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The present invention becomes possible to employ a main 
microprocessor with a relatively lower number of input ports, 
whereby while maintaining the performance and function of 
a water heater, the cost of a control apparatus is cut down. 
Some of sensors, adapted for measurement of various param 
eters which are for use in operational control of the water 
heater and in need of immediate response, are connected to a 
main microprocessor 31. The other sensors that are not in 
need of an immediate response, Such as an ambient tempera 
ture sensor 36, are connected only to a sub microprocessor 32 
if the main microprocessor 31 does not have any extra analog 
signal input port. The Sub microprocessor converts an analog 
signal from the sensor 36 which is connected only to the sub 
microprocessor into digital data. And the Sub microprocessor 
transmits the digital data to the main microprocessor through 
communication therewith. 
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CONTROL APPARATUS FORWATER 
HEATER 

TECHNICAL FIELD 

0001. The present invention relates to a control apparatus 
for a water heater. 

BACKGROUND ART 

0002. A typical conventional control apparatus for use 
with a water heater is provided with a microprocessor as its 
central control section. The microprocessor controls opera 
tions on various actuators including a gas Solenoid valve for 
switching of the supply of fuel gas between ON and OFF 
states, a proportional valve for regulation of the Supply 
amount of fuel gas, a fan motor for regulation of the Supply 
amount of combustion air, a water flow rate control valve for 
regulation of the Supply amount of hot water and other like 
actuating means. 
0003. PCT Publication No. WO 2006/080223 is intended 
for achieving improvement in Safety of the operational con 
trol of Such a water-heater control apparatus, and it discloses 
a control apparatus which has a main microprocessor and a 
Sub microprocessor whose performance is lower than that of 
the main microprocessor. In the water-heater control appara 
tus, the detection signals from all of sensors are fed to both of 
these microprocessors. In this control apparatus, the main 
microprocessor executes control to Supply hot water by the 
water heater, whereas the sub microprocessor executes con 
trol urgently to shut off fuel Supply in stop conditions less 
severe as compared to the main microprocessor. In addition, 
generally, a microprocessor is equipped with analog signal 
input ports at which analog detection signals from various 
sensors are input, communication ports for establishing inter 
communication with the other microprocessors and output 
ports from which control signals are output to various actua 
tOrS. 

0004. In addition, for example, as disclosed in the JP-A- 
2007-322004, this type of water heater has a built-in freeze 
prevention heater for freeze prevention, and the control appa 
ratus controls the heater for freeze prevention. Such freeze 
prevention control is achieved based on the detection signal 
from a specific temperature sensor adapted for measurement 
of the ambient temperature (e.g. the outside air temperature or 
the temperature of the inner space of the water heater), the 
combustion casing temperature or other like temperature. 

SUMMARY OF INVENTION 

Technical Problem 

0005. In the case that such freeze prevention control is 
executed by the control apparatus disclosed in said PCT Pub 
lication No. WO 2006/080223, it is required that the sensor 
Such as an ambient temperature sensor should feed an analog 
detection signal for use in freeze prevention control to the 
analog signal input port of the main microprocessor. How 
ever, the main microprocessor is limited in the number of 
analog signal input ports (for example, eight ports for the case 
of a microprocessor with a total of 64 pins). In addition, in 
order to meet the demand for cost reduction from the market, 
if more inexpensive microprocessors are employed, this will 
result in further limiting the number of analog signal input 
ports of the microprocessor. Consequently, all of the analog 
signal input ports are occupied by the various sensors adapted 
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for basic hot-water Supply control operations, and it becomes 
impossible to input an analog detections signal from the sen 
sor Such as an ambient temperature sensor for freeze preven 
tion control to the main microprocessor. 
0006. On the other hand, when compared to the param 
eters for use in hot-water Supply control operations (i.e., the 
temperature of hot water, the state of combustion, the speed of 
rotation of the fan motor and other like parameter), the ambi 
ent temperature which is detected by the ambient temperature 
sensor varies slowly according to the variation in Sunshine 
condition or according to the variation in weather. Therefore, 
unlike the hot-water Supply control, immediate responsive 
ness is not required in the freeze prevention control executed 
based on the ambient temperature. 
0007. Therefore, the technical problem to be solved with 
respect to the conventional hot-water control apparatus is to 
achieve improvement in the route through which the detec 
tion values from the sensors adapted for measurement of 
parameters of non-immediate responsiveness (i.e., param 
eters which are not in need of an immediate response) are 
input to a main microprocessor, whereby to allow for employ 
ment of a main microprocessor with a relatively low number 
of input ports So that the cost of the control apparatus is cut 
down while maintaining the performance and function of the 
water heater. 

Solution to Problem 

0008. The present invention relates to a control apparatus 
for a water heater. The control apparatus has a plurality of 
sensors for measurement of various parameters for opera 
tional control on said water heater. The apparatus further has 
a controller for controlling said water heater upon analog 
detection signals output from said plural sensors. The con 
troller includes a primary microprocessor with analog signal 
input ports and a secondary microprocessor with at least one 
analog signal input port, the secondary microprocessor being 
intercommunicable with said primary microprocessor. And, 
the water-heater control apparatus according to the present 
invention has the following characteristic features. 
0009. In the present invention, at least one of the plural 
sensors serves to measure a non-immediate responsive 
parameter that is not in need of immediate response by said 
controller. The sensor adapted for measurement of the non 
immediate responsive parameter outputs the analog detection 
signal which is not input to any analog signal input ports of 
the primary microprocessor, but is input only to the analog 
signal input port of the secondary microprocessor. The others 
of the plural sensors output the analog detection signals 
which are input at least to the analog signal input ports of the 
primary microprocessor. The secondary microprocessor is 
configured to convert the analog detection signal input only to 
the analog signal input port thereof into digital data and to 
transmit the digital data to the primary microprocessor 
through communication with the primary microprocessor. 
0010. According to the water-heater control apparatus, the 
primary microprocessor, into which the analog detection sig 
nals from other than the aforesaid one sensor adapted for 
measurement of a non-immediate responsive parameter are 
input directly via the analog signal input ports thereof, con 
trols various operations in need of an immediate response 
based on these detection signals. On the other hand, the sec 
ondary microprocessor is connected to the aforesaid one sen 
sor adapted for non-immediate responsive parameter mea 
Surement, and the analog detection signal from the aforesaid 
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one sensor is input at the analog signal input port of the 
secondary microprocessor. Since no analog detection signal 
from the aforesaid one sensor is input to any analog signal 
input port of the primary microprocessor, this makes it pos 
sible to reduce the number of analog signal input ports of the 
primary microprocessor, whereby as the primary micropro 
cessor, an inexpensive primary microprocessor can be 
employed thereby achieving reduction in product cost. On the 
other hand, the analog detection signals input at the analog 
signal input port of the secondary microprocessor are con 
Verted into digital data in the secondary microprocessor, 
thereafter being transmitted, as digital data (in the form of 
signals relating to the digital data) to the primary micropro 
cessor through communication with the primary micropro 
cessor So that they can be used as data for use in various 
control operations in the primary microprocessor. Such inter 
communication between the primary microprocessor and the 
secondary microprocessor is established by periodical com 
munication made at intervals in the range from several hun 
dreds of milliseconds to several seconds, and without appli 
cation of an excessive load to each microprocessor, it is 
possible to transmit digital data corresponding to the analog 
detection signals input only to the secondary microprocessor 
to the primary microprocessor. Even in this case, the water 
heater is not reduced in its performance and functionality, 
since the analog detection signals fed to the secondary micro 
processor are for measurement of non-immediate responsive 
parameters which are not in need of an immediate response. 
0011. In addition, similar to the control apparatus 
described in WO 2006/080223, it may be possible to employ 
Such a configuration that the analog detection signals of the 
sensors which are fed to the primary microprocessor are also 
fed in parallel to the analog signal input ports of the secondary 
microprocessor, and furtherit may be configured such that the 
secondary microprocessor independently executes an urgent 
interrupt operation in a stop condition less severe or equal to 
the control condition in the primary microprocessor. Further 
more, in this case, it may be configured such that based on the 
analog detection signals fed to both of the primary micropro 
cessor and the secondary microprocessor, the decision of 
whether each signal value is abnormal or not is made. To Sum 
up, in the secondary microprocessor, the analog detection 
signal fed thereto is converted into digital data, and the digital 
data is transmitted to the primary microprocessor through 
communication with the primary microprocessor, while in 
the primary microprocessor, there is made a comparison 
between the digital data converted from the aforesaid analog 
detection signal fed at its analog signal input port and the 
digital data transmitted from the second microprocessor So 
that the decision of whether each signal value is normal is 
made. 

0012. In the water-heater control apparatus, the primary 
microprocessor and the secondary microprocessor may be 
configured to performan intercommunication normality veri 
fying process at least when power is turned on which verify 
whether the intercommunication between the primary micro 
processor and the secondary microprocessor is normal. The 
secondary microprocessor may be configured to start trans 
mission of the digital data from the secondary microprocessor 
to the primary microprocessor after the intercommunication 
is verified to be normal by the intercommunication normality 
Verifying process. And, the primary microprocessor may be 
configured to control a predetermined operation based on the 
digital data received through communication with the sec 
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ondary microprocessor. According to this configuration, it is 
not until the intercommunication between the primary micro 
processor and the secondary microprocessor is verified to be 
normal intercommunication by the intercommunication nor 
mality verifying process that a predetermined control opera 
tion is performed based on the digital data transmitted from 
the secondary microprocessor to the primary microprocessor, 
and after the intercommunication between the primary micro 
processor and the secondary microprocessor is verified to be 
normal intercommunication, the predetermined control 
operation is carried out based on the digital data received 
through communication with the secondary microprocessor, 
whereby even if when power is turned on, the default of the 
Volatile memory in the microprocessor that stores digital data 
indicates an abnormal value to serve as a control parameter, it 
is possible to avoid execution of a predetermined control 
operation based on Such an abnormal value. 
0013. In addition, in the water-heater control apparatus, it 

is possible to employ, as an at least one sensor for measure 
ment of the aforesaid non-immediate responsive parameter, 
an ambient temperature sensor. This ambient temperature 
sensor may be either a thermistor disposed in the internal 
space (housing internal space) of the water heater or an out 
side air temperature sensor adapted for detection of the tem 
perature of air outside the water heater. 
0014. In addition, in the water-heater control apparatus, 
the primary microprocessor may be configured to control a 
predetermined hot water supply operation and a predeter 
mined freeze prevention operation. At least some of said 
sensors may serve to measure an immediate responsive 
parameters that are in need of immediate response by said 
controller for controlling said hot water Supply operation. All 
of said analog detection signals from said some sensors may 
be input into said analog signal input ports of said primary 
microprocessor. The non-immediate responsive parameter 
may be used for controlling said freeze prevention operation. 
According to this configuration, the analog detection signals 
from all of the sensors for measurement of parameters which 
are in need of an immediate response and necessary for con 
trol of the hot-water Supply are input to the primary micro 
processor, whereby based on these analog detection signals, 
hot-water Supply control in need of a more immediate 
response, such as control of the position of a gas proportional 
valve adapted for adjustment of the combustion capacity of a 
combustor, control of the closing of a main gas Solenoid valve 
for execution of an urgent interrupt operation or control of the 
speed of rotation of a combustion fan for achieving an opti 
mum combustion state, can be achieved promptly and 
adequately. On the other hand, the analog signal from the 
sensor that measures a parameter which is not in need of an 
immediate response but necessary for execution of the freeze 
prevention control is input only at the analog signal input port 
of the secondary microprocessor. Even in this case, no prob 
lems are caused even if the response speed of the non-imme 
diate responsive parameter is extremely slower relative to the 
response speed required for execution of the hot-water Supply 
control, and by transmission of the non-immediate responsive 
parameter as digital data from the secondary microprocessor 
to the primary microprocessor at the time of periodical inter 
communication between the primary microprocessor and the 
secondary microprocessor, the primary microprocessor can 
utilize the digital data as a freeze prevention control param 
eter. 
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0015 Finally, if a water heater is so configured as to 
include a control apparatus of the type as described above, 
this makes it possible for the water heater to achieve the 
foregoing advantageous operation/working effects. 

BRIEF DESCRIPTION OF DRAWINGS 

0016 FIG. 1 is a general configuration diagram schemati 
cally illustrating a water heater according to an embodiment 
of the present invention. 

DESCRIPTION OF EMBODIMENTS 

0017. Hereinafter, preferred embodiments of the present 
invention will be described with reference to the drawing 
figures. 
0018 Referring to FIG. 1, there is shown a water heater 1 
according to an embodiment of the present invention. The 
water heater 1 is of the high-efficiency type and is outdoor 
equipment. The water heater 1 has a housing 2 in which is 
contained a combustion casing 3. In the combustion casing 3. 
there is disposed at its upstream-most position (the lowermost 
part in the example shown in the figure) an air Supply fan 4. 
Provided sequentially in an upstream direction from the air 
Supply fan 4 to an exhaust gas outlet port 5 situated at the 
downstream-most position are: a combustor 6 composed of a 
plurality of burners that burn fuel (gas fuel or petroleum 
based fuel) upon receipt of combustion air from the air Supply 
fan 4; a primary heat exchanger 7 that heats a flow of water by 
heat exchange with combustion heat (sensible heat) from the 
combustor 6; and a secondary heat exchanger 8 that preheats, 
by recovery of latent heat from the combustion exhaust gas 
after heating of the primary heat exchanger 7, a flow of water 
before heating in the primary heat exchanger 7. 
0019 Connected to the inlet port of the secondary heat 
exchanger 8 is the downstream end of a water flowing-in 
passage 10 into which water Such as tap water Supplied from 
a water Supply connection port 9 flows. And, after passage 
through the secondary heat exchanger 8, the water Supplied is 
fed, through the outlet port of the secondary heat exchanger 8 
and then through a connection passage 11, to the inlet port of 
the primary heat exchanger 7. Next, the hot water as a result 
of heating by heat exchange in the primary heat exchanger 7 
is delivered to a hot water flowing-out passage 12, and the hot 
water thus delivered is supplied from a hot water flowing-out 
connection port 13 to hot water Supply faucets in the kitchen, 
the wash-basin, the bath room shower etcetera by way of an 
external hot water Supply line. 
0020. In addition, the air supply fan 4 has a fan motor (not 
shown) and a rotation speed sensor 4a for detection of the fan 
rotating speed. Disposed along the water flowing-in passage 
10 area water volume sensor 14 for detection of the volume 
offlowing-in water and a flowing-in water temperature sensor 
15 for detection of the temperature of flowing-in water. Dis 
posed along the hot water flowing-out passage 12 area water 
volume regulating valve 16 for regulation of the volume of 
flowing-out hot water and a flowing-out hot water tempera 
ture sensor 17 for detection of the temperature of flowing-out 
hot water. 
0021. In addition, there is disposed in the interior of the 
housing 2 a condensate water neutralizer 18. By the conden 
sate water neutralizer 18, it becomes possible that after neu 
tralization of condensate water recovered from the secondary 
heat exchanger 8 in the combustion casing 3, the neutralized 
condensate water is discharged to a drain outlet port 19. 
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0022 Disposed in the vicinity of the upper side of the 
combustor 6 in the housing 2 are a spark plug 20 and a burner 
safety device (flame rod) 21. In addition, there is disposed 
inside the exhaust gas outlet port 5 of the combustion casing 
3 an exhaust gas temperature sensor 22. The exhaust gas 
temperature sensor 22 is provided to monitor the temperature 
of exhaust gas so that the exhaust gas temperature at the 
exhaust gas outlet port 5 will not exceed a predefined tem 
perature. In addition, the exhaust gas temperature sensor 22 
also serves to monitor whether or not an ambient temperature 
falls downto Sucha degree that causes problems with freezing 
of the inside of the combustion casing 3 or the start-up of 
combustion by the spark plug 20 due to flowing-in of cold 
outside air through the exhaust gas outlet port 5 when the 
combustion operation is brought to a stop, particularly in cold 
climates. 

0023 The combustor 6 is separated into a plurality of 
combustion regions, and the fuel gas, Supplied from a gas 
Supply port 23 by way of a gas Supply conduit line 24, is fed 
to the burners of the combustion regions through capacity 
Switching gas Solenoid valves 25 disposed respectively in the 
combustion regions. Disposed along the gas Supply conduit 
line 24 area main gas Solenoid valve 27 and a gas proportional 
valve 26 for regulation of the flow rate of fuel gas. 
0024. In addition, a controller unit 30 is disposed inside 
the housing 2. The controller 30 executes control of the Sup 
ply of hot water by controlling, based on the parameters 
detected by the foregoing sensors, the actuators of the water 
heater 1, namely the air supply fan 4, the water Volume 
regulating valve 16, the sparkplug 20, the capacity-switching 
gas solenoid valve 25, the main gar solenoid valve 27 and the 
gas proportional valve 26. The controller unit 30, which may 
have a basic configuration similar to the basic configuration 
of the controller described in WO 2006/080223, comprises a 
control Substrate on which are mounted a main microproces 
Sor 31 serving as a primary microprocessor which is a rela 
tively high-performance and expensive microprocessor and a 
Sub microprocessor 32 as a secondary microprocessor which 
is a relatively low-performance and inexpensive micropro 
cessor. And, these microprocessors 31, 32 are communicably 
connected with each other. 
0025. The microprocessors 31,32 each have a power input 
port, a plurality of analog signal input ports, one or more 
digital communication port(s) and a plurality of control signal 
output ports. In addition, each microprocessor 31, 32 has a 
built-in A/D convertor section for converting an analog signal 
input at each analog signal input port into digital data. It 
should be noted that the number of analog input ports and the 
number of control signal output ports in the Sub microproces 
Sor 32 are less than the number of analog signal input ports 
and the number of control signal output ports in the main 
microprocessor 31, respectively. 
0026. All of the actuators are connected, either directly or 
indirectly via their respective driving circuits, to their respec 
tive corresponding control signal output ports of the main 
microprocessor 31 whereby their operations are controlled by 
the main microprocessor 31. Additionally, in order to enable 
the Sub microprocessor 32 to bring the combustion operation 
to an urgent stop independently of the main microprocessor 
31, it may be arranged such that some of the actuators includ 
ing the main gas Solenoid valve 27 are connected, either 
directly or indirectly via their respective driving circuits, to 
their respective corresponding control signal output ports of 
the sub microprocessor 32. 
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0027. The rotation speed sensor 4a, the water volume sen 
sor 14, the flowing-in water temperature sensor 15, the flow 
ing-out hot water temperature sensor 17, the burner safety 
device 21 and the exhaust gas temperature sensor 22 serve to 
measure various parameters used for control of the Supply of 
hot water, and each sensor measures a parameter and then 
outputs an analog detection signal according to the parameter. 
In the present embodiment, the analog detection signals of all 
of the sensors are connected to their respective corresponding 
analog input ports of the main microprocessor 31 while on the 
other hand the analog detection signals of some of the sensors 
necessary for making a decision to bring the combustion 
operation to an urgent stop are also parallelly input to their 
respective corresponding analog signal input ports of the Sub 
microprocessor 32, and these analog detection signals are 
converted into digital data for use in the hot water Supply 
control program. It may be configured such that the main 
microprocessor 31 is in charge of controlling, based on the 
detection values from these sensors, the general hot-water 
Supply operation by executing operational control of each 
actuator, while on the other hand the sub microprocessor 32 
brings the combustion operation to an urgent stop in a stop 
condition less severe relative to that of the main microproces 
Sor 31, for example, when the temperature of exhaust gas or 
the temperature of hot water supplied is in an overheated 
state. The main microprocessor 31 and the Sub microproces 
sor 32 may provide suitable control other than the above. 
0028. Further, the water heater 1 of the present embodi 
ment has a function that prevents the occurrence of freezing. 
In other words, disposed in the water heater 1 are a heater 33 
for preventing the occurrence of freezing in the vicinity of the 
combustion casing 3 due to a backflow of cold air from the 
exhaust gas outlet port 5, and heaters 34a, 34b for preventing 
the occurrence of freezing in the inside of the devices other 
than the combustion casing 3 including the condensate water 
neutralizer 18, the water flowing-in passage 10 and the hot 
water flowing-out passage 12. In the example shown in FIG. 
1, the heater 33 for preventing the combustion casing 3 from 
freezing and the heaters 34a, 34b for preventing the other 
devices from freezing are electrically connected in series, and 
these heaters are in connection with a power circuit section 35 
which is ON/OFF-controlled by the main microprocessor 31. 
0029. In addition, an F-point thermistor 36 which is an 
ambient temperature sensor adapted for measurement of the 
temperature of the devices other than the combustion casing 3 
is disposed in the interior of the housing 2. The analog detec 
tion signal of the F-point thermistor 36 is fed only to the 
analog signal input port of the Sub microprocessor 32. That is, 
the analog detection signal of the F-point thermistor 36 is not 
connected to any of the analog signal input ports of the main 
microprocessor 31. It is configured Such that when they are in 
operation, the main microprocessor 31 and the Sub micropro 
cessor 32 communicate with each other at intervals of a 
predetermined period of time in the range from several hun 
dreds of microseconds to several seconds, whereby all of the 
parameters including the ambient temperature digital data 
detected by the F-point thermistor 36 which are acquired by 
the sub microprocessor 32 are transmitted in the form of 
digital signals to the main microprocessor 31. By Such com 
munication, the ambient temperature data as a result of digital 
conversion of the analog detection signal of the F-point ther 
mistor 36 is sent to the main microprocessor 31 so that based 
on Such data, the main microprocessor 31 executes control to 
prevent the occurrence of freezing. 
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0030. Such freeze prevention control by the main micro 
processor 31 is optional. For example, if it is detected that 
either the detection value of the F-point thermistor 36 is less 
thana predetermined temperature or the detection value of the 
exhaust gas temperature sensor 22 is less than a predeter 
mined value, then not only the heaters 33, 34a, 34b but also 
the air Supply fan 4 is turned on for a predetermined length of 
time (for example, 50 minutes). As a result of Such arrange 
ment, heat from the casing freeze prevention heater 33 can be 
delivered to the overlying heat exchangers 7, 8, whereby to 
prevent the water held in the heat exchangers 7, 8 from freez 
1ng. 

0031. However, no communication is established between 
the main microprocessor 31 and the sub microprocessor 32 
when power is turned on. Consequently the main micropro 
cessor 31 is being incapable of receiving any ambient tem 
perature digital data corresponding to the detection signal of 
the F-point thermistor 36. Therefore, the following may take 
place: the main microprocessor 31 executes control assuming 
that “0x00 (hexadecimal notation) that is the default of the 
volatile memory of the main microprocessor 31 is a value of 
the ambient temperature digital data, and if this default falls 
within the range of the freeze prevention operation start-up 
condition, this may result in execution of an unnecessary 
freeze prevention operation for a predetermined length of 
time when power is turned on. In order to avoid execution of 
Such an unnecessary freeze operation, it is configured Such 
that an intercommunication normality verifying process for 
verifying whether the main microprocessor 31 and the sub 
microprocessor 32 normally communicate with each other 
when power is turned on. The content of the intercommuni 
cation normality Verifying process may be optional. For 
example, the main microprocessor 31 sends given data with a 
checksum to the sub microprocessor 32. The sub micropro 
cessor 32 checks the checksum, and if normal, then the sub 
microprocessor 32 sends given data with a checksum to the 
main microprocessor 31. The main microprocessor 31 checks 
the predetermined data against the checksum, and if normal, 
then it can be decided that the intercommunication is nor 
mally established. On the other hand, if either the sub micro 
processor 32 or the main microprocessor 31 verifies that there 
is a mismatch with respect to the checksum, then it is decided 
that the intercommunication is not normally established. And, 
the user is notified of such an intercommunication error via a 
remote controller (not shown). And, it is configured Such that 
until it is verified that the intercommunication is established 
normally, the main microprocessor 31 will not execute any 
freeze prevention control based on the detection value (ambi 
ent temperature digital data) of the F-point thermistor 36, but 
will execute, based only on the detection value from the 
exhaust gas temperature sensor 22, ON/OFF control on the 
heaters 33, 34a, 34b. 
0032. In addition, in order to prevent an erroneous deci 
sion regarding the abnormal communication, a predeter 
mined length of time for verifying whether the intercommu 
nication is abnormal (for example, 5 minutes), and it is 
preferred that if the decision that the intercommunication is 
normal is not yet made even after the intercommunication 
normality verifying process is carried out repeatedly before 
the verification time has elapsed, it is finally decided that the 
intercommunication is abnormal. In this case, no ambient 
temperature digital data is sent from the Sub microprocessor 
32 until it is decided that the intercommunication is definitely 
abnormal, as a result of which no freeze prevention control 
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based on the data is executed. This, however, produces the 
possibility that the water flowing-in passage 10 and the hot 
water flowing-out passage 12 may become frozen and dam 
aged. To cope with this, in the case that the aforesaid verifi 
cation time for deciding whether the intercommunication is 
abnormal is set, preferably it is configured such that there is 
provided inside or outside the main microprocessor 31 a 
non-volatile memory readable and writable by the main 
microprocessor 31, and the ambient temperature digital data 
sent from the Sub microprocessor 32 to the main micropro 
cessor 31 is stored and held in the non-volatile memory by the 
main microprocessor 31. This makes it possible for the main 
microprocessor 31 to make reference to the stored ambient 
temperature digital data acquired when the intercommunica 
tion was normal, even during an elapse of the verification time 
taken for intercommunication abnormality decision, and it is 
preferred that before the ambient temperature digital data is 
actually received from the sub microprocessor 32, a freeze 
prevention control operation is carried on the heaters 33,34a, 
34b based on the ambient temperature digital data acquired 
when the intercommunication was normal. And, upon receipt 
of the ambient temperature digital data from the sub micro 
processor 32 after establishment of the intercommunication, 
the data stored in the no-Volatile memory is updated accord 
ingly. 
0033. Furthermore, if it is definitely verified that the inter 
communication is in an abnormal state, the detection value of 
the F-point thermistor 36 will remain unknown for a long 
time. Therefore, it can be configured such that the heaters 33, 
34a, 34b are forcibly turned on. 
0034. It should be noted that the present invention is not 
limited to the embodiment described above. Therefore, it is 
optional that the present invention may be modified in design. 
For example, the foregoing embodiment is configured Such 
that the heater 33 for freeze prevention of the combustion 
casing 3 and the heaters 34a, 34b for freeze prevention of the 
other devices are connected in series so that the freeze pre 
vention operation is carried out if either the condition for 
freeze prevention of the inside of the combustion casing 3 or 
the condition for freeze prevention of the other devices is 
held. Alternatively, it is possible that by the arrangement that 
the systems for power Supply to the respective heaters are 
provided independently, whereby each heater is ON-OFF 
controlled based on its respective own condition. In addition, 
it is arranged Such that in the foregoing embodiment, the 
casing freeze prevention condition is judged based on the 
exhaust gas temperature sensor 22. Alternatively, however, it 
is possible that the casing freeze prevention condition may be 
judged based on the flowing-out hot water temperature sensor 
17. 

0035. In addition, the communication normality verifying 
process is carried out by Such a procedure: the main micro 
processor's 31 transmission=>the sub microprocessor's 32 
reception=>the sub microprocessor's 32 transmission=>the 
main microprocessor's 31 reception. Alternatively, it may be 
arranged such that the main microprocessor 31 makes a deci 
sion whether the intercommunication is normal just by the 
following procedure: the sub microprocessor's 32 
transmission >the main microprocessor's 31 reception. 
0036. In addition, the foregoing embodiment is configured 
such that in the case that the verification time taken for inter 
communication abnormality decision is set, the main micro 
processor 31 directs the non-volatile memory to store and 
hold the ambient temperature data sent from the sub micro 
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processor 32. Alternatively, instead of such a non-volatile 
memory, RAM may be employed. 
0037. Furthermore, various communication formats may 
be employed as a communication format used at the time of 
transmission of a signal relating to the digital data from the 
Sub microprocessor 32 as a secondary microprocessor to the 
main microprocessor 31 as a primary microprocessor through 
communication with the main microprocessor 31. 

1. A control apparatus for a water heater, said water-heater 
control apparatus comprising: a plurality of sensors for mea 
Surement of various parameters for operational control on 
said water heater; and a controller for controlling said water 
heater upon analog detection signals output from said plural 
sensors, said controller comprising a primary microprocessor 
with analog signal input ports and a secondary microproces 
Sor with at least one analog signal input port, the secondary 
microprocessor being intercommunicable with said primary 
microprocessor, wherein: 

at least one of said plural sensors serves to measure a 
non-immediate responsive parameter that is not in need 
of immediate response by said controller; 

said at least one sensor adapted for measurement of said 
non-immediate responsive parameter outputs said ana 
log detection signal which is not input to any analog 
signal input ports of said primary microprocessor, but is 
input only to said analog signal input port of said sec 
ondary microprocessor; 

the others of said plural sensors output said analog detec 
tion signals which are input at least to said analog signal 
input ports of said primary microprocessor, and 

said secondary microprocessor is configured to convert 
said analog detection signal input only to said analog 
signal input port thereof into digital data and to transmit 
said digital data to said primary microprocessor through 
communication with said primary microprocessor. 

2. The water-heater control apparatus as set forth in claim 
1, wherein: 

said primary microprocessor and said secondary micropro 
cessor are configured to performan intercommunication 
normality Verifying process at least when power is 
turned on which verify whether the intercommunication 
between said primary microprocessor and said second 
ary microprocessor is normal; 

said secondary microprocessor is configured to start trans 
mission of said digital data from the secondary micro 
processor to said primary microprocessor after said 
intercommunication is verified to be normal by said 
intercommunication normality verifying process; and 

said primary microprocessor is configured to control a 
predetermined operation based on said digital data 
received through communication with said secondary 
microprocessor. 

3. The water-heater control apparatus as set forth in claim 
1, wherein said at least one sensor adapted for measurement 
of said non-immediate responsive parameter is an ambient 
temperature sensor. 

4. The water-heater control apparatus as set forth in claims 
1, wherein said primary microprocessor is configured to con 
trol a predetermined hot water Supply operation and a prede 
termined freeze prevention operation; 

at least Some of said sensors serve to measure an immediate 
responsive parameters that are in need of immediate 
response by said controller for controlling said hot water 
Supply operation; 
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all of said analog detection signals from said some sensors 
are input into said analog signal input ports of said 
primary microprocessor, and 

said non-immediate responsive parameter is used for con 
trolling said freeze prevention operation. 

5. A water heater comprising a water-heater control appa 
ratus as set forth in claim 1. 

6. A water heater comprising a water-heater control appa 
ratus as set forth in claim 2. 

7. A water heater comprising a water-heater control appa 
ratus as set forth in claim 3. 

8. A water heater comprising a water-heater control appa 
ratus as set forth in claim 4. 

k k k k k 
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