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(54) ELECTRIC AUTOMOBILE AND DISCHARGING DEVICE THEREOF

(57) An electric automobile and a discharging device
thereof. The discharging device comprises: an alternat-
ing current charging port (110); a charging connection
device (120), configured to transfer, other electric auto-
mobiles, an alternating current output from the alternating
current charging port; an instrument (130), configured to,
upon receiving a trigger signal, send a discharging prep-
aration instruction; a controller (140), communicating
with the instrument (130), and configured to, after receiv-
ing the discharging preparation instruction, detect wheth-
er the charging connection device (120) is connected to
the alternating current charging port (110), and if yes,
send a Pulse Width Modulation (PWM) wave and switch
to an external discharging mode; a battery manager
(150), communicating with the controller (140), and con-
figured to, after the controller (140) switches to the ex-
ternal discharging mode, control actuation of an external
discharging loop in a high-voltage distribution cabinet of
the electric automobile; and a power battery (160), con-
figured to provide a direct current through the external
discharging loop in the high-voltage distribution cabinet.
The discharging device can charges an electric automo-
bile without electricity, so as to solve the problem that
the electric automobile cannot run because the battery

power is used up on the halfway.
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Description

FIELD

[0001] The present disclosure relates to a vehicle con-
trol technology field, and more particularly to an electric
vehicle and a discharging apparatus thereof.

BACKGROUND

[0002] With the development of science and technol-
ogy, fuel vehicles are being replaced by environment
friendly and energy saving electric vehicles. However,
the popularization of the electric vehicles encounters
some problems, among which high driving mileage and
fast charging technology has become major problems in
the promotion of electric vehicles.
[0003] Currently, large-capacity batteries are used in
most electric vehicles. However, although these batteries
may enhance the endurance time of the electric vehicle,
they make a charging time too long. Although a special-
ized DC (direct current) charging station may charge a
battery quickly, problems such as high cost and large
occupied area make the popularity of such an infrastruc-
ture encounter a certain difficulty. Moreover, because of
a limited space of another electric vehicle, an in-vehicle
charger may not satisfy the requirement of a charging
power due to the limitation of its volume.
[0004] A charging solution currently used in the market
comprises the following solutions.

Solution (1)

[0005] As shown in Figs. 1-2, an in-vehicle charging or
discharging device in this solution mainly includes a
three-phase power transformer 1’, a three-phase bridge
circuit 2’ consisting of six thyristor elements, a constant-
voltage control device AUR, and a constant-current con-
trol device ACR. However, this solution causes a serious
waste of space and cost.

Solution (2)

[0006] As shown in Fig. 3, an in-vehicle charging or
discharging device in this solution includes two charging
sockets 15’, 16’ to adapt to the single-phase/three-phase
charging, which increases the cost. Amotor driving loop
includes a filtering module consisting of an inductor L1’
and a capacitor C1’. When a motor is driven, a loss of a
three-phase current is generated when it flows through
the filtering module, which causes a waste of an electric
quantity of a battery. With this solution, during the charg-
ing or discharging operation, an inverter 13’ rectifies/in-
verts an AC (alternating current) electricity, and the volt-
age after the rectifying/inverting may not be adjusted,
such that an operation voltage range of the battery is
narrow.
[0007] Therefore, most AC charging technologies cur-

rently used in the market are a single-phase charging
technology, which has disadvantages including low
charging power, long charging time, large hardware vol-
ume, single function, restriction by voltage levels of dif-
ferent regional grids, etc.
[0008] In addition, the electric vehicle only supplies the
electric energy stored in the power battery to the motor
so that the motor drive another electric vehicle to move.
While the another electric vehicle is in OK gear, after the
another electric vehicle collects the gear signal and the
throttle signal, the motor driving controller inverts DC sup-
plied by the battery into AC and outputs the AC to the
motor. Then the motor rotates to drive the another electric
vehicle.
[0009] With the development of science and technol-
ogy, fuel vehicles are being replaced by environment
friendly and energy saving electric vehicles. However,
the popularization of the electric vehicles encounters
some problems. Due to the effect of the road condition
or the users’ habits, the driving distance of the another
electric vehicle which is calculated by the battery man-
ager may have certain errors. Therefore, it is possible
that the electric quantity of the power battery is insufficient
or even has been exhausted before reaching the desti-
nation, which may make the another electric vehicle un-
able to move, thus involving the user in trouble.

SUMMARY

[0010] Embodiments of the present disclosure seek to
solve at least one of the problems existing in the related
art to at least some extent.
[0011] Accordingly, a first object of the present disclo-
sure is to provide a discharging apparatus for an electric
vehicle. The electric vehicle broadens an application
range of electric vehicles, such that the electric vehicle
may temporarily be used as a charging device to charge
an electric vehicle with insufficient or exhausted energy.
Thus the problem that electric vehicles are unable to drive
on half way due to insufficient or exhausted electric quan-
tity of the battery may be solved. A second object of the
present disclosure is to provide an electric vehicle.
[0012] In order to achieve the above objects, embod-
iments of a first aspect of the present disclosure provide
a discharging apparatus for an electric vehicle. The dis-
charging apparatus for an electric vehicle includes: an
AC charging interface; a charging connection device,
having a first terminal connected with the AC charging
interface of the electric vehicle and a second terminal
connected with another electric vehicle and configured
to transmit an AC output from the AC charging interface
to the another electric vehicle; an instrument, configured
to send a discharging preparation instruction after receiv-
ing a trigger signal; a controller, configured to communi-
cate with the instrument and to detect whether the charg-
ing connection device is connected with the AC charging
interface after receiving the discharging preparation in-
struction, and if yes, to emit a PWM wave and to switch
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to an external discharging mode; a battery manager, con-
figured to communicate with the controller and to control
an external discharging circuit in a high-voltage distribu-
tion box of the electric vehicle to be connected after the
controller switches to the external discharging mode; a
power battery, connected with the high-voltage distribu-
tion box and configured to provide a DC via the external
discharging circuit in the high-voltage distribution box; in
which the controller is configured to detect whether the
another electric vehicle is fully charged, and if no, to the
controller converts the DC provided by the external dis-
charging circuit into the AC and to output the AC to the
AC charging interface so as to discharge to the another
electric vehicle.
[0013] The discharging apparatus for the electric ve-
hicle according to embodiments of the present disclosure
is set at a normal charging mode and holds for an external
connection and power supply. The another electric vehi-
cle to be charged is in OFF gear, while the electric vehicle
for supplying power needs to be in OK gear with P gear
and set at a mode of discharging to another electric ve-
hicle to be charged. Then the controller of the electric
vehicle switches to a charging pile state to supply power
to another electric vehicle after connection. The discharg-
ing apparatus for the electric vehicle broadens an appli-
cation range of electric vehicles, such that the electric
vehicle may temporarily be used as the charging device
to charge an electric vehicle with insufficient or exhausted
energy, thus the problem that electric vehicles are unable
to drive on half way due to insufficient or exhausted elec-
tric quantity of the battery may be solved.
[0014] Embodiments of a second aspect of the present
disclosure provide an electric vehicle. The electric vehicle
includes the discharging apparatus for an electric vehicle
according to embodiments of the first aspect of the
present disclosure.
[0015] The electric vehicle according to embodiments
of the present disclosure is set at a normal charging mode
and holds for an external connection and power supply.
The another electric vehicle to be charged is in OFF gear,
while the electric vehicle for supplying power needs to
be in OK gear with P gear and is set at a mode of dis-
charging to another electric vehicle to be charged. Then
the controller of the electric vehicle switches to a charging
pile state to supply power to another electric vehicle after
connection. The electric vehicle broadens an application
range of electric vehicles, such that the electric vehicle
may temporarily be used as a charging device to charge
an electric vehicle with insufficient or exhausted energy,
thus the problem that electric vehicles are unable to drive
on half way due to insufficient or exhausted electric quan-
tity of the battery may be solved.
[0016] Additional aspects and advantages of embodi-
ments of present disclosure will be given in part in the
following descriptions, become apparent in part from the
following descriptions, or be learned from the practice of
the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other aspects and advantages of
embodiments of the present disclosure will become ap-
parent and more readily appreciated from the following
descriptions made with reference to the drawings, in
which:

Fig. 1 is a circuit diagram of a conventional in-vehicle
charging-discharging device;
Fig. 2 is a diagram of a conventional in-vehicle charg-
ing-discharging device;
Fig. 3 is a circuit diagram of another conventional in-
vehicle charging-discharging device;
Fig. 4 is a block diagram of a discharging apparatus
for an electric vehicle according to an embodiment
of the present disclosure;
Fig. 5 is a block diagram of a discharging apparatus
for an electric vehicle according to another embod-
iment of the present disclosure;
Fig. 6 is a connecting topological diagram showing
an electric vehicle discharging to another electric ve-
hicle;
Fig. 7 is a block diagram of a power system for an
electric vehicle;
Fig. 8 is a topological diagram of a power system for
an electric vehicle;
Fig. 9 is a schematic view of electric vehicles showing
V-to-V (an electric vehicle discharging to another
electric vehicle);
Fig. 10 is a schematic view of connecting apparatus
showing V-to-V;
Fig. 11 is a system block diagram of an operating
module of a discharging electric vehicle in a solution
of V-to-V;
Fig. 12 is a flow chart illustrating operations of mod-
ules during a V-to-V discharging preparation period;
and
Fig. 13 is a flow chart illustrating operations of mod-
ules during a V-to-V discharging period and a V-to-
V discharging finish period.

DETAILED DESCRIPTION

[0018] Reference will be made in detail to embodi-
ments of the present disclosure. The same or similar el-
ements and the elements having same or similar func-
tions are denoted by like reference numerals throughout
the descriptions. The embodiments described herein
with reference to drawings are explanatory, illustrative,
and used to generally understand the present disclosure.
The embodiments shall not be construed to limit the
present disclosure.
[0019] In the specification, it should be understood
that, the terms such as "central", "longitudinal", "lateral",
"width", "thickness", "above", "below", "front", "rear",
"right", "left", "vertical", "horizontal", "top", "bottom", "in-
ner", "outer", "clockwise", "counter-clockwise" should be
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construed to refer to the orientation as then described or
as shown in the drawings. These terms are merely for
convenience and concision of description and do not
alone indicate or imply that the device or element referred
to must have a particular orientation. Thus, it cannot be
understood to limit the present disclosure.
[0020] In addition, terms such as "first" and "second"
are used herein for purposes of description and are not
intended to indicate or imply relative importance or sig-
nificance or impliedly indicate quantity of the technical
feature referred to. Thus, the feature defined with "first"
and "second" may comprise one or more this feature. In
the description of the present disclosure, "a plurality of"
means two or more than two, unless specified otherwise.
[0021] In the present invention, unless specified or lim-
ited otherwise, the terms "mounted," "connected," "cou-
pled," "fixed" and the like are used broadly, and may be,
for example, fixed connections, detachable connections,
or integral connections; may also be mechanical or elec-
trical connections; may also be direct connections or in-
direct connections via intervening structures; may also
be inner communications of two elements, which can be
understood by those skilled in the art according to specific
situations.
[0022] In the present invention, unless specified or lim-
ited otherwise, a structure in which a first feature is "on"
or "below" a second feature may include an embodiment
in which the first feature is in direct contact with the sec-
ond feature, and may also include an embodiment in
which the first feature and the second feature are not in
direct contact with each other, but are contacted via an
additional feature formed therebetween. Furthermore, a
first feature "on," "above," or "on top of" a second feature
may include an embodiment in which the first feature is
right or obliquely "on," "above," or "on top of" the second
feature, or just means that the first feature is at a height
higher than that of the second feature; while a first feature
"below," "under," or "on bottom of" a second feature may
include an embodiment in which the first feature is right
or obliquely "below," "under," or "on bottom of" the sec-
ond feature, or just means that the first feature is at a
height lower than that of the second feature.
[0023] Fig. 4 is a block diagram of a discharging ap-
paratus for an electric vehicle according to an embodi-
ment of the present disclosure.
[0024] As shown in Fig. 4, a discharging apparatus 100
for an electric vehicle according to an embodiment of the
present disclosure includes: an AC charging interface
110, a charging connection device 120, an instrument
130, a controller 140, a battery manager 150 and a power
battery 160.
[0025] The charging connection device 120 has a first
terminal connected with the AC charging interface 110
and a second terminal connected with another electric
vehicle, and is configured to transmit an AC output from
the AC charging interface 110 to the another electric ve-
hicle.
[0026] Specifically, as shown in Fig. 5, the discharging

apparatus 100 for the electric vehicle according to an-
other embodiment of the present disclosure is shown.
The charging connection device 120 further includes a
first charging gun 1201 and a second charging gun 1202.
[0027] The first charging gun 1201 is located at a first
terminal of the charging connection device and is con-
nected with the AC charging interface 110 of the electric
vehicle.
[0028] The second charging gun 1202 is located at the
second terminal of the charging connection device and
is connected with an AC charging interface 110 of another
electric vehicle.
[0029] The controller 140 is configured to communi-
cate with the instrument 130 and to detect whether the
charging connection device 120 is connected with the
AC charging interface 110 after receiving a discharging
preparation instruction sent from the instrument 130
when the instrument 130 receives a trigger signal. If the
charging connection device 120 is connected with the
AC charging interface 110, the controller 140 emits a
PWM (pulse width modulation) wave and switches to an
external discharging mode. In some embodiments of the
present disclosure, the controller 140 is further config-
ured to detect whether an electric quantity of the electric
vehicle is greater than a predetermined value, and if yes,
it is determined to allow the electric vehicle to discharge
externally. In some embodiments of the present disclo-
sure, the external discharge may be a three-phase ex-
ternal discharge or a single-phase external discharge.
[0030] Specifically, the instrument 130 and the control-
ler 140 are communicated via a CAN bus of a local area
network of the controller 140, and the controller 140 and
the battery manager 150 are communicated via the CAN
bus.
[0031] Furthermore, after it is determined whether the
charging connection device 120 is connected with the
AC charging interface 110, the controller 140 emits the
PWM wave via a CP pin. The controller 140 determines
whether another electric vehicle is fully charged by de-
tecting a voltage of the CP pin. If the voltage of the CP
pin reaches a predetermined voltage, it is determined
that another electric vehicle has been fully charged, in
which the predetermined voltage is 6V. The controller
140 is further configured to determine whether the elec-
tric vehicle is currently in P gear after it is determined that
the charging connection device 120 is connected with
the AC charging interface 110, and if yes, the controller
140 switches to the external discharging mode. The con-
troller 140 is further configured to detect in real-time
whether an internal circuit of the controller has a fault and
to detect in real-time whether another electric vehicle has
a fault during discharging. The controller 140 is further
configured to stop outputting the AC if it is determined
that the internal circuit of the controller has a fault and/or
another electric vehicle has a fault. The controller 140 is
further configured to stop outputting the AC after receiv-
ing a discharging finish instruction from the instrument
130. The controller 140 is further configured to detect a
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current discharging current in real-time. The controller
140 is further configured to stop outputting the AC, if it is
determined that the charging connection device 120 is
disconnected with the AC charging interface 110 or an-
other electric vehicle is fully charged. The AC may be
380V/50Hz, or 400V/50Hz (Europe), or 480V/60Hz (US).
[0032] The battery manager 150 is configured to com-
municate with the controller 140 and to control an external
discharging circuit in a high-voltage distribution box of
the electric vehicle to be connected after the controller
switches to the external discharging mode.
[0033] Specifically, the battery manager 150 is further
configured to detect in real-time a current electric quantity
of the power battery and whether the power battery 160
has a fault, if it is determined that the power battery 160
has a fault, the battery manager 150 sends a battery fault
instruction to the controller 140, and the controller 140
stops outputting the AC after receiving the battery fault
instruction.
[0034] The power battery 160 is connected with the
high-voltage distribution box and is configured to provide
a DC by the external discharging circuit in the high-volt-
age distribution box.
[0035] The controller 140 is further configured to detect
whether another electric vehicle is fully charged, and if
no, the controller 140 inverts DC provided by the external
discharging circuit into AC and outputs the AC to the AC
charging interface 110 so as to discharge to another elec-
tric vehicle, i.e. to charge another electric vehicle.
[0036] The discharging apparatus for the electric ve-
hicle according to embodiments of the present disclosure
is set at a normal charging mode and holds for an external
connection and power supply. The another electric vehi-
cle to be charged is in OFF gear, while the electric vehicle
for supplying power needs to be in OK gear with P gear
and is set at a mode of discharging to another electric
vehicle to be charged. Then the controller of the electric
vehicle switches to a charging pile state to supply power
to another electric vehicle after connection. The discharg-
ing apparatus for the electric vehicle broadens an appli-
cation range of electric vehicles, such that the electric
vehicle may temporarily be used as a charging device to
charge an electric vehicle with insufficient or exhausted
energy. Thus the problem that electric vehicles are una-
ble to drive on half way due to insufficient or exhausted
electric quantity of the battery may be solved.
[0037] Fig. 6 is a connecting topological diagram show-
ing an electric vehicle discharging to another electric ve-
hicle.
[0038] As shown in Fig. 6, the connecting topological
diagram showing an electric vehicle discharging to an-
other electric vehicle includes: an electric vehicle for sup-
plying power, including a controller, a vehicle control de-
vice and a power supply control device; a power supply
plug; another electric vehicle including in-vehicle charger
and a vehicle control device; a vehicle plug.
[0039] Specifically, a power supply apparatus is con-
nected with the vehicle plug of another vehicle via the

power supply plus, so as to charge another electric ve-
hicle. A power system of the electric vehicle detects a
CP signal via a detecting point 2 and detects a CC signal
via a detecting point 3, while the power supply apparatus
detects the CP signal via a detecting point 1 and detects
the CC signal via the detecting point 3. Moreover, after
the charging is finished, internal switches S2 in both the
power supply plug and in the vehicle plug are controlled
to turn off.
[0040] In another embodiment of the present disclo-
sure, a plurality of power systems connected in parallel
can be used in the electric vehicle to charge the power
battery. For example, two power systems connected in
parallel are used to charge the power battery, and the
two power systems use a common controller module.
During the electric vehicle for supplying power discharg-
ing to another electric vehicle, the another electric vehicle
to be charged is in OFF gear and is set at a normal charg-
ing mode for holding for an external connection and pow-
er supply. While the electric vehicle for supplying power
needs to be in OK gear with P gear and is set at a mode
of discharging to another electric vehicle. Then the con-
troller switches to a charging pile state to supply power
to another electric vehicle according to national stand-
ards after connection.
[0041] Furthermore, a function of the electric vehicle
for supplying power in the system is similar to a three-
phase AC charging pile, which may output a three-phase
AC required by another electric vehicle. For example,
electric vehicles sold in Chinese Mainland may supply
three-phase AC of 380V/50Hz with a maximum output
current of 63A.
[0042] Fig. 7 is a block diagram of a power system for
an electric vehicle.
[0043] The power system for the electric vehicle ac-
cording to an embodiment of the present disclosure in-
cludes a power battery 10, a charging-discharging socket
20, a bidirectional DC-DC module 30, a driving control
switch 40, a bidirectional DC-AC module 50, a motor con-
trol switch 60, a charging-discharging control module 70
and a controller module 80. In some embodiments of the
present disclosure, the external discharging circuit in the
high-voltage distribution box refers to the charging-dis-
charging control module 70, the bidirectional DC-DC
module 30 and the bidirectional DC-AC module 50. When
the power system is controlled to be at an external dis-
charging state, the external discharging circuit may ex-
ternally discharge.
[0044] The bidirectional DC-DC module 30 has a first
DC terminal a1 connected with a first terminal of the pow-
er battery 10, and a second DC terminal a2 connected
with a second terminal of the power battery 10. The first
DC terminal a1 is a common DC terminal for an input to
and an output from the bidirectional DC-DC module 30.
The driving control switch 40 has a first terminal connect-
ed with the second terminal of the power battery 10, and
a second terminal connected with a third DC terminal a3
of the bidirectional DC-DC module 30. The bidirectional
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DC-AC module 50 has a first DC terminal b1 connected
with the second terminal of the driving control switch 40,
and a second DC terminal b2 connected with the first
terminal of the power battery 10. The motor control switch
60 has a first terminal connected with an AC terminal c
of the bidirectional DC-AC module 50, and a second ter-
minal connected with a motor M. The charging-discharg-
ing control module 70 has a first terminal connected with
the AC terminal c of the bidirectional DC-AC module 50,
and a second terminal connected with the charging-dis-
charging socket 20. The controller module 80 is connect-
ed with the driving control switch 40, the motor control
switch 60 and the charging-discharging control module
70 respectively, and configured to control the driving con-
trol switch 40, the motor control switch 60 and the charg-
ing-discharging control module 70 according to a current
operation mode of the power system.
[0045] Further, in some embodiments, the current op-
eration mode of the power system may include a driving
mode and a charge-discharge mode. When the current
operation mode of the power system is a driving mode,
the controller module 80 controls the driving control
switch 40 to turn on in order to stop the bidirectional DC-
DC module 30, controls the motor control switch 60 to
turn on to drive the motor M normally, and controls the
charging-discharging control module 70 to turn off. It
should be noted that, although in some embodiments,
the motor control switch 60 includes three switches con-
nected with a three-phase input of the motor, in other
embodiments, the motor control switch 60 may also in-
clude two switches connected with a two-phase input of
the motor, or even one switch, provided that the control
on the motor may be realized. Therefore, other embod-
iments will not be described in detail herein. When the
current operation mode of the power system is a charge-
discharge mode, the controller module 80 controls the
driving control switch 40 to turn off to start the bidirectional
DC-DC module 30, controls the motor control switch 60
to turn off to remove the motor M, and controls the charg-
ing-discharging control module 70 to turn on in such a
way that an external power source may charge the power
battery 10 normally. The first DC terminal a1 and the third
DC terminal a3 of the bidirectional DC-DC module 30 are
connected with a positive terminal and a negative termi-
nal of a DC bus respectively.
[0046] Fig. 8 is a topological diagram of a power system
for an electric vehicle.
[0047] As shown in Fig. 8, the power system for the
electric vehicle further includes a first pre-charging con-
trol module 101. The first pre-charging control module
101 has a first terminal connected with the second ter-
minal of the power battery 10, and a second terminal
connected with the second DC terminal a2 of the bidirec-
tional DC-DC module 30, and is configured to pre-charge
a capacitor C1 in the bidirectional DC-DC module 30 and
a bus capacitor C0 connected between the first DC ter-
minal a1 and the third DC terminal a3 of the bidirectional
DC-DC module 30. The first pre-charging control module

101 includes a first switch K1, a first resistor R1 and a
second switch K2. The first switch K1 has a first terminal
connected with the second DC terminal a2 of the bidirec-
tional DC-DC module 30. The first resistor R1 has a first
terminal connected with a second terminal of the first
switch K1, and a second terminal connected with the sec-
ond terminal of the power battery 10. The second switch
K2 is connected in parallel with a circuit consisting of the
first resistor R1 and the first switch K1 which are con-
nected in series. When the power system is powered on,
the controller module 80 controls the first switch K1 to
turn on to pre-charge the capacitor C1 in the bidirectional
DC-DC module 30 and the bus capacitor C0; and when
a voltage across the bus capacitor C0 is a predetermined
multiple of a voltage of the power battery 10, the controller
module 80 controls the first switch K1 to turn off and con-
trols the second switch K2 to turn on.
[0048] As shown in Fig. 8, the bidirectional DC-DC
module 30 further includes a first switching transistor Q1,
a second switching transistor Q2, a first diode D1, a sec-
ond diode D2, a first inductor L1 and a first capacitor C1.
The first switching transistor Q1 and the second switching
transistor Q2 are connected in series to form a circuit,
and said circuit is connected between the first DC termi-
nal a1 and the third DC terminal a3 of the bidirectional
DC-DC module 30. The first switching transistor Q1 and
the second switching transistor Q2 are controlled by the
controller module 80. A first node A is defined between
the first switching transistor Q1 and the second switching
transistor Q2. The first diode D1 is connected with the
first switching transistor Q1 in inverse-parallel. The sec-
ond diode D2 is connected with the second switching
transistor Q2 in inverse-parallel. The first inductor L1 has
a first terminal connected with the first node A, and a
second terminal connected with the second terminal of
the power battery 10. The first capacitor C1 has a first
terminal connected with the second terminal of the first
inductor L1, and a second terminal connected with the
first terminal of the power battery 10.
[0049] Moreover, as shown in Fig. 8, the power system
for the electric vehicle further includes a leakage current
reducing module 102. The leakage current reducing
module 102 is connected between the first DC terminal
a1 and the third DC terminal a3 of the bidirectional DC-
DC module 30. Specifically, the leakage current reducing
module 102 includes a second capacitor C2 and a third
capacitor C3. The second capacitor C2 has a first termi-
nal connected with a first terminal of the third capacitor
C3, and a second terminal connected with the first DC
terminal a1 of the bidirectional DC-DC module 30, the
third capacitor C3 has a second terminal connected with
the third DC terminal a3 of the bidirectional DC-DC mod-
ule 30, and a second node B is defined between the sec-
ond capacitor C2 and the third capacitor C3.
[0050] Generally, a leakage current is large in an in-
verter and grid system without transformer isolation.
Therefore, with the power system according to embodi-
ments of the present disclosure, a leakage current re-
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ducing module 102 is connected between the positive
terminal and the negative terminal of the DC bus, thus
reducing the leakage current effectively. The leakage
current reducing module 102 includes two capacitors C2
and C3 of the same type, the capacitor C2 is connected
between the negative terminal of the DC bus and a three-
phase AC neutral point potential, the capacitor C3 is con-
nected between the positive terminal of the DC bus and
the three-phase AC neutral point potential, and a high-
frequency current may be fed back to a DC side when
the power system operates, thus effectively reducing a
high-frequency leakage current generated when the
power system operates.
[0051] In one embodiment, as shown in Fig. 8, the pow-
er system for the electric vehicle further includes a filter-
ing module 103, a filtering control module 104, an EMI-
filter module 105 and a second pre-charging control mod-
ule 106.
[0052] The filtering module 103 is connected between
the bidirectional DC-AC module 50 and the charging-dis-
charging control module 70. Specifically, as shown in Fig.
5, the filtering module 103 includes inductors LA, LB, LC
and capacitors C4, C5, C6, and the bidirectional DC-AC
module 50 may include six IGBTs (insulated gate bipolar
transistor), a connection point between an upper IGBT
and a lower IGBT is connected respectively with the fil-
tering module 103 and the motor control switch 60 via a
power bus.
[0053] As shown in Fig. 8, the filtering control module
104 is connected between the second node B and the
filtering module 103, and controlled by the controller mod-
ule 80. When the current operation mode of the power
system is a driving mode, the controller module 80 con-
trols the filtering control module 104 to turn off. The fil-
tering control module 104 may be a capacitor switching
relay, and may include a contactor K10. The EMI-filter
module 105 is connected between the charging-dis-
charging socket 20 and the charging-discharging control
module 70. It should be noted that, the position of the
contactor K10 in Fig. 8 is merely exemplary. In other em-
bodiments, the contactor K10 may be located at other
positions, provided that the filtering module 103 may be
turned off using the contactor K10. For example, in an-
other embodiment, the contactor K10 may also be con-
nected between the bidirectional DC-AC module 50 and
the filtering module 103.
[0054] The second pre-charging control module 106 is
connected in parallel with the charging-discharging con-
trol module 70 and configured to pre-charge capacitors
C4, C5, C6 in the filtering module 103. The second pre-
charging control module 106 includes three resistors RA,
RB, RC connected in series and a three-phase pre-charg-
ing switch K9.
[0055] In one embodiment, as shown in Fig. 8, the
charging-discharging control module 70 further includes
a three-phase switch K8 and/or a single-phase switch K7
configured to implement a three-phase charging-dis-
charging or a single-phase charging-discharging.

[0056] In other words, when the power system is pow-
ered on, the controller module 80 controls the first switch
K1 to turn on to pre-charge the first capacitor C1 in the
bidirectional DC-DC module 30 and the bus capacitor
C0; and when the voltage across the bus capacitor C0
is a predetermined multiple of the voltage of the power
battery 10, the controller module 80 controls the first
switch K1 to turn off and controls the second switch K2
to turn on. In this way, the bidirectional DC-DC module
30 and the large-capacity bus capacitor C0 directly con-
nected between power buses (i.e. DC buses) constitute
main components for implementing a battery low-tem-
perature activation technology, which is adapted to trans-
fer the electric energy of the power battery 10 to the large-
capacity bus capacitor C0 via the bidirectional DC-DC
module 30, and to transfer the electric energy stored in
the large-capacity bus capacitor C0 to the power battery
10 via the bidirectional DC-DC module 30 (i.e. when
charging the power battery 10) after an electric quantity
of the bus capacitor C0 reaches a predetermined value.
Therefore, the charging and discharging cycle of the pow-
er battery 10 makes the temperature of the power battery
10 increase to an optimum operation temperature range.
[0057] When the current operation mode of the power
system is a driving mode, the controller module 80 con-
trols the driving control switch 40 to turn on to stop the
bidirectional DC-DC module 30, controls the motor con-
trol switch 60 to turn on to drive the motor M normally,
and controls the charging-discharging control module 70
to turn off. In this way, a DC from the power battery 10
is inverted into an AC by means of the bidirectional DC-
AC module 50, and the AC is transmitted to the motor M.
The operation of the motor M can be controlled by a re-
volving transformer decoder technology and a space vec-
tor pulse width modulation (SVPWM) control algorithm.
[0058] When the current operation mode of the power
system is a charge-discharge mode, the controller mod-
ule 80 controls the driving control switch 40 to turn off to
start the bidirectional DC-DC module 30, controls the mo-
tor control switch 60 to turn off to remove the motor M,
and controls the charging-discharging control module 70
to turn on in such a way that an external power source
such as a three-phase power source or a single-phase
power source may charge the power battery 10 via the
charging-discharging socket 20 normally. In other words,
by detecting a charge connection signal, an AC grid elec-
tric system and relevant information on whole vehicle bat-
tery management, a controllable rectification function
may be performed be means of the bidirectional DC-AC
module 50, and the in-vehicle power battery 10 may be
charged by the single-phase power source and/or the
three-phase power source via the bidirectional DC-DC
module 30.
[0059] With the power system for the electric vehicle
according to embodiments of the present disclosure, the
electric vehicle can be charged under a high power by
means of a civil or industrial AC grid, such that a user
may perform the charging efficiently, promptly, anytime
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and anywhere, thus saving a charging time. Moreover,
a constant-voltage control device or a constant-current
control device is not required, thus saving space and cost
and having a wide battery operation voltage range.
[0060] Fig. 9 is a schematic view of electric vehicles
showing V-to-V.
[0061] Specifically, as shown in Fig. 9, the schematic
view of electric vehicles showing V-to-V includes electric
vehicles and a V-to-V discharging connection device.
[0062] The V-to-V discharging connection device is
mainly used to connect the two electric vehicles. Fig. 10
is a schematic view of connecting apparatus showing V-
to-V As shown in Fig. 10, two charging guns with the
same state are provided at both terminals of the discharg-
ing connection device respectively, a high voltage cable
conforming to standards of sales territory is connected
between the two charging guns, and thus the two termi-
nals of the discharging connection device may be ex-
changed to use. RC Resistances of the charging con-
nection signals CC of both charging guns are 100Ω.
[0063] Because during the V-to-V process, the electric
vehicle to be charged is charged according to standards,
the electric vehicle to be charged will not be described
in details herein, and an operation of the electric vehicle
for supplying power will be primarily described below.
[0064] Fig. 11 is a system block diagram of an operat-
ing module of a discharging electric vehicle in a solution
of V-to-V.
[0065] Following operating modules are involved in the
V-to-V process. For an electric vehicle for supplying pow-
er, the operating modules include an instrument, a bat-
tery manager, a high-voltage distribution box, a control-
ler, an AC charging interface and a power battery. For
an electric vehicle to be charged, the operating modules
include an instrument, an in-vehicle charger, a battery
manager, a high-voltage distribution box, an AC charging
interface and a power battery.
[0066] Specifically, during the V-to-V, following mod-
ules are involved into operation: the instrument, the bat-
tery manager, the high-voltage distribution box, the con-
troller, the AC charging interface, the power battery, and
the in-vehicle charger mounted in the charging electric
vehicle. The instrument is configured to sample a dis-
charging switch signal and a discharging mode signal,
and to display discharging information and fault informa-
tion. The battery manager is configured to sample state
information of the power battery, to determine whether
the power battery is allowed to externally discharge, and
to control to connect a power supply circuit in the high-
voltage distribution box. The high-voltage distribution box
is configured to connect the power battery and the con-
troller, such that the power battery may supply DC to the
controller. The controller is configured to emit a PWM
wave, and to detect in real-time a connection status be-
tween the electric vehicle to be charged and the charging
electric vehicle. The controller is communicated with the
instrument and the battery manager via the CAN, and
the controller inverts the DC supplied by the power bat-

tery into an AC and outputs the AC to the electric vehicle
to be charged. The AC charging interface is configured
to connect the two electric vehicles, i.e. the charging elec-
tric vehicle (i.e. the electric vehicle for supplying power)
and the electric vehicle to be charged. The power battery
is configured to store electric energy and to externally
discharge the stored electric energy if it is required. The
charging electric vehicle further includes the in-vehicle
charger which is communicated with the instrument and
the battery manager via the CAN.
[0067] Furthermore, during the V-to-V, for the electric
vehicle for supplying power needs to be in OK gear, an
internal circuit connected to a CP pin of the controller of
said electric vehicle needs to be switched so as to emit
the PWM wave, the instrument of said electric vehicle
needs to determine and process the discharging switch
signal and display the discharging state. The electric ve-
hicle to be charged is in OFF gear and enters into a charg-
ing mode after a charging gun is inserted, and the instru-
ment of the electric vehicle for supplying power merely
displays charging information.
[0068] The discharging system for externally output-
ting a three-phase current is required to integrate a part
of the circuit of a charging pile in order to switch the in-
ternal circuit connected with the CP pin so as to emit a
PWM wave conformance to national standards. A motor
driving controller is further expanded in function of invert-
ing the DC into the AC. The improved electric vehicle
may charge other electric vehicles as the charging pile.
Furthermore, when another electric vehicle is exhausted
at a place far away from the charging station, the electric
vehicle may temporarily be used as a charging device to
charge the exhausted electric vehicle. Thus the problem
that electric vehicles are unable to drive on half way due
to exhausted electric quantity of the battery may be
solved.
[0069] A process of the V-to-V may include a prepara-
tion period, a discharging period and a discharging finish
period.
[0070] Fig. 12 is a flow chart showing operations of
modules during the V-to-V discharging preparation peri-
od. Fig. 13 is a flow chart showing operations of the mod-
ules during the V-to-V discharging period and the V-to-
V discharging finish period.
[0071] Fig. 12 is a flow chart showing operations of
modules during the V-to-V discharging preparation peri-
od. During the V-to-V discharging preparation period,
specifically, when the electric vehicle is in OK gear with
P gear, the instrument starts to serve. A "discharge set-
ting interface" is activated by pressing an external dis-
charge button on a panel of the instrument, and the power
consumption equipment may be set as "electric vehicle
to be charged" via an "option" key and an "OK" key on a
steering wheel, in which the power consumption equip-
ment may further include an "industrial appliances" and
"household appliances". After the discharging mode is
set as "discharge to electric vehicle to be charged", the
instrument sends a message indicating "discharging
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mode" to inform the controller and popups a prompt
"please connect to discharging equipment". If it is deter-
mined that the electric vehicle is able to externally dis-
charge, a prompt is popuped, which includes a current
time, date, a connecting state, a current electric quality,
a discharging current and the power consumption equip-
ment, for example, 21:00; 2012.12.31; connected, dis-
charging in process; the current electric quantity: 50%;
the discharging current: 63A; the power consumption
equipment: electric vehicle to be charged. If it is deter-
mined that the electric vehicle is unable to externally dis-
charge, a prompt is popuped indicating 21:00;
2012.12.31; unconnected, please check the discharging
system.
[0072] Furthermore, when the controller is in service,
it is first determined whether there is an electric vehicle
gear signal, if yes, the electric vehicle enters the driving
mode; and if no, the controller detects a CC signal to
determine whether the charging gun is connected to the
vehicle after receiving the message indicating "discharg-
ing mode" from the instrument. Specifically, the controller
needs to determine whether the charging interface CC
signal is connected and whether a resistance of CC is
100Ω. If the CC signal is not detected and the resistance
of CC is not 100Ω, a message indicating "forbid external
discharge" is sent to the instrument. If the CC signal is
detected and the resistance of CC is 100Ω, it is further
determined whether the electric vehicle is in P gear and
whether the motor is in undriving mode. If the electric
vehicle is not in P gear and the motor is not in undriving
mode, a message indicating "forbid external discharge"
is sent to the instrument. If the electric vehicle is in P gear
and the motor is in undriving mode, the controller switch-
es the internal circuit thereof to an external discharge
mode to externally emit PWM wave via the CP pin. In
some embodiments of the present disclosure, specifical-
ly, when the electric vehicle is in OK gear with P gear,
the "discharge setting interface" is activated by pressing
the external discharge button on the panel of the instru-
ment. After the discharging mode is set as "discharge to
electric vehicle to be charged", the instrument sends the
message to inform the controller and popups the prompt
"please connect to discharging equipment". The control-
ler detects the CC signal to determine whether the charg-
ing gun is connected to the vehicle after receiving the
message from the instrument. After the CC signal is de-
tected, the controller switches the internal circuit for de-
tecting the CP wave to the circuit for emitting the PWM
wave (as shown in Fig. 6, a switch S1 in the electric ve-
hicle for power supplying is switched to connect with a
lower pin, and a switch S4 in the electric vehicle for power
supplying is switched to connect with a lower pin) so as
to externally emit the PWM wave, the controller also
switches the internal circuit to an external three-phase
discharge circuit, and then sends a message indicating
"preparation of the controller is in ready".
[0073] A gear shifting instruction is not replied during
the discharging. The controller performs a self-detection,

and if there is no fault, the controller sends a message
indicating "discharging preparation of the controller is in
ready". It is determined whether a message indicating
"preparation of the power battery is in ready" is received,
and if yes, it is further determined whether a voltage of
a detecting point CP is changed from 9V to 6V, and if
yes, the message indicating "preparation of the controller
is in ready" is sent, an AC output switch is turned on and
a message indicating "get ready to external discharge"
is sent. If the message indicating "preparation of the pow-
er battery is in ready" is not received, the message indi-
cating "forbid external discharge" is sent to the instru-
ment.
[0074] When it starts to work, the battery manager first
self-detects whether it is able to external discharge, and
if no, a message indicating "forbid to discharge" is sent.
A condition of forbiddance of discharge includes any one
of an over-high temperature of the power battery, an over-
low temperature of the power battery, an over-low voltage
of the power battery and an over-low SOC. When receiv-
ing the message indicating "preparation of the controller
is in ready", the battery manager controls the external
discharging circuit in the high-voltage distribution box to
be connected and sends the message indicating "prep-
aration of the power battery is in ready".
[0075] Furthermore, after receiving the message indi-
cating "preparation of the power battery is in ready", the
controller determines whether the voltage of the detect-
ing point CP is changed from 9V to 6V. If yes, the con-
troller connects an external output and gets ready to
work, that is, a three-phase AC is externally supplied to
another electric vehicle, and a message indicating "start
to discharge" is sent.
[0076] Fig. 13 is a flow chart showing operations of the
modules during the V-to-V discharging period and the V-
to-V discharging finish period.
[0077] During the V-to-V discharging period and the V-
to-V discharging finish period, specifically, the instrument
keeps displaying the discharging state of the electric ve-
hicle, the controller keeps detecting whether there is a
message indicating "the discharging is finished" from the
instrument, whether the controller has a fault, whether
there is a CC connecting signal, whether the voltage of
the detecting point CP is 6V, whether the power battery
has a fault, and the battery manager keeps detecting the
state of the power battery.
[0078] The controller stops externally outputting the
AC if any of following cases occurs. When receiving the
message indicating "the discharging is finished" from the
instrument, the controller stops externally outputting the
AC and sends the message indicating "the discharging
is finished", and after receiving the message indicating
"the discharging is finished", the battery manager switch-
es an internal circuit in the high-voltage distribution to
reset the electric vehicle in OK gear. When receiving a
message indicating "a power battery fault" sent from the
battery manager, the controller stops externally output-
ting the AC, and the instrument displays the fault. When
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detecting is the controller has a fault on itself, the con-
troller stops externally outputting the AC and sends a
message indicating "a controller fault", the instrument re-
ceives the message indicating "the controller fault" and
displays the fault, and the battery manager switches to
a corresponding state according to the fault. When re-
ceiving a message indicating "an exterior equipment
fault", the controller stops externally outputting the AC,
and the instrument displays the fault, in which the fault
of the exterior equipment includes any one of over cur-
rent, short circuit, connection fault and a combination
thereof. When detecting that the CC connection signal
is disconnected, the controller stops externally outputting
the AC and sends a message indicating "a connection
fault". When detecting that the CP connection signal is
changed from 9V to 6V, which means that the another
electric vehicle to be charged has been fully charged, the
controller stops externally outputting the AC and sends
a message indicating "the discharging is finished", and
after receiving the message indicating "the discharging
is finished", the battery manager switches the internal
circuit in the high-voltage distribution to reset the electric
vehicle in OK gear.
[0079] Furthermore, during the external discharging,
the controller stops externally outputting the AC if any of
following cases occurs: SOC of the power battery is over-
low, and a discharge control button is pressed to termi-
nate external discharging.
[0080] The discharging apparatus for the electric ve-
hicle according to embodiments of the present disclosure
is set at a normal charging mode and holds for an external
connection and power supply. The another electric vehi-
cle to be charged is in OFF gear, while the electric vehicle
for supplying power needs to be in OK gear with P gear
and is set at a mode of discharging to another electric
vehicle to be charged. Then the controller of the electric
vehicle switches to a charging pile state to supply power
to another electric vehicle after connection. The discharg-
ing apparatus for the electric vehicle broadens an appli-
cation range of electric vehicles, such that the electric
vehicle may temporarily be used as a charging device to
charge an electric vehicle with insufficient or exhausted
energy. Thus the problem that electric vehicles are una-
ble to drive on half way due to insufficient or exhausted
electric quantity of the battery may be solved.
[0081] The present disclosure further provides an elec-
tric vehicle. The electric vehicle includes the discharging
apparatus 100 for the electric vehicle according to em-
bodiments of the present disclosure.
[0082] The electric vehicle for the electric vehicle ac-
cording to embodiments of the present disclosure is set
at a normal charging mode and holds for an external con-
nection and power supply. The another electric vehicle
to be charged is in OFF gear, while the electric vehicle
for supplying power needs to be in OK gear with P gear
and is set at a mode of discharging to another electric
vehicle to be charged. Then the controller of the electric
vehicle switches to a charging pile state to supply power

to another electric vehicle after connection. The electric
vehicle broadens an application range of electric vehi-
cles, such that the electric vehicle may temporarily re-
place a charging device to charge an electric vehicle with
insufficient or exhausted energy. Thus the problem that
electric vehicles are unable to drive on half way due to
insufficient or exhausted electric quantity of the battery
may be solved.
[0083] Any procedure or method described in the flow
charts or described in any other way herein may be un-
derstood to comprise one or more modules, portions or
parts for storing executable codes that realize particular
logic functions or procedures. Moreover, advantageous
embodiments of the present disclosure comprises other
implementations in which the order of execution is differ-
ent from that which is depicted or discussed, including
executing functions in a substantially simultaneous man-
ner or in an opposite order according to the related func-
tions. This should be understood by those skilled in the
art to which embodiments of the present disclosure be-
long.
[0084] The logic and/or step described in other man-
ners herein or shown in the flow chart, for example, a
particular sequence table of executable instructions for
realizing the logical function, may be specifically
achieved in any computer readable medium to be used
by the instruction execution system, device or equipment
(such as the system based on computers, the system
comprising processors or other systems capable of ob-
taining the instruction from the instruction execution sys-
tem, device and equipment and executing the instruc-
tion), or to be used in combination with the instruction
execution system, device and equipment. As to the spec-
ification, "the computer readable medium" may be any
device adaptive for including, storing, communicating,
propagating or transferring programs to be used by or in
combination with the instruction execution system, de-
vice or equipment. More specific examples of the com-
puter readable medium comprise but are not limited to:
an electronic connection (an electronic device) with one
or more wires, a portable computer enclosure (a mag-
netic device), a random access memory (RAM), a read
only memory (ROM), an erasable programmable read-
only memory (EPROM or a flash memory), an optical
fiber device and a portable compact disk read-only mem-
ory (CDROM). In addition, the computer readable medi-
um may even be a paper or other appropriate medium
capable of printing programs thereon, this is because,
for example, the paper or other appropriate medium may
be optically scanned and then edited, decrypted or proc-
essed with other appropriate methods when necessary
to obtain the programs in an electric manner, and then
the programs may be stored in the computer memories.
[0085] It should be understood that each part of the
present disclosure may be realized by the hardware, soft-
ware, firmware or their combination. In the above em-
bodiments, a plurality of steps or methods may be real-
ized by the software or firmware stored in the memory
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and executed by the appropriate instruction execution
system. For example, if it is realized by the hardware,
likewise in another embodiment, the steps or methods
may be realized by one or a combination of the following
techniques known in the art: a discrete logic circuit having
a logic gate circuit for realizing a logic function of a data
signal, an application-specific integrated circuit having
an appropriate combination logic gate circuit, a program-
mable gate array (PGA), a field programmable gate array
(FPGA), etc.
[0086] Those skilled in the art shall understand that all
or parts of the steps in the above exemplifying method
of the present disclosure may be achieved by command-
ing the related hardware with programs. The programs
may be stored in a computer readable storage medium,
and the programs comprise one or a combination of the
steps in the method embodiments of the present disclo-
sure when run on a computer.
[0087] In addition, each function cell of the embodi-
ments of the present disclosure may be integrated in a
processing module, or these cells may be separate phys-
ical existence, or two or more cells are integrated in a
processing module. The integrated module may be real-
ized in a form of hardware or in a form of software function
modules. When the integrated module is realized in a
form of software function module and is sold or used as
a standalone product, the integrated module may be
stored in a computer readable storage medium.
[0088] The storage medium mentioned above may be
read-only memories, magnetic disks, CD, etc.
[0089] Reference throughout this specification to "an
embodiment," "some embodiments," "one embodiment",
"another example," "an example," "a specific example,"
or "some examples," means that a particular feature,
structure, material, or characteristic described in connec-
tion with the embodiment or example is included in at
least one embodiment or example of the present disclo-
sure. Thus, the appearances of the phrases such as "in
some embodiments," "in one embodiment", "in an em-
bodiment", "in another example," "in an example," "in a
specific example," or "in some examples," in various plac-
es throughout this specification are not necessarily re-
ferring to the same embodiment or example of the
present disclosure. Furthermore, the particular features,
structures, materials, or characteristics may be com-
bined in any suitable manner in one or more embodi-
ments or examples.
[0090] Although explanatory embodiments have been
shown and described, it would be appreciated by those
skilled in the art that the above embodiments cannot be
construed to limit the present disclosure, and changes,
alternatives, and modifications can be made in the em-
bodiments without departing from spirit, principles and
scope of the present disclosure.

Claims

1. A discharging apparatus for an electric vehicle, com-
prising:

an AC charging interface;
a charging connection device, having a first ter-
minal connected with the AC charging interface
of the electric vehicle and a second terminal con-
nected with another electric vehicle, and config-
ured to transmit an AC output from the AC charg-
ing interface to the another electric vehicle;
an instrument, configured to send a discharging
preparation instruction after receiving a trigger
signal;
a controller, configured to communicate with the
instrument and to detect whether the charging
connection device is connected with the AC
charging interface after receiving the discharg-
ing preparation instruction, and if yes, to emit a
PWM wave and to switch to an external dis-
charging mode;
a battery manager, configured to communicate
with the controller and to control an external dis-
charging circuit in a high-voltage distribution box
of the electric vehicle after the controller switch-
es to the external discharging mode;
a power battery, connected with the high-volt-
age distribution box and configured to provide a
DC via the external discharging circuit in the
high-voltage distribution box;
wherein the controller is configured to detect
whether the another electric vehicle is fully
charged, and if no, the controller converts the
DC provided by the external discharging circuit
into the AC and to output the AC to the AC charg-
ing interface so as to discharge to the another
electric vehicle.

2. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the instrument and the
controller communicate via a CAN bus of a local area
network of the controller, and the controller and the
battery manager communicate via the CAN bus.

3. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the charging connection
device comprises:

a first charging gun, located at the first terminal
of the charging connection device and connect-
ed with the AC charging interface;
a second charging gun, located at the second
terminal of the charging connection device and
connected with an AC charging interface of the
another electric vehicle.

4. The discharging apparatus for an electric vehicle ac-
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cording to claim 1, wherein after it is determined
whether the charging connection device is connect-
ed with the AC charging interface, the controller
emits the PWM wave via a CP pin.

5. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the controller is config-
ured to determine whether the electric vehicle is fully
charged by detecting a voltage of a CP pin, and if
the voltage of the CP pin reaches a predetermined
voltage, it is determined that the another electric ve-
hicle has been fully charged.

6. The discharging apparatus for an electric vehicle ac-
cording to claim 7, wherein the predetermined volt-
age is 6V.

7. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the controller is further
configured to detect whether the electric vehicle is
currently in P gear after it is determined that the
charging connection device is connected with the
AC charging interface, and if yes, the controller
switches to the external discharging mode.

8. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the controller is further
configured to detect in real-time whether an internal
circuit of the controller has a fault and to detect in
real-time whether the another electric vehicle has a
fault during discharging.

9. The discharging apparatus for an electric vehicle ac-
cording to claim 8, wherein the controller is further
configured to stop outputting the AC if it is determined
that the internal circuit has a fault and/or the another
electric vehicle has a fault.

10. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the battery manager is
further configured to detect in real-time a current
electric quantity of the power battery and to detect
in real-time whether the power battery has a fault, if
it is determined the power battery has a fault, the
battery manager sends a battery fault instruction to
the controller, and the controller stops outputting the
AC after receiving the battery fault instruction.

11. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the controller is further
configured to stop outputting the AC after receiving
a discharging finish instruction from the instrument.

12. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the controller is further
configured to detect a current discharging current in
real-time.

13. The discharging apparatus for an electric vehicle ac-
cording to claim 1, wherein the controller is further
configured to stop outputting the AC, if it is deter-
mined that the charging connection device is discon-
nected with the AC charging interface or the another
electric vehicle is fully charged.

14. The discharging apparatus for an electric vehicle ac-
cording to any of claims 1-13, wherein the controller
is further configured to detect whether an electric
quantity of the electric vehicle is greater than a pre-
determined value, and if yes, it is determined to allow
the electric vehicle to externally discharge.

15. An electric vehicle, comprising the discharging ap-
paratus for an electric vehicle according to any of
claims 1-14.
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