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(567)  Fast flame controller with continuously variable
response is a fast flame controller with continuously var-
iable response designed for use in heating, drying and
roasting systems for food products, enabling greater ac-
curacy, repeatability and refinement in the process con-
trol. The processors and circuits for power supply, proc-
ess sensing and power amplification (1) form, together
with electromagnetic or piezoelectric fuel injectors/valves
(3), an electromechanical system for controlling the flow
of gaseous fuel. This control is achieved by adjusting the
injection timings, drive frequency and phase shift (Pulse
Width Modulation - PWM) of the fuel injectors/valves (3),
resulting in instantaneous and repetitive control of flame
intensity with a wide linear working range, and allowing
compensation for fuel characteristics and operating con-
ditions, utilizing injection phases, when multiple injectors
are used, to reduce flame pulsation and enhance stabil-
ity. The innovation is directed towards the field of regu-
lation and control of gaseous fuel.
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Description
FIELD OF APPLICATION

[0001] The present invention relates to a fast flame
controller with continuously variable response to be used
in heating, drying and roasting systems for food products,
capable of providing greater accuracy, repeatability and
precision in process control.

[0002] The innovation is directed towards the field of
regulation and control of gaseous fuel.

PRIOR ART

[0003] Equipment with direct or indirect heating are
used in current processes of heating, drying and roasting
food products, said processes using electrical devices or
apparatuses for burning gaseous fuels as heat sources.
[0004] For systems using gaseous fuels, mechanical
valves are employed to control gas flow, serving as a
means to adjust flame intensity, capable of controlling
the energy input into the process and of indirectly adjust-
ing temperature.

[0005] In prior art, mechanical valves of ball, needle,
gate, or cylinder types are employed, with rotary and lin-
ear mechanical or electromechanical actuators, to re-
strict the flow of gas and to control the flow rate. These
devices have limited actuation speed and, at times, ex-
hibit significant hysteresis and reduced repeatability and
stability.

[0006] Inorderto mitigate these issues, the marketem-
ploys high-cost valves with refined designs. Such valves
are sometimes equipped with mechanical flow lineariza-
tion through the profile of the seat and actuator assembly,
as well as actuation systems using stepper motors or
servo motors.

[0007] In view of this, attempts were made to create a
system for effective control of gaseous fuel flow, that is,
with a rapid and precise response, that assures process
safety, that is suitable to electric-electronic controls to
simultaneously ensure the mechanical and electrical re-
sistance required for the machine’s operation. Moreover,
it should not exhibit disadvantages like hysteresis and a
complex design.

[0008] PatentEP2923057_BH1, titled "Fuel injector cal-
ibration and trimming," employs a control of the gas vol-
ume, correcting the amount according to a prior calibra-
tion, which indicates losses and differences between
nominal and actual injected quantities. Patent
US6244525 BA1, titled "Fuel injector for an internal com-
bustion engine," adds rotation to the injection and mod-
ifies the injector profile to enhance nozzle response
speed and eliminate dead time.

[0009] In order to avoid the need of changing tools or
calibration services, the present invention adopts the
concept of patent US10158347-B2, titled "Device and
method for providing a signal having an adjustable pulse
duty factor," to control the flow of gaseous fuel in heating,
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drying and roasting systems for food products, using one
or a set of gaseous fuel injectors (valves) controlled by
processors to adjust injection timings, drive frequency
and phase shift (Pulse Width Modulation - PWM) of the
fuel injectors/valves (3), resulting in instantaneous and
repetitive control of flame intensity with a wide linear
working range, compensating for fuel characteristics and
operating conditions, and making use of injection phases,
when multiple injectors are used, to reduce flame pulsa-
tion and to enhance stability.

OBJECTIVES

[0010] To provide a fast flame controller with continu-
ously variable response to be used in heating, drying and
roasting systems for food products, enabling a more ac-
curate, repetitive and refined process control.

SUMMARY OF THE INVENTION

[0011] This invention aims to provide a fast flame con-
troller with continuously variable response for use in heat-
ing, drying and roasting systems for food products, ena-
bling more accurate, repetitive and refined process con-
trol.

[0012] This controller consists of one or a set of elec-
tromagnetic or piezoelectric fuel injectors/valves (3) that
match the fuel demand of the systems, allowing, through
electro electronic actuation, a precise control of the flow
of fuel to be burned and an indirect control of the main
energy source introduced into the process where the in-
jectors/valves are employed. These fuel injectors/valves
(3) comprise: an injection valve provided with a movable
needle; a support body; and an electromagnetic or pie-
zoelectric actuator.

[0013] The apparatus employs one or more proces-
sors and circuits for power supply, process sensing and
power amplification (1), forming an electronic system to
control the flow of fuel through adjustment of injection
timings, drive frequency and phase shift (Pulse Width
Modulation - PWM) of the fuel injectors/valves (3), which
results in instantaneous and repetitive control of flame
intensity with a wide linear working range, allowing for a
compensation of fuel characteristics and operating con-
ditions, making use of injection phases, when multiple
injectors are used, aiming at reducing flame pulsation
and enhancing stability.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The present invention aims at providing a fast
flame controller with continuously variable response to
be used in heating, drying and roasting systems for food
products, capable of providing a more accurate, repeti-
tive and precise control of the processes.

[0015] The product to be protected consists of one or
more processors and circuits for power supply, process
sensing and power amplification (1), which, by means of
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command lines (2), control the gas quantity (4) through
oneor a set of gaseous fuel injectors/valves (3), providing
an appropriate gas output (5) to meet the fuel demand
of the heating, drying and roasting systems for food prod-
ucts (Figure 1).

[0016] Each of these fuel injectors/valves (3) is char-
acterized by comprising: an injection valve provided with
a movable needle to regulate the flow of fuel through an
injection nozzle; a support body with a feed channel end-
ing at the injection valve; and an electromagnetic or pi-
ezoelectric actuator comprising a spring, which tends to
keep the needle in a closed position, an electromagnet
or piezoelectric crystal and a retainer, arranged inside
the support body, against the direction of the spring, me-
chanically coupled to the needle. By means of electro
electronic actuation, said fuel injectors/valves (3) provide
a refined control of the flow of fuel to be burned, and a
consequent indirect control of the main energy source
introduced into the process where the injectors/valves
are employed.

[0017] The processors and circuits for power supply,
process sensing, and power amplification (1) form an
electronic system to control the flow of fuel through ad-
justment of injection timings, drive frequency and phase
shift (Pulse Width Modulation - PWM) of the fuel injec-
tors/valves (3). This results in an instantaneous and re-
petitive control of flame intensity with a wide linear work-
ing range, compensating for fuel characteristics and op-
erating conditions, and making use of injection phases,
when multiple injectors are used, to reduce flame pulsa-
tion and to enhance stability.

[0018] The number of fuel injectors/valves (3) will de-
pend on their functional characteristics, flow rate, linearity
curve, and on the system’s demand where they will be
employed. There must be a number of fuel injec-
tors/valves (3) to ensure a suitable compromise between
minimum and maximum flame in the burner system em-
ployed. It should also be avoided injectors/valves (3) from
operating in a nonlinear region by adjusting the injection
opening time (T). The combination of the number of fuel
injectors/valves (3) and the adjustment of their opening
times guarantees flame control. To ensure flame stability,
a phase shift strategy between the fuel injections of each
injector is employed, such as for example: in the case of
2 injectors, a 180° valve opening phase shift (Figure 2);
in the case of 3 injectors, a 120° phase shift (Figure 3);
in the case of 4 injectors, a 90° phase shift (Figure 4),
and so on, wherein the phase shift is inversely propor-
tional to the number of injectors.

[0019] Thus, it is evident that this system efficiently
controls flow of gaseous fuel, guaranteeing a rapid and
precise flame intensity control (energy source modula-
tion) with reduced pulsation. All of this comes at a low
cost and is suitable for operation, safety and durability
conditions.
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LIST OF FIGURES
[0020]

Figure 1 - Block diagram of the fast flame controller
with continuously variable response.

Figure 2 - Valve opening phase shift for 2 injec-
tors/valves.

Figure 3 - Valve opening phase shift for 3 injec-
tors/valves.

Figure 4 - Valve opening phase shift for 4 injec-
tors/valves.

Claims

1. Afastflame controller with continuously variable re-
sponse consisting of one or a set of electromagnetic
or piezoelectric fuel injectors/valves (3) which al-
lows, by means of electro electronic actuation, a pre-
cise control of the flow of fuel to be burned used in
heating, drying and roasting systems for food prod-
ucts, characterized by using the combination of
number of fuel injectors/valves (3), adjustment of in-
jection timings, drive frequency and primarily the
phase shift strategy between the injections of fuel of
each injector, the phase shift being inversely propor-
tional to the number of injectors, in order to ensure
flame control and stability.

2. The fast flame controller with continuously variable
response of claim 1, characterized by following a
predefined and tabulated calibration of phase shift
dependent on the number of injectors used during
roasting.

3. The fast flame controller with continuously variable
response of claim 2, characterized by using a phase
shiftinversely proportional to the number of injectors,
using a formula for the calculation of a phase shift
angle, wherein the obtained angle is equal to the
division of 360 degrees and the number of injectors
used (Phase Shift 360/N, wherein N is the number
of injectors).
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