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(54) FORGING HEAD, FORGING DEVICE AND ADDITIVE MANUFACTURING SYSTEM

(57) A forging head for additive manufacturing, com-
prising a base portion and a forging portion. The forging
portion extends from the base portion for forging a clad-
ding layer during formation of the cladding layer by ad-
ditive manufacturing. The forging head further compris-
ing a through hole which is formed through the base por-
tion and the forging portion, for at least one of an energy
bean and an additive material to pass through during
formation of the cladding layer.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a forging head
and a forging device, and more particularly a forging head
and a forging device suitable for additive manufacturing,
and an additive manufacturing system using the forging
head and the forging device.

BACKGROUND

[0002] Additive manufacturing technology is a rapidly
evolving emerging technology for material processing.
At present, the mainstream additive manufacturing usu-
ally achieves metallurgical bonding of metal materials
through the "melting-solidification" method, which is
characterized by using a high-energy beam such as a
laser beam, an electron beam or an arc beam as a heat
source to melt the synchronously fed metal material, such
as metal powder, metal wire, and so on, which are
stacked in layers, whereby parts are manufactured by
surfacing, and the internal microstructure of the obtained
parts is a solidified structure.
[0003] Compared with the conventional forged struc-
ture, the solidified structure obtained by the above-men-
tioned "melting-solidification" method produces crystals
that are very coarse with obvious directionality, therefore
in a general sense, it is difficult to achieve comprehensive
performance comparable to that of a forged material. In
order to improve the mechanical properties of the ob-
tained parts and reduce internal defects, a method of
combining the molten deposition additive with thermo-
mechanical processing has been gradually developed,
that is, material deposition and metallurgical bonding are
achieved by melting-solidification, thereafter rolling,
shock processing and other treatments are used to refine
the grains and improve internal quality.
[0004] Although the method of melting combined with
forging can improve the internal quality as well as en-
hance performance to some extent, in this composite ma-
chining method, it is generally carried out under high tem-
perature processing conditions. Thus, the forging head
of the forging device (for example, the impacting mem-
ber) needs to be forged under very high temperature and
stress, which easily causes damage or scrapping of the
forging head, affecting the efficiency of the entire additive
manufacturing combined with the forging composite ma-
chining process.
[0005] Therefore, it is necessary to provide a novel
forging head and forging device which can be applied to
an additive manufacturing system and which can solve
at least one of the above-mentioned technical problems.

SUMMARY

[0006] A forging head for additive manufacturing, com-
prising: a base portion and a forging portion. The forging

portion extends from the base portion for forging a clad-
ding layer during formation of the cladding layer by ad-
ditive manufacturing; the forging head further comprising
a through hole which is formed through the base portion
and the forging portion, for at least one of an energy bean
and an additive material to pass through during formation
of the cladding layer.
[0007] A forging device for additive manufacturing,
comprising: a forging head and a forging head fixing de-
vice. The forging head comprises a base portion, a forg-
ing portion extending from the base portion, and a
through hole formed through the base portion and the
forging portion. The forging portion is configured for forg-
ing a cladding layer during formation of the cladding layer
by additive manufacturing. The forging head fixing device
comprising a cavity, for receiving the forging head. The
through hole and the cavity communicate with each oth-
er, and are configured to allow at least one of an energy
beam and an additive material to pass through during
formation of the cladding layer.
[0008] An additive manufacturing system, comprising:
an energy source and a forging device. The energy
source is configured to provide an energy beam, for fus-
ing at least a portion of a material added to a surface of
the substrate for forming a cladding layer on the substrate
or heating the cladding layer. The forging device com-
prises a forging head, for forging the cladding layer during
formation of the cladding layer by additive manufacturing.
The forging head comprises a base portion, a forging
portion and a through hole formed through the base por-
tion and the forging portion. The through hole is config-
ured to allow at least one of an energy beam and an
additive material to pass through during formation of the
cladding layer.

BRIEF DESCRIPTION OF DRAWINGS

[0009] These and other features, aspects and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings, in which like
reference numerals are used throughout the drawings to
refer to like parts, where:

FIG. 1 is a perspective view of a forging head ac-
cording to an embodiment of the present invention.

FIG. 2 is a perspective view of a forging head ac-
cording to an embodiment of the present invention.

FIG. 3 is a perspective view of a forging head ac-
cording to an embodiment of the present invention.

FIG. 4 is a perspective view of a forging head ac-
cording to an embodiment of the present invention.

FIG. 5 is a cross-sectional view of the forging head
of FIG. 4 taken along line A-A.
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FIG. 6 is a perspective view of a forging head ac-
cording to an embodiment of the present invention.

FIG. 7 is a perspective view of a forging head ac-
cording to an embodiment of the present invention.

FIG. 8 is a perspective view of a forging device ac-
cording to an embodiment of the present invention.

FIG. 9 is a perspective view showing the forging head
fixing device of the forging device shown in FIG. 8.

FIG. 10 is a schematic view showing the forging head
fixing device in FIG. 9 after a part of its fixing portion
is cut away.

FIG. 11 is a perspective view of a forging head fixing
device of a forging device according to an embodi-
ment of the present invention.

FIG. 12 is a schematic view showing the forging head
fixing device in FIG. 11 after a part of its fixing portion
is cut away.

FIG. 13 is a schematic of an additive manufacturing
system according to an embodiment of the present
invention.

FIG. 14 is a schematic of an additive manufacturing
system according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Unless otherwise defined, technical terms or
scientific terms used in this specification and claims are
to be understood as the ordinary meaning of the ordinary
skill in the art. "First", "second", and similar words used
herein do not denote any order, quantity, or importance,
but are merely intended to distinguish between different
constituents. The terms "one", "a" and similar words are
not meant to be limiting, but rather denote the presence
of at least one. The approximate language used herein
can be used for quantitative expressions, indicating that
there is a certain amount of variation that can be allowed
without changing the basic functions. Thus, numerical
values that are corrected by language such as "approx-
imately" or "about" are not limited to the exact value itself.
Similarly, the terms "one", "a", and similar words are not
meant to be limiting, but rather denote the presence of
at least one. "Comprising", "consisting", and similar
words mean that elements or articles appearing before
"comprising" or "consisting" include the elements or ar-
ticles and their equivalent elements appearing behind
"comprising" or "consisting", not excluding any other el-
ements or articles. "Connected", "connection", "cou-
pled", and similar words are not limited to a physical or
mechanical connection, but may include direct or indirect

electrical connections, thermal connections, thermally
conductive connections, and thermally transmissive con-
nections.
[0011] The present invention relates to a forging head
and forging device for additive manufacturing, and an
additive manufacturing system using the forging head
and forging device.
[0012] FIG. 1 shows a schematic view of a forging head
100 according to an embodiment of the present invention.
The forging head 100 can be configured for additive man-
ufacturing in combination with forging composite proc-
esses. The forging head 100 comprises a cylindrical base
portion 101 and a forging portion 102 at the bottom of
the base portion 101. The forging portion 102 extends
from the bottom of the base portion 101 for forging a
cladding layer during formation of the cladding layer by
additive manufacturing. The forging head 100 further
comprises a through hole 103 formed through the base
portion 101 and the forging portion 102. The through hole
103 has a straight cylindrical shape, and is configured to
allow at least one of an energy beam and an additive
material of the additive manufacturing system to pass
through during formation of the cladding layer.
[0013] The forging portion 102 comprises a substan-
tially flat forging surface 104 for contacting the cladding
layer. The forging portion 102 is located on one side of
the through hole 103. The forging head 100 also forms
a plurality of grooves 106 on the base portion 101 by
cutting a portion of the cylindrical base portion 101 in a
direction toward the top end of the base portion 101 to
form a plurality of step portions 105 adjacent to a top end
thereof. The step portion 105 can be fixed to the forging
head fixing device by mating with the fastener.
[0014] The forging head 100 can move along the tra-
jectory of the additive manufacturing system to form the
cladding layer. The forging portion 102 can forge the clad-
ding layer in real time during the formation of the cladding
layer, thereby achieving peening on the cladding layer,
and eliminating defects such as holes, slip planes, and
micro fractures in the cladding layer, thereby increasing
the density of the final formed part. In addition, the micro-
structure of the final cladding layer can also be altered,
such as to promote recrystallization of the cladding layer
material and formation of fine equiaxed crystal structures.
In the present embodiment, the forging surface 104 of
the forging portion 102 of the forging head 100 is flat,
which can increase the contact area with the cladding
layer and improve the forging efficiency of the forging
head 100.
[0015] FIG. 2 shows a schematic view of a forging head
200 according to an embodiment of the present invention.
The forging head 200 can be configured for additive man-
ufacturing in combination with forging composite proc-
esses. The forging head 200 shown in FIG. 2 is substan-
tially identical in construction to the forging head 100 of
the embodiment shown in FIG. 1, which also comprises
a cylindrical base portion 201 and a forging portion 202
at the bottom of the base portion 201. The forging portion

3 4 



EP 3 505 269 A1

4

5

10

15

20

25

30

35

40

45

50

55

202 extends from the bottom of the base portion 201 for
forging a cladding layer during formation of the cladding
layer by additive manufacturing. The forging head 200
also comprises a through hole 203 formed through the
base portion 201 and the forging portion 202. The through
hole 203 has a straight cylindrical shape, and is config-
ured to allow at least one of an energy beam and an
additive material of the additive manufacturing system to
pass through during formation of the cladding layer.
[0016] The forging portion 202 comprises a substan-
tially flat forging surface 204 for contacting the cladding
layer. The forging portion 202 is also located on one side
of the through hole 203. The forging head 200 also forms
a plurality of grooves 206 on the base portion 201 by
cutting a portion of the cylindrical base portion 201 in a
direction toward the top end of the base portion 201 to
form a plurality of step portions 205 adjacent to a top end
thereof. The step portion 205 can be fixed to the forging
head fixing device by mating with the fastener.
[0017] The forging head 200 is substantially identical
in construction to the forging head 100 of the embodiment
of FIG. 1, which can move along the trajectory of the
additive manufacturing system to form the cladding layer.
The forging portion 202 can also forge the cladding layer
in real time during the formation of the cladding layer,
thereby achieving peening on the cladding layer, and
eliminating defects such as holes, slip planes, and micro
fractures in the cladding layer, thereby increasing the
density of the final formed part. In addition, the micro-
structure of the final cladding layer can also be altered,
such as to promote recrystallization of the cladding layer
material and formation of fine equiaxed crystal structures.
In the present embodiment, the main difference between
the forging head 200 and the forging head 100 shown in
the embodiment of FIG. 1 is that the forging surface 204
of the forging portion 202 of the forging head 200 is
curved, which can increase the forged cladding layer; the
stress in contact with the cladding layer is mainly applied
to materials with high yield strength.
[0018] FIG. 3 shows a schematic view of a forging head
300 according to an embodiment of the present invention.
The forging head 300 can also be used in additive man-
ufacturing in combination with forging composite proc-
esses. The forging head 300 shown in FIG. 3 is substan-
tially identical to the forging head construction of the em-
bodiment shown in FIGS. 1 and 2, and also comprises a
cylindrical base portion 301 and a forging portion 302 at
the bottom of the base portion 301. The forging portion
302 extends from the bottom of the base portion 301 for
forging a cladding layer during formation of the cladding
layer by additive manufacturing. The forging head 300
also comprises a through hole 303 formed through the
base portion 301 and the forging portion 302. The through
hole 303 has a straight cylindrical shape, and is config-
ured to allow at least one of an energy beam and an
additive material of the additive manufacturing system to
pass through during formation of the cladding layer.
[0019] The forging portion 302 comprises a substan-

tially flat forging surface 304 for contacting the cladding
layer. The forging head 300 also forms a plurality of
grooves 306 on the base portion 301 by cutting a portion
of the cylindrical base portion 301 in a direction toward
the top end of the base portion 301 to form a plurality of
step portions 305 adjacent to a top end thereof. The step
portion 305 can also be fixed to the forging head fixing
device by mating with the fastener.
[0020] The forging head 300 is substantially identical
in structure to the forging head of the embodiments of
FIG. 1 and FIG. 2, which can move along the trajectory
of the additive manufacturing system to form the cladding
layer. The forging portion 302 can also forge the cladding
layer in real time during the formation of the cladding
layer, thereby achieving peening on the cladding layer,
and eliminating defects such as holes, slip planes, and
micro fractures in the cladding layer, thereby increasing
the density of the final formed part. In addition, the micro-
structure of the final cladding layer can also be altered,
such as to promote recrystallization of the cladding layer
material and formation of fine equiaxed crystal structures.
[0021] In the embodiment shown in FIG. 3, the main
difference between the forging head 300 and the forging
head 100 shown in the embodiment of FIG. 1 is that the
forging portion 302 of the forging head 300 is symmetri-
cally disposed on both sides of the through hole 303.
Thereby, the forging head 300 can forge the cladding
layer in real time during the reciprocating movement
along the trajectory of the additive manufacturing system
to form the cladding layer, and the forging efficiency of
the forging head 300 can be effectively improved.
[0022] FIG. 4 shows a schematic view of a forging head
400 according to an embodiment of the present invention.
The forging head 400 can also be used in additive man-
ufacturing in combination with forging composite proc-
esses. The forging head 400 shown in FIG. 4 is substan-
tially identical in construction to the forging head of the
embodiment shown in FIGS. 1 to 3, which also comprises
a cylindrical base portion 401 and a forging portion 402
at the bottom of the base portion 401. The forging portion
402 extends from the bottom of the base portion 401 for
forging a cladding layer during formation of the cladding
layer by additive manufacturing. The forging head 400
also comprises a through hole 403 formed through the
base portion 401 and the forging portion 402. The through
hole 403 is configured to allow at least one of an energy
beam and an additive material of the additive manufac-
turing system to pass through during formation of the
cladding layer.
[0023] The forging portion 402 comprises a substan-
tially flat forging surface 404 for contacting the cladding
layer. The forging head 400 also forms a plurality of
grooves 406 on the base portion 401 by cutting a portion
of the cylindrical base portion 401 in a direction toward
the top end of the base portion 401 to form a plurality of
step portions 405 adjacent to a top end thereof. The step
portion 405 is also capable of fixing the forging head 400
to the forging head fixing device by mating with the fas-
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tener.
[0024] The forging head 400 is substantially identical
in construction to the forging head of the embodiment
shown in FIGS. 1-3, which can move along the trajectory
of the additive manufacturing system to form the cladding
layer. The forging portion 402 can also forge the cladding
layer in real time during the formation of the cladding
layer, thereby achieving peening on the cladding layer,
and eliminating defects such as holes, slip planes, and
micro fractures in the cladding layer, thereby increasing
the density of the final formed part. In addition, the micro-
structure of the final cladding layer can also be altered,
such as to promote recrystallization of the cladding layer
material and formation of fine equiaxed crystal structures.
[0025] In the embodiment shown in FIG. 4, the main
difference between the forging head 400 and the forging
head 100 shown in the embodiment of FIG. 1 is that the
forging portion 402 of the forging head 400 is symmetri-
cally disposed on both sides of the through hole 403,
while the forging surface 404 of the forging portion 402
configured to come into contact with the cladding layer
is curved. Thereby, the forging head 400 can forge the
cladding layer in real time during the reciprocating move-
ment along the trajectory of the additive manufacturing
system to form the cladding layer, and the forging effi-
ciency of the forging head 400 can be effectively im-
proved; at the same time, the curved forging surface 404
can increase the stress in contact with the cladding layer
when the forging head forges the cladding layer, which
is mainly suitable for materials with high yield strength.
In combination with FIG. 5, it shows that the through hole
403 of the forging head 400 has a structure that is larger
at the top and smaller at the bottom, with the longitudinal
cross section of the through hole 403 having an inverted
trapezoidal structure. Thereby, the through hole 403 fo-
cuses of the additive material of the additive manufac-
turing system to avoid interference, while on the other
hand, it is advantageous for increasing the forging portion
of the forging head 400, such that the forging efficiency
of the forging head can be correspondingly improved.
[0026] FIG. 6 shows a schematic view of a forging head
500 according to an embodiment of the present invention.
The forging head 500 can also be used in additive man-
ufacturing in combination with forging composite proc-
esses. The forging head 500 shown in FIG. 6 is substan-
tially identical in construction to the forging head of the
embodiment shown in FIGS. 1 to 5, which also comprises
a cylindrical base portion 501 and a forging portion 502
at the bottom of the base portion 501. The forging portion
502 extends from the bottom of the base portion 501 for
forging a cladding layer during formation of the cladding
layer by additive manufacturing. The forging head 500
also comprises a through hole 503 formed through the
base portion 501 and the forging portion 502. The through
hole 503 is configured to allow at least one of an energy
beam and an additive material of the additive manufac-
turing system to pass through during formation of the
cladding layer.

[0027] The forging portion 502 comprises a substan-
tially flat forging surface 504 for contacting the cladding
layer. The forging head 500 also forms a plurality of
grooves 506 on the base portion 501 by cutting a portion
of the cylindrical base portion 501 in a direction toward
the top end of the base portion 501 to form a plurality of
step portions 505 adjacent to a top end thereof. The step
portion 505 is also capable of fixing the forging head 500
to the forging head fixing device by mating with the fas-
tener.
[0028] The forging head 500 is substantially identical
in construction to the forging head of the embodiment of
FIGS. 1-5, which can move along the trajectory of the
additive manufacturing system to form the cladding layer.
The forging portion 502 can also forge the cladding layer
in real time during the formation of the cladding layer,
thereby achieving peening on the cladding layer, and
eliminating defects such as holes, slip planes, and micro
fractures in the cladding layer, thereby increasing the
density of the final formed part. In addition, the micro-
structure of the final cladding layer can also be altered,
such as to promote recrystallization of the cladding layer
material and formation of fine equiaxed crystal structures.
[0029] In the embodiment shown in FIG. 6, the main
difference between the forging head 500 and the forging
head 100 shown in the embodiment of FIG. 1 is that the
forging portion 502 of the forging head 500 is formed by
integrally extending from the bottom of the base portion
501 which also surrounds the through hole 503. Moreo-
ver, the entire forging surface 504 of the forging portion
502 in contact with the cladding layer is flat. Thereby, the
forging head 500 can forge the cladding layer in real time
during the reciprocating movement along the trajectory
of the additive manufacturing system to form the cladding
layer or along the more complicated additive manufac-
turing cladding path; it can effectively improve the forging
efficiency of the forging head 500, while the entire flat
forging surface 504 can increase the area of contact with
the cladding layer as the forging head is forging the clad-
ding layer, which can also effectively improve the forging
efficiency of the forging head.
[0030] FIG. 7 shows a schematic view of a forging head
600 according to an embodiment of the present invention.
The forging head 600 can also be used in additive man-
ufacturing in combination with forging composite proc-
esses. The forging head 600 shown in FIG. 7 is substan-
tially identical in construction to the forging head of the
embodiment shown in FIGS. 1 to 6, which also comprises
a cylindrical base portion 601 and a forging portion 602
at the bottom of the base portion 601. The forging portion
602 extends from the bottom of the base portion 601 for
forging a cladding layer during formation of the cladding
layer by additive manufacturing. The forging head 600
also comprises a through hole 603 formed through the
base portion 601 and the forging portion 602. The through
hole 603 is configured to allow at least one of an energy
beam and an additive material of the additive manufac-
turing system to pass through during formation of the
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cladding layer.
[0031] The forging portion 602 comprises a substan-
tially flat forging surface 604 for contacting the cladding
layer. The forging head 600 also forms a plurality of
grooves 606 on the base portion 601 by cutting a portion
of the cylindrical base portion 601 in a direction toward
the top end of the base portion 601 to form a plurality of
step portions 605 adjacent to a top end thereof. The step
portion 605 is also capable of fixing the forging head 600
to the forging head fixing device by mating with the fas-
tener.
[0032] The forging head 600 is substantially identical
in construction to the forging head of the embodiment of
FIGS. 1-6, which can move along the trajectory of the
additive manufacturing system to form the cladding layer.
The forging portion 602 can also forge the cladding layer
in real time during the formation of the cladding layer,
thereby achieving peening on the cladding layer, and
eliminating defects such as holes, slip planes, and micro
fractures in the cladding layer, thereby increasing the
density of the final formed part. In addition, the micro-
structure of the final cladding layer can also be altered,
such as to promote recrystallization of the cladding layer
material and formation of fine equiaxed crystal structures.
[0033] In the embodiment shown in FIG. 7, the main
difference between the forging head 600 and the forging
head 100 shown in the embodiment of FIG. 1 is that the
forging portion 602 of the forging head 600 is formed by
integrally extending from the bottom of the base portion
601 which also surrounds the through hole 603. Also, the
entire forging surface 504 of the forging portion 602 for
contact with the cladding layer is curved. Thereby, the
forging head 600 can forge the cladding layer in real time
during the reciprocating movement along the trajectory
of the additive manufacturing system to form the cladding
layer or along the more complicated additive manufac-
turing cladding path; it can effectively improve the forging
efficiency of the forging head 600, while the curved forg-
ing surface 604 can increase the stress in contact with
the cladding layer as the forging head is forging the clad-
ding layer, which is mainly suitable for materials with high
yield strength.
[0034] The forging head of the present invention is
made of an alloy material which mainly comprises an
alloy material having a hardness of greater than 30 Rock-
well C hardness. In some embodiments, the alloy mate-
rial comprises a tungsten carbide based cemented car-
bide. The tungsten carbide based cemented carbide con-
tains cobalt, with a percentage of the cobalt (by weight)
less than 30%. In some embodiments, the tungsten car-
bide based cemented carbide contains cobalt, with a per-
centage of cobalt (by weight) around 20% to 25%. Thus,
the forging head can be guaranteed to have better tough-
ness and hardness. In some embodiments, the alloy ma-
terial comprises a nickel based alloy which contains tung-
sten in an amount greater than 10% (by weight). The
nickel based alloy comprises molybdenum and more
than 10% tungsten (by weight), with the molybdenum

and tungsten present in an amount greater than 15% (by
weight). Thus, the forging head can also be guaranteed
to have better toughness and hardness. The material of
the forging head is mainly selected according to the ad-
ditive material manufactured which is required for forging.
[0035] FIG. 8 shows a schematic view of a forging de-
vice 10 for additive manufacturing according to one em-
bodiment of the present invention. The forging device of
the present invention may comprise the forging head as
shown in FIGS. 1-7 of the embodiments of the present
invention. The forging device 10 shown in Fig. 8 com-
prises the forging head 600 shown in FIG. 7. The forging
head 600 comprises a base portion 601, a forging portion
602 extending from one end of the base portion 601, and
a through hole 603 which is formed through the base
portion 601 and the forging portion 602. The forging por-
tion 602 is configured for forging a cladding layer during
formation of the cladding layer by additive manufacturing.
The structure of the forging head 600 has been described
in detail above and will not be described again herein.
[0036] The forging device 10 also comprises a forging
head fixing device 700 for fixing the forging head. The
forging head fixing device 700 comprises a cavity 703
for receiving the forging head 600. The through hole 603
of the forging head 600 and the cavity 703 of the forging
head fixing device 700 communicate with each other,
and are configured to allow at least one of an energy
beam and an additive material to pass through during
formation of the cladding layer.
[0037] Refer to FIG. 9, which shows a schematic view
of a forging head fixing device 700 according to one em-
bodiment of the present invention. The forging head fixing
device 700 comprises a circular base portion 701 and a
cylindrical retaining portion 702 extending from one end
of the base portion 701. The cavity 703 of the forging
head fixing device 700 comprises a first cavity 7032
formed through the base portion 701 and a second cavity
7031 formed through the retaining portion 702. The ap-
erture of the first cavity 7032 is smaller than the aperture
of the second cavity 7031, thus the forging head fixing
device 700 further comprises a resisting portion 704
formed on the top of the second cavity 7031. When the
forging head is housed in the second cavity 7031 of the
forging head fixing device 700, the forging head abuts
against the resisting portion 704 to prevent the forging
head from shaking. The retaining portion 702 is further
provided with a receiving hole 708 for receiving the fas-
tener 900 for fixing the forging head to the forging head
fixing device. The fastener 900 is held under the step
portion 605 of the forging head 600 to hold the forging
head 600 stable inside the forging head fixing device 700.
In some embodiments, the fastener 900 can be a fixing
pin or a nail.
[0038] By combining FIG. 9 and FIG. 10, FIG. 10 is a
schematic view showing a portion of the forging head
fixing device shown in FIG. 9. The retaining portion 702
is internally provided with a channel 705 for circulating a
coolant to cool the forging head. FIG. 10 is a schematic
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view showing the structure of the inner channel 705 of
the forging head fixing device 700 according to an em-
bodiment of the present invention. The forging head fixing
device 700 is configured by providing a plurality of straight
channels 7051 formed through the retaining portion 702
on the cylindrical retaining portion 702. In the present
embodiment, the forging head fixing device 700 is pro-
vided with four straight channels 7051, and the four
straight channels 7051 are sequentially connected to
form a channel 705 for circulating a coolant. Since four
straight channels 7051 are to be formed, a plurality of
openings are formed in the retaining portion of the forging
head fixing device 700, except that the inlet 706 of the
coolant and the outlet 707 of the coolant are retained,
and other straight channels 7051 are formed; the open-
ings formed during the process are sealed by brazing or
other suitable sealing methods. The coolant can be cir-
culated through the inlet 706 of the coolant and the outlet
707 of the coolant in the inner channel 705 of the retaining
portion 702, thereby effectively cooling the forging head,
while the service life of the forging head can also be pro-
longed.
[0039] Referring to FIG. 11, it shows a schematic view
of a forging head fixing device 800 according to one em-
bodiment of the present invention. The forging head fixing
device 800 comprises a circular base portion 801 and a
cylindrical retaining portion 802 extending from one end
of the base portion 801. The forging head fixing device
800 also comprises a cavity 803 that houses the forging
head. The cavity 803 also comprises a first cavity 8032
formed through the base 801 and a second cavity 8031
formed through the retaining portion 802. The aperture
of the first cavity 8032 is smaller than the aperture of the
second cavity 8031, thus the forging head fixing device
800 further comprises a resisting portion 804 formed on
the top of the second cavity 8031. When the forging head
is housed in the second cavity 8031 of the forging head
fixing device 800, the forging head abuts against the re-
sisting portion 804 to prevent the forging head from shak-
ing. At the same time, the fastener is also held under the
step portion of the forging head, thereby holding the forg-
ing head stable in the forging head fixing device 800.
[0040] By combining FIG. 11 and FIG. 12, FIG. 12 is
a schematic view showing a portion of the forging head
fixing device shown in FIG. 11. The retaining portion 802
is internally provided with a channel 805 for circulating a
coolant to cool the forging head. FIG. 12 is a schematic
view showing the structure of the inner channel 805 of
the forging head fixing device 800 according to an em-
bodiment of the present invention. The inner channel 805
is a circular channel integrally formed inside the retaining
portion 802, and comprises an inlet 806 of a coolant and
an outlet 807 of a coolant, such that the coolant can be
cycled within the inner channel 805 of the retaining por-
tion 802, thereby effectively cooling the forging head,
while the service life of the forging head can be pro-
longed. The inner channel 805 of the forging head fixing
device 800 shown in FIG. 12 is integrally formed inside

the retaining portion 802, which simplifies the manufac-
turing process.
[0041] FIG. 13 shows a schematic view of an additive
manufacturing system 1 according to one embodiment
of the present invention. The additive manufacturing sys-
tem 1 comprises an energy source device 11 and a forg-
ing device 10. The energy source device 11 comprises
an energy source for emitting an energy beam 111 to the
substrate 14. The forging device 10 is configured to follow
the energy beam 111, thereby forming a trajectory move-
ment of the cladding layer during the formation of the
cladding layer of the energy source device 11, for real-
time forging of the cladding layer.
[0042] In some embodiments, the additive manufac-
turing system 1 further comprises a feeding device 13
that may comprise a feed nozzle 131. Of course, the feed-
ing device 13 may also comprise feeding mechanisms
of other shapes. The feeding device 13 can add an ad-
ditive material 19 to the surface 141 of the substrate 14.
The feeding device 13 generally comprises a hollow
structure that allows the energy beam 111 to pass
through. The first energy beam 111 may be in contact
with an additive material added to the surface 141 of the
substrate 14, whereby the additive material may be melt-
ed on the surface 141 of the substrate 14 to form the
cladding layer 15.
[0043] The additive manufacturing system 1 further
comprises a coupling structure 12 disposed between the
energy source device 11 and the feeding device 13, en-
abling the energy source device 11 and the feeding de-
vice 13 to be linked. The forging device 10 is disposed
at the bottom of the feeding device 13. The forging head
fixing device 700 is coupled to the feeding device, and
the forging head 600 is secured under the forging head
fixing device 700. Thereby, the additive material 19 can
be simultaneously passed through the cavity of the forg-
ing head fixing device 700 and the through hole of the
forging head, while at the same time, the energy beam
111 of the energy source device 11 can be passed
through, while coaxial powder feeding and coaxial in-situ
forging can be realized.
[0044] In some embodiments of the present invention,
the additive material may be a powder or a filament. The
additive material may be metal powder, alloy powder,
super alloy powder, composite powder, metal filament,
alloy filament, super alloy filament, and composite fila-
ment. The additive material may be added to the surface
of the substrate by a feeding device through coaxial feed-
ing, coaxial wire feeding, off-axis powder feeding, and
off-axis wire feeding. In some embodiments of the
present invention, the additive material may comprise a
nickel based alloy powder.
[0045] While the energy source device 11 is emitting
the first energy beam 111 on the surface of the substrate
14, the forging device 10 may simultaneously forge at
least a portion of the cladding layer 15. The forging head
600 can be moved up and down in the vertical direction.
In the process of forming the cladding layer 15, the forging
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head 600 may be in contact with the surface of the clad-
ding layer 15, thereby hammering, peening, or pressing
a portion of the cladding layer 15, thus forging the portion
of the cladding layer 14.
[0046] The forging head 600 may move along a trajec-
tory forming the cladding layer 15, which is in the same
direction as the movement of the energy beam 111, for
real-time forging of the cladding layer 15 during the for-
mation of the cladding layer 15. Thus achieving peening
on the cladding layer, and eliminating defects such as
holes, slip planes, and micro fractures in the cladding
layer 15, thereby increasing the density of the final formed
part. In addition, the microstructure of the final cladding
layer can also be altered, such as to promote recrystal-
lization of the cladding layer material and formation of
fine equiaxed crystal structures.
[0047] The additive manufacturing system 1 further
comprises a cooling device 16 which can provide a cir-
culating coolant to the forging head fixing device 700 and
can be used to continuously cool the forging head 600
to prolong the service life of the cooling head.
[0048] The additive manufacturing system 1 of the
present embodiment can realize coaxial in-situ forging in
the additive manufacturing process; it can effectively im-
prove the efficiency of the additive manufacturing sys-
tem, and can also eliminate defects such as holes, slip
planes and micro fractures in the cladding layer, thereby
increasing the density of the final formed part.
[0049] Please refer to FIG. 14, which is a schematic
diagram of an additive manufacturing system 2 according
to one embodiment of the present invention. The additive
manufacturing system 2 comprises an energy source de-
vice 21 and a forging mechanism 27. The energy source
device 21 is configured to emit a first energy beam 211
and a second energy beam 212 to the substrate 24.
[0050] The energy source device 21 can move the first
energy beam 211 and the second energy beam 212 along
a surface 231 of the substrate 24. In the present embod-
iment, the energy source device 11 comprises an energy
source, while the first energy beam 211 and the second
energy beam 212 are both provided by the energy
source. In the present embodiment, the first energy beam
211 and the second energy beam 212 can be moved
relative to the substrate 24, the substrate 24 being sta-
tionary.
[0051] In some embodiments, the energy source de-
vice is stationary. Thus, the first energy beam and the
second energy beam emitted by the energy source de-
vice are also stationary. The substrate is movable relative
to the first energy beam and the second energy beam
along a trajectory of the first energy beam forming a clad-
ding layer. In some embodiments, the first energy beam,
the second energy beam, and the substrate can simul-
taneously move along a trajectory of the first energy
beam forming a cladding layer. The first energy beam
and the second energy beam are move relative to the
substrate.
[0052] In some embodiments of the present invention,

the additive manufacturing system 2 further comprises a
feeding device 23. The additive manufacturing system 2
further comprises a coupling device 22 for connecting
the feeding device 23 and the energy source device 21,
allowing the feeding device 23 and the energy source
device 21 to interlock. When the energy source device
21 is moved, the feeding device 23 also moves together.
The feeding device 23 comprises a feed nozzle 231. Of
course, the feeding device 23 may also comprise other
forms of feeding mechanisms, such as a powder feeder,
a wire feeder, and so on. The feeding device 23 can add
an additive material 29 to the surface 141 of the substrate
14. The feeding device 23 generally comprises a hollow
structure that allows the first energy beam 211 to pass
through. The first energy beam 211 may add to the ad-
ditive material 29 of the substrate 24 through melting to
form the cladding layer on the surface 241 of the sub-
strate 24.
[0053] The forging mechanism 27 comprises a fixing
portion 271 and a forging device 20 connected to the
fixing portion 271. The forging device 20 comprises a
forging head fixing device 700 and a forging head 600
housed and secured at a lower end of the forging head
fixing device 700. The second energy beam 212 emitted
by the energy source 21 is adjacent to the forging device
27 and can pass through the cavity of the forging head
fixing device 700 and the through hole of the forging head
600, thereby heating the cladding layer area forged by
the forging head; it allows the cladding layer area forged
by the forging head 60 to be always maintained within a
suitable temperature range, which can reduce the dam-
age to the forging head and prolong the service life of
the forging head.
[0054] The additive manufacturing system 2 further
comprises a cooling device 26, providing a circulating
coolant to the forging head fixing device 700 for contin-
uously cooling the forging head to avoid excessive tem-
perature of the forging head used for additive manufac-
turing, which may be prolonged The service life of the
forging head.
[0055] The additive manufacturing system 2 of the em-
bodiment shown in FIG. 14 and the additive manufactur-
ing system shown in FIG. 13 operate similarly, and will
not be described again herein. The main difference be-
tween the additive manufacturing system 2 of the present
embodiment and the additive manufacturing system 1 of
FIG. 13 is that the energy source 21 can emit a first energy
beam 211 and a second energy beam 212, the first en-
ergy beam 211 is used to add additive material 29 to the
substrate through melting, the second energy beam 212
can pass through the cavity of the forging head fixing
device of the forging device 20 and the through hole of
the forging head, thereby heating the cladding layer area
forged by the forging head 600 during the forging proc-
ess, thus reducing the damages to the forging head. The
additive manufacturing system further comprises a cou-
pling mechanism 28 for connecting the energy source
device 21 and the forging mechanism 27, to realize effect
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linkage between the energy source device 21 and the
forging mechanism 27.
[0056] The additive manufacturing system 2 can real-
ize real-time forging of the cladding layer by using a forg-
ing mechanism during the process of forming a cladding
layer through additive manufacturing, and can eliminate
defects such as holes, slip planes and micro fractures in
the cladding layer, thereby increasing the density of the
final formed part; at the same time, the second energy
beam is also used to heat the forged cladding layer area
to reduce the damage to the forging head, while the cool-
ing device is simultaneously used to cool the forging
head, thus prolonging the service life of the forging head.
[0057] The description uses specific embodiments to
describe the present invention, including the best mode,
and can help any person skilled in the art perform exper-
imental operations. These operations include using any
device and system and using any specific method. The
patentable scope of the present invention is defined by
the claims, and may include other examples that occur
in the art. If the other examples are structurally different
from the written language of the claims, or have a struc-
ture equivalent to that described in the claims, they are
considered to be within the scope of the claims of the
present invention.
[0058] Various aspects and embodiments of the
present invention are defined by the following clauses

1. A forging head (100, 200, 300, 400, 500, 600) for
additive manufacturing, comprising:

a base portion (101, 201, 301, 401, 501, 601);

a forging portion (102, 202, 302, 402, 502, 602)
extending from the base portion (101, 201, 301,
401, 501, 601), for forging a cladding layer (15,
25) during formation of the cladding layer (15,
25) by additive manufacturing; wherein

a through hole (103, 203, 303, 403, 503, 603) is
formed through the base portion (101, 201, 301,
401, 501, 601) and the forging portion (102, 202,
302, 402, 502, 602), for at least one of an energy
beam (111, 211, 212) and an additive material
(19, 29) to pass through during formation of the
cladding layer (15, 25).

2. The forging head of clause 1, wherein the forging
portion (102, 302, 502) comprises a substantially flat
forging surface (104, 304, 504) for contacting the
cladding layer (15, 25).

3. The forging head of clause 1, wherein the forging
portion (202, 402, 602) comprises an arched forging
surface (204, 404, 604) for contacting the cladding
layer (15, 25).

4. The forging head of clause 1, wherein the forging

portion (102, 202) is located on one side of the
through hole (103, 203).

5. The forging head of clause 1, wherein the forging
portion (302, 402) is located on two sides of the
through hole (303, 403).

6. The forging head of clause 1, wherein the forging
portion (502, 602) integrally extends downward from
a bottom of the base portion (501, 601) and sur-
rounds the through hole (503, 603).

7. The forging head of clause 1, wherein the through
hole (103, 203, 303, 503, 603) is shaped in tubular.

8. The forging head of clause 1, wherein a vertical
cross section of the through hole (403) is an inverted
trapezoid structure.

9. The forging head of clause 1, wherein the base
portion (101, 201, 301, 401, 501, 601) is formed with
a plurality of step portions (105, 205, 305, 405, 505,
605) adjacent to a top end thereof.

10. The forging head of clause 1, wherein the forging
head is made of alloy material with a hardness great-
er than about 30 on the Rockwell C hardness scale.

11. The forging head of clause 10, wherein the alloy
material comprises carbonized tungsten based hard
alloy comprising less than about 30 weight percent
of cobalt.

12. The forging head of clause 11, wherein the alloy
material comprises carbonized tungsten based hard
alloy comprising about 20 weight percent to about
25 weight percent of cobalt.

13. The forging head of clause 10, wherein the alloy
material comprises nickel based alloy comprising
greater than about 10 weight percent of tungsten.

14. The forging head of clause 10, wherein the alloy
material comprises nickel based alloy comprising
molybdenum and greater than 10 weight percent of
tungsten, and the content of molybdenum and tung-
sten is more than 15% (in a weight percentage).

15. A forging device (10) for additive manufacturing,
comprising:

a forging head (100, 200, 300, 400, 500, 600)
comprising a base portion (101, 201, 301, 401,
501, 601), a forging portion (102, 202, 302, 402,
502, 602) extending from the base portion (101,
201, 301, 401, 501, 601) and configured to forge
a cladding layer (15, 25) during formation of the
cladding layer (15, 25) by additive manufactur-
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ing, and a through hole (103, 203, 303, 403, 503,
603) formed through the base portion (101, 201,
301, 401, 501, 601) and the forging portion (102,
202, 302, 402, 502, 602);

a forging head fixing device (700, 800) compris-
ing a cavity (703, 803), for receiving the forging
head (100, 200, 300, 400, 500, 600); wherein

the through hole (103, 203, 303, 403, 503, 603)
and the cavity (703, 803) communicate with
each other, and are configured to allow at least
one of an energy beam (111, 211, 212) and an
additive material (19, 29) to pass through during
formation of the cladding layer (15, 25).

16. The forging device of clause 15, wherein the forg-
ing head fixing device (700, 800) comprises a main
portion (701, 801) and a holding portion (702, 802)
extending downward from one end of the main por-
tion (701, 801), the cavity (703, 803) comprises a
first cavity (7031, 8031) penetrating the main portion
(701, 801) and a second cavity (7032, 8032) pene-
trating the holding portion (702, 802), and the base
portion (101, 201, 301, 401, 501, 601) is retained
within the second cavity (7032, 8032).

17. The forging head of clause 15, wherein a channel
(705, 805) is arranged in the interior of the holding
portion (702, 802), for circulating a cooling liquid to
cool the forging head (100, 200, 300, 400, 500, 600).

18. An additive manufacturing system (1, 2), com-
prising:

an energy source (11, 21) configured to provide
an energy beam (111, 211, 212), for fusing at
least a portion of a material (19, 29) added to a
surface (141, 241) of the substrate (14, 24) for
forming a cladding layer (15, 25) on the sub-
strate (14, 24) or heating the cladding layer (15,
25); and

a forging device (10, 20) comprising a forging
head (100, 200, 300, 400, 500, 600), for forging
the cladding layer (15, 25) during formation of
the cladding layer (15, 25) by additive manufac-
turing; wherein

the forging head (100, 200, 300, 400, 500, 600)
comprises a base portion (101, 201, 301, 401,
501, 601), a forging portion (102, 202, 302, 402,
502, 602) and a through hole (103, 203, 303,
403, 503, 603) formed through the base portion
(101, 201, 302, 401, 501, 601) and the forging
portion (102, 202, 302, 402, 502, 602);

the though hole (103, 203, 403, 503, 603) is con-

figured to allow at least one of an energy beam
(111, 211, 212) and an additive material (19, 29)
to pass through during formation of the cladding
layer (15, 25).

19. The additive manufacturing system of clause 18,
wherein the forging device (10, 20) further comprises
a forging head fixing device (700, 800) comprising a
main portion (701, 801), a holding portion (702, 802)
extending downward from one end of the main por-
tion (701, 801), a first cavity (7031, 8031) penetrating
the main portion (701, 801), and a second cavity
(7032, 8032) penetrating the holding portion (702,
802).

20. The additive manufacturing system of clause 19,
further comprising a cooling device (16, 26), for pro-
viding a cooling liquid to the forging head fixing de-
vice (700, 800).

Claims

1. A forging head (100, 200, 300, 400, 500, 600) for
additive manufacturing, comprising:

a base portion (101, 201, 301, 401, 501, 601);
a forging portion (102, 202, 302, 402, 502, 602)
extending from the base portion (101, 201, 301,
401, 501, 601), for forging a cladding layer (15,
25) during formation of the cladding layer (15,
25) by additive manufacturing; wherein
a through hole (103, 203, 303, 403, 503, 603) is
formed through the base portion (101, 201, 301,
401, 501, 601) and the forging portion (102, 202,
302, 402, 502, 602), for at least one of an energy
beam (111, 211, 212) and an additive material
(19, 29) to pass through during formation of the
cladding layer (15, 25).

2. The forging head of claim 1, wherein the forging por-
tion (102, 302, 502) comprises a substantially flat
forging surface (104, 304, 504) for contacting the
cladding layer (15, 25).

3. The forging head of claim 1, wherein the forging por-
tion (202, 402, 602) comprises an arched forging sur-
face (204, 404, 604) for contacting the cladding layer
(15, 25).

4. The forging head of any one of claims 1 to 3, wherein
the forging portion (102, 202) is located on one side
of the through hole (103, 203) or on two sides of the
through hole (303, 403).

5. The forging head of any one of claims 1 to 4, wherein
the forging portion (502, 602) integrally extends
downward from a bottom of the base portion (501,
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601) and surrounds the through hole (503, 603).

6. The forging head of any one of claims 1 to 5, wherein
the through hole (103, 203, 303, 503, 603) is a tubular
shape.

7. The forging head of any one of claims 1 to 6, wherein
a vertical cross section of the through hole (403) is
an inverted trapezoid structure.

8. The forging head of any one of claims 1 to 7, wherein
the base portion (101, 201, 301, 401, 501, 601) is
formed with a plurality of step portions (105, 205,
305, 405, 505, 605) adjacent to a top end thereof.

9. The forging head of any one of claims 1 to 8, wherein
the forging head is made of alloy material with a hard-
ness greater than about 30 on the Rockwell C hard-
ness scale.

10. The forging head of any one of claims 1 to 9, wherein
the alloy material comprises carbonized tungsten
based hard alloy comprising less than about 30
weight percent of cobalt., and preferably about 20
weight percent to about 25 weight percent of cobalt.

11. The forging head of any one of claims 1 to 10, where-
in the alloy material comprises nickel based alloy
comprising greater than about 10 weight percent of
tungsten, and the content of molybdenum and tung-
sten is preferably more than 15% (in a weight per-
centage).

12. A forging device (10) for additive manufacturing,
comprising:

a forging head (100, 200, 300, 400, 500, 600)
according to any preceding claim;
a forging head fixing device (700, 800) compris-
ing a cavity (703, 803), for receiving the forging
head (100, 200, 300, 400, 500, 600); wherein
the through hole (103, 203, 303, 403, 503, 603)
and the cavity (703, 803) communicate with
each other, and are configured to allow at least
one of an energy beam (111, 211, 212) and an
additive material (19, 29) to pass through during
formation of the cladding layer (15, 25).

13. The forging device of claim 12, wherein the forging
head fixing device (700, 800) comprises a main por-
tion (701, 801) and a holding portion (702, 802) ex-
tending downward from one end of the main portion
(701, 801), the cavity (703, 803) comprises a first
cavity (7031, 8031) penetrating the main portion
(701, 801) and a second cavity (7032, 8032) pene-
trating the holding portion (702, 802), and the base
portion (101, 201, 301, 401, 501, 601) is retained
within the second cavity (7032, 8032).

14. The forging head of claim 12 or 13, wherein a channel
(705, 805) is arranged in the interior of the holding
portion (702, 802), for circulating a cooling liquid to
cool the forging head (100, 200, 300, 400, 500, 600).

15. An additive manufacturing system (1, 2), comprising:

an energy source (11, 21) configured to provide
an energy beam (111, 211, 212), for fusing at
least a portion of a material (19, 29) added to a
surface (141, 241) of the substrate (14, 24) for
forming a cladding layer (15, 25) on the sub-
strate (14, 24) or heating the cladding layer (15,
25); and
a forging device (10, 20) comprising a forging
head (100, 200, 300, 400, 500, 600), for forging
the cladding layer (15, 25) during formation of
the cladding layer (15, 25) by additive manufac-
turing; wherein
the forging head (100, 200, 300, 400, 500, 600)
comprises a base portion (101, 201, 301, 401,
501, 601), a forging portion (102, 202, 302, 402,
502, 602) and a through hole (103, 203, 303,
403, 503, 603) formed through the base portion
(101, 201, 302, 401, 501, 601) and the forging
portion (102, 202, 302, 402, 502, 602);
the though hole (103, 203, 403, 503, 603) is con-
figured to allow at least one of an energy beam
(111, 211, 212) and an additive material (19, 29)
to pass through during formation of the cladding
layer (15, 25).

19 20 



EP 3 505 269 A1

12



EP 3 505 269 A1

13



EP 3 505 269 A1

14



EP 3 505 269 A1

15



EP 3 505 269 A1

16



EP 3 505 269 A1

17



EP 3 505 269 A1

18



EP 3 505 269 A1

19



EP 3 505 269 A1

20



EP 3 505 269 A1

21



EP 3 505 269 A1

22



EP 3 505 269 A1

23



EP 3 505 269 A1

24



EP 3 505 269 A1

25



EP 3 505 269 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 505 269 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 3 505 269 A1

28

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

