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Abstract: The welding of the main pipeline of VVER-1000 type nuclear power plant is a key milestone in the installation of
the nuclear island. The main pipeline materials are made of composite steels 10T H2M®A and 15X2HM®A - A (vessel
nozzles) with specifications of @990 mmx70 mm and @1000 mmx75 mm. The materials belong to pearlite heat-resistant
steel, and the welding and heat treatment processes are complex, making the construction challenging. The original "sequen-
tial construction" plan had issues such as a long duration (about 12 months), harsh working environment, and difficulties in
controlling cold cracks and shrinkage deformation. By analyzing the weldability of the base metal, it was determined that
cold cracks were the primary prevention target. Parameters such as preheating at 200 °C, post-heating at 200-250 °C (hold-
ing for 12 h), and stress-relieving heat treatment at 620+20 °C (holding for 6.5 h) were established. The welding materials
(selecting CB-08I"2C and other 4 types), welding methods (argon-electric combined technology), and groove design (double
V-shaped) were optimized. The feasibility was verified through four process evaluations. Innovatively, the welding sequence
was changed to "parallel method + lap method", combined with deformation monitoring and non-destructive testing. Subse-
quent applications showed that this process resulted in a primary qualification rate of over 96.8% for the main pipeline weld-

ing, shortened the construction period by about 2 months, improved the working environment and safety, and it is the world's
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first for VVER-type reactors (patent application has been filed). It has guiding and promoting value for similar units and

other reactor main pipeline weldings.

Keywords: main pipe; welding technology; welding sequence; shrinkage deformation; heat treatment
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Table 1 Chemical composition of base metal (wt. %)

C Si Mn Cr Mo Ni A%
0.10 0.22 0.73 0.23 0.51 1.87 0.003

Nb S P Co Cu N

— 0.004 0.009 — 0.08 —
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Table 2 Mechanical properties of base metal
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Table 3 Chemical composition of welding material (wt. %)

L) C Mn Si Cr Ni
CB-08I2C 0.061 1.81 0.70 — —
T-30 0.070 1.09 0.25 — 1.54
11J1-25/1 0.062 1.99 0.71 — 12.3
DA-898216  0.079 1.69 0.38 19.95 9.85
) Co S P Mo Nb Cu
CB-08T2C  — 0.006  0.010 — — —
IIT-30 — 0.007  0.009 — — —
JI-25/1 — 0.006  0.024 — — —

DA-898/216  0.033 0.004 0.017 0.04 1.11 0.09
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Table 4 Mechanical Properties of Welding Materials
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Fig. 1 Schematic of welding joint
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Table 5 Qualification items for main pipe welding process
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Fig.2 Schematic diagram of the measurement of the main channel
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Table 6 Welding process evaluation shrinkage
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Fig.3 Measured Shrinkage Rate Changes at Various Points
4.3 PAMESEIGIT

SEEHISC 23 R BRI 0T, P
FE A IS IE I A A SR PR BB, B 5 TR
— B PG 7 I E 200£10 °C, B {42 R E A
I T PG ; 5 B BE 200~250 °C, {476 12 b,
THERY R LA 450 2440 K7 5 15 I 7 FAAE RO IR
TR 62020 °C , AR E] 6.5 h, FE/ B ERR 4%
VAR
4.4 TEZRELEL

AT T PP P 2 D UG 56 TE 0 G 56
FIEE AL e 45 S35 AR U B R SR 223K B E
TEEEE T2 . BARGSs T

(1) FIT 3% 4 JSAE M I ATLAR I RE R A -5 BE A LK
PEREFE AR AH DT AL 5 (2) Kzl Rt v, TR 2 B) A )5
PR BT A 200 °C LA L, B 1R 24074 5 (3)
FEZREM IR A A B R ARG B0 S B,
SR A Y i KR AT 1% T e SR AR AR TG
T, LRI T 5 (4) TARTIRE 2 58 %
FLZ R 2 13 i IR R & 2/3 i, S R
KRR TE I S AT AIL 5 (5) K55 T B ) #A A B A
WEZ /D 6.5 h AR I a], HERE#HI7E 620420 °C, A
AE TR T BRI T -

5 FEENHEERIE

BT A SO T2 WEE SR B I —[n
It VAR AR e R A AR T B8 T A B
P AR AT SR B T AT B R B R
R bR, BRI AT o

51 FEERER=EH

PR 47 L o s o) LA BT L 1 Bk R R
K7 Rty AL 4 TP A G, SRR AR 11 5
HALAEW T AR AR, T TR E
SRR BT AN 4 s .

S5 A TR IR RE BT, T AR AR IE
PR AR 2 B0 A A T
52 BEBETRIES

(AR il B K

a fEML N LT & LI, AR R X
fic FTIRAR JHFEE | S5 2 AIAAE B NDE & T
TURE , X S5 T P b A T ks il

b. UL T 1 50 A R AT A ks | 45
SR AR A AR T

c. Mg N BT H&FEELR, L REAETE I
ZERAR I T A BE ST

d. B BT R

(2) M A EAN AT E

TERRFEE BB AR , T XY Z 5l [ A
6 N E R, Hoh 4N E R I 5 E N 3.6.9.,
12 8 s A6 A RE G e, FH PR 4 B v e
I o PR 24N o AN i 12 46 s,
T W A& B8 m AR . Tl B oy RE R0 5%
WILRTEL A AT T A L1

() AR TE L R W

% 18 ) 35 A PR b e R i R e A A M A
1 Ff JEE [, 5 0 2o 7 A T 5 T 2 8t e 2
K6 EE o HMR 7 SR AR ARG Rt vy 14 A5 1 A1
BEX Y 57 14538 LAY E 432, SERT R KR 2R
308 3 R AR T 4 ) A T P D AN RS 5 7R AR
S8 T i 2 AT M B BERA b, DAARAE S s )
] 100 mm &L 3.6.9 .12 s 807 B FTRE iR, 7F R
WAL 406 728 T %) S A7 A 5 7 SRR FT IS 52 il BE 2
FRHE 2R 50%~60% JE)Z KR 2 100% | e A AL 35
T« PN AS 5 B0 3 2 7 ol B 1 0, 4 ) )
FE AR (R]HE B, 0 SR Ul 4 5 AR T 5 4 AR ™A s o
LiE.
53 PAME T i

I AR AR TR LK AR T R
BB PR A2 R AR N T sl e R AR SRS A o R



5510 4] KB A , % VVER=1000 #% HUFLZHL A TEAMEE T 1T 204k 111
y —
| SR A A | [ Epigmer. pT RT. UT)  Jem EE‘E%@%
v %
| N, AR | | A |
v l
| SR LA | | B2 B ]

y

| FAKE(VT. PT. RT) Je—

it
w2
et
g

v

[ EBg®RNT. PT. RT. U

v

g

| R |
v
[ mmror e | D

| i |
v

| I ARGER RS 0% |
v

I AT T

-

| SRR E 1 00% |

-

| sl il |
-
[ HRGEAT I |

[

!

| 5 R |

y

| JRAETIES |

v

[ s, pT RT. UD) e Eﬁmk

A

v

| YRS B B ] |

B4 BEEIIR

TREREEREES

Fig.4 Schematic Diagram of Welding Construction Process and Welding Quality Control
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Table 7 Requirements for heat treatment process parameters of main pipe welds

JEH A Jr gk Hub s
% TR/ TR WA ] 2 JMIPR

200+10 °C/<
250 °C/h

N2 .N5.N6.N7.N8 200~250°C/12h N/A

620420 °C, {4 6.5 h

FHEHE 1 <500 °CHJ, <100 °C/h; =500 °CIN, 4% 0.5 h;>500 °CIi}, <50 °C/h.,
Ve HIER T 2300 °CH, <50 °C/h;<300 °CH , 7EARIRZE T H 2R 415 100 °C.,
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Fig. 5 Schematic diagram of the single-loop "Sequence Construction"
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Fig. 6 Optimization of main pipe welding sequence
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Table 8 Measured shrinkage of main pipe welds
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*%D?/ M 50%~60%  KEdE fﬁm bR K
e mE sem % sem e
0° 222 5.64 5.36 5.36 4.78 4.78
90° 2.74 4.28 4.12 4.12 3.46 3.46
N3 180°  2.60 5.62 5.40 5.40 4.58 4.58
270°  2.50 4.68 4.70 4.70 4.26 4.26
0° 1.88 5.12 4.26 4.80 4.20 4.20
90° 3.08 5.66 5.52 5.86 5.26 5.26
N 180° 298 5.34 5.40 5.72 5.16 5.16
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