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The consumer market for additive manufacturing is one of the most varied and 

visible subsegments of the industry. And while today’s consumer AM applications 

may just be the tip of the iceberg when it comes to 3D printing’s potential, they are 

highly indicative of future trends. In this 3dpbm eBook, we take a look at consumer 

AM applications that are pushing the boundaries and demonstrating that 3D print-

ing is becoming increasingly vital to product innovation. 

In our introductory analysis chapter, we provide a comprehensive look at all cor-

ners of the consumer AM segment, from footwear, to eyewear, to sportswear 

and beyond. We also present an exciting case study from German manufacturer 

OECHSLER and outdoor gear company VAUDE that shows how AM can be used 

for sustainable product design. This eBook also includes an exploration of the evo-

lution of 3D printed musical instruments, a case study about Sennheiser’s IE 600 

earphones, and an exclusive interview with Dr Selassie Dorvlo, Technical Director 

and Head of AM at Cooksongold about its precious metal 3D printing.

Tess Boissonneault 
Editor in Chief, 3dpbm
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A look at total addressable markets and 
the penetration potential of AM for appli-
cations and services, driving hardware and 
materials sales

The mass (potential 
of the 3D printed 
consumer products) 
market

ANALYSIS



Even if it remains a small fraction of global produc-

tion, the market for 3D printed consumer products is 

going to be a lot larger than most imagine today. It 

doesn’t take much to figure out that in segments that 

cumulatively generate as much as $1 trillion today, a 

penetration of just over 1%-1.5%, which could very 

likely be achieved by 2030, would mean $10 to $15 

billion in application and services related revenues, 

driving hardware sales for up to $5 billion and mate-

rial sales for $1.5 billion. 

This would represent tremendous growth from just 

a few hundred millions in global applications today. 

The availability of high-speed AM processes such as 

Carbon DLS and HP MJF, and other similar technolo-

gies are enabling AM applications in this segment to 

shine as real, valuable and accessible products.

The examples of qualified applications are now wide-

spread. Even in parts production.

FOOTWEAR

TAM 2020: $365 billion USD
Source: Statista

AM Potential by 2030: 

Applications and services: $5.5 billion USD

Hardware: $2 billion USD

Materials: $500 million USD
Source: 3dpbm

Where we are

Footwear remains the primary revenue opportunity 

among 3D printed consumer products due primarily 

to the ongoing success of the activities carried out by 

Carbon, OECHSLER and adidas in this segment, with 

millions of midsoles produced for the FUTURECRAFT 

4D line of athletic footwear. These are produced 

using DLS high-speed photopolymerization, which is 

becoming the dominant technology, as the process 

enables the use of durable polyurethane materials. 

Direct Carbon competitors, such as LuxCreo and 

Nexa3D, are also targeting this segment.

Other relevant activities in footwear final part and 

products include the increasing adoption of AM in 

the insole and sole orthotics segments. Here HP 

technology is driving the segment with various appli-

cations, including Superfeet’s ME3D insoles, created 

to match the geometry of each foot for personal-

ized support and calibrated to each foot’s dynamic 

pressure pattern.

Chinese hardware companies such as Kings 3D are 

dominating the footwear-specific tooling and proto-

typing segment for mass produced footwear. Asia is 

by far the largest manufacturer of footwear and com-

panies like Kings 3D offer SLA hardware and materials 

specifically designed for footwear tooling applica-

tions. Prototyping in the luxury footwear industry, in 

adidas, Carbon and OECHSLER 3D print millions 
of midsoles for FUTURECRAFT 4D footwear.

Image: adidas



Segment TAM AM AM Hardware AM Materials 

Toys 95 0.5 0.3 0.1

Audio equipment 25 0.4 0.3 0.1

Music instruments 40 0.2 0.4 0.1

Sports equipment 150 2 0.8 0.2

Jewelry 320 3.2 1 0.5

Luxury fashion 117 0.5 0.2 0.05

Eyewear 140 2.8 0.7 0.2

Footwear 365 5.5 2 0.5

Total 954 15 5.7 1.75

Total addressable market (TAM) for consumer markets and relative AM related revenues ($US B)
Source: 3dpbm Research

Italy and other western countries, is generally dom-

inated by Stratasys’ PolyJet systems and materials. 

Some interesting early work has been conducted by 

Switzerland-based low-cost SLS company Sintratec 

on concept design.

Where we’re going

The footwear industry is going to increasingly adopt 

AM in its production workflows and for final parts. 

Polymer powder bed fusion companies, both ther-

mal and laser—like voxelejt, HP, EOS—are all working 

on developing cost-effective workflows to use their 

technologies in footwear production. EOS and vox-

eljet went as far as qualifying the PEBA elastomeric 

materials from Evonik for the HSS and SLS processes. 

EOS, Siemens and Dyemansion also collaborated 

on demonstrating a fully automated workflow for 

custom footwear soles. Materials companies, includ-

ing BASF and Arkema, are all developing resins 

with high thermoset content, specifically targeting 

adoption in the footwear industry. This will help the 

segment generate as much as $5.5 billion yearly in 

applications and services, driving hardware and mate-

rial sales for as much as $2.5 billion yearly. The only 

part still missing in the footwear equation remains 

the uppers, which require a manual labor-intensive 

production process. Voxel8, the company targeting 

custom upper production via 3D printing on tex-

tiles, has been acquired by Kornit Digital and has 

not yet reported on the success of its ongoing proj-

ects in this area.

EYEWEAR

TAM 2020: $140 billion USD

TAM 2027: $197 billion USD
Source: Statista

AM Potential by 2030: 

Applications and services: $2.8 billion USD

Hardware: $700 million USD

Materials: $200 million USD
Source: 3dpbm
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Where we are

Using AM for production—mainly via polymer PBF, 

both thermal and laser—is becoming standard prac-

tice for the many startups and smaller companies 

active in this segment. Following in the footsteps 

of Belgian studio Hoet, one of the very first to ever 

implement AM technology (both metal and polymer 

PBF) in high-end eyewear frames, there are today 

over 30 design studios around the world using AM for 

on-demand production.

However, market dominance by Luxottica and the 

popularity of brand names for eyewear make the 

transition more difficult. Scale economies make it 

impossible for a giant such as Luxottica to imple-

ment AM in production. The group’s adoption of 3D 

printing is still very much confined to high-end proto-

typing (using primarily multi-color PolyJet technology 

from Stratasys) and some tooling (also using PolyJet 

and other photopolymerization processes).

The ophthalmic lenses segment also remains a very 

interesting opportunity for material jetting AM, and is 

primarily pursued at this time by one company, Luxex-

cel. The company has been making some progress in 

terms of expanding the offer of its unique production 

capabilities to include upcoming smartglasses, VR 

and AR products. Another company, Notion Systems, 

has also entered the segment with an optics-specific 

version of its n.jet material jetting technology plat-

form, which is a clearer sign that this segment of AM, 

while complex, has legs.

Where we’re going

Mass eyewear production, using traditional forma-

tive process and acetate materials, remains one of 

Eyewear frame with 3D printed temple lattice cushion by JINS and Carbon.

Image: JINS



the most wasteful and unsustainable manufactur-

ing activities. Millions of unsold products are thrown 

away every year (and not recycled) as their associa-

tion with popular brand names makes it impossible to 

reduce pricing. Combined with the slowly increasing 

interest of the public for custom frames, this should 

help further drive AM adoption. 

If AM adoption continues at the current pace, we 

expect the eyewear segment to generate as much as 

$2.8 billion in applications and services, driving hard-

ware and material sales for nearly $1 billion.

APPAREL & LUXURY FASHION

Apparel TAM 2021: $1.55 trillion USD

Apparel TAM 2026: $2 trillion USD

Luxury fashion TAM 2022: $117 billion USD

Luxury fashion CAGR 2022–25: 4.27%
Source: Statista

AM Potential by 2030: 

Applications and services: $500 million USD

Hardware: $200 million USD

Materials: $50 million USD
Source: 3dpbm

Where we are

The $1.5 trillion global apparel market has little 

or nothing to do with 3D printing and this is not 

expected to change soon. However, the $117 billion 

global luxury fashion segment has been increasingly 

looking at AM with interest (and very few real applica-

tions). Designers Anouk Wipprecht, Ganit Goldstein, 

Danit Peleg and Iris van Herpen have famously exper-

imented with AM for innovative projects. While SLS 

and material extrusion have all been used for creat-

ing innovative 3D printed clothing, the thermoplastic 

materials used with these technologies—and the 

possible textile geometries that can be made—are 

not ideal for clothing products.

Where we’re going

Stratasys has invested significantly in developing “3D 

printing on textile applications” leveraging PolyJet 

multicolor 3D printing of flexible materials. While 

the projects, which are ongoing since 2014 and have 

increased significantly since 2020, have been able to 

attract the interest and curiosity of the international 

design community, they have so far failed to break 

through the highly conservative, consolidated luxury 

fashion segment.

The establishement of a direct presence in Italy 

through a close collaboration with the Dyloan brand 

and its Shapemode additive manufacturing division 

may help in this crucial next step of growth for AM in 

fashion and possibly expand beyond the luxury fash-

ion industry in the future via other types of extrusion 

and deposition processes. We do not expect this area 

of 3D printing to grow beyond a niche of about $500 

million in global revenues, driving about $300 million 

in hardware and material sales.

The Harmonigraph Dress by Fitchwork integrates spirals 
proportioned according to the Fibonacci sequence.

Image: Fitchwork
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JEWELRY

Luxury jewelry TAM 2020: $22 billion USD

Jewelry TAM 2020: $230 billion USD

Jewelry TAM 2026: $307 billion USD
Source: Statista

AM Potential by 2030: 

Applications and services: $3.2 billion USD

Hardware: $1 billion USD

Materials: $500 million USD
Source: 3dpbm

Where we are 

AM adoption in the jewelry market is divided into 

two very different categories. On the one hand, the 

production via AM of prototypes and tools, such pat-

terns, silicon molds and other casting products. These 

are produced primarily using photopolymerization 

processes such as SLA, DLP and LCD stereolithogra-

phy, as well as wax or castable photopolymer material 

jetting. Jewelry tooling is a very consolidated practice 

in the global $230 billion jewelry industry and it con-

tinues to grow, with factories in China hosting more 

than 100 systems dedicated to the application. 

This segment implies the production of high-value 

polymer-based products to use in carting processes 

leading to the final production of metallic jewelry. 

Very few polymer 3D printed final products can be 

considered to be jewelry, however they are some-

times included in this segment as accessories. Overall 

this segment is expected to generate as much as $3 

billion yearly by 2030 in AM applications and services, 

driving hardware sales of more than $1.2 billion yearly.

Where we’re going

Direct precious metal additive manufacturing is argu-

ably the most fascinating and forward looking area of 

jewelry 3D printing and it is related to the $22 bil-

lion luxury jewelry market. UK-based precious metal 

powder manufacturer Cooksongold, as we reported 

in our dedicated article in this issue, has taken the 

lead by offering direct precious metal AM production 

services via the EOS M100 system co-developed with 

EOS for jewelry production. Other past leaders in 

this area, such as hardware manufacturers Sisma and 

Realizer, have scaled down their involvement for dif-

ferent reasons (Realizer was acquired by DMG Mori; 

the AM division of Sisma by TRUMPF). Italian precious 

metal powders manufacturer ProGold also offers AM 

design and production services via the ProGold3D 

venture. While jewelry industry leaders such as Bul-

gari have deemed this technology still too immature 

for their requirements, other manufacturers in emerg-

ing jewelry markets around the world, such as Turkey 

and India, are more eager to adopt these technolo-

gies for in-house production.

SPORTS EQUIPMENT

TAM 2020: $150 billion USD

CAGR 2022–26: 6.53%
Source: Statista

AM Potential by 2030: 

Applications and services: $2 billion USD

Hardware: $800 million USD

Materials: $200 million USD
Source: 3dpbm

Where we are

Sports equipment is one of the latest segments to 

explore AM adoption and for this reason it is also 

one of the most exciting, with many applications now 

already implemented in final parts production and 

final products. 

One of the current high-revenue applications was 

presented by Riddell and Carbon to bring customized 

3D printed head protection through Riddell’s new 

Diamond helmet platform. The platform features a 



3D printed lattice liner that is digitally manufactured 

using Carbon’s DLS technology and in particular the 

L1 production system. By using a 3D printed lattice 

geometry, the companies are certain that they can 

continue to improve performance significantly.

More valuable applications have seen the use of DLS 

technology for the production of bike saddles, such 

as the S-Works Romin Evo with Mirror technology 

models from Specialized (which we have personally 

tested and they are amazing) and others. Pricing is 

now within the range of other high-level semi-profies-

sional, ultra-high quality products.

Where we’re going

Interesting upcoming projects are based on HP’s 

MJF technology and TPU/TPE materials. These 

have already been implemented, among others, 

in padding for backpacks and ski goggles, both as 

demonstration concepts and real-end use appli-

cations for final products. In the “Backpack to the 

Future’’ project, OECHSLER used 3D printing to 

produce the padding on the beautiful and highly 

recyclable, mono-material Novum 3D backpack from 

VAUDE (more about this amazing product in the dedi-

cated article in this eBook edition). 

It also tested the use of MJF and TPU materials to 3D 

print nearly the entire structure of a pair of ski gog-

gles, combininig 13 parts into a single one. While 

still experimental, US winter sportswear brand Smith 

introduced the I/O Mag Imprint 3D personalized, cus-

tom-3D printed goggles for ski and snowboarding. 

The goggles are based on a precision scan that maps 

the unique terrain of the user’s face, and then gets 

3D printed to create goggles with an ultra-custom 

fit. Made-to-order, the company calls this project the 

“arrival of the fittest”. 

The possibilities for custom and advanced sportswear 

products are nearly endless and additive manufactur-

ing applications in this segment can easily generate 

up to $2 billion per year by 2030, driving nearly a 

billion in yearly hardware and material sales as pro-

duction capacity is expected to continue to expand 

for this decade and beyond.

“ The possibilities for custom and ad-
vanced sportswear products are near-
ly endless and additive manufacturing 
applications in this segment can easily 
generate up to $2 billion per year by 
2030, driving nearly a billion in yearly 
hardware and material sales. ”
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MUSIC INSTRUMENTS 

TAM 2022: $40 billion USD

CAGR 2022–26: 8.87%
Source: Statista

AM Potential by 2030: 

Applications and services: $400 million USD

Hardware: $200 million USD

Materials: $40 million USD
Source: 3dpbm

Where we are

In 2011, the Economist announced the additive man-

ufacturing revolution with a 3D printed Stradivarius 

on its cover. Today, about a decade later, 3D printed 

musical instruments are starting to become a real 

business. As analyzed in more depth in the dedicate 

article in this issue, 3D Music and 3D Music Instru-

ments are two companies at the forefront of the 3D 

printed musical instrument revolution. 3D Music now 

sells 3D printed, hard plastic violins that take only 48 

hours to print (in a color of your choice)  for a mere 

$200, while 3D Music Instruments creates personal-

ized instruments, such as the slide pipes developed 

for Jasper Vanpaemel, and completely new instru-

ments, such as the Möbius trumpet developed in 

collaboration with VW. 

Where we’re going

While the companies above use well established 3D 

printing processes such as filament material extrusion 

and SLS to produce their commercial instruments, 

The Adaptive bike saddle, 3D printed by Caron in partnership 
with Italian cycling equipment company fizik.

Image: Carbon | fizik



other amazing and innovative products have been 3D 

printed out of metal, durable liquid resins (even full 

multicolor ones) and even real wood. Two AM indus-

try professionals, Professor Olaf Diegel, leading the 

AM research department at the University of Auck-

landand, and Ilya Myrman, now a full time advisor 

at Desktop Metal, have been at the forefront of this 

experimental approach, 3D printing some of the most 

incredible guitars, microphones and drums you’ll ever 

see. The possibilities for custom instruments are end-

less and valuable, even in the relatively small global 

musical instruments market.

AUDIO EQUIPMENT

TAM 2020: $25 billion USD

TAM 2021: $28.5 billion USD

CAGR: 16.1%
Source: The Business Research Company

AM Potential by 2030: 

Applications and services: $400 million USD

Hardware: $300 million USD

Materials: $100 million USD
Source: 3dpbm

Where we are

The recent launch of the Sennheiser IE 600 earphones 

(see the article in this issue), which integrate a housing 

serially 3D printed on a TRUMPF laser PBF system, is 

just the tip of a very interesting and rapidly growing 

iceberg. The IE 600 used an amorphous zirconium 

from Heraeus, and then were finished both automat-

ically and by hand to achieve the perfect housing 

for the earphones’ transducer. These types of audio 

equipment products are starting to better exploit the 

geometric benefits of AM to produce better sound. 

Last year Sennheiser’s AMBEO developed a produc-

tion method enabling customers to affordably and 

easily customize their earphones to fit their unique 

ears. The custom-fit 3D printed AMBEO ear tip pro-

totypes in development further refine an immersive 

sound experience. The Formlabs’ automated man-

ufacturing solution provided the capability to bring 

this type of mass customization to the consumer 

audio industry. This should not come as a surprise, as 

all in-ear hearing-aid equipment has been 3D printed 

for several years—some the lessons learned are now 

expanding into consumer products.

Earphones are not the only type of audio equipment 

product that benefits from 3D printing. Last year, 

Forecast 3D used its MJF printing capabilities to 

bring one of the most innovative speaker products to 

market: the Syng’s Cell Alpha trisonic speaker.

In this case, the use of MJF 3D printing was funda-

mental both for development and for production of 

several parts enabling this device to create a fully 

immersive experience via triphonic technology. Using 

HP’s Multi Jet Fusion technology and partnering with 

Forecast 3D on production, Syng 3D printed the 

horns that are used in the Cell Alpha to avoid combin-

ing multiple pieces and seams in the manufacturing 

process, improving the overall sound quality from the 

speaker at a competitive price.

Where we’re going

The path ahead seems clear: the geometries used 

in acoustic products are critical to the final sound 

quality and no other technology can provide the 

complexity and customization that 3D printing can. 

The use of new advanced materials, such as amor-

phous metals (demonstrated by Sennheiser’s IE 600 

earphones), or advanced ceramics (demonstrated in 

a previous XJet use case) will also open new possi-

bilities (along with polymers). These trends will justify 

increased adoption of up to 2% by 2030 in terms of 

applications, potentially driving yearly additive manu-

facturing hardware and materials sales of up to $400 

million in what will continue to be a developing seg-

ment worth keeping an eye on. 
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TOYS & MODELS

TAM 2020: $95 billion USD

Growth since 2010: 13%
Source: Statista

AM Potential by 2030: 

Applications and services: $400 million USD

Hardware: $300 million USD

Materials: $100 million USD
Source: 3dpbm

Where we are

The global toy market is very large and its AM adop-

tion, beyond prototyping and some tooling, is only a 

very small percentage of its total size. While part pro-

duction via AM by major toy companies is very limited 

(almost non-existent), many examples have emerged 

of the use of 3D printing by small companies and 

consumer users. In particular, 3D printing has been 

revolutionizing the professional scale model industry, 

where collectors pay several thousands of dollars for 

scale models of famous cars and boats. 

Other rapidly growing trends see users at home 

implementing 3D printing to reproduce large-size 

models, replicas and even costumes of their favorite 

IPs, including many from Disney (Star Wars, Marvel), 

Universal (DC Comics), Nintendo (Pokemon, Zelda, 

etc.) and other sci-fi and fantasy universes. 3D model 

networks such as Cults3D and MyMiniFactory already 

generate significant cash-flows from paid models (for 

both themselves and their dsigners—however it is 

generally not clear what the policy is on IPs). Another 

network, Gambody, offers very high-quality 3D print-

able models based on many popular IPs at prices 

ranging from $30 to nearly $100.

Where we’re going

The impression is that the toy industry is afraid that 

too much “digitalization of production” will generate 

a phenomenon similar to what took place in the 

entertainment industry, with high levels of piracy 

and IP violations early on. However, the reluctance 

to embrace more digital production and delivery 

business models, could lead to that very same phe-

nomenon as free-to-use platforms gain widespread 

adoption, with very limited success in curbing poten-

tial IP violations. 

Overall, the largest toy manufacturers have inter-

vened when such violations became particularly 

evident, however that may not suffice as the phenom-

enon becomes much more widespread. At this time, 

it is unlikely that the toy industry will adopt additive 

manufacturing for more than 0.5% of total generated 

revenues by 2030 (still significantly up from almost 

nothing today), still generating as much as $500 mil-

lion in yearly applications and services, and driving 

hardware and material sales for up to $400 million. 

These figures also include “free” products such as 

those printed by users at home which still drive signifi-

cant hardware and material sales.

Details of 1:8 scale model of a McLaren 
Senna vehicle by Amalgam.

Image: Amalgam Collection
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OECHSLER teams up with outdoor gear 
company VAUDE to develop a fully recy-
clable 3D printed backpack

The sustainable 
NOVUM 3D has 
got your back

SPOTLIGHT

In partnership with

https://www.oechsler.com/en/


German manufacturing service partner OECHSLER 

is rapidly becoming a key player in the consumer 

3D printing space by empowering and uplifting its 

clients to develop and manufacture products that 

are both innovative, eye-catching and ergonomic in 

design. From a high-performance 3D printed bike 

saddle developed in cooperation with Specialized 

and Carbon, to a redesigned car seat with tuneable 

comfort properties, to ski goggles printed in a single 

piece, the ambitious Bavarian company is really 

taking consumer additive manufacturing to new 

places. In its latest case study, OECHSLER demon-

strates that it’s got your back. Literally.

 

In collaboration with German company VAUDE, a 

specialist in sustainable outdoor clothing and gear, 

OECHSLER has developed a 3D printed backpack 

prototype made from a fully recyclable material. The 

prototype backpack, called NOVUM 3D, showcases 

many innovative elements, including 3D printed 

lattice padding, and a singular construction that 

reduces the need for assembly. 

The NOVUM 3D is 3D printed entirely from TPU to facilitate 
recycling. Small parts like buckles can be easily removed.

Image: VAUDE



Built for streamlined recycling
 

Though ubiquitous, conventional backpacks are 

fairly complex and are made up of multiple materi-

als, like fabric, plastics and foams. This makes them 

challenging to recycle causing many to end up in 

the landfill when they become worn or damaged. 

VAUDE and OECHSLER therefore set out with the 

mission to create a new generation of backpack that 

combines function, comfort and sustainability.

 

The results of this venture are so far compelling. 

OECHSLER and VAUDE have come up with a back-

pack design that is 3D printed from thermoplastic 

polyurethane (TPU), a fully recyclable elastomer. By 

ensuring the product is made from a single type of 

polymer, the partners have further facilitated the 

eventual recycling process by eliminating the need 

for separating and sorting various materials. (Small 

non-TPU parts on thebackpack, like buckles, can be 

easily removed and recycled separately.)

 

“Until now, backpack systems have always con-

sisted of many different materials,” explained Uwe 

Gottschalk, Vaude’s Head of Products. “Thanks to 

3D printing technology, back systems made of sin-

gle-variety thermoplastic (TPU) are now possible for 

the first time. In combination with other single-grade 

materials, the backpack can be recycled quite easily 

without complex separation systems. All non-TPU 

parts are designed for easy removal.”

 

The backpack itself is 3D printed from BASF For-

ward AM Ultrasint TPU01 using an industrial HP Jet 

Fusion 5200 system at OECHSLER’s facility. Taking 

the sustainability of the backpack to the next level, 

OECHSLER adds that it is able to fully recycle and 

reuse unprocessed TPU powder from the print job.

The 3D printed lattice structure improves 
breathability and ventilation for the wearer.

Image: VAUDE

“ Thanks to 3D printing technology, 
back systems made of single-vari-
ety thermoplastic (TPU) are now 
possible for the first time.”
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Designed for enhanced ventilation
 

Beyond its sustainability, the backpack also inte-

grates a number of noteworthy features. For 

example, OECHSLER takes advantage of 3D print-

ing’s design freedom to integrate lattice cushioning 

in areas where it interfaces with the body. Not 

only do these lattice geometries function as pad-

ding (replacing more conventional foam), they also 

increase air ventilation and minimize heat accumu-

lation for the wearer. In fact, the partners specify 

that temperatures were reduced by between 3 and 

5 °C and humidity was decreased at contact points 

like the back and hips thanks to the breathable lat-

tice. (This will be particularly enticing to any person 

who has spent extended time wearing a backpack 

and has suffered from the inevitable sweat marks 

on their back!)

 

Like other consumer products OECHSLER has 3D 

printed, the NOVUM 3D also takes advantage of 

the versatility of 3D printed lattices. That is, the 

lattice geometry integrated into the wearable can 

be tuned (in terms of strut thickness and size) to 

achieve variable hardnesses within a single struc-

ture. This means the backpack can be optimized to 

improve damping properties and comfort, pro-

viding a soft cushioning texture where padding 

is needed and a more dense lattice where sup-

port is required.

 

From an aesthetic perspective, the 3D printed 

backpack could easily be the envy of fellow hikers 

and trekkers. Conceived in Germany, theback-

pack’s design is minimalist and literally seamless

—a far cry from the bulky pockets and zippers that 

traditional rucksacks are known for. On the front, 

Image: OECHSLER

The 3D printed backpack was developed and manufactured using HP’s 
MJF technology at OECHSLER’s facility in Brodswinden, Germany.



Image: VAUDE

the lattice structure is carried through for a contem-

porary and tech-forward effect. Interestingly, the 

backpack’s look is also influenced by sustainability: 

the white and black color palette is the result of not 

using any dyes or chemicals, which helps to facilitate 

the eventual recycling process.

 

OECHSLER, an end-to-end 
production partner
 

The 3D printed backpack is part of an ongoing pilot 

project between OECHSLER and VAUDE, which has 

the aim of building knowledge and experience for 

future AM applications in the outdoor equipment 

segment that rely on the use of monomaterials and 

a fully local supply chain in Germany. To date, the 

companies have only shown glimpses of the 3D 

printed rucksack, but they plan to showcase the 

NOVUM 3D in person this June at the OutDoor by 

Ispo trade fair in Munich.

 

An expert in the production of polymer parts and 

products, OECHSLER has been an enthusiastic 

adopter of 3D printing since 2017. Today, the com-

pany operates an extensive additive manufacturing 

fleet, which comprises over 150 machines (including 

MultiJet Fusion, Digital Light Synthesis, and Selec-

tive Laser Sintering), to turn out over 1.3 million 

parts per year.

 

In the AM sphere, OECHSLER’s overall mission is 

to work with customers to unlock new applications 

and possibilities. To achieve this, the company offers 

end-to-end services, collaborating closely from 

product concept and design, to prototyping and val-

idation, to serial production.

The backpack with 3D printed lattice pads will be showcased 
at the Outdoor by Ispo trade fair in June 2022.
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The new top-of-the-line IE 600 earphones 
are serially 3D printed using amorphous 
zirconium and TRUMPF technology

The amorphous beauty 
of 3D printed sound

CASE STUDY



This past March, German high-end audio products 

brand Sennheiser launched one of the most inter-

esting 3D printed consumer products seen yet: the 

new Sennheiser IE 600. These 3D printed earphones 

will be integrating a housing serially additively man-

ufactured on a TRUMPF laser PBF system, using an 

amorphous zirconium from Heraeus, and then fin-

ished both automatically and by hand to achieve the 

perfect housing for the earphones’ transducer.

The Sennheiser IE 600 earphones are meant to 

demonstrate the lengths that Sennheiser will go to 

achieve beautiful sound. Each earphone is a mas-

terpiece combining the hand-finished, 3D printed 

amorphous zirconium metal housing with high-

end audio components developed and made by 

Sennheiser. Everything is manufactured to the strict-

est tolerances The balanced frequency response 

and extremely durable materials have been engi-

neered to provide clear, natural voicing and a unique 

aesthetic that will retain its good looks for decades.

Stronger than steel, built to last

Researchers have worked for many years to perfect 

amorphous metals for manufacturing. The zirco-

nium alloy from Heraeus Amloy Technologies used 

for the IE 600 has triple the hardness and flexural 

strength of high-performance steel. Shock-frozen 

during manufacturing, amorphous metals never 

have a chance to form a crystalline structure like con-

ventional metals.

Sennheiser IE 600 earphones integrate a 3D printed housing 
made using TRUMPF’s PBF technology.

Image: Sennheiser



The result is a lustrous, satiny surface that is extraor-

dinarily resistant to corrosion and scratches. The 

IE 600 housing is fabricated using metal-pow-

der-based 3D printing to enable the product’s 

complex geometry within tight tolerances. Cham-

bers and channels form as part of this additive 

manufacturing process with no milling required. 

However, cost does limit the potential applications 

of this new material. One of the only places you’ll 

find it — besides ultra-high-end products like the 

IE 600 — is in a drilling head developed by NASA 

for the prototype of an amorphous metal blade 

that could be used for cutting ice on Europa (along 

with other alloys) where extraordinary resilience in 

extreme conditions is required.

Production of the amorphous zirconium metal 

housing takes place in Germany and includes both 

automated and manual steps. A computer-con-

trolled laser sinters a thin coat of metal powder, 

welding the molten alloy to the already hardened 

material beneath it. Layer by layer, the part builds 

up to its ultimate shape. A technician then removes 

any artifacts of the manufacturing process by hand. 

After a thorough cleaning, steel shot blasting, pol-

ishing, and sophisticated surface treatment, the 

housing assumes its final, extremely durable aes-

thetic. Even daily use leaves practically no evidence 

in the form of scratches or wear.

Tailored Sennheiser IE 600 sound

The fact that 3D printing is used in the produc-

tion process is yet another demonstration of how 

reliable this technology is becoming for certain 

products. The IE 600 packs big sound into a small, 

ergonomic package. The gold-plated MMCX con-

nectors are recessed in the housing for greater 

stability and guidance. They support cable diame-

ters of 4.8 mm and smaller, allowing you to plug into 

a wide range of audio sources as well as hi-fi com-

ponents with balanced outputs. Two different styles 

of earbud tips — silicone and memory foam — are 

provided in three sizes to establish a comfortable 

seal in any ear. Flexible, adjustable ear hooks further 

enhance long-lasting comfort.

The Sennheiser IE 600 3D printed earphones can 

reproduce not only notes but also the subtle scratch 

of bow on string, the faint chirp of fingers gliding to 

the next chord on the guitar. Neutral acoustic voic-

ing brings music closer, making it more alive and 

vivid. Within this delicate balance, the IE 600 never-

theless was built to incorporate powerful yet fast and 

accurate low-end response. All those through the 

Sennheiser’s TrueResponse transducer, the single 7 

mm driver responsible for the extra-wide frequency 

range and ultra-low distortion of the IE 600.

To achieve a natural sound reminiscent of the neu-

trality provided by high-end studio monitors, our 

engineers carefully tuned the acoustic back volume 

Each earphone combines the hand-finished, 3D printed 
amorphous zirconium metal housing with high-end 
audio components developed and made by Sennheiser.

Image: Sennheiser
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inside the nozzle of the IE 600. This voicing lends a 

presence and intimacy that brings listeners closer 

to the music, allowing them to discover new accents 

and details. However, arriving at this level of poise 

and naturalness was not without challenges. When 

similar sounds occur in a track simultaneously, for 

instance, it can become difficult for the human ear 

to resolve all the nuances. The IE 600 integrates dual 

two chamber absorbers (D2CA) which capture and 

attenuate these masking frequencies, revealing even 

the finest textures of your music.

Production of the amorphous metal housing takes 

place in Germany and includes both automated and 

manual steps. After the part is 3D printed by laser 

powder bed fusion in a TRUMPF metal AM system, 

a technician then removes any artifacts of the 

manufacturing process by hand. After a thorough 

cleaning, steel shot blasting, polishing, and sophis-

ticated surface treatment, the housing assumes 

its final, extremely durable aesthetic. Even daily 

use leaves practically no evidence in the form of 

scratches or wear.

Image: Sennheiser

Production of the amorphous zirconium metal housing takes place 
in Germany and includes both automated and manual steps.
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In 2011, The Economist used the cover 
image of a 3D printed Stradivarius to an-
nounce that 3D printing was about to exit 
its prototyping niche. That future is here.

The sweet sound 
of 3D printing

SPOTLIGHT



It all started with a 3D printed Stradivarius on the 

cover of The Economist. In 2011, the British financial 

periodical announced that additive manufactur-

ing was about to expand beyond conventional 

prototyping and tooling applications to target pro-

duction. The magazine reinforced this idea with the 

violin replica—3D printed using EOS SLS technol-

ogy—explaining that companies were looking to 

start producing additively. At the time, 3D printing 

was experiencing two key shifts: the idea of serially 

manufacturing final parts using PBF processes was 

starting to take off,as was the availability of low-cost 

3D printers, which made the concept of 3D print-

ing accessible to the larger public. Now, about a 

decade later, we know that the 3D printing hype of 

the early 2010s has leveled out, but the journal’s pre-

dictions have come true to an extent: the 3D printing 

of consumer products, including musical instru-

ments, is a reality.

Getting physical
 

Historically, the acoustic value of instruments has 

been limited by manufacturing technologies of 

the time: instrument makers were unable to craft 

wood and other musically conductive materials into 

unrestricted forms that would create unrestricted 

sounds. However, thanks to technical advancements, 

GreenAxe 3D printed wood guitar made using 
Forust binder jetting technology.
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accessibility and understanding around AM, this is 

finally no longer the case. 3D Music and 3D Music 

Instruments are two companies at the forefront of 

the 3D printed musical instrument revolution. 

Concerned with the enormously high prices of 

traditionally manufactured musical instruments,Mat-

thew Canel, an engineer with a passion for music, 

developed his first musical instrument in conjunc-

tion with luthier Max Morgan. Together they were 

able to create a quarter-scale 3D printed violin 

that sounded “pretty much like the wooden thing”. 

Matthew then partnered with fellow Case Western 

Reserve University alumnus, Ben Kaufman. With 

Matthew responsible for design and manufactur-

ing, and Ben responsible for the business side of 

things, the pair founded 3D Music with the aid of a 

grant from the Student Project Fund. “We’re trying 

to get the sound quality of a $300 to $400 violin 

and then come in under their price,” Kaufman told 

WEWS in Cleveland.

3D Music now sells 3D printed, hard plastic violins 

that take only 48 hours to print (in a color of your 

choice)  for a mere $200. Through the affordability of 

their violins, the pair aims to position their company 

within the educational music industry,providing 

accessible musical instruments to children that 

would, otherwise, not be able to afford to buy them. 

Another company, 3D Music Instruments, started 

by Ricardo Simian, is also exploring the potential of 

3D printing within the musical instrument industry. 

3D Music Instruments creates personalized instru-

ments, such as the slide pipes developed for Jasper 

Vanpaemel, and completely new instruments, 

such as the Möbius trumpet developed in collabo-

ration with VW. 

“Why are all inner bores in wind instruments round 

and/or straight? Why are 90 degree angles to be 

found everywhere in musical instruments? The 

answer is very simple: because those are the only 

shapes one can produce with 17th century tools and 

technology,” the company writes. The company can 

also morph two instruments together, create lighter 

and more resistant instruments, create tools for 

research and other practical uses and, essentially, 

revolutionize musical instruments as we know them. 

The company mainly uses SLS to create their 

instruments, often in conjunction with traditional 

elements. For example, 3D Music Instruments con-

cert-sized ‘Dr.Ukulele’ is created by printing one 

large piece (white) and two smaller pieces (pink) 

and combining these pieces with traditionally-made 

metal pegs and standard ukulele strings. Given 

their nature, 3D printed wind instruments tend to 

require fewer/no traditionally-made pieces. “The 

idea is to free your mind and creativity from the 

limitations which traditional instruments had” says 

Ricardo Simian.

While my guitar gently 3D prints

Within the AM industry, two people have combined 

their passion for rock music and their unique abil-

ities with 3D printing to achieve an entirely new 

level of sound: Ilyam Myrman, Marketing Director at 

Dr.Ukelele by 3D Music Instruments, 
made using SLS 3D printing.

Image: Ricardo Simian - 3D Music Instruments
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Desktop Metal, and Olaf Diegel, Professor of Addi-

tive Manufacturing at the University of Auckland. In 

recent years, both have lit up a friendly competition 

to create the most amazing guitars using a variety of 

3D printing technologies. They’ve also often col-

laborated on projects. Professor Olaf Diegel began 

with laser sintering and has recently moved on to 

the impressive multi-color capabilities of Mima-

ki’s material jetting technology. Myrman has been 

experimenting with Desktop Metal’s binder jetting 

and recently produced the amazing wooden Gree-

naxe electric guitar (designed by Olaf Diegel) using 

Forust technology for binder jetting of wooden 

powder. (Forust is now part of the Desktop Metal 

group of companies.) His latest project has seen 

him put durable photopolymerizable materials from 

ETEC (EnvisionTEC’s new name after the Desktop 

Metal acquisition) to the test.

One of Professor Diegel’s most fascinating proj-

ects is the American Graffiti 2.0 full-color 3D printed 

American Graffiti semi-acoustic guitar, which was 

inspired by the movie and “all things rock & roll”. 

Diegel created an original version in 2015 and later 

decided to exploit the capabilities of full color 3D 

printing on this re-make. 

 

Hidden inside the guitar there are several cars 

and hot rods, including a pink Cadillac, a jukebox, 

Mel’s Diner, moving dice, microphones, Ray-bans 

and more. Around the body of the guitar, which 

has an ultra-kitsch rock & roll leopard skin print, 

are Neil Young’s lyrics: “My my, hey hey/ Rock and 

roll is here to stay/ It’s better to burn out than to 

fade away”. This masterpiece was printed in full-

color on a Mimaki 3DUJ-553 color 3D printer. It 

is printed in acrylic using material jetting tech-

nology. It is equipped with a Bigsby B70/Schaller 

STM Tune-o-matic bridge, TV Jones classic pick-

ups, a Warmoth custom neck, Gotoh tuners and, of 

course, Dice knobs.

Hard metal

But it doesn’t end here. Other fascinating musical 

projects have helped to compose the past, present 

and future of AM. Besides guitars, Diegel has also 

created fully functional metal 3D printed skeleton 

microphones. And Sandvik went as far as 3D printing 

a “smash-proof” guitar made of titanium.

The guitar in question was designed and manufac-

tured for Yngwie Malmsteen, a Swedish musician 

recognized by Time as one of the best electric guitar 

players of all time. The project was initiated by life-

long Malmsteen fan Henrik Loikkanen, a machining 

process developer at Sandvik Coromant who also 

plays the guitar. He wanted to see whether the com-

pany could produce a six-string that was not only 

fully functional, but also totally smash-proof.

“We had to design a guitar that is unsmashable in all 

The Skeletor 3D printed microphone, made with nylon 
powder on an EOS Formiga P110 SLS system.
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the different ways you can smash a guitar,”Loikkanen 

explained. “The engineering challenge was that crit-

ical joint between the neck and the body that usually 

cracks on a guitar.”

For the guitar’s body, the engineers had to find a 

way to create an exceptionally strong structure that 

was light enough to carry and play. The obvious 

solution was to 3D print the guitar body, leveraging 

the technology’s ability to create complex, strong 

and lightweight geometries. The body of the guitar 

was ultimately 3D printed using a laser bed fusion 

technology and a fine titanium powder.

Once the guitar components were milled, 3D 

printed and assembled, the impressive metal instru-

ment was delivered to Malmsteen for a show in 

Florida. On stage, the Swedish guitarist played his 

set before commencing the ritual smashing pro-

cess. After swinging the metal axe at amps, stage 

structures and the floor, he successfully destroyed 

a lot of sound equipment, but the guitar remained 

completely intact.

3D printing tomorrow’s orchestra today

More practically, 3D printing is used for the devel-

opment and prototyping of new, high quality 

instruments. Even brass. Traditionally, brass instru-

ments such as the trombone are crafted by hand and 

made from brass, two factors that lead to the instru-

ment’s relatively high cost. A joint project between 

LOOP 3D and trombone musician Peter Körner 

Image: Ricardo Simian - 3D Music Instruments

A slide trumpet made from 3D printed parts and carbon pipes.
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sought to reduce the cost of producing the instru-

ment as well as the lead times by using additive 

manufacturing. Specifically, they set out to repro-

duce the screw bell section, which is the flared end 

of the instrument where the sound finally emerges. 

When installed on the trombone, the 3D printed bell 

had a good sound compared to the traditional all-

brass instrument.

More recently the drummer for Panic! At The Disco, 

Dan Pawlovich, turned to Stratasys Direct Manu-

facturing to 3D print several iterations of his snare 

drums. Not just a prototype but the actual drums to 

be used during the band’s tour. Stratasys engineers 

used both laser sintering of a Nylon GF composite 

and fused deposition modeling of ABS to produce 

the snare drums. After a couple iterations Pawlovich 

reported that the drums sounded just like or even 

better than traditional ones. “I was up against two 

heavy-weights of snare drums,” he said. “At the 

first show rehearsal, I set up my 3D printed snare, 

and immediately started getting compliments. Our 

sound engineer and techs couldn’t see what snare 

I was playing from their places off stage. They just 

said how good it sounded.”

In yet another case, Formlabs engineer Brian Chan 

challenged himself to create a fully-functional acous-

tic violin to celebrate the release of a new White 

Resin. He rapidly iterated several models. At the 

end, the third and final violin consisted of 26 3D 

printed parts that were printed within five overnight 

prints on a Form 2. All of the additional hard-

ware, like strings, screws and carbon fiber rods are 

easily obtained.

“Once the design was finalized and I brought the 

violin home to write and record the track, I was 

extremely surprised by the sound,” Rhett said. “This 

entire project has completely challenged my per-

spective on what can be successfully created with 

a 3D printer, and it’s exciting and inspiring to see 

things like this in my lifetime, and to be involved in 

the process of creating it!” But 3D printing doesn’t 

necessarily have to be the final product, it can also 

be a means to an end. Recently, the gifted luth-

ier Kevin Baslé teamed up with Autodesk to create 

a new manufacturing process for electric violins. 

The resulting method used generative design in 

Autodesk Fusion 360 and combined the best parts 

of human craftsmanship and digital manufac-

turing technology.

Baslé designed and made the GD Violin with the 

help of engineers at the Autodesk Technology 

Center in Birmingham, UK. After generating several 

designs, a favorite one was chosen, and manufac-

turing began. Storey 3D printed the initial prototype 

at the Autodesk Technology Center in Birmingham 

to ensure the selected design functioned perfectly 

before moving forward. Storey then showed Baslé 

how the body could be milled from a single block 

of wood using a CNC mill. From there, it was down 

to Baslé to add the finishing touches using his skills, 

tools and artistic eye. The results were a perfect 

melody of tradition and innovation.

3D printed violin made by  
Formlabs engineer Brian Chan.

Image: Formlabs
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An in-depth talk with Dr Selassie Dorv-
lo, Technical Director and Head of AM at 
Cooksongold

A gold standard for 
jewelry 3D printing

INTERVIEW



Cooksongold is a jewelry manufacturer that has 

been around for more than a century and is referred 

to as a “one-stop shop for anything jewelry”. There-

fore, it should come as no surprise that it is one of 

the biggest jewelry manufacturers—and one of the 

most advanced companies in direct precious metal 

3D printing—in the UK and one of the leading com-

panies globally.

From drop stamp machines that are old enough to 

be in a museum to additive manufacturing (AM) that 

is almost futuristic, Cooksongold is running a big, 

and broad, operation. 

Cooksongold’s business model consists of three 

arms. The first is a one-stop shop for anything 

related to the manufacture of jewelry, including 

everything from wire to rolling mills. The second part 

of the business is in the recycling and refining of pre-

cious metal scrap. The third part of the business is 

special products; including precious metal compo-

nents for dental and industrial applications. Additive 

manufacturing—an additional product offered 

to the company’s 70,000+ customers—is used in 

conjunction with their traditional manufacturing 

techniques, and is considered a developing growth 

area for the business. 

Cooksongold is one of the biggest jewelry manufacturers in the UK and 
one fo the most advanced in terms of 3D printing precious metals.
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Traditionally, the company has focused exclusively 

on jewelry but now, with the aid of precious metal 

AM, has expanded into associated industrial appli-

cations, technologies and applications.

The impossible dream

Dr Selassie, Technical Director and Head of AM at 

Cooksongold, describes the development of their 

AM manufacturing technology as “a labor of love” 

and, with reference to direct precious metal printing, 

elaborates, “we were the first ones that really got 

into AM.” This came with its own challenges, such 

as educating the customers around designing for 

the technology.

“Unfortunately, with AM, everybody thought that 

you could make anything, and that just isn’t the 

case. Every technology has its design considerations 

and its limitations as well. There are some fabulous 

things that can be done but the customers have to 

specifically design for it, otherwise it’s too expen-

sive. If you can make it conventionally you should 

not touch this technology. It’s all about designing 

things that you can’t make another way. Whether 

its high relief parts, hollow or whether its fully 

articulating parts.”

The price of direct precious metal printing is 

expected to come down as it becomes more widely 

used and as economies of scale emerge but, in the 

meantime, when making something as simple as a 

plain wedding ring, for example, existing technolo-

gies should be used where possible. According to Dr 

Selassie, “it was initially a struggle getting this across 

to customers. The customers that are successful in 

AM are the ones who design for the technology.” 

With reference to a particularly intricate design—a 

fully articulating, 18-carat white gold and 18-carat 

yellow gold bracelet—that would take a traditional 

jeweler “weeks and weeks and weeks to make”, is 

printed within a matter of 10 hours using AM. “That’s 

where, really, AM comes into its own. AM was never 

intended to replace traditional manufacturing. It was 

always intended to be something that was added to 

the suite of available technologies.”

Precious experience

When Cooksongold started with AM in around 

2010, primarily for manufacturing within the jewelry 

industry, they were working with EOS on one of the 

old systems, the M 280, but it was not designed for 

precious metal AM. So, partnering with EOS, it took 

approximately four years to develop systems and 

parameters more suited to precious metal AM, by 

reducing power trap points and adding filters that 

allow burning for recoveries. All of this allowed for 

significantly less powder to be lost in the printing 

process. The result was, initially, the EOS M 080 - 

now superseded by the EOS M 100.

With non-precious metal AM, when a small por-

tion of the powder is lost in the manufacturing 

process it doesn’t really matter. But, when printing 

3D printing allows for previously 
impossible design geometries.

Image: Cooksongold - Designed by Digital Forming
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with precious metals, the powder that is put into 

the system is worth more than the system itself. 

For example, the powder to fill an approximately 

£200,000 machine (such as the EOS M 100) is easily 

worth more than £250,000, depending on the metal, 

of course. Losing a small portion of this powder 

would be a huge cost that would have to be charged 

to the customer.

Cooksongold is continuously developing  new 

parameters for the alloys for their systems, these 

parameters are made up of “hundreds of variables”, 

“everything from the width and speed of the laser 

to the amount of power that the laser is using, to the 

scanning strategy, to how close the laser paths are 

to each other.”

The high reflectivity and high thermal conductivity 

of metals such as copper and silver means that “it is 

really difficult to get the energy into the parts”. This 

challenge was overcome through the development 

of the M 100’s 200-watt laser. Interestingly, plati-

num is the easiest metal to print with thanks to its 

low reflectivity and low thermal conductivity. “When 

printing with platinum, one can get really, really 

good quality parts and very fine-detail resolution,” 

Selassie said, “with densities of 99.99%.” Whereas, 

with traditional investment casting, one would really 

struggle to get platinum parts so dense. “Platinum is 

a key area of growth for AM technology.”

To offer an example of how the different metal pow-

ders compare when using AM, to print something 

that is approximately 10-15 mm tall, it would take 

about two to three hours using platinum, but eight 

to 10 hours using silver.

An industrial treasure

Recently, Cooksongold partnered with Renishaw 

and is, once again, working on the systems, pow-

ders and parameters to create larger components 

for more industrial AM applications, from printing 

platinum parts that are used to produce fiberglass 

with higher tensile strength for the reinforcement of 

doors and windows, to high-end applications, such 

as reinforcement for wind turbines that have to be 

strong but light. Other applications include parts 

that improve the thermal efficiency of copper cool-

ing fins for the automotive and aerospace industry 

resulting in more efficient cars and planes. 

Excluding their 20,000+ items and objects used for 

conventional jewelry making, Cooksongold sells 

its precious metal 3D printing systems, and/or the 

powder for the systems (which they make in-house), 

and/or prints the parts for the customer using their 

bureau service. It’s a full product offering.

The company is currently repositioning its bureau 

service, which will be relaunched later this year. 

Private customers and businesses will be able 

to completely customize the parts they need by 

uploading their designs to the website, articulating 

and scaling it, and choosing the different alloys—

all with live pricing. Once the order is placed, 

Cooksongold aims to deliver the part to the cus-

tomer within a week.

Currently, the additive manufacturing department 

at Cooksongold consists of a team of seven people 

(out of the approximately 260 company-wide). In 

terms of hardware, it runs five EOS systems and 

one Renishaw system with a 250 x 250 mm plat-

form. The team is also awaiting the delivery of a 

larger machine.

As you can see, Cooksongold is investing heavily 

into additive manufacturing technology and will 

continue to do so. When asked about how much 

potential has been realized, Dr Selassie  reckons 

that additive manufacturing, within the jewelery 

industry, is “maybe 10% of where it could go” and 

“only 5% industrially. We really believe in additive.”
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