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Table 1 Chemical compositions of core wire for ENiCrMo-6 electrode
C Mn Si Cr Ni Mo Fe w Cu Nb + Ta S P
<0.015 2.5~4.5 <0.5 14.0~18.0 =60 6.0~9.5 1.0~4.0 1.2~2.0 <050 1.0~2.0 <0.010 =0.015
%2 ENiICrMo-6 BEHFREFHEK (RENH, %)
Table 2 Coating compositions of ENiCrMo-6 electrode
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High speed photographs of droplet transfer for nickel alloy. (a) droplet growth; (b) droplet staying; (c) droplet

Fig. 1
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Fig. 2 High speed photographs of molten slag wetting
and spreading on nickel alloyed metal pool. (a)
traditional molten slag 1; (b)traditional molten
slag 2; (c) double gradient molten slag 1; (d)
double gradient molten slag 2
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Double gradient molten slag assisted nickle base
alloyed weld morphology. (a) double gradient
molten slag covering on weld; (b) nickel base
alloyed weld

Fig. 3
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Fig. 4 SEM image of slag cross section
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Table 3 Mechanical properties results of deposited metal
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Table 4 Mechanical properties results of 9Ni steel joint
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Fig. 6 Microstructure and fracture morphology of

specimens. (a) deposited metal of nickle alloy;

(b) heat affected zone of joint; (c) tensile fracture

of deposited metal; (d) impact fracture of
deposited metal
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TEM photographs of welded joint. (a) film
transmission photograph of over heating zone;
(b) film transmission photograph of weld metal

Fig. 7
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Fig. 8 Film transmission photograph of fusion zone with
diffraction pattern for phase structure
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Droplet transfer characteristics and mechanical properties
of deposited metal as welded matching with cryogenic tem-
perature steel for nickel based consumables LI
Xiaoquan, CHEN Jixing, CHEN Feng, ZHANG Xu, HAN
Yujun, YANG Zonghui(Nanjing Institute of Technology,
Nanjing, 211167, China). pp 89-94

Abstract: The ENiCrMo-6 electrode for cryogenic temperat-
ure application was developed which was made of nickel alloy
core wires obtained by duplex refining of vacuum melting and
electroslag remelting, and specially designed coatings with
high basicity allowing the formation of gradient composite
slag. Mechanical property tests were carried out on the depos-
ited metal and the welding joint of 9Ni steel welded by ENi-
CrMo-6 electrode. With the aid of Acuteye high speed photo-
graph technology, the characteristics of the droplet transfer and
the molten metal flow have been studied, and the microstruc-
ture of the composite slag layer has been observed by JSM-
6360LV scanning electron microscope. The weld and heat af-
fected zone are observed and analyzed to investigate the low-
temperature fracture behavior from different perspectives. The
results show that large shaped molten droplets of nickel alloy
and the poor fluidity result in difficulties in weld formation,
while special designed coatings is an effective solution, which
allows the formation of a gradient composite slag layer to ac-
celerate the forming of weld. To ensure joint ductility in cryo-
genic conditions, it is critical to avoid the coarsening of austen-
ite columnar grains and reduce the ductility loss in weld metal
as welded. The experiment results has proved that when weld-
ing 9Ni steel with ENiCrMo-6 electrode, the effect of overheat
on lath martensite or reversed austenite in the as-welded heat
affect zone is insignificant. Generally, overheat will not largely
reduce the number of reversed austenite or retained austenite
within the lath martensites, which guaranteed the ductility of

joint under cryogenic condition.

Highlights: (1) Gradient composite slag layer was innovat-
ively put forward to assist the formation of high nickel alloy
weld.

(2) The mechanical property of welding joint obtained by low

temperature welding of 9Ni steel with ENiCrMo-6 electrode

highly matches with that of the base metal.

Key words:  nickel-alloy electrode; cryogenic welding;

droplet transfer; cryogenic fracture; mechanical properties

Microstructure and properties of 7075-T651 aluminum al-

loy friction plug welding joint LI Shuxin', SUN Zhuan-

ping’, LIU Xu’, WANG Limei’, MA Shuai'(l. Capital

Aerospace Machinery Co., Ltd., Beijing, 100076, China; 2.
Tianjin Long March Launch Vehicle Manufacturing Co., Ltd.,
Tianjin, 300462, China). pp 95-101

Abstract:  Friction plug welding (FPW) for 8 mm thickness
7075-T651 aluminum alloy sheets were carried out using 2219-
T87 aluminum alloy as plug material, and the formation and
microstructure characteristics of the FPW joints obtained by us-
ing different process were observed, and the properties were
tested. The results show that defect-free joints can be obtained
with optimized parameters, and equiaxed grains were formed at
the friction interface between the plug and base material. Ac-
cording to the structure and morphology, the FPW joint can be
divided into 6 zones: recrystallization zone, thermo-mechanic-
al affected zone, plug thermo-mechanical affected zone, heat
affected zone, plug heat affected zone and base metal. The mi-
crostructure of the thermo-mechanical affected zone grew and
deformed, with the precipitation phase dissolved and
coarsened. Local softening also occurred. In particular, the

hardness value of the plug heat affected zone reached the low-
est at about 90 — 95 HV. During the tensile test, fracture of the
defect-free FPW joint happened at the plug center, with ductile
features in terms of fracture mode. The maximum tensile

strength and elongation of the FPW joints reached 343 MPa
and 7. 0%, reaching 63.8% and 77.8% of that of the base met-

al, respectively.

Highlights: (1) The main types and causes of welding de-
fects were investigated through the study of FPW process and
microstructure of 7075-T651 aluminum alloy.

(2) The relationship between the degradation of mechanical
properties of FPW joints in different regions and the micro-

structure morphology and precipitation phase distribution was

revealed.

Key words: fiction plug welding; 7075-T651 aluminum al-

loy; microstructure; precipitation phase; mechanical property
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