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Table 1 Parameters of TIG cold welding
. BeER A s XN |1 IR % G E
A .-
d/mm O/ L'min ') t/ms /A
GRS 0.8 8 160 170
HApR 1.6 10 200 250
6 7.5
R e i
1Crl17 g BMEALZ 1Cr18Ni9Ti
1 IHEOTEE
Fig. 1 Diagram of the workpiece groove

Fz 2 UNGW 185
Table 2 Welding parameters of UNGW

RIRHE R R fkeldiiR B KE
UN A vi(mm-s ) fHz

LJ/mm

30 290 7.3 139 24

KU BT FSS K 1Cr17 NEES, HR SRy
120 mm x 80 mm x 10 mm; it ASS & 1Cr18Ni9Ti
ANEEAN, FORSFS 120 mm x 80 mm x 16 mm, 1Crl7
5 1Cr18Ni9Ti [ Wil A 4L &l 2 fir . AR A T
1 1Cr18Ni9Ti AEEH, HR ST A 260 mm x 30 mm x
4 mm. 3 3 1Crl17, 1Cr18Ni9Ti £} #1 J2 ER347L
K22 (AL 25 B A . AISURE AR R R ST601, 5k
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1Cr17 B4 |, HARIFE G GB/T 2650—2008 ( ##
S0 R FRFW. s ) SO VA ;5 WLy 1 RU s re i 45 3
FHR 443 58 HUT605A B4 i, 3 48] IR 7 fg iR 56 L
M1 ZBC2602N-3 # pp o5 i 50 ML, & S Al i 06 R
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Fig. 2 Microstructure of base metal. (a) 1Cr17 base
metal; (b) 1Cr18Ni9Ti base metal
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Table 3 Chemical compositions of base metals and ER347L wire

E C Si Mn S P Cr Ni Mo N Nb Ti Fe
1Cr17 0.043  0.31 0.31 0.02  0.035 16.18  0.18 — 0.035 — — ARE
1CrI8Ni9Ti  0.10 0.88 1.56 0.02 0.02  18.60  9.70 — — — 0.60 AR
ER347L 0.021  0.46 172 0.005 0.018  19.49  9.42 0.08 — 0.52 — FN
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Fig. 3 Diagram of the plate tensile sample
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Fig. 4 Cross section macromorphology of the combined
welding joint
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Fig. 5 Microstructure of the covering weld of combined welding joint at the different zones. (a) both sides of fusion line
of 1Cr17 base metal; (b) cladding layer on the 1Cr17 side; (c) both sides of fusion line of UNGW on the 1Cr17
side; (d) weld center of UNGW; (e) both sides of fusion line of UNGW on the 1Cr18Ni9Ti side; (f) both sides of

fusion line of 1Cr18Ni9Ti base metal
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Fig. 6 Microstructure of the backing weld of combined welding joint in the different zones. (a) both sides of fusion line
of UNGW on the 1Cr17 side; (b) weld center of UNGW; (c) both sides of fusion line of UNGW on the 1Cr18Ni9Ti

side
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Fig. 7 Microhardness distribution of combined welding
joint
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(c) A X5 THIZLL

E 8 HEIRELMAL IR
Fig. 8 Tensile samples of the combined welding joint.
(a) plate tensile sample; (b) front crack of A zone;
(c) backface crack of A zone
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Table 4 Impact absorbed energy of base metals and
the different zones of combined welding joint at
the room temperature

VIEBHAE L k2 RS SFE{H
1Cr1 781 15.9 16.1 22.8 18.3
ICrI8NIOTIEEM  217.4 244 242 234.5
ICr17TRHMHAZ  19.1 18 30.1 22.4
ARz G 137.4 105 166 136.1
UNGW/RZETL 94,3 106.4 118.4 106.4

B9 ARERELTRRXEAHHE ORI (SEM)
Fig. 9 Impact fracture morphology of the different zones
of the combined welding joint(SEM). (a) HAZ of
1Cr17 base metal; (b) center of cladding layer;
(c) center of UNGW weld
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Fig. 10 Polarization cueves of the combined welding
joint in 3.5% NaCl solution

T

1 1 E R 1 1 (/B
15 P - /A

(a) 1Cr17 BRI Zemifil]

& 11
Fig. 11

x5 BUAEMRER
Table 5 Results of electrochemical test

MR i J?if /55 t Qf’iﬁ?ﬁiﬁ?
U= —0.264 0.6196
1Cr18Ni9THFAF —0.289 0.9089
1Cr17RE# -0.327 0.9695
UNGW/R4EIX -0.305 1.108
eIk -0.301 1.190

Bl 1Cr17 BE#F . UNGW S48 [X 7 58 46 4 3 1 g
P S R R 3 . AR, M B2 | 1Cr18Ni9Ti £
B 1Cr17 BEFF . UNGW JE4% X K 52 48 32 3k 10 T
e AR TR a3

S BUA BUZ I T ) R R R, —
T A2 2 A ALY ER347L 1822 e i, PR T
BER C R E S AREMITE Nb, XK
FU M EZ S AL CropsCo BT I 55— T7 1V
SRS P A b 2 A T AR PR, AN I = 2 2
SR AN/ NG L LA MR &, iR T Bl AR R A T 1
HLRTL T LR 2 UV R (9 1 R R
B a], 330K R HE— 254 & AAL CroysCe MUAT H 4
UNGW 4% X A2 F 5 fL Y9 ER347L S22 T B I,
B T UNGW MR A BAIK, 2920 1.2 kI/mm,
X fH S UNGW FREE X (144 2058 B #ebe, 3] 1 1
e AR & PR MR ) IR AR, DISCER T
) UNGW 48 X MR A B 2 1) § SRF K, Iz
5 TR KRB X 1 4 2 S R R 17 B8 AR AR i, iy G
Tird 5 P s U2 2.

BT HE S T kM e 2 A D N R S 4
Sk R A BB oA G, Nl 11 IR, it T
5t m ] JE 56 5 41 A K Bk AN R XA SEM T

HE RS AR E X & EE SR (SEM)

Intergranular corrosion morphology of the combined welding joint in the different zones (SEM). (a) both sides
of fusion line of 1Cr17 base metal; (b) both sides of fusion line of 1Cr18Ni9Ti base metal; (c) both sides of
fusion line of UNGW
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S B S (AT T ek P S AR U B R 3

S 0k
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timized based on the strength and plasticity of the joint.
(3) The law of plastic deformation on the surface of tensile and
bending specimens was observed, and the weakened area of the

joint was analyzed.

Key words: linear friction welding; post-weld aging treat-

ment; titanium alloy; bending property blisk

Advances in friction welding technology based on friction
between workpiece and external consumable tool LIU
Xiaochaol, NI Zhonghual, CUI Yuanchiz, WU ChuansongS,
SHI Lei3, Hidetoshi Fujii4(1. Southeast University, Nanjing,
211189, China; 2. Nanjing Mumuxili Scientific Instruments
Co., Ltd., Nanjing, 211189, China; 3. Key Laboratory for Li-
quid-Solid Structural Evolution and Processing of Materials
(MOE), Shandong University, Jinan, 250061, China; 4. Join-
ing and Welding Research Institute, Osaka University, Osaka,
567-0047, Japan). pp 14-27

Abstract:  Friction welding is a kind of solid-state welding
technology that depends on the friction heat generation to real-
ize materials joining. Owing to the advantages of high joint
quality, low welding distortion, energy saving and environ-
mental protection, etc., it is widely used in aerospace, trans-
portation, mining machinery, marine equipment and other
fields. In the last few decades, friction welding technology has
developed rapidly, and some modified processes have been
born. In this paper, the current friction welding methods were
summarized according to the properties of mutual friction ob-
jects, and then the methods based on the friction between work-
piece and consumable external tool were principally reviewed.
The process principles and latest research progresses of radial
friction welding, friction riveting, friction plug welding, fric-
tion surfacing and vortex- friction stir welding were mainly in-
troduced, and the future development of the above welding
methods is discussed, to provide reference for researchers in

the related field.

Highlights: (1) According to the properties of mutual fric-
tion objects, the friction welding methods were classified.

(2) The research and development status of friction welding
technology based on the friction between workpiece and ex-

ternal consumable tool was reviewed.

Key words: friction welding; properties of friction objects;

process principle; research progress

Microstructure and mechanical property of the thick-
walled dissimilar steel joint of FSS/ASS with the combined

"TIG cold welding + UNGW" ZHENG Shaoxianl,

WANG Junping', ZHAO Xilong', SHI Wei’(1. Lanzhou Jiao-
tong University, Lanzhou, 730070, China; 2. Lanzhou LS Test

Technology Co., Ltd., Lanzhou, 730314, China). pp 28-35
Abstract: A combined welding technology of "TIG cold
welding + UNGW" in this paper was proposed, in order to ef-
fectively solve the problem of welding heat affected
zone(HAZ) grain coarsening in ferritic stainless steel, and the
problem of forming vermicular § ferrite in the part of fusion
zone of the welded joint and near welding HAZ for welding of
austenitic stainless steel, which significantly reduces corrosion
resistance in this areas. Welding between 1Cr17/1Cr18Ni9Ti
thick wall dissimilar stainless steels was conducted, mean-
while the microstructure, mechanical properties and corrosion
resistance of the welded joint were tested and analyzed. The
result shows that the HAZ grains of 1Cr17 base metal of com-
bined welded joint are not coarsened, moreover, there is no ver-
micular § ferrite in the part of fusion zone and near heat af-
fected zone of 1Cr18Ni9Ti base metal. The tensile strength of
combined welded joint is better than that of 1Cr17 base metal,
and the impact absorption energy of HAZ of 1Crl17 base metal
is equivalent to that of the 1Cr17 base metal. It shows a down-
ward trend of corrosion resistance from the cladding layer of
combined welded joint, the 1Cr18Ni9Ti base metal, 1Cr17 base

metal, UNGW weld zone to the welded joint.

Highlights: (1) A combined welding technology of "TIG
cold welding + UNGW" is proposed.

(2) The combined welding technology of "TIG cold welding +
UNGW" is applied to the welding of 1Cr17/1Cr18Ni9Ti dis-
similar stainless steel, which effectively solves the problem of
welding HAZ grain coarsening in ferritic stainless steel, and the

problem that the poor corrosion resistance in the part of fusion

zone and near heat affected zone in austenitic stainless steel.

Key words: "TIG cold welding + UNGW" combined weld-
ing; dissimilar stainless steel welding; microstructure; corro-

sion resistance



