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Lightweight Milling Cutter Optimization
For Industrial Manufacturing

This case study details the optimization of a high-performance milling tool head for a major cutting tool
manufacturer. The primary objective was to reduce the rotational mass of the assembly to minimize
machine wear and enable higher RPMs, without compromising structural rigidity.

Using Cognitive Design, the client achieved a 30% reduction in weight while maintaining 95% of the original
stiffness. The engineering lead time for the project was reduced by 50% compared to traditional CAD/CAE
iterations. Furthermore, a reusable automated workflow was established, allowing future tool iterations to
be optimized in minutes rather than days.

Engineering Challenge

In the high-speed machining and tooling industry, heavy cutting heads create significant inertial forces.
Excess weight limits maximum RPM, increases vibration (chatter), and accelerates wear on the CNC
machine’s spindle and bearings.

The specific technical hurdles for this project included:

* Mass Reduction: A target of 30% weight reduction to improve dynamic performance. Stiffness
Retention: The tool must withstand high torque and radial cutting forces without deflecting, as
deflection leads to poor surface finish on machined parts.

» Manufacturing Constraints: The client needed to evaluate whether Additive Manufacturing (DMLS) or
subtractive Machining (5-axis milling) was the most cost-effective production method.

 Material Selection: Evaluating high-strength candidates like Stainless Steel 316L versus Titanium.
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The Solution: Cognitive Design \INorkflow Key Metrics Comparison

1. DESIGN SPACE & LOAD CASES Original Design Optimized Design Improvement
. _ _ _ Mass 100% (Baseline) 70% 30% Reduction
The workflow began by defining the non-design space: the central bore (interface with the
spindle arbor) and the peripheral pockets (interfaces for the carbide cutting inserts). Stiffness 100% (Baseline) 95% Maintained
* Loads applied: Torque (rotational force), Axial load (feed force), and Radial load (deflection Re-run Time N/A 15 Minutes 99% Faster
force). . . . .
e Material Candidates assigned: SS 316L and Titanium. Manufacturing Method Machining Machining Optimized
2. GENERATIVE EXPLORATION
Cognitive Design utilized topology optimization to remove material from low-stress regions. -
Two distinct strategies were run in parallel:
e Organic AM: A strut-based, lattice-like structure optimized for 3D printing without
overhangs.
e Machining Optimized: A subtractive strategy focusing on accessible pockets and flat
planes suitable for CNC milling.
3. PERFORMANCE & MANUFACTURABILITY
The software applied Manufacturing Driven Design (MDD) constraints. For the Machining
AM-optimized Machining-optimized

candidate (which was selected), the software ensured that the "star-shaped” topology allowed
for tool access from standard angles, preventing undercuts that would require specialized
tooling. The workflow automatically balanced the mass reduction target (30%) against the
stiffness constraint (maintaining >95%).

@ Legacy workflow @ Cognitive Design workflow

4.\/ALIDATION Engineering lead time with

conventional software stack 5 days
Final Finite Element Analysis (FEA) confirmed the structural integrity of the optimized design.

The result was a 6-arm star topology that channeled stress efficiently from the cutting tips to
the central hub. The analysis confirmed that the Machined Steel variant offered the best
balance of cost-to-performance, superior to the DMLS Inconel option for this specific volume.

Engineering lead time with
Cognitive Design
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USE CASE: Use case name

Comparative Analysis: Conventional CAD vs. Cognitive Design
. SPEED & EFFICIENCY

- Conventional Approach: Relies on slow, manual iterations. Engineers design geometry in CAD, transfer data to FEA software
for stress analysis, interpret results, and manually rebuild the CAD model. This cycle is repeated for every design change.

- Cognitive Design Approach: Generates concepts 10x faster. The software evaluates mechanical performance, thermal
properties, and cost simultaneously.

- Impact: Per-part design time was reduced from days to hours, resulting in a 50% overall reduction in engineering time for the
pilot project.

2. EXPLORATION & INNOVATION

- Conventional Approach: Due to time constraints, engineers typically explore only 2 or 3 conservative design concepts based
on intuition and past experience.

- Cognitive Design Approach: Rapidly generates 20+ manufacturable concept alternatives. For this milling head, the system
explored organic topology optimization for AM alongside specific topology optimization for traditional machining.

- Impact: 10x more concepts were evaluated in the same timeframe, allowing the client to objectively compare a DMLS Inconel
version against a Machined Steel version.

3. RISK & MANUFACTURABILITY

- Conventional Approach: Manufacturability analysis often happens late in the process. If a complex organic shape is chosen, it
may fail during printing or be impossible to machine, leading to late-stage redesigns.

- Cognitive Design Approach: Manufacturing constraints are embedded from day one. The "Machining” style ensured that even
organic-looking material removal was accessible by standard cutting tools.

- Impact: Zero manual rework was required. The system identified that traditional machining was the superior process for this
specific geometry, avoiding the high cost and post-processing risks of AM.

4.COST & VALUE
- Conventional Approach: High engineering hours and expensive physical prototyping cycles to test stiffness.
- Cognitive Design Approach: Integrated automated cost estimation and carbon footprint analysis allowed for data-driven

decisions before metal was cut.
- Impact: Average savings of approximately 15,000 EUR per part development cycle by eliminating trial-and-error.
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