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OK - now we know what the Profile Result
means.

How do we improve our part next time
(where and how can the shape be improved)?

If the profile was reported on a plane, It’s
easy - report flatness, parallelism, and
position and see what is causing the profile
deviations.
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If the profile is applied to a “shape”,
understanding cause of the numeric result

becomes impossible.

We need to apply the tools Calypso provides
us In order to determine what the heck is

going on.

You may or may not have certain tools,
depending upon your software options.
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Diameter_-&- |-
ﬁ 22 0762 22.1000 0.0000 -0.0500 -0.023G
Diameter_Circle 66 .00 |--
m E2.0843 E2.0000 04000 0.0500 0.0243
Concertricity 66.00 -A- |-
@ 0.0117 0.0000 0.0300 0.0643 0.0117
\\ | Curve Form_3DCuryve |---
o 0.1952 0.2500 -0.2500 01952
Shape Of Zone: Standard
Curve Form_2DCurve |--
04026 00000 02500 -0.2500 01026
Shape Of Zone; Standard
Profile_3DCurve |---
,r"-‘\, 0.266E 0.0000 05000 02666
Profile_3DCurve BestFit |----
Yy 0.2309 0.0000 0.3000 0.2309
- Profile_2DCurve |--
-y 0AEBS 05000 01EBS
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= FormPlot Curve Form_3DCurve
File... Edit

Diate September 29, 2011
Calypso A
P Carl Zeiss Order 54
- Department:
- Part Humber Chid Drawing Mo, Qperatar hiaster
55 Prizmo Signature:
-
heasurement Plan
Imperial Diz CastingRew? B (e AR

Characteristic: Curve Form

400 +

Output Option: Old-School
“Curve Form 2D” Graphic In /
characteristic.

Tip: Right-Click to modify
the chart settings. In the
“DEVIATION” tab, choose
“Plot Bar Lines” for best |
looking graphic P

Sigma Form Humnb Lower Tol. Upper Tol.  [hinind| bin Dew. It Irg hdmo: Dl
0.0650 019452 ITE| -0.2500 0.2600 165 | -0.0601 36 013461

=
001 G

-200 +

z D.0000 0.0000
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Calypso Date September 29, 2011
ﬁ 5.0.20 Carl Zeiss Drder 54
Part Number CMM Type Drawing No. Department:
L) Prismo Operator Master
Signature:
| Meas. Plan Name
ImperialDieCastingRev3

Software Option: Curve
Characteristic: Curve Form

Output Option: Graphic
Element (in
RESOURCES>UTILITIES).

Tip: Hold down CTRL and
click a point for a deviation
flag.
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Software Option:
Curve/Freeform

Characteristic: Curve
Form/Profile

Output Option: CAD VIEW
graphic in Characteristic.

Tip: Squeeze Calypso’s CAD
window narrow so the graphic
fills the paper better.

¥pEo

e
ZEIXX Carl Zeiss cm= 5.9.
5020
Department:
Pari Number ChM fing Mo Cperatar Masier
3= Prismo Signaturs:
Weasurement Flan CAD Ve

mpertalDieCastingFad

pom =

= -ATTI7
= 12813

notio

10 rm
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L

:j}llﬁ:o Carl ZE'SS gz:r 5S:ptemher 29, 2011

- - Part Mumber CI:J'M DOrawing Mo. ;:23';::9”15 haster

Software Option: L

Imperial Die CastingRewv3 Bira (RemmBlEe

Cu rve/F reefo rm Actual Mortdpaker Tolerdmeser Tolerance Deviation
1 Dist  0.0381 02500  -0.2500  0.0361 -
Ch t - t i C 2 Dist 00588 02500  -0.2500  0.0588 I
3 D _ _ -0. _ -
: ) oo o s o tme |

aracteristic urve

F /P f I 5  Dist -0.0163 02500  -0.2500  -0.0163 N
6  Dist  -0.0279 02500  -0.2500  -D.0279 B
orm rotiie 7 D:gt -0.0309 02500  -0.2500  -D.0309 B
8  Dist -0.0245 02500  -0.2500  -0.0245 B
] 9 Dist  -0.0091 02500 -0.2500  -0.0091 B
Output Option: POINTS LIST  |§ o &0 i oo oo
2 e oo 0.2500  -0.2500  0.0308 :
13 Dist 00093 02500  -0.2500  0.0093 I
graphic in Characteristic. DB e Gas lamy oo [
15 Dist 00238 02500  -0.2500  0.0238 I
16 Dist 00496 03600 -0.2500  0.0498 B
-I-- i R ht CI k M d Ch t 17 Dist 00788 02600 -0.2500  0.0788 -
- I y 12 Dist 01013 02500 -0.2500 01013 -
Ip Ig IC ’ odi ar 19 D:gt 01148 02500  -0.2500  0.1148 -
S ttn S Font Ta_b tO Increase 20 Dist 01126 02500  -0.2500 01126 -
2 Dist 01098 02500  -0.2500  0.1098 L
et g ’ 72 D:gt 0.1076 02600 -0.2500 01076 :
- 73 Dist 01084 02600 -02500 01084 -
font SO you can read |t! AISO 74 Dist 01085 02500  -02500 01085 -
’ 75  Dist 01065 02500 -0.2500  0.1085 -
. . - 76 Dist 00990 02500  -0.2500  0.0990 -
turn Off XYZ deV|at|0nS 110 JUSt 27 Dist  0.0840 02500  -0.2500 00890 =
28 Dist  0.0911 02500 -0.2500  0.0911 -
79 Dist 01007 02500 -0.2500 01007 -
ShOW “Surface normaln Values 30 Dggt 0.1030 02500 -0.2400 01030 b
31 Dist 00963 02500  -0.2500  0.0953 -
32 Dist 01006 02500  -0.2500  0.1008 -
S O U.zZell  OL2si)  O00sy -
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Software Option: None -
Use lots of Space Points

Characteristic: Space
Point Distance or Profile

Output Option: Standard
Numeric Printouts or
Deviations displayed on
CAD model (no automatic
printout)

Tip: Use Space Point
Distance to show direction
of deviation

CalypquserDesk-[ClC rl Zeiss - mbusha
File Edit ¥Yiew Resources Features Constructio

Size

Form and Location Plan CAD Extras

Planner

El

-
]
=

[=z)
-
o

(=]
=
0
=
-
2
=
0

[=z) LA £
= = =
e} e} el
=3 =3 ES
= = =
=} =} =}
=z 2 b
e} e e}

LA
=
el
=
-
2
=
el

E1x | [EREL ® [ b | [ERER

£
=
e
=
-
2
-
0

i cePointl 3 —~ Ob@|“@\0\@\‘+_
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One more thing...

OK -1 get It.

But | remember seeing something
Mark showed us with a variable
tolerance band.

How do | do that, wise-guy?
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= Calypso Us-—=
File Edit ViL=si® W]

Upper Toleran

Lower Toleran
Shape Of Zong

Tolerance Offs)

[] Curve jump tol

[] Actual value |:|I|

r

To Point

Ft:atml

Curve

Deviation
Max

0.0845

K

== Form Plot Curve Form_Curve 1
File... Edit

Date September 29, 2011
Calypso . '
b Carl Zeiss Order 54
a.0.20
Departmerit:
Part Mumber Chil DOrawing Mo, Operator hiaster
a6 Prismuo Signature:
Meazurement Plan C F o 1
ImperzlDie CastingRewv3 unee Form_Lunse
i [hlll]
130m
——— Homhbal
—————— Devlaticn
400 + ——— U= Tok A
——— Lower Tok e
20.0
0 =
b=
o
F—
=
=
=
=200 +
-40.0 +
t t t t t
4010 -20.0 T 200 X [MM]
Tranzlation Rotation hBgnitication i00.0
Best Fit X 0.0000 0.0000
i 0.0000 0.0000 Comment
Z 0.0000 0.0000
Sigma Form Mumb Lower Tol. Upper Tol.  |Winind| bvin Dew. g Ing g Diew.
0.0456 0. 1026 276 -0.24500 0.2800 &7 | -0.0131 85 | 0.0845

10 mm
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That was easy...

But what about this????
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NON-UNIFORM | A |B |C

Xet+—>»/7

(AN021A




= Form Plot Curve Form_Curve 1

TECHNOLOGIESR Calypso . Date September 29, 2011
Carl Zeiss Order 54
5020
Departmenit:
Part Mumber Chiul Drawing Mo, Operator hiaster
56 Prisrmia Signature:
hieasurement Plan C F o 1
Imperial Die CastingRew3 Unie Farm_Lurve
i [hihe]
1000w
= Calypso User Desk - (C) CarlZ
File Edit View BResources Hemhal
Deulation
- B R 40.0 Uppe 1 Tokrarce
D = E | éé Lowe r Tok rarce
Basic Status: Select funcy
et
‘ Diameter_-A-
200 1
ﬁ Diameter_Circle 66.00
Concentricity 66.00 -A-
0.
Graphics Element2
_\;-’
Curve Form_3DCurve
Graphics Elementq 200 4
Graphics Elements
Profile_3DCurve
-40.0 4
Profile_3DCurve BestH s
i ' Curve Form_Curve 1
bl -40.0 =200 0.0 200 ¥ [hbd]
- Translation Ruotation hgnification 100.0
Fuivillle,_ADEIRr Bast Fit % 00000 00000
b 0.0000 0.0000 Commerit
Profile_2DCurve BestH z 0.0000 0.0000
Sigma Form MumH Lower Tal. Upper Tal.  [Minind) hin Dea. i Ing hiax Dlew . 10 mm
0.0456 01026 75| -0.2500 0.2500 a7 -0.0181 a5 0.0844
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N

How'’s

Your Profile ?

/\_//

GOT QUESTIONS?
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Concentricity

More than you ever wanted to know
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So, you need to measure
Concentricity?

No problem, right? Just drop
In a concentricity
characteristic and fill in the
template. You get an answer.
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Easy.

So, what EXACTLY Is
Calypso telling us?

Actually, 1t’s telling us
POSITION, not Concentricity as
defined in the Y14.5 standard....
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You don’t believe me?

Check 1t out:
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| True Positionl

Basic Status: Select function or probg

l[%ll % Shape Of Zone Tolerance
© Concentricityl

‘DiametralYZ v‘ | 0.0100 |
True Position1

MNominal Position
. 0.0000 (x|

0.0000 |v |

0.0000 Z

z Feature (RFS) o

Bearing Journal Circle

Clear Datum Reference +

Datum Referen

0 Special

n Primary Datum [RFS) v

Stroke Pin Bearing Cylinder

Secondary Datum

Tertiary Datum

Actual 0.0044

0K ” Reset

s\l —
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| Concentricityl

H Cummen

n.0100 Tolerance

Bearing Journal Circle

Stroke Pin Bearing Cylinder a

Pgmary Datum

=" True Position

@

X

H Comment ]

| True Positionl

Shape Of Zone

Tolerance
‘Diametral"r’Z v‘ ‘ 0.0100

Nominal Positiog

0.0000 |v |

0.0000 |z

Feature

Bearing Journal Circle

Clear Datum Reference +

Datum Fleft:rf:n-::

Primary Datum

-

[RFS] w
Stroke Pin Bearing Cylinder
Secondary Datum Secondary Datum
Tertiary Datum
Actual 0.0044 Actual 0.0044
ok ” Reset ok ” Reset
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So Is Concentricity just a
special case of Position when
the feature and datum happen
to be on the same axis????

Great guestion.
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Definition Time!
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WAKLE
UP!
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Calypso DOES NOT do this...
easlily.

Can It be done?

Absolutely.
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ANYTHING can be done if you
have the right resources...

In this case, CURVE Is one of

those resources needed to pull
this off.

Here’s how to do It:
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= Calypso User Desk - (C) Carl Zeiss - Concentricity2

L )
z | 3D Linel
¥

Clearance Group Nominal Definition Alignment
|CP +Z v||§Patlern§ v” [Base Alignme: v|
d-Tolerance For:—

Ox Options VO A

4 Recall i

Oz .
v :

omvx (& Pattern: Rotational Pattern [use for scallop]l

[ A2 21X v Recall One Feature

Space Axis E Recall Feature Points
Depth

Start Angle [E

Theoretical Feature
Actual To Nominal

Sigma Form Points

Point no Point no Max

Min
I I I .
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= Calypso User Desk - [C) Carl Zeiss - Concentricity2
'Edit View Resources Features Construction Size Form and Loc

Feature

Curvel

3-D Line1(36)

Intersection1[36)(3-D Linel,Curvel]

Intersection2(36)(3-D Linel1,Curvel]

Symmetry1[36](Intersectionl.Intersection2]
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‘ Concentricity
Z
T<* Alignmentl
H

.Concentricity1 f—

IE- Concentricity

| Concentricityl

0.0000 Tolerance

Feature

Feature

Primary Datum

Datum

Secondary Datum

"bigure

—
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Shoooo. Lots of programming.

It’s really not THAT bad.
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You could make it a macro so
you never have to program it
again. Just supply feature
circle coords and diameter.

Go to a training class If you
want to learn about macros.
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|_et’s test It out.

First, a theoretical example to
see If It makes sense.

L_et’s change the FEATURE
circle to X=0, Y=0.05 and run it
IN simulation.
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Y AY l =" Calypso Custom Printout Concentricity1
= Printout Display

ZEISS Calypso
hieazurement Plan Date
Concentricity September 7, 2011
DOrawing Mo, Time Order
S a m e * grawvingno * 32032 pm * grcer *
Operator Chitu Inzremental Part Number
Master Simulation 10
Actual Motminal Upper Tal. Lowwer Tal. Deviation
I Qj Owverall Result
u Al Characteristics: 3
u Out of tolerance: 2
Ower Wiaming Limit: 0
Mot Caloulated: 1}
Concertricity 0.0500
01000 0.0000 0.0500 01000
| he resuy ItS e e
01000 0.0000 0.0500 01000

make sense!
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One more try...

Another theoretical example to
see If It makes sense.

L_et’s change the FEATURE
circle to X=0.00707, Y=0.00707
and run 1t in simulation.
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YAY again!

The results
make sense!

I=- Calypso Custom Printout Concentricityl

Printout Display

ZEISS Calypso

hieazurement Plan Date
Concentricity September ¥, 2011
DOrawing Mo, Time Order
* draswvingno * 33800 pm *arder *
Operator Chitu Inzremental Part Number
Master Simulation 11
Actual Motminal Upper Tal. Lowwer Tal. Deviation
Qj Owverall Result
Al Characteristics: 3
Out of tolerance: 0
Ower Wiaming Limit: 0
Mot Caloulated: 1}
Concentricity |-
m 0.0200 0.0000 0.0500 0.0200
Concentricity |-
@ 0.0200 0.0000 0.0500 0.0200
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Now a REAL program with
REAL data...
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i< Calypso Custom Printout Concencticity1

Printout Display

ZEISS Calypso

[
YAY I n l hdeazurement Plan Date
- Concencticity September 7, 2011

Orawing Ho. Time Order
* dravvingno * FAE1T pm * arder *
Operatar Chid Inzremental Part Mumber
Master Simulation G
Actual Marminal Upper Tal. Lowwer Tal. Devistion
Qj Cwverall Result
Al Characteristics: 3
Out of talerance: 1}
Crwrer Wfaming Limit: 1}
Mot Caleulated: 0

Concentricty 1 =
© 0.0041 0.0000 0.0100 0.0041
REAL concerntricity =
I ' l ake Se n Se ' ” 0.0042 0.0000 0.0100 0.0042
]
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Well, now you know how to check
“REAL” concentricity...
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Why in the world would you ever
want to do that considering the
“REAL” answer is a whole
0.0001lmm different than the way
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| honestly don’t know considering we can
use position, roundness, and runout...

Is what | said before
talking to Mark Foster at
Applied Geometrics, Inc.

(www.gdandt.com)
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Here’s what’s going on and WHY
“REAL” concentricity Is used..

0009

Roundness: GOOD
Position: GOOD
Runout: GOOD
Concentricity: GOOD

GOOD

BAD GOOD GOOD
BAD BAD BAD

BAD BAD GOOD |
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With all that understood,
“REAL” concentricity does not
apply in MOST applications.

The Y14.5 standard says It best...
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... Therefore, unless there iIs a
definite need for the control of a
feature’s median points, It is
recommended that a control be
specified in terms of a runout
tolerance or a positional
tolerance.
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Let’s take a look at a REAL
part and a REAL print with a
REAL bad dimension we have

to check.
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360 l

A 77 ffifff,r’r’fﬂffHfm&xffffffffﬂ.?}% it
: g ffffﬁfffffﬁ/ﬁfff;';ffffx’fxfffx" . =
j IS .

rmO.25A ‘

I’m going to assume the designer meant
“Calypso Concentricity” (“Position”)
and not “REAL Concentricity”.
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“Circle 9” is the feature,
about 350mm away

Glure
O |CircleQ

ima
Cgindeﬂ

Secondary Datum

“Cylinder 1” is Datum A, and is

8mm long
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The tolerance 1s 250 microns for
goodness sake.

I’m using a ZEISS afterall. The

machine has an accuracy of 1.7
microns. PIECE OF CAKE!

What could go wrong?
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Run the part 10 times in a Loop.

Don’t Touch the part.

Let’s check repeatability...
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BASIC STATISTICAL ANALYSIS
Concentricity8

IRUN CHART -
Concentricityl .5000
Concentricity?
Concentricity3 A5
Concentricityd
Concentricity 3740
Concentricityb
Concentricity? A5 ¢ o
Concentricity 2500
1875
12580
[0E25
.ooan
v Show True Fos. Target Charts
20 22 26 28
- 21 25 2 29
(;’D 20 31069
1 21: 30490
Selection S— 5 Seons
- o o o 2 29821
Retiiam L Data Point [iata Point [ ata Point off Point Masked 24 33739
IE z Spesiicalon Limt Ir Tolerance Dut-o?-?olgrlgnce Cah:rt glgalz Statistics 2532840
26 30421
To Excel Summa . 2 2n mae
Y Upper Spec :0.25 Maximum : 0.35003 65/Tol : 39.84% 2 31157
- \ 29 .30824
& = Lower Spec : 0 Minimum : 0.29821 Cpk :-1.339
OK Print Average : 0.316546 Hange :0.05182 Total Measurements: 10

Masked: 0
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Range of 52 microns?

An estimated GR&R of 40967

| think | need to call service...




P ! i
LuncnmioN Liary

...before I do, | wonder If the
distance from the Datum has
anything to do with It.

Check this out:
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BASIC STATISTICAL ANALYSIS 30mm from
Concentricity

[RUN CHART g Datum A

Wi statistical A nalysis

TECHNOLOGIES

Concentricityl 6000
Concentricity?
Concentricity3 4375
Concentricityd
Concentricityd 3750
Concentricity®
Concentricity? 3125
Concentricityd 00
1875
1250
0E25
I < & < & & © © € ©
.0ooo
[w Show True Fas. Target Charts
20 22 24 2B 28
- 21 23 2B 27 29
@ 20; 03426
i 21. 03366
Selection e 22 03660
- ¢ ¢ ¢ 23 03338
eelian L A Drata Paint D ata Paint Data Point off ~ Data Paint Masked 24 03572
IE z spesiicalion Link Ve In Tolerance Out-of-Tolerance Chart Scale from Statistics 25 03511
26 03353
To Excel Summal . 2 21 03432
i Upper Spec : 0.25 Maximum : 0.0366 B6fTol : 2.5% 26 03384
- \ 290317
& = Lower Spec : 0 Minimum : 0.03338 Cpk : 68.890
oK Print Average 1 0.034459 Range : 0.00322 Total Meazurements: 10
Masked: 0
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ﬂl Statistical Analysis

BEIES

BASIC STATISTICAL ANALYSIS 70mm from

Concentricity2
RUN CHART 7] Datum A

TECHNOLOGIES

5000
Concentricity?
Concentricity3 4375
Concentricityd
Concentricity’ 3750
Concentricityb
Concentricity? 18
Concentricityd S50
BT
1250
0625 © < i |
.0oaa
[w Show True Pos. Target Charts
20 rd 24 2B 2a
iy 23 pas) 7 29
@ 20 07589
i 21 07338
Selection e Z2 08263
- ¢ ¢ o 2% 07273
S pecification Limit r [rata Paint [rata Poink Drata Paint off [iata Paint Masked 24: 08023
le z [l HEE In Tolerance DOut-of-Tclerance Chart Scals from Statistics 25 07340
26 07353
To Excel Summal . a 27 07960
4 Upper Spec: 0.25 Maximum : 0.08263 65/Tol : 7.6% 26 07498
- X 29 07485
:’F«’ :&j Lower Spec: 0 Minimum : 0.07273 Cpk : 18.289
oK Print A\ferage :0.076282 Flange . 001010 Tatal Measurements: 10
Masked: 0
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BASIC STATISTICAL ANALYSIS
Concentricity3

110mm from

] Datum A

Concentricityl .5000
Concentricity2
Concentricitea 4375
Concentricityd
Concentricity 3740
Concentricityb
Concentricity? A5
Concentricityd 5500
875
1250 B S PPN — < |
JE25
0000
v Show True Fos. Target Charts
20 X2 2 26 28
- 21 23 i) 27 23
(;’D 200 12012
1 21 11738
Selection e 22 13149
- o ] i 23 1153
Gt Drata Paint [iata Point D ata Paint off Data Paint Mazked 24 12758
IE z Spesiication tint fverage In Tolerance Dut-o?-?olgrlgnce Cah:rt glgalz from Statistics 25 12486
26 11658
To Excel Summal . " 27 11998
Y Upper Spec :0.25 Maximum : 0.13149 65/Tol : 12.45% 2 11922
- X 2311851
& = Lower Spec : 0 Minimum : 0.11536 Cpk : 8.278
oK Print Average :0.121085 Hange :0.01813 Total Measurements: 10
ke 0
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BASIC STATISTICAL ANALYSIS 150mm from

Concentricity4
[RUN CHART i Datum A

¥4 statistical Analysis

TECHNOLOGIE 5|

Concentricityl .5000
Concentricity?
Concentricityd 4375
Concentricityd
Concentricity 3740
Concentricityb
Concentricity? A5
Concentricityd 5500
875
mmoone < = |
1250
[0E25
0000
v Show True Fos. Target Charts
20 X2 2 26 28
- 21 23 i) 27 23
(;’D 20 16338
1 21 15984
Selection e 22 1793
- o ] i 23 15720
Gt Drata Paint [iata Point D ata Paint off Data Paint Mazked 24 17399
IE z Spesiication tint fverage In Tolerance Dut-o?-?olgrlgnce Cah:rt glgalz from Statistics 25 1639
26 15834
To Excel Summal . " 27 1633
Y Upper Spec :0.25 Maximum : 0.17938 65/Tol : 17.18% 26 16259
- X 23 1E13
:’rV :,gj. Lower Spec: 0 Minimum : 0.1572 Cpk : 3.957
0K Print Average :0.165 Hange :0.02218 Total Measurements: 10
Masked: 0
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BASIC STATISTICAL ANALYSIS
Concentricityd

190mm from

] Datum A

Concentricity
Concentricity?
Concentricity3
Concentricity

Concentricitys
Concentricity®
Concentricity?
Concentricityd

[w Show True Fos. Target Charts

D

Selection
~
X | =
To Excel Summary
OK Print

IRUN CHART
5000
4375
L3750
3125
.2h00
1875 hi . esees—— ©
1250
J0B25
.0ooa
20 2 24 2B 28
21 23 2B 27 29
200 20766
21 20336
B ST o o o % Sous
Speciicaon it Aversge SR uiaoace  Chorenfom Staitnes % Sen
26 20246
Upper Spec : 0.25 Maximum : 0.22827 B6/Tol : 21.88% % oot
Lower Spec : 0 Minimum : 0.20008 Cpk : 1.466 oo
Average 1 0.209944 Range 1 0.02819 TotalMeasure&n:;t{s.;d‘l.DD
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BASIC STATISTICAL ANALYSIS 230mm from
Concentricity6

[RUN CHART ] Datum A

¥4l Statistical Analysis

TECHNOLOGIE 5|

Concentricityl .5000
Concentricity?
Concentricity3 A5
Concentricityd
Concentrici 5 3740
Cuncentrlcny? A5
Concentricityd 2500 5—"’_—_9\} i ——— = = 22 #
1875
12580
[0E25
.ooan
v Show True Fos. Target Charts
20 22 24 26 28
- 21 23 25 27 29
(;’D 20 25203
1 21 24710
Selection e 2227738
- o o o 23 2470
Retiiam L Data Point [iata Point Data Poirt off Data Point Mazked 24 26893
IE z Spesiication tint fverage In Tolerance Dut-o?-?olgrlgnce Cah:lt glgalz fram Statistics 25 2829
26 24638
To Excel Summal . 2 27 25248
Y Upper Spec :0.25 Maximum : 0.27738 656/Tol : 26.53% 26 25154
- \ 29 24918
:’rV :,gj. Lower Spec: 0 Minimum : 0.2431 Cpk:-.154
0K Print Average : 0.255104 Hange :0.03428 Total Measurements: 10
Mazked: 0
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BASIC STATISTICAL ANALYSIS 270mm from

Concentricity7
[RUN CHART i Datum A

¥4 statistical Analysis

TECHNOLOGIE 5|

Concentricityl .5000
Concentricity?
Concentricity3 A5
Concentricityd
Concentricity 3740
Concentricityb
Concentricity? 3125 = f
Concentricityd 5500
1875
12580
[0E25
.ooan
v Show True Fos. Target Charts
20 22 24 26 28
- 21 23 25 2 29
(;’D 20 29673
1 21 2307
Selection e 22 32674
- o ] i 23 28604
ificatian Limi 2 Data Pairk [rata Point [iata Paint off Data Paint Mazked 24 31674
IE z Spesiication tint VEege In Tolerance Dut-o?-?olgrlgnce Cah:rt glgalz from Statistics 25 30363
26 .23043
To Excel Summal . o 27 2973
Y Upper Spec :0.25 Maximum : 0.32674 65/Tol : 31.25% 2 293
- \ 29 29357
& = Lower Spec : 0 Minimum : 0.28604 Cpk :-1.293
0K Print Average : 0.300479 Hange : 0.0407 Total Measurements: 10
Masked: 0
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| think I’m seeing a trend here.

Distance from the Datum has a
serious effect on the
Concentricity (Position) result.
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| wonder If the length of the Datum
has anything to do with the results
as well?

|_et’s shorten a Datum a bit,
from 8mm down to 5mm and
see the effect.
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TECHNOLOGIE 5|

Concentricity
Concentricity?
Concentricity3
Concentricityd
Concentricity
Concentricityb
Concentricity?
Concentricityd

v Show True Fos. Target Charts

D
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BASIC STATISTICAL ANALYSIS

30mm from

Selection
~
X | X
To Excel Summary
l( 2
0K Print

Concentricity1
[RUN CHART g Datum A
5000
4375
3750
3125
L2500
1875
12580
0825
.ooan
10 12 14 16 18
11 13 15 17 19
10 .07282
11 .04498
—_— —— 12 13586
o ] i 13 11873
Retiiam L Data Point [iata Point Data Paint off Data Paint Mazked 14 13858
Specilication Limi Awerags In Taolerance Dut-o?-?olgrlgnce Cah:rt glgalz from Statistics 15 11038
16 05901
q - 1% 13734
Upper Spec :0.25 Maximum : 0.13858 65/Tol : 88.5% 18 05362
1% 09135
Lower Spec : 0 Minimum : 0.04498 Cpk : 1.393
Average : 0.096347 Hange : 0.0936 Total Measurements: 10
Masked: 0
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ﬂl Statistical Analysis

BEIES

BASIC STATISTICAL ANALYSIS 70mm from

Concentricity2
RUN CHART 7] Datum A

TECHNOLOGIES

5000
Concentricity?
Concentricity3 4375
Concentricityd
Concentricity’ 3750
Concentricityb
Concentricity? 18 /\
Concentricityd S50
BT
1250
0E25
.0oaa
[w Show True Pos. Target Charts
10 12 14 1B 18
11 13 15 17 19
@ 10 15387
i 11 .08
Selection e 12 31676
- ¢ ¢ o 1% 27235
S pecification Limit r [rata Paint [rata Poink Drata Paint off [iata Paint Masked 14 32210
le z [l HEE In Tolerance DOut-of-Tclerance Chart Scals from Statistics 15 28279
16 11757
To Excel Summal . a 17: 3190
4 Upper Spec: 0.25 Maximum : 0.3221 6&{Tol : 227.27% 18 10480
W . o 19 22645
.«’ = Lower Spec: 0 Minimum : 0.08111 Cpk:.117
OK Print A\ferage :0.21672 Flange 1 0.24099 Total Measurements: 10
Masked: 0
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I;’El.l.lsml BASIC STATISTICAL ANALYSIS 110mm from

Concentricity3

[RUN CHART i Datum A

Concentricity 5000

Concentricity?

Concen 3 4375

Concentricity

Concentricityd .3750 [
Concentricity

Concentricit? 125 /'
Concentricityd \/ \/

2500
1575
250
J0E25
.0ooo
v Show True Fos. Target Charts
10 12 14 16 18
_ 11 13 15 17 19
(;’D 10 23421
S 11: 11584
Selection e 12 49705
7,- — [+] 4] 4] 12 42548
T e Data Paint Data Paint Diata Paint off Data Paint Masked 14 50503
IE z Spesiication tint fverage In Tolerance Dut-o?-?olgrlgnce Cah:rt glgalz from Statistics 15 33388
16 17520
To Excel Summal . . 17 E0118
Y Upper Spec :0.25 Maximum : 0.50503 65/Tol : 370.37% 18 15424
§ . 19 36219
:’rV :,gj. Lower Spec: 0 Minimum : 0.11584 Cpk :-.188
OK Print Average 1 0.33643 Hange :0.38919 Tatal Measurements: 10
bimteg 1
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BASIC STATISTICAL ANALYSIS 150mm from
Concentricity4

[RUN CHART i Datum A

Concentricityl 5000 7 € & |
Concentricity?

Concentricitys 4375

Concentricityd

Concentricityd .3750

Concentricity

Concentricit? 125 \

Concentricityd V V

¥4 statistical Analysis

TECHNOLOGIE 5|

2500 L
1875
1250
0625
.0oon
v Show True Fos. Target Charts
10 12 14 15 18
_ 11 13 15 17 19
(;’D 10 31695
Selection 112 g?ggg
B — - - - - - -
- o o o 13 58082
T e Data Paint Data Paint Diata Paint off Data Paint Masked 14 B39O0
IE z Spesiication tint fverage In Tolerance Dut-o?-?olgrlgnce Cah:rt glgalz from Statistics 15 53705
16 23538
To Excel Summal . 17 E8495
Y Upper Spec :0.25 Maximum : 0.6901 Cp:.197 18 20628
. . 19 49654
:’rV :,gj. Lower Spec: 0 Minimum : 0.15309 Cpk :-.328
oK Print Average 1 0.458054 Hange 1 0.53701 Total Measurements: 10
Mazked: 0




ELLISON

TECHNOLOGIES

ﬁl Statistical Analysis

s  ®

LuncuroN Liarn

TECHNOLOGIES

BASIC STATISTICAL ANALYSIS

ConcentricityS
IRUN CHART

190mm from
7] Datum A

Concentricity
Concentricity2
Concentricity3
Conceniricity

Concentricityh
Concentricityb
Concentricity?
Concentricityd

[w Show True Pos. Target Charts

D

Selection
e |
€] z
To Excel Summary
& =
0K Print

.Booo < < | |
4375
L3750
3125
.2500
1875 \9/
1250
J0B25
.0ooo
10 12 14 1B 18
11 13 15 17 19
10; 39852
11 18839
— = z o i
SpeciicsonLinit  Avege e OudTdamee Do ham ke 5 e
16 29427
Upper Spec : 0.25 Maximum : 0.87406 Cp:.154 I Derod
Lower Spec : 0 Minimum : 0.18899 Cpk : -.406 o
A\ferage 0578671 Range - 0.68507 TotaIMeasure;"dnen}tgs:JDD
azked;
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BASIC STATISTICAL ANALYSIS 230mm from
Concentricity6

TECHNOLOGIE 5|

[RUN CHART ] Datum A

Concentricityl 5000 7 € =
Concentricity?
Concentricity3 A5
Concentricityd
Concentricityh 3750
Concentricityg
Concentricity? A5
Concentricityd
2500
o
875
1250
[0E25
0000
v Show True Fos. Target Charts
10 12 14 1B 18
- 11 13 15 17 19
(;’D 1046072
1 11 226818
Selection e 12 1.04281
- o ] o 13 88963
Gt [lata Point [iata Point Diata Paint aff Data Point Mazked 14 1.05835
IE z Spesiication tint fverage In Tolerance Dut-o?-?olgrlgnce Cah:lt glgalz fram Statistics 1582150
16 35404
To Excel Summal . a 17 1.05060
Y Upper Spec :0.25 Maximum : 1.05835 656/Tol : 769.23% 16 30958
- X 19 .FEEO3
:’rV :,gj. Lower Spec: 0 Minimum : 0.22615 Cpk : -.457
0K Print Average : 0.699846 Hange : 0.8322 Total Measurements: 10
Maszked: 0
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BASIC STATISTICAL ANALYSIS 270mm from
Concentricity7

TECHNOLOGI|E 5

[RUN CHART ] Datum A

Concentricity 5000 = £ =
Concentricity?
Concentricity3 A3
Concentricityd
Concentricity 3750
Concentricityd
Concentricity? A
Concentricityd S5O0
RETL
1250
0E25
.0ooa
[w Show True Fos. Target Charts
1n 12 14 1B 18
- 11 13 15 17 19
@ 10 BE170
i 11 26137
Selection e 12 1.22407
7,- — 4] 4] L] 13 1.04340
ieelfar L A Drata Paint D ata Paint Data Poirt off  Data Point Masked 14 1.24187
IE z Spesiicstion timt VEIeaE In Tolerance Out-of-Tolerance Chart Seale fram Statistics 15 56314
16 41227
To Excel Summa . a 17 123265
Y Upper Spec: 0.25 Maximum : 1.24187 656/Tol : 909.09% 16 355
. \ 19 90174
(V :31 Lower Spec: 0 Minimum : 0.26137 Cpk : -.491
OK Print Average : 0.820086 Range : 0.9805 Total Measurements: 10
Maszked: 0
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WOW!
A 3mm difference in Datum Length
had a HUUUGE difference In
results.
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So, we have two problems here:

e Feature located a long way from Datum

 Short, Unstable Datum

Let’s think about what we
are trying to do...
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8mm
Wide 0.250mm
Datu diameteral

tolerance

360mm
Distance to feature
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8mm 0.125 mm
per side

360mm
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Assuming we hold the feature
left side of the datum and the
feature still, what tolerance is on
the right side of the datum?
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8mm 0.125 mm
per side
<’_\ i
e ek - ’- ———————————————————————————————————————
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/
/
8mm { M
\
0.125 mm

0.125/360*8=0.0028mm!
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So, In this case, a tolerance of
250 microns 1s REALLY a
tolerance of 2.8 microns.

YIKES! No wonder we are
having problems!
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Timetogobuya =

UPMC ultra with

an accuracy spec
of 0.4 microns!
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| can’t buy a UPMC ultra right now...
So | ask myself “WWMFD’?

What
Would
Mark
Foster

Do? Mark Foster
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A 360

— e e o — e — o — i — . o s 5
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That makes sense! Functionally, -A- does not
100% control how a shaft fits through there!

jn0.25A+B jn0.25A+B
A 360 1 B

l

L R B T T TN TTTT I I T TSN T ITITITT T AT = =

I — i |
N Pl 7 F AL L L = —
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-A- and -B- equally control things.

An axis created through —A- and —B- Is now

Datum A-B.
jn0.25A+B jn0.25A-+B
A 360 1 B

|
R o o T E VT TITET I T I T T T T RO T I T = ==
W P sl rd l it f ALl r Ly =} —
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We are trying to make sure —A- and —-B- are
positioned the same way on the same axis so

nothing gets bound up.

jn0.25A1B

A 360

|
R o o T E VT TITET I T I T T T T RO T I T = ==
W P sl rd l it f ALl r Ly =} —

1‘?
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The individual axes of the cylinders of A and
B need to be within a cylindrical zone

centered on A-B.

jn0.25A1B

A 360

1‘?

|
B T T T TN T T T e T e R T

@ — e [ e — T — W m—— — — i —— o e o

o i Ay i o
N7 7 P e s s s f s s A, LTSS =5 —
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NOT OK

| | | ]
e

-
-
-
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L_et’s do this in Calypso.

Fortunately, this is MUCH
easler than trying to figure
out “REAL” Concentricity!!!!
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= Calypso User Desk - [C) Carl Zeiss - Stepped Cyl

Edit View Resources Features

B < @

n Cylinderl
n Cylinder2

3-D Line1[Cylinderl,Cylinder2)]
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NOTE:

Using a 3-D line with RECALL
creates a line between the
CENTERS of the two cylinders
selected.

Make sure LSQ is selected in the
feature window for each cylinder.
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= Calypso User Desk - (C) Carl Zeiss - Stepped Cyl

File Edit Yiew Resources Features Construction Size Form and Location Plan CAD Extras Planner Window 2
NEE| BB - 7 '

@ |5
True Position1
True Position2

Coaxialityl
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True Position1
True Position2

Coaxialityl

True Position3
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WOW!

That’s a big
difference.

Maybe our part
Isn’t as bad as |
thought after
all!

I=- Calypso Custom Printout Stepped Cyl

Printout Display

heasurement Plan

ZEISS Calypso

Date

Stepped Cyl September 9, 2011
DOrawing Ma. Time Order
* drawvingno * 11:35:50 am * order *
Operator Chithd Inzremental Part Mumber
Master Simulation 1
Actual Moarminal Upper Tal. Lowwer Tal. Deviation
Qj Overall Result
Al Characteristics: 4
Out of talerance: 2
Chver Wiaming Limit: 1]
Mot Calculated: 1]
True Position |-
$ 0.0065 0.0000 0.2500 0.0065
True Paosition? -
0.0295 0.0000 0.2500 0.0295
Coaxiality 07161
09661 0.0000 0.2500 09661
True Position3 07184
09661 0.0000 0.2500 09661
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Coaxiality Is the
same as True
Position of a

Cylinder when the

Feature Nominals

are zeroed on the
datum.

I=- Calypso Custom Printout Stepped Cyl

Printout Display

heasurement Plan

ZEISS Calypso

Date

Stepped Cyl September 9, 2011
DOrawing Ma. Time Order
* drawvingno * 11:35:50 am arer
Operator Chithd Inzremental Part Mumber
Master Simulation 1
Actual Moarminal Upper Tal. Lowwer Tal. Deviation
Qj Overall Result
Al Characteristics: 4
Out of talerance: 2
Chver Wiaming Limit: 1]
Mot Calculated: 1]
True Position |-
$ 0.0065 0.0000 0.2500 0.0065
True Paosition? -
0.0295 0.0000 0.2500 0.0295
— Coaxiality 07161
(@) 0.9651 0.0000 0.2500 0.9651
True Position3 07184
09661 0.0000 0.2500 09661
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We suggest reporting both results and
document WHY you did what you did:

1) You reported “concentricity/coaxiality’ as the
print states, however that was probably not the
design intent.

2) You reported Position to Ato A-B and B to A-B
because functionally, that is what the part really
“sees” and you presume that was the design intent.
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Concentricity

More than you ever wanted to know

Questions?




