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ABSTRACT

Direct steel deposition (DMD) is now becoming a
part of a brand new trend in rapid and additive
production. It entails swiftly producing three-
dimensional (three-D) physical prototypes of the
additives from their computer-aided layout (CAD)
models. The diverse materials deposited by way of
DMD have far reaching programs in medication,
technology, and industry. The cutting-edge
literature tries to make up for the shortage of
studies within the microstructural, mechanical and
metallurgical properties of substances which might
be developed and more desirable by using the
DMD process and specializes in the influence of
the laser parameters on shaping those properties.
A comprehensive evaluate of the DMD system and
its categories, equipment, substances and packages
is supplied in this newsletter.
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INTRODUCTION

over the last 15 years, speedy prototyping
(RP) and laser assisted additive production
(LAAM) strategies for producing metal
parts and components were directly
converting as well as simultaneously
challenging the traditional production
techniques and their programs. those
LAAM techniques are incomparable to the
ones manufacturing techniques which
includes forming, rolling, die casting and
forging at mass manufacturing levels;
however at custom designed and coffee
extent production ranges, they provide
wonderful  benefits of  producing
complicated, three-dimensional  (3-d)
shapes with out the help of any advanced
tooling and with possessing higher manage
over influencing the cloth residences that's
more suitable by means of the availability
of a wide range of substances-to-method in
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powder form (Masood and Riza, 2014).
Direct-metal deposition (DMD) is one of
these speedy prototyping (RP) strategies
that is a speedy, blown powder laser-aided
deposition technique, sometimes called
direct laser deposition (DLD), that can be
used to manufacture porous or completely
dense and 3-dimensional (3-d) near-
internet-form  metallic elements  with
complicated geometrical features and
functionally graded structures (FGMs)
from their 3-D pc-aided design (CAD)
models or to alter excessive-cost 3-D
additives (Chattopadhyaya and
Choudhary, 2013). it's far an additive
layered production procedure that contain
a beam from a excessive- strength laser
creating a melt pool at the surface of a
strong substrate into which a metallic
powder is injected, that's then melted
through the laser and fused onto the
substrate, developing a totally dense
metallurgically bonded bead. those beads
are overlapped, normally by using 50%, to
shape a continuous layer taking into
account fabrication of unmarried or multi-
material elements. This procedure has
been used to manufacture materials with
structure and homes that may exceed the
ones made by means of conventional
strategies. (Bhattacharya and Brandt,
2011).  The  developed  materials’
mechanical and microstructural houses are
inspired and optimized via a hard and fast
of structured parameters inside the DMD
technique and are located with x-ray
diffraction (XRD), optical electron
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microscopy, scanning electron microscopy
(SEM), and transmission  electron
microscopy (TEM) as well as tension
assessments.

Process and Equipment:

The DMD era, advanced at the university
of Michigan Ann Arbor, is an growing
multi-layer, laser-aided manufacturing
generation based totally totally on a
modern additive manufacturing principle,
which combines speedy prototyping (RP)
with speedy production (RM) right right
into a strong freeform fabrication gadget
that can fast repair or generate 3-D bodily
prototypes from their 3D CAD stable
models using a very precise elegance of
fabrication technology. The technique
frequently includes the laser era machine,
the powder shipping device, comments
control device, and the CNC motion
diploma, and can be completed each in air
or below controlled atmosphere. The RP of
the 3-d object starts offevolved first with a
CAD model of the element which is cut up
into severa parallel layers with a
advantageous construct-peak, normally
1/4th to at least one/0.33 (or 25-33%) of
the laser beam diameter. Thereafter, a tool
path is generated to fill every layer and in
the end the direction output information in
converted to conventional CNC G and M
codes. The converted information is then
fed into the DMD machine controller. RM
then follows with the aid of using focusing
a immoderate-electricity laser beam onto a
substrate or a previously deposited layer to
shape a melt pool, and concurrently supply
metallic powders onto the soften pool at a
managed fee into the focal point of a
excessive-power laser by way of a mainly
designed coaxial nozzle. eventually, a
CNC system is used to govern the nozzle
and beam optics, and therefore the thing
geometry and layer top consistent with the

tool course fed to the DMD laptop,
controlling each movements of the
substrate in the X-Y aircraft and the laser
beam inside the Z direction to feature
successive layer, and subsequently,
producing a 3-d item layer with the
beneficial resource of layer (and/or pixel
with the aid of pixel). The technique may
be wused to fabricate near-net- form
additives with complicated geometries,
coat surfaces, restore elements and
construct graded substances which are not
without  problems conceivable  with
conventional techniques. in addition, the
closed loop tool of this way can lessen a
massive bite of producing time through the
usage of getting rid of intermediate steps
from layout to product (Bhattacharya and
Dasgupta, 2010). furthermore, on this
system, a whole new organization of
optimally designed substances may be
produced via  depositing  multiple
substances at specific components of a
single component or a element with high
precision. The technique additionally
offers the feasibility to manufacture big
sized elements that may be used as a
physical prototype in numerous
applications as a consequence of the
generation’s large powder mattress period
measuring a place of 2 meter by using way
of one meter (Masood and Riza, 2014).
The houses and microstructure of the
materials evolved thru this DMD system
rely upon the different factors that may
have an impact at the layer thickness and
are divided into groups: the primary group
of things are related to the material
delivery  device known as cloth
parameters, which incorporates powder
waft rate, nozzle geometry, laser focusing
head (beam length), nozzle distance,
carrier gasoline go with the flow fee,
powder composition, nozzle tour pace,
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powder density and thermal homes of
powder whilst the second agency is
associated with energy shipping device
known as assemble parameters including
laser power, essential strength to provoke
the melting, laser test speed, temperature-
established absorptivity, focal thing
characteristic, spot size, difference among
melting  temperature and  substrate
temperature, warm temperature of fusion,
and specific heat.

Process Categories:

DMD is one of the additive fast
manufacturing techniques which is a
combination of five most commonplace
technologies, particularly, laser, CAD,
CAM, sensors, and powder metallurgy. it
is an additive layered production technique
like many other tactics with several,
distinctive names, maximum of which
might be emblems of numerous device
producers  or  studies institutions
(Chattopadhyaya and Choudhary, 2013).
these includes Direct mild Fabrication
(DLF) developed on the Los Alamos
countrywide Laboratories, Laser
Engineering internet Shaping (LENS)
evolved at the Sandia countrywide
Laboratories within the early 1990s, and
Selective Laser Sintering (SLS) developed
on the university of Texas, Austin as well
as Direct metallic Laser Sintering
(DMLS). The primary precept of some of
these diverse technology lies in the use of
a centered, excessive electricity laser as a
warmth source to create a soften pool
inside the substrate via heating steel
powders and concurrently deposit those
fused pure (or alloy) steel powders (or
wires) into the soften pool, consequently
forming a metallurgical bond with the
substrate, and the process is repeated cycle
with the aid of cycle to shape layers of
those bonds and consequently create a 3-D
prototype inside the process (Bhattacharya
and Dasgupta, 2010). greater other
techniques include laser cladding, laser
deposition welding, and powder fusion
welding (Chattopadhyaya and Choudhary,

2012). primarily based on the precept of
use of a laser beam, these kinds of
variations of strategies lie under additive
production (AM) which is the presently
common term for speedy production (RM)
which was at the beginning referred to as
fast prototyping (RP) and later grew to
encompass rapid tooling (RT). There are
more than 30 AM strategies, each indirect
and direct methods and consists of DLF,
LENS, in addition to SLS and DMLS.
Materials and Applications

The DMD approach, which incorporates
the ones of SLM and DMLS strategies,
possesses a suitable and immoderate
capability to work on high electricity and
tough austenitic stainless steels, H13
device metallic, and biocompatible metals
like titanium alloys and tantalum, and
different variety of metals which includes
nickel and cobalt in conjunction with their
alloys in which the approach influences
the microstructural, mechanical and
metallurgical homes of the substances to
meet the requirements of the programs in
remedy, era and industry. Iron is the
number one used materials for max
applications inside the industry followed
thru aluminum that's the second maximum
usually use steel wherein aluminum alloys
with silicon (Al-Si) deposited through
using DMD are widely used materials for
casting navy, aerospace, and automobile
components which incorporates pistons,
cylinder blocks, and liner of IC engine.
The Al-Si alloys comprise eighty% of the
aluminum casting alloys and own right
houses inclusive of sound castability, low
thermal  growth  coefficient, actual
weldability, and excessive corrosion and
wear resistance  (Bhattacharya and
Dasgupta, 2012). The DMD gadget gives
defensive coatings on essential surfaces of
severa production gear and components
which no longer handiest decorate the
lifetime of the components but moreover
provide reduced downtime. similarly, as
compared to thermally sprayed coatings
which own porous microstructure, terrible
adhesion and occasional fatigue resistance,
DMD coatings are metallurgically bonded
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to substrate with minimum dilution
leading to denser and more potent
microstructure permitting introduction of
fully dense specimens. furthermore, those
coatings result in minimal degradation of
mechanical properties and decreased
thermal-strain induced distortions,
cracking and delamination of processed
substances as compared to other welding
strategies  (Bhattacharya and Brandt,
2011). due to their favorable warmth
switch and wear resistant residences,
bimetallic tooling of copper alloys are
coated/clad on H13 device metal, each
directly or via the usage of excessive
nickel metallic inclusive of 41C chrome
steel (SS) powder as a buffer layer, via the
DMD manner and are broadly used within
the excessive pressure die casting
applications (HPDC) and within the
production of plastic injection molding
gear in which their use result in discount in
cycle time through quicker and green
warmth extraction from the castings and
hence lessen production time at the side of
production charges. despite the fact that,
different laser cladding strategies can be
used to clad copper with the metal powder,
the closed loop DMD offers finest powder
shipping and electricity input thru
comments gadget to produce powerful
cladding leading to better bond electricity,
effect strength and fracture longevity of
the Cu-metal alloy (Bhattacharya and
Brandt, 2011). although, DMD covered
H13 device metallic on copper alloy
substrate can be applied to HPDC
packages, the scientific and technical
factors behind the excessive temperature
and pressure situations have not been
nicely studied. Researchers have proven
that in-HPDC, the primary in-carrier tool
floor failure modes arise from warmth
checking or thermal fatigue, gross
cracking, corrosion and soldering and
erosion due to soften flow. warmness
checking or thermal fatigue is one of the
most  essential tool floor failure
mechanisms in which rapid alteration of
floor temperature induces high stresses on
the floor that may result in plastic stress

this resulting in a chain of thermal fatigue
cracks

REFERENCE:

1. Gangxian Zhu, Dichen Li, Anfeng Zhang,
Gang Pi, Yiping Tang, The influence of
laser and powder defocusing
characteristics on the surface quality in
laser direct metal deposition, Optics &
Laser Technology, Volume 44, lIssue 2,
March 2012, Pages 349-356, ISSN 0030-
3992,

2. M. Khalid Imran, S.H. Masood, Milan
Brandt, Sudip Bhattacharya, Jyotirmoy
Mazumder, Direct metal deposition
(DMD) of H13 tool steel on copper alloy
substrate: Evaluation of mechanical
properties, Materials Science and
Engineering: A, Volume 528, Issue 9, 15
April 2011, Pages 3342-3349, ISSN 0921-
5093,

3. Kumar, S, Sharma, V, Choudhary, A,
Chattopadhyaya, S, & Hloch, S 2013,
‘Determination of layer thickness in direct
metal deposition using dimensional
analysis’, International Journal Of
Advanced Manufacturing Technology, 67,
9-12, pp. 2681-2687, Academic Search
Complete, EBSCOhost, viewed 5
December 2016.

4. Myriam Gharbi, Patrice Peyre, Cyril
Gorny, Muriel Carin, Simon Morville,
Philippe Le Masson, Denis Carron, Rémy
Fabbro, Influence of various process
conditions on surface finishes induced by
the direct metal deposition laser technique
on a Ti-6Al-4V alloy, Journal of
Materials Processing Technology, Volume
213, Issue 5, May 2013, Pages 791-800,

ISSN 0924-0136,
http://dx.doi.org/10.1016/j.jmatprotec.201
2.11.015.

(http://www.sciencedirect.com/science/arti
cle/pii/S0924013612003408)

5. S. Bhattacharya, G.P. Dinda, A.K
Dasgupta, J. Mazumder, Microstructural
evolution of AISI 4340 steel during Direct
Metal Deposition process, Materials
Science and Engineering: A, Volume 528,
Issue 6, 15 March 2011, Pages 2309-
2318, ISSN 0921-5093,

Anveshana’s International Journal of Research in Engineering and Applied Sciences

EMAILID:anveshanaindia@gmail.com, WEBSITE:www.anveshanaindia.com
52


http://www.sciencedirect.com/science/article/pii/S0924013612003408
http://www.sciencedirect.com/science/article/pii/S0924013612003408

