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研磨是一種將固體物質化為較小顆
粒的操作。
在研磨作用下，機械力克服了固
體物質內部的鏈合力。被研磨物
質的尺寸、形狀皆會改變。

何謂研磨？

研磨也是一種精加工方法。通過
砂輪與工件在一定壓力下的相對
運動，對加工表面進行的精整加
工，以達到更高的光潔度。
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EXTERNAL 

CYLINDRICAL - OD
(i.e. Between center)

INTERNAL 

CYLINDRICAL - ID

CENTERLESS
PLUNGE or THROUGHFEED

(Cylindrical, Taper)

SURFACE
(Circular or Balancing table)

GEAR
(Generating or Profile)

DOUBLE DISK

各式各樣的研磨機床類型

THREAD

Grinding machines
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生產率
縮短生產循環時間

減少停機時間
加速意外狀況發生後的再啟動時間

品質
精確

表面精度

安全性
過程監控

防撞

壽命
保護主軸（軸承和支架）

最佳化修砂程序
探討分析加工狀況

指標 功能 共同點

<< μm

Balancing 自動平衡

Touch Detector 接觸探測

Gauge 線上量測

研磨程序、效率

增加研磨效率的功能
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 1 & 2 Plane Automatic Balancing

 Neutral cycle 

 1 & 2 Plane Manual Pre-Balancing

 Rotation Speed Monitor

 Frequency Analysis

 AE sensor for Gap&Crash

 Wireless technology

BALANCER

Control unit

 Touch grinding control

 Dressing process control

 Anti-crash monitor

 Touch probe function

 Based on AE & Power 

sensor

TOUCH DETECTOR

GAUGE

 Pre/In/Post-Process gauging

 Flagging

 Roundness & shape analysis

 Interrupted surfaces

 Wide range up to 25.4mm

 Anti-crash system

 Absolute gauge solutions

 Digital I/O

 Profibus DP

 Profinet RT I/O

 Control Panel HMI

 PC Windows HMI

 Remote control

 Service package

VM25 System

VM25 模組化之磨床線上多功能系統
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Idle Pre-process Approach Grinding Dressing

Balancer

Touch Detector

Gauge Flagging

AE & Power

In Process 

Gauging

AE - Envelope

Automatic 

Balacing
Vibration & speed monitor

Crash monitor

Why grinding line equipment ?

Post-Gauge

(check, 

compensate & 

record)
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Automatic 

Balancing

Why the needs of an automatic balancing ?

有經驗的磨床操作員都知道，砂輪不平衡對工件表面質量將帶來負面影響。

 在車削過程中，特別是在高速運轉下，主軸上會因不平衡產生不良振動，
從而導致工件加工不規則。

 此外，還會出現幾何缺陷（刮痕刻面），並使機床負載過重：主軸軸承、
滑軌和滾珠軸承直接受到這種振動的不當負荷，使用壽命縮短。

即使砂輪預先平衡過，但，這只是一次性的操作，其效果很快就會喪失。

事實上，在所有可能的不平衡原因中（例如：幾何不規則性、同心度誤差等），
其中最重要的是砂輪材料的密度不均勻。

因此，砂輪的磨損和修整週期會改變不平衡的相位和幅度，繼續產生振動。

只有對砂輪進行機器內、線上的的即時監測和平衡，才能顯著提高磨削過程的質
量和穩定性。
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DYNAMIC unbalance occurs when the GEOMETRIC axis of the rotor 

does not coincide with the MAIN AXIS OF INERTIA and does not 

cross the center of gravity of the body.

From ISO 1925: “…condition which exists in a rotor when vibration force or motion is imparted to its 

bearings as a results of centrifugal forces”



 rmU



U

m


r

unbalance vector, units [gmm]

unbalance mass, units [g]

radius vector, distance of the center of gravity of the 

unbalance mass from the shaft axis, units [mm]

SU


SU


2



U

1



U

CU


CU




2
SU



2
SU



Static Unbalance

Couple Unbalance

Dynamic Unbalance

STATIC unbalance occurs

when the MAIN AXIS OF 

INERTIA is parallel to the 

geometric axis of the rotor.

COUPLE unbalance occurs 

when the MAIN AXIS OF 

INERTIA intersects the 

geometric axis of the rotor in 

the center of gravity.

REAL CASE

CU


CU




for CORRECTION

1 plane enough

for CORRECTION

2 plane required

for CORRECTION

2 plane required

What is the unbalance ?
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Form ISO 1925: “… is a procedure by which the mass distribution of a rotor is checked and, if necessary,

adjusted in order to ensure that the vibration of the journals and/or forces on the bearings at a frequency

corresponding to the service speed are within specified limits”

0


aa rmU



 aa rm



U



U



 aa rm



U

ADDITION OF MATERIAL 

REMOVAL OF MATERIAL 

DISPLACEMENT OF 

WEIGHTS 

 aa rmrm 21



U

1m

2m

The unbalance is a vectorial entity:

 Amplitude, Phase

How much ?

Where ?

Unbalance correction
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 1 & 2 Plane Automatic Balancing

 Neutral cycle 

 1 & 2 Plane Manual Pre-Balancing

 Rotation Speed Monitor

 Frequency Analysis

 AE sensor for Gap&Crash

 Wireless technology

BALANCER

Control unit

 Touch grinding control

 Dressing process control

 Anti-crash monitor

 Touch probe function

 Based on AE & Power 

sensor

TOUCH DETECTOR

GAUGE

 Pre/In/Post-Process gauging

 Flagging

 Roundness & shape analysis

 Interrupted surfaces

 Wide range up to 25.4mm

 Anti-crash system

 Absolute gauge solutions

 Digital I/O

 Profibus DP

 Profinet RT I/O

 Control Panel HMI

 PC Windows HMI

 Remote control

 Service package

VM25 System

VM25 模組化之磨床線上多功能系統
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 它反映了主軸軸承的支撐

 它強調主軸軸承縮短了它們的壽命

 它會導致表面不平整

 它擾亂了其他相鄰的設備

2

2

3

1

4
4

1

原因：材質結構不均勻

不平衡的影響

… is a VIBRATION

Inhomogeneous 

structure

(density distribution)

Non-uniform 

wearing

原因：砂輪幾何形狀的缺陷

Unbalance of 

the pulley

Unbalance of the 

grinding wheel

Unbalance of the 

support and flange

Unbalance of the 

spindleCone run-out 

errors

Free play

Non-uniform 

screwing and 

clamping

原因：組件或裝配錯誤

1 2

Unbalance causes and effects

Non-concentric

bore

(eccentricity)

Non-circular

bore

Non-parallel

surfaces

Non-circular 

grinding wheel 

profile.

1 2 3 4

手動平衡步驟

WATCH 

NOW

自動平衡步驟

手動砂輪平衡影片.mp4
../桌面/BS ownCloud/Usync – Elvis/Video/6 Balance Systems VM25 - 1 Plane Automatic Absolute Balancer.mp4
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Conventional High performance

1 Plane NoLink (contact less) 1 Plane Brushes

Built-in spindle

Front side collector

External flange mounting (for retrofitting)

Front side collector

Built-in spindle (self-lock or flange)

Back side collector

Conventional

Application examples – 1 plane for static unbalance correction
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Configurations – 2 plane Automatic Balancer + AE Touch Detector

1st option

 Upgrade from 1 to 2 plane

 Dynamic unbalance correction

 Built-in spindle

 1 side AXIAL collector

2nd option

 Dynamic unbalance correction

 Built-in spindle with adjustable 

compensation capacity

 1 side RING collector

3rd option

 Spindle up to 20.000 rpm

 Dynamic unbalance correction

 Built-in spindle (main bearing and 

counter bearing) 

 2 sides collector
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 零力矩平衡 不增加扭矩
 中立位置(平衡塊相對 180°) 中性效應可以放心、安全地更換砂輪
 不增加殘餘不平衡表面處理完美
 在相同尺寸條件下，提供最高補償能力
 高平衡精度

 本身力矩造成影響 扭力
 當平衡塊位於相對 180° 最糟的狀況
 由於殘留的動態不平衡力矩 造成表面波紋產生

 零力矩平衡具以下限制：
 沒有高精度平衡能力
 中立位置(平衡塊相對 180°) 

只能作為選項提供，且精度不高
 相同平衡機尺寸的補償能力較弱

應用範圍受限。

UNIQUE SYMMETRIC DESIGN

優質的表面精度

高轉速(利於研磨) 
不造成表面波紋
更長的修砂間格

缺陷的表面

不正確的接合 (i.e. 齒輪) 
不平整

表面波紋
頻繁修整

相同的不平衡值
不同的品質與結果

不對稱設計

COAXIAL DESIGN

T
E
C

H
N

O
L
O

G
Y

Q
U

A
L
IT

Y

Competitors…

Balance Systems‘ balancer – Original unique symmetric design

CASE OF GEAR GRINDING



16 Strictly confidential document –  2023 - Balance Systems s.r.l. All Rights Reserved.

GEAR MANUFACTURE AIDED BY BALANCE 

SYSTEMS’ BALANCER

GEAR MANUFACTURE IN PRESENCE OF 

UNBALANCE

Balance Systems‘ balancer – Original unique symmetric design
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Built-in Conventional Balancer

 Historical basic product

 Suitable for any general purpose application 

 Minimum Built-in diameter 42mm

 Try & Error balancing algorithm

 Status of the art in balancing technology

 Suitable for any 1 plane and 2 plane applications 

 Built-in and Ring balancer models

 Minimum Built-in diameter 28mm

 Deterministic balancing algorithm based on Machine Learning

 Zero residual unbalance target, achievable in predictable balancing time 

Balance Systems‘ balancer – Range

2 PLANE

RINGS

1 PLANE

Built-in HIGH Performance Balancer

 Enhanced product for high precision grinding processes (i.e. gear, super-abrasive, high speed) 

 Suitable for any general purpose application 

 Minimum Built-in diameter 32mm

 Intelligent Try & Error balancing algorithm

 Tight limits achievable in short balancing time 
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Balancer technology 1 plane balancing 2 plane balancing Unbalance correction

Tmin [sec] Tmax [sec] Tmin [sec] Tmax [sec]

CONVENTIONAL BALANCER

Try & Error Algorithm

Balancing precision: 20 - 30 µm/s

5 40 20 120

Masses move in pair

HIGH PERFORMANCE BALANCER

Intelligent Try & Error Algorithm

Balancing precision:  5 – 15  µm/s

5 20 15 90

Masses move in pair

Deterministic Algorithm & Machine Learning

Balancing precision: < 5 µm/s

2 8 3 20

Masses move individually!



U



U



U

Balance Systems‘ balancer – Conventional vs High Performance vs Absolute

The above table shows the achievable balancing precisions and balancing times for the different Balance Systems’ balancer technology 

on 1 and 2 plane

2 PLANE

WATCH 

NOW

../桌面/BS ownCloud/Usync – Elvis/Video/7 Balance Systems VM25 - 2 Plane Automatic Absolute Balancer.mp4
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Application example – 1 plane Automatic Ring Balancer + AE Touch Detector

環形平衡 的特點

 自動、快速和可靠的平衡系統，適
用於沒有可用空間容納傳統內置平
衡頭的高速主軸

 為快速改裝機床優化的平衡系統
 堅固且防水
 單、雙 平面 平衡演算法
 嵌入式AE傳感器
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Features

Benefits

 高精度輪廓和幾何形狀控制。持續的優質表現。

 最佳表面處理效果 (無振動痕跡)。減少廢品。

 不影響相鄰的機器和設備，避免造成影響。

Safety  可程式化的警報限制，以防止在振動過高時使主軸停機。

 提供機器和使用者高度的保護。

 為了控制振動並保持在安全範圍內而存在

 平衡週期迅速且精確

 適用於高速主軸 ( up to 25.000 rpm )

 不平衡狀態持續受到監測，並即時向控制器發出代表不同定義的信號（警告或報警），以實現安全監控管理。

 使用頻譜分析功能可以調查並預測機器組件的狀態。

 確保機台中最昂貴的零部件長久使用。

 延長主軸壽命 (降低軸承和支撐部件磨損) 

 預防材料疲勞和故障。增加保養間隔時間。減少機器停機時間

 避免砂輪安裝操作的時間和成本。無需在機器外進行預平衡。

 防止砂輪磨粒斷裂。增加修整間隔。延長砂輪壽命。

Lifetime

Quality

Benefit from Balance Systems‘ balancer
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What is the a touch detector ?

SENSOR

BAND PASS FILTER

PRE-AMPLIFIER

A/D CONVERSION

RMS FILTER

DIGITAL FILTER

RECTIFER整流器

COMPARATOR

AE SIGNAL PROCESSING CHAIN

Method Based on Frequency Analysis (FFT)

Grinding wheel 

section

Work-

piece

AE sensor

Feed direction

2. Sliding滑動

4. chip removal排屑

1. grain fracture晶粒斷裂

3. Ploughing犁：耕作

磨削是指工件的金屬表層被磨削，在無數砂輪磨粒瞬間的擠壓，
摩擦作用下生產變形，而後轉為磨屑，並形成光潔表面的過程。
過程可分為四個階段：
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What is the a touch detector ?

 我們是否可以透過哪些線上監測，以改善質量和生產力呢？

 砂輪與個別的工件之間實際上發生了什麼？

 這些如何影響您的生產質量和整體生產力？

其實答案非常複雜，因為涉及到許多變數的交互影響！！！

我們可以提供：

 ACOUSTIC EMISSION 音頻感應探測 (or AE, or Sound, or Noise)

 CONSUMED POWER 功率負載偵測 (directly related to the Energy necessary to realize the process)

特別是以以下目標為主：

 最小化“空磨削”時間

 穩定研磨過程

 減少(最小化)不必要的修整（增加砂輪和工具的壽命）

 預測並避免機器問題 (過切)
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 1 & 2 Plane Automatic Balancing

 Neutral cycle 

 1 & 2 Plane Manual Pre-Balancing

 Rotation Speed Monitor

 Frequency Analysis

 AE sensor for Gap&Crash

 Wireless technology

BALANCER

Control unit

 Touch grinding control

 Dressing process control

 Anti-crash monitor

 Touch probe function

 Based on AE & Power 

sensor

TOUCH DETECTOR

GAUGE

 Pre/In/Post-Process gauging

 Flagging

 Roundness & shape analysis

 Interrupted surfaces

 Wide range up to 25.4mm

 Anti-crash system

 Absolute gauge solutions

 Digital I/O

 Profibus DP

 Profinet RT I/O

 Control Panel HMI

 PC Windows HMI

 Remote control

 Service package

VM25 System

VM25 模組化之磨床線上多功能系統
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Technology based on AE Sensor (with Frequency Analysis) and Power Sensor
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DRIVER

1

DRIVER

2

DRIVER

8

SPINDLE

1

SPINDLE

2

SPINDLE

8

Fiber optic

 Real time evaluation based on 3-phase voltage and 

current: 

(vi, ii)  p(t)=Σi viii

 High frequency sampling and 24 bits resolution vs 12 | 14 

bits standard drivers

 High noise immunity thanks to digital conversion on 

source and connection by fiber optic

 Response time of the complete VM25 chain ≤ 2 ms

 Suitable for any motor type (AC 1Ph, AC 3Ph, DC)

VM Video/Corporate presentation video.mp4
VM Video/Corporate presentation video.mp4
VM Video/Corporate presentation video.mp4
VM Video/Corporate presentation video.mp4
VM Video/Corporate presentation video.mp4
VM Video/Corporate presentation video.mp4
VM Video/Corporate presentation video.mp4
VM Video/Corporate presentation video.mp4


26 Strictly confidential document –  2023 - Balance Systems s.r.l. All Rights Reserved.

What is the a touch detector ?

修砂接觸點探測
研磨接觸控制

防撞監控

端點接觸功能應用

修砂完整性最佳化與形狀控制

研磨接觸控制

Center = (X2 - X1) / 2

應用範例說明

BEFNEFIT from DRESSING AIDED BY AE Sensor

Perfect SHAPE OF THE PROFILE

case of gear grinding …

D:/桌面有捷徑/08【產品應用照片 & 影片】/TD 音頻磨刀、對刀、內磨應用/VM9TD on Surface Machine.MOV
D:/桌面有捷徑/08【產品應用照片 & 影片】/TD 音頻磨刀、對刀、內磨應用/Surface_巨晟-平摩對刀(使用者：佳茂).mp4
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Case study – Gap elimination

First contact

at size (end process)

Safety limit

With TOUCH DETECTION

Without TOUCH DETECTION

Work-piece

Grinding wheel

Radius 

deviation

Grinding process time

Process grinding speed

Air grinding speed

Rapid infeed

with TD

w/o TD

up to safety limit

air grinding

cycle

saved time

0 end with TD end w/oTD

FAST

SLOW
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Case study – Gap elimination

若無輔助檢測，在CNC機床中，從快速進給切換到工作進給速度的時機不容易定義，

透過AE/或功率 感測，在砂輪接觸工件時，隨即進行切換，令每個工件的加工週期時間可以顯著減少（高達30%）。

AE Sensor

Workpiece holder / Tail stock

AE Sensor

Machine table

Rapid feed

Grinding feed

Touch

WATCH 

NOW

2. 音頻防撞_拉刀機對點_VM25TD.mp4
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Case study – Dressing cycle control

AE Signal

timeSIDE

Contact limit

AE Signal

timeSIDE

Contact limit

A

B

C

AE Signal

time

Contact limit

E
Start dressing

GAP ELIMINATION

1° Contact

AE Signal

Contact limit

D
Wait for continous 

path….

Wait for continous 

path….

time

AE Signal

Contact limit

>E
End dressing

time

Formula:

Touch = N iV1 > 30.0

SIDE

SIDE

SIDE

砂輪修整過程的進給量與次數，若沒有
感測設備做輔助，一般應預先設置一定的
修整深度，以便回復砂輪的消耗並確保將
砂輪修整為新的平整切削邊緣。

這個過程可能導致砂輪過度消耗，尤其是

在CBN砂輪的情況下，這可能產生不
容忽視的成本。AE感測器可以確定砂
輪與修整器的接觸狀態，以便設置正確的
深度，透過確認修整AE信號是否高於預
設的閾值準位，確保砂輪輪廓完整。

WATCH 

NOW

Carbon Fiber

C:/Users/awu80/Desktop/桌面/BS ownCloud/Usync – Elvis/Video/2 AE Balance Systems VM25 -  Dressing with CBN on Carbon Fiber.mp4
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Case study – Control of the overstock distribution - centering

Overstock distribution. AE Sensor or Fluid sensor (Hydrophone - sensor based on coolant)

LEFT RIGHT GROOVE

Amplifier

Coolant inlet

Sensor

Coolant flow 

needs to be 

adjusted to 

avoid any 

turbulence



31 Strictly confidential document –  2023 - Balance Systems s.r.l. All Rights Reserved.

Case study – Control of the overstock distribution - centering

Gear

A

B

NoLInk Collector + AE

Balancer + AE Sensor

Piece holder Groove Spindle

Wheel 

AE Sensor

B

A

In case of part reworking or finishing with very thin overstock, it is essential to be able to position the

wheel so that the removal is uniformly distributed regardless of the position changes of the part in the

machine and of the available overstock. An acoustic emission sensor can detect more than one wheel-

part contact thus allowing the CNC to determine centering and correct wheel movements.

Gear module 0,4

Centering

WATCH 

NOW

0.5mm pencil tip

1. 音頻防撞_內螺紋對刀_VM25TD_hydrophone.mp4
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Acoustic emission vs noise

1 32

Electronic & Driver Circuits

f = 0 - ∞ kHz

1 32

Hydraulic Components

f < 30 kHz

V, p 1 32

Surrounding Machine Vibrations

f < 15 kHz

1. Grinding Spindle

3. Tailstock

2. Workpiece Spindle

Signal Influence at 

Measurement Location

1 32

LEGEND

1 32

Cooling lubricant

f < 100 kHz

1 32

Rapid Traverse

f < 1 – 2 MHz

FLOOR

GRINDING MACHINE

PULLEY – BELT

GASKET

GEAR BOX

LOADER

UNBALANCE

1 32

Mechanical Transmission

f < 200 kHz and f(speed)

MOTOR-SPINDLE

EMC

GROUNDING LOOP

SHIELDING - COUPLING

WIRING 

1 32

Ballbearing

f = 0 – 300 kHz CERAMIC BEARING

STAINLESS STEEL BEARING

1

2

3
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How to identify the right AE signal ?

GRINDING MACHINE

The FFT changes 

the point of view
frequency

Amplitude

What we record is

EACH 

COMPONENT OF 

NOISE

It is possible to 

identify and isolate

CHILD CRY

or

TOUCH GRINDING

HOW ?

time

Amplitude

What we record is

TOTAL NOISE

It is hard to identify

DESPERATE CRY

or

TOUCH GRINDING

EACH 

COMPONENT 

OF NOISE

TIME DOMAIN FREQUENCY DOMAIN
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How to identify the right AE signal ?

TIME DOMAIN FREQUENCY DOMAIN

2. Apply FFT 

Function

frequency

Amplitude

time

Amplitude

time

Amplitude

frequency

Amplitude

time

Amplitude

frequency

Amplitude

1. Start with 

Total Noise

3. Setup Digital 

Filters 

(Band Pass)

5. Apply Inverse 

FFT Function

4. Adjust the 

Gain

6. Setup the 

Touch Limit

HIGH PASS

LOW PASS

If a touch is now executed 

the “sound” will be shown 

in the screen giving us the 

possibility to set filters to 

select exactly that Band of 

frequencies.

Now the limit flags will be triggered 

only when a sound that fells within the 

filtered frequencies will be heard.
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What is the a touch detector ?

Description Mounting

AE Ultrasonic Magnet/Screw

AE Single Point Screw

AE Axial 

(contact less)
Spindle nose

AE Radial 

(contact less)
Spindle nose

AE Ring 

(contact less)
Spindle body

AE Remote 

(contact less)
Built-in spindle

Embedded in Balancer 

(contact less)
Built-in spindle

AE Fluid sensor

(Hydrophone)
Work area

Power sensor Spindle body

 Sensor Setup Based on Frequency Analysis

 Multi-Band Digital Filtering / Noise suppression

FFT 雜訊過濾功能

頻率分析與選擇信號擷取範圍
響應時間< 1ms



ENVELOPE



37 Strictly confidential document –  2023 - Balance Systems s.r.l. All Rights Reserved.

Envelope function – What is ?

 確定研磨過程均按照正確定義的負載進行

 確定砂輪是否按照正確定義的形狀進行修整

 控制 研磨\修整 過程的安全性

 保持修整砂輪的質量，同時優化過程時間並節省砂輪材料

幫助加工研磨細部過程監控，並標準化研磨效率和協助分析加工過程。

幫助減少砂輪修整時間，並延長輪廓和標準化砂輪的壽命。

它可以利用當前AE或功率過程信號，與已知的經良好修整而得出的主要形狀進行比較，

以確定並報告修整過程是否成功完成，從而最大程度地提高修整過程的效率和形狀。

透過教導系統一個成功修整過程的AE或功率波形，能夠創建標準樣本形狀。

系統會自動學習整個過程，並將其分成數個（參數）“區域”，在屏幕上以柱狀圖形表示。

 Gray. Learned Master shape shown in background

 Green. Zone matches the master

 Light Green. Borderline zone nearing lower limit

 Yellow. zone below lower shape

 Orange. zone over higher shape

 Red. zone over Crash limit

 Blue. Zone below the Noise level
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Envelope function – Editing a MASTER shape

Master shape

Ready to be used

DRAW with mouse the 

top curve

DRAW with mouse the 

bottom curve

Master editing

WATCH 

NOW

C:/Users/awu80/Desktop/桌面/BS ownCloud/Usync – Elvis/Video/5.Master editing 2.wmv
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AE Signal while the dressing cycle is in progress

GOOD !

TOO LOWTOO HIGH CLOSE TO BE LOW

Envelope KO

WATCH 

NOW

Envelope OK

WATCH 

NOW

Envelope function – Case study: Grinding wheel shape control

C:/Users/awu80/Desktop/桌面/BS ownCloud/Usync – Elvis/Video/10.Comparison KO 2.wmv
C:/Users/awu80/Desktop/桌面/BS ownCloud/Usync – Elvis/Video/6.Comparison OK.wmv
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Benefit from Balance Systems‘ Touch Detector

Features & Benefits

 檢測砂輪和工件的接觸點

 消空行程，節省時間

 優化修整週期，達到最佳的砂輪輪廓和
最少的材料去除

 修整時對砂輪形狀的堅控，達到完美的
砂輪輪廓

 可編程的檢測準位

 監視和碰撞檢測

 靈敏度< 0,5 µm，響應時間< 1 ms

 對電磁影響（EMC干擾）具有高度的免
疫性

Safety

Lifetime

Quality

Productivity

 減少機器停機時間

 縮短加工週期時間

 減少廢品

 保護主軸

 增加砂輪壽命（對超硬材料非常重要）

 增加修整部件壽命

 保護人員安全
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 透過哪三種功能的應用，能提升磨床加工的品質、效率，並延
長砂輪壽命並兼顧使用安全性？

QUESTIONS

砂輪自動平衡、接觸探測與線上量測。

音頻感應探測與功率負載偵測。

 接觸點探測功能技術，有哪兩種？

響應時間< 1ms。

 音頻感應接觸點探測功能響應時間為？



Your trusted partner

for balancing and grinding quality

Process control and monitoring systems for machine tools and 

balancing machines for rotating components for over 50 years

Grinding Line Equipment Course

SECTION 03

Rev 07 – 28.11.2019
Contents subject to modify without notice

VM25 GAUGE
線上\外 量測

v.07.230215

主講人: 陳協輝課長
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What is the a gauge?

• 砂輪磨損以及加工機和零件溫度變化，尤其是瞬間狀態下，無法將零件尺寸控制在精密的公差範圍內。

• 透過適當的閉迴路控制，線上自動化量測解決方案可以實現穩定的生產質量和週期時間的改進。

• 在加工過程中量測零件可以提供有關影響加工能力的變量訊息，例如尺寸、形狀、硬度、砂輪鋒利度。

Plunge

Roughing

Finishing

Dwell

End

Infeed
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 1 & 2 Plane Automatic Balancing

 Neutral cycle 

 1 & 2 Plane Manual Pre-Balancing

 Rotation Speed Monitor

 Frequency Analysis

 AE sensor for Gap&Crash

 Wireless technology

BALANCER

Control unit

 Touch grinding control

 Dressing process control

 Anti-crash monitor

 Touch probe function

 Based on AE & Power 

sensor

TOUCH DETECTOR

GAUGE

 Pre/In/Post-Process gauging

 Flagging

 Roundness & shape analysis

 Interrupted surfaces

 Wide range up to 25.4mm

 Anti-crash system

 Absolute gauge solutions

 Digital I/O

 Profibus DP

 Profinet RT I/O

 Control Panel HMI

 PC Windows HMI

 Remote control

 Service package

VM25 System

VM25 模組化之磨床線上多功能系統
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What is the a gauge?

VM25可以透過研磨過程量測監控，向磨床CNC發

出訊號命令，控制研磨參數變化，優化研磨流程。

當量測系統無法在加工中量測時，VM25測量儀可以
設定模式在前後處理下使用，自動將修正參數發送至
磨床CNC，以保持過程受控。

這個量測系統是一個比較系統，不是絕對式，他需要
一個標準件進行零點參考，作為磨削過程的目標點。

• In-Process Feedback: 過程中反饋，零件在加工
過程中量測，機械可以實時進行動作變更。

• Post-Process Feedback: 零件在磨削過程後測量，
機械將針對下一個零件進行校正(例如無心磨床)

The feed-back concept
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Gauge structure and function

Limit 1

Limit 0

time

CASE 1: Traverse time = 0

Stop axis, 

Start dwell

END CYCLE

Limit 1

Limit 0

time

CASE 2: Traverse time ≠ 0

Stop axis, 

Start dwell

END 

CYCLE

Start traverse time 

Traverse

Limit 1

Limit 0

time

CASE 3: Limit 1 not reached (after dwell timeout the Limit 1 is forced)

Stop axis

Start dwell

END CYCLE

Dwell timeout

Plunge

Roughing

Finishing

Dwell

End

Limit 3

Limit 2

Skip 4

Signal to CNC/PLC

time

Dimension

CASE x

Plunge Roughing Finishing

Reduce 

Infeed

Reduce 

infeed

Stop axis, 

Start dwell

Limit 1

Limit 0

Infeed
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Gauge structure and function

57


Lb 22
Kq
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Gauge structure and function

Taper correction.
椎度是由砂輪與工件移動值向相互配合的平行度造成，在砂輪進行橫
移切削時，則取決於砂輪形狀。此量測透過椎度大徑與小徑的探測，
系統計算出角度，以確保於公差範圍內。

Part position detection (Flagging). 軸向定位與位置探測：

A-透過固定位置探測每件工件端面位置差異，即可參考或修正Z軸向原
點位置(被動定位)。

B-透過架設於砂輪側的端面量測，即可得到參考工件Z軸端面探測之更
新零點位置(主動定位)。

Flagging

WATCH 

NOW

C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/Flagging_P57.mp4
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Gauge structure and function

Post-process.
於加工後的機外進行尺寸量測，透過上、下偏差值的
預先判讀，得知尺寸偏移趨勢，進行預先補償，得到
穩定的批量生產尺寸。
或搭配U+Reporter軟體，記錄成品尺寸。

Pre-process預先量測與研磨起點(厚度)確認.
每一工件均再加工前進行量測，於上料加工前即確認預留研磨量與起始點。

Match grinding.
針對配合件，母件尺寸在線外進行量測確認，系統透過
回饋尺寸直接修正外徑最終尺寸零點位置，確保公件對
應正確的最終尺寸(D=d)。

D:/桌面有捷徑/08【產品應用照片 & 影片】/GA 連續、非連續、快速端測與寬度線上量測/PostGauge/U+Report.avi
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Synchronized gauging

















• 用於不連續表面:
• 半圓柱形
• 斷續面
• 無心機械的輸出工件

• 同步訊號源:
• 透過近接開關觸發
• 透過尺寸閥值機械觸發
• 透過遠端接口觸發(Profibus/Profinet)

• 生成的尺寸: 最大尺寸、最小尺寸、平均尺寸、連續尺寸等 齒輪外徑量測

WATCH 

NOW

C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/齒輪外徑量測_P59.mp4
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Roundness analysis

• 加工中/加工後圓度檢查
• 砂輪磨耗和不完美平衡的砂輪振動會導致圓度誤

差，從而嚴重損害圓柱的品質。它的控制可以避
免廢品的產生，它是通過同步量測儀獲得，同步
量測儀只需要單支和同步傳感器。

• 後處理圓度檢查:
• 執行形狀分析以評估每個組件(偏心度與橢圓度等)。
• 當組件形狀超過公差時激活輸出。

• 自動化搭配:
• 自動化上料時，可以透過圓度檢查，判定工件是

否正確安裝置加工機，避免產生偏擺現象。
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Absolute gauge TGA

TGA90

TGA200

 TGA300

 TGA400

 TGA700

 

GND

V1

V2

V3

V4

V5

P3

P1

+

-

PE

F
F

M

V+

VM25 Panel

or

VM25 Bus

VM25 HMI

VM25 Control Unit

Digital I/O Profinet Profibus

or

To G8
(see connection table 1)

Electrical cabinet
(see connection table 2)

Connection table 1 

 

Connector G8 – I/O 
Type Phoenix 13 pin – MC 1,5/13-GF-3,5 THT 

1 13

 

PIN Type Name Activation (*) Description 
Wire color connection 

for TGA application 

1  BUS high  BUS high for absolute gauge White 

2  BUS low  BUS low for absolute gauge Blue 

3  BUS ground -- BUS ground for absolute gauge Black 

13 Power PE -- Earth  
Shield 
(YELLOW CRIP 
TERMINAL) 

 

Connection table 2  

 

Female connector – Power supply 
Type Binder 5 pin 

 
Welding side view 

 

PIN Type Name Activation (*) Description 

3 Power GND  Ground 

2 Power +24 Vdc -- +24 Vdc power supply 

 

To G2 To G3

n

Included in 
9KITNG1XTGA000

9CVAGCANDIxxx0

TOP Gauge Absolute (TGA)

絕對式的量測系統，可以快速進行多

段尺寸量測，在面對多段差的工件時，不需

要重置單個尺寸，快速提升整體效率，且確

保工件多段尺寸。

TGA

WATCH 

NOW

C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/TGA(縮短)_P61.mp4


CASE STUDY
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Case study

VM25三合一舊機改裝:

• 新增砂輪動平衡

• 新增音頻防撞

• 新增外徑量測

舊機改裝

WATCH 

NOW

C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/VM25-改裝三合一_P63.mp4
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Case study

OD Plain & Flagging OD Interrupted

ID



Post-gauge

Thickness

Thickness

WATCH 

NOW

ID

BS&Robot Video/機內量測/應用-快速端測與回饋補償.mpg
BS&Robot Video/機內量測/06_應用-非連續面外徑量測.mp4
BS&Robot Video/改裝/01_13 Balance Systems VM25 - Surface gauge.mp4
BS&Robot Video/平磨/旋磨量測.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/旋磨量測_P64.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/ID gauge_P64.mp4
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Case study

Post-gauge Thickness
Tool Holder

Multi-Gauge- Gear Pump



Centerless

OD Quick re-tooling & Anti-Crash

Centerless

WATCH 

NOW

刀把

BS&Robot Video/機內量測/IMGP0015.AVI
BS&Robot Video/機內量測/05_應用-寬度與外徑量測.mp4
BS&Robot Video/機外量測/Viotto 線外通過式量測 01.mp4
BS&Robot Video/改裝/VM25GA 應用-刀把量測.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/20180522_Palmary_無心線上量測_P65.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/VM25GA 應用-刀把量測_P65.mp4


POST-GAUGE x AUTOMATION x 

SOFTWARE INTEGRATIONS
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POST-GAUGE x AUTOMATION x SOFTWARE INTEGRATIONS

線上品檢自動化之串聯_機外量測

 透過各站連線，以自動化品管控制。
 品管監控避免連續不良品的產生。
 降低人力。
 自動生成報表，提供生產數據。
 客製軟體開發

移載
機械手

加工機
(控制器)

量測
品檢站

機台監控與資料收集

分析報表

軟體

../BS&Robot Video/機外量測/雷射量測/心得科技機外量測軟體-縮短版.mp4
BS&Robot Video/自動化/堆疊式料台+Robot.mp4
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POST-GAUGE x AUTOMATION x SOFTWARE INTEGRATIONS

REN機外量測

BS機外量測
針對工件特定尺寸量測要求

針對多樣性工件尺寸量測要求

客製專屬需求

速度快、精度高

成本優勢

適用於複雜形狀

可針對多種不同工件量測應用

簡單夾具要求

以量測標的分類
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VM25_GA–精密量測系統

• 量測系統支援多測頭，可單工件多點量測。

• 機內 / 外量測可進回尺寸回饋補償，達到工件

品質穩定。

• 客製量測軟體可記錄每個尺寸，可上傳工廠管

理系統或產出檢驗報告。

• 量測探頭IP67，防護性佳。

• 測頭精度0.1μm。 VM25GA

WATCH 

NOW

../BS&Robot Video/萬能科大影片/2018 CTMS 台南自動化機械暨智慧製造展-只有BS測頭版.mp4
../BS&Robot Video/萬能科大影片/U+Report.avi
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/2018 CTMS 台南自動化機械暨智慧製造展-只有BS測頭版_P69.mp4
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Equator 300/500 – 多功能比對儀

Equator獨特創新的檢驗技術是透過3D掃描方式將加工生

產件與標準工件進行比對量測，可擷取的數以千計的點資

料，使量測結果更加精確，也可展現高效率的形狀量測。

手機殼量測案例

Equator

WATCH 

NOW

../BS&Robot Video/機外量測/Equator/我的影片 (1).mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/Equator_P70.mp4
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• PC機聯網客製軟體:
• 結合工單導入，自動程式切換，公差設定，機械手程式選擇，

量測數據資料庫建立，續研磨控制等，核心主導控制單元。

• TGA量測系統:
• 進行多段工件量測，進行不同位置段差量測，補償回饋。

• 機械手臂:
• 透過6軸關節手臂，靈活特性閃避機構干涉，夾持量測儀器進行

工件尺寸量測。

線上品檢自動化之串聯

TGA+Robot

WATCH 

NOW

C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/復盛_修剪版_短_P71.mp4
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金屬加工
自動化案例

ID&Robot

WATCH 

NOW

OD&U+RG

../BS&Robot Video/機外量測/03_ROBOT→量測動作，錶頭看不到變化.mp4
../BS&Robot Video/自動化/11.自動化_內外圓磨床_迴轉式料台_關節手臂_VM25.mp4
../BS&Robot Video/自動化/鍊條式料台+Robot.mp4
../BS&Robot Video/自動化/10.自動化_車床_堆疊式料台_關節手臂.mp4
../BS&Robot Video/機外量測/02_06 BaoYi ID_PG+U+.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/11.自動化_內外圓磨床_迴轉式料台_關節手臂_VM25_P72.mp4
Angus/03_ROBOT→量測動作，錶頭看不到變化_P72.mp4
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機外量測站

雷射&U+RG

WATCH 

NOW

無心

多點量測2

../BS&Robot Video/機外量測/雷射量測/8.自動化_雷射量測台.mp4
../BS&Robot Video/機外量測/16 Balance Systems VM25 - Multi-points.mp4
BS&Robot Video/機外量測/14 - Balance Systems VM25 - Centerless PP.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/雷射量測(金屬)_P73.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/7. 機外量測_無心磨床_自動化門型_外徑量測3段_P73.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/16 Balance Systems VM25 - Multi-points_P73.mp4
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O型環自動收納盒 O型環製程自動化 零組件自動組裝

門型自動化銑床+置具盤3D+2D亂數取料

../BS&Robot Video/自動化/9.自動化_棘輪板手_2D及3D視覺判斷_關節手臂.mp4
../BS&Robot Video/自動化/客製/O型環/6. 自動化_橡膠O型環_關節手臂.mp4
../BS&Robot Video/自動化/客製/O型環/O型環修理盒/MOV_0550.mp4
../BS&Robot Video/自動化/13.自動化_銑床_固定式料架_關節手臂.mp4
../BS&Robot Video/自動化/客製/電瓶蓋組合機/不可外流.MOV
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/O型環收納盒_P74.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/6. 自動化_橡膠O型環_關節手臂_P74.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/零件自動組裝_P74.MOV
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/門型手臂+雙軌料台+牽具站(含加工)_P74.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/13.自動化_銑床_固定式料架_關節手臂_P74.mp4
C:/Users/awu80/Desktop/20230831_潭雅神_工業小講堂/Angus/9.自動化_棘輪板手_2D及3D視覺判斷_關節手臂_P74.mp4
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 VM25這套系統最初設計是使用在什麼加工機上面? 車床? 銑床?

“磨床”?

QUESTIONS

磨床

絕對式

 TGA量測系統是比對式還是”絕對式”的系統?

機外量測

 在自動化產線上，若加工”機內”部無法安裝測頭
進行量測，要如何確保工件尺寸在公差內，我們
可以使用什麼方式去做尺寸量測補償?
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