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Study on Harmonic Content and Overshoot of Load Voltage of T-type

Three-Level Electric Spring with Switchable Smart Loads

HUANG Zhun, WANG Xiaohu, ZHOU Mi, ZHAO Chaohui”
(School of Electrical Engineering, Shanghai Dianji University, Shanghai 201306, China)

Abstract: The single-phase T-type three-level inverter is
firstly applied to the electric spring with switchable smart
load, which reduces the harmonic content of the load
voltage and a mathematical model of the T-type three-
level electric spring with switchable smart load is
established. And, the influence of the traditional carrier
modulation on the mid-point potential of the T-type three-
level electric spring with switchable smart load on the DC
side is derived, and the control scheme of the mid-point
potential is introduced, which combines with the integral
separation control idea to obtain the control strategy of the
T-type three-level electric spring with switchable smart
load. The control strategy can effectively reduce the
overshoot of the load voltage during the fluctuation of the
grid voltage. Finally, it is verified by Matlab/Simulink
simulation that the improved harmonic content is reduced
by 3.47% and 1.65% , and the overshoot is reduced by 0.
34% and 0. 1% when stabilizing the critical and non-
critical load voltages.

Key words: switchable smart loads; electric spring; T-

type three-level; overshoot

8 OE U T R = e S AR 2 I AE AT U
RE B 2 1 Fl, ) R L R ATR T B R TR A TR D, T
T AU RE AR A T 7Y = F S R g 3 A R R
IS T A G Rk PR % AT D45 R S 2k T 78 = o
P, 3 LS R 0 T A R 7 RS IR BT v R A o
T4 A A B B AR B T Rl I e S gk T
= F O H ) S O 4 SR . A T R M B AR AR
A i R A PO R S e 2, ke,
Matlab/Simulink {5 ELISHIE , 76 Fa 5 5 A =l & 4 671 48 L
At Bt S5 D SR IR T 3.47 % A 1.65% LR R R

T 0.34% 1 0.1%
K UM RE Sk RO R T A=W 8

P

0 3515

Bt WU R4 14 31 o R 1 e T & He, i O
AL A e 5 rh Ut L 2 2 ) o3 A R e 2R
Bl AR nT fgf ERRIT B DA AT [ A % ) o R Bl
SEE R AR E B RSN TS A A
P g Sy 5 (Electric Spring, ES) fE R —
TR P 0 P R e 4 - B AT R0 o IROHT g VR & FEL Y
REIATE S M KE%EE N ES B30 ih
FE I SRS 5 AT T WF9E

SCERL3 18 T ES-1 g8, I 5164
H T T AME B HEATXF LAY (R B T ES-1 43
SRR . SCHRLA 48 ES-1 B M) i 25
B B, B T ES2 BN ES2
A 8 PR AS TR, ARG AT L B 58,
BRLS [ g5l ES-2 iR SCHEf 2k, J2 1 1 ES3
MIARFNES I, ES-3 BHARIGIRAE B T 5 OCHE 7 4%
IR, 5 T A RGa TR, SCERL6 1K ES-2
%) LU R 5 kg XL ) A8 - B e i T
ES-4 W35 4 ES-4 A7 6if i Bk HLXF T H
JE Sl RE A S B BT Rf A RS e I |) . SCHERL7 18
THCEEIE T MM RE  7E ES-2 (Y 5ERE L3E N
— AW R AR AR SR T ESS BN A L % 2
FREA ZL7 1R ARGt DR R sy e, LA b
FFDAE T AR SR T AR R A L (H R

© Editorial Office of Electric Machines &. Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



B AR AT R SN T Y = e ST H ) I £ B R R I B R R A R AT A
HUANG Zhun, et al: Study on Harmonic Content and Overshoot of Load Voltage of T-type Three-Level

98

Electric Spring with Switchable Smart Loads
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With the arrival of the dual-carbon era, a
large number of new energy generation capacity
into the power grid. Due to the inherent
instability of new energy will inevitably cause
grid voltage fluctuations and other problems.
Electric springs (ES) divide the load into critical
loads and non-critical loads, and transfer the
fluctuations from the grid to non-critical loads to
ensure the stability of the voltage of critical
loads. Although the traditional electric spring
ensures the stability of the voltage of the critical
load, the non-critical load is in the state of
under-voltage or over-voltage for a long time,
which greatly reduces its service life.

Electric springs with switchable smart loads
use a switchable control strategy to achieve
selective stabilization of the voltage of critical or
non-critical loads without changing the ES-2
topology, changing the problem of non-critical
loads that have been in a long term of poor power
quality, but at the time the harmonic content and
overshoot of the output voltage of the loads are
large.

Firstly, to address the problem of large
harmonic content of load voltage of traditional
switchable smart load electric spring, the T-type
three-level inverter which is more suitable for
wind power generation is introduced at this
paper, a topology of T-type three-level electric
spring with switchable smart load is proposed.,
and its working principle is briefly analyzed, the
reduction by

principle of harmonic content

Fourier decomposition is explored, and the
mathematical model of switchable smart load T-
type three-level electric spring with stabilized
different load voltages by the circuit theorem is
given.

Secondly, to address the problem that the
(PR)-based

insufficient

traditional proportional resonant

switchable control strategy is
resulting in a large amount of overshooting, a
switchable control strategy based on integral
separation is proposed this paper, and an integral
separation controller is designed, which reduces
the overshooting amount of the load voltage
during the fluctuation of the grid-side voltage by
judging the error of the load voltage, so as to go
through the proportional integral (PI) or P
controller selectively.

Finally, simulation verification in Matlab/
Simulink software is found: in stabilizing the
critical load voltage the harmonic content of the
conventional compared to the improved is
reduced by 3.47% from 3.49% to 0.02% and the
overshooting of the load voltage during the
fluctuation of the grid side voltage is reduced by
0.34% from 0.36% to 0.02%. In stabilizing the
non-critical load voltage conventional compared
to improved the harmonic content is reduced
from 1.71% to 0.06% reducing 1.65% and the
overshoot of the load voltage during grid side
voltage fluctuation is reduced from 0.11% to 0.

01% reducing 0.1%.
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