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NIST MBE PMI Validation and Conformance Testing
Program (NIST MBE PMI VCTP or NMPV)

Develop test case definitions,
test case models and

software algorithms
sufficient to measure conformance of CAD systems

to American Society of Mechanical Engineers (ASME)
standards for Product Manufacturing Information (PMI)

ASME Y14.5-1994 (Dimensioning and Tolerancing)
ASME Y14.41-2003 (Digital Product Data Definition Practices)



Project Components

 Test Cases
« Select 50 PMI annotation constructs (Atomic Test Case — ATC)
« Expert review of the PMI
» Applied to 5 parts (Complex Test Case — CTC)

 Test Models
« Each of the 5 parts with PMI modeled in 4 CAD systems
(CATIA, Creo, NX, SolidWorks)
 Focus on Semantic PMI
* Precise, not graphical, machine interpretable

» Verification of CAD models
« Comparison to test case definitions and to each other
* Implementor Forums (IFs) to resolve modeling issues

 Release to IFs
e Generate derivative STEP, JT, and 3D PDF files
« Validate derivative files to original CAD models
e Import derivation STEP files to CAD systems
« Validate derivative CAD models to original CAD models

* Release test cases and CAD models to public (cic.nist.gov/mbe)
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Phase 1 PMI Annotation Constructs

ATC |Test Case Descriptions

Specification

1 Dimension with Equal-Bilateral Tolerance: Feature of Size

@25 +0.15

2 |Dimension with Unequal-Bilateral Tolerance: Feature of Size (2520 +0.05/-0.10 & QSQO +0.10/-0.05
3 |Dimension with Unilateral Tolerance: Feature of Size @35 0/-0.2 & @35 +0.2/0
4 |Angular Dimension with Equal-Bilateral Tolerance: Simple 60° +0.5°
5 |Directly-toleranced dimension with nX (quantity) 30X 014 =01
6 |Directly-Toleranced Dimension with Dimension Origin Symbol 4X 82 + 06
7 |Symbaol: All Around (Applied with a Leader-Directed Profile Tolerance) £N05]A Al Around
8 |Dimension: Limit - Vertical (Stacked) and Horizontal with Diameter Symbol: Feature of Size 034.8-352 & 035.2/34 8
9 |Symbaol: Counterbore; Symbol: Depth - Single-Line Specification of Two Dimensions and Tolerances - Complex 4X L1920 +0.2 x ¥ 20 +0 2
10 |Symbol: Countersink - Single-Line Specification of Two Dimensions and Tolerances - Complex 30X N020 +0.3 X 90° +1°
11 |Driectly-Toleranced Dimension with Statistical Tolerancing Symbol 5.000 +.008 {(ST)
12 |Basic dimension 75 basic; 10 basic
13 |Reference Dimension, Simple (.750)

©®.06/D|B|C
14  |Single Segment Feature Control Frame, Simple - Attached to Size Dimension & Tolerance J_QS.EH E

15 |Composite Feature Control Frame - 2 Segments - Leader Directed - with String Grouping Mechanism

£\2|D|GIH (top);
0.2|D (bottom)

16 |Composite Feature Control Frame - 2 segments - attached to size dim & tol

6X 06.65 +0.12
© 01 5|D|EJF (top);
00.3|D|E (botiom)

17 |Feature Control Frame Directed to Surface - Flatness £702

18 |Feature Control Frame Directed to Surface - Straightness with Represented Line Element —_ 005

19 |Feature Control Frame Directed to Surface - Circularity O 002

20 |Feature Control Frame Directed to Surface - Angularity =~ 04|A

21 |Feature Control Frame Directed to Surface - Perpendicularity L1 S|A

22  |Feature Control Frame Directed to Surface - Position $€50.35|A|B|C
23 |Feature Control Frame Directed to Surface - Concentricity @QS.OS[HB

24 |Feature Control Frame Directed to Surface - Circular Runout

A 035/A-B, ~ 025|A-B

25 |Feature Control Frame Directed to Surface - Total Runout

7 o021a, 27 0158




Phase 1 PMI Annotation Constructs

ATC |Test Case Descriptions Specification
26 |Feature Control Frame Directed to Surface - Profile of a Surface N0 75|ABIC
27 |Feature Control Frame with Unit-Basis Tolerance - Flatness L7005/ 25X .25
28 |Feature Control Frame with MMC Modifier D @®1.5M|A[B|C
29 |Feature Control Frame with LMC Modifier $Q§1 .2©|A|B|C

AX M12 x 1.75 - 6H ¥25 +0.25

30 |Feature Control Frame with Projected Tolerance and Projection Distance - ASME $00 T5®50|A|B|C ax

(12 5(U)1.25|AB|C
£12.5(U)0.5|AB|C
(N2 5(U)2.5|A|B|C
(2 5(U)DJA[BIC

31 |Feature Control Frame with ASME Modifiers - Unequally-Disposed

32 |Unidirectional Positional Tolerancing - Parallel Plane Tolerance Zone for Cylindrical Feature of Size $.03|D|B|C
33 |Single Segment Feature Control Frame - Attached Directly to Dimension Lines - No Dimension Value '$’0.75|A|B|C
£0.5|DIEM)|FM)
(ON0.5|DIEM)|F
34  |Feature Control Frame with MMB Modifiers for Datum Feature References - ASME
£0.5|DIE|IFW)
£ N0.5|DIEIF
(O08|GHD|Y
(ON0.8IGHO IO
35 |Feature Control Frame with LMB Modifiers for Datum Feature References - ASME
(ON0.8|GHD
£0.8|GIH|J
36 |Feature Control Frame with MMC and MMB Modifiers © % .05@)ABM|CM)
37 |Datum Feature symbol attached to Feature of Size A
38 |Datum Feature symbol attached to a Size Dimension B
01 A
39 |Datum Feature Symbol Attached to a Leader-Directed Feature Control Frame £ .03|A|B|C

(NOBJABIC  E

40 |Datum Feature symbols for Primary, Secondary, Tertiary attached to surfaces D E F GH




Phase 1 PMI Annotation Constructs

ATC |Test Case Descriptions Specification
41 |Datum Target Symbol and Target Area Symbol Applied to Surface: Area Defined in Datum Target Symbol (&) @0.85 Area K1
42 |Datum Target Symbol and Target Area Applied to Surface: Area Defined on Surface (Rectangular) C1, D1
43 | Set of Datum Target Symbols and Target Point Symbols Applied to Surfaces A1, A2 A3, B1, B2, B3. B4, C1
44  |Multiple Datum Feature A-B
4X P 625 +.005
45 | Size Dimension with Feature Control Frame and STRING - Applied nX $®.05@|D|B|C
SWITCH MOUNTING LOCATIONS
B .438 +.005
1L goa B
@.438 +.005
46 |Size Dimension with Feature Control Frame and Datum Feature Symbol Attached
DPo2AB C
@1.065 +.003
L @goe F
47 |Directional Geometric Tolerance with Represented Line Element M0.25|A|B|C
48 |Profile Tolerance: Applied on a Between Basis £N1.25|ABIC A¢—B
49 |Profile tolerance applied to a limited area (circular area) £N05]A|B|C
Obtain dimensions from model. .
50 |General Notes Invoking ASME Y14.5M-1994 and Y14.41-2003 on Static Annotation Plane Model geometry is basic...

ASME Y14.41-2003 applies...
ASME Y14.5M-1994 applies...




Test Case 1

NIST PMI Test Models - 2012

ADV/D@ Advanced Dimensional Management LLG

Test Model 1

[y

PMI Complex Test Case 1
Includes Atomic Test Cases - 1,2, 3,4,7,8, 17, 21, 33,48

Rev B

nist_ctc_01_asme1_rb



Test Case 2

NIST PMI Test Models - 2012 ADV/D®@

Advanced Dimensional Management LLC

Test Model 2

PMI Complex Test Case 2 - View 2 (of 3)
Includes Atomic Test Cases - 26, 31, 41

{.Ifl %34*

Optional:
This perpendicularity tolerance is included
to legitimize specifying datum feature D.

Rev B

nist ctc 02 asmel b



Test Case 3
NIST PMI Test Mod

els - 2012 ADV/ DM) Advanced Dimensional Management LLC

Test Model 3

Datum Feature F not ———
referenced - justifies N
placing MCS at center

of large hole on flange

PMI Complex Test Case 3
Includes Atomic Test Cases - 6, 13, 14, 20, 27, 32, 36, 39, 45, 46

Rev B

nist ctc 03 asmel rb



Test Case 4

NIST PMI Test Models - 2012

ADV/D@ Advanced Dimensional Management LLC

Test Model 4

This tolerance applies
to the top surfaces
above datum features
G and H. The string "2
SURFACES" does not
clarify which surfaces.
Associativity will.

PMI Complex Test Case 4
Includes Atomic Test Cases - 5, 9, 10, 12, 15, 16, 22, 30, 40, 49 Rav C

rc

nist ctc 04 asmel



Test Case 5

NIST PMI Test Models - 2012

ADV/D@ Advanced Dimensional Management LLC

Test Model 5

Notes

Datum feature B and
Datum target D1 defined
in View 2 (of 2).

PMI Complex Test Case 5 - View 1 (of 2)
Includes Atomic Test Cases - 11, 18, 19, 24, 37, 42, 44

Rev C

rc

nist ctc 05 asme1



Test Cases Modeled in 4 CAD Systems

Test Case

CATIAVS5 R21 Model

NX 8.0 Model




Example Semantic Verification Issue

[ Text4 5 - B) Same issue also found in the NX, Creo
and SolidWorks test models.




Phase 1 Results (Oct 2012 — Sep 2013)

Test Cases
« Select 50 PMI annotation constructs
* Applied to 5 parts (10 per part)
 Documented with PDF, images, and explanatory text
(Bryan Fischer, Advanced Dimensional Measurement)
« Expert review of the PMI (Curtis Brown, DoE and RECON Services)

Test Models
« Each of the 5 parts with PMI modeled in 4 CAD systems
(Rich Eckenrode, RECON Services)

Verification of CAD models
« Comparison to test case definitions and to each other
(Doug Cheney, ITI TranscenData, CADIQ)

Release to Implementor Forums
* Resolve modeling issues
e Generate derivative STEP and JT files (no 3D PDF)
« Validate derivative files to original CAD models (delayed)

NIST STEP File Analyzer and public release (cic.nist.gov/mbe)
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NIST STEP File Analyzer and Semantic PMI

« STEP File Analyzer parses file and displays in spreadsheet
 Dimensional Tolerance
« Diameter, Length
* Plus-minus
 Value Range
 Datum Reference Frame
 Modifiers
» Geometric Tolerance
 Value
 Modifiers
 Tolerance Zone
« Datum Feature

e Recreate Visual Presentation of the Semantic PMI
o Compare to test case definition

» |dentify source of discrepancies
« STEP file, CAD model, Analyzer



Semantic PMI Summary Worksheet

Recreate Visual Presentation of the Semantic PMI
Datum systems, dimensional and geometric tolerances

3 ID  Entity Semantic PMI
4 | 5704 datum system A
5 5845 datum system A
6 | 5925 datum_system AlB|C
7 | 6010 datum_system AlB|C
8 6095 datum system AlB|C
9 5109 dimensional characteristic representation 34.8-35.2
10 | 5179 dimensional characteristic representation 34.8-35.2
11 | 5237 dimensional characteristic representation @25.0£0.15
12 | 5295 dimensional characteristic representation @20.0 +0.1-0.05
13 5385 dimensional characteristic representation @20.0 +0.05 -0.1
14 | 5435 dimensional characteristic representation 35.0+0.20.0
15 | 5497 dimensional characteristic representation 35.00.0-0.2
16 | 5562 dimensional characteristic representation 35.00.0-0.2-60.0
5779 flatness tolerance o | 0.2
kY
|
17 [A]
18 | 5926 geometric_tolerance with datum reference and position tolerance B|lo7s|AalB|C
19 6011 geometric tolerance with datum reference and position tolerance Blois|AalB|C
20 5705 geometric tolerance with datum reference and surface profile tolerance = | 0.5|A
21 | 6096 geometric tolerance with datum reference and surface profile tolerance = | 1.25|A|B|C
22 | 5846 perpendicularity tolerance L]15]|A
M 4 ¥ M| Symmary . Header | Semantic PMI Summary - angular_size -~ dafum datum_feature datum_ref



Manual Association of Semantic PMI to

Test Case Image

3 ID  Entity Semantic PMI

4 5704 datum system A

5 5845 datum system A

6 | 5925 datum system AlB|C

7 | 6010 datum system AlB|C

8 | 6095 datum system AlB|C

9 5109 dimensional characteristic r¢34.8-35.2 —

10 | 5179 dimensional characteristic r¢34.8-35.2
11 | 5237 dimensional characteristic r¢©25.0+0.15
12 | 5295 dimensional characteristic r¢ $20.0 +0.1-0.05
13 | 5365 dimensional characteristic r¢ $20.0 +0.05-0.1
14 | 5435 dimensional characteristic r¢35.0 +0.2 0.0
15 | 5497 dimensional characteristic r¢35.00.0-0.2
16 | 5562 dimensional characteristic r¢35.0 0.0-0.2-80.0
5779 flatness tolerance =] 0.2
i
|
17 [A]
18 | 5926 geometric tolerance with diéB | 0.75 |A|B| C
19 | 6011 geometric tolerance with diéB | 0.75 |A|B| C
20 | 5705 geometric tolerance with die | 0.5 | A —
21 | 6096 geometric tolerance with die | 1.25 | A | B | C —
22 | 5846 perpendicularity tolerance 1 | 1.5] A
23
24
25
26
27
28
29
30
21
32
33
34
35
36
27
38

NIST PMI Test Models - 2012

Test Model 1

PMI Complex Test Case 1
Includes Atomic Test Cases-1,2,3,4,7,8,17,21,33, 48 RevD

Green — GD&T match

Yellow — GD&T incorrect or incomplete
Possible issue with STEP file, Analyzer, or Recommended Practice
Red - GD&T incorrect, possible issue with STEP file (diameter symbol is missing in this example)




Manual Association of Semantic PMI to

Test Case Image

3 ID Entity Semantic PMI
4 | 7169 angularity tolerance £] 004 A
5 | 6689 datum system A

6 | 6755 datum system AlB

7 | 6831 datum system A|B|C

8 7004 datum system AlB|C

9 7100 datum system E

10 7168 datum system A

11 7314 datum system D|B|C

12 | 7399 datum system AlBHE | CH
13 | 7484 datum system D|B|C

14 | 7569 datum system D|B|C

15 | 6033 dimensional characteristic r0.82+0.6 —

16 | 6101 dimensional characteristic ru'[O.}'S}
17 | 6165 dimensional characteristic r@0.438 + 0.005
18 6223 dimensional characteristic r @0.438 +0.005

19 6281 dimensional characteristic n@2.0+0.1

20 6339 dimensional characteristic r®1.065 +0.003

21 | 6433 dimensional characteristic rn©0.438 + 0.005

22 | 6497 dimensional characteristic r®0.625 + 0.005

23 | 6561 dimensional characteristic r@1.5+0.005

24 | 7245 flatness tolerance and geors | 0.005,0.25 X 0.25

25 | 7400 geometric tolerance with d € | @ 0.05% | A | BH) | Gl

26

27
28

29

30
31
32
33
34

7485 geometric tolerance

with d @0.625 +0.005

6736 geometric tolerance

@ |doosE |D|B|C

with d @0.438 +0.005

7315 geometric tolerance

&G |@o02|A|B
with dB | 0.03|D|B]|C

7570 geometric tolerance

with d ©1.5+0.005

6832 geometric tolerance

¢ |voos|D|B|C
with d 0.82+0.6

7005 geometric tolerance

aloo3|ale|c
with d = | 0.06 | A|B|C

6690 perpendicularity tolerance | | ©0.01 | A

7101 perpendicularity tolerance | | ©0.01|E

6617 surface profile tolerance

ol 0.0

NIST PMI Test Models - 2012

Test Model 3

D_a_tum-FeEfu_r_é-IE-l:lDt .
_—referenced - justifies _1:\
placing MCS at center

of large hale on flange
-~

-

PMI Complex Test Case 3
Includes Atomic Test Cases - 6, 13, 14, 20, 27, 32, 36, 39, 45, 46

RevC




Coverage Analysis

 Test Cases
e Only 50 PMI annotation constructs out of many
 Phase 2 considering 50 more

« Test Models
 Modeled in only 4 CAD systems
e Limitations of CAD systems to model some PMI constructs
» Graphical workarounds

* Limitations of derivative STEP files
e Focus on AP242
* Not supported by some CAD systems
» CAX-IF Recommended Practices do not cover all Test Cases

« STEP File Analyzer Coverage Analysis
 Geometric and dimensional tolerances, modifiers
 Reference documentation in CAx-IF Recommended Practices
» Constructs without Recommended Practices



STEP File Analyzer - Coverage Analysis

Semantic PMI

R31

sp3-d5-

R31

sp3_111

R31

sp3_11i
R31

sp3_16

242.5tp
R31

sp3_16°

angularity_tolerance £
circular_runout_tolerance A
coaxiality_tolerance &
concentricity_tolerance (@
cylindricity_tolerance «
flatness_tolerance =
line_profile_tolerance —
parallelism_tolerance 4/
perpendicularity_tolerance |
position_tolerance &
roundness_tolerance O
straightness_tolerance -
surface_profile_tolerance —
symmetry tolerance =
total_runout_tolerance [

diameter @

radius R

thickness 4+

spherical diameter 5@
spherical radius SR
dimensional location (5.1.1)
angular location (5.1.2)
dimensional size (5.1.5)

Column A — Types of GD&T,
numbers in parentheses

refer to CAx-IF Recommended
Practice

Other Columns — One per STEP file,
X indicates the file contains that
type of GD&T



STEP File Analyzer - Coverage Analysis

49 |basic [BASIC]
50 common_zone CZ
51 conical_taper =
52 contacting_feature CF
= - - = = u u ~ & - 53 continuous_feature <CF=
3 semantic PMI E% ER PRERRIEBIEBR 28 2%c 25| 54 controlled radius [CR)
4 langularity_tolerance £ 55 |degree_of freedom_constraint_u u
5 |circular runout tolerance A 56 degree_of freedom_constraint_v v
6 coaxiality_tolerance @ 57 |degree_of freedom_constraint_w w
7 concentricity_tolerance @ 58 degree_of freedom_constraint_x x
8 |cylindricity_tolerance o 59 degree_of_freedom_constraint_y y
9 flstness_tolerance & ¥ X ¥ ¥ ¥ 60 degree_of freedom_constraint z z
10 line_profile_tolerance — 61 dfmensmnj_rlgln >
11 parallelism_tolerance /% 62 dlstance__varlable DV
12 |perpendicularity_tolerance | X X :j ?rz:]—sr;i::lélemem ERE
13 position_tolerance & X X X X X = inde;nendency )
14 rour_1dness_t0|erance © 66 |least_material_condition (T
e e x ol x| e e e ©
Y -
17 symmetry_tolerance = :2 ::::_Sel;ement LE
18 total_runout_tolerance U 70 major_diameter MD
19 |diameter @ 71 | maximum_material_condition (8}
20 |radius R 72 |maximum_material_requirement @
21 |thickness - 73 |minor_diameter LD
22 spherical diameter 50 74 not_convex NC
23 spherical radius SR 75 |arientation ><
24 dimensional location (5.1.1) X X 76 pitch_diameter PD
25 angular location (5.1.2) X X 77 |plane PL
26 dimensional size (5.1.5) X X X X 78 |point PT
27 oriented dimensional location (5.1.3) 79 projected (P
28 derived shapes dimensional location (5.1.4) 80 reciprocity_requirement ()
29 | basicdimension (5.3) 81 regardless_of feature_size (5
30 reference dimension (5.3) 82 separate_requirement SEP REQT
31 type qualifier (5.2.2) 83 slope =
32 plusminus - equal (5.2.3) X X X X 84 sguare O
33 plusminus - unequal (5.2.3) 85 statistical_tolerance <5T=
34 value range (5.2.4) X X 86 tangent_plane (D)
35 tolerance class (5.2.5) 87 |translation ©
36 decimal places (5.4) 83 unequally disposed
37 tolerance zone (6.9.2) X X X 89 all over(6.3)
38 feature count 'nX' X X X X 90 between modifier <+ (6.4.3)
39 datum X X X X X 91 non-uniform tolerance zone (6.9.2.3)
40 | datum with axis system (6.9.7) 92 |tolerance with max value (6.9.5)
41 | datum with modifiers (6.9.7) 93 |unit-basis tolerance (6.9.6)
42 multiple datum features (6.9.8) X X X 94 |composite tolerances (6.9.9)
43 | datum target (6.5) X 95 compound tolerances
44 moveable datum target (6.6.3) 96 |countersink -
45 datum target with dimension 97 |counterbore L
46 |all_around = X X 98 counterbore depth T
47 any_cross_section ACS 99 hole thread
48 |any_longitudinal_section ALS 100|notes




Phase 2 Plans (Proposed)

 Test Cases
« Select 50 more PMI annotation constructs (Atomic Test Case — ATC)
« Expert review of the PMI
* Applied to 5 parts (Fully-toleranced Test Case — FTC)

« Test Models
« Each of the 5 parts with PMI modeled in 4 CAD systems
(more recent versions of CATIA, Creo, NX, SolidWorks)
« Focus on Semantic PMI

» Verification of CAD models
« Comparison to test case definitions and to each other
* Implementor Forums (IFs) to resolve modeling issues

 Release to IFs
« Generate derivative STEP, JT, and 3D PDF files
« Validate derivative files to original CAD models
e Import derivation STEP files to CAD systems
« Validate derivative CAD models to original CAD models

 Complete delayed Phase 1 tasks



Complex vs. Fully-toleranced Test Case

NOTES (APPLY UNLESS OTHERWISE SPECIFIED):
1. OBTAIN DIMENSIONAL VALUES FOR
UNDIMENSIONED FEATURES DIRECTLY FROM
THE CAD MODEL. ALL DIMENSIONAL VALUES
OBTAINED FROM THE CAD MODEL ARE BASIC
DIMENSIONS UNLESS OTHERWISE SPECIFIED.
Tost Modal 3 2. MATERIAL- 075 THICK 304 STAINLESS STEEL
est viode ¥ SHEET PER ASTM A240
e, Complex Test Case T
[55 20g ASME Y14 5M-1994
B8 ASME Y14 41-2003
&
)
)
<> S
Ky
TN
Shanddy,
o

&

Datum Feature F not ——

referenced - justifies ™ a
placing MCS at center 0
of large hole on flange g
” ,f;— Rev B
é’\
PMI Complex Test Case 3
Includes Atomic Test Cases - 6, 13, 14, 20, 27, 32, 36, 39, 45, 46 Rev C

PMI Fully-Toleranced Test Case 1 (Sheet 2 of 2)
Based on nist_ctc_03_asme1_rb with Changes and Additions Rev B




Possible Future Extensions

e Cross sections (single plane and multiple
planes)

 Assembly PMI

e |ISO PMI standards

 Newer versions of ASME and ISO standards

 More CAD systems (Solid Edge, Inventor, ...)

 Import into CAM systems, especially inspection
planning and measurement
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