COFFEE MACHINE

The invention relates to a coffee machine according to the preamble of claim .
1.

Coffee machines have a water supply or storage chamber, a heating system for .
heating the water, a brewing; boiling or scalding chamber for receiving
coffee and feed means for feeding water from the water supply chamber into
the brewing chamber. Convenﬁional coffee machines differ as a function of
.the coffee type to be prepared with the corfesponding coffee machine. Thus,
in.espresso coffee machines wate; is heated and pumped by means of a pump
under high pressure (approximately 10 bar) into the brewing chamber and the
coffee is finely ground. In Mocha coffee machines the water is supplied in
the form of steam through a rising tube to the finely ground coffee in the
brewing chamber. The water is also supplied in the form of steam through a
rising tube in the case of filter coffee machines,'but it condenses again and
reacﬁes the fine or ground coffee as a hot liquid and then, under ambient

pressure, slowly passes through the filter.

The heating system of conventional coffee mach;nes normally comprises a solid
electric heating unit, which is a heat reservolir with a high heat capacity
and therefore thermally inert. On the one hand, this is an advantage,
because its temperature only decreases slightly when a given water volume
flows through it and removes from it a specific heat energy. However, on the
other hand, the high heat capacity is a disadvantage, because a large amount
of heat energy must be supplied to the electric heating unit in order to
raise its temperature to a desired value. After switching on, the conven-
tional coffee machine requires é preheating time lasting a few minutes before
it can prepare the first coffee. This prehgating time constitutes an irksome

time loss for the user.

In order not to have to reheat the electric heating unit prior to each
preparation of coffee, heat energy is supplied to it for as long as the
coffee machine is switched on. Thus, in the standby mode, the coffee machine
constantly requires energy, which it delivers to the environment in a useless
manner. If the coffee machine has been switched off for a time, the complete,
solid electric heating unit must be heated even for a single coffee prepar-

ation and only part of the energy required for this is actually used for
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preparing the coffee. Thus, in summarizing, it can be stated that conven-
tional coffee machines make uneconomic use of the time of the user and
electrical energy. )

The problem of the invention is to provide a coffee machine, which firstly

requires no preheating time and secondly consumes no energy in the standby
mode.

This problem is solved by the coffee machine according to the invention, as
defined in the claims. The concept of the coffee machine according to the
invention is based on the fact of using a rapidly reacting heating means and
to remove the minimum amount of heat energy from tﬁe hot water on its path to
the coffee. Table 1 shows a comparison of the heating means according to the

invention and those of a conventional coffee machine.

Characteristics of the ' Coffee machine according Conventional
heating means to the invention coffee machine
Heat capacity low - high

Reaction o fast _ . slow

Temperature change dgring

coffee preparation o high . : ' low

Table 1.

The coffee machine according to the invention is to be polyvalent, i.e. abie
to prepare different coffee types. This means that the parts used along the
water path, as regards to the mechanical strength, must be designed for the
"worst case", i.e. for high pressure during espresso preparation. The pérts
used must also be optimized with regards to mechanical and thermal character-
istics and in part account must be taken of contradlctory criteria, so as to

combine them in a compromise solution '

The advantages of the inventive coffee machine are inter alia achieved by the
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combination of the foilowing features. Use is made of a continuous flow
heater with a small heat capacity instead of a solid electric heating unit.
In order to obtain the desired water Starting temperature, use is made of a
control loop. Materlals and design of the unheated parts along the water
path are designed in such a way that they are able to withstand the over-
pressure of the water and simultaneously remove from said water the minimum
'possible heat energy. In particular, said unheated parts must have low heat
capacities and with reépect to water low heat transmission coefficients,
whilst simultaneously having an adequate étrength. .

The coffee machine according to the invention is described in greater detail

‘hereinafter relative to the attached drawings, wherein show:

Fig. 1 A diagrammatic gross-section through the complete coffee
machine.
Fig. 2 A perspective view of the continuous flow heater opened out in -

layer form for clearer representation.

Fig. 3 The continuous flow heater and pump with regulating system.

Fig. 4 A cross-section through the brewing chamber and its locking
mechanism.

Fig. 5 An outside view of the coffee machine.

Figs. 6 & 7 Cross~sections through the holding grid with two cups of

different size,

Fig. 1 shows in cross-section a diagrammatic overall view of a preferred
embodiment of the coffee machine according to the invention. A water supply
chamber 1 is mounted on a "head" 2 of the coffee machine. It can be made
from a transparent material, which has the advantage that the user can see
the water level at all times and can top up with water in good time. The
water supply chamber 1 can be removed by the user and washed. It has a lid

3, which rests on 'in loose manner, can be screwed on with a thread or can be




fixed with a hinge.

By means of a hose or tube 4 the water passes from the water suﬁply chamber 1
to a pump 5, which is e.g. located in a "neck" 6 of the coffee machine. The
water is pumped by the pump 5 through a hose or tube 7 to a continuous flow
heater 8 and through the latter. In the continuous flow heater it is heated
to a desired temperature of more than 90°C or made to evaporate. The contin-
uous flbw heater is ‘e.g. in the form of a ﬁhltilayer tube provided with an
electric heafing system. The details of pump 5 and continuous flow heater 8
are given hereinafter in connection with figs. 2 and 3.

A connecting tube 9, e.g. of stainless steel, connects the continuous flow
heater 8 to a brewing chamber 10. It is scarcely avoidable that the water
will c601 by a few degrees celsius in the connecting tube 9. The brewing.
chamber 10 contains the coffee 10', through which the hot water or steam is
pressed. The brewing chamber 10 essentially cémprises a brewing chamber base
11l and a brewing chamber 1id 12. The brewing chamber base 11 is inserted in
a holder 13 with handle 14. The holder 13 is slid by the user into the
coffee machine and fixed to the latter with a locking mechanigm 15 and
simultaneously the brewing chamber 10 is locked. Details of the brewing
chamber 10 and locking mechanism 15 are described in greater detail herein-
after relative to fig. 4.

The ready, hot coffee flows through a spout 16 out of the brewing chamber 10
into a cup 17. The cup 17 stands on a holding grid 18, which is placed in an
insert 19', which is in turn piaced in a base 19. The base 19 can be made
heavier e.g. with.a zinc caéting or a lead part 20, in order to improve the
stability of the coffee machine. The inlet 21 of a cable 22 for supplying
the coffee machine with mains voltage is preferhbly located in the base 19.

Table 2 shows the water path as a sequence of four portions, which differ on
the basis of their temperature and pressure conditions. The numerical values
given are of an approximate nature for the exemplified case of espresso

preparation and can differ for other coffee types.

Fig. 2 shows the internal structure of a continuous flow heater 8, such as is
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preferably used in the coffee machine according to the invention. Compared
with a conventional solid elgctric heating unit, such h continuous flow
heater 8 has thg advantage of being able to rgpidly perform temperatufe
changes. Consequently it requires no preheating and also no energy in the
standby mode. 1In a preferred embodimeﬁt, the éontinuous flow heater 8 com-
prises an inner tube 23 through which can flow water and which is e.g. made
from aluminium, stainless steel.or high temperature-resistant plastic..
Around the inner tube 23 is placed an internal insulating layer 24-26 made
from an electrically insulating; heat-resistant material, e.g. a high temper-
ature-resistant plastic. Around the inner insulating layers 24-26 is wound a
filament 27 made from a high-impedance metal alloy, e.g. a NiCr—alloyL Around
the filament 27 is placed at least one outer insulating layer 28-30, e.g.
once again of high temperature-resistant plastic.

Portioﬁ' ' ' . Temperature ’ Pressure
Water supply chamber 1 to inlet low low
of pump 5 : ' (20°C) . ' (1. bar)
Outlet of pump 5 to inlet of . - low .~ high
continuous flow heater 8 ; . (20°C) - (10 bar)

Qutlet of continuous. flow heater

8 to inlet of brewing éhamber 10 .high ' high

' (> 90°C) (10 bar)
Outlet of brewing chamber 10 high low
to cup 17 (> 90°C) (1 bar)
Table 2.

The continuous flow heater 8 is the main component of the heating'system

of the inventive coffee machine, the entire heating system being shown in
fig. 3. Fig. 3 only shows the filament 27 of the internal structure of the
continuous flow heéter 8, which is preferably in the form of a helical spring

and is mounted in floating manner. At the inlet of the continuous flow
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heater 8 is provided the pump 5 with the tube 7, with at its outlet the
connecting tube 9. The pump 5 is preferably suspended in mobile or bverhung
manner and vibrétes during operation,. in the same way as e.g: occurs with a
diaphragm pump. The vibrations are transferred to .the continuous flow heater
8. The accelerations forced on the continuous-flow'heater 8 in this way

prevent or reduce liming of its inner tube 23 or aid lime detachment from the
tube inner walls.

The continuous flow heater 8 is preferably equipped with a control loop,

which ensures that during each coffee preparation, the water leaves the

heater with the desired temperature. For this purpose, towards the end of

the continuous flow heater 8 is-provided a temperature sensor 31 for measur-
ing the water temperature T. The measured temperature T is preferably the
controlléd variable for the -power : PP of the pump 5 and therefore for the
water flow F. In another variant, the temperature T is the controlled vari-
able for the heating bower {or heating capacity) Py in the filament 27. In a
third variant both the pumping power (or pumping capacity) Pp and the heating
power Py are simultaneously regulated. For regulation or control purposes, use
is preferably made of a microprocessor 32, which is preferably installed in the
vicinity of the pump 5. In place of the microﬁrocessor 32, a simpler electronic

circuit can be used for regulating purposes.

The temperature sensor 31 and microprocessor 32 are also required in order to
warn the uéer of liming of the continuous flow heater 8. A possible layer of
lime on the continuous flow heater inner tube wall acts in an insulating
manner and increases the time t needed at a given heating power PH in order
to heat a given water quantity. Thus, conclusions regarding the liming of
the tube or pipe can be drawn on the basis of the heating power PH’ pumping
power PP and the heating-up time t. TFor each coffee preparation the
microprocessor checks whether the liming of the tube has not exceeded a
critical value. 1If it has exceeded such a value, the user is warned by an
acoustic and/or optical signal. After such a warning the user can take

appropriate deliming measures.

The brewing temperature has a very sensitive influence on the taste of the

coffee. Despite the inventively reached time and energy saving, the coffee
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quality must remaiﬂ constantly high and must not be dependent on whether the
unheated parts 9-12 along the water path between the continuous flow heater 8
and the coffee 10 are cpld or aiready hot due to a preceding brewing oper-
ation. Thus, only minimum heat energy must be abstracted from the hot water
between the continuous flow heater 8 and the coffee 10'. For this purpose
two requirements mﬁst be fulfilled. Firstly the unheated parts 9-12 along.
the water path must have low heatQ: capaclities, i.e. low specific heat
capacities and low masses. Secondly, the unheated parts 9-12 must have low
heat transmission coefficients with respect"td;y;pf;{_i.g.niow heat transfer
"coefficients and/or low thermal.;oﬁaﬁ;f1§itié;; However, simultaneously the
unheated parts 9-12 must be able to withstand the overpressure of the hot
.water of approximately 10 bar, such as occurs in espresso preparation. The
materials and design of these parts 9-12 must be optimized with respect to
the thermal and mechanical, partly opposing criteria. The exemplified
embodiment provides a gbod solution to thé optimization problem. The connec-
ting tube 9 is short and meéhanically firm. The base 11 and 1lid 12 of the
brewing chamber 10 are made from a thermally insulating material, e.g. a
highly porous, ceramic material such as hollow ceramic or hollow porcelain or

a thermally insulating plastic, the mass or welght being kept as low as
possible.

The locking ﬁechanism 15 of the brewing chamber 10 and the brewing chamber

- itself will be discussed by means of fig. 4. In conventional coffee machines
the brewing chamber holder is fixed and simultaneously locked by a bayonet
fastening or catch to the coffee machine. However, in the coffee machine
according to the invention, the brewing chamber 10 is incorporated into a
holder 13, which is held by the user with one hand on the handle 14 and
shoved in drawer-like into the coffee machine. The holder 13 can be made
from plastic. Using the other hand the user operates the locking mechanism
by means of a lever 33, visible in fig. 5, fitted to the outside of the
coffee machine casing. The rotary movement of the lever 33 is transferred
to an eccentric 34, which moves the brewing chamber lid 12 downwards and
locks the brewing chamber 10. By moving the lever 33 in the opposite direc-
tion, the brewing chamber 1id 12 is raised and the brewing chamber 10 opened,
so that the holder 13 can be removed and the coffee 10' replaced.
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The water outlet is also controlled throuéh the movement of the lever 33 or
brewing chamber 1lid 12. Only when the brewing chamber lid 12.is in the lower
position, i.e. with the brewing chamber 10 closed, does hot water flow into
the brewing chamber and from there into the coffee cup 17. However, if the
brewing chambei 1id 12 is in the upper position and the brewing chamber 10 is
open, the hot water or, as desired, steam flows oﬁt of the coffee machine
through a steam pipe 35. The hot water from the_éteém pipe 35 could e.g. be
used for making tea and the steam e.g. for heating milk.

The switch point position for one of the two paths i1s at the inlet of the
connecting tube 9. The connecting tube 9 is in a tube casing 36, the latter
being sealed with two sealing rings 37, 38 and is moved together wi;h the
brewing chamber 1id 12. 1In the upper position the upper sealing ring 37 is
above fhe water ihlet 39 and prevents the flow of hot water or steam into the
connecting tube 9, so that the hot water br steam then flows to the inlet 40
of the steam pipe 35. 1In the lower position, the upper sealing ring 37 is

below the water inlet 39 and then the hot water flows to the inlet 41 of the
connecting tube 9.

A tjpe switch 42 is fitted to the coffee machine according to the invention
for choosing the desired coffee type. It can e.g. have the positions
"espresso"”, "Mocha", "filter coffée", "capuccino" or other positions or
settings. By means of the type switch 42; different programs of the micro-
processor 32 are selected, which in each case set the desired water temper-

ature T and correct pumping gapacity PP.

For different coffee types different brewing chamber bases 11 are provided
and can be inserted in ﬁodule manner in the holder 13. The brewing chamber
base 11 for espresso or Mocha coffee is a screen-like, perforated plate made
from thermally insulating material. For making filter coffee the brewing
chamber base 11 must be able to receive a filter and must have a correspond-
ing spout. The coffee 10' is filled in the intended fo;m into the brewing

chamber: unpackéd or packed in suitable containers, e.g. bags.

Apart from the holder 13, lever 33 and type switch 42, the inventive coffee

machine only has a single control member, namely a master switch 43. The
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latter has three positions, which can e.g. be called "steam", "off" and

"coffee" and combines two functions. It is firstly the switch for putting

the entire coffee machine into and out of operation. In the "off" position

the coffee machine is switched off and consumes no energy, unlike conven-

' tiongl coffee machines in the standby mode. The-user determines the coffee
quantity to flow out, in that he starts off the coffee flow by switching from
"off" to "coffee" and subsequently stops the flow by switching from "coffee"
to "off". The same applies with respect to the steam quantity. Secondly
the master switch is a thermostat for the medium flowing out of the steam
pipe 35. 1If the lever 33 is in the upper position, in the mastér switch
position "steam", steam flows out of the steam pipe 35, but in the master
switch position "coffee" hot water flows out. In addition, in the master
switch position "steam", the water inflow is mechanically blocked when the

"lever 33 is in the lower position. Table 3 summarizes the effects of all
possible lever and master switch positions. The coffee maching according to
the invention can, if desired, also be eqﬁipped with a device for automatic-
ally regulating the coffee quantity.

The holding grid 18 on which the coffee cups 17 are placed, is designed in
such a way that it can be turned in the insert 19'. Thus, two different
spacings between spout 16 and grid 18 can be set, which makes it possible to
place coffee cups 17, 17' of very different height under the coffee machine.
The distance between the spout 18 and coffee cup 17 must not be too large,
otherwise no froth is formed on the coffee. Fig. 6 shows a small coffee cup
17 on the holding grid'18 in the raised position and fig. 7 a large coffee
cup 17' on the grid 18 in the lowered position.

Master s%itch position / LeYer top bottom
"Steam" Stéam from steam none

pipe 35
"of " None. none
"Coffee" _ Water from steam COffee from spout

plpe 35 16
Table 3. '
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In summarizing, the coffee machine according to the invention essentially
comprises a water supply chamber 1, a pump 5, a continuous flow heater 8 for
heating water and a brewing chamber 10 for receiving coffee 10'. The con-
tinuous flow heater 8 has a low heat capacity. The inventive coffee
machine is equipped with at least one temperature sensor 31 at the end of
the continuous flow heater 8 or between sald heater and the brewing chamber
10, as well as a control loop, whose controlled variable is the water temper-
ature T at the end of the continuous flow heater. With respect to the
mechanica; and thermal characteristics, the unheated parts 9-12 along the
water path between the continuous flow heater and coffee 10' are optimized
in such a way that they have an adequate strength for an overpressure occury-

ing in the system and low heat capaéities and, with respect to water, low
heat transmission coefficients.




| THIS SHEET HAS BEEN
REPLACED

R 0 0 ; -

CLAIMS

1. Coffee machiﬁe with a water supply chamber (1), a pump (5) and a brewing
chamber (10) for receiving coffee (10'), characterized in that it has a con-
tinuous flow heater (8) with a low heat'hf capacity for heating water, that
it is equipped with at least one temperature sensor (31) at the end of the
continuous flow heater (8) or between the latter and the brewing chamber (10),
as well as with a control loop, whose controlled variable is the water temper—
ature (T) at the end of the continuous flow heater and that, with respect to
mechanical and thermal characteristics, unheated parts (9-12) along the water
path between the continuous flow heater (8) and coffee (10') are so optimized,
that .they have an adequate strength with respect to an overpressure occurring
in the system and have low . heat capacities and, with respect to water, 1ow _

heat transmission coefficients.

2. Coffee machine according to claim 1, characterized in that one or more
unheated parts (9-12) along the water path are made from thermally insulating
material.

3. GCoffee machine aqcording'to claim 2, characterized in that one or more
_unheated parts (9-12) along the water path are made from highly porous,
ceramic material, highly porous plastic or plastic.

4. Coffee machine according to one of the claims 1 to 3, characterized in
that the continuous flow heater comprises an inner tube (23) through which
can flow water, at least one inner insulating layer (24-26) placed around the
inner tube, a filament (27) wound around the inner insulating layer and at

least one outer insulating layer (28-30) placed round the filament.

5. Coffee machine according to claim 4, characterized in that ﬁhe inner tﬁbe
(23) of the continuous flow heater (8) is made from aluminium, stainless
steel or high temperature-resistant plastic, the insulating layers (24-26,
28-30) of high temperature-resistant plastic and the filament (27) of high-

impedance metal alloy.

6. Coffee machine according to claim 4 or 5, characterized in that to avoid
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lime deposits in the interior of the tube the continuous flow heater (8) is .
mounted in floating manner, the pump (5) is suspended in mobile or overhung
manner and vibrates during operation and the continuous flow heater and pump

are so connected that the continuous flow heater can be made to vibrate by

the pump.

7. Coffee machine according to one of the claims 1 to 6, characterized in
that it contains a microprocessor (32) for monitoring and cdntroiling the
pumping powgr__(PP) of the pump (5), the heating .powef;: (PH) of the
continuous flow heater (8) and the heating-up time (t).

8. Coffee machine according to claim 7, characterized in that, for each
coffee preparation process, the microprocessor (32) calculates from the pump-
ing . power (PP) of the pump (5), the heating ‘éé;erl (PH) of the contin-
uous flow heater (8) and the heating-up time (t), a measure for the liming of
the inner tube (23) of the continuous flow heater (8) and emits an acoustic

and/or optical warning signal if the liming has exceeded a given, critical
value.

9. Coffee machine according to one of the claims 1 to 8, characterized in
that the brewing chamber (10) essentially comprises a brewing chamber base
(11) and a brewing chamber 1lid (12).

-10. Coffee machine aﬁcgrding to claim 9, characterized in that, for the
.preparation of different types of coffee, different brewing chamber bases can
be inserted in a holder (13) in module-like manner by the user, said holder
being in turn slidable into the coffee machine.

11. Coffee machine according to claim 9 or 10, characterized in that as the
brewing chamber locking means (15) it has a lever (33) movable by the user,
an eccentric (34) connected to the lever and a brewing chamber 1lid (12),
which can be moved up and down by the eccentric and which locks the brewing
chamber (10), when its base (1l1) is slid into the coffee machine.

12, Coffee machine according to claim 11, characterized in that the lever

(33) simultaneously controls the water outlet, in that with the brewing
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chamber (10) open it passes steam or hot water into a steam pipe (35) and

with the brewing chamber closed passes hot water to the coffee (10').

13. Coffee machine according to claim 12, characterized in that the switching
point posigion for one of the two paths is at the inlet of a connecting tube

- which is located in a tube cas:.i.ngl- (36),.sealed against the latter by two s‘ea]_.ing__
rings (Bi; 355'an& can-be ﬁoved.toketﬁérwwith_the.brewing chamber iid (12)

in such a way that with the brewing chamber (10) open, the upper sealing

ring (37) is located above the water inlet (39), prevents the inflow of hot
water or steam into the connecting tube (9) and the hot water or steam can

flow to the inlet (40) of the steam pipe (35), and that with the brewing

chamber closed, the upper sealing ring is below the water inlet and the hot
water can flow to the connecting tube inlet (41).

14. Coffee machine according to claim 12 or 13, characterized in that it has
a master switch (43), which on the one hand is the switch for putting the
coffee machine into and out of operation and on the other a temperature

regulator or thermostat for the medium flowing out of the steam pipe (35).

15. Coffee machine according to claim 14, characterized in that the the
master switch (43) has three positions, which can e.g. be called "steam",
“off", and "coffeé", so that in the "off" position, the coffee machine is
switched off, the coffee flow from a spout (16) or the hot water flow from
the steam pipe (35) can be brought about by switching from "off" to "coffee"
and can be stopped again by switching from "coffee" to "off" and the outflow
df steam from the steam pipe can be started by switching from “off" to

"steam" and can be stopped again by switching from “"steam" to "off".

16. Coffee machine according to one of the claims 1 to 15, characterized in
that the water supply chamber (1) is fitted in visible manner at.the top of
the coffee machine, is made from a transparent material, can be removed by
the user and is provided with a 1lid (3). .

17. Coffee machine according to one of the claims 1 to 16, characterized in

that it has a weighted base (19) in order to improve its stability.
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18. Coffee machine according to claim 17, characterized in that it has, below
the spout (16), a holding grid (18) inserted in the base (19) and on which
can be placed coffge cups {17, 17') and that the holding grid is so designed
that it can be turned, in order to permit the setting of two different spac-
ings hetween the spout and the grid.
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