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The evolution of sheet metal fabrication has transitioned from manual craftsmanship to a high-precision, data-
driven industrial discipline. At the heart of this transformation is the integration of sophisticated CAD/CAM software
environments that bridge the gap between abstract design and physical output. LVD'’s CADMAN® software suite
represents one of the most significant technological benchmarks in this sector, providing an end-to-end solution for
the modern Smart Factory. For over three decades, this ecosystem has evolved to solve the complex mathematical
and logistical challenges inherent in laser cutting, punching, and bending operations.

The Architecture of Integrated Manufacturing

In the contemporary manufacturing landscape, the 'Digital Thread' refers to the seamless flow of data across the
product lifecycle. Within the LVD ecosystem, CADMAN acts as the central nervous system for this data flow. Unlike
fragmented software solutions where each machine type (laser, punch, press brake) operates in a silo, the
CADMAN suite utilizes a shared database to ensure consistency, accuracy, and operational efficiency.

The core philosophy of CADMAN is the 'First-Part-Right'principle. This is achieved through advanced simulation
engines that account for material properties, tool geometry, and machine kinematics before a single piece of metal
is ever loaded onto the bed. By digitizing the trial-and-error phase of fabrication, manufacturers can reduce scrap
rates by as much as 30% and significantly improve machine uptime.

Technical Breakdown of CADMAN-B: The Science of Precision Bending

Perhaps the most technically complex component of the suite is CADMAN-B. Bending sheet metal is not merely a
mechanical process; it is a mathematical challenge involving the physics of deformation. CADMAN-B sets the
industry benchmark for CAM bending software by automating the calculation of bend sequences and tool selection.

Mathematical Models and Bend Deduction

When sheet metal is bent, the outer surface is stretched while the inner surface is compressed. The ‘Neutral Axis'
remains relatively unchanged in length. CADMAN-B utilizes complex algorithms to calculate the Bend Allowance
(BA) and Bend Deduction (BD)based on the material's K-factor. The fundamental formula used by the software to
determine the developed length (L) is:

L=A+B+BA
Where BA is determined by the formula:BA =9B 0 f ¢ A*(R+ K *T)

¢ 9C The bend angle.

e R:Inside bend radius.

* K: K-factor (ratio of the neutral axis position to the thickness).
e T: Material thickness.

CADMAN-B automates these calculations across hundreds of bends in a single assembly, ensuring that the flat
pattern is 100% accurate. This eliminates the need for manual unfolding calculations that often lead to cumulative



errors in complex multi-bend parts.

Collision Detection and Sequence Optimization

Beyond geometry, CADMAN-B performs 3D simulations to detect potential collisions between the workpiece, the
machine frame, and the tooling. It uses a heuristic search algorithm to determine the most efficient bend sequence,
prioritizing sequences that minimize part flipping and handling, which reduces operator fatigue and increases safety.

CADMAN-SDI: Streamlining Data Ingestion

Before bending or cutting can occur, the design data must be ingested. CADMAN-SDI (Smart Design Importer)
serves as the gateway. In a high-volume job shop, manual entry of Bill of Materials (BOM) and geometry is a major
bottleneck. CADMAN-SDI utilizes a file storing driver and an automated recognition engine to process 2D and 3D
CAD files (STEP, IGES, SAT, DWG, DXF) instantaneously.

Automated Cost Estimation

SDI doesn't just import geometry; it extracts manufacturing data to provide precise cost estimations. It analyzes the
length of cut, the number of pierces, and the total bend length to generate a technical profile of the job. This
integration allows for rapid quoting and ensures that the manufacturing floor has all the necessary metadata to
execute the job without manual intervention.

Comparative Analysis: Traditional CAM vs. CADMAN Integrated Workflow

The following table illustrates the performance benchmarks between traditional, fragmented CAM processes and
the integrated CADMAN approach.



Feature / Metric Traditional Fragmented CAM LVD CADMAN Suite

Data Entry Manual re-entry per machine type Single import via CADMAN-SDI

Flat Pattern Accuracy Dependent on manual K-factor input 100% accurate via automated
material database

Tooling Selection Operator-dependent choice Automated optimization based on
inventory

Collision Testing On-machine trial runs Full virtual 3D simulation pre-
production

Integration Siloed software for Laser/Punch/Bend Centralized database for all processes

Setup Time High (30-60 minutes) Minimal (under 5 minutes)

Advanced Nesting and Cutting Algorithms

For laser and punching operations, material utilization is the primary driver of profitability. The CADMAN sulite
incorporates advanced nesting algorithms (CADMAN-L for laser and CADMAN-P for punch) that utilize a 'best-fit'
logic to maximize sheet coverage. These algorithms don't just consider the geometry of the parts; they also account
for Thermal Management. By optimizing the cutting path to distribute heat evenly across the sheet, the software
prevents material warping, which is critical for maintaining tolerances in thin-gauge metals.

Common Path Cutting and Scrap Reduction

The software supports common-line cutting, where a single cut separates two adjacent parts. This reduces the total
cutting distance, saves gas (in laser applications), and reduces wear on the machine. Technical benchmarks
suggest that common path cutting can improve throughput by up to 15% in high-density nests.

The Role of CADMAN-JOB in the Smart Factory

As part of the Industry 4.0 movement, CADMAN-JOBacts as the Manufacturing Execution System (MES) layer. It
organizes the workflow by connecting the office (where programming happens) to the shop floor (where execution
happens). It tracks the status of every job in real-time, providing managers with critical data on machine
performance, bottleneck locations, and estimated completion times.

Integration with Touch-i4

The data from CADMAN-JOB is often visualized on LVD’s Touch-idindustrial tablets. This allows operators to see
the digital twin of the part, the required tooling setup, and the bend sequence directly at the machine. This level of
digital transparency reduces the cognitive load on the operator and minimizes the risk of human error during setup.

Practical Implementation: A Step-by-Step Field Guide

Implementing a full CADMAN integration requires a structured approach to transition from legacy methods. Below
is the recommended technical workflow for deployment:

1. Database Synchronization: Centralize all material specifications (tensile strength, grain direction constraints)
and tooling inventories into the CADMAN central database.



2. CAD Neutralization: Utilize CADMAN-SDI to convert legacy 2D files into 'Smart' 3D models with embedded
manufacturing metadata.

3. Bending Simulation: Batch-process parts through CADMAN-B to identify parts that require specialized
tooling or those that present unsolvable collision risks.

4. Nesting Optimization: Use CADMAN-L/P to create dynamic nests based on current production priorities
rather than static batches.

5. Real-time Monitoring: Deploy CADMAN-JOB to monitor the 'Time-to-Part' metric, adjusting schedules based
on real-time machine feedback.

Case Study: Addressing Failure Modes in High-Precision Bending

A common operational challenge in sheet metal is Springback—the tendency of metal to return to its original
shape after bending. Without sophisticated software, operators must manually over-bend based on intuition.

The Solution: CADMAN-B integrates with LVD's Easy-Form® Laseradaptive bending system. The software
calculates the theoretical bend, the laser measures the angle in real-time during the stroke, and the software
adjusts the depth of the ram mid-bend to compensate for material variations. This closed-loop system, driven by
CADMAN's logic, ensures an accuracy of £ 0.3 degrees even with inconsistent material thickness.

Future Implications of Digital Sheet Metalworking

The trajectory of CADMAN software points toward increasing autonomy. With the advent of Artificial Intelligence

and Machine Learning, the next generation of this software will likely predict tool wear before it affects part quality
and automatically reroute jobs between machines to optimize power consumption and delivery speed. The
integration of LVD's CADMAN Suiteis not merely an upgrade in programming capability; it is a foundational shift
toward an autonomous, self-correcting manufacturing environment.

By leveraging the deep technical capabilities of CADMAN-B, SDI, and the broader suite, manufacturers move away
from being 'machine operators' and become 'process managers.' The precision, mathematical rigor, and seamless
data integration provided by this software suite remain the primary competitive advantages for any modern
fabrication facility looking to lead in the era of Industry 4.0.
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