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(54) CONTROL METHOD OF ELECTRONIC CONTROL THERMOSTAT

(57) The present invention performs cooling water
temperature control appropriately and efficiently in ac-
cordance with the load of an automobile engine, is su-
perior in terms of responsiveness and stability, prevents
the generation of overshooting, hunting, and so forth,
and permits a greater improvement in the automobile
fuel consumption. When the engine cooling water tem-
perature is controlled from a first set temperature (high
temperature) to a lower second set temperature (low
temperature), or, conversely, from the second set tem-
perature to the first set temperature, the radiator thermal
radiation amount when stabilized at the low set temper-

ature or high set temperature is predicted rather than
detection of the cooling water temperature being per-
formed, so that temperature hunting does not occur, and
cooling water temperature control is performed by con-
trolling the electronically controlled thermostat in ac-
cordance with this predicted value. Engine heat gener-
ation correction, water pump rotation speed correction,
radiator outlet water temperature correction, and valve
nonlinear correction are also performed during this cool-
ing water temperature control.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a control
method for an electronically controlled thermostat that
is used to control the temperature of cooling water in an
engine cooling system that variably sets the cooling wa-
ter temperature in accordance with the load of the inter-
nal combustion engine (called the 'engine' hereinafter)
employed in an automobile or the like.

BACKGROUND ART

[0002] A water-cooling type cooling device that em-
ploys a radiator is generally used in an automobile en-
gine in order to cool same. Further, conventionally, with
the object of improving the fuel consumption of the au-
tomobile, this type of cooling device employs a control
valve, such as a thermostat, for example, for adjusting
the amount of cooling water circulated to the radiator so
as to permit control of the temperature of the cooling
water introduced to the engine. Known examples of
such thermostats include those which employ a thermal-
ly expanding body as a temperature sensor or those
which are electrically controlled, and so forth.
[0003] A thermostat of this kind is constituted such
that the valve portion thereof is interposed in part of a
cooling water passage such that when the cooling water
temperature is low, the valve portion is closed so that
cooling water is circulated via a bypass passage without
passing through the radiator, and, when the cooling wa-
ter temperature is high, the temperature of the cooling
water can be controlled to the required state by closing
the valve portion so that the cooling water is circulated
via the radiator.
[0004] Further, it is generally known that the fuel con-
sumption of the automobile is improved by reducing the
cooling water temperature when the engine is running
with a high load and raising the cooling water tempera-
ture when the load is low.
[0005] In view of this situation, most recently, elec-
tronic-control type valves, that is, electronically control-
led thermostats have been widely adopted in order to
provide the optimum water temperature for improving
automobile fuel consumption. Such an electronically
controlled thermostat controls the cooling water temper-
ature by optionally controlling the opening ratio of the
valve portion and controlling a cooling fan that is at-
tached to the radiator, whereby appropriate control of
the cooling water temperature is possible.
[0006] This is because a control device (engine con-
trol module) that variably controls the above-described
electronically controlled thermostat is capable of per-
forming control also through the addition of detected in-
formation such as information on a variety of parameters
of the engine control unit, such as the cooling water tem-
perature, the outside air temperature, the engine revo-

lution speed, and throttle opening ratio, for example.
[0007] A multiplicity of different types of thermostats
has been proposed conventionally as means for improv-
ing fuel consumption by controlling the cooling water
temperature at the required state.
[0008] For example, Japanese Patent Application No.
10-227215 discloses, as an example of an engine water
temperature control device, a technology according to
which "it is judged whether or not a temperature detect-
ed by a water temperature sensor exceeds a target tem-
perature, and, when this temperature exceeds the target
temperature, the cooling water control valve portion
opens at an opening ratio based on the detected tem-
perature, and, when the opening ratio is above a set val-
ue, the fan motor of the cooling fan is caused to rotate
at a rotation speed that corresponds with the opening
ratio to forcedly cool the radiator cooling water".
[0009] However, the above-described conventional
cooling water temperature control has posed the follow-
ing problems. That is, where the conventional cooling
water temperature control is concerned, unavoidable
problems include the cooling water temperature control
being performed unnecessarily due to problems such
as responsiveness, the target temperature being over-
shot or undershot in attempts to set the cooling water
temperature at the target temperature, and the occur-
rence of futile water temperature changes (so-called
temperature hunting) in repeating the valve operation
many times over until the target temperature is reached,
these problems being the cause of fuel consumption
degradation.
[0010] Further, there is the drawback that, because a
temperature hunting phenomenon caused by an exces-
sive amount of cooling water flowing when the thermo-
stat valve is opened is readily produced, the tracking
and stability of the cooling water temperature are poor
due to this temperature hunting, and therefore the sta-
bilized output when the engine load is high is undesira-
ble.
[0011] There is also the inconvenience that, because
a high water temperature set value is set in considera-
tion of a stable machine due to the above-described
overshooting, high water temperature control up to the
limits of the permitted range cannot be performed.
[0012] There is also the problem that control at a high-
er water temperature cannot be performed because the
stability and tracking of the cooling water temperature
are poor due to the variation in the water temperature
at the radiator outlet and the variation in the radiator flow
rate that is caused by fluctuations in the heat generation
of the engine and in the rotation speed of the water
pump.
[0013] There is also the problem that, because the
cooling fan operates after a transition to a low water tem-
perature when the radiator outlet water temperature is
high has been determined, the operational timing of the
cooling fan is delayed and hence the change to a low
cooling water temperature is delayed.

1 2



EP 1 464 801 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0014] Further, where conventional control is con-
cerned, it is necessary to detect the radiator outlet cool-
ing water temperature in order to make the cooling water
temperature linear or close to the ideal temperature. For
this reason, a water temperature sensor, water temper-
ature switch, or the like, must be provided at the radiator
outlet, and hence costs are high.
[0015] In addition, with the above-described conven-
tional cooling water temperature control, even if control
to establish a set water temperature has been possible
in tests, the actual vehicle is affected by a variety of ex-
ternal factors such as the outside air temperature and
inside cabin temperature, which is associated with a de-
terioration in control. There are therefore also problems
such as it not being possible to obtain ideal results.
[0016] The present invention was conceived in view
of this situation, and has, as an object, to provide a con-
trol method for an electronically controlled thermostat
control method that makes it possible to set the cooling
water temperature appropriately and efficiently in ac-
cordance with the engine load when the engine is run-
ning, that is also superior in terms of responsiveness
and cooling water temperature stability, that appropri-
ately controls the cooling water temperature to a high
water temperature or a low water temperature without
there being the risk of overshooting or undershooting,
temperature hunting, and so forth, and that allows an
improvement in the fuel consumption to be achieved
more reliably and substantially over the whole range of
running states.

DISCLOSURE OF THE INVENTION

[0017] In order to achieve this object, the electronical-
ly controlled thermostat control method according to the
present invention (the invention according to claim 1) is
a control method for an electronically controlled thermo-
stat in an engine cooling system that variably sets the
cooling water temperature in accordance with the load
of an automobile engine, characterized in that, when the
engine cooling water temperature is controlled from a
first set temperature (high temperature, 105°C, for ex-
ample) to a lower second set temperature (low temper-
ature, 80°C, for example), the radiator thermal radiation
amount when stabilized at the second set temperature
is predicted rather than detection of the cooling water
temperature being performed, so that temperature hunt-
ing does not occur; cooling water temperature control is
performed by controlling the electronically controlled
thermostat in accordance with this predicted value; and,
also during this cooling water temperature control, cor-
rection to allow a match between fluctuations in the heat
generation amount of the engine and the thermal radi-
ation amount is performed by calculating the heat gen-
eration amount (referred to below as engine heat gen-
eration correction); correction to cancel fluctuations in
the flow rate caused by fluctuations in the rotation speed
of the water pump is performed by calculating the flow

rate from the rotation speed (referred to below as water
pump rotation speed correction); correction to cancel
fluctuations in the thermal radiation capacity caused by
fluctuations in the radiator outlet cooling water temper-
ature is performed by calculating the outlet cooling water
temperature (referred to below as radiator outlet water
temperature correction); and correction to cancel a non-
linear characteristic is performed by calculating the
opening ratio of the valve portion of the thermostat from
the flow rate (referred to below as valve nonlinear cor-
rection).
[0018] According to the present invention, because,
when the cooling water temperature is controlled at a
low water temperature in order to prevent knocking,
power loss, and so forth when the engine is running with
a high load, there is no temperature hunting or the like,
which was a conventional problem, and the values de-
tected for the cooling water temperature are not fed
back, cooling water temperature control with favorable
tracking and stability can be performed.
[0019] The electronically controlled thermostat con-
trol method according to the present invention (the in-
vention according to claim 2) is a control method for an
electronically controlled thermostat in an engine cooling
system that variably sets the cooling water temperature
in accordance with the load of an automobile engine,
characterized in that, when the engine cooling water
temperature is controlled from a second set temperature
to a higher first set temperature, the radiator thermal ra-
diation amount when stabilized at the first set tempera-
ture is predicted rather than detection of the cooling wa-
ter temperature being performed, so that temperature
hunting and overshooting do not occur; cooling water
temperature control is performed by controlling the elec-
tronically controlled thermostat in accordance with this
predicted value and opening the valve portion before-
hand so that the set temperature is not exceeded, and,
also during this cooling water temperature control, en-
gine heat generation correction, water pump rotation
speed correction, radiator outlet water temperature cor-
rection, and valve nonlinear correction are performed.
[0020] According to the present invention, because,
also when the cooling water temperature is controlled
at a high water temperature in order to reduce oil friction
and so forth when the engine is running with a low load,
there is no temperature hunting or the like, which was a
conventional problem, and the values detected for the
cooling water temperature are not fed back, a water tem-
perature that is as high as is possible can be maintained,
an improvement in the fuel consumption can be imple-
mented, an energy conservation effect is obtained, and
cooling water temperature control with favorable track-
ing and stability can be performed.
[0021] The electronically controlled thermostat con-
trol method according to the present invention (the in-
vention according to claim 3) is characterized by per-
forming prediction control of radiator outlet cooling water
temperature when the radiator outlet cooling water tem-
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perature is detected in claim 1 or 2.
[0022] According to such a constitution, detection
means, such as a water temperature sensor, water tem-
perature switch, or the like, for detecting the radiator out-
let cooling water temperature are not required.
[0023] The electronically controlled thermostat con-
trol method according to the present invention (the in-
vention according to claim 4) is characterized in that,
when the operation of the cooling fan, which is capable
of varying the amount of thermal radiation from the ra-
diator, is controlled in claim 1, 2, or 3, fan estimation
control to operate the cooling fan at the maximum rota-
tion speed is performed unconditionally in accordance
with the engine load amount without detection of the
cooling water temperature and water pump rotation
speed being performed.
[0024] According to such a constitution, the cooling
fan operating time interval is reduced to the required
minimum, and, after judging a high engine load, a water
temperature reduction can be implemented instantly,
whereby an output reduction and knocking can be kept
to a minimum.
[0025] The electronically controlled thermostat con-
trol method according to the present invention (the in-
vention according to claim 5) is characterized in that,
when judging the load of the engine in any one of claims
1 to 4, point-system load judging means are used, and
the timing for a water temperature transition is controlled
by using the load points determined by the load judging
means.
[0026] According to such as constitution, the status of
the engine load can be appropriately grasped, the timing
for a water temperature transition is controlled in accord-
ance with the engine load, cooling water temperature
control, that is, switching between high water tempera-
ture control and low water temperature control can be
appropriately and reliably performed, water temperature
fluctuations are dispensed with, and an output that is
stabilized when the engine is running with a high load
can be implemented, whereby an improvement in the
fuel consumption can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a flowchart that shows an embodiment of
the control method for an electronically controlled
thermostat according to the present invention and
that provides an outline of the water temperature
control performed by this control method;
Fig. 2 is a flowchart that shows a subroutine that
performs processing to calculate high load point Pk
in Fig. 1;
Fig. 3 is a flowchart that shows a subroutine that
performs processing for the PI control + correction
control in Fig. 1;
Fig. 4 is a flowchart that shows a subroutine that

performs processing to calculate the radiator outlet
predicted water temperature Trd in Figs. 1 and 3;
Fig. 5 is a flowchart that shows a subroutine that
performs processing to calculate the open valve
temperature Tco in Fig. 1;
Fig. 6 is a flowchart that shows a subroutine in a
case where the fan control of the radiator cooling
fan is performed by means of DUTY control when
the water temperature control of Fig. 1 is performed;
Fig. 7 is a flowchart that shows a subroutine in a
case where the fan control of the radiator cooling
fan is performed by means of ON/OFF control when
the water temperature control of Fig. 1 is performed;
Fig. 8 shows the relationship of the flow rate of each
passage with respect to the valve rotation angle
when the water temperature control of Fig. 1 is per-
formed;
Fig. 9 shows an image of water temperature control
at the operation control timing of instantaneous wa-
ter temperature tracking control and overshoot can-
cel control; and
Fig. 10 shows an outline of the engine cooling water
system that applies the control method of an elec-
tronically controlled thermostat according to the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0028] Figs. 1 to 10 show an embodiment of the con-
trol method for the electronically controlled thermostat
according to the present invention.
[0029] These figures will first be described below on
the basis of Fig. 10 that shows an outline of the whole
of an automobile engine cooling system that comprises
an electronically controlled thermostat.
[0030] In Fig. 10, 1 is an automobile engine constitut-
ing an internal combustion engine, the cooling water
passage shown by the arrows a, b, and c being formed
within the engine 1.
[0031] 2 is a heat exchanger, that is, a radiator. A cool-
ing water passage 2c is formed, as is common knowl-
edge, in the radiator 2, and a cooling water inlet 2a and
a cooling water outlet 2b of the radiator 2 are connected
to cooling water paths 3 and 4 respectively that allow
cooling water to be circulated between the radiator 2 and
the engine 1.
[0032] These cooling water paths are constituted by
an outflow cooling water path 3 that communicates be-
tween a cooling water outlet 1d provided at the top of
the engine 1, and a cooling water inlet 2a provided at
the top of the radiator 2; and an inflow cooling water path
4 that communicates between a cooling water outlet 2b
provided at the bottom of the radiator 2 and a cooling
water inlet 1e provided at the bottom of the engine 1. In
addition, a bypass water path 5, which is connected so
as to shorten the interval between the cooling water
paths 3 and 4, and a heater passage 6, which is con-
nected in parallel with the bypass water path 5, are pro-
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vided, and a valve unit 10, which constitutes an elec-
tronically controlled thermostat that functions as a water
distribution valve, is provided at the junction of the cool-
ing water path 4 between the bypass water path 5 and
the heater passage 6.
[0033] This valve unit 10 is constituted by a butterfly-
type valve or the like, for example, and is constituted to
allow the flow rate of the cooling water flowing in the
cooling water paths 3 and 4 to be adjusted in accord-
ance with an opening/closing operation performed by an
electric motor (not shown).
[0034] An engine cooling water circulation path is
formed by the engine 1, the radiator 2, the cooling water
paths 3 and 4, and so forth. Further, 6a in the figure de-
notes heating means. Further, although, in this embod-
iment, a passage allowing cooling water to flow to the
throttle body is provided in parallel with the bypass water
path 5 as shown in Fig. 7, a plurality of passages may
also be provided.
[0035] Further, a water temperature sensor 12, such
as a thermistor or similar, for example, is disposed in the
outflow cooling water path 3 that lies close to the cooling
water outlet 1d in the engine 1 (here, one part of the
bypass passage 5 in the same location). The constitu-
tion is such that the values detected by the water tem-
perature sensor 12, that is, information relating to the
engine outlet water temperature, are sent to a control
device (ECU: Engine Control Unit) 11 so as to allow the
flow of cooling water to be suitably controlled in accord-
ance with the running state of the engine 1, and so forth.
[0036] The control device 11 controls a fan motor 9a
of a cooling fan 9 that is attached to the radiator 2 and
forcedly air-cools the cooling water. Further, 8 in the fig-
ure represents a water pump that is provided in the vi-
cinity of the inlet 1e of the cooling water path 4 on the
inflow side of the engine 1.
[0037] Further, although a detailed illustration is not
provided, information indicating the operating state of
each part such as the radiator 1 and the radiator 2 is
also sent to the control device 11.
[0038] In the case of the above constitution, according
to the present invention, the valve unit 10 constituted by
an electronically controlled thermostat is characterized
by performing control that allows an improvement in the
fuel consumption to be achieved more reliably and sub-
stantially over the whole range of running states by suit-
ably controlling the cooling water temperature at the re-
quired state in accordance with the load of the engine 1
when same is running.
[0039] This will be described below by using the flow-
chart in Fig. 1 and subsequent flowcharts.
[0040] Fig. 1 is a main routine for performing control
of the temperature of the engine cooling water. Step S1
involves initial setting in which the high load point Pk is
cleared, the rising temperature flag is set to ON, the op-
eration flag for overshoot cancel control (described sub-
sequently) is set to OFF, the operation flag for instanta-
neous water temperature tracking control (described

subsequently) is set to OFF, and Mioc (saved-set Mi
when data is present) is set to an initial value. Mi denotes
an integrated control amount.
[0041] In steps S2, S4, and S6, it is confirmed whether
or not the respective cooling water temperature Tw is
50°C, 60°C, or the set water temperature Ts+5°C, and
if so, processing moves to steps S3, S5, and S7 respec-
tively, whereupon the thermovalve rotation angle θs
shown in Fig. 8 is set to 0, θ1, and θ4 (fully open) re-
spectively and processing returns to step S2.
[0042] Here, in step S6, in addition to the water tem-
perature condition described above, it is confirmed
whether or not the thermovalve rotation angle θs is
equal to or more than θ3, and whether or not the rotation
of the cooling fan is at a maximum. If all these conditions
are fulfilled, processing moves to step S7, and if not,
processing moves to step S8 in which processing to cal-
culate the high load point Pk shown in Fig. 2 is per-
formed.
[0043] That is, in step S41 in Fig. 2, the engine revo-
lution speed Ne and the throttle opening ratio θth are
obtained, and, in step S42, the high load point Pk is cal-
culated from a load point map on the basis of the engine
revolution speed Ne and the throttle opening ratio θth.
Here, the high load point Pk is determined upon grasp-
ing the total value of the previous 10 points.
[0044] The calculation of the high load point serves to
perform switching to either high water temperature con-
trol or low water temperature control in which the cooling
water temperature control is performed by means of a
load detection method based on a point system, the tim-
ing for a water temperature transition being controlled
by means of load points.
[0045] The processing then returns to step S9 in Fig.
1 and it is judged whether or not the set water temper-
ature Ts is 80°C. If so, a high load is judged and process-
ing moves to step S10, whereupon it is judged whether
or not the Pk is equal to or less than 10 points. Here, if
the Pk is equal to or less than 10 points, the engine load
is high, and when this load state is judged to have con-
tinued, control is performed to switch the cooling water
temperature to low water temperature control.
[0046] After flags such as the set water temperature
Ts flag has been set to a low water temperature control
state in steps S11, S12, and S13, processing returns to
step S2.
[0047] In addition, when it is judged in step S10 that
Pk is equal to or more than 10 points, processing moves
to step S14 and it is judged whether or not the instanta-
neous water temperature tracking operation flag is OFF.
[0048] When it is judged in step S14 that the flag is
OFF, processing moves to step S15 in which the PI con-
trol + correction control shown in Fig. 3 are performed.
Then, once this control has been performed, valve ro-
tation angle control is performed in step S16, whereup-
on processing returns to step S2.
[0049] Here, the PI control + correction control per-
form steps S51 to S63 as shown in Fig. 3. That is, water

7 8



EP 1 464 801 A1

6

5

10

15

20

25

30

35

40

45

50

55

temperature data and other data are obtained and a pro-
portional control amount Mp, an integrated control
amount Mi, a PI control amount M, and so forth, are cal-
culated, and engine heat generation correction is per-
formed in step S58. This engine heat generation correc-
tion is carried out by grasping the engine heat genera-
tion amount and then rendering the amount of heat to
be cooled the control amount M1.
[0050] After the radiator predicted water temperature
Trd has been calculated similarly in step S59, radiator
outlet water temperature correction is performed in step
S60 to restrict the amount of cooling water flowing into
the engine from the radiator outlet.
[0051] Then, after water pump rotation speed correc-
tion has been performed in step S61, valve nonlinear
correction is performed in step S62 and preparations are
made so that the control of the flow rate performed by
the pump, valve, and so forth can be performed for the
required state. Then, once the thermovalve rotation an-
gle θs has been calculated in step S63, processing
moves to step S16.
[0052] When the flag is judged to be ON in step S14
above, processing moves to step S17, and once the
temperature gradient has been confirmed, the flag is set
to OFF in step S18 and processing moves to step S15.
[0053] The calculation of the radiator outlet predicted
water temperature Trd in step S59 above is performed
as shown in Fig. 4. That is, the engine revolution speed
Ne and the throttle opening ratio θth are obtained in step
S71, and the calculation of the engine heat generation
amount We is performed by means of an engine heat
generation map in step S72. Further, a radiator flow rate
Qrd may be calculated by means of a table and Ne cor-
rection and the radiator outlet predicted water tempera-
ture Trd may be calculated in step S74.
[0054] Meanwhile, when it is judged in step S9 above
that the set water temperature Ts is not 80°C, process-
ing moves to step S20 and beyond, whereupon it is
judged whether or not the high load point Pk is larger
than 30, and, if larger, it is judged that the load is high
and that high water temperature control is to be per-
formed. Processing then moves to step S21, whereupon
the set water temperature Ts is set to 80°C, and, after
the instantaneous water temperature tracking control
operation flag has been set to ON in step S22, the
above-described calculation of the radiator outlet pre-
dicted water temperature Trd in Fig. 4 is performed in
step S23 and the integrated control amount Mi is updat-
ed in step S24, and then processing returns to step S2.
[0055] Furthermore, when it is judged in step S20 that
Pk is equal to or less than 30, processing moves to step
S25 and it is judged whether or not the rising tempera-
ture flag is OFF. If so, it is judged in step S26 whether
or not the temperature gradient is equal to or less than
1°C/second or whether or not the water temperature Tw
is equal to or more than 105°C, and, if so, after the over-
shoot cancel control operation flag has been set to OFF
in step S27, PI control + correction control, which are

shown in Fig. 3, are performed in step S28 and valve
rotation angle control is carried out in step S29, where-
upon processing returns to step S2. When it is judged
in step S26 that either condition is not fulfilled, step S27
is bypassed and processing moves to steps S28 and
S29.
[0056] When it is judged in step S25 that the rising
temperature flag is not OFF, processing moves to step
S30 and the open valve temperature Toc is calculated.
The subroutine is shown in Fig. 5. The water tempera-
ture Tw is obtained in step S81, the temperature gradi-
ent is calculated in step S82, the engine revolution
speed Ne is obtained in step S83, and then the open
valve temperature Tco is calculated in step S84, where-
upon processing moves to step S31 of Fig. 1.
[0057] In step S31, the water temperature Tw is ob-
tained, and the water temperature Tw is compared with
the open valve temperature Tco in step S32. If the water
temperature is high, processing moves to steps S33 to
S36 and, after settings have been made in order to per-
form an overshoot cancel control operation or similar,
processing moves to steps S28 and S29. If the water
temperature Tw is low, steps S33 to S26 are bypassed
and processing moves to step S28.
[0058] When control of the cooling fan is performed
by means of DUTY control, the subroutine "fan control"
(during DUTY control) method shown in Fig. 6 is used,
and, when cooling fan control is performed by means of
the ON/OFF method, the subroutine "fan control (during
ON/OFF control) method shown in Fig. 7 is used.
[0059] To explain this further, during the DUTY control
of Fig. 6, it is judged in step S91 whether or not the load
point Pk1 is less than 2, and, if so, processing moves to
step S92, whereupon it is judged whether or not the ther-
movalve opening ratio θs is equal to or more than θ3 in
Fig. 8. Then, if the thermovalve opening ratio θs is equal
to or more than θ3, the fan PI control of step S93 (where
necessary, correction for disturbance caused by the ve-
hicle speed and the wind is added) is performed. If the
thermovalve opening ratio θs is not equal to or more than
θ3, processing moves to step S94 and the fan is
stopped. Further, if Pk1 is equal to or more than 2 in step
S91, an estimation operation so that the cooling fan is
driven at a maximum rotation speed is carried out.
[0060] Further, during the ON/OFF control of Fig. 7,
as shown in step S96, which substitutes step S93 in Fig.
6 above, the fan ON/OFF control is turned ON and OFF
between the set water temperature and the set water
temperature +5°C.
[0061] Here, Fig. 8 is a graph that shows the relation-
ship between the respective flow rates of the main pas-
sage, the bypass passage, and the heater passage with
respect to the thermovalve rotation angle. When the ro-
tation angle is equal to or less than θ2, rapid warming
control is performed; when equal to or more than θ3,
MAX cooling control is performed; and when between
θ2 and θ3, low water temperature control or high water
temperature control is performed.
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[0062] Further, Fig. 9 shows an image of water tem-
perature control at the operation control timing of instan-
taneous water temperature tracking control and over-
shoot cancel control. When the cooling water tempera-
ture is controlled from a high temperature to a low tem-
perature, instantaneous water temperature tracking
control is performed, and when, conversely, the cooling
water temperature is controlled from a low temperature
to a high temperature, overshoot cancel control is per-
formed. Otherwise, PI control (+correction control) is
performed.
[0063] Here, the instantaneous water temperature
tracking control operation is executed as follows. That
is, until, after switching to a low water temperature, the
temperature gradient is equal to or less than -1°C/sec-
ond or equal to or less than the set water temperature
(80°C), the valve is operated without water temperature
feedback. Here, the radiator thermal radiation amount
when stabilized at a low set water temperature (80°C)
is predicted and the valve is operated so that this tem-
perature is maintained. Further, during this control, en-
gine heat generation correction, water pump rotation
speed correction, radiator outlet water temperature cor-
rection, and valve nonlinear correction are performed so
as to permit effective operation and prevent degradation
in the control caused by disturbance.
[0064] In addition, the overshoot cancel control is per-
formed as follows. That is, this control is executed during
a rise in temperature after switching to a high water tem-
perature. The valve is completely closed by PI control
until the valve is opened. Then, the valve is opened in
advance before the set water temperature has been
reached (in the time interval established by the time lag
between the water temperature change and the valve
operation), and the valve is operated without water tem-
perature feedback until the temperature gradient is
equal to or less than 1°C/second or the set temperature
has been reached. Here, the radiator thermal radiation
amount when stabilized at a high set water temperature
(105°C, for example) is predicted and the valve is oper-
ated so that this temperature is maintained. Naturally,
during this interval, engine heat generation correction,
water pump rotation speed correction, radiator outlet
water temperature correction, and valve nonlinear cor-
rection are performed to permit effective operation and
prevent degradation in the control caused by distur-
bance.
[0065] The open valve timing of the overshoot cancel
control above is established as described below. That
is, the time interval (time lag) from the point where the
valve is opened until water temperature feedback takes
place is estimated beforehand, and an overshooting of
the water temperature can be prevented by opening the
valve at a point that precedes the point where the water
temperature Tw reaches the target water temperature
by this time interval. This time interval is inversely pro-
portional to the water pump rotation speed. This is evi-
dent from the fact that a higher pump rotation speed re-

sults in a faster flow speed.
[0066] It goes without saying that the present inven-
tion is not limited to or by the structures described in the
above embodiment, and that the shape, structures, and
so forth, of each of the parts can be suitably changed.
[0067] For example, the electronically controlled ther-
mostat described in the above embodiment has a struc-
ture that allows the target temperature to be set arbitrar-
ily. More specifically, a thermostat that has a structure
comprising a rotary valve that is advantageous in con-
trolling the flow rate, and in which drive is executed by
a step motor, may be employed. However, the thermo-
stat employed is not restricted to this thermostat, an
electronically controlled thermostat permitting optional
temperature control being equally applicable.
[0068] Furthermore, the structures of the other con-
stituent parts, cooling water circulation paths, and so
forth, as well as the numerical values and so forth de-
scribed for each part, are not limited to only those spec-
ified in the drawings, description, and so forth. A variety
of embodiments can be freely adopted. In addition, the
descriptions provided for the respective control above
merely illustrate one example, it being possible to adopt
a variety of embodiments within a range not departing
from the spirit of the present invention.
[0069] Otherwise, the present invention is also effec-
tive in vehicle cooling devices and is equally effective in
fuel cell vehicles, irrespective of whether same have two
or four wheels and so on.
[0070] As the load/point conversion method de-
scribed in Fig. 2, any method is possible as long as the
method permits the load to be calculated by extraction
from a MAP of the engine revolution speed Ne and in-
take load, and then conversion of the result into points
without further processing by multiplying a coefficient by
an airflow output and injection amount.

INDUSTRIAL APPLICABILITY

[0071] With the electronically controlled thermostat
control method according to the present invention as de-
scribed hereinabove, a water temperature state that is
as high as possible can be maintained by preventing un-
necessary water temperature reduction. As a result, fuel
consumption can be considerably improved and futile
operation of the valve, fan motor, and so forth, does not
take place, and therefore an energy saving effect can
also be achieved.
[0072] Further, according to the present invention, the
tracking and stability of the cooling water temperature
are high, whereby an output that is stabilized when the
engine load is high can be implemented.
[0073] In addition, overshooting, undershooting, and
temperature hunting do not occur, and a greater im-
provement in the fuel consumption afforded by the high-
er water temperature is achieved together with an im-
provement in the heater function.
[0074] Further, according to the present invention, af-
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ter it has been judged that the engine load is high, an
instantaneous water temperature drop can be imple-
mented and output reduction and knocking kept to a
minimum, whereby fuel consumption can be improved.
[0075] In addition, because a water temperature sen-
sor is not required at the radiator outlet, a reduction in
costs is feasible.
[0076] Moreover, according to the present invention,
parameters leading to discrepancies between tests and
the actual vehicle are, wherever possible, not used, pa-
rameters that are not readily influenced being used in-
stead, and therefore correction control is superior to
conventional correction control in terms of reproducibil-
ity and superior from the standpoint of controllability.

Claims

1. A control method for an electronically controlled
thermostat in an internal combustion engine cooling
system that variably sets the cooling water temper-
ature in accordance with the load of the internal
combustion engine,

characterized in that,
when the engine cooling water temperature is

controlled from a first set temperature to a lower
second set temperature, the radiator thermal radi-
ation amount when stabilized at the second set tem-
perature is predicted rather than detection of the
cooling water temperature being performed, so that
temperature hunting does not occur;

cooling water temperature control is per-
formed by controlling the electronically controlled
thermostat in accordance with this predicted value;
and,

also during this cooling water temperature
control, correction to allow a match between fluctu-
ations in the heat generation amount of the internal
combustion engine and the radiator thermal radia-
tion amount is performed by calculating the heat
generation amount; correction to cancel fluctua-
tions in the flow rate caused by fluctuations in the
rotation speed of the water pump is performed by
calculating the flow rate from the rotation speed;
correction to cancel fluctuations in the thermal radi-
ation capacity caused by fluctuations in the radiator
outlet cooling water temperature is performed by
calculating the outlet cooling water temperature;
and correction to cancel a nonlinear characteristic
is performed by calculating the opening ratio of the
valve portion of the thermostat from the flow rate.

2. A control method for an electronically controlled
thermostat in an engine cooling system that variably
sets the cooling water temperature in accordance
with the load of the internal combustion engine,

characterized in that,
when the internal combustion engine cooling

water temperature is controlled from a second set
temperature to a higher first set temperature, the
radiator thermal radiation amount when stabilized
at the first set temperature is predicted rather than
detection of the cooling water temperature being
performed, so that temperature hunting and over-
shooting do not occur;

cooling water temperature control is per-
formed by controlling the electronically controlled
thermostat in accordance with this predicted value;
and,

also during this cooling water temperature
control, correction to allow a match between fluctu-
ations in the heat generation amount of the internal
combustion engine and the thermal radiation
amount is performed by calculating the heat gener-
ation amount; correction to cancel fluctuations in
the flow rate caused by fluctuations in the rotation
speed of the water pump is performed by calculat-
ing the flow rate from the rotation speed; correction
to cancel fluctuations in the thermal radiation ca-
pacity caused by fluctuations in the radiator outlet
cooling water temperature is performed by calculat-
ing the outlet cooling water temperature; and cor-
rection to cancel a nonlinear characteristic is per-
formed by calculating the opening ratio of the valve
portion of the thermostat from the flow rate.

3. The electronically controlled thermostat control
method according to claim 1 or 2, characterized in
that, when the radiator outlet cooling water temper-
ature is detected, prediction control of radiator out-
let cooling water temperature is performed.

4. The electronically controlled thermostat control
method according to claim 1, 2, or 3, characterized
in that, when the operation of the cooling fan, which
is capable of varying the amount of thermal radia-
tion from the radiator, is controlled, fan estimation
control to operate the cooling fan at the maximum
rotation speed is performed unconditionally in ac-
cordance with the engine load amount without de-
tection of the cooling water temperature and water
pump rotation speed being performed.

5. The electronically controlled thermostat control
method according to any one of claims 1 to 4, char-
acterized in that, when judging the load of the in-
ternal combustion engine, point-system load judg-
ing means are used, and the timing for a water tem-
perature transition is controlled by using the load
points determined by the load judging means.
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