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Abstract

The paper proposes a grid-side relay topology structure for energy storage inverters, as well as its
self-checking method and energy control strategy. This topology employs three double-contact relays
(RY1, RY2, RY3) divided into two combinations: The first combination consists of the normally open
contacts of RY2 and RY3 connected in series to form an electrical channel between the AC side of the
inverter and the power grid. The second combination is composed of RY1 alone, which forms the chan-
nel between the inverter output terminal and the AC bus. The self-check method accurately diagnoses
short circuit or open circuit faults of the contacts by controlling the on and off of the relay coil and
detecting the difference in effective values of the voltages on both sides of the combined relay, thereby
achieving highly reliable self-check. By integrating efficient rapid detection technology for power fail-
ure, this strategy can achieve safe and rapid energy control during the grid-connected and off-grid
switching process, ensuring continuous power supply to the backup load. An experimental platform
for a 5 KW energy storage inverter was established. The experimental results proved the correct-
ness of the topological structure, self-checking method and energy control strategy proposed in this

paper.
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Figure 1. Schematic diagram of the grid side relay topology
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Figure 2. Implementation diagram in the main circuit of the energy storage inverter
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Figure 3. Schematic diagram for rapid detection of power failure
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Figure 4. Fast detection algorithm program flow chart for grid power failure
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Figure 5. Flowchart of the algorithm program for on-grid and off-grid switching
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Figure 6. Schematic diagram of the composition principle of the embodiment

& 6. LiEflAREREE

DOI: 10.12677/0jcs.2026.151002 16

HLER 5 RS


https://doi.org/10.12677/ojcs.2026.151002

Vel 6 It AR SC L 0 N FH S4B 2E R R B e PR e, R T ) S A SR R AR B A, i 4
H P4k A RY2 A1 RY3 AT SEILHL Ay (el 17 2 B O F B HR IS, mlid i 4k i 2R 1 D) 46
FH fifs B 100 AR 2% R R0 AR 38 S it e B SR B S 4 SR M AN AT BB (4t v

7 RIS, FESHEE T B 6 Mkt Churod f4kHLEE CHAR-
112A90EA, HEREHE N 12V, HA—4UH i, DRl w4k s 28 20 6 (0 77 3000 SR D 3 i)
RY1, RY2, RY3. f#AsiliAs sefiy i KII% 5 KW, BV R GE & LR M) B Vbus = 400 V, fiffE Lt
R A2 48 V~63V, PV ZLLEH) MPPT HiJE VSR 200 V~440 V, A% A2 i LI 23 A, L0 %E L
JE 230 V/50 Hz. H TI A& DSP #4524 TMS320F28035 i ] 10 11 GP1022. GPIO41. GPI0O44 /=4 k¥
2t A= HIE S VL. V2, Vi3, FEMRLRED 1. k3 2. k3N 3 MK fE N4k rAs4l RY1, RY2.
RY3 KA Bt .

Figure 7. Physical picture of the experimental prototype
7. EIHAE

4.2. 4AERRR B THRESCHE

TEHL IEH I, il Be AR 25 00 N TR 5247 10 I I 2k FL 28 40+ A 7 i G AN D 3R

IR 1 RN A TR 4k L 8% RY2 A RY'3 [ fih 3k AT % 5 s 5 T B Wl e PR A6

IR 2 RN EE A T Ak HL RS RY L I ik AT R B W O A R A

8 M 9 45t T iR R 2 s R TR P4, € LT =Mk AR E 2 (Relayl, Relay2, Relay3)
PAK AR RUE IS, 5055008 HU R L R (Vg_Rms) « 53K FL I (Vac_Rms) 545 #3441 Hi oL (Vinv_Rms).
Ak, EHIRFHR AT SR E, Bk B e T (s_ul6Cnt_RelayCheck). 4k H #5452
TH#%(s_ul6Cnt_RelayShortCheck). 4k 1 3% JT IR A5 11 41#% (s_u16Cnt_RelayOpenCheck), LA K 4% HL %5 % ity
L A 20E 1% 22 (VoltageError_Relay). i 8745 5 3 [F] F T ST 4k FL 2R A ORI 5 W 12 i 4

FREFEPEHE— R, 4838 B e 3038 s_ul6Cnt_RelayChecK w2 szil— ik 2, Kt
s_ul6Cnt_RelayChecK Szt 7% 1 F& /5 BV FH k8. 4k sl 284 10 B AR 5 BOE O MCU L AR 55 R U T
AEAT I ¢ FH 2 18] P s 1] 1] B A 25 T B2 R Bk, A 9 e (i . PITDARE T o JRU i aod 4k Hi 25 F A
i1+ %% s ul6Cnt_RelayChecK w] A ifi SL B [A] S, S 7 % DelayTimel. DelayTime2. DelayTime3.
DelayTime4 £l DelayTime5 F.A4™ %5 1L i B %1 1) 40 58 S5 4511

DOI: 10.12677/0jcs.2026.151002 17 5 R4


https://doi.org/10.12677/ojcs.2026.151002

Jiet) 55

20k HL R R IR

% Relay2, Relay3,
Vg_Rms, Vac_Rms

HAA R E
s_ul6Cnt_RelayCheck=0
s_ul6Cnt_RelayShortCheck= 0;
s_ul6Cnt_RelayOpenCheck = 0;
VoltageError_Relay = 0;

s_ul6Cnt_RelayChecl
—DelayTime3
Y

Relay2 ON; Relay2 OFF; Relay2 OFF; Relay2 ON;
Relay3 OFF; Relay3 OFF; Relay3 ON; Relay3 ON; s_ul6Cnt_RelayCheck++
s ul6Cnt_RelayCheck++; s_ul6Cnt_RelayCheck++; s_ul6Cnt_RelayCheck-++; s_ul6Cnt_RelayCheck-++;

I ! ! !

5_ul6Cnt_RelayChecl
<DelayTime3

VoltageError Relay=Vg Rms — Vac Rms VoltageError Relay=Vg Rms — Vac_Rms
Y
0—
Z_SysFaultMessage.bit.RelaySh SysFaultMessage.bit.RelayO
ort pen
Y Y
N
abs(VoltageError_Relay) < 10 s_ul6Cnt_RelayShortCheck=0 — abs(VoltageError_Relay) >30 s_ul6Cnt_RelayOpenCheck=0
Y Y
s_ul6Cnt_RelayShortCheck++ s ul6Cnt_RelayOpenCheck++

DelayTime5 ==s_ul6Cnt_RelayCheck

v Y
s_ul6Cnt_RelayShortCheck > 50 s_ul6Cnt_RelayOpenCheck> 50
Y Y

s_ul6Cnt_RelayCheck = 0; s_ul6Cnt_RelayCheck = 0; - —

16Cnt Rel . T6Cnt Rel : heck.bit. AcRIyCh -

s_ul6Cnt_RelayShortCheck = 0; s ul6Cnt RelayOpenCheck = 0; Q,S%ﬁ:cu legé:t" 1?:1: éﬁe ;wkliOJer H
g_SysFaultMessage.bit.RelayShort = 1; g_SysFaultMessage.bit.RelayOpen = 1; s ul6Cnt R;]ayo)};encheck z 0:
E:::ﬁ’giif ﬁ:}z ffgiif s ul6Cnt_RelayShortCheck = 0

l

|

Figure 8. Flowchart of the self-check algorithm program for RY2 and RY3 relays
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Figure 9. Flowchart of the RY1 relay self-check algorithm program
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Figure 10. Waveform diagram of the experimental prototype
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