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APPARATUS FOR SAFELY DISCONNECTING AN 
ELECTRICAL LOAD FROM AN ELECTRICAL DC 

VOLTAGE SUPPLY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending 
International Application No. PCT/DE99/01480, ?led May 
17, 1999, Which designated the United States. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to an apparatus used for a 
safety disconnection of an electrical load from an electrical 
poWer supply, for example a feed battery. The load may be 
an electrical load such as an electric motor With a high 
inductance. Safety disconnections or emergency disconnec 
tions are necessary When the electrical load must be forced 
to stop operating, for example When a fault occurs. Such 
safety disconnections serve, for example, to protect person 
nel against undesirable, uncontrolled and in some circum 
stances even dangerous actions of, for example, an electric 
motor load. Since relays are generally used for an emer 
gency disconnection, these relays must operate in a fail-safe 
manner. 

[0004] In the past, special safety relays have been used for 
safely disconnecting electrical loads. These safety relays 
have several parallel contact sets, Which are driven in a 
mechanically forced manner. While one of the contact sets 
is used to pass on or interrupt the actual load current, the 
other contact set may have a test current applied to it. This 
test current can be evaluated to determine Whether the 
contact sets, Which are driven in a forced manner, have 
assumed a desired or undesired sWitching state, that is to say 
Whether the safety relay is operating correctly or Whether it 
is defective. HoWever, this type of mechanical checking of 
relays With the aid of redundant contacts is complex. 

SUMMARY OF THE INVENTION 

[0005] It is accordingly an object of the invention to 
provide an apparatus for disconnecting an electrical load 
from a supply voltage Which overcomes the above-men 
tioned disadvantages of the heretofore-knoWn apparatuses 
of this general type and Which does not require the use of 
special safety relays. 
[0006] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, an apparatus 
for disconnecting an electrical load from an input DC 
voltage of a DC voltage supply, including: 

[0007] 

[0008] 
[0009] the ?rst line having an input connection to be 

connected to the DC voltage supply and having an 
output connection to be connected to the electrical 
load; 

[0010] the ?rst and second lines carrying the input 
DC voltage from the input connection to the output 
connection; 

a ?rst line carrying a given potential; 

a second line carrying a reference potential; 
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[0011] a fuse connected in series in the ?rst line and 
being provided adjacent to the input connection, the 
fuse having a side opposite the input connection; 

[0012] a ?rst relay having a ?rst sWitching contact 
and having a side opposite the input connection; 

[0013] the ?rst sWitching contact being connected in 
series in the ?rst line on the side of the fuse opposite 
the input connection, the ?rst sWitching contact 
being closed during a normal operation, and the ?rst 
sWitching contact being opened for disconnecting 
the ?rst line When a disconnection is initiated; 

[0014] a second relay having a second sWitching 
contact; and 

[0015] the second sWitching contact being connected 
in parallel betWeen the ?rst line and the second line 
on the side of the ?rst sWitching contact opposite the 
input connection, the second sWitching contact being 
open during the normal operation, and being closed 
When the disconnection is initiated for short-circuit 
ing the ?rst line to the second line subsequent to the 
?rst sWitching contact being opened. 

[0016] In other Words, the circuit according to the inven 
tion is based on the safety of the disconnection process being 
achieved With the aid of a so-called “checked redundancy” 
of staggered conventional relays. The con?guration of the 
disconnection apparatus according to the invention has the 
particular advantage that a safe disconnection is achieved on 
the principle of the checked redundancy and diversity. In this 
Way, it is possible to dispense With the use of special safety 
relays. Instead of using special safety relays, simple relays, 
for example mass-produced relays from a large-scale pro 
duction for motor vehicles, can be used for the relays K1, 
K2, K3 Which each have only one set of sWitching contacts. 
The invention has the advantage that a safety disconnection 
apparatus can be constructed using loW-cost relays Which, 
until noW, could not be used in conventional safety circuits. 

[0017] In accordance With another feature of the inven 
tion, a third relay having a third sWitching contact is 
provided. The third sWitching contact is connected in series 
in the ?rst line on a side of the second sWitching contact 
opposite the input connection. The third sWitching contact is 
closed during the normal operation, and is opened When the 
disconnection is initiated for disconnecting the ?rst line after 
the second sWitching contact is closed. 

[0018] In accordance With yet another feature of the 
invention, the ?rst, second, and third relays are commer 
cially available relays, Which have a single contact set. 

[0019] In accordance With a further feature of the inven 
tion, the second line is a ground potential line. 

[0020] In accordance With another feature of the inven 
tion, the ?rst and second relays perform a high-availability 
disconnection. 

[0021] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0022] Although the invention is illustrated and described 
herein as embodied in an apparatus for a safe disconnection 
of an electrical load from an electrical DC voltage supply, it 
is nevertheless not intended to be limited to the details 
shoWn, since various modi?cations and structural changes 
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may be made therein Without departing from the spirit of the 
invention and Within the scope and range of equivalents of 
the claims. 

[0023] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0024] The single ?gure is a schematic circuit diagram of 
an apparatus according to the invention for disconnecting an 
electrical load from a voltage supply. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Referring noW to the single ?gure of the draWing in 
detail, there is shoWn, by Way of example, a circuit diagram 
of a disconnection apparatus constructed according to the 
invention. The disconnection apparatus is connected 
betWeen an electrical poWer supply and an electrical load. 
The electrical load may be, for example, in the form of a 
motor and may be a component of an appliance. In this case, 
on the left-hand side of the ?gure, the electrical poWer 
supply provides a supply input DC voltage Ue, While on the 
right-hand side of the ?gure the electrical load is supplied 
With an input voltage Ua. When the disconnection apparatus 
is operating in a normal mode, Without any faults, the input 
DC voltage Ue is passed on unchanged via the lines L1, L2 
to the connection point of the electrical load. The input 
voltage or terminal voltage Ua of the electrical load is then 
identical to the input DC voltage Ue. In the example in the 
?gure, the line L1 thus carries the voltage potential of the 
input DC voltage Ue to the point of the input voltage or 
terminal voltage Ua, While the line L2 carries a reference 
potential, for example the ground potential. 

[0026] The disconnection apparatus according to the 
invention contains a ?rst relay K1 on the side of the 
electrical poWer supply. Its sWitching contact K11 is con 
nected into the line L1 at a location right after Where the 
input DC voltage Ue is supplied to the line L1, and the 
sWitching contact K11 is closed during normal operation. 
Furthermore, a fuse S is connected in the line L1 betWeen the 
feed point for the input DC voltage Ue and the sWitching 
contact K11. In the direction toWard the connected electrical 
load, the ?rst relay K1 is folloWed by a second relay K2. Its 
sWitching contact K21 is connected betWeen the lines L1, 
L2, and is open during normal operation. 

[0027] According to a further embodiment of the inven 
tion Which is illustrated in the ?gure, the second relay K2 
may also be folloWed by a third relay K3. Its sWitching 
contact K31 is then likewise connected in series With the 
sWitching contact K11 in the line L1, and is closed during 
normal operation. Finally, the voltage potential for the input 
voltage Ua of the electrical load is supplied on the output 
side of the sWitching contact K31. 

[0028] The relays K1, K2 and, possibly, K3 each have a 
?eld Winding or excitation Winding K12, K22 and, possibly, 
K32. If a control voltage Uf provided by an enable signal 
line FS drops across them, then the relays are activated and 
their sWitching contacts K11, K21 and, possibly, K31 
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assume the sWitch positions explained above. The relays K1, 
K3 may thus be regarded as “make contacts” or “normally 
on contacts” and the relay K2 as a “break contact” or 

“normally-closed contact.” In this normal operation, the 
input DC voltage Ue is available Without restriction as the 
input voltage Ua for the electrical load Without being 
in?uenced by the disconnection apparatus. 

[0029] A disconnection process for the electrical load, that 
is to say disconnection of the input voltage or terminal 
voltage Ua for the load from the input DC voltage Ue of the 
electrical poWer supply, is initiated in the example illustrated 
in the ?gure by a drop in the control voltage Uf on the enable 
signal line FS. This signals the occurrence of a fault, for 
example in the interior of an appliance containing the 
electrical load, Which necessitates a forced disconnection of 
the electrical load. The identi?cation that the fault has 
occurred and the interruption in the control voltage Uf Which 
results from this can be brought about, for example, by 
appropriately incorporated sWitching devices or detectors in 
the interior of the electrical appliance Which contains the 
electrical load. To assist clarity, such elements are not shoWn 
in the example in the ?gure. The drop in the control voltage 
Uf or the cessation of the control voltage Uf results in a drop 
in the ?eld voltages to the ?eld Windings K12, K22 and, 
possibly K32 of the relays K1, K2 and, possibly, K3, so that, 
at the end of the disconnection process, the relays assume 
the sWitching states that are complementary to those of the 
basic circuit diagram shoWn in the ?gure. 

[0030] The method of operation of the disconnection 
apparatus according to the invention is based on the concept 
that the relays K1, K2 and, if provided, the relay K3 as Well, 
change successively to the respective complementary 
sWitching state during a disconnection process. Thus, in the 
example in the ?gure, the relay K1 opens the sWitching 
contact K11 ?rst of all. Relay K2 then closes the sWitching 
contact K21. If the relay K3 is additionally provided, then, 
?nally, this relay also opens the sWitching contact K31. 

[0031] In order to achieve this activation sequence, the 
relays K1, K2 and, possibly, K3 may, as shoWn in the 
schematic circuit diagram in the ?gure, have upstream 
connected delay elements K13, K23 and, possibly, K33, 
Which each have an increasing delay time. In the example in 
the ?gure, the delay element K13 of the relay K1 has the 
delay time t0, the delay element K23 of the relay K2 has the 
delay time t0+t1, and the delay element K33 of any relay K3 
Which may also be present has the delay time t0+t1+t3. 
These stepped delay times result in the relays being tripped 
in the sequence K1, K2, K3. 

[0032] In practice, it has been found that it is even possible 
to manage Without any discrete delay elements K13, K23 
and nevertheless to achieve the desired successive tripping 
of the relays starting With K1, folloWed by K2 and onto K3. 
This is due to the fact that the component-speci?c natural 
sWitching delay of a “break contact”, that is to say of the 
relay K1, may be shorter than the natural sWitching delay of 
a “make contact”, that is to say of the relay K2. With suitable 
component selection for K1, K2, relay K2 thus sWitches 
after the relay K1 Without any additional measures being 
required. Only if a third additional relay K3 is present, then 
there is in some circumstances a need to provide a discrete, 
additional delay element. This may, for example, be in the 
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form of a freewheeling diode connected in the reverse 
direction to the control voltage Uf and in parallel With the 
?eld Winding K32. 

[0033] A disconnection delay for the relays K1, K2, K3 
may advantageously be implemented passively in a simple 
Way. The supply of the control voltage Uf on the enable 
signal line FS is then produced via a high-voltage-resistant 
diode. A failure of one of the diodes in the interruption 
direction leads to disconnection of the electrical load; While 
a failure of one of the diodes in the short-circuit direction 
cancels the effect of the delay, but does not endanger 
disconnection of the electrical load. Each relay K1, K2, K3 
is provided With its oWn freeWheeling diode. 

[0034] A resistor is advantageously also connected in 
series With the freeWheeling diodes. If this resistor is small, 
then the coil current still continues to How for some time 
oWing to the residual magnetic ?eld. If the resistor is larger, 
then this current ?oW decays more quickly and the relay trips 
more quickly. The selection of the resistors may also take 
account of the different rates at Which the mechanics of the 
relays operate. Another possible Way to delay the discon 
nection time is to use capacitors. 

[0035] The sequence of a disconnection process With the 
aid of the disconnection apparatus according to the invention 
Will noW be explained in detail. 

[0036] After a drop in the control voltage Uf, the relay K1 
is the ?rst to react, once a delay time t0 has elapsed. The 
make contact K11 opens and interrupts the current supply to 
the load to be disconnected on the side of the supplying input 
DC voltage Ue. The second to react is the relay K2, after a 
delay time t0+t1. The break contact K21 closes and thus 
shorts the input DC voltage Ue. Should the relay K1 not 
have disconnected correctly before this, then the fuse S noW 
bloWs and interrupts the input DC voltage Ue. If a third relay 
K3 is provided in order to increase further the disconnection 
safety, then this reacts after a delay time of t0+t1+t2 has 
elapsed. Its make contact K31 opens and thus interrupts the 
current How on the side of the load to be disconnected. 

[0037] According to a further embodiment, the disconnec 
tion apparatus according to the invention may have an 
additional test circuit TS. This is supplied With the control 
voltage Uf via the enable signal line FS. Initiation of the 
disconnection state may be con?rmed by the test circuit TS 
by evaluation of the enable signal line PS. The test circuit 
then opens additional contacts S1, S2, S3, Which are pro 
vided in connecting lines K14, K24, K34 betWeen the ?eld 
Windings K12, K22, K32 and ground potential on the line 
L2. This prevents accidental reconnection of the relays K1, 
K2 and, if applicable, K3. 

[0038] The circuit according to the invention is particu 
larly suitable for safe disconnection of electrical loads Which 
have high inductance. One example is a DC motor Which is 
supplied With a current from a battery, for example a 
lead-acid accumulator, With a rated voltage of 24V. One 
problem With forced disconnection of such loads is that, in 
certain fault situations, very high currents may be brie?y 
caused by the electrical load, and these must be safely 
interrupted by the disconnection apparatus. Thus, for 
example, a DC motor may draW a very high current oWing 
to a burnt-out poWer output stage. The maximum motor 
acceleration Which occurs in this case represents an 
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extremely haZardous operating state. In this case, the motor 
must be positively stopped by the disconnection apparatus, 
Which needs to respond in a fail-safe manner under all 
circumstances. A mechanical blockage of the motor may 
also result in a very high current due to overloading of the 
poWer output stages. Finally, for example, a short-circuit 
Within the full bridges of the poWer output stage of ?nal 
stage of a DC motor may also cause a high current Which 
must be disconnected. 

[0039] At the start of a disconnection process, the relay K1 
?rst of all carries out a normal disconnection process, Which 
must result in the entire load current being disconnected. If 
an extreme peak load current value occurs at this moment, 
then this can lead to the relay K1 being damaged. HoWever, 
in practice it has been found that the relay K1 generally 
assumes the disconnected state despite any damage. 

[0040] Only in rare exceptional cases can the relay 
K1“stick”, that is to say remain closed, oWing to the damage, 
causing the desired disconnection process to fail. Mechani 
cal jamming of the relay K1 also cannot be completely 
excluded. If the relay K1 fails, safe disconnection is noW 
carried out by the further relay K2. This short-circuits the 
input DC voltage Ue and thus bloWs the fuse S. Since this 
process takes place only after failure of the relay K1, 
bloWing of the fuse S signals a malfunction of K1, so that 
both the fuse S and the relay K1 must be replaced for repair. 
This disconnection by short circuiting the input DC voltage 
by the relay K2 considerably increases the reliability of the 
disconnection apparatus. The reason for this is that very high 
currents can be sWitched on even by a relay K2 With 
loW-cost relay contacts, since no arcing occurs during the 
connection process. It is thus possible to sWitch on currents 
Which are many times greater than the currents Which can be 
disconnected using comparable contacts. Furthermore, When 
the relay K2 activates, a situation is generally already 
present in Which a high load current is ?oWing. Thus, by 
closing the relay K2 Which is used as a short-circuiting relay, 
this means that only a small additional current ?oW through 
the relay K2 is required to cause the fuse S to bloW. 

[0041] The disconnection apparatus according to the 
invention has high availability, that is to say the apparatus 
itself provides high reliability against failure, since apart 
from the relay K1 Which carries the majority of the load 
current to be disconnected in normal circumstances, there is 
an additional relay K2 for redundancy reasons. This is 
required only in emergencies, that is to say if the relay K1 
fails, and is then, as stated above, not severely loaded during 
the disconnection process. 

[0042] According to a further embodiment of the inven 
tion, the availability of the disconnection apparatus, that is 
to say its disconnection reliability, can be considerably 
further increased by a third relay K3 connected in series on 
the side of the load to be disconnected. The relay K3 brings 
about the disconnection process only When the relays K1 
and K2 fail at the same time. In practice, it cannot be ruled 
out that the relay K2 is mechanically jammed as Well or that 
the fuse S does not trip, for example due to a drop of an input 
DC voltage supplied from a battery. In this case, an addi 
tional relay K3 takes over the disconnection process. Since 
the relays K1 or K2 normally carry the majority of the 
current to be disconnected, the sWitching contact K31 of a 
third relay K3 is generally unloaded, and sWitches off 
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Without having to interrupt a current How in the process. The 
relay K3 therefore has to switch a considerably smaller load 
than the relays K1 or K2, so that the Wear to its contacts and 
thus its failure probability are considerably loWer. The use of 
a third relay K3 thus results in highly reliable disconnection. 

[0043] The disconnection apparatus according to the 
invention advantageously supplemented by the third relay 
K3 is thus distinguished by triple disconnection redundancy. 
Even in the event of failure of tWo load relays K1 and K2, 
disconnection is virtually alWays ensured by the lightly 
loaded third relay. Since different disconnection mecha 
nisms are carried out by the relays K1, K2 and K3, this thus 
also increases the safety against design errors. 

[0044] If the disconnection apparatus according to the 
invention also has a test circuit TS, then this alloWs the 
serviceability of all the relays to be tested before the 
disconnection apparatus is sWitched on again. 

[0045] A precondition for the initiation of a connection 
process is that the sWitching contacts S1, S2 and S3 in the 
connecting lines K14, K24, K34 are open. Furthermore, the 
potential on the line L1 betWeen the second and third relays 
K2 and K3 must be connected via a loW impedance to 0V, 
Which can be detected via a test line Ps1. Finally, the 
requirement for connection in the form of an active control 
voltage Uf on the enable signal line must be satis?ed. 

[0046] The sequence of a connection process Will be 
explained in more detail in the folloWing teXt. 

[0047] First of all, the sWitching contact S2 is closed by 
the test circuit TS. This causes activation of the relay K2 and 
opening of its sWitching contact K21. The test circuit noW 
attempts via the test line Ps1 to con?rm that the potential on 
the line L1 betWeen the second and third relays K2 and K3 
is no longer connected by loW impedance to 0V, but is high 
impedance. If this state does not occur after a certain time, 
then the connection process is interrupted and a fault is 
indicated. If the test point checked by test line Ps1 is for 
example at 24V then the relay K1 is defective, and the 
connection process is likeWise terminated. 

[0048] If the potential on the line L1 betWeen the second 
and third relays K2 and K3 is high impedance, the sWitching 
contact S1 is closed by the test circuit TS. This causes 
activation of the relay K1 and closure of its sWitching 
contact K11. This process is successfully completed When 
the test circuit detects the potential of the input DC voltage 
Ue via the test line Ps1 after a short time. OtherWise, the 
connection process is terminated since either the relay K1 or 
the relay K2 is then defective. 

[0049] If the test circuit TS uses a further test line Ps2 to 
monitor the voltage at the connection point for the input 
voltage Ua of the electrical load, then any relay K3 Which 
may additionally be present can also be tested. If the 
potential of the input DC voltage is also present on the test 
line Ps2, the relay K3 is defective and the connection 
process is terminated. 

[0050] In the folloWing step, the sWitching contact S1 is 
opened again. This step serves to carry out the actual 
connection process via the relay K1 and not via the relay K3. 
This ensures that the contacts of the relay K3 have the 
desired longer life than that of the relay K1. 
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[0051] The sWitching contact S3 is noW closed and the 
relay K3 is thus sWitched on, that is to say its sWitching 
contacts K31 are closed. Finally, the sWitching contact S1 is 
closed, as a result of Which the sWitching contact K11 in the 
relay K1 closes, and the load is supplied With current. 

[0052] The termination of the connection process in one of 
the states described above results in the control signal Uf on 
the enable signal line FS being interrupted by the test circuit 
TS. This once again initiates a regular disconnection pro 
cess, Which corresponds to the disconnection process 
already described in detail above. 

[0053] The test circuit TS is advantageously con?gured 
such that the disconnection and connection processes 
described above are carried out as a check at regular time 
intervals. Thus the serviceability of all the relays K1, K2, K3 
can be tested regularly. 

I claim: 
1. In combination With a DC voltage supply supplying an 

input DC voltage, an apparatus for disconnecting an elec 
trical load from the input DC voltage, comprising: 

a potential-carrying ?rst line; 

a second line carrying a reference potential; 

said ?rst line having an input connection to be connected 
to the DC voltage supply and having an output con 
nection to be connected to the electrical load; 

said ?rst and second lines carrying the input DC voltage 
from said input connection to said output connection; 

a fuse connected in series in said ?rst line and being 
provided adjacent to said input connection, said fuse 
having a side opposite said input connection; 

a ?rst relay having a ?rst sWitching contact and having a 
side opposite said input connection; 

said ?rst sWitching contact being connected in series in 
said ?rst line on said side of said fuse opposite said 
input connection, said ?rst sWitching contact being 
closed during a normal operation, and said ?rst sWitch 
ing contact being opened for disconnecting said ?rst 
line When a disconnection is initiated; 

a second relay having a second sWitching contact; and 

said second sWitching contact being connected in parallel 
betWeen said ?rst line and said second line on said side 
of said ?rst sWitching contact opposite said input 
connection, said second sWitching contact being open 
during the normal operation, and being closed When the 
disconnection is initiated for short-circuiting said ?rst 
line to said second line once said ?rst sWitching contact 
is opened. 

2. The apparatus according to claim 1, including: 

a third relay having a third sWitching contact; 

said second sWitching contact having a side opposite said 
input connection; and 

said third sWitching contact being connected in series in 
said ?rst line on said side of said second sWitching 
contact opposite said input connection, said third 
sWitching contact being closed during the normal 
operation, and said third sWitching contact being 
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opened When the disconnection is initiated for discon 
necting said ?rst line once said second switching con 
tact is closed. 

3. The apparatus according to claim 1, Wherein said ?rst 
and second relays are commercially available relays each 
having a single contact set. 

4. The apparatus according to claim 2, Wherein said ?rst, 
second, and third relays are commercially available relays 
each having a single contact set. 
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5. The apparatus according to claim 1, Wherein said 
second line carries a ground potential as the reference 
potential. 

6. The apparatus according to claim 1, Wherein said ?rst 
and second relays perform a high-availability disconnection. 


