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This research focuses on comparing the working accuracy of two additive manufacturing processes,
Atomic Diffusion Additive Manufacturing (ADAM) and Binder Jetting (BJ). Through the analysis of key
characteristics of these processes, we aim to evaluate which one yields better results in terms of working
accuracy. ADAM is a process that involves the gradual deposition of metallic materials using a plastic
binder, whereas BJ is a process where the binder is applied to powder material, followed by the removal
of excess binder. This work conducts a detailed examination of the properties of the ADAM and BJ
processes, with a focus on surface texture and microstructure of the resulting objects, the use of optimal
technological parameters, and the assessment of dimensional and shape accuracy. It is also important to
note that the final nature of 3D objects depends on technological parameters such as geometry,
orientation, and placement of individual shape specifications. The results of this study are crucial for
assessing the accuracy of these additive processes and can serve as a significant basis for selecting an
optimal approach in the field of additive manufacturing.

Keywords: Additive Manufacturing, Metal 3D Objects, Dimensional Accuracy; Shape Accuracy, Surface Rough-
ness

1 Introduction melt the material [1]. Due to the limitations of energy
sources in terms of efficiency and power output, these
early metallic additive machines were considered
indirect production systems, as additional post-
processing was required to attain parts with acceptable

mechanical performance. In these initial processes,

Additive manufacturing (AM) processes have
brought about a transformative shift in how engineers
and designers approach product conception and
production, primarily due to the increased flexibility in

design. Since the advent of rapid prototyping (RP)
systems towards the end of the previous century,
additive manufacturing machines have made
significant advancements, evolving into efficient
systems for mass-producing customized products [1].
The absence of the need for specialized tools or molds
reduces the economic cost per unit, making additive
manufacturing particularly attractive. In the realm of
metallic components, there has been a burgeoning
interest in this technology due to its ability to create
nearly fully dense parts with intricate structures using
high-quality materials [2,3]. The principal advantage of
additive manufacturing, when compared to traditional
subtractive or formative methods, is its demonstrated
ability to achieve superior product functionality by
effectively harnessing design freedom [4].

Initially, additive manufacturing processes for
metallic components were primarily based on powder
bed technology, where energy was used selectively to

metallic powder was mixed with a polymer binder [5].
A laser beam was used to melt the binder, which acted
as a binding agent for metallic particles. The combined
material, consisting of both binder and metallic
elements, was referred to as the "green part," and
additional heat treatment was necessary to remove the
binder. To address residual porosity, which could be
as high as 40%, the green part was often infiltrated
with copper or bronze [6,7]. Examples of these
indirect additive manufacturing processes include 3D
printing and selective laser sintering (SLS).
Subsequently, EOS introduced the direct metal laser
sintering (DMLS) system, which eliminated the need
for polymer binders as the laser power was sufficient
to directly sinter low-melting alloys. In this case,
residual porosity was reduced to around 20% [6].
Recent advancements in higher-power energy sources
have enabled engineers to overcome these initial
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limitations, enabling the production of a broader range
of metals directly through additive manufacturing to
obtain fully dense (over 99.9%) parts. In some
instances, additively manufactured parts exhibit
mechanical properties that surpass their cast
counterparts. Moreover, controlled build chambers
have made it easier to process materials with high
melting points and/or oxygen affinity, such as
titanium alloys, through additive manufacturing
compared to conventional methods [8].

However, powder-based additive processes come
with design constraints related to the feasibility of
enclosed cavities. After construction, unprocessed
powder around the part must be removed through
mechanical or manual operations, rendering enclosed
cavities inaccessible from the outside. This limitation
restricts the design of lightweight parts that might
include enclosed lattice structures aimed at providing
stiffness without adding significant weight under load.
The use of powders also presents challenges when
applying powder bed processes in extreme
manufacturing environments, such as zero-gravity
settings [9], where managing loose powder is
impractical. In response to these limitations, additive
manufacturing processes based on extrusion have
recently emerged and entered the market. These
processes draw inspiration from wire welding and
fused deposition modeling (FDM) techniques, which
have long been employed in layer-by-layer production
of polymer and composite patrts. Compated to other
additive manufacturing processes, extrusion-based
methods are more user-friendly and cost-effective,
and they can accommodate multi-material deposition.

One such process is Electron Beam Additive
Manufacturing (EBAM), which is a direct additive
manufacturing method for large-scale metallic
components. It involves extruding a metallic wire
while simultaneously melting it with an electron beam
[8]. Its applications range from rapid prototyping to
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the production of parts and component repairs.
American companies Desktop Metal Inc. and
Markforged Inc. [10,11] have recently introduced two
new machines that combine fused deposition
modeling (FDM) for polymers and metal injection
molding (MIM) for metals [12]. MIM is a traditional
process used to obtain near-net-shape metallic parts
with high complexity [13]. Desktop Metal's patented
process is known as Bound Metal DepositionTM
(BMD), while Markforged Inc. has named their
process Atomic Diffusion Additive Manufacturing
(ADAM). Both processes employ a filament
comprising metallic powders encapsulated in a
thermoplastic polymer, which acts as a binder for the
metal particles [14]. This mixture, comprising metal
powder particles and polymer, is stored in a cartridge
on the machine and is introduced during the process,
where the thermoplastic is softened for easy extrusion.
BMD uses an ultrasonic vibrator to provide the energy
required for bonding the extruded material with the
previously deposited material [14], while Markforged
Inc. employs a heated extruder [11]. The softened
material accumulates and is then pushed through a
nozzle or extruder by a piston, layer by layer, onto the
build platform [14]. Similar to the MIM process, the
as-built part, also referred to as the "green part," is
washed to remove the binder (debinding or leaching
operation) and then sintered in a furnace to achieve
material densification (sintering). Figure 1 illustrates
the schematic workflow of the ADAM process. In
Markforged Inc.'s system, the binder is thermally
debound in a washing system before the sintering
phase [15], whereas in Desktop Metal's system, the
binder is first removed using a solvent and then
subjected to thermal treatment [15]. Due to the
presence of the binder and the sintering phase, the
part must be oversized and dimensionally adjusted to
account for shrinkage during subsequent processing,.

Sintering

Final workpiece

Fig. 1 Atomic Diffusion Additive Manufacturing (ADAM) workflow

The objective of this study is to provide essential
insights into the working precision of the ADAM
process using the Markforged Metal X technological
equipment, known for its capabilities in creating
complex models leading to the final product. The

analysis of working accuracy considers the use of the
available 17-4 PH material, which Markforged has
developed  for industrial — applications.  The
examination of working accuracy focuses on final
samples  featuring diverse object topologies.
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Dimensional and shape accuracy, as well as surface
roughness, are assessed across vatious sample areas.
The evaluation of the working accuracy of the ADAM
process is defined using IT ISO grades with reference
to existing literature.

2 Materials and methods

2.1 Material and equipment for the process
ADAM

In 2017, Markforged Inc. introduced its own Metal
X technology, designed for the additive manufacturing

of metal components (AM). The chemical
composition of the Markforged 17-4 PH material is
detailed in Table 1 [16]. Markforged 17-4 PH is known
for its high strength, hardness, and exceptional
corrosion resistance properties. This material finds
applications in various industries, including the
production of components for oil field wvalves,
chemical processing equipment, aircraft structural
components, fasteners, pump shafts, nuclear reactor
parts, gears, paper mill machinery, rocket equipment,
jet engine components, and more. It's worth noting
that 17-4 PH material is a registered trademark of AK
Steel.

Cr Ni Cu Si Mn

Tab. 1Real values of chemical composition in wt% of material 17-4PH

Nb C P S Fe

16.23 4.2 3.8 0.94 0.87

0.38 0.032 0.026 0.015 Bal

The construction area of the technological
equipment measures 300 X 220 X 180 mm, providing
a total volume of 11880 cm3. However, the maximum
size of the part that can be manufactured is 250 X 183
X 150 mm. Prior to each operation, a vacuum-sealed
sheet is placed on the construction platform to
enhance part adhesion during printing and facilitate
separation once the process is complete. The base
plate and leveling system are engineered to withstand
a maximum load of up to 10 kg. The internal space of
the device and the baseplate are maintained at
specified temperatures throughout the process.

The cleaning procedure is executed within a
washing system with a capacity of 18356 cm?, utilizing
a swirling bath containing the cleaning liquid Opteon
Sion. The sintering process itself is conducted within
a Sinter-2 vacuum furnace with a volume of 18356
cm?. This furnace can reach temperatures of up to
1300°C and operate in an inert atmosphere using
argon and nitrogen. The chamber boasts a cylindrical
volume with a diameter of 248 mm and a length of
406 mm.

The size of the part and all parameters of the
ADAM process, including the support structures, are
automatically generated by proprietary software
known as Eiger. Eiger functions as CAM software that
manages the entire process from design through to the

3D model Convert STL file Jetting/UV heat layers Green Work.

sintering stage. The software is closed to user
modification of process parameters, except for the
layer thickness, which determines the machine's
resolution. The layer thickness can be adjusted within
the range of 0.085 mm to 0.175 mm, with an
experimental sample set at a layer height of 0.100 mm.
After configuring the layer thickness, the FEiger
software calculates volume adjustments to account for
part shrinkage during post-printing processes. It then
defines the final geometry and shape for printing,
along with the polymer infusion time (cleaning time).
Additionally, Eiger software outlines the heat
treatment procedure for the subsequent sintering step
[17,19,20].

2.2 Material and equipment for the BJ process

Binder Jetting technology operates by depositing a
liquid binding agent selectively onto a layer of
powdered material, typically metal, to create parts. It
builds the desired shape layer by layer. This technology
starts with a platform that is evenly coated with a layer
of metallic powder. A liquid binding agent is then
precisely applied to the chosen areas using a controlled
process. The binding agent solidifies the powder,
creating the first layer of a 3D object. Once the
process is finished, the solidified part needs to be
cleaned to remove any leftover loose powder particles.

Final Work.

Sintering

Fig. 2 Binder Jetting (B]) workflow
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The material used for creating experimental
samples was identical to the one used in the ADAM
17-4PH process. The chemical composition of the
material adhered to the standard's specified mass
fractions. Following the layering process, the samples
underwent sandblasting to eliminate any excess metal
powder.

2.3 Design of experimental samples

The design of the experimental sample is based on
the creation of reference areas aligned with the X, Y,
and Z coordinate system orientations. As we are
aware, additive manufacturing technologies result in
diverse layer formation and properties after
solidification, which are heavily influenced by the
sample's orientation within the X, Y, and Z axes of the
build chamber and the direction of layer application.
While there exists a substantial number of reference

samples for comparative analysis and detailed object
creation in AM technologies, these samples often fail
to account for the impact of specific orientations and
layering directions of 3D models.

To facilitate a comprehensive volumetric analysis
in three-dimensional orientations, it is advisable to
design the sample to encompass all possible
orientations, including areas with both positive and
negative angles along the Z-axis. Consequently, the
sample was crafted with a three-dimensional
orientation in mind, creating octagonal-shaped
regions where all faces of the model maintain equal
distances and are parallel to each other, as depicted in
Figure 3. These parallel faces are separated by a
distance of 30 mm, holes within the samples possess a
diameter of 5 mm, and threaded samples feature an
M6 thread.

Fig. 3 View 3D models of samples in full shape (P) with holes (D) and threads (Z) and view of the detail of the samples in the
section, where the NSEW+/-A system of marking the monitored areas is shown on the right

The sample design comprises eight square areas
positioned in the XY plane. Within the Z orientation,
there are two parallel octagonal faces, categorized as
surfaces with positive and negative inclinations. As a
result of the surfaces connecting square and octagonal
facets, trapezoidal surfaces emerge, with slopes either
in a positive or negative orientation. Altogether, the
proposed sample features 26 surfaces that run parallel
to each other, effectively creating a 26-sided spherical
object of the Revolved Sphere category. These
designed samples facilitate the assessment of working
accuracy, allowing for the analysis of dimensional and
shape specifications as well as surface roughness.

3 Evaluation of experimental trials

3.1 Evaluation of real samples and surface
texture

Following the design, physical samples were
manufactured in their complete form, featuring holes

and threads created directly during the layering
process. These samples were oriented based on the
Cartesian coordinate system outlined in Figure 3. To
simplify the spatial orientation designation, we utilized
the X-axis as the East-West axis (E-W), the Y-axis as
the North-South axis (N-S), and the Z-axis as A+ and
A-.

The samples exhibit eight square faces in the XY
orientation, designated as per the directions
NSEW+/-A and their 45° combinations, namely NE,
NW, SE, and SW. In the Z orientation, two parallel
octagonal faces were labeled as faces A with positive
(+) and negative (-) inclinations. This system was
implemented to subsequently identify the distinct
regions of a spherical object. Based on the applied
markings, samples were then produced at various
bases within the technological equipment. Figure 4
illustrates objects created through the ADAM
technology process, while Figure 5 showcases samples
produced using the BJ technology process.
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Fig. 4 Depicts the realistic identification of experimental
samples created using ADAM technology, showeasing three
different variants: plan P, with holes D, and threaded Z

Fig. 5 Depicts the realistic identification of experimental
samples created using BJ technology, showeasing three different
variants: plan P, with holes D, and threaded Z

To characterize the generated surfaces and their
fundamental parameters, including directness (P),
roughness (R), and corrugation (W), we utilized the
Infinite Focus G5 device. The Infinite Focus G5
combines optical micro-coordinate measurement and
surface roughness measurement within a single
system. It is a highly precise, rapid, and versatile
optical 3D measurement system. The integration of a
3D micro-coordinate measuring machine and a
surface roughness measurement device results in a
comprehensive two-in-one system. The system's
capacity to measure surfaces is nearly limitless, making
it suitable for assessing the relative surface properties
of micro-precision components using a single
multifunctional measurement sensor. This technology
enables exceptionally precise and consistent

measurements with vertical resolutions as fine as
10nm [17,19,22]. Employing hardware-assisted
vibration dampening and focusing variation, this
measurement method can evaluate the shape and
surface roughness of large and heavy objects[20]. The
Infinite Focus is equipped with built-in high-precision
positioning devices on its axes, ensuring accurate
movement in the X and Y planes[18,21,23].
Furthermore, its automated interface allows for fully
automatic measurements in production settings.
Figure 6 illustrates the analyzed scanned areas in
position 'S’

B P ADAMD  BJD

ADAM?Z  BJZ

Fig. 6 Displays images of scanned surfaces in the "'S"
position for experimental samples in three variations: solid P,
with holes D, and threaded 7.

3.2 Evaluation of surface parameters P, R and W

We primarily examined the arithmetic mean
deviation of the profile, denoted as Pa, Ra, and Wa in
our case. It is calculated as the arithmetic average of
the absolute deviations of the profile Z(x) within their
respective base lengths [22,24,29].

Pa,Ra,Wa = %fol/Z(x)/dx , forl=Ip,Irorlw  [mm] 1)

The mean quadratic deviation of the profiles under
consideration, denoted as Pq, Rq, and Wq in our case,
is calculated as the mean quadratic value of the

absolute deviations of the profile Z(x) within their
respective base lengths [22,24,29].

Pq,Rq,Wq = \/%fol Z(x)?dx, forl=Ip,Irorlw [mm] @)

The total height, represented as Pz, Rz, and Wz, is
calculated by adding the maximum peak height (Zp)
and the maximum depression depth (Zv) of the profile
within the evaluation length, not the sampling length.

The relationship RtZRz holds true for all profiles.
Additionally, Pt signifies the maximum total section
height, and Wt represents the maximum total
corrugation height [22,24,29].

Pz,Rz,Wz = maxZp + maxZv, for 1 =Ip,Irorlw [mm] 3)
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The technology device was configured to analyze
samples produced using both BJ and ADAM
technologies, focusing on full samples (P), hole
models (D), and threaded models (Z). Each of these
samples was subjected to surface scanning in
orientations denoted as A+, S+, S, S-, and A-. A
representation of the scanning results is illustrated in
Figure 7. Subsequently, we evaluate various
parameters, including Pa, Ra, Wa, Pq, Rq, Wq, Pz, Rz,
and Wz. The comparison encompasses scanned
surfaces for all three types of experimental samples,
with the surface analysis presented in the color map
depicted in Figure 8.

AP

B] D ADAMZ  BJZ

Fig. 8 Images of scanning surfaces in the "'S" position,
featuring texture identification through a color map, for
experimental samples denoted as solid P, those with holes D,
and those with Z threads

3.3 Methodology for
Accuracy

Evaluating Working

The objective of the working accuracy analysis is
to assess the dimensional and shape precision
achievable through both the BJ] process and ADAM
process. This analysis was conducted using reference
samples specifically designed to ascertain the
fundamental precision characteristics of AM

6 Ao o R

e —TTY

Fig. 7 Model of excamined surfaces for the complete sample and area A+, with the parameters Ra, Rq, and Rz determined

processes(25). These reference patts feature
straightforward geometries of varying dimensions that
gauge the accuracy across the initial eight basic size
ranges, with their faces being parallel to one another
(as illustrated in Figure 3). Dimensional and geometric
tolerances, encompassing shape imperfections, are
scrutinized for both convex and concave aspects of
the artifact, following a specific system.

The evaluation of dimensional accuracy for the
replica adhered to ISO 286-1:1988(26) standards.
Within each ISO base size range, the dimensional
accuracy for both the BJ process and ADAM process
was assessed in relation to the achieved IT level of the
replica artifact. In particular, the IT precision level was
established under the assumption that the maximum
dimensional error corresponds to the number of unit
tolerances (n) corresponding to the 95th percentile of
the distribution of the number of unit tolerances (nj)
for each general jth dimension. The calculation of nj
is as follows:

n = 1000|Djin—Djm| @

In the provided formula, Djn represents the
nominal dimension, Djm signifies the actual
dimension of the characteristic, and i represents a
tolerance factor that varies across different ranges of
the basic ISO sizes, as outlined in Table 2. The actual
dimension is calculated as the average of three
measurements of a geometric feature of the replica.
These measurements were conducted using the Zeiss
Eclipse coordinate measuring machine (CMM), with
the CMM model being GLOBAL Image 07.07.07.
This model has a specified maximum permissible
error (MPEE) of 2.2 um + L/1000 in accordance with
ISO-10360/2 [27], where L represents the measured
length. Table 3 provides the classification of
dimensional quality, as ISO IT grades are contingent
upon the value of n [28,29].

Tab. 2 International Organisation for Standardisation (150) basic size ranges and corresponding tolerance factor i

Range Basic Size
Above Dq (mm) 1 3 6 10 18 30 50 80
Up to including D; (mm) 3 6 10 18 30 50 80 120

Standard tolerance factori (um) 0542  0.733

0.898 1.083 1.307 1561 1.856 2.173
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Tab. 3 Classification of IT levels according to ISO 286-1:1988

Range IT 10 IT11 IT 12 IT 13 IT 14 IT 15 IT 16
Above lmm  Up to 500 mm 64i 100i 160i 2501 4001 640i 1000i
4 Results and discussion concerning surface properties between the different

technologies. Figures 9 to 11 provide a summary of
the measured deviations, their average values, as well
as the standard deviation, visually presented in a polar
display.

Upon reviewing the graphs, it becomes evident
that the sample created using the Binder Jetting
technology exhibited the most favorable values among
the examined samples. Meanwhile, the sample
produced via ADAM technology demonstrated
superior outcomes for the Full Sample.

Following the scanning of individual surfaces using
the InfiniteFocus G5 optical measuring device, we
conducted comprehensive comparisons of the surface
parameters that were attained. These comparisons
were based on the results obtained, enabling us to
evaluate the impact of technology and surface shape
on the outcomes across vatious orientations (A+, S+,
S, S-, A-) for the solid P model with holes D and
threaded Z model, each produced by a distinct
technology. Subsequently, we compared the results

pa T ~oAv BJ Ra T ~o~Av BJ wa T ~oAv BJ

A+ 14,82 18,83|A+ 4,78 17,20|A+ 13,63 17,20
S+ 36,58 38,84|S+ 15,46 32,23|S+ 31,41 32,23
S 42,73 20,04|S 6,78 17,21|S 17,52 17,21
S- 25,42 31,66|S- 11,90 29,06|S- 19,43 29,06
A- 93,96 20,83|A- 14,31 19,55|A- 83,08 19,55
Average 42,70 26,04|Average 10,64 23,05|Average 33,01 23,05
St. deviat. 30,58 8,81|St. deviat. 4,68 7,09|St. deviat. 28,76 7,09

Sm. P Primary Pa (um) abaM  Sm. P Roughness Ra (Um—apam = Sm. P Waviness Wa (rad— abam

A+ BJ 5 At BJ A+ BJ
100,00 5,00 100,00
80,00 20,00 80,00
Avera 60,00 St Average Avera 60,00 St

ge 40,00 ge 40,00

20:68 20,00

L/ S/
- V4
A- s A A- s

S-

Fig. 9 Assessment of measured values pertaining to straightness, ronghness, and corrugation of the profile (Pa, Ra, Wa) and their
comparison presented in a polar graph for the P sample produced using both ADAM and BJ technologies

rpa T ~oAv BJ Ra T ~o~Av BJ wa I ~oAv BJ

A+ 74,34 20,26|A+ 40,63 17,06|A+ 43,39 17,06
S+ 27,47 34,49|S+ 9,34 28,03|S+ 24,68 28,03
S 15,81 12,98(S 5,88 10,22|S 13,32 10,22
S- 89,77 38,22|S- 12,06 34,93|S- 74,99 34,93
A- 25,07 20,91|A- 5,16 18,56|A- 19,40 18,56
Average 46,49 25,37|Average 14,61 21,76|Average 35,16 21,76
St. deviat. 33,21 10,58|St. deviat. 14,80 9,72|St. deviat. 24,95 9,72
Sm. D Primary Pa (Um) ——apam Sm. D Roughness Ra abam | Sm. D Waviness Wa (Una)— apam
— A+ —
BJ BJ 100,00 BJ
80,00
Avera St AaVer 60,00 S+
ge ge 40,00
20,
0,
A- S A- S

S-

Fig. 10 Assessment of measured values pertaining to straightness, ronghness, and corrugation of the profile (Pa, Ra, Wa) and their
comparison presented in a polar graph for the D sample produced using both ADAM and B] technologies
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rpa I ~oAv B Ra I ~oAv B wa I ~oAv B

A+ 53,22 28,30|A+ 4,94 25,81|A+ 52,60 25,81
S+ 125,89 37,06|S+ 11,01 32,44|S+ 120,14 32,44
S 13,65 21,68|S 6,49 18,91|S 10,14 18,91
S- 122,43 14,96|S- 9,87 11,18|S- 116,18 11,18
A- 49,69 19,92|A- 25,39 17,77|A- 36,21 17,77
Average 72,98 24,39|Average 11,54 21,22|Average 67,06 21,22
St. deviat. 49,24 8,54|St. deviat. 8,12 8,14|St. deviat. 49,07 8,14

Sm. Z Primary Pa (Um) ——apam Sm. Z Roughness Ra (Ur}—apam  Sm. Z Waviness Wa (JUm— abam
A+ —8J BJ A+ —8J

100,00 100,00
80,00 80,00

Avera Average Avera 60,00 5,

ge 8¢ g

0,00,
0

A- A- s

S-

Fig. 11 Assessment of measured values pertaining to straightness, roughness, and corrugation of the profile (Pa, Ra, Wa) and their
comparison presented in a polar graph for the Z sample produced using both ADAM and B] technologies

The samples were measured using the Alicona
InfiniteFocus G5 device, with a 5x magnification
objective. The graphs in Figures 9 to 11 depict the
individual examined samples produced by different
AM technologies, comparing their primary surface
parameters Pa, roughness Ra, and waviness Wa. The
best roughness values were achieved by the solid
samples, with ADAM technology yielding the most
favorable results. In the case of the BJ process,
significantly better values were obtained for the
primary profile and waviness of the experimental
samples, particularly for samples with holes. When
comparing the two technologies, ADAM exhibits
excellent characteristics in terms of surface roughness,
while BJ technology shows significantly better

parameters in terms of primary profile and surface
waviness. The primary profile and waviness are
directly related to the dimensional accuracy of 3D
objects.

IT range min. IT range avg. IT range max.

The collected data were subsequently processed to
assess the precision of the applied AM technologies,
specifically ADAM and BJ. We examined the upper
and lower dimension limits with a predefined
tolerance of £0.2mm, analyzing the deviations from
this tolerance. We then evaluated the technology's
accuracy by determining the standard tolerance factor
"i," calculating average measured values, and assessing
the deviations from the nominal dimensions.
Subsequently, we established tolerance ranges and
determined the IT accuracy levels.

The IT accuracy levels were examined for all
measured values of individual surfaces, comparing the
minimum, average, and maximum tolerance ranges.
The results were visualized using polar graphs, both
for the employed AM technologies and their 3D
models of different shapes, namely P, D, and Z, Figs.
12 to 17.

frroen] el fren] ITxmin  ITxaverage ITx max =T range avg. [mm]
IT11 IT12 IT13 i range ma. fmm
T8 IT0-4 IT7 P
ITS ITO-4 IT6
W/E 83 72 62 IT11 IT10 IT10 swivn wwise
SW/NE 101 87 66 IT11 IT11 IT10
N+/S- 126 117 106 IT11 IT11 IT11
N-/S+ 97 76 38 IT11 IT10 IT9 wer wre
NW+/SE-| 102 85 65 IT11 IT11 IT10
NW-/SE+| 97 79 61 IT11 IT10 IT10
W+/E- 119 90 28 IT11 IT11 T8 Vi swin
W-/E+ 136 114 81 IT12 IT11 IT10
SW+/NE-| 111 95 67 IT11 IT11 IT10
SW-/NE+| 152 133 89 IT12 IT12 IT11 i e
Average 96 87 71 IT11 IT11 IT10 nwa/st /st
TS IT0-4 IT6
152 133 106 IT12 IT12 IT11

Fig. 12 Measured data obtained for ADAM technology, sample shape "full P," and their visnal representation in a polar view for
comparison
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To-4 | 04 | IT0-4
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Fig. 13 Measured data obtained for ADAM technology, sample shape "hole D," and their visnal representation in a polar view for
comparison
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Fig. 14 Measured data obtained for ADAM technology, sample shape "thread Z," and their visual representation in a polar view
Jfor comparison
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Fig. 15 Measured data obtained for B technology, sample shape "full P," and their visual representation in a polar view for
comparison
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Fig. 16 Measured data obtained for B] technology, sample shape "hole D," and their visual representation in a polar view for

comparison
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Fig. 17 Measured data obtained for B] technology, sample shape "thread Z," and their visual representation in a polar view for
comparison

The comparison was conducted between samples
produced using two distinct technologies, with a focus
on assessing the I'T precision levels of each sample.
The samples created through ADAM technology
demonstrated an average I'T precision level ranging
from I'T7 to IT11. The most favorable outcomes were
observed for the sample featuring holes and threads,
while the full sample exhibited slightly lower precision.

In contrast, the Binder Jetting technology yielded
less satisfactory results, with precision levels spanning
from I'T14 to I'T15. The full sample displayed the best
precision performance among the Binder Jetting
samples, while samples with holes and threads
demonstrated similar I'T precision levels.

In summary, ADAM technology outperformed
Binder Jetting, achieving IT precision levels ranging
from IT5 to IT11, with the most exceptional results
witnessed in the threaded sample. Samples with holes

and the full sample exhibited comparable I'T precision
levels. Surfaces parallel to the Z-axis exhibited
significantly higher precision than slanted surfaces,
with ADAM technology achieving IT precisions of 0-
4 for the latter.

5 Conclusions

The article presents the results of analyses focused
on the working accuracy and surface roughness of 3D
objects made from 17-4PH material produced using
the Atomic Diffusion Additive Manufacturing
(ADAM) process patented by Markforged Inc., with
subsequent comparison to the Binder Jetting (BJ)
process. The aim of the analysis is to enhance our
understanding of the ADAM and BJ processes, with a
focus on evaluating the fundamental characteristics of
working  precision, for  potential  industrial
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implementations. Despite the added wvalue and
positive aspects of these processes, they are currently
underexplored.

The results obtained from these experiments help
assess the effectiveness, precision, quality, and
reliability of both technologies. The experiments were
divided into three parts, analyzing surface texture,
surface roughness, and working accuracy. The surface
texture experiment evaluated the surfaces of samples
created using both technologies, considering their
different orientations. The results showed that the
ADAM technology performed better in terms of
surface roughness, while the BJ technology achieved
significantly better results in primary profile
parameters and surface waviness, particularly in
uniform distribution.

Regarding dimensional precision, all samples
underwent comprehensive measurements, and the
resulting IT (International Tolerance) precision, at
which individual samples were produced, was
determined based on the measured results. The
sample produced using the ADAM technology
exhibited better precision parameters compared to the
BJ technology. The ADAM technology achieved IT
precision ranging from I'T5 to IT11, which is 5 degrees
better than the SLM (Selective Laser Melting)
technology and more.

In conclusion, the experiments revealed that the
ADAM technology is more suitable for manufacturing
components with complex geometric shapes. This
technology excels in I'T precision, surface texture, and
minimizes the need for subsequent processing. These
results have significance in the field of additive
manufacturing of metal components, as they provide
a comparison between two advanced technologies in
terms of precision, hardness, and surface design. The
ADAM process continues to gain success, and its
positive  characteristics are  gradually  being
implemented into manufacturing processes. These
components have lower weight due to their internal
lattice-like  design, making them suitable for
environmental applications. The filament-based
ADAM process is evolving as a viable and
economically efficient alternative for component
manufacturing, with simpler material control
compared to powder-based metal additive
manufacturing. Future research could focus on
studying the impact of various heat treatments on the
microstructure, static, and dynamic properties of these
components.
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