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HYBRID DRIVE SYSTEM AND METHOD 
FOR CONTROLLING A HYBRID DRIVE 

SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates to a hybrid drive system for a vehicle 
having a generator, Which is coupled to an internal combus 
tion engine and is connected to an electric drive motor via a 
generator converter, a voltage intermediate circuit and a 
motor converter, With an energy store being connected to the 
voltage intermediate circuit. 

The invention also relates to a method for controlling a 
hybrid drive system such as this. 
A system such as this, as Well as a method such as this, are 

knoWn from DE 101 37 908 A1. 
A hybrid drive system is usedboth for road vehicles and for 

rail vehicles. A battery or a high-poWer capacitor may be used 
as the energy store. 

Because its energy density is relatively loW, the no-load 
voltage of a capacitor falls relatively quickly as it is dis 
charged. In the case of a battery, the no-load voltage depends 
on various factors, such as the state of discharge, the previous 
history and the temperature. In the case of a capacitor or in the 
case of a battery, the terminal voltage of the energy store is 
also governed, in addition to the no-load voltage, by the 
load-dependent voltage drop across its oWn internal resis 
tance. This then leads to a loW intermediate-circuit voltage, 
Which has a negative effect on the operation of the drive motor 
and of the generator. 

It is already knoWn for this disadvantage of the loW voltage 
to be counteracted by producing a high current flow, although 
this requires heavy, oversiZe components. It is also already 
knoWn for an energy store to be connected to the intermediate 
circuit via a step-up/step-doWn controller. HoWever, this 
requires complex, expensive electronics. Finally, it is knoWn 
from German Patent Application 101 37 908 that the energy 
store can be connected to the intermediate circuit via a sWitch. 
When it is not required, the energy store can then be discon 
nected from the rest of the system, so that the loW voltage on 
the energy store cannot disadvantageously affect the drive. 

In this case, hoWever, it is accepted that no more poWer can 
be draWn from the store once the energy store has been 
disconnected. Particularly if the store is a high-poWer capaci 
tor, its capacitance then cannot be completely used. In the end 
this leads to the internal combustion engine and the generator 
having to be made larger. 

SUMMARY OF THE INVENTION 

The invention is based on the object of specifying a hybrid 
drive system and a method for controlling the hybrid drive 
system Which require neither overdesign of components nor 
additional electronic components, and Which nevertheless 
can completely use the energy stored in the energy store. 

The object of specifying a suitable hybrid drive system is 
achieved according to the invention in that the voltage inter 
mediate circuit can be divided by a ?rst sWitch into tWo 
intermediate circuit elements, and in that at least one drive 
motor is connected via an associated motor converter to each 
of the tWo intermediate circuit elements. 

Operation of the converter requires a minimum intermedi 
ate-circuit voltage, Which is dependent on the rotation speed 
and on the current of the drive motors or of the generator. 

Separation of the voltage intermediate circuit into interme 
diate circuit elements achieves the advantage that the tWo 
intermediate circuit elements can be operated at a different 
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2 
voltage level. When the ?rst sWitch betWeen the tWo interme 
diate circuit elements disconnects them from one another, this 
is because the energy store is connected to only one of the tWo 
intermediate circuit elements and the drive motors Which are 
connected to the other intermediate circuit element can oper 
ate independently of the voltage on the energy store. Only 
those drive motors, Which are connected to that intermediate 
circuit element Which is connected to the energy store, oper 
ate at reduced poWer. HoWever, this has no disturbing effect 
since the other drive motors can compensate for this poWer 
reduction. 
When it is possible to operate from a common, undivided 

intermediate circuit as is the situation When the voltage at the 
energy store is above the minimum intermediate-circuit volt 
age, for example during braking, it is sensible to connect the 
tWo intermediate circuit elements to one another via the ?rst 
sWitch. To do this, the voltages in the tWo intermediate circuit 
elements must ?rst of all be matched to one another by means 
of skillful voltage regulation. 

This results in the advantage that a loW voltage on the 
energy store cannot have any disadvantageous effect on the 
drive system. 
The ?rst sWitch is, for example, a semiconductor sWitch 

and contains, for example, a reverse-biased diode. It may be 
integrated in the converter. This results in a cost advantage. 
By Way of example, the energy store is connected to the 

voltage intermediate circuit directly or via a second sWitch. 
The object of specifying a suitable method for controlling 

the hybrid drive system is achieved according to the invention 
in that, When the voltage on the energy store is loWer than the 
at least required intermediate-circuit voltage, the ?rst sWitch 
betWeen the tWo intermediate circuit elements interrupts the 
connection, and in that the ?rst sWitch is otherWise sWitched 
on. 

This results in the advantage that a voltage Which is loW at 
times on the energy store can affect only one of the tWo drive 
motor systems. In comparison to ?xed coupling betWeen the 
tWo intermediate circuit elements, this results in the advan 
tage of higher poWer from the overall system. Fundamentally, 
the times at Which the ?rst sWitch is closed and open depend 
on the design of the overall system and the use of the com 
ponents in the overall system. The time from Which the inter 
mediate circuit elements are disconnected by the ?rst sWitch 
is governed by the voltage on the energy store. 
When the voltage on the energy store falls such that the 

drive motors or the generator can no longer produce their 
rated poWer oWing to the reduced voltage, the tWo interme 
diate circuit elements are disconnected. 

The folloWing method is used to carry out the disconnec 
tion process: all of the instantaneous poWer from the diesel 
generator set is fed into the drive motors Which are associated 
With the same intermediate circuit element. The poWer of the 
drive motors in the other intermediate circuit element is 
selected such that there is no change in the poWer for the 
overall system. This means that virtually no current ?oWs via 
the ?rst sWitch. 

This results in the advantage that the sWitching is carried 
out Without any in?uence on the operating point of the diesel 
engine and on the generator Which is connected to it, While 
maintaining the system poWer of the overall system. 
When the tWo intermediate circuit elements have been 

disconnected, the voltage level in the intermediate circuit 
element Which is connected to the generator converter is 
raised to such an extent that this subsystem operates at the 
optimum operating point. The required increase in poWer is 
noW produced by increasing the poWer in this subsystem in 



US 7,462,944 B2 
3 

order to raise the overall traction power to the maximum. This 
can be done using different algorithms, depending on the 
system con?guration. 
When the voltage on the energy store increases again, so 

that the overall system could be operated on a common inter 
mediate circuit at this voltage, the tWo intermediate circuit 
elements are interconnected again via the ?rst sWitch. Before 
the ?rst sWitch betWeen the tWo intermediate circuit elements 
is sWitched on again, the voltages in the tWo intermediate 
circuit elements are matched in order to prevent the How of an 
excessively large balancing current. 
By Way of example, before the ?rst sWitch disconnects the 

connection, the poWer levels of the drive motors are con 
trolled such that there is virtually no current ?oWing through 
the sWitch. 

Before the ?rst sWitch is sWitched on, the voltages in the 
tWo intermediate circuit elements, for example, are matched. 

In order to match the voltages, the voltage in the ?rst 
intermediate circuit element, Which is connected to the gen 
erator converter, is regulated doWn by means of a voltage 
regulator, for example. 

According to another example, the voltages are matched by 
increasing the voltage in the second intermediate circuit ele 
ment, Which is connected to the energy store, by reducing the 
load on at least one drive motor, Whose associated motor 
converter is connected to this second intermediate circuit 
element. 
By Way of example, the voltage in the second intermediate 

circuit element, Which is connected to the energy store, is 
increased by slightly braking at least one drive motor Whose 
associated motor converter is connected to this second inter 
mediate circuit element, as a result of Which electrical poWer 
is produced in the generator mode. 

This method is used in particular, When, as described in DE 
101 37 908 Al, the energy store is intended to be disconnected 
from the intermediate circuit via the second sWitch and the 
drive motors are intended to draW their poWer purely from the 
internal combustion engine (diesel-electric mode). If the tWo 
intermediate circuit elements have been disconnected from 
one another in advance in this situation, and if it is then 
additionally intended to disconnect the energy store, the tWo 
intermediate circuit elements must be immediately recon 
nected after disconnection of the energy store. In order to 
match the voltages in the intermediate circuit elements to one 
another, prior to this, the voltage U2 in the intermediate 
circuit element Which is associated With the energy store 
(second intermediate circuit element) is matched to the volt 
age U1 in the intermediate circuit element Which is connected 
to the generator converter (?rst intermediate circuit element). 
When the sWitches are open, this can be done only by the drive 
motors draWing braking energy in the second intermediate 
circuit element. This is advantageously done by using a 
higher-level voltage regulator to apply a small braking torque, 
Which has no disturbing effect on the driving response, to the 
traction motors in the second intermediate circuit element 
With the voltage U2 being regulated at the same value as the 
voltage U1. When the tWo voltages are approximately the 
same, the ?rst sWitch can be closed. 

BRIEF DESCRIPTION OF THE DRAWING 

One exemplary embodiment of a hybrid drive system and 
of a method for controlling a hybrid drive system such as this, 
according to the invention, Will be explained in more detail 
With reference to the draWing. 

FIG. 1 shoWs a hybrid drive system With tWo intermediate 
circuit elements and tWo drive motors. 
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4 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

The hybrid drive system shoWn in the draWing comprises 
an internal combustion engine 1, in particular a diesel engine, 
a generator 2, tWo intermediate circuit elements 3 and 4, tWo 
drive motors 5 and 6 and an energy store 7, Which is a capaci 
tor in the illustrated example. The ?rst intermediate circuit 
element 3 is connected to the second intermediate circuit 
element 4 via a ?rst sWitch 8. The ?rst sWitch 8 consists of a 
diode 9, forWard-biased toWards the ?rst intermediate circuit 
element 3, and a transistor 10 Which is forWard-biased 
toWards the second intermediate circuit element 4 and is 
arranged in parallel With the diode 9 and can be sWitched on 
and off. A voltage regulator, Which is not shoWn, is provided 
in order to regulate the voltage U1 in the ?rst intermediate 
circuit element 3. A voltage regulator, Which is not shoWn, is 
also provided in order to regulate the voltage U2 in the second 
intermediate circuit element 4. 
The second intermediate circuit element 4 and the drive 

motor 6 Which is connected to it are in?uenced by the voltage 
on the energy store 7. A second sWitch 11 is located betWeen 
the energy store 7 and the second intermediate circuit element 
4. When this second sWitch 11 is closed, the ?rst intermediate 
circuit element 3 and the additional drive motor 5 Which is 
connected to it can be disconnected from the energy store 
voltage U3, Which is applied to the second intermediate cir 
cuit element 4, by opening the ?rst sWitch 8. 

While the energy store 7 is discharging, a current can ?oW 
via the diode 9 to the ?rst intermediate circuit element 3, and 
thus to the additional drive motor 5. In order to ensure that a 
voltage on the energy store 7 Which is loWer than the mini 
mum intermediate-circuit voltage has no negative effect, the 
transistor 10 is opened and the voltage level in the ?rst inter 
mediate circuit element 3 is increased by means of a voltage 
regulator 13. The diode 9 is then reverse-biased, so that the 
?rst intermediate circuit element 3 is electrically discon 
nected from the second intermediate circuit element 4. The 
tWo intermediate circuit elements 3 and 4 can then be oper 
ated at different voltage levels so that the voltage U3 on the 
energy store 7 can affect only the second intermediate circuit 
element 4, and not the ?rst intermediate circuit element 3. 
Any possible poWer loss in the drive motor 6 is then compen 
sated for by additional poWer from the additional drive motor 
5. 

When the vehicle is intended to be braked and the kinetic 
energy is intended to be converted to electrical energy by the 
drive motors 5 and 6 being operated in the generator mode, 
the voltage U1 in the ?rst intermediate circuit element 3 is 
brie?y reduced to the voltage U2 in the second intermediate 
circuit element 4, and the transistor 10 in the ?rst sWitch 8 is 
sWitched on. Electrical energy originating from the additional 
drive motor 5 can then also be stored in the energy store 7. 

Since the energy store 7 is disconnected only from the ?rst 
intermediate circuit element 3 and not from the second inter 
mediate circuit element 4, the remaining charge in the energy 
store 7 is advantageously not left in the energy store 7 While 
driving. In consequence, the vehicle operation is more 
energy-efficient than When used in a previously-known 
hybrid drive system. 

Just by Way of example, the energy store 7 can additionally 
be disconnected from the second intermediate circuit element 
4 via the second sWitch 11, Whose function corresponds to 
that of the ?rst sWitch 8. The second sWitch 11 is opened When 
all of the loads are being fed exclusively via the internal 
combustion engine 1 (diesel-electric mode). 
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By Way of example, an auxiliary drive motor 12, Which 
assists the drive motor 6, can be associated With the second 
intermediate circuit element 4. 

The hybrid drive system and the control method achieve 
the advantage that, While driving, the remaining energy stored 
in the energy store 7 can be used completely and that, never 
theless, the poWer of the drive, in particular of the additional 
drive motor 5, is not adversely affected by the loW voltage on 
the energy store 7. The lack of poWer from the drive motor 6 
is compensated for While driving by additional poWer from 
the additional drive motor 5. 
What is claimed is: 
1. A hybrid drive system for a vehicle, comprising: 
an internal combustion engine; 
a generator coupled to the internal combustion engine; 
a plurality of electric drive motors connected to the gen 

erator via a generator converter, a voltage intermediate 
circuit and a motor converter; 

an energy store connected to the voltage intermediate cir 

cuit; 
a ?rst sWitch dividing the voltage intermediate circuit into 
tWo intermediate circuit elements, Wherein at least one 
drive motor is connected via its associated motor con 
verter to one of the tWo intermediate circuit elements, 
and at least one other drive motor is connected via its 
associated motor converter to the other of the tWo inter 
mediate circuit elements. 

2. The hybrid drive system as claimed in claim 1, further 
comprising a second sWitch connecting the energy store to the 
voltage intermediate circuit. 

3. The hybrid drive system of claim 1, further comprising a 
voltage regulator Which measures a voltage on the energy 
store and causes the ?rst sWitch to interrupt a connection 
betWeen the tWo intermediate circuit elements if the voltage 
on the energy store is loWer than a smallest required interme 
diate-circuit voltage, and causes the ?rst sWitch to be con 
ducting and maintaining the connection if the voltage on the 
energy store is greater than the smallest required intermedi 
ate-circuit voltage. 

4. In a hybrid drive system for a vehicle With a generator 
coupled to an internal combustion engine, With a plurality of 
electric drive motors connected to the generator via a genera 
tor converter, With a voltage intermediate circuit and a motor 
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converter, With an energy store connected to the voltage inter 
mediate circuit, With a ?rst sWitch dividing the voltage inter 
mediate circuit into tWo intermediate circuit elements, 
Wherein at least one drive motor is connected via its associ 
ated motor converter to one of the tWo intermediate circuit 
elements, and at least one other drive motor is connected via 
its associated motor converter to the other of the tWo inter 
mediate circuit elements, a method for controlling the hybrid 
drive system, comprising the step of interrupting With the ?rst 
sWitch a connection betWeen the tWo intermediate circuit 
elements When a voltage on the energy store is loWer than a 
smallest required intermediate-circuit voltage, and maintain 
ing the ?rst sWitch in a conductive state if the voltage on the 
energy store is equal or greater than the smallest required 
intermediate-circuit voltage. 

5. The method as claimed in claim 4, further comprising the 
step of controlling a poWer level of the drive motors such that 
there is virtually no current ?oWing through the ?rst sWitch 
before the ?rst sWitch interrupts the connection. 

6. The method as claimed in claim 4, further comprising the 
step of matching intermediate circuit voltages in the tWo 
intermediate circuit elements, before sWitching the ?rst 
sWitch into a conductive state. 

7. The method as claimed in claim 6, Wherein matching the 
intermediate circuit voltages comprises regulating the inter 
mediate circuit voltage in the ?rst intermediate circuit ele 
ment, Which is connected to the generator converter, doWn by 
a voltage regulator. 

8. The method as claimed in claim 6, Wherein matching the 
intermediate circuit voltages comprises increasing the inter 
mediate circuit voltage in the second intermediate circuit 
element, Which is connected to the energy store, by reducing 
a load on at least one drive motor Which is poWered by a motor 
converter connected to this second intermediate circuit ele 
ment. 

9. The method as claimed in claim 8, Wherein increasing 
the voltage in the second intermediate circuit element con 
nected to the energy store comprises slightly braking the at 
least one drive motor Which is poWered by the motor con 
verter connected to this intermediate circuit element, thereby 
producing electric poWer in generator mode. 

* * * * * 


