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Abstract:

This paper proposes a comprehensive test method to meet the multi-functional testing requirements of de-excitation switch,
which can simplify the complex test process and greatly reduce the cost of testing. A comprehensive test topology was designed
based on the requirements of multiple test projects, and the key parameters were intended. The test circuit generates a constant
test current based on the supercapacitor, Through the shunt and the precision recording module, the method realizes the
synchronous recording of the test current and the test voltage, and can accurately record the action state and action time of each
break of the degaussing switch, so as to realize the switching action and synchronization performance test of the de-excitation
switch. A multi-functional comprehensive test circuit simulation model was built for verification, which showed the feasibility
of the circuit design. A multi-functional comprehensive test device was built for experiments, and the experimental results
show that the comprehensive test device can accurately test the contact resistance of the break, accurately test the action time
of the switch, and test the synchronous performance of the break, which can be used efficiently and flexibly in the on-site
maintenance work.

Keywords: de-excitation switch, comprehensive test methods, supercapacitor, contact resistance, switch action, synchronous
recording wave.

INTRODUCTION

When the fault occurs, the de-excitation switch will quickly isolate the generator winding from the inspiration circuit. Therefore,
the reliability of the de-excitation switch is critical to the safe of the generator and the stable operation of the power system. The
maintenance and testing of the de-excitation switch are required regularly[1].

The de-excitation switch characteristic test mainly includes the test of the contact resistance of the break, the switching action
test, and the synchronization performance test[2-4]. For the test of the contact resistance of the break, Liu et al. and Zhang et
al.[5,6] proposed through experiments that the voltage source provides a 0-100A adjustable current, which improves the accuracy
of measuring on-state resistance by changing the measurement point of the contact resistance. Xia et al.[7] based on a method of
producing a kiloampere-level impulse current with capacitors, realizes a resistance detection loop with a peak current of 1,000A.

For the study of the switching action test, the key of multi-channel wave recording is the accurate measurement of multi-state
points in the recording system when the instruction is decentralized[8]. Hu et al.[9] designed a high-voltage circuit breaker test
system that can synchronously sample the contact state in 4 channels, in which the sample rate reaches 29kHz, and the multi-
channel recording wave interval is less than 4ns. Du et al.[10] designs an operation platform based on the test of isolation switch
action with an attitude sensor, which reduces the detection cost while ensuring detection accuracy.

For the synchronous performance test, Li and Jiao[11] uses DSPVC33 as the main controller and uses a distributed circuit breaker
detect device as the core to detect information such as the time itinerary of the circuit breaker switching process. The experiment
shows that the delay is shorter than that in the conventional detection method.

In summary, the testing current is often 250A, while the 1000A impulse current test makes it difficult to reflect the situation of
the de-excitation switch in a long-running time[12]. The recording wave channel in some de-excitation switch tests requires more
than 7, while the recording wave channel of the instrument is often not enough to detect all the breaks of the de-excitation switch
at the same time[13]. In addition, the de-excitation switch test is mainly for a single experiment content, and there is still a lack
of research and development for the comprehensive test of the de-excitation switch.

To solve the problems above, this paper proposes a comprehensive test method of the de-excitation switch characteristic, which
is functional and accurate. This method is capable of performing a variety of tests such as the resistance test at microohm level
and the switching action test, which improves the convenience and efficiency of the test.
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TEST PRINCIPLES AND TEST REQUIREMENTS
Test Principles

This paper takes the CEX series of de-excitation switches as an example. The comprehensive test circuit design is shown in
Figure 1.
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Figure 1. Comprehensive test circuit topology

The device circuit is divided into test power modules, energy storage and discharge modules, and test components. The test
power module contains a separate AC/DC module to provide 12V voltage to charge the supercapacitor. In addition, AC/DC and
DC/DC modules offer adjustable coil operating voltages ranging from 60V to 250V. Energy storage and discharge modules
include supercapacitors and circuit current control components, which control the current in the load component by adjusting
the status of the relay, and provide the test constant current with the supercapacitors. The test components include winding coils,
the de-excitation switch, control relays, and the auxiliary switch. The auxiliary switch consists of a controllable relay and resistor
in series. On the test platform, the machine controls the status of relay S1-S3 to meet the test circuit reconstruction of different
experiments, as shown in Table 1.

Table 1. On-off state

function S Sy Ss

supercapacitors charging 1 0 0

the test of the contact resistance of the break 0 1 1
the switching action test 0 1 1

The main break and the arc breaks in the de-excitation switch are connected in parallel. When the two breaks are turned on at
the same time, the current of the separate branch cannot be determined. Therefore, the contact resistance test is divided into pre-
test and formal test. In the experiment, the supercapacitors and circuit current loads output the constant test current of 1500A for
10s by closed-loop control. After the voltage drop of the contact resistance is estimated, the main break is closed and the test is
performed again.

Take the closing test of the switching action test as an example. Before the experiment, the main break and the arc breaks are
opened, and the discharge break is closed[14]. During the experiment, the energy storage discharge module outputs the 300A
test current and then drives the closing coil in different voltages to detect the operating characteristics of the de-excitation switch.
The operation of the refusal test and opening test is similar to that of the closing test.

During the synchronization performance test, the time of each action of the de-excitation switch is recorded, which includes the
time when the switch began to move and the time when the break actually opened or closed. Collect the voltage signal through
the recording wave and draw the time sequence diagram, then evaluate the synchronization performance of the de-excitation
switch under different operating conditions.

Test Power Requirements

The key to the test of the contact resistance is the general state resistance in the stable working state of the switch. Its resistance
value is only tens of microohms (<50u€2)[15], and the conventional 200A test current generates a voltage drop which is only
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several microvolts. External noise and measurement errors have a bad impact on the measurement accuracy. The test is intended
to provide a 1500A testing current by the supercapacitor[16]. After the switch runs for 10 seconds, it can reach thermal stability.
At this time, the measured contact value of the test can reflect the normal working state. The power supply can be calculated
based on the maximum 50pQ resistance value, which is 112.5W, and the test power is 562.5W.

In the switching action test, under the arc voltage standard of the generator set, the closing action voltage is 80%UN, the opening
action voltage is 65%UN, and the refusal voltage is 30%UN. The rated operating voltage UN is 220V[17]. The operating voltage
needs to be added to both ends of the switch coil. The resistance value of the opening coil is 170.9Q ~ 171.6Q, and the resistance
value of the closing coil is 11.0Q ~ 11.5Q. Set the output of the energy storage discharge module 300A, which is the test current
in the circuit. The power supply is 358.39W, the power needed in the closing test is 8800W, the power needed in the rejection
test is 792W, and the maximum power required for the test is 21W.

The synchronization performance test records the action time of each break based on the switch action test and analyzes it to
form the time sequencing diagram. The action test focuses on whether the switch action is correct, and the synchronization test
focuses on the consistency of the movement of each break during the action process[18,19]. In addition, the supercapacitors need
to be charged before the test. The charging voltage is 9.6V, and the charging time is 13.6 min. The charging power is 860.16W,
calculated based on the classic charging curve of the supercapacitor[20]. The requirements and technical indicators of each test
are shown in Table 2. After considering a certain margin, the demand for low-voltage DC power is about 1kW, and the demand
for high-voltage DC power is about 10kW. The capacitor charging power is provided by the low-voltage AC/DC module, and
others are provided by the high-voltage AC/DC module.

Table 2. Multifunctional test requirement

Low voltage DC power supply requirements

function voltage /V current /A power /W

supercapacitors charging 9.6 1 860.2
High voltage DC power supply requirements
function voltage/V current/A test power /W supply power/W
the test of the contact 0.075 1500 562.5 1125

resistance

close test 143 300 21 358.4

open test 176 300 21 8800

rejection test 66 300 21 792

TEST CIRCUIT DESIGN ANALYSIS
Energy Storage Discharge Circuit

The discharge equivalent circuit of the supercapacitor bank is shown in Figure 2.
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Figure 2. Supercapacitor bank discharge equivalent circuit

where C1~C;, are the parallel capacitances in the supercapacitor bank, Rp1~Run are the load resistors of the regulation loop, Rci~Ren
are the equivalent internal resistors of the supercapacitors, and Ki;~Kp are current relays that control resistors access. Rcy is the
equivalent contact resistor of the de-excitation switch.

Vol: 2025 | Iss: 1 | 2025 | © 2025 Membrane Technology 614



Membrane Technology
ISSN (online): 1873-4049

Assume that the total capacitance value of the supercapacitor bank is C and its voltage is uc, the resistance value of the load
component controlled by the loop current at a certain time is r(t). The analytical expression of the test loop is shown in (1). The
resistance of the object itself is much smaller than the resistance of the loop current control load component, so it can be omitted
in the analytical model.

+Uc(t) =0 @
The charging voltage of the supercapacitor is set to U, and the initial value of the test loop current i(to)=0. The current during
the test is shown in (2).

t
. Uy e
i(t)=—2e "0OC )
r(t)
In the actual test, the ideal state of the current should be maintained at constant, which means i(t)=In. The analytical expression
of the load component resistance is shown in (3). The current can be controlled by controlling the relays in the load component
according to this equation.

t
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According to the requirements of the de-excitation switch contact resistance test, the supercapacitor bank provides a constant
current of 1500A for at least 10 seconds, which is designed according to 1500A/10S (15KAS), and the specification of a single
capacitor is selected as 3V(3.2V)/3400F. The estimated resistance of the test circuit is about 5.9m€, and the capacitor voltage
needs to be at least 8.8V. When the discharge capacity reaches the desired level, the capacitor voltage drops to about 0.8V.
Considering the capacitor specification, its initial voltage is appropriate to be 9.6V. The component placement is specified on
every 3 capacitors in series and 28 series are connected in parallel, a total of 84 capacitors are composed. The supercapacitors
are distributed in two capacitor packs and placed in the same chassis.

The loop control load-weighted resistance network is shown in Figure 3, where R1~R,, are power resistors and Ki~K, are relay
switches. The relay switch is flexibly turned on and off according to the capacitor voltage, thereby achieving real-time adjustment
of the load resistance and obtaining flexible control of the test current.

Figure 3. Loop control load resistance network

The power resistance of each branch in the network has the following relationship: R1=2R»; Ry=2R3; Rs=2R4; ...... ; Rn1=2R.
When only Kj is closed, the total resistance of the network is the largest, which is Rma=R1. When all switches are closed, the
total resistance of the network is the smallest, Rmin=0.5R,. From (3), it can be obtained that the minimum resistance Rmin of the
network needs to be less than 6.4mQ, and the maximum resistance Rmax of the network needs to be greater than 60mQQ. Therefore,
Ri=100mQ; Ry=5.9mQ.

Contact Resistance Test Circuit Design and Analysis

The equivalent circuit of the contact resistance test is shown in Figure 4. In order not to affect the control current of the resistive
load component, the resistor R connected in series with the auxiliary switch is selected to be 0.1 mQ.
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Figure 4. Contact resistance test equivalent circuit

The on-state resistance measurement accuracy must reach the microohm level. When using a shunt to measure resistance, the
loop current flows directly through the shunt to generate a voltage drop, which is not easy to produce interference[21,22]. The
shunt specification selected for this test is 2000A/75mV, and the measurement accuracy is 1%o-3%o. The signal pickup of the
shunt adopts the high-impedance acquisition mode, as shown in Figure 5. The filter amplifier circuit has the characteristics of
high input impedance and high common-mode rejection ratio, and its measurement accuracy reaches 0.3%0-0.5%o0. The total
accuracy of the measured waveform can be obtained as (4).

2 2
Oiotal =01 T 03 (4)

o1 is the measurement accuracy of the shunt, o is the measurement accuracy of the filter amplifier circuit, and the total accuracy
of the current measurement and recording is calculated to be approximately 3.2%0-5.8%o.

The voltage drop signal of the circuit breaker is collected and input into the filter amplifier circuit with the same structure as
above. After correction, it enters the recording system to complete the voltage measurement of the circuit breaker with an
accuracy of 0.3%o-1%0+0.1mV.

GND2 GND2

Figure 5. Filter amplifier circuit

According to the above parameters, a simulation model was built in Simulink for verification. The output current was set to
1500A. The circuit load impedance and current change waveforms are shown in Figure 6. The control step size is 0.1s.
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Figure 6. Circuit load impedance and current change waveform
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An equivalent simulation model was built in Simulink software for verification. The contact resistance of the four arc break ports
was estimated during the pre-test, and then the main switch was connected back and closed to formally test the main break port.
The results are shown in Figure 7, taking the voltage and current waveforms of arc break port 1 as an example.
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Figure 7. Arc break contact resistance

Experiments are completed based on the above setup. The testing current and test time are set at 30kA and 15 seconds,
respectively. Before the experiment starts, the supercapacitor bank is charged to 12V. The charging circuit is then disconnected
to start the experiment. The contact resistance is calculated from the voltage and current obtained at the break. The contact
resistance of arc break 1 is 13pQ.

Design and Analysis of Switch Synchronization and Synchronization Performance Test Circuit

The equivalent circuit of the switching action test and synchronization performance test is shown in Figure 8. In the circuit, the
supercapacitor produces a 300A test current for the loop, and the action time is less than 500ms. From
Error! Reference source not found., it is derived that when t = 1s, the loop current decreases to 299.45A. Consequently, the
loop current can be directly provided by the supercapacitor in series with the initial load resistance.
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Figure 8. Switching action and synchronization performance test equivalent circuits

During the action test, each break is paralleled by a shunt resistor. While ensuring that the current source provided by the
capacitor is never open-circuited, the wave recording system captures the voltage drop signals of the shunt resistor. The moment
of voltage jump is the moment of the break action [23]. The resistance value of this shunt resistor can be selected as 0.1mQ.

Each break requires an individual wave recording board for measurement, sharing a 485 bus, and the time difference between
the seven recording boards should not exceed 8ms. The signals filtered are converted from analog to digital and stored in RAM
through an A-D conversion. The command coordination is controlled by the CPU, which receives instructions from the upper
computer and transmits the A-D converted data through a filter amplification circuit to the computer. Figure 9 illustrates the
schematic diagram of the recording circuit.
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Figure 9. Structure diagram of the wave recording module

An equivalent simulation model is built in Simulink software for verification. During the closing test, the voltage waveforms of
each break are shown in Figure 10. The simulation time is set to 1s, and the voltage jump time is the break action moment.
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Figure 10. Voltage drop at each break during closing

The main break and arc breaks are in parallel, and the two arc breaks are connected in series. The voltage of the main break is
constantly twice that of the arc break. After 0.262s, the arc break closes, and the equivalent resistance decreases, thus the voltage
drop reduces. Consequently, the voltage of the main break also decreases due to the parallel relationship. Similarly, after 0.275
s, the main break closes, and the voltage drop reduces, which also leads to a decrease in the voltage drop of the arc break. After
0.28s, the discharge interrupter opens, since it is in series with the other two breaks, the on-state resistance of the circuit increases,
which causes a slight decrease in the voltage of the main break and arc breaks, and a drop in the voltage of the discharge break.

During the opening test, the voltage waveforms of each break are shown in Figure 11. The main break opens first, increasing the
voltage drop. Subsequently, the arc break closes, reducing the voltage drop, which is equivalent to a decrease in the circuit
resistance, causing the voltage drop of the main break and arc breaks to rise. Finally, the arc break opens, increasing the voltage
drop.
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Figure 11. Voltage drop at each break during opening
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PLATFORM CONSTRUCTION AND EXPERIMENTS
Platform Building

To validate the reliability and efficiency of the comprehensive test method proposed in this paper, a multifunctional testing

device for de-excitation switches based on the comprehensive test method has been developed, as shown in Figure 12. The
equipment in the figure is the test platform.

Figure 12. De-excitation switch multi-function test device physical diagram
Switch Simulation Test

The equipment is used to measure the resistance value of a switching device, and the measurement results are shown in Figure
13. in the form of the curve of loop current and the voltage drop of the switch. The test results indicate that within the range of
9ms to 60ms, the switch resistance voltage drop is 1031mV, and the main circuit loop current is 1500A. The ratio of these two
values is the dynamic resistance of the switch, which is 688uQ. During the measurement process, the current ripple is minimal,
and the switch resistance curve is stable, indicating a good measurement outcome.
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Figure 13. Test result of contact resistance measurement of de-excitation switch
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Synchronous Performance Testing and Action Testing

In the synchronization performance test, the chronological sequence of action for each break is shown in Figure 14. During the
closing process, the action time of main break 1 and main break 2 is 274ms and 275ms respectively, and the four arc breaks
operate between 261ms and 263ms, and the discharge auxiliary break operates at 280ms. The closing time is 280ms in total.
During the opening process, both main break 1 and main break 2 operate at 29ms, the four arc breaks operate at 35ms, and the
discharge auxiliary break operates at 35ms. The opening time is 35ms in total. The test results indicate that the de-excitation
switch has good synchronization performance. The timing sequence is compliant and the synchronization performance of the
de-excitation switch meets the standards.

Discharge break 1 280
Main break 2 275
Main break 1 274

Arc break 4 263

Arc break 3 262

Arc break 2 262

Arc break | 261

(ms)0  (ms)100 (ms)200 (ms)300
a) Closing process test
Arc break 4
Arc break 3
Arc break 2
Arcbreak 1
Discharge break 1
Main break 2
Main break 1
(ms)0 (ms)10 (ms)20 (ms)30

b) Opening process test
Figure 14. Test result of synchronization performance of de-excitation switch

Five action tests are performed by applying different voltage levels to the coil, and the results are presented in Table 3. The
average closing time is 280ms, and the average opening time is 35ms. The switch has a good rejecting performance at 66V. All
results are satisfactory and the operational performance meets the standard.

Table 3. Test results of switch opening and closing

Test item Test result
176V close test All tests showed favorable
143V open test All tests showed favorable
66V rejection test Good
Closing time 280ms
Opening time 35ms

Vol: 2025 | Iss: 1 | 2025 | © 2025 Membrane Technology 620



Membrane Technology
ISSN (online): 1873-4049

CONCLUSION

The reliability of de-excitation switch is crucial for the safety of the generator itself and the stable operation of the power system.
This paper takes the CEX series de-excitation switches from French company LENOIR as the test subject and proposes a
comprehensive testing method that can meet the requirements of multifunctional testing. A comprehensive test topology is
designed based on the needs of multiple test items, and key parameters are designed. A constant test current is generated with
the supercapacitor, and the test current and test voltage are synchronously recorded through a shunt and a wave recording module,
which allows for the accurate recording of the action status and action time of each break of the de-excitation switch, achieving
the test of switching action and synchronization performance of the de-excitation switch. A multifunctional integrated test device
is built for characteristic testing experiments, precisely measuring the contact resistance, accurately recording the action time of
each break, and conducting synchronization performance test. The multifunctional test device simplifies the test process and
greatly reduces the cost of the test.
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