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ABSTRACT 

The automotive industry consistently demands components that offer high precision, superior surface 

finishes, and robust resistance to varied environmental conditions. Traditional manufacturing methods for car 

mirror housings, such as injection molding or machining, often involve prohibitive tooling costs, long lead 

times, and limited flexibility for rapid design iteration. This project investigates the design and development of 

a car mirror prototype utilizing Stereolithography (SLA), a premier resin-based additive manufacturing 

technique. The SLA process operates by curing 2D layers of liquid photopolymer resin using ultraviolet (UV) 

radiation—typically via a computer-controlled laser—to build a solid physical part layer by layer. 

To meet automotive-grade requirements, the prototypes were developed using a specialized polycarbonate-

like resin. Polycarbonate is an engineering thermoplastic  valued  for  being  strong,transparent, and impact-

resistant, with high durability and heat resistance. By leveraging SLA's ability to produce intricate geometries 

and smooth surface qualities, this study aims to evaluate the prototype's dimensional accuracy, mechanical 

strength, and functional performance relative to traditionally manufactured components. The successful 

development of these prototypes demonstrates significant advantages, including cost reduction, accelerated 

product realization, and enhanced quality of the final mirror casing. Furthermore, this research explores the 

critical process parameters—such as layer thickness, laser exposure, and post-curing—that are essential for 

optimizing the material properties of polycarbonate-based resins in a professional manufacturing context. 

 

Keywords—Stereolithography (SLA), Additive Manufacturing, Polycarbonate Resin, Car Mirror, Rapid 
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I. INTRODUCTION 

Additive Manufacturing (AM), or 3D Printing as it is most popularly known, is a rapidly evolving 

technology that operates on the core principle of fabricating physical objects layer-by-layer directly from digital 

Computer-Aided Design (CAD) files. Industry experts widely believe that this technological shift has ushered 

in the 4th Industrial Revolution and will prove to be one of the most revolutionary developments in modern 

manufacturing history2. Rather than being a single, isolated process, 3D produce components with exceptional 

precision, intricate geometries, and smooth surface finishes that are often difficult or impossible to achieve 

through traditional subtractive manufacturing methods. By curing photosensitive liquid resin layer-by-layer 

using a computer-controlled ultraviolet (UV) laser, SLA bridges the gap between conceptual digital design and 

high-fidelity physical production. 
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The automotive industry, in particular, demands components that offer high precision, superior surface 

aesthetics, and strong resistance to harsh environmental conditions7. Traditionally, the production of car mirror 

housings relies on conventional methods such as injection molding or machining. However, these traditional 

routes often involve significant drawbacks, including high tooling costs, lengthy lead times, and limited 

feasibility for rapid design iterations or customization9. As modern vehicle design trends toward lightweight, 

aerodynamic, and highly specialized parts, conventional manufacturing struggles to meet these evolving 

requirements efficiently10. 

This project focuses on the development of a car mirror prototype using the SLA technique to address these 

industry challenges. By utilizing a polycarbonate (PC) resin—a strong, impact-resistant engineering 

thermoplastic known for its high durability and heat resistance—this project aims to fabricate a housing 

that 

printing encompasses a diverse set of technologies—including FDM/FFF, DLP, SLS, Binder Jetting, 

Rotational 3D printing, and Cold Spray AM—each offering unique solutions for various industrial applications 

and levels of technological acceptance. 

Among these, Stereolithography (SLA) stands out as one of the earliest, most refined, and successful 

commercial resin-based 3D printing methods. SLA is distinguished by its unmatched ability toensures 

functional performance comparable to traditionally manufactured components. The transition to an SLA-based 

workflow offers a direct digital-to-physical path, facilitating quick product realization, significant cost 

reduction, and enhanced quality control for automotive visible areas. This research ultimately evaluates the 

efficacy of SLA in producing car mirrors that meet stringent automotive standards for dimensional accuracy 

and mechanical strength while minimizing production time and material wastage. 

 

 

II. Fundamentals of Rapid Prototyping and SLA Technology 

A. The evolution of manufacturing has been characterized by a transition from subtractive methods—where 

material is removed from a solid block—to additive manufacturing, commonly referred to as Rapid 

Prototyping (RP). Rapid prototyping represents a transformative technology and apparatus for fabricating 

physical objects directly from Computer-Aided Design (CAD) models. By utilizing additive layer 

manufacturing techniques, industries can now produce high-fidelity models, functional prototype parts, and 

even small-scale production runs without the prohibitive costs of traditional process planning, specialized 

tooling, or expensive molds. Conceptual Framework of Additive Manufacturing 

At its core, rapid prototyping is defined by the ability to produce complex parts to net or near-net shape. 

This is achieved by building the object layer-by-layer, a process that allows for geometric freedom that was 

previously unattainable. Traditional machining is often limited by tool access; however, additive processing 

builds the geometry from the bottom up, allowing for internal channels, hollow lattice structures, and organic 

shapes. 

In many industrial workflows, a post-processing step is required to ensure the part reaches its full structural 

potential. This may involve co-firing, sintering, or infiltration, particularly when working with ceramics or 

metal-filled composites. The absence of specific tooling reduces the time between a design's conception and its 

physical realization, making RP a cornerstone of the "Time-to-Market" strategy in competitive sectors like 

automotive and aerospace engineering. 

B. CLASSIFICATION OF RAPID PROTOTYPING SYSTEMS 

1. THE LANDSCAPE OF RP TECHNOLOGIES IS DIVERSE AND CAN BE CLASSIFIED BASED ON THE STATE OF THE RAW 

MATERIAL USED AND THE SPECIFIC METHOD OF LAYER FORMATION. THESE ARE GENERALLY DIVIDED INTO 

DIRECT PROCESSES, ALSO KNOWN AS SOLID FREE-FORM FABRICATION (SFF), AND INDIRECT PROCESSES. LIQUID-

BASED SYSTEMS 

Liquid-based systems utilize photopolymers that solidify when exposed to a specific 

wavelength of light. Stereolithography (SLA) is the most prominent member of this category. These systems 

are prized for their superior surface finish and high dimensional accuracy. Other examples include PolyJet and 

Inkjet printing, which deposit tiny droplets of resin that are immediately cured by UV lamps. 
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2. POWDER-BASED SYSTEMS 

In these systems, a thin layer of powder (plastic, metal, or ceramic) is spread across the build platform. A 

laser or electron beam then selectively fuses the particles. 

Selective Laser Sintering (SLS): Uses a laser to sinter thermoplastic powder. 

Direct Metal Laser Sintering (DMLS) & Selective Laser Melting (SLM): These are the standards for 

industrial metal 3D printing, creating fully dense metal components. 

Three-Dimensional Printing (3DP): Uses a binder inkjet head to "glue" powder together. 

3. SOLID-BASED SYSTEMS 

These systems utilize solid material in the form of wire, rolls, or sheets. 

Fused Deposition Modeling (FDM): The most common form of 3D printing, where a thermoplastic filament 

is melted and extruded through a nozzle. 

Laminated Object Manufacturing (LOM): Layers of adhesive-coated paper, plastic, or metal laminates are 

glued together and cut with a laser or knife. 

 

The Stereolithography (SLA) Process Mechanism Stereolithography remains the gold standard for 

precision in the additive manufacturing world. The process utilizes a liquid bath of photosensitive resin which 

is selectively solidified layer-by-layer through computer-controlled ultraviolet (UV) radiation. 

THE PHOTOPOLYMERIZATION REACTION 

The technical success of SLA is rooted in chemistry. The raw material is a photo-curable resin that 

undergoes a chemical reaction called photo-polymerization. When the liquid resin is exposed to UV radiation—

delivered either by a focused laser beam (such as Nd:YVO4) or a masked projection—the monomers within the 

liquid link together to form long-chain polymers, creating a solid plastic. 

Machine Architecture and Components 

An SLA machine is a complex integration of optical, mechanical, and software systems: 

The Laser and Scanning System: A high-precision laser is directed by X-Y scanning mirrors 

(galvanometers). These mirrors point the beam with micron-level accuracy, tracing the cross-section of the part 

onto the surface of the resin. 

The Resin Vat: This container holds the liquid photopolymer. Modern industrial vats are designed to 

maintain resin homogeneity and temperature stability. 

The Build Platform and Elevator: The part is built upon a movable platform. After a layer is cured, the 

elevator moves the platform (usually downwards in "top-down" systems or upwards in "bottom-up" systems) 

by a distance equal to the layer thickness. 

The Recoating System: A critical component, often a blade or wiper, sweeps across the vat to ensure a fresh, 

perfectly level layer of liquid resin is available for the next curing cycle. This eliminates air bubbles and ensures 

uniform layer thickness. 

C. SIGNIFICANCE IN MODERN MANUFACTURING 

The impact of SLA 3D printing extends far beyond simple model making. In industries where dimensional 

accuracy plays a crucial role—such as dental, medical, electronics, and consumer product design—SLA is 

indispensable. 

PRECISION AND AESTHETICS 

SLA can produce fine features, sharp edges, and thin walls that are impossible for other 3D printing methods 

like FDM. The smooth surface finish of SLA parts often eliminates the need for extensive manual sanding, 

allowing for immediate functional testing or aesthetic evaluation. 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2026 IJCRT | Volume 14, Issue 5 May 2026 | ISSN: 2320-2882 

IJCRT2605709 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g220 
 

HIGH-QUALITY PROTOTYPING 

Unlike subtractive manufacturing, which requires lengthy setup and tooling, SLA offers a direct digital-to-

physical workflow. This enables designers to rapidly iterate, refine, and validate concepts. If a car mirror 

housing design fails a fit test, the CAD model can be adjusted and a new version printed within hours, 

significantly lowering design risks and development costs. 

TOOLING AND MANUFACTURING SUPPORT 

SLA is frequently used to produce "soft tooling." This includes molds for investment casting, jigs, fixtures, 

and assembly aids. Because SLA parts are so dimensionally stable, they serve as excellent master patterns for 

traditional manufacturing processes, bridging the gap between a prototype and mass production. 

D. PROCESS PERFORMANCE AND INTERRELATED PARAMETERS 

The performance of the SLA process is not dictated by a single factor but by a series of interrelated 

parameters. The layer formation procedure is specific to the geometry and the material being used. 

Layer Thickness: Usually ranging from 25 to 100 microns, this determines the vertical resolution and the 

"stair-stepping" effect on curved surfaces. 

Laser Power and Scanning Speed: These define the "energy dosage" received by the 

 

Viscosity and Temperature: The resin must be at the correct temperature to flow properly during the 

recoating phase. 

By mastering these fundamentals, engineers can produce components that not only look like the final product 

but function with the mechanical integrity required for rigorous industrial testing. This technical foundation is 

what allows for the specialized development of complex automotive parts like the polycarbonate car mirror 

prototype. 

 

III. METHODOLOGY AND PROCESS WORKFLOW FOR SLA DEVELOPMENT 

 

 

 

 

The development of the car mirror prototype through Stereolithography is a comprehensive technical 

journey that transitions from a digital concept to a high-fidelity physical object. This methodology is 

categorized into three primary phases: Pre-processing, Model Fabrication (Printing), and Post-processing. Each 

stage requires meticulous control over environmental and machine variables to ensure the final automotive 

component meets the stringent standards for dimensional accuracy and structural integrity. resin. If the laser 

moves too fast or the power is too low, the layers will not bond. Conversely, over-exposure can lead to 

dimensional "bleeding" where the part becomes larger than the intended design. 
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A. DIGITAL FOUNDATION 

 

The pre-processing stage is the most critical phase for ensuring the geometric success of the car mirror. It 

involves the translation of an engineering concept into a machine-readable format that the SLA system can 

interpret. 

 

1. CAD DESIGN OPTIMIZATION 

 
The process begins with the creation of a 3D solid model using professional Computer-Aided Design (CAD) 

software. During this stage, the car mirror housing is designed not just for aesthetics and aerodynamics, but 

also for "Design for Additive Manufacturing" (DfAM). Engineers must consider wall thickness, internal ribs 

for structural reinforcement, and the integration of mounting points for the mirror glass and electronic 

adjustment motors. 

 

2. FILE CONVERSION AND STL SLICING 

Once the design is finalized, the CAD model is exported as an STL (Stereolithography) file. This format 

represents the surface geometry of the 3D object as a raw, unstructured triangulated surface using a three-

dimensional Cartesian coordinate system. The STL  file is then  imported into 

specialized  "slicing" software.  This software performs two vital functions: Orientation: The part must 

be oriented on the virtual build platform to minimize the need for support structures on visible surfaces 

and to reduce the "suction" force during the peel cycle. For a car mirror, an angled orientation is often 

preferred to maintain the  integrity  of curved aerodynamic surfaces. 

Layer Generation: The software mathematically "slices" the 3D model into hundreds or thousands of thin 

horizontal layers. These layers define the path that the UV laser will follow on the resin surface. 

 

 

 

3. SUPPORT STRUCTURE GENERATION 

 

Unlike some 3D printing methods, SLA requires temporary support structures to hold overhanging parts of 

the mirror housing and to anchor the part to the build platform. These supports are designed to be rigid enough 

to maintain stability during the build but thin enough to be removed without damaging the primary surface 

during post-processing. 

50–100 microns) below the surface of the liquid. 

Laser Curing: The computer-controlled UV laser traces the cross-section of the first layer onto the resin 

surface. As the laser energy hits the liquid, it triggers a photo-polymerization reaction, solidifying the resin 

instantly and bonding it to the build platform. 

 

The Z-Move and Recoating: After the layer is cured, the platform moves down. A recoating blade or "wiper" 

sweeps across the surface of the vat. This action is essential to ensure that a fresh, uniform, and bubble-free 

layer of liquid resin is distributed over the previously cured layer. Repetition: This process continues, layer 

after layer. For a complex component like a car mirror, this can involve thousands of repetitions, with the 

elevator system moving the platform down in increments Model Fabrication: The Printing Phase 

 

The fabrication stage is where the physical transition occurs. This is a highly automated but sensitive process 

that relies on the precise interaction between the UV laser and the liquid photopolymer. 
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4. MACHINE CALIBRATION AND PREPARATION 

 

Before the build begins, the SLA machine must be prepared. The resin vat is filled with the selected 

Polycarbonate-like liquid photopolymer. The build platform is calibrated to ensure it is perfectly level relative 

to the resin surface. Any deviation here can lead to layer shifts or total print failure. 

 

5. THE LAYER-BY-LAYER BUILD CYCLE 

 

The actual printing follows a repetitive, high-precision cycle: 

Positioning: The build platform is lowered into the resin vat. In a top-down system, it sits exactly one 

layer thickness (typically thinner than a human hair until the entire geometry is realized. 

 

 

 

B. POST- PROCESSING: REFINING THE PROTOTYPE 

The part that emerges from the SLA machine is known as a "green" part. It has achieved its shape, but it has 

not yet reached its full mechanical or aesthetic potential. 

 

CONCLUSION 

 

The development of the car mirror prototype through the Stereolithography (SLA) process demonstrates a 

highly efficient, precise, and cost-effective methodology for modern automotive manufacturing. By 

transitioning from traditional subtractive and formative methods to a digital-to-physical additive workflow, 

this project successfully addressed the primary challenges of high tooling costs and lengthy lead times. The 

use of polycarbonate-like resin proved essential, providing the necessary mechanical strength, impact 

resistance, and thermal stability required to withstand the rigorous environmental conditions to which 

automotive exterior components are subjected. 

The study confirms that SLA is an ideal technology for rapid product realization, particularly for 

components that demand high aesthetic quality and tight dimensional tolerances. Through the careful 

optimization of process parameters—such as layer thickness, laser exposure, and strategic post-curing—the 

developed prototypes achieved a level of functional performance and surface smoothness comparable to 

production-grade injection-molded parts. This high fidelity enables engineers to conduct reliable fit-and-

assembly trials and aerodynamic validations much earlier in the design cycle. Furthermore, the implementation 

of SLA significantly reduces material wastage and supports complex geometric innovations that are often 

unfeasible through conventional tooling. While challenges remain regarding resin sensitivity to long-term UV 

exposure and the labor-intensive nature of manual post-processing, the continuous advancement in 

photopolymer chemistry and automated post-processing systems suggests a promising future for the 

technology. Ultimately, this project illustrates that integrating SLA into the automotive design phase not only 

enhances the quality of individual components like the car mirror but also streamlines the entire product 

development lifecycle, fostering a more agile and innovative manufacturing environment. 
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