Bruker alicona

O pt i Ca | M et rO | Ogy Bruker Alicona is a leading

global supplier of optical
" " metrology solutions based
Ap p | I Cat I O n N Ote on the principle of Focus
Variation.

Focus Variation works on

App|ication; the basis of moving a
focal plane over a surface
Micro Gear Measurement and collecting robust 3D

data which can then be
used to measure
geometric form and
surface finish from a
single optical sensor.

Measurement processes
can be fully automated
and provide GD&T
measurement capabilities
across all industrial &
medical sectors.

The systems are in use in
Industry, Industrial
Research, Universities and
production facilities
globally.
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Introduction

In this application note, we describe the use of Optical Metrology to capture
3D data to allow the measurement of the most common gear tooth

parameters.

The metrology system used for this measurement task is the
InfiniteFocusG5 plus system fitted with an Advanced Real3D rotation device,
shown below in Figure 1.

Advanced real3D rotation
unit.

Figure 1

In use the parts to be measured are located in a 3-jaw mounting chuck.

The gear is then scanned to produce a complete high-resolution data set
which is then displayed in true colour or in pseudo colour related to height
as displayed in Figure 2 below.
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Figure 2

The data can then be used in the Micro Gear Measurement Module Analysis
software. This automatically calculates the standard gear parameters

required for detailed analysis. This summary result and table are displayed
in Figure3.

The full detailed 14-page report is also displayed below.
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General data

Designation Operator

Drawing number Customer

Order number Date | tme 08.11.2019 17:14:00
Method All teath M asunement

Gear data

Musmiber of teeth 10 (External gear) Module | mm 016
Pressure angle | ° 30 Helix angie | * 0 (Fight)
Face width / mm 2 Major diameter | mm 1.78881
Rief. Measure over balls / mm 2828 Ball diameter / mm 087
Reference data

Measuring start profile / mm 1.81758 Measuning start helix line / mm [1]
Evm;uﬂpmﬁlum 1&351 Evmmmxnmm 0.2
Evaluation end profile / mm 1.78077 Evaluason end helix ling | rm 18
Measuring end profile | mm 1.78801 Measuning end helix line / mm 2

Probe diameter | mm

Prirtout from: 201001 1008 a¢ 171818
Record file from: 2010/11/06 at 17:14:00

FRENCO FGI_Reany
WVersion: 2.0.2us
Page 1of 14
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Spur gear profile / helix
Designation: Operator Date/Time: 06.11.18 17:14
Drawing number: Mumber of t=sth: 10| Face width: 2.0
Data et number: Module: 0.18 Profile evaluation ares La: 01563
Customer: Pressure angls: 30° 0" 07 Helix evaluation area Lb: 2.0
Measuring egquipment: Heliz angle: o°0'0"
Cirder number: Base circle dia.: 1.3855
. IIEna 52 hf__lixla n’:.'le:. —_— Cl“lC' :I I?rc\flile ‘Ishiflt fa ctor x: .
tip | Left PROFILE Right
20 [ i |
pm r b
L l 1.80 l i
- 174 178 1
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L 1 4
¥ L i
o] | 182 ]
mm - -
= ]
m‘}t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o [} 4 1T 1B Tooth 1B 1 1T 8
Actual m~ Talerance -~ Actua
RfHa" O RfHa" 0.4
fHa" 0.8 FE|l B8l 53] 35| 53] 48 12| 4] -33]-38[ 03 1.5 | -20
fHa" o 43 -2.2
fHa" u 435 -1.8
ffa 0.7 0.7 1.1 0.8 1.2 1.1 1.1 10| 05] 0B8] 0.8 1.2| 0.8 ]
0.0 0.0
top I HELmX Right
SRRl e
a )| 118 —[‘ | 0 _’ |
pm I —[ i i
L | | (.
[ ] I _
L ] / I _11_ i
I Lol | 1 —i— ]
+ - | [+
- II \f | 4
" 100% ( b
~all tzath i I 1
o i | ]
0.20 a N _ b
mm | It II 0z 1
I i i 4 N ]
7] '3 4 1T 1 1R Tdﬂbq'u 1R 1 1T 4 ] ]
fof"~ | 8.2 m-~ m= | 9.8
fHE" -iE2[-113] BE[ 28 [ -E@[-17.0[-118 1S3 [ 11313 7[-937] -T&8] -2 1 [-153
fig B 1.8 1.9 1.8 =] 1.7 S 2.1 1.8 268 28 2.5 2.2 20
Wien
Printout frorm: 2018/11/08 at 17:16:13 FRENCO FGI_Reany
Record file from: 2019¢/1 1/06 at 17:14:00 Version: 28.2us
Page 2of 14
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Spur gear pitch
Individual pitch deviation fpi left flank

T T T T
20 pm

| I I I
20 pm

Total pitch deviation Fpi left flank

- —1 | [ |

I:D pm

Total pitch deviation Fpi right flank

—d
|—| l—l
:|:._EI i
Left flank Right flank
Actual Tolerance Actual Telerance
Single pitch deviation fpmax T8 6.7
Total pitch deviation Fp 20.0 20.5
Runout Fr

I:D um

R — | |  —

Actual Tolerance
Runcut deviation Fr 152
Printout from: 201801 1/08 at 17:16:18 FREMCO FGI_Reany
Recond file from: 201801106 at 17-14:00 Version: 28.2us

Page 3 of 14
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General data
Designation Customer
Drawing number Tool index
Machine User name
Measurement values
Total deviation 29.1 ym Max. deviation 124 pm
Min. deviation -16.7 pm Mean deviation -1.8ym
Left flanks

root

bottom

Right flanks

-20.0 ym 0.0 pm 200 pm
Printout from: 2018/11/08 at 17:16:12 FRENCO FGI_Reany
Record file from: 2019/11/06 at 17:14:00 Version: 28.2us

Page 4of 14
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FRENCO

General data
Designation Customer
Drawing number Tool index
Machine IUsier name
Measurement values

Left Combined Right
Amplitude top 8.1 pm 7.0 pm 6.0 pm
Amplitude bottom 9.1 pm 12.0 pm 151 pm
Upper phase 138.5° 140.5° 143.3°
Lower phase 173.67 166.6° 162.4°
Length of eccentricity 7.0 pm
Length of woblle 6.5 pm
Height of wobble point 3.3 mm
Top view Eccentric to wobble ratio

Fsdiun: 155 um

Flat projection

3
kS
i

Legend

= Target axiz == Pempendicular between axgs

— Fadivs @ Targetintersection

- Lctyugl axiz Upper actual intersection

= Exiended aciual axis @ Lower actual intersection

=4 Excenter =  Tumble 20,0 pm 0.0 pm 20.0 pm

= Ewaluation range
Printout from: 201801 1108 at 17:16:18 FRENCO FGI_Reany
Recond file from: 2019/11/06 at 17-14:00 Version: 2 8.2us

Page 5of 14

www.alicona.com 9


http://www.alicona.com/

Bruker alicona

)
BRUKER
(>

¥y
*
* pﬁﬂ%ecﬁun E;' t
P ize geometry
FRENCO

GGeneral data
Designation Customer
Drawing number Tool index
Machine Usier name
Measurement values
Tooth thickness Gap width
Total deviation 16.7 pm Total deviation 23.8pm
Single deviatiation B4 pm Single deviatiation 8.1 pm
Largest deviation £ B4 pm Largest deviation £ 10.3 pm
Smallest deviation T -15.0 pm Smallest deviation T -17.8pm
Mean deviation £ -2.8 pm Mean dewviation -2.8 pm

Tooth thickness

Gap width

Flat projection

Flat projection

fop

botiom
0 3T S S 120" 150" 1E0° 20 247 ITDM 300" IE0" 36D T 3 &0 S 10" 45 IB0° 0" 240" 70T 30T 3aO 3607
Total deviation Total deviation
mH M
e
f_'_,_.-"'f T
. e I
2o 0
Single deviatiation Single deviatiation
mH M
T T
- -, e
e
2o 0
Legend

=== Evaluafion range

=2000 pm 0.0 pm 20.0 pm
Printout from: 201801 1/08 at 17:16:19 FRENCO FGI_Reany
Recond file from: 2018/11/06 at 17-14:00 Version: 2.08.2us
Page G of 14
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General data
Designation Customer
Drawing numiner Tool index
Mazchine User name
Measurement values
Left flanks Right flanks
Total deviation 15.6 pm Total deviation 168.0 pm
Single deviatiation 6.0 ym Single deviatiation 5.2 pm
Largest deviation £ 12.3 pm Largest deviation I B.7 pm
Smallest deviation Z -11.1 pm Smallest deviation £ -16.7 um
Mean deviation 0.1 pm Mean dewviation Z -2.8 ym
Left flanks Right flanks
Flat projection Flat projection
op top
10} 1.uf
botiom bottom
0 3 B 50" 12 150" 180" 20 340 27O 300° 330 3S0 T 3" S0" S0 1" IS0 1B 0" 407 70T 300 a0t 360"
Total deviation Total deviation
faal M
e — ———
.,-Fﬂ"”f— Hh““m. — — -
- \"“-‘_‘_‘_\_ - —~— --f______
Eeadis Bl
Single deviatiation Single deviatiation
a3 A
_.——"'_'-FF._—\___ B B S T
— T —
Bl Bl
Legend
el  Evaluation range
=200 pm 0.0 pm 20.0 pm
Prirtout from: 201801 1/08 at 17:16:18 FREMCO FGI_Reany
Record file from: 2019/11/06 at 17-14:00 Version: 2.0.2us
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Mid geometry

General data

Designation Customer
DCrawing numiner Tool index
Machine User name
Measurement values
Tooth centers Gap centers
Total deviation 12.7 pm Total deviation 10.3 pm
Single deviatiation 4.3 um Single deviatiation 3.5 pm
Largest deviation £ 82 ym Largest deviation T 7.1 pm
Smallest deviation T -13.0 pm Smallest deviation £ -11.7 pm
Mean deviation -1.3 pm Mean deviation £ -1.3 um
Tooth centers Gap centers
Flat projection Flat projection

B ]

10 10|

botiom bottnm
0" 30" B 50" 1200 150 180" 20 24 IO 300° EEDT 36D T 3 &0 S0 1" IS0 1B M0 407 70 300 330 360"

Total deviation

Total deviation

20

iy

=X

-2

Single deviatiation

Single deviatiation

faa el
oo 20
Legend
=l  Evaluation range
-2000 pmi 0.0 pm 20.0 pm
Printout from: 201801 108 at 17:16:20 FREMCO FGI_Reany
Recond file from: 2019/11/06 at 17-14:00 Version: 2.8.2us
Page B of 14

www.alicona.com

12



http://www.alicona.com/

Bruker alicona

P
* pure

" perfection

Helix angle geometry

root

o 3" 0" 90" 120" 450" 480" 210 240" 270" 300" 3300 3E0¢ o 30" &0

General data
Designation Customer
Drawing numiner Tool index
Machine Isier name
Measurement values
Left flanks Right flanks
Langest deviation £ 16.1 pm Largest deviation 17.1 pm
‘Smallest deviation 7.0 pm Smallest deviation 5.5 pm
Mean deviation £ 11.2 pm Mean deviation 105 pm
Left flanks Right flanks
Flat projection Flat projection
L tp

50" 120 150" 180" 290" 2407 270" 300" 330" 3607

Legend

=== Evaluation range

=20.0 prmi 0.0 pm 20.0 pm
Printout frem: 201801 1/08 at 17:16:21 FRENCO FGI_Reany
Record file from: 2019/11/06 at 17-14:00 ersion: 2.8.2us
Page 12 of 14
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General data
Designation Customer
Crawing numiber Tool index
Machine User name
Measurement values
Left flanks Right flanks
Largest deviation 3.0 pm Largest deviation 3.2 pm
Smallest deviation 0.6 pm Smallest deviation 1.0 pm
Mean deviatiom 1.6 pm Mean deviation Z 2.2 pym
Left flanks Right flanks
Flat projection Flat projection
1] tp
root oot
1} " o S0 120" 4=0 4BD" 0™ 240" 270" 300" 330 ZED0 ¥ 3o s0" 80" 420 q=0" 180" 0" 2400 ZT0 300" 330" 3807
Legend
]  FEvaluation range |
0.0 pm 10.0 pm 20.0 pm
Primtout from: 201841 1708 at 17:16:21 FRENCO FG_Reany
Record file from: 2019/11/D6 at 17-14:00 \ersion: 2.0.2us
Page 13 of 14

www.alicona.com

14



http://www.alicona.com/

]
. o)
Bruker alicona whval

¥y

*
. pure

. perfection | Helix total geometry
FRENCO

General data
Designation Customer
Drawing numier Tool index
Mazchine User name
Measurement values
Left flanks Right flanks
Largest deviation £ 12.8 um Largest deviation £ 127 pym
Smallest deviation T 58 pm Smallest deviation 4.0 pm
Mean deviation £ 8.8 pm Mean dewviation 5.2 pm
Left flanks Right flanks
Flat projection Flat projection
- ]

-]

rot ==

o 3p" e0" 30" 120" 1s0° 180" 210" 240° 2F0" 300° 330 SO0 o 30" &0 50" 120" 150" 180" 207 2407 ZTOM 300" 330° 3607

Legend
== _Evaluation range |

040 pm 1000 pm 20.0 pm
Printout from: 201801 1/08 at 17:16:22 FRENCO FGI_|
Record file from: 2018/11/06 at 17-14:00 Version: 2.0.2us

Page 14 of 14
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This data can then be used in the Alicona Inspect Professional software to
measure the Root Circle Diameter and Tooth Top Diameter as shown in
Figure 4.

Tooth top diameter.@

% Nominal | Actual Dev. Check
%] +0.0000 +1.8811 +1.8811

Root circle diameter.6

% Nominal  Actual Dev. ' Checl
@ | +0.0000 +1.1981 +1.1981

Figure 4

Summary:

It can be seen from this application note that using Optical 3D Metrology
provides a unique solution for the measurement of micro gears.

The ability to capture a high-resolution 3D model of the component being
measured allows the easy measurement of both form and finish.

The InfiniteFocusG5 plus used for this report is a highly accurate and flexible
optical 3D measurement system based on the Focus Variation technology.
Using only one sensor, users verify dimensional accuracy surface finish of
their components. By means of Vertical Focus Probing, an extension of
Focus Variation, vertical surfaces can be probed laterally. Components in
high accuracy, with a high vertical resolution and in high repeatability. The
robust measurement principle of Focus Variation in combination with a
vibration-isolating hardware allows the systems to be used in a
manufacturing environment. With an automation interface, InfiniteFocus
can also be used for fully automatic measurements in production.
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