JLH. T'ymunes amviHdarsl Eypasus yimmeolk yHusepcumeminiy XAGAPIIBICHL
ISSN: 2616-7263. eISSN: 2663-1261
TEXHUKAJIBIK FbUUIBIMJIAP 2KOHE TEXHOJIOTUSJIAP CEPUSCHI /
TECHNICAL SCIENCES AND TECHNOLOGY SERIES/
CEPUA TEXHUYECKHUE HAYKU U TEXHOJIOTUH

IRSTI 621.01 DOI: https://doi.org/10.32523/2616-7263-2024-148-3-206-218
Review article

3D-printing in the automotive industry

A.S. Ibraim* ", B.N. Absadykov

Satbayev University, Almaty, Kazakhstan

(E-mail:* ibraimaiibek@gmail.com)

Abstract. Additive manufacturing is of great importance in the design
and manufacture of automobiles. The number of applications for 3D printing
in manufacturing continues to expand on an annual basis. In the recent past,
3D printing was primarily utilized for the fabrication of prototypes. However,
there has been a notable shift in the automotive manufacturing sector, with an
increasing number of manufacturers adopting the technology for the production
of significant automotive components. Additive manufacturing is employed to
create design iterations, improve quality through cost-effective prototyping, and
produce custom tooling parts. However, there are other areas of 3D-printing
in the automotive industry that are more radically transforming products and
supply chains. Additive technologies and the new materials used enable the
creation of various combinations, both for producing parts with increased
strength characteristics and for using soft materials in the interior of the cabin.
Additive manufacturing aims to improve manufacturing processes and produce
high-quality products in a short time. This article describes the main trends in
the integration of 3D-printing technologies into the design and manufacturing
processes of cars across various classes and companies. The main purpose
of this article is to highlight the key aspects of additive manufacturing in the
automotive industry. The use of these trends opens up new opportunities in the
automotive industry of Kazakhstan.
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3D-printing in the automotive industry

Introduction

Speeding up the product design phase during new product development is key in any
industry. Fortunately, at this stage, 3D-printing can replace expensive and time-consuming
CNC (Computer numerical control) manufacturing. More precisely, it allows designers to go
through several iterations at minimal cost before deciding on the final product. The process is
as follows: once designers have identified a user's need and generated ideas to meet that need,
they develop a prototype. The next step is to test this prototype in order to improve its design.
We also call this iterative process rapid prototyping [1].

Rapid prototyping begins with the creation of a computer-aided design (CAD) file for the
first iteration of the part. The user can then import the part design file into the 3D-printer
software and print it. The prototype will be ready to be tested, evaluated, and modified for the
next iteration within a few hours to 1-2 days.

However, many 3D-printers are limited to prototype-quality parts only. When using these
printers, the design may need to be modified to meet traditional manufacturing constraints. This
was the case a few years ago [2]. At the moment, there are companies in the field of mechanical
engineering that integrate additive technologies for mass production. Someone makes complex
parts, someone combines several units into one, someone is looking for ways to lighten the part
without loss and strength [3].

The methodology

The Volkswagen Group is actively exploring HP's (Hewlett Packard) high-performance binder
blasting technology for production vehicles. Most of Volkswagen's additive manufacturing (AM)
activities are carried out in a state-of-the-art 3D-printing center located on the premises of the
plant in Autostadt, Wolfsburg. The facility serves as a center for testing and learning about AM
technology, as well as tooling and finished parts manufacturing. Figure 1 shows examples of the
company's work on mass printing of metal parts. High-volume manufacturing is usually done
in additive manufacturing in partnership with AM's external additive manufacturing services.
Printed Volkswagen metal parts shown in figurel.

Figure 1. Bulk printing of metal parts [3]
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At the end of 2018, Volkswagen expanded its AM capabilities at the Wolfsburg plant by
implementing the Additive Industries MetalFab 1 system for 3D-printing state-of-the-art tools
and spare parts. An important achievement resulting from arecent partnership with HP and GKN
(Guest, Keen and Nettlefolds Limited) is the introduction of HP's new metal binder blasting
technology. This cooperation enables Volkswagen's tooling division at the Wolfsburg plant
to engage in the actual 3D series production of numerous parts. Although specific parts
have not yet been definitively identified (although a sample of 10,000 miniature models
has been made for sale), initial expectations suggest that they will be between 2 and 5 cm
long and are mostly made of steel alloys.

In addition, the development of electric vehicles (EVs) serves as a driving force for the
integration of new production technologies into Volkswagen. During the development of the
R Pikes Peak electric racing car, Volkswagen engineers made extensive use of 3D-printing
to produce many individual parts. These parts, including cable mounts and switches, are
effectively used in test drives and finished race cars, highlighting the practical application
of additive manufacturing in the context of electric vehicles [4].

Indeed, the advantage of using AM is the potential to produce components with less
weight to create vehicles that consume less fuel. Thus, industrial design software plays
a central role. Over the years, CAD and CAM (Computer-aided manufacturing) solutions
have improved significantly, especially for additive manufacturing. These often include
generative design, topology optimization, and lattice creation tools that reduce the overall
weight of parts while maintaining or improving their functionality. Lighter parts often turn
out to be more complex. But because AM is not limited in terms of design freedom, unlike
traditional methods, complexity is not an issue. It should be noted that simplifying parts is
also possible thanks to 3D-printing, by combining multiple parts into a single design. Thus,
the complexity of assembly could be reduced in the long run if a large number of these
parts were to be produced.

Additive manufacturing also means more personalization options. In fact, some luxury
car manufacturers are already using 3D-printing to create designs tailored to customer
requirements. Traditional manufacturing methods such as CNC or injection molding would
not be able to deliver unique parts in a competitive timeframe. The cost of manufacturing
such parts would also be significantly different. In addition, personalization can also be
used to deliver spare parts, such as repairing an old model car [5].

Ford's aluminum intake manifold, made using GE (General Electric) Additive's Concept
Laser X LINE 2000R 3D-printing technology, was installed in a 1977 Hoonitruck. This part,
shown in Figure 2, designed to supply a fuel-air mixture to the engine cylinders, is the
largest automotive part ever produced by 3D-printing. The printing process took five days.
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Figure 2. 3D-printed Ford aluminum intake manifold [6]

Ford is a leading research center in the field of industrial implementation of additive
manufacturing. As early as 1986, the company invested in SLA 3 (Stereolithography), the first-
ever 3D-printer. Ford claimed the superiority of this technology in creating new prototype parts
with greater speed and efficiency. To date, the company has produced more than 500,000 parts
and has achieved significant savings in cost and operating time. At its advanced manufacturing
center in Detroit, Ford has invested in a variety of 3D-printing technologies such as FDM (Fused
deposition modeling), SLS (selective laser sintering), and powder 3D-printers [6].

In 2020, the BMW Group opened an additive manufacturing campus in the immediate vicinity
of Munich. The campus cost around €15 million to build and currently has around 50 industrial
plants for metal and plastics processing. The production of prototypes, serial parts, research
and development and training of employees without tooling production is carried out here.

This significant financial contribution is a testament to the BMW Group's trust in 3D-printing
technology. Like other automakers, the company began investing in additive manufacturing as
early as 1991 to create prototype concept cars. In the following years, small series of parts for
various cars were launched, including DTM, Rolls-Royce Phantom, BMW i8 Roadster and MINI
racing cars. In total, 300,000 3D parts were printed in a year [7].

A study by Deloitte found that the changes described above will have an impact on supply
chains. Today's equipment manufacturers are increasingly outsourcing their components.
The report notes: "With the development of equipment manufacturers' products, there is a
double change: a decrease in the length of supply chains and an increase in the contribution of
manufacturers themselves to value creation” [8].

An important aspect of additive manufacturing can be the simplification and reduction of the
complex supply chains that characterize the modern automotive industry. Manufacturers work
with a variety of suppliers to source a variety of automotive components and are constantly
striving to shorten the length of their supply chains.
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In this way, companies can take advantage of additive manufacturing to transform supply
chains by producing on-site and reducing spare parts inventory [8].

Generative design is a process of design research. Designers or engineers enter design
goals into generative design software, as well as parameters such as performance or spatial
requirements, materials, manufacturing methods, and cost constraints. The software explores
all possible solutions, quickly generating alternative designs. It tests and learns from each
iteration, determining what works and what doesn't [9].

Using generative design and additive manufacturing, General Motors was able to combine
eight different seat bracket components into a single 3D-printed part, Figure 3.

Figure 3. Generative design for General Motors [10]

The combination of generative design and additive manufacturing has the potential to
radically transform the automotive industry, overcoming the historical limitations of traditional
manufacturing tools. These innovations enable the creation of complex geometries and organic
structures with minimal capital investment, opening up new horizons for vehicle design and
manufacturing [10].

Findings/Discussion

Over the years, improvements in material manufacturing technology have made it possible to
use more materials for the AM process. Automotive parts are typically made of high-performance
polymers, carbon fiber-reinforced thermoplastics, and metals. Equipment manufacturers
actively sought to use lighter materials such as carbon fiber and aluminum in the car body. Thus,
materials adapted for additive manufacturing can allow more properties to be incorporated
into the final products, but are also crucial in the development of functional prototypes.

BASF Forward AM is working together with its customers and OEMs to develop innovative
products based on the implementation of additive manufacturing. Forward AM has worked
with Daimler to develop a new engine mount that reduces vibration transmission and provides
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maximum passenger comfort. In the last decade, engine mounts have mainly been made of fiber-
reinforced polymers molded under pressure. However, the need for shorter development cycles
and lower costs has put this traditional design process and materials at risk. BASF Forward AM
has eliminated the very costly need for new molds with each design modification by using AM
technologies in the process. The challenge was to meet the stringent thermal and mechanical
performance requirements under the test conditions. They needed a very rigid and heat-resistant
material. The ideal solution was Ultrasint PA6 MF (mineral-filled polyamide 6 superior to PA11
and PA12), which produced test-ready prototypes in less than 48 hours (instead of several weeks
with injection molding). Although the design of the 3D-printed part looked different, it could be
used like the original as a fully functional prototype during the development phase when there
was no injection molding part available. Thus, the key point was to find a suitable substitute
material to replicate the characteristics of the injection molded part [11].

In the electric vehicle sector, Olli is present and has developed an autonomous electric
minibus using 3D-printing technology. This minibus was created in 2016 by Local Motors. The
manufacturer claims that approximately 80% of the components of this vehicle were made
with a 3D-printer, resulting in a 90% reduction in overall production time. The maximum
speed of the minibus is limited to 40 km/h, making the Olli an ideal vehicle for use in urban
centers, university campuses and hospitals. Olli bus shown at figure 4. Olli's predecessor was
the Strati roadster, a two-seater electric car in which 75% of the parts were also produced using
3D-printing [12].

Figure 4. 3D printed Olli minibus [12]

In addition, as the demand for connected vehicles grows, so does the need for electronic
devices such as sensors and antennas inside the vehicle. With this increase comes the need to
design and manufacture more compact and complex electronics. Based on micro and nanoscale
3D-printing technologies, it is possible to independently develop more complex electronic
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components that can be directly embedded in the car. Additive 3D-printing can reduce the cost
and development time to create these devices.

As already noted, customization provides a wide range of possibilities. For example, MINI
customers can now personalize their vehicles by creating a unique design for the side strip and
side inserts in the cabin. More than 140,000 components have been 3D-printed in various BMW
Group projects [13]. The table 1 shows the range of materials that are used in the automotive
industry, as well as the respective applications.

Table 1. AM materials suitable for automotive applications [12]

Application Process Material Functions Example Part
Under the hood | SLS Nylon Heat-resistant functional Battery Cover
parts
Interior Service Level | Resin Customized cosmetic Prototype console
accessories Agreement components
(SLA)
Duct SLS Nylon Flexible air ducts and Air conditioning
bellows ducts
Full-scale panels | Industrial Resin Oversized parts with a Front bumper
Service Level surface finish comparable to
Agreement injection molding, allowing
grinding and painting
Molded metal SLA & Cast Wax Metal parts made from 3D- | Generator
brackets and printed templates Mounting Bracket
handles
Complex metal DMLS Metal Durable, lightweight, Wishbones
components functional metal parts
Framing Material Photopolymer | Custom End-Use Screen Dashboard
blasting Frames interface
Traffic light Service Level | Resin Fully transparent models Prototype
Agreement with high detail headlights
(SLA)

Designed and assembled in Los Angeles, the concept and process behind the Czinger 21C
hypercar is an innovative approach to car manufacturing. The company's pioneering Divergent
Adaptive Production System (DAPS) dramatically automates the process of designing and
creating most parts for the 21C. It uses artificial intelligence to optimize the shape and design
of parts, simulating natural samples to improve strength and efficiency. This process takes
minimal time, reducing the manual labor of engineers and ensuring the creation of parts with
unique shapes using additive technologies. The assembled chassis of the Czinger C21 model is
shown in Figure 5.
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Figure 5. Printed Czinger C21 chassis [14]

DAPS allows you to create parts using one of the largest 3D-printers in the world, powered
by 12 lasers, which significantly increases the speed of printing. This method also minimizes
material waste through an optimized production process. Most of the parts, with the exception
of some elements such as carbon fiber panels, wheels and interior elements, are produced using
3D-printing technology.

Manufacturing involves combining the created parts to form finished components. The latest
adhesives developed by the company are used to connect the elements, which provide a strong
bond, bypassing traditional fastening mechanisms. Assembly is carried out by a robot with an
integrated 3D-printer, which, thanks to the optimization of the process by artificial intelligence,
can quickly switch between different additive manufacturing tasks with minimal delays. This
unique approach to production ensures high efficiency and quality of the final product. Figure 6
shows a complex shape of motor mounts printed from metal using the topological optimization
of the model [14].

Figure 6. Printed part of the Czinger C21 motor [14]
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In recent years, automakers have had to master new business models to achieve growth.
In Jabil's report on trends in the automotive industry, you can read that 71% of automotive
companies have a timeline to market of less than 2 years. Many are turning to new technologies,
including additive manufacturing, to maintain short development cycles and reduce costs.
Vehicle electrification is also of interest, with about 50% of automakers aiming to become
leaders in all-electric vehicles (EVs) in the near future [15]. As the industry moves away from
internal combustion engines, 3D-printing is becoming an increasingly popular solution capable
of accelerating the development of lighter parts for electric vehicles. Indeed, low weight is
crucial for electric vehicles, as it directly affects battery life.

The dawn of mainstream electric vehicles has arrived, and almost all major automakers are
now offering all-electric alternatives to traditional internal combustion vehicles. This is in line
with the major sustainability trends in today's world, where the use of fossil fuels and other
fossil fuel-dependent technologies is being reduced. Additive manufacturing technologies, which
were used in the past by the automotive industry, now open up opportunities for the automotive
sector, where great innovations can be achieved through its implementation. Parts manufactured
with additives provide a comprehensive, optimized design as well as improve material efficiency.
Moreover, system-wide benefits are also possible and promised in terms of optimizing supply
chains and logistics operations. This article presents these advantages, the reason for the
growing interest and future prospects for integrated additive manufacturing based on metals
and polymers in additive manufacturing in traditional automotive production chains. The trend
shows a high degree of integration of additive technologies with modern production facilities at
automotive plants. There is a lot of progress in the use of 3D-printing technologies in the creation
of prototypes and experimental samples to full-fledged industrial and mass parts.

Conclusion

In conclusion, the forecast for the development of additive technologies in the automotive
industry promises profound changes. These technologies represent a promising area that has
the potential to revolutionize the way vehicles are designed, manufactured and operated. They
provide the ability to create individually customizable parts and components, which improves
the adaptability of vehicles to different needs and operating conditions. Additive manufacturing
can also significantly reduce weight and increase the strength of parts, resulting in more efficient
and environmentally friendly vehicles.

In addition, these innovations reduce the time and cost of producing new models, allowing
for a more flexible and faster response to market requirements and design changes. Overall,
automotive additive manufacturing represents a key enabler for achieving new levels of
innovation, quality, and competitiveness in the industry. By optimizing the topology, it is
possible to reduce the weight of parts without losing their strength, which is now actively used
in motorsport. The use of high-end materials such as titanium allows for the printing of ultra-
strong and lightweight parts by combining multiple complex components into a single unit.

In the coming years, additive manufacturing can be expected to become an integral part of
the automotive manufacturing process. The automotive industry in Kazakhstan is developing
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rapidly; recently, new plants and factories have been opening more and more often. And it means
that additive manufacturing can be used to optimize manufacturing processes. Advances in this
area will contribute to the development of new models and solutions that can meet the growing
needs of both consumers and manufacturers. In this way, additive manufacturing can become a
driving force for progress in the automotive industry, opening up new horizons for engineering
innovation and sustainability. Generative design become more popular and more manufacturer
around the world will use it in their vehicles.
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9.C. U6paum*, b.H. AGcaabIKOB
Satbayev University, Aamambl, KazakcmaH

ABTOMOGU/IL 6HEPKACiGiHAeri 3D 6acna

AnpgaTtna. AJJUTUBTI eHJipic aBTOMOOWJIbAEpAi Kobajiay MeH eHJAipyJe YJKEH MaHbI3fa He.
JKbLiaaH xbLiFa eHaipicte 3D 6ackln WIbIFapy YIiH MaljanaHy afaalapblHbIH CaHbl ecye. bipHelie
Kbl 6ypbIH 3d 6ackll LIbIFAapy HeridiHeH NPOTOTUINITEP MeH MaKeTTep/i »Kacay YLUiH KOoJJaHbLIFaH,
Gipak Kasip kebipek eH/ipyllijiep aBTOMOOUJIb/IiH Heri3ri KOMIOHEHTTEePiH 6aChIN LIbIFapa 6acTaabl.
AppauTHUBTI 6HAIpic AM3aliH UTepanuaIaphIH XKacay, YHeM/i IPOTOTUINTEY apKbLJIbl CallaHbl XKaKCcapTy
’K9He TaIChIpbIC OOWBIHINA KypaJs-calkMaHJap OeJilleKTepiH »acay YIIiH KoJAaHbLIaAbl JlereHMeH,
aBTOMOOWJIb6HEPKACiGiH e eHIMep MeH KeTKi3y Ti3beriH Ty6ereiiesrepTeTid 3D 6achin LWbIFapybIH
6acka Aa cajaaapsl 6ap. ALJUTHBTI TEXHOJIOTHUAIAP MEH KOJIJaHbIIaThIH KaHa MaTepyangap 6epikTik
cunaTTaMaJliapbl KOFapblIaFaH OeJilleKTep/i WbIFapy YLUiH Je, KabUHaHbBIH, ilKi 6esiringe xyMmcak
MaTepyHaZapAbl NaifajaHy VIUIH Je 9pTypJii KOMOMHauuaJapAbl >acayFa MYMKiHZIK Oepefi.
ApuTHBTI eHAipic eHAIPICTIK MponecTepAi }KaKcapTyFa KoHe KbICKa Mep3iM/ie >KOFaphl canajibl 6HIM
HIbIFapy¥a 6arbITTa FaH. bys MakanaZa apTypJi KJaccTap MeH KOMIaHUsAIapAaFbl aBTOMOOU/IbepAi
»kobasiay >xoHe eHZIpy mpouectepiHe 3D 6achin WWIbIFapy TeXHOJIOTHsIIApbIH GipikTipyaiy Herisri
TeHJeHLUsAJapbl CUNIATTaJfaH. By/Jl Maka/laHbIH, Herisri MaKcaTbl-aBTOMOOHWJIb ©HepKacibiHAeri
Kocnasap eHzipiciHiH Heri3ri acnekTinepin 6es1in kepcety. Ocbl ypaicTepai naiganany KasakcTaHHBIH
aBTOMOOUJIbL BHEPKACiIOiH/Ie XaHa MYMKIHAIKTep alajbl.

Tyiin ce3aep: AnautuBTi eHjipic, 3d 6acein LibIFapy, eH/ipic, aBBTOMOOU/Ib, MAILIHA Kacay.

A.C. U6paum*, B.H. A6cabIKOB
Satbayev University, Aamamesl, Kazaxcmau

3D-nmeyaTh B aBTOMOOH/ILHOM MNPOMBIIIJIEHHOCTHA

AHHOTaIlI/IH. AAILI/ITI/IBHOE IMpOon3BOACTBO MMEET OI'POMHO€ 3HA4Y€HHE IPU IMPOEKTHPOBAHHWU U
IpoOU3BOACTBE aBTOMO6OUIEeN. C KaXAbIM I'oAO0M KOJIMYE€CTBO BAPHUAHTOB HUCIIOJIb30BAHHUA 3D-nevyatu
B IIPONU3BOACTBE MPOAOJI?)KAET PACTH. HeckosibKo JeT Ha3a/, 3D-neyaTb B OCHOBHOM HCII0JIb30BaJjIach
AJId CO3AaHUA MPOTOTUIIOB, HO celiyac Bce 60Jibllle U 60JIbIIIE HpOH3BOﬂHTeJIeI>i HA4YHWHAIOT 11e4aTaTb
OCHOBHbIe KOMIIOHEHTBbI aBTOMOOUJIEH. A,ZLAI/ITI/IBHOG MpOU3BOACTBO HCIOJb3yeTCA AJiAd CO3AaHHA
Pa3/IMYHbIX BAPUAHTOB ,qnsaﬁHa, MOBbBIIEHUA Ka4YeCTBa 3a C4E€T 3KOHOMUYHOT'O IMMPOTOTUIIMPOBAHUA
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Y W3TOTOBJIEHUSA JleTasel Ha 3aka3. OHAKO B aBTOMOOGUIbHON MPOMBIIIJIEHHOCTU CYIIECTBYIOT U
Japyrue o6jaactu 3D-nevyaTH, KOTopble 60Jiee PaAUKAJIBbHO TPAaHCPOPMHUPYIOT MPOAYKIIUIO U LIETOYKH
NIOCTABOK. AJIIUTUBHbIE TEXHOJIOTUHM U HCIOJIb3yeMble HOBble MaTepHasbl MO3BOJISIOT C03/aBaTh
pasjiuyHble KOMOWHAIMM KaK JJisl M3TrOTOBJEHUS JeTajsedl ¢ MOBBbIIIEHHbIMU NPOYHOCTHBIMU
XapaKTePUCTUKAMU, TAK U JIJIs UCTI0JIb30BAHUS MATKUX MaTepHaJ/IOB B UHTePbepPe caJloHa. ALJUTUBHOE
NPOU3BOJCTBO HANPaBJEHO HA COBEPIIeHCTBOBAaHHUE MPOXU3BO/ICTBEHHBIX MMPOIECCOB U NPOU3BOACTBO
BbICOKOKAayeCTBEHHOH MPOAYKIUU B KOPOTKHE CPOKU. B 3TOM cTaThe ONKCaHbl OCHOBHBIE TEHAEHIUU
B 00J1aCTU WHTerpauuu TexHoJsiorud 3D-medyaTH B NpOLECChl NMPOEKTUPOBAHHUS M IMPOHU3BOJCTBA
ABTOMOOUJIEN PA3/IMUHBIX KJACCOB U KOMNaHUNU. OCHOBHAS 1[eJIb 3TOU CTAaThH - OCBETUTH KJIIOUEBbIE
acrneKTbl aAJUTUBHOrO MPOU3BOJACTBA B aBTOMOOUWJILHON NPOMBbILIJIEHHOCTH. Mcro/ib30BaHUe 3TUX
TeH/JIeHI[UH OTKpPbhIBAeT HOBbIE BO3MOXXHOCTH B aBTOMOOWJ/ILHOU MpoMbllJIeHHOCTH KazaxcTaHa.

KiroueBble c/10Ba: AJJIUTHBHOE MPOU3BOICTBO, 3D-MevaThb, 06pabaThiBatollas NPOMbIIIJIEHHOCTD,
aBTOMOOUJIECTPOEHUE, MALIMHOCTPOEHUE, TeYaTh 110 MEeTaJLIY.
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