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Large Lightweight construction for additive manufacturing 2

ÅParts for compressor of turbofan engines
ÅParts for water jet propulsion unit
ÅShip fitments
ÅParts for aircraft and missile bodies
ÅSpaceships

Direct laser deposition
(powder)

Direct laser deposition
(wire)

3D arc melting
(Wire)

Ti alloys
Al alloys 
(Al-Mg, Al-Sc, Al-Zn)

Al alloys 
(Al-Mg, Al-Sc, Al-Zn)

Al alloys 
(Al-Mg, Al-Sc, Al-Zn)

0.7-1 kg/h 2-3 kg/h 3-5 kg/h

0.2 mm 0.5 mm 2 mm



TECHNOLOGY OF DIRECT LASER DEPOSITION 3

Vɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ 

ʧʦʨʦʰʢʘ ʚ ʛʘʟʦʚʦʡ ʩʪʨʫʝ

Vʅʘʛʨʝʚ ʠ ʧʣʘʚʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ

Vʊʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʟʦʥʝ ʨʦʩʪʘ

Vʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ

Vʌʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ.

˿ͻ͔ͣ͊ ͨͪͦͼ͔ͫͫ͊ ͙͙̅͘;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·

˻͍ͫͤͦͤ·͔ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊

˴͙ͦ͊ͫ͊͟͡Έͤ͊Ύ ͫͻ͔ͣ͊ ˹͔͙ͦ͊ͫ͊͟͟͡Έͤ͊Ύͫͻ͔ͣ͊

Vʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ (ʜʦ  2.5 

ʢʛ/ʯ) ʠʟ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ

Vʉʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ

Vɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʩ 

ʛʨʘʜʠʝʥʪʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ
.ɾʠʜʢʘʷ ʬʘʟʘ

ʊʚʸʨʜʘʷ ʬʘʟʘ

Ti
ό͙ͭ͊͡Ύ

ͫͭͪͯͭͯͪ͊͟)

Vʏʝʨʝʟ ʛʘʟʦʧʦʨʦʰʢʦʚʫʶ ʩʪʨʫʶ ʧʨʦʧʫʩʢʘʝʪʩʷ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

Vʇʦʣʫʯʘʝʤ ʞʠʜʢʫʶ ʦʙʦʣʦʯʢʫ ʠ ʪʚʸʨʜʦʝ ʷʜʨʦ ʧʦʨʦʰʠʥʢʠ.

Vʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʘ. 

Vɼʚʫʭʬʘʟʥʘʷ ʚʘʥʥʘ ʨʘʩʧʣʘʚʘ ʠ ʦʙʲʝʤʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ.



S ïÏ300 ɒɒ, h 300 ɒɒ  

Ȳ    ïÏ800 ɒɒ, h 500ɒɒ  

L ïÏ1300 ɒɒ, h 600ɒɒ   

XL ïÏ2200 ɒɒ, h 600ɒɒ 

XXL - ???  

EQUIPMENT FOR DIRECT LASER DEPOSITION 4
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ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʦʚʢʠ

ʈʘʟʤʝʨ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ 

(ʜʠʘʤʝʪʨ ʠʟʜʝʣʠʷ)

2000ʭ2000ʭ800

(1500)

ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ 3ʢɺʪ

ʂʦʣʠʯʝʩʪʚʦ ʢʦʦʨʜʠʥʘʪ 

ʤʘʥʠʧʫʣʷʪʦʨʘ

6 + 2

ʊʦʣʱʠʥʘ ʦʜʥʦʛʦ ʥʘʧʣʘʚʣʷʝʤʦʛʦ 

ʩʣʦʷ

ʦʪ 200 ʤʢʤ

ʂʦʣʠʯʝʩʪʚʦ ʩʤʝʰʠʚʘʝʤʳʭ 

ʧʦʨʦʰʢʦʚ

2

ʄʘʩʩʦʚʳʡʨʘʩʭʦʜ ʧʦʨʦʰʢʘʜʦ 5ʢʛ/ʯ

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʜʦ 50 ʢʫʙ. ʤʤ/ʩ

ʄʘʪʝʨʠʘʣʳ ʉʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ Fe,

Ni, Co, Cu

˻͎͔ͭͪͯ͗ͤ͊ ͤ͊ ˽ˢ˻ ζ˴̂˭˹˩̇˻ˤη ό͎Φ ˿͊ͣ͊ͪ͊ύ

LARGE SCALE TECHNOLOGICAL INSTALLATION FOR DIRECT LASER 
DEPOSITION
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6HYBRID TECHNOLOGICAL MACHINE FOR DIRECT LASER DEPOSITION 
AND MECHANICAL TREATMENT OF LARGE SCALE PARTS

˹͙͔͍͙͔͊ͣͤͦ͊ͤ ͔ͨ͊ͪ͊ͣͭͪ͊ ˭ͤ͊;͔͙͔ͤ

˽͔͔͔ͪͣ΅͔͙͔ͤ ͨͦ ͙ͦͦͪ͒ͤ͊ͭ͊ͣ͟

X,Y,Z 770x1300x750

́ͦ;ͤͦͫͭΈ ͙ͨͦ͘ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͨͦ ͦͫΎͣ X, Y, ZΣ ͣͣ ҕ0,005

͙̉ͫͦ͡ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͍ͯͨͪ͊͡Ύ͔ͣ·ͻ ͔͚ͦͫ ͙ͦͦͪ͒ͤ͊ͭ͟ 5

˾͔͊ͣͪ͘· ͪ͊͋ͦ;͔͚ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͨ͊ͤ͡΄͚͊͋·Σ ͣͣq 1100

́ͦ;ͤͦͫͭΈ ͎͍͎ͯͦͦͦ͡ ͙ͨͦ͘ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͨͦ ͦͫΎͣ B, C 

ό͙ͨͪ ͔͔ͤͨͪͪ·͍ͤͦͣ ͦͭͫ;͔͔ͭ ͙ͦͦͪ͒ͤ͊ͭ͟ύΣ ͎ͯ͡Φ ͔ͫ͟Φ
ҕ3

˹͙͊͋ͦ͡Έ΄͔͔ ͪ͊ͫͫͭͦΎ͙͔ͤ ͦͭ ͭͦͪͼ͊ ΄͙͔ͨͤ͒͡Ύ ͒ͦ ͔ͪ͊͊͘͟͡ ͨ͊ͤ͡΄͚͊͋·Σ 

ͣͣ
950

˹͙͊͋ͦ͡Έ΄͔͔ ͪ͊ͫͫͭͦΎ͙͔ͤ ͦͭ ͭͦͪͼ͊ ΄͙͔ͨͤ͒͡Ύ ͒ͦ ͙ͦͫ ͍͎ͨͦͦͪͦͭͤͦͦ 

ͫͭͦ͊͡ όͦͫΈ ˿ύΣ ͣͣ
800

˹͙͊͋ͦ͡Έ΄͊Ύͣ͊ͫͫ͊ͦ͋ ͪ͊͋͊ͭ·͍͔͚͔͙͔͊ͣͦ͒ͭ͊ͫͭ͡ͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟

͚͎ͦͫͤ͊ͫͭͦ͟͟Σ͔ͤ͋ ͔͔ͦ͡
400

˴ͦͤͯͫ΄͙͔ͨͤ͒͡Ύ HSK A 100

˽͔͔ͪ͒͡·;͍͊ͫͭͦͭͪ͊΅͔͙ͤΎ΄͙͔ͨͤ͒͡Ύ,͙ͣ-ͤ1 лΧмлллл

˴ͪͯͭΎ΅͙͚͔͙͔͔ͣͦͣͤͭͤ͊́ͨͤ͒͡Σ˹ͣ (S6/S1) 280/180

˩ͣͦͫͭ͟Έ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έ͎ͤͦͦ ͎͙ͣ͊͊ͤ͊͘Σ ΄ͭΦ30

ˤ͔ͪͣΎ ͔ͫͣͤ· ͙͔ͤͫͭͪͯͣͤͭ͊Σ ͔ͫ͟ 15

˸ͦ΅ͤͦͫͭΈ͔͎͙͊ͪͤͦͦͯ͘͘͡͡;͔͙ͤΎΣ͟ˤͭ 3

˾͊͋ͦ;͙͚͙͔ͤͫͭͪͯͣͤͭς͎ ͍͔ͦͦ͊͊ͪͤ͊͘͟͡͡Ύ +

˴͙ͦ͊ͫ͊͟͡Έ͔ͤͦͦ͟͡Έͼ͔͍͔ͦͫͦͨͦ͒͡͡Ύͨͦ ͒͊;͙ͨͦͪͦ΄͊͟ +

͙͍̑ͫͭͪͦͦ;ͤ·͚͔͙͔ͯͫͦͨ͊ͦͭͤͦͫͭ͘͡͡͡Έ͙ͤͦͦͨͭ;͔͚͙͎ͫͦͦͫͦ͟ ͍͙ͦ͟͡ +

˨͙͔͎͊ͣͭͪ͊ͦͨͦͪͦ͘΄͍͚͙ͦͦͫͭͪͯ͟Σ

͔͔͔ͤ͋ͦ͡Σͣͣ
3

˴͙ͦ͊ͫ͊͟͡Έͤ͊Ύͼ͙ͺ͍ͪͦ͊ΎHD-͔͊ͣͪ͊͟ +

˨͙͔͎͙͍͙͍͎͊ͨ͊ͦͤͪͯͪͦͣ͊ͫͫͦͦͦͪ͊ͫ͘͟͡ͻͦ͒͊ͨͦͪͦ΄͍͎͊͟ κ͙ͣͤ ͦͭ лΣр ͒ͦ ол

̅ͪ͊͟ͼ͙ͦͤͤ·͚͍͙͔ͫͦͫͭ͊ͭͪ͊ͤͫͨͦͪͭͪͯͣ·ͻͨͦͪͦ΄͍ͦ͟Σͣͣ͟ ͦͭ р ͒ͦ нлл

ˮ͔͎͙͍ͤͭͪͪͦ͊ͤͤ͊Ύ͙͔͍͔͙ͫͫͭͣ͊ͯͨͪ͊ͤ͡Ύό͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύͦ͋ͪ͊͋ͦͭ͊͟

ͨ͡Όͫ͊͡ ͔͔͍ͪͤͦ͘·ͪ͊΅͙͍͙͔͊ͤύ͙͊ ͍͙ͭͦͣ͊ͭ;͔͎ͫͦͦͦͤͭͪͦ͟͟͡Ύ

Siemens 

Sinumerik 840Dsl

˴ͦͤͭ͊ͭͤ͟·͚ оD͙͎͔ͭͪͪͤ·͚ ͒͊ͭ;͙͟Φ ́ͦ;ͤͦͫͭΈ ͙͔͔͙ͣͪͤ͘Ύ лΣлмͣͣRenishowomp60

ˤ͍ͦ͒ ͍ Ήͫͨͯ͊ͭ͊͟͡ͼ͙Ό 
- ˹ͦΎ͋ͪΈ нлму ͎Φ



Al alloys powder LMD. Structure and properties. 7

Micrographs of the optimized Al coatings on (a) AA2139 
and (b) AA2198 and the optimized AlSi12 coating on (c) 
AA2139 and (d) AA2198; micrograph of an non-
optimized (e) Al coating on AA2139 

Helmholtz-ZentrumGeesthacht, Institute 
of Materials Research, Materials 
Mechanics, Joining and Assessment 

Å Cracks
Å Porosity
Å Oxide layers

Scanning electron microscopy (SEM) micrographs in melt tracks of 
batch C (ScalmalloyϯLMD): (a) 200X; (b) 500X; (c) 1000X; (d) 2000X.

Comparison of Microstructure and Mechanical Properties of 
ScalmalloyϯProduced by Selective Laser Melting and Laser Metal 
Deposition, Mustafa Awd, JochenTenkamp, Markus Hirtler, 
ShafaqatSiddique, Markus Bambach, and Frank Walther

https://www.ncbi.nlm.nih.gov/pubmed/?term=Awd M[Author]&cauthor=true&cauthor_uid=29295528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tenkamp J[Author]&cauthor=true&cauthor_uid=29295528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirtler M[Author]&cauthor=true&cauthor_uid=29295528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siddique S[Author]&cauthor=true&cauthor_uid=29295528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bambach M[Author]&cauthor=true&cauthor_uid=29295528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walther F[Author]&cauthor=true&cauthor_uid=29295528


EQUIPMENT FOR WIRE BASED ADDITIVE MANUFACTURING

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͪͦͼ͔ͫͫ͊ ͨͪΎ͎ͣͦͦ ͍·ͪ͊΅͙͍͙͊ͤΎ

installation on the base 16 kw fiber laser and 
arc power source
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Analysis of economical and technical applicability of Al-Scalloys and wire 
based DLD technology

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ 

ʧʨʦʚʦʣʦʢʠ AlMg6.Zr. ʤʝʪʦʜʦʤ 

ʘ) ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ 

ʙ) ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʛʦ 

ʚʳʨʘʱʠʚʘʥʠʷ

˿͔ͨͭͪ͟Mg Al Si Mn Fe

˽͍ͪͦͦͦ͊͟͡ ό͙ͪͫΦ р͊ύ

1 2.91 79.95 0.17 9.93 7.04

2 1.57 77.16 0.11 12.04 9.12

3 0.45 74.85 0.16 13.68 10.85

4 6.13 92.96 0.38 0.53 0.00

5 6.06 93.02 0.20 0.71 0.00

6 6.05 93.18 0.20 0.57 0.00

˶͔͊ͪ͘Ҍ˨͎ͯ͊ ό͙ͪͫΦ р͋ύ

1 2.69 81.78 0.47 9.49 5.57

2 3.76 82.86 0.42 8.13 4.82

3 3.60 80.72 1.45 7.24 6.99

4 4.07 82.52 0.52 7.85 5.04

5 6.99 89.35 1.16 1.80 0.71

6 6.59 91.20 1.73 0.48 0.00

˶͔͊ͪ͘ ό͙ͪͫΦ р͍ύ

1 4.19 80.95 0.59 8.60 5.68

2 4.32 83.67 0.46 7.93 3.62

3 5.68 89.11 1.25 2.28 1.68

4 4.10 86.64 0.42 5.27 3.56

5 4.57 94.19 0.43 0.81 0.00

6 3.63 94.90 0.60 0.87 0.00

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ 

ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ
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͔̇ͤ͊ ͍͙ͨͪͦͦͦ͟͡Σ ͪͯ͋Φ

˿͙ͭͦͣͦͫͭΈ ͍·ͪ͊΅͙͍͙͊ͤΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 
ͼ͔ͤ· ͔͙ͣ͊ͭͪ͊͊͡ ͙ ͔ͣͭͦ͒͊ ͍·ͪ͊΅͙͍͙͊ͤΎ

˶ мл ͟ˤͭ˶ т ͟ˤͭ˨ ͎ͯ͊

˽˶˨ˤ ˽˶ˤ ˨ˤ

˸͊ͫͫ͊ ͍·ͪ͊΅͙͍͔͎͊ͣͦͦ ͙͔͙͒͘͡ΎΣ ͎͟1 1 1

˽͙͍͙͔ͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈ ͨͪͦͼ͔ͫͫ͊ 

͍·ͪ͊΅͙͍͙͊ͤΎΣ ͎͟κ;͊ͫ
1 1 1

˭͊ͭͪ͊ͭ· ͤ͊ Ή͔ͭͪͦ͟͡Ή͔͎͙ͤͪΌΣ ͪͯ͋360 360 129

˭͊ͭͪ͊ͭ· ͤ͊ ͊ͪ͊͋ͦͭͤͯ͘Ό ͨ͊ͭͯ͡ ͤ͊ 

͙͎͍͔͙͔ͦͭͦͤ͘͡ ͎ͦ͒ͤͦͦ ͙͔͙͒͘͡ΎΣ ͪͯ͋
300 300 300

˿͙ͭͦͣͦͫͭΈ ͔ͦͣͨͫ͊͟͟͡Σ ͪͯ͋Φ31225755 29000000 4100000

͔̇ͻ͍ͦ͊Ύ ͔͔͙ͫ͋ͫͭͦͣͦͫͭΈ ͤ͊ ͦ͒ͤͦ 

͙͔͙͔͒͘͡Σ ͪͯ͋
66,9 66,9 66,9

˭͊ͫͦͤ͊͟͡ пΣн ͎͟ˤ͙ͦ͒ͦ͊͋ͦͪͤ͘͟мм ͎͟˴ͪ·΄͊͟ ͤ͊ͫͦͫ͊ оΣр ͎͟˴ͦͪͨͯͫ ͔ͪ͒ͯͭͦͪ͊͟ 

2,3 ͟ ͎

˴ͪ·΄͊͟ ͔ͪ͒ͯͭͦͪ͊͟ 
1,4 ͟ ͎

˴ͦͪͨͯͫ лΣнр ͎͟

˽͙͔ͪͣͪ· ͍͎ͦͣͦ͗ͤͦͦ͘ ͍͎ͨͪͦ͒ͯͭͦͦͦ͟ ͪΎ͒͊

͙̏ͦͤͦͣ͟Ύ ͔ͣͭ͊͊͡͡ ͙ͨͪ ͨͪΎͣͦͣ 
͍·ͪ͊΅͙͍͙͙͊ͤ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ 
͙ͭͪ͊͒ͼ͙ͦͤͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣ

10

Analysis of economical and technical applicability of Al-Scalloys and wire 
based DLD technology



Possible ways of manufacturing of large Ti body of support for 
turbofan engine

11

Casting

˸͊ͫͫ͊ ςплΣт ͎͟
˸͙͙ͤͣ͊͡Έͤ͊Ύ ͭͦ͡΅͙ͤ͊ ͔ͫͭͤͦ͟ 
͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͭͻ͎͙͔͚ͤͦͦ͡ ͙ͭ͡ΈΎ ςо ͣͣΦ 

Welding

˸͊ͫͫ͊ ςпф ͎͟
ˣͦ͡Έ΄͚ͦ ͦ͋Ά͔ͣ ͙ͨͪͫ͊͒ͦ;͎ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡
͙ͨͪ ͍͔ͫ͊ͪ͟ ͍͔͙ͯ͡;͙͍͔͊ͭ ͣ͊ͫͫͯΦ

DLD

˸͊ͫͫ͊ ςот ͎͟
˿͋ͦͪ͊͟ ͙͘ ͔ͯͪͯͨͤͤͤ͟·ͻ ;͔͚͊ͫͭΣ 
˸͙͙͙ͤͣ͊͘ͼ͙Ύ ͍ͫ͊ͪͦ;ͤ·ͻ ͔ͦͨͪ͊ͼ͙͚Σ 
͙͙ͣͤͣ͊͡Έͤ͊Ύ ͔ͣͻͦ͋ͪ͊͋ͦͭ͊͟.



12Manufacturing of joint parts



Peculiarities of technology

˿ͻ͔ͣ͊ ͺ͍͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ͨͪ ˽˶ˤ

˽͔ͪͦ͋ͣ͡· ͺ͍͙ͦͪͣͦͦ͋ͪ͊ͦ͊ͤ͘Ύ ό͔͍͔͙ͤͫͨ͊ͤ͡͡Ύ)

˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͔͙͍ͪ͗ͣͦ

13

ˣ͔͘ ͙͍͙ͫ͊ͤͪͦ͊ͤ͟Ύ ˿ͦ ͙͍͙͔ͫ͊ͤͪͦ͊ͤͣ͟

̅ͦͪͣ͊ ͍͊ͤͤ· ͍ͪ͊ͫͨ͊͊͡ ͙ͨͪ ͙ͪ͊͘͡;ͤ·ͻ ͙͊ͣͨͭͯ͒͊͡ͻ ͙͍͙ͫ͊ͤͪͦ͊ͤ͟Ύ

˾͙͊͒ͯͫ ͨͯ;͊͟  мΦнр ͣͣ

Anm

b

kq
nR

q
q Ö=

Ö+
Ö

Ö

Ö
= 22max2

2p

p

p

h

˽͍ͦ·΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͊͘ ͫ;͔ͭ ͙͍͙ͫ͊ͤͪͦ͊ͤ͟Ύ ͔͊ͪͤ͘͡·ͣ ͯ͡;ͦͣ 
͍ ͨͪͦͼ͔͔ͫͫ ˽˶ˤ

˿ͻ͔ͣ͊ ͔͍͎ͭͨͦͦͦ͡ ͙ͫͭͦ;͙ͤ͊͟



ʅʙʫʞʩʡʙʤ
ʈʩʧʡʠʛʧ

ʝʡʫʞʤʵ

ʈʩʞʝʞʤ ʨʩʧʰʦʧʪʫʡ, 

ʅʈʙ

ʈʩʞʝʞʤ ʫʞʣʬʰʞʪʫʡ, 

ʅʈʙ

ʇʫʦʧʪʡʫʞʤʵʦʧʞ 

ʬʝʤʡʦʞʦʡʞ, %

ʇʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ

ʕʀ698ʇ ɺʀɸʄ 1021,0 837,0 18

ɺɺ751 ɺʀʃʉ 1115,6 981,9 8,7

ɾʉ6ʋ
ʂʦʤʧʦʟʠʪ

1353,0 1046,0 11,5

ɺʊ-20 968,0 882,0 6,6

ɺʊ-6 ɻʘʣʠʦʥ 1150 1090 11

ʇʈ-09ʍ14ʅʏɹ
ʇʦʣʝʤʘ

1451,4 1167,0 13,5

ʇʈ28ʍɿʉʅʄɺʌɸ 1667,2 1068,9 11,3

ʇʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ

Inconel625
Hºganas

865,0 489,0 28,5

316L 570,0 272,5 41,0 ʀʟʣʦʤ ɺʊ-6, ʬʨʘʢʮʠʷ ʧʦʨʦʰʢʘ 100-200 

ʆʙʨʘʟʝʮ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 
ɻʆʉʊ 11701-84

Results of mechanic tests of DLD samples 14



˽͎͙͍͙͔ͪͦͤͦͪͦ͊ͤ͘ ζ͙ͯͫ͊͒͟η

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͤ͊ͨͪΎ͔͗ͤͤͦ-͔͒ͺ͙͍͎ͦͪͣͪͦ͊ͤͤͦͦ ͫͦͫͭͦΎ͙ͤΎ

͔̂ͣͤΈ΄͔͙͔ͤ ͎͊͒͊ͤͤͦͦ͘ ͙ͪ͊͒ͯͫ͊
ͤ͊ р ͣͣ 

˴͔͙͍ͦͪͪͭͪͦ͊͟͟ ͍ͯͨͪ͊͡ΎΌ΅͔͚ 
͎ͨͪͦͪ͊ͣͣ· ͤ͊ ͍͔ͦͫͤͦ 
͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ

́ͦ;ͤͦͫͭΈ ͔͙ͨͦͫͭͪͦͤΎ Ҍκ-лΦн ͣͣ ͤ͊ 
͙͔ͪ͊͒ͯͫ пнл ͣͣ ό͍͙͔͊ͭͭ͟͡ ф-10)

ˤ-́6

Influence of thermal stress on shape of large parts 15



Bliskproduction from ʕ -́6 16



Production of high pressure fan

˸͊ͫͫ͊ ͫͨͦ͡΄͎ͤͦͦ ͍͙͊ͪ͊ͤͭ͊

мс ͎͟

˸͊ͫͫ͊ ͍͙͊ͪ͊ͤͭ͊ ͫ ͍͔͔͚ͤͯͭͪͤͤ 
ͺ͔͚ͪͣͦ т ͎͟

˿͙͔͙͔ͤ͗ͤ ͣ͊ͫͫ· ͪ͊͋ͦ;͔͎ͦ ͔ͦͫ͊͟͡ ͔͔͋ͦ͡ ;͔ͣ ͍ н ͔ͪ͊͊̂ͫͨ͘΄ͤͦ ͍͔͔ͨͪͦ͒ͤ· ͙ͫͨ·͙ͭ͊ͤΎΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͍ ͍͔ͫͦͫͭ͊

͔ͪͼ͙ͪͯ͟͡Ύͼ͙͚ͦͤͤͦͦͻ͊͗͒͊͡Ό΅͔͚ ͍͙ͯͫͭ͊ͤͦ͟ ˾˻̂-80
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DEVELOPMENT OF TECHNOLOGY OF DIRECT LASER 
DEPOSITION OF SHIP PROPELLERS

19
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