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DESCRIPTION 

Title of Invention: METHODS OF MANUFACTURING AXISYMMETRIC BODY AND 

AXISYMMETRIC PRODUCT 

Technical Field 

[0001] The present invention relates to a method of manufacturing an axisymmetric body 

including a flange portion and a method of manufacturing an axisymmetric product from the 

axisymmetric body obtained by the above manufacturing method. 

Background Art 

[0002] An axisymmetric body including a flange portion is manufactured by, for example, 

casting or cutting of a columnar or thick cylindrical raw material. However, the casting 

requires high cost for manufacturing a mold, and the cutting wastes a large amount of materials. 

Summary of Invention 

Technical Problem 

[0003] Therefore, it is desired that a flange portion be formed later at a base metal. For 

example, it can be thought that a ring-shaped plate is joined to a tubular base metal by full 

penetration welding. However, since the amount of heat input to the base metal in the welding 

is extremely large, a heat affected zone (HAZ) in the base metal becomes large. 

[0004] Here, the heat affected zone in the base metal can be made extremely small by using 

laser metal deposition (LMD) disclosed in PTL 1, for example. The technology disclosed in 

P I 1,1 presupposes that: the base metal has a flat plate shape; and a projection having a relatively 

narrow width that is not more than twice a bead generated by the laser metal deposition is 

formed. Thus, the technology disclosed in PTL 1 is not intended to form an annular flange 

portion used as a structural member. Further, a flange portion having a relatively wide width 

cannot be formed by the technology disclosed in PTL 1. 

[0005] An object of the present invention is to provide a method of manufacturing an 

axisymmetric body including a flange portion having a relatively wide width by using laser 

metal deposition and a method of manufacturing an axisymmetric product from the 

axisymmetric body. 

Solution to Problem 

[0006] To achieve the above object, a method of manufacturing an axisymmetric body 

according to the present invention is a method of manufacturing an axisymmetric body including 
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a flange portion, the method including the steps of: forming an annular first layer on a peripheral 

surface of a base metal by laser metal deposition, the first layer being including a plurality of 

beads and having a width that is not less than twice a width of the bead, the peripheral surface 

facing outward or inward in a radial direction; and stacking a plurality of annular height raising 

layers on the first layer by the laser metal deposition, the height raising layers each being 

including a plurality of beads. 

[0007] According to the above configuration, the axisymmetric body including the flange 

portion having a relatively wide width can be manufactured while making a heat affected zone in 

the base metal extremely small. 

[0008] The first layer may be formed in such a manner that the beads extending in a 

circumferential direction of the base metal are lined up in an axial direction of the base metal, 

and each of the plurality of height raising layers may be formed in such a manner that the beads 

extending in the circumferential direction of the base metal are lined up in the axial direction of 

the base metal. Each of the first layer and the height raising layers can also be formed in such a 

manner that short beads extending in the axial direction of the base metal are lined up in the 

circumferential direction of the base metal by moving a nozzle, which emits a laser beam, zigzag 

relative to the peripheral surface of the base metal. I lowever, in this case, a time from when 

one bead is formed until when a new bead is adjacently formed is extremely short. Therefore, 

the amount of heat accumulated in the base metal may become large, and the distortion of the 

base metal may become large. Further, the amount of heat accumulated in the base metal that is 

a base of the axisymmetric body and is continuous in the circumferential direction becomes large, 

and the distortion of the base metal becomes significant. In contrast, in a case where the beads 

extending in the circumferential direction of the base metal are lined up in the axial direction of 

the base metal as in the above configuration, a time from when one bead is formed until when a 

new bead is adjacently formed becomes extremely long. Therefore, the amount of heat 

accumulated in the base metal is decreased, and the distortion of the base metal can be made 

small. 

[0009] The first layer may be formed while cooling the base metal, and each of the plurality 

of height raising layers may be formed while cooling the base metal. According to this 

configuration, oxidation of elements in a fusion zone of the base metal and the supply metal 

(wire or metal powder) can be suppressed. Especially, when the base metal is made of a 

titanium alloy, and the fusion zone is high in temperature, the fusion zone tends to have porosity 

because of oxidization of the titanium. Therefore, this configuration is useful especially when 

the base metal is made of the titanium alloy. 
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[0010] Each of the plurality of height raising layers may be formed under a condition 

different from a condition under which the first layer is formed. States (depressions and 

projections, temperature, etc.) of an immediately-before formed layer (the first layer or the 

height raising layer formed previously) that is a layer formed immediately before one height 

raising layer are different from states of the peripheral surface of the base metal on which the 

first layer is formed. Therefore, when the condition under which the first layer is formed and 

the condition under which each of the height raising layers is formed are made different from 

each other, quality of all the first layers and the height raising layers can be made uniform. 

[0011 ] For example, the base metal may be made of a titanium alloy. 

[0012] Metal powder may be used in the laser metal deposition. In the LMD, a wire can 

also be used as the supply metal. However, by using the metal powder as in this configuration, 

advantages are that, for example, a generation speed of the beads and the shape of the bead can 

be controlled easily. 

[0013] The base metal may include a tapered body portion and an annular wall projecting 

inward from a large-diameter end of the body portion, and the first layer may be formed at an 

intermediate position of the body portion and on an inner peripheral surface of the base metal. 

According to this configuration, a shape that is difficult to manufacture by casting using a mold 

can be realized. 

[0014] Further, a method of manufacturing an axisymmetric product from the axisymmetric 

body obtained by the above method according to the present invention includes the .step of 

cutting the axisymmetric body by machine work. According to this configuration, a highly 

accurate axisymmetric product can be manufactured at low cost. 

Advantageous Effects of Invention 

[0015] The present invention can manufacture the axisymmetric body including the flange 

portion having a relatively wide width by using the laser metal deposition. 

Citation List 

Patent Literature 

[0016] PTL 1: Japanese Laid-Open Patent Application Publication No. 2007-301980 

Brief Description of Drawings 

[0017] Fig. 1 is a cross-sectional view of an axisymmetric body obtained by a method of 

manufacturing the axisymmetric body according to one embodiment of the present invention. 
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Fig. 2 is an explanatory diagram of the method of manufacturing the axisymmetric 

body. 

Fig. 3A is a diagram when a base metal is viewed from an inner side in a case where 

a first layer is formed in such a manner that beads extending in a circumferential direction of the 

base metal are lined up. Fig. 3B is a cross-sectional view showing the first layer and height 

raising layers. 

Fig. 4 is a cross-sectional view showing the first layer and the height raising layers 

and shows Modified Example of an order of generation of beads when forming the first layer and 

the height raising layers. 

Fig. 5A is a diagram when the base metal is viewed from the inner side in a case 

where the first layer is formed in such a manner that the beads extending in an axial direction of 

the base metal are lined up. Fig. 5B is a cross-sectional view showing the first layer and the 

height raising layers. 

Fig. 6 is an enlarged cross-sectional view of a nozzle of a LMD device. 

Fig. 7 is a graph showing a temporal change of a temperature of a specific position 

of the base metal. 

Fig. 8 is a cross-sectional view showing a relation between the axisymmetric body 

and an axisymmetric product. 

Fig. 9 is an explanatory diagram showing the method of manufacturing the 

axisymmetric body when a fan is used as a device that cools the base metal. 

Fig. 10 is an explanatory diagram showing the method of manufacturing the 

axisymmetric body when a jacket is used as the device that cools the base metal. 

Description of Embodiments 

[0018] A method of manufacturing an axisymmetric body according to one embodiment of 

the present invention is a method of manufacturing an axisymmetric body 1 having a shape that 

is symmetrical around a central axis 10 as shown in Fig. 1. In the present embodiment, the 

axisymmetric body 1 is hollow and opens in an axial direction (downward direction in Fig. 1). 

Specifically, the axisymmetric body 1 includes: a ceiling wall 11; a tapered peripheral wall 12 

spreading from a peripheral portion of the ceiling wall 11; two first flange portions 14 (each 

corresponding to a flange portion of the present invention) projecting inward in a radial direction 

from an intermediate portion of the peripheral wall 12; and a second flange portion 13 projecting 

inward in the radial direction from a tip end of the peripheral wall 12. 

[0019] However, the shape of the axisymmetric body 1 is not limited to the shape shown in 
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Fig. 1. For example, the peripheral wall 12 of the axisymmetric body 1 may be straight. 

Further, the number of first flange portions 14 may be one or may be three or more. 

Furthermore, the first flange portions 14 may project outward in the radial direction. A 

projecting direction of the first flange portions 14 does not necessarily have to be parallel to the 

radial direction of a base metal 2 and may be inclined relative to the radial direction of the base 

metal 2. Further, instead of the second flange portion 13, the first flange portion 14 may project 

inward or outward in the radial direction from the tip end of the peripheral wall 12. 

Furthermore, the axisymmetric body 1 does not necessarily have to be hollow and may be solid. 

[0020] According to the manufacturing method of the present embodiment, the first flange 

portions 14 are formed later at the base metal 2 by the LMD. In the present embodiment, metal 

powder is used as supply metal for the LMD. However, a wire may be used instead of the 

metal powder. Specifically, as shown in Figs. 2 and 6, while rotating the base metal 2 around 

its central axis 20, a laser beam 41 is emitted and metal powder 42 is injected from a nozzle 4 of 

a LMD device toward an inner peripheral surface 2a (peripheral surface facing inward in the 

radial direction) of the base metal 2. It should be noted that in the above-described case where 

the first flange portion 14 is formed so as to project outward in the radial direction, the laser 

beam 41 may be emitted and the metal powder 42 may be injected from the nozzle 4 toward an 

outer peripheral surface 2b (peripheral surface facing outward in the radial direction) of the base 

metal 2. 

[0021 ] The base metal 2 has a shape obtained by removing the first flange portions 14 from 

the axisymmetric body 1. More specifically, the base metal 2 includes: a disk-shaped wall 23 

that defines the ceiling wall 11 of the axisymmetric body 1; a tapered body portion 21 that 

defines the peripheral wall 12 of the axisymmetric body 1; and an annular wall 22 that defines 

the second flange portion 13 of the axisymmetric body 1 and projects inward from a 

large-diameter end of the body portion 21. The base metal 2 can be produced in such a manner 

that, for example, a disk-shaped plate is formed in a tapered shape by spinning forming, and a tip 

end portion of the tapered shape is then pushed inward in the radial direction. 

[0022] A material constituting the base metal 2 is not especially limited but is, for example, 

a titanium alloy. The metal powder may have the same composition as the base metal or may 

have a different composition from the base metal. For example, when the base metal 2 is made 

of the titanium alloy, the metal powder may be a titanium alloy different from the base metal 2 or 

may be an alloy other than the titanium alloy. 

[0023] As shown in Figs. 3 A and 3B, according to the manufacturing method of the present 

embodiment, first, an annular first layer 31 that is continuous in a circumferential direction of the 
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base metal 2 is formed by the LMD at the intermediate position of the body portion 21 and on 

the inner peripheral surface 2a of the base metal 2. Next, a plurality of annular height raising 

layers 32 that are continuous in the circumferential direction of the base metal 2 are stacked on 

the first layer 31 by the LMD. 

[0024] The first layer 31 includes a plurality of beads 35 and has a width W (axial width of 

the base metal 2) that is not less than twice the width of the bead 35. In the present 

embodiment, the first layer 31 is formed in such a manner that the beads 35 extending in the 

circumferential direction of the base metal 2 are lined up in the axial direction of the base metal 

2. For example, the beads 35 may be formed in a path order shown in Figs. 3A and 3B (i.e., the 

beads 35 may be formed from a small-diameter side of the body portion 21 toward a 

large-diameter side thereof). Or, to obtain a stable shape, an irregular path order shown in Fig. 

4 may be determined based on experience or the like. 

[0025] Referring back to Figs. 3 A and 3B, each of the height raising layers 32 also includes 

a plurality of beads 36. In the present embodiment, each of the height raising layers 32 is 

formed in such a manner that the beads 36 extending in the circumferential direction of the base 

metal 2 are lined up in the axial direction of the base metal 2. For example, the beads 36 may 

be formed in a path order shown in Figs. 3 A and 3B (i.e., the beads 36 may be formed from the 

small-diameter side of the body portion 21 toward the large-diameter side thereof). Or, to 

obtain a stable shape, an irregular path order shown in Fig. 4 may be determined based on 

experience or the like. 

[ 0026] However, as shown in Figs. 5 A and 5B, the first layer 31 may be formed in such a 

manner that the beads 35 extending in the axial direction of the base metal 2 are lined up in the 

circumferential direction of the base metal 2 by moving the nozzle 4 zigzag relative to the inner 

peripheral surface 2a of the base metal 2. Similarly, each of the height raising layers 32 may be 

formed in such a manner that the beads 36 extending in the axial direction of the base metal 2 are 

lined up in the circumferential direction of the base metal 2. 

[0027] It is desirable that the first layer 31 and each of the height raising layers 32 be 

formed while cooling the base metal 2. This is to maintain the temperature of the base metal 2 

within a certain range R as shown in Fig. 7. As a device that cools the base metal 2, a fan 6 

may be used as shown in Fig. 9, or a jacket 7 attached to the base metal 2 may be used as shown 

in Fig. 10. 

[0028] For example, when the fan 6 is used as shown in Fig. 9, the temperature of an 

arbitrary position of the base metal 2 may be monitored, and an air flow rate of the fan 6 may be 

controlled such that the monitored temperature is maintained within the certain range R. Or, 
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when the jacket 7 is used as shown in Fig. 10, the temperature of the arbitrary position of the 

base metal 2 may be monitored, and the flow rate of a cooling liquid flowing through the jacket 7 

may be controlled such that the monitored temperature is maintained within the certain range R. 

[0029] By forming the first layer 31 and each of the height raising layers 32 while cooling 

the base metal 2, oxidation of elements in a fusion zone of the base metal 2 and the metal powder 

can be suppressed. Especially, when the base metal 2 is made of a titanium alloy, and the 

fusion zone is high in temperature, the fusion zone tends to have porosity because of oxidization 

of the titanium. Therefore, the cooling of the base metal 2 is useful especially when the base 

metal 2 is made of the titanium alloy. 

[0030] It is desirable that each of the height raising layers 32 be formed under a condition 

different from a condition under which the first layer 31 is formed. States (depressions and 

projections, temperature, etc.) of an immediately-before formed layer (the first layer 31 or the 

height raising layer 32 formed previously) that is a layer formed immediately before one height 

raising layer 32 are different from states of the inner peripheral surface 2a of the base metal 2 on 

which the first layer 31 is formed. Therefore, when the condition under which the first layer 31 

is formed and the condition under which each of the height raising layers 32 is formed are made 

different from cach other, quality of all the first layers 31 and the height raising layers 32 can be 

made uniform. 

[0031 ] For example, when depressions and projections on the first layer 31 are large, and 

each of the height raising layers 32 is formed, heat energy input to the immediately-before 

formed layer is increased (for example, the output of the laser beam is increased), and this 

increases the amount of penetration. Or, for example, when the amount of heat accumulated in 

the base metal 2 is large, and each of the height raising layers 32 is formed, the heat energy input 

to the immediately-before formed layer is decreased (for example, the output of the laser beam is 

decreased), and this decreases the amount of penetration. 

[0032] When stacking the height raising layers 32, it is desirable that: the shape of the first 

flange portion 14 in the middle of the forming be monitored by a camera or the like; and when 

the shape of the first flange portion 14 is different from an ideal shape, the position of the nozzle 

4 be corrected. 

[0033] The above-explained manufacturing method of the present embodiment can 

manufacture the axisymmetric body 1 including the first flange portion 14 having a relatively 

wide width while making the heat affected zone in the base metal 2 extremely small. 

[0034] As explained above in reference to Figs. 5 A and 5B, each of the first layer 31 and the 

height raising layers 32 can also be formed in such a manner that short beads (35 or 36) 
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extending in the axial direction of the base metal 2 are lined up in the circumferential direction of 

the base metal 2. However, in this case, a time from when one bead is formed until when a new 

bead is adjacently formed is extremely short. Therefore, the amount of heat accumulated in the 

base metal 2 may become large, and the distortion of the base metal 2 may become large. 

Further, the amount of heat accumulated in the base metal 2 that is a base of the axisymmetric 

body 1 and is continuous in the circumferential direction becomes large, and the distortion of the 

base metal 2 becomes significant. In contrast, in a case where the beads extending in the 

circumferential direction of the base metal 2 are lined up in the axial direction of the base metal 

2 as in the present embodiment, a time from when one bead is formed until when a new bead is 

adjacently formed becomes extremely long. Therefore, the amount of heat accumulated in the 

base metal 2 is decreased, and the distortion of the base metal 2 can be made small. 

[0035] Further, in the present embodiment, the metal powder is used as the supply metal for 

the LMD. Therefore, advantages are that, for example, a generation speed of the beads 35 and 

36 and the shape of the bead can be controlled more easily than when the wire is used. 

[0036] By using the base metal 2 including a radially retreating portion covered with the 

body portion 21 and the annular wall 22 at both axial sides, a shape which is difficult to 

manufacture by casting using a mold can be realized. 

[0037] The axisymmetric body 1 obtained by the manufacturing method of the present 

embodiment may be used as a product. However, as shown in Fig. 8, a highly accurate 

axisymmetric product 5 can be manufactured at low cost by cutting the axisymmetric body 1 by 

machine work. 

[0038] The present invention is not limited to the above embodiment, and various 

modifications may be made within the scope of the present invention. 

Industrial Applicability 

[0039] The present invention is widely applicable to the manufacture of the axisymmetric 

body used in various applications. 

Reference Signs List 

[0040] 1 axisymmetric body 

14 first flange portion 

2 base metal 

2a inner peripheral surface 

2b outer peripheral surface 
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21 body portion 

22 annular wall 

31 first layer 

32 height raising layer 

35,36 bead 

42 metal powder 

5 axisymmetric product 
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CLAIMS 

1. A method of manufacturing an axisymmetric body including a flange portion, 

the method comprising the steps of: 

forming an annular first layer on a peripheral surface of a base metal by laser metal 

deposition, the first layer including a plurality of beads and having a width that is not less than 

twice a width of the bead, the peripheral surface facing outward or inward in a radial direction; 

and 

stacking a plurality of annular height raising layers on the first layer by the laser 

metal deposition, the height raising layers each including a plurality of beads. 

2. The method according to claim 1, wherein: 

the first layer is formed in such a manner that the beads extending in a 

circumferential direction of the base metal are lined up in an axial direction of the base metal; 

and 

each of the plurality of height raising layers is formed in such a manner that the 

beads extending in the circumferential direction of the base metal are lined up in the axial 

direction of the base metal. 

3. The method according to claim 1 or 2, wherein: 

the first layer is formed while cooling the base metal; and 

each of the plurality of height raising layers is formed while cooling the base metal. 

4. The method according to any one of claims 1 to 3, wherein each of the plurality of 

height raising layers is formed under a condition different from a condition under which the first 

layer is formed. 

5. The method according to any one of claims 1 to 4, wherein the base metal is made of 

a titanium alloy. 

6. The method according to any one of claims 1 to 5, wherein metal powder is used in 

the laser metal deposition. 

7. The method according to any one of claims 1 to 6, wherein: 

the base metal includes a tapered body portion and an annular wall projecting inward 
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from a large-diameter end of the body portion; and 

the first layer is formed at an intermediate position of the body portion and on an 

inner peripheral surface of the base metal. 

8. A method of manufacturing an axisymmetric product from the axisymmetric body 

obtained by the method according to any one of claims 1 to 7, 

the method comprising the step of cutting the axisymmetric body by machine work. 


