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2 Testing and Analysis

2.1 Research on multi-layer and multi-pass forming process

In the test with the use of argon as a shielding gas, gas flow rate of 16L/min, welding speed of 5mm/s, the
distance from the nozzle to the workpiece is 10.5mm, the current is 110A, the voltage is 20V, the flux-cored
wire prepared from H13 mould steel strip is used as the wire material, and the arc additive manufacturing
technology is used to carry out multi-layer overlays on the Cr12MoV mould steel substrate, and the
temperature of the interlayer is controlled at 150～200℃. Round-trip 4-channel 15-layer high multi-channel

multilayer cladding layer, will be obtained after 15 layers of size of about 120mm × 50mm × 8mm arc 3D
additive material additive multichannel multilayer vertical wall pieces cut corrosion and polishing, the
macroscopic organisation of the photographs obtained as shown in Figure 1: Observation of Figure 1 shows
that there are obvious boundaries between the layer and the layer, the thickness of the layer between the
fluctuations in the 2.1 ~ 2.3mm, from the macroscopic morphology of the cross-sectional observation of the
absence of porosity No air holes, cracks, no unfused and other phenomena, indicating that the arc 3D additive
interlayer bonding is good, dense organisation; the measured composition of the molten metal is shown in
Table 1.

Figure 1: Macroscopic morphology of additive layer
Table 1 Composition of deposited metal (mass percentage) %

2.2 Hardness and mechanical properties

2.2.1 Hardness Test

Hardness is an index of the comprehensive mechanical properties of materials. For this reason, the Vickers
microhardness test was carried out on the additive layer specimen, and the test results are shown in Figure 2.
It can be seen that the average hardness of the arc 3D additive layer of 325HV, in which the hardness value of
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the lower part of the vertical wall pieces is slightly lower than the upper part of the hardness value, this is due
to the lower layer of the substrate is close to the bottom of the bottom layer of heat dissipation conditions are
better than the upper layer of the metal, the microstructure is dense, the compound hard phase is not anxious
to gather, the distribution of hardness value is more uniform; the higher the hardness value of the additive is
the more on the higher side, this is due to the latter layer of the accumulation of heat, the more carbides
gathered grain boundaries, resulting in stress concentration hardness is high. This is due to the accumulation
of heat in the latter layer, more carbides gathered at grain boundaries, resulting in high stress concentration
hardness. The hardness of the entire additive layer is higher than the substrate (annealed cold work mould
steel Cr12MoV microhardness of 310 ~ 257HV), it can be seen, the additive layer of comprehensive
mechanical properties.

Figure 2: Hardness distribution from the substrate towards the additive layer in the height direction

2.2.2 Tensile test

Use WDW-100 type universal testing machine arc 3D additive material after the addition of single-pass
multilayer vertical wall piece specimens for room temperature tensile performance testing, determination of
its strength index. According to GB/T 228-2002 ‘room temperature tensile test methods for metal materials’
and GB/T 2652-2008 ‘weld and molten metal tensile test methods’ standard, multi-channel multilayer
specimens for wire cutting to produce tensile specimens, tensile specimen size as shown in Figure 3, the
sampling location for the incremental layer of the direction of the three different positions, in order to later
take the average value of the three tensile experiments in which One curve is shown in Figure 4.

Figure 3: The dimensions of tensile samples
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Figure 4: Tensile stress-stroke curve of sedimentary layer
Analysis of the experimental results show that the tensile strength along the augmentation heightening way

on the tensile strength of 704.3MPa [(721.2+692.5+700.3)/3] or so, are not obvious yield strength, the
conditional yield limit of about 412.4 [(441.2+400.4+395.6)/3] MPa or so, higher than the yield strength of
the annealed state rolled Cr12MoV substrate 210 MPa, and the elongation reaches 11.9%
[(13.5+10.4+11.9)/3], indicating that the 3D additive interlayer bonding strength is high and the interlayer
plasticity is good.

3 Observation of micro-metallographic organisation

The multi-channel multilayer vertical walled parts were sampled for metallographic observation after the arc
3D additive. The metallographic specimens were prepared as follows: firstly, the specimens were cut with a
wire cutter with a cutting size of 16mm×16mm×6mm, and then polished with different grits of sandpaper after
being smoothed on a SIST-200 grinder, and then polished with a diamond polishing agent with a grit size of 2
μm on a MP-2A metallographic specimen polisher without any scratches; and then corroded with aqua regia
(HCL:HNO3=1:3) on the specimens, and cleaned with wine and blown dry for microstructure observation and
analysis. The specimen was corroded with aqua regia (HCL:HNO3=1:3), cleaned with wine, blown dry, and
then observed and analysed the morphology of microstructure.
As shown in Figure 5, the matrix organisation is dense (shown in 5 (a)), with a clear fusion line between the

bottom layer and the matrix, and fine grains (shown in 5 (b)), which benefited from the good heat dissipation
conditions of the bottom layer at the initial stage of forming. The trend of heat dissipation conditions in the
initial layers is gentle, with little change in grain size from layer to layer (shown in 5(c) (d)); up to the
intermediate layer are isometric crystals, except that the grains after the intermediate layer are coarser than
those in the matrix and initial layers (shown in 5(g) (h)); the outermost and second outermost layers can be
seen as clearly orientated columnar crystalline organisation (shown in 5(i) (j)), due to the accumulation of
heat from layer to layer in the process of metal deposition and the directional This is due to the accumulation
of heat in the layers during the metal deposition process and the formation of directional heat dissipation
conditions, resulting in the generation of coarse columnar crystalline tissue with directionality.
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(a) Matrix; (b) Matrix on left, additive layer on right; (c) (d) Between additive layers; (e) First layer; (f)
Second layer; (g) Intermediate layer; (h) Sub-intermediate layer; (i) Sub-outer layer; (j) Outer layer

Figure 5:Scanning image of typical layers

4 Wear test

Wear test specimen preparation: the use of wire cutting, along the height of the additive layer to intercept a
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pair of specimens, the test parameters are shown in Table 2.
Table 2 Wear testing parameters

Friction
parameters

Rotational
speed
(m/s)

payload
(N)

Test
duration
(min)

counterpart Friction
method

Ambient
temperature/humidity

Parameter
value 1.09 30 60 Si3N4 disc

Rotational
motion
with dry
friction

24℃/65%RH

The coefficient of kinetic friction measured in this specimen is calculated according to the following
formula:

BCA

B

5.2)(10

45.9




(1)

where; is the equilibrium load derived from the experiment; is the applied load.
The test results are shown in Figure 6. The friction coefficient increases linearly and rapidly with time delay,

from 0.107 to 0.271, and stabilised at 0.359, this is because at the beginning of the test, the surface of the
specimen after grinding and processing there is always a certain degree of roughness, there are only a few
profile peaks in contact at the beginning, so the friction coefficient rises faster, and the later contact surface is
smooth to enter into a steady state, and the friction coefficient basically remains unchanged at the smaller
value, which indicates that the additive layer has good abrasion resistance.

Figure 6: Friction coefficient
Figure 7 shows the results of specimen ESEM experiment. The observed pictures show that there are

relatively obvious scratches and surface material flaking on the wear surface, and a large number of white
abrasive chips are gathered in the local tissues, and the wear is a mixed mechanism of abrasive grain wear and
adhesive wear. This is due to the block shedding and furrowing that occurs in the later stages of wear. The
uneven distribution of stresses during the wear process results in the rupture, shedding and aggregation of
hard phases, and the formation of furrows as these hard phases move relative to each other in the direction of
friction on the soft substrate under the action of inertial forces. For carbon steel materials, the content, type,
morphology, and distribution of alloying compounds and carbides Cm have a great influence on the wear
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resistance of steel [6-12]. This melting material is rich in V, Cr, Mn for strong carbide formation elements,
can promote the formation of carbide hard phase, these hard phase diffuse distribution in the matrix grain
boundaries, play the role of nail rolling dislocations, strengthen the role of the matrix, which improves the
microhardness of the additive layer, play a wear-resistant skeleton to improve the role of wear resistance in
the abrasion test and service imperial process.

Figure 7: ESEM of Wear surface

5 Conclusion

1) H13 mould steel with self-medicated cored wire additive layer forming macro section without porosity,
unfused and slag and other defects, and cold work mould steel Cr12MoV base material combination is good,
the additive layer along the layer height direction microhardness, mechanical properties of high, weld state
wear resistance is good;
2) Self-pharmaceutical cored wire for the ideal additive manufacturing wire and mould repair materials;
3) Arc fusion wire additive manufacturing technology provides an effective technical way for the green

manufacturing and repair of metal parts.
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