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SO...
You have a part with a spline on it.

You need to measure pitch, “over
pin”’ diameter, and runout.
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| HAVE THE ANSWER!
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If you desktop looks like this...
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make 1t look like this...
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You don’t have Gear Pro?

You can do It in Calypso”ll
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To pull 1t off, you need to know lots
of little tricks!

o\‘ 7

= Self-Center Points

v
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Self-Center Points

‘Q’aeel’
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J&H Machine Tools

Define Nominal Geometry (Probe, Enter, or| Pl
E 1~ g .
rB. 1@ il Probe Self Centering

Baim] E Tr ’ Pointl Clamping of the machine axis in
| Evalua faaid Display of | Normal

v[ None

B[]

Clearance Group Nominal Definition Alignment

Coordinates Relative T)
CP+Z w| Options | Base Alignme| Clearance D
Tolerance For: Nominal Actual Pruhing Poi Feature
DX 0.9120 0-908 ‘ Mo, % Coord Adjust méiBuring force
Oy -0.0000 -0.078 N 5| i . .
Oz YT e : ) Probe In Normal Direction
i -1.0000 -1.000
i TTin0 T "y Own Selection
k 0.0000 0.000 F}C' [I ["]["] ITIH
Fy: 0.0000 mN
Fz: -200.0000 | mN
Sigma Form Points
0.0000 0.0000 1 Coordinates relative to Feat
Min Point no Point no Max

|m=:

Cancel

0K | Reset E

Coc o >

| 0K H Heset ] l Self Center Probing ” Execute Now! ]
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Self-Center Points

are available in :

Points
LInes

Circles
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=  Mid Point Point Evaluation

v
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Types of Point Evaluation

== Mid Point

Cad Point

+ Touch Point

Plane Point Actual Surface

Assuming plane measurement always

+ Space Point N\ |\l et
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L5Q Feature

| Pointl

Projection Ewvaluation Constraints

v” None Location

Clearance Group Nominal Definition
CP+Z +| Options v

Tolerance For: Nominal
X 0.9120

Oy -0.0000
0z -0.0476
i -1.0000
0.0000

k 0.0000 Space Point Mode

Point Modification

Touch Point:
Touch Point
Plane-Point
Space Point

Sigma Form MNet Point
. 0.0000 . 0.0000 | Midpoint
Min Point no Point ng CAD Face Point

| 0K || Cancel || Help |
omAlly-w-jaaals

0.2 inch

Hbodmw
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= NMaximum or Minimum Feature

v
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Max/Min Features

Max Y Max X
Min X Min Diameter

O

% MinY
Max Diameter
X
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File Edit e : n CAD Extras Planner Window Help Info
= [EFpETT:
0= : 2@ || S il v
Maximum Feature2
Ready: M
@ u Alignment
............ l Comment Basce Alignmgnt v|

Select existing Features| v value

i Z Value

Point] Projection Angle One

Eg:g:g Projection Angle Two
Angle Of Inclination

T
=
=

L it L & QoF |

Pui"| Point2 |
Tolerance For: — Mominal Actual
Ma |_|:|X | 0.9120 0.9665
Oy | -0.0000 | \ 0.0000 \
Poi
0z | -0.0476 | \ -0.0816 \
Cire i | -1.0000 | \ -1.0000 \
j | 0.0000 | \ 0.0000 \
k | 0.0000 | \ 0.0000 \

1].4 " Reset E v‘QQQ‘Q%D‘ v$@q§>‘. . |
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= Rotational Patterns
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Rotational Patterns
XA

|
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J&H Machine Tools

t:.aiypsn User Desi - [(_ZJ Carl Zeiss - dfs
File Edit View Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info
NeE =B - M EES STE S8 2O J 5 v

Ready: Make selection or take probings

L") op) V8 =8|t

, Point4[30)

' oint4

L

oAy aaale

0.2 inch
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Other Types of Patterns
M 0
S
() () )

Polar Position List
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Other Types of Patterns
() (YY)
() (YY)
() (YY)

1D Linear 2D Linear



J&H Machine Tools f ﬁ ‘ i i

$
N

= Circular Pitch
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Circular Pitch Parameters
fp . Individual Pitch Error

Compared to Nominal
Arc Length
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Circular Pitch Parameters
Fp . Cumulative Pitch Error

Compared to nominal
arc length from first
tooth to all following

teeth
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Circular Pitch Parameters
fu : Pitch Error (comparative)

Pitch2-Pitch3

Pitchl-Pitch2
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Circular Pitch Parameters
fr : Pitch Radial Runout

Radial error from
datum
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Circular Pitch Parameters
fre : Pitch Roundness

Error of points to a
perfect Circle
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—ag<tras Planner Window Help Info

| | 7 i

B

Circular Pitch1
eature 1

Pointd[*]

Unit of the Angle Characteristics [fp Fp fu]
(+) Arc Length [in]
> Angle [7]

Tolerance Classes

Fine v‘

Upper Toleradoewer Toler

[4] Individual Pitch Errorfp | 0.0020 [] -0.0020 |[]

Cumulative Pitch Error Fp | 0.0020 (]| -0.0020 |[] :
Pitch error fu ~ 0.0020 [] -0.0020 |[] .
[4] Fr Rad.Runout ~ 0.0020 [] -0.0020 |[] X
Fre Roundness - 0.0020 |[]| -0.0020 |[] e
02 inch
0K |l Reset ] Q@@ |8 e a ds g e '
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Circular Pitch Output

Circular Pitch1 (121" -
01903 01910 0.0020 -0.0020 -0.000y
hinimum Individual Pitch Bror
Circular Pitch (1410 ==
01923 04910 0.0020 -0.0020 00013
hwEximum Individual Pitch Emor
Circular Pitch1(5)"Fp ==
089535 0.8551 0.0020 -0.0020 -0.0013
hinimum Cumulative Pitch Bmor
Circular Pitch1(181°Fp ===
34399 34353 0.0020 -0.0020 0.001e
hwEximum Cumulative Pitch BEmor
Circular Pitch1 (151"u ==
-0.0014 0.0000 0.0020 -0.0020 =000 4
hinimum Pitch Bmor
Circular Pitchi (1 37" fu ==
00010 0.0000 0.0020 -0.0020 00010
hwEximum Pitch Emor
Circular Pitchl (141°Fr -0.0006
-0.0026 0.0000 0.0020 -0.0020 -0.0026
hinimum Fadial Funout
Circular Pitchi (200°Fr ===

0.0016 0.000a0 0.0020 -0.0020 0.0016
hiaximum Radial Runout

Circular Pitchl (141%Fre -0.0003
-0.0022 0.000a0 0.0020 -0.0020 -0.0022
hinimum Roundness
Circular Pitchl (191%Fre ==

0.0013 0.0000 0.0020 -0.0020 00013
haximum Foundness

PR
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Circular Pitch Output

= Calypso Default Printout c:\Weiss\Calypso\homelomworkarealinspectionsispline
Printout
Point4 (=) 2
P pk fp Fp fu Fr Fre
172 0.1903 0.1903 -0.0007 -0.0007 0.0000 -0.0003 -0.0002
273 0.1909 0.3812 -0.0001 -0.0008 0.0005 0.0002 0.0005
34 0.1908 0.5720 -0.0002 -0.0010 0.0000 -0.0001 0.0002
45 0.1907 0.7628 -0.0003 -0.0013 -0.0001 -0.0001 0.0003
576 0.1910 0.9538 0.0000 -0.0013 0.0003 -0.0005 0.0000
67 0.1912 1.1449 0.0001 -0.0012 0.0002 -0.0007 -0.0001
78 0.1912 1.3361 0.0002 -0.0010 0.0000 -0.0014 -0.0008
8-9 0.1913 1.5275 0.0003 -0.0007 0.0002 -0.0008 -0.0001
9-10 0.1913 1.7187 0.0003 -0.0004 -0.0001 -0.0006 0.0000
10-11 0.1911 1.9098 0.0001 -0.0003 -0.0002 -0.0007 0.0000
11-12 0.1913 2.1011 0.0003 -0.0001 0.0002 -0.0011 -0.0005
12-13 0.1903 2.2914 -0.0007 -0.0008 -0.0010 -0.0022 -0.0017
13-14 0.1913 2.4827 0.0003 -0.0005 0.0010 -0.0024 -0.0019
14-15 0.1923 2.6750 0.0013 0.0008 0.0010 -0.0026 -0.0022
15716 0.1909 2.8659 -0.0001 0.0007 -0.0014 -0.0012 -0.0010
16-17 0.1914 3.0573 0.0004 0.0011 0.0005 -0.0004 -0.0002
17-18 0.1915 3.2488 0.0005 0.0015 0.0001 0.0011 0.0011
18-19 0.1911 3.4399 0.0000 0.001e6 -0.0004 0.0013 0.0012
19-20 0.1909 3.6308 -0.0001 0.0015 -0.0002 0.0015 0.0013
20-21 0.1910 3.8217 0.0000 0.0014 0.0001 0.0016 0.0012
21,22 0.1909 4.0127 -0.0001 0.0013 -0.0001 0.0009 0.0005
22,23 0.1909 4.2036 -0.0001 0.0013 0.0000 0.0000 -0.0004
23,24 0.1913 4.3949 0.0003 0.0015 0.0004 -0.0014 -0.0018
24,25 0.1906 4.5855 -0.0004 0.0011 -0.0007 -0.0009 -0.0014
25726 0.1911 4.7766 0.0001 0.0012 0.0005 -0.0010 -0.0014
26727 0.1910 4.9675 -0.0001 0.0011 -0.0001 -0.0009 -0.0012
27,28 0.1909 5.1585 -0.0001 0.0010 0.0000 -0.0007 -0.0010
2829 0.1908 5.3493 -0.0002 0.0009 -0.0001 -0.0007 -0.0009
29-30 0.1906 5.5399 -0.0004 0.0004 -0.0002 0.0000 -0.0001
3071 0.1906 5.7305 -0.0004 0.0000 0.0000 0.0000 0.0000
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=  Graphic Element
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File: Tools

Mavigation Help

Q & | = 1 = | @ Reportseite - Page 1 of 1 Zo... 6. —J— \% -
rF
Calypso Date August 29, 2005 —
w 4.6.02 Carl Zeiss Order
Circuy
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Recall
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Recall



di

J&H Machine Tools

Calypso User Desk - (C) Carl Zeiss - spline

File Edit Yiew Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

D D”‘, H ‘ gé vu- Feature Recognition ‘ ﬁ | @ ﬂ Ial,f ”ﬁ@hﬂ 1 v

Surface measurement with single points

Ready: Make selection or ‘ Point
EE ﬂ' Ifl o Circle

. Plane
Planel

'. 2-D Line

OCircltﬂ B 3D Line
n Cylinder

Point1 £\ Cone
o Sphere
Point2 7~ Curve
‘ Jd-Curve
Point3 Additional Features

Maximum Featurel[Point1,Point2,Point3]

Point4[30])

Q€

0.3 inch

o Ay -flv-|aaalels s wn

2}
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Calypso User Desk - [C) Carl Zeiss - spline

File Edit Yiew Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info
N f2Re - | AEESS SOE S| 20 8|S nln o J
Please Probe Point 1
& |58 ElLF1FY | .
[=f Features [X| -
QPlane _ 75
Q | Circle3 i
- |Circle v” None ” Evaluation l
P“i“ﬂ Clearance Group Nominal Definition Alignment
= | ” Recall v” Base Alignmentv|
Pointz ~Tolerance For: ~ Nominal Actual
Ox | 0.0000 -0.0006 |
Puim v -0.0000 0.0038
= -0.0476 -0.0444
Maxin] 1D | 1.8241 1.8056
_ M-XZ [k 0.0000 0.0000
puintq AZ-YZ 0.0000 0.0000
Space Axis [E z “ Z
QCircle Depth 0.0000 0.0000
StaﬂAngIE[E 0.0000 0.0000
QCircle Angle segment 360.0000 360.0000
Sigma Form Points - ~
. 0.0004 0.0010 | | 8 | T~ “¢
Min Point no Point no Max A e ¢ 3
| -0.0006 2 | 1 00004 |
-
| ok | Reset | 0.2 inch

S®E - v-|aaals

Bbadw
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= Result Element
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Result Element

Result Elements can be used to report values that are a
calculations from measured features.

For Example...

Over Balls Dia = Self Center Circ Dia + Stylus Dia
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Self Center Circ Dia

+ Stylus Dia

Over Balls Dia
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File Edit Yiew [ tion Plan CAD Extras Planner YWindow Help Info

......... l } - EE | E | @ ﬁ ‘ﬁ | I:j ”ﬁ@ #H

{ Length in Inch
getictual ("Circlez2™) .diamet +gEtP|r|:|1:|E [1.diameter
= Function | | Loop | | Nominal Actual | Compute

Attributes

; Characteristics Features

Planel

“_(Circular Pitch1
Circlel

Graphics Elementl

getActual(*'Circle2").diameter+getProbe().diameter

diameter
radiusD?

radius
angleForDisplay

Circle?

0K H Cancel H Help

Actual

1].4 H Reset
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now....

WE PUT IT ALL
TOGETHER!
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Alignment Is the first task.
There Is a challenge!

Orientation of the spline causes
difficulty. Self-center points may
hit the top of the spline square and

not fall into the geometry.
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Here’s the part.

e R
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Calypso User Desk - (C) Carl Zeiss - spline

File Edit View Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help

|

Simple Base Align

z spline-BS Fpei]
T
T<X | Friday 08 Comment

Spatial Rotation +Z Axis

| Planel

Planar Rotation

| Pointl

* Origin

| Circlel

Y Origin

| Circlel

0]0] &)@

Z Origin
| Planel ‘
¥

] Manual Alignment Execute
Execute During Run As: ﬁ M i =
Automatic Measurement anual Run "
Set base alignment to zero Now
= ” Heset l 0.2 inch

|Ob@|‘|®\0\@\“$"<¢>@cﬁ>‘- Fit |
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J&H Machine Tools

File Edit View BResources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

DE 2R - #EBESD SO0E S DO J nl#n o -

Ready: Make selection or take probings

£ |ep [0 ETAIL

Planel

9
QCirclﬂ
4

Point1

0.2 inch

Bobodolm

oAUl laaale
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Calypso User Desk - (C) Carl Zeiss -

spline

File Edit View Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

Change Point 1°s evaluation to Midpoint

|| e = L=l L= v AAdan
Evaluation - Point1
. - Preassignment for evaluation method
| Pointl |
LSQ Feature
Comment Projection Strategy
| 4l None | Ewvaluation | Ewvaluation Constraints

Clearance Group Nominal Definition Alignment

Location x Y

HESET

|CF' +Z2 v|| Options v|| Base Alignmentv| Mormal Vector
~Tolerance For: Mominal Actual
Ox | 0.9120 0.9121
LY -0.0000 -0.0000  Point Modification
Lz nlalalile plaill] stylrs Badins Corecthion
i -1.0000 -1.0000
i 0.0000 0.0000 - Space Point Mode
k 0.0000 0.0000 Touch Point
Touch Point
Plane-Point
Space Point
Net Point
Midpoint
CAD Face Point
Sigma Form Points
~ 0.0000 ~ 0.0000 | | 1 | l oK H Cancel H Help
Min Point no Point no Max

QAR

0.3 inch

tafim
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One MUST work...
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J&H Machine Tools

File Edit View BResources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

DE 2R - #EBESD SO0E S DO J nl#n o -

Copy and Paste Point 1 twice

0.2 inch

oma - |aaals (g badlwa
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£ e |5t

. Plane1
Q Circlel
Q Point1
Q Point2
.

Point3

0.2 inch

bbadiwm

oA Uvvaaale
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Change the Y value to +/- a little.
” Point2 ~ Point3
[ Comment ] Projection [ Strateqgy l [ Comment ] Projection [ Strategy ]
“ [ None ][ Ewvaluation l v [ None H Ewvaluation ]
Clearance Group MNominal Definition Alignment Clearance Group Mominal Definition Alignment
CP+Z2 +| Options +| Base Alignment+ CP+Z +| Options «| Base Alignment~
Tolerance For: Mominal Actual Tolerance For: Mominal Actual
X 19120 = 1,L9120
Oy 0.1000 LY -0.1000
0z -0.0476 L1Z -0.0476
i -1.0000 i -1.0000
j 0.0000 i 0.0000
k 0.0000 k 0.0000
Sigma Form Points Sigma Form Points
Min Point no Point no Max Min Point no Point no Max
- oK ” Reset -
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Calypso User Desk - (C) Carl Zeiss - spline
File Edit View Resources Features Construction Size Form and Location Plan CAD Extras Planner Wlndnw Help Info

‘Using MAX Feature smce an 1D spline
rﬂ | Maximum Feature |

Pointl Select existing Features

[ Pointl
Q Point2 Point?
Point3

Y Value
Z ¥alue
Projection Angle One
Projection Angle Two
Angle Of Inclination

Maximum Featurel

~Tolerance For: | Nominal Actual
X 0.9120
Yy -0.0000
Oz -0.0476
i -1.0000
i 0.0000
k 0.0000

0.1 inch
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J&H Machine Tools

Calypso User Desk - (C) Carl Zeiss - spline
File Edit View BResources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

NeEl 2R - AFB23 STUE B 20 5 L nfln ]
Change Alignment to Max Feature for Planar
Lot Frsmros [ commen |

Spatial Rotation

CM|

Planar Hotation

‘ Maximum Featurel

> Origin

‘ Circlel ‘

Y Origin

‘ Circlel ‘

Z 0rigin

‘ Planel ‘

[] Manual Al_ignment Execute
Execute During Run As: M IR
Automatic Measurement ﬁ GO LD
@ Ter [¥] Set base alignment to zero Now

’ 0K ” Reset ]

0.1 inch

b odw

omlu-w-jaaald
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File Edit View Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

DeEl{ERs - A FER23 STE B 20 S nfln o .

Ready: Make selection or take probings

TSI EIE

Maximum Featurel[Pointl,Point2,Point3)

0.3 inch

A-badwm

oAyl laaale
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Calypso User Desk - (C) Carl Zeiss - spline

File Edit View Hesources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

Cdpy and Paste POINT 1! Y=0!

0.3 inch

v-laaal¢|s-bodwm
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J&H Machine Tools

File Edit View Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

&ﬁﬂ|M|H@@|@lﬂ|ﬁ|Dﬂl@| o S

£ |Pn|ntd
Circlel

PR ———
— Clearance Group Nominal Definition &

' |CP +Z v||§Patlern§ v”[
g Point? Tolerance For: | Nominal
& [ oo

%

Pnint3 Oy -0.0000

Oz -0.0476

Maximurn i -1.0000
= i 0.0000
Puint4 k 0.0000

’ Selection of Pattern I

Sigma Form

| || | [ 5, Edit |

Min Point no Point no

| | | | | [ | ok || cancel |

’ Ok ” Reset] , M
oW | |aald[p-dodwm
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J&H Machine Tools

Calypso User Desk - (C) Carl Zeiss - spline
File Edit View Hesources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

NEE 2R - A EESD SO0E S8 2§ I 5 v

Ready: Make selection or take probings

L

. Plane1
Q Circlel
Q Point1
Q Point2
Q Point3

Maximum Featurel[Pointl,Point2, Point3]

Q Point4[30)

0.3 inch

oA YL [AAKX|P

B bodmen
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J&H Machine Tools

Calypso User Desk - (C) Carl Zeiss - spline

File Edit Yiew Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

D D”‘, H ‘ gé vu- Feature Recognition ‘ ﬁ | @ ﬂ Ial,f ”ﬁ@hﬂ 1 v

Surface measurement with single points

Ready: Make selection or ‘ Point
EE ﬂ' Ifl o Circle

. Plane
Planel

'. 2-D Line

OCircltﬂ B 3D Line
n Cylinder

Point1 £\ Cone
o Sphere
Point2 7~ Curve
‘ Jd-Curve
Point3 Additional Features

Maximum Featurel[Point1,Point2,Point3]

Point4[30])

Q€

0.3 inch

o Ay -flv-|aaalels s wn

2}
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J&H Machine Tools

I®¥ Calypso User, Desk - (C) Carl Zeiss - spline

File Edit View Resources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

IDEE iR - RERS STE IS T8 J nilfl» ]

Recall the Patterned Point int_o a Circle

Planel & "4 | CircleZ
- Sy )
Comment Projection

QCircle1 |Circle VH None

Clearance Group MNominal Definitio
Pointl |CP +Z v”EFlecaIIg v

Elements

Tolerance For: Nominal

. X o.0000 || Flanel
Point2 [] Circlel
Oy 0.0000 Pointl
Point2
Point3 L1z 0.0000 |} pgint3
e o 0.0000 | Maximum Featurel
s 2-Pointd[1-30
|i l IMaximum Fe Al-XIZ 0.0000
. A2-Y[Z 0.0000
Point4(30) | Space Axis
= Depth 0.0000
QCirclez Start Anglq & 0.0000
= Angle segment 360.0000
=
Sigma Form
| | | .
Min Point no Point n
| | | | | | Evaluation settings
’ LSQ Feature ]
l 0K ” Reset ]
l 0K ” Reset ] =={0L3LEl

COII T TR IARXTFTH P o < o
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Calypso User Desk - (C) Carl Zeiss - spline

File Edit View Hesources Features Construction Size Form and Location Plan CAD Extras Planner Window Help Info

NEEl 28 A EEDD SO0E B8 2 | T 5l v

Please Probe Point 1

I =
.PI Q @| Circle2 |
[m Projection [W
QCi |Circle v” None ” Evaluation ]
2 Clearance Group MNominal Definition Alignment
Q Pa | CP+Z2 ” Recall v” Base Alignmentv|
- ~Tolerance For:— Nominal Actual
QPE X | -0.0000 | 0.0002
: Oy | 0.0000 -0.0005
qu 0Oz | -0.0476 | | -0.0471
D | 18241 1.8137
My A-XZ ([ | 0.0000 | 0.0000
_ A2-YIZ | 0.0000 0.0000
QPu Space Axis E |Z v| |Z |
Depth 0.0000 0.0000
QCi StartAngIE[E 0.0000 0.0000
Angle segment 360.0000 360.0000
Sigma Form Points
~ 0.0010  0.0035 | | 30 | <
Min Point no Point no Max ~ 5
S 0018 16 21 o006 | -
- — E
I oK ” Reset l D [

o may-|r-]aaals

0.3 inch

Bbodm
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Do a Circular Pitch on the Patterned Point

Select Feature

1~ [
ﬂ Circular Pitch1

E Circular Pitch

ﬂ | Circular Pitch1

Feature 1

d

‘ Point4[(%) |

~Unit of the Angle Characteristics [fp Fp fu)
(=) Arc Length [in]
O Angle [ ']

Tolerance Classes

Fine

& ‘

Individual Pitch Error fp | 0.0020 |[] -0.0020 |[]
Cumulative Pitch Error Fp | 0.0020 |[] -0.0020 |[]

Pitch error fu | 0.0020 ||:|| -0.0020 ||:| x
Fr Rad.Runout | 0.0020 ||:|| -0.0020 ||:| X . X =
Fre Roundness | 0.0020 ||]| -0.0020 |[|

Upper Tolerarloewer Tolera

0.3 inch

volaaale

Bbodm
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J&H Machine Tools
nics Element for the Circular Pitch

Setup a Grap

Select Feature
ICIE E|{E
- ia Circular Pitch1 P =
' | Graphics Element] |
=
"‘Ir Graphics Element]
Graphic
Allocation List:
Characteristics Single Templ
1» Circular Pitch1 default |
’ Add line l Hemoveline
Graphics Form Orientation .
CZ_Pitch_P.ptx v (& Portrait .
)y Landscape s « w X
Graphics Arrangement
|\.I’ertical v|
’ OK ” Reset l 0.3 inch
OO TR AR 4¢84 o dwn
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 Ca

IOUIULL reawdi e

+a
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