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MHICE(FBCMITAZSEEN CDULVT: CMI Activities in MHI AZ=ZET
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MHI has joined to CMI from 2013 for solving technical issues in aircraft manufacturing processes.
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CMITHDBA IZEEFITEERE - Technical Issues in MHI A=ZEET
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MHI has addressed in CMI several technical issues for the 787 production rate-up and
launching the 777 X project.
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R EF LML Automation for sanding Investigation for new Al-Li material

Improving NDI for composite material
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Reducing cost for Ti parts
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Metal BZandditive manufacturing ZFEDBEE High speed milling

Automation for
applying fastener seal

Boeing 787 Boeing 777X




MHIDEESE FT—I(CDULT : Research Item Listin MHI  A=ZFET
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MHI has researched the following items in CMI

fastener seal
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Research Item Period Results Implementation plan
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CMIICH T B EREIDAMIAZEDIAL : Target HASEHST
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In the fabrication for composite jigs made of invar36 material, there are some issues, longer lead time and high
manufacturing cost. MHI aims to fix these issues by developing Metal 3D additive manufacturing technology.
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Casting fE2R#HE 1A (t=12mm) : 131kg Weight 55%
Cost 20%
3DAM DED&EHEEE (t=5mm) : 60kg
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RFR(C{ER U=tk : Machine Specification HEEET
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DMG MORI Lasetec 65 3D, which can laminate metal and milling, was used in this research.
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IHIMBASEDIEICDUVT : Overview of Development for 3DAM s =ZET
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Laminating tests using the DED started in FY 18. The laminating speed was improved to double the original.
From FY21 in order to laminate complex shapes, we worked on improving the degree of freedom in shaping.
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BERMOHSE (BEERL/RE) : Difficulty for Additive Manufacturing



EASEEDR L: Increase Laminating Speed SN=EET
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Welding conditions were optimized by Box Behnken method for increasing the laminating speed. Machining time
was improved by adding the high rigidity ribs to laminating body for eliminating the chatter.
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EiX> £ EBEEERE : Laminating at Vertical Wall HASEET
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KK € SAMEYTERE : Laminating For Rigidity Ribs A=ZET
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EREHREDIEX : Increasing Degree of Laminating Freedom MA=ZFET
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We worked to clarify the welding conditions under which complex shapes with a maximum incline of 48 degrees
and a maximum twist angle of 28 degrees without tilting machine table could be laminated.

Winglet
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H X : 380mmWx350mmDx322mmH (JELVMRE : 3~4mm)

g 2:14kg

#) K :Invar36 (Sandvik®)
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BEEMNADRKXI{E Increasing Max. Degrees of Incline MA=ZE8T
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Max. degrees of incline was achieved 48deg, which is target angle, by optimizing melt-pool size and powder feed
rate and laser power.

[3BhHE (C K DAERBDIEE ORI DA

Melt-pool size Melt-pool size Melt-pool size Melt-pool size Melt-pool size
5000 [pixel] | 7000 [pixel] [ 9000 [pixel] | 10000 [pixel] | 11000 [pixel]

Powder feed rate
[g/min] 15° 15° 20°

13.7 ME2.6mm

Powder feed rate
[g/min] 20° 40° 250
18.7

Powder feed rate
[g/min] 12.5° 20° 300
23.7

Powder feed rate
[g/min] 45° 500 50°
28.7

Powder feed rate
[g/min] 40° 45° 55°

33.3 T&4.0mm



EEMISDOEICLIBFIERR SH=EET

Effect of Quality Variation of Metal Powder on Welding Conditions
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When refilled a new lot of metal powder, key holes were observed inside laminating body due to poor welding.
This poor welding made it impossible to laminate the shape with tilts and twists angle.
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Key hole
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EMHEDESDEMAE: Root Cause Analysis ASTEBET
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Measurements of bulk density for each material lot showed that the density had decreased by 3.3%. It was
found that the amount of metal ejected from the powder nozzle varied depending on the material lot.
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SREICIKUREL—Y—E0iA%E: Countermeasure Action &SA=ZFET
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It is necessary to adapt the laser power supplied based on the bulk density on metal powder. it was confirmed
that the key holes has been reduced by this countermeasure.

NS
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L—H—HAHDREESEICDUWLT : About Adapting Laser Power S=ZFET
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In continuous laminating process, the welding quality is affected by not only the variation of powder quality but
also the conducted heat from lower laminate. Thus, laser power is needed to decrease further at higher laminate.

FKERFEadHD D Keyholes are observed FERPFERL Eliminate keyholes
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IR U D EETOHRERIESE : Result KR_F 1--hn
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It was confirmed that lamination with a twist angle of 28 degrees and an inclination angle of 45 degrees, which
is the most difficult shape in demonstration laminating, could be performed with different materials in lots.

LOT#1 : Sandvik2019 LOT#2 : Sandvik2020
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R EHEDREIFEREES A : Lamination of Complex Part ~~=ZET
8X Video

© 2022 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved.




£E3DBEEIMBAFREDOMRE : Achievements HN=EET
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Box BehnkeniA(C & 32 ZEDBERHORBL TS LT, WENMEZEHT 3T
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A thin-walled laminate demo structure with a hollow rib, which is difficult with
conventional cast structures was able to fabricate.

The Box Behnken method was used to optimize the welding conditions for
reducing the lamination time.

Welding conditions were found to enable lamination for max. 48 degrees of
inclination and max. 28 degrees of twist even in three-axis-fixed lamination.



SE3IDAEERIMBIFEDS DR : Future Challenges  A=ZET
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The adaption laser power due to the variation of powder quality needed the
manually operation. Development for automated operation is needed by further
research in the future.

Even under optimal welding conditions, there are some keyholes inside a
laminating body. Further improvement for eliminating keyholes is needed.

Compensation technology for higher dimensional accuracy in laminating body is
necessary in actual production.

MHI will further investigate the possibility of Metal-3DAM in aluminum alloy.



m&#%(C : Conclusion SHN=EET
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MHI Benefits of participating in the CMI

> In a company-by-company study, it was possible to conduct a rather difficult and
challenging target test.

> In the research that brought together leading figures in various fields such as
machining, robotics, structural analysis and metal lamination, various ideas were
created and there was much knowledge and experience that could be gained
outside of research.



m={4(C : Proposal SN=FET
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Proposals for future collaboration

» Companies should not only select and request research themes, but also clarify
research issues with an eye to mass production applications and set optimal
target values with universities.

» The business environment surrounding companies is changing at a dizzying pace
every day. It is necessary to establish a research system that can get results in a
timely manner.

ex.) German machine manufacturers has close cooperation with university,
such as researchers renting company equipment for a certain period to
conduct research requested by companies.
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