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(57) Abrége/Abstract:

A voltage detector (12) detects the voltage levels of the battery blocks of the battery set (10). A presence of an overdischargead
cell Is detected when a voltage difference between each of the battery blocks reaches or exceeds a predetermined value (for
example, 1V). At this point, a battery ECU (14) sets the SOC value of the battery set (10) at the lower control limit value (for
example, 20%). This triggers an HVY ECU (16) to control the load (18) such that charging is effectuated in the battery set (10). If
further discharge occurs, the battery set (10) Is disconnected from the load (18) by a relay (20).
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ABSTRACT OF THE DISCLOSURE

A voltage detector (12) detécts the voltage levels of the
battery blocks of the battery set (10). A presence of an
overdischarged cell 1s detected when a voltage difference
between each of the battery blocks reaches or exceeds a
predetermined value (for example, 1V). At this point, a battery
ECU (14) sets the SOC value of the battery set (10) at the lower
control limit value (for example, 20%). This triggers an HV
ECU (l1l6) to control the 1load (18) such that charging 1is
effectuated in the battery set (10). If further discharge

occurs, the battery set (10) is disconnected from the load (18)

by a relay (20).
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BATTERY CONTROL APPARATUS FOR HYBRID POWERED VEHICLE

BACKGROUND OF THE INVENTION
l. Field of the Invention

The present invention relates to a battery control
apparatus for a hybrid powered vehicle, comprising a battery
set having a predetermined number of battery blocks connected
in series, wherein the control apparatus is for maintaining the
SOC (state of charge) of the battery at a target value using
a generator driven by an engine. '

2. Description of the Related Art

Hybrid vehicles provided with an engine-driven generator
in addition to a motor for driving the vehicle are known. In
such hybrid vehicles, a battery is provided, electricity from
the battery is used to drive the drive motor, and the battery
is charged with electricity from the generator. The drive motor
and the engine rotate the wheels to propel the vehicle. During
normal travelling, the driving of the motor and of the generator
are controlled such that the SOC of the vehicle-mounted battery
1s maintained close to a predetermined target value (for
example, approximately 50%).

However, when such a vehicle travels under strenuous
conditions, such as climbing a long slope, discharge from the
battery may continue for a prolonged period of a time. 1In such
cases, the SOC of the battery progressively decreases, possibly
resulting in a drastic lowering of the battery SOC. For this
reason, limit values of SOC are normally set, with the lower

limit value at approximately 20% and the upper limit value at
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approximately 80%. For example, discharge from the battery may
be inhibited when the SOC decreases below 20%, and charging of
the battery inhibited when the SOC increases above 80%. The
battery SOC is thus maintained at a level between 20% to 80%.

The vehicle-mounted battery referred to here is a type
having an output direct current voltage of approximately 250V.
Accordingly, this vehicle-mounted battery comprises a plurality
of battery cells connected in series forming a battery set.
Typically, a plurality of battery cells are serially connected

to form a battery block, and a plurality of these battery blocks

are serially connected to constitute a battery set. For example,

12 cells form one block, and 20 blocks constitute one battery

set.

An SOC of a battery is typically determined by accumulation

of charge and discharge amount. 1In a hybrid vehicle wherein

the SOC is controlled to be maintained at approximately 50¢%,
1f any difference exists between the determined charge and
discharge amount and the actual charge and discharge amount,
the error tends to be amplified by the accumulation process over
a long period of time. In addition, as the SOC of a battery
set is calculated from the total charge and discharge amount
Oof the entire set, the SOC of each battery cell may differ from
the determined SOC. The operating conditions, such as
temperature, are not necessarily identical for each cell, and
variation in SOC values between each cell can not be prevented.

Accordingly, there may exist cases in which, while the
SOC calculated from the charge and discharge amount has not
decreased below 20%, the SOC of a particular cell within the

battery has reached 0%. When using a battery set, discharge
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pattery cell has become 0% Consequently, a discharge curren-
continues to flow through the 0% SOC  battery cell
(Overdischarged cell), which may cause generation of nydrogen

gas 1n that cell.

Cn

In order to sclve such problems, the inventor of the

present invention proposed, in Japanese Patent Application No.

Hei 9-338436 published in the Official Gazette on July 2, 1999 as

10 Japanese Patent Laid-Open Publication No. Hei 11-118225, a system

where 0% SOC in a battery cell is detected through determination

of a voltage difference between battery cells. This technology

is described below.
In a battery set comprising 200 or more battery cells,
15 it is difficult to detect a 0% SOC in one cell from the voltage
of the entire battery set. However, by determining the voltage
value for each battery block comprising approximately 10 battery
cells, and comparing these values, adifferenceof approximatély
1V can be detected in a battery block containing a 0% SOC battery
20 cell in comparison with other battery blocks. .
More specifically, in normal usage status, the voltage
levels cf each battery block are approximately equal to éach-
other because no 0% SOC battéry cell exists.  When distharge
proceeds and the SOC of one battery cell becomes 0%, the voltage
25 of this cell becomes O0V. As a result of the voltage of one éell
' being 0V, the voltage of the battery block containing this 0%
SQOC ceil suddenly decreases by 1V br more. The occur‘r'ence of

a 0% SOC battery cell can therefore be detected through the
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detection of a voltage difference of 1V or mors berween pactery

olocks.

In Che 1nvention described in Japanese Patent Application No. He:
5-338436 published in the 0Official Gazette on July 2, 1999 as Japanese

; Patent Laid-Open Publication No. Hei 11-11822S5, Qutput power 1is

restricted when such 0% SOC battery cell is detected. When discharge

further continues in spite of the QuULput power restricticn, the batteryv is

disconnected and no further diScharge 1S périitted at all.

However, the output power restriction performed in this
10 case is acontrol operation for increasing the amount of charging,
~wherein the torgue output is maintained in proportion to the
amount of accelerator stepping. IZ was therefore pos'sible that
discharge further continues, thereby continuing tﬁe generation
of hydrogen gas in the battery cell.
15
SUMMARY OF THE INVENTION
The purpose of the present invention is‘ Co prevent battery
overdischarge. ' '
The present inventiCn can be configured as a bat'tery
20 control apparatus fbr'a hybrid poweréd veh‘icl'é mounted with aﬁ
eng’ine and a motor, 'comprising a battery set for supplying
eiectricity to said motor, having a plurality of battery blocks
connected in series, éach of said ba’ttery b’loc:ks containiﬁg a

predetermined number of battery cells; a generator which is

25 driven by said engine and supplies electricity to said battery

set; ah SOC detectlon device for detecting SOC of- the battery
set; a control device for controlling, in accordance with an
SOC detected in said SOC déteCti.on deviCe,_ the supply of
e’lectr'icity to the motor from said battery set and the generation .

of electricity in the generator; and an overdischarge detection
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device for detecting an overdischarge in at least one of the
battery cells; wherein said control device, when an
overdischarged cell is detected by said overdischarge detection
device, controls the supply of electricity to the motor and the
generation of electricity in the generator such that charging
of sald battery set is effectuated. As charging is thus
effectuated when an overdischarge of a battery cell is detected,
further discharge from the battery set can be prevented.

Furthermore, said overdischarge detection means may
preferably determine respective voltage levels in each of the
battery blocks, and detect an overdischarge in at least one
battery cell through detecting that a difference between each
of the determined voltage levels of the battery blocks has
reached or excéeded a predetermined value. As an overdischarge
of a battery cell is detected via a voltage difference between
the battery blocks, an overdischarge in one cell within the
battery set containing even a large number of connected battery
cells can effectively be detected.

Moreover, said SOC detection device preferably supplies
a predetermined low SOC value to the control device when an
overdischarge is detected in said overdischarge detection
device, and the control device preferably controls, in

accordance with the supplied predetermined low SOC value, the

supply of electricity to the motor and the generation of

electricity in the generator such that the charging of the
battery set is effectuated. When the SOC decreases during
normal travelling, the motor drive and the electricity
generation are controlled such that charging Dbegins.

Accordingly, by setting the SOC at a low value, a charging
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request can be generated without establishing any special

processing routines.
Sald predetermined low SOC value is preferably the lowest
allowable value for the SOC of the battery set. The charging
o of the battery set can then reliably be effectuated.
If any discharge further continues due to some error, any
output from the battery set is prohibited by means such as

disconnecting the battery set. Any further discharge is thus
assuredly prevented.

10

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further understood from the

following description with reference to the accompanying

drawings in which:

15 Fig. 1 is a block diagram illustrating the general

Structure of the present invention;

Fig. 2 is a diagram showing an example of state of variation

in an SOC;

Fig. 3 is a diagram showing another example of state of

20 wvariation in an SOC;

Fig. 4 is a flow chart 1llustrating the processing

operations according to the present invention; and

Fig. 5 is a block diagram showing the structure of a hybrid

vehicle.

25

DESCRIPTION OF PREFERRED EMBODIMENT

- An embodiment of the present invention is described below

with reference to the accompanying drawings.

Fig. 1 is a block diagram illustrating the general
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structure of the present invention. The battery set 10
comprises a plurality of battery cells. In this example
employing Ni-MH batteries, 240 battery cells are serially
connected, and an output voltage of approximately 280V is
obtained. A unit of serially-connected 12 battery cells is
designated as one battery block, with the voltage detector 12
detecting respective voltage levels in each of the battery
blocks. In the Figure, each battery symbol represents on

battery block.

lV or more, or by determining if a difference between the average
voltage value of all the battery blocks and the voltage levels
of each battery block is 1V or more.

The determined result of the voltage detector 12 is
supplied to the battery ECU 14. When a voltage difference
between battery blocks of 1V or greater is detected, the battery
ECU 14 determines that a 0% SOC battery cell exists in that
battery block. In such cases, the battery ECU 14 sets the SOC
value at 20%. More specifically, the battery ECU 14 is

monitoring the SOC of the battery set through measurement of
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ECU, HV ECU 16 controls the operation of the load 18. This load

18 comprises items such as a drive motor, engine, generator,

set 10 1is controlled by controlling the 1load 18. More
specifically, electricity from the battery set 10 is supplied
to the drive motor through the inverter. HV ECU 16 determines
a target output torque of the drive motor based on factors such
as the amount of accelerator stepping, and controls the inverter,
and thereby the drive motor, such that the actual output torque

1s adjusted to the determined target output torque. 1In addition,

Through such operations, the charging amount of the battery set

10 is controlled.

When the SOC is 50% or more, HV ECU 16 controls adjustments
so that the amount of electricity generated by the engine output
decreases, allowing discharge from the battery set 10 to
progress. When the SOC is below 50%, HV ECU 16 controls
adjustments so that the electricity generation by the engine
output increases, allowing charging of the battery set 10 to

progress. These control operations are performed at levels

according to the SOC.

10. More specifically, the HV ECU 16 controls the load 18 to
inhibit the drive motor from consuming electricity in an amount
exceeding that being generated by the generator. While the

driving of the wheels by the engine may be maintained to a certain
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generator.

By such control operations, the battery set 10 is charged
to recover SOC value. Once the SOC value is set at 20%, the
SOC 1s constantly monitored for the amount of current
accumulation and, when the SoOC increases, the control operation
retufns to normal status. It may also be desirable to continue
to inhibit discharge until the SOC recovers tOo a predetermined

value, for example, 30%. A charge request is generated when

even during normal operation. Accordingly, by setting the SOC
at the lower control limit value, a charging request can be
generated without requiring any speclal processing routine.

An example of such control operations is shown in Fig.
2. During normal travelling, the SOC is maintained at around
>0%. The SOC is to be set at 20% when a sudden voltage decrease
of 1V or more is detected in any one of the battery blocks via
the values detected by the voltage detector 12. Such a condition
may likely occur when the SOC was somewhat reduced due to, for

example, travelling upward on a slope. By setting the SOC value

in the battery set 10.

The SOC in the battery set 10 may continue to decrease
despite of the control operations by the HV ECU 16 if there is,
for example, an instrument malfunction. If discharge continues
in such conditions, an overdischarge proceeds in the 0% SOC

battery cell. The internal pressure of the battery cell then
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increases, possibly causing an internal liquid to léak

When a predetermined amount of discharge after reaching
20% SOC 1s detected through current accumulation by the battery
ECU 14, HV ECU 16 controls the relay 20 to disconnect the battery
set 10 from the load 18. Discharge from the battery set 10 is
thereby completely stopped, prohibiting any further discharge.

Fig. 3 illustrates how, when a predetermined amount of
discharge is executed after the SOC value is set at 20%, the
relay 20 is controlled to prohibit battery output.

Fig. 4 is a flowchart i1llustrating the above-described
control operations. First, the battery ECU 14 determines by
the output from the voltage detector 12 whether an
overdischarged cell is present (S11). While, in the embodiment
described above the determination was based on whether a voltage
difference between battery blocks was 1V or more, the
determination may also be conducted through detecting the
voltage levels of each of the battery cells. Alternatively,
overdischarge may be detected via a pressure 1increase in a
battery cell.

When an overdischarged cell is detected, a charge request
1s made to the load 18 (S12) . While, in the above embodiment,
this charge request was generated by setting the SOC value at
20%, a control operation for inhibiting discharge may be
performed without any relation to SoC setting. By performing
such an operation, the SOC of the battery set 10 should recover.

It 1s then determined whether or not the state of charge
has actually recovered (S13). 1If recovered, the processing is
completed and returns to the determining step of S11. If, on

the other hand, the answer to S13 remains “no”, it is determined

10
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after the charge request is generated as to whether a
predetermined amount of discharge has occurred after the
overdischarge detection (S14). If a predetermined amount of
discharge did occur for some reason, the relay 20 is disconnected
to prohibit any output from the battery (S15). With such
processing, a charge request can automatically be generated
inhibiting further discharge when an overdischarged cell is
detected. 1In addition, when further discharge occurs because
of some error, a complete prohibition of discharge can be

effectuated by disconnecting the battery set 10 from the load

Fig. 5 illustrates a general structure of a hybrid vehicle.
As shown, a generator 32 is connected to the engine 32.
Electricity generation by the generator 32 is performed using

the output power of the engine 30. The battery set 10 is

the battery set 10, and is thereby driven by the electricity
from the battery set 10. Wheels 38 are connected to the motor
36. These wheels 38 are driven to be rotated by the output of
the motor 36, allowing the hybrid vehicle tb travel. As the
wheels 38 are similarly connected to the engine 30, the wheels
38 are also driven to be rotated by the output of the engine
30, resulting in the travel of the hybrid vehicle.

As described above, the present invention, upon detection
of the presence of an overdischarged cell, generates a charge
request and inhibits further discharge, thereby recovering the

state of charge of the battery. Especially, by determining the

11
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amount of discharge occurs after the generation of the charge

12
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1. A battery control apparatus for a hybrid powered vehicle

mounted with an engine and a motor, COmMprising:

N

2 battery set for supplying electricity to said motor,

having a plurality of battery blocks connected in series, each

0L said battery blocks containing & predetermined number of

battery cells;

a2 generator which 1s driven by said engine and supplies

10 electricity to said battery set;

a state of charge ("SOC") detection device for detecting SOC

Of the battery set;

& control device for controlling, in accordance with an

SOC detected in said SOC detection device, the supply of

of electricity in the generator; and
~an overdlscharge detection device.. for detecting an
overdiScharge ia at least one of the battery cells;.wherein
sald control devlce centrols the supply of electrieity
20 to the motor and the geaeration of electricity 11 the generator '
when an overdlscharged cell 1is detected by said overdischarge

detectlon device such that charglng of said battery set 1is

effectuated.

25 2. The apparatus according to claim 1, wherein
said overdischarge detection means determines respective
voltage levels in each of the battery blocks, and determlnes

that at least one battery cell 1s overdischarged when it detects

that a difference between each of the determined voltage levels

72
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of the battery blccks has reached or exceeded a predetermined

value.

3. Tne apparatus according to claim 1 or 2, wherein
D sald SOC detection device supplies a predetermined low
SOC value to the control device when anoverdischarge is detected

1n sald overdischarge detection device, while the control device

controls, in accordance with the supplied predetermined low SQC
value, the supply of electricity to the motor and thegeneration
10 of electricity in the generator such that chargingof the battery

set 1s effectuated.

4 . The apparatus according to claim 3, wherein
said predetermined low SOC value is the lowest allowable

15 value for the SOC of the battery set.

5. The apparatus according to any one of claims 1 to 4, wherein

any output from the battery set is prohibited when fhe

detected SOC further lowers after the voltage difference between

20 each of the battery blocks detectéd by said voltage detection

device reaches or exceeds a predetermined value.

6. The apparatus according to claim 5, wherein
" the prohibition of output from said baﬁtery set is executed
25 Dby disconnecting an electrical connection between the battery

set and the motor.

14
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