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Bepxuuil npeaen ans ve onpeaensercs npeaeib-
HOM BeTMUUHON Nmax, UCXO0/Is, HAIPUMED, U3 MEXAHH-
YECKOHM NPOYHOCTH HAarpy>KEHHBIX JJIEMEHTOB KOH-
CTPYKIIMH YCTPOHUCTBA U YCIOBHS, YTOOBI CTATHYCCKOE
C)KaThe OMOp HE TOBJCKIIO INIACTHYCCKUX Jedopma-
LU €ero Matepuasia.
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OueBUIHO, YTO HAMPABJICHHUS HOISIPHU3ALIN IIbe-
303JIEKTPUYIECKOT0 MaTepHala TIPH H3TOTOBICHUH
orop BUOpopesia JOHKHO MaKCUMaIbHO COBIIAAATh C
BeKTOpOM cuibl N IMOKaTHS CONPSITaEMBIX TIOBEPXHO-
cTeif pesna u npucrnocobmenus [1].

N3roToBneHne omnop M3 IbE30KEPAMHUKH I103BO-
JIIET CYIIECTBEHHO YBEIUYNUTH MPEAEIbHYIO HATPY3KY
Nmax, @, CJI€T0OBaTENbHO, paCIIMPUTH AUATIA30H PETYIIH-
POBaHHMsI CHIIBI ITOJKATHS pe3lia K mpucrocodaenuto N,
a, CJIeIOBATENILHO, M YaCTOTHI KojieOaHMs pe3la B UH-
CTpyMeHTaJIbHO cucteMe. [Ipu 1ocTaToyHO MIMPOKOM
YaCTOTHOM JAMAaNa3oHe 3TOW HMHCTPYMEHTAIBHOW CH-
CTEMBI, BO3MO)KHa OBICTpast IIepeHanaaka ee Ha cylie-
CTBEHHO OTIIMYAOLINECS APYT OT APYTa IO YacTOTE pe-
YKIMBI KOJIeOaHu pexyIiel KpOMKH pesIia, 9To O3B0~
JUT TaKKE YCTPAHATh HEKENATENbHBI pPE30HAHC
MEXIY PE3LOM M JETallbl0 B MIPOIIECCe BUOPAMOHHOM
00paboTKH.
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no3unuii (SLM), cBepnuibHbIC rOI0BKH, 3))EKTHBHOCTD

Additive technologies began to be implemented in
manufacturing about 30 years ago. They have emerged
as an alternative to traditional metal-cutting machining.
In contrast to machining on a metal-cutting machine
where a component is produced by the method of “sub-
traction” of the material from the total volume of the
workpiece, when the parts are fabricated on an additive
machine, the process goes in the opposite direction. The
component grows layer after layer with curing of mate-
rial by one of the known methods. This principle of ad-
dition underlies in the term of additive manufacturing —
AM.

There is no straight classification of additive tech-
nologies yet in Russia. Numerous authors separate
them to different techniques such as: Layer forming;
layer fixation; applied modelling (building) materials
(liquid, polymeric, metal powder etc.); key technology
(laser, other); energy supply for layer fixation (heat
treatment, ultraviolet or direct light projection, via
binder etc.).

The most common AM-technologies in mechani-
cal engineering branches are:

- SLA, Steriolithography Apparatus — curing
the photopolymer layer with a laser beam;

- SLS, Selective Laser Sintering — layered laser
sintering of powder materials, usually polymers;

- DMF, Direct Metal Fabrication — kind of SLS
technology, layer-by-layer laser sintering of metal
powder compositions; sometimes also called as DMLS,
Direct Metal Laser Sintering;

- SLM, Selective Laser Melting — kind of SLS
technology, layer-by-layer laser melting of metal-pow-
der compositions;

- DLP, Digital Light Procession — photopoly-
mer layer flash via digital spotlight;

- Poly-Jet —applying of a layer of photopolymer
through a multi-nozzle head and its curing by the ultra-
violet lamp;

- FDM, Fused Deposition Modeling — layering
of fused filiform polymers;

- Ink-Jet — curing the layer of powder material
by applying a binder composition through a multi-noz-
zle head (similar to inkjet printer).

The methods differ by the composition of the cur-
able material, performance, accuracy, quality of the in-
ternal structure, etc. Researches in this area are contin-
uously expanding and therefore a large number of sci-
entific articles have been devoted to the subject of
additive technologies. It is considered that the most
promising areas of application of additive technologies
are the aerospace industry, medicine, design, engineer-
ing, construction and architecture, etc.

It is easy to see that the greatest efficiency from
the use of additive technologies can be obtained in the
production of complex-shaped parts with various inter-
nal cavities that are difficult to obtain by casting and
machining. The complexity of the surfaces of parts ob-
tained by additive technologies is limited only by the
imagination of the designer.

The initial stage for the production of such parts is
the construction of a computer-based 3D model, which
later serves as a kind of template for the operation of
the additive machine. At the same time, the complexity
of developing of a 3D model has long ceased to be a
limiting factor due to the use of various CAD systems.
The ability to develop a computer-based 3D model has
become mandatory for graduates of any modern univer-
sity or college. The market of CAM-systems is also rap-
idly developing. They provide an option to develop a
control program for the additive machine according to
the original 3D-model.

Let’s consider some aspects of the effectiveness of
additive technologies for the production of parts made
from metallic materials which are the most typical for
the engineering industry. From the methods mentioned
above method of selective laser melting (SLM) is the
most suitable for the manufacture of metal parts. While
the cost of manufacturing of a machine-building part on
a metal-cutting machine is calculated, the value of the
labor intensity of machining Ty (min) is frequently
used. However, comparing the cost of machining and
obtaining parts by additive technology, it is more cor-
rect to use the total shop cost of the technological oper-
ation Cop, Which can be calculated by the formula:

Cop = Cmat.bas + Cen + C tr + Cserv + Cn.ex
+ W bas + Cmat + W serv.bas
+ Cam.eq + Crep + Cmait
+ Cdet + Cam.t + Cam.b
+ W man + W eng + W serv.ad

Where:

C mat. bas - the cost of the main material details;

Cen - the cost of technological energy;

C tr - cost of intrashop transportation;

Cserv - costs associated with the payment of ser-
vices of third parties;

Cn. ex - non-manufacturing costs;

W bas - machine tool wages (the main and addi-
tional with charges);

Cmat - the cost of materials consumed for the
maintenance of the machine;

W serv. bas - wages with charges of workers en-
gaged in the maintenance of the main equipment;

Cam. eq - the cost of depreciation of the machine;

Crep - the cost of repairing the machine;

Cmait - the cost of operating a normally worn
tool;

Cdet - the costs associated with breakdowns and
premature wear of the cutting tool;

Cam.t - the cost of depreciation of equipment;

Cam. b - depreciation of buildings;

W man - the wages the administrative and mana-
gerial unit;

W eng - the wages of engineering and technical
workers;

W serv.ad - the cost of maintaining the remain-
ing auxiliary workers.
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The key point in the comparative analysis of the
efficiency of additive technologies and machining tech-
nologies is that in the additive method, the part is com-
plete immediately after one operation. After building,
the performance of a small number of finishing opera-
tions in order to give the surfaces a required level of
accuracy and roughness is only needed. Thus, the oper-
ation of removing of the support should be added. It is
necessary to provide the hardening material with re-
quired rigidity and stability while performing the oper-
ation of laser sintering.

As a result, the use of a variety of machines (turn-
ing, milling, drilling, tapping, etc.) can be changed by
one unit. Accordingly, the costs of transportation and
depreciation of buildings might be reduced, the number
of auxiliary workers could be declined. The cost of cut-
ting tools and fixtures in general can be ignored. The
costs of depreciation and repair of the machine, the sal-
ary of key workers, energy costs, the costs of mainte-
nance of engineering and technical and management
staff for the considered options can be considered as
similar.

On the other hand, it should be noted that from the
remaining components of the total cost of the product,
only the cost of the material slightly increase when ad-
ditive technologies are implemented. This fact appears
due to the high cost of the metal powder from which the
part is grown. Moreover, unlike additive technologies,
the material consumption during machining can exceed
the weight of a part by two times or more because of
the removed allowance.

The average market price of imported metal pow-
ders based on DDP terms in Russia is: tool steel - $ 115
/ kg, titanium (analogue of BT-6) - $ 715 / kg, alumi-
num - $ 175 / kg, nickel heat-resistant alloy - $ 180 /
kg. The final price largely depends on the volume of a
one-time order. So, for example, the difference in the
cost of 1 kg of Ti-6Al-4V can be more than $ 80 for
orders of 50 and 250 kilograms [2].

Comparison the effectiveness of additive methods
and methods of machining shows one more potential
point of interest. There is a hidden advantage of addi-
tive technologies that is not easy to evaluate. This ad-
vantage is in a sharp reduction in the duration of the
production cycle of manufacturing parts. As the dura-
tion of the production cycle, we understand the time be-
tween the moment of arrival of the workpiece at the ma-
chine shop and the moment of transfer of the finished
part to the assembly shop.

Reducing of the production cycle is a powerful
tool to improve the production efficiency as it allows to
save floating capital, to obtain competitive advantages
in urgent orders, etc. At the same time the time of prep-
aration of production could be reduced because the de-
velopment of operational technology, production of in-
stallation equipment and cutting tools are not required.

In conclusion, we give examples of the effective
application of additive technologies in the manufacture
of tool production. The JSC Sverdlovsk instrumental
plant manufactured the cases of modular end mills (Fig.
1) and drilling heads for deep drilling (Fig. 2) using the
traditional cutting method on CNC machining centers.

Fig.1 End mill of the production of Sverdlovsk instrumental plant

Fig.2. Drilling heads manufactured by Sverdlovsk instrumental plant for deep drilling

Labor intensity of the basic operations in machin-
ing of the drilling heads with a diameter of 31 mm with
a traditional method was 287 min with a length of the

production cycle of 14 days. The processing was car-
ried out on a turning center. Computationg of the CNC
program was based on the computer simulations with a
3D modelling (Fig.3).
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Fig.3 Computer-based 3D model for CNC program in CAM-system

As an experiment, it was decided to manufacture
these parts with an additive machine. For the produc-
tion of parts of the ball involved additive SLM-machine

Fig.4. Additive SLM Machine

As a result, the batch of 49 cases of such drilling
heads was manufactured in 87,5 hours. The production
time per unit was fixed at the level of 107 min. In this
case, the same 3D models were used that were taken as
a base to estimate control programs for machining cen-
ters. The complexity of finishing operations to refine
the base surfaces was about 25 minutes.
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