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(54) BATTERY PACK CHARGING SYSTEM HAVING STRUCTURE CAPABLE OF PREVENTING 
OVERCHARGING, AND VEHICLE COMPRISING SAME

(57) A battery pack charging system includes a bat-
tery pack comprising a plurality of battery cells; a charging
device connected to both electrodes of the battery pack
to supply a charging current to the battery pack; a switch
connected between the battery pack and the charging
device to allow or block a flow of the charging current;

and a current blocking member mechanically connected
to the switch and configured to turn off the switch by caus-
ing a bending deformation when a potential difference
formed between both electrodes of the battery pack is
equal to or greater than a reference value.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a battery pack
charging system having a structure capable of preventing
overcharging and a vehicle including the battery pack
charging system, and more particularly to, a battery pack
charging system including a current blocking member
capable of blocking a current flowing in a circuit by chang-
ing a shape of the current blocking member according to
a potential difference applied between both surfaces and
operating a switch connected between a battery pack
and a charging device and a vehicle including the battery
pack charging system.
[0002] The present application claims priority to Kore-
an Patent Application No. 10-2018-0138450 filed on No-
vember 12, 2018 in the Republic of Korea, the disclosures
of which are incorporated herein by reference.

BACKGROUND ART

[0003] Fuse devices which are currently used in sec-
ondary batteries include a positive temperature coeffi-
cient (PTC) thermistor, a thermal cut-out (TCO), a ther-
mal fuse, etc. However, in the case of the thermal fuse,
there is a disadvantage of one-time use, and although
the PTC thermistor or the TCO is repeatedly usable, there
is a disadvantage that the resistance thereof increases
as the operation is repeated, which increases the overall
resistance on the circuit.
[0004] In addition, all of the above-mentioned devices
operate by heat generated by an overcurrent. That is,
the above-mentioned devices correspond to devices that
operate to block the flow of a current when the overcur-
rent is generated on a circuit current path due to over-
charging, etc., and thus the temperature increases.
[0005] Therefore, in the case of the above-mentioned
devices, it is possible to block the overcurrent by oper-
ating after a situation where safety may be threatened
due to the heat, and it is impossible to block the overcur-
rent immediately when a cause for increasing the tem-
perature occurs.
[0006] In addition, in the case of the above-mentioned
devices, since the devices operate simply according to
the temperature, it is difficult to use the devices in a sec-
ondary battery exhibiting a high output such as a battery
pack used in a vehicle. In other words, in the case of a
vehicle battery pack, a high c-rate is required, which also
accordingly requires a large amount of heat. There is a
problem in that the devices such as the PTC thermistor,
the TCO, and the thermal fuse operate too early when
placed in such a high temperature environment.
[0007] Therefore, there is a need for a secondary bat-
tery to which a device that is reusable and is usable even
in an environment where a high current flows, and is ca-
pable of previously blocking the current when an event
that may cause such a temperature rise occurs before

the temperature rises is applied.

DISCLOSURE

Technical Problem

[0008] The present disclosure is designed to solve the
problems of the related art, and therefore the present
disclosure is directed to providing a battery pack charging
system having a structure in which a current blocking
member capable of previously blocking current before
the temperature of the battery pack rises by heat gener-
ated due to overcharging of the battery pack, etc. is in-
stalled.
[0009] These and other objects and advantages of the
present disclosure may be understood from the following
detailed description and will become more fully apparent
from the exemplary embodiments of the present disclo-
sure. Also, it will be easily understood that the objects
and advantages of the present disclosure may be real-
ized by the means shown in the appended claims and
combinations thereof.

Technical Solution

[0010] In one aspect of the present disclosure, there
is provided a battery pack charging system including a
battery pack including a plurality of battery cells; a charg-
ing device connected to both electrodes of the battery
pack to supply a charging current to the battery pack; a
switch connected between the battery pack and the
charging device to allow or block a flow of the charging
current; and a current blocking member mechanically
connected to the switch and configured to turn off the
switch by causing a bending deformation when a poten-
tial difference formed between both electrodes of the bat-
tery pack is equal to or greater than a reference value.
[0011] Each of the plurality of battery cells may be a
pouch type battery cell.
[0012] The charging device may be an alternator in-
stalled in a vehicle.
[0013] One side of the current blocking member in a
longitudinal direction may be a fixed end directly or indi-
rectly fixed to the battery pack or a ground, and the other
side of the current blocking member may be a free end
of which position is changeable by the bending deforma-
tion.
[0014] The current blocking member may include an
electro active polymer (EAP) layer; a first metal layer
formed on one side of the EAP layer; and a second metal
layer formed on the other side of the EAP layer.
[0015] The EAP layer may include at least one polymer
electrolyte selected from Nafion, polypyrrole, polyaniline
and polythiophene.
[0016] The first metal layer and the second metal layer
may include at least one metal selected from the group
comprising platinum, silver and copper.
[0017] The first metal layer may be electrically con-

1 2 



EP 3 812 204 A1

3

5

10

15

20

25

30

35

40

45

50

55

nected to a negative electrode of the battery pack, and
the second metal layer may be electrically connected to
a positive electrode of the battery pack.
[0018] The switch may be connected between the neg-
ative electrode of the battery pack and a charging device.
[0019] The first metal layer may be mechanically/elec-
trically connected to the switch by a connecting rod
formed of a conductive material.
[0020] The first metal layer may be mechanically con-
nected to the switch by a connecting rod and is electrically
connected to the negative electrode of the battery pack
by a negative electrode connecting rod.
[0021] The connecting rod may be hinged to each of
the switch and the first metal layer.
[0022] In another aspect of the present disclosure,
there is provided a vehicle including the battery pack
charging system as described above.

Advantageous Effects

[0023] In the use of a battery pack, before the temper-
ature of a secondary battery rises by heat generated due
to an overcurrent, a current may be blocked by previously
detecting a potential difference equal to or greater than
a reference value that causes occurrence of the overcur-
rent, thereby securing safety in the use of the battery
pack.

DESCRIPTION OF DRAWINGS

[0024]

FIG. 1 is a diagram showing a battery pack charging
system according to an embodiment of the present
disclosure;
FIG. 2 is a diagram showing a battery pack applied
to the battery pack charging system shown in FIG. 1;
FIG. 3 is a diagram showing an individual battery cell
included in the battery pack shown in FIG. 2;
FIG. 4 is a diagram showing a current blocking mem-
ber applied to the battery pack charging system
shown in FIG. 1;
FIG. 5 is a diagram showing a shape deformation of
the current blocking member when a potential differ-
ence equal to or greater than a reference value is
formed between a first metal layer and a second met-
al layer of the current blocking member shown in
FIG. 4;
FIG. 6 is a diagram showing a modification of the
connection relationship of a current blocking mem-
ber and a switch shown in FIG. 1; and
FIG. 7 is a diagram showing a vehicle according to
an embodiment of the present disclosure.

MODE FOR DISCLOSURE

[0025] Hereinafter, preferred embodiments of the
present disclosure will be described in detail with refer-

ence to the accompanying drawings. Prior to the descrip-
tion, it should be understood that the terms used in the
specification and the appended claims should not be con-
strued as limited to general and dictionary meanings, but
interpreted based on the meanings and concepts corre-
sponding to technical aspects of the present disclosure
on the basis of the principle that the inventor is allowed
to define terms appropriately for the best explanation.
Therefore, the description proposed herein is just a pref-
erable example for the purpose of illustrations only, not
intended to limit the scope of the disclosure, so it should
be understood that other equivalents and modifications
could be made thereto without departing from the scope
of the disclosure.
[0026] First, referring to FIGS. 1 to 5, the overall con-
figuration of a battery pack charging system according
to an embodiment of the present disclosure will be de-
scribed.
[0027] FIG. 1 is a diagram showing a battery pack
charging system according to an embodiment of the
present disclosure. FIG. 2 is a diagram showing a battery
pack applied to the battery pack charging system shown
in FIG. 1. FIG. 3 is a diagram showing an individual bat-
tery cell included in the battery pack shown in FIG. 2.
Also, FIG. 4 is a diagram showing a current blocking
member applied to the battery pack charging system
shown in FIG. 1. FIG. 5 is a diagram showing a shape
deformation of the current blocking member when a po-
tential difference equal to or greater than a reference
value is formed between a first metal layer and a second
metal layer of the current blocking member shown in FIG.
4.
[0028] First, referring to FIG. 1, the battery pack charg-
ing system according to an embodiment of the present
disclosure includes a battery pack 100, a charging device
200, a switch 300, and a current blocking member 400.
[0029] Referring to FIGS. 1 and 2 together, the battery
pack 100 may include a plurality of battery cells 10 con-
nected in series, in parallel, or a mixture of series and
parallel. In addition, a cell stack formed by electrically
connecting the battery cells 10 may be electrically con-
nected to a negative electrode terminal 110 and a positive
electrode terminal 120 that are formed in outside of the
battery pack 100.
[0030] Referring to FIG. 3, as the battery cell 10 includ-
ed in the battery pack 100, for example, a pouch type
battery cell may be applied. Referring to FIG. 3, the pouch
type battery cell 10 may include an electrode assembly
(not shown), an electrode lead 11, a cell case 12, and a
sealing tape 13.
[0031] Although not shown in the drawings, the elec-
trode assembly has a structure in which separators are
interposed between positive electrode plates and nega-
tive electrode plates that are alternately and repeatedly
stacked, and the separators may be positioned on both
outermost sides for insulation.
[0032] The negative electrode plate includes a nega-
tive electrode current collector and a negative electrode
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active material layer coated on one surface or both sur-
faces thereof, and at one end thereof, a negative elec-
trode non-coating portion which is not coated with a neg-
ative electrode active material is formed and a negative
electrode non-coating region functions as a negative
electrode tab.
[0033] The positive electrode plate includes a positive
electrode current collector and a positive electrode active
material layer coated on one surface or both surfaces
thereof, and at one end thereof, a positive electrode non-
coating portion which is not coated with a positive elec-
trode active material is formed and a positive electrode
non-coating region functions as a positive electrode tab.
[0034] In addition, the separator is interposed between
the negative electrode plate and the positive electrode
plate to prevent direct contact between the electrode
plates having different polarities and may be formed of
a porous material to enable the movement of ions by
using an electrolyte as a medium between the negative
electrode plate and the positive electrode plate.
[0035] The electrode lead 11 is connected to the elec-
trode tab and is withdrawn to the outside of the cell case
12. The battery cells 10 adjacent to each other may be
electrically connected in series, parallel, or a mixture of
series and parallel through the electrode lead 11 to form
a single cell stack.
[0036] The cell case 12 includes two regions of an ac-
commodation portion 12a that accommodates the elec-
trode assembly and a sealing portion 12b that extends
in the circumferential direction of the accommodation
portion 12a and is thermally fused in a state where the
electrode lead 11 is withdrawn to outside to seal the cell
case 12.
[0037] Although not shown in the drawings, the cell
case 12 is sealed by contacting and thermally fusing edg-
es of an upper case and a lower case configured as a
multilayer pouch film in which a resin layer/metal lay-
er/resin layer are sequentially stacked.
[0038] The sealing tape 13 is attached to the circum-
ference of the electrode lead 11 and is interposed be-
tween the sealing portion 12b of the cell case 12 and the
electrode lead 11. The sealing tape 13 is a component
applied to prevent the degradation of sealing property of
the cell case 12 due to a low adhesion force between the
inner surface of the cell case 12 and the electrode lead
11 in a region in which the electrode lead 11 is withdrawn
in the sealing portion 12b of the cell case 12.
[0039] Referring back to FIG. 1, the charging device
200 is connected to both electrodes of the battery pack
100, that is, the negative electrode terminal 110 and the
positive electrode terminal 120 to supply a charging cur-
rent to the battery pack 100, and may be, for example,
an alternator installed in a vehicle to produce power in
accordance with the engine driving of the vehicle and to
supply the produced power to the battery pack 100.
[0040] Referring to FIG. 1, the switch 300 is connected
between the negative electrode of the battery pack 100
and the charging device 200 and performs an on/off op-

eration according to a shape deformation of the current
blocking member 400 to allow or block the an electrical
connection between the battery pack 100 and the charg-
ing device 200.
[0041] Referring to FIGS. 4 and 5 together with FIG.
1, the current blocking member 400 is electrically con-
nected between both electrodes of the battery pack 100
and is deformed when the voltage of the battery pack
100 is equal to or greater than a reference value to turn
off the switch 300.
[0042] That is, one side surface of the current blocking
member 400 may be mechanically/electrically connected
to the switch 300 connected between the negative elec-
trode of the battery pack 100 and the charging device
200, and the other side surface may be electrically con-
nected to the positive electrode of the battery pack 100.
[0043] Due to such a connection relationship, when
the voltage of the battery pack 100 is applied between
both surfaces of the current blocking member 400, and
the battery pack 100 is overcharged to have a voltage
equal to or greater than a reference value, a potential
difference equal to or greater than the reference value is
formed between both surfaces of the current blocking
member 400 to cause a bending deformation. Mean-
while, when the voltage of the battery pack 100 is within
a preset safety range, the switch 300 may remain turned
on because the current blocking member 400 maintains
its shape without causing the bending deformation.
[0044] One side of the current blocking member 400
in the longitudinal direction (meaning downward in FIG.
1) is a fixed end which is directly or indirectly fixed to the
battery pack 100 or the ground and does not move. On
the other hand, the other side of the current blocking
member 400 in the longitudinal direction (meaning up-
ward in FIG. 1) is a free end of which position is change-
able when the current blocking member 400 causes the
bending deformation.
[0045] One surface of the free end is mechanical-
ly/electrically connected to the switch 300 by a conduc-
tive wiring, and accordingly upon the bending deforma-
tion of the current blocking member 400, the free end of
the current blocking member 400 moves in a direction
away from the switch 300 to turn off the switch 300.
[0046] Referring to FIGS. 4 and 5, the specific structure
and the principle of shape deformation of the current
blocking member 400 applied to the present disclosure
will be described.
[0047] Referring to FIGS. 4 and 5, as described above,
in order to be able to block an overcurrent due to the
shape deformation according to a potential difference
formed between both surfaces, the current blocking
member 400 may include an electro active polymer
(EAP) layer 410, a first metal layer 420 formed on one
side surface of the EAP layer 410, and a second metal
layer 430 formed on the other side surface of the EAP
layer 410.
[0048] The EAP layer 410, i.e., the electroactive poly-
mer layer, corresponds to a layer formed of a polymer
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electrolyte having an excellent ion transfer property, and
may include at least one polymer electrolyte selected
from, for example, Nafion, polypyrrole, polyaniline, and
polythiophene.
[0049] The first metal layer 420 and the second metal
layer 430 are formed on both surfaces of the EAP layer
410 and may be formed of a metal having excellent elec-
trical conductivity. The metal layers 420 and 430 may
include at least one metal selected from, for example,
platinum (Pt), gold (Au), silver (Ag), and copper (Cu).
[0050] The current blocking member 400 causes the
shape deformation when voltage equal to or greater than
a reference value is applied through the metal layers 410
and 420 formed on both surfaces of the EAP layer 510.
[0051] That is, the first metal layer 420 is electrically
connected to the negative electrode of the battery pack
100, and the second metal layer 430 is electrically con-
nected to the positive electrode of the battery pack 100
such that a potential difference corresponding to the volt-
age of the battery pack 100 is formed between the pair
of metal layers 420 and 430.
[0052] When the potential difference formed between
the pair of metal layers 420 and 430 as described above
reaches a large numerical value exceeding a safety
range considering the specification of the battery pack
100, mobility cations present inside the polymer electro-
lyte forming the EAP layer 410 move in the direction of
the negatively charged first metal layer 420 while hydrat-
ed in water. In this case, an osmotic pressure is caused
by an imbalance in the ion concentration between the
first metal layer 420 and the second metal layer 430,
which increases an amount of water molecules toward
the negatively charged first metal layer 420, and thus the
bending deformation occurs in the current blocking mem-
ber 400 in the direction toward the second metal layer
430.
[0053] For such a shape deformation of the current
blocking member 400 and a resulting operation of the
switch 300, the first metal layer 420 is electrically/me-
chanically connected to the switch 300.
[0054] Meanwhile, the magnitude of the voltage that
may cause the shape deformation of the current blocking
member 400 varies depending on the type of the polymer
electrolyte constituting the EAP layer 410 applied to the
current blocking member 400.
[0055] That is, the reference value of the voltage men-
tioned in the present specification may vary according to
the type of the polymer electrolyte applied, and accord-
ingly, a suitable polymer electrolyte may be selected ac-
cording to the safety voltage range of the battery pack
100 constituting the battery pack charging system to
which the current blocking member 400 is applied, there-
by quickly blocking the current when an event such as
overcharging of the battery pack 100 occurs.
[0056] Next, a modification of the connection relation-
ship of the current blocking member 400 and the switch
300 shown in FIG. 1 will be described with reference to
FIG. 6.

[0057] FIG. 6 is a diagram showing a modification of
the connection relationship of the current blocking mem-
ber 400 and the switch 300 shown in FIG. 1.
[0058] Referring to FIG. 6, unlike that a free end of the
switch 300 and the current blocking member 400 is me-
chanically/electrically connected by one conductive wir-
ing simultaneously as described in the previous embod-
iment shown in FIG. 1, a mechanical connection between
the switch 300 and the current blocking member 400 is
performed by a connecting rod 500, and an electrical
connection therebetween is performed by a separate
connecting lead L1.
[0059] Although the connection between the switch
300 and the first metal layer 420 of the current blocking
member 400 is performed by one conductive wiring, the
first metal layer 420 may be negatively charged and ac-
cording to a shape deformation of the current blocking
member 400, the switch 300 may move together.
[0060] However, when the free end moves in the di-
rection toward the second metal layer 430 due to the
bending deformation of the current blocking member 400,
a hinge coupling structure may be applied to coupling
between the current blocking member 400 and the switch
300 in order to smoothly move the switch 300.
[0061] However, when the hinge coupling structure is
applied, the stability of the electrical connection may de-
teriorate at a connection portion of the conductive wiring
and the switch 300 and a connection portion of the con-
ductive wiring and the first metal layer 420. Therefore,
the mechanical connection and the electrical connection
between the switch 300 and the current blocking member
400 may be separately performed by using two members
rather than simultaneously performed by using one mem-
ber.
[0062] In this regard, the battery pack charging system
shown in FIG. 6 may include the connecting rod 500
hinged to the switch 300 and the first metal layer 420 and
the negative electrode connecting lead L1 electrically
connecting the first metal layer 420 and the negative elec-
trode of the battery pack 100. In this case, the second
metal layer 430 needs to be electrically connected to the
positive electrode of the battery pack 100, and for the
electrical connection between the second metal layer 430
and the positive electrode of the battery pack 100, a pos-
itive electrode connecting lead L2 may be applied.
[0063] As described above, the battery pack charging
system according to the present disclosure is configured
to perform an on/off operation of the switch 300 that elec-
trically connects between the battery pack 100 and the
charging device 200 by using the current blocking mem-
ber 400 that causes the bending deformation according
to the voltage of the battery pack 100, thereby securing
safety in the use of the battery pack 100.
[0064] Meanwhile, a vehicle according to an embodi-
ment of the present disclosure shown in FIG. 7 includes
the battery pack charging system according to the
present disclosure as described above.
[0065] The present disclosure has been described in
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detail. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the disclosure, are given by way
of illustration only, since various changes and modifica-
tions within the scope of the disclosure will become ap-
parent to those skilled in the art from this detailed de-
scription.

Claims

1. A battery pack charging system comprising:

a battery pack comprising a plurality of battery
cells;
a charging device connected to both electrodes
of the battery pack and configured to supply a
charging current to the battery pack;
a switch connected between the battery pack
and the charging device and configured to allow
or block a flow of the charging current; and
a current blocking member mechanically con-
nected to the switch and configured to turn off
the switch by causing a bending deformation
when a potential difference formed between
both electrodes of the battery pack is equal to
or greater than a reference value.

2. The battery pack charging system of claim 1, wherein
each of the plurality of battery cells is a pouch type
battery cell.

3. The battery pack charging system of claim 1, wherein
the charging device is an alternator installed in a ve-
hicle.

4. The battery pack charging system of claim 1,
wherein one side of the current blocking member in
a longitudinal direction is a fixed end directly or indi-
rectly fixed to the battery pack or a ground, and
wherein the other side of the current blocking mem-
ber is a free end of which position is changeable by
the bending deformation.

5. The battery pack charging system of claim 4, wherein
the current blocking member comprises:

an electro active polymer (EAP) layer;
a first metal layer formed on one side surface of
the EAP layer; and
a second metal layer formed on the other side
surface of the EAP layer.

6. The battery pack of charging system claim 5, wherein
the EAP layer comprises at least one polymer elec-
trolyte selected from Nafion, polypyrrole, polyaniline
and polythiophene.

7. The battery pack charging system of claim 5, wherein
the first metal layer and the second metal layer com-
prise any one metal selected from the group com-
prising platinum, silver, and copper.

8. The battery pack charging system of claim 5,
wherein the first metal layer is electrically connected
to a negative electrode of the battery pack, and
wherein the second metal layer is electrically con-
nected to a positive electrode of the battery pack.

9. The battery pack charging system of claim 8, wherein
the switch is connected between the negative elec-
trode of the battery pack and a charging device.

10. The battery pack charging system of claim 9, wherein
the first metal layer is mechanically/electrically con-
nected to the switch by a connecting rod formed of
a conductive material.

11. The battery pack charging system of claim 9, wherein
the first metal layer is mechanically connected to the
switch by a connecting rod and is electrically con-
nected to the negative electrode of the battery pack
by a negative electrode connecting lead.

12. The battery pack charging system of claim 11,
wherein the connecting rod is hinged to each of the
switch and the first metal layer.

13. A vehicle comprising a battery pack charging system
according to any one of claims 1 to 12.
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