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Abstract:
[bookmark: _Hlk120640372]Metal additive manufacturing processes are advancing, preparing the automobile sector for a radical shift and another industrial revolution. Many academics are working on concepts, equipment, and procedures for producing massive metal components in order to fulfill the need for rapid and personalized car production. Automobile manufacturers are presented with new issues in terms of growing design patterns, revised safety standards, and extra functional features, which need the development of new tools and techniques to promote and maximize the design transition in shorter periods of time. Given the fast development of the additive manufacturing sector, a critical assessment of the metal additive manufacturing sector for the car industry is both timely and necessary in order to direct future research in this field. This paper addresses this need and presents a brief review of automotive components associated with metal additive manufacturing and challenges for mass adoption for the technology. 

1. Introduction 

AM has the ability to drastically modify, if not entirely transform, design and manufacturing across a wide range of industries. With additive manufacturing, the automotive sector has significant growth opportunities, and each application has a distinct set of requirements that drive research, development, design, constraints, and procedures. Reliability, safety, efficiency, cost, schedule, standardization, and customer satisfaction are all critical in this business, and AM implementation must reflect these criteria.
This paper addresses the necessity for evaluation of additive manufacturing for the automotive sector given the field's rapid evolution. It discusses recent developments in the field of manufacturing additive metal polymer parts. The uniqueness of this study involves detailed discussions on the various additively manufactured parts used in the automobile industry. 
In metal AM, a range of material forms, heat sources, and fabrication mechanisms are available. The most widely used material feedstock is powder, but wire, foil strip, and liquid forms are also used in some technologies.  High energy density heat sources such as laser, electron beam, and arc welding are typically used but some technologies, such as binder jetting, which relies on post build heating and sintering, and ultrasonic AM, which uses solid state layer joining, can accomplish part fabrication at lower temperatures and thermal gradients.   
With 3D printing technology, the industrial industry's capacity to envision, create, and produce new things has experienced a significant revolution. 3D printing has introduced new advances to the automotive industry, enabling quicker and lighter constructions of more complex designs. For instance, Local Motor produced the first 3D-printed electric car in 2014. In addition to producing vehicles, Local Motors also produces the OLLI 3D-printed bus, expanding the technology's variety of possible uses. OLLI is a 3D-printed, electric, recyclable, and extremely intelligent bus. Ford also makes active use of 3D printing technology, using it to produce model engine parts. BMW also uses 3D printing to make hand tools for testing and assembling automobiles. In contrast, AUDI partnered with SLM Solution Group AG in 2017 to produce replacement components and prototypes. [1] [2] [3] For a few car parts and tooling, Nissan worked with Speed3D and BCN3D.

2 Metal Additive Manufacturing
A variety of material shapes, heat sources, and production techniques are accessible in metal additive manufacturing. Powder is the most often utilized material feedstock, while certain technologies also use wire, foil strip, and liquid forms. However, some technologies, like binder jetting, which depends on post-build heating and sintering, and ultrasonic AM, which uses solid state layer joining, can fabricate parts at lower temperatures and thermal gradients. These technologies are typically used in conjunction with high energy density heat sources, such as laser, electron beam, and arc welding.
In the automobile industry, lightweighting is now the top importance in terms of fuel economy of internal combustion engine cars and energy efficiency of clean and hybrid electric vehicles. Lightweight materials and structures are rapidly being used by automotive OEMs and suppliers for body, chassis, interior, power train, electric module, HVAC, and under-the-hood applications [2]. Each aspect of the process, including material, design, and production, can accomplish lightweighting. In terms of design innovation, automakers have actively investigated topology optimization and generative design to determine optimal shape based on a set of constraints. These unconventional forms and structures are extremely difficult, if not impossible, to build using typical methods. Additive manufacturing is sometimes the only technique to create these intricate three-dimensional structures.
Automotive makers are experimenting with generative design, which is powered by artificial intelligence and cloud computing, to create new and current vehicle components that are lighter, safer, more economical, and customizable. Engineers at General Motors transformed a functionally optimized seat bracket, which was initially made up of eight sections welded together, into a single part that is 40% lighter and 20% stronger [4].
BMW modified the roof bracket for the 2018 BMW i8 Roadster model, which is optimized based on material, design limitations, and manufacturability, such as support structure optimization and minimization for additive manufacturing. The 3D-printed roof bracket is 44% lighter than the conventionally made original for earlier Roadster versions. It is the first 3D-printed metal component to be mass-produced in small quantities [5]. 
Volkswagen, in partnership with Autodesk, re-envisioned the 1962 Microbus with unique design improvements leveraging generative design, such as new 18% lighter wheels, bio-mimicry side mirror mounts and steering wheels, and so on [6]. 
Honda utilized generative design and metal 3D printer to develop and 3D print a crankshaft component, making it 50% lighter and more fuel efficient. Crankshafts serve an important role in traditional internal combustion engines, turning the translational action of the piston into rotational motion, which must endure extremely high combustion pressures while maintaining rotational balance [7]. 
Ford also used metal additive manufacturing to create the aluminum manifold intake, which was described as "the biggest 3D metal-printed item for a functional car in automotive history." This manifold has a complicated web-like internal structure to provide enough air flow from the truck's turbochargers to its cylinders, which is difficult to manufacture using traditional manufacturing processes. [8]
Nissan used generative design and metal 3D printing to create the radar sensor (front grill of the pickup truck). It was developed using Altair Software and printed on an ExOne (recently bought by Desktop Metal) Binder jetting Printer after several design changes. The whole technique resulted in a 47% weight reduction. [9] [10]
Conflux technologies, a business located in Australia that specializes in metal additive manufacturing applications, created a new and more efficient heat exchanger that is 55 mm smaller in size and 22% lighter in weight. Because of the intricate interior structures that enhanced the surface area without increasing volume, this additively built heat exchanger demonstrated thermal heat rejection up to three times more than traditional equivalents. [11] Similarly, Taha et al demonstrated use of generative design, additive manufacturing for the heat exchanger design [12]. 
3. Challenges for adoption of the technology
According to Equispheres study, metal additive manufacturing typically encounters process reliability and productivity challenges, both of which are directly related to the material itself. When heated by the laser, metal powders must have four fundamental properties: high fluidity, high distribution density, minimal moisture absorption, and high chemical stability. Choosing a metal powder, according to the industry, can result in a range of challenges, including variable mechanical properties for the finished product. The granules that make up a powder must have some crucial physical features to create the above-mentioned attributes: they must be spherical, smooth, evenly sized, exceedingly fine, and have a low oxygen content. [13]
A typical issue with 3D printed metal items is high porosity. Small holes and cavities arise during the printing process, resulting in porosity. The lesser the density of the portion, the more pores there are. High porosity can occasionally be caused by poor material quality. Porosity is an important factor that affects the part quality, density and fatigue performance. [14] This difficulty can be alleviated by fine-tuning/optimizing the printer's settings. Metal AM processes are characterized by heating and subsequent cooling. Residual stress has a detrimental influence on the integrity of a produced product, causing various sorts of deformation. The required parameters, such as heat input and layer thickness, may be estimated via predictive modeling. Prior to printing, preheating the print bed and build material lowers temperature gradients, which are a common cause of residual stress. Using AM to make metal parts can present a variety of obstacles, but recognizing these issues is the first step toward generating high-quality, durable components. Surface roughness is essential for additively manufactured components for high-end applications, however 3D printed parts are routinely created with rough surfaces. Creating a component with finer layers can significantly increase construction time.

4. Future Outlook of 3D printing for automotive industry
3D printing has the potential to add enormous value to supply chains by enabling a wide range of production applications. Companies are bringing additive manufacturing in-house to support processes on the factory floor as the technology becomes more workable and affordable. New resilient materials are enabling the production of high precision, functional 3D prints that can stand in for final parts while offering customization and high performance. [15] [16] [17] The following are some of the most important ways 3D printing is driving innovation in the automotive industry, from design to manufacturing and beyond, which will eventually lead to widespread adoption of 3D metal printing and in for final parts while offering customization and high performance, but this is only the beginning.
1. Prototyping : 3D printing allows automotive designers to swiftly construct a prototype of a physical part or assembly, such as a small interior piece or a scale replica of the automobile. Rapid prototyping is becoming increasingly significant as it guides innovations through a succession of validation steps before mass manufacturing.
2. Tooling and manufacturing aids : Manufacturing aids are used by engineers to simplify and increase the dependability of manufacturing and assembly operations. Automotive companies require thousands of unique jigs and fixtures, each designed and highly optimized for end-use. 3D printing materials have also enabled manufacturers to develop and test tools before they are put to use.
3. Spare Part Production
3D printing has a lot of potential for meeting the need for spare parts in the automobile sector. As a result of the technology's accessibility, suppliers will be encouraged to develop additional locations, allowing for the simple supply of 3D printed components and spare parts. 3D printing is ideally positioned to have a substantial beneficial impact on the car industry's spare parts problem.
4. Custom, complex, high performance parts
3D printing is perfect for generating custom parts at a cheap cost, allowing firms to expand their capacities significantly. Mass customization services for automobiles using 3D printing provide consumers with total design control. Customers may use VR/AR technology to personalize their inner or outside car components and examine their design in 3D. The cost savings enabled by modular printed 3D components make this type of individualization accessible to the general population.
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