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AM in an Automobile (Deloitte, 2015)



CAD Additive Manufacturing - 2

Global AM Market, Forecast to 2025 (2016.05)
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Technology Classification
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Comparative Analysis of 3D Printing Technologies
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3D Printing Market Potential



CAD Additive Manufacturing - 6

3D Printing in the Automotive Industry
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The Shift in Applications
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A Print, Assemble, Drive Scenario?
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Additive manufacturing: A long-term game 

changer for manufacturers (McKinsey, 2017.09)

• Additive Manufacturing (AM)

– the process of making a product layer by layer instead of using 

traditional molding or subtractive methods

• Best-known forms of AM today depend on the material:

– SLS (selective laser sintering), SLA (stereolithography), and FDM 

(fused deposition modeling) in plastics

– DMLS (direct metal laser sintering) and LMD (laser metal 

deposition) in metals

– A wide range of new plastics has been developed, along with 

processes and machines for printing with ceramics, glass, paper, 

wood, cement, graphene, and even living cells

• Used for spare parts, small series production, and tooling
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AM is already a reality in many industries

Additive manufacturing: A long-term game changer for manufacturers (September 12, 2017)
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AM offers significant benefits

Additive manufacturing: A long-term game changer for manufacturers (September 12, 2017)
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AM’s limitations

Additive manufacturing: A long-term game changer for manufacturers (September 12, 2017)



CAD Additive Manufacturing - 13

Various Stakeholders

• Major governments are setting up R&D funds

– European Union’s Horizon 2020 program

• Universities are partnering with manufacturers’ research centers

– Advanced Remanufacturing and Technology Centre in Singapore

– RWTH Aachen University/Fraunhofer Institute for Production Technology

• New design and service companies are being set up and new 

technologies developed

– BigRep and Carbon3D

• Entire business models on AM

– Align Technology, with Invisalign, an alternative to metal dental braces

– Sonova for in-ear hearing aids

– Mykita with eyeglasses

– Shapeways with crowd design of consumer products

https://bigrep.com/
https://www.carbon3d.com/
https://www.aligntech.com/
https://www.sonova.com/en
https://mykita.com/en
https://www.shapeways.com/
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Impact of 3D Printing in the Automotive Industry

• significantly reduce the need for multiple participants 

in the manufacturing value chain

• reduce associated costs

• improve deliveries

• enable implementing an organized logistics chain.

Expanding Applications for Additive Manufacturing: The Road Ahead (2020.03)
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Automotive Industry

• profoundly influenced major companies such as 

AUDI, BMW, Rolls Royce, and Porsche

• Debut in 2014, the Strati electric car

– 3D printed from thermoplastic using large-scale fused 

deposition (big area additive manufacturing) technology

– collaborative effort by Cincinnati Incorporated, Oak Ridge 

National Laboratory, Local Motors, and other companies

• In early 2014, Local Motors, OLLI 

– Very first 3D printed electric bus (commercial vehicles) out of 

recyclable materials

Expanding Applications for Additive Manufacturing: The Road Ahead (2020.03)
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Strati (2015.02)

• Local Motors + Oak Ridge National Laboratory

(Manufacturing Demonstration Facility)

– world's first 3D-Printed electric car

– 3D Printer (BAAM, Cincinnati사), 5축 절삭가공기, 조립공간 (

컨베이어, 대차 등 불필요)

– 차체질량 550kg (일반 차체+도어+후드+내장부품: 400kg)

– 부품수가 1/400로 줄어듬 (EV: 2만개→50개, 일체화)

– (기존)철판을 프레스로 성형하여 용접 등으로 조립

– (3D 프린터) 충격흡수구조도 1개 부품 내부로 제조

– 강도확보 (미국 법규): ABS 80%, carbon fiber 20%

– 5축 가공기: 조립부 형상 정밀도 향상, 외관 매끄럽게, 도장? 

Wrapping film

– 조형 44시간, 조립 24시간

https://localmotors.com/
https://www.ornl.gov/
http://web.ornl.gov/sci/manufacturing/


CAD Additive Manufacturing - 17



CAD Additive Manufacturing - 18

BAAM

– Big Area Additive Manufacturing

– 개발: ORNL(Oak Ridge National Laboratory)

– 제조사: 미국 Cincinnati사 (공작기계)

– 세계 최대 3D 프린터 (2015.03 기준)

– 노즐: 직경 8mm, 초당 이동거리 76mm

– 적층 두께: 4mm

– 제조영역: 6.0 x 2.3 x 1.8m

– 속도: 45kg/hr

4.0 x 2.0 x 0.9m, 16kg/hr(탄소섬유강화ABS)
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Microfactory

• 수송비용절감

• 지역생산, 지역소비로 제품을 개발/생산

• 고객이 제품설계나 디자인에 참여하여 공동 작업

디자인을 단기간에 변경/조정 가능

Rally Fighter (Phoenix, Arizona)

https://localmotors.com/microfactory/
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Olli (2016.09)

– (미) Local Motors, (미) IBM사와 공동 개발

– 전기자동차(EV)기반 소형(12인승) 자동운전 버스

– 운행속도: 24~32 km/h

CFRP 외장부품

3D프린터
직접조형 3D프린터로 만든 틀로 진공성형

https://localmotors.com/meet-olli/
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Honda 소형 EV: MC-b (2016.10)

– 사이드 도어 이외 외장부품: ABS 수지
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금속 3D프린터가 3조엔(2030년) 시장창출
독일, 미국이 양산적용으로 선행

• GE Additive

– 항공우주분야에서 선행: 부품단가 높음, 경량화 장점이 큼

– 항공기용엔진사업 (센서하우징, 터빈블레이드, 연료노즐 등)

→발전기사업

– 2012, GE Aviation acquires Morris Technologies

– 2016, 금속AM 장치 메이커 2개사 인수: Arcam (스웨덴), 

Concept Laser (독일)

• Safran Aircraft Engines (프랑스, (구)Snecma)

– Jet Engine “LEAP”연료노즐

– [경량화(25%), 내구성향상(5배), 부품수 감소, 용접회수
(25→5회)] → (강도향상, 조립공수 저감)

Source: Nikkei Monozukuri 2019년 5월호

https://www.ge.com/additive/
https://www.safran-aircraft-engines.com/
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Jet Engine 부품에 활용

항공기용 엔진 “GE-94B”에 탑재한 온도센서”T25”의 하우징
고압 컴프레서 흡기부에 부착하여 온도와 압력을 계측하여 엔진제어시스템에 전달
FAA(Federal Aviation Administration)인증(2015.04, 금속AM 부품 최초)
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BMW i8 roadster: bracket

– 2018.04, 2억원 이상 고급 양산차에 최초로 금속AM 부품 적용

– 수지 사출성형품(PA6 GF30, 동적시험에서 강도 부족) →

Al합금의 AM 부품(AlSi10Mg, Powder Bed Fusion 방식)

– 강도 10배, 질량 40% (22g)

– Mg합금 다이캐스트(금형, 초기투자)와 비교하여 6만개까지는
금속AM이 유리
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Bugatti Chiron

• Brake caliper

– 길이41x폭21x높이13.6cm

– Al합금(4.9kg) → Ti합금(Ti6Al4V, 2.9kg)

– AM조형 후 일부분을 기계가공

• 공력제어시스템(rear wing) 부품
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Volkwagen: Shift Knob

• 2018, HP(미국) 신 장비
– 조형시간 단축

– 금속분말을 바인더로 굳혀서 소결하는 방식 [분말야금, 

MIM(metal injection molding, 금속사출성형)] vs. 레이저나 전
자빔으로 용융결합하는 방식 [주조]
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Hackrod (미국): La Bandita

– 2014년 미국 CA주에서 창업, Siemens PLM Software와 함께
개발한 CAD와 VR기술을 결합한 설계방법

– 사막에서 주행테스트로 데이터 수집

– 대형 다축식 3D프린터를 이용해 바디와 샤시를 제작: Al합금
과 카본소재를 조합

– Floor와 Powertrain은 Tesla제품 사용
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Hackrod (미국): La Bandita
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Divergent Blade

– Divergent 3D: 2012년 설립, 

– Al합금을 소재로 샤시, 바디를 3D프린터로 제작

– 2016년 LA Motor Show에서 발표
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Porsche

• 2020.04.10

• 버킷 시트의 '바디 폼'
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Toyota’s Lightweight Car Seat

– Challenge: create such a revolutionizing model, but manipulate 

and build such a large file 

• apply the 3D geometry at the slice level instead of at the STL level, 

and save all information about structures and textures as metadata

• (STL) 250GB (metadata) 36MB

– Reduction: (volume) 72%, (weight) 25→7kg, (heat capacity) 

35.4→14.5J/K

https://www.materialise.com/en/cases/materialise-slicing-technology-enables-toyota%E2%80%99s-lightweight-car-seat



CAD Additive Manufacturing - 32

Automotive Industry

• Wire as Material Source for 3D Printing

– US-based Digital Alloys Inc.

– Joule Printing technology

– fabricating functional metal alloys with a very high isotropic structure

– producing tooling and low-volume cast parts in a quick manner

– 25% to 50% less expensive than conventional (hard metal)

• Large Scale Printing of Automotive Parts

– Israel-based Massivit3D Printing Technologies Ltd. (Massivit3D)

– Gel Dispensing Technology

• 1.5 x 1.2 x 1.8 meters (4 x 5 x 6 feet) or 160 cubic feet (3 m3) in volume

• 1,000 mm/39 in. per sec in x and y axes

Expanding Applications for Additive Manufacturing: The Road Ahead (2020.03)

https://www.digitalalloys.com/
https://massivit3d.com/
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AM Technologies and Component Mapping

Source: FutureBridge (2019.10.16)
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Major Digital Manufacturing Trends

in Automotive Industry (1)

– 3D printing will power the electrification of vehicles

• Olli’s (Local Motors): ORNL’s Big Area Additive Manufacturing (BAAM), 

Thermwood’s Large Scale Additive Manufacturing (LSAM) machines

• Fun Utility Vehicles (FUVs, Arcimoto): XponentialWorks

– Integrating AM in automotive series production: HW+SW+Material

• larger parts, higher volumes and faster production

Source: amfg.ai (2020.09.03)

https://amfg.ai/2019/04/10/expert-interview-avi-reichental-xponentialworks-3d-systems/
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Major Digital Manufacturing Trends

in Automotive Industry (2)

– Collaboration drives AM industrialisation in automotive

• Industrialization and Digitalization of Additive Manufacturing (IDAM) project 

from Germany

– at least 50,000 components per year in common parts production and more than 

10,000 individual and spare parts

• POLYLINE project

– to overcome existing challenges in integrating AM into automotive production lines

– 3D-printed electronics for connected cars

• smaller, more complex electronics

• embed these sensors directly into mechanical components and the structure 

of vehicles

Source: amfg.ai (2020.09.03)
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Innovations in AM (2019.04)

– Powder-Based 3D Printing to Provide High Quality Prints using 

Predictive Simulation Software and Support-Free AM

• Velo3D Inc., US

– Additive Manufacturing of Micrometer Level Components

• Nanofabrica, Israel

– X-rays for Identifying Defects in Laser Powder Bed 3D Metal Printing

• Carnegie Mellon University and Argonne National Laboratory

– 3D Printed Tool for Titanium Cutting

• RMIT University, Melbourne, and RMIT Advanced Manufacturing 

Precinct

https://www.velo3d.com/
https://www.nano-fabrica.com/
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Expanding Applications for AM (2020.03)

• Building and Construction Industry

– Contour Crafting Corp., Dr. Behrokh Khoshnevis at USC

– Eco-friendly Contraction Technique Reducing Material Waste

• WinSun Decoration Design Engineering: five-story apartment that 

is 11,840 square feet

– Resilient Materials for a Strong Structure

• Austria-based ICON

– Multi-axis 3D Printer for Commercial Applications

• Amsterdam-based MX3D

• Fabric and Fashion Industry

– shoes, consumer goods, clothing as well as jewelry

– Key Participants and Innovations Relevant to the Fabric and 

Fashion Manufacturing: Adidas, Casca Laboratory, Faunhofer

UMSICHT collaborated with AddiTex

http://contourcrafting.com/
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Food Industry
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Medicine & Healthcare Industry

• printing of skin, for pharmaceutical research

• developing bone and cartilage using biomaterials

• replacement of organs, tissue research

• preparing artificial organs using biomaterials

– MHOX, an Italian design studio, Enhance Your Eye project
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Electric and Electronic Industry

• Aerosol Compatible with Conductive, Ceramic, and 

Plastic Materials

– Optomec, Aerosol Jet printing

• 3D-printed Semiconductor Packaging Technology

– EoPlex Inc., Configurable Sintered Interconnect (CSI™) 

Manufacturing Platform

• 3D Printed Circuits and Single-layer PCBs

– BotFactory, Squink desktop 3D printer
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Aerospace Industry

• In-house Laboratory Enabling Accurate 3D Printed Parts

– China Eastern Airlines Technic, Fortus®  450mc and ULTEM™ 9085 

resin from Stratasys

• Composites Leading Material Used in Aerospace 3D Printing

– Continuous Composites’ CF3D (continuous fiber 3D printing process)

• Multi-material Powder Bed fusion Printing Metal and 

Polymer Parts

– Selective powder deposition developed by Aerosint
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Commodity and Factors Impacting 

3D Printing Market
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Assessment of Emerging Innovations in 

3D Printing Market
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Representative Advanced 3D Printing Technologies
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Emerging concepts in Post Processing
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Hybrid-AM Processes
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Growth Opportunities in Hardware
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Growth Opportunities for Software Solutions
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Novel Materials Leading the Way for 

Growth
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Conclusion
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