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HEATING RESISTOR TYPE AIR FLOW [RATE] 
MEASURING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an air ?oW meter 
for measuring the intake air ?oW rate to an internal com 
bustion engine, especially, a heating resistor type air ?oW 
rate measuring apparatus for measuring the air ?oW rate in 
the condition accompanying With a backward How in a 
pulsating ?oW. 

[0002] The air How in an internal combustion engine is 
pulsated by a continuous make and break operation of the 
intake air valve. The pulsation is so ampli?ed by the effect 
of the columnar vibration in the intake air duct , and the air 
?oW inside the intake air pipe becomes a backWard How in 
a speci?c condition related to the number of rotations of the 
engine and the aperture of the throttle valve. This backWard 
?oW brings various bad effects in the heating resistor type air 
?oW rate measuring apparatus. As for an apparatus for 
solving this problem, a prior art disclosed in Japanese Patent 
Application Laid-Open No. 1-206223 (1989) is knoWn as a 
air passage structure having a sub air duct shaped in a letter 
I (or L) Which is used as a means for increasing the accuracy 
of the measurement of the heating resistor type air ?oW rate 
measuring apparatus operated under a condition Where a 
backWard ?oW occurs With a pulsating ?oW. In this prior art, 
the air passage is so con?gured that the backWard ?oW 
directly bloWs against the heating resistor by forming a Wall 
facing against to the backWard ?oW. 

[0003] As for another apparatus for reducing the bad effect 
of the backWard ?oW, a prior art is disclosed in Japanese 
Patent Application Laid-Open No. 62-812 (1987). In this 
prior art, similarly to the present invention, by detecting the 
direction of the air ?oW by using the thermal interference 
betWeen a couple of heating resistors, the output voltage 
signals from the heating resistors are altered by judging the 
direction of the air ?oW; When the air How is a forWard ?oW, 
the output voltage to be used is selected from the output 
voltage signal of the heating resistor for the forWard ?oW; 
When the air How is a backWard ?oW, the output voltage 
signal from the heating resistor for the backWard How is 
selected. 

[0004] In general, it is dif?cult to measure the direction of 
the air ?oW, forWard or backWard, selectively only by using 
a single heating resistor. In order to solve this problem, for 
eXample, as shoWn in FIG. 10, in observing the average 
output of the heating resistor type air ?oW rate measuring 
apparatus by varying the boost pressure by making the 
throttle valve gradually open While the number of rotations 
of the engine is maintained to be constant, the average 
output of the air ?oW rate increases linearly as the intake 
negative pressure increases under a certain threshold value, 
and for the boost pressure above a certain threshold value, 
the average output of the air ?oW rate is estimated to be 
larger than the actual air ?oW rate (Which is designated 
over-shooting phenomena). Though the pulsation in the air 
?oW rate in the heating resistor type air ?oW rate measuring 
apparatus is relatively small When the throttle valve opens 
With a small aperture, the amplitude of the pulsation in the 
air ?oW rate increases as the throttle valve gets to open, and 
?nally, at the throttle valve angle larger than a certain angle 
(about 30 to 50) (in the right region of A in FIG. 10), the 
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pulsation amplitude contains the backWard ?oW component. 
Thus, When the backWard ?oW occurs, as the heating resistor 
can not discriminate the direction of the air ?oW Whether 
forWard or backWard as described above, the average output 
of the air ?oW rate is estimated With the forWard ?oW 
component as Well as the backWard ?oW component, and 
thus takes larger values. 

[0005] By means of forming a Wall against the direction of 
the backWard ?oW as described above for the prior art, and 
making the air passage structure so that the backWard How 
may not bloW directly against the heating resistor, it is 
possible to reduce the estimation error for the average 
output. HoWever, the reduced error With this means is only 
the half of the overall error. This is because the amount of 
forWard ?oW increases as the amount of backWard ?oW 
increases. Thus, in order to reduce the estimation error due 
to the backWard ?oW, it is necessary to reduce the output 
value of the forWard ?oW When the backWard ?oW occurs or 
distract the backWard ?oW component from the forWard ?oW 
component as Well as the measurement of the forWard ?oW 
component. There is a prior art related to this solution in 
Which, in case that the backWard How is observed by 
detecting the direction of the air ?oW by comparing the 
output signals from those tWo heating resistors by using a 
couple of heating resistors as disclosed in the other prior art 
described above, the backWard ?oW component is subtracted 
from the forWard ?oW component. This method has yet 
another problem. One is related to the reduction of resolu 
tion in supplying data to the micro computer. DC voltage 
handled by many micro computers used for general auto 
motive applications is betWeen 0 and 5.12 HoWever, in 
this method Where both the forWard How and the backWard 
How have a similar relationship betWeen the air ?oW rate and 
the output voltage, the resolution of the forWard How is 
reduced. In an eXtreme case that the threshold voltage 
2.56(V) is used and that the range beloW 2.56(V) is for the 
range of the output voltage for the backWard How and the 
range over 2.56(V) is for the range of the output voltage for 
the forWard ?oW. Thus, the resolution of the output voltage 
for the forWard How in this case is half of the resolution 
When all the range betWeen 0 and 2.56(V) can be used for 
the forWard ?oW. Though the threshold voltage 2.56(V) in 
this case is a little eXtreme case, the resolution for the 
forWard How is reduced because the threshold voltage 
should be determined betWeen 1(V) and 2(V) in order to 
measure the backWard ?oW precisely. 

[0006] If the heating resistor has a thermal response delay, 
the detection of the backWard How is delayed When com 
paring the output signals from the heating resistors, this 
detection delay gives an effect to the measurement precision. 
This can be illustrated With FIGS. 11A and 11B; When the 
backWard ?oW begins to rise up at the point B in FIG. 11A, 
the output signal level of the backWard How does not eXceed 
the output signal level of the forWard ?oW, and therefore, the 
existence of the backWard How is not proved until the output 
signal level of the backWard ?oW reaches at the point C; 
thus, the detection of the backWard How is so delayed. 

[0007] Further, as disclosed in Japanese Patent Applica 
tion Laid-Open No. 62-812 (1987), the conventional appa 
ratus determines a direction of air ?oW by using tWo heating 
resistors and produces an output signal by using either one 
of detection signals. A noise component produced due to the 
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mutual interference the tWo heating resistors and included in 
the output signal is moderated by attenuating the alternating 
current component. 

[0008] HoWever, because the output signal is attenuated in 
the prior art apparatus, there Was the problem that the delay 
of detection becomes large at the time When the air flow is 
inverted and thus the precision of measurement deteriorates. 

Summary of the Invention 

[0009] Therefore, a ?rst object of the present invention is 
to increase the precision of the measurement of the air flow 
rate in the pulsated ?oW accompanying With the backward 
flow in a practical on-board environment, Which is one of the 
major problem in the above described heating resistor type 
air flow rate measuring apparatus, and to provide a heating 
resistor type air flow rate measuring apparatus Which has 
advantages in handling easiness, reliability and cost. 

[0010] A second object of the present invention is to 
provide an improved heating resistor type air flow rate 
measuring apparatus Which can reduce the above-mentioned 
noise, maintaining the precision of measurement. 

[0011] In order to solve the above-described ?rst problem, 
a couple of heating resistors are made to be place at the 
positions on Which those interfere With the air flow With 
respect to thermal properties, and if the air flow is a forWard 
?oW, the output signal from the sensor is corrected by the 
electronic circuit so that the output signal for the forWard 
How may be equal to the output signal for the backWard ?oW, 
but if the air flow is a backWard ?oW, the difference betWeen 
the output signal for the forWard How and the output signal 
for the backward flow is so adjusted as to be larger. In 
addition, the larger one of the output signals from those tWo 
heating resistors is so adjusted as to be equalized to be the 
loWer one, and if the air flow is a backWard ?oW, by reducing 
the output signal of the heating resistor for the forWard ?oW, 
the overall average value of the output signals is thus so 
adjusted as to be loWered. In this method, the difference 
betWeen the output signal for the forWard How and the 
output signal for the backward flow Which occurs only When 
the air flow is a backward flow is used as the correction 
value. With this method, the sWitching operation of the 
output signals for the forWard How and the backward flow by 
using the sWitching circuit can be eliminated. And further 
more, the threshold value for separating the forWard How 
and the backward flow is not required and the output voltage 
used for the heating resistor type air flow rate measuring 
apparatus can be varied betWeen 0 and 5.12(V), and there 
fore, a higher resolution for the output signal can be estab 
lished When the air flow is a forWard flow. As the difference 
betWeen the output signal from the heating resistor for the 
forWard How and the output signal from the heating resistor 
for the backward flow necessarily arises When the air flow is 
a backward flow even if the heating resistors have a thermal 
response delay, the detection and judgment of the backward 
flow can be performed precisely. 

[0012] Further, the preferable apparatus for attaining the 
above-described second object is as folloWs. 

[0013] A heating resistor type air flow rate measuring 
apparatus in Which a forWard ?oW detection signal is 
detected from a heating current necessary to heat a forWard 
?oW heating resistor installed in an air passage to the 
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predetermined temperature, and a backward flow detection 
signal is detected from a heating current necessary to heat a 
backward flow heating resistor installed in the air passage to 
the predetermined temperature, comprising; 

[0014] a cancelling means for cancelling a differen 
tial mode noise including in each of the detection 
signals by adding the component of the alternating 
current of the backward flow detection signal to the 
forWard ?oW detection signal and adding the com 
ponent of the alternating current of the forWard ?oW 
detection signal to the backward flow detection sig 
nal. 

[0015] Another preferable apparatus related to the second 
object is as folloWs. 

[0016] A heating resistor type air flow rate measuring 
apparatus provided With a pair of air flow rate detecting parts 
for detecting heating currents necessary to heat a forWard 
and a backward flow heating resistor installed in an air 
passage to the predetermined temperature, respectively, as a 
forWard ?oW detection signal and a backward flow detection 
signal, in order to output an air flow rate signal including a 
directional component of the air flow in the air passage by 
using each detection signal, further comprising: 

[0017] a cancelling means for cancelling differential 
mode noises including in the forWard and the back 
Ward detection signals by adding the component of 
the alternating current of the backward flow detec 
tion signal to the forWard ?oW detection signal and 
adding the component of the alternating current of 
the forWard ?oW detection signal to the backward 
flow detection signal, and outputting the forWard and 
the backward flow cancellation signals; 

[0018] Wherein an air flow rate signal is output by 
using the forWard and the backward flow cancella 
tion signals instead of the forWard and the backward 
flow detection signals. 

[0019] Still further preferable apparatus related to the 
second object is as folloWs. 

[0020] A heating resistor type air flow rate measuring 
apparatus comprising: 

[0021] a pair of air flow rate detecting parts for 
detecting heating currents necessary to heat a for 
Ward and a backward flow heating resistor installed 
in an air passage to the predetermined temperature, 
respectively, as a forWard ?oW detection signal and 
a backward flow detection signal, a signal comparing 
means for determining the direction of the air flow in 
the air passage by the comparison of large and small 
of the forWard and the backward flow detection 
signals, 

[0022] a signal selecting means for selecting one of 
the forWard and the backward flow detection signals 
on the basis of the result of determination, and 

[0023] a differential amplifying circuit for sWitching 
and inputting the forWard and the backward flow 
detection signals, adding an alternating current com 
ponent of the backward flow detection signal to the 
input forWard ?oW detection signal, and sWitching 
and outputting either one of an output signal higher 
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than a reference voltage in proportion to the added 
signal and an output signal loWer than the reference 
voltage in proportion to the input backward ?oW 
detection signal; 

[0024] Wherein an air ?oW rate signal including a 
directional component of the air How is output by 
using the output signal from the differential ampli 
fying circuit. 

[0025] Still further preferable apparatus related to the 
second object is as folloWs. 

[0026] A heating resistor type air ?oW rate measuring 
apparatus comprising: 

[0027] a pair of air ?oW rate detecting parts for 
detecting heating currents necessary to heat a for 
Ward and a backWard ?oW heating resistor installed 
in an air passage to the predetermined temperature, 
respectively, as a forWard ?oW detection signal and 
a backWard ?oW detection signal, 

[0028] a signal comparing means for determining the 
direction of the air How in the air passage by the 
comparison of large and small of the forWard and the 
backWard ?oW detection signals, 

[0029] a signal selecting means for selecting one of 
the forWard and the backWard ?oW detection signals 
on the basis of the result of determination, and 

[0030] a differential amplifying circuit for sWitching 
and inputting the forWard and the backward ?oW 
detection signals, inverting the phase of an alternat 
ing current component of the forWard ?oW detection 
signal and adding the resultant signal to the input 
backWard ?oW detection signal, and sWitching and 
outputting either one of an output signal higher than 
a reference voltage in proportion to the forWard ?oW 
detection signal and an output signal loWer than the 
reference voltage in proportion to the added signal; 

[0031] Wherein an air ?oW rate signal including a 
directional component of the air How is output by 
using the output signal from the differential ampli 
fying circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a block diagram of the heating resistor 
type air ?oW rate measuring apparatus according to one 
embodiment related to a ?rst object of the present invention. 

[0033] FIG. 2 shoWs output signal curves of the individual 
heating resistors in case of altering the air ?oW directions 
When using the thermal interference betWeen tWo heating 
resistors. 

[0034] FIG. 3 shoWs output signal curves of the individual 
heating resistors in case of altering the air ?oW directions 
shoWing one embodiment related to the ?rst object of the 
present invention. 

[0035] FIG. 4 is a circuit diagram of the output correction 
part in the heating resistor type air ?oW rate measuring 
apparatus shoWing one embodiment related to the ?rst object 
of the present invention. 

[0036] FIG. 5 shoWs pulsating Waveforms of the output 
signals of the heating resistors in the existence of the 
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pulsated air ?oWs in the experiments using the heating 
resistor type air ?oW rate measuring apparatus according to 
one embodiment related to the ?rst object of the present 
invention. 

[0037] FIG. 6 is a block diagram of the heating resistor 
type air ?oW rate measuring apparatus according to another 
embodiment related to the ?rst object of the present inven 
tion. 

[0038] FIG. 7 is a block diagram of the system Where the 
signal processing apparatus has a function of the heating 
resistor type air ?oW rate measuring apparatus shoWing 
another embodiment related to the ?rst object of the present 
invention. 

[0039] FIG. 8 is one example structure of the heating 
resistor type air ?oW rate measuring apparatus related to the 
?rst object of the present invention. 

[0040] FIG. 9 is another example structure of the heating 
resistor type air ?oW rate measuring apparatus related to the 
?rst object of the present invention. 

[0041] FIG. 10 shoWs an over-shooting phenomena of the 
heating resistors in case of altering the intake negative 
pressure by opening gradually the throttle While keeping the 
constant number of rotations of the engine. 

[0042] FIG. 11 shoWs output signals of the individual 
heating resistors at the individual throttle angles in case of 
using the output signal alternation method in case of using 
the heating resistors having response delay characteristics. 

[0043] FIG. 12 shoWs a system controller diagram for 
controlling the internal combustion engine by using the 
heating resistor type air ?oW rate measuring apparatus 
related to the ?rst object of the present invention. 

[0044] FIG. 13 is a circuit diagram shoWing a heating 
resistor type air ?oW rate measuring apparatus according to 
a ?rst embodiment related to a second object of the present 
invention. 

[0045] FIG. 14 is a circuit diagram shoWing a heating 
resistor type air ?oW rate measuring apparatus according to 
another embodiment related to the second object of the 
present invention. 

[0046] FIG. 15 is a circuit diagram shoWing a heating 
resistor type air ?oW rate measuring apparatus according to 
a third embodiment related to the second object of the 
present invention. 

[0047] FIG. 16 is a circuit diagram shoWing a heating 
resistor type air ?oW rate measuring apparatus according to 
a fourth embodiment related to the second object of the 
present invention. 

[0048] FIG. 17 is a circuit diagram shoWing a heating 
resistor type air ?oW rate measuring apparatus according to 
a ?fth embodiment related to the second object of the present 
invention. 

[0049] FIG. 18 is a circuit diagram shoWing a heating 
resistor type air ?oW rate measuring apparatus according to 
a sixth embodiment related to the second object of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0050] Preferred embodiments of the present invention 
Will be explained hereinafter. Firstly, the preferred embodi 
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ments related to the apparatus Which can attain the ?rst 
object Will be described With reference to FIGS. 1 to 12. 

[0051] FIG. 1 is a block diagram showing the structure of 
the heating resistor type air ?oW rate meter as one embodi 
ment of the present invention. A couple of heating resistors 
for air ?oW rate measurement are installed in the intake air 
duct of the engine. In FIG. 1, the left side of the intake air 
duct directs to the air cleaner, and the right side directs to the 
engine. Therefore, the air ?oW running in the intake air duct 
from the air cleaner to the engine is de?ned as the forWard 
?oW air How 4, and the air ?oW running in the opposite 
direction is de?ned as the backWard ?oW air How A couple 
of heating resistors are placed in the intake air duct, and each 
of Which is driven by the independent drive circuit, respec 
tively Though a single drive circuit can drive both of the 
heating resistors theoretically, there happens a thermal 
response delay With this con?guration in Which the fre 
quency response for about 20 to 200 HZ can not be estab 
lished in a practical engine operation environment, and 
hence, the direction of the air How can not be discriminated. 
This drive circuit is controlled in feedback mode by sup 
plying the heating HOW to the heating resistors so that the 
temperature difference betWeen the heating resistors and the 
heat-sensitive resistors installed separately for measuring 
the intake air temperature may be maintained to be a 
constant value. Those tWo heating resistors are placed in the 
positions Where the heated air ?oWs are interfered thermally 
With the heating resistors at the upper stream or the doWn 
stream of the air ?oW, respectively. When the forWard ?oW 
air ?oW occurs, the heat generated by the forWard ?oW 
heating resistor 1 tries to heat up the backWard ?oW heating 
resistors 2 located in the doWn stream, and When the 
backWard ?oW air ?oW occurs, the heat generated by the 
backWard ?oW heating resistor 2 tries to heat up the forWard 
?oW heating resistor 1 located in the upper stream. With this 
con?guration, for example, When the forWard ?oW occurs, 
the heating ?oW for keeping the constant temperature dif 
ference betWeen the backWard ?oW heating resistor 2 and its 
corresponding heat-sensitive resistor can be less than the 
heating ?oW for the forWard ?oW heating resistor 1 because 
the backWard ?oW heating resistor 2 gets the heat generated 
by the forWard ?oW heating resistor 1. Thus, the comparison 
betWeen the heating ?oWs of those tWo heating resistors can 
teaches the direction of the air ?oW, forWard ?oW or back 
Ward ?oW, and the air ?oW rate. 

[0052] FIG. 2 shoWs the characteristic of the air ?oW 
measurement, Where the air ?oW rate is plotted With respect 
to the output signal from the heat resistors extended in the 
horiZontal axis, each curve corresponding to the cases for 
forWard How and backWard ?oW, respectively. As the output 
signal of the individual heating resistors fundamentally 
corresponds to the heating ?oW supplied to the individual 
heating resistors, When the forWard ?oW occurs, the output 
signal of the forWard ?oW heating resistor is larger, and the 
output signal of the backWard ?oW heating resistor is 
smaller. Though the heating How is so de?ned as shoWn 
above, the relationship in terms of the output signal voltage 
can be arbitrarily adjusted by the output control by the Zero 
span circuit composed together With the drive circuit. 

[0053] FIG. 3 shoWs an example of the output signal 
characteristic of tWo heating resistors used in the heating 
resistor type air ?oW rate measuring apparatus of the present 
invention. In the present invention, When the forWard ?oW 
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occurs, the output signal characteristic of the heating resistor 
for the forWard How and the output signal characteristic of 
the heating resistor for the backWard How are adjusted so as 
to be approximately equivalent to each other. Thus, the 
output signals from tWo heating resistors When the forWard 
?oW occurs are identical to each other, but the difference 
betWeen the output signals shoWn in FIG. 3 When the 
backWard ?oW occurs is greater than the difference betWeen 
the output signal shoWn in FIG. 2. This can be explained as 
the folloWings; though the heating ?oW used in the case 
shoWn in FIG. 3 is the same as the heating How in FIG. 2, 
the backWard ?oW heating resistor gets the heat generated by 
the forWard ?oW heating When the forWard ?oW occurs, and 
the output signal of the backWard ?oW heating resistor is 
ampli?ed by the Zero span circuit so as to make larger the 
sensitivity of the backWard ?oW heating resistor to the air 
?oW rate When the generic output signal of the backWard 
?oW heating resistor. According to this output signal char 
acteristics, the output signal can be corrected by the folloW 
ing formula 1 When the backWard ?oW occurs. 

Vout=Vf—kx(Vr-Vf)+Voffset (1) 
[0054] Where, Vout: the output signal of the heating resis 
tor type air ?oW rate measuring apparatus after the backWard 
?oW correction, 

[0055] Vf: the output signal of the forWard ?oW 
heating resistor, 

[0056] Vr: the output signal of the backWard ?oW 
heating resistor, 

[0057] k: an arbitrary constant value, 

[0058] Voffset: an offset value for the output signal 
(de?ned if necessary), 

[0059] In the above formula, the term, kx(Vr-Vf) repre 
sents the correction term When the backWard ?oW occurs. As 
the output signals of tWo heating resistors are the same When 
the forWard ?oW occurs, the correction term is Zero, and the 
output signal of the forWard ?oW heating resistor is used. On 
the other hand, as the output signal of the backWard ?oW 
heating resistor is higher When the backWard ?oW occurs, 
the component due to the backWard How can be corrected. 
And furthermore, by adding the constant value k to the 
difference betWeen the output signals of the forWard ?oW 
heating resistor and the backWard ?oW heating resistor, a 
?exible correction can be done. The offset value for the 
output signal, Voffset, is de?ned if necessary. 

[0060] FIG. 4 shoWs an example of the circuit structure 
based on the formula 1. This circuit is composed of three 
operational ampli?ers. Those operational ampli?ers have 
their oWn functions. The output V1 of OP1 is used for 
supplying the difference betWeen the output signals of the 
forWard ?oW heating resistor and the backWard ?oW heating 
resistor (the term (Vr-Vf) in the formula 1). The output V2 
of OP2 represents the multiplication of the output V1 of OP1 
and the constant value k de?ned by the ratio betWeen R1 and 
R2. (kx(Vr-Vf) in the formula 1). The ?nal output Vout of 
OP3 represents the summation of the output OP2, the output 
signal of the forWard ?oW heating resistor and the offset 
value for the output signal as de?ned by the formula 1. In 
FIG. 3, the rectangular portion de?ned With a broken line is 
an RC ?lter Which is aimed to enable to eliminate noises in 
the output signal and alloW the output value close to the 
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average of the output signal corresponding to the amplitude 
of the pulsating How to be read into the control unit Without 
in?uence of the sampling timing. The RC ?lter may be 
imbedded into the signal input part of the engine control unit 
in the circuits of the heating resistor type air ?oW rate 
measuring apparatus. Though this circuit is basically com 
posed of three operational ampli?ers, it is possible to estab 
lish the equivalent circuit composed of tWo operational 
ampli?ers by reforming the formula 1. The detail structure 
of the equivalent circuit is not shoWn here. 

[0061] FIG. 5 is the observation result of the pulsated ?oW 
Wave forms in the pulsated operation region accompanying 
a backWard How in the heating resistor type air ?oW rate 
measuring apparatus of the present invention mounted on 
the actual engine Which has the circuit structure shoWn in 
FIGS. 1 and 4 and the output signal characteristic shoWn in 
FIG. 3. TWo curves laying in the loWer part of the chart 
represent the output signals of the forWard ?oW heating 
resistor and the backWard ?oW heating resistor, respectively, 
and the solid line curve represent the output signal of the 
heating resistor type air ?oW rate measuring apparatus of the 
present invention. The output signal of the heating resistor 
type air ?oW rate measuring apparatus according to the 
present invention is de?ned by the formula 1. For reference, 
the output signal generated by adding only the offset value 
to the output signal of the forWard ?oW heating resistor is 
shoWn by the broken line. Referring to the output signals of 
the forWard ?oW heating resistor and the backWard ?oW 
heating resistor at ?rst, the output signal of the forWard ?oW 
heating resistor and the output signal of the backWard ?oW 
heating resistor are almost the same When the forWard ?oW 
occurs, but the output signal of the backWard ?oW heating 
resistor is larger than the output signal of the forWard ?oW 
heating resistor When the backWard ?oW occurs. Those are 
output signal characteristics in accordance With the output 
signal characteristics shoWn in FIG. 3. And furthermore, 
referring to the ?nal output signals, in comparison With the 
output signal generated by adding only the offset value to the 
output signal of the forWard ?oW heating resistor, shoWn by 
the broken line, the output signal corrected With the back 
Ward ?oW component is almost equal to the output signal 
generated by adding only the offset value to the output signal 
of the forWard ?oW heating resistor When the forWard ?oW 
occurs, but smaller When the backWard ?oW occurs, Which 
means that the averaged output signal When the backWard 
?oW occurs can be made to be reduced. Thus, it is proved 
experimentally that the air ?oW rate measuring apparatus of 
the present invention can detects the backWard ?oW, and that 
there is such an effect that the output signal of the forWard 
?oW heating resistor can be reduced When the backWard 
?oW occurs Which is the primary object of the present 
invention. 

[0062] FIG. 6 is a block diagram of the heating resistor 
type air ?oW rate meter in another embodiment of the 
present invention. The basic structure of the block diagram 
in FIG. 6 Which is almost the same as that in FIG. 1, and 
the speci?c difference from FIG. 1 is that a heater is placed 
betWeen a couple of heating resistors so that the thermal 
interference may be established betWeen the heater and the 
individual heating resistors in stead of exchanging heat 
directly betWeen tWo heating resistors. The reason Why the 
structure shoWn in FIG. 6 is used is that, if the distance 
betWeen tWo heating resistors is too short, the ?nal output 
signal of the heating resistors is disturbed due to the heat 
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exchange betWeen the heating resistors even in the single 
directional air ?oW, resultantly, leading to the noise in the 
output signal of the heating resistor type air ?oW rate 
measuring apparatus. It is evident that the heat interference 
betWeen the heat resistors can not be fully established and 
hence, the air ?oW direction can not be detected if tWo heat 
resistors are kept aWay from each other too much. 

[0063] FIG. 7 is a block diagram of the heating resistor 
type air ?oW rate meter and its output signal processing 
apparatus in another embodiment of the present invention. 
The basic structure of the block diagram in FIG. 7 Which is 
almost the same as that in FIG. 1, and the speci?c difference 
from FIG. 1 is that the circuit of the heating resistor type air 
?oW rate measuring apparatus only comprises a couple of 
heating resistors and the Zero span circuit for their output 
signals, Where tWo individual signals for the forWard How 
and the backWard How are supplied to the signal processing 
apparatus, and those output signals are processed for the 
signal correction and the detection of the air ?oW direction 
by the signal process apparatus. In this embodiment, by 
enabling a part of the signal processing apparatus to operate 
as the signal processing function of the heating resistor type 
air ?oW rate measuring apparatus, there is such an advantage 
that the circuit structure of the heating resistor type air ?oW 
rate measuring apparatus itself can be simpli?ed. 

[0064] FIG. 8 is a schematic structure of the heating 
resistor type air ?oW rate measuring apparatus of the present 
invention. The structure contains a circuit board 8 on Which 
the Zero span circuit and the signal processing circuit are 
integrated, a protector member including a housing member 
9 and a cover member 10 for protecting the circuit board 8, 
sensor members including the heating resistors and the 
sensing resistors, conductive members 11 for connecting 
electrically betWeen the sensor members and the circuit 
board, a supporting member for supporting the sensor mem 
bers and the connecting members, a sub air route in Which 
the heating resistors are placed, and a connector part 14 as 
interfaces to the outside of the apparatus, and all of those 
members are con?gured as a single module. With the sensor 
part of the module and the sub air passage and other 
members inserted in the penetration hole 16 of the body 
member 15 in Which installed is a honeycomb lattice 17 for 
reducing the disturbance in the air ?oW comprising the main 
air passage in the intake air passage of the combustion 
engine, the overall structure of the heating resistor type air 
?oW rate measuring apparatus is so formed by ?xing the 
module and the body With screWs. 

[0065] FIG. 9 is the structure of the apparatus Where the 
body member comprising the main air passage of the intake 
air passage is not formed as a part of the heating resistor type 
air ?oW rate measuring apparatus, but is con?gured by using 
the intake air passage composite duct of the combustion 
engine. In this embodiment, What is used as the body 
member is the composite member of the air cleaner used for 
removing the dust in the air supplied into the engine. The 
body member is placed in the air ?oW at the doWn stream of 
the air cleaner element 22. By a penetration hole 16 is 
formed in the air cleaner housing composition member 
formed With the duct 23 used as the main air passage of the 
heating resistor type air ?oW rate measuring apparatus as a 
single unit, and thus, the single unit containing the heating 
resistor type air ?oW rate measuring apparatus and the air 
cleaner housing composition member is ?xed With screWs. 












