodiment shown 1n Figure 14, the user

switch 205 cooperating with the thermal fuse may also
serve as a malin switch that may be operated i1ndependently

H

of any over-heat situation 1n order to ordinarily switch

HH

on and o che beverage or liguid food machine.




10

15

20

25

30

WO 2009/043865

CA 02701678 2010-04-01

PCT/EP2008/063128
27

Conversely, 1n the embodiment shown 1in Figure 15,

the user switch 205 cooperating with the thermal fuse 1is

a dedicated switch separate from the main switch 2057.

Fuse device 200 comprilses a safety electric
temperature sensor 203 mechanically mounted against
heater 1 and 1in thermal communication therewith.

Furthermore, to simplify assembly and further 1ntegrate

H

the electric components of the machine, temperature

sensor 203 1s rigidly connected to PCB 50 1n a similar

manner as discussed above. In a less preferred embodiment,
such a temperature sensor may also be connected by other

means to the PCB, 1n particular 1n a partly or entirely

flexible manner.

I

Temperature sensor 203 monitors the temperature of

heater 1. Temperature sensor 203 1s associated with a

ﬁ

control means that controls the electrical powering o:
actuator 2017 wvia 1ts connection circuit 204 depending on

che measured temperature. For instance, the control means
includes a power switch, e.g. a transistor, on connection
circult 204 connected to temperature sensor 203.

Advantageously, the temperature sensor 203, the
power swilitch associated therewith, user switches 205 and

even actuator 2017 are rigidly mounted onto PCB 4.

Preferably these components are mounted on a section 41

H

of PCB 4 that 1s electrically insulated from the ordinary

H

control unit of the beverage and ligquid food machine on

PCB 4. Hence, by having substantially all the electronic

and electrical parts on the same PCB 4 but arranged in

~—

two distinct electrical circuits, mechanical assembly of

the components 1s facilitated and the safety of the

machine 1s 1ncreased.
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CLAIMS:

1. An in-line heating device for a 1ligquid food or
beverage preparation machine, 1n which machine liguid 1is
clrculated through said heating device and then gulded
into a brewing chamber for brewing a food or beverage
ingredient supplied 1into sald brewing chamber, said
heating device comprising:'

- a thermoblock with a metal mass that 1ncorporates an
inlet, an outlet and a heating chamber extending
therebetween to form a passage for guiding said liquid
circulating through said mass, the mass being arranged
to accumulate heat and to supply heat to said liquid;
and

- one or more electric components that are rigidly secured
onto or into the thermoblock and that are connected to a
printed circuit board or a flex-print arranged ¢to
control said thermoblock and further functions of said
ligquid food or beverage preparation machine,

wherein sald one or more electric components are rigidly

electrically connected to said printed circuit board or

flex-print via rigid connector pins or Dblades or rigid

prlug and socket members.

2. The device of claim 1, wherein the brewing chamber

1S a capsule or pod housing.

3. The device of claim 1, wherein the beverage
ingredient 1s supplied within a capsule or pod into the

brewing chamber.
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4 . The device of c¢laim 1, wherein the one or more
electric components are sensors, thermal fuses or
electric power components.
5. The device of c¢laim 1, wherein the one o0r more

electric components are secured on or 1n the metal mass
and are selected from temperature sensors, thermal fuses,

flow meters, resistor heaters, ammeters and electric

power regulators.

il

6. The device of any one of claims 1 to 5, wherein an
electric component 1is secured in a cavity of the metal

mass.

7. The device of c¢laim 6, wherein the electric
component is secured by means of a biased spring element
in the cavity or the cavity forming a socket for a plug

comprising the component.

8 . The device of any one of claims 1 to 7, whereiln said
one or more electric components comprise a power
component, which 1is rigidly connected via a rigild
electric power pin and a rigld power connector that has a
socket for receiving the rigid electric pin, the rigid
connector being resilient to allow displacements of the
socket for self-positioning the socket around the pin and

to secure electric contact between the pin and the

connector.

9. The device of claim 8, whereiln the power component

is a resistor heater or a power swilitch.
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10. The device of claim 8, wherein the rigid connector

1s made of one or more spring blades.

11. The device of any one of claims 1 to 10, further
comprising a printed circuit board contained 1n an
impervious or thermal and electric 1insulating housing,
that 1s mechanically connected to the thermoblock, and
that has one or more openings for the passage of
electrical connectors for connecting to the printed
circult board to the one or more electric components that

are rigldly secured on or in the thermoblock.

12. The device of claim 11, wherein the impervious or
thermal and electric 1insulating housing 1s a plastic

housing.

13. The device of claim 11, wherein the impervious Or
thermal and electric 1insulating housing i1s mechanically

connected to the thermoblock via snaps.

14, The device of any one of claims 1 to 13, further
comprising a flex-print secured to a surface of the
thermobloCk, the flex-print comprising an 1nner side that
faces the thermoblock and that 1ncorporates a resistor

heater in the form of a heating foil and an outer side to

which the one or more electric components are secured.

15. The device of claim 14, wherein the one or more
electric components are rigidly secured to the outer

side.
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16. The device of claim 14, wherein the printed circuilt
board or flex-print 1S arranged to control the
thermoblock and a pump or an electric 1interface of the

liquid food or beverage preparation machine.

17. The device of any one of claims 1 to 16, wherein the
heating chamber 1n the metal mass 1s elongated along a
direction of flow of liquid through the mass.

gh—

18. The device of any one of claims 1 to 17, wherein the

heating chamber comprises an upper flow portion followed
by a down-coming flow portion that have a narrowed
cross-section for promoting an i1ncreased velocity of
ligquid along the upper .and the down-coming flow portions

to 1nhibit an accumulation of bubbles in the upper flow

portion.

19. A ligquid food or Dbeverage preparation machine

comprising:

- a brewing chamber for brewing a food or beverage
ingredient, by circulating heated ligquid the;‘ethrough;
and

- an 1n-line heating device, as defined 1n any one of
claims 1 to 18, comprising said thermoblock with said
metal mass for heating and supplying circulating liguid

to the brewing chamber.

20. The machine of claim 19, wherein the brewing chamber

1s a capsule or pod housing.
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21. The machine of claim 19, wherein the 1ingredient 1is

supplied within a capsule or pod 1nto the Dbrewing

chamber.

22. The machine of any one of claims 19 to 21, wherein
the metal mass 1inlet, outlet and heating chamber form
together a rigid ©passage for guiding said 1liguid

clrculating through said mass.

23. The machine of claim 22, wherein the rigilid passage

1s a rigid free-flow passage.

24. The machine of any one of claims 19 to 23, wherein
the thermoblock comprises an upstream part of the brewing
chamber, the upstream part being formed by or rigidly
anchored 1n said metal mass so that the rigid passage of

the metal mass extends i1nto the brewing chamber.

25. The machine of «claim 24, further comprising a

downstream part comprising a ligquid food or Dbeverage

-

outlet and cooperating with the upstream part to form the

brewing chamber.

26. The machine of claim 25, wherein the downstream part
and the upstream part are movable apart and movable

together for the supply i1nto the brewing chamber and the

‘evacuation from the brewing chamber of saild i1ngredient.

27. The machine of claim 25 or 26, 1n which the upstream
part and the metal mass are fixed, the downstream part

being movable to and from the upstream part, or the
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upstream part and the metal mass are movable en bloc to
and from the downstream part, the downstream part being

fixed or movable.

28. A 1ligquid food or beverage preparation machlne as

defined 1n any one of «claims 19’ to 27, further

comprising:

- an electric supply circult connectable to an electric
power source;

- a heater powered by the electric supply circult; and

- a thermal fuse device in thermal communication with the
heater and associated with the electric supply circuilt,
the fuse device Dbeing arranged to 1interrupt the
electric supply circuit from said power source when the

heater exceeds a temperature limit,

wherein the thermal fuse device 1s reversible and
comprises a switch for automatically interrupting the
electric supply circuit when the heater exceeds said
temperature limit, the switch being operable by a user to
close the electric supply circuilit when the heater has a
temperature that has returned below said temperature
limlit, the fuse device comprising an actuator arranged to
push out a pin, rod or piston against the user switch
when sald temperature limit 1s exceeded by the heater so

as to actuate the user switch and open the circuit.

29. The machine of claim 28, wherein the fuse device

further comprising:

- the actuator comprises a thermo-mechanical component
that is in thermal communication with the heater and

that mechanically actuates the user switch to open the
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electric supply cilircuit when the heater exceeds the
Cemperature 1limit, the thermo-mechanical component
comprlsing a shape memory element or a bimetal
element; and

a safety electric temperature sensor 1n thermal
communication with the heater and an electromechanical
actuator that actuates the user switch to open the
electric supply cilrcult when the safety sensor 1is
exposed to a temperature generated by the heater which

exceeds the temperature limit.
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