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演示者
演示文稿备注
The 3 topics for this presentation 
Metrology evolution / progression… Laser, Ball Bar, then Spindle Measurement
The basics of spindle error measurements – what are the measurements and what do they tell us about the machine or process
Case Studies – real situations where the spindle measurements have been used to solve problems or provide insight


GB/T 17421 (ISO230)
&
GB/T 17421.7 (ISO230-7)
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1SO230

1SO 230 consists of the following parts, under the general title Test code for machine tools:

— Part 1: Geometlric accuracy of machines operating under no-load or quasi-static conditions

— Part 2: Determination of accuracy and repeatability of positioning numerically controlled axes

— Part 3: Determination of thermal effects

— Part 4: Circular tests for numerically controlled machine tools

— Part 5: Determination of the noise emission

— Part 6: Determination of positioning accuracy on body and face diagonals (Diagonal displacement tests)
— Part 7: Geometlric accuracy of axes of rotation

— Part 9. Estimation of measurement uncertainty for machine tool tests according to series 230, basic
equations [Technical Report]

The following part is under preparation:

— Part 8: Determination of vibration levels [Technical Report]
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GB/T 17421.2
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GB/T 174214

ES)iTY 7de: 3 ISO 230-4:1996

PLERES KRN 55 4 &b
BAZALRE B A%

1 eE :

AAREAE T AEREKRFILES AN E SR B S . BiRE X EEIRER
BEFIFENE . A% TRAFISO 230-1:1996 H896. 63 5Ll -

ZAARER H B ERA—FRBBIZHURRBITIERI .

2  S|HtRE

FTHRERSSBEIC EdEFRFESD S| AMBBERIAIFEN R C. FIRdELR
B, FIREZAISNAER . FTARESSEELT, SAAEENS T AT FitrdE
BFRAHFTHENE - IEC Fn ISO SR AFREFRTABNERFIFE.

ISO 230-1:1996 LA AN 5 1 849 EFxXOF=Fmn AR
LION &

DI E LT L
PRECISION



GB/T 174214

IIIIIIIII
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Spindle Error Analyzer (SEA)
GB/T17421.7-2016/1S0230-

The Spindle Error Analyzer performs tests in compliance with these standards:
ANSI/ASME Standard B5.54-2005: “Methods for Performance Evaluation of CNC Machining Centers”

1S0230: Test Code for Machine Tools, 3:“Determination of Thermal Effects” 7:"Geometric Accuracy of Axes of Rotation”
ANSI/ASME B5.57-1998: “Methods for Performance Evaluation of CNC Turning Centers”
ANSI/ASNE B89.3.4: “Axes of Rotation, Methods for Specifying and Testing” FRECISION
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GB/T 17421.1

DRAFT INTERNATIONAL STANDARD ISO/DIS 230-1

zIs E ISO/TC 39/SC 2 Secretariat: ANSI
;M— Voting begins on: Voting terminates on:
2009-10-15 2010-03-15
INTERMATIONAL ORGAMIZATION FOR STANDARDIZATION - MEMJIYHAPOOHAH OPFAHMIALIMA NO CTAHOAPTHUIALIMK - ORGAMISATION INTERMATIOMALE DE MORMALISATION

Test code for machine tools —

Part 1:
Geometric accuracy of machines operating under no-load or
quasi-static conditions

Code d'essai des machines-outils —

Partie 1: Précision géométrique des machines fonctionnant a vide ou dans des conditions quasi-statiques
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GB/T 17421.1
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A check of the run-out of the spindle by machining and testing a cylindrical workpiece will take into account _
only defects in the bearings of the spindle. o: §

This practical turning test gives no information on the exact shape of the cylindrical or conical bore, or of the
actual position of the bore in relation to the axis of rotation.

Spindles which are automatically centred during rotation (e.g. by hydraulic pressure; hydrodynamic spindle)
can be tested only when running at normal speed. In such a case, hon-contact measuring instruments shall be
used, e.g. a capacitive pickup, an inductive pickup or any other suitable instrument.

Figure 147 — Measurement of external run-out Figure 148 — Measurement of internal run-out
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GB/T 17421.7 (ISO230-7)
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This part of ISO 230 covers the following properties of spindles: (

— axis of rotation error motion;

— speed-induced axis shifts.

The other important properties of spindles, such as thermally induced axis shifts and environmental
temperature variation-induced axis shifts, are dealt with in ISO 230-3.

This part of ISO 230 does not cover the following properties of spindles:
— angular positioning accuracy (see |ISO 230-1 and ISO 230-2);

— runout of surfaces and components (see ISO 230-1);

— tool holder interface specifications;

— inertial vibration measurements (see |ISO 230-8),

2:08

LI O N % Web # Windows () =) 4 @ J 2016/9/24

PRECISION



GB/T 17421.7 (ISO230-7)

3.5.1 total error motion value scaled difference in radii of two concentric circles from a specified
error motion centre just sufficient to contain the total error motion polar plot -

NOTE Four total error motion values are defined: total radial error motion, total tilt error motion,
total axial error motion and total face error motion. .

3.5.2 synchronous error motion value scaled difference in radii of two concentric circles from a
specified error motion centre just sufficient to contain the synchronous error motion polar plot.
3.5.3 asynchronous error motion value maximum scaled width of the asynchronous error
motion polar plot, measured along a radial line through a specified polar profile centre .

See Figure 6. .

3.5.4 fundamental axial error motion value value equivalent to twice the scaled distance
between the PC centre and a specified polar profile centre of the synchronous error motion polar
plot -

3.5.5 residual synchronous error motion value scaled difference in radii of two concentric circles

from a specified error motion centre just sufficient to contain the residual synchronous error
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GB/T 17421.7 (ISO230-7)
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Decomposition of synchronous error motion into

fundamental and residual components
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GB/T 17421.7 (ISO230-7)
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GB/T 17421.7 (150230-7)
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Rotating Sensitive Direction

« 5.4 Spindle tests — Rotating sensitive
direction

« 54.1 General
These tests are applicable to the machining
operations with rotating sensitive direction,
for example, boring, milling, drilling and
contour grinding.
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Tilt Error Motion ;

e 5.4.3Tilt Error Motion
Measurement of the tilt error motion requires
measurements of the radial error motion at two
spatially separated points, as shown in Figure 9.
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Axial Error Motion

e 5.4.4 Axial Error Motion |
The analysis of the error motion polar plot for axial |
error motion is also conceptually identical to that for
radial error motion, except that fundamental error
motion (eccentricity) should not be removed
analytically.
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Fixed Sensitive direction

e 5.5Spindle tests — Fixed sensitive direction
These tests are applicable to the machining
operations with fixed sensitive direction, for example4 3 2

turning and cylindrical grinding. / /

X
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Ownership

e Established in 1958
by Dr. Kurt Lion, of MIT

e First manufacturer of commercial
capacitive sensors

e Purchased in 1986 by Automated Quality
Technologies (Don Martin and others)

« Purchased 2015 by Motion Tech
|_|o|xé\utomat|on
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Product Development
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Product Families

>
« 1958 — Capacitive Products o
« 1992 - Spindle Error Analyzer °
e 1995 — Label Sensors
« 2001 - Eddy-Current Products
« 2015 - SpindleCheck

: 7 2 5 eu®
.| POV RI® ¢

DDDDDDDDD




« Machine Tool
« Packaging

e Disk Drive
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Main Products for Machine Tool

Dynamic Spindle Measurement
« Spindle Error Analyzer (SEA)
« SpindleCheck
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演示者
演示文稿备注
This presentation is intended to introduce the concepts of Dynamic Spindle Measurement and provides case studies of how the measurements have provided benefit to users.  This presentation is NOT a training presentation on how to use the equipment.  There are training materials for this purpose. 


indle Error Analyzer (SEA)
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SpindleCheck
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Spindle Error Analyzer (SEA)

-

The Spindle Error Analyzer performs tests in compliance with these standards:
ANSI/ASME Standard B5.54-2005: “Methods for Performance Evaluation of CNC Machining Centers”

1S0230; Test Code for Machine Tools, 3:"Determination of Thermal Effects” 7:"Geometric Accuracy of Axes of Rotation”
ANSI/ASME B5.57-1998: “Methods for Performance Evaluation of CNC Turning Centers”

ANSI/ASME B89.3.4: “Axes of Rotation, Methods for Specifying and Testing” FRECISION
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Spindle Error Analyzer (SEA)

INTERNATIONAL ISO
STANDARD 230-7

First edition
2006-11-15

Test code for machine tools —

Part 7:
Geometric accuracy of axes of rotation
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Spindle Error Analyzer (SEA)

ASME B89.3.4-2010

[Revision of ANSI/ASME B89.3.4M-1985 (R1992)]

Axes of Rotation:
Methods for
Specifying and
Testing
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Spindle Error Analyzer (SEA)

GB/T17421.7-2016 /1S0230- [ GB
.7z;Z()()€; fiﬂAy%éﬁjj-Egﬁﬁhﬁﬁ
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Test code for machine tools —Part 7: g o me g

Geometric accuracy of axes of rotation

(1ISO 230-7:2006, IDT)
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A Few Well-Known Customers

3M Canon Z. Pratt & Whitney
A United Technologies Company
CORNING PHILIPS
iV
Seagate @

Mazak
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Xerox @)
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A Few Well-Known Customers in

China
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Spindle Error Analyzer
Basics
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Spindle Error Analyzer Basics

« Dynamic Spindle Analyzer . mww i powsr
— Drift (1S0230-3) SaE
— Shift (speed-induced axis shiftpaliigs L
Axis of rotation error motio
— Synchronous

— Asynchronous
— Total
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演示文稿备注
The next level of machine tool metrology is spindle measurement.  
Properties include 
Drift (because of temperature changes or spindle chillers)
Shift (because of a change in operating conditions – hydraulic or air pressure, speed change, high or low voltage or any oher change that causes a “shift”
Synchronous error – errors in the rotation of the spindle that are synchronized with the rotation.  These errors lead to roundness errors in the parts
Asynchronous error – errors in the rotation of the spindle that are NOT synchronized with the rotation.  These errors cause surface finish problems, tool breakage, sub surface damage and other subtle problems associated with precision machining. 
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Spindle Error Analyzer Basics
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演示者
演示文稿备注
Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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Rotating Sensitive Direction
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演示者
演示文稿备注
Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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Fixed Sensitive direction
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演示文稿备注
Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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Axial Error Motion
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演示文稿备注
Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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Tilt Error Motlon
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Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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Thermal (ISO230-3)
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Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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Shift vs RPM
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Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.



@—
Donaldson Reversal
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Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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Automated Measurements
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Lion Precision and University of North Carolina at Charlotte collaborated on the initial version of the Spindle Error Analyzer (SEA) software. 
Over nearly 20 years, the software has been continuously upgraded to ensure operation with the latest Microsoft Operating System (now Windows 8) and to add features and functions. Many machine tool builders and users have saved millions of dollars by improving processes, identifying defects in machine tool manufacturing and improving machine tool and spindle designs. 
The software supports the ISO 230-7 and ISO230-3 standards.
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