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Description

RELATED APPLICATION

[0001] The present disclosure claims priority of the Chinese patent with an application number of 202110821578.3,
an invention title of ‘cable having cooling function, current transmission device, and electric vehicle’ and filed on July 20,
2021, the entire content of which is incorporated herein. The present disclosure further claims priority of the Chinese
patent with an application number of 202121653535.0, an invention title of ‘cable with cooling function, current trans-
mission device, and electric vehicle’ and filed on July 20, 2021, the entire content of which is incorporated herein.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of current transmission, and particularly to a cable with cooling
function, a current transmission device and an electric vehicle.

BACKGROUND

[0003] Under the influences of the energy crisis and the increasingly severe weather warming in the world, the new
energy vehicle industry, such as the electric vehicle industry, has been a vigorously developing industry. But currently,
the charging duration of electric vehicles is long, which has become a bottleneck restricting the widespread use of the
electric vehicles. At present, the current for fast charging of the electric vehicles reaches 150 A to 400 A, which leads
to the high heat generated in charging cables, which is also a main reason that limits the charging current of the electric
vehicles.

[0004] In order to solve this problem, firstly, it is urgent to increase the cross-sectional area of the cable and reduce
the heat generated in the cable, but the cost of the cable will increase greatly. Secondly, a cooling technology may be
adopted to cool the cable.

[0005] Atpresent, the technologies of liquid cooling and air cooling are mostly adopted to cool the high-current charging
cables. Although the technology of liquid cooling achieves a good cooling effect, it requires additional cooling pipelines,
pumps, heat dissipation devices, etc., and has the problems of complex system structure, extremely high requirements
for safety and stability, and the increase of the cost. Limited by the mounting size and space, the technology of air cooling
has the problems of low cooling efficiency and additional noises which affects the whole vehicle’s NVH (Noise, Vibration
and Harshness) performance.

[0006] Therefore, in the field of current transmission, there is an urgent need for a cable with cooling function, which
can quickly cool the cable, increase the charging current and reduce the cross-sectional area of the cable.

SUMMARY

[0007] The present disclosure is intended to solve the problems of complex structure and high cost for conductor
cooling using a technology of liquid cooling, and the problems of low cooling efficiency and high noises for conductor
cooling using a technology of air cooling, in the prior art.

[0008] In order to solve the above technical problems, a first aspect of the present disclosure provides a cable with
cooling function, including a semiconductor cooling module 101, a conductor 102 and a control module 103;

a cooling end of the semiconductor cooling module 101 is disposed on at least one side of the conductor 102 to
absorb heat dissipated from the conductor 102;

the semiconductor cooling module 101 is electrically connected to the control module 103, and the control module
103 is configured to control an electrical signal supplied to the semiconductor cooling module 101.

[0009] A second aspect of the present disclosure provides a current transmission device, including the cable 100 with
cooling function according to any of the aforementioned embodiments, a charging module 200 and a battery module 300;
two ends of the cable 100 with cooling function are respectively connected to the charging module 200 and the battery
module 300 to conduct electric energy obtained by the charging module 200 to the battery module 300.

[0010] In a further embodiment of the present disclosure, the control module 103 is connected to the charging module
200 which supplies electric energy to the control module 103.

[0011] A third aspect of the present disclosure provides an electric vehicle, including the current transmission device
according to any of the aforementioned embodiments.

[0012] According to the cable with cooling function, the current transmission device and the electric vehicle provided
in the present disclosure, by disposing a cooling layer structure composed of the semiconductor cooling module on a
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side of the conductor and powering the semiconductor cooling module by the control module, the heat generated by the
conductor when high-voltage and large currentis conducted therethrough can be absorbed by the semiconductor cooling
module, so as to decrease the temperature rise value of the conductor. When the conductor has a fixed size, it is possible
to bear larger current and meet the temperature rise requirement. The cable with cooling function provided in the present
disclosure cools the conductor just using the semiconductor cooling module and the control module, and has the ad-
vantage of simple structure. The cable with cooling function provided in the present disclosure only needs to dispose
the semiconductor cooling model on a side of the conductor, and has the advantage of flexible size. The cable with
cooling function provided in the present disclosure controls an electrical signal supplied to the semiconductor cooling
module using the control module, so that the semiconductor cooling module can cool the conductor, and has the ad-
vantages of reliable performance, no noise and no refrigerant pollution.

[0013] In order that the above and other objectives, features and advantages of the present disclosure are more
obvious and easily understood, the preferred embodiments are described below in detail with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In order to more clearly explain the technical solutions in the embodiments of the present disclosure or in the
prior art, the drawings to be used in the description of the embodiments or the prior art will be briefly introduced as
follows. Obviously, the drawings used in the following description only illustrate some embodiments of the present
disclosure, and those of ordinary skill in the art can obtain other drawings from them without paying any creative effort.

FIG. 1 illustrates a structural diagram of a cable with cooling function according to an embodiment of the present
disclosure;

FIGS. 2A and 2B illustrate a cross-sectional view of a cable with cooling function according to an embodiment of
the present disclosure;

FIG. 3 illustrates another cross-sectional view of a cable with cooling function according to an embodiment of the
present disclosure;

FIG. 4 illustrates a first circuit diagram of a cable with cooling function according to an embodiment of the present
disclosure;

FIG. 5 illustrates a second circuit diagram of a cable with cooling function according to an embodiment of the present
disclosure;

FIG. 6 illustrates a partial enlarged view of a cable with cooling function according to an embodiment of the present
disclosure;

FIG. 7 illustrates a first flowchart of a process of adjusting an electrical signal of a semiconductor cooling module
by a control module according to an embodiment of the present disclosure;

FIG. 8 illustrates a second flowchart of a process of adjusting an electrical signal of a semiconductor cooling module
by a control module according to an embodiment of the present disclosure;

FIG. 9 illustrates a third flowchart of a process of adjusting an electrical signal of a semiconductor cooling module
by a control module according to an embodiment of the present disclosure;

FIG. 10 illustrates a cross-sectional view of a current transmission device according to an embodiment of the present
disclosure;

FIG. 11 illustrates a structural diagram of a semiconductor cooling module according to an embodiment of the
present disclosure; and

FIG. 12 illustrates a structural diagram of a computer device according to an embodiment of the present disclosure.

Reference numerals:
[0015]

100: cable with cooling function;
101: semiconductor cooling module;
102: conductor;

103: control module;

104: rectifier module;

105: temperature detector;

106: low-voltage harness;

107: insulating protective layer;
200: charging module;

300: battery module;
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1011: alumina substrate;

1012: waterproof protective layer;
1013: semiconductor PIN layer;
1014: power interface;

1302: computer device;

1304: processor;

1306: memory;

1308: drive mechanism;

1310: input/output module;
1312: input device;

1314: output device;

1316: presentation device;
1318: graphical user interface;
1320: network interface;

1322: communication link;
1324: communication bus.

DESCRIPTION OF THE EMBODIMENTS

[0016] The technical solutions in the embodiments of the present disclosure will be clearly and completely described
below in conjunction with the drawings for the embodiments of the present disclosure. Obviously, those described are
merely a part, rather than all, of the embodiments of the present disclosure. Based on the embodiments of the present
disclosure, any other embodiment obtained by those of ordinary skill in the art without paying any creative effort should
fall within the protection scope of the present disclosure.

[0017] Although the embodiments of the present disclosure provide the operation steps of the methods as described
in the embodiments or flowcharts, more or fewer operation steps may be included based on conventional or non-inventive
labor. The step execution order listed in the embodiments is only one of various step execution orders and does not
represent a unique execution order. In case of an actual system or apparatus product, the steps may be executed orderly
or in parallel according to the methods illustrated in the embodiments or the drawings.

[0018] The illustrative embodiments and the descriptions thereof herein are used to explain, rather than limiting, the
present disclosure. In addition, element/members using the same or similar reference numerals in the drawings and
embodiments are intend to represent the same or similar parts.

[0019] In the prior art, the cooling of large-current conductors is mainly realized by the technologies of liquid cooling
and air cooling. In which, the technology of liquid cooling requires additional cooling pipelines, pumps, heat dissipation
devices, etc., and has the problems of complex system structure, extremely high requirements for safety and stability,
and the increase of the cost. Limited by the mounting size and space, the technology of air cooling has the problems of
low cooling efficiency and additional noises which affects the NVH of the whole vehicle.

[0020] Inorder to solve the above technical problems, a novel cable with cooling function is provided in an embodiment
of the present disclosure. The cable with cooling function according to the present disclosure has the advantages of
simple structure, flexible size, reliable performance, no noise and no refrigerant pollution.

[0021] Specifically, as illustrated in FIG. 1 and FIG.5, a cable with cooling function includes a semiconductor cooling
module 101, a conductor 102 and a control module 103;

a cooling end of the semiconductor cooling module 101 is disposed on at least one side of the conductor 102 to
absorb heat emitted by the conductor 102;

the semiconductor cooling module 101 is electrically connected to the control module 103, and the control module
103 is configured to control an electrical signal supplied to the semiconductor cooling module 101.

[0022] In detail, the semiconductor cooling module 101 is a heat transfer tool in principle. When current flows through
a thermocouple pair formed by coupling one piece of N-type semiconductor material and one piece of P-type semicon-
ductor material, heat is transferred from one end to the other end, so that a temperature difference is generated to form
a cooling end and a hot end. The semiconductor cooling module 101 according to the present disclosure includes not
only the cooling end, but also the hot end opposite to the cooling end. The semiconductor cooling module 101 may be
the semiconductor cooling module existing in the prior art and may be customized according to the size of the conductor.
The semiconductor cooling module 101 may completely or partially cover the conductor 102.

[0023] The amount of heat released or absorbed by the semiconductor cooling module 101 is determined by the
magnitude of current, so the semiconductor cooling module 101 described herein may be configured to control, through
the control module 103, the electrical signals (including the current signal and the voltage signal) supplied to the semi-
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conductor cooling module 101, thereby achieving the effect of controlling the temperature rise of the conductor 102, so
that the cable with cooling function can work at a stable temperature.

[0024] Power (e.g., low-voltage 12V direct current) is supplied to the semiconductor cooling module 101 by the control
module 103, and the control module 103 can realize an access control of the semiconductor cooling module 101 by
controlling conduction of a connecting wire between the control module 103 and the semiconductor cooling module 101.
During implementations, a control logic of the semiconductor cooling module 101 may be set by a worker according to
actual needs, e.g., different semiconductor cooling modules 101 are connected in different time periods, or different
electrical signals of the conductor 102 are connected to different semiconductor cooling modules 101. The logic of the
control of the electrical signals supplied to the semiconductor cooling module by the control module 103 is not limited
in the present disclosure, and any logic capable of realizing the control of the electrical signals belongs to the protection
scope of the present disclosure. Through the power supply and control mode in the present disclosure, the structure of
the cable with cooling function can be simplified, the cooling efficiency can be improved and the energy waste can be
avoided.

[0025] The control module 103 may be a Central Processing Unit (CPU) or any other programmable general-purpose
or special-purpose microprocessor, a Digital Signal Processor (DSP), a programmable control module, an Application
Specific Integrated Circuit (ASIC) or any other similar element, or combinations thereof, and the type, model, etc. of the
control module 103 are not specifically limited herein.

[0026] In some embodiments, in order to completely attach the semiconductor cooling modules 101 to the conductors
102, there may be a plurality of semiconductor cooling modules 101 of a same size or different sizes depending on the
size of the conductor.

[0027] In some embodiments, the semiconductor cooling module 101 may have maximums overall dimension of more
than 60 mm X 60 mm, a thickness of less than 4.1 mm, and a maximum cooling power of 270 W, with a maximum
temperature difference in a single layer being more than 60 °C.

[0028] Further, in order to accurately control the temperature of each of the semiconductor cooling modules 101, the
plurality of semiconductor cooling modules 101 are electrically connected to the control module 103 in parallel, so that
the power supply signal of each of the semiconductor cooling modules 101 can be independently controlled.

[0029] Further, when the models and powers of the plurality of semiconductor cooling modules 101 are completely
consistent, the plurality of semiconductor cooling modules 101 are electrically connected to the control module 103 in
series, so that the power supply signals of the plurality of semiconductor cooling modules 101 are consistent.

[0030] The plurality of semiconductor cooling modules 101 may be disposed at a regular interval (e.g., 10 cm as
illustrated in FIG. 1, and the specific interval may be determined according to the temperature rise value of the semi-
conductor cooling modules 101) or disposed immediately (i.e., seamlessly) on a side of the conductor 102, depending
on the temperature rise value of the conductor 102 in a working state.

[0031] In order to ensure the cooling effect, a ratio of a total area of the cooling end in the semiconductor cooling
module 101 to an area of the conductor 102 ranges from 3% to 95%.

[0032] In order to verify the influence of the range of the ratio of the total area of the cooling end in the semiconductor
cooling module 101 to the area of the conductor 102 on the temperature rise of the conductor 102, the inventor selects
13 cables with a same cross-sectional area, a same material and a same length, conducts a same current, adopts a
different area ratio for the cooling end in each of the semiconductor cooling modules 101 covering the conductor 102,
reads temperature rise values of the cables and records them in Table 1.

[0033] The experimental methodis to conducta same current, in a closed environment, to each cable having a different
ratio of the total area of the cooling end in the semiconductor cooling module 101 to the area of the conductor 102,
record a temperature before current conduction and a stable temperature after current conduction, and take an absolute
value of a difference therebetween. In this embodiment, a temperature rises less than 50 K is a qualified value.

Table 1: Influence of the Ratio of the Total Area of the Cooling End in the Semiconductor Cooling Module 101 to the
Area of the Conductor 102 on the Temperature Rise of the Cable

Ratio of the total area of the cooling end in the semiconductor cooling module 101 to the area of the conductor 102 (%)

1‘3‘5‘10‘20‘30‘40‘50‘60‘70‘80‘90‘95‘100

Temperature rise values of the connector (K)

55.3 ‘ 49.7 ‘ 46.8 ‘ 42.9 ‘ 40.7 ‘ 357 ‘ 31.2 ‘ 26.7 ‘ 18.2 ‘ 16.6 ‘ 14.9 ‘ 12.3 ‘ 10.7 ‘ 8.9

[0034] As can be seen from Table 1, when the ratio of the total area of the cooling end in the semiconductor cooling
module 101 to the area of the conductor 102 is less than 3%, the temperature rise of the cable is less than the qualified
value. As the ratio of the coverage area increases, the temperature rise decreases. However, during the use of the
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cable, there must be joints at both ends and a turning area in the middle, which cannot cover the semiconductor cooling
module 101. Therefore, the inventor sets the ratio of the total area of the cooling end in the semiconductor cooling module
101 to the area of the conductor 102 to be 3% to 95%.

[0035] As illustrated in FIG. 2A, the semiconductor cooling module 101 is fixedly on the conductor 102 by heat-
conductive glue. During implementations, the semiconductor cooling module 101 may be fixed on the conductor 102 by
other means, such as screw fixation, which is not limited herein. In working conditions with high requirements on the
vibration resistance, the semiconductor cooling module 101 may be fixed by an additional fixing bracket to improve the
shock absorption capacity.

[0036] In order to improve the heat dissipation efficiency, the semiconductor cooling modules 101 are disposed on
both sides of the conductor 102. In a further embodiment, according to the usage of the conductor, when the cooling
demand is high, multistage refrigeration can be realized by stacking a plurality of layers of semiconductor cooling modules
101, thereby improving the cooling capacity. As illustrated in FIG. 3, double-layer semiconductor cooling modules 101
may also be disposed on either side of the conductor 102.

[0037] The heat generated by the cable 100 with cooling function in this embodiment when high-voltage and large
current is conducted will be absorbed by the semiconductor cooling module 101 covering the conductor 102, so as to
decrease the amount of temperature rise of the conductor, and when the conductor 102 has a fixed size, it is possible
to bear larger current and meet the temperature rise requirement.

[0038] In afurther embodiment of the present disclosure, as illustrated in FIG. 4, the cable with cooling function further
includes a rectifier module 104, which is electrically connected between the control module 103 and the conductor 102,
and configured to rectify electric energy obtained from the conductor 102 and convert the current in the conductor 102
into power supply current of the control module 103. Since the current and voltage transmitted by the conductor 102 do
not necessarily meet the power supply requirement of the control module 103 and the semiconductor cooling module
101, in order to obtain electric energy from the conductor 102, it is necessary to convert the current from the conductor
102 into current and voltage that can be used by the control module 103 and the semiconductor cooling module 101,
through the rectifier module.

[0039] In this embodiment, the power supply may be omitted, and the conductor 102 supplies power to the control
module, which can simplify the circuit, reduce many power supply lines for the control module 103 and the semiconductor
cooling module 101, and also avoid the situation that the semiconductor cooling module 101 cannot work due to the
lack of power supply from an external source.

[0040] In a further embodiment of the present disclosure, the cable with cooling function further includes at least one
temperature detector disposed on the conductor and configured to detect a temperature value of the conductor; the
control module is electrically connected to the temperature detector and configured to adjust the electrical signal supplied
to the semiconductor cooling module 101 according to the temperature value detected by the temperature detector.
[0041] In a further embodiment of the present disclosure, as illustrated in FIGS. 1, 5 and 6, the cable with cooling
function further includes a plurality of temperature detectors 105 distributed on the conductor 102 and configured to
detect the temperature values of the conductor 102. During implementations, as more temperature detectors 105 are
distributed and the distribution is more uniform, the detected temperature values more conform to the actual situation.
[0042] The control module 103 is electrically connected to the temperature detector 105, and configured to adjust the
electrical signal supplied to the semiconductor cooling module 101 according to the temperature value detected by the
temperature detector 105.

[0043] In some embodiments, the process that the control module 103 adjusts the electrical signal supplied to the
semiconductor cooling module 101 according to the temperature value detected by the temperature detector 105 includes:
calculating a difference between the temperature value detected by the temperature detector 105 and a preset temper-
ature rise value of the conductor 102; inputting the difference into a PID control strategy to obtain an electrical control
signal of the semiconductor cooling module 101; and adjusting the electrical signal supplied to the semiconductor cooling
module 101 according to the electrical control signal of the semiconductor cooling module 101; in which control parameters
in the PID control strategy are adjusted in advance according to PID control indexes.

[0044] During implementations, the preset temperature rise value may be determined according to an application
scene of the conductor and a maximum temperature rise value that the conductor can bear, and is not specifically limited
herein.

[0045] After being added with the temperature control function, the cable with cooling function according to the em-
bodiment may detect the temperature and control the heat absorption amount in real time, and realize closed-loop
control. The temperature rise of the conductor may be controlled differently according to the current carrying capacity
of the conductor under different conditions.

[0046] In a specific embodiment, as illustrated in FIG. 7, when there is a plurality of temperature detectors 105, the
control module 103 adjusts the electrical signal supplied to the semiconductor cooling module 101 according to the
temperature values detected by the temperature detectors 105, including:

[0047] Step 701: calculating a temperature distribution of the conductor 102 according to the temperature values



10

15

20

25

30

35

40

45

50

55

EP 4 376 028 A1

detected by the temperature detectors 105.

[0048] During implementations, the temperature distribution of the conductor 102 may be established by a B-spline
interpolation method or any other modeling method. The process of establishing the temperature distribution is not
specifically limited herein.

[0049] Step 702: determining the power supply signal of each of the semiconductor cooling modules 101 on the
conductor 102 according to the temperature distribution of the conductor 102.

[0050] In this step, as the temperature of the conductor 102 rises, the power supply signal of the corresponding
semiconductor cooling module 101 increases. During implementations, the control module 103 may determine the power
supply signal of each of the semiconductor cooling modules 101 on the conductor 102 according to a preset temperature
adjustment strategy (as shown in Table 2).

Table 2: Correspondence Between the Temperature Range of the Conductor Detected by the Temperature Detector
and the Power Supply Current of the Control Module

Temperature range (°C) Current (A)
X1~X2 Y1
X2~X3 Y2

[0051] Step 703: supplying power to each of the semiconductor cooling modules 101 according to the power supply
signal thereof.
[0052] In an embodiment of the present disclosure, in Step 702, determining the power supply signal of each of the
semiconductor cooling modules 101 on the conductor 102 according to the temperature distribution of the conductor
102 includes:

Step 7021: calculating a difference distribution according to the temperature distribution of the conductor 102 and
a preset temperature rise value of the conductor 102;

Step 7022: adjusting the electrical signal supplied to the semiconductor cooling module 101 according to the differ-
ence distribution.

[0053] During implementations, step 7022 includes inputting the difference distribution into a PID control strategy to
obtain a control signal of the electrical signal of the semiconductor cooling module 101; and adjusting the electrical signal
supplied to the semiconductor cooling module 101 according to the electrical control signal of the semiconductor cooling
module 101; in which control parameters in the PID control strategy are adjusted in advance according to PID control
indexes.

[0054] In the further embodiment of the present disclosure, in order to more accurately adjust the electrical signal of
the semiconductor cooling module 101, the control module 103 is further electrically connected to a charging module
200 to which the conductor 102 is connected, and configured to obtain a charging and discharging current value and a
charging duration, and adjust the electrical signal supplied to the semiconductor cooling module 101 according to the
charging and discharging current value, the charging duration and the temperature value detected by the temperature
detector.

[0055] Specifically, as illustrated in FIG. 8, the control module 103 adjusts the electrical signal supplied to the semi-
conductor cooling module according to the charging and discharging current value, the charging duration and the tem-
perature value detected by the temperature detector, including:

Step 801: calculating a conductor calorific generation according to the charging and discharging current value and the
charging duration.

[0056] Inthis step, the conductor calorific generation may be calculated as Q=I2XR X t, where Q denotes the conductor
calorific generation, | denotes the charging and discharging current value, t denotes the charging duration, and R denotes
a resistance of the conductor.

[0057] Step 802: calculating a theoretical temperature rise value of the conductor according to the conductor calorific
generation and material information of the conductor.

[0058] The conductor calorific generation is a charging and discharging heating value. In this step, the theoretical
temperature rise value of the conductor may be calculated by the following formula, which may be obtained by fitting
test data obtained from a temperature rise experiment of the conductor:
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T,=———Q
" IxAxK,

2

where 7, denotes the theoretical temperature rise, Q denotes the conductor calorific generation, t denotes the charging
duration, A denotes an effective heat dissipation area, Kr denotes a surface comprehensive heat dissipation coefficient
of conductor, and A and Ky denote the material information of the conductor.

[0059] According to the heating value and the material information of the conductor, the theoretical temperature rise
value of the conductor may be calculated with reference to the prior art, which is not limited herein.

[0060] Step 803: calculating an actual temperature rise value of the conductor according to the temperature value
detected by the temperature detector and the theoretical temperature rise value of the conductor.

[0061] The execution process of this step includes: firstly, determining a temperature rise correction coefficient ac-
cording to the temperature value detected by the temperature detector. Specifically, if the temperature value detected
by the temperature detector is greater than a standard temperature value for the calculation of the temperature rise, the
temperature correction coefficient is greater than 1, which increases as the temperature detected by the temperature
detector rises. If the temperature value detected by the temperature detector is less than the standard temperature value
for the calculation of the temperature rise, the temperature correction coefficient is less than 1, which decreases as the
temperature value detected by the temperature detector drops. The actual temperature rise value of the conductor is
calculated by the following formula:

T=K,, X1

where 7, denotes the theoretical temperature rise value, K, denotes the temperature correction coefficient, and tdenotes
the actual temperature rise value.

[0062] Step 804: adjusting the electrical signal supplied to the semiconductor cooling module according to the actual
temperature rise value of the conductor.

[0063] According to the embodiment, it is possible to adjust the electrical signal of the semiconductor cooling module
101 according to the actual temperature rise predicted in advance in conjunction with the charging and discharging
information and the temperature value detected by the temperature detector, so that the temperature of the conductor
can reach the working temperature as soon as possible, thereby improving the efficiency and accuracy of the temperature
control.

[0064] Inafurtherembodimentofthe presentdisclosure, asiillustrated in FIG. 9, in order to make the current adjustment
of the semiconductor cooling module 101 have an automatic adjustment capability, adjusting the electrical signal supplied
to the semiconductor cooling module according to the actual temperature rise value of the conductorin Step 804 includes:

Step 901: calculating a difference between the actual temperature rise value of the conductor 102 and a preset
temperature rise value of the conductor 102;

Step 902: inputting the difference into a PID control strategy to obtain the electrical control signal of the semiconductor
cooling module 101.

[0065] During implementation of this step, the electrical control signal of the semiconductor cooling module 101 is
generated only when there is a deviation between the actual temperature rise value of the conductor 102 and the preset
temperature rise. When the actual temperature rise value of the conductor 102 is equal to the preset temperature rise,
the temperature of the conductor 102 may be controlled below the preset temperature rise to ensure the safety of the
conductor 102, and no electrical control signal of the semiconductor cooling module 101 will be generated at this time.
[0066] In which, control parameters in the PID control strategy are adjusted in advance according to PID control
indexes. The PID control strategy includes three parts, i.e., proportional control, integral control and differential control.
The PID control indexes include: rise time, overshoot, adjustment time and steady-state error. For the adjustment of the
control parameters in the PID control strategy, please refer to the prior art and it will not be described in detail here.
[0067] Step 903: adjusting the electrical signal supplied to the semiconductor cooling module 101 according to the
electrical control signal of the semiconductor cooling module 101.

[0068] In a further embodiment of the present disclosure, in order to improve the temperature control accuracy of the
conductor and make the calculated value more conform to the actual situation, the control module 103 is further electrically
connected to an environmental parameter detection module and a charging module 200 to which the conductor is
connected, and configured to obtain environmental parameter information from the environmental parameter detection
module and obtain a charging and discharging current value and a charging duration from the charging module; and
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adjust the electrical signal supplied to the semiconductor cooling module according to the environmental parameter
information, the charging and discharging current value and the charging duration.

[0069] In detail, the environmental parameter information includes but is not limited to: environmental humidity, envi-
ronmental temperature, environmental pressure, etc.

[0070] Adjusting the electrical signal supplied to the semiconductor cooling module 101 according to the environmental
parameter information, the charging and discharging current value and the charging duration includes:

(1) Calculating a conductor calorific generation according to the charging and discharging current value and the
charging duration.

(2) Calculating a theoretical temperature rise value of the conductor 102 according to the conductor calorific gen-
eration and material information of the conductor.

(3) Calculating an actual temperature rise value of the conductor 102 according to the environmental parameter
information and the theoretical temperature rise value of the conductor 102.

The execution process of this step includes: firstly, determining a temperature rise correction coefficient according
to the environmental parameter information; specifically, calculating a correction coefficient for each environmental
parameter information (please refer to the temperature correction coefficient described in the above embodiment
for the calculation process of each correction coefficient, which will not be described in detail here), and weighted-
summing (as shown in Formula 1 below) or multiplying (as shown in Formula 2 below) the correction coefficients
corresponding to all the environmental parameter information to obtain a final correction coefficient; and multiplying
the final correction coefficient by the theoretical temperature rise value of the conductor 102 to calculate the actual
temperature rise value of the conductor 102.

K=a; XKwit...... +an X Kwn (Formula 1);

K=a1 XKwi X...... X Kwa (Formula 2);

where K denotes the final correction coefficient; a; ... a,, denote known quantities and may be determined according
to the importance of the environmental parameters; a denotes a known quantity; i denotes an i-th environmental
parameter; and K, ... K, denote environmental parameter values.

(4) Adjusting the electrical signal supplied to the semiconductor cooling module 101 according to the actual tem-
perature rise value of the conductor 102.

[0071] In a further embodiment of the present disclosure, as illustrated in FIG. 1, FIG. 6 and FIG 10, wires connecting
the semiconductor cooling module 101 to the control module 103 are disposed in a low-voltage harness 106.

[0072] In this embodiment, the wires connecting the semiconductor cooling module 101 to the control module 103 are
disposed in the low-voltage harness 106, so that the lines are clear, the semiconductor cooling module can be easily
adjusted and replaced, and the high-voltage and low-voltage power supply systems can be safely isolated.

[0073] In a further embodiment of the present disclosure, as illustrated in FIG. 11, the semiconductor cooling module
101 includes an alumina substrate 1011, a waterproof protective layer 1012, a semiconductor PIN layer 1013, and a
power interface 1014.

[0074] The alumina substrate 1011, the waterproof protective layer 1012, and the semiconductor PIN layer 1013 are
disposed in sequence. The power interface 1014 is electrically connected to the semiconductor PIN layer 1013.
[0075] The alumina substrate 1011 constitutes a hot end of the semiconductor cooling module 101, i.e., a heat dissi-
pation end. The semiconductor PIN layer 1013 constitutes a cooling end of the semiconductor cooling module 101, i.e.,
a heat absorption end.

[0076] In this embodiment, by taking the alumina substrate 1011 as the surface of the semiconductor cooling module,
the thermal conductivity is improved, the heat transfer speed is increased, the cooling time is shortened, and the bearable
strength is increased. Thus, the alumina substrate 1011 can be flexibly connected and better attached to the conductor,
so as to effectively absorb a surface stress at a bent part of the conductor, and it will not be easily broken during mounting
and use. The core of the semiconductor cooling module adopts a P-N junction made of special semiconductor materials.
When current flows through a thermocouple pair formed by coupling one piece of N-type semiconductor material and
one piece of P-type semiconductor material, heat is transferred from one end to the other end, so that a temperature
difference is generated to form a cooling end and a hot end, i.e., a refrigeration control can be realized by controlling
the DC current.

[0077] The semiconductor cooling module 101 has a cooling rate of 0.05 K/s to 5Ki/s.

[0078] In order to verify the influence of the cooling rate of the semiconductor cooling module 101 on the temperature
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rise value of the conductor 102, the inventor selects 10 cables with a same cross-sectional area, a same material and
a same length, conducts a same current, adopts the semiconductor cooling modules 101 with different cooling rates to
cool the cables, reads the temperature rises of the cables and records them in Table 3.

[0079] The experimental method is to conduct a same current, in a closed environment, to each cable having the
semiconductor cooling modules 101 with a different cooling rate, record a temperature before current conduction and
a stable temperature after current conduction, and take an absolute value of a difference therebetween. In this embod-
iment, a temperature rise value less than 50 K is a qualified value.

Table 3: Influence of the Cooling Rate of the Semiconductor Cooling Module 101 on the Temperature Rise of the Cable

Cooling Rate of the Semiconductor Cooling Module 101 (K/s)
001 | 003 [00s [ 01 [ 03 [os | 1+ | 2 | 3 | 4 | s | 6 |7

Temperature Rise Value of the Connector (K)

63.8 ‘ 525 ‘ 49.6 ‘ 47.7 ‘ 45.2 ‘ 435 ‘ 41.4 ‘ 37.1 ‘ 33.2 ‘ 30.9 ‘ 275 ‘ 26.8 ‘ 265

[0080] As can be seen from Table 3, when the cooling rate of the semiconductor cooling module 101 is less than 0.05
K/s, the temperature rise value of the cable is less than the qualified value, and the temperature rise is decreased as
the cooling rate of the semiconductor cooling module 101 increases. However, when the cooling rate of the semiconductor
cooling module 101 is greater than 5K/s, the temperature rise value is not obviously decreased under the influences of
the heating value of the cable itself and the power of the semiconductor cooling module 101 itself, but the power of the
semiconductor cooling module 101 increases, which is not economical. Therefore, the inventor sets the cooling rate of
the semiconductor cooling module 101 to be 0.05 K/s to 5 K/s.

[0081] In a further embodiment of the present disclosure, in order to ensure the safety of the conductor, an insulating
protective layer 107 is disposed around the conductor 102, as illustrated in FIGS. 2A and 2B, and the insulating protective
layer 107 is disposed between the conductor 102 and the semiconductor cooling module 101 or on an outer side of the
semiconductor cooling module 101.

[0082] In a further embodiment of the present disclosure, the insulating protective layer 107 is made of one or com-
binations of polyvinyl chloride, polyurethane, nylon, polypropylene, silicone rubber, crosslinked polyolefin, synthetic
rubber, polyurethane elastomer, crosslinked polyethylene and polyethylene.

[0083] Further, in order to prevent the conductor from being burnt due to fire, a fire-resistant layer is disposed outside
the insulating protective layer.

[0084] In a further embodiment of the present disclosure, a cross section of the conductor 102 is circular or elliptical
or rectangular or polygonal or E-shaped or F-shaped or H-shaped or K-shaped or L-shaped or T-shaped or U-shaped
or V-shaped or W-shaped or X-shaped or Y-shaped or Z-shaped or arc-shaped or wave-shaped, in which an arc includes
a semi-arc, an acute-angle arc, an obtuse-angle, etc. The cross section of the conductor 102 is designed into various
shapes, which is convenient for a designer to select different shapes for the cross section of the conductor 102 according
to the actual layout environment, reduce the volume of the cable, optimize the cable assembly environment and improve
the safety of the cable.

[0085] In a further embodiment of the present disclosure, the conductor 102 described herein may be made of one or
combinations of metal, conductive ceramic, carbon-containing conductor, solid electrolyte, mixed conductor and con-
ductive polymeric material.

[0086] During implementations, the conductor 102 described herein is made of copper or copper alloy, or aluminum
or aluminum alloy. Because of high voltage and large current, the cables of the electric vehicle need to use wires with
a large diameter for current conduction. The conductor material made of copper has good conductivity and ductility, and
is the preferred conductor material for the cables. However, with the increasing price of copper, the material cost of the
conductor made of copper is higher and higher. To this end, people begin to look for alternatives to copper to reduce
costs. The content of metallic aluminum in the earth’s crust is about 7.73%, and after the optimization of the refining
technology, the price thereof is relatively low. In addition, compared with copper, aluminum is lighter, and its conductivity
is second only to copper, so that aluminum can partially replace copper in the field of electrical connections. Therefore,
it is a development trend to replace copper with aluminum in the field of automotive electrical connections.

[0087] In a further embodiment of the present disclosure, in order to further improve the heat dissipation effect, the
cable with cooling function further includes a heat dissipation device disposed on an outer side of the semiconductor
cooling module 101. During implementations, the heat dissipation device may be close to or tightly attached to the outer
side of the semiconductor cooling module 101, depending on the type of the heat dissipation device.

[0088] The heat dissipation device described herein includes but is not limited to a fan, a heat exchanger, a liquid
cooling device and heat dissipation fins, in which the heat dissipation fins are preferably made of metal. In which, the
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large device such as the fan, the heat exchanger, or the liquid cooling device is disposed close to the semiconductor
cooling module 101, and the cooling fins are tightly attached to the semiconductor cooling module 101. In a further
embodiment of the present disclosure, as illustrated in FIG. 5, a current transmission device is further provided, including
the cable 100 with cooling function according to any of the aforementioned embodiments, a charging module 200 and
a battery module 300.

[0089] Two ends of the cable 100 with cooling function are respectively connected to the charging module 200 and
the battery module 300, to conduct electric energy obtained by the charging module 200 to the battery module 300.
[0090] In some embodiments, the charging module 200 described herein is a fast charging stand, and the battery
module 300 is a Battery Management System (BMS) battery management module.

[0091] In a further embodiment of the present disclosure, the control module 103 is further connected to the charging
module 200 which supplies electric energy to the control module 103.

[0092] In a further embodiment of the present disclosure, there is further provided an electric vehicle, including the
current transmission device according to any of the above embodiments.

[0093] In a further embodiment of the present disclosure, the method performed by the control module may be per-
formed in a computer device, such as a central control device, as illustrated in FIG. 12, which may include one or more
processors 1304, such as one or more central processing units (CPUs) each implementing one or more hardware
threads. The computer device 1302 may further include any memory 1306 configured to store any type of information
such as codes, settings, data, etc. Without limitation, for example, the memory 1306 may include any or combinations
of any type of RAM, any type of ROM, a flash memory device, a hard disk, an optical disk, etc. More generally, any
memory may store information using any technology. Further, any memory may provide volatile or nonvolatile retention
of information. Further, any memory may represent a fixed or removable component of the computer device 1302. In a
case where the processor 1304 executes associated instructions stored in any memory or combination of memories,
the computer device 1302 may perform any operation of the associated instructions. The computer device 1302 further
includes one or more drive mechanisms 1308 interacted with any memory, such as a hard disk drive mechanism, an
optical disk drive mechanism, etc.

[0094] The computer device 1302 may further include an input/output module 1310(l/O) configured to receive various
inputs (via an input device 1312) and provide various outputs (via an output device 1314). A specific output mechanism
may include a presentation device 1316 and an associated graphical user interface 1318 (GUI). In other embodiments,
the input/output module 1310 (I/O), the input device 1312, and the output device 1314 may not be included, and the
output mechanism only serves as a computer device in a network, the computer device 1302 may further include one
or more network interfaces 1320 configured to exchange data with other devices via one or more communication links
1322. One or more communication buses 1324 couple the components described above together.

[0095] The communication link 1322 may be implemented in any manner, for example, through a local area network,
awide area network (e.g., the Internet), a point-to-point connection, etc., or any combination thereof. The communication
link 1322 may include any combination of a hardwired link, a wireless link, a router, a gateway function, a name server,
etc. governed by any protocol or combination of protocols.

[0096] In correspondence to the method in FIGS. 7 to 9, the embodiments of the present disclosure further provide a
computer-readable storage medium which stores a computer program, in which when executed by a processor, the
computer program perform the steps of the aforementioned method.

[0097] The embodiments of the present disclosure further provide a computer-readable instruction, in which when the
instruction is executed by a processor, a program therein enables the processor to perform the method as illustrated in
FIGS. 7 to 9.

[0098] It should be understood that in various embodiments of the present disclosure, the serial number of each
process does not indicate an execution order that should be determined according to the function and the internal logic
thereof, and the serial number of each process also does not restrict the implementation process of the embodiments
herein.

[0099] It should also be understood that in the embodiments of the present disclosure, the term 'and/or’ is merely an
association relationship describing the associated objects, and indicates that there may be three relationships. For
example, A and/or B may indicate that A exists alone, A and B exist simultaneously, and B exists alone. In addition, the
character °/ herein generally indicates that the associated objects are in an ’or’ relationship.

[0100] Those skilledinthe artcan appreciate that the units and algorithm steps of the examples described in conjunction
with the embodiments disclosed herein can be implemented by electronic hardware, computer software or a combination
thereof, and in order to clearly illustrate the interchangeability between hardware and software, the compositions and
steps of the examples have been generally described as above in terms of functions. Whether these functions are
performed in hardware or software depends on the particular application and design constraints of the technical solution.
Professionals can implement the described functions using different methods for each particular application, but such
implementation should not be considered as going beyond the scope of the present disclosure.

[0101] Itcanbe clearly understood by those skilled in the art that for the convenience and conciseness of the description,
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the specific working processes of the systems, apparatuses and units described above can refer to the corresponding
processes in the foregoing method embodiments, and will not be repeated here.

[0102] In several embodiments provided herein, it should be understood that the disclosed systems, apparatuses and
methods can be implemented in other ways. For example, the apparatus embodiments described above are merely
illustrative, e.g., the unit partitioning is only a logical function partitioning, and other partitioning modes are possible
during the actual implementation. For example, a plurality of units or components may be combined or integrated into
another system, or some features may be omitted or not executed. In addition, the mutual coupling or direct coupling
or communication connection illustrated or discussed may be an indirect coupling or communication connection through
some interfaces, means or units, and may be in electrical, mechanical or other forms.

[0103] The units described as separate components may or may not be physically separated, and the components
displayed as units may or may not be physical units, i.e., they may be located in one place or distributed to a plurality
of network units. Some or all of the units can be selected according to the actual needs to achieve the objectives of the
embodiments of the present disclosure.

[0104] Inaddition, the functional units in the embodiments of the present disclosure may be integrated into one process-
ing unit, or each unit may be existed physically alone, or two or more units may be integrated into one unit. The integrated
unit may be implemented in the form of hardware or a software functional unit.

[0105] If being implemented in the form of a software functional unit and sold or used as an independent product, the
integrated unit may be stored in a computer readable storage medium. Based on such understanding, the essence of
the technical solutions of the present disclosure, i.e., portions making contributions to the prior art, or all or part of the
technical solutions may be embodied in the form of a computer software product, which is stored in a storage medium
and includes several instructions for causing a computer device (e.g., a personal computer, a server, a network device,
etc.) to perform all or part of the steps of the methods described in the embodiments of the present disclosure. The
foregoing storage medium includes various media that can store program codes, such as a USB flash disk, a mobile
hard disk, a Read-Only Memory (ROM), a Random-Access Memory (RAM), a magnetic disk, or an optical disk.
[0106] Specific embodiments are used herein to explain the principles and the implementations of the present disclo-
sure, and the descriptions of the above embodiments are only intended to help understanding of the method and the
core idea of the present disclosure. Meanwhile, those of ordinary skilled in the art can modify the implementations and
the application scope according to the concept of the present disclosure. To sum up, the content of this specification
should not be construed as limitations to the present disclosure.

Claims

1. A cable with cooling function, comprising a semiconductor cooling module (101), a conductor (102) and a control
module (103);

a cooling end of the semiconductor cooling module (101) is disposed on at least one side of the conductor (102)
to absorb heat dissipated from the conductor (102);

the semiconductor cooling module (101) is electrically connected to the control module (103), and the control
module (103) is configured to control an electrical signal supplied to the semiconductor cooling module (101).

2. The cable with cooling function according to claim 1, wherein there are a plurality of semiconductor cooling modules
(101) which are connected to the control module (103) in parallel.

3. The cable with cooling function according to claim 1, wherein there are a plurality of semiconductor cooling modules
(101) which are connected to the control module (103) in series.

4. The cable with cooling function according to claim 2 or 3, wherein the plurality of semiconductor cooling modules
(101) are disposed on at least one side of the conductor (102) at a predetermined interval of distance.

5. The cable with cooling function according to claim 1, wherein a ratio of a total area of the cooling end in the
semiconductor cooling module (101) to an area of the conductor (102) ranges from 3% to 95%.

6. The cable with cooling function according to claim 1, further comprising a rectifier module (104) electrically connected
between the control module (103) and the conductor (102) and configured to rectify electric energy obtained from

the conductor (102).

7. The cable with cooling function according to claim 1, further comprising: at least one temperature detector (105)
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disposed on the conductor (102) and configured to detect a temperature value of the conductor (102);

the control module (103) is electrically connected to the temperature detector (105) and configured to adjust the
electrical signal supplied to the semiconductor cooling module (101) according to the temperature value detected
by the temperature detector (105).

The cable with cooling function according to claim 7, wherein when there are a plurality of temperature detectors
(105), adjusting the electrical signal supplied to the semiconductor cooling module (101) according to the temperature
value detected by the temperature detector (105) comprises:

calculating a temperature distribution of the conductor (102) according to the temperature values detected by
the temperature detectors (105);

determining a power supply signal of each of the semiconductor cooling modules (101) on the conductor (102)
according to the temperature distribution of the conductor (102); and

supplying power to each of the semiconductor cooling modules (101) according to the power supply signal
thereof.

The cable with cooling function according to claim 7, wherein the control module (103) is further electrically connected
to a charging module (200) to which the conductor (102) is connected, and configured to obtain a charging and
discharging current value and a charging duration, and adjust the electrical signal supplied to the semiconductor
cooling module (101) according to the charging and discharging current value, the charging duration and the tem-
perature value detected by the temperature detector (105).

The cable with cooling function according to claim 9, wherein adjusting, by the control module (103), the electrical
signal supplied to the semiconductor cooling module (101) according to the charging and discharging current value,
the charging duration and the temperature value detected by the temperature detector (105) comprises:

calculating a conductor calorific generation according to the charging and discharging current value and the
charging duration;

calculating a theoretical temperature rise value of the conductor (102) according to the conductor calorific
generation and material information of the conductor (102);

calculating a theoretical temperature rise value of the conductor according to the conductor calorific generation
and material information of the conductor.

calculating an actual temperature rise value of the conductor (102) according to the temperature value detected
by the temperature detector (105) and the theoretical temperature rise value of the conductor (102); and
adjusting the electrical signal supplied to the semiconductor cooling module (101) according to the actual tem-
perature rise value of the conductor (102).

The cable with cooling function according to claim 10, wherein adjusting the electrical signal supplied to the semi-
conductor cooling module (101) according to the actual temperature rise value of the conductor (102) comprises:

calculating a difference between the actual temperature rise value of the conductor (102) and a preset temper-
ature rise value of the conductor (102);

inputting the difference into a PID control strategy to obtain an electric control signal of the semiconductor
cooling module (101); and

adjusting the electrical signal supplied to the semiconductor cooling module (101) according to the electrical
control signal of the semiconductor cooling module (101),

wherein control parameters in the PID control strategy are adjusted in advance according to PID control indexes.

The cable with cooling function according to claim 7, wherein the control module (103) is further electrically connected
to an environmental parameter detection module and a charging module (200) to which the conductor (102) is
connected, and configured to obtain environmental parameter information from the environmental parameter de-
tection module and obtain a charging and discharging current value and a charging duration from the charging
module (200); and adjust the electrical signal supplied to the semiconductor cooling module (101) according to the
environmental parameter information, the charging and discharging current value and the charging duration.

The cable with cooling function according to claim 1, wherein wires connecting the semiconductor cooling module
(101) to the control module (103) are disposed in a low-voltage harness (106).
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The cable with cooling function according to claim 1, wherein the semiconductor cooling module (101) comprises
an alumina substrate (1011), a waterproof protective layer (1012), a semiconductor PIN layer (1013) and a power
interface (1014);

the alumina substrate (1011), the waterproof protection layer (1012) and the semiconductor PIN layer (1013)
are disposed in sequence; and
the power interface (1014) is electrically connected to the semiconductor PIN layer (1013).

The cable with cooling function according to claim 14, wherein the semiconductor cooling module (101) has a cooling
rate of 0.05 K/s to 5K/s.

The cable with cooling function according to claim 1, further comprising an insulating protective layer (107) disposed
between the conductor (102) and the semiconductor cooling module (101) or disposed on an outer side of the
semiconductor cooling module (101).

The cable with cooling function according to claim 16, wherein the insulating protective layer (107) is made of one
or combinations of polyvinyl chloride, polyurethane, nylon, polypropylene, silicone rubber, crosslinked polyolefin,
synthetic rubber, polyurethane elastomer and polyethylene.

The cable with cooling function according to claim 1, wherein a cross section of the conductor (102) is circular or
elliptical or rectangular or polygonal or E-shaped or F-shaped or H-shaped or K-shaped or L-shaped or T-shaped
or U-shaped or V-shaped or W-shaped or X-shaped or Y-shaped or Z-shaped or arc-shaped or wave-shaped.

The cable with cooling function according to claim 1, wherein the conductor (102) is made of one or combinations
of metal, conductive ceramic, carbon-containing conductor, solid electrolyte, mixed conductor and conductive pol-
ymer material.

The cable with cooling function according to claim 19, wherein the conductor (102) is made of copper or copper
alloy, or aluminum or aluminum alloy.

The cable with cooling function according to claim 1, further comprising a heat dissipation device disposed on an
outer side of the semiconductor cooling module (101).

A current transmission device, comprising the cable (100) with cooling function according to any of claims 1 to 21,
a charging module (200) and a battery module (300);

two ends of the cable (100) with cooling function are respectively connected to the charging module (200) and the
battery module (300) to conduct electric energy obtained by the charging module (200) to the battery module (300).

The current transmission device according to claim 22, wherein the control module (103) is connected to the charging
module (200) which supplies electric energy to the control module (103).

An electric vehicle, comprising the current transmission device according to claim 22 or 23.
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