EP 4 321 877 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 4 321 877 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
14.02.2024 Bulletin 2024/07

(21) Application number: 23190842.7

(22) Date of filing: 10.08.2023

(51) International Patent Classification (IPC):
GO1R 1/36 (2006.07) GO1R 31/42(2006.07)
HO2M 1/32 (2007.09)

(52) Cooperative Patent Classification (CPC):
GO01R 31/42; GO1R 1/36; HO2M 1/32; HO2M 1/36;
HO2M 1/322

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC ME MKMT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

KH MA MD TN

(30) Priority: 11.08.2022 TW 111130139

(71) Applicant: Chroma ATE Inc.
333001 Taoyuan City (TW)

(72) Inventors:
* HSU, Yu
Taoyuan City (TW)
¢ HU, Guei-Cheng
Taoyuan City (TW)

(74) Representative: Vossius & Partner
Patentanwalte Rechtsanwilte mbB
SiebertstraBBe 3
81675 Miinchen (DE)

(54) TWO-WAY AC POWER CONVERSION DEVICE

(67)  The present invention provides a two-way AC
power conversion device configured to input or output a
first AC power. The two-way AC power conversion device
comprises a digital control module and a power conver-
sion module. The digital control module generates a con-
trol signal. The power conversion module sets the first

AC power to be input or output according to the control
signal. Wherein when the digital control module deter-
mines a real-time voltage signal of the first AC power is
abnormal, the power conversion module switches to pro-
vide a ground voltage according to the control signal.
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Tai-
wan patent application Serial No. 111130139 filed on
Aug. 11, 2022 the entire content of which is incorporated
by reference to this application.

1. Field of the invention

[0002] The presentinvention pertains to a two-way AC
power conversion device, more specifically to a two-way
AC power conversion device that can disconnect the
component under test at any time.

2. Description of the prior art

[0003] Traditionally, when using an AC power conver-
sion device to deal with a load current of a DUT, device
under test, it is necessary to adjust the load current of
the AC power conversion device to zero before safely
disconnecting the DUT from the AC power conversion
device. If the DUT is disconnected from the AC power
conversion device without warning, it often triggers a pro-
tection mechanism of the AC power conversion device,
that prevents the AC power conversion device from re-
suming its previous operation within a short period of
time. In one example, if the DUT is disconnected from
the output of the AC power conversion device without
warning, the AC power conversion device cannot imme-
diately determine that the DUT has been disconnected
from the output, and the AC power conversion device will
continue to pull the load current to the already open-
circuited output. At this point, the output of the AC power
conversion device may be subjected to abnormally high
voltage. In general, the traditional AC power conversion
device will directly trigger a protection mechanism to
avoid damage to the AC power conversion device.
[0004] Afterthe protection mechanism of traditional AC
power conversion device is triggered, although the cur-
rent path between the output and the DUT can be quickly
disconnected, the residual energy in the current path can-
not be released immediately. In general, the traditional
AC power conversion device can only wait for a consid-
erable amount of time that its internal circuits might slowly
self-consume the residual energy. In practice, even if the
DUT is reconnected to the output of the AC power con-
version device, the AC power conversion device still can-
not resume its operation, such as drawing current from
the DUT, before the residual energy is consumed. There-
fore, the industry needs a new AC power conversion de-
vice that can quickly release the residual energy when
the DUT is disconnected, so that when the DUT is recon-
nected to the output, it can quickly resume the operation
of drawing current from the DUT, increasing the flexibility
to adjust the DUT at any time..
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SUMMARY OF THE INVENTION

[0005] The present invention provides a two-way AC
power conversion device. Whenthe DUT is disconnected
from the output end of the two-way AC power conversion
device without warning, the two-way AC power conver-
sion device can not only detect the disconnection imme-
diately, but also can quickly release the residual energy
in the current path.

[0006] The present invention provides a two-way AC
power conversion device configured to input or output a
first AC power. The two-way AC power conversion device
comprises a digital control module and a power conver-
sion module. The digital control module generates a con-
trol signal. The power conversion module sets the first
AC power to be input or output according to the control
signal. Wherein when the digital control module deter-
mines a real-time voltage signal of the first AC power is
abnormal, the power conversion module switches to pro-
vide a ground voltage according to the control signal.
[0007] In some embodiments, when the digital control
module determines the real-time voltage signal is abnor-
mal, the digital control module further detects a residual
current, received by the power conversion module, to set
the control signal corresponding to the residual current.
Besides, an output end of the power conversion module
receives the residual current, and when the residual cur-
rent is greater than a current preset value, the control
signal instructs the power conversion module to maintain
the provided ground voltage. When the residual current
is not greater than the current preset value, the control
signal instructs the power conversion module to stop pro-
viding the ground voltage, and sets a duty cycle of the
power conversion module to zero.

[0008] In some embodiments, the digital control mod-
ule comprises a phase-locked loop and a control unit,
the phase-locked loop detects the first AC power to be
input or output and generates the real-time voltage sig-
nal, the real-time voltage signal has an amplitude com-
ponent and an angular velocity component, the control
unit sets the control signal according to the amplitude
component and at least one amplitude variation obtained
from different switching cycles. Besides, the control unit
obtains the amplitude variation of each switching cycle
in the plurality of consecutive switching cycles, and when
the amplitude variation of each switching cycle in the con-
secutive switching cycles are all greater than a first
threshold value, the control unit determines the amplitude
variation of each switching cycle is abnormal. In addition,
the control unit determines the amplitude component of
each switching cycle in a plurality of consecutive switch-
ing cycles, and when the amplitude component of each
switching cycle in the consecutive switching cycles are
not greater than a second threshold value, the control
unit determines the amplitude component of each switch-
ing cycle is abnormal.

[0009] Insummary, the two-way AC power conversion
device proposed by the present invention uses the
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phase-locked loop to lock the input or output the first AC
power, and determines whether the DUT is disconnected
from the output end by the amplitude component of the
real-time voltage signal. When the DUT is disconnected
from the output end without warning, the two-way AC
power conversion device can not only detect and stop
inputting or outputting AC power immediately, but also
effectively release the residual energy in the current path.
When the DUT is reconnected to the output end, the two-
way AC power conversion device can quickly resume
work.

BRIEF DESCRIPTION OF THE APPTERMINALED
DRAWINGS

[0010]

FIG. 1 illustrates a block diagram of a two-way AC
power conversion device according to an embodi-
ment of the present invention.

FIG. 2 illustrates a schematic diagram of an AC volt-
age.

FIG. 3 is a schematic diagram of a circuit between
the output end and the DUT according to an embod-
iment of present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The features, targetions, and functions of the
present invention are further disclosed below. However,
itis only a few of the possible embodiments of the present
invention, and the scope of the present invention is not
limited thereto; that is, the equivalent changes and mod-
ifications done in accordance with the claims of the
present invention will remain the subject of the present
invention. Without departing from the spirit and scope of
the invention, it should be considered as further enable-
ment of the invention.

[0012] Please referto FIG. 1, FIG. 1 illustrates a block
diagram of a two-way AC power conversion device ac-
cording to an embodiment of the present invention. As
shown in FIG. 1, the two-way AC power conversion de-
vice 1is electrically connected between an external pow-
er source 2 and a device under test (DUT), for transmit-
ting AC power (afirst AC power)with the DUT. In practice,
the external power source 2 can be the utility power or
other voltage sources, and the DUT, applied to the two-
way AC power conversion device 1, can be, not limited
to, a load or a voltage source. In an example, when the
DUT is the load, the two-way AC power conversion de-
vice 1 can provide power to drive the DUT. And when
the DUT is the voltage source, the two-way AC power
conversion device 1 can draw power from the DUT, so
that the AC power provided by the DUT can be fed back
to the external power source 2. That is, the two-way AC
power conversion device 1 does not limit the direction of
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transmission of the AC power, and the AC power can be
input or output by the two-way AC power conversion de-
vice 1.

[0013] The two-way AC power conversion device 1
comprises a power conversion module 10 and a digital
control module 12, and the digital control module 12 com-
prises a phase-locked loop 120 and a control unit 122.
The power conversion module 10 has an output end 100,
and the output end 100 is used to electrically connect to
the DUT. In an example, the output end 100 and the DUT
can be connected via a bus. In addition, the control unit
122 can be electrically connected to the phase-locked
loop 120 and the power conversion module 10 respec-
tively, and the control unit 122 can generate a control
signal to set the first AC power to be input or output by
the power conversion module 10. The control signal can
be a pulse width modulation (PWM) signal, and the con-
trol unit 122 can set various parameters of the AC voltage
or AC current output by the power conversion module 10
by determining the duty ratio in a duty cycle of the PWM
signal.

[0014] In practice, a phase detector can be installed in
the phase-locked loop 120. When the output end 100
and the DUT are connected, the phase detector should
be able to lock the AC voltage or AC current transmitted
between the power conversion module 10 and the DUT.
For example, assuming that the power conversion mod-
ule 10 draws power from the DUT, when the phase de-
tector locks on to the AC voltage, the phase-locked loop
120 can generate areal-time voltage signal based on the
locked AC voltage. In an example, the real-time voltage
signal generated by the phase-locked loop 120 can be
used as a means to determine whether the DUT is work-
ing properly. That is, when the phase detector success-
fully locks on to the AC voltage (generates the real-time
voltage signal), the control unit 122 can determine that
the DUT has been installed at this time. In addition, the
phase-locked loop 120 can perform Park transformation
on the real-time voltage signal to obtain an amplitude
component and an angular velocity component of the
real-time voltage signal. Person having ordinary skill in
the art should be able to understand how the phase-
locked loop 120 works, and this embodiment will not elab-
orate here. In an example, the phase-locked loop 120
can obtain the corresponding real-time voltage signal in
each switching cycle, so that the control unit 122 can
calculate difference between two amplitude components
according to the real-time voltage signal within two ad-
jacent switching cycles. Said difference can be regarded
as an amplitude variation. In practice, the control unit 122
can record corresponding (N-1) amplitude variations ac-
cording to the real-time voltage signal within consecutive
N switching cycles, and can set the control signal accord-
ing to the (N-1) amplitude variations.

[0015] In an example, assuming that the power con-
version module 10 is set to draw power from the DUT. If
a connection line between the output end 100 and the
DUT suddenly breaks, that might cause the DUT to be
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disconnected from the output end 100 without warning.
Since the two-way AC power conversion device 1 and
the DUT is transmitting the AC power, when the DUT is
disconnected from the output end 100 without warning,
there can be two situations that the AC voltage may be
close to peak voltage or close to zero voltage. The fol-
lowing will use these two situations as examples to dem-
onstrate how the two-way AC power conversion device
handles them. Please also refer to FIG. 1 and FIG. 2
together, FIG. 2 illustrates a schematic diagram of an AC
voltage. As shown in figures, assuming that the DUT cuts
off, from the output end 100, at time T1, the AC voltage
is close to its peak value. At this time, the control unit can
obtain from the real-time voltage signal, especially from
its previous switching cycle and its current switching cy-
cle, knowing that the amplitude variation increases ab-
normally, such as the AC voltage quickly decaying from
its peak value and causing the amplitude variation to be
greater than a preset first threshold value. In practice,
after the control unit determines that the amplitude vari-
ation is abnormal, it will quickly adjust the control signal,
thereby instructing the power conversion module 10 to
stop providing the AC power.

[0016] This embodiment does not limit the exact value
of the first threshold value, and person having ordinary
skillin the art can understand that the first threshold value
can be determined based on the predetermined value of
the AC voltage. On the other hand, the control unit 122
does not necessarily adjust the control signal immediate-
ly when only one amplitude variation is abnormal. The
control unit 122 can also determine whether the ampli-
tude variation is abnormal in multiple adjacent switching
cycles of the real-time voltage signal. For example, when
the control unit 122 knows that at least six consecutive
amplitude variations are greater than the preset first
threshold value, it can determine that the DUT has been
disconnected from the output end 100.

[0017] In an example, assuming that the DUT is dis-
connected from the output end 100 at time T2, since the
AC voltage at time T2 is close to zero, the current input
or output by the output end 100 is also close to zero. It
is almost impossible for the traditional AC power conver-
sion device to immediately determine whether the DUT
is disconnected, which can easily lead to misjudgment.
In particular, the traditional AC power conversion device
uses digital means to measure the current, which can be
affected by errors such as noise interference, making it
difficult to determine whether the small current values
detected around the current zero point are actually zero.
In other words, when the DUT is disconnected around
the current zero point, the traditional AC power conver-
sion device will not be able to trigger the protection mech-
anism immediately. In contrast, the amplitude compo-
nent of this embodiment is a value that has been sepa-
rated from the angular velocity component (phase) by
Park transformation, so that the control unit 122 can
quickly see whether the amplitude component of the AC
voltage has changed. Based on this, when the DUT is
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disconnected from the output end 100 at time T2, the
control unit 122 can also determine whether an abnor-
mality occurs by the amplitude variation and quickly ad-
just the control signal, thereby instructing the power con-
version module 10 to no longer continue to provide AC
power.

[0018] We can tell abnormal situation by using ampli-
tude variation when the AC voltage input or output by the
power conversion module 10 changes greatly. If the AC
voltage input or output by the power conversion module
10 does not change that much, the control unit 122 can
determine whether the DUT is disconnected by the am-
plitude component. In an example, since the peak value
of the AC voltage input or output by the power conversion
module 10 is already known, we can set a threshold value
(second threshold value) by referring to the peak value.
In practice, the second threshold value does not neces-
sarily equal the peak value but may be, but not limited
to, slightly smaller than the peak value. In an example,
assuming that the power conversion module 10 is set to
draw power from the DUT, and the phase detector of the
phase-locked loop 120 has locked the real-time voltage
signal and obtained the amplitude component and the
angular velocity component. At this time, the control unit
122 can determine whether the DUT is disconnected by
one or more amplitude components being lower than the
second threshold value. For example, the control unit
122 may record the amplitude components of the con-
secutive switching cycles. When the amplitude compo-
nents of the consecutive switching cycles are all smaller
than the second threshold value, the control unit 122 can
determine thatthe DUT has been disconnected. As men-
tioned above, the amplitude component of this embodi-
ment is a value that has been separated from the angular
velocity component (phase) by Park transformation, so
that even if the AC voltage changes little, the control unit
122 can quickly determine whether the DUT is discon-
nected.

[0019] Itis worth mentioning that since the output end
100 usually has a capacitor (for example, bridged be-
tween two terminals), this embodiment also designs a
mechanism for releasing electric energy in the capacitor.
Please also referto FIG. 1 to FIG. 3, FIG. 3is a schematic
diagram of a circuit between the output end and the DUT
according to an embodiment of present invention. As
shown in figures, a capacitor Xcap can be installed at the
output end 100. The capacitor Xcap may not be inten-
tionally designed in the current path, for example the ca-
pacitor Xcap may be non-ideal capacitance between the
output end 100 and the DUT. The following will explain
the impact of the capacitor Xcap on the two-way AC pow-
er conversion device.

[0020] In an example, assuming that the power con-
version module 10 draws power from the DUT, the ca-
pacitor Xcap will keep storing electric energy. At this time,
when the DUT is disconnected (FIG. 3 uses switch SW
to indicate open circuit), person having ordinary skill in
the art can understand that there is still considerable re-
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sidual energy in the capacitor Xcap, thereby continuously
releasing a residual current Icap. This embodiment does
not limit size of the capacitor Xcap and the release direc-
tion of the residual current Icap. In general, the residual
current Icap can be consumed by impedance inside cir-
cuit components, butit usually takes longer time. In order
to speed up the release of the residual energy in the
capacitor Xcap, when the control unit 122 determines
that the DUT is disconnected, the control unit 122 will
control the power conversion module 10 to provide
ground voltage (or zero voltage) for a period of time. In
an example, since the power conversion module 10 ac-
tively controls the output end at ground voltage, there
should have a voltage difference between the capacitor
Xcap and the output end 100 that the capacitor Xcap can
release the residual current Icap more efficiently (that is,
a larger residual current Icap can be provided).

[0021] In practice, the control unit 122 will continue to
monitor the value of the residual current Icap fed into the
output end 100. When the value of the residual current
Icap is greater than a preset current value, it means that
the residual energy in the capacitor Xcap has not been
released completely yet, then the control signal provided
by the control unit 122 continues to instruct the power
conversion module 10 to provide ground voltage. On con-
trary, when the value of the residual current Icap is not
greater than the preset current value, it means that the
residual energy in the capacitor Xcap has been complete-
ly or almost released, then the control signal provided by
the control unit 122 instructs the power conversion mod-
ule 10 to stop providing ground voltage. And the control
unit 122 can adjust the control signal to set duty ratio to
zero, so that the power conversion module 10 does not
input or output first AC power and wait for restart com-
mand.

[0022] As can be seen from above, when the DUT is
disconnected from the output end 100 without warning,
the two-way AC power conversion device of this embod-
iment can reduce interference of the phase, since the
control unit 122 is based on the real-time voltage signal
generated by the phase-locked loop 120 locking the AC
voltage. Therefore, the control unit 122 can control the
power conversion module 10 to stop providing the AC
power and avoid the rise of voltage due to disconnection
of the DUT. Meanwhile, the power conversion module
10 can also maintain ground voltage at the output end
100 to quickly release the residual energy in the capacitor
Xcap. In this way, the two-way AC power conversion de-
vice 1 will not trigger the protection mechanism due to
the abnormally high voltage of the output end 100, and
because the energy stored in the capacitor Xcap has
been quickly released, the two-way AC power conversion
device 1 can quickly return to work when the DUT is re-
connected to the output end 100.

[0023] It is worth mentioning that although the above
is based on the power conversion module 10 draw power
from the DUT as an example, in fact, the foregoing em-
bodiment can also be applied to the power conversion
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module 10 supplying power to the DUT. That is, the con-
trol unit 122 determines whether the amplitude variation
is greater than the first threshold value, determines the
amplitude component is less than the second threshold
value, determines the duty ratio of the power conversion
module 10 is greater than the third threshold value, and
other abnormal situations are independent of the direc-
tion of power transmission. Even if the power conversion
module 10 is used to supply power to the DUT, the control
unit 122 can still determine whether the DUT is discon-
nected by the above embodiment.

[0024] In summary, the two-way AC power conversion
device proposed by the present invention uses the
phase-locked loop to lock the input or output the first AC
power, and determines whether the DUT is disconnected
from the output end by the amplitude component of the
real-time voltage signal. When the DUT is disconnected
from the output end without warning, the two-way AC
power conversion device can not only detect and stop
inputting or outputting AC power immediately, but also
effectively release the residual energy in the current path.
When the DUT is reconnected to the output end, the two-
way AC power conversion device can quickly resume
work.

Claims

1. Atwo-way AC power conversion device, configured
to input or output a first AC power, comprising:

a digital control module for generating a control
signal; and

a power conversion module setting the first AC
power to be input or output according to the con-
trol signal;

wherein when the digital control module deter-
mines a real-time voltage signal of the first AC
power is abnormal, the power conversion mod-
ule switches to provide a ground voltage accord-
ing to the control signal.

2. Thetwo-way AC power conversion device according
to claim 1, wherein when the digital control module
determines the real-time voltage signal is abnormal,
the digital control module further detects a residual
current, received by the power conversion module,
to set the control signal corresponding to the residual
current.

3. Thetwo-way AC power conversion device according
to claim 2, wherein an output end of the power con-
version module receives the residual current, and
when the residual current is greater than a current
preset value, the control signal instructs the power
conversion module to maintain the provided ground
voltage.
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The two-way AC power conversion device according
to claim 3, wherein when the residual current is not
greater than the current preset value, the control sig-
nal instructs the power conversion module to stop
providing the ground voltage, and sets a duty cycle
of the power conversion module to zero.

The two-way AC power conversion device according
to claim 1, wherein the digital control module com-
prises a phase-locked loop and a control unit, the
phase-locked loop detects the first AC power to be
input or output and generates the real-time voltage
signal, the real-time voltage signal has an amplitude
component and an angular velocity component, the
control unit sets the control signal according to the
amplitude component and at least one amplitude
variation obtained from different switching cycles.

The two-way AC power conversion device according
to claim 5, wherein the control unit obtains the am-
plitude variation of each switching cycle in the plu-
rality of consecutive switching cycles, and when the
amplitude variation of each switching cycle in the
consecutive switching cycles are all greater than a
first threshold value, the control unit determines the
amplitude variation of each switching cycle is abnor-
mal.

The two-way AC power conversion device according
to claim 6, wherein the control unit determines the
amplitude component of each switching cycle in a
plurality of consecutive switching cycles, and when
the amplitude component of each switching cycle in
the consecutive switching cycles are not greater than
asecond threshold value, the control unit determines
the amplitude component of each switching cycle is
abnormal.
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