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Description

[0001] The invention relates to a method of operating a charging connection de

vice for electric vehicles, which charging connection device comprises at least a first 

interface for drawing electrical energy from a stationary power supply network, at 

least a second interface for discharging electrical energy to an electric vehicle in a 

controlled manner and a housing. To this end, the second interface is preferably dis

posed on the housing of the charging connection device by means of a fixed plug 

socket or by a flexible charging cable having a plug on the free end of the charging 

cable. The housing of the charging connection device encloses or surrounds a plural

ity of electrical and electronic components, by means of which components a charg

ing operation of the electric vehicle is controlled and monitored, and at least one 

temperature value in the interior of the housing is continuously detected by at least 

one temperature sensor so that a series of temperature measurement values for the 

at least one temperature sensor or the at least one temperature value is available for 

evaluation purposes.

[0002] Firstly, it should be pointed out that all figures relating to temperature and 

temperature values and temperature ranges in this document are based on the °C 

temperature scale. The same applies to percentage figures given in relation to tem

perature values. Charging connection devices are known as such and are used to 

periodically connect an electric vehicle to a stationary power supply network so that 

the electrical energy of a charging device needed to charge an energy storage, in 

particular one or more batteries, is available. The charging device for the energy 

storage is typically integrated in the electric vehicle itself and, this being the case, is 

not a component of the charging connection device. However, designs are conceiva

ble where the charging device of the energy storage is a constituent part of the 

charging connection device.

[0003] During the process of charging the electric vehicle or its energy storage, 

heat is generated in the charging connection device amongst others, for example due 

to the operation of the electrical and electronic components in the interior of the 

housing of the charging connection device or due to cable and transition impedance, 
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in particular in the region of clamping points, switch contacts and plug connections, 

which, together with heat introduced from the ambient environment (ambient air of a 

specific temperature, sunlight, etc.), causes the charging connection device and its 

components to become hot.

[0004] If the temperature of the components of the charging connection device 

rises above their respective maximum permissible operating temperature, this can 

lead to functional faults or permanent damage to the components and hence to the 

charging connection device. In the event of an already existing defect of a compo

nent, for example a switch contact with a high transient impedance or a loose clamp, 

this can also cause excessive heat compared with fault-free operation, which can 

lead to serious consequential damage or even a fire if precautions are not taken in 

time.

[0005] Furthermore, ambient conditions such as direct sunlight, ambient air tem

perature, air flows or any other heat sources nearby have a considerable and varying 

effect on the amount of heat given off from the housing of the charging connection 

device.

[0006] A worst-case evaluation of all the factors affecting heating with a view to 

ensuring that the maximum charging power or the maximum charging current needed 

can be supplied by the charging connection device, even under the most unfavorable 

conditions, would lead to uneconomic over-dimensioning of the components and the 

housing of the charging connection device in the majority of situations.

[0007] To enable unacceptable heating of the charging connection device to be 

detected and precautions to be taken if necessary, it has been proposed, amongst 

other things, that the temperature in the interior of the housing of the charging con

nection device be monitored by means of at least one temperature sensor. In the 

event that an excessive temperature is detected, the standard response is for the 

charging operation of the electric vehicle to be cut off by the charging connection de

vice. However, the result of this is that the energy storage of the electric vehicle is not 
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sufficiently or fully charged and the electric vehicle cannot be used or can be so but 

only within a limited range when needed.

[0008] WO 2011/127446 A2 discloses a method of the generic type for operating 

a charging connection device for electric vehicles. In this case, the temperature pre

vailing in the interior of the housing is continuously detected by means of a tempera

ture sensor and the maximum permissible charging current is re-set from a previous

ly set initial value to a value greater than zero that is lower than this previously set 

initial value if a predefined threshold temperature is exceeded. These features pre

vent the charging operation from being interrupted prematurely. However, the result

ant charging behavior is only satisfactory under certain conditions.

[0009] US 2007/0013345 A1 describes a device and a method of controlling the 

power supply during a charging operation. In this case, the temperature respectively 

prevailing in the area around the corresponding load, e.g. a battery, is detected by 

means of a temperature sensor. Depending on the temperature conditions prevailing 

in the area around the electric load, in particular the battery to be charged, and de

pending on a predefined time interval, the charging current intensity is switched or 

varied between a first current value and a second current value.

[0010] US 2009/0195237 A1 describes a device for supplying an electric load, 

e.g. an electric vehicle, with energy in a controlled manner. In this instance, the tem

perature at the current contacts of an electrical plug connection between a power 

supply network and a charging cable is monitored by means of a temperature sensor. 

If a predefined threshold temperature value is exceeded, the electric power being 

transferred via the co-operating cable is reduced or switched off. This is intended to 

prevent overheating and potential fires, in particular due to poor or high-ohm plug 

contacts.

[0011] Accordingly, the objective of the invention is to propose an improved 

method of operating a charging connection device for electric vehicles whereby 

greater availability and better fault tolerance can be achieved and whereby opera
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tional reliability of the charging connection device can be achieved while ensuring low 

production costs.

[0012] This objective is achieved by means of a method of the type outlined 

above, whereby if a first, lower threshold temperature of the at least one continuously 

detected temperature value is exceeded, the maximum permissible charging current 

is re-set from a previously existing initial value to a specific value that is greater than 

zero but lower than the initial value and the charging process is not interrupted un

less a set first interval has elapsed during which the first, lower threshold temperature 

has been continuously exceeded or unless a second threshold temperature of the at 

least one continuously detected temperature value that is higher than the first thresh

old temperature, for example by 3 °C, has been exceeded.

[0013] At this stage, it should be pointed out that, unless explicitly started other

wise, the maximum permissible charging current may also be reduced to 0 A and in 

terms of effect, this is tantamount to interrupting the charging operation and in terms 

of effect, interrupting the charging operation is tantamount to a reduction of the max

imum permissible charging current to 0 A.

[0014] Accordingly, a method of operating a charging connection device for elec

tric vehicles is proposed whereby, the charging operation or process of supplying the 

energy storage of the electric vehicle with electrical energy is maintained for as long 

as possible so that the electric vehicle is sufficiently or fully charged as reliably as 

possible. At the same time, irrespective of the current ambient temperature and other 

ambient conditions, unacceptably high heating is prevented, in particular in the interi

or of the housing of the charging connection device, because if the first threshold 

temperature of the at least one temperature value is exceeded by too great a degree 

or for too long, the charging operation is interrupted.

[0015] Furthermore, with every reduction of the maximum permissible charging 

current, the start of a second interval is respectively fixed and when the second inter

val has elapsed, it is ascertained whether the first threshold temperature has been 

exceeded and if it has been exceeded, the maximum permissible charging current is 
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further reduced, potentially to 0 A. This enables a further improvement in the availa

bility and fault tolerance of the charging connection device to be obtained and hence 

a further improvement in the likelihood of the energy storage of the electric vehicle 

being fully charged. This applies in particular at very high ambient temperatures and 

if the sun is shining directly on the charging connection device. A particular ad

vantage of this is that a major part of the dissipation or heat loss in the charging con

nection device occurs due to the charging current and increases and decreases as 

ohmic dissipation proportionally to the square of the charging current. The power 

transferred to the vehicle or the quantity of energy per unit of time, on the other hand, 

is proportional to the charging current. This means that if the charging current is re

duced by the factor 0.707, the dissipation occurring is already halved (0.7072 = 0.5), 

whereas the charging time is made longer by only ca. 40% (1/0.707 = 1.414). With 

even a relatively moderate reduction of the charging current, the dissipation which 

occurs is already quite considerably reduced and the total charging time made only 

slightly longer.

[0016] Advantageous embodiments and additional features may be found in the 

dependent claims and the description of the appended drawings.

[0017] It is of particular advantage in this respect if a reduction of the maximum 

permissible charging current or interruption of the charging operation is reversed 

again as soon as there is a drop below the respective threshold temperature which, 

having been exceeded, triggered this reduction or this interruption, by a specific tol

erance value of 1 °C, for example, or for the duration of a fixed third interval. This 

ensures that the energy storage of the electric vehicle is charged as rapidly and reli

ably as possible, particularly in the event of sharply fluctuating ambient temperatures 

or ambient conditions, thereby also continuing to guarantee operating safety. The 

tolerance value or third interval also prevents the charging connection device from 

oscillating between two maximum permissible charging current values or between 

activated charging operation and interrupted charging operation, which could other

wise happen due to inexact or noisy temperature measurement.
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[0018] In this connection, it is also of advantage if, when a third threshold tem

perature of the at least one temperature value has been exceeded, which third 

threshold temperature is significantly above the first threshold temperature and 

above the optional second threshold temperature, in particular by at least 20 °C, a 

conscious control action has to be undertaken by an operator of the charging con

nection device, in particular an error acknowledgement, first of all before the interrup

tion of the charging operation is reversed. This increases the operating safety of the 

charging connection device because in the event of the second threshold tempera

ture being exceeded to too great a degree and the interruption of the charging opera

tion that goes with it, it must be assumed that there is a functional fault of the charg

ing connection device or that the operating or ambient conditions are extremely unfa

vorable and automatic resumption of the charging operation must be prevented. Due 

to the conscious control action, the operator is required to ascertain what the basic 

problem is and take steps to resolve it.

[0019] It is of advantage if the respective new maximum permissible charging 

current is communicated to a charging device of the electric vehicle and the charging 

device controls or restricts the charging operation at or to this new maximum permis

sible charging current. This approach entails relatively little additional complexity be

cause the charging device and charging electronics for charging the energy storage 

are provided in the electric vehicle as standard in any case.

[0020] It is also of advantage if the at least one temperature sensor detects the at 

least one temperature value continuously in the interior of the housing in the region of 

a circuit board, which circuit board incorporates at least a majority of the electrical 

and electronic components of the charging connection device, and the at least one 

temperature sensor is preferably positioned adjacent to a central control unit of the 

charging connection device, which central control unit controls the other electrical 

and electronic components and communicates with them. In this manner, the electri

cal and electronic components that are the most sensitive in terms of the temperature 

being exceeded, in particular the semiconductor components of the central control 

unit (microcontroller) for example, are best protected against overheating because 

the temperature directly adjacent to or at these components is continuously detected.
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[0021] Furthermore, it is of advantage if a reduction of the maximum permissible 

charging current or an interruption of the charging operation is signaled to an opera

tor of the charging connection device by acoustic, visual and/or computer means, i.e. 

for example by a mobile phone message (SMS) or an E-mail. This ensures that the 

operator receives timely and comprehensive information about the current situation 

to enable a longer charging time of the electric vehicle to be set or even precautions 

to be taken, for example.

[0022] It is of advantage if the respective threshold temperature of the at least 

one temperature value is determined by means of one or more reference measure

ments so that below the respective threshold temperature, the permissible maximum 

operating temperatures of selected electrical and electronic components of the 

charging connection device are not exceeded. To this end, the typical temperature 

distribution inside the housing and the typical temperature of selected components 

are determined as a ratio of the at least one temperature value and the highest per

missible operating temperatures of these components are used to determine the 

threshold temperature for the at least one temperature value. This ensures that the 

respective threshold temperature is set at the most suitable level possible level so as 

to obtain the highest possible availability and fault tolerance on the one hand and 

guarantee operating safety at all times. Setting absolutely accurate threshold tempe

ratures in this manner also results in the longest possible service life of the electrical 

and electronic components.

[0023] It is also of advantage if the at least one temperature value continuously 

detected by the at least one temperature sensor is subjected to a trend analysis so 

that an early reduction of the maximum permissible charging current or an early inter

ruption of the charging operation can be implemented in the event of a critical result 

of the trend analysis, and a reduction of the maximum permissible charging current 

or an interruption of the charging operation can be prevented or reversed at an early 

stage in the event of a non-critical result of the trend analysis. This further increases 

availability or fault tolerance, the effectiveness of the charging operation and the ope

rating safety of the charging connection device because the requisite measures or 
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precautions can be initiated early if there is a threat of an excessive temperature but 

are not initiated at all or reversed early if the situation is not actually critical or there 

are no longer circumstances indicating an impending excessive temperature.

[0024] It is also of advantage if the degree of the decrease or optionally increase 

of the maximum permissible charging current, i.e. the speed of the temperature in

crease or temperature decrease, of the at least one temperature value in the vicinity 

region of the first threshold temperature is determined and set based on the current 

or optionally predicted degree of the rate of change in a trend analysis. This being 

the case, the reduction has all the more impact, the higher the rate of increase of the 

at least one temperature value is (or is predicted to be) and the increase has all the 

more impact the higher the rate of reduction of the at least one temperature value is 

(or is predicted to be). This feature makes it possible to derive to what extent the dis

sipation in the charging connection device is above the quantity of heat given off to 

the outside and hence to what extent the charging current needs to be reduced in 

order to obtain a balanced and as stationary as possible operation in the vicinity of 

the threshold temperature. This ensures particularly efficient and safe operation of 

the charging connection device.

[0025] It is also of advantage if a venting unit of the charging connection device 

can be activated if there is a reduction of the maximum permissible charging current, 

an interruption of the charging operation and/or optionally a critical result of the trend 

analysis of the at least one temperature value, i.e. when it is likely that the respective 

threshold temperature will be exceeded. This results in a further increase in the 

availability or fault tolerance and operating safety of the charging connection device, 

especially in the case of a trend analysis, because the electrical and electronic com

ponents are actively cooled by the venting unit (at an early stage). Furthermore, any 

noise generated is kept low because it is restricted to only periods where forced coo

ling is necessary and the service life of the venting unit is made decisively longer.
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[0026] It is of particular advantage if at least one other temperature value at or in 

the at least one second interface of the charging connection device is continuously 

detected by at least one other temperature sensor and this at least one other tempe

rature value is monitored to ascertain whether at least one other threshold tempera

ture is exceeded. This enables a neural region of the charging connection device to 

be directly involved in monitoring the temperature, thereby increasing availability or 

fault tolerance and operating safety. Especially the region of the at least one second 

interface for controlling the output of electrical energy to the electric vehicle, which 

interface in particular comprises a plug socket on the housing of the charging 

connection device or a flexible charging cable with a plug on its free end for the co

operating plug socket on the electric vehicle, there is a possibility of heat being gene

rated due to transition impedance between the contacts of the plug socket and the 

corresponding plug. This situation is also exacerbated with increasing age and with a 

rising degree of wear of such a plug connection.

[0027] It is of advantage if several temperature values, preferably at different 

measuring positions in the interior of the housing, are continuously detected by se

veral temperature sensors. On this basis, depending on the number and distribution 

of the temperature sensors, the most comprehensive and gap-free temperature mo

nitoring system can be assured for the charging connection device.

[0028] It is also of advantage if another temperature value at or in the power sup

ply is continuously detected by another temperature sensor, which power supply 

supplies at least the majority of electrical and electronic components of the charging 

connection device with electrical energy, and if another threshold temperature of this 

other temperature value is exceeded, the charging operation is terminated and the 

charging connection device is deactivated by switching off the power supply. In the 

event of a fault, this reduces the heat generated in the charging connection device 

itself to a minimum so that in the event of such a fault, the lowest possible tempera

ture occurs in the interior of the housing of the charging connection device. This in

creases the operating safety of the charging connection device as a result. The oper

ating safety is also increased as a result because a functionally independent, i.e. 

separate, effective temperature monitoring system can contribute to a safe shutdown, 
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which independent temperature monitoring system also functions if the normal tem

perature monitoring system, controlled in particular by software and a processor, is 

malfunctioning. Finally, it is also of advantage if a log is kept of every time a threshold 

temperature is exceeded and/or every time there is subsequently a drop below it, 

preferably in conjunction with other operating events and in particular with an abso

lute or relative time stamp. This enables a thorough and comprehensive function con

trol and function optimization of the charging connection device to be run during nor

mal operation and a diagnosis of the charging connection device to be run in the 

event of faults, especially documenting when the respective threshold temperature is 

exceeded.

[0029] To provide a clearer understanding, the invention will be described in more 

detail below with reference to the appended drawings.

[0030] These are highly simplified, schematic diagrams illustrating the following:

Fig. 1 a perspective view looking towards the housing front face illustrating an 

embodiment of the charging connection device;

Fig. 2 an exploded diagram of the charging connection device illustrated in Fig. 1; 

Fig. 3 a diagram showing the charging connection device illustrated in Fig. 1 

opened and in longitudinal section;

Fig. 4 exemplary graphs plotting temperature over time with a diagram of the 

method steps run by a first group of embodiments of the charging connec

tion device from Fig. 1;

Fig. 5 other exemplary graphs plotting temperature over time with a diagram of the 

method steps run by another embodiment of the charging connection de

vice from Fig. 1 and

Fig. 6 other exemplary graphs plotting temperature over time with a diagram of the 

method steps run by another group of embodiments of the charging con

nection device from Fig. 1.

[0031] Firstly, it should be pointed out that the same parts described in the differ

ent embodiments are denoted by the same reference numbers and the same com
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ponent names and the disclosures made throughout the description can be trans

posed in terms of meaning to same parts bearing the same reference numbers or 

same component names. Furthermore, the positions chosen for the purposes of the 

description, such as top, bottom, side, etc., relate to the drawing specifically being 

described and can be transposed in terms of meaning to a new position when anoth

er position is being described.

[0032] Figs. 1 to 3 illustrate an exemplary embodiment of a charging connection 

device 1 for electric vehicles. This charging connection device 1 is provided as a 

means of charging or regenerating an energy storage, in particular one or more bat

teries, of an electric vehicle, and the charging connection device 1 constitutes the 

connecting element between a stationary power supply network and a charging de

vice of the energy storage of the electric vehicle. The charging device of the energy 

storage may be designed as a constituent part of the charging connection device 1, 

although in currently standard designs, the charging device is preferably integrated in 

the electric vehicle itself. The charging connection device 1 then constitutes a type of 

intelligent power charging point for electric vehicles.

[0033] The charging connection device 1 illustrated comprises a housing 2, which 

in turn comprises a front housing part 3 and a rear housing part 4, and the rear hous

ing part 4 is stationary, for example mounted on a house wall or a pillar, and the front 

housing part 3 can be removed from the rear housing part 4 if necessary. In the em

bodiment illustrated as an example here, the front housing part 3 comprises several 

other housing parts 5 to 5IV

[0034] Disposed on a top face of the housing 2 is a first interface 6 for drawing 

electrical energy from the stationary power supply network. The charging connection 

device 1 draws electrical energy from the power supply network via this first interface 

6, and in the embodiment illustrated as an example here, the first interface 6 is a 

hard-wired cable interface. To enable the electrical power typically needed to be 

transferred into the charging connection device 1 and from there onwards to the elec

tric vehicle, electric cables with a cable cross-section of at least 4 mm2 are provided.

11
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[0035] In order to output the electrical energy to the electric vehicle, at least one 

second interface 7 is provided on a front face of the housing 2. This second interface 

7 comprises a plug socket 8 into which a plug of a charging cable of the electric vehi

cle can be plugged and locked. In the charging connection device 1 illustrated here, 

another second interface 9 is provided on a bottom face of the housing 2, to which a 

wired, flexible charging cable can be fixedly connected to the charging connection 

device 1, a plug being provided on the free end of the flexible charging cable which 

can be plugged into a co-operating plug socket on the electric vehicle. A co-operating 

charging cable output 10 for the flexible charging cable of the other second interface 

9 may be seen in Fig. 2. Which of the embodiments of the second interface 7, 9 is 

then actually provided on the charging connection device and whether one or more 

second interfaces 7, 9 are provided is a matter which may be decided depending on 

requirements. In one embodiment of the at least one second interface 7, 9 in the form 

of a flexible charging cable, a charging cable holder 38 is expediently provided, on 

which the flexible charging cable can be stowed when not in use.

[0036] As may best be seen from Figs. 2 and 3, the housing 2 or the front hous

ing part 3 and rear housing part 4 enclose a plurality of electrical and electronic com

ponents in the interior of the housing 2, which electrical and electronic components 

11 are disposed or secured on a circuit board 12 and which control and monitor the 

charging operation of the electric vehicle, amongst other things. During the course of 

controlling and monitoring the charging operation, it is also necessary for various 

measurements to be taken, for example in order to determine the current intensity of 

the current transferred to the electric vehicle. The electrical and electronic compo

nents 11 needed for this purpose are also provided on the circuit board 12.

[0037] The electrical and electronic components 11 also include in particular con

necting terminals 13 for connecting the wires of the first interface 6 to the charging 

connection device 1, connecting terminals 14 for connecting the wires of the second 

interface 7 and the other second interface 9 to the charging connection device 1, an 

electrical relay 15 for establishing and cutting off the electrical connection between 

the first interface 6 and the second interface 7 or the other second interface 9 of the 

charging connection device 1, optionally a residual-current circuit breaker 16 which 

12



DK/EP 2836389 T3

cuts off the power circuit in a ground in the power supply network from the charging 

connection device 1 to the electric vehicle and a central control unit 19 which controls 

the other electrical and electronic components 11 and communicates with them, 

preferably provided in the form of a microcontroller.

[0038] The circuit board 12 with the electrical and electronic components 11 

mounted on it is secured in a base region in the interior of rear housing part 4. A 

molded part 17 made from plastic is disposed between a front face of the circuit 

board 12 and electrical and electronic components 11 and the other housing part 5" 

of front housing part 3 of the housing 2, which molded part 17 supports the other 

housing part 5" with respect to the circuit board 12 and rear housing part 4, as may 

best be seen from Fig. 3, and splits or sub-divides the circuit board 12 and the elec

trical and electronic components 11 disposed on it into different regions. In order to 

ensure that there is an adequate air circulation for cooling the interior of the housing 

2, the molded part 17 is provided with air vents 18 at various points.

[0039] In order to monitor the temperature in the interior of the housing 2 of the 

charging connection device 1, at least one temperature sensor 20 is disposed in a 

specific position in the housing 2 for continuously detecting at least one temperature 

value. In the embodiment illustrated as an example here, the at least one tempera

ture sensor 20 is positioned in the region of the circuit board 12, adjacent to the cen

tral control unit 19 of the charging connection device 1 so that the current tempera

ture in this region and adjacent to this sensitive component can be directly detected 

and monitored.

[0040] Figs. 4 to 6 illustrate how the charging connection device 1 reacts to dif

ferent curves plotting the at least one temperature value in the interior of the housing 

2 continuously detected by the at least one temperature sensor 20.

[0041] As illustrated in Fig. 4, a first threshold temperature 21 of 62 °C, for exam

ple, is defined for the at least one temperature value. As long as the continuously 

detected temperature value lies below this first threshold temperature 21, a specific 

maximum permissible charging current of 32 A, for example, is predefined by this 
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charging connection device 1. If the first threshold temperature 21 of the at least one 

temperature value is exceeded, the maximum permissible charging current is re

duced from the previously existing initial value to a specific value of 16 A, for exam

ple, that is lower than the initial value. Based on a first embodiment of the method, 

together with this reduction in the maximum permissible charging current, the start of 

a first interval 22 of 10 minutes, for example, is set and if this first interval 22 elapses 

and the first threshold temperature 21 has been continuously exceeded, the charging 

operation is interrupted.

[0042] Based on a second, alternative embodiment or additional feature of the 

method, a second threshold temperature 23 of the at least one temperature value 

that is higher than the first threshold temperature 21 is defined, for example 65 °C. If, 

after the first threshold temperature 21 has been exceeded and the maximum per

missible charging current has been reduced as a result and then also the higher sec

ond threshold temperature 23 is exceeded, the charging operation is interrupted at 

this instant.

[0043] If setting a reduced maximum permissible charging current does not have 

any demonstrable effect, for example because the charging device of the electric ve

hicle does not react to the reduction in the maximum permissible charging current, 

the charging operation is preferably not interrupted straight away but is continued 

until one of the interruption conditions mentioned above is satisfied so that the charg

ing operation is maintained for as long as possible.

[0044] Based on another variant of the method illustrated on the basis of a graph 

in Fig. 5, with every reduction in the maximum permissible charging current the start 

of a second interval 24 of 5 minutes, for example, is set in each case. When this re

spective second interval 24 has elapsed, it is then ascertained whether the first 

threshold temperature 21 is still being exceeded. If this is the case, the maximum 

permissible charging current is further reduced, for example to 10 A. If, on the other 

hand, when the second interval 24 has elapsed the first threshold temperature 21 is 

no longer being exceeded, no further reduction is made to the maximum permissible 

charging current.

14
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[0045] In this connection, it should be pointed out that a further reduction in the 

maximum permissible charging current also includes the situation in which the maxi

mum permissible charging current is reduced to 0 A. It should also be noted that the 

additional feature of the method illustrated in Fig. 5 is employed independently of the 

embodiment of the method described in connection with Fig. 4. An interruption of the 

charging operation is therefore still triggered if the second threshold temperature 23 

of the at least one temperature value is exceeded.

[0046] Fig. 6 is a graph illustrating another embodiment of the method, whereby a 

reduction of the maximum permissible charging current or an interruption of the 

charging operation is reversed again as soon as the respective threshold tempera

ture 21,23 which caused this reduction or this interruption because it was exceeded 

is then not exceeded by a specific tolerance value 25 of 1 °C, for example, or for a 

fixed third interval 26 of 3 minutes, for example. In this respect, it should be pointed 

out that in Fig. 6, these two aspects of the method for the two threshold temperatures 

21,23 are illustrated by way of example only. It would naturally also be possible for 

the respective threshold temperature 21,23 to be used in conjunction with the other 

aspect of the method (tolerance value 25 or third interval 26) or for the same aspect 

of the method to be used for both of the threshold temperatures 21,23 respectively.

[0047] Fig. 6 also shows a third threshold temperature 27 of 90 °C, for example, 

and this third threshold temperature 27 lies significantly above the first threshold 

temperature 21 and optionally above the second threshold temperature 23, in par

ticular by at least 20 °C. Based on another embodiment of the method, when the third 

threshold temperature 27 of the at least one temperature value is exceeded, it is 

necessary for a conscious control action to be undertaken, in particular an error 

acknowledgement, by an operator of the charging connection device 1 before the 

interruption of the charging operation is reversed again if necessary, i.e. when the 

second threshold temperature 23 has been exceeded by a sufficient degree or for a 

sufficiently long interval. The fact that the second threshold temperature 23 is ex

ceeded by the massive degree defined by the third threshold temperature 27 and the 

charging operation is interrupted as a result means that it can be assumed that there 
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is a functional fault on the charging connection device or that the ambient conditions 

are extremely unfavorable, in which case automatic resumption of the charging oper

ation is prevented.

[0048] It is of practical advantage if the newly determined, i.e. reduced or in

creased, maximum permissible charging current on a charging device of the electric 

vehicle and its energy storage is communicated in each case as part of the embodi

ment of the method used and the charging device controls or limits the charging op

eration on the basis of this new maximum permissible charging current. To this end, 

the charging connection device 1 is provided with a communication interface 28 by 

means of which, amongst other things, the communication between the charging 

connection device 1 and the electric vehicle to be charged takes place. In particular, 

this communication is hard-wired via the charging cable, which is connected to the at 

least one second interface 7, 9 of the charging connection device 1 and at the other 

end to the co-operating interface of the electric vehicle. In this connection, however, it 

would also be conceivable to opt for other communication systems, for example a 

wireless communication by means of an electromagnetic signal.

[0049] The communication interface 28 may also enable the charging connection 

device 1 to communicate with other devices, for example a remote or external control 

device for the charging connection device 1 or a central management device for a 

plurality of charging connection devices 1. This communication may also be operated 

via the Internet.

[0050] The charging connection device 1 is also expediently provided with an 

output element 29 comprising one or more lamp means 30, which output element 29 

is used to display a visual signal in a display area 31 - Fig. 1 - on the front face of 

the housing 2 of the charging connection device 1 so that a reduction in the maxi

mum permissible charging current or an interruption of the charging operation can be 

visually indicated to an operator of the charging connection device 1. In this connec

tion, it would also be conceivable for such an indication to be given additionally or 

exclusively by acoustic means, for example, via another output element and/or on a 

computer means via the communication interface 28. By indication on a computer 
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means is meant the transmission of a mobile phone message or an E-mail to the op

erator, for example.

[0051] The reduction in the charging current and the interruption of the charging 

operation may also be indicated on the remote or external control device for the 

charging connection device 1 or the central management device for a plurality of 

charging connection devices 1, where it is visually or acoustically output or displayed.

[0052] It is also of practical advantage if the respective threshold temperature 21, 

23, 27 of the at least one temperature value is determined in advance by means of 

one or more reference measurements so that below the respective threshold tem

perature 21,23, 27, the permissible, maximum operating temperatures of selected 

electrical or electronic components 11 of the charging connection device 1 are not 

exceeded. In other words, specifically for the specific position or disposition of the at 

least one temperature sensor 20, the respective threshold temperature 21,23, 27 is 

determined taking account of the permissible, maximum operating temperatures of 

selected, in particular sensitive, electrical and electronic components 11, such as for 

example the central control unit 19, during the course of the at least one reference 

measurement.

[0053] It is of particular practical advantage if the at least one temperature value 

continuously detected by the at least one temperature sensor 20 is subjected to a 

trend analysis. Using such a trend analysis, the current level of the temperature value 

or the current rate of change or change in direction of the temperature value is used 

to make an estimate or prediction as to how the at least one temperature value will 

develop in terms of value in the in the period immediately ahead. A result of such a 

trend analysis is, for example, whether or with what likelihood the at least one tem

perature value will rise above or drop below one of the threshold temperatures 21, 

23, 27 at a specific point in time in the future, by what amount this rise or fall will be 

and/or for how long this rise or fall will last.

[0054] Using the result of the trend analysis of the at least one temperature value, 

it is then possible to apply a reduction in the maximum permissible charging current 
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at an early stage or interrupt the charging operation at an early stage if the result of 

the trend analysis predicts that the first threshold temperature 21 or the second 

threshold temperature 23 will be exceeded. It is also possible to prevent a reduction 

in the maximum permissible charging current or an interruption of the charging op

eration if it is obvious from the result of the trend analysis that the first threshold tem

perature 21 or the second threshold temperature 23 will be exceeded for a specific, 

sufficiently short interval and/or by a sufficiently low amount. It is also possible to re

verse a reduction in the maximum permissible charging current or an interruption of 

the charging operation at an early stage if warranted by the result of the trend analy

sis.

[0055] It is also of practical advantage, especially in conjunction with a trend 

analysis, to determine and set the amount of the reduction or optionally increase in 

the maximum permissible charging current on the basis of the current or optionally 

the predicted degree of the rate of change, i.e. speed of the temperature increase or 

temperature decrease, of the at least one temperature value in the vicinity of the first 

threshold temperature 21. The change in speed of the temperature in the vicinity of 

the first threshold value offers a starting point for the required or necessary amount of 

change in the charging current with a view to obtaining as stationary operation as 

possible in the vicinity of the threshold temperature for an optimum charging current.

[0056] As may be seen from Figs. 1 to 3, the charging connection device 1 is 

provided with a venting unit 32 with a ventilation grille 33 mounted externally up

stream in the other housing part 51" of the front housing part 3 of the housing 2. This 

venting unit 32 may be activated in the event of a reduction of the maximum permis

sible charging current, in the event of an interruption of the charging operation and/or 

if necessary in the event of a corresponding result of the trend analysis of the at least 

one temperature value, i.e. if it is likely that the respective threshold temperature 21, 

23, 27 will be exceeded, in order to generate a cooling air flow in the interior of the 

housing 2, in particular in the region of the circuit board 12, in order to cool the elec

trical and electronic components 11 and disperse the thermal energy prevailing in the 

interior of the housing 2 to the outside.
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[0057] In the described embodiment of the charging connection device 1, the plug 

socket 8 of the at least one second interface 7 of the charging connection device 1 is 

provided with at least one other temperature sensor 34, by means of which other 

temperature sensor 34 at least one other temperature value is continuously detected. 

This at least one other temperature value is monitored to ascertain whether at least 

one other threshold temperature is exceeded in the same way as above in the case 

of the system monitoring the at least one temperature value of the at least one tem

perature sensor 20. How this monitoring is implemented and what measures and 

precautions are derived from the results of monitoring may be found in the parts of 

the description given above. For reasons of efficiency, this description will not be re

peated here.

[0058] It is also of practical advantage to detect the temperature in the interior of 

the housing 2 continuously with several temperature sensors 20, 35, 36 at different 

measuring positions. As a result of this feature, it is possible in particular to detect 

and evaluate different temperatures in different regions in the interior of the housing 2 

independently of one another.

[0059] As may be seen from Fig. 3, another temperature sensor 36 is mounted 

on a power supply 37 of the charging connection device 1 for continuously detecting 

another temperature value. This power supply 37 is mounted on the circuit board 12 

and supplies at least the majority of the electrical and electronic components 11 of 

the charging connection device 1 with electrical energy. If the other temperature sen

sor 36 detects that another threshold temperature has been exceeded, the charging 

operation is terminated and the charging connection device 1 is deactivated by 

switching off the power supply 37. In particular, this temperature monitoring system 

operates independently of the temperature monitoring system operated by means of 

the other temperature sensors 20, 34, 35.

[0060] One of the electrical and electronic components 11 or a component of the 

central control unit 19 of the charging connection device 1 advantageously serves as 

an electronic storage element in which data can be logged or stored every time there 

is a rise above and/or every time there is a drop below a threshold temperature 21, 
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23, 27, preferably along with other events occurring during operation of the charging 

connection device 1 and in particular provided with an absolute or relative time 

stamp.

[0061] For the sake of good order, finally, it should be pointed out that, in order to 

provide a clearer understanding of the structure of the charging connection device 1, 

it and its constituent parts are illustrated to a certain extent out of scale and/or on an 

enlarged scale and/or on a reduced scale.

[0062] All the figures relating to ranges of values in the description should be 

construed as meaning that they include any and all part-ranges, in which case, for 

example, the range of 1 to 10 should be understood as including all part-ranges start

ing from the lower limit of 1 to the upper limit of 10, i.e. all part-ranges starting with a 

lower limit of 1 or more and ending with an upper limit of 10 or less, e.g. 1 to 1.7, or

3.2 to 8.1 or 5.5 to 10.

List fo reference numbers

1 Charging connection device

2 Housing

3 Front housing part

4 Rear housing part

5-5lv Other housing parts

6 First interface

7 Second interface

8 Plug socket

9 Second interface

10 Charging cable output
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Electrical and electronic components

Circuit board

Connecting terminals

Connecting terminals

Electrical relay

Residual-current circuit breaker

Molded part

Venting orifices

Central control unit

Temperature sensor

First threshold temperature

First interval

Second threshold temperature

Second interval

Tolerance value

Third interval

Third threshold temperature

Communication interface

Output element

Lamp means
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31 Display area

32 Venting unit

33 Ventilation grille

34 Temperature sensor

35 Temperature sensor

36 Temperature sensor

37 Power supply

38 Charging cable holder
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Patentkrav
1. Fremgangsmåde til drift af en ladetilslutningsanordning (1) til elkøretøjer, 
hvorved ladetilslutningsanordningen (1) omfatter i det mindste en første 
grænseflade (6) til udtagning af elektrisk energi fra et stationært 
elforsyningsnet, i det mindste en anden grænseflade (7, 9) til styret afgivelse 
af elektrisk energi til et elkøretøj og et hus (2), hvilket hus (2) omslutter et 
multiplum af elektrotekniske henholdsvis elektroniske komponenter (11), og 
ved hjælp af hvilke elektrotekniske henholdsvis elektroniske komponenter 
(11) en ladeproces for elkøretøjet styres og overvåges, hvorved der med i det 
mindste en temperatursensor (20) kontinuerligt detekteres en 
temperaturværdi i husets (2) indre, og hvorved ved en overskridelse af en 
første grænsetemperatur (21) for den i det mindste ene temperaturværdi den 
maksimalt tilladelige ladestrøm fra en forudgående eksisterende 
udgangsværdi sættes til en bestemt og i forhold til udgangsværdien 
reduceret værdi større end nul, kendetegnet ved, at efter udløb af en fastlagt 
første periode (22) med en uafbrudt overskridelse af den første 
grænsetemperatur (21) afbrydes ladeprocessen, og at der med hver 
reduktion af den maksimalt tilladelige ladestrøm hver gang er fastlagt 
begyndelsen af en anden periode (24), og det ved udløb af den anden 
periode (24) konstateres, om der foreligger en overskridelse af den første 
grænsetemperatur (21), og at, hvis der foreligger en sådan overskridelse, 
den maksimalt tilladelige ladestrøm yderligere reduceres.

2. Fremgangsmåde ifølge krav 1, kendetegnet ved, at ved en overskridelse 
af en i forhold til den første grænsetemperatur (21) forhøjet anden 
grænsetemperatur (23) for den i det mindste ene temperaturværdi afbrydes 
ladeprocessen.

3. Fremgangsmåde ifølge krav 1 eller 2, kendetegnet ved, at en reduktion af 
den maksimalt tilladelige ladestrøm eller en afbrydelse af ladeprocessen 
ophæves igen, så snart den respektive grænsetemperatur (21, 23), hvis 
overskridelse havde udløst denne reduktion eller denne afbrydelse, 
underskrides med en bestemt toleranceværdi (25) eller langs en fastlagt 
tredje periode (26).

4. Fremgangsmåde ifølge krav 3, kendetegnet ved, at der efter en 
overskridelse af en tredje grænsetemperatur (27) for den i det mindste ene
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temperaturværdi, hvilken tredje grænsetemperatur (27) ligger betydeligt, især 
i det mindste 20 °C, over den første grænsetemperatur (21) samt over den i 
givet fald anden grænsetemperatur (23), først skal foretages en bevidst 
betjeningshandling, især en fejlkvittering, af en betjeningsperson for 
ladetilslutningsanordningen (1), før afbrydelsen af ladeprocessen i givet fald 
igen ophæves.

5. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at den 
respektive nye, maksimalt tilladelige ladestrøm kommunikeres til en 
ladeanordning i elkøretøjet, og ladeanordningen regulerer eller begrænser 
ladeprocessen svarende til denne nye, maksimalt tilladelige ladestrøm.

6. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at den 
i det mindste ene temperatursensor (20) kontinuerligt detekterer den i det 
mindste ene temperaturværdi i husets (2) indre i en printplades (12) område, 
hvilken printplade (12) bærer i det mindste en størstedel af 
ladetilslutningsanordningens (1) elektrotekniske henholdsvis elektroniske 
komponenter (11), og hvorved den i det mindste ene temperatursensor (20) 
foretrukket er positioneret ved siden af en centralstyreenhed (19) for 
ladetilslutningsanordningen (1), hvilken centralstyreenhed (19) styrer de 
andre elektrotekniske henholdsvis elektroniske komponenter (11) eller 
kommunikerer med disse.

7. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at en 
reduktion af den maksimalt tilladelige ladestrøm eller en afbrydelse af 
ladeprocessen signaleres til en betjeningsperson for 
ladetilslutningsanordningen (1) ad akustisk, visuel og/eller 
informationsteknisk vej.

8. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at den 
respektive grænsetemperatur (21, 23, 27) for den i det mindste ene 
temperaturværdi ved hjælp af en eller flere referencemålinger bestemmes 
sådan, at der under den respektive grænsetemperatur (21, 23, 27) ikke 
overskrides de tilladelige maksimale driftstemperaturer for udvalgte 
elektrotekniske og elektroniske komponenter (11) i 
ladetilslutningsanordningen (1).
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9. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at den 
med den i det mindste ene temperatursensor (20) kontinuerligt detekterede i 
det mindste ene temperaturværdi underkastes en trendanalyse, således at 
der kan gennemføres en tidlig reduktion af den maksimalt tilladelige 
ladestrøm eller en tidlig afbrydelse af ladeprocessen ved et tilsvarende 
resultat af trendanalysen, og at henholdsvis en reduktion af den maksimalt 
tilladelige ladestrøm eller en afbrydelse af ladeprocessen ved et tilsvarende 
resultat af trendanalysen kan forhindres eller ophæves tidligt.

10. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at 
der svarende til det aktuelle eller i givet fald forudsagte omfang af 
ændringsraten, dvs. hastigheden af temperaturstigningen eller 
temperatursænkningen, for den i det mindste ene temperaturværdi i den 
første grænsetemperaturs (21) område bestemmes og fastlægges omfanget 
af reduktionen eller i givet fald forhøjelsen af den maksimalt tilladelige 
ladestrøm.

11. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at der 
ved en reduktion af den maksimalt tilladelige ladestrøm ved en afbrydelse af 
ladeprocessen og/eller i givet fald ved et tilsvarende resultat af trendanalysen 
af den i det mindste ene temperaturværdi aktiveres en ventilationsenhed (32) 
i ladetilslutningsanordningen (1).

12. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at der 
med i det mindste en yderligere temperatursensor (34) kontinuerligt 
detekteres i det mindste en yderligere temperaturværdi ved eller i den i det 
mindste ene anden grænseflade (7) for ladetilslutningsanordningen (1), og 
denne i det mindste ene yderligere temperaturværdi overvåges med hensyn 
til en overskridelse af i det mindste en yderligere grænsetemperatur.

13. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at der 
med flere temperatursensorer (20, 35, 36) i husets (2) indre kontinuerligt 
detekteres flere temperaturværdier, foretrukket på forskellige målepositioner.

14. Fremgangsmåde ifølge krav 13, kendetegnet ved, at der med en 
yderligere temperatursensor (36) kontinuerligt detekteres en yderligere 
temperaturværdi henholdsvis ved eller i en netdel (37), hvilken netdel (37) 



DK/EP 2836389 T3

5

10

26

forsyner i det mindste størstedelen af de elektrotekniske henholdsvis 
elektroniske komponenter (11)1 ladetilslutningsanordningen (1) med elektrisk 
energi, og hvorved ladeprocessen ved en overskridelse af en yderligere 
grænsetemperatur for denne yderligere temperaturværdi afsluttes, og 
ladetilslutningsanordningen (1) standses ved afkobling af netdelen (37).

15. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved, at 
hver overskridelse og/eller hver derpå følgende underskridelse af en 
grænsetemperatur (21,23, 27) protokolleres, foretrukket sammen med andre 
driftshændelser og især forsynet med et absolut eller relativt tidsstempel.
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