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[57] ABSTRACT 
The bobbin (21) of the heating resistor (l) is made by 
zirconia or glass ?ber. On the surface of the bobbin, a 
platinum ?lm (31) or a platimum wire (23) are formed. 
At both ends of the heating resistor, the heating resistor 
is supported by a pair of supporting conductors (25). 

5 Claims, 4 Drawing Sheets 

I... 

32 I 25 



US. Patent Oct. 20, 1992 Sheet 1 0:4 Re. 34,104 

FIG. 

5 
a2 33 
I 

25 

2 FIG. 
PRIOR ART 



US. Patent Oct. 20, 1992 Sheet 2 of 4 Re. 34,104 

FIG. ' 3 
PRIOR ART 

‘CA6 
9% 

FIG. 4 
PRIOR ART 

2:. 22 

J 0 o I Z L" T 
7 0'0‘ I~IV‘OIOI b 7 

23 21 

11/25 Ix.’ 



US. Patent Oct. 20, 1992 Sheet 3 0:4 Re. 34,104 

FIG. 5 

T1 T2 T2’ 
TIME (SEC) 

WI]. 5 9 

.5950 
W 

FIG. 5 

f 
31 



US. Patent 0a. 20, 1992 Sheet 4 m4 Re. 34,104 

FIG. 6 

(1)8 ? J 

BU 
(Z ) I r'lji 'lllllllllll “ NW1.‘ 

( 3 ) :' WIIIIIIIIII 

U > 

(4 ) [zmunnniw 
A A 

25 

(5) 



Re. 34,104 
1 

HOT WIRE AIR FLOW METER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

FIELD OF THE INVENTION 

The present invention relates to a hot wire air flow 
meter, and more particularly to a structure of a heating 
resistor used for the hot wire air flow meter which 
detects intake mass air flow of an internal combustion 
engine. 

BACKGROUND OF THE INVENTION 

FIG. 2 shows a whole sectional diagram of a conven 
tional hot wire air flow meter. Referring to FIG. 2, a 
heating resistor 1 and an intake air temperature detect 
ing resistor 2 having the same structure as the heating 
resister are arranged within a bypass passage 4 of a body 
5 that has a main passage 3 in which a major portion of 
the intake air passes and the bypass passage 4 in which 
a portion of a divided intake air passes. 

FIG. 3 shows a driving circuit 6 of the hot wire air 
?ow meter. The driving circuit comprises the heating 
resistor 1. the intake air temperature detecting resistor 
2, operational ampli?ers 7 and 8, a power transistor 9. a 
condenser 10, and resistor 11-15. A corrector terminal 
16 of the power transistor 9 is connected to (+) pole of 
a battery, an earth 17 of the resistor 1 is connected to 
(—) pole of the battery, and a connection point of the 
resistor 11 and the heating resistor 1 is connected to an 
input terminal 18 ofa micro computer which carries out 
an engine control using the output signal of the hot wire 
air flow meter. 

In such a structure. the temperature of the heating 
resistor 1 is controlled to be higher than that of the 
intake air temperature detecting resistor 2 by a constant 
temperature by supplying a current to the heating resis 
tor 1. At this time. the intake air temperature detecting 
resistor 2 is used for compensating the temperature of 
the intake air in such a manner that the heating of the 
intake air temperature detecting resistor is neglected 
and the intake air temperature is able to be detected. 
When air blows against the heating resistor 1, the tem 
perature difference between the heating resistor 1 and 
the intake air temperature detecting resistor 2 is con~ 
trolled to be constant by the operation of the driving 
circuit 6 as explained above. The control is carried out 
by feedback in such a manner that a divided voltage of 
a voltage difference of both ends of the heating resistor 
l by the resistors 12 and 13, and a voltage, in which a 
voltage drop of the resistor 11 caused by the current 
?owing through the heating resistor 1 is ampli?ed by 
the operation ampli?er 8, are always equal to each 
other. Accordingly, when the mass air flow changes, 
the current ?owing through the heating resistor 1 is 
changed so that the air ?ow is able to be measured by 
the voltage drop of the resistor 11 corresponding to the 
current. By inputting the measured signal of the intake 
mass air flow of an automobile engine to the micro 
computer through the terminal 18, the micro computer 
calculates the necessary fuel volume for maintaining an 
optimum combustion so that an electronic fuel injection 
system which is able to inject fuel by an injector can be 
used. 
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2 
FIG. 4 shows one conventional example of the heat 

ing resistor which is used for such a hot wire air ?ow 
meter. The heating resistor has a pin 22 made of Pt‘Ir 
(10%) inserted into respective ends of a bobbin 21 made 
of alumina. and a platinum wire 23 is wound thereon. 
Both ends of the pin 22 are supported on a supporting 
conductor 25 by welding 24. 

In another prior art, construction as shown in FIG. 2 
of Japanese Patent Laid-Open No. 58-95265, there is an 
example in which the resistor element is directly brazed 
to the supporting conductor 25, without using the pin 

However, these prior efforts have a draw-back in that 
response time of the measuring apparatus is bad, as 
shown by the dash line curve of FIG. 5; and when the 
mass air flow changes from Q] to Q; in a constant time, 
the value of the output voltage (V) does not rise 
sharply, but rises along a gentle slope curve. The draw 
back causes a big problem, when the hot wire air ?ow 
meter is used for an electronic control fuel injection 
apparatus of an internal combustion engine, such as an 
automobile engine. 

SUMMARY OF THE INVENTION 

The object ofthe present invention is to provide a hot 
wire air flow meter having a fast response. 
According to the hot wire air flow meter of the pres 

ent invention, the bobbin of the heating resistor is made 
of zirconia (210;) or glass fiber. Since the heat transfer 
rate of zirconia or glass ?ber is low. the heat generated 
at the heating resistor is prevented from running away 
through the supporting conductor so that the response 
thereof becomes fast. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a construction of the heating resistor of 
one embodiment of the present invention; 
FIG. 2 shows a whole sectional view of the hot wire 

air ?ow meter of a conventional prior art; 
FIG. 3 shows a driving circuit diagram in FIG. 2; 
FIG. 4 shows a sectional view of the heating resistor 

of the conventional prior art; 
FIG. 5 shows response time characteristics of the 

present invention and prior art; 
FIG. 6 shows a construction of the heating resistor of 

other embodiment of the present invention; 
FIG. 7 shows a construction of the heating resistor of 

another embodiment of the present invention; 
FIG. 8 shows a process diagram of the heating resis 

tor shown in FIG. 7; and 
FIG. 9 shows a construction of the heating resistor of 

further another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, a material of a bobbin 21 of a 
heating resistor 1 comprises stabilized to which is added 
a number mol % of Y2O3. After a platinum ?lm 31 is 
deposited on the surface of the bobbin by barrel spatter 
ing, a cut 32 is formed thereon by laser trimming for 
adjusting the resistor value of the heating resistor. After 

- that, a heating resistor 1 is connected to a pair of sup 
porting conductors 25, each having a small diameter at 
the end portions, thereof by brazing at 24. After the 
heating resistor is coated by a protection glass 33 over 
the whole surface thereof, the heating resistor is dried at 
a low temperature. 
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In FIG. 5. response time characteristic ofthe hot wire 
air flow meter using the heating resistor 1 of the present 
invention is shown by a solid line. Referring to FIG. 5, 
it can be seen that the response time of the heating 
resistor according to the present invention is improved. 
This is based on the fact that the heat quantity transmit 
ted to the supporting conductors 25 is decreased, be 
cause the thermal conductivity of zirconia is less than 5 
compared with alumina, which is used for a main mate 
rial of the heating resistor. 

Since the bobbin material of the heating resistor of 
the present invention is stabilized zirconia, the bobbin 
thereof excels in ?exibility compared with the hot wire 
air ?ow sensor disclosed in Japanese Patent Laid-Open 
No. 58-95262. which uses an alumina bobbin and, like 
the present invention also has the bobbin directly con 
nected to the supporting conductor without using a pin. 
This is due to the fact that the present invention pro 
vides a structure which is able to absorb the thermal 
stress generated at measuring time, and increase the 
mechanical and thereby. thermal strength; and breakage 
of the bobbin can be prevented. Namely, the‘ high 
toughness mechanism of stabilized zirconia comes from 
the fact that the tetragonal zirconia grain enclosed in a 
sintered body undergoes a martensite transformation to 
monocline by a concentration of stress. at the same time 
the breakage energy thereof is absorbed. Since both 
ends of the bobbin are fixed in their structure, when 
thermal stress is generated therein. in general, the bob 
bin is not broken. 

Since the thermal conductivity of the zirconia bobbin 
is small. the thermal conduction to the supporting mem7 
ber can be decreased; at the same time, since a pin is not 
used by the present invention and the bobbin length 1 
can be lengthened compared with the conventional 
prior art arrangement shown in FIG. 4. the ratio of the 
bobbin length l to the bobbin diameter d, l/d. is made 
larger so that the response thereof is increased. Namely, 
when the transfer of heat to and from the heating resis 
tor 1 is considered. if the whole structure of the heating 
resistor 1 is made to approximately cylindrical form, the 
transfer of heat through air will be proportional to the 
surface area rrDl, and the transfer of heat through the 
supporting conductors 25 from the both ends of the 
heating resistor will be proportional to the sectional 
area 511D? Since the response ofa measuring apparatus 
becomes better when the ratio of the transfer of heat of 
the latter to the former is smaller. it becomes better 
when the value of the surface area of the former divided 
by that of the latter, l/d. is larger; and further since the 
thermal conduction through the cross area is reduced, 
the response is increased. 

Since the hot wire air flow meter of the present in 
vention is made in such a manner that the bobbin is 
directly connected to the supporting body, it shows a 
remarkable improvement in performance, because it can 
be easily produced without the operation of inserting 
the pin 22 to the bobbin 21 and without different diame 
ters between the pin 22 and the bobbin 2] compared 
with the prior art as shown in FIG. 4. 
Although the embodiment shown in FIG. 1 discloses 

that the shape of the zirconia bobbin is straight, the 
heating resistor can be formed by forming the bobbin 21 
a coil shape as shown in FIG. 6, since the zirconia is 
flexible. In this case, since l/d can be made larger, the 
response can be improved. even more and since the 
bobbin itself has a spring function between the support 
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4 
ing conductor 24, the mechanical strength of the bobbin 
is further increased. 
The bobbin is not always limited to one made with 

zirconia, but also the bobbin can be made with glass 
?ber which has a low thermal conductivity in place of 
zirconia. 

Since the hot wire air ?ow meter shown in FIGS. 1 
and 6 uses a bobbin made of zirconia or glass ?ber hav 
ing small thermal conductivity, a hot wire air ?ow 
meter having a high response can be provided. Refer 
ring to FIG. 7, on a surface of a bobbin 37, a platinum 
wire is wound. In both ends of the bobbin, the wire is 
wound densely. In the closely wounded portion 36, the 
bobbin 37 is supported by a pair of supporting conduc 
tors 25. And, the whole bobbin 31 including the wire is 
covered by glass 33. 

Referring to FIG. 8, the bobbin 37 made of glass ?ber 
is wound previously to a dram (not shown), and sup 
plied continuously. Since no supplied bobbin 37 has a 
portion shown in the prior art which changes its diame 
ter along the axial direction thereof, the platinum wire 
23 can be easily wound continuously. The bobbin wind 
ing is carried out with close winding and rough winding 
in a predetermined period in such a manner that the 
bobbin has a predetermined length after the bobbin is 
cut as explained later. After the winding is ?nished, the 
bobbin 37 is wound to another bobbin (not shown) to 
store the wound bobbin. Cutting of the bobbin 3! is 
carried out by supplying the bobbin 37 with the wire 
from the drum. When the cutting is carried out at the 
closely wound portion, a predetermined length bobbin 
which is wound closely at both ends thereof can be 
obtained as shown in FIG. 8(3). The bobbin 1 is welded 
to the portion 34 having a small diameter of the support 
ing conductor 25, and supported thereby. After that the 
bobbin is coated by a glass coating 33. 
By the structure explained above, the heating resistor 

is made with a structure which has no pin (lead), so that 
breaking of wire and scattering of winding pitch thereof 
can be avoided in winding, high speed winding thereof 
can be done continuously, and productivity thereof can 
be improved. 
The heating resistor shown in FIG. 7 comprises the 

platinum wire having a high melting point and the glass 
coating. Since the glass ?ber bobbin has ?exibility, it has 
heat resistance and mechanical strength. 
Although the embodiment shown in FIG. 7 provides 

the mechanical support of the heating resistor by weld 
ing the closely wound portion of the platinum wire 23 
to the supporting member 25, the closely wound por 
tions serving at the same time, it is possible that the 
platinum wire 23 is wound continuously after metallic 
electrode plates 35 on the glass fiber bobbin are formed 
at both ends of the bobbin by plating, deposition, or 
printing. In this case, by thickening the ?lm of the elec 
trode plates 35, the mechanical strength of the heating 
resistor can be increased. 
The embodiments shown in FIG. 7 and 9 can achieve 

the effect of supplying a hot wire air ?ow meter which 
has mechanical strength, high thermal resistance, and is 
easy to manufacture. By providing the closely wound 
portion or the electrode surfaces. the electrical connec 
‘tion between the platinum wire and the supporting 
conductor can be performed more securely. 
What we claim is: 
I. For use in a hot wire air flow meter, to be arranged 

at an air passage for measuring an intake mass air ?ow 
for an electronic control fuel injection apparatus, hav 
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ing a heating resistor and a driving circuit for control 
ling current ?owing through the heating resistor to 
produce an output [voltage of said heating resistor] 
signal in proportion to the current as a signal correspond 
ing to the mass air ?ow, [said] a heating resistor com 
prising a platinum ?lm deposited on a bobbin made of 
zirconia or glass ?ber, said platinum ?lm providing a 
predetermined resistance value, wherein said bobbin 
has the shape of a coil. 

2. For use in a hot wire air ?ow meter having a heat 
ing resistor arranged in an air passage for measuring an 
intake air ?ow in an electronic control fuel injection 
apparatus, and a driving circuit for controlling current 
?owing through the heating resistor and for producing 
an output [voltage of said heating resistor] signal in 
proportion to the current as a signal corresponding to the 
mass air ?ow, [said] a heating resistor comprising a 
platinum wire wound on a surface of a bobbin made of 
glass ?ber or zirconia with the platinum wire being 
wound more closely at both ends of the bobbin than 
over other portions thereof. and supporting conductors 
for supporting said bobbin at the closely wound por 
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tions thereof, wherein said bobbin has the shape of a 
coil. 

3. For use in a hot wire air ?ow meter having a heat 
ing resistor arranged in an air passage for measuring an 
intake mass air ?ow in an electronic control fuel injec 
tion apparatus, and a driving circuit for controlling 
current ?owing through the heating resistor and for 
producing an output [voltage of said heating resistor] 
signal in proportion to the current as a signal correspond 
ing to the mass air ?ow, [said] a heating resistor com 
prising metallic electrode plates provided at both ends 
of a bobbin made of glass ?ber or zirconia, a platinum 
wire wound on the surface of said bobbin, and support 
ing means including supporting conductors for support 
ing said bobbin at said electric plates. 

4. A heating resistor for a hot wire air ?ow meter 
according to claim 3, characterized in that said bobbin is 
connected to said supporting conductors at both ends of 
said bobbin. 

5. A heating resistor for a hot wire air flow meter 
according to claim 3, characterized in that said bobbin is 
brazed to a small diameter portion of each supporting 
conductor. 
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