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Abstract: The penetration insert plate of the containment vessel (CV) in AP nuclear power plants is a nuclear-grade thick
plate structure, whose welding quality directly determines the sealing performance and structural integrity of the third safety
barrier. At present, manual metal arc welding is widely adopted in domestic construction, which is featured with high labor
intensity, poor quality consistency, and high dependence on highly skilled welders, seriously restricting the efficiency and
quality stability of nuclear power construction. To solve the above engineering problems, a set of special automatic welding
equipment for CV penetration insert plates in AP nuclear power plants was developed. Taking the four-axis linkage welding
trolley as the core executing mechanism, the equipment integrates an integrated tensioning positioning mechanism, auto-
matic arc voltage tracking system and remote molten pool monitoring system. The innovative three-speed clutch and 180° re-
versible monitoring camera are designed to realize rapid clamping, precise positioning, full-attitude stable welding and real-

time visual monitoring. Aiming at the problem of welding torch shaking, the original optical axis copper sleeve transmission
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was optimized into linear guide rail transmission, so that the shaking clearance of the welding torch end is controlled within

1 mm. The simulation test was carried out with SA-738Gr.B nuclear-grade steel. The results show that the equipment runs

stably with the shaking clearance of the welding torch end < 1 mm, and the welding efficiency is more than doubled com-

pared with manual welding. The simulation welding verification proves that the non-destructive testing and physical and

chemical properties of the welds meet the ASME standards. The core components are 100% domestic, which fills the domes-

tic technical gap and provides an efficient and reliable automatic solution for nuclear power welding.

Keywords: AP nuclear power plant; CV penetration; automatic welding equipment; localization
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Fig. 1 Drawing of straight plug penetration for AP reactor type
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Table 1 Dimensional data of electrical penetration for AP reactor type

(mm)
YL REJR =i Il AMR
7; Di Do Doe L Le Dl T]
44.5(1.75")
430 540 480 458 381 800 889
47.6(1.875")

2 SCHR A ) B B VAT, 24 OV B SR i
SR T 2 T A v R AR SR o Sl AR B
e CV B 42 8] P HEA T, 2R 18] 9 15 22 R
V-1, 6 b i AR A 5 2 14 T o i 42 e 3 R 3 A
e AEE N B A T AR I R M S it K
eE™

H AT, FE P AP HEALZ 30 B, CV BT 28 4
AMFEEAT LI G AR S5 r IR (SMAW )y 3=, 108
ey SAFAE IR ARG 45161 5 5| 2 S BB 11 7
T KU, LK I i — SO DR e [ R i 1 &7
Bl T S T SA T eSS A ) . AR
L2 R A R 1 (GMAW-135) AT #uii
AN/NBRE Bl s e TSR B
ARV - BEART- T AR AT R A AE 1 [ XU . (H %
FH A Bl R 4 BB & T I = KA Do R0 - 03 R

B B ) S RSl P KR s AT AR e,
IR MR GBI, J2 R BOZ B AN Y
KEEFTE.

2 CVEFUHLTREHNLEERST

it

2.1 EEWMEBEHEIE

B X6 A TR B2 A 1) 5 R R S (AR AR SR
@800 mm . J& 88.9 mm, Z¢ 45 BE JE 44.5~47.6 mm )
N IR R 00, e 2 W % LA RS IS e A2 mT
S FRAEERE A R

B A SR AR R A, R IR AR A Y
FEWHL i TS TR AR E S SRR A X ]
R N EREROE BT R . BEEICV T
CEIFAR AMUREE N 360° ML 454, HAR B f b 75
TENT AR P RE AL (R TTe , Xo A5AG R M S &
AV RIEMESR I TR, T, Rkt
A5 8 U e B4 ) LR B A I BR R | IC R A h E
7RG E% O IRE , A e e 1 S5 4R ik, TR
B T A A R 5RO
22 FEEFEMN

CV B AN L F Sl IR 2 n A% 0o
BALEE PC 3y A HL Ze s A% AR IR (K 221 AR
F/ NG Rk B AL AR T B R A 5 5
AL AR A 1 T OIS Bo SR b
P, G 2 s

B X2 A 50 2R TN 385 | R I I 6% v 3 22 ()
(KRR 2R 4 mm), &1 I BIURRE: 258, H
i i 2R 0 AT 3 2ok I ey R ) R S JR R i 4
1 BE BRI B ST ARG R B ARSI
BRI AR AR P S AR T i — 3R

R A IO A R I A L I R A T AR
PLEE B RAE SR X IR A5 =5, IR DAL 2= o
BB R A, BRAEN B T RIS AE SRR 8 A,
L TC T 0 AL e DX 3k, R AT ek S 7 B e i
KAF G ML RS SO 4017 MR FRIRA
RER MRS TR BNk b, )2
A TR TR 57 S B



122 l@iﬁﬂg\

2026 4F
KA 5L e AL
Sm <o /L
PR ‘ N

e 5T > T

B ‘ Sh

N AN

15m 35m
Pl = /I G R
TR - a2k HURTALA 2

El2 FEEEMEEK
Fig.2 Overall configuration of the equipment
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Table 2 RT inspection results

5 RAY Wonsgs BE BepEiR o g5
1 FL-1 8 2.1-3.3 E S I Gk
2 FL-2 8 2.1-3.3 DIx1 14 I Gk
3 FL-3 8 2.1-3.3 DIx1 14 I Gk
4 FL-4 8 2.1-3.3 E S I Gk
5 FL-5 8 2.1-3.3 DIl 14 I Grias
6 FL-6 8 2.1-3.3 E S I Gk
7 FL-7 8 2.1-3.3 E S I Gk
8 FL-8 8 2.1-3.3 E S I Gk
9 FL-9 8 2.1-3.3 E e I Gk
10 FL-10 8 2.1-33 @1.5x1 244 I Gk
11 FL-11 8 2.1-3.3 GIx1 145, I Gk
12 FL-12 8 2.1-3.3 GIx1 145, I Gk
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Fig. 10 Macrograph of tensile specimens
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Table 3 Tensile test results

IS LR/ °C IRAE R PUpisEE/MPa  JRIRIRE/MPa WIS KR/ % WG % W g
GC-TT-01-1 EiR 38.00x15.41 633 — — — EEpF X
GC-TT-01-2 i 37.97x17.79 637 — — — EEpF X
GC-TT-02-1 EiR 38.04x15.43 628 — — — EEpF X
GC-TT-02-2 iR 38.02x17.74 635 — — — EEpF X
GC-TT-03-1 200 @12.40 554 450 21 74 EEpF X
GC-TT-03-2 200 @12.41 547 465 20 79 EEpF X
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Fig. 11 Macrograph of impact specimen fracture
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Table 4 Impact property test results
B S s 0 o) B 17 S 7)) )
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22 115 1.11 100 Hriki
2-3 125 0.84 100 ES0
1-1 118 0.97 100 Hribi
1-2 120 0.95 100 ik

R 1-3 107 0.92 90 ik
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