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Machine Measurement
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What Are Your Machine Tool Requirements?
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What Are Your Machine Tool Requirements?
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Machine Tool Positional and Contouring Errors
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Technology for Process Improvement
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QC20-W

wireless

ballbar system

Check the performance 

of your machine 

and diagnose problems

XL-80 laser system

Provides a detailed 

picture of your 

machines positioning 

performance

AxiSet

Measure and 

report multi-

axis machine 

performance in 

minutes
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QC20 Ballbar – The Industry Standard!

•Very quick and simple test (Typically 10 minutes)

•Diagnoses twenty machine tool errors

•Volumetric verification

•Test any 2 linear axes XY YZ ZX

•Software - simple to use and very powerful

•Use to identify machine faults

•Gives an early warning of potential problems

•Use to “Bench-mark” machine capability

•A verification device for a range of machine tools
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QC20 Ballbar Test

• Select test area -

typical working area

•Perform 2 Clockwise &

2 Anti-clockwise circles

•Select test size -

to reflect typical part size

•Choose feedrate -

typical finishing feedrate
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Result - Percentages Graph
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Result - Diagnostic Table
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Identify and rank errors

• Decide on corrective action depending on error type
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Error Analysis

Backlash – Physical lost motion in the axis 

of travel during change of direction. This 

will have a direct affect on positioning and 

contouring ability.
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Error Analysis

Reversal Spikes - The ‘dwell’ in the 

change in direction of the axis that the 

servo is driving. This will have a direct 

affect on contouring ability.
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Error Analysis

Servo Miss-match – This is caused by 

one axis servo moving faster than the other 

causing an oval shaped movement of the 

axis. As the test is done in both directions 

we can distinguish it from a squareness 

error. This will have a direct affect on 

contouring ability.

Planes being tested Value given by 

software

Leading axis

XY +ve Y leads X

XY -ve X leads Y

ZX +ve X leads Z

ZX -ve Z leads X

YZ +ve Z leads Y

YZ -ve Y leads Z
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Error Analysis

Cyclic Error – The run-out of the ballscrew 

caused by a ‘drunk’ ballscrew, or 

eccentricity of the ballscrew or encoder 

mountings. This will have a direct affect on 

positioning and contouring ability.
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Error Analysis

Scaling error – Here one axis is moving a 

different distance to the other. A reason for 

this is wear in the ballscrew and can be 

cured by pitch error compensation using 

XL80 / ML10. This will have a direct affect 

on positioning ability.



Slide 20

7/3/2022

Error Analysis

Straightness – This indicates the condition 

of the guideways of the machine. It can 

show the guides to be bent possibly due to 

a crash or worn in the normal working area 

of the machine. This will have a direct 

affect on positioning and contouring ability.
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Error Analysis

Lateral Play – The ‘slop’ in the axis 

guideways of the machine also known as 

‘yaw’. This will have a direct affect on 

positioning and contouring ability.
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Error Analysis

Squareness – This is simply the out of 

square to each other of the two axes being 

tested. This condition is unaffected by the 

federate of the test. This will have a direct 

affect on positioning and contouring ability.
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Who Needs the Ballbar system

Production Department

•Checking machines are capable of 
producing parts to drawing specifications -
before you start cutting

•Machine performance quickly validated after a crash

•Monitor machine tool performance

•Match accurate work to accurate machines
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Who Needs the Ballbar system

Maintenance Department

•Planned maintenance program, 

rather than fire fighting!

•Early warning of potential problems

•Make quick adjustments to improve machine performance
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360 Lathe Adapter

Adding the 360 degree 

adapter to the standard 

kit allows testing of CNC 

Lathes
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VTL Adapter

• Allows testing of any 2 axis

CNC machine tool

• Special retractable centre-mount

• Example applications include :-

- Vertical turning lathes

- Laser cutting machines

- Pick & place machines

- Wire eroding machines
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Error Simulation Software

Ballbar result

-1.74ms Servo error

Circularity = 111um

If servo error is removed

Circularity = 57um

Predict the Machine

Improvements that could

be made in advance
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Ballbar History

• Schedule regular tests 

to spot drift and 

deviation 

• View results from a 

series of tests for any 

parameter

• Apply “Pass”, “Warning” 

& “Fail” Tolerance Bands
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QC20-W

wireless

ballbar system

Check the performance 

of your machine 

and diagnose problems

XL-80 laser system

Provides a detailed 

picture of your 

machines positioning 

performance

AxiSet

Measure and 

report multi-

axis machine 

performance in 

minutes
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XL80 Laser System – The Industry Standard

•Output power <1mW

(class II) Eye safe laser

•Most accurate laser on the market of it’s type +/- 0.5 ppm

•Measurements up to 80 metres

•Giving traceability back to NPL

•Data gathered is analysed to 

National & International standards

•A Calibration tool used to calibrate Machine Tools, CMM’s 

and motion control systems

•Used for corrective maintenance when and 

where necessary
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FUSION BALLBAR SOFTWAREXL80 laser system

XL80

EC80

Air & Material Sensors

USB Connectivity

Direct to computer

Measurement Optics

Tripod
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FUSION BALLBAR SOFTWAREXL80 laser system

Linear accuracy &              

repeatability 

Angular      

(pitch & yaw)

Straightness ...…..

Squareness ……...

Rotary axes

Flatness
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Example Linear set-up

•Position - Over travel & Under travel

•Repeatability

•Dynamic 

•Automatic linear 

error compensation
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Linear Measurement
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• Before Laser compensation 

Before and after linear correction

• XL80 improves machining accuracy...

• After Laser compensation
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Angular measurement

PITCH

YAW

&
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ANGULAR MEASUREMENT
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ANGULAR MEASUREMENT
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ANGULAR MEASUREMENT
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Expected hole position

Actual hole position

X

Z

Effect of Pitch – Z and X axis Positional Errors
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Effect of Yaw – X and Y axis Positional Errors

X

Y
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 0.008
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 0.002

-0

-0.002

Error (µm/millimetre)

Target (millimetres)

ALL DATA PLOT Y AXIS - YAW ERROR

All Data Plot - Angle

Machine:M\C CENTRE

Serial No:22-1989

Date:08:47 Sep 27 '90

By:RTS

Axis:Y

Location:Mid-posn.

Filename: Example.rta

Bidirectional

FORWARD RUNS

REVERSE RUNS

Typical angular result
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Straightness Measurement

•BENDING

OF SLIDES

•MISALIGNMENT

IN GUIDEWAYS

•WEAR IN

SLIDES
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Straightness Measurement
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Straightness Measurement
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Straightness Measurement
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X

Y

Straightness 

error X

Y

Straightness 

error

Effects of Straightness
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Straightness Measurement
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-0.0025

Error (millimetres)

Target (millimetres)

ALL DATA PLOT X AXIS VERT. PLANE

All Data Plot

Machine:DEMO CMM

Serial No:1990-7

Date:12:23 Mar 22 '90

By:RENISHAW

Axis:X

Location:R.T.S.

Filename: examplex.stx

Bidirectional
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Squareness Measurement

•Determines the out-of square of two axes
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Squareness Measurement
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Squareness Measurement
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Squareness Measurement
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Squareness Measurement
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Squareness Measurement

0 100 200 300 400 500 600 700 800 900 1000

 0.003

 0.002

 0.001

 0

-0.001

-0.002

-0.003

Error (millimetres)

Target (millimetres)

SQUARENESS 1 X AXIS VERT. PLANE

Machine:DEMO CMM        

Serial No:1990-7        

Date:12:23 Mar 22 '90   

By:RENISHAW             

Axis:X                  

Location:R.T.S.         

Slope:   -77.439 arcs

Str. Error :   0.00508

Accuracy:      0.00678

Uni-dir. Rep:  0.00424

Bi-dir. Rep:   0.00424

Mean rev:     -0.00001
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 0.004
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Error (millimetres)

Target (millimetres)

SQUARENESS 2 Z AXIS "X" STRAIGHTNESS.

Machine:DEMO CMM.       

Serial No:1990-7        

Date:11:56 Mar 22 '90   

By:RENISHAW             

Axis:Z                  

Location:R.T.S.         

Slope:    67.810 arcs

Str. Error :   0.00708

Accuracy:      0.01281

Uni-dir. Rep:  0.01018

Bi-dir. Rep:   0.01226

Mean rev:      0.00308

Graph 1: examplex.stx   Slope: -77.439   arc-seconds

Graph 2: examplez.stz   Slope:  67.810   arc-seconds

Squareness error: = Prism error - (Slope 1 + Slope 2)

(Prism error-(67.810-77.439)) =  20.629 arc-seconds

Squareness error:  20.629 arc-seconds
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•Moody Method

•Grid Method

Flatness Measurement
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Flatness Measurement

FLATNESS PLOT Typical test 
data

A

C

H

D

G

E

G

A F

B

E

C

G

C

A
E

Moody plot

Machine:Surface plate   
Serial No:9637          
Date:09:18 Apr 28 '89   
By:R.T.S                

Misc:Moody plot         
Location:A.P.C.         

Cl. err 7:    14.000
Cl. err 8:     5.000
Range:       191.133
Units: micrometres
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Rotary Measurement

•Automatic self-calibration

•Automatic data capture 

over 360 degrees

•Accuracy +/- 1 arc sec

•Wireless connection

•Used vertically or 

horizontally
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Effect Of Rotary Miss-positioning

0 degrees

240 degrees120 degrees

Actual hole position

Expected hole position
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Rotary Measurement

• Easy, accurate and fast

• Fully automatic data capture

• Lightweight and portable



Slide 66

7/3/2022

Rotary Measurement
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Rotary Measurement – Off Axis Centreline
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Rotary Measurement
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LaserXL Windows Software

•Easy to use software

•Click into help files
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Benchmark with a 

Ballbar test

MADE IN U.K.    
   

SCALE 0.9997

27

The Machine Performance Measurement Cycle

Calibrate Bench mark

VerifyMonitorFix
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Maximising Your Manufacturing Process

Questions ?


