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TRANSACTIONS OF THE CHINA WELDING INSTITUTION September
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Fig. 1 Welded joints in the vacuum vessel at different
positions
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Fig. 2 Schematic diagram of copper pipe

PP IR 1SO 17636—2:2013 ( Non-dest-
ructive testing of welds-Radiographic testing-Part 2:
X- and gamma-ray techniques with digital detectors )
HEAT B4 K M By B8 i X (heat-affected zone,
HAZ) AR 72 WL 2H UM 5 ik RO 722 A6 R DA
1Y, {# F Keyence VHX 6000 % Y2 i i 5 3845 T
B BB e XA S, AR BRI DX RY S8R, A
TS R e DX 43 BB g iU A R T S A 7
BUBATIE , SX R AT HCAL 3, #ic B ASTM E407—
2007 { Standard practice for microetching metals and
alloys ) SR AN 10% A 1t 2 Bic Ji ol 70 J o
AR H oMt A4,

HIH1S06507-1:2018 { Metallicmaterials- Vickers
hardness test—Partl: Test method ) JEATiREE ) 14
A 30 ), B AT 4.9 N 1SO 9015-
2:2001 { Destructive tests on welds in metallic mat-

erials—Hardness testing—Part 2: Microhardness test
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Table 1 Welding parameters
SEGEAE gy PHME P T oy URREOQ(Lmin®)
6/(°) T/°C /A v/(mm-min ) vg/(mm-min ) R Pl
FTRIE 300~450 Iy, :260 ~ 320 1;,:180 60 — 20~25  10~20
HFEHL 300~ 450 250 ~ 305 65 300 ~ 350 20~25  10~20
45 W2 300~450 230 ~ 290 70 400 ~ 450 20~25  10~20
W3 300 ~450 240 ~ 280 70 400 ~ 450 20~25  10~20
HFEH4 300 ~450 240 ~ 260 70 300 ~ 350 20~25  10~20
FTRIE 300~450 Iy, :280 ~ 340 11, :180 60 — 20~25  10~20
HFEHL 300~ 450 200 ~ 285 65 300 ~ 350 20~25  10~20
90 W2 300~450 200 ~ 280 70 400 ~ 450 20~25  10~20
W3 300~450 200 ~ 280 70 400 ~ 450 20~25  10~20
HFEH4 300 ~450 200 ~ 280 70 300 ~ 350 20~25  10~20

(a) 45° 3k

(b) 90° 43

B 3 45°%0 90° IR/ IRLE R E ALK WA K N AB AL
Fig. 3 45° & 90° degree weld surface forming and inter-
nal forming state. (a) 45° joint; (b) 90° joint

on arc welded joints ) FTR 74 : —FU2 (i
R 7 (RIR L) 75 FF b i ) T v 1) 470
Ti— MR EIR (5 E) TR RN R A7
AT 7 ROBIR ) AR 1SO 9015-2 rhiff%
FEIRZ A BEES A 1. 13 mm, R, K545 48 ik
SO XA T AR I S, RIS T v R B
R RS Tl £

2 RKR&ERE M

2.1 TG
SF 2K I 0 B Bk B AR SISO 10675-1:2013
{ Nondestructive testing of welds—Acceptance levels

for radiographic testing Partl: Steel, nickel, titanium
and their alloys ) 1 25552 . 4 1SO 17636-

1:2013 {Non-destructive testing of welds— Radiogra-
phic testing — Part 1: X- and gamma-ray techniques
with film ) X} 45°F1 90° i AE WL ZL L P AL LA S B
AL, FFHATIRC. 4501 & BLERFE, 90°1Uk:
AL AL AN 4 Frz, HAKEED 1. 72 mm, BT
FLKBE 0.51 mm STEFRAETL I, ARAE 2L o3 4]
DIAR 2 A AR G A

1.72 mm

0.59 mm -

B4 90°#m RT BG&HESEL
Fig. 4 RT film of sample 90° linear porosity
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*2 ARMXENREE
Table 2 Macro width of HAZ

e AP X FEE wy/mm 90 HGRZ IR X FE i w,/mm

s 2 F ZM #
1 12.1 11.9 13.7 8.5
2 10.7 14.1 11.4 13.8
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(b) 90° #3k
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Fig. 5 Macrostructure of the joint cross-section. (a) 45°

joint; (b) 90° joint; (c) copper base metal

K 1SO 9015-2 i) E J7 3k 0 42 ded A 13 4
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G IR R v AR i DCRIRE A, AR i) XA 8
SRR R T 25 5, I G R R K A
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)8 P TR R v, TSR ST AR A B AT 3.

B 6 HiENENBMEERS
Fig. 6 Microhardness points along sample profile
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Table 3 Microhardness of joints

2[R AR 0/ (°) BERF X S IUME FHEIE S X S FHIE JEAE X S FHIE
45 55.8,55.8,54.9, 56. 1 55.65 54.5,54.1,55.4,54.0 54.5 58.6,55.6,56.8 57.0
90 50.8, 52.4,52.0, 50.6 51.45 53.6,52.3,51.3,52.4 52.4 55.6,54.6,55.2 55.13
60 AT X 2 Fhz Sk B KR A | BRI DX RE DL R B
58 8 P NN
@ 56 F VWMW‘ B, 1541 3 3% 2 e s
Ez- 24 |REEBESES
S0t R EE (R R A T AR 2L A, an sl 8 B
g :i i 7N, TEIE A AHLH UM I 2 AN KR A% R R R R
=l 0 FIIFETE AL, TR BITE 4508 K i b, A
2t
40 1 1 1 1 1 1 1
-20 —-15 —-10 -5 0 5 10 15 20
A B AR A U AR S d/mm
(a) 45°ikE
60
58 |
~ 56 |
g’ 54 b
AT ATV ENY
f{ 50
2l
= 46 |
ol
0t
40 ! ! ! !

%20 15 10 5 0 5 10 15 20
PR B IR U IR RS d/mm
(b) 90°ikE

B7 BELNEESH

Fig. 7 Hardness distribution of joints. (a) 45° sample;

(b) 90° sample
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Fig. 8 Weld characterization of joints. (a) 45° sample;
(b) 90° sample
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