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Exploration of application of redundancy technology in ship lock control systems
ZHOU Dongdong', MO Xiong', YIN Binyong®, WU Fangwei'
(1. Hunan Provincial Water Transportation Construction & Investment Group Co., Ltd., Changsha 410011, China;
2. Changsha Xiangjiang Comprehensive Hub Project Office, Changsha 410200, China)

Abstract: To the high reliability requirements of the ship lock control system, an in-depth study is conducted on
the application of redundancy technology in the Hunan Water Transport Construction Project- Ship Lock Project.
A multi-level redundancy designis adopted, with a dual PLC ( programmable logic controller ) hot standby
architecture deployed at the control layer. Periodic data mirroring is achieved through a dedicated synchronization
module, eliminating single point failures. At the network layer, a physically isolated dual-fiber ring network is
constructed, reducing the communication packet loss rate to zero. At the data layer, dual engineering node servers
are used for hot standby, forming a full-stack fault-tolerant system covering the control layer, network layer, and
data layer. Combined with practical engineering cases, a practical analysis and comparison are conducted. The
results show that the multi-level redundancy design can significantly improve the fault tolerance of the system,
achieving an annual availability rate of 99.99% for the ship lock control system and ensuring zero unplanned
downtime for the “Golden Waterway”. The relevant experience and methods can provide reference for similar
projects. Based on actual on-site requirements, a dynamic redundancy adjustment mechanism can be adopted to
achieve partial equipment redundancy, thereby achieving the effect of “high reliability-low cost-strong adaptability”.
Keywords: ship lock; control system; redundancy technology; PLC; ring network
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Fig.1 Topological diagram of control system for Zhuzhou Second-line Ship Lock



%4 BAA&& %

: B H RGP TAB A E AR - 217 -

W AR v SRR 51 AR 0 TS 2 Tl DA K R 32
M, &m0 AT 402 £ A/B Rl B
5P BE B OUAY; T AR 351247 Webaccess 8.2 #(
A, I TR 55904 (project node redundancy )
ek, ERE E/ABULART fUSs 4%, HMI IRk 55 1)
el <15 s, #RERIELSFRL, WE 2, F
TFET SRS A SE i A EE HMI IR 55, i R4 K
FERITEAT &, A H TR SRS AL R 2 &
A (SRR HCERASAE ), MW AL
Bk, I i UDP (user datagram protocol, FH ' %%
P e Up ) 4592 S 11 A f 5s Rk D BEAL, i EE
3UR(15 ) Fdd, NPAE F35 iR &L, & AL
BN 24U IP(ARP J#ERIET, FERF<1s), WG
WebAccess SCADA Iz 55, Jil 24 5 37 [] 25 1) S5 i
s,

RS FH A WP

P (R /IR 55 0T

LAl I PE S

CURMR=159 | RALARP/ T
R SEEAS -
LT
| i
PRSI <5 s

EE @

2 F/EUMRRER
Fig. 2 Flow of main/standby switching

(B EAIP

3.3.2 %2

TSR PG 7 Modicon M580 BMEH582040
& CPU, i ROBET R AP E ( BMXHS0402 ) 52
<100 ms JCHEUIR, 5 Hd R BR ([R5
<10 ms), 7ERERINAT MAST ( master task, T+
1555 ) IE3A Z i, & CPU 2 [ % F CPU 1% i 1 FH
TR RYGURAH /0 B, HMi4 CPU £
JAIVERL A2 i T_M_ECPU_HSBY DDT (# & 15
B)RIAS; 456 3 it i 5 RIO DG 2F 38 W
(MRP PpY A A1 <20 ms), iEACHE Kk, SRE D)
WEE, RG0HH>99.999% (4E K <5 min) .

FEMZE)ZE, 5261 RIR RSt M580 &
HHAE PLC 13 CPU, # M CPU 5 Fuli Z [ 4 1
I, Y B, b SR BRI, AR
WA IE s T R OALG S R AL Z 10
TR R P EE ﬁwm%ﬂ%%ﬁmiﬁhﬁ
T — IR, B ILARIRE S R SR MEI LA 3,

fﬂ%ﬂ%%ﬁﬁ 2 2 AR E L
Fr 5 b4 2 B aciebl, TR,
MM 1 W& BAE FAENLD . R AN 5l
P2l 438 2 G acH b, FEXHIBL G AR E
TE 4 AR E DL 43 50 8 AS e L, i T il i 4
S5®ME)ER:, Ty RER e, TS sk Tt
GUBTHE M2 E, B AR Y, A% T BB i
FTREEW A A B, WO 4R D T AR 5 A
AR BC RS 221 1 AR,

- - o
L TR UEEE ATERBL  HREBL
B ‘ '
FFIA g Bl
Buiecilt FRHL S
5 ¥
— ' WS g ¥ APEEIL s %M&;‘Tﬁémb
gﬁawm AR ', R !rl Wi “ﬁ R
m £ 5
MW F —__— ‘“’”'-'.Eﬁfiﬂ | AFTEAL | “'"""5 e o g i (I
RIOF |t — 5| RIOF AL > =
J— RIOFROLA) \ = I RIOFOEHD
SHIEI ¥4 Bk — 12ifﬁ|r€if)i ity (<) SAESAABMBRS | i
RIOK ﬂq--u.al EEFEEEEEEE #hrnllm
L L3 b EE o

MR

St
T

S _—
1244 AR

B3 S R E
Fig. 3 Topological diagram of control system for Qingshan Ship Lock
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