Journal of Electronics and Information Science (2022) DOI: 10.23977/jeis.2022.070208
Clausius Scientific Press, Canada ISSN 2371-9524 Vol. 7 Num. 2

Single-phase Online Uninterruptible Power Supply Based
on EG8010 and IT8705

Dong Yang'?, Junxiang Feng'?, Haotian Luo'?, Yuhao Wu'?, Runhao Mao'?,
Zenghui Chen'?, Yuping Jiang®”

1School of Computing and Engineering, University of Huddersfield, West Yorkshire HD1 3DH, UK
2College of Photonic and Electronic Engineering, Fujian Normal University, Fuzhou 350000,
China
U2080835@unimail.hud.ac.uk, U2080614@unimail.hud.ac.uk, U2080756@unimail.hud.ac.uk,
U2080747@unimail.hud.ac.uk, U2080832@unimail.hud.ac.uk, U2080837@unimail.hud.ac.uk
* catherinyjyp@foxmail.com

Keywords: EG8010, LT8705, SPWM wave

Abstract: This paper mainly uses EG8010 and LT8705 as the central module to rectify and
stabilize the AC power supply and realize the conversion of DC to AC. Use this to design
AC sine wave online uninterruptible power supply (UPS). LT8705 as the central module
with high performance voltage stabilization effect and multi-compatibility function, is the
preferred device. EG8010 is the core device of the inverter power board, which realizes DC-
AC transformation through SPWM modulation and switches the power supply with Schottky
diode to realize the uninterrupted power supply of DC power even if AC power outage. The
experiment proves that the expected effect can be achieved.

1. Introduction

UPS plays an important role in daily life and various industries. It can ensure the normal operation
of the machine and no data loss in case of accidental power failure, unstable voltage, frequency drift,
etc. UPS devices have a wide range of protection, from device monitoring designed to protect a single
computer without video to large-scale equipment, which can power the entire data center or building.

UPS has been developing rapidly [1-7]. However, in the process of designing UPS, generating
SPWM wave is an extremely important step, and there are many ways to generate it. Use hardware
to generate sine wave and triangle wave, use sine wave as fundamental wave, triangle wave as carrier
wave, input to analog op amp comparator for comparison and output SPWM wave. Due to the
arbitrary focus of triangle wave and sine wave, the pulse center is not within one cycle. Equidistance
will increase the cumbersomeness of calculation, making hardware frequency modulation very
difficult and difficult to debug [4,6]. The use of a dedicated analog SPWM integrated module is
expensive due to the limitation of the power supply voltage.

In this paper, we use the internal integrated SPWM sine generator, dead time control circuit and
other multi-functional EG8010 to generate SPWM waves to drive the inverter circuit [9]. The control
circuit of this scheme is simple, the amplitude and frequency of the generated SPWM is easier to
control, and the quality of the generated SPWM wave is better. For voltage stabilization, we adopted
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a high-performance buck-boost switching regulator controller LT8705 [8]. The structural block
diagram of UPS is shown in Figure 1.
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Figure 1.UPS structure diagram
2. Circuit and hardware design
2.1. Main circuit and device selection

This experiment mainly uses self-coupling transformer to transform voltage to generate 36V AC
power. After r rectification and filtering, LT8705 is used for voltage stabilization. In the inverter
power board, the regulated DC power is directly inputted, and the power supply interface outputs
low-voltage AC.

The LT8705 is a high-performance step-down-boost switch voltage stabilization controller that
operates with the input voltage above, below, or equal to the output voltage. The device has an
integrated input current, input voltage, output current, and output voltage feedback loop. With the in-
chip self-lifting circuit, you can drive the high-end field tube directly, simplifying the peripheral
circuit. Use the internal current monitoring loop to realize the overcurrent protection function. The
schematic diagram is shown by Figure 2.
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Figure 2. LT8705 circuit schematic
The inverter power board is a power backplane supporting EG8010 SPWM chip and EG2126 field
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effect tube driver, suitable for inverter units below 1KVA. The inverter power board has two working
modes: the front stage is boosted by a high-frequency transformer DC-DC and then input high-voltage
direct current to the on-board power supply interface direct inverter output mode (high-frequency
mode); directly input low-voltage direct current to the board The power sup-ply interface inverter
outputs low-voltage AC and then is boosted by a power frequency transformer to output high-voltage
AC (power frequency mode). Ac-cording to the subject requirements, the power frequency mode is
used here, and the power frequency step-up transformer is omitted for direct output. The schematic
diagram is shown in Figure 3.
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Figure 3. Schematic diagram of power backplane

2.2. Control Circuit

The formation of SPWM wave adopts EG8010. EG8010 is a digital and fully functional pure sine
wave inverter generator chip with dead zone control. It is applied to DC-DC-AC two-stage power
conversion architecture or DC-AC. The single-stage power frequency transformer step-up conversion
architecture, with an external 12MHz crystal oscillator, can realize a pure sine wave 50Hz or 60Hz
inverter chip with high precision, low distortion and harmonics. The chip adopts CMOS technology
and integrates SPWM sine generator, dead time control circuit, amplitude factor multiplier, soft start
circuit, protection circuit and other functions. The schematic diagram is shown in Figure 4.
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Figure 4. SPWM module schematic
2.3. Protection circuit

Use the pin IFB of the EG8010 chip to measure the inverter output load current for over-current
protection detection. The reference peak voltage inside this pin is set to 0.5V. The over-current
detection delay time is 600ms. When some cause causes the load current If the load current is higher
than the inverter’s load current, EG8010 will output SPWMOUT1 SPWMOUTH4 to "0" or "1" level
according to the setting state of pin PWMTYP. Turn o all power MOSFETSs to make the output voltage
to low level. This function is the main Protects the power MOSFET and the load. Once the overcurrent
protection is entered, the EG8010 will release and turn on the power MOSFET after 16 seconds to
judge the load overcurrent. The duration of the release and turn on the power MOSFET is 100ms, and
it will be judged within 100ms after the release. If an over-current event still exists, the EG8010 will
turn o all power MOSFET to bring the output voltage to low level, and wait for 16s to release again.

3. Theoretical analysis and calculation
3.1. Voltage stabilization control method

Using high-performance buck-boost switching regulator controller LT8705 for voltage
stabilization, a four-tube synchronous recti cation topology, which can work when the input voltage
is higher than, lower than or equal to the output voltage.

3.2. Improve efficiency methods

Select the appropriate switching frequency. Higher switching frequencies can reduce the volume
and weight of the converter, but the loss of the switching tube also increases with the increased
frequency.

1
Pon = 3 UDIOtonfs (1)
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1
Porr =5 Uplotosrfs (2)

Judging from Equations (1) and (2): The loss of the switching tube is proportional to the frequency.
The higher the switching frequency, the higher the loss.

Therefore, comprehensively consider that the switching frequency of the previous stage regulator
is 200kHz; the switching frequency of the subsequent stage SPWM module is 20KHz.

Choose the Infineon switch tube 042N 10 with smaller gate capacitance and on-resistance to reduce
the gate series resistance of the switch tube, optimize the PCB layout, and reduce the switching loss
of the switch tube; at the same time, use three-wire parallel iron-silicon-aluminum inductors.
Effectively reduce core loss.

Reasonably design the SPWM filter inductor. Since the carrier frequency of the SPWM wave is
20kHz, in order to filter the carrier frequency and higher harmonics and increase the output THD, the
filter cut-o frequency is set to fr=4KHz, and the capacitor is selected as a CBB capacitor with Ci=1uf.
From the cut-off frequency formula:

1
fr=5mCsLy 3)
The calculated inductance is about 1.5mH. Considering the efficiency requirements of the problem,

the 77439-A7 type magnetic ring is selected, the winding is more compact and the copper loss is
reduced.

3.3. Theoretical parameter calculation

Selection of the boost voltage inductance: With sufficient load current in the boost region, a small
value inductance will cause the ripple current to increase, thereby reducing the maximum average
current (lout ) that can be supplied to the load when the boost region is operating due to the limited
peak inductor current. In the boost region, in order to provide sufficient load current under low VIN
voltage, L should be at least [8]:

DCpmAx,M3,B00ST

L _ VINMIN) 100% @)
MIN,BOOST ) fVRSENSE(MAX,BO 0sT.MAX) louT(MAaXx)VOUT(MAX)
RSENSE VINMIN)

The maximum current rating and inductance current ratings must be greater than their peak
operating current to prevent efficiency degradation from inductance saturation. The peak inductance
current in the booster area is [8]:

v DCMmAX,M3,BOOST
VOUT(MAX)+A IN(MIN) 100% (5)

VINMIN) 2Lf

Lyaxsoost = lourmax)

The peak inductance current when operating in the pressure relief area is [8]:

v DCMmAX,M2,BOOST
VOUT(MAX)+A IN(MIN) 100% (6)

L =1
MAX,BOOST OUT(MAX) VINMIN) 2Lf

After calculation, choose to use 77934 type magnetic ring, wound 12 turns, the inductance is 16uH.
Load regulation Si: Load regulation is also called current regulation. Indicates the maximum
relative change in the output voltage when the load is changed within a certain range under the

condition of the input voltage unchanged.
§; = 22 X 100% ()

Uo2 is the output voltage when it is empty (or light load), Uoz is the full load (or heavy load) and
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Uo is the output voltage at rated load.
\oltage regulation rate Su : the load remains unchanged, the relative change of the output voltage
when the input voltage changes. That is:
SU — UomaxU_Uomin % 100% (8)
Among them, Uomax is the maximum output voltage when the input voltage changes, Uomin is the
minimum output voltage value, and Uo is the rated output voltage.
Efficiency: The percentage of the output active power P, to the input active power Pi. That is:

N ="2x100% = -2 x 100% 9)
Among them, Uo is the effective value of the output voltage, lois the effective value of the output
current, Ui is the effective value of the input voltage, and li is the effective value of the input current.

4. Experimental methods and results
4.1. Test scheme

Use a multimeter to test the values of lo, Uo and Uz, observe whether its fluctuation range meets
the expected requirements, and use an oscilloscope to observe whether the output waveform is a sine
wave.

4.2. Test Conditions

Measure lo and U1 when the input power of the self-coupling transformer is 220V alternating
current, and use the oscilloscope to measure the sine wave. Measure lo, Uo and calculate the efficiency
when the 220V AC is disconnected and replaced with 24V DC.

4.3. Test Results

1) When AC power supply, U1=36V, output AC current lo=1A, output AC voltage Uo=30V#).2V
and frequency f =5040.2Hz (Figure 5).

2) AC power supply, U1=36V, lo changes in 0.1A and 1.0A range, load adjustment rate S <0.5%.

3) AC power supply, lo=1A, U1 changes in 29V and 43V range, voltage adjustment rate Su <0.5%.

4) Under the condition of AC power supply, U1=36V, output AC current lo=1A, output AC voltage
Uo=30V#).2V and frequency f=5040.2Hz, the UPS output voltage is sine wave and distortion
THD<2%. After experimental measurement, the 50HZ fundamental wave amplitude is 28.2dB, the
second harmonic amplitude is -26.0dB, the third harmonic amplitude is -21.5dB, and the distortion
THD=0.4%.

5) Disconnect the AC power supply and immediately switch to DC (on the energy storage device
side) power supply, Us=24V, when the output AC current lo=1A, the output AC voltage Uo,=30V0.2V,
the frequency f=5020.2Hz (Figure 6).

6) DC power supply, Us=24V, under the conditions of Uo=30V, lo=1A, make the efficiency of the
online uninterruptible power supply as high as possible. Test results are shown in (Figure 7).
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Figure 5. The output AC voltage Uo and the change of frequency f When U1=36V, lo.=1A
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Figure 6. The output AC voltage Uo and the change of frequency f when Ug=24V, 1,=1A
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Figure 7. The change of efficiency when Us=24V, Uo=30V, lo.=1A
5. Test result analysis

During the test, the C4 capacitor on the power backplane is changed to reduce the fluctuation value
of the test voltage, and the efficiency is improved by selecting the switch tube 042N10 with smaller
gate capacitance and on-resistance and selecting the appropriate switching frequency. After a series
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of improvements, the measurement results can have a better expected value.

In conclusion, the AC 220V voltage power supply is stepped down by a self-coupling transformer
to 36V input voltage. Through automatic buck-boost and SPWM modulation, when the output AC
current is 1A, the AC voltage is 30V#).2V and the frequency is 50+0.2Hz, the output voltage of the
uninterruptible power supply is sine wave at the time, and the distortion degree THD<2%. When the
output AC current changes in the range of 0.1A 1.0A, the load regulation Si<0.5%, when the input
voltage is between 29V and 43V. When the range changes, the voltage adjustment rate Su<0.5%;
switch to DC (energy storage device side) power supply, LT8705 boosts, so that the input voltage is
24V, when the output AC current is 1A, the output AC voltage is 30V#0.2V. The frequency is
5040.2Hz, and the output voltage is 30V and the output current is 1A, so that the efficiency of the
online uninterruptible power supply is as high as possible.
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