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(57) In an embodiment, a power apparatus operating
method includes receiving a mode switching signal to
control an operating of a power apparatus to provide
and/or receive a preconfigured load; sensing an enable
route current of an enable route, and a bypass route cur-
rent of a bypass route, wherein the enable route current
flowing through a battery module including one or more
batteries, and the bypass route current does not flowing
through the battery module; and controlling driving a first

and a second switches by using a negative feedback
control and an open loop control, to perform a current
switching between an enable mode and a bypass mode
of the power apparatus, based on the mode switching
signal, the enable route current and the bypass route
current, wherein the enable mode uses the power appa-
ratus and the bypass mode bypasses the power appa-
ratus.
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Description

TECHNICAL FIELD

[0001] The technical field relates to a power apparatus
operating method, a power apparatus and a power ap-
paratus management system.

BACKGROUND

[0002] Nowadays the trend of environmental protec-
tion and energy conservation makes the green energy
industry, especially the electric vehicle industry contin-
ues to flourish. The demand of the power module(s) in
the electric vehicle is enormous, of course, in use of the
operation of power system must be safe. The reconfig-
uration of the power supply array, according to the con-
dition of the application and the control of the system, is
achieved by the physical switch to connect the power
devices in series and parallel, to fulfill the needs for the
actual system environment.
[0003] In general when reconfiguring the power supply
modules, which has to be operated under the condition
that the system load doesn’t directly charge or discharge
the power supply modules (that is, in the situation of "zero
current" operation). Obviously it’s very inconvenient that
the reconfigurable power system is under the condition
of dynamics loading, for example, driving electric vehicle
on the roads. As mentioned above, for the safety reason,
when switching the power switch to reconfigure the pow-
er system, it usually needs to break the connection be-
tween the system load and the power device first. A Ó
dead-time Ì control strategy is necessary. Firstly turn the
enable (or bypass) switch that previously on from on sta-
tus to off, and then turn the bypass (or enable) switch
that previously off from off status to on. This may prevent
the shoot-through current being generated, and the pow-
er supply array can thus be switched or reconfigured. To
be safe and sound, the power system needs an additional
energy storage unit to help fulfill energy demand of the
system load when reconfiguring the power device or pow-
er modules. This may lower the power transfer efficiency.
In reality, it’s not easy to reconfigure the power or battery
modules during the long-term uninterrupted dynamic
load requirements for driving the electric vehicle on the
road.
[0004] Therefore, it is one of the recent rise research
topic on how to solve the practical issues when using the
power device or not (that is, turn on/off the enable/bypass
switch), and reconfiguring the serial-parallel reassembly
of the power device can be carried out easily under var-
ious dynamic loads as time goes by.

SUMMARY

[0005] In an exemplary embodiment in accordance
with the application, a power apparatus management
system is provided. The system comprises at least one

control module configured to transmit at least one control
signal to manage operations of at least one of one or
more power apparatuses, and a power apparatus module
configured to provide and/or receive a preconfigured load
of a preconfigured device. The power apparatus module
including the one or more power apparatuses, with each
power apparatus comprises: a positive terminal and a
negative terminal; a battery module comprising one or
more batteries, and configured to electrically couple to
the negative terminal; a battery module controller config-
ured to electrically couple to the battery module; a first
switch and a second switch, wherein each of the first
switch and the second switch has a first end, a second
end and a third end, with the first end and the second
end be respectively electrically coupled to the battery
module controller and the positive terminal. The third end
of the first switch electrically coupled to the battery mod-
ule, and the third end of the second switch electrically
coupled to the negative terminal. Wherein between the
positive and the negative terminals, there are an enable
route flowing through the battery module and a bypass
route not flowing through the battery module, and the
battery module controller is configured to: sense an en-
able route current flowing through the enable route and
a bypass route current flowing through the bypass route;
and control a driving of the first switch and a driving of
the second switch by using a negative feedback control
and an open loop control, to perform a current switching
between an enable mode and a bypass mode of the at
least one of the one or more power apparatuses, based
on a mode switching signal of said at least one control
signal that received, the enable route current and the
bypass route current, wherein the enable mode uses the
at least one of the one or more power apparatuses and
the bypass mode bypasses the at least one of the one
or more power apparatuses.
[0006] In another exemplary embodiment in accord-
ance with the application, a power apparatus is provided.
The power apparatus is configured to provide and/or re-
ceive a preconfigured load and comprises a positive ter-
minal, a negative terminal, a battery module, a battery
module controller, a first switch and a second switch. The
battery module comprises one or more batteries and is
configured to electrically couple to the negative terminal.
The battery module controller is configured to electrically
couple to the battery module. Each of the first and the
second switches has a first end, a second end and a third
end with the first end and the second end be respectively
electrically coupled to the battery module controller and
the positive terminal The third end of the first switch elec-
trically coupled to the battery module, and the third end
of the second switch electrically coupled to the negative
terminal. Wherein between the positive and the negative
terminals, there are an enable route flowing through the
battery module and a bypass route not flowing through
the battery module, and the battery module controller is
configured to: sense an enable route current flowing
through the enable route and a bypass route current flow-
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ing through the bypass route; and control a driving of the
first switch and a driving of the second switch by using a
negative feedback control and an open loop control, to
perform a current switching between an enable mode
and a bypass mode of the power apparatus, based on a
mode switching signal that received, the enable route
current and the bypass route current, wherein the enable
mode uses the power apparatus and the bypass mode
bypasses the power apparatus.
[0007] In another exemplary embodiment in accord-
ance with the application, a power apparatus operating
method is provided. The power apparatus operating
method includes: receiving a mode switching signal to
control an operating of a power apparatus to provide
and/or receive a preconfigured load; sensing an enable
route current of an enable route, and a bypass route cur-
rent of a bypass route, wherein the enable route current
flows through a battery module including one or more
batteries, and the bypass route current does not flow
through the battery module; and controlling a driving of
a first switch and a driving of a second switch by using a
negative feedback control and an open loop control, to
perform a current switching between an enable mode
and a bypass mode of the power apparatus, based on
the mode switching signal, the enable route current and
the bypass route current, wherein the enable mode uses
the power apparatus and the bypass mode bypasses the
power apparatus.
[0008] The application will become more fully under-
stood by referring to the following detailed description
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 shows a schematic diagram of a power appa-
ratus management system according to an embod-
iment of the application.
Fig. 2 shows a schematic diagram of a power appa-
ratus module according to an embodiment of the ap-
plication.
Fig. 3 shows a schematic diagram of a power appa-
ratus according to an embodiment of the application.
Fig. 4 shows a schematic diagram of the transient
variation of current and the transient variation of volt-
age when a power apparatus is switching between
the enable and the bypass modes according to an
embodiment of the application.
Figs. 5-7 show flowcharts of a power apparatus op-
erating method according to embodiments of the ap-
plication.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Below, exemplary embodiments will be de-
scribed in detail with reference to accompanying draw-
ings so as to be easily realized by a person having ordi-

nary knowledge in the art. The inventive concept may be
embodied in various forms without being limited to the
exemplary embodiments set forth herein. Descriptions
of well-known parts are omitted for clarity, and like refer-
ence numerals refer to like elements throughout.
[0011] Fig. 1 shows a schematic diagram of a power
apparatus management system 10 in accordance with
an embodiment of the application. Fig. 2 shows a sche-
matic diagram of a power apparatus module 12 in ac-
cordance with an embodiment of the application, and Fig.
3 shows a schematic diagram of a power apparatus 12_ij
in accordance with an embodiment of the application.
Referring to Fig. 1 and Fig. 2, the power apparatus man-
agement system 10 includes a power apparatus module
12. As shown in the embodiment of Fig. 2, the power
apparatus module 12 includes one or more power appa-
ratuses 12_i_j, i=1, ..., n, j=1, ..., m, where both n and m
are positive integers greater than or equal to 1. The power
apparatus module 12 is configured to provide a precon-
figured load to a preconfigured device 14 and/or receive
a preconfigured load of the preconfigured device 14.
When the power apparatus module provides the energy,
the preconfigured device 14 is a load device. While when
power apparatus module receives the energy, the pre-
configured device 14 is a source device. The power ap-
paratus management system 10 further includes at least
one control module 16, and at least one of said at least
one control module 16 is configured to transmit at least
one control signal to manage at least one of the one or
more power apparatuses 12_i_j. In embodiments in ac-
cordance with the application, a control module 16 could
be implemented with hardware circuit, firmware, soft-
ware, or any combination thereof, and a processor of any
kind (not shown) may be included in the power apparatus
management system 10 for performing management of
the operations/operating of the power apparatus.
[0012] Each of the power apparatus 12_ij includes a
positive terminal 121 and a negative terminal 122. The
power apparatus 12_i_j further includes a battery module
123 and a battery module controller 124. The battery
module 123 includes one or more batteries, and when
the battery module 123 includes a plurality of batteries,
the batteries may be configured to electrically couple to
each other in serial, in parallel, or in a combination of
serial and parallel (not shown). That is, the plurality of
batteries could be coupled in serial and/or parallel.
[0013] An end of the battery module 123 is electrically
coupled to the negative terminal 122. The battery module
controller 124 is configured to electrically couple to the
battery module 123. The power apparatus 12_i_j further
includes a first switch 125 and a second switch 126. Each
of the two switches includes three ends, the first end is
a control end which determines the on or off status of the
switch. When the switch is on, the second end and the
third end are short circuits, and when the switch is off,
the second end and the third end are open circuits. The
first end of the first switch 125 is electrically coupled to
the battery module controller 124, the second end of the
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first switch 125 is electrically coupled to the positive ter-
minal 121, and the third end of the first switch 125 is
electrically coupled to the battery module 123. The first
end of the second switch 126 is electrically coupled to
the battery module controller 124, the second end of the
second switch 126 is electrically coupled to the positive
terminal 121, and the third end of the second switch 126
is electrically coupled to the negative terminal 122.
Wherein there are two electric routes between the posi-
tive terminal (the first node) and the negative terminal
(the second node) of the power apparatus 12_i_j. One
is the enable route ER that flows through the battery mod-
ule 123, the other is the bypass route BR that does not
flow through the battery module 123.
[0014] Under the normal use, only one switch is on and
the other switch is off. Under the situation that the switch
of the enable route ER is on and the switch of the bypass
route BR is off, the power apparatus 12_i_j is in the enable
mode that could provide energy (preconfigured load) to
the preconfigured device 14 or could receive energy (pre-
configured load) from the preconfigured device 14. On
the other hand, when the switch of the bypass route BR
is on and the switch of the enable route ER is off, then
the power apparatus 12_i_j is in the bypass mode that
is unable to provide energy (preconfigured load) to the
preconfigured device 14 or unable to receive energy (pre-
configured load) from the preconfigured device 14.
[0015] Please refer to Fig. 1 and Fig. 3, the battery
module controller 124 is configured to sense an enable
route current Ien that flows through the enable route ER
and a bypass route current Iby that flows through the
bypass route BR, and control a driving of the first switch
125 and a driving of the second switch 126 by using hybrid
control mechanism which combines a negative feedback
control and an open loop control. The battery module
controller 124 performs a current switching between an
enable mode and a bypass mode of the power apparatus,
based on a mode switching signal of said at least one
control signal that received, the enable route current and
the bypass route current. The enable mode uses the pow-
er apparatus 12_i_j and the bypass mode bypasses the
power apparatus 12_i_j. In an embodiment in accord-
ance with the application, the current switching between
the enable mode and the bypass mode of the power ap-
paratus 12_i_j may be performed in a continuous and
progressive manner. It is understood, in the embodi-
ments in accordance with the application, the control
module 16 may be implemented by hardware circuit, or
be implemented by firmware or software.
[0016] When the power apparatus management sys-
tem 10 determines to switch the operation of the power
apparatus 12_i_j from the enable mode to the bypass
mode. The switch of enable route ER, that is the first
switch 125, will be finally operated from on to off status,
and the switch of bypass route BR, that is the second
switch 126, will be finally operated from off to on status.
The process of the switching could be called the "tran-
sient of bypass-to-enable mode". While when the power

apparatus management system 10 determines to switch
the operation of the power apparatus 12_i_j from the by-
pass mode to the enable mode. The switch of bypass
route BR, that is the second switch 126, will be finally
operated from on to off status, and the switch of enable
route ER, that is the first switch 125, will be finally oper-
ated from off to on status. The process of the switching
could be called the "transient of bypass-to-enable mode".
[0017] In an embodiment in accordance with the ap-
plication, the one or more power apparatuses 12_i_j may
be configured to be reconfigurable and when the power
apparatus management system having a plurality of pow-
er apparatuses, the plurality of power apparatuses may
be configured to electrically couple to each other in serial
and/or in parallel into a reconfigurable battery module
array. In the presented embodiments, the first switch 125
and the second switch 126 may be implemented but is
not limited to using at least one transistor, such as Metal-
Oxide-Semiconductor Field-Effect Transistor (i.e. MOS-
FET), or Insulated Gate Bipolar Transistor (i.e. IGBT),
etc.. In an embodiment in accordance with the applica-
tion, the switches 125 and 126 may be implemented by
using a power MOS.
[0018] Take the embodiment of Fig. 2 as an example,
when the power apparatus module 12 includes a plurality
of power apparatuses 12_i_j that are electrically coupled
in serial and/or in parallel with each other, the negative
terminals 122 of the power apparatuses 12_1_1, 12_1_2,
... and 12_1_m are configured to electrically couple in
serial and/or in parallel with a ground 18, and the positive
terminals 121 of the power apparatuses 12_n_l, 12_n_2,
... and 12_n_m are configured to electrically couple in
serial and/or in parallel with the preconfigured device 14,
to provide and/or receive a preconfigured load . And the
positive terminals 121 of the power apparatuses 12_1_1,
12_1_2, ..., 12_1_m, ··· , 12_n-1_1, 12_n-1_2, ..., 12_n-
1_m are configured to electrically couple in serial and/or
in parallel with the negative terminal 122 of at least one
of another power apparatus, and the negative terminals
122 of the power apparatuses 12_n_1, 12_n_2, ...,
12_n_m, ···, 12_2_1, 12_2_2, ..., 12_2_m are configured
to electrically couple in serial and/or in parallel with the
positive terminal 121 of at least one other in serial and/or
in parallel to the preconfigured device 14, the negative
terminals 122 of a first portion of the plurality of power
apparatuses are configured to electrically couple in serial
and/or in parallel to the positive terminals of a second
portion of the plurality power apparatus. It is understood
from the aforementioned embodiments, the positive ter-
minals 12 of the first portion of the plurality of power ap-
paratuses are configured to electrically couple of power
apparatuses, and wherein the negative terminals 122 of
the second portion of the plurality of power apparatuses
are configured to electrically couple in serial and/or in
parallel to the positive terminals 121 of a third portion of
the plurality of power apparatuses, the negative terminals
122 of the third portion of the plurality of power appara-
tuses are configured to electrically couple in serial and/or
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in parallel to a ground 18.
[0019] Referring back to Fig. 3, for simplifying the de-
scription, the embodiment of the power apparatus mod-
ule 12 including a single power apparatus 12_i_j is taken
as an example to further explain possible implementa-
tions. The voltage difference between positive terminal
121 and negative terminal 122 is Vmodule (we called the
voltage of the power apparatus), and the current flows
through the power apparatus 12 is Imodule. The power
apparatus 12_i_j includes a positive terminal 121, a neg-
ative terminal 122, a battery module 123, a battery mod-
ule controller 124, a first switch 125 and a second switch
126. The exemplary embodiments of electrical coupling
relationship of the aforesaid elements have been de-
scribed in the preceding paragraph, and it is not repeated
again.
[0020] In an embodiment in accordance with the ap-
plication, the positive terminal 121 is configured to pro-
vide and/or receive the preconfigured load. In another
embodiment, the negative terminal 122 is configured to
electrically couple to a ground. In an embodiment of the
application, the positive terminal 121 is configured to
electrically couple to the negative terminal 122 of at least
one of another power apparatus. In a further embodi-
ment, the negative terminal 122 is configured to electri-
cally couple to the positive terminal 121 of at least one
of another power apparatus.
[0021] The battery module controller 124 is configured
to sense the enable route current Ien flowing through the
enable route ER and the bypass route current Iby flowing
through the bypass route BR. The battery module con-
troller 124 controls a driving of the first switch 121 and a
driving of the second switch 122 by using hybrid control
mechanism which combines a negative feedback control
and an open loop control, to perform a current switching
between an enable route and a bypass route of the single
power apparatus 12_i_j, based on a mode switching sig-
nal of a control signal that received. In an embodiment,
when the battery module controller 124 receives a mode
switching signal 161 (i.e. Im flows from ER to BR or flows
from BR to ER), knows it’s time to reconfigure the power
apparatus 12_i_j. For example, when the signal 161 in-
dicates to reconfigure power apparatus 12_i_j from en-
able mode to bypass mode, the current switching scheme
make sure that since Im flows in ER initially, but will flow
in BR in the end, and vice versa, meanwhile the Vmodule
is change from the battery module voltage to zero and
vice versa.
[0022] In an embodiment of the application, the battery
module controller 124 may include a sensing unit 1241
configured to sense the enable route current Ien and the
bypass route current Iby, and generate the power appa-
ratus load current Im to be stored in the storage unit 1245
by adding the enable route current Ien and the bypass
route current Iby. In an embodiment in accordance with
the application, a detection may be performed periodi-
cally and/or upon receiving a mode switching signal 161.
The battery module controller 124 may further include a

signal processing circuit 1242 with the gain Rfb, which
is configured to determine a negative feedback control
signal Vfb, based on the power apparatus load current
Im detected by the sensing unit 1241, the enable route
current Ien and the bypass route current Iby.
[0023] The battery module controller 124 further in-
cludes an open loop control circuit 1243, a switch driving
circuit (switch driver) 1244, and a pull high/pull low circuit
1247. The open loop control circuit 1243 is configured to
determine an open loop control signal Vop based on a
gain Rop and the power apparatus load current Im. The
negative feedback control signal Vfb and the open loop
control signal Vop, Combined the Vop and the Vfb, the
hybrid control input Vop+Vfb of the switch driving unit
1244 and having the Im current switching from ER to BR
(or from BR to ER) continuously and gradually. The out-
put of the switch driving circuit 1244, generate a first
switch driving voltage Vdrive,en for the driving of the first
switch 125 and generate a second switch driving voltage
Vdrive,by for the driving of the second switch 126. Thus
the driving of the first switch and the second switch is
based on the negative feedback control signal and the
open loop control signal at the same time.
[0024] For example, now we want to reconfigure power
apparatus 12 from enable mode to bypass mode, as men-
tions before, the current switching scheme is based on
the hybrid control mechanism which combines the neg-
ative feedback control and the open loop control. Then
the battery module controller 124 senses the Ien , Iby
and add them to get the strength of the Imodule, i.e. Im,
then stores Im in the storage unit 1245. Firstly, according
to the Im, which is the input of open-loop control unit
1243, the output of open loop control circuit 1243 is the
gain product of Im*Rop=Vop. Vop is the strength of open-
loop control. Secondly, since we know the Ien, Iby and
Im separately from the sensing module 1246, which
feeds the output of (Im-Iby) to the signal processing circuit
1242, the output of the signal processing circuit 1242 is
the gain product of (Im-Iby)*Rfb=Vfb. Vfb is the strength
of negative feedback-control. Combined the Vop and the
Vfb, the hybrid control input Vop+Vfb of the switch driving
circuit 1244 make sure the Im current switching from ER
to BR continuously and gradually. After the completion
of the current switching, the pull-high/pull-low circuit 1247
will fully turn off the ER path switch, the first switch 125
and fully turn on the BR path switch, the second switch
124. The Vmoudle initially is equal to battery module volt-
age now will be zero voltage. The reconfigure procedure
of the power apparatus 12_i_j from the bypass mode to
enable mode is much the same as above as long as we
exchange the role of Iby and Ien in the current switching
scheme and the role of battery module voltage and zero
voltage in the voltage switching scheme.
[0025] In an embodiment in accordance with the ap-
plication, a mathematical polynomial function of the neg-
ative feedback control signal Vfb and the open loop con-
trol signal Vop could be used to generate the first switch
driving voltage Vdrive,en and the second switch driving
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voltage Vdrive,by. In the mathematical function, different
negative constant(s) and open loop constant(s) may be
preconfigured, depending on the application and the type
of the switch elements.
[0026] In an embodiment in accordance with the ap-
plication, the signal processing circuit 1242 subtracts the
bypass route current Iby from the power apparatus load
current Im to output the feedback control signal Vfb, when
the mode switching signal 161 indicates a switching from
the enable mode to the bypass mode. While, the signal
processing circuit 1242 subtracts the enable route cur-
rent Ien from the power apparatus load current Im to out-
put the feedback control signal Vfb, when the mode
switching signal 161 indicates switching from the bypass
mode to the enable mode. In an embodiment of the ap-
plication, the open loop control unit 1243 may obtain the
stored value Im from a storage unit 1245, and after the
process of the gain Rop, the open loop control unit 1243
may generate the open loop control signal Vop.
[0027] The equivalent resistance of the first switch 125
on the enable route ER is Ren, the equivalent resistance
of the second switch 126 on the bypass route BR is Rby,
and the voltage of the power apparatus 12_i_j is Vmodule
as mentioned before. Refer to the Fig. 4, which shows a
schematic diagram of the transient variation of current
and the transient variation of voltage during a power ap-
paratus performs the switching between the enable mode
and the bypass mode according to an embodiment of the
application, wherein the left drawing of Fig. 4 shows the
transient variation of current, while the right drawing of
Fig. 4 shows the transient variation of voltage. When the
power apparatus performs the switching from the enable
mode to the bypass mode, the transferring of current and
the transferring of voltage may be seen from the Fig. 4
in a direction from left to right. On the contrary, when the
power apparatus performs the switching from the bypass
mode to the enable mode, the transferring of current and
the transferring of voltage may be seen from the Fig. 4
in a direction from right to left.
[0028] In the enable mode, the operation voltage
Vdrive,en of the first switch 125 is the maximum operation
voltage Vmax, and the operation voltage Vdrive.by of the
second switch 126 is the minimum operation voltage
Vmin. In an embodiment of the application, when the
power apparatus performs the switching from the enable
mode to the bypass mode, it may control the resistance
Ren getting bigger progressively and the resistance Rby
getting smaller progressively. In accordance with the cur-

rent split principle of Iby = Im 3  due to the

resistance Ren is getting bigger, consequently the cur-
rent Iby is getting bigger, and in accordance with the cur-

rent split principle of  due to the re-

sistance Rby is getting smaller, consequently the current
Ien is getting smaller. During the switching process, in

accordance with an embodiment of the application, the
power apparatus current Imodule may be controlled to
flow slowly from Ien to Iby. The current switching between
the modes is accomplished when the current Ien all flows
into the current Iby.
[0029] In the bypass mode, the operation voltage
Vdrive,by of the second switch 126 is the maximum volt-
age Vmax, the operation voltage Vdrive,en of the first
switch 125 is the minimum voltage Vmin. In an embodi-
ment of the application, when the power apparatus per-
forms the switching from the bypass mode to the enable
mode, it may control the resistance Rby getting bigger
progressively and the resistance Ron getting smaller pro-
gressively. In accordance with the current split principle

of  due to the resistance

Rby is getting bigger, consequently the current Ien is get-
ting bigger, and in accordance with the current split prin-

ciple of  due to the resist-

ance Ren is getting smaller, consequently the current Iby
is getting smaller. During the switching process, in ac-
cordance with an embodiment of the application, the
power apparatus current Imodule may be controlled to
flow slowly from Iby to Ien. The current switching between
the modes is accomplished when the current Iby all flows
into the current Ien. In an embodiment of the application,
the current switching transient in between the enable
mode and the bypass mode of the power apparatus may
be performed in a continuous and progressive manner.
[0030] In an embodiment of the application, the sens-
ing unit 1241 may further include a sensing module 1246
configured to sense and/or monitor the enable route cur-
rent Ien and the bypass route current Iby. When sensing
the current switching between the modes is accom-
plished, the sensing module 1246 transmits at least one
signal to a pull high/pull low circuit 1247. The switch driv-
ing circuit 1244 is configured to electrically coupled to
the pull high/pull low circuit 1247, which controls the
switch driving circuit 1244, to drive the first switch to fully
off and the second switch to fully on, or to drive the first
switch to fully on and the second switch to fully off, until
the voltage switching between the modes is accom-
plished.
[0031] In an embodiment of the application, the sens-
ing unit 1241 may further store the power apparatus load
current Im by a storage unit 1245, and the open loop
control circuit 1243 may be configured to receive the pow-
er apparatus load current Im from the storage unit.
[0032] The application will become more understood.
In an embodiment of the application, the battery module
controller 124 may be configured to include a processing
unit (not shown), which triggering all related operation(s)
for the aforementioned mode switching of the power ap-
paratus described in the preceding paragraphs, while re-
ceiving the mode switching signal 161. In another em-
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bodiment of the application, such as shown in the Fig. 3,
the mode switching signal may be transmitted to units
1241, 1243 and 245 and circuits 1242, 1244 and 1247
to trigger the aforementioned mode switching of the pow-
er apparatus described in the preceding paragraphs.
While the scope of the application is not limited thereto.
Furthermore, in an embodiment, the sensing unit 1241
may also be configured to actively monitor and sensing
the enable route current Ien and the bypass route current
Iby.
[0033] It could be understood that each of the elements
or modules in the presented embodiments may be a de-
vice having a corresponding function, which may have
the appropriate hardware circuits or elements to perform
the corresponding function, however, the device is not
limited to an entity device, which may also be a device
having capabilities for processing and running the pro-
gram codes and software(s) with respective functions.
The manner of operations of the respective elements
may further refer to the following description of the meth-
ods.
[0034] Figs. 5-7 show flowcharts of a power apparatus
operating method according to embodiments of the ap-
plication. As shown in Fig. 5, a power apparatus operating
method will be described in detail with reference to the
block 52 and the block 54. The method, as shown in block
52, receives a mode switching signal to control the op-
erating of the power apparatus to provide and/or receive
a preconfigured load. As shown in block 54, the method
senses an enable route current of an enable route flowing
through a battery module that includes one or more bat-
teries and a bypass route current of a bypass route not
flowing through the battery module. The method controls
a driving of a first switch and a driving of a second switch
by the hybrid control mechanism which combines a neg-
ative feedback control and an open loop control, to per-
form a current switching between an enable mode and
a bypass mode of the power apparatus, based on the
mode switching signal, the enable route current and the
bypass route current, wherein the enable mode uses the
power apparatus, while the bypass mode bypasses the
power apparatus. In an embodiment of the application,
the current switching transient in between the enable
mode and the bypass mode of the power apparatus may
be performed in a continuous and progressive manner.
[0035] In an embodiment of the application, as shown
in Fig. 6, the power apparatus operating method may
further perform operations shown in blocks 541, and
543∼545. The method generates a power apparatus load
current by adding the enable route current with the by-
pass route current (as shown in block 541). The method,
as shown in the block 543, determines a negative feed-
back control signal based on the power apparatus load
current, the enable route current and the bypass route
current. As shown in the block 544, the method deter-
mines an open loop control signal based on a gain and
the power apparatus load current. And as shown in the
block 545, the method generates a first switch driving

voltage for driving the first switch and generates a second
switch driving voltage for driving the second switch,
based on the negative feedback control signal and the
open loop control signal. Furthermore, in an embodiment
of the application, the method may selectively store the
power apparatus load current, as shown in block 542. In
another embodiment of the application, as shown in block
546, the method may drive the first switch to fully off and
the second switch to fully on, or drive the first switch to
fully on and the second switch to fully off.
[0036] As shown in block 5431, refer to Fig. 7, another
embodiment of the application, when the method deter-
mine the negative feedback control signal, it may subtract
the bypass route current from the power apparatus load
current to form the feedback control signal, when the
mode switch signal indicates switching from the enable
mode to the bypass mode; and subtract the enable route
current from the power apparatus load current to form
the feedback control signal, when the mode switch signal
indicates switching from the bypass mode to the enable
mode.
[0037] While the application has been described by
way of example and in terms of exemplary embodiments,
it is to be understood that the application is not limited
thereto. Those who are skilled in this technology may still
make various alterations and modifications without de-
parting from the scope and spirit of this application.
Therefore, the scope of the present application shall be
defined and protected by the following claims and their
equivalents.

Claims

1. A power apparatus (12), configured to provide and/or
receive a preconfigured load, comprising:

a positive terminal (121) and a negative terminal
(122);
a battery module (123), comprising one or more
batteries, and being configured to electrically
couple to the negative terminal (122);
a battery module controller (124), configured to
electrically couple to the battery module (123);
a first switch (125) and a second switch (126),
wherein each of the first switch (125) and the
second switch has a first end, a second end and
a third end, with the first end and the second end
be respectively electrically coupled to the bat-
tery module controller (124) and the positive ter-
minal (121), the third end of the first switch elec-
trically coupled to the battery module (123) and
the third end of the second switch (126) electri-
cally coupled to the negative terminal (122);
wherein between the positive terminal (121) and
the negative terminal (122), there are an enable
route (ER) that flows through the battery module
(123) and a bypass route (BR) that does not flow
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through the battery module (123), and
the battery module controller (124) is configured
to:

sense an enable route current (Ien) flowing
through the enable route (ER) and a bypass
route current (Iby) flowing through the by-
pass route (BR); and
control a driving of the first switch (125) and
a driving of the second switch (126) by using
a negative feedback control and an open
loop control, to perform a current switching
between an enable mode and a bypass
mode of the power apparatus, based on a
mode switching signal (161) that received,
the enable route current (Ien) and the by-
pass route current (Iby), wherein the enable
mode uses the power apparatus and the by-
pass mode bypasses the power apparatus.

2. The power apparatus of claim 1, wherein the positive
terminal (121) is configured to provide and/or receive
the preconfigured load, and the negative terminal is
configured to electrically couple to a ground (18).

3. The power apparatus of claim 1 or 2, wherein the
positive terminal (121) is configured to electrically
couple to a negative terminal of at least one of an-
other power apparatus, and/or wherein the negative
terminal (122) is configured to electrically couple to
a positive terminal of at least one of another power
apparatuses.

4. The power apparatus of any of claims 1 to 3, wherein
the current switching between the enable mode and
the bypass mode in a continuous and progressive
manner.

5. The power apparatus of any of claims 1 to 4, wherein
the battery module controller (124) further compris-
es:

a sensing unit (1241), configured to sense the
enable route current (Ien) and the bypass route
current (Iby), and output a power apparatus load
current (Im) by adding the enable route current
(Ien) with the bypass route current (Iby);
a signal processing circuit (1242), configured to
determine a negative feedback control signal
(Vfb) based on the power apparatus load current
(Im), the enable route current (Ien) and the by-
pass route current (Iby);
an open loop control circuit (1243), configured
to determine an open loop control signal (Vop)
based on a gain (Rop) and the power apparatus
load current (Im); and
a switch driving circuit (1244), configured to gen-
erate a first switch driving voltage (Vdrive,en)

for the driving of the first switch (125) and gen-
erate a second switch driving voltage (Vdrive,
by) for the driving of the second switch (126),
based on the negative feedback control signal
(Vfb) and the open loop control signal (Vop).

6. The power apparatus of claim 5, wherein the sensing
unit (1241) further stores the power apparatus load
current (Im) by a storage unit (1245), and the open
loop control circuit (1243) is configured to receive
the power apparatus load current (Im) from the stor-
age unit (1245).

7. The power apparatus of claim 5 or 6, wherein the
signal processing circuit (1242) subtracts the bypass
route current (Iby) from the power apparatus load
current (Im) to output the feedback control signal,
when the mode switch signal indicates switching
from the enable mode to the bypass mode, while the
signal processing circuit (1242) subtracts the enable
route current (Ien) from the power apparatus load
current (Im) to output the feedback control signal,
when the mode switch signal indicates switching
from the bypass mode to the enable mode.

8. The power apparatus of any of claims 5 to 7, wherein
the battery module controller (124) further comprises
a pull high/pull low circuit which controls the switch
driving circuit (1244), to drive the first switch (125)
to fully off and the second switch (126) to fully on, or
to drive the first switch (125) to fully on and the sec-
ond switch (126) to fully off.

9. A power apparatus management system (10), com-
prising:

a power apparatus module (12), including one
or more power apparatuses (12_i_j), and being
configured to provide and/or receive a precon-
figured load of a preconfigured device (14); and
at least one control module (16), configured to
transmit at least one control signal to manage
operations of at least one of the one or more
power apparatuses (12_ij), with each power ap-
paratus comprising any one of claims 1 to 8.

10. The power apparatus management system of claim
9, wherein each of the one or more power appara-
tuses (12_ij) is configured to be a reconfigurable
power apparatus, and wherein when the power ap-
paratus management system (10 includes a plurality
of power apparatuses (12_ij), the plurality of power
apparatuses (12_i_j) are configured to electrically
couple to each other in serial, in parallel, or a com-
bination of in serial and in parallel.

11. The power apparatus management system of claim
9 or 10, wherein the positive terminals (121) of a first
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portion of the plurality of power apparatuses (12_i_j)
are configured to electrically couple in serial and/or
in parallel to the preconfigured device (14), the neg-
ative terminals (122) of the first portion of the plurality
of power apparatuses (12_ij) are configured to elec-
trically couple in serial and/or in parallel to the pos-
itive terminals (121) of a second portion of the plu-
rality of power apparatuses (12_ij), and wherein the
negative terminals (122) of the second portion of the
plurality of power apparatuses (12_ij) are configured
to electrically couple in serial and/or in parallel to the
positive terminals (121) of a third portion of the plu-
rality of power apparatuses (12_ij), the negative ter-
minals (122) of the third portion of the plurality of
power apparatuses (12_ij) are configured to electri-
cally couple in serial and/or in parallel to a ground
(18).

12. A power apparatus operating method, comprising:

receiving a mode switching signal (161) to con-
trol an operating of a power apparatus (12) to
provide and/or receive a preconfigured load of
the power;
sensing an enable route current (Ien) of an en-
able route (ER), and a bypass route current (Iby)
of a bypass route (BR), wherein the enable route
current (Ien) flowing through a battery module
(123) that includes one or more batteries, and
the bypass route current (Iby) does not flowing
through the battery module (123); and
controlling a driving of a first switch (125) and a
driving of a second switch (126) by using a neg-
ative feedback control and an open loop control,
to perform a current switching between an ena-
ble mode and a bypass mode of the power ap-
paratus, based on the mode switching signal
(161), the enable route current (Ien) and the by-
pass route current (Iby), wherein the enable
mode uses the power apparatus and the bypass
mode bypasses the power apparatus.

13. The power apparatus operating method of claim 12,
further comprising:

generating a power apparatus load current (Im)
by adding the enable route current (Ien) with the
bypass route current (Iby);
determining a negative feedback control signal
(Vfb) based on the power apparatus load current
(Im), the enable route current (Ien) and the by-
pass route current (Iby);
determining an open loop control signal (Vop)
based on a gain (Rop) and the power apparatus
load current (Im); and
generating a first switch driving voltage (Vdrive,
en) for the driving of the first switch (125) and
generating a second switch driving voltage

(Vdrive,by) for the driving of the second switch
(126), based on the negative feedback control
signal (Vfb) and the open loop control signal
(Vop).

14. The power apparatus operating method of claim 13,
further comprising:

subtracting the bypass route current (Iby) from
the power apparatus load current (Im) to form
the feedback control signal, when the mode
switch signal indicates switching from the ena-
ble mode to the bypass mode; and
subtracting the enable route current (Ien) from
the power apparatus load current (Im) to form
the feedback control signal, when the mode
switch signal indicates switching from the by-
pass mode to the enable mode, and/or, further
comprising:
driving the first switch (125) to fully on and the
second switch (126) to fully off, or driving the
first switch (125) to fully off and the second
switch (126) to fully on, or, further comprising:
storing the power apparatus load current (Im).

15. The power apparatus operating method of claims 13
or 14, wherein the current switching between the en-
able mode and the bypass mode in a continuous and
progressive manner.
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