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Smart Cutting

What is Smart Cutting ?

Smart Cutting (SC) supports the advanced digital transformation of CNC machining for the
innovative manufacturing. Cutting operations are monitored and controlled during on—machine
and post-machining processes. The main areas of SC are as follows.

- Data acquisition from machine tools and sensors by loT modules
- Analysis by data learning

- Diagnosis abnormal cutting

- Optimizing cutting conditions

SC systems have been successfully adapted to many CNC machining centers, increasing the
productivity and quality. The main functions of SC are as follows.

- Tool wear/breakage detection and automatic tool change

- Automatic feedrate control for cutting load optimization

- Automatic spindle speed control for chatter removal
- Supporting data interchange with PoP, MES, and ERP

— Database organization for machining history
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Smart Cutting
Edge Device

M Cutting Edge(Advance2/4)

CNCData

loT Module Edge Device

- On-maching monitoring and the synchronization of CNC and sensory information
- cutting load, feed rate, spindle speed, tool position, signal processing data

- Automatic feedrate control: adaptive feed control using the cutting load

- Tool wear and breakage detection

M Cutting Edge(Premium2/4)

CNCData

Edge Device
loT Module

- On-maching monitoring and the synchronization of CNC and sensory information
- cutting load, feedrate, spindle speed, tool position, signal processing data

- Automatic feedrate control: adaptive feed control using the cutting load

- Automatic spindle speed control: chatter detection and removal

- Tool wear and breakage detection: available for tiny tools under 1@~ 0.1®

Smart Cutting_5



Smart Cutting

Data Learning

H Usage of RLCC data

- Area (A) — decrease the feed rate — avoid overloading and improve the surface quality
- Area (B) — increase the feed rate — reduce machining time and improve productivity

- Reference load control curve (RLCC) effect: machining time reduced by 11.5%, cutting load reduced
by 38.2% with 12.2% improved feed rate
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Smart Cutting

H Feedrate Optimization

- Reference load control curve (RLCC) generation
Step 1. From pre-machining history data
Step 2. Based on the tool trajectory
Step 3. Analyse the pre— and post-machining load
Step 4. Enwrap the attribute data
Step 5. Control the feed rate to place the cutting load between the upper & lower limit curves
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Smart Cutting

B Chatter Detection and Removal

- Tool chatter can be detected by acoustic and vibration sensors during the cutting process, being
removed by changing the spindle speed.

- The Edge device with adaptive spindle speed control monitors machine tool vibration and
detects tool chatter. If chatter occurs, the Edge device calculates the chatter-free RPM to change
the spindle speed. Finally, eliminating chatter improves surface finish.
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Smart Cutting

l Tool Breakage Detection

- In mass production or small batch production, the cutting load shows almost the same pattern.
The Edge device identifies the cutting load pattern and alarms if the cutting load deviates from
the normal pattern.

Cutting load of normal tool Abnormal cutting load when tool is broken m

cutting load pattern of normal tool cutting load pattern of broken tool

— cuttingload === upper limit ---- lower limit — cutting load == upper limit ---- lower limit

l Tool Wear Diagnosis

- The tool breakage detection process is used to detect tool wear.
- Long-term patterns and the full range of cutting loads can be analysed.
- The Edge device monitors tool life, alarming tool change time.

Cutting load pattern as to tool wear Toolwear Tool wear

detect detect

— cutting load of — upper limit ---- lower limit
worn Tool
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Smart Cutting

H Tiny-tool Breakage Detection

- The breakage of tiny tool under 1® can be detected by the vibration sensor. Threshold level is
calculated after signal processing. When tool breakage is detected, the feed hold function is
working and current tool position is stored for re-engagement.
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l NC-code Optimization

- Machining History (MH) data stored in the Edge device is used to optimise the NC code. Edge data
includes cutting load and tool vibration information according to the tool path. NC codes are
optimised by comparing the MH data with the original NC block data.

& Optimized NC Code
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Reduction machining time Cutting application
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Smart Cutting

Bl MH Data Analysis

- Verify the cutting condition

- Identify cutting loads from tool wear

- Conduct tool life management

- Optimise the NC code

- Create reference load control curves (RLCCs) for adaptive control

- and more: statistical analysis, check the whole machining condition and error factors
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Smart Cutting

H Spindle Monitoring

- A predictive maintenance function of the Edge device monitors the spindle by analysing the
defect frequency of the spindle bearings and gears.
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B Machining Floor Monitoring

- Individual Edge device for a product line sends online data to a data server, providing information for
the digital twin of CNC machining floors, such as simultaneous monitoring of machine tool status and
machining information.
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Smart Cutting

Digital Twin Platform

B Provide application based on smart cutting data and digital twin

Machine history data analysis linked to smart cutting  Improve the machining by analyzing data

Analysis of machine tool dynamics Optimized cutting conditions

Data learning Improve the reference data and parameters
Cutting simulation Predict cutting physics

Optimization Optimized NC program

Data Analysis

@

Digital Twin
& Platform
A

Optimization

Data Driven Learning

Data Simulation Machine Tool Dynamics
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Smart Cutting

Product Line

B Cutting Edge

e Cutting Edge Cutting Edge Cutting Edge Cutting Edge
Advance2 Advance4 Premium?2 Premium4

Real time monitoring o o o ®
Multi-spindle monitoring o [ ]
Adaptive feed control o o @ o
Chatter detection and removal (] [ ]

Tool breakage detection o o o o

Tool wear detection by learning [ ] (] (] [ ]
Tiny—tool breakage detection o o

loT module ADC(1) ADC(1) ADC(1), DAQ(1) ADC(1), DAQ(1)
loT sensor current sensor(2 ch) | current sensor(4 ch) urentsensora i | cumentsensor Seh)

accelerometer(2 ch) | accelerometer(2 ch)

B Software
: Learning System Data-Based Module
LA - N Data Analysis Smart
Premium Optimization /RLCCy Monitoring
PoP o o
Edge management O [ ]
Process monitoring o o o
NC-code optimization o
MH analysis/
RLCC data generation ® ®
Spindle analysis o
Learning of RLCCs o
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Edge & Data - Innovate + Manufacture

“Innovative Manufacturing with Edge Data”

Jeonju innovation Startup Hub, #606, 67, Yusang-rom Tel. +82-(0)63-219-0302 Fax. +82-(0)63-219-0351
Dukjin—gu, city of jeonju, Jeonbuk State, 54852, Republic of Korea Site. www.ed—-im.com E-Mail. edim@ed-im.com
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