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DESCRIPTION

[0001] The present invention relates to a method for continuous tempering of chocolate mass.
By the method the chocolate mass is cooled, crystallised and simultaneously by-passed and
mixed into a final stream of mass.

[0002] The method is applied on tempering apparatuses which are typically of the dominating
type on the market by which the cooling stage (A), the crystallisation stage (B) and the mixing
stage (C) are arranged as a tempering column, and each having their own cooling circuit with
water temperature regulating means wired to a computer control unit for control of each
particular stage. A major pump is arranged at the inlet to the column for the chocolate mass. A
conduit with a secondary pump for chocolate mass is arranged by-passing the stage (B) for
creating crystals.

Generally, the chocolate mass encompass all types of suspensions of non-fat particles such as
sugar, milk powders and cocoa solids mixed up with a liquid fat constituent, so that the
suspensions are capable of crystallizing into stable crystal types when the mass solidifies, such
as the BV-crystals developing in genuine cocoa butter. Only then, eatable chocolate articles
with good taste, crisp break and shiny appearance are created. The solidified chocolate
articles will also achieve the longest possible shelf life and the best resistance against bloom,
as instable crystals are diminished. If there is a content of in-stable crystals left in the mass,
they will give rise to shorter shelf-life as the articles will bloom more quickly as when in-stable
crystals are not present.

With the prior art methods the chocolate temperatures at the end of the cooling stage, at the
end of the crystallisation stage and at the end of the mixing stage are set in accordance with
experience for a particular chocolate type. The cooling at the particular stage then
automatically adopts to the requirement so that the chocolate mass being tempered reaches
the required temperatures after each stage. Typically, it takes 20-30 minutes to reach such
values. Then, a sample of the tempered mass is tested with a tempermeter and the Tempering
degree is obtained. If it is too low for the required purpose, for example being 4 instead of 5 as
desired, the tempering is altered, so that more crystals are made and the tempering degree is
increased. A new sample is then taken out and so on until the result is satisfactory. The
process is cumbersome and requires the attendance of a person particularly skilled and
trained in chocolate physics, and behaviour when controlling a tempering machine. It leads to a
major number of articles produced not having the desired quality and shelf-life during the long
periods of running in the apparatus.

[0003] EP2510806A2 discloses a method and a tempering apparatus by which the tempering
degree is obtained with a built-in sample provider. The method is a teach-in procedure
required before the actual production may begin. It takes between 1 and 3 hours, typically 2
hours. The temperature and flow of the chocolate delivered to the cooling stage of the
tempering apparatus must be constant. During the teach-in period the tempering degree is
obtained a number of times. Each time is the result compared to the desired tempering
degree. The cooling of the stages are then altered according to the skilled persons long-time
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knowledge of chocolate-making, tempering procedures and making changes in the set-points
of the tempering apparatus in accordance herewith. The changes encompass adjustment of
the output temperature, the crystallisation temperature and of the cooling temperature that the
chocolate must attain at the end of the particular stages. Also the cooling water temperature of
for example the crystallisation stage may be altered. What is decisive is that the skilled person
take advantage of his skills to evaluate the influence of the particular changes in settings for
the overall result of the tempering procedure. The built-in sample provider is connected with a
controlling computer that learns the stepwise changes so it may perform the teached-in
settings with time when actual production is started.

[0004] EP2705760A2 discloses an apparatus for continuous tempering of chocolate mass
having a cooling stage (A), a crystallisation stage (B) and a mixing stage (C) arranged as a
column. At the inlet to the column is a main pump for the chocolate mass and a secondary
pump is arranged in a conduit by-passing the stage (B) for creating crystals. A specific
example discloses that a milk chocolate is cooled from 45°C to 32°C in the cooling stage (A),
the mass is then split into 33% being crystallised with a temperature of 28°C and 67% being
by-passed with a constant temperature of 32°C. In the mixing stage (C) the two crystallised
and the by-passed streams are mixed together ending with a temperature of 29,5°C. The
disclosure is focused on the by-passing technique when tempering chocolate and not on how
to achieve certain levels of tempering index for different types of chocolate mass.

[0005] EPO0654222A1 discloses a method and apparatus for continuous tempering of
chocolate mass. The apparatus has a cooling zone A, a crystal-formation area K in the cooling
stage and a re-heating zone G each having a temperature sensor T1, T2 and T3 respectively
for measuring the chocolate temperature at the particular zone or area. The sensors T1, T2,
T3 are connected to electronic units R1 and R2B respectively, which controls cooling circuits
K1, K2 for the cooling zone A and the re-heating zone G respectively. By the method, the flow
of the separately circulating cooling medium which overflows the final crystal formation area K
is controlled in response to values of the temperature of the chocolate mass being measured
by the temperature sensor T2. The cooling amount is thereby controlled to the instantaneous
requirement so that it is ensured that the content of crystals created in the mass is kept at a
predetermined constant portion of the total amount of mass.

[0006] The problem to be solved by the present invention is to provide a method which is able
to attain and provide the correct production settings of a tempering process in a short time on
basis of no knowledge of the complicated tempering process. Also the built-in expensive
sample provider must be avoided.

According to the present invention the method for continuous tempering of chocolate mass
comprises the steps of:

pumping chocolate mass with an input temperature of 40-50°C to a tempering column,
determining an output temperature (Toutput) for the tempered mass,

calculating a by-pass temperature for the mass as
Thyionace = Trrtrat & D90
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I RYTRADD = TUULPUL P L Wy
cooling down all the mass to Tby-pass,

crystallising 1/3 of the mass to a crystallised mass temperature (Tcrystal) as calculated from
Toutput = ((2/3 x Thy-pass) + (1/3 x Tcrystal))

by-passing 2/3 of the mass keeping it free from crystals at a constant temperature (Tby-pass),

mixing together all the mass and tempering it to the output temperature (Toutput), and
comprising the further steps of increasing tempering index incrementally by providing more
cooling during the crystallisation and increasing the amount of mass by-passed to more than
2/3 of the total mass, when the requirement is to obtain a higher tempering index of the
tempered mass, or vice versa, when the requirement is to decrease the tempering index
incrementally.

Hereby is obtained, that only one value is needed for the method to be performed and to be
entered into the control panel of the tempering machine. That is the output temperature of the
ready tempered chocolate mass, which is given to the operator when production is to begin.
The method calculates the by-pass and the crystallisation temperatures to be reached as
target temperatures, and the cooling amounts required to achieve these values are performed
in the different stages. The ready tempered mass has the required output temperature and
surprisingly also a desired "neutral" tempering index of between 3 and 6 depending of the
different mass type in question. A tempering index of 5 of the tempered chocolate mass is
desirable for many purposes such as traditional shell moulding of articles, for example.

When the requirement is a simple and fast adjustment of the tempering index to the required
purpose, such as another moulding process for the tempered chocolate mass, the inventive
method comprises the further steps of increasing the tempering index incrementally by
providing more cooling during the crystallisation and increasing the amount of mass by-passed
to more than 2/3 of the total mass, when the requirement is to obtain a higher tempering index
of the tempered mass, or vice versa, when the requirement is to decrease the tempering index
incrementally. When the tempering index is increased to for example 6, the tempered
chocolate mass is suitable for processes such as cold-pressing as being "thicker" and richer in
crystal amount. When the tempering index is decreased to 4, for example, the tempered
chocolate is perfect for use with an enrober as being "thinner" and pourer in crystal amount.
With an especially advantageous and simple embodiment the method further comprises the
initial step of determining the output temperature (Toutput) for the tempered mass on basis of
correlations with the fat percentage of the particular chocolate mass. The correlations between
output temperature and fat percent is regarded as lineary. When knowing the accurate fat
percent for the particular chocolate mass, the output temperature is simple to acquire from the
lineary correlation.

[0007] The inventive method is applied at a tempering apparatus having sensors for
measurement of chocolate temperatures arranged

at the by-pass conduit,

at the end of the crystallisation stage and
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at the outlet from the mixing stage,
which sensors are wired to the computer control unit having a touch screen display adapted for
input saving of the desired output temperature of the chocolate,

in which control unit is saved the controlling equations
Thy-pass = Toutput + 2°C,

Toutput = {((2/3 x Thy-pass) + 1/3 x Tcrystal))

which sets the calculated chocolate temperatures at the particular sensors and dictates the
control of the particular cooling circuits accordingly when the value of the output temperature
Toutput is feed into the control unit via the touch screen.

[0008] Hereby is obtained with the inventive method that the tempering apparatus is operable
by personnel not having any skills in chocolate tempering. The only requirement is that the
operator feeds in the desired output temperature of the tempered chocolate mass via the
touch screen. The apparatus calculates the temperatures at the end of the crystallisation stage
and at by-pass stage and regulates the necessary cooling amounts of the different stages so
that these chocolate temperatures are reached after 5-10 minutes. Then the production may
begin at once the settings are reached. The tempering index of the tempered chocolate mass
is then between 3 and 6 depending of the particular mass type.

[0009] The tempering index can be adjusted for the particular process to follow for the
tempered mass when the control unit is adapted for input of offsets from a zero for directly
affecting the water temperature regulating means of the cooling circuit of the crystallisation
stage for a lower water temperature and simultaneously affecting the pump of the by-pass
conduit for a higher flow of chocolate, for increasing the index or vice versa, for lowering the
index. This can also be done by the unskilled operator as he only has to be informed of the
necessary adjustment to be performed. For example adjusting to an index of 6 when the
tempered mass shall be used for coldpressing or adjusting to a lower index such as 4 when the
mass is to be used for enrobing.

[0010] A simple and fast responsive solution is when a water pump of the cooling circuit of the
crystallisation stage is frequency controlled and is wired to the control unit. When the chocolate
pump of the by-pass is frequency controlled as well the period for the tempered mass of
reaching the desired index is the shortest possible. Instead of the the pump could also be used
a valve with a linear step-actuator.

The invention is explained further below under reference to preferred embodiments as well as
the drawing, in which fig. 1 schematically discloses the tempering apparatus to which the
inventive method is applied, the apparatus not forming part of the invention, fig. 2 discloses the
touch screen layout of the apparatus of figure 1, and fig. 3 discloses a lineary correlation
between the total fat percentage of a milk chocolate mass and the desired temperature Et of
the tempered milk chocolate.

The tempering apparatus 1 disclosed in figure 1 comprises a column 2 for continuous
tempering of chocolate mass. Typically, it comprises a succession of mass chambers and
intermediary water chambers, and a central drive shaft in engagement with mixing elements
arranged in each mass chamber as being widely used in the prior art. The column 2 comprises
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a cooling stage (A), a crystallisation stage (B) and a mixing stage (C) each having their own
cooling circuit (3, 4 and 5 respectively).

A major chocolate pump 6 is arranged at the inlet conduit 7 for the chocolate mass to the
column 2. The chocolate leaves the column 2 via an outlet conduit 8. A conduit 9 with a
secondary pump 10 for chocolate mass is arranged by-passing the stage B for creating
crystals.

A sensor 11 for measurement of the chocolate temperature Tby-pass is arranged at the by-
pass conduit 9. A second sensor 12 for measurement of the chocolate temperature Tcrystal is
arranged at the end of the chocolate crystallisation stage B. A third sensor for measurement of
the temperature Toutput of the ready tempered mass is arranged at the outlet conduit 8. The
sensors 11, 12, 13 are connected, typically by wiring, to a computer control unit CPU. The
computer control unit CPU is connected with a touch screen display TSD, it could be via WiFi
or via wiring.

Water temperature regulating means are wired to the computer control unit CPU for control of
each particular chocolate stage A, Band C.

A valve 15 for inlet of cooling water to the cooling circuit 3 for stage A is wired to the computer
control unit CPU. A circulation pump 16 circulates the water in the stage A. A valve 17 for inlet
of cooling water to cooling circuit 4 of the crystallisation stage B is also wired to the computer
control unit CPU. A frequency controlled circulation pump 18 or a valve with a linear step-
actuator regulating the circulated flow in the cooling circuit 4 is also wired to the computer
control unit CPU. A valve 19 for inlet of cooling or heating water to the circuit 5 of the mixing
stage C is also wired to the computer control unit CPU. The wiring is as such not part of the
invention as the important issue is that these regulation means are connected with the
computer control unit. This is today also done widely by means of WiFi, Bluetooth and other
communication connections. Important is only, that the regulation valves and pumps respond
to control dictated by the CPU.

The computer control unit CPU is controlled by a touch screen display TSD, which is disclosed
separately at figure 2. The control unit CPU and the touch screen display TSD is today often
built into one unit but is here disclosed as two units. The controlling equations are saved in the

control unit CPU:
Thy-pass = Toutput + 2°C,

Toutput = ((2/3 x Thy-pass) + 1/3 x Tcrystal))
The touch screen display TSD is adapted for input saving 20 of the desired target output

temperature Toutput of the chocolate to be achieved during production. The operator makes
the input of the target output chocolate temperature Toutput, for example 31.0°C for a milk
chocolate as disclosed at 20 in figure 2.

The computer CPU thereafter uses the equations to calculate the two other target chocolate
temperatures Tcrystal and Tby-pass to be achieved at the end of the crystallisation stage B
and at the end of the cooling stage A, respectively, for the particular chocolate type to be
tempered. In the example of Toutput = 31.0°C as input target temperature, the computer
calculates the target temperature of Tby-pass = 33°C and the target temperature of Tcrystal =
27.1°C.
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[0011] The computer control unit CPU then sets these target temperatures Tbhy-pass, Tcrystal
and Toutput at the particular sensors 11, 12, 13, respectively, and dictates the control of the
particular cooling circuits 3, 4, 5 accordingly so that the desired target output temperature
Toutput is achieved.

[0012] With the example of figure 2 the operator has keyed in the target output temperature of
31.0°C disclosed at 20. Prematurely the desired production capacity of chocolate was keyed in,
here set to 600 kg tempered chocolate pro hour.

In the example of figure 2, the temperature of the chocolate in the inlet 7 to the tempering
apparatus 1 is 45°C.

Within one minute after having keyed in the target output temperature, the realised
temperature of the chocolate at the outlet 8 is 43.5°C read out at 21 of the touch screen
display TSD of figure 2. After 8 minutes the target output temperature of 31.0°C is reached in
the tempered chocolate and read out at 21. The chocolate is ready tempered and production
begins.

[0013] By the inventive method the achieved tempering index of the tempered mass is
"neutral", measured from a sample as the value 5. The content of crystals in the ready
tempered mass then satisfies many purposes such as traditional shell moulding. However,
when a higher or lower tempering index is required in accordance with the use of the tempered
mass, the operator person simple adjusts the tempering index incrementally at display 22 at
the touch screen TSD. If the index is to be rised from 5 to 6 the + buttom is then pressed four
times and left. The computer controlled unit CPU then directly regulates the water temperature
regulating means of the cooling circuit 4 of the crystallisation stage B for a lower water
temperature, typically it is lowered 0.1-0.5°C and simultaneously the pump 10 of the by-pass
conduit 9 is controlled for a higher flow of chocolate, typically 5-10% more of the total mass
flow at the input 7 is then passing through the by-pass conduit 9. The regulation for the lower
water temperature is controlled by regulating the valve 17 to be more open letting in more cold
water per time unit or by regulating the frequency controlled water pump or valve 18 to a
higher flow, or both.

When the requirement is a lower tempering index, such as 4 for use with an enrober, the
operator presses the - button four times and four increments to the left is displayed. The CPU
regulates so that the water of the cooling circuit becomes warmer, typically 0.1-0.5°C rise and
concomitantly the flow of the by-pass pump 10 is lowered so that typically 5-10% less mass is
by-passed. These regulations are performed by the apparatus in short time, i.e. under one
minute.

[0014] In the computer unit CPU may also be saved a lineary correlation between the output
temperature (Toutput) for the tempered mass and the fat percentage of the particular
chocolate mass. At figure 3 is disclosed such lineary correlation between the desired
temperature Et for a common milk chocolate being tempered and the available fat percentages
of that chocolate.

[0015] Then, the operator only has to look up the fat percentage at the product specifications
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or label of chocolate mass, key in the fat percentage. The computer finds the relevant output
temperature for the mass in question and starts up the tempering process according to the
equations described above.

A
Cooling stage
B:
Crystallisation stage
C:
Mixing stage
CPU:
computer control unit
TSD:
touch screen display
Tby-pass:
chocolate temperature at by-pass conduit 9
Terystal:
chocolate temperature at end of crystallisation stage B
Toutput:
chocolate temperature at outlet conduit 8
1:
apparatus for continuous tempering
2:
tempering column
3:
cooling circuit for stage A
4:
cooling circuit for stage B
5:
cooling circuit for stage C
6:
chocolate pump at inlet
7.
inlet conduit
8:
outlet conduit
9O:
by-pass conduit
10:
secondary pump
11:

sensor for by-pass temperature
12:
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sensor for temperature of crystallised mass

13:

sensor for temperature of mixed mass
14.

touch screen display
15:

valve for cooling water
16:

circulation pump
17:

valve for water
18:

frequency controlled circulation pump or valve with step-actuator
19:

valve for cooling water
20:

target output chocolate temperature
21:

realised output chocolate temperature
22:

adjustment display for tempering index
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PATENTKRAV

1.

Metode til kontinuerlig temperering af chokolademasse omfattende trinnene
med:

at pumpe chokolademasse med en indgangstemperatur pa 40-50°C til en
tempereringssgijle (2),

at fastlaegge en mal-udgangstemperatur (Toutput) for den tempererede masse
som gives til operataren nar produktionen skal begynde og som ma indgives pa
tempereringsmaskinens kontrolpanel, hvorved beregnes en by-pass temperatur
(Tby-pass) for massen som

Tby-pass = Toutput + 2°C,

at kale den samlede masse ned til Tby-pass,
at krystallisere 1/3 af massen til en krystalliseret massetemperatur (Tcrystal)
som er beregnet af

Toutput = ((2/3 x Tby-pass) + (1/3 x Tcrystal))

at by-passe 2/3 af massen ved konstant temperatur (Tby-pass) idet den holdes
fri for krystaller,

at blande den samlede masse sammen igen og temperere den til
udgangstemperaturen (Toutput),

og omfattende yderligere trin med at forage tempereringsindekset trinvist ved at
tilfare mere kaling under krystallisationen og foroge maengden af masse by-
passet til mere end 2/3 af den samlede masse, eller vice versa, nar kravet er at
formindske tempereringsindekset trinvist.

Metode ifelge krav 1 endvidere omfattende, at tempereringsindekset foroges
eller formindskes trinvist med 4 af én enhed af tempereringsindekset ad
gangen.
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3. Metode ifglge krav 1 endvidere omfattende det indledende trin med at
fastlaegge det indledende trin med at fastleegge udgangstemperaturen
(Toutput) for den tempererede masse pa basis af korrelationer med
fedtprocenten af den pageeldende chokolademasse.
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