
 
 
 

76 Page 76-85 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

Journal of Computer Aided Manufacturing and Automation  

Volume 10, Issue 2, July-December 2025 

ISSN: 3107-7404 (Online) 
 

 Advances and Perspectives in Hybrid Manufacturing: Integrating 

Additive and Subtractive Processes for Next-Generation 

Manufacturing 

 

Dr. Priyanka Sharma1, Prof. Ankit Mehra2
 

Associate Professor1, Professor2 

Department of Mechanical and Industrial Engineering 

Jorhat Engineering College  

Email ID: priyanka.sharma1985@gmail.com1, ankit.mehra4903@yahoo.co.in2 

 

                                                   ABSTRACT 

Hybrid manufacturing, combining additive and subtractive processes, is 

emerging as a transformative approach in modern manufacturing. This 

integration allows production of complex geometries, high precision, and 

customized components that were previously difficult or impossible to fabricate 

using conventional methods. The synergy between additive manufacturing (AM) 

and subtractive manufacturing (SM) provides enhanced material utilization, 

reduced lead time, and improved mechanical performance of components. This 

paper presents an overview of hybrid manufacturing, discusses its applications, 

technical challenges, potential benefits, and future scope. Despite being 

promising, hybrid manufacturing faces challenges related to process 

integration, cost, and standardization. Addressing these issues is crucial to 

make it a mainstream manufacturing technology. 

 

KEYWORDS: Hybrid Manufacturing, Additive Manufacturing, Subtractive 
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INTRODUCTION 

In recent decades, manufacturing industry has witnessed significant technological 

advancements. Traditional subtractive manufacturing, including CNC machining, milling, and 
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 turning, has been the backbone of industrial production due to its precision and surface quality. 

However, it struggles with producing highly complex geometries efficiently. On the other hand, 

additive manufacturing, popularly known as 3D printing, excels in building intricate shapes 

layer by layer directly from digital models but often suffers from poor surface finish and limited 

material properties. 

 

Hybrid Manufacturing emerges as a solution that combines the advantages of both processes. 

By integrating additive and subtractive methods within a single platform or workflow, 

manufacturers can produce components that are geometrically complex, dimensionally 

accurate, and mechanically robust. Hybrid manufacturing has found applications in aerospace, 

biomedical implants, automotive, and tooling industries. 

 

LITERATURE REVIEW 

Additive Manufacturing (AM) Overview 

Additive manufacturing involves building parts layer by layer using materials such as metals, 

polymers, and ceramics. Popular AM processes include Selective Laser Melting (SLM), 

Electron Beam Melting (EBM), Fused Deposition Modeling (FDM), and Stereolithography 

(SLA). AM enables the creation of lightweight structures, lattice frameworks, and internal 

channels, which are difficult to achieve using conventional machining. 

 

Subtractive Manufacturing (SM) Overview 

Subtractive manufacturing removes material from a workpiece to achieve desired shape and 

dimensions. Processes such as CNC milling, turning, drilling, and grinding offer high precision, 

smooth surface finishes, and well-understood material behavior. SM is still preferred for critical 

functional components, especially when high tolerance is required. 

 

Hybrid Approach 

Hybrid manufacturing integrates both AM and SM in a single workflow or machine. The 

additive process builds near-net-shape structures, reducing material waste, while the 

subtractive process refines the shape, improves surface quality, and achieves precise tolerances. 

For example, metal parts manufactured by SLM can be post-processed using CNC milling for 

functional surfaces. Hybrid machines with multi-axis milling combined with laser deposition 
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 have been developed to perform both operations without removing the workpiece from the 

machine. 

 

Table 1: Comparison of Additive, Subtractive, and Hybrid Manufacturing 

Feature 
Additive Manufacturing 

(AM) 

Subtractive 

Manufacturing (SM) 

Hybrid Manufacturing 

(HM) 

Process Type 
Material added layer by 

layer 

Material removed from 

workpiece 

Combines AM & SM in a 

single workflow 

Complexity 
High (complex geometries 

possible) 

Limited (complex shapes 

difficult) 

Very high (complex + precise 

shapes) 

Surface 

Finish 
Poor to moderate Excellent 

Excellent (with post-

processing) 

Material 

Waste 
Low High Low 

Tolerance Moderate High High 

Lead Time Long for large parts Short for simple parts Moderate (optimized) 

 

 

Figure 1: Schematic of Hybrid Manufacturing Workflow 

 

APPLICATIONS OF HYBRID MANUFACTURING 

 

Table 2: Applications of Hybrid Manufacturing in Various Industries 

Industry Component Examples Benefits of Hybrid Manufacturing 

Aerospace Turbine blades, fuel nozzles 
Lightweight structures, internal channels, high 

precision 

Biomedical 
Patient-specific implants, 

prosthetics 
Anatomical fit, strength, surface finish 
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 Industry Component Examples Benefits of Hybrid Manufacturing 

Automotive Engine parts, prototypes Optimized internal structures, reduced weight 

Tooling & 

Die 
Molds, dies 

Conformal cooling, precise cavities, reduced lead 

time 

 

 

Figure 2: Industry Applications of Hybrid Manufacturing 

 

Aerospace Industry 

The aerospace industry is one of the primary adopters of hybrid manufacturing due to the 

extreme demands on weight, strength, and design complexity. Aircraft and spacecraft 

components often require lightweight structures with complex internal geometries that are 

difficult to produce using traditional subtractive methods alone. Hybrid manufacturing allows 

for near-net-shape additive fabrication of parts with internal lattice structures, honeycomb 

frameworks, or integrated cooling channels. These structures reduce overall weight while 

maintaining structural integrity, which is critical for fuel efficiency and performance. 

 

After the additive stage, subtractive operations such as CNC milling or grinding refine critical 

surfaces to meet aerodynamic tolerances and functional specifications. For example, turbine 

blades for jet engines can be produced with internal cooling channels via selective laser melting 

(SLM), then precisely finished on blade edges to improve airflow efficiency. Similarly, fuel 

nozzles with complex internal geometries are produced using hybrid manufacturing to 

withstand high-pressure and high-temperature conditions while reducing production time. 

Structural brackets and lightweight fuselage components are also fabricated with this approach, 

combining the advantages of material efficiency from AM and high dimensional accuracy from 

SM. 
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 Biomedical Applications 

In biomedical engineering, hybrid manufacturing addresses the challenge of producing patient-

specific implants and prosthetics. Human anatomical variability requires implants to match 

exact geometries of bones, joints, or craniofacial structures. Additive manufacturing allows the 

fabrication of customized implants directly from CT or MRI scan data, producing complex 

lattice structures that mimic natural bone porosity and reduce weight. 

 

After the additive process, CNC machining is employed to refine critical surfaces, ensure 

precise fit, and achieve the smooth finish required for osseointegration (the process by which 

bone integrates with the implant). Titanium and titanium alloys are commonly used due to their 

biocompatibility and strength. Clinical studies have shown that titanium hip implants, cranial 

plates, and dental implants fabricated through hybrid methods offer improved fit, reduced post-

surgical adjustments, and enhanced patient outcomes. Furthermore, hybrid manufacturing 

enables the incorporation of conformal cooling channels or hollow regions in surgical tools, 

improving sterilization and usability. 

 

Automotive Industry 

The automotive sector increasingly relies on hybrid manufacturing for both rapid prototyping 

and production of high-performance components. Components such as engine manifolds, 

brackets, and suspension parts benefit from weight optimization and internal structure designs 

achievable with additive manufacturing. For instance, lightweight engine brackets or brake 

calipers can include internal lattice structures to reduce weight while retaining mechanical 

strength. 

 

Subtractive finishing ensures that mating surfaces, holes, and threads meet precise tolerances, 

enabling seamless assembly and high functionality. Hybrid manufacturing also reduces lead 

time for prototyping: an initial additive part can be produced quickly for testing and then 

machined to meet final specifications without requiring a separate production workflow. High-

performance vehicles, particularly in motorsports, benefit from this combination of 

lightweighting, structural optimization, and precision finishing, allowing manufacturers to 

produce complex geometries that traditional casting or machining would struggle to achieve. 
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 Tooling and Die Manufacturing 

Tooling and die manufacturing is another domain where hybrid processes are proving highly 

advantageous. Traditional molds and dies often require long lead times and substantial material 

removal, resulting in high costs. Hybrid manufacturing addresses these issues by enabling 

additive deposition of near-net-shape molds and die inserts, including complex cooling 

channels, lattice structures, and internal features that would be impossible or highly time-

consuming to machine conventionally. 

 

Once the additive stage is completed, subtractive finishing operations such as milling, grinding, 

or EDM (Electrical Discharge Machining) ensure high surface quality, dimensional accuracy, 

and geometric tolerance of critical areas such as mold cavities or die profiles. This combination 

results in shorter lead times, lower material waste, and improved mold performance. Hybrid 

techniques are increasingly used for producing injection molds with conformal cooling, 

stamping dies with intricate features, and press tools for high-volume production, significantly 

enhancing product quality and process efficiency. 

 

CHALLENGES IN HYBRID MANUFACTURING 

 

Table 3: Common Challenges in Hybrid Manufacturing 

Challenge Description 

Process Integration 
Coordination of additive and subtractive processes in a single 

platform 

Material Compatibility Differences in thermal behavior and mechanical properties 

Cost and Economics High machine and operational costs 

Standardization & Quality 
Lack of industry-wide protocols and complex inspection 

requirements 

Residual Stress & Surface Finish 
Defects may occur due to combined thermal and mechanical 

processes 

 

Technical Integration 

Integrating additive and subtractive processes into a single hybrid manufacturing platform is a 

complex engineering challenge. The machine must be capable of switching between material 
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 deposition and material removal with high precision and repeatability. This requires careful 

coordination of multiple machine axes, tool changers, and motion control systems. For 

example, a hybrid machine combining laser metal deposition (LMD) with 5-axis CNC milling 

must synchronize the additive laser path with the milling tool movement to avoid collisions or 

misalignments. 

 

In addition, thermal effects pose a major challenge. Additive processes, especially those 

involving metals, generate high localized temperatures, which can cause thermal expansion, 

warping, or residual stress in the part. If subtractive operations are performed without 

accounting for these stresses, dimensional inaccuracies or cracks may appear. Surface 

roughness mismatch is another issue, as the layer-by-layer deposition creates surfaces with 

higher roughness, while subtractive finishing requires precise and smooth surfaces. Managing 

these differences requires process planning, simulation, and real-time monitoring. 

 

Material Compatibility 

Hybrid manufacturing is constrained by material limitations. Not all alloys or polymers are 

suitable for both additive and subtractive processes. For instance, metal powders used in laser-

based additive processes may exhibit different melting behavior, thermal conductivity, or 

oxidation tendencies than bulk materials used for machining. These differences can result in 

inhomogeneous microstructures, porosity, or reduced mechanical strength if the material 

properties are not carefully controlled. 

 

Achieving uniform mechanical properties throughout the part is critical for structural and 

functional components. Researchers are exploring functionally graded materials (FGMs), 

which vary composition or microstructure across the part to optimize performance. Ensuring 

compatibility between additive layers and subsequent subtractive finishing remains a key area 

of study in hybrid manufacturing. 

 

Cost and Economics 

Hybrid manufacturing machines are significantly more expensive than standalone additive or 

subtractive equipment due to their complex design and multi-functional capabilities. High-end 
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 machines may integrate multi-axis CNC machining, laser deposition heads, real-time sensors, 

and automated tool changers, increasing both initial investment and maintenance requirements. 

Operational costs are also higher. Additive processes consume metal powders, energy-intensive 

lasers, and protective atmospheres, while subtractive operations require cutting tools, coolant, 

and additional energy. Because of these factors, hybrid manufacturing is most cost-effective 

for high-value applications, such as aerospace components, medical implants, and custom 

tooling, or for small- to medium-volume production runs where the benefits of precision and 

complexity outweigh operational costs. 

 

Standardization and Quality Control 

A major hurdle for industrial adoption of hybrid manufacturing is the lack of standardized 

protocols. Conventional inspection methods focus on either additive or subtractive defects but 

rarely address both in combination. Hybrid parts may suffer from porosity, residual stresses, 

layer delamination, or dimensional deviations, all of which must be detected and corrected. 

 

To address these challenges, advanced quality assurance frameworks are being developed. 

These include in-situ monitoring systems, such as thermal imaging, laser scanning, or acoustic 

emission sensors, which can detect defects during additive deposition. Post-process CNC 

inspection and coordinate measuring machines (CMMs) ensure dimensional accuracy after 

subtractive finishing. Developing unified standards for process parameters, tolerances, and 

material properties is essential for widespread adoption of hybrid manufacturing in critical 

industries like aerospace and biomedical engineering. 

 

SCOPE AND FUTURE PERSPECTIVES 

Advancements in Machine Design 

Future hybrid machines are likely to incorporate multi-axis additive deposition heads along 

with high-speed CNC milling tools. Integration of robotic arms and automated tool changers 

will improve flexibility and efficiency. 
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 Process Monitoring and Control 

Advanced sensors, real-time feedback systems, and AI-based control algorithms will enhance 

process reliability. In-situ monitoring of temperature, layer deposition, and surface roughness 

can prevent defects and improve consistency. 

 

Material Innovation 

Research is ongoing to develop hybrid-compatible materials with tailored thermal and 

mechanical properties. Functionally graded materials can be fabricated more efficiently using 

hybrid manufacturing, enabling parts with varying properties in different regions. 

 

Sustainability and Resource Efficiency 

Hybrid manufacturing reduces material waste by combining near-net-shape additive deposition 

with minimal subtractive finishing. Energy-efficient processes and recycling of unused 

powders or machining chips can further improve sustainability. 

 

Education and Industrial Training 

To fully realize the potential of hybrid manufacturing, skilled workforce training is necessary. 

Understanding both additive and subtractive principles, machine operation, and digital design 

workflows will be crucial for successful adoption. 

 

CONCLUSION 

Hybrid manufacturing represents a significant evolution in modern production techniques. By 

combining additive and subtractive processes, it addresses limitations of traditional methods 

while enabling new possibilities in part complexity, precision, and performance. Despite 

current challenges related to cost, process integration, and standardization, ongoing research in 

machine design, materials, and process control is paving the way for wider industrial adoption. 

The future of manufacturing is likely to be dominated by hybrid processes that offer the best 

of both additive and subtractive worlds, supporting the production of innovative, high-

performance components across diverse industries. 
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