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Lab Services Equipment Information Profile and Specification

Zeiss UMPC850 CMM
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Renishaw Number  CRE 094

Zeiss Serial Number 91515

NOTE: The co-ordinate system of the CMM can be changed as required.
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1. Measurement considerations

Considerations to be taken into account by engineers prior to items being offered for measurement on the Zeiss CMM.


· What features of the item require measurement?

· What features will make up the part co-ordinate system?

· Does the drawing/specification reflect what you actually want to measure? 

· How will the item be held for measurement?

· Will the item deflect under probing forces/clamping?

· How will the features be probed?

· What is the tightest tolerance?

· How will the accuracy of measurement, required by the item’s specification, be best achieved?
· Is the possible uncertainty acceptable to measure this tolerance?

· What is the CTE (coefficient of thermal expansion) and is it important?

· Does the item have some form of identity so that records can be kept?

· Will this be a repetitive job and will a program be required?

· Will this be an ongoing calibration?

· What department/project code will the work be booked against?

· Who will be the contact to receive the results and answer questions? 

· How will the item be transported?

· Will the item need to temperature soak in the room before measurement?

2. Location 

The Zeiss cmm is situated at the New Mills site in the ’Calibration Room’ which is in the EPD engineering block of the GTC (The Technical Centre), adjacent to the Atrium.

3. Management 

The Zeiss is managed by the Lab Services Dept of Group Engineering for the purpose of providing a measurement service to all divisions. For enquiries please contact ext. 3632.
4. Control system 

The control system, software and probing systems are all Zeiss; hence the m/c will not accept any Renishaw probing equipment, with the exception of styli.

5. Software 

The Zeiss CMM uses a front-end software called UMESS. Version 8.2.1

The present installation consists of the following:

· UMESS geometric measurement software
· KUM scanning software



· Statistic
6. Measurement volume 

The measurement volume of the m/c is Y-Axis 1200mm, X axis 850mm, Z axis 600mm. Longer measurements can be achieved using the diagonals.

7. Probing 

The probing system on the zeiss CMM mainly uses M5 styli although there are adapters to allow the use of the full range of Renishaw styli. Disc and cylinder styli can also be calibrated.

Normally the styli are presented to the work in either the:- 

-Z position;  No1; +Y No 2;  +X No3; -Y No4; -X no 5. Positioning of the stylus at an angle can be achieved with extra set up time. 

For the Zeiss the operator will make up a Stylus configuration which may consist of one or more probe combinations or just single styli. The present probe head on the m/c takes the larger 69mm diameter configuration adapter plate.

The maximum weight for a probe configuration must not exceed 600 grams
The maximum extension = 300mm  Horizontal.

Difficult probing situations are: -

· Probing of surfaces set at an angle of 45 degrees to a main axis of the CMM.

· Probing of a partial surface on small spheres e.g. <= 3mm diameter.

· Probing where the styli weight on the probe head could exceed 600g. (can damage the probe head)

· The maximum recommended stylus length is 300mm although this will vary depending on whether it is vertical or horizontal. Long styli are best counter balanced.

· Probes can be set at compound angles but cannot be altered during a program run, only replaced by another from the probe rack. Hence our present probe head does not have the ability to change the angle of the stylus automatically. The Zeiss head is a fixed head and hence not an indexing head like a PH10 or continuous like the REVO.

Probing forces can be set to the following: -

· 0.05N (by programming only and not normally used due to poor probing)

· 0.1N=10grams

· 0.2N=20grams (Normally used value)

· 0.4N=40grams

· 0.8N=80 grams (by programming only)

· 1.0N =100grams

8. Probe calibration 

Probe calibration is split into 2 main methods.

1) Calibration with the probe head fully floating in all three axis. (Default)


2) With the probe head in clamped mode. Two axes are clamped, except for the third axis along which the stylus is traversed to obtain the point.

3) An enhanced calibration in addition to the above can be achieved for scanning by the calibration of the scanning characteristic of a stylus against a known artefact e.g. a ring gauge.

9. Accuracy specification. (Direct Measurement)

This is verified by the measurement of length bars (length ‘L’ )

2D Uncertainty along the co-ordinate axis lines: - 
u1=(0.4(m+L/1000)(m*
3D Uncertainty along a volumetric line:-
u3=(0.6(m+L/700 )(m*

Accuracy of rotational scanning at 50mm dia
0.8(m (confirmed on a 50mm ring gauge)

 *Only valid for a  88mm long stylus with a 12mm ball on a 6mm dia T/C shank.
These Specifications are for ’Direct Measurement’, which relies on the accuracy of the CMM squareness (orthogonality), and its scales plus the probing system.

The specifications are dependent on the probing system configuration used, together with the method of measurement and clamping adopted for the task in hand.

Minimum probing force is 10g although calibration of the m/c is normally carried out at 20g.
Measurement tasks can be manual for the one-off, simple low accuracy items or a program is developed for multiple items. Where higher accuracy is required, repeat measurements are made using a program and a mean is taken of a number of runs. Improved accuracy is also achieved by using the Zeiss as a comparator against a known, traceable artefact.  This becomes more important with less rigid stylus configurations, which affect the first term of the accuracy statement.

10. Traceability of measurements

The traceability of measurement is dependent on the measurement method used.  

Up until yr. 2007 direct measurement from the m/c, relied on the m/c scales and the measuring system. Traceability was via a set of steel length bars  (maximum length 500mm) supplied by Zeiss UK I/D number TA 110-005 calibration cert no. 7407 used for the purpose of verifying the m/c accuracy. This will still be used by Zeiss to confirm their annual service.

Renishaw now has it own standards (maximum length 1000mm) for verifying the CMM accuracy. These are a set of glass ceramic (Clearceram) length bars initially calibrated by Mitutoyo Japan who are accredited by JCSS.  The I/D number is CRE 270 and the Mitutoyo  s/n 0690010 cert no. 0704583.  These will in future have a direct traceability to the NPL, UK. The CMM calibration sphere has been calibrated by Zeiss and subsequently calibrated by NPL.

11. Uncertainty of measurement

Typical Estimates of Uncertainties are:

	Linear ((m)
	Circular (LSC) ((m)
For circular measurement the form of master & measurand adds a significant error 

	Direct Measurement 
	Comparative 
	Direct Measurement 
	Comparative 

	0-> 20mm     +/- 0.8
	+/- 0.5
	0-> 20mm     +/- 1.5
	+/- 1.0

	20-> 100mm +/- 1.0
	+/- 0.6
	20-> 100mm +/- 2.0
	+/-  1.75

	100->300mm +/- 1.5
	+/- 0.8
	100->300mm +/- 3.0
	+/- 2.5 

	300->500mm +/- 2.0
	+/- 1.0
	
	


Comparative measurements are best used where a single measurement is required.


For a tighter evaluation of the uncertainty, a typical error budget for direct measurement can be created from the following list. The overall list and the values attributed to the relative parameters will be dependant on the measuring task and the method.  For examples of uncertainty evaluations see Appendix A.
	
	Source of Uncertainty  and estimated value  Ui
	Ui
	Distr’n
	
	U (m

	1
	Calibration of the master Sphere  u = +/- 0.15(m
	0.15
	Normal 
	Ui/2
	0.075 

	2
	Scale error of m/c  See m/c Specification   (Measurement method can effect this)
	0.5 +
	Normal
	Ui/2
	Variable 

	3
	Error due to the CTE of the stylus ball (ruby )  +/- 0.5ppm   8mmdia +/- 0.1 degs
	0.0005
	Normal
	Ui/2
	Variable 

	4
	Variation in the measurement of the master sphere with a calibrated  probe
	0.2
	Normal
	Ui/2
	Variable 

	5
	Probe calibration Drift dependent on probe configuration. Est  $
	0.2
	Normal
	Ui/2
	Variable 

	6
	Hertzian effects of the probe on the measured item.
	0.01
	Rect
	Ui/(3
	Variable 

	7
	Error due to the CTE  value of the Material +/- 1ppm  (Length dependant )  
	0.002
	Normal


	Ui/2
	Variable 

	8
	Temperature measurement errors  (Dependent on length measured)
	
	
	
	

	9
	Error due to part deflection    (Mechanical Deformation ) 0.0001mm  est 
	0.1
	Rect
	Ui/(3
	Variable 

	10
	Probing variation on the measured item  
	Repeatability of Measurements *
	.0.3

	Normal


	Ui/2
	Variable 

	11
	Error due to measurement method
	
	
	
	
	

	12
	Error due to the surface finish of the features measured
	
	
	
	
	

	13
	Error due to form errors in features being measured
	
	
	
	
	

	14
	Resolution and algorithm errors  in calculations. < 0.001(m
	0.001
	Rect
	Ui/(3
	Variable 

	Total  added in quadrature 
	

	For 95% coverage  K2 = x2= 
	+/-


· * Error can be reduced by taking the mean of a number of measurements.

· ‘+ Would normally be 60% better than 0.5 e.g 0.3(m

· $ Probe calibration error can be offset by periodic recalibration of the probe.



All values should be added in quadrature then multiplied by a K factor of 2 for 95% coverage.

12. Rotary table

The Zeiss Rotary Table is Model number  RT 05 –300
300mm being the diameter of the table, which also has a 50mm central, bore.

The table is driven from the CMM control system and cannot be detached from the CMM .

It can however be used in the horizontal and vertical attitudes on the CMM table.

Accuracy Specification: -

	Angle Position Uncertainty Pw 

Angle Position Repeatability 

Axial Run out

Radial run out 

Wobble

Run out deviation of the top surface

Axial bearing rigidity

Max angle deviation of the mounting surface to the axis of rotation 
	1 sec of arc

0.5 sec of arc

1 (m

1(m

1 sec of arc

4(m

1(m/500N

7 sec


A detailed explanation of these parameters can be found in the Zeiss operation manuals.

13.  Scanning 

As all probing techniques can be considered as measurement by the point sampling of a feature, scanning offers the possibility of obtaining a large sample of points automatically and in a short space of time. This allows a better understanding of the form of a feature. There are 2 scanning modes: -

a) Scanning of known geometric shapes.

b) Scanning of unknown shapes.

The UMESS software has a scanning package, which covers both requirements.

For the first, the scanning of a known geometric shape, allows not only the numerical values defining the shape to be measured in greater detail, it also allows the variation to be assessed from the required theoretical form. 

Scanning of known geometrical shapes also includes scanning to known nominal form values; hence the scanned result can be used to obtain a deviation of the actual from the generated nominal both for a 2D scan and a 3D scan.

The software for obtaining the deviation from nominal can be by either the UMESS software or its sister software package KUM. 

KUM is more useful in the scanning of unknown forms and three-dimensional forms. The software provides for the output of data files and traces, but where the form is unknown it is up-to the engineer to ascertain, if the form meets the requirements. 

Looking at uniformity of a form can be done by using the initial data from an unknown scan to create a file of nominal points against which subsequent scans can be compared, and hence obtaining the deviation from the created nominal values.

All raw scanning data, X,Y,Z values, are of the centre of the stylus ball. When measuring known geometric forms in UMESS, the correction to the contact point is made automatically when the data is evaluated.  For unknown forms the correction needs to me initiated by the person conducting the measurements and how this is done will depend in the nature of the scan.e.g 3D or 2D.

The probe calibration includes a Marco to measure and offset probe deflection by the scanning of a known artefact in a similar way to the Renishaw Renscan. (See note on probe calibration).

14. Comparison to roundness measurement m/c

If we compare the Zeiss and the Mahr 100 then the Mahr has a lower uncertainty of roundness error than the Zeiss. The Mahr is 0.05(m the Zeiss is 0.8(m

The Zeiss has two methods for the measurement of roundness: -

a) Where the stylus ball passes around the axis of the item.(0.8(m )

b) Where the stylus remains stationary and the axis rotates using the rotary table.
(suitable for much larger items than the Mahr or the Mitutoyo) 1.0(m

15. Measurement methods 

The two main methods are either manual measurement or measurement by program control.

Within these, there are the following: -

· Direct measurement 
(Reliance on the m/c scales and probe calibration)

· Comparative Measurement   (Measuring the item in comparison to a known standard.)

· Taking the mean of repeat measurements (This has the advantage of providing a measurement variability value, but needs the good repeatability of a program run).

Interposed with all the above is the use of single point probing or scanning either in clamped mode or vectorial (head floating) mode. The choice of method is mainly driven by the nature of the task to be measured and the result required.
16. Temperature compensation 

The default status is that all measurements are compensated back to 20˚ C, based on the measured temperature on the flying leads and the coefficient of thermal expansion (CTE ) entered by the operator.

The automatic temperature compensation can however be turned off.

17. Environmental  effects 

The present room maintains an air temperature on average of +/- 0.3˚ about a temperature of 20˚C.The temperature cycles within +/- 0.3˚ approximately every hour.

Dependant on the level of uncertainty required in the measurement, precautions can be taken to help offset the temperature variation. The main source of error arises from the change in temperature not the nominal temperature, which can be compensated for. Therefore the speed of measurement and screening can help offset this.

18. Main sources of error (See also uncertainties)

· Clamping / movement of item.

· Alignment of item on the bed of the CMM (Probe ‘shanking-out’ during probing)

· Incorrect probing (Probe not contacting the surface from a direction at right angles to the surface being probed.

· Poor probe calibration and probe drift.

· Incorrect Co-ordinate System due to faulty probing and method  

· Temperature measurement, depending on the accuracy required.

· Temperature drift.

· Probe combination flexure (hopefully taken out by calibration).

· Heavy horizontal probes not counter-balanced.

Appendix A (Linear uncertainties)

Worked examples of the determination of uncertainties
(a) Linear measurement  - direct
For the direct measurement of a 100mm Steel Slip Gauge. 

	
	Source of Uncertainty  and estimated value  Ui
	Ui
	Distr’n
	
	U (m

	1
	Calibration of the master Sphere  u = +/- 0.15(m
	0.15
	Normal 
	Ui/2
	0.075 

	2
	Scale error of m/c  See m/c Specification   (Measurement method can effect this)
	0.5 ~
	Normal
	Ui/2
	0.25 

	3
	Error due to the CTE of the stylus ball (ruby )  +/- 0.5ppm   8mmdia +/- 0.1˚
	0.0005
	Normal
	Ui/2
	0.00025

	4
	Variation in the measurement of the master sphere with a calibrated  probe
	N/A
	Normal
	Ui/2
	

	5
	Probe calibration Drift dependent on probe configuration. Est 
	0.2
	Normal
	Ui/2
	0.1 est

	6
	Hertzian effects of the probe on the measured item.
	0.01
	Rect
	Ui/(3
	0.005

	7
	Error due to the CTE  value of the Material +/- 1ppm  (Length dependant )  
	0.002
	Normal


	Ui/2
	0.001

	8
	Temperature measurement errors  (Dependent on length measured)
	
	
	
	

	9
	Error due to part deflection    (Mechanical Deformation ) 0.0001mm  est 
	0.1
	Rect
	Ui/(3
	0.057

	10
	Probing variation on the measured item  
	Repeatability of Measurements*
	.0.4
	Normal


	Ui/2
	0.2

	11
	Error due to measurement method
	
	
	
	
	

	12
	Error due to the surface finish of the features measured
	
	
	
	
	

	13
	Error due to form errors in features being measured
	
	
	
	
	
	

	14
	Resolution and algorithm errors  in calculations. < 0.001(m
	0.001
	Rect
	Ui/(3
	0.00057

	Total  added in quadrature 
	0.348

	For 95% coverage  K2 = x2=   +/-
	 0.697(m


Value rounded to +/- 0.7 (m

· * Taking the mean of a number of measurements can reduce the error.

· ~Would normally be 25% better than 0.4 e.g 0.3(m

A better way to reduce the uncertainties is to measure by comparison. The closer the size of the calibrated master is to the feature being measured, the lower the uncertainty. The uncertainty is also reduced if the measurement is taken inline with one of the CMM,s  linear axis. See below.

Spec of the CMM is +/- 0.4(m +L/1000 for inline measurements and +/- 0.6(m + L/700 for diagonals

(b) Linear measurement - comparative
Uncertainty for the comparative measurement of a 100mm slip against a master slip of known length. Probe diameter variation corrected to measurement of the  master slip.
	
	Source of Uncertainty  and estimated value  Ui
	Ui
	Distr’n
	
	U (m

	1
	Calibration uncertainty of the master Slip gauge calibratioon
	0.02
	Normal 
	Ui/2
	0.01 

	2
	Calibration of Probe Stylus against Master Slip 
	0.1
	normal
	Ui/2
	0.05

	3
	Scale error of m/c  See m/c Specification   (Measurement method can effect this)
	0.4 +
	Normal
	Ui/2
	0.2 

	4
	Error due to the CTE of the stylus ball (ruby )  +/- 0.5ppm   8mmdia +/- 0.1˚
	0.0005
	Normal
	Ui/2
	0.00025

	5
	Probe calibration Drift dependent on probe configuration. Est 
	0.2
	Normal
	Ui/2
	N/A *

	6
	Hertzian effects of the probe on the measured item.  (Difference  only) est
	0.001
	Rect
	Ui/(3
	0.0006

	7
	Error due to the  diff CTE  value of the  slip Materials +/- 1ppm  (Length  & temp dependant )  
	0.002
	Normal


	Ui/2
	0.001

	8
	Temperature measurement errors  (Dependent on length measured)
	
	
	
	

	9
	Error due to part deflection    (Mechanical Deformation ) 0.0001mm  est 
	0.1
	Rect
	Ui/(3
	0.057

	10
	Probing variation on the measured item  
	Repeatability of Measurements*
	.0.4
	Normal


	Ui/2
	0.2

	11
	Error due to measurement method
	
	
	
	
	

	12
	Error due to the surface finish of the features measured
	
	
	
	
	

	13
	Error due to form errors in features being measured
	
	
	
	
	

	14
	Resolution and algorithm errors in calculations. < 0.001(m
	0.001
	Rect
	Ui/(3
	0.00057

	Total  added in quadrature 
	0.215

	For 95% coverage  K2 = x2= +/-
	0.43 (m


Value rounded to +/- 0.5 (m
· *Drift in this case is dependent on the time difference between qualifying the probe on the master and measuring the 100-mm slip. 

· + Only the first term of the m/c specification becomes applicable.

Appendix B (Circular Uncertainties)

(a) Circular measurement - direct

For the direct measurement of a 100mm Ring Gauge. 

	
	Source of Uncertainty  and estimated value  Ui
	Ui
	Distr’n
	
	U (m

	1
	Calibration of the master Sphere  u = +/- 0.15(m
	0.15
	Normal 
	Ui/2
	0.075 

	2
	Scale error of m/c  See m/c Specification   (Measurement method can effect this)
	0.5 +
	Normal
	Ui/2
	0.25 

	3
	Error due to the CTE of the stylus ball (ruby )  +/- 0.5ppm   8mmdia +/- 0.1˚
	0.0005
	Normal
	Ui/2
	0.00025

	4
	Variation in the measurement of the master sphere with a calibrated  probe
	0.2
	Normal
	Ui/2
	0.1

	5
	Probe calibration Drift dependent on probe configuration. Est 
	0.2
	Normal
	Ui/2
	0.1 est

	6
	Hertzian effects of the probe on the measured item.
	0.01
	Rect
	Ui/(3
	0.005

	7
	Error due to error in the CTE  value of the Material +/- 1ppm  (Length dependant )   %
	0.002
	Normal


	Ui/2
	0.001

	8
	Temperature measurement errors  (Dependent on length measured)
	
	
	
	

	9
	Error due to part deflection    (Mechanical Deformation ) 0.00001mm  est 
	0.01
	Rect
	Ui/(3
	0.0057

	10
	Probing variation on the measured item  
	Repeatability of Measurements*
	.2.0
	Normal


	Ui/2
	1.0

	11
	Error due to measurement method
	
	
	
	
	

	12
	Error due to the surface finish of the features measured
	
	
	
	
	

	13
	Error due to form errors in features being measured
	
	
	
	
	

	14
	Resolution and algorithm errors  in calculations. < 0.001(m
	0.001
	Rect
	Ui/(3
	0.00057

	Total  added in quadrature 
	1.03

	For 95% coverage  K2 = x2= +/-
	2.07


Value rounded to +/- 2.1 (m

· * Taking the mean of a number of measurements can reduce the error.

· + Would normally be 40% better than 0.5 e.g 0.3(m

· % Temperature compensation active during measurement.

A better way to reduce the uncertainties is to measure by comparison. The closer the size of the calibrated master is to the feature being measured, the lower the uncertainty. The uncertainty is also reduced if a linear measurement is taken inline with one of the CMMs  linear axis. Similarly for a circular measurement to be measured in a machine co-ordinate plane and not at a compound angle to the machine co-ordinate system which would require movement in all three axes of the CMM, instead of just two.

(b) Circular measurement - comparative
Uncertainty for the comparative measurement of a 100mm Ring Gauge against a master ring gauge of known diameter. Probe diameter variation corrected to measure a master ring gauge 
	
	Source of Uncertainty  and estimated value  Ui (units (m)
	Ui 
	Distr’n
	
	U (m

	1
	Calibration of the master Sphere  u = +/- 0.15(m
	N/A
	Normal 
	Ui/2
	See (4&5)

	2
	Scale error of m/c  See m/c Specification   (Measurement method can effect this). 1st term only +added amount for size difference used for comparative .
	0.4 +
	Normal
	Ui/2
	0.2 

	3
	Error due to the CTE of the stylus ball (ruby )  +/- 0.5ppm   8mmdia +/- 0.1˚
	0.0005
	Normal
	Ui/2
	0.00025

	4
	Calibration uncertainty of master artefact e.g master 100mm  Ring 
	1.5
	Normal
	Ui/2
	0.75

	5
	Stylus Diameter corrected  to suite master Ring Gauge
	0.1
	Normal
	Ui/2
	0.05

	6
	Hertzian effects of the probe on the measured item.  (Difference  only) est
	0.001
	Rect
	Ui/(3
	0.0006

	7
	Error due to the  diff CTE  value of the  slip Materials +/- 1ppm  (Length  & temp dependant )  
	0.002
	Normal


	Ui/2
	0.001

	8
	Temperature measurement errors  (Dependent on length measured)
	
	
	
	

	9
	Error due to part deflection    (Mechanical Deformation ) 0.0001mm  est 
	0.1
	Rect
	Ui/(3
	0.057

	10
	Probing variation on the measured item  
	Repeatability of Measurements*
	0.4
	Normal


	Ui/2
	0.2

	11
	Error due to measurement method
	
	
	
	
	

	12
	Error due to the surface finish of the features measured
	
	
	
	
	

	13
	Error due to form errors in features being measured
	
	
	
	
	

	14
	Resolution and algorithm errors in calculations. < 0.001(m
	0.001
	Rect
	Ui/(3
	0.00057

	Total  added in quadrature 
	0.805

	For 95% coverage  K2 = x2 = +/-
	 1.6 (m


· *Drift in this case is dependent on the time difference between qualifying the probe on the master and measuring the gauge. 

· + Only the first term of the m/c specification becomes applicable.
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