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[57] ABSTRACT 
For a device of the type in which the amount of fuel 

» gas to be supplied to a gas burner is controlled by a 
proportional position type solenoid valve, there are 
provided a ?rst control circuit which controls the ex~ 
citing current to be applied to the solenoid of the 
valve in response to the temperature change of a me 
dium heated by said gas ‘burner, thereby controlling 
the supply of gas fuel to the gas burner, and a second 
control circuit which detects the magnitude of the ex 
citing current and causes the abrupt change in output 
current of the ?rst control circuit after the gas burner 
is ignited and when gas burner is extinguished, thereby 
causing the abrupt change in gas supplyv to the gas 
burner. ' 

9 Claims, 9 Drawing Figures 
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GAS COMBUSTION CONTROL DEVICE 

BACKGROUND OF ‘THE INVENTION 
The present invention relates to a gas combustion 

control device of the type for controlling the combus~ 
tion rate of a gas burner in proportion to the variation 
in load. . ~ 

In the conventional gas-combustion apparatus such 
as gas-combustion water heater for hot water heating, 
there have been provided a device for opening and 
closing a solenoid valve inserted in a gas supply pipe 
line in response to the temperature variation of circu 
lating hot water or a device for controlling a propor-_ 
tional position type solenoid valve inserted in a gas sup 
ply pipe line in response to the variation in resistance 
of a temperature-variable resistor disposed inga hot 
water supply main for detecting the temperature varia 
tion of circulating hot water due to the load variation 
in order to control the gas combustion rate in response 
to the load variation. In the case of the control device 
for controlling the ON-OFF of the solenoid valve, the 
combustion is interrupted when the temperature of cir 
culating. hot water rises above a predetermined level 
and the combustion is started again when the tempera 
ture falls below the predetermined level. Therefore’ 
there arise the disadvantages that the temperature of 
circulating hot water is always subject to variation and 
that the solenoid valve is easily susceptible to damage 
because its ON-OFF operations are very frequently cy 
cled. 

In the latter control device of the type utilizing the 
proportional position type solenoid valve, the gas sup 
ply to the gas burner is controlled in response to the 
variation in load- so that the above problems of the tem 
perature variation and of the damages to the electro 
magnet valve may be overcome. However, new prob 
lems have arisen due to the combustion characteristics 
of the gas burner and the construction of the propor 
tional position type solenoid valve. In general,v gas is 
sues from the gas nozzle into the air-gas mixture con 
troller so that the primary-air is sucked into the air-gas 
mixture‘ controller under the ejector action of gas and 
mixed with gas. No problem arises when gas is supplied 
in relatively large amounts, but when the gas supply is 
gradually decreased in response to the decrease in load, 
the kinetic energy of gas issuing from the gas nozzle is 
decreased so that the amount of primary air sucked 
into the air-gas mixture controller is decreased, thus re 
sulting in back?re. The occurrence of back?re is gener 
ally dependent upon the capacity of the gas burner, and 
is caused when the amount of gas is reduced to one-half 
to one-third of the maximum amount of gas supply. 

In the control device of the type utilizing the propor 
tional position type-solenoid valve, the plunger sup 
porting means presents a problem. In the conventional 
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solenoid valve, the plunger is generally supported by a _ 
bearing member so that friction is caused between the 
plunger and the bearing member. In the proportional 
positionv type solenoid valve, the plunger is caused to‘ 
move by controlling the exciting current applied to the 
solenoid in response to the variation in load so that the 
spacing between a valve seat and a valve may be suit 
ably adjusted. The spacing between the valve and the 
valve seat is generally of the order of 3 - 5 mm so that 
even a small variation in spacing causes a great change 
in gas ?ow rate, that is the amount of gas supply to the 
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gas burner. ‘Therefore, the frictional force exerted on 
the ‘plunger causes the error in controlling the spacing 
between the valve and the valve seat, thus resulting in 
the poor control of gas ?ow rate in response to the vari 
ation in load. 

I SUMMARY OF THE INVENTION 

The present invention has succeeded in overcoming 
the above and other problems encountered in the prior 
art control devices of the type described by electroni 
cally interrupting the exciting current applied to the so 
lenoid of the proportional position type solenoid valve 
and by‘ supporting the plunger by leaf springs. 
One ‘of the objects of the present invention is there 

fore to overcome the problems of back?re and of gas 
leakage by detecting the temperature of circulating 
?uid heated-by a gas burner by a temperature-variable 
resistor such as a thermistor and by controlling the ex 
citing current to be applied to the proportional position 
type solenoid valve in response to the variation in resis 
tance of the temperature-variable resistor in such a 
mannerv that the exciting current may be interrupted 
when it decreases to less than a predetermined level. 

_ Another object of the present invention is to provide 
an electronic gas combustion control device which will 
not supply gas in large quantity when the gas burner is 
ignited again but will gradually increase the gas supply 
from zero for a short time, thereby preventing the ex 
plosion noise when the ‘gas burner is ignited. 
Another object of the present invention is to provide 

an improved proportional position type solenoid valve 
in which a plunger ?tted into a solenoid or coil is sup 
ported by a pair of leaf springs, thereby eliminating the 
frictional force exerted to the plunger in order to attain 
the precise control of gas ?ow rate. 
Another object of the present invention is to provide 

an improved proportional position type solenoid valve 
in-which a plunger is supported by a pair of leaf springs 
in such a manner that the solenoid valve may be pre 
vented from becoming large in size and the displace 
ment of the leaf springs about their ?xed ends may be 
increased, thereby preventing the lateral displacement 
of the plunger off the axis of its vertical movement. 
Another object of the present invention is to provide 

an improved proportional position type solenoid valve 
in which a plunger is supported by a leaf spring or 
springs extending from the free end of a leaf spring 
toward the other end thereof which is ?xed to a station 
ary member, thereby preventing more positively the 
lateral displacement of the plunger off the axis of the 
vertical movement thereof. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of preferred embodi~ 
ments thereof taken in conjunction with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a gas-combustion water heater for hot water 
heating to which is applied a gas combustion control 
device in accordance with the present invention; 
FIG. 2 is a sectional view of a proportional position 

type solenoid valve incorporated in the gas combustion 
control device of the present invention; ' 
FIG. 3 is a perspective view illustrating the plunger 

supporting means; 
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FIG. 4 is a perspective view illustrating avariation of 
the plunger supporting means in accordance with the 
present‘ invention; - 
FIG. 5 is a sectional view taken along the line V-V 

of FIG. 4; - 7 

FIG. 6 is a perspective view illustrating still another 
variation of the plunger supporting means in accor 
dance with the present invention; 
FIG. 7 is a sectional view taken alongthe line VII 

——VII of FIG. 6; 
FIG. 8 is a circuit diagram of an electronic control 

unit of the gas combustion control device in accor 
dance with the present invention; and 
FIG. 9 is a graph illustrating the relation between the 

temperature of hot water detected by a temperature 
variable resistor and the exciting current supplied to 
the solenoid of the proportional position type electro 

’ magnet valve. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring ?rst to FIGS. 1, 2 and 3, a heat exchanger 
3 is communicated with a radiator ( not shown) through 
a main hot water pipe line 1, through which hot water 
is circulated by a circulation pump 4. Hot water at a 
low temperature is returned through a return main la, 
heated by the heat exchanger 3 and is supplied through 
a supply main lb. A gas nozzle 5 is disposed adjacent 
to one end 2b of a gas-air mixture controller 2a of a gas 
burner 2 in such a manner so that when gas issues from 
the nozzle 5, the primary air may be sucked into the 
gas-air mixture controller 20 under the ejector action 
of the gas. The gas and the primary air’are mixed in a 

' predetermined ratio in the controller 2a and the gas-air 
mixture issues from the nozzles, of the gas burner 2 for 
combustion. A gas governer 7 and a solenoid valve of 
the proportional position type are inserted into a gas 
pipe 6 communicating the gas nozzle 5 with a gas sup 
ply source (not shown). 
The construction of the solenoid valve 8 is illustrated 

in detail in FIG. 2. A bobbin 10 carrying a coil .9 is dis 
posed between upper and lower yokes 1,1 and 11a with 
spacers 12 and 12a interposed therebetween. Support 
ing members 13 and 13a are struck out of the yoke 
members 11 and 11a respectively as best shown in FIG. 
3. A plunger 14 having a projection 15 which is made 
of a nonmagnetic material and a diameter smaller than 
that of the plunger 14, is slidably ?tted into a hole of 
the bobbin 10. The bobbin 10 and its associated com 
ponent parts are all enclosed in a casing 16. The base 
of a U-shaped leaf spring 17 is securely ?xed to the sup 
porting member 13 struck out of the yoke 11 and the 
leading ends of the leg portions of the U-shaped leaf 
spring 17 are pivoted with pivot pins 14a to the plunger 
14 at the upper portion thereof. The leading ends of the 
leg portion of a U-shaped leaf spring 17a are also piv 
oted to the projection 15 of the plunger 14 with pivot 
pins 14b, but the base of the leaf spring 17a is ?xed to 
the free end of an adjusting plate 18 whose other end 

v is securely fixed to the supporting member 13a struck 
out of the lower yoke lla. Therefore, the plunger 14 
is supported by the pair of upper and lower U-shaped 
leaf springs 17 and 17a so that the friction between the 
plunger 14 and the bobbin 10 may be prevented, and 
the forces of the leaf springs 17 and 17a may be used 
as the retarding forces exerted on the plunger 14 when 
the coil 9 is energized. . 
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4 
' An adjusting plate 18 is provided in order to adjust 
the force of the leaf spring 170. More particularly, an 
adjusting screw 19 at the free end of the adjusting plate 
18 may be loosened or tightened so as to cause the free 
end of the adjusting plate 18 to move toward or away 
from the yoke 11a, thereby changing the initial bending 
of the leaf spring 170 and hence its reaction force. The 
spring force adjusting plate 18 serves to absorb the in 
?uencesv of uneven quality of the leaf springs 17 and 
17a due to the dimensional errors, and other factors of 
the leaf springs 17 and 17a and of the coil 9 which will 
adversely affect the smooth motion of the plunger 14. 

A partition disk or cover 20 covers the upper opening 
of the casing 16, and the upper portion of the plunger 
14 extending through the center hole of the partition 
disk 20 is sealed with diaphragm 21. A joint 22 has con 
nections 23 and 24 for connection with the gas pipe 
line 6, and in a passage 25 between the connections 23 
and 24 is formed a valve seat 26 upon which seats a 
valve 27 fixed to the top end of the plunger 14. A pack 
ing 28 is interposed between the cover 20 and the joint 
22. Leads 29 are extended from the coil 9 through the 
casing 16. 
Referring back to FIG. 1, a thermistor 30 encapsuled 

in a protective tube 31 is inserted in the supply main lb, 
and is coupled to the coil 9 through an electrical con 
trol unit 32. 
Next the mode of operation will be described herein~ 

after. First the circulation pump 4 is started to circulate 
hot water, but the temperature of hot water flowing 
through the supply main 1b is low because the hot 
water is not suf?ciently heated by the heat exchanger 
3. Hence the resistance of the thermistor 30 is high so 
that the control unit 32 is so actuated as to ?ow the 
maximum current through the coil 9 in the electromag 
net valve 8 based upon the principle of the present in 
vention to be described in more detail hereinafter. As 
a result, the plunger is moved (downwardly in FIG. 2) 
over the maximum distance against the leaf springs 17 
and 17a until the plunger moving force is in equilibrium 
with the forces of the leaf springs 17 and 17a so that the 
valve 27 is moved away from the valve seat 26. There 
fore, the maximum gas-air mixture is supplied to the 
gas burner 2 for the maximum combustion. This maxi 
mum combustion may be maintained so long as the 
heating load is equal to or higher than the heat gener 
ated by the maximum combustion. 
When the load is decreased, hot water ?owing 

through the supply main has a high temperature so that 
the resistance of the thermistor 30 is reduced. As a re 
sult, the control unit 32 causes the electric current 
?owing through the coil or solenoid 9 to decrease ac 
cordingly. Therefore the plunger 14 is caused to move 
upwardly in FIG. 2 under the force of the springs 17 
and 17a so that the valve 27 is now located closer to the 
valve seat 26. The gas passage 25 is now throttled so 
that the amount of gas supplied to the gas burner 2 is 
decreased accordingly. 
From the foregoing description, it is seen that the 

supply of gas to the gas burner 2 is controlled by the so 
lenoid valve 8 in proportion to the variation in load so 
that the temperature of the hot water ?owing through 
the supply main lb may be maintained at the same level 
independently of the load variation. According to one 
of the novel feature of the present invention, when the 

. combustion rate is reduced to less than a predeter 
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mined level or when the gas supply is throttled or re 
duced to less than a predetermined level,.the electro— 
magnetic valve 8 is so actuated as to close the gas pas 
sage 25, thereby preventing back?re. Furthermore, 
when the gas burner 2 is ignited again, the supply of gas 
is gradually increased for a short time in order to pre 
vent the undesired combustion or iginition noise as will 
be described in more detail hereinafter. 
The most important mechanical component parts of 

the valve 8 are means for supporting the plunger 14 so 
that the supporting means will be described in more de 
tail hereinafter. The supporting means or leaf springs 
17 and 170 support the plunger 14 in such a manner 
that the latter will not make contact with the bobbin 
10. As a result, no friction occurs between the plunger 
14 and the bobbin 10. Furthermore, the delicate adjust 
ment of the spacing between the valve seat 26 and the 
valve 27 may be accomplished in a simple, but very re 
liable manner. Since the retarding force may be applied 
to the plunger 14 by the leaf springs 17 and 17a, other 
spring or the like may not be needed. This is one of the 
advantages in mechanical design of the present inven 
tion. - 

It is preferable that the lengths of the leaf springs 17 
and 17a are longer because of the following reason. It 
is apparent that the leading ends of the U-shaped leaf 
springs 17 and 17a follow not only the axial movement 
of the plunger 14 but also the lateral movement 
thereof. The longer the leaf springs 17 and 17a, the les 
ser the lateral displacement becomes so that the varia 
tion in spacing between the bobbin l0 and the plunger 
14 may be minimized. As a consequence, the uniform 
magnetic force distribution may be attained so that the 
plunger 14 may be displaced in a more reliable and ac 
curate manner. 

However, when the length of the leaf springs 17 and 
17a becomes too long, the solenoid valve 8 becomes 
inevitably large in size. The present invention further 
provides means to overcome this problem. 

Referring to FIGS. 4 and 5, a U-shaped leaf spring 33 
similar to the leaf spring 17 in FIG; 3 is used. The 
plunger 14 is interposed between the leg portions 33a 
and 33b of the leaf spring 33, and a pin 34 extends be 
tween the free ends of the leg portions 33a and 33b. 
The plunger 14 consists of upper and lower sections, 
and the root of an arm 36 is interposed between the 
upper and lower sections of the plunger 14 and is se 
curely ?xed to the lower section with a screw 35 as best 
shown in FIG. 5. The leading end of the arm 36 is piv 
oted to the pin 34. Thus the plunger 14 is indirectly 
supported by the leaf spring 33 at the free ends of its 
leg portions 33a and 33h. Opposed to the leaf spring 17 
shown in FIG. 3, supporting the plunger 14 at the free 
ends of its leg portions, the plunger 14 is interposed be 
tween the leg portions 33a and 33b of the U-shaped leaf 
spring 33 so that the length of the leaf springs may be 
increased without increasing the size of the electromag 
netic valve 8. When the leaf spring 33 is used for sup 
porting the plunger l4, the lateral displacement thereof 
may be further minimized so that the deviation of the 
axis of the plunger 14 from that of the center hole of 
the bobbin 10 may be minimized. 
Next referring to FIGS. 6 and 7, still another plunger 

supporting means in accordance with the present in 
vention will be described. In the instant embodiment, 
‘a rectangular frame shaped leaf spring 37, a ?rst leaf 
spring is used, and the plunger 14 extends through the 
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6 
opening of the leaf spring 37 as best shown in FIG. 6. 
A U-shaped leaf spring 38, the second leaf spring, is 
struck out of the leaf spring 37 from one side thereof, 
and the free ends of the leg portions of the U-shaped 
leaf spring 38 are pivoted to the plunger 14 with pins 
39 extending therefrom. The other side opposed to said 
one side from which the U-shaped leaf spring 38 ex 
tends, is securely ?xed to the supporting member so 
that the leaf spring 37 swings in the direction indicated 
by the arrow a in FIG. 7 when the plunger 14 moves 
vertically whereas the U-shaped spring 38 swings in the 
direction indicated by the arrow b. In other words, the 
leaf springs 37 and 38 swing in the opposite directions 
so that the lateral displacement of the leaf spring 38 
may be cancelled by the lateral displacement of the leaf 
spring 37. Therefore, the plunger 14 may be moved 
vertically coaxially of the center hole of the bobbin 10. 

Next referring to FTG. 8, the control unit 32 will be 
described in more detail hereinafter. A power source 
40 and a switch 41 are connected in series to the pri 
mary winding of a transformer 42. The secondary wind 
ing of the transformer 42 is connected to the a-c input 
terminals of a diode bridge 43. One end of a resistor 44 
is connected to the minus or negative output terminal 
of the diode bridge 43 whereas the other end is con 
nected to one end of a capacitor 45 whose the other 
end is connected to a positive output terminal of the 
diode bridge 43. A series circuit consisting of a resistor 
46, a Zener diode 47 is connected in parallel with the 
capacitor 45. A series circuit consisting of resistors 48, 
49 and 50 is connected in parallel with the Zener diode 
47. In like manner, two series circuits, one consisting 
of a resistor 51, a variable resistor 52 and the thermis 
tor 30 and the other consisting of resistors 53 and 54 
are connected in parallel with the Zener diode 47. The 
emitter of a transistor 55, a second active element, is 
connected to the junction between the resistors 48 and 
49, and the base of the transistor 55 is connected to a 
sliding arm of the variable resistor 52. The collector of 
the transistor 55 is connected to the junction between 
the base of a transistor 56, a first active element, and 
a resistor 5'7. The other end of the resistor 57 and one 
end of a resistor 58 are connected to the junction be 
tween the resistor 44 and the capacitor 45. The other 
end of the resistor 58 is connected to the emitter of the 
transistor 56. The collector of the transistor 56 is con 
nected to one junction of a parallel circuit consisting of 
a diode 59, the solenoid or coil 9 of the electromag 
netic valve 8, and two series resistor 60 and 61, the 
other junction of the parallel circuit being connected to 
the positive output terminal of the diode bridge 43. The 
resistor 60 is a variable resistor whose sliding arm is 
connected to the base of a transistor 63, a third active 
element, through a resistor 62. A capacitor 64 is in 
serted between the base of the transistor 63 and the 
positive output terminal of the diode bridge 43. The 
emitter of the transistor 63 is connected to the junction 
between the resistors 53 and 54, and the collector is 
connected to the junction between the resistors 49 and 
50 through a resistor 65. The circuit portion sur 
rounded by the dotted line X indicates the ?rst control 
circuit and that surrounded by the dotted line Y indi 
cates the second control circuit. 
Next the mode of operation will be described. When 

the switch 41 is closed so that commercial voltage is 
impressed across the primary winding of the trans 
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former 42, a low voltage is induced across the secon 
dary winding. The ac induced voltage is recti?ed by 
the diode bridge 43 so that a d-c voltage is applied 
across the capacitor 45. The resistor 44 serves to limit 
the rush current when the switch 41 is closed so that 
the diode bridge '43 may be prevented from being dam 
aged. The ‘current ?ows through the Zener diode 47 
and the resistor 46. In this case, it should be noted that 
even when the current ?owing through the resistor 46 
varies, the voltage impressed across the three series cir 
cuits, ?rst consisting of the resistors 53 and 54, the sec 
ond consisting of the resistors 48, 49 and 50, the third 
consisting of the resistor 51, the variable resistor 52 
and the thermistor 30, remains unchanged because of 
the Zener diode 47. Even when the commercial voltage 
varies, the voltage impressed across the three series cir 
cuits remains unchanged. The resistors 48, 49 and 50, 
the resistor 51, the variable resistor 52 and the thermis 
tor 30 form the arms of a bridge in which the emitter 
and the base of the transistor 55 are connected to the 
junctions between the arms of the bridge. 
At the starting of the hot water boiler, cold water is 

?owing through the main 1 so that the resistanceof the 
thermistor 30 inserted into the main 1 is high. As a re 
sult, the base potential of the transistor 55 is lower than 
the emitter potential so that the transistor 55 conducts. 
The current ?ows from the collector of the transistor 
55 to the base of the transistor 56 and the resistor 57'. 
Therefore, the transistor 56 conducts so that the cur 
rent ?ows throgh the resistor 58, the emitter and col 
lector of the transistor 56 to the coil 9. In this case, the 
current ?owing through the coil 9 is maximum so that 
the solenoid valve 8 is fully widely opened. As a result, 
the combustion rate of the gas burner 2 becomes maxi 
mum. - 

When the load is reduced so that the temperature of 
the hot water rises, the resistance of the thermistor 30 
is gradually decreased. When the base potential of the 
transistor 55 becomes equal to the emitter potential, 
the transistor 55 is shifted from the saturation region to 
the active region so that the collector current is gradu 

' ally decreased. As the collector current of the transis 
tor 55 is decreased, the transistor 56 is shifted from the 
saturation region into the active region so that the cur 
rent ?owing through the coil 9 is decreased. As the cur 
rent ?owing through the coil 9 is decreased, the open 
ing of the solenoid valve 8 is reduced so that the gas 
supply is controlled until the combustion rate attains 
equilibrium with the reduced load. The temperature of 
the hot water is dependent upon the voltage at which 
the emitter potential of the transistor 55 substantially 
equals the base potential. However, since the emitter 
potential is almost constant, the temperature of hot 
water is dependent upon the position of the sliding arm 
of the variable resistor 52. More particularly when the 
sliding arm of the variable resistor 52 is in a position 
above the position shown in FIG. 8, the temperature of 
hot water is relatively high, but when the sliding arm is 
in a position lower than the position shown in FIG. 8, 
the temperature isrelatively low. Thus, the tempera 
ture of hot water may be arbitrarily selected. It should 
be noted that the uneven quality of the thermistor 30 
may be compensated by the variable resistor 52. 
When the load is small, the gas supply is so controlled 

as to maintain a suitable combustion rate in the gas 
burner 2. However, the flow rate of gas cannot'be re 
duced to less than a predetermined level because back 
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?re occurs when the flow rate is reduced to from one 
half to one-third of the maximum gas ?ow rate. There 
fore in the hot water boiler of the type whose combus 
tion rate is controlled in response to the variation in 
load, the supply of gas must be interrupted when the 
?ow rate of gas becomes less than a predetermined 
level. In the control unit shown in FIG. 8, the gas ?ow 
rate may be detected by the current ?owing through 
the coil 9. 
When the load is reduced, the temperature of hot 

water rises so that the gas supply is controlled in a man 
ner described above. When the gas ?ow rate becomes. 
for example, one half of the maximum ?ow rate, the 
voltage between the points a and b in FIG. 8 is lowered 
and the voltage at the points a and c become equal so 
that the transistor 63 conducts. The current ?ows 
through the resistor 65 and the resistor 50 which forms 
one arm of the temperature detecting bridge. There 
fore, the transistor 55 is reverse biased so that the col 
lector current of the transistor 55 is reduced. Hence the 
collector current of the transistor 56 which is the excit 
ing current of the coil 9 is reduced accordingly. The re 
duction in collector current of the transistor 56 is felt 
by the transistors 63 and 55 so that the current ?owing 
through the coil 9 is immediately interrupted. At the 
safe combustion rate of the gas burner 2, the transistor 
63 is reverse biased so that the variation in current 
?owing through the coil 9 will not in?uence the tem 
perature detecting bridge circuit. The resistor 62 is in 
serted in order to limit the current and the capacitor 64 
is'inserted in order to prevent the parasitic oscillation. 

When the solenoid valve 8 is completely closed so 
that the combustion is interrupted, the temperature of 
hot water is gradually lowered so that the resistance of 
the thermistor 30 is gradually increased. Therefore, the 
transistor 55 is gradually forward biased, and so is the 
transistor 56. As a consequence, the transistor 63 is re 
verse biased. This is felt by the transistor 55 so that the 
latter conducts abruptly whereas the transistor 63 is cut 
off. Thus the solenoid valve 8 is widely opened so that 
the combustion is started again. As the temperature of 
hot water is raised, the solenoid valve 8 is actuated in 
the manner described above to control the optimum 
gas ?ow rate. 
FIG. 9 illustrates the relation between the tempera 

ture of hot water and the current ?owing through the 
coil 9. At the point A the combustion rate becomes one 
half of the maximum rate so that the solenoid valve 8 
is closed. At the point B the current ?owing through 
the coil 9 rises abruptly so that the solenoid valve 8 
opens wide. 

Referring back to FIG. 8, the adverse effect of the 
conducting transistor 63 upon the nonconducting tran 

‘ sistor 55 for causing the same to conduct may be elimi 
nated when the resistance of the resistor 62 is increased 
and the resistance of the resistor 50 is smaller than that 
of the resistor 49. In this case, the point B in FIG. 9 is 
in a relatively upper position. However, under the re 
versed conditions, the point B will be found in a lower 
position. 
When the point B is so selected as to be above the 

point at which the solenoid valve 8 is opened, the gas 
is gradually increased from zero when the gas burner is 
ignited again. This setting is advantageous in that the 
gas burner may be ignited when the gas ?ow rate is still 
low and then the ?ow rate may be rapidly increased. By 
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this so-called “slow ignition,” the ignition may be 
started very quietly without causing any‘ explosion 
noise. . ' 

The time during which the gas ?ow rate changes is a 
function of the rate of temperature change and of an 
ampli?cation factor of the control circuit. 
When the control unit so far described with reference 

to FIG. 8 is used, back?re may be prevented and the 
ignition'may be started very quietly. 
So'far the present invention has been described as 

being applied to the gas-combustion water heater for 
hot water heating, but it will be understood that the 
present invention may be also applied to a gas furnace. 

What is claimed is: 
1. In a device of the type'in which the amount of fuel 

gas to be supplied to a gas burner is controlled by a pro 
portional position type solenoid valve, 
a gas combustion control device comprising 

a. a ?rst control circuit including a bridge circuit hav 
ing a temperature-variable resistor for detecting a 
medium heated by said gas burner as one arm 
thereof, said control circuit controlling the exciting 
current ?owing through the solenoid of said elec 
tromagnet valve so as to control the amount of gas 
fuel to be supplied to said gas burner in response 
to the variation in resistance of said temperature 
variable resistor; ' " 

and g ‘ 

a second control circuit for detecting the magnitude 
of said current ?owing through the solenoid of said 
solenoid valve in such a manner that when said cur 
rent decreases less than a predetermined level the 
output current from said bridge circuit is so con 
trolled as to interrupt said current ?owing through 
the solenoid of said electromagnet valve. 

2. A device as set forth in claim 1 wherein 
an output circuit of said second control circuit for 

controlling said output current of said bridge cir~ 
cuit is conneced'to one arm of said bridge'circuit 
in such a manner that when said current flowing 
through the solenoid of said solenoid valve the un 
balanced condition of said bridge circuit may be 
varied by said output current, thereby causing the 
abrupt change in the output of said bridge circuit. 

3. A device as set forth in claim 1 wherein ‘ 
said ?rst and second control circuits are so coupled 

to each other that said current ?owing through the 
solenoid of said solenoid valve may be gradually 
increased in response to the temperature drop of 
said heated medium due to the interruption of the 
gas combustion in said gas burner and that when 
said current reaches to said predetermined level 
said current may be abruptly increased; and 

the ignition of said gas burner is made prior to said 
abrupt increase of said current. . . . 

4. A device as set forth in claim 1 wherein 

5 

20 

25 

30 

35 

45 

50 

55 

65 

10 
said first and second control circuits are so coupled 

to each other that said current may be gradually 
decreased in response to the temperature‘ rise of 
said heated medium and that said current may be 
abruptly decreased when said current reaches said 
predetermined level. 

5. A device as set forth in claim ll wherein 
said ?rst control circuit for controlling the exciting 
current comprises 7 

said bridge circuit and 
a ?rst active element which is controlled by a’second 

active element forming the output circuit of said 
bridge circuit, the output circuit of said ?rst active 
element being connected in series to the solenoid 
of said solenoid valve; and 

said second control circuit comprises 
a detector circuit for detecting the voltage applied 

across the solenoid of said solenoid valve, and 
a third active element which is controlled in response 

to said detected voltage, 
the output of said third active element being so con 
nected to one arm of said bridge circuit that the 
variation in output current of said output circuit 
may cause the variation in bias voltage applied to 
said second active element in said bridge circuit. 

6. A device as set forth in claim 1 wherein 
said proportional action type solenoid valve com 

prises said solenoid, a plunger and spring means for 
supporting said plunger. 

7. A device as set forth in claim 6 wherein 
said spring means comprise leaf springs, 
one end of each of said leaf springs being securely 
?xed to a stationary member of said device 
whereas the other end is bifurcated, 

the bifurcated portions of said leaf spring being ex 
tended laterally of said plunger away from said one 
?xed end, ‘ 

the leading ends of said bifurcated portions of said 
leaf spring supporting a rigid arm extending from 
said plunger. 

8. A device as set forth in claim 6 wherein 
, said spring means comprises first leaf springs, 
one end of each of said leaf springs being securely 
?xed to a stationary member of said device, 

the other end of said leaf spring being bifurcated, 
the bifurcated portions of said leaf spring being ex 
tended laterally of said plunger away from said 
?xed one end, 

second leaf springs being ?xed to the leading ends of 
said bifurcated portions and extended toward said 
?xed one end of said ?rst leaf spring, 

the leading ends of said second leaf springs support 
ing said plunger. 

9. A device as set forth in claim 6 wherein 
said spring means having adjusting means of reaction 
force thereof. , ' 

tit >t< it: it‘ a 


