
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.  Conventional coffee
machines differ as a function of the coffee type to be prepared with the
corresponding coffee machine.  Thus, in espresso coffee machines water 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 reaches 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 machines normally comprises a
solid electric heating unit, which is a heat reservoir 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 a preheating time
lasting a few minutes before it can prepare the first coffee. This
preheating 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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-2-   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.   A fast electric water heater for a coffee machine
is proposed in US patent  1,631,753. This water heater contains three
helically wound, coaxially tele- scoped copper tubes, through which
successively flow the water to be heated. Around the central tube is wound
an electric resistance heating means. The tubes and the resistance heating
means are insulated from one another by an asbestos ribbon. As a result of
this special arrangement, the water in the central tube is directly heated
by the resistance heating means and the water in the outer and inner tubes
indirectly by heat radiation. The thus heated water is then supplied to a
brewing chamber containing coffee. This water heater is admittedly faster
than a solid electric heating block. However, it is still thermally inert
as a result of its thick copper tubes and asbestos insulation. It takes a
relatively long time for the copper tubes to be heated through the asbestos
insulation and for the heat energy to reach the water.   



US patent 5,262,621 solves the problem of the long-heating up times by an
induction heating system and an electronic monitoring and control system.
The water heating apparatus described therein makes use of a metal tube
surrounded by an electromagnetic coil. When water flows through the metal
tube, an a.c. voltage is applied to the coil. By means of electromagnetic
induction the metal tube is heated and by means of heat conduction the
water flowing through is heated.  The frequency of the a.c. voltage is set
by the electronic monitoring and control system as a function of the water
outlet temperature.   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.
-3-   combination of the following 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. Materials 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 respect to water low heat transmission coefficients,
whilst simultaneously having an adequate strength.   The coffee machine
according to the invention is described in greater detail hereinafter
relative to the attached drawings, wherein show:   Fig. 1        A
diagrammatic cross-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                                              -4-   



fixed with a hinge.   By means of a hose or tube 4 the water passes from
the water supply 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[err]C or made to evaporate. The contin- uous flow heater is e.g. in the
form of a multilayer tube provided with an electric heating 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 cool 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
comprises a brewing chamber base 11 and a brewing chamber lid 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 mechanism 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 placed in a base 19. The base 19 can be
made heavier e.g. with a zinc casting 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 preferably 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
-5-   preferably used in the coffee machine according to the invention.
Compared 



with a conventional solid electric heating unit, such a continuous flow
heater 8 has the advantage of being able to rapidly perform temperature
changes. Consequently it requires no preheating and also no energy in the
standby mode. In a preferred embodiment, the continuous 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-alloy. Around the filament 27 is placed at least one outer insulating
layer 28-30, e.g. once again of high temperature-resistant plastic.
Portion                                        Temperature
Pressure   Water supply chamber 1 to inlet                   low
low of pump 5                                        (20[err]C)
(lbar)   Outlet of pump 5 to inlet of                      low
high continuous flow heater 8                         (20[err]C)
(10 bar)   Outlet of continuous flow heater 8 to inlet of brewing chamber
10                  high               high 



(> 90[err]C)               (10 bar)   Outlet of brewing chamber 10
high                low to cup 17                                       (>
90[err]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 heater 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 overhung
manner and vibrates 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 controlled variable for the  power   P[err]
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 power (or
heating capacity) PH in the filament 27. In a third variant both the
pumping power (or pumping capacity) Pp and the heating power PH 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 microprocessor 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 user
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 P in order
H 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   P[err] and the heating-up time t.  For each coffee preparation the
microprocessor checks whether the liming of the tube has not exceeded a
critical value. If 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
-7-   quality must remain 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 cold or already 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 must be fulfilled. Firstly the unheated parts 9-12
along. the water path must have low heat   capacities, i.e. low specific
heat capacities and low masses. Secondly, the unheated parts 9-12 must have
low heat transmission coefficients with respect to water, i.e. low heat
transfer coefficients and/or low thermal conductivities.  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 good solution to the
optimization problem. The connec- ting tube 9 is short and mechanically
firm. The base 11 and lid 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 weight being kept as low as possible.   The locking mechanism
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 lid 12 is raised and the brewing chamber 10
opened, so that the holder 13 can be removed and the coffee 10' replaced.
-8-   The water outlet is also controlled through the movement of the lever
33 or brewing chamber lid 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 chamber lid 12 is in the upper position and the
brewing chamber 10 is open, the hot water or, as desired, steam flows out
of the coffee machine through a steam pipe 35.  The hot water from the
steam 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 is 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 with the
brewing chamber lid 12. In the upper position the upper sealing ring 37 is
above the water inlet 39 and prevents the flow of hot water or steam into
the connecting tube 9, so that the hot water or steam then flows to the
inlet 40 of the steam pipe 35. In 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 type 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 coffee",
"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 capacity
P[err].   For different coffee types different brewing chamber bases 11 are
provided and can be inserted in module 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 form into
the brewing 



chamber: unpacked 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
-9-   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- tional 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.  If the lever 33 is in the upper
position, in the master 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 machine according to
the invention can, if desired, also be equipped 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 switch position / Lever
top                  bottom   "Steam"                             Steam
from steam             none                                      pipe 35
"Off"                               None                         none  



"Coffee"                            Water from steam        Coffee from
spout                                      pipe 35                 16 Table
3.                                            - 10 -   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 said 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
mechanical 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
occurr- 



ing in the system and low heat capacities and, with respect to water, low
heat transmission coefficients.                              - 11 -
NEW CLAIMS   1. Coffee machine with a water supply chamber (1), a pump (5)
and a brewing chamber (10) for receiving coffee (10'), characterized in
that it has a continuous flow heater (8) for heating water, which contains
an inner tube (23) through which flows water, at least one inner insulating
layer (24-26) placed around the inner tube (23) and a filament (27) wound
around the at least one inner insulating layer (24-26), so that the
continuous flow heater has a low heat   capacity, 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 temperature (T)
at the end of the continuous flow heater and that unheated parts (9-12)
along the water path between the 



continuous flow heater (8) and the coffee (10') have an adequate strength
for a pressure in the system of 10 bar and are made from highly porous
ceramic material, plastic or an iron alloy, so that they have low heat
capacities and, with respect to water, low 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. Coffee machine according to one of the claims 1
or 2, characterized in that the continuous flow heater (8) has at least one
outer insulating layer (28-30) placed around the filament.   4. Coffee
machine according to one of the claims 1 to 3, characterized in that the
inner tube (23) of the continuous flow heater (8) is made from aluminium,
stainless steel or high temperature-resistant plastic, the insu- lating
layers (24-26, 28-30) of high temperature-resistant plastic and the
filament (27) of high-impedance metal alloy.   5. Coffee machine according
to one of the claims 1 to 4, characterized in that, for avoiding 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 overhang
manner and vibrates during operation and the continuous 



- 12 -   flow heater and pump are so connected that the continuous flow
heater can be made to vibrate by the pump.   6. Coffee machine according to
one of the claims 1 to 5, characterized in that it contains a
microprocessor (32) for monitoring and controlling the pumping  power
(P[err]) of the pump (5), the heating   power  (P[err]) of the continuous
flow heater (8) and the heating-up time (t).   7. Coffee machine according
to claim 6, characterized in that, for each preparation of coffee, the
microprocessor (32) calculates from the pumping power    (P ) of the pump
(5), the heating  power  (P[err]) of the continuous 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 certain, critical 



value.   8. Coffee machine according to one of the claims 1 to 7,
characterized in that the brewing chamber (10) essentially comprises a
brewing chamber base (11) and a brewing chamber lid (12).   9. Coffee
machine according to claim 8, characterized in that for the preparation of
different coffee types, different brewing chamber bases (11) can be
inserted in module-like manner by the user into a holder (13), which can in
turn be slid into the coffee machine.   10. Coffee machine according to
claim 8 or 9, characterized in that it has as the brewing chamber locking
means (15), a lever (33) movable by the user, an eccentric (34) connected
to the lever and a brewing chamber lid (12), which can be moved up and down
by the eccentric and which locks the brewing chamber (10), when its base
(11) is slid into the coffee machine.   11. Coffee machine according to
claim 10, characterized in that the lever (33) simultaneously controls the
water inlet, in that with the brewing chamber (10) open, steam or hot water
is passed into a steam pipe (35) and with the brewing chamber closed, hot
water is passed to the coffee (10').   



- 13 -   12. Coffee machine according to claim 11, characterized in that
the switch points position for one of the two paths is at the inlet of a
connecting tube which is located in a tube casing (36), sealed against the
latter by two sealing rings (37, 38) and can be moved jointly with the
brewing chamber lid (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 flow 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).   13. Coffee machine according to claim 11 or 12, characterized in
that it has a master switch (43), which is on the one hand the switch for
putting the coffee machine into and out of operation and on the other a
thermostat for the medium flowing out of the steam pipe (35).   



14. Coffee machine according to claim 13, characterized in that the master
switch (43) has three positions, which can e.g. be called "steam", "off"
and "coffee", so that in the "off" position the coffee machine is switched
off, the coffee flow from a spout (16) or hot water flow from the steam
pipe (35) can be started by switching from "off" to "coffee" and can be
stopped again by switching from "coffee" to "off" and the outflow of steam
through the steam pipe can be started by switching from "off" to "steam"
and can be stopped again by switching from "steam" to "off".   15. Coffee
machine according to one of the claims 1 to 14, 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 lid (3).   16. Coffee machine according to one
of the claims 1 to 15, characterized in that it has a weighted base (19) in
order to improve its stability.   17. Coffee machine according to claim 16,
characterized in that, below the spout (16), it has a holding grid (18)
inserted in the base (19) and on which can be placed coffee cups (17, 17')
and that the holding grid is so designed     



-14-  that it can be turned, so as to permit the setting of two different
spacings between the spout and grid.    


