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#1 ER-GH4169 LM 5
Tablel Chemical composition of ER-GH4169 (w/%)

C Cr Ni Co

Mo Al Ti Fe

<0.08 17.0-21.0 50.0-55.0 <1.0

2.80-3.30 0.30-0.70 0.75-1.15 Bal.

Fz2 QBWMLEMS
Table2 Chemical composition of Q235 steel (w/%)

C Mn Si S P Fe

<0.22 <1.40 <0.35 <0.05 <0.045 Bal.
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Fig.1 Schematic diagram of CMT-Pin forming columnar array

device
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Table3 CMT-Pin welding parameters

Parameter Range Variable amplitude

Alt ~30-30 1
Ball/Cyl -5-5 0.1
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Fig.2 Schematic diagrams of cylindrical Pin (a) and ball Pin (b)
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Table4 Pin head type and height test results

Ball/Cyl Pin head shape Height/mm Head diameter/mm
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Fig.3 Effects of process parameters on Pin forming dimensions:
(a) cylindrical Pin height variation with parameters;
(b) Ball/Cyl=0, ball Pin height variation with Alt;

(c) Alt=0, ball Pin height variation with Ball/Cyl
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Fig.4 Macroscopic morphologies of Pins with different Ball/Cyl
parameters with Alt=0: (a) Ball/Cyl=-1.0, (b) Ball/Cyl=4,
(c) Ball/Cyl=1, and (d) Ball/Cyl=2
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Fig.5 6x6 array diagrams of CMT-Pin: (a) cylindrical Pin
array and (b) ball Pin array
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Fig.6 Microscopic morphologies of cylindrical Pin: (a) overall cylindrical Pin morphology, (b) head zone, (c) axis center zone, (d) root

zone, and (e) fusing zone and base material zone
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Fig.7 Microscopic morphologies of ball Pin: (a) overall ball Pin morphology, (b) head zone, (c) axis center zone, (d) root zone, and

(e) base material zone

10 pm

K8 BRk Pin £t EDS Je &R AR AL EAER K Pin £H R AT SEM JE 3R
Fig.8 EDS element point scanning positions of the ball Pin (a-b) and SEM morphologies of the root of ball Pin (c-d): (c) ball Pin fusion

zone and (d) ball Pin root zone
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Table5 EDSanalysisresults of different positionsin Fig.8a
and Fig.8b (at%)

Position in Fig.8a Position in Fig.8b

Element
1 2 3 4 5
Fe 89.76 40.13 40.45 32.51 29.96
Cr 6.24 17.51 16.08 18.04 18.05
Ni 4.00 34.62 36.41 44.59 46.60
Nb 0.00 2.11 3.17 2.30 2.81
Ti 0.00 1.26 0.13 1.55 0.06
Al 0.00 2.50 2.04 1.01 2.52
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Fig.9 Forming and microstructure mechanisms of Pins:
(a) cylindrical Pin forming mechanism, (b) ball Pin
forming mechanism, and (c¢) formation mechanism of

ball Pin microstructure
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CMT-Pin Additive Preparation of GH4169 High Temperature Alloy Columnar Array
Forming Process and Microstructure

Xiao Penghua', Wang Lei', Tang Yingying®, Xiao Lin', Xia Chun', Liu Fencheng', Ke Liming'

(1. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

(2. Capital Aerospace Machinery Company, Beijing 100076, China)

Abstract: Using @1.2 mm ER-GH4169 welding wire, the columnar array structure was prepared on Q235 carbon steel substrate with 5 mm in

thickness by CMT-Pin additive technique, and the Pin forming process and tissue characteristics were investigated. Results show that when

the Ball/Cyl adaptation parameter is negative, the Pin head shape is cylindrical; when the Ball/Cyl adaptation is non-negative, the Pin head

shape is ball. The altitude adaptation controls the height of Pin growth, and the Pin height is 2.30-4.96 mm. The microstructure of Pins is

divided into Pin axis zone, fusion zone, and base material zone. Pin axis area has a large number of columnar crystals, which grow out-

ward along the axis. In the fusion area, the columnar crystals change from fine crystals to coarse crystals along the upward Pin axis, and

the fusion area is a very fine fusion line with a large number of strips of Laves phase precipitated between the crystals. The tissues of light

and dark interlayers exist in the base material area.

Key words: CMT-Pin; GH4169; columnar array; Pin forming; microstructure
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