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(57) ABSTRACT 

In a thermal-type air?ow meter that measures an intake 
air?oW rate in an internal combustion engine of an automo 
bile or the like, there has been a problem that pulsation errors 
caused by external ?uctuations under the environment 
including a large pulsation and reverse How in the intake 

(21) Appl' NO‘: 10/986’145 valve are dif?cult to be reduced. In order to solve this 

(22) Filed NOV 12 200 4 problem, the invention provides a ?oWmeter comprising a 
' l ’ detection element that outputs a non-linear signal corre 

Related US Application Data sponding to a How rate, and a regulation means that regu 
lates an output signal of the detection element for control 

(63) Continuation of application NO_ 10/253,542, ?led on ling. With this construction, the regulation means executes 
56p 25, 2002, HOW pat NO_ 6,839,643 output regulation processing that regulates irregularities of 

the detection element in the output signal, and inequality 
(30) Foreign Application Priority Data lineariZation processing that regulates an average value of 

the output signal after the output regulation processing by 
Jun. 19, 2002 (JP) .................................... .. 2002-177870 means of regulating parameters. 
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FLOWMETER AND FLOWMETER SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a ?oWmeter that 
measures a ?oW rate of air and gas, and a ?oWmeter system 
using the ?oWmeter. 

[0002] As an air?ow meter to measure an intake air?ow 
rate, Which is installed on an electronic controlled fuel 
injection system for an internal combustion engine of an 
automobile or the like, the thermal-type air?oW meter has 
been Widely used because it is able to directly detect an air 
mass ?oW. In this case, a heating resistor is made up by 
Winding a platinum Wire on a bobbin and coating it With 
glass, or by forming a thin ?lm resistor on a ceramic 
substrate or on a silicon substrate, or the like. As a method 
of detecting a ?oW rate, the folloWing can be cited. One 
system is to heat a heating resistor to a constant temperature, 
and to directly detect a ?oWing current When there occurs a 
?oW. Another one is to place temperature detecting resistors 
on both sides of the heating resistor, and to detect a ?oW rate 
by a temperature difference betWeen the temperature detect 
ing resistors. 

[0003] In case of a pulsating ?oW that involves high 
pulsating amplitude of an intake air?oW rate and partly 
accompanies a reverse ?oW, as in case of a loW speed of 
rotation of less than four cylinder engine and a heavy load 
being applied, the conventional air?oW rate measuring 
device lacks in accuracy; and there is a Well knoWn ?oW 
meter disclosed in Japanese Patent Laid-open No. 62-821. 

[0004] In order to compensate a dynamic pulsation char 
acteristic including a reverse ?oW, there are methods for an 
engine control unit and so forth to modify a characteristic 
curve in a reverse ?oW region by using a reverse ?oW 
discriminating sensor, Which are disclosed in Japanese 
Patent publication No. 8-511627, and the Japanese Patent 
Laid-open No. 9-15013. 

[0005] As a method of reducing errors in pulsations, the 
folloWing are disclosed in Japanese Patent Laid-open No. 
11-316145 and No. 11-337382 and so forth, in Which an 
engine control unit or a sensor controlling microcomputer 
converts a non-linear sensor output signal into a linear signal 
(?oW rate) by using a map or the like to convert it into an 
air?oW rate, and reduces a pulsating amplitude by a ?lter, 
and thereafter applies non-lineariZation processing to the 
signal again, thus decreasing the amplitude of the ?nal 
output signal to thereby reduce the errors. 

[0006] Japanese Patent Laid-open No. 6-265565 and so 
forth disclose a construction, in Which a sensor output of a 
current meter used for a measuring device is converted into 
a digital value by an A/D converter, the characteristic is 
adjusted by means of the functional expression of a memory 
that records speci?ed coef?cients, and the results are put on 
the display, or the sensor output is converted into an analog 
value by a D/A converter to output in voltage. With the same 
construction, a method of reducing in?uences of ?uctuating 
?oW velocity due to pressure ?uctuations and so forth is 
disclosed in the Japanese Published Unexamined Patent 
Application No. 8-94406, in Which the sensor output is 
converted into a digital value by an A/D converter, and after 
being lineariZed, the average is calculated, Whereby a ?oW 
rate Without error can be presented according to the docu 
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ment. These are to be used for making up a closed system as 
a ?oW rate measuring device. 

SUMMARY OF THE INVENTION 

[0007] In general, the relation betWeen a sensor output of 
a thermal type ?oWmeter using a heating resistor and an 
air?oW rate is described by the folloWing expression, Which 
is called the King’s expression. 

[0008] Where Ih represents a hot-Wire current, Rh a hot 
Wire resistance, Th a surface temperature of a hot-Wire, Ta 
a temperature of atmosphere, Q an air?oW rate, C1 and C2 
constants determined by the hot-Wire. Generally, the sensor 
output is detected in the form of a voltage value obtained by 
?oWing the hot-Wire current Ih through a resistor. An engine 
control unit used for controlling an internal combustion 
engine converts a sensor output voltage into a ?oW rate 
based on the relation of the expression 1, and controls the 
rate of air and fuel in the internal combustion engine. 
HoWever, the relation betWeen the sensor output signal of 
the thermal type ?oWmeter and the ?oW rate in practice is 
nonlinear (fourth root of the ?oW rate is the voltage value), 
Which requires any lineariZation means in order to use a 
signal as a ?oW rate. 

[0009] In the conventional technique, for reducing the 
detection error in regard to the ?uctuations in pulsating 
dynamic ?oWs, there is a method that converts the sensor 
voltage signal into the air?oW rate to lineariZe it, reduces in 
the linear region the pulsating amplitude by using a loWpass 
?lter and the like, and executes averaging processing. The 
method restores the result again as needed to the non-linear 
signal being the original signal form, and makes the signal 
immune to pulsations as a ?nal object. 

[0010] There is another method that measures, When an 
intake valve called a reverse ?oW overlaps in a high pulsa 
tion region, a pulsating ?oW by using a sensor capable of 
detecting the reverse ?oW, in order to capture the spitting 
phenomenon of an air that returns from the exhaust valve to 
the intake valve in a positive pressure as the piston goes up. 
Here, in order to eliminate in?uences by the differences in 
the response of the sensor and in the sensitivity of the 
reverse ?oW, the method modi?es the characteristic expres 
sion of the reverse ?oW side in the expression 1, and thereby 
decreases the error of the pulsating ?oW including the 
reverse ?oW. 

[0011] HoWever, in case of a neW internal combustion 
engine involving a recent valve mechanism that makes the 
exhaust valve variable, etc., pressure ?uctuations and dis 
turbances in the Waveform of ?oW are likely to occur. The 
levels of the pulsations and the reverse ?oWs are high, and 
they are likely to vary depending on the external conditions 
such as the number of revolutions of the internal combustion 
engine and so forth, Which is a problem to be solved. 
Accordingly, it has been desired to reduce the error in a 
pulsation region including a high reverse ?oW. In the above 
conventional techniques have not been made many exami 
nations, With regard to the method of regulating a high 
pulsation error to a loW level. 

[0012] It is therefore an object of the invention to achieve, 
under the environments of high pulsations and high reverse 
?oWs of an internal combustion engine and the like, a 



US 2005/0109121 A1 

regulation means that reduces a pulsation error of a ?oW 
meter according to the magnitudes and frequencies of the 
pulsations, and a ?oWmeter With a reduced pulsation error. 

[0013] According to one aspect of the invention, in order 
to reduce the measuring errors of How rate in pulsations, the 
?oWmeter includes a detection element that outputs a non 
linear signal corresponding to a How rate, and a regulation 
means that regulates an output signal of the detection 
element for controlling. And, the regulation means executes 
output regulation processing that regulates irregularities of 
the detection element in the output signal, and inequality 
lineariZation processing that regulates an average value of 
the output signal after the output regulation processing by 
means of regulating parameters. 

[0014] According to another aspect of the invention, the 
?oWmeter includes a detection element that outputs a non 
linear signal corresponding to a How rate, and a regulation 
means that regulates an output signal of the detection 
element for controlling. And, the regulation means executes 
output regulation processing that regulates irregularities of 
the detection element in the output signal, separation pro 
cessing that separates a dc component and an ac component 
contained in the output signal after the regulation process 
ing, and inequality lineariZation processing that separately 
regulates average values of the dc component and ac com 
ponent contained in the output signal by means of the 
regulating parameters. 

[0015] Further, the regulation means executes ?rst con 
version processing that converts the output signal into a How 
rate signal by means of a ?rst conversion expression accord 
ing to a characteristic betWeen a How rate and an output 
signal, and smoothing processing that varies an amplitude of 
the How rate signal after the ?rst conversion processing. 

[0016] Further, the regulation means executes second con 
version processing to a How rate signal after the smoothing 
processing by means of a second conversion expression that 
is used to regulate a How rate sensitivity based on a relation 
betWeen the ?rst conversion expression and a reference ?oW 
rate. 

[0017] Further, in the ?oWmeter that detects a bi-direc 
tional ?oW rate including a reverse ?oW, With regard to the 
?rst conversion expression according to the characteristic 
betWeen the How rate and the output signal, at least a 
characteristic of one direction of characteristics betWeen 
?oW rates of both directions and the output signal is different 
from a characteristic betWeen the reference ?oW rate and the 
output signal. 

[0018] Further, the ?oWmeter includes a means to recover 
a response of an output signal before regulation. 

[0019] Further, the output signal by the detection element 
contains a pulsation characteristic, and a regulation means is 
provided Which selectively outputs a regulated pulsation 
characteristic and a non-regulated pulsation characteristic. 

[0020] And, in the ?oWmeter system comprising a ?oW 
meter and a controller that executes an engine control by a 
signal from the ?oWmeter, a signal from the controller 
modi?es the regulating parameters of the regulation means. 

[0021] Further, the controller is provided With a storage 
means that stores the ?rst and second conversion expres 
sions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Other objects and advantages of the invention Will 
become apparent from the folloWing description of embodi 
ments With reference to the accompanying draWings in 
Which: 

[0023] FIG. 1 is a system con?guration chart of a ?oW 
meter according to the ?rst embodiment of the invention; 

[0024] FIG. 2 is a block diagram of digital processing 
according to the embodiment of the invention; 

[0025] FIG. 3 is a graph illustrating one example of the 
sensor output voltage against ?oW rate characteristic; 

[0026] FIGS. 4A and 4B are explanatory diagrams of 
digital processing according to the embodiment of the 
invention; 

[0027] FIG. 5 is a graph illustrating one example of the 
How rate against sensor output voltage conversion charac 
teristic; 

[0028] FIG. 6 is a graph illustrating one example of the 
How rate sensitivity conversion characteristic; 

[0029] FIG. 7 is a circuit diagram according to the ?rst 
embodiment of the invention; 

[0030] FIGS. 8A and 8B are circuit diagrams according to 
the second embodiment of the invention; 

[0031] FIG. 9 illustrates a pattern of resistors formed on 
a silicon substrate; 

[0032] FIG. 10 is a sectional vieW of the resistors formed 
on the silicon substrate; 

[0033] FIG. 11 is a graph illustrating one example of the 
sensor output voltage against ?oW rate characteristic in a 
bi-directional ?oW rate sensor; 

[0034] FIG. 12 is a graph illustrating one example of the 
How rate against sensor output voltage conversion charac 
teristic in the bi-directional ?oW rate sensor; 

[0035] FIG. 13 is a graph illustrating one example of the 
How rate sensitivity conversion characteristic in the bi 
directional ?oW rate sensor; 

[0036] FIG. 14 is a sectional vieW of a bypass passage 
installed in an intake pipe; 

[0037] FIG. 15 is a graph illustrating one example of the 
sensor output voltage against ?oW rate characteristic in the 
bi-directional ?oW rate sensor; 

[0038] FIG. 16 is a graph illustrating one example of the 
How rate against sensor output voltage conversion charac 
teristic in the bi-directional ?oW rate sensor; 

[0039] FIG. 17 is a graph illustrating one example of the 
ripple frequency characteristic in the How sensor; 

[0040] FIG. 18 is a graph illustrating one example of the 
error characteristic in pulsations; 

[0041] FIGS. 19A and 19B are circuit diagrams according 
to the third embodiment of the invention; 

[0042] FIG. 20 is a block diagram of digital processing 
according to the fourth embodiment of the invention; 
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[0043] FIG. 21 is a block diagram of digital processing 
according to the ?fth embodiment of the invention; and 

[0044] FIG. 22 is a block diagram of digital processing 
according to the sixth embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] The ?rst embodiment of the invention Will be 
described With reference to FIG. 1. A sensor circuit 1 is 
connected to a poWer supply 10 to heat a heating resistor 11 
to a constant temperature, and forms a sensing part of a 
thermal type ?oWmeter that measures a How rate running 
through the heating resistor 11 by the interchange of heats 
generated according to the How velocity. A digital error 
regulation unit 2 composed of digital means including a 
microcomputer and dedicated logics receives an output 
signal Vin from the sensor circuit 1. The signal Vin is 
converted into a digital value by an A/D converter 21. An 
arithmetic circuit 22 applies an error correction to the digital 
value according to the correction data provided in a reWrit 
able memory 23. A D/A converter 24 outputs to an engine 
control unit 5 a voltage value that is equal to the output 
signal Vin from the sensor circuit 1. The sensor circuit 1, the 
digital error regulation unit 2, and a poWer supply circuit 3 
to generate a reference voltage constitute a How rate mea 
suring device 4. In the engine control unit 5, an A/D 
converter 51 converts an output signal Vout from the How 
rate measuring device 4 into a digital value, and the digital 
value is used for the engine control. 

[0046] Next, the processing How in the digital error regu 
lation unit 2 composed of digital means including a micro 
computer and dedicated logics Will be explained based on 
FIG. 2. Operation processing 40 inputs the output Vin from 
the sensor circuit 1, Which is converted into a digital value 
through A/D conversion processing 41. The digital value is 
provided With response recovery processing 42 as needed, 
and thereafter, for absorbing individual irregularities in the 
sensor characteristic, output regulation processing 43 is 
applied to the digital value. Thereafter, When the voltage 
signal from the sensor is converted into a How rate, to Which 
the smoothing is applied, inequality lineariZation processing 
44 is applied Which makes the average values in pulsations 
variable by using regulating parameters. To the output after 
the inequality lineariZation is applied non-lineariZation pro 
cessing 45 as needed. D/A conversion processing 46 trans 
mits the voltage signal Vout With a reduced error to the 
engine control unit 5 as the output from the How rate 
measuring device 4. 

[0047] Here, before the inequality lineariZation processing 
44, the relation betWeen the How rate and the sensor voltage 
given in the expression 1 Will be explained based on FIG. 
3. If the horiZontal axis is to represent the How rate, the 
output voltage from a sensor draWs a non-linear curve, in a 
manner that the sensitivity at a loW ?oW rate is high and the 
sensitivity decreases as the How rate goes up. In a sensor 
Whose output characteristic has such a relation, even if a 
?nely pulsating ?oW rate as a sine Wave inputs, the detected 
voltage signal becomes slightly distorted oWing to the 
non-linear curve, so as to be compressed on the plus side and 
be expanded on the minus side. If a value obtained by 
averaging this voltage signal as it remains is compared With 
the average value of the How rate, apparently the average 
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value of the How rate becomes decreased by the in?uence of 
the non-linear curve. This discrepancy becomes increased as 
the pulsation increases, and as the curve of the voltage 
against the non-linear ?oW rate curves larger. Accordingly, 
it is a usual step to convert (lineariZe) the signal obtained in 
the form of the sensor voltage into the How rate by using the 
characteristic curve, and thereafter to apply the averaging 
processing and so forth. To attain this relation, generally the 
voltage signal from the sensor against the How rate is 
measured in practice, and a reference characteristic curve 
(called master characteristic Qref) is registered in the engine 
controller 5 or the like. Thereby, the How rate is calculated 
and used for various controls. 

[0048] Next, the method of reducing the pulsation error by 
the inequality lineariZation processing 44 Will be explained 
based on FIGS. 4A and 4B. FIG. 4A illustrates processing 
used for reducing pulsation in?uences and noises, not for the 
inequality lineariZation processing. This is a case in Which 
are inputted sensor voltage signals corresponding to How 
rates according to a high amplitude signal Qa1 and a loW 
amplitude signal Qa2, Where the average ?oW rates are equal 
to Qave1. In a voltage to How rate conversion processing 
441, the sensor voltage signals are converted into ?oW rates, 
in accordance With a characteristic curve fx1 equal to a 
reference characteristic curve Qref. In smoothing processing 
442, a digital loWpass ?lter or the like reduces the pulsating 
amplitudes of the converted ?oW rates, and obtains output 
signals Qaf1, Qaf2. The average values Qavef1, Qavef2 of 
the smoothed signals become equal. That is, the conversion 
into the How rate With the characteristic curve fx1 that is 
precisely equal to the reference characteristic curve Qref 
Will produce the average value of the How rate that does not 
depend on the amplitudes and frequencies of pulsations. 
HoWever, as to a case in Which the How rates and measured 
voltage Waveforms are distorted depending on high and loW 
amplitudes of the pulsations, and consequently the average 
values in pulsations involve errors in the average values, this 
processing does not possess a means of regulating the 
average values in regard to the magnitudes of pulsations. 

[0049] In contrast to this, FIG. 4B illustrates a case in 
Which the inequality lineariZation processing is applied, 
Which provides a means to regulate the average values of the 
How rates according to the magnitudes of pulsations. Con 
cretely, after the characteristic curve fx1 different from the 
reference characteristic curve Qref is established to the same 
input signals as the previous by regulating parameters, and 
the input signals are converted into the How rates in the 
voltage to How rate conversion processing 441. In the 
smoothing processing 442, a digital loWpass ?lter or the like 
produces signals With reduced pulsating amplitudes. There 
after, ?oW rate sensitivity conversion processing 443 is 
provided Which possesses an output characteristic curve fx2 
for compensating an error (dc sensitivity characteristic) in 
the static characteristic, Which is produced according to the 
difference betWeen the reference characteristic curve Qref 
and the characteristic curve fx1 in the previous voltage to 
How rate conversion processing 441. By Way of the output 
characteristic curve fx2, output signals Qaf1‘, Qaf2‘ are 
obtained. The average values Qavef1‘, Qavef2‘ of the 
smoothed signals become different depending on the signal 
magnitudes. Therefore, it becomes possible to increase or 
decrease the average values according to the characteristic 
curve fx1 in the previous voltage to How rate conversion 
processing 441 (this example shoWs ‘increase’). That is, it 














