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* Curved or Irregular Surfaces
m [ests

- Evaluation of Various Methods

m Conclusion



Mow should the position be

established?

m ASME Y14.5-2009

* Section 2.9

— “Each tolerance of orientation or position and
datum reference specified for a screw thread
applies to the axis of the thread derived from
the pitch cylinder.”
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Requirements per ASME Y14.5M-2009

—=1 = Cylindrical tolerance zone (equal to positional tolerance)

Axis of hole —-‘ ~— Extreme positional variation
at true position |
N | \,--*-— Extreme orientation variation
90° | | 90° 90° \ I
/ \ - \ Primary datum
' Vs Yot ”

===

A

7

\ Axis of hole
Minimum hole diameter «L—‘ / \\ \/ /
S

Axis of hole rue position axes
Axis of unrelated Axis of unrelated Axis of unrelated
actual matlng envelope actual mating envelope actual mating envelope
is coincident with the is located at extreme is inclined to extreme
true posltion axls. posltion to the left of orlentatlon within
true posltlon axls (but tolerance zone.

wlthIn tolerance zone),
(a) (b) (c)

Note that the |ength of the tolerance zone |s equal to the

length of the feature, unless otherwise specified on the drawing. 7.3.3.1
6.2
Reprinted from ASME Y14.5-2009, by permission of The American Society of Mechanical ﬁan_dial
ationa

Engineers. All rights reserved. No further copies can be made without written permission.
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Coordinate Measuring

:;,'

Machine (CMM) Methods

m Probing a threaded/cylinder gage
* Issues
—$ - Cost of gage
—Inconvenience of installing (time = money $)
— Establishing pitch cylinder

m Direct probing of the thread form

* |ssues
— Chips, burrs
— Proper establishment of the pitch cylinder
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i Problem

m Standard cylinder gage is influenced by the surface
the hole is located on.

Rocking
Motion
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: ; Initial Tests

m Evaluate commonly used techniques
m Perform R & R tests using various
techniques on a nominally flat surface

 Test pieces having a 2 inch outside
diameter with }4”-20 UNC thread in center
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Test Pleces
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}" Various Types Plug Gage




Split Thread Gage
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Tapered Thread Gage




Expanding Ball Gage
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Ball Gage




“VR&R Test Parameters

m Establish intersection points of cylinder
axis with Datum A (top surface) and at
—0.5” below Datum A

m Record X & Y position at both
Intersection points

» Should show repeatability of not just
Datum A location, but of the cylinder
orientation (tilt).
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PLANE CODE NUMBER =

f ( !
here = 3 (XY plane)
START VALUE Z END VALUE
I-POS I-POS X

e —

DIST: I-POS/PRB
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Probe

' _
%‘ Direct Probing using Cylinder

B Issues

- Taking a 3D
requirement and
making a 2D
measurement

« Assuming many
characteristics of the
thread form

——
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Maximum Material Condition Issues

m How is MMC
applied?
« Additive Tolerance
‘Bonus”
« Centering Effects?

This on the drawing

—M10 X 1.5 -6H

\\
Yy g
7

7.4.1
6.4.2

Means thls

0.3 dlameter
tolerance zone
m 14 specliled
projected helght

1

L Datum
plane A

AI.
\ Posslble orlentation

of feature axis

Where the thread profile is at MMC, the feature
axls must lle within a cylindrical zone 0.3 dlameter
which is perpendicular to and projects from datum
plane A for the 14 speclfled helght. The feature
axis must be within the specified tolerance of
location over the projected height,

Note: A threaded hole is |located and gaged from
Its thread proflle at MMC. Conslderatlon must be

given to the additive tolerance which results from

the departure from MMC. The centering effect of

the fastener at assembly, however, may reduce or
negate such added tolerance,

Reprinted from ASME Y14.5-2009, by permission of The American Society of Mechanical
Engineers. All rights reserved. No further copies can be made without written permission.



A
CMM’s Used & Specifications

m Zeiss Prismo (9/12/7)
« 3D =0.000113 inches

m Zeiss Contura (7/10/6)
« 3D =0.000097 inches

m Zeiss UPMC 550 (CAA)
3D = 0.000058 inches




Zel1ss Prismo CMM

ZEISS
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Zel1ss Contura CMM
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Test Results —
Steel Test Piece

Standard Straight Gage
Split Gage
Taperred Gage
Expanding Ball Gage

Direct Thread Prohing

Results In Inches

Axis

D el D et ml | e CmD et el

Datum A - £ Axis Fero

-0.0001 1
-0.0001 1
-0.00016
-0.00001
-0.00017
-0.0a010
0.00004
-0.00014
0.00045
-0.00017

0.00002
0.000071
0.00002
0.00002
0.00013
0.00007
0.00002
0.0000%
0.00105
0.000071

0.0003

0.0003

0.0004

0.0004

0.0009

Projected 1.5 inches £ Axis

-0.00017
-0.00017
0.00025
-0.0001 1
-0 000z
-0.000357
000025
-0.00001
0.00054
0.00054

0.00003
0. 00006
0.000=7
00000y
00000y
000030
0. 0002
0. 0002
0.000s5
0.00045

Deviation Std. Dev. TP Result Deviation Std. Dev. TP Result

0.0005

0.0006

0.0009

0.0006

0.0020
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Aluminum Test Plece

Standard Straight Gage
Split Gage
Tapered Gage
Expanding Ball Gage

Direct Thread Prohing

Results In Inches

Axis

= | DD ] D el CmD el CmD el Cml

Datum A - £ Axis Fero

-0.00032
0.aa110
-0.00013
0.00132
-0.00047
0.00113
0. O0022S
0.aat11y
000080
0.00004

0. oooo2
0. Qo002
0.00004
0. Q0005
0.a0004
0.00015
0.0001 6
0. Q000E
0. 00005
0.a0010

0.0027

0.0027

0.0024

0.0024

0.0016

Projected 0.5 inches 7 Axis

-0.00053
0.00141

-0.00061
0.00140
-0.00106
000112
-0.00061
0.00120
0. 00002
0.00014

0.oooay
000063
000039
000010
0.00053
0.00019
000057
0.00016
0.00064
0.00015

Deviation Std. Dev. TP Result Deviation 5td. Dev. TP Result

0.0033

0.0031

0.0031

0.0027

0.0003
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Conclusions

m No significant difference seen between
gage methods.

m No significant difference seen between
gage methods and direct probing.

m Further testing & analysis needed to
determine best practice.
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Questions?
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