
Advanced Tooling Techniques – Study Notes

1. Overview

Advanced tooling refers to the set of sophisticated methods, software, and hardware used to

design, fabricate, test, and maintain products with higher precision, efficiency, and flexibility than

conventional tools. These techniques are essential in high?mix, low?volume manufacturing,

aerospace, automotive, medical devices, and any industry where performance and rapid iteration

matter.

2. Core Categories

Category Goal Typical Applications
Key Tools &

Technologies

Computer?Aided

Design (CAD) &

Simulation

Create and validate

geometry before any

physical tool is built

Complex molds, turbine

blades, custom fixtures

SolidWorks, CATIA,

Siemens NX, ANSYS,

Abaqus

Additive

Manufacturing (AM)

for Tooling

Produce tooling

quickly, with internal

features not possible

by machining

Conformal cooling

channels, lightweight

inserts, rapid

prototyping of jigs

Metal?laser sintering

(DMLS), polymer jetting,

hybrid AM?CNC machines

Hybrid Machining

Combine subtractive

and additive

processes in a single

setup

Repair of worn tools, in

?situ surface

modification

CNC + Laser/Arc welding

heads, EDM?additive

hybrids

Smart/IoT?Enabled

Tooling

Real?time monitoring

of tool condition and

process parameters

Predictive

maintenance, closed?

loop machining

Embedded sensors, RFID

tags, cloud analytics

platforms

Multi?Axis CNC &

Robotics

Achieve complex part

geometries with fewer

setups

Aerospace wing ribs,

orthopedic implants

5?axis milling, 6?axis

robotic arms, SCARA

robots
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Category Goal Typical Applications
Key Tools &

Technologies

Advanced Surface

Engineering

Tailor surface

properties (hardness,

friction, corrosion

resistance)

High?speed cutting

tools, molds for

polymer injection

PVD/CVD coatings, laser

texturing, cryogenic

treatment

Digital Twin &

Virtual

Commissioning

Simulate the entire

tooling lifecycle and

process flow

Production line

optimization, tool?path

verification

Siemens Digital Industries

Software, Dassault

3DEXPERIENCE

3. Detailed Techniques

3.1 Additive Manufacturing for Tooling

1. Design Considerations

Topology optimization to reduce mass while maintaining stiffness.

Lattice structures for internal coolant channels or weight reduction.

Orientation & support planning to minimize post?processing.

2. Materials

Metal powders (Ti?6Al?4V, Inconel 718, tool steel) for high?temp molds.

High?temperature polymers (PEEK, Ultem) for low?stress fixtures.

3. Process Flow

1. CAD ? STL/STEP conversion.

2. Lattice & support generation.

3. Slicing & machine setup.

4. Build ? Heat?treatment (stress relief, aging).

5. Post?process (machining critical surfaces, surface finishing).

4. Benefits

Lead?time reduction (days vs. weeks).

Consolidation of multiple parts into a single build.

Advanced Tooling Techniques

Page 2 | Back to Ynet StudyHub 

https://ynetstudyhub.com


Ability to embed sensors or channels directly.

3.2 Hybrid Machining (Additive + Subtractive)

Sub?Process Typical Use Example

Laser?assisted

Machining (LAM)

Reduce cutting forces on

hard alloys

Machining of nickel?based superalloys

for turbine blades

EDM?Additive (Wire/Die

?Sinking)

Build up material in hard?to?

reach zones
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