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Research on the Application of PLECS in Teaching for Power Electronics Technology

Hu Renjun, Yang Xiuli, Xing Hang, Sun Zhengang

South China Agricultural University, Guangzhou, 510642, China

Abstract: In the current context of engineering education accreditation, where emphasis tends to be solely on theoretical analysis in power
electronics teaching, an exploratory study of integrated electrical-thermal simulation teaching using the PLECS platform has been initiated.
With power electronics technology as the focal point, the aim is to cultivate applied engineering and technological innovation talents. The
objective is to guide students in comprehending the intricate working mechanisms of power electronics technology in practical scenarios,
stimulate their learning interests, and deepen their understanding of key concepts.

Key words: power electronics technology; electro-thermal co-simulation; PLECS; engineering education accreditation
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An Interleaved Bidirectional Coupled-Inductor
Based DC-DC Converter With High Conversion
Ratio for Energy Storage System

Renjun Hu ', Zhixing Yan

Man-Chung Wong

Absiract—In this article, an interleaved coupled-inductor
(Cl) based bidirectional dc—dc converter (BDC) is proposed
with a higher voltage conversion ratio (VCR). In this pro-
posed interleave Cl-based BDC (ICI-BDC), the Cls can op-
erate as both a filter inductor and a transformer simulta-
neously, so that the power density is improved. Moreover,
as a transformer, the turns ratio of Cls is used to improve
the VCR with a voltage stress reduction purpose. Further-
more, the interleaved technique can well achieve the low
current ripple and reduced current stress in this topology.
To control ICI-BDC, the pulsewidth modulation plus phase-
shift (PPS) control is employed, where the duty cycle is
used to match the two side voltages, and the phase-shift
angle is used to control the amount and direction of power
flow. Uniquely, a difference value is set between the two
side duty cycles, and the duty cycle of the high voltage
side is smaller than that of the low voltage side by a fixed
value. In this proposed control method, all the switches can
achieve soft-switching even at light load condition, which
can improve transmission efficiency. Experimental results
obtained from a 1-kW prototype show a nearly high effi-
ciency under all loading conditions, validating the viability
of the proposed ICI-BDC topology and control method.
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current ripple, soft-switching.

|. INTRODUCTION

ITH the growth of the global energy crisis, plenty of
researchers start paying more attention to renewable en-

ergy generation systems [1], [2]. However, the generated power
and output voltage of renewable resources, such as solar energy,
wind energy and fuel cell, are influenced by the environment
dramatically. Thus, the energy storage elements, including bat-
tery and supercapacitor, are employed to suppresses the power
fluctuation and enhance the reliability of the power system [3],
[4]. The voltage of a storage battery is typically 48 V or lower,
which is far less than the 400 V of high dc-bus voltage [5],
[6]. Therefore, a bidirectional dc—dc converter (BDC) with high
voltage conversion ratio (VCR) is desired as a connecting device
between the storage system and the dc bus.

The conventional bidirectional buck-boost converter (CBB) is
a simple and widely used BDC, which is derived from the boost
circuit by replacing the diode with an active switch. The CBB is
an important candidate for applications with bidirectional power
flow. However, it is not suitable for the high VCR applications
due to the limited VCR, high voltage stress, and extremely
high duty cycle of the switch. Many high VCR BDCs have
been proposed by employing voltage-lift techniques, such as
quadratic cascade, switched-capacitor (SC), and CI. The VCR
of quadratic boost converters (QBCs) can increase exponentially
versus the duty cycle, and a high VCR can be achieved easily
with a proper duty cycle [7]. Although the topology has a simple
structure, the main switch of QBCs still suffers high voltage
stress, which means the high power rating switch is required
with the high cost and large on-resistance. The SC-based BDCs
(SC-BDCs) are known for their low voltage stress and high
power density [7]-[10], while they cannot be applied to the
energy storage system because of the current pulse and poor
voltage regulation ability [11].

To overcome these issues, a filter inductor is embedded into
the low voltage side (LVS), which is beneficial to restrain the
current pulse and achieve flexible voltage regulation [12], [13].
Nevertheless, a number of devices are used in the SC-BDCs,
when a high VCR is required. The CI-based BDCs (CI-BDCs),

0278-0046 © 2021 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
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A Coupled-Inductor-Based Bidirectional DC-DC
Converter With High Voltage Conversion Ratio
and Sensorless Current Balance

Renjun Hu ', Haixia Qi, Zhixing Yan

Jun Zeng

Abstract—In this article, a coupled-inductor (Cl)-based
bidirectional dc—dc converter with a high voltage conver-
sion ratio (VCR) and low voltage stress is proposed. The
topology can achieve high VCR by employing two Cls;
moreover, the interleaved technique overcomes the defect
of large current ripple in Cl. A sensorless current balance
between the two Cls is also realized without an auxiliary
circuit and complex control method. The pulsewidth modu-
lation plus phase-shift control is employed, where the duty
cycle D is used to adjust the VCR, and the phase-shift
angle ¢ is used to control the direction and amount of the
transferred power. In addition, all switches can achieve soft-
switching under a wide operation range. The steady-state
analysis of the proposed converter is analyzed in detail,
followed by comprehensive experimental verification under
a 1-kW prototype.

Index Terms—Coupled-inductor (Cl), high voltage con-
version ratio (VCR), sensorless current balance, wide soft-
switching range.

[. INTRODUCTION

ECENTLY, increasing developments are achieved in the

field of renewable energy generation and it helps alleviate
the energy crisis. However, the intermittent nature of renewable
power sources, which means unstable output power, will inhibit
their application in modern production and daily life. To over-
come this issue, the dc microgrid systems including the energy
storage module are studied widely, as shown in Fig. 1. In the dc
microgrid system, energy storage devices are connected to the
dc bus (380-800 V) to restrain the influence caused by the power
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Fig. 1. Typical architecture of dc microgrid system.

fluctuation of renewable energy sources, such as PV panels and
wind turbines [1]. Two connection schemes, series and parallel
strings, can be adopted in battery packs. The series string can
provide high terminal voltage, while voltage equalizing circuits
are required to solve the voltage imbalance problem between
battery cells [2]. Thus, the parallel string is a competitive candi-
date when considering the cost and power density of the system.
However, the terminal voltage remains low when battery cells
are connected in parallel. In conclusion, a bidirectional dc—dc
converter with a high voltage conversion ratio (VCR) is required
to connect the low voltage battery module and high voltage dc
bus [3].

Based on the above background, various bidirectional de—dc
converters have been investigated. Among them, the dual-active-
bridge (DAB) converters are the most common topologies as
they can achieve zero-voltage-switching (ZVS) and bidirec-
tional power flow. In general, DAB converters are composed
of half-bridge [4] or full-bridge [5] with a high-frequency trans-
former, and a high VCR can be achieved easily by adjusting
the turns ratio of the transformer. Currently, research on DAB
mainly focuses on the modulation strategy. The single-phase-
shift modulation scheme is the simplest strategy applied on
the DAB converter, which can achieve continuous regulation of
transferred power by adjusting the phase-shift angle. However,
there exists a mass of reactive power during the power transmis-
sion, and it drives a higher circulating current. Meanwhile, the
terminal voltages must be matched well to ensure the converter

0278-0046 © 2022 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.
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A Circulating Power Suppression Structure for
Three-Winding-Transformer-Based Converter

Zhixing Yan

Ningrui Yang“, Jun Zeng

Abstract—A circulating power suppression structure for a three-
winding-transformer-based converter is proposed in this letter.
The equivalent circuit models of the dual-transformer-based and
three-winding-transformer-based converter are derived, which il-
lustrates their merits and demerits. With the proposed structure,
the drawbacks of these two transformer-type converters can be
overcome, and their advantages can be combined. Useless circulat-
ing loss in three-winding-transformer can be reduced to mW level
and can be omitted. The complex and coupled dual-transformer
parameter design problem can be solved. The analysis and perfor-
mance of the proposed structure are fully validated by experimental
results.

Index Terms—Circulating power suppression, three-winding-
transformer-based converter, wide voltage regulation capability.

I. INTRODUCTION

O REACH carbon neutrality for global temperature con-
T trol, renewable energy is quickly growing all over the
world. Most renewable energy systems either inherently gen-
erate dc currents or incorporate dc stage [1]. Dc microgrids and
internal dc—dc converters have attracted significant attention in
both academia and industry. Various dc—dc converters have been
proposed for specific applications (e.g., isolation, low common
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current, high voltage-gain, wide voltage range, bidirectional
power flow) [2], [3].

The dual active bridge (DAB) converter is one of the most
popular dc—dc converters, which features bidirectional power
flow, soft-switching, and high power density [4]. By adjusting
the phase-shifted angle between two ends of the leakage in-
ductor, transferred power can be regulated for DAB converters
[5]. For traditional voltage-fed DAB, if the voltage amplitudes
at both sides of the transformer are mismatched, the current
stress will increase and the soft-switching may be lost. However,
wide voltage regulation capability is an essential requirement in
battery charging/discharging applications. To widen the voltage
regulation range, the current-fed DAB approach has been pro-
posed [6]. Current-fed DAB can regulate voltage amplitude by
PWM modulation to ensure voltage-matching. However, two
dc filter inductors and a clamp capacitor have been introduced,
which will reduce the power density.

To further extend the voltage regulation range without reduc-
ing power density, the concepts of three-winding-transformer-
based (TWT) DAB and dual-transformer-based (DT) DAB have
been proposed [7]-[10]. Unlike two-winding-transformer-based
DAB, TWT-DAB can achieve a wide voltage range by hybrid
modulation strategy without external components [7]. But the
circulating power among three windings caused by the phase-
shifted angle differences is inevitable in TWT-DAB, as the
power transfer model is similar to a meshed synchronous ac
grid [11]. To overcome this issue, DT-DAB has been studied
widely, due to reduced circulation loss and power decoupled
ability [8]-[10]. However, the disadvantages of DT structure
are that two transformer cores need higher total power handling
capacity than single-core and the parameter designs of these two
transformers are coupled [12].

Therefore, a modified TWT-DAB structure is proposed in
this letter, which can reduce circulating power and decouple
transformer design than DT-DAB. This letter first introduces
the equivalent circuit models of traditional DAB, TWT-DAB,
and DT-DAB. Then, the modified structure model is proposed,
where the circulating power suppression approach is derived.
The experimental comparison and corresponding analysis are
presented at the end of the letter.
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3.2 Bipolar Output Partial Power Processing DC DC Converter Without Transient
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Bipolar Output Partial Power Processing DC/DC Converter Without
Transient Failure

Ningrui Yang ¥, Gengning Ying

Renjun Hu

, Qiang Yi

This letter addresses the transient failures ob-
served in existing bipolar output partial power processing
converters, attributing the unpredictability to the toggling
between different switching logics. To overcome this issue,
a novel bipolar output dc/dc converter with unified switch-
ing logic is proposed. By incorporating a switched capac-
itor, the polarity of the output voltage can be conveniently
adjusted by modifying the duty cycle without altering the
switching logic, thereby naturally resolving the transient
problem. The proposed approach is validated through ex-
periments with a maximum power of 500 W, demonstrating
smooth transient performance under varying conditions.

Bipolar output, dc/dc converter, partial
power processing, switched capacitor, transient failure.

|. INTRODUCTION

HE efficient use of renewable energy has always been a
key issue [1], [2]. An energy router that integrates renew-
able energies and multiple voltage source converters is proposed
to enable proximal grid connections for renewable energy [3].
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P® converter illustration. (a) Structure of P® converter. (b) Effi-
ciency comparison assuming converter’s efficiency as 90%.

While other customized converters are further proposed to pur-
sue a more efficient connection [4], [5].

Generally, a cascade structure with the full power processing
converter is prevalent in existing solutions, but it is often associ-
ated with significant losses due to multiple stages of full power
rating processing [6]. Although an efficiency-enhanced control
strategy is proposed in [7], there remains untapped potential
for further optimization in the utilization of renewable energy.
In this context, the concept of partial power processing (P*)
has gained increasing attention for its inherent advantages. As
presented in Fig. 1(a), unlike traditional two-stage configura-
tions, P significantly reduces power losses, which are directly
proportional to the voltage difference Vo between input Vi,
and output Vo [8]. Recent studies have introduced various in-
novative P> topologies [9], [10], further demonstrating its po-
tential to enhance efficiency and reliability in renewable energy
systems.

However, extra efficiency potential in P? converters still ex-
ists [11]. Taking Fig. 1(b) for illustration, considering that the
voltage of renewable energy Vi, ranges from 0.75 to 1.25 Vo
(Vhor 1s the nominal voltage), since most P3 converters can only
output positive voltage, the output voltage (V) must be higher
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V. CONCLUSION

Partial power processing converters with bipolar output
presents high efficiency advantage in renewable energy gener-
ation. Based on state-of-the-art solutions, further research on
transient is conducted in this letter, more findings are obtained
as follows.

1) There is a transient failure problem in the existing

solutions.

2) The key to the transient failure is caused by the inherent
toggle of switching logics.

3) A bipolar output converter with unified switching logic is
proposed to solve the transient problem. With the develop-
ment of the wide-band-gap semiconductors, the switching
frequency and efficiency can be further increased, and our
future work will explore the soft-switching methods for
this converter to realize the high-frequency, high power
density and lightweight design.

REFERENCES

[1] H. She and H. Zheng, “The Red Sea microgrid: A 100%-renewable
grid for the new city,” IEEE Power Energy Mag., vol. 22, no. 6, pp.
101-108, Nov. 2024.

[2] T. Ma, W. Pei, H. Xiao, Y. Yang, and L. Ma, “A joint power and
renewable energy certificate trading method in the peer-to-peer market,”
IEEE Trans. Smart Grid, vol. 16, no. 2, pp. 1604-1618, Mar. 2025.

[3] L. Wang, Y. Pang, M.-C. Wong, Q. Xu, X. Zhou, and Z. He, “A
new topology of three-port power hub converter with power quality
compensation for remote area residential power supply,” IEEE Trans.
Ind. Electron., vol. 68, no. 11, pp. 10336-10348, Nov. 2021.

[4] Z. Wang, Z. Zheng, and C. Li, “A high-step-up low-ripple and high-
efficiency DC-DC converter for fuel-cell vehicles,” IEEE Trans. Power
Electron., vol. 37, no. 3, pp. 3555-3569, Mar. 2022.

[5] V. Rathore, K. Rajashekara, P. Nayak, and A. Ray, “A high-gain
multilevel de—dc converter for interfacing electric vehicle battery and
inverter,” IEEE Trans. Ind Appl., vol. 58, no. 5, pp. 6506-6518, Sep.
2022.

[6]

[71

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

N. Yadav, N. Hassanpour, A. Chub, A. Blinov, and D. Vinnikov,
“Improved maximum power point tracking algorithm for step-up/down
partial power converters operating around zero partiality,” IEEE Trans.
Emerg. Sel. Topics Power Electron., vol. 12, no. 2, pp. 1984-1994, Apr.
2024.

Z. Xiang et al.,, “A residential miniboost photovoltaic inverter with
maximum power point operation and power quality compensation,”
IEEE Trans. Ind. Electron., vol. 70, no. 5, pp. 4320-4331, May 2023.
D. Neumayr, M. Vohringer, N. Chrysogelos, G. Deboy, and J. W. Kolar,
“P3DCT—Partial-power pre-regulated dc transformer,” IEEE Trans.
Power Electron., vol. 34, no. 7, pp. 6036-6047, Jul. 2019.

X. Sang, Y. Wang, S. Gao, Y. Guan, and D. Xu, “Analysis and design
of a partial power processing architecture for high step-up applications,”
1IEEE Trans. Power Electron., vol. 38, no. 7, pp. 8654-8665, Jul. 2023.
M. Li, Z. Ouyang, M. A. E. Andersen, and G. Wang, “An efficiency-
oriented two-stage structure employing partial power regulation,” in
Proc. IEEE 9th Int. Power Electron. Motion Control Conf. (IPEMC-
ECCE Asia), Nanjing, China. Piscataway, NJ, USA: IEEE Press, Nov.
2020, pp. 2104-2109.

N. G. F. Dos Santos, J. R. R. Zientarski, and M. L. D. S. Martins,
“A review of series-connected partial power converters for dc—dc
applications,” IEEE Trans. Emerg. Sel. Topics Power Electron., vol. 10,
no. 6, pp. 7825-7838, Dec. 2022.

N. G. E. D. Santos, J. R. R. Zientarski, and M. L. D. S. Martins, “A
two-switch forward partial power converter for step-up/down string PV
systems,” IEEE Trans. Power Electron., vol. 37, no. 6, pp. 6247-6252,
Jun. 2022.

W. Xiong, M. Wang, G. Ning, Y. Sun, and M. Su, “A ZVS branch-
sharing partial power converter with bipolar voltage regulation capabil-
ity,” IEEE Trans. Ind. Electron., vol. 71, no. 2, pp. 1572-1582, Feb.
2024.

M. Veerachary, “Bi-polar buck-boost converter,” IEEE Trans. Circuits
Syst. II: Exp. Briefs, vol. 71, no. 4, pp. 2429-2433, Apr. 2024.

L. Cheng and F. Wang, “A new transformerless four quadrant dc-dc
converter with wide conversion ratio,” in Proc. IEEE Int. Conf. Power
Electron., Comput. Appl. (ICPECA), Shenyang, China, 2021, pp. 486—
491.

Q. Bu, H. Wen, H. Shi, Y. Hu, and Y. Yang, “Universal transient dc-bias
current suppression strategy in dual-active-bridge converters for energy
storage systems,” IEEE Trans. Transport. Electrific., vol. 7, no. 2, pp.
509-526, Jun. 2021.

J. Zheng et al., “A seamless thermal balance control strategy for
asynchronous parallel half-bridge circuit,” IEEE Trans. Power Electron.,
vol. 40, no. 6, pp. 7657-7662, Jun. 2025.

Authorized licensed use limited to: National Institute of Fashion Technology. Downloaded on March 14,2026 at 14:45:27 UTC from IEEE Xplore. Restrictions apply.

75



v BHFRCR

76



1ﬂ&%%

FHR AR K

e & el ey A g ) Qe A e B T A TG JRi et SR 7 & A ._rr"'_-‘_'_"_\'_.-";
D A RS TR RS R TR PR ARSI IR ST R RE I RS TFRBT ARSI RED RS AR A RS R R AT R ARG RE RS RS ARG RE TR IR TR RED AT R TIS RED RED R R %7~

AXZPERALELSSFASFH A ST £
KRB O HME HIE R

RN - A3t ¥ £

YAV B Y AV Y

WH AR KSR B AR SRS R A

1

AL,

YhhEd:. —5 %
RN Rk K F

VRN

i)

g I A IR AR BB R R e B B e g L A B R BB AR I e B B B R R A DB Bl R S Ao i R R e I 13 S TR
K - . o8 . "‘-'.'-.‘-" X 3 = :. _(

7



2 F AL
2.1 —MIEHTHH u)?miﬂﬁgfﬁnzgmc DCAF e 28

IE 5 %569887455

b))

K& i

& W 2 B —ME R TETREIR R SRS BRI DC-DCAE Rt

£ B AN SRR RE SR B R AR R,
BRRE K B A T 7 R FH; XS R 7S
L ] 5. ZL 20221 0403878.4

£ F) H3F H: 20224F04 H18H
T F AN R
H Hb: 510642 | RAE T MHRITIX FL1L K 4835

AN % H: 2024505 H10H AL 4 B, CN 114938140 B

BR&RERARBFEARERE LA EZRITFE, ACRTEAR, MAXLALAHES
FAEFABRELT AR, FARARRAEZBRLER. FARPRAI-TF, aviFai
ﬁ@

EAHEBIEE T ARBRR G EERIL ., ARG ES, RIF. LR, &L, KEFRETHAR
AWHLRLMAR, BE, T2 EFFREKLTARLEL,

w

B

FE1WREF2R1)

H TR ARG R



22 — bR = SR AR K AR I A 45 44

ik 5 569910655

b))

K& F i

K W & AR M =S AR AR A H 5548

£ W N SRR RS A B R B I A
AR D E I
% ] 5. ZL202210174508.8

L F B IE H: 2022402 H24H
L F A AN Rk RF
b Hb: 510642 | RA T MTRIX 1L #4835

BN & He 2024405 H10H BERLAN B CN 114726197 B

BEsREREERBEREARERE EAERTFE, AR T EAR, MAKXAFTAESH
FAEEAMBRLELTF AR, TARABRAEZ ARAK. TARMBEAI_TF, avifadi
.,

FAPERB LR EABR LR QR AR, ERARGEAS, R, L. 4Lk, REFEHR
AQHLEB LA, BE, T 2EFRRLEAAEEALLEL,

w

FAK

FE1HEF2R1)

b F A SD R



At 257




1 fg kg g
1.1 25 FE ke i A o T AT o

=

2

- | e

[ PR Y P L P P R P P P T fo als als als ale aja ale ale ala als als ale als ale alp Al ale

FERRARRARNEY srrinrnbdiiin AEr TR IR RA R TR RN

N

Wer Suppss

|

C

-

= )
e

%
e

LE

e
R

e ol apgn e =
S e

Infineon GaN
| BHEEBR R TR AR R E

ae |

oy ol TS S i S gl (e g (N S e T R

FEas s s
=

Student Design Competition on Power Electronics (DComPE2024)

o mfim alr mle mle Alm als als B Ale afs alls Al Al
’ v TR0 GXH GEe Sfw

—_ ==

Az S =AY |y
BSEomh: k. WE

I~

i SPBADL: . . . BRI

o
smimmsamliessmEnse

Vi e e e o= e i i G e

i
¥
@l
e | o
B
i
e
i\ I o
%
A
.,\,:E
iy 5w
o (o
'!u;.
8 L
3,7-‘1‘-:
o) [t 4
o [0 W
[y L
3 L
‘
b

Al mim als alsr Als aYe als alm Ala Als Sl Al Al Al Al als ale

wasssssEaTa RS AR

is pensasss e
& T B L B B B B B, B 8, N e el e o, 4, W, o, 8,

%o 86 210 240 O D05 X0 OX6 OX6 AX6 BXD X6 8X6 AX& 0X0 X X6 BX8 BXE & (02" X8 8X0 R0 X0 AX6 A8 0X8 BX8 2XD
v A e G e A e s S e A ds e de e de ds d s o o o o dfe ofe o o die diw A

81




12 = fm e U DA A IR S R AR X =5

IEBHRS: 20243G426S

BEESRT TRUNAR

RRIEP

/7"<\

AR K 2
B R KB

FRF=ZEBEERKRBESETIEMNHKAE
I R4, EABITHRX,. BISINTHRESZHHEX

ERE=ZEFEXR
A MAE, KIBER .

2

i

D

FEm: NoERREETHRS
S2I: BCER AMRRI




A7 N 3
IR Bk 45
R R A FE M1
HE SRR SRR B+~ R AR & AR ¢

FMEBRARFWAT AFEZEDRFIRANIKT
SHEARFHZFR, wtAnFHESEI.

$ERUMIE, LUEERD.
EREZS . 1612019570
HEE2 R, 471202100904 4000




T\Tzi’%ﬁiﬂ@h%ﬁzﬁF@ﬁ\aﬁ%ﬂﬁﬂﬁmﬁﬂﬁ%@%p%ﬁ 1 B[ fH 13 &

8] ERMES: 20252G360S
&)

-:] ﬁh

5] ‘v *_',"F

5] a7/

&l WIS F T HGAT

)

; ARIUEH

] Py

= He R Rl K

FIWHE W XA BREE AREEM EBLA
RRFMNEERBSEFIREYMNKRE

5 JTHRE. BEMK, BITHK, 484
5| 2 £ 2

% 15*%5-—-%§;ég

= 15 UEE,  BLAERRD .

15

ﬂ SIS : DC/DC MM H L IaFi& it
- IS IH: HHZER ARRI

3] [

\

i
3 [ e e e T s o —————————— A e |

_‘! T S B S e et e Lo e o B BN Post Roe S e e T Tosx fom e B oo e oom e o=

m(:b|[_DﬂLMUHun§ﬁDﬁumutuuuL



ZN A

™ P
e

W M K 2%
IR L JE 45
gl K F A1
F SRR S+ A B S B

HAMEERARTZWAS KT RFXERANIK
TERAARFHE=FR, #FANFREFEID.

YFAMEUE, LASEEURD.
IEPRHS: 1612009797
WEHF =0 :




2 FRFERUEEAL

2.1 —Fi ey B P AORS 5 FEL IR Ry 3 2 XU R DC/DCAE i 2%

FRARKS:

BAREL (FFHEFEN &F

W OH & R

2k (BT

k5% (Z77)

23 7 N B 1P
£ T # A
7 % M R

— R EH THERRE AR

1234 DC/DC T

[~ AR BT e IR AL A R A F

LRI KE

2024 £ 4 A 20 H

[

2024.4.20 - 2025.4.20




FH=%: WHEBITASRATAEENSY, PR, HRR
Y. IR EMARE, BEHRUTE_ 1 ROy,
1. $7% HIRF= AR T2 R
2. MREM A RIERAVR.
FHIE: WHLEASREMBLERY: L
Ft+RE: A5RA—R tr, BERZHEENT.
B+ E: AARABEREFTHEENRELZ HREN.

,*ﬂﬁ' e,
5 0 ok
S e g

LGPy
7 IR R IR (3#8)

=S

[ "'Ef_ur% i %“

BEREARA AZEAE AL %0 e
N Jzﬁé\;ﬁ LS ,:;"

%, o o5

L7 TR A .
% 12
%%ﬁ%k/%%@%ﬁ%@%%&%glf_ (%4)
O
\““Qﬁj#ﬁ %Jﬁ;ﬂﬁ

ENFERL SRR Ak -

87

[k



(TR AR & FEEAES)

ARG

1. HiERIEA:

2. FieMel: (D

(2)

(3)

3. & FEZRA,

4. BRAXHH:

BARERZEHE (BIFE)

88

ZYIYE
T

A

H

’ -
P



	附件8：业绩成果材料模板
	附件8业绩证明材料-胶装



