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WARM-UP CONTROL DEVICE OF HYBRID 
ELECTRIC VEHICLE 

BACKGROUND OF THE INVENTION 

[0001] Applicant’s hereby claim the right of priority, 
under 35 U.S.C. § 119, based on Japanese Application No. 
2000-38602, ?led on Feb. 16, 2000, the entire contents of 
Which are hereby incorporated by reference. 

[0002] 1. Field of the Invention 

[0003] The present invention generally relates to a hybrid 
electric vehicle, and more particularly to a technique for 
Warming up an engine for driving a generator in such a 
vehicle. 

[0004] 2. Description of Related Art 

[0005] In recent years, there has been developed a series 
hybrid vehicle, that is a vehicle equipped With a motor as a 
source of driving force for the vehicle and a secondary 
battery, Which supplies poWer to the motor, that is charged 
by a generator driven by a relatively-small engine. Nor 
mally, the series hybrid vehicle operates the engine to run 
the generator in order to charge the battery if a charging level 
(SOC: state of charge) of the battery is loW. 

[0006] In general, the series hybrid vehicle, hoWever, does 
not alWays charge the battery While the vehicle is running, 
but charges the battery if the engine is cold after being static 
for a long period of time. Therefore, if the engine is cold and 
a large amount of poWer is required to be generated, the 
forcible increase in an engine output increases fuel con 
sumption causing a deterioration in fuel economy and also 
increases oil consumption. This shortens the life of the 
engine. 
[0007] To address this problem, Japanese Patent Provi 
sional Publication No. 5-328528 discloses a device, Which 
raises an engine revolution speed to Warm up an engine used 
to drive a generator When the engine is cold. 

[0008] The rise in the engine revolution speed as disclosed 
in the above publication, hoWever, results in the increase in 
noise and vibration. Moreover, if the engine is cold and is 
not completely smooth, the rise in the engine revolution 
speed results in the damage on each sliding part of the 
engine. The increase in the noise and vibration and the 
damage on each sliding part shorten the life of the engine. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide a Warm-up control device of a hybrid electric 
vehicle, Which Warms up an engine used to drive a generator 
While extending the life of the engine and improving the 
quietness. 
[0010] The above object can be accomplished by provid 
ing a hybrid electric vehicle comprising: a generator being 
rotated by a driving force of an engine to generate poWer and 
supply the poWer to a battery or a motor; a temperature 
sensing device for sensing a temperature of the engine; and 
a Warm-up control device for controlling a load of the 
generator and an output of the engine so as to maintain a 
revolution speed of the engine at a predetermined revolution 
speed, if the temperature of the engine sensed by the 
temperature sensing device is not greater than a set tem 
perature. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The nature of this invention, as Well as other 
objects and advantages thereof, Will be explained in the 
folloWing With reference to the accompanying draWings, in 
Which like reference characters designate the same or similar 
parts throughout the ?gures and Wherein: 

[0012] FIG. 1 is a schematic diagram shoWing a series 
hybrid vehicle, to Which a Warm-up control device of a 
hybrid electric vehicle according to the present invention is 
applied; 
[0013] FIG. 2 is a How chart shoWing a control routine of 
a Warm-up control according to the present invention; and 

[0014] FIG. 3 is a draWing shoWing a relationship 
betWeen a generator revolution speed Ng (=Ne) and a 
generated torque Tg, i.e., load, and shoWing a relationship 
betWeen a load equivalent to a small poWer generation (the 
?rst set load Tg1: black circle) and a load equivalent to a 
medium poWer generation (the second set load Tg2: White 
circle). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] A preferred embodiment of the present invention 
Will be described hereinbeloW. 

[0016] FIG. 1 is a schematic diagram shoWing a series 
hybrid vehicle, to Which a Warm-up control device of a 
hybrid electric vehicle according to the present invention is 
applied. With reference to FIG. 1, there Will noW be 
described the structure of the Warm-up control device of the 
hybrid electric vehicle according to the present invention. 
For eXample, a large vehicle such as an omnibus, Which runs 
at a loW speed in a city, can be such a series hybrid vehicle. 

[0017] As shoWn in FIG. 1, the series hybrid vehicle is 
equipped With a traction motor 10 as a source of driving 
force. The traction motor 10 is electrically connected to a 
high-voltage secondary battery 12, Which supplies poWer, 
through a ?rst inverter 14. The traction motor 10 is an 
induction motor, but may also be a permanent electromagnet 
synchronous type motor. 

[0018] When the vehicle is braked, the traction motor 10 
functions as an energy regenerative brake, i.e., a generator 
that utiliZes braking energy. More speci?cally, When a driver 
of the vehicle operates a brake (not shoWn), the traction 
motor 10 generates a braking force and poWer at the same 
time. The generated poWer is charged in the battery 12. The 
?rst inverter 14 supplies stable poWer to the traction motor 
10 by adjusting a voltage and a current supplied from the 
battery 12 or a later-described generator 22, or supplies 
stable poWer to the battery 12 by adjusting a voltage and a 
current generated by the traction motor 10. 

[0019] As shoWn in FIG. 1, a pair of driving Wheels WR, 
WL is connected to a rotary shaft of the traction motor 10 
through reduction gears 16 and a differential gear 18. The 
reduction gears 16 are not necessarily alWays provided. The 
battery 12 and the ?rst inverter 14 are electrically connected 
to the generator 22 through a second inverter 20. A rotary 
shaft of the generator 22 is connected to an output shaft of 
an engine 24, Which is an internal combustion engine for 
driving the generator. The generator 22 is a permanent 
electromagnet type generator but may be of any suitable 
type. 
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[0020] The second inverter 20 is also electrically con 
nected to an auxiliary motor 26, Which drives auxiliaries 
such as an air compressor 27 for an air brake and a poWer 
steering pump 28. As is the case With the ?rst inverter 14, the 
second inverter 20 supplies stable poWer to the battery 12 or 
the traction motor 10 by adjusting a voltage and a current 
generated by the generator 22, or supplies stable poWer to 
the auxiliary motor 26 by adjusting the voltage and the 
current from the battery 12. The inverter 20 also has a 
function of adjusting the voltage and the current from the 
battery 12 and supplying them to the generator 22. 

[0021] A relay fuse 30 is mounted betWeen the battery 12 
and the ?rst and second inverters 14, 20. The relay fuse 30 
is electrically connected to the inverter 14, and alloWs a 
current to How from the battery 12 to the traction motor 10 
or prevents an excessive current from ?oWing from the 
battery 12 to the traction motor 10 in accordance With 
information from the inverter 14. The relay fuse 30 also has 
a function of preventing the generator 22 or traction motor 
10 during regenerative braking (the engine regeneration) 
from excessively charging the battery 12. 

[0022] As shoWn in FIG. 1, the battery 12 and the ?rst and 
second inverters 14, 20 are electrically connected to an 
electronic control unit (ECU) 40 so that the battery 12 and 
the ?rst and second inverters 14, 20 can communicate With 
the ECU 40. The ?rst inverter 14 and the second inverter 20 
are electrically connected to the traction motor 10 and the 
generator 22, respectively, so that they can communicate 
With one another. The ECU 40 is connected to a battery 
controller 46, Which monitors a charging level (SOC: state 
of charging), etc. of the battery 12, and an engine controller 
48, Which controls the operation of the engine 24. The 
engine controller 48 also has a function of sensing an engine 
revolution speed Ne and sensing an engine temperature Te 
from a coolant temperature of the engine 24 by a suitable 
temperature sensing device (not shoWn). 
[0023] In the hybrid vehicle that is constructed in the 
above-mentioned manner, a required motor torque signal 
corresponding to a control input of an accelerator pedal (not 
shoWn) is supplied to the ?rst inverter 14 While the vehicle 
is running. In accordance With the signal, the ?rst inverter 14 
adjusts the voltage and the current from the battery 12, and 
therefore, the traction motor 10 generates a desired motor 
torque. If the battery controller 46 senses a drop in the SOC 
of the battery 12, the engine controller 48 starts the engine 
24 to operate the generator 22, Which generates poWer to 
charge the battery 12 in accordance With the SOC. If the 
SOC of the battery 12 is loW, the poWer equivalent to a 
poWer consumption of the traction motor 10 is directly fed 
from the generator 22 to the traction motor 10 so that the 
surplus poWer from the generator 22 can be charged in the 
battery 12. 

[0024] If, for example, a brake pedal (not shoWn) is 
operated to brake the vehicle and the control input of the 
accelerator pedal is Zero, the traction motor 10 performs 
regenerative braking and generates poWer to charge the 
battery 12. While the vehicle is running, the poWer from the 
battery 12 appropriately runs the auxiliary motor 26 in order 
to drive the auxiliaries such as the compressor 27 and the 
poWer steering pump 28. 

[0025] If the SOC of the battery 12 is decreased, the 
engine 24 is started to cause the generator 22 to generate 
poWer as stated above. If, hoWever, the engine 24 is static for 
a long period of time, the engine 24 becomes cold. Thus, the 
engine 24 must be Warmed up in order to acquire a stable 
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output. There Will noW be described the operation of the 
Warm-up control device in the hybrid electric vehicle, i.e., 
the Warm-up control for the engine 24. 

[0026] FIG. 2 is a How chart shoWing a control routine of 
the Warm-up control according to the present invention, 
Which is executed by the ECU 40. A description Will 
hereunder be given With reference to the How chart. When 
a drop in the SOC of the battery 12 is sensed in accordance 
With the information from the battery controller 46, the 
engine controller 48 starts the engine 24. First, it is deter 
mined in a step S10 Whether the engine 24 has been started 
or not in accordance With the information from the engine 
controller 48. If Yes, the process goes to a step S12. 

[0027] In the step S12, it is determined Whether the engine 
temperature Te is higher than a preset temperature (TW) 
(Te>TW) or not in accordance With the engine temperature 
information Te from the engine controller 48. If Yes, the 
process goes out of the routine. If No, the process goes to a 
step S14. 

[0028] In the step S14, it is determined Whether the engine 
temperature Te is higher than a ?rst preset ?rst temperature 
TWa (TWa<TW) (Te<TWa) or not. If Yes, i.e., the engine 
temperature Te is determined as being higher than the ?rst 
preset temperature TWa and being not greater than the set 
temperature TW, the process goes to a step S16. 

[0029] In the step S16, a small poWer generation load is 
applied. More speci?cally, a load equivalent to a small 
poWer generation (the ?rst set load) is applied to the engine 
24 to thereby Warm up the engine 24. In more detail, the 
small poWer generation load (the ?rst set load) is applied to 
the generator 22 in order to cause the generator 22 to 
generate a small amount of poWer. On the other hand, the 
engine controller 48 issues an engine output command to the 
engine 24 in order to maintain the engine revolution speed 
Ne at a predetermine loW revolution speed Ne1 (e.g., 500 
rpm) against the small poWer generation load (the ?rst set 
load) of the generator 22. More speci?cally, fuel injection 
information is supplied to a fuel injection valve (not shoWn) 
of the engine 24 in order to make it possible to maintain the 
engine revolution speed Ne at the predetermined loW revo 
lution speed Ne1 against the small poWer generation load 
(the ?rst set load) of the generator 22. 

[0030] Therefore, the engine 24 injects a larger quantity of 
fuel from the fuel injection valve than fuel required for 
operating the unloaded generator 22 to thereby achieve an 
engine output in opposition to the small poWer generation 
load (the ?rst set load) of the generator 22 although the 
engine revolution speed Ne is as loW as the predetermined 
loW revolution speed Ne1. This generates a large amount of 
combustion heat, and facilitates the Warm-up of the engine 
24. More speci?cally, loading the generator 22 makes it 
possible to Warm up the engine 24 more quickly Within a 
shorter period than in the case Where the unloaded generator 
22 is operated. In this case, there is no necessity of raising 
the engine revolution speed Ne. 

[0031] If the engine revolution speed Ne is maintained at 
the predetermined loW revolution speed Ne1 (e.g., 500 rpm) 
during the Warm-up of the engine 24, the engine 24 can be 
kept quiet With reduced noise and vibration. Moreover, it is 
possible to prevent each sliding part of the engine 24 from 
being damaged by the increase in the engine revolution 
speed in the case Where the engine 24 is cold and is not 
completely smooth. This extends the life of the engine 24. 

[0032] More speci?cally, the Warm-up control device of 
the present invention can Warm up the engine 24 While 
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extending the life of the engine 24. In a neXt step S18, it is 
determined Whether or not the engine temperature Te is 
higher than a second predetermined temperature TWe 
(TWe>TW) preset as a Warm-up completion temperature 
(Te>TWe). If No, the Warm-up of the engine 24 is continued 
in the step S16. If Yes, the process goes to a step S24 Where 
it is determined that the Warm-up is completed and the 
application of the poWer generation load is ?nished. 

[0033] If No, i.e., it is determined in the step S14 that the 
engine temperature Te is not greater than the ?rst predeter 
mined temperature and the engine 24 is quite cold, the 
process goes to a step S20. In the step S20, a medium poWer 
generation load (the second set load) is applied. More 
speci?cally, a load equivalent to a medium poWer generation 
(the second set load) is applied to the engine 24 to thereby 
Warm up the engine 24. 

[0034] In more detail, as is the case With the application of 
the small poWer generation load, the medium poWer gen 
eration load (the second set load) higher than the small 
poWer generation load (the ?rst set load) is applied to the 
generator 22 to cause the generator 22 to generate medium 
poWer. On the other hand, the engine controller 48 issues an 
engine output command to the engine 24 in order to maintain 
the engine revolution speed Ne at a predetermine loW 
revolution speed Ne1 (e.g., 500 rpm) against the medium 
poWer generation load (the second set load). More speci? 
cally, fuel injection information is supplied to a fuel injec 
tion valve (not shoWn) of the engine 24 in order to make it 
possible to maintain the engine revolution speed Ne at the 
predetermined loW revolution speed Ne1 against the 
medium poWer generation load (the second set load) of the 
generator 22. 

[0035] FIG. 3 shoWs the relationship betWeen a generator 
revolution speed Ng (=Ne) and a generation torque Tg of the 
generator 22 or a load. If the load (the second set load) 
equivalent to the medium poWer generation is applied to the 
engine 24, the medium poWer generation load (the second 
set load Tg2: White circle) higher than the small poWer 
generation load (the ?rst set load Tg1: black circle) is 
applied to the generator 22. The engine 24 is controlled so 
as to maintain the generator revolution speed Ng (=Ne) at 
the predetermined loW revolution speed Ng1 (=Ne1: 500 
rpm). 
[0036] Therefore, the engine 24 injects a larger quantity of 
fuel from the fuel injection valve than fuel required for 
operating the unloaded generator 22 to thereby achieve an 
engine output in opposition to the medium poWer generation 
load (the second set load) of the generator 22 although the 
engine revolution speed Ne is as loW as the predetermined 
loW revolution speed Ne1. This generates a large amount of 
combustion heat, and facilitates the Warm-up of the engine 
24. 

[0037] More speci?cally, the medium poWer generation 
(the second set load) higher than the small poWer generation 
(the ?rst set load) is applied to the generator 22, and the 
engine 24 is controlled so as to maintain the engine revo 
lution speed Ne at the predetermined loW revolution speed 
Ne1. This makes it possible to Warm up the engine 24 more 
quickly Within a shorter period than in the case Where the 
generator 22 With the small poWer generation load (the ?rst 
set load) is operated. At the same time, it is possible to 
maintain the quietness of the engine 24 and eXtend the life 
of the engine 24. 

[0038] As is the case With the step S18, it is determined in 
a step S22 Whether the engine temperature Te is higher than 
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the second predetermined temperature TWe (Te>TWe) or not. 
If No, the Warm-up of the engine 24 is continued in the step 
S20. If Yes, the process goes to the step S24 Where it is 
determined that the Warm-up is completed. Accordingly, the 
application of the poWer generation load is ?nished. 

[0039] If the Warm-up of the engine 24 is completed, the 
engine revolution speed Ne is raised from the predetermined 
revolution speed Ne1 as is normal to cause the generator 22 
to start generating the poWer. 

[0040] According to the above embodiment, the load of 
the generator 22 can be divided into the folloWing tWo 
stages: the small poWer generation load equivalent to the 
small poWer generation the ?rst set load) and the medium 
poWer generation load equivalent to the medium poWer 
generation (the second set load). The present invention, 
hoWever, should not be restricted to this. For eXample, the 
load of the generator 22 may be changed in a plurality of 
stages according to the engine temperature Te, and accord 
ingly, the engine 24 may be controlled so as to maintain the 
engine revolution speed Ne at the predetermined loW revo 
lution speed Ne1. 

[0041] According to the above embodiment, Whether the 
engine is cold or not is determined according to the engine 
temperature. The present invention, hoWever, should not be 
restricted to this. For eXample, Whether the engine is cold or 
not may be determined according to a period from the stop 
to the start of the engine. 

[0042] It should be understood, hoWever, that there is no 
intention to limit the invention to the speci?c forms dis 
closed, but on the contrary, the invention is to cover all 
modi?cations, alternate constructions and equivalents fall 
ing Within the spirit and scope of the invention as expressed 
in the appended claims. 

What is claimed is: 
1. A hybrid electric vehicle comprising: 

a generator being rotated by a driving force of an engine 
to generate poWer and supply the poWer to a battery or 
a motor; 

a temperature sensing device for sensing a temperature of 
said engine; and 

a Warm-up control device for controlling a load of said 
generator and an output of said engine so as to maintain 
a revolution speed of said engine at a predetermined 
revolution speed, if the temperature of said engine 
sensed by said temperature sensing device is not greater 
than a set temperature. 

2. Ahybrid electric vehicle according to claim 1, Wherein: 

said Warm-up control device changes the load of said 
generator according to the temperature sensed by said 
temperature sensing device. 

3. Ahybrid electric vehicle according to claim 1, Wherein: 

said Warm-up control device increases the load of said 
generator as the temperature sensed by said tempera 
ture sensing device is loWered. 

4. Ahybrid electric vehicle according to claim 1, Wherein: 

said Warm-up control device has a ?rst set load and a 
second set load higher than said ?rst set load in order 
to change the load of said generator, and determines 
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Which of said set loads is to be applied to said generator 
according to the temperature sensed by said tempera 
ture sensing device. 

5. Ahybrid electric vehicle according to claim 4, Wherein: 

if the temperature sensed by said temperature sensing 
device is higher than a ?rst predetermined temperature 
loWer than said set temperature, said Warm-up control 
device changes the load of said generator to said ?rst 
set load; and if the temperature sensed by said tem 
perature sensing device is loWer than said ?rst prede 
termined temperature, said Warm-up control device 
changes the load of said generator to said second set 
load. 

6. Ahybrid electric vehicle according to claim 1, Wherein: 

said Warm-up control device ?nishes controlling the load 
of said generator and the output of said engine When the 
temperature sensed by said temperature sensing device 
eXceeds a second preset temperature higher than said 
set temperature. 

7. A hybrid electric vehicle comprising: 

a generator being rotated by a driving force of an engine 
to generate poWer and supply the poWer to a battery or 
a motor; and 

a Warm-up control device for increasing a load of said 
generator and controlling an output of said engine so as 
to maintain a revolution speed of said engine at a 
predetermined revolution speed after starting said 
engine in a cold state. 
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8. A method for Warming up an engine from a cold state 
in a hybrid drive system Wherein the engine drives an 
electric generator, comprising the steps of: 

sensing a condition indicative of said engine being in a 
cold state; starting said engine and bringing the revo 
lution speed of said engine to a predetermined mini 
mum level; 

placing a predetermined load on said generator; and 

maintaining said predetermined minimum level of revo 
lution speed on said engine against said predetermined 
load on said generator to reduce time and engine noise 
associated With engine Warm-up. 

9. The method of claim 8, including the further steps of 
sensing a second condition indicative of a Warmed-up state 
of said engine; and 

removing the constraints placed upon said engine revo 
lution speed and generator load during engine Warm 
up. 

10. The method of claim 8, Wherein said engine has a 
plurality of cold states; and 

said generator has a like plurality of loads selectively 
associated With a respective cold state to optimiZe the 
Warm-up of said engine. 


