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Presentation Overview

� Introduction to  

� REVOTM Head.
� REVOTM Probes .
� REVOTM Change Ports. 
� Integration.
� Applications.
� Accuracy.
� Benefits Summary 
� Near future additions. 
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Renscan5™ - new measuring technology

Is Renishaw’s umbrella 
brand name for five-axis 
measurement on CMMs.

It covers REVO™ and all future 
five-axis measurement 

products�
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CMM Errors and Options
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Error Map
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Better 
machine 
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Low dynamics 
errors- OK

Low 
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REVO™ with Renscan5 - new measuring technology

• REVO� is a dynamic new measuring head & 
probe system from Renishaw. 

• It is designed to maximise system SPEED, 
whilst maintaining high ACCURACY.

• HOW ?
This is done by letting the head do the fast 
motion whilst the CMM is either stationary or 
moving at slow linear speed, resulting in 
minimum CMM dynamic effects.
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Renscan5™ in Action

REVOTM in action
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REVOTM probe range

� Max reach 500mm.

� A 3D scanning probe 
based on SP25 
technology

ghj

Fil� Tip Sensing probe. 

� Removable probes allow 
access to other potential 
probing technologies

500 mm

RSP3RSP2

350 mm

250 mm
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RSP2/RSH - ‘tip sensing’ probe technology

� Enclosed laser directed onto a reflector at the stylus tip.  

PSD
&

Source

Transmission & 
Return path to 
PSD when stylus 
NOT deflected.

Return path to 
PSD when stylus 
deflected.

Stylus deflection in 
operation ~50µm 
Stylus force ~5g

Reflector

� The stylus touches the part and bends. 

� The reflector is displaced

� The altered return path of the laser is sensed by a PSD

� The exact tip position is known because the reflector and the 
stylus ball are close together.

� Stylus wear is minimised by low scanning force
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RSP2 vs SP25 form error in terms of stylus length
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RCP 

REVOTM probe changing 

• RCP Passive ports for RSP2 stylus 
holders (RSH250, 350 and 500) changing.

• RCP TC (Thermally controlled) Capable 
of probe changing (RSP2, RSP3 and 
others in the future). This allows the 
probes to stay at constant temperature 
when on the port. 

• FCR25 for RSP3 stylus holders 
changing.

• A special port for a calibration artefact 
associated with a new sensor (to be 
elaborated upon later).

• RCP is mounted on MRS rail
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Hardware integration

UCC2 

SPA2

Revo™

� The REVO™ system will 
only be available with the 
UCC2 controller.

� The UCC2 controller 
features Renscan5™

scanning routines particular 
to five axis scanning.

� SPA2 is a servo power 
amplifier used to power the 
head and CMM.

� MCU5 is the multi-function 
hand control unit required 
for the system.
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Software Integration – The I++ DME protocol

UCCserver™

I++DME Client

I++DME ‘protocol’

Renishaw  ‘protocol’

UCC & REVO™

Application
Software

Renishaw  ‘protocol’

UCC & REVO™

Application
Software

BEFORE AFTER
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Software Integration

The REVO� system will only be available through I++ 
DME protocol.
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5-axis measurement – head calibration

· qualify stylus once on a 
calibration sphere - typically 
20 mins

· use head in any angular 
position without further 
calibration

· this can save hours each day!

· increases CMM availability
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5 axis scanning applications

Applications

Rapid head touches

Circle scans
Helix scan

Sweep scan

Round the blade scan

Blade sharp edge 

sweep scan

Gasket scan
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Throughput case study – Blisk

• The measurements
– 9 sectional scans, 8 longitudinal 

scans, 2 root profile scans, 1 scan of 
annulus profile

• Before
– 3-axis scanning at 10 mm/sec
– 1 blade – 46 min, all 29 blades –

22 hours 14 min

• After
– REVO™ at 200 mm/sec
– 1 blade – 4 min 30 sec, all 29 blades –

2 hours 11 min

922% improvement !

Time to measure 10 parts
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Case study – Cylinder head

• The measurements
– 12 valve seats
– 36 scans on valve guides (3 per guide)

• Before
– 3-axis scanning at 15 mm/sec
– measurement time – 29 min 13 sec

• After
– REVO™ at 400mm/sec & 50 mm/sec
– measurement time – 3 min 42 sec

690% improvement !

Time to measure 10 parts
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REVOTM Overview – Applications Toolboxes

Valve seat and guide measurement
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REVOTM Valve seat and Guide measurement

• Valve seat and guide affect the performance of the engine in many 
ways.

• This requires specific measurements to be made to achieve the 
manufacturing tolerances stipulated by the designers. 

• It is a notoriously difficult measurement problem.
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• Some use a manual tool (e.g. Homel), or a robot (e.g Etamic), or 
other means.

• Some use CMMs for part of the measurement, and a roundness 
machine for circularity.

• Some use a CMM for all the measurement.

• All would like to have a more complete measurement, but …

The challenge is either lack of capability, or practicality on the time 
it takes.

Consequently, even when it is measured, the measurement is not 
exhaustive (complete as to ensure correlation with functionality).

Data collection

BEFORE REVO
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3 circularities at 
specific heights

Seat width

Valve guide

Valve seat

4 lines for profile detection

BEFORE REVO on a CMM

1 circularity at a specific height

4 lines for straightness evaluation

Data collection
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REVOTM update – Applications toolboxes
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Seat width

Valve guide

Valve seat

Helix scan

WITH REVO

Data collection
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a1

a2

a2

Data analysis

Seat width

a1, a 2, a 3 are seat angles

Circularity profile and full 
form error of each cone.

From one helix scan on the valve seat 
covering all 3 cones, the following can 
be returned:

- Cone angles.

- Seat width.

- Circularity profile of each cone.

- Form error of each cone.

- Straightness of each cone.

For the valve guide, the last 3 items above can be returned too.

The concentricity of the valve seat to the guide can also be 
returned.
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Data analysis

Approach (patents pending):

Cone1

Torus12

Cone2

Torus23

Cone3

Stylus tip

Torus – error avoidance

Projection along the 
profile curve (in this 
case a line).

And finally, the optimisation finds all the outputs in ONE go.



SPEED • ACCURACY • INNOVATIONSlide 26

10/30/20
09

Data analysis

Preliminary results:
• The data analysis tool was tried with 3 different cylinder heads.

• The repeatability of the results was very good. A process capability analysis was carried out. A 
sample of the results is included in the table below:

The Process Capability Index is calculated as : 

A CP value above 1.67 represents a process for which the width of the tolerance band is at least 
ten times the sample standard deviation and if the distribution is Gaussian and centred on the 
tolerance band             % of results would fall outside. Therefore the analysis can be considered 
as very repeatable.

•All results were within the specifications stipulated by the cylinder head manufacturer.

398.41154.3016.7712.1037.64PC

Gauge 
width 

Seat 
width 

Third 
Angle

Seat 
Angle

First 
Angle 

ŝ6
LowerLimitUpperLimit

CP

-
=

510*7.5 -
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Toolboxes

Availability of the Valve Seat measurement toolbox:

This will be part of the UCCSuite V4.3 targeted for March 2009.

This will be a dll that will be integrated in Renishaw Software 
MODUS. Alternatively, this could be integrated into any 
applications software with an I++ client.
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Examples of accuracy results Page 1 (Reference)

Revo Ring Scan @ Head angles A = 0, B = 0

Date Time :
Ring Gauge Ø 100.0008 mm Deflection 0.10 mm
Stylus ball Ø 6.0004 mm Speed 50.0 mm/s
Theorical Radius 47.0002 mm RSH250

Best Fitted Cylinder
x 139.6430 mm
y 200.8311 mm
z 42.9513 mm

Radius 47.0006 mm
nx 0.000 036
ny 0.000 070
nz 1.000 000

Radius Error
0.34 µm

Form errors (µm)
RMS 0.31 0.16
Max 1.1 0.49
Min -1.3 -0.63

Span 2.4 1.13
HF Noise Rms Value 0.21

Harmonic filter 
Cut off 

( upr = Undulation Per Revolution )
Form identification A Phy

Ellipse (n=2) 0.08 µm 117.07 °
Tri-lobe (n=3) 0.07 µm 349.69 °

Quadri-Lobe (n=4) 0.02 µm 54.79 °
A.Sin(n.x+Phy)

Data collected with 3522 points
10 turns

Form minor scale unit 0.001
form major scale unit 0.0025

Gain 4000

wc = 376.99 rad

19-Apr-2007

Order = 60 upr
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-80 -60 -40 -20 0 20 40 60 80

Cylinder
Data
Max
Min
Harmonic 60

Major unit = 2.5 µm
Minor unit = 1 µm

Open ...

Analyse
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Examples of accuracy results Page 2 (different speed)

 Revo Ring Scan @ Head angles A = 0, B = 0

Date Time :
R ing Gauge Ø 100.0008 mm Deflection 0.10 mm
Stylus ball Ø 6.0004 mm Speed 500.0 mm/s
Theorical Radius 47.0002 mm RSH250

B est Fi tted  Cyl in der
x 139.6433 mm
y 200.8312 mm
z 42.9530 mm

Radius 47.0005 mm
nx 0.000 037
ny 0.000 071
nz 1.000 000

Rad iu s Err or
0.30 µm

Form erro rs (µm)
RMS 0.38 0.30
Max 1.2 0.90
Min -1.4 -0.98

Span 2.5 1.88
HF Noise Rms Value 0.14

Harmonic f ilter 
Cut off 

( upr = Undulation Per Revolution )
Form id en tif i cati on A Phy

Ellipse (n=2) 0.16 µ m 19.80 °
Tri-lobe (n=3) 0.08 µ m 333.60 °

Quadri-Lobe (n=4) 0.02 µ m 24.08 °
A.Sin(n.x+Phy)

Data collected with 3320 points
10 turns

Form minor scale unit 0.001
form major scale unit 0.0025

Gain 4000

wc = 376.99 rad

19-Apr-2007

Order = 60 upr

-80
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-40

-20
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40

60
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-80 -60 -40 -20 0 20 40 60 80

Cylinder
Data
Max
Min
Harmonic 60

Major unit = 2.5 µm
Minor unit = 1 µ m

Open ...

Analyse
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Examples of accuracy results Page 3 (different length)

 Revo Ring Scan @ Head angles A = 0, B = 0

Date Time :
0 100.0008 mm Deflection 0.10 mm

Stylus ball Ø 6.0004 mm Speed 50.0 mm/s
Theorical Radius 47.0002 mm RSH350

Best Fi tted Cylinder
x 139.6377 mm
y 200.8214 mm
z 42.9567 mm

Radius 47.0007 mm
nx 0.000 143
ny -0.000 164
nz 1.000 000

Radius Er ror
0.53 µm

Form errors (µm)
RMS 0.32 0.19
Max 1.2 0.75
Min -1.2 -0.58

Span 2.3 1.34
HF Noise Rms Value 0.19

Harmonic f ilter 
Cut off 

( upr = Undulation Per Revolution )
Form identificati on A Phy

Ellipse (n=2) 0.10 µm 7.66 °
Tri-lobe (n=3) 0.07 µm 333.69 °

Quadri-Lobe (n=4) 0.03 µm 72.99 °
A.Sin(n.x+Phy)

Data collected with 3446 points
10 turns

Form minor scale unit 0.001
form major scale unit 0.0025

Gain 4000

wc = 376.99 rad

21-Apr-2007

Order = 60 upr
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Examples of accuracy results Page 4 (Speed + length)
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Examples of accuracy results Page 5 (ISO10360-5)

ISO Part 5 analysis

File C:\Program Files\Renishaw\UCC Test Platform\Workspace\Reports\A new sequence(23)\Report.html

Position X 612.1584 mm CMM Big Wenzel
Position Y 1031.1485 mm Head 0J1706
Position Z 117.0971 mm Probe
Radius 25.0010 mm
Span 3.5 µm Probe cal 2D+1D
Standard deviation 0.6 µm Head cal COM
RMS error 0.6 µm
Number of points 1579
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Examples of accuracy results Page 6 (ISO10360-5)

ISO 10360-5 equivalent with Revo scans - CMM1

Position X 70.1341 mm
Position Y 109.9051 mm
Position Z 210.4902 mm
Radius 25.0011 mm
Span 2.5 µm
Standard deviation 0.4 µm
RMS error 0.4 µm
Number of points 1701
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The big question

Does REVOTM make my machine more accurate ?

YES and NO !

� REVOTM will make your measurement more accurate than a 
standard head + sensor at high speed and / or with long styli 
(Stylus holders).

� REVOTM will not make your system more accurate when the 
CMM motion is involved.

� As REVOTM is calibrated on your CMM, some of the CMM 
inherent inaccuracies are included and consequently affect 
REVOTM’s accuracy even when it is used locally with little or no 
CMM motion.
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Renscan5™ - new measuring technology

Renscan5™ provides unprecedented performance:

� faster - up to 500mm/sec surface speed

� more points - up to 4000 points /sec data point acquisition rate

� more accurately - minimise / eliminate machine dynamic 
errors

� more features - infinite positioning for unparalleled access 
flexibility and up to 500mm reach

� without compromise - Accuracy & Throughput !!!
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Acquiring Renscan5™

• The following CMM suppliers support Renscan5™…

• The following I++ compatible software supports Renscan5™…
– MODUS Renishaw

– MCOSMOS Mitutoyo
– Metrosoft-CM Wenzel 
– Open DMIS Xspect Solutions

– CAMIO Studio Metris
– UGS Technomatics (Now Siemens)
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REVOTM update - multi-sensing technology

• REVO is a 5 axis head and probe(s) system designed to 
significantly improve throughput through fast scanning and multi-
sensing technology.

• REVO was launched with sophisticated 5 axis tactile scanning.
• It was always intended as a multi-sensing head, with extending 

capabilities added with time. 
• A new sensor will soon complement the RSP2 and RSP3: 

– Surface Finish
probe

• More sensors and capabilities are in early development.
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REVOTM Update – Surface Metrology

Present

Form: Lowest frequencies.

Waviness: Middle frequencies.

Surface Finish: Highest frequencies.

REVO RSP2+SFP1
RSP2

SFP1
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REVOTM Update – Surface Metrology

Multi Wave Standard

 
Revo multiwave standard testing
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A few specific sinusoidal waves are superimposed to form one 
signal that is then machined on a round surface (outer or inner) to 
form a surface containing known harmonics.
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REVOTM update - Surface Finish Probe (SFP1)

Benefits:

• On REVO, multi-sensing Renscan5 system with infinite fast 
positioning. 
• On CMM and can be incorporated in a part program.
• Automatic stylus changing with a range of styli to suit 
applications. 
• C rotation axis (part of the probe) to enable measurement at 
any angle.

Physical aspects:
• The probe stylus tip is a radius end pointer with a tip radius of 2 � m.
• The probe size allows measurement within a10 mm diameter bore to a depth of 100 
mm (dependant on stylus type).

Probe performance
• Surface measurement capability: 6.3 to 0.05 Ra.
• Force: approximately 1 mN
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REVOTM update – Surface Finish Probe

Client Integration:
Simple integration using the I++ specification where ever 
possible with 1 new command
•Alignment

• C Axis added – already part of I++ spec
• I++ commands GoTo(Tool.A(),Tool.B(),Tool.C())

ChangeTool()
• UCCserver will visit the “peg” to align

• Calibration
• Managed by UCCserver

• I++ command ReQualify()

•Capture
• I++ command SFPLine() (NEW)
• Very similar to ScanOnLine()

• Output
• Ra, Rms + Raw Data (profile) output from UCCserver
• Client can then develop extra tools to analyse further if required

Calibration Artefact with C axis alignment “ peg”
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Multi-sensing Surface Finish Probe
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Renscan5™ in Action

REVOTM in action
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Questions?

a measurement revolution


