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Abstract 

Hybrid Layered Manufacturing (HLM) is a Rapid Manufacturing (RM) process of metallic objects, which combines the best 
features of additive and subtractive manufacturing techniques. Similar to other RM processes, HLM also proceeds in the layer by 
layer manner. 3D CAD model is sliced into thin 2D layers and the tool pathsaregenerated for each layer. The deposition of metal 
according to the generated tool path can be done using a Metal Inert gas (MIG), Tungsten Inert gas (TIG) and LASER cladding 
process. The different characteristics of these three cladding methods such as speed, precision and cost, make them useful for 
different applications. After the deposition of near net shape, the machining process is used to provide the final dimensional 
accuracy. So far Aluminium, Mild steel and Tool steels have been used for HLM process andother super alloys such as Titanium 
and Inconelwill be explored soon. The process parameters such as cladding current, stepover and torch speed have been 
optimized to achieve the desired thickness of the layers and spatter free cladding. Several build strategies have been developed 
and incorporated through an in-house build software. One of the strategy called integrated substrate method, found its application 
in the manufacturing of turbine blades, ribs, and spar/bulkhead structures of aircrafts. In this work this strategy has been 
explained and its capability has been proved through the manufacturing of turbine blade as a case study. 
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1. Introduction 
Rapid Prototyping (RP) is a relatively old technology with the earliest references as old as 25 years ago. In 1988 

the first commercial Rapid Prototyping system was born. The development was closely related to the development of 
applications of computers in industry. RP was a follow up of the development in CAD, CAM and CNC technologies. 
Rapid Manufacturing (RM), also known as Layered Manufacturing (LM), is a totally automatic process of 
manufacturing objects directly from their CAD models without the use of any tooling specific to the geometry of the 
objects being produced. RP adopts a divide-and-conquer approach in which the complex 3D object is split into 
several 2D slices that are simple to manufacture. Furthermore, as the object grows from bottom up, the chances of 
collisions are eliminated.  

In rapid manufacturing using deposition, the metal is deposited only in the required regions in a layer-by-layer 
manner. The material can be fed either in the form of wire or powder. The deposition technologies employ laser, 
electron beam or electric arc as the sources of thermal energy for melting the metal, in the order of their present 
popularity [1]. Table 01 lists various existing technologies in each category. 

 
Table 01 Various deposition-based RM processes according the energy source used [2] 

Energy Source Name 

Laser 

Direct Metal Deposition (DMD) [3] 
Directed Light Fabrication (DLF) [4] 
Laser Additive Manufacturing (LAM) [5] 
Laser Aided Manufacturing Process (LAMP) [6] 
Laser Based Additive Manufacturing (LBAM) [7-9] 
Laser Based Direct Metal Deposition (LBDMD) [10] 
Laser Engineered Net Shaping (LENS) [11] 
Rapid Direct Metal Deposition [12] 

Electron Beam Electron Beam Free-forming[13] 

Arc 

3D Micro Welding (3DMW) [14-16] 
3D Welding  [17] 
3D Welding and Milling  [18-20] 
Hybrid Layered Manufacturing (HLM)  [21,22] 
Hybrid Plasma Deposition and Milling (HPDM)  [23] 
Micro-Plasma Arc Welding (MPAW) [24] 
Shape Deposition Manufacturing (SDM) [25] 
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Figure 1: 3-/5-Axis HLM of IIT Bombay 

 

 
Figure 2: Capabilities of HLM 
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