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A study on improvement of output characteristics of HESS half-bridge converter

for load variations
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Abstract: This paper proposes a control algorithm to improve the power control operation characteristics according to the load
variation using the HESS (Hybrid Energy Storage System) half-bridge converter with super-capacitor. Generally, in order to
control the power of the output side of an energy storage system based on a lithium-ion battery, the information of the voltage
and current of the DC-link is required. However, the energy storage system based on the lithium-ion battery causes the error
between the actual power and the command power due to the slow response of the lithium-ion battery when the output side
load is changed. As a result, an energy storage system including a super-capacitor is connected in parallel to the DC-link to
improve the responsiveness to the load. In this paper, a low-pass filter is applied to the current control command to limit the
inrush current generated during initial charging of the super-capacitor and to improve the output characteristics according to the
load. And the validity and effectiveness of the proposed algorithm are verified through the experiments.
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Figure 1: Schematic of HESS half-bridge converter
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Table 1: Specifications of HESS half-bridge converter

Items Specification

Lithium-ion battery 201[V], 15.6[AH]

Super-capacitor 300[V], 3[F]

DC link capacitor 1650[uF], 900[V]

Reactor of battery 15[mH]
Reactor of super-capacitor 10[mH]
Switching frequency 10[kHz]
IPM[PM75CLA120] 1200[ V], 75[A]
Sampling period 100[us]
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Figure 6: Flowchart of HESS half-bridge converter

757



S

_(?L
ofo
}()[1
ox
fuj
Ho
ol

B - A5 . S

BE AR Agke] el A& gl

AN
N\ 2

Load IPM Battery controller

i
Lierar 4 Tarw 4 Pa NS L, W ;~,_ N
. ¢ ? < . ',? ¢ Litium-ion battery " [ i €
- - ‘ ‘
>

Figure 7: Power control block diagram of Li-ion battery

PiVpxLie

Supercapacitor controller PM Supercapacitor

Vet |, ] P W

Figure : Exerimental setup of HESS

Supercapacitor | Current cuntroller

Re=Vaet I

+ Blue : Command power (300[V], 200[ms] / div)
P Green : Real power (300[V], 200[ms] / div)
Figure 8: Power control block diagram of super-capacitor Pioqrj
300
T [
2 () PI A Ao)7)e] AReE YepithT). ' = '
K (54 KLP)
K, prt? Kp p
Gpls) =K, ,+ 5= 5 (7
[s]
Figure 82 777 SIAIH Ao darg]FS Yebln F-af
WMo U3 Fe= Afhe] A dEel p, ok A9 A i S L
& Py HEe] AFolE PL M Aloj7]E5 Fake] BAFshe] il
oac 600
Z31 Pl AE Alol7] el AR Ao AL S =
qgate] FHANAE FA EE BA A DA 29 m] Ny i
AFE ARNAFES AAZ s ‘ T | -
3.4%9 4 A%
B wmRoA Aoksl HESS 3 B Elx] AvEY =¥
54 MAe 9e daelEs A538H7] 9130 Figure 991 2
ol AxEe Tyt 4Ee FARon, 78T 9
A8 sl E 19 7)sad. A2 Aol A Ba) Figure 10: Output instability of power control of load
o] U A Hobd WS Amus] gleje] goopw)  vAiation(200[W], 300[WD
2 300[W] A& Q7tete] AS Faskit)
Figure 10 o BamEe] w2 Az A3 st Az} Table 2: Power control of load variation
2 200[W] 2 300[W] A|Hel tig FapiE Axtelrh A 200/ W] S00[W]
9 Aol paeli Qi B9 BehE WESG e 49, 0 | g [t power| 00W] |Real power| 400[W]
T Time 0.84[s] Time 0.68[s]
H 1004 = qdzol AAl o] NE dgE vpE F
;—6‘}%1 o}j o ﬂ:}*ﬂaao j}gﬁﬂﬂ_’"o];& o o o , | Real power | 300[W] |Real power | 400[W]
s wJ—]Z g 9 Lie ]* M; = :T ; Time 0.88[s] Time 0.64[s]
5 A3 o = e 5 A
q. (_3] 31 i 2=n= 0o 3§] 131'—101'0:1 EZ—]] ;\(j'_lol X] ° ;d—] 3 Real power 300[W] Real power 400[W]
= FEohsdl A AE gEohd Table 29} o] 1t Time 0.82]s] Time 0.62]s]
Ebdl 4= Qlt). Table 20014 & 4= 1%0] 200[W] <& A& Avera Real power | 300[W] | Real power| 400[W]
o] 745, 0.846[s] ©]L 300[W] A& =A== 0.646[s]2] ge Time 0.846[s] Time 0.646[s]

Franld A XYo@ e3 A Al43¢@ A9=(2019.11) 758



epdsel whE HESS &t HEjA] AWEe] 54 A

Figure 112 200[W] <% A& 2ol A Faiige] o3
AFe Ak AfF AT _H_o%%‘—ﬂ k. 5} WEA
AE AGL FE37) AaM AR Ak AF7L WEd
< 18 = 9la FF Alzko] of 09[s] E<k vEhdiT)

wab ol& Azrelr] 9la) At FuEe A8
2}, Figure 129} ko] Zejghe] 1o} wige] mpe A9 o

(o]

iIs) L

.
A5 FEHE AL H2A

i

Blue : Command power (200[W]. 200[ms] / div)
Green : Real power (200[W7], 200fms] / div)

Ppc

—
Z

200
[W]]
0
200
[V]:I
0
5
w]
0

Figure 11:
control(200[W])

209 [s] 0

0 5 18

Waveform of output instability of power

Blue : Command power (200[W1, 200[ms] / div)
Green : Real power (200[W]. 200[ms] / div)

DC

200 |77 M e " p — 200
W] ref w]
0 r 0.84 [s] 0

Vpe
X

0 18] 1.8

Figure 12: Power control after using proposed
algorithm(200[ W])
Blue : Command power (300[W]. 200[ms] / div)
Green : Real power (300[W], 200[ms] / div)
P DC N
4 Do
300 I: p— J 300
[w]:l I 0.84 5] 1 W]
0 0

Toc
4

300

v :I
0

5

w]
0

4 [s] 1.8

Figure 13: Output instability of power control(300[W] )
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