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Welcome

Post-processing. The last—but certainly not least—stage of additive manufacturing. 

Post-processing is often seen as one of the final hurdles to making additive technol-

ogies truly scalable and industrially viable. However, incredible advances have been 

made in recent years to further automate various post-processing steps, which have 

contributed to minimizing the labor involved in finishing prints, as well as reducing 

the time and costs of post-processing. 

In this AM Focus eBook, we are honing in on the latest trends and advancements in 

post-processing for metal additive manufacturing in particular. We’ll start by high-

lighting the companies at the cutting-edge of metal post-processing technologies, 

such as those with solutions for powder and support removal, sintering, quality 

control and more. From there, we’re spotlighting Solukon’s latest powder removal 

solution which was engineered to meet the growing demand for medium-sized 

metal parts. The publication also includes a detailed look at the innovative FAST/

SPS spark plasma sintering technology, which is transforming the consolidation of 

ceramic and metallic powders, and exclusive insights into a new research initiative 

out of NC State that is increasing the automation and efficiency of post-processing 

machining and measurement for metal prints.



The increasing automation of metal AM post-processing 6

22A closer look at FAST/SPS spark plasma sintering technology

34Image credits

28Integrating quality control into metal post-processing

Contents

14Solukon: Tackling the complexity of mid-

sized LPBF with automated depowdering



Research

By harnessing insights directly from our industry partners, 

we’ve built a database that includes 100,000+ data points 

for 2023 alone. With deep analysis covering 1,500+ additive 

manufacturing companies worldwide, our reports are designed 

to provide industry leaders with the data-driven support they 

need to make informed decisions.

Data and 
insights that 
matter

Learn more →

https://www.voxelmatters.report/


The increasing 
automation of 
metal AM post-
processing
A non-exhaustive guide to the companies 

pioneering post-processing solutions for metal AM 

with an emphasis on automation.
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Post-processing forms an important stage 

of the metal additive manufacturing work-

flow. Encompassing a number of distinct 

techniques, metal AM post-processing may 

involve basic AM procedures like support 

removal, process-agnostic procedures for 

production-level AM such as part sorting, and 

process-specific procedures such as debind-

ing. The number of stages required for metal 

AM post-processing depends on the type of 

AM process, the material, and the part itself.

Below is a non-exhaustive list of the most 

common post-processing techniques 

deployed following metal AM, along with 

some of the leading companies providing 

solutions for each technique.

Powder Removal: Solukon

Powder removal or depowdering is a critical 

stage of post-processing for LPBF and other 

forms of metal additive manufacturing that 

use powder as feedstock. Excess powder 

must be removed following part fabrication 

in order to clean the part, eliminate safety 

risks, and capture powder for re-use.

An independent powder removal system 

uses a combination of part rotation, 

vibration and compressed air to ensure 

complete removal. For reactive metal pow-

ders like titanium, an inert gas system 

is also required to prevent the risk of 

explosion.

Post-processing for metal 

additive manufacturing is a 

multi-faceted segment. In this 

article, we are highlighting 

some of the leaders in this 

area, who specialize in powder 

removal, heat treatments, 

part sorting and more.

Quick Take
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A leader in powder removal solutions is 

Germany’s Solukon Maschinenbau GmbH, 

which specializes in automated depowder-

ing. Solukon has worked with companies 

like Siemens to develop intelligent powder 

removal for highly complex parts with deep 

channels and other complicated features. 

Solukon’s best-known systems are those in 

the SFM-AT range, which offer features such 

as automated 2-axis rotation, powder lock, 

vibration with controllable frequency, glove 

ports for manual depowdering with com-

pressed air or inert gas and manual joystick 

control. The company—as we’ll see in more 

detail in this eBook—has also just released 

a new system intended for mid-sized part 

powder removal, the SFM-AT350/-E.

Support Removal: Rivelin Robotics

Support removal is a challenging and labor-in-

tensive stage of post-processing for metal 

AM, particularly at vulnerable thin-walled 

sections of a part. Support removal generally 

involves cutting the part from the build area 

with a bandsaw before using smaller manual 

tools to remove supports from the surface 

of the part. Because of the time and labor 

Solukon Maschinenbau specializes in depowdering 

and sieving for metal and polymer AM Image: Solukon
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required for support removal, efficient and 

minimal placement of supports is an import-

ant area of DfAM.

Automation of the support removal process 

is a developing area of metal AM that will 

benefit AM production in the long term. One 

company developing technologies in this 

area is UK-based Rivelin Robotics, which uses 

“state-of-the-art sensors and processes” and 

robotic arms to carry out metal AM support 

removal with a 10-fold reduction in opera-

tional cost. Rivelin’s NetShape Robot counts 

GKN Aerospace and the British Ministry of 

Defence among its users.

Debinding and Sintering: Elnik Systems

Additive manufacturing processes like 

binder jetting and metal extrusion, as well as 

non-additive processes like metal injection 

molding (MIM), require post-processing steps 

like debinding and sintering to remove non-

metal binder material and strengthen the 

metal structure that remains. 

In the binder jetting process, the AM system 

deposits a liquid binder onto metal powder 

to fabricate a metal part. It is faster than 

processes that sinter or melt the metal pow-

ders. However, the binder material must be 

Elnik Systems’ MIM 3045 series sintering furnace. Image: ELNIK Systems
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removed from the “brown” metal parts 

during post-processing using heat, solvents, 

water, etc. Debinding is followed by sinter-

ing in a furnace at a temperature just below 

the metal’s melting point, fusing the metal 

particles and resulting in a dense metal 

component.

A leader in debinding and sintering tech-

nology is New Jersey’s Elnik Systems and 

its sister company DSH Technologies. With 

more than 50 years of experience in the 

industry, Elnik provides world-leading first-

stage debinding systems and second-stage 

debinding and sintering furnaces. In 2023, 

Elnik partnered with HP to provide a sin-

tering solution for HP’s metal additive 

manufacturing systems.

Material Handling: Volkmann

Material handling in metal AM is a crucial 

stage that includes pre-processing and 

post-processing. Safety, cleanliness, and effi-

cient delivery are key considerations in any 

material handling process, which also pro-

tects operators from powder exposure. An 

integrated material handling system may 

have some overlap with a powder removal 

system.

Post-processing material handling involves 

drying AM powders, both automated and 

manual filling of AM systems, removing used 

powder from the AM system, sieving used 

powder, and other steps that vary depending 

on the type of metal AM technology used.

VOLKMANN and EOS developed a scalable, closed-loop metal 

powder handling solution for EOS metal 3D printers Image: VOLKMANN
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In 2023, metal AM leader EOS partnered with 

fellow German company Volkmann to pro-

vide an automated, scalable, closed-loop 

metal powder handling solution suitable for 

up to six EOS M L-PBF additive manufacturing 

systems. With features like automatic refill, 

drying and a central powder handling system, 

the jointly developed system can provide 

24/7 fully automatic powder handling.

Part Identification and Sorting: AM-Flow

Production-grade metal AM carried out at 

scale requires post-processing steps to 

identify and sort finished parts, as would 

be required on traditional assembly line 

manufacturing processes. The most efficient 

systems for identification and sorting at pro-

duction scale use forms of machine vision to 

automatically carry out the process.

Industry 4.0 part identification and sorting 

systems typically include a machine with 

optical capabilities for part recognition, a 

system of conveyor belts for sorting parts 

into different categories, and optional com-

ponents such as packaging machines, quality 

inspection systems, and pick-and-place 

robots.

A leader in additive manufacturing part sort-

ing is AM-Flow of the Netherlands, which 

Theta’s inspection equipment uses nonlinear resonance 

technology to detect internal flaws in AM parts. Image: Theta Technologies
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provides a large number of modular identi-

fication, sorting and factory management 

solutions—including its AM-Vision, AM-Logic, 

and AM-Sort machines—which use the com-

pany’s cutting-edge machine vision and AI 

technology. Its users include automotive 

giant BMW, which reportedly halved the time 

required for AM part sorting after installing 

an AM-Flow solution.

Measurement and Inspection: 

Theta Technologies

For AM production of end-use parts, mea-

surement and inspection is an important 

post-processing stage. For dimensions and 

tolerances, standard equipment like CMMs 

may be used. However, other technologies 

are required for internal testing.

Customer demands for measurement and 

inspection may be higher with AM than with 

more metal manufacturing technologies like 

casting and machining. AM also differs from 

such technologies in that metal parts can 

have a great deal of internal complexity, with 

partly hollow sections, channels, and other 

internal features. Special non-destructive 

testing techniques are required for internal 

part inspection.

A specialist in NDT of AM parts is UK-based 

Theta Technologies. Theta’s inspection equip-

ment—demonstrated in the cutting-edge 

RD1-TT system—leverages nonlinear reso-

nance technology to detect internal flaws in 

AM parts using sound waves, quickly provid-

ing a pass/fail test result for metal parts. It 

has been successfully used to verify metal 

additively manufactured valves as well as 

non-AM parts like turbine blades.

Heat Treatment: Quintus Technologies

Parts made using technologies like LPBF 

benefit from heat treatment that can 

reduce part porosity, remove imperfections 

and internal stresses, and increase strength. 

Three common heat treatments for metal 

AM parts are solution treatment, stress 

relieving and hot isostatic pressing (HIP).

Quintus Technologies of Sweden special-

izes in HIP technologies, primarily for sheet 

metal fabrication but also for metal AM 

post-processing. Suitable industries for the 

post-processing equipment include avia-

tion, nuclear and medical, where quality 

requirements for metals are especially high. 

The company, whose HIP solutions have 

been used to improve parts like titanium 

implants and automotive components, has 

collaborated with AM leaders such as SLM 

Solutions. ⬛

Quintus Technologies specializes in HIP technologies, 

primarily for sheet metal fabrication but also for metal AM

Image: Quintus Technologies
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Tackling the 
complexity of 
mid-sized LPBF 
with automated 
depowdering
Solukon’s SFM-AT350/-E combines hardware, 

intelligent software and process monitoring 

for enhanced metal part depowdering and 

process transparency.

Feature

In collaboration with Solukon

https://www.solukon.de/en/


Image: Solukon



For years, the industrialization of metal laser 

powder bed fusion (LPBF) was burdened 

by the “bottleneck of depowdering”. Even 

if machines were optimized to print faster 

and with greater throughput, the need for 

manual depowdering was a hurdle to real 

progress, not only increasing lead times for 

printed components but also demanding 

more technical skills and labor. Fortunately, 

the tide has been turning: automated depow-

dering solutions such as those developed by 

German company Solukon, are enabling parts 

manufacturers to match the productivity of 

additive manufacturing with early post-pro-

cessing steps like depowdering. Solukon has 

been a leader in the automated post-process-

ing segment for nearly a decade, following 

the launch of the first industrial automated 

depowdering system in 2015. These auto-

mated solutions are also playing their part in 

establishing automated end-to-end work-

flows for metal part production. 

Solukon’s latest system, the SFM-AT350/-E, 

is a sophisticated solution dedicated specif-

ically to processing complex medium-sized 

components weighing up to 100 kg (includ-

ing the build plate). Typically, when thinking 

of the toughest depowering challenges, 

one imagines a massive and complex com-

ponent, like a heat exchanger or rocket 

propulsion system, with many internal 

channels. It goes without saying that large-

scale parts, measuring up to one meter in 

height and weighing several hundred kilo-

grams, are difficult to depowder, however 

Solukon’s latest system, the 

SFM-AT350/-E, is designed 

specifically for processing 

complex components weighing 

up to 100 kg, addressing a gap 

in the powder removal market 

for medium-sized metal parts.

Quick Take
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mid-sized components, which are far more 

common, also come with their own complex-

ities. As Solukon says: “Even for mid-sized 

components we are seeing ever-increasing 

complexity and rising demands on cleaning 

quality and process transparency.”

Rising complexity of medium-sized parts

Initially, the main concern of automated 

depowdering solutions was occupational 

health and safety. A higher level of safety 

could easily be achieved with basic solu-

tions. With the increasing prevalence of 3D 

printed medium-sized metal parts charac-

terized by complex geometries, automated 

depowdering, beside safety aspects, has 

become an essential part of reaching and 

maintaining the economic viability of the 

manufacturing technology. At the same 

time, additive manufacturing technologies 

make the most sense when conventional 

manufacturing processes fall short, for 

example when producing structures that 

require consolidation and components 

with complex internal cooling channels. 

This means that making the most out of 

the technology involves both designing 

Solukon’s SFM-AT350/-E is both highly automated and more effective at 

removing powder compared to manual methods like knocking and brushing. Image: Solukon
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optimized geometries and being able to effi-

ciently remove powder from them.

As Andreas Hartmann, CEO and CTO of 

Solukon, says: “If you have a printed part 

with LPBF that is easy to depowder, you 

have not fully exploited the potential of the 

laser powder bed fusion technology.” In 

other words, the more complex a part is, the 

more complex the powder removal process. 

“So, just like for large parts up to 1,000 mm 

in z-axis, we see a rising complexity of 3D 

printed parts that undoubtedly need sophis-

ticated depowdering solutions with new 

excitation options and programmability for 

the medium-sized part sector,” he continues.

Setting a new standard 

for powder removal

That’s where Solukon’s SFM-AT350/-E sys-

tems come in. Currently the most sold 

depowdering system in the medium-sized 

LBPF sector, the compact industrial system 

is both highly automated (thus removing the 

need for manual labor at every step) and far 

more effective at actually removing powder 

from medium-sized metal prints com-

pared to manual methods like knocking and 

brushing.

The machine’s powder removal capabilities 

are owed to a combination of hardware and 

Solukon’s SPR-Pathfinder software generates a motion path for optimized 

powder removal, even for different parts on one build plate. Image: Solukon
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software features. On the hardware front, 

the system is based on Solukon’s Smart 

Powder Recuperation technology, which 

integrates extended part motion (with 250 

degrees of rotation on the horizontal axis 

and unlimited rotation of the build plate) 

in a fully protected atmosphere. Inside the 

system, the printed part and build plate 

are affixed to a fully rotatable turntable, 

which can be programmed for specific 

movements and rotations. This continu-

ous movement is reinforced by targeted 

vibrations. 

On this topic, the company specifies that its 

depowdering solution is available with two 

excitation options: the standard SFM-AT350 

is equipped with pneumatic excitation and 

optional knocking system, while the SFM-

AT350-E—released in October 2023—is 

fitted with piezoelectric (ultrasonic) exci-

tation. The latter is capable of cleaning 

printed parts very gently via high-frequency 

and self-regulating vibrations. These auto-

mated features are complemented by glove 

ports for manual finishing with compressed 

air or inert gas. Throughout the process, all 

powder is recovered in a sealed container at 

the base of the system facilitating reuse or 

recycling.

Both versions of Solukon’s depowder-

ing solution had previously been capable 

of handling parts weighing up to 60 kg. In 

order to make the technology available to a 

wider range of medium-part sizes, the com-

pany recently upgraded its systems to have 

a larger chamber volume. As of this month, 

the SFM-AT350/-E can depowder parts 

measuring up to 400 x 400 x 400 mm (or 

500 x 280 x 400 mm) and weighing up to 

100 kilograms. 

Intelligent depowdering

As with any additive manufacturing or 

post-processing technology, hardware is 

only part of the equation: software has an 

equally important role to play. Solukon’s SPR-

Pathfinder software transforms a machine 

that can move in many ways into a machine 

that moves in specific ways to remove 

powder from a particular additive geometry. 

“Above a certain level of complexity, it is 

impossible to see with the naked eye how 

the component must be moved so that the 

powder can run out completely,” the com-

pany says. Even CAD files, which provide 

more information about a part’s internal 

structure, do not reveal an obvious motion 

pattern for depowdering. The software fills 

this gap by calculating an optimized motion 

path for a specific part geometry in the SFM-

AT350/-E. This path generation is based on 

flow simulation of the part’s digital twin. This 

innovative approach marks the first time 

that a digital twin has been used in commer-

cial post-processing. 

From a user perspective, the software can 

dramatically cut down on depowdering 

times and labor. Referred to as a “fire-and-

forget” solution, SPR-Pathfinder simply 

requires that users upload a CAD file of the 

printed part. From there, the software auto-

matically calculates a motion pattern for the 

hardware to use for optimal powder removal. 

Notably, in cases where multiple parts are 

attached to the build plate, the software can 

compute motion sequences for the entire 

build.

Solukon’s SPR-Pathfinder software is not 

only compatible with the SFM-AT350/-E 
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Solukon’s DFT solution is an optional feature 

that can be integrated with its depowdering 

solutions. According to the company, about 

85% of its SFM-AT350 customers currently 

use DFT and have reported positive results. 

“The industrial sector has developed from 

‘why’ to ‘how’,” Hartmann concludes. “In 

other words, our customers and other inter-

ested parties have recognized that for 

high-quality additive manufacturing, they 

inevitably need automated powder removal. 

They are closely examining the individual 

benefits and specific applications of our 

technology now instead of asking why they 

even need depowdering. We have been a pri-

mary driver of this important development 

and the entire sector will benefit from it.”

Ultimately, automated and process-mon-

itored depowdering solutions such as 

Solukon’s SFM-AT350/-E ensure that printed 

parts are powder-free and ready for down-

stream post-processing, as well as create 

greater end-to-end transparency for metal 

part production. ⬛

solution we’ve been focused on, it is also 

paired with the company’s SFM AT800-S 

and SFM-AT1000-S for larger builds.  

The road to measurable post-processing

Solukon’s automated depowdering solution 

plays a key role in the company’s broader 

mission to provide measurable, transpar-

ent post-processing for laser powder bed 

fusion. As the company says: “the pro-

cesses downstream from printing must 

flow transparently in order to give users an 

undistorted picture of the efficiency of their 

additive production lines.” Also central to 

this goal is the company’s Digital-Factory-

Tool (DFT), which consists of a sensor and 

interface kit for process monitoring, depow-

dering automation and digital integration. 

Specifically, the DFT solution records pro-

cess data throughout the depowdering 

process—such as residual oxygen, humid-

ity, chamber pressure, power consumption, 

excitation frequencies and more—and 

synthesizes the data in a protocol file. 

Users can also set critical limit values for 

relevant data so that any deviations are 

clearly displayed and ready for analysis. 

The monitoring tool also measures media 

consumption and can output the carbon 

footprint of the depowdering process—fea-

tures that can facilitate validation for future 

standards and regulations. 

All process monitoring data can ultimately 

be compiled via OPC UA and integrated into 

the control center’s digital dashboards. This 

means Solukon systems can also be moni-

tored from a central control center as well 

as controlled remotely, easily fitting into 

automated production lines.  

Solukon’s SFM-AT350/-E ensures printed parts 

are ready for downstream post-processing.

Image: Solukon
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A closer look at 
FAST/SPS spark 
plasma sintering 
technology
Diving into the cutting-edge spark plasma sintering 

technology pioneered by FCT Systeme and Norimat.

Spotlight
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At the recent Ceramitec fair in Munich, 

ExOne (part of Desktop Metal) showed the 

first-ever fully sintered and fully dense sil-

icon carbide (SiC) parts made by binder 

jetting, without requiring any post-process 

infiltration. They were sintered using FAST/

SPS, an acronym that stands for field-as-

sisted sintering technology/spark plasma 

sintering. But what is this technology and 

what could it mean for sinter-based AM?

FAST/SPS is a cutting-edge spark plasma 

sintering technology pioneered by FCT 

Systeme, Germany, that revolutionizes the 

consolidation of diverse powders across 

ceramic and metallic domains, facilitating 

the creation of significantly enhanced or 

entirely innovative materials.

Spark plasma sintering has been demon-

strated to rapidly consolidate powders 

across various material categories, 

including metals, alloys, ceramics and 

composites.

More recently, starting in 2016, the French 

company Norimat commercialized its own 

FAST/SPS process, developed and opti-

mized through 15 years of R&D, to combine 

A look at FAST/SPS, a spark 

plasma sintering technology 

pioneered by FCT Systeme, 

that has the potential to 

revolutionize how metallic 

and ceramic powders are 

consolidated, and what what 

could mean for sinter-based 

additive technologies.

Quick Take
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3D printing and spark plasma sintering. 

Applied to the ExOne binder jetting 3D 

printed parts, the Norimat process enables 

rapid single-step sintering of parts with 

complex geometries. Thus, geometrically 

complex parts, with outstanding perfor-

mance characteristics are now possible, 

quickly.

However, as FCT Systeme pointed out, the 

successful industrial implementation of 

FAST/SPS hinges upon the availability of 

meticulously tailored equipment, poised to 

meet the unique demands of large-scale 

production.

FAST/SPS for rapid 

consolidation of powders

FCT Systeme describes the spark plasma 

sintering machines in detail: “Spark plasma 

sintering, as well as its state-of-the-art 

version, called FAST/SPS, are sintering 

techniques, derived from conventional hot 

pressing. Hence FAST/SPS systems com-

prise a water-cooled vessel, a hydraulic 

pressing system and a computer-aided pro-

cess control using temperature and force 

measurement and control, as well as a 

system for vacuum and atmospheric con-

trol inside the vessel respectively.” 

The main difference compared to a conven-

tional hot press is the absence of a heating 

element and thus the thermal insulation 

of the vessel. FCT explains that a special 

power supply system feeds high current 

into the water-cooled machine rams, which 

act as electrodes simultaneously feed-

ing the high current directly through the 

pressing tool and the containing powder 

compact.

“This special construction leads to a homo-

geneous volume heating of the pressing 

tool [...] whereas conventional sinter-

ing methods are hampered by thermal 

gradients, allowing only moderate heat-

ing rates and requiring long dwell time 

for subsequent (but mostly incomplete) 

homogenization.”

According to FCT, the SPS process is thus 

capable of producing high-performance 

samples with higher material properties 

compared to conventional processes. As 

Norimat points out, however, as samples 

get larger it is much harder to manage 

the thermal gradients inside the part. This 

could result in several drawbacks such as 

melting of the material, especially with 

metals, where the sintering temperature is 

close to the melting point, or microstruc-

ture inhomogeneity or non-uniform color 

of the final part.

Fortunately, there are ways to miti-

gate these challenges, even for larger 

samples. Norimat showed two exam-

ples illustrating this based on the use of 

carbon fiber-reinforced plates and mold 

design optimization. Carbon fiber-rein-

forced plates are increasingly used in the 

SPS community thanks to their ability to 

limit the thermal gradient inside the sin-

tered parts as well as reduce the global 

SPS power. In the case of a 100mm zirco-

nia sample, the use of CFC plates between 

the punches and spacers in the mold can 

reduce the thermal gradient by about 75%. 

However, the resulting gradient of 51°C can 

still be too high for certain applications. In 

addition to CFC plates, users can also opti-

mize the design of their mold. For the same 

100mm zirconia sample, using a higher and 
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slightly thinner mold will reduce the ther-

mal gradient to only 12°C. With this level of 

temperature difference inside the zirconia, 

no density or microstructure discrepancy is 

expected. This makes SPS a valuable and reli-

able process to produce high-performance 

materials.

FCT Systeme discusses an additional advan-

tage of FAST/SPS: “the heating power is 

not only distributed over the volume of the 

powder compact homogeneously in a mac-

roscopic scale but it is also dissipated exactly 

at the locations where energy is required for 

the sintering process, namely at the contact 

points of the powder particles. This results 

in a favorable sintering behavior with less 

grain growth and suppressed powder decom-

position. Depending on the type of powder, 

additional advantageous effects include elec-

tro-migration or microplasma generation.”

FAST/SPS for additive manufacturing

In Norimat’s FAST/SPS process, a high-inten-

sity pulsed current passes through a graphite 

tool, which makes it possible to reach high 

heating and cooling rates of over 100°C/min. 

This means that the FAST/SPS process can 

reach a high temperature in only a few min-

utes compared to several hours for other 

sintering techniques.

The main advantage of this powder metal-

lurgy technology is the absence of organic 

binders during the process which can cause 

defects during sintering. The technology 

limits residual stress within the material. 

through the efficient control of the part’s 

thermal gradient during the sintering process.

This reduced processing cycle combined 

with the fast-heating rate results in a fine 

material microstructure and an increase 

in the mechanical properties of the sin-

tered materials. Thanks to these assets, this 

unique powder sintering process is used 

to easily manufacture high-performance 

and innovative materials (composites, hard 

metals, metal alloys, refractory materials). In 

addition, the process prevents grain growth 

within the materials, which maintain a fine 

microstructure and can densify any mate-

rials between 200°C and 2400°C to reach a 

density of 99.5%, with material waste less 

than 1%. All the powder sintered in the pro-

cess is densified, and there is virtually no 

powder waste or any other waste.

Norimat also developed the Engemini Field 

Assisted Sintering Technology, Spark Plasma 

Sintering (FAST/SPS) simulation tool. This 

model enables all FAST/SPS users to perform 

digital experimentation to determine the 

thermal and mechanical evolution of parts 

and graphite molds during the physical sin-

tering process. ⬛
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Integrating 
quality control 
into metal post-
processing
NC State research team develops hardware-

agnostic solution to streamline post-

processing machining and measurement.
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A research team at North Carolina State 

University is pioneering a highly automated 

process that enables quality control to be 

integrated more seamlessly into post-pro-

cessing for metal machine parts. The 

innovative work is tackling a hurdle many 

have faced in the additive production of 

metal parts related to the additional time and 

manual labor involved in measuring dimen-

sions and achieving the correct tolerances.

Depending on the application at hand and 

the required tolerances, it is sometimes 

necessary to machine metal 3D prints. This 

post-process enables manufacturers to 

achieve very tight tolerances and add crit-

ical features that weren’t achievable using 

additive processes, however, it also requires 

close monitoring of dimensional accuracy. 

Typically, this metal AM post-processing 

technique requires operators to remove 

the print from the machining equipment to 

undergo quality control inspections. If the 

tolerances aren’t met, the operator must 

reattach the component to the machine and 

make adjustments. It goes without saying 

that there is a distinct lack of efficiency in 

this process, especially if multiple rounds of 

adjustments are needed.

Researchers at NC State 

University have developed 

an integrated approach to 

metal post-processing that 

streamlines machining and 

measurement processes using 

automated machining, laser 

scanning and touch-sensitive 

measurement technologies.

Quick Take
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The solution developed at NC State tackles 

this inefficiency by integrating automated 

machining, laser scanning and touch-sen-

sitive measurement technologies to 

essentially measure the print while it is still 

attached to the machining system. Notably, 

the solution is software-based and is 

designed to be hardware agnostic, meaning a 

variety of CNC machines and laser scanners 

could be used. 

As Brandon McConnell, assistant research 

professor in NC State’s Edward P. Fitts 

Department of Industrial and Systems 

Engineering, told us: “We developed the soft-

ware to be independent from the hardware. 

We used a Haas VF3 CNC machine but the 

goal with the software is to make the process 

hardware agnostic, though the ‘final con-

verter’ may be different for each OEM. The 

scanners have different interfaces; we used a 

Renishaw touch probe.”

For end users, the software-driven post-pro-

cessing solution works by first capturing 

the dimensions of the metal 3D print once 

it is mounted on the CNC machine using a 

laser scanner. The software then uses these 

dimensions and the required tolerances to 

direct the CNC machine. A touch-sensitive 

robotic probe is then employed to measure 

the finished part while it is still on the CNC 

machine (the part orientation is adjusted by 

the finishing system so that all angles and 

sides can be measured). When all tolerances 

and dimensional parameters are met, the fin-

ished part can be removed from the machine. 

In their research, the NC State team demon-

strates how the automated post-process 

compared to a more conventional approach 

without the integrated measurement 

solution. “We were able to finish the part 

in 200 minutes using conventional tech-

niques; we were able to finish the same part 

in 133 minutes using our new technique,” 

McConnell explains. “Depending on the situ-

ation, saving 67 minutes could be incredibly 

important. Time is money in most profes-

sional settings. And in emergency response 

contexts, for example, it could be the differ-

ence between life and death.”

The integrated technique was developed for 

cylindrical components, like pistons, however 

it is possible to adapt the process for a wider 

variety of part geometries. “Planar and cylin-

drical structures are natural firsts due to how 

common they are and the techniques for 

inspection, especially with the 4-axis envi-

ronment,” says McConnell. “The software 

could be further developed for 5-axis appli-

cations which would remove geometrical 

limitations.”

The hardware used in the research is avail-

able commercially, and McConnell and the 

NC State team worked with industry partners 

in developing their solution. Specifically, they 

worked with tooling specialist Kennametal, 

John Deere and a local machine shop. 

“Kennametal sells machine tools and helped 

us identify the best tooling for the work; 

they also guided us on what tooling intelli-

gence to build into the program,” McConnell 

elaborates. “John Deere brought us a user’s 

perspective on managing spare parts and 

making spare parts on demand. The machine 

shop shared challenges of machining metal 

3D printed parts, especially challenges 

around designing fixtures.”

Currently, the research team is advancing 

this project by addressing other challenges, 

particularly related to the touch probes, 
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which are used to measure components with 

precision before and after machining. “In 

our application, the probing done in the CNC 

machine is important to identify if a part is 

within tolerance,” McConnell says, adding 

that this step could be further automated and 

integrated into the same setup.

Ultimately, McConnell and the NC State 

researchers hope that their automated 

approach to metal AM post-processing will 

be of interest to OEMs and metal AM users. 

As he says, all of the hardware used in the 

demonstration is available commercially 

and the software technique is laid out in the 

paper “Automatic Feature Based Inspection 

and Qualification for Additively Manufactured 

Parts with Critical Tolerances” recently 

published in the International Journal of 

Manufacturing Technology and Management.

“We feel that this new approach could be 

adopted and put into use almost immedi-

ately,” he concludes. “And we are certainly 

open to working with partners who are inter-

ested in making use of this technique.” ⬛

In this integrated approach, probing is carried out in the CNC 

machine to check whether a part has the correct tolerances. Image: NC State
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