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Key Technology Analysis for Machining Process Optimization and Automation
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| Abstract ‘

Key Words : Machine-Tools(3-2}7]4)),

In this article, we introduce the study case of technology that can automatically compensate the errors of these factors
of a machine during processing on the machine tool’s CNC(Computerized Numerical Controller) in real time. The biggest
factors that lower the machining accuracy are thermal deformation and chatter vibration. This study is related to the detection
and compensation of thermal deformation and chatter vibration that can compensate for faster and produce processed goods
with more precision by autonomous compensation. In addition, this study is related to the active control of vibration during
machining, monitoring of cutting force and auto recognition of machining axes origin. Thus, we attempt to introduce the

related contents of the development we have made in this article.
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Dispatching

Fig. 1 Background of unmanned machining process optimizing
and autonomous control
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| Key Factors |

eal-time
Optimization

Thermal Deformation

Chatter Vibration by
Cutting Force

External Vibration by
System

Flexible
Automation

Precision Tool Force
of Tool Tip

Operator Need of
Setup Process

Un Expected Trouble
on Machine, System

Fig. 2 Key factors for unmanned machining process optimizing

| Real-Time Comy ion of Thermal Def

e

| Real-time intelligent prediction of thermal defy

ion during

process

| Embedded type sensing for interfacing with CNC controller of machine tools
| Implementation of firmware device with dual structured prediction mechanism

| Interface programming based on OEM package method of CNC
A p ion of machining zero offset p

during machining process

*
*
#| Enhanced productiv

Benefit of cost and time compared to design change method of machine tools

Good simplicity and flexibility compared to conventional method by changing analog signal

by

periority of real-time p ing can be possible

Fig. 3 Characteristic of proposed thermal deformation compensation
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Real-Time Chatter Compensation

| Real-time gathering of chatter signal during high speed machining process

*| Decision of chatter status and design of digital filter based RMS mechanism
4| Implementation of firmware device with designed mechanism

| Interface programming based on OEM package method of CNC
| Automatic control of spindle rate and feed rate

Command

Chatter Signal

Distinction and Feature

4| In the conventional method, operator’s vision based check method has been used now

#| And adjust method after gathering data by using acceleration senor has been partly used

#| However, these methods have the disadvantage of non real-time compensation

Fig. 4 Characteristic of proposed real-time chatter compensation
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Active Vibration Control

| Various vibration occur from tool, motor, frame, ground and etc.

| Effected control method is needed with non SR & FR speed reduction
«&+| For this, various vibration sources should be analyzed and active vibrating method is required

For example, anti-vibrating method can be designed and applied on machine tools
And active damping method can be partly needed

& &

i cutting vibration
¥ Axis Acc. Sensor

1 XA Sensor |

i-Vibrator |

Body Vibration

e
N

Distinction and Feature

#/| In the conventional method, passive control method has been almost used until now

#| Design based method by robust part re-design for avoiding interference has been used

#| However, these methods have disadvantage of non adaptive control in different condition

Fig. 5 Characteristic of proposed active vibration control
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Precision Tool Monitoring

| Tool breakage is typically key factor related to disturbing unmanned automation

| In the convention method, exacted signal was not detected due to various noises data

| Including bearing friction and motor electrical loss are mixed with tool tip signal

For solving this problem, the know-how setting strain gage to the inside of machining chuck|
| is needed and wireless monitoring is required for effected interfacing with CNC

4
<

In conventional method, spindle body inspection method has been almost used until now

Because it is difficult to inspect tool-tip signal in milling machine due to wire twist problem

#| However, proposed method can inspect tool-tip and monitor based on wireless interface

Fig. 6 Characteristic of wireless precision tool monitoring
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0On-Machine Vision Inspection

| Automatic inspection of machining zero offset base on machine tools

| For this, vision sensor with camera and lens is inserted to tool holder
+| And lighting module is implemented as the form of cylinder type in the tool holder

When machining material is change, the inspection is automatically operated for checking
The size of the changed material. And height of the material is also measured by the vision

“*

CCD Camera

Distinction and Feature

)

[o]

*| can be
*

+

hine vision inspecti d whenp ing is changed

The vision inspection system with cylinder type lighting module was inserted to tool holder

Thex, y, z sizes of the changed material are all checked and zero offset is newly adjusted

Fig. 7 Characteristic of proposed on-machine vision

‘ Agent base Trouble monitoring |

s\‘ Analysis of RMC (Reconfigurable Machining Cell) and RMS (RMC System)

#| Then troubles occurred from RMC and RMS are recorded to database system
+| And the dispatching mechanism is designed and performed for re-schedulin

**| If the occurred trouble can be solved in RMC, then the dispatching mechanism is performed,
| or the trouble inf ion is d to upper schdulling program

Evaluationmethd .
total numberof finished parts \ S U

7 y
total namberof feed parts \\" V
al

Distinction and Feature

4

Efficiency of the method ()=

By using the agent base monitoring on the trouble occurred from RMC and RMS

4
+

the system efficiency of RMC and RMS can be more enhanced than now

The mechanism is now updating by adding trouble cases to the database

Fig. 8 Characteristic of proposed agent monitoring
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Therrnal Sensor (X Awis)
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Fig. 9 Thermal deformation compensation in real-time during

machining
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Table 1 Surface precision measurement through chatter
vibration control

Post-compensation
values(5 times avg.)
200mm/min

3.6um

Pre-compensation
values(5 times avg.)
200mm/min

4.2um

Feedrate

Surface

RS-232
CNC Controller '—

Fig. 11 Monitoring and control of chatter vibration in real-time
during machining
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