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Modeling: CAx <> Requirements

as-designed as-planned as-inspected as-manufactured

(manufacturing instruction data)

(manufacturing execution data)

STEP AP242

#136=VECTOR('"',#135,7.5E-1); G001 X1.2661 <Cylinder23 id="448"> 20:22:36.217,16.863500,-7.606200,-13.223900,21
#137=CARTESIAN7POINT(",(7‘72E—1,5‘E—1,7.5E— G02 Y0.6385 J0.1252 <Cylinder23Core scalevV="10"> 20:22:36.337,16.863500,-7.606200,-13.234600,21
1)) G0l X5.1419 <Diameter>20</Diameter> 20:22:36.467,16.863500,-7.606200,-13.245200,21
#138=LINE ("', #137,4136); G03 Y0.8889 J0.1252 <Length>50</Length> 20:22:36.593,16.863500,-7.606200,-13.255900,21
#139:CURVE75TYLE(",#26,POSITIVEiLENGTHiMEASURE G001 X1.2661 <Axis> 20:22:36.723,16.863500,-7.606200,-13.266600,21
(2.E-2),#11); G02 Y1.1393 J0.1252 <AxisPoint>110 -95 - 20:22:36.847,16.863500,-7.606200,-13.277200,21
#140:PRESENTATIONisTYLEiASSIGNMENT((#139)); G001 X5.1419 50</AxisPoint> 20:22:36.990,16.863500,-7.606200,-13.287900,21
#141:STYLED71TEM(",(#140),#138); G18 GO02 X5.1794 70.9275 K0.0375 <Direction>0 0 1</Direction> 20:22:37.100,16.863500,-7.606200,-13.298600,21
#142=CARTESIAN7POINT(",(6‘E—1,5.E—1,7‘5E—1)); GO0 z1.1 </Axis> 20:22:37.230,16.863500,-7.606200,-13.309200,21
#143=DIRECTION('', (0.E0,0.E0,-1.E0)); X5.1978 Y-1.1144 <Sweep> 20:22:37.360,16.863500,-7.606200,-13.319900,21
#144=DIRECTION('', (-1.E0,0.E0,0.E0)); G01 Z0.8925 F20. <DirBeg>1 0 O</DirBeg> 20:22:37.487,16.863500,-7.606200,-13.330600,21
#145=AX1527PLACEMENT73D(",#142,#143,#144); G03 X5.1603 z0.855 I-0.0375 F60. <DomainAngle>0 20:22:37.610,16.863500,-7.606200,-13.341200,21
#147=CURVE75TYLE(",#26,POSITIVEiLENGTHiMEASURE G0l X5.1419 6.28318530717959</DomainAngle> 20:22:37.737,16.863500,-7.606200,-13.351900,21
(2.E-2),#11) ; X1.2661 </Sweep> 20:22:37.867,16.863500,-7.606200,-13.362600,21
#148:PRESENTATIONisTYLEiASSIGNMENT((#147)); G17 GO02 Y-0.864 J0.1252 </Cylinder23Core> 20:22:38.000,16.863500,-7.606200,-13.373200,21
#149=STYLED71TEM(",(#148),#146); G0l X5.1419 </Cylinder23> 20:22:38.130,16.863500,-7.606200,-13.383900,21
#15O=CARTESIAN7POINT(",(6‘E—1,5.E—1,7‘5E—1)); G03 Y-0.6136 J0.1252 <Plane23 id="457"> 20:22:38.253,16.863500,-7.606200,-13.394600,21
#151=DIRECTION('', (0.E0,0.E0,-1.E0)); G001 X1.2661 <Plane23Core domainU="- 20:22:38.380,16.863500,-7.606200,-13.405200,21
#152=DIRECTION('', (1.E0,0.E0,0.E0)); G02 Y-0.3632 J0.1252 25.742235784508 46.4287692639813" 20:22:38.507,16.863500,-7.606200,-13.413200,21
#153=AX1527PLACEMENT73D(",#150,#151,#152); G01 X5.1419 domainv="-7.5 82.5"> 20:22:38.640,16.863500,-7.606200,-13.423900,21
#155:CURVE75TYLE(",#26,POSITIVEiLENGTHiMEASURE G03 Y-0.1128 J0.1252 <O0rigin>138.867513459481 -125 20:22:38.760,16.863500,-7.606200,-13.434600,21
(2.E-2),#11) ; G001 X1.2661 O</Origin> 20:22:38.880,16.863500,-7.606200,-13.445200,21
#156=PRESENTATION75TYLE7ASSIGNMENT((#155)): G02 Y0.1376 J0.1252 <DirU>-0.5 0.866025403784439 20:22:39.007,16.863500,-7.606200,-13.455900,21
#157:STYLED71TEM(",(#156),#154); G001 X5.1419 0</DirU> 20:22:39.140,16.863500,-7.606200,-13.466600,21
#158:CARTESIAN7POINT(",(2.5EO,5.E71,7.5E71)); G03 Y0.388 J0.1252 <Dirv>0 0 -1</DirV> 20:22:39.270,16.863500,-7.606200,-13.477200,21
#159=DIRECTION('', (0.E0,0.E0,-1.E0)); G01 X1.2661 </Plane23Core> 20:22:39.393,16.863500,-7.606200,-13.487900,21
#160=DIRECTION('', (-1.E0,0.E0,0.E0)); </Plane23>
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Modeling: CAx <> Requirements

as-designed as-planned as-inspected as-manufactured

(manufacturing instruction data) (manufacturing execution data)

G-code QlF MTConnect

STEP AP242

20:22:36.217,16.863500,-7.606200,-13.223900,21
20:22:36.337,16.863500,-7.606200,-13.234600,21
GO0l X5.1419 <Diameter>20</Diameter> 20:22:36.467,16.863500,-7.606200,-13.245200,21
G03 Y0.8889 J0.1252 <Length>50</Length> 20:22:36.593,16.863500,-7.606200,-13.255900,21

QX A al A .863500,-7.606200,-13.266600,21

I N F O R M A TI O N M O D E L S e
CAx DOMAIN

.863500,-7.606200,-13.298600,21
.863500,-7.606200,-13.309200,21
.863500,-7.606200,-13.319900,21
.863500,-7.606200,-13.330600,21

G02 Y0.1376 J0.1252

G01 X5.1419

G03 Y0.388 J0.1252

.2661

<Cylinder23 id="448">
<Cylinder23Core scalevV="10">

G01 X1.2661
G02 Y0.6385 J0.1252

#136=VECTOR('',#135,7.5E-1);
#137=CARTESIAN_POINT('', (7.72E-1,5.E-1,7.5E-
1));

#138=LINE('',#137,#136);
#139=CURVE_STYLE ('', #2¢
(2.E-2),#11);
#140=PRESENTATION_STYL
#141=STYLED_ITEM('', (#
#142=CARTESIAN_POINT ("'
#143=DIRECTION('"', (0.E(
#144=DIRECTION('', (-1.
#145=AXIS2_PLACEMENT_3
#147=CURVE_STYLE ('", #2{
(2.E-2),#11) ;
#148=PRESENTATION_STYL
#149=STYLED ITEM('', (#
#150=CARTESIAN_POINT ('
#151=DIRECTION("'"', (0.E(
#152=DIRECTION('", (1.E(
#153=AXIS2_PLACEMENT_3
#155=CURVE_STYLE ("', #2{
(2.E-2),#11) ;
#156=PRESENTATION_STYLE ASSIGNMENT ( (#155));
#157=STYLED_ITEM('', (#156),#154);
#158=CARTESIAN_POINT('', (2.5E0,5.E-1,7.5E-1));
#159=DIRECTION('', (0.E0,0.E0,-1.E0));
#160=DIRECTION('', (-1.E0,0.E0,0.E0));

.863500,-7.606200,-13.341200,21
.863500,-7.606200,-13.351900,21
.863500,-7.606200,-13.362600,21
.863500,-7.606200,-13.373200,21
.863500,-7.606200,-13.383900,21
.863500,-7.606200,-13.394600,21
.863500,-7.606200,-13.405200,21
.863500,-7.606200,-13.413200,21
.863500,-7.606200,-13.423900,21
.863500,-7.606200,-13.434600,21
.863500,-7.606200,-13.445200,21
20:22:39.007,16.863500,-7.606200,-13.455900,21
20:22:39.140,16.863500,-7.606200,-13.466600,21
20:22:39.270,16.863500,-7.606200,-13.477200,21
20:22:39.393,16.863500,-7.606200,-13.487900,21

<DirU>-0.5 0.866025403784439

0</DirU>

<Dirv>0 0 -1</DirVv>
</Plane23Core>

</Plane23>
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Modeling: CAx <> Requirements

as-required
SysML

as-designed as-planned as-inspected as-manufactured

(manufacturing instruction data) (manufacturing execution data)
STEP AP242

#136=VECTOR('',#135,7.5E-1); GOl X1.2661 <Cylinder23 id="448"> 20:22:36.217,16.863500,-7.606200,-13.223900,21
#137=CARTESIAN_POINT('', (7.72E-1,5.E-1,7.5E- G02 Y0.6385 J0.1252 <Cylinder23Core scalev="10"> 20:22:36.337,16.863500,-7.606200,-13.234600,21
1)) GO0l X5.1419 <Diameter>20</Diameter> 20:22:36.467,16.863500,-7.606200,-13.245200,21
#138=LINE('',#137,#136); G03 Y0.8889 J0.1252 <Length>50</Length> 20:22:36.593,16.863500,-7.606200,-13.255900, 21
#139=CURVE_STYLE ('', #26, POSITIVE_LENGTH_MEASURE GOl X1.2661 <Axis> 20:22:36.723,16.863500,-7.606200,-13.266600,21
(2.E-2),#11) ; G02 Y1.1393 J0.1252 <AxisPoint>110 -95 - 20:22:36.847,16.863500,-7.606200,-13.277200,21
#140=PRESENTATION_ STYLE_ASSIGNMENT ( (#139)); GO0l X5.1419 50</AxisPoint> 20:22:36.990,16.863500,-7.606200,-13.287900,21
#141=STYLED_ITEM('', (#140),#138); G18 G02 X5.1794 z0.9275 K0.0375 <Direction>0 0 1</Direction> 20:22:37.100,16.863500,-7.606200,-13.298600,21
#142=CARTESIAN_POINT('', (6.E-1,5.E-1,7.5E-1)); GO0 z1.1 </Bxis> 20:22:37.230,16.863500,-7.606200,-13.309200,21
#143=DIRECTION('', (0.E0,0.E0,-1.E0)); X5.1978 Y-1.1144 <Sweep> 20:22:37.360,16.863500,-7.606200,-13.319900,21
#144=DIRECTION('', (-1.E0,0.E0,0.E0Q)); GO0l 20.8925 F20. <DirBeg>1 0 0</DirBeg> 20:22:37.487,16.863500,-7.606200,-13.330600,21
#145=AXIS2_PLACEMENT_3D('', #142,#143,#144); G03 X5.1603 720.855 I-0.0375 F60. <DomainAngle>0 20:22:37.610,16.863500,-7.606200,-13.341200,21
#147=CURVE_STYLE ('', #26, POSITIVE_LENGTH_MEASURE G0l X5.1419 6.28318530717959</DomainAngle> 20:22:37.737,16.863500,-7.606200,-13.351900,21
(2.E-2) ,#11); X1.2661 </Sweep> 20:22:37.867,16.863500,-7.606200,-13.362600,21
#148=PRESENTATION_ STYLE_ASSIGNMENT ( (#147)); G17 GO02 Y-0.864 J0.1252 </Cylinder23Core> 20:22:38.000,16.863500,-7.606200,-13.373200,21
#149=STYLED ITEM('"', (#148),#146); GO0l X5.1419 </Cylinder23> 20:22:38.130,16.863500,-7.606200,-13.383900,21
#150=CARTESIAN_POINT('', (6.E-1,5.E-1,7.5E-1)); G03 Y-0.6136 J0.1252 <Plane23 id="457"> 20:22:38.253,16.863500,-7.606200,-13.394600,21
#151=DIRECTION('', (0.E0,0.E0,-1.E0Q)); GOl X1.2661 <Plane23Core domainU="- 20:22:38.380,16.863500,-7.606200,-13.405200,21
#152=DIRECTION('', (1.E0,0.E0,0.E0)); G02 Y-0.3632 J0.1252 25.742235784508 46.4287692639813" 20:22:38.507,16.863500,-7.606200,-13.413200,21
#153=AXIS2_PLACEMENT_3D('', #150,#151,#152); G0l X5.1419 domainv="-7.5 82.5"> 20:22:38.640,16.863500,-7.606200,-13.423900,21
#155=CURVE_STYLE ('', #26, POSITIVE_LENGTH_MEASURE G03 Y-0.1128 J0.1252 <O0rigin>138.867513459481 -125 20:22:38.760,16.863500,-7.606200,-13.434600,21
(2.E-2),#11); GOl X1.2661 0</Origin> 20:22:38.880,16.863500,-7.606200,-13.445200,21
#156=PRESENTATION_STYLE ASSIGNMENT ( (#155)); G02 Y0.1376 J0.1252 <DirU>-0.5 0.866025403784439 20:22:39.007,16.863500,-7.606200,-13.455900, 21
#157=STYLED_ITEM('', (#156),#154); GO0l X5.1419 0</DirU> 20:22:39.140,16.863500,-7.606200,-13.466600,21
#158=CARTESIAN_POINT('', (2.5E0,5.E-1,7.5E-1)); G03 Y0.388 J0.1252 <Dirv>0 0 -1</DirVv> 20:22:39.270,16.863500,-7.606200,-13.477200,21
#159=DIRECTION('', (0.E0,0.E0,-1.E0)); GOl X1.2661 </Plane23Core> 20:22:39.393,16.863500,-7.606200,-13.487900,21
#160=DIRECTION('', (-1.E0,0.E0,0.E0)); ce </Plane23>
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Modeling: CAx <> Requirements

as-required
SysML

as-designed as-planned as-inspected as-manufactured

(manufacturing instruction data) (manufacturing execution data)
STEP AP242

#136=VECTOR('',#135,7.5E-1); GOl X1.2661 <Cylinder23 id="448"> 20:22:36.217,16.863500,-7.606200,-13.223900,21
#137=CARTESIAN_POINT('', (7.72E-1,5.E-1,7.5E- G02 Y0.6385 J0.1252 <Cylinder23Core scalev="10"> 20:22:36.337,16.863500,-7.606200,-13.234600,21
1)) GO0l X5.1419 <Diameter>20</Diameter> 20:22:36.467,16.863500,-7.606200,-13.245200,21
#138=LINE('',#137,#136); G03 Y0.8889 J0.1252 <Length>50</Length> 20:22:36.593,16.863500,-7.606200,-13.255900, 21
#139=CURVE_STYLE ('', #26, POSITIVE_LENGTH_MEASURE GOl X1.2661 <Axis> 20:22:36.723,16.863500,-7.606200,-13.266600,21
(2.E-2),#11) ; G02 Y1.1393 J0.1252 <AxisPoint>110 -95 - 20:22:36.847,16.863500,-7.606200,-13.277200,21
#140=PRESENTATION_ STYLE_ASSIGNMENT ( (#139)); GO0l X5.1419 50</AxisPoint> 20:22:36.990,16.863500,-7.606200,-13.287900,21
#141=STYLED_ITEM('', (#140),#138); G18 G02 X5.1794 z0.9275 K0.0375 <Direction>0 0 1</Direction> 20:22:37.100,16.863500,-7.606200,-13.298600,21
#142=CARTESIAN_POINT('', (6.E-1,5.E-1,7.5E-1)); GO0 z1.1 </Bxis> 20:22:37.230,16.863500,-7.606200,-13.309200,21
#143=DIRECTION('', (0.E0,0.E0,-1.E0)); X5.1978 Y-1.1144 <Sweep> 20:22:37.360,16.863500,-7.606200,-13.319900,21
#144=DIRECTION('', (-1.E0,0.E0,0.E0Q)); GO0l 20.8925 F20. <DirBeg>1 0 0</DirBeg> 20:22:37.487,16.863500,-7.606200,-13.330600,21
#145=AXIS2_PLACEMENT_3D('', #142,#143,#144); G03 X5.1603 720.855 I-0.0375 F60. <DomainAngle>0 20:22:37.610,16.863500,-7.606200,-13.341200,21
#147=CURVE_STYLE ('', #26, POSITIVE_LENGTH_MEASURE G0l X5.1419 6.28318530717959</DomainAngle> 20:22:37.737,16.863500,-7.606200,-13.351900,21
(2.E-2) ,#11); X1.2661 </Sweep> 20:22:37.867,16.863500,-7.606200,-13.362600,21
#148=PRESENTATION_ STYLE_ASSIGNMENT ( (#147)); G17 GO02 Y-0.864 J0.1252 </Cylinder23Core> 20:22:38.000,16.863500,-7.606200,-13.373200,21
#149=STYLED ITEM('"', (#148),#146); GO0l X5.1419 </Cylinder23> 20:22:38.130,16.863500,-7.606200,-13.383900,21
#150=CARTESIAN_POINT('', (6.E-1,5.E-1,7.5E-1)); G03 Y-0.6136 J0.1252 <Plane23 id="457"> 20:22:38.253,16.863500,-7.606200,-13.394600,21
#151=DIRECTION('', (0.E0,0.E0,-1.E0Q)); GOl X1.2661 <Plane23Core domainU="- 20:22:38.380,16.863500,-7.606200,-13.405200,21
#152=DIRECTION('', (1.E0,0.E0,0.E0)); G02 Y-0.3632 J0.1252 25.742235784508 46.4287692639813" 20:22:38.507,16.863500,-7.606200,-13.413200,21
#153=AXIS2_PLACEMENT_3D('', #150,#151,#152); G0l X5.1419 domainv="-7.5 82.5"> 20:22:38.640,16.863500,-7.606200,-13.423900,21
#155=CURVE_STYLE ('', #26, POSITIVE_LENGTH_MEASURE G03 Y-0.1128 J0.1252 <O0rigin>138.867513459481 -125 20:22:38.760,16.863500,-7.606200,-13.434600,21
(2.E-2),#11); GOl X1.2661 0</Origin> 20:22:38.880,16.863500,-7.606200,-13.445200,21
#156=PRESENTATION_STYLE ASSIGNMENT ( (#155)); G02 Y0.1376 J0.1252 <DirU>-0.5 0.866025403784439 20:22:39.007,16.863500,-7.606200,-13.455900, 21
#157=STYLED_ITEM('', (#156),#154); GO0l X5.1419 0</DirU> 20:22:39.140,16.863500,-7.606200,-13.466600,21
#158=CARTESIAN_POINT('', (2.5E0,5.E-1,7.5E-1)); G03 Y0.388 J0.1252 <Dirv>0 0 -1</DirVv> 20:22:39.270,16.863500,-7.606200,-13.477200,21
#159=DIRECTION('', (0.E0,0.E0,-1.E0)); GOl X1.2661 </Plane23Core> 20:22:39.393,16.863500,-7.606200,-13.487900,21
#160=DIRECTION('', (-1.E0,0.E0,0.E0)); ce </Plane23>
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Modeling: CAx <> Requirements

as-required
SysML

as-designed as-planned as-inspected as-manufactured

(manufacturing instruction data) (manufacturing execution data)
STEP AP242
#136=VECTOR('"',#135,7.5E-1); G01 X1.2661 <Cylinder23 id="448"> 20:22:36.217,16.863500,-7.606200,-13.223900,21
#137=CARTESIAN_POINT('', (7.72E-1,5.E-1,7.5E- G02 Y0.6385 J0.1252 <Cylinder23Core scalevV="10"> 20:22:36.337,16.863500,-7.606200,-13.234600,21
1)) GO0l X5.1419 <Diameter>20</Diameter> 20:22:36.467,16.863500,-7.606200,-13.245200,21
#138=LINE ("', #137,4136); G03 Y0.8889 J0.1252 <Length>50</Length> 20:22:36.593,16.863500,-7.606200,-13.255900,21
#139:CURVE75TYLE(",#26,POSITIVEiLENGTHiMEASURE G01 X1.2661 <Axis> 20:22:36.723,16.863500,-7.606200,-13.266600,21
(2.E-2),#11); G02 Y1.1393 J0.1252 <AxisPoint>110 -95 - 20:22:36.847,16.863500,-7.606200,-13.277200,21
#140:PRESENTATIONisTYLEiASSIGNMENT((#139)); G01 X5.1419 50</AxisPoint> 20:22:36.990,16.863500,-7.606200,-13.287900,21
#141:STYLED71TEM(",(#140),#138); G18 G02 X5.1794 7z0.9275 K0.0375 <Direction>0 0 1</Direction> 20:22:37.100,16.863500,-7.606200,-13.298600,21
#142=CARTESIAN_POINT('', (6.E-1,5.E-1,7.5E-1)); G00 z1.1 </Axis> 20:22:37.230,16.863500,-7.606200,-13.309200,21
#143=DIRECTION('', (0.E0,0.E0,-1.E0)); X5.1978 Y-1.1144 <Sweep> 20:22:37.360,16.863500,-7.606200,-13.319900,21
#144=DIRECTION('', (-1.E0,0.E0,0.E0)); G01 Z0.8925 F20. <DirBeg>1 0 0</DirBeg> 20:22:37.487,16.863500,-7.606200,-13.330600,21
#145=AXIS2_PLACEMENT_3D('', #142,#143,#144); G03 X5.1603 z0.855 I-0.0375 F60. <DomainAngle>0 20:22:37.610,16.863500,-7.606200,-13.341200,21
#147=CURVE_STYLE ('', #26, POSITIVE_LENGTH_MEASURE GO0l X5.1419 6.28318530717959</DomainAngle> 20:22:37.737,16.863500,-7.606200,-13.351900,21
(2.E-2),#11) ; X1.2661 </Sweep> 20:22:37.867,16.863500,-7.606200,-13.362600,21
#148:PRESENTATIONisTYLEiASSIGNMENT((#147)); G17 G02 Y-0.864 J0.1252 </Cylinder23Core> 20:22:38.000,16.863500,-7.606200,-13.373200,21
#149=STYLED ITEM('"', (#148),#146); GO0l X5.1419 </Cylinder23> 20:22:38.130,16.863500,-7.606200,-13.383900,21
#150=CARTESIAN_POINT('', (6.E-1,5.E-1,7.5E-1)); G03 Y-0.6136 J0.1252 <Plane23 id="457"> 20:22:38.253,16.863500,-7.606200,-13.394600,21
#151=DIRECTION('', (0.E0,0.E0,-1.E0)); G01 X1.2661 <Plane23Core domainU="- 20:22:38.380,16.863500,-7.606200,-13.405200,21
#152=DIRECTION('', (1.E0,0.E0,0.E0)); G02 Y-0.3632 J0.1252 25.742235784508 46.4287692639813" 20:22:38.507,16.863500,-7.606200,-13.413200,21
#153=AXIS2_PLACEMENT_3D('', #150,#151,#152); G01 X5.1419 domainv="-7.5 82.5"> 20:22:38.640,16.863500,-7.606200,-13.423900,21
#155:CURVE75TYLE(",#26,POSITIVEiLENGTHiMEASURE G03 Y-0.1128 J0.1252 <O0rigin>138.867513459481 -125 20:22:38.760,16.863500,-7.606200,-13.434600,21
(2.E-2),#11) ; G01 X1.2661 0</Origin> 20:22:38.880,16.863500,-7.606200,-13.445200,21
#156=PRESENTATION_STYLE ASSIGNMENT ( (#155)); G02 Y0.1376 J0.1252 <DirU>-0.5 0.866025403784439 20:22:39.007,16.863500,-7.606200,-13.455900,21
#157:STYLED71TEM(",(#156),#154); G01 X5.1419 0</DirU> 20:22:39.140,16.863500,-7.606200,-13.466600,21
#158:CARTESIAN7POINT(",(2.5EO,5.E71,7.5E71)); G03 Y0.388 J0.1252 <Dirv>0 0 -1</DirV> 20:22:39.270,16.863500,-7.606200,-13.477200,21
#159=DIRECTION('', (0.E0,0.E0,-1.E0)); GO0l X1.2661 </Plane23Core> 20:22:39.393,16.863500,-7.606200,-13.487900,21
#160=DIRECTION('', (-1.E0,0.E0,0.E0)); e </Plane23>
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Modeling: CAx <> Requirements

#136=VECTOR ('
#137=CARTESIA
1));

#138=LINE('',
#139=CURVE_ST
(2.E-2),#11);
#140=PRESENTA
#141=STYLED_I

#147=CURVE_ST
(2.E-2),#11) ;
#148=PRESENTA|
#149=STYLED_I

#157=STYLED_I
#158=CARTESIA

#159=DIRECTION('', (0.E0,0.E0,-1.E0));
#160=DIRECTION('', (-1.E0,0.E0,0.E0));

v . 7o

v

MBSE

</Plane23
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Modeling: CAx <> Requirements

as-designed

STEP AP242

#136=VECTOR('',#135,7.5E-1);
#137=CARTESIAN POINT('', (7.72E-1,5.E-1,7.5E-
1))

#138=LINE('',#137,#136);
#139=CURVE_STYLE ('', #26,POSITIVE LENGTH MEASURE
(2.E-2),#11);
#140=PRESENTATION STYLE ASSIGNMENT ( (#139));
#141=STYLED ITEM('', (#140),4#138);
#142=CARTESIAN POINT('', (6.E-1,5.E-1,7.5E-1));
#143=DIRECTION('"', (0.E0,0.E0,-1.E0));
#144=DIRECTION('', (-1.E0,0.E0,0.E0));
#145=AXIS2 PLACEMENT 3D('',#142,#143,#144);
#147=CURVE_STYLE ('', #26,POSITIVE LENGTH MEASURE
(2.E-2) ,#11);
#148=PRESENTATION STYLE ASSIGNMENT ( (#147));
#149=STYLED ITEM('', (#148),#146);
#150=CARTESIAN POINT('', (6.E-1,5.E-1,7.5E-1));
#151=DIRECTION('"', (0.E0,0.E0,-1.E0));
#152=DIRECTION('"', (1.E0,0.E0,0.E0));

#153=AXIS2 PLACEMENT 3D('',#150,#151,#152);
#155=CURVE_STYLE ('', #26,POSITIVE LENGTH MEASURE
(2.E-2),#11);
#156=PRESENTATION STYLE ASSIGNMENT ( (#155));
#157=STYLED ITEM('', (#156),#154);
#158=CARTESIAN POINT('', (2.5E0,5.E-1,7.5E-1));
#159=DIRECTION('', (0.E0,0.E0,-1.E0));
#160=DIRECTION('', (-1.E0,0.E0,0.E0));

as-planned

(manufacturing instruction data)

G-code

as-required

X1.2661

Y0.6385 J0.1252

X5.1419

Y0.8889 J0.1252

X1.2661

Y1.1393 J0.1252

X5.1419

G02 X5.1794 20.9275 K0.0375
z1.1

X5.1978 Y-1.1144

G01
GO3
GO1

7Z0.8925 F20.

X5.1603 20.855 I-0.0375 F60.

X5.1419

X1.2661

G17
GO1
GO3
G01
G02
GO1
G03
G01
G02
G01
G03
GO1

G02 Y-0.864 J0.1252
X5.1419

Y-0.6136 J0.1252
X1.2661

Y-0.3632 J0.1252
X5.1419

Y-0.1128 J0.1252
X1.2661

Y0.1376 J0.1252
X5.1419

Y0.388 J0.1252
X1.2661

as-inspected

QlF
. [

<Cylinder23 id="448">
<Cylinder23Core scalevV="10">
<Diameter>20</Diameter>
<Length>50</Length>
<Axis>
<AxisPoint>110 -95 -
50</AxisPoint>
<Direction>0 0 1</Direction>
</Axis>
<Sweep>
<DirBeg>1 0 0</DirBeg>
<DomainAngle>0
6.28318530717959</DomainAngle>
</Sweep>
</Cylinder23Core>
</Cylinder23>
<Plane23 id="457">
<Plane23Core domainU="-
25.742235784508 46.4287692639813"
domainv="-7.5 82.5">
<O0rigin>138.867513459481 -125
0</Origin>
<DirU>-0.5 0.866025403784439
0</DirU>
<Dirv>0 0 -1</DirVv>
</Plane23Core>
</Plane23>

as-manufactured

(manufacturing execution data)

MTConnect

20:22:36.217,16.863500,-7.606200,-13.223900,21
20:22:36.337,16.863500,-7.606200,-13.234600,21
20:22:36.467,16.863500,-7.606200,-13.245200,21
20:22:36.593,16.863500,-7.606200,-13.255900,21
20:22:36.723,16.863500,-7.606200,-13.266600,21
20:22:36.847,16.863500,-7.606200,-13.277200,21
20:22:36.990,16.863500,-7.606200,-13.287900,21
20:22:37.100,16.863500,-7.606200,-13.298600,21
20:22:37.230,16.863500,-7.606200,-13.309200,21
20:22:37.360,16.863500,-7.606200,-13.319900,21
20:22:37.487,16.863500,-7.606200,-13.330600,21
20:22:37.610,16.863500,-7.606200,-13.341200,21
20:22:37.737,16.863500,-7.606200,-13.351900,21
20:22:37.867,16.863500,-7.606200,-13.362600,21
20:22:38.000,16.863500,-7.606200,-13.373200,21
20:22:38.130,16.863500,-7.606200,-13.383900,21
20:22:38.253,16.863500,-7.606200,-13.394600,21
20:22:38.380,16.863500,-7.606200,-13.405200,21
20:22:38.507,16.863500,-7.606200,-13.413200,21
20:22:38.640,16.863500,-7.606200,-13.423900,21
20:22:38.760,16.863500,-7.606200,-13.434600,21
20:22:38.880,16.863500,-7.606200,-13.445200,21
20:22:39.007,16.863500,-7.606200,-13.455900,21
20:22:39.140,16.863500,-7.606200,-13.466600,21
20:22:39.270,16.863500,-7.606200,-13.477200,21
20:22:39.393,16.863500,-7.606200,-13.487900,21
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Artifact 01 shim1: shim-leg interface

Artifact 02 shim2: gasket stackup

Artifact 03 cover bolt hole misalign

Artifact 04 key — shaft interface defect

= Each version shall have one of the four
corners randomly selected (P,). Result is
a doubly ruled surface (hyperbolic
paraboloid).

+  Use of as-inspected (QIF) and as-

“part !W4 executed (MTConnect) data to be used
P f — to make part specific shims to satisfy

assembled GD&T requirements.

doubly ruled surface
(hyperbolic paraboloid)

Value of offset 4, to represent

currently experienced conditions:

A, =one of: {0.100 in, 0.110 in, 0.120 i, 0.130 in, 0140In.0150|l|' '

value multiplicity in set of versions < 2 determination of surface profile.

stakeholder use case values to reflect .

gasket: .

22 gage stainless - N
(0.03125 in) _ fixed dim requirement, Ay

Each version shall have a
randomly selected number of
shims, 1,,,, defining part

L specific case depth.

+ Use of as-inspected (QIF) and
as-executed (MTConnect)
data to be used to determine
specific number of gasket
shims to satisfy assembled

e GDAT requirement, A,

case depth

e
« Value of n,, to represent
stakeholder use case values

gasket shim pack

i = O O: {2, 3, 4 ; Value multiplicity in Set of Versions < 2 s =1}

+ Each version shall have a
randomly selected hole,
. for bolt hole
positional defect,

Ay = 0.015 in.

+ Use of as-inspected (QIF)
and as-executed
(MTConnect) data to be
used to determine [N
and location of defect, B.

A den = (0.010in, 0011 in, 0.0121n, 0013 n, 0.014in, 0.015 i
value multplicity in set of versions < 2}

key-shaft offset (axial):
it aus =(00101n, 0,011 in, 001210, 0013 n, 0.0141n, 0,015 n ;
value multiplicity in set of versions £2)

+ Each version shall have (2)
randomly selected key-pin
interface positional defects,

Bofier depn AND Bofir i

+  Result of offsets represents an
assembly interface defect for fit
tolerance.

+ Use of as-inspected (QIF) and as-
executed (MTConnect) data to be
used to determine size of of
defects, Wi dph AN Bficr i

*  Note: orientation of surfaces to be

( o alter case depth to require o . 4
s B e ) | n shims to meet fixed dim —— of (2,54 value, . Positional offset {0 be maintained and not rotated when
voubns 52]- [ requirement, 4, : 25 i nommar = 1) to reflect restricted to 6., = {0, 45, offset
' < ' + CMM note: secondary additional Aim = Mg * Do currently experienced 90, 135, 180, 225, 270, * Note: Aggliami to be overcut only
/ ' inspection to the standard inspection to o e conditions. 315) degrees. and not undercut (as shown).
provide high-precision enhanced in key-shaft offset (depth): - Note: Kl to be undercut only

and not overcut (as shown).

Artifact 05 impeller hole-key offset wobble

Artifact 06

leg bolt countersink hole defect

Artifact 07 cover — bearing misfit

Artifact 08

impeller blade profile defect

+  Each version shall have a
randomly selected hole-key

Result of offset represents a
functional defect for impeller in
service, i.e., rotational wobble.
- Use of as-inspected (QIF) and
as-executed (MTConnect) data
to be used to determine
location of defect, B}.

be maintained and not rotated
when offset,

+ Positional offset to be
restricted to 8,4, = {0, 45, 90,
135, 180, 225, 270, 315}
degrees.

6,50 = 90 degrees

+ Change from counterbore to countersink
[ttty Yo e

A = £0.005 i}

Norminal model shall call out UNC hole size

Atfact model versions shallbe selected at
random to contain or ot contain the same
countersink boltsize (UNC 8-32) with a
manual overide angie of 0 degrees
representing a manfactur

1SO (M) countersink tool[Yes / No arfact
2 degrees  hole i hole offset: per version)

' = 0.015in I addion, every version shall have a

randomly selected ol - o bothole

Use of as-inspected (QIF) and as-executed
(MTConnect) data o be used to determine:
I and location of defect, B, as well as
bolt hole form deviaton
Postiona o

o 45-50.135. 150,205,270, 316)

Exampie:

major axis ~ y-ixis

A4 =+0.005in

Combined form-positional deviation.

Functional defect: impeller positional
misalignment in case. Performance, efficiency,

Assembly defect: bearing-cover friction fit not to
design intent. Potential in-service failure mode of
system.
2-lobe (ovalization) form deviation,

= 0,005 in. Random selection of major (A,
=+0.005 in, each side) and minor (A, =-0.005
in, each side) elliptical axes (x-axis or y-axis)

Positional cover bearing hole positional offset,

(MTConnect) data to be used to determine
location of defect, B}, and form defect type (i.e.,
2-lobe versus others) and defect dimensions,
Positional offset to be restricted to

6,7 = {0, 45, 90, 135, 180, 225, 270, 315}
degrees.

Impeller thickness deviation:
Ay, = +0.015 in (+0.0075 each side)

positional defect, a5 standard UNG screw design fealure i i
Ay = 0.025 i 832 countersink (vih s given and operational changes. Functional defect: impeller
‘countersink angle of 82 degrees). . performance, efficiency, and

operational changes.

Each version shall have a randomly
selected impeller blade, [N, for
blade thickness form defect,

Agey = +0.015 in (+0.0075 each side).

Use of as-inspected (QIF) and as-

Note: orientation of hole-key t positonal defect, Au=0.0151n
- Note: orientation of hole-key to s f ot e etec
e inclusion ° + Use of as-inspected (QIF) and as-executed executed (MTConnect) data to be

used to determine [l and
thickness of blade.

Artifact 10 case top discharge hole defect

Artifact 11

case top discharge bolt hole defect

Artifact 12 case opening cylinder form deviation defect

1-obe form
0,.... = { 0.5 degrees, 1.0 degrees, 2.0 degrees.
value multpliity in set of versions < z) N

Functional defect: suction
performance, efficiency, and
operational changes.

«  Form deviation of suction hole to be
made as a tapered hole. Each version
shall have a randomly selected angle

Artifact 09 case back suction hole defect
of taper, B = { 0.5 degrees, 1.0
degrees, 2.0 degrees ; value

6 multiplicity in set of versions < 2.

Outside diameter to equal that of
nominal model.

+ Use of as-inspected (QIF) and as-
executed (MTConnect) data to be
used to determine form deviation type
(taper) and actual surface form.

Functional defect: suction
performance, efficiency, and
operational changes.

Assembly defect: alignment of

discharge components.

+  Each version shall have a randomly
selected positional defect,

Ay =0.02510n.

« Use of as-inspected (QIF) and as-
executed (MTConnect) data to be
used to determine location of
defect, Bj.

+ Positional offset to be restricted to

0,7, = {0, 45, 90, 135, 180, 225,

270, 315} degrees.

epthy, = 05" depthy,

depthyai

+ Each version shall have a
randomly selected hole,
BN, for bolt hole drill
depth defect,

Aepthyie g = 0.5 * depthy.

+ Use of as-inspected (QIF)
and as-executed
(MTConnect) data to be
used to determine [N

*  WARNING TO CMM
OPERATOR: alert CMM
programmer so that probe
does not crash and machine
is not damaged.

1-lobe form dev.:
0.020in, 0.0251n, 0.030 in; value
multiplicity in set of versions < 2}

Form deviation (1-lobe) in case opening
cylinder.

Functional defect: performance,
efficiency, and operational changes.
Assembly defect: potential in-service
failure mode of system (e.g., leaking).
1-lobe form deviation, A, = {0.020 in,
0.025 in, 0.030 in ; value multiplicity in
set of versions <2}

Use of as-inspected (QIF) and as-
executed (MTConnect) data to be used
to determine form defect type (i.e., 1-
lobe versus others) and defect
dimensions.
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Artifact 01

shim1: shim-leg interface

doubly ruled surface

(hyperbolic paraboloid)

Each version shall have one of the four
corners randomly selected (P,). Result is
a doubly ruled surface (hyperbolic
paraboloid).

Use of as-inspected (QIF) and as-
executed (MTConnect) data to be used
to make part specific shims to satisfy
assembled GD&T requirements.

Value of offset A, to represent
stakeholder use case values to reflect

currentli exirienced conditions:

versions < 2}.

CMM note: secondary additional
inspection to the standard inspection to
provide high-precision enhanced
determination of surface profile.

Artifact 02 shim2: gasket stackup

gasket:
22 gage stainless
(0.03125in)

fixed dim requirement, A,

case depth

gasket shim pack .
alter case depth to require

n shims to meet fixed dim
requirement, A,

= *
Ashim = Mhim ds}u’m

Each version shall have a
randomly selected number of
shims, mn,,,, defining part
specific case depth.

Use of as-inspected (QIF) and
as-executed (MTConnect)
data to be used to determine
specific number of gasket
shims to satisfy assembled
GDA&T requirement, A,

Value of n,;,, to represent
stakeholder use case values

2 i o = 1] to reflect
currently experienced
conditions.
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Artifact 05 impeller hole-key offset wobble

«  Each version shall have a
randomly selected hole-key

iositional defect,

+ Result of offset represents a
functional defect for impeller in
service, i.e., rotational wobble.

+  Use of as-inspected (QIF) and
as-executed (MTConnect) data
to be used to determine
location of defect, Bl.

+  Note: orientation of hole-key to
be maintained and not rotated
when offset.

»  Positional offset to be
restricted to 6,4, = {0, 45, 90,
135, 180, 225, 270, 315}
degrees.

Artifact 06 leg bolt countersink hole defect

See Arase a1 tr ooz referencing . Change from counterbore to countersink

hae and pant ndexng for s part bolts in

. Nominal model shall call out UNC hole size
as a standard UNC screw design feature:
8-32 countersink (with its given
countersink angle of 82 degrees).

. Artifact model versions shall be selected at
random to contain or not contain the same
countersink bolt size (UNC 8-32) witha
manual override angle of 90 degrees

] Y representing a manufacturing error of an

—— ——— —— - . s ISO (M4) countersink tool [Yes / No artifact

O = 82 degrees  hole i hole offset: per version).

. In addition, every version shall have a

randomly selected hole, . for bolt hole

positional defect,

regardless of countersink angle defent

inclusion

. Use of as-i (QIF) and a:
(MTConnect) data to be used to determine
B and location of defect, B, as well as
bolt hole form deviation.

. Pasitional offset to be restricted to
8,5 = {0, 45, 90, 135, 180, 225, 270, 315}

- degrees.
6,50 = 90 degrees
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TDP Modernization for As-Built Data: CAD

Final values to populate CAD files
artifact version| artifact V1 artifact V2 artifact V3 artifact V4 artifact V5
CAD file ID| 6119XX-01-YY 6119XX-02-YY 6110XX-03-YY 6119XX-04-YY 6119XX-05-YY
physical part serial number (01/03)| 6119XX-01-01 6119XX-02-01 6119XX-03-01 6119XX-04-01 6119XX-05-01
artifact version| artifact V1 artifact V2 artifact V3 artifact V4 artifact V5 physical part serial mumber (02/03)| €119¥X-01-02 6119XX-02-02 6119XX-03-02 6119KX-04-02 6119XX-05-02
CAD file ID| §119XX_ 01 YY G119XX02_¥Y 5118xx-03-YY 5119%X-04-YY §119XX-05-YY physical part serial numbsr (03/03)| 6119XX-01-03 6119XX-02-03 6119XX-03-03 6119XX-04-03 6119XX-05-03
physical part serial mumber (01/03) 6119xx-01-01 6119xx-02-01 6119xx-03-01 6119xx-04-01 6119xx-05-01
physical part serial mmber (02/03) 6119%K-01-0Z 6119%X-02-02 6119%%-03-02 6119%X-04-02 6119%K-05-02Z Artifact artifact parameter
physical part serial mmber (03/03) 61197%-01-03 61197%-02-03 6119%%-03-03 6119x%x-04-03 61192%-05-03
611900_shim assy.asm CAD file ID 611900-01-¥¥ 611900-02-¥¥ 611000-03-¥Y 611900-04-¥Y 611900-05-¥¥] Artifact 01 P, 3 4 2 3 3
}—611941_case_shim.pre CAD file ID 611941-01-¥¥ 611941-02-¥¥ 611941-03-¥Y 611941-04-¥¥ 611941-05-¥Y]
| physical part serial mmber (01/03) 611941-01-01 611941-02-01 611941-03-01 611941-04-01 £11941-05-01 A, 0.150 0.110 0.150 0.120 0.120
| physical part serial mumber (02/03) 611941-01-02 611941-02-02 611941-03-02 611941-04-02 611941-05-02 )
Artifact 02  ohim g g 3 ¢ ¢
| physical part serial mmber (03/03) 611941-01-03 611941-02-03 611941-03-03 611941-04-03 611941-05-03
| —611940_impelier shim.asm caD file ID 611040-01-¥¥ 611940-02-¥Y 611540-03-¥7 611940-04-¥¥ 611940-05-¥¥| Artifact 03 hole; 1 4 1 4 4
| }—611945 cover shim prt CAD file ID 611945-01-¥Y 611945-02-¥Y 611945-03-¥Y 611945-04-¥Y 611945-05-¥¥|
| physical part aerial mumber (01/03) 611945-01-01 611945-02-01 611945-03-01 611945-04-01 611945-05-01| Aggier = 0.015 in eoﬁm 315 180 270 225 225
| physical part serial mumber (02/03) 611945-01-02 611945-02-02 611945-03-02 611945-04-02 611945-05-02
Artifact 04 Aot fl 0.120 0.150 0.130 0.130 0.130
(| physical part serial muber (03/03) 611945-01-03 611925-02-03 611945-03-03 611945-04-03 611945-05-03 offset_axia
— asm0002. asm asm0002. asm asm0002. asm asm0002. asm asm0002. asm asm0002. asm}
[t B e 0.100 0.150 0.150 0.140 0.120
| }—611944 impeller shim.prt CAD file ID 611044-01-¥¥ 611944-02-¥¥ 611041-03-¥7 611944-04-¥¥ 611044-05-¥¥|
| physical part serial mumber (01/03) 611944-01-01 611924-02-01 §11924-03-01 611944-04-01 611944-05-01 Artifact 05 Aygier =0.025 in Oa/fm 135 90 135 135 90
| physical part serial mumber (02/03) 611944-01-02 611944-02-02 611944-03-02 611944-04-02 £11944-05-02
| hysical part serial muaber (03/03 611944-01-03 611944-02-03 611944-03-03 611944-04-03 £11944-05-03 Artifact 06 countersink Y:thela=90deg  N:theta=82deg Y:Mheta=90deg Y :theta=00deg Y : theta=00 deg
| }—611042 gasket shim.prt CAD file ID 611042-01-¥¥ 611942-02-¥Y 611042-03-¥Y 611042-04-¥¥ 611042-05-¥¥| hole 1 1 1 1 3
| physical part serial mmber (01/03) 611942-01-01 611942-02-01 611942-03-01 611947-04-01 £11942-05-01 !
| physical part serial mumber (02/03) 611942-01-02 611942-02-02 611942-03-02 611942-04-02 611942-05-02 Aogier = 0.015 in Oogser 45 315 o} 90 225
| physical part serial muber (03/03) 611942-01-03 £11942-02-03 611942-03-03 611942-04-03 611942-05-03
| | —611943 drive shaft shim.prt CAD file ID 611943-01-¥Y 611943-02-¥Y 611943-03-YY 611943-04-¥Y 611943-05-¥Y Artifact 07 v = +0.005 in axis ygior YRS VAR R y-axis y-axis
| physical part serial mmber (01/03) 611943-01-01 611943-02-01 611943-03-01 611943-04-01 611943-05-01 . i . . . : .
Agey =-0.005 in axis pinor X-axis X-axis y-axis X-axis X-axis
| ] physical part serial muber (02/03) 611943-01-02 611943-02-02 611943-03-02 611943-04-02 611943-05-02
| physical part serial mmber (03/03) 611943-01-03 611943-02-03 611943-03-03 611943-04-03 £11943-05-03 Aggier = 0015 in O et 270 225 45 90 225
| L—92624a118 18-8 stainless steel .prt 92624a118_18-8_stainless steel .prt 92622all3 18-8 stainless steel .prt 92623alld 18-8 stainless steel .prt 92624all8 18-8 stainless steel .prt 92624a118 18- stainless steel .prd]
}— 611948 shim.prt cap file Ip 611948-01-¥¥ 611948-02-¥¥ 611948-03-¥¥ 611948-04-¥¥ 611948-05-¥y] Artifact 08 Az, =0.015 in blade; 5 2 8 10 1
| Physical part serial muber (01/03) 611948-01-01 611948-02-01 611948-03-01 611948-04-01 611948-05-01 i
Artifact 09 Oraper 0.5 2.0 10 10 1.0
| physical part serial mmber (02/03) 611948-01-02 611948-02-02 611948-03-02 611948-04-02 611948-05-02 P
| physical part serial mumber (03/03) 611948-01-03 £11948-02-03 611948-03-03 611946-04-03 £11948-05-03 Artifact 10 Mg =0.025 in O, et 45 0 180 270 315
L_ 611049 leg.prt CAD file ID 611949-01-¥Y 611949-02-¥Y 611949-03-¥Y 611949-04-¥Y 611949-05-¥¥|
physical part aerial mumber (01/03) 611949-01-01 611929-02-01 £11949-03-01 611949-04-01 611945-05-01 Artifact 11 hole; 3 3 1 4 5
physical part serial mumber (02/03) 611945-01-02 611945-02-02 611945-03-02 £11945-04-02 611945-05-02
i v = ¢ 0.025 0.030 0.020 0.030 0.030
physical part serial mumber (03/03) 611949-01-03 611943-02-03 611943-03-03 611943-04-03 611945-05-03 b i By = 45 degrees Adey
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AP242

- HTML

XMI —
PDF [5]
(informative)
XMI —

HTML [6]
(informative)

XSD <xs:documentation>
+ Word content —

PDF [19]
(normative)

Domain Model
[26][27]
| - mapping
Core Model
| - mapping
Application Reference Model (ARM)
Module Interpreted Model (MIM)

-- XMI (SysML 1.x) (normative per 4442 Annex A A.2.2)

- XMI (SysML 1.x) [26][27]
- XMI (SysML 1.x) [21]

- XMI (SysML 1.x) [25]

-- [none]

-- [none]

XSD [12][13][14][17]

XSLT [15][18] ;l;\gljlir)[;])[7][8]
(normative) (normative)

Domain Model

| - mapping
Core Model
| - mapping
Application Reference Model (ARM)
| - mapping
Module Interpreted Model (MIM)

-- XSD (text document normative per 4442 Annex A A.2.1)
XSD, EXPRESS (machine data informative per 4442 Annex A A.2.1)
XML (C.4 of AP242)
AP242 XML conformance is by XSD

- XSD

-- [none]

- EXPRESS

-- STEP mapping specification language [24]
- EXPRESS

XMI —
XSD [4][9][10][11]
(informative)

XSD [12][13][14][17]
(normative)

Domain Model
Core Model

Application Reference Model (ARM)
Module Interpreted Model (MIM)

22) [22]

- XML (C.4 of AP242)
- [none]

- [none]

- STEP-file (10303-21) [22]
Standard data access interface or simply SDAI (10303-

HDF5 (10303-26) [22]
STEP-XML (10303-28) [22]

XMI projection —
XML [?]
(normative)

XML [16][20]
(normative)

DISTRO A RELEASE — (AFRL-2026-1738) 08 APR 2026

Distribution Statement A (IAW DoDI 5230.24) — Approved for public release: distribution is unlimited.

This pr contains

information resulting from contracted fundamental research efforts
that have been approved for public release in accordance with DoDI 5230.09 through a Defense Office of
Prepublication and Security Review (DOPSR)

Official Use Only / Proprietary and Confidential

This material is provided by nVariate Inc for Official Use Only and the material herein shall be kept private
and confidential and not to be forwarded, distributed, or made publicly available in any manner. Until a
definitive agreement is executed and delivered, there shall be no legal obligations owed by either party of any
kind whatsoever (other than those relating to confidentiality) with respect to any of the material contained in
the presentation. All the information contained in the presentation is subject to further modification. ©
nVariate, Inc., all rights reserved

SBIR DATA RIGHTS

Contract No.: FA239424CB031
Contractor Name: nVariate, Inc
Contractor Address: 1101 W 34th Street #619, Austin, TX 78705 shown above, the Government has perpetual government purpose rights as provided in
Expiration of SBIR Data Protection Period: April 4, 2044

The Government's rights to use, modify, reproduce, release, perform, display, or
disclose technical data or computer software marked with this legend are restricted
during the period shown as provided in paragraph (b)(5) of the Rights in Noncommercial
Technical Data and Computer Software-Small Business Innovation Research (SBIR)
Program clause contained in the above identified contract. After the expiration date

paragraph (b)(5) of that clause. Any reproduction of technical data, computer software,
or portions thereof marked with this legend must also reproduce the markings.

Cameo Enterprise Architect (SysML

n\Variate



TDP Modernization for As-Built Data: CAM

WOLFRAM

MANUFACTURING
TECHNOLOGIES

tricted
Rights in Noncommercial
n Research (SBIR

DISTRO A RELEASE - (AFRL-2026-1738) 08 APR 2026 Official Use SBIR DATA RIGHTS

Distribution Statement A (IAW DoDI 5230.24) — Approved for public release: distribution is unlimited. ct No.: FA239424CB031
This 1 rtation contains unc d forma 2 arch efforts defin ent is liv i pa ctor Name: nVariate, Inc
th 3 those relating to confidentiality) with respect ny of n 0 ctor Address: 1101 4th Street #619, Austin, TX 78705
T @I T {10 (reeaniEiien i3 eifas D (i ma © Expiration of SBIR Data Protection Period: April 4, 2044

mat during the pe

n\Variate

n

and



TDP Modernization for As-Built Data: CAM

M.Eonnect®

| S Type

ACTUAL
ACTUAL

ACTUAL
POSITION ACTUAL
108D

- ACCUMULATED_TIME
ACCUMULATED_TIME
ACCUMULATED_TIME.

X TOTAL OPERATING.TI.
¥ TOTAL RUNNING TIME
XTOTAL CUTTING_TIME
% TOTAL SPINDLE_RUN_

L R AT

pin . ACCUMULATED_TIME.

2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
1|0
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
2024-11-26T21
1180

2024-11-26T21:
2024-11-26T21:
2024-11-26T21:
:30

2024-11-26T21

:30:
:30:
:30:
:30:

:30:
:30:
:30:
:30:
:30:
:30:
:30:
:30:
:30:
:30:
:30
:30:
:30
:30:
:30
:30:
:30:
:30:
:30
:30
:30
:30
:30

30
30
30

46

46.
46.
46.

47.

47
47
47
47
47
47

47.

47
47

:47

47

:47

47

:47.
47 .

47
47

: 47
:47
:47
:47.
147

:47.
:48.
:48.
:48

.756Z | Samples |PathFeedrate|Actual |ActPathFeedrate|0.0

756Z|Samples|Position|Actual |YAxisPosition|40.485

7567 |Samples|Load| |load-Z_P1[43.0

8967 |Events|PathFeedrateOverride | Programmed| feedoverride-
ﬁ torque

166133Z|Samples|Torque| | TMACHorsepower |0.062751

.006Z | Samples|PathFeedrate|Actual |ActPathFeedrate|12.6323 (horsepower)

.006Z|Samples|Position|Actual |YAxisPosition|39.792

.0067Z|Samples|Load| |load-Y _P1|5.0
.0067Z|Samples|Load| |load-Z_P1|44.0

.13Z|Samples|Position|Actual |YAxisPosition|36.967

.13%|Samples |Load| |load-Y_P1]4.0 q path feed
2717 | Samples|PathFeedrate|Actual |ActPathFeedrate|15.7649

.2717|Samples|Load| |XLoad|5.0 rate
.38Z|Samples|Position|Actual |YAxisPosition|34.445

.497 | Samples|PathFeedrate|Actual |ActPathFeedrate|16.3618
.49Z | Samples|Position|Actua
.497|Samples|Load| |load-Y _P1|5.0
.497Z | Samples|Load| |load-Z P1]45.0
637 | Samples|Position|Actual |YAxisPosition|28.435
63Z|Samples|Load| |load-Y P1|11.0
.63%|Samples|Load| |load-Z_P1|44.0
.771Z|Events|Block| |block-1|Y-1.5174
.771Z|Samples|PathFeedrate|Actual | ActPathFeedrate|15.4982
.771Z| Samples|Load| |XLoad| 6.0
.7717|Samples|Load| |load-Y P1|5.0

88Z|Samples |PathFeedrate|Actual |ActPathFeedrate|31.5299
.88Z |Events|PathFeedrateOverride|Programmed | feedoverride-—

loa

tbol position
Jorientation

WOLFRAM

MANUFACTURING
TECHNOLOGIES

88Z|Samples|Position|Actual |YAxisPosition|23.409
005Z|Ssamples|Load||load-Y P1]6.0
005Z|Samples|Load]| |load-Z_P1]45.0

.214133Z | Samples|Torque| | TMACHorsepower |0.065133
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TDP Modernization for As-Built Data: CAl

n="14"

om id="35"
1Id>34
Cylinderl

n="15"

4 -00:08:18
Time Remaining: -00:08 18

id="18009"

decimalPlaces="6">0.002
decimalPlaces="6
c>false

Thomas R. Kramer, Ph.D.
Thomas Kramer Consulting, LLC

34
Diameter ForCylinderl_ 1 ame .b

decimalPlaces
‘-

PRODUCTIVITY
QUALITY INC

n=<’| 1[:7”

retert act stic id="18011"
Diameter ForCylinderl_1
- =17

35
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TDP Modernization for As-Built Data: ASoT

conventional

nVariate

mapping

CAD model
(MBD + PMI)

CAx model
(MBD — no PMI)
faceted mesh

r-

nVariate

Unirep

trimmed surface B-rep

ASoT model
(MBD + PMI)
watertight surface B-rep
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TDP Modernization for As-Built Data: ASoT

OiF @%

conventional nVariate

‘m 7 7 .

CAx model CAD model ASoT model CAl data CAl as-inspected model
(MBD — no PMI) (MBD + PMI) (MBD + PMI) (PMI) (MBD + PMI)
faceted mesh trimmed surface B-rep watertight surface B-rep CMM inspection data morphed watertight surface B-rep

I'¥F Unirep
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ATUAL
AETUAL
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A
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Sox
Sow
Sow
Sow
Sow
Sow
Sow
Sow
son
Son
Sow
Sow
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2024-11-26T21:30:46.7567Z|Samples|PathFeedrate|Actual |ActPathFeedrate|0.0
2024-11-26T21:30:46.756Z|Samples |Position|Actual |YAxisPosition|40.485
2024-11-26T21:30:46.756Z|Samples|Load| |load-Z_P1|43.0
2024-11-26T21:30:46.896%Z |Events |PathFeedrateOverride|Programmed | feedoverride-1]|0
2024-11-26T21:30:47.166133%| Samples|Torque| | TMACHorsepower|0.062751
2024-11-26T21:30:47.006Z|Samples|PathFeedrate|Actual |ActPathFeedrate|12.6323
2024-11-26T21:30:47.006%Z|Samples|Position|Actual|YAxisPosition|39.792
2024-11-26T21:30:47.006% | Samples|Load| |load-Y_P1|5.0
2024-11-26T21:30:47.006Z|Samples|Load| |load-Z_P1|44.0
2024-11-26T21:30:47.13Z|Samples |Position|Actual |YAxisPosition|36.967
2024-11-26T21:30:47.13Z|Samples |Load| |load-Y_P1|4.0
2024-11-26T21:30:47.271Z|Samples|PathFeedrate|Actual |ActPathFeedrate|15.7649
2024-11-26T21:30:47.271Z|Samples|Load| |XLoad|5.0
2024-11-26T21:30:47.38%Z|Samples |Position|Actual |YAxisPosition|34.445
2024-11-26T21:30:47.49Z|Samples |PathFeedrate|Actual |ActPathFeedrate|16.3618
2024-11-26T21:30:47.49Z|Samples |Position|Actual |YAxisPosition|31.885
2024-11-26T21:30:47.49Z|Samples |Load| |load-Y_P1|5.0
2024-11-26T21:30:47.49Z|Samples|Load| |load-Z2_P1|45.0
2024-11-26T21:30:47.63Z|Samples |Position|Actual |YAxisPosition|28.435
2024-11-26T21:30:47.63Z|Samples |Load| |load-Y_P1[11.0
2024-11-26T21:30:47.63%|Samples |Load| |load-Z_P1|44.0
2024-11-26T21:30:47.771Z|Events |Block| |block-1|Y-1.5174
2024-11-26T21:30:47.771Z|Samples|PathFeedrate|Actual |ActPathFeedrate|15.4982
2024-11-26T21:30:47.7717Z|Samples|Load| |XLoad| 6.0
2024-11-26T21:30:47.771%|Samples|Load| |load-Y_P1|5.0
2024-11-26T21:30:47.88Z|Samples | PathFeedrate|Actual |ActPathFeedrate|31.5299
2024-11-26T21:30:47.88Z|Events|PathFeedrateOverride|Programmed|feedoverride-1]|80
2024-11-26T21:30:47.88%Z|Samples |Position|Actual|YAxisPosition|23.409
2024-11-26T21:30:48.005% | Samples|Load| |load-Y_P1|6.0
2024-11-26T21:30:48.005Z|Samples |Load| |load-Z_P1|45.0
2024-11-26T21:30:48.214133%| Samples|Torque| | TMACHorsepower|0.065133
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2024-11-26T21:30:46.7562| Samples| |Actual| 10.0

2024-11-26T21:30:46.756% | Samples|Position|Actual|YAxisPosition|40.485

2024-11-26T21:30:46.756% | Samples|Load||load-Z_P1|43.0 ® [ 4
2024-11-26T21:30:46.896Z|Events|PathFeedrateOverride|Programmed| feedoverride-1|0

2024-11-26T21:30:47.1661332| Samples | Torque | | TMACHorsepower | 0.062751 - X -
2024-11-26T21:30:47.006% | Samples| |Actual| 112.6323

2024-11-26T21:30:47.006% | Samples|Position|Actual |YAxisPosition|39.792
2024-11-26T21:30:47.006Z | Samples|Load| |load-Y_P1[5.0
2024-11-26T21:30:47.006Z | Samples|Load| | load-Z_P1[44.0
2024-11-26T21:30:47.13% | Samples|Position|Actual | YAxisPosition|36.967

o o o o o o
2024-11-26T21:30:47.13% | Samples|Load| |load-Y_P1(4.0
2024-11-26T21:30:47.271%| Samples| |Actual| 115.7649
2024-11-26T21:30:47.271%| Samples | Load| | XLoad| 5.0
2024-11-26T21:30:47.38% | Samples|Position|Actual | YAxisPosition|34.445

2024-11-26T21:30:47.49Z | Samples|PathFeedrate|Actual |ActPathFeedrate|16.3618
2024-11-26T21:30:47.49% | Samples |Position|Actual | YAxisPosition|31.885 laeter

2024-11-26T21:30:47.492 | Samples|Load| |load-Y_P1|5.0
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Shall# | Section Requirement ovel Comments / Explanation (FID, anmotation 1D, image)
20 NI [ o e I G il T S NN e AT R e P STt R T B
611944_impeller_shim.prt imenslon pte. i htmigp
age/detail/about_displaying_rounded_value_of_dim.htmis
611942_gasket_shim.prt - 121 91.1.e (e) The use of model values or resolved di for analyses and other processes shall be defined in Notice to User
) 122- Queried model values of feature(s) shall be interpreted as basic uniess otherwise dimensionally specified in the data set. A model
6383k32_ball_bearing_1_2_3.asm poa 921 Ivalue shall be rounded to the number of decimal places required for the design. Queried model values of feature(s) that are controlled |Notice to User
elsewhere shall be considered reference.
The following apply to basic inan model.
125 9223 |(a) Querying of the model for the profile, location, and orientation of a feature shall ocour within the coordinate system. _|Notice to User
611945_cover_shim.prt %6 0225 | The display of basic dimensions may be necessary in defining some annotated model relationships. Dispiayed basic dimensions | S—
shall be enclosed in a box in with ASME Y14.5. e
: 127 0224 |(@Basic dmensions defining surface curvature or extert, such as flefs, rounds, or chantfers, shallbe directed to the feature surfacep, o iacs ™ |\
92624a118_18-8_stainless_steel _prt by a leader.
611941_case_shim.prt 128 922e (e) Basic defining linear distance or angular relation shall be shown using dimension and extension lines. Does Not Appl;
611943 _drive_shaft_shim.prt 129 9.22f  |(f) There are no 90 deg implied angles in a model. All angular values shall be queried from the model unless a dimension is displayed. [Notice to User
130 923 |A displayed feature of size shall always include a tolerance. Conforms Fully
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a7 023p2 |(2)CYindrical Surace. The size dimension and leader shall be placed on an annatation plane perpendicular o the feature axis or | o\ ————
containing the feature axis.
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140 9230 |(c) Use of the Term TRUE. The term TRUE, when used with a dimension, shall not be used on annotated models Conforms Fully
141 93 asic not displayed on a drawing graphic sheet shall be obtained by querying of the model. Conforms Fully _|Use note to describe this to the viewer
i for on views of a drawing graphic sheet are defined in the following Does Not Apply
142 93.1a @) Displayed Dimensions. Dimensions shown in an view shall be true, and the use of the term TRUE is not required. Does Not Appl;
i ] 143 9.3.1b b) Displayed Basic Dimensions. Basic shall be enclosed in a box in with ASME Y14.5. Does Not Apply
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published in all IAQG sectors

(R) Aerospace Series - First Article Inspection Requirements

RATIONALE

This standard was revised to emphasize and enhance the First Article Inspection (FAI) planning, evaluation, and

AEROSPACE Asetoz™ REV. ¢
re-accomplishment activities; aligning requirements to the 9100 standard. Additional changes to the standard requirements,

definitions, and associated notes were incorporated in response to stakeholder needs. INTERNATIONAL S TA N D A R D |Ssu ed 2000_08
FOREWORD
Revised 2023-06

To assure customer satisfaction, the aviation, space, and defense industry organizations must produce and continually
improve safe, reliable products that meet or exceed customer and regulatory requirements. The globalization of the industry
and the resulting diversity of regional/national requirements and expectations have complicated this objective. End-product
organizations face the challenge of assuring the quality and integration of products purchased from suppliers throughout i

the world and at all levels of the supply chain. Industry suppliers face the challenge of delivering products to multiple Supersedlng A891 02B

customers having varying quality requirements and expectations.

The aviation, space, and defense industry established the International Aerospace Quality Group (IAQG) for the purpose of Tech n | ca | Iy eq u |Va|ent ertl n gs

achieving significant improvements in quality, delivery, safety, and reductions in cost throughout the value stream. This
organization includes representation from companies in the Americas, Asia/Pacific, and Europe. pub||5hed |n a" |AQG SeCtO rs

This document standardizes FAI process requirements to the greatest extent possible. While primarily developed for the
aviation, space, and defense industry, this standard can also be used in other industry sectors where a standardized FAI

process is needed.

(R) Aerospace Series - First Article Inspection Requirements
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'STANDARD ,
SAE INTERNATIONAL AS9102™C Page 4 of 22 SAE INTERNATIONAL AS9102™C Page 9 of 22
This standard applies to assemblies, sub-assemblies, and detail parts including castings, forgings, and modifications to 4.3 Digital Product Definition Requirements

standard catalogue or Commercial-Off-the-Shelf (COTS) items. Each of these items shall have a separate FAI.
a.  When design requirements are in a DPD format and traditional 2D drawing infori ailable BRFEFEPP
design requirements, DPD design characteristics required for product realiza lextracte nd

Unless contractually required, this standard does not apply to:
included in the EAIR

« Development and prototype parts that are not considered as part of the first production run.
b. The organiza

e Procured standard catalogue item, COTS, or deliverable software. When these items are included in an assembly, they

shall be documented in the index of part numbers in an assembly FAIR. 1. Establish a process to extract the applicable DPD design characteristics.

1.4 Informative 2. Extract the DPD design characteristics required for product realization.

3. Ensure the production, inspection, and operations requiring verification have been completed as planned to achieve
DPD design characteristics.

If there is a conflict between the requirements of this standard, and customer or applicable statutory/regulatory requirements,
the latter shall take precedence

NOTE: For additional information on DPD, refer to ASME Y14.41 and/or ISO 16792.

In this standard. the following verbal forms are used:

4.4  Evaluation

a. Review the manufacturing process documentation (e.g., routing sheets, risk analysis, manufacturing or quality plans,
“«Can? indi e i manufacturing work instructions) to ensure all operations are complete as planned and call out the correct specification,
. ‘Can” indicates a possibility or a capability. material typeg conditions. and zlpprovals P P P P

e “Shall” indicates a requirement.

The organizg

duct the following activities during product realization in support of FAI to ensure conformance
with design ¢ N

e “Should” indicates a recommendation.

*  “May” indicates a permission

Information marked as “NOTE” is for guidance in understanding or clarifying the associated requirement. b._Review supporting documentation for completeness.

2. APPLICABLE DOCUMENTS > raw material and special process certifications (e.g., CofC, special process completion certification, raw

est report number, modified standard catalogue item compliance report number, traceability number) call out

The following referenced documents support the application/use of this standard. For dated references, only the edition ; - - e
e correct specification, material types, conditions, and approvals.

cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

g\‘/)hci%ir?;\:;:tlgkr:(;l:gigjeezt;k'aetvveen this standard and the referenced documents below exist, the requirements of this t required customer approved sources are utilized (e.g., directed source, approved suppliers list).

e evis nonconformance documentation for completeness.

9100 Quality Management Systems - Requirements for Aviation, Space, and Defense Organizations
9103 Aerospace Series - Quality Management Systems - Variation Management of Key Characteristics t required designed tooling (e.g., part specific gauges) is used.
: i : " - Verify [t every design characteristic requirement, including DPD characteristics as required per 4.3.b, is accounted
As developed under the f the IAQG and published b tandards bod .g., ASD-STAN, SAE
s developed under the auspices of the IAQG and published by various standards bodies [e.g, ’ “ ely identified, and has inspection results traceable to each unique identifier (e.g., ballooned design

International, European Committee for Standardization (CEN), Japanese Standards Association (JSA)/Society of Japanese

Aerospace Companies (SJAC), Brazilian Association for Technical Norms (ABNT)]. LT ALErstic).

ASME Y14.41 Digital Product Definition Data Practices design characteristics resulting from the output of the manufacturing process are measured, inspected, tested,
) i to determine conformance, including DPD characteristics as required per 4.3.b.
marking has met defined requirements, such as legibility (i.e., human/machine readable), method, material,

1SO 9000 Quality management systems - Fundamentals and vocabulary
size, and location.

1SO 16792 Digital Product Definition Data Practices

DISTRO A RELEASE - (AFRL-2026-1738) 08 APR 2026

Distribution Statement A (IAW DoDI 5230.24) — Approved for public release: distribution is unlimited.

SBIR DATA RIGHTS
e

No.: FA239424CB031

“ nVariate e

C Al ss: 1 34th Street #619, Austin, TX 78705
Expiration of SBIR Data Protection Period: Ap

4, 2044 s a 4 e marking




TDP Modernization for As-Built Data: as-req model

5 Fonn 2 - Pt Sexonanl. | 5 b § - Craactasntic . | 744 4 RECUIREMENTS | 5 41 Fint drscle b, 5 Forss 1 - Part Mumbar Acc... % ixm
B Lol O BB Q-
ASME Y14.41-2019 ASMEY14.47-2019 [
Digital Product Model Organization & i Rl :
ore Practices . Contral How i
AS M E Definition Data ot
: D Send St et
Engineering Product Deflnition and o
Practices et ebmention s i R
F Time ven
Y 1 4—4 I Engineering Product Definition and & e Node
Related Documentation Practices ® Actiaty Final
© P Feet
A Basin
14-
. Foik HOe G - msmy|
- nvetwe =
2 Eatctn Hondr
AN AMERICAN NATIONAL STANGARD AN AMERICAN NATIONAL 5T/ 2 Intemuptibie dctraty
O O
= PR, " T
T T
IT vartical Swmvaras =
_— o B o e g e
& ¥ i a1 a2 -3 lla = 12"
AEROSPACE e Licommen = e Al The e e o | [
[ e <y .
—— e o T ‘
pancw e b I
[ —— i = S 3 Raionde ; . Lo |
[ | o e[ 7. Ot & Ao |3 et | 2. Gt | . et & Element Group ! ! R !
e " — e = 0 Constraint M el | . oo | wslinor. el arednes wefines |
o s -+ Containment - ¥ " y ¥ v
[ Conanmer i o e e |
2 ocate : ,
S 3 measurable i the fnal ully dofinod on 20 |charectoristi. includng s epplicale. and ‘accuracy. Ensare part
- = S - = Legend AiBdust ane provesons 10 amwngs, mcuang [Supporting documarain: o tha manitectirmg pacic gampas and ocieg
AS9102C = [
—_—— e e ‘
o 1 [ Extended Require.. » e |
N Consrint Sock |
I P N
| | 2 sasty i
Aveme E b T
G Copy e
7 Trace.
verty
/& Refine
[ D Test Case Activity v

I'F Unirep for MagicDraw® s O E

nVariate

nVariate

modify, reprodu

al is

DISTRO A RELEASE - (AFRL-2026-1738) 08 APR 2026 Official Use Only / Proprietary and Confidential SBIR DATA RIGHTS

Distribution Statement A (IAW DoDI 5230.24) — Approved for public release: distribution is unlimited.

This presentation contains ur

! al herein shall be kept private
any manner. Until a

y either party of any
contained in Contractor A
on. ©

24CB031
nVariate, In
1 W 34th Street #619, Austin, TX 78705
Expiration of SBIR Data Protection Period: A

informa

n\Variate

that have bee ved for pub
ation and Secu,

any of the
o further modi

ddress
Preput

compu

ril 4, 2044 the markir




TDP Modernization for As-Built Data: as-req model

SAE
AS9102C

AerospacE P
STANOARD

Y

Tools

L ®
LI Commen
L3 Comment

5 Problem

% Rationale

g T

Tow =g Ey=rer—

S Farm & - Prhact essant, . | 5= Fonm § - Chwnsctwit 4 RECUIREMENTS

L a1 Find Ariche imp.

L =i B0 "
Swhaiticn TR AT A e
bl 5 5
Igak.
Il g X
Tl Somman
T SyshAL ActiiTy CREgre \
2 daction k3 L
11 Glaject Hode -
3 fictiety Bararmeter o,
4. Centnl e
T Chjet Flow |
[+ Send Signal Actice

21 Besept Bar
F Tene Beert
* ineal Node
* Actity Final

Bilkn =

ot

I e
i gt b v e

& B final
s Devision

W e

o= FodHmzon =
o junberen] v
= Esteption Hander

£ Intermupsibie dctrity -
stnusured Activity WL
= Expansion Reginn

L Condtionsl Nade =

< ingrat Oiny
=l Cutpu Fin
1 Valie Fin
[ Aetion Ingurt Fin
IT Werbical Smianes =

-

S Fare 1 - Part Musbur Aot %

ms=l

- QLAY

& Element Group.

7 Abstraction
" Dependency
7 Allocate

T Diagram Overview

Legend

e Tave Rew

[&l Requirement

L&l Extended Require...
E Constraint Block
2 satisfy

.3 Derive

.4 Copy

5 Trace

% Verify

2 Refine

T Test Case Activity

-

(=3 Note -

{} Constraint -
- Containment -

=) Form 2 - Product Account...

2 Requirements Diagram

"= Form 3 - Characteristic ... | [= Form 1- Part Number Acc.. | T 4. REQUIREMENTS T 4.1 First Article Inspec... % [T 4.2 Part Requirements | [T 4.3 Digital Product Defi.. | B 4.4 Evaluation Activitie... a4 b
eq [Faceage] 41 HISTAMKIE NSDACT RANRRG] & 1 HESTAMK INSpacnon Hanning | ]
srequrements wrequrements wequrements wrequirements
41a 41k dle 4.1
4 REDUREWENTS | 1
Id="1" id Id - e I = *12"
Text - "The organization shall have a Text - "The organization shall verify the revision Text - "The organization shall consider the Text - "The organization
|dncumented process 1o plan far EAL The d tollowing actwies. duning EAI planning and, it shall venfy EAL planning
Process Shall IGATHY he raApONSSIA TN oyt Bl 0t Matenals (HOM), arswngieL, FQUIRe By SORMTAY, COOMINANS pARRIG WK MA | |sCMUMIES havs besn
s address the setutiss to be perorned, pror | [spscifcation, or purthase ardsr raquiramants © customar® compisted -
1o the frsl production wn* T T T
| o I ,
|
| f ! ! 1 i
! ! 1Tt TTToooooTTTTT ! ! !
| I 1 | | |
wefines | aefigs | aadliee | waslings | el cralinge | el vt |
v v ¥
ameirerments wrequrements arequiements arequirements weqremens aequremets
1.c. c. 4 41c5 41T G
o s i ="11"
Tox 1. Determing desian Teal = "2, Evaluale DB Delermine lhe 4. Identify the Texl Identify kay Deleming "8, Wunlify svenls
gredic inspecton and design characlerislics requined objeclve evidence BppIovod SO DIDLEEy charscleristic and crtical suilable monilering and requiring an updaled CAL
sequencing for inspection of required for t0 be included n the FAIR laberatory, material, and item requirements, as measuring squipment of any stage.” isee 4.6)."
characterrstics nol realization which are not for each design customer required sources. applicable (refer o JAQD eppropriaie resolution and
msasurabls in the fnal fully dafined on 2D including licable, and standards 9100 and 9103 for | | accuracy. Ensurs part
Bodlict snc provisons 1o arswings, ncidng supporting socum antanin SOnT the mARUtscInng supparting spacite gauges ad toling

cormy aut those actitias at
the approprte stage of the
process.”™

talzrances far nominal
dimensions *

wcomonts
NOTE This inchudes bubbied or bl cument(s|
conld calions, inspection repurls, lesl 1eporly, manufe

planning, rauting, and quiceneeidirsction)” are identmes, qualified, ana

purchase document identify traceable®
the comect specification and —_
relevant |
sources *
l
1
aconmEns

), and may slso incluce Metralogy
wluting phins, surchase princgks fes.
ccuracy raio,
asurarent
uncenainty)
shoud e iaken
it canswieration
when
selectng a
reasurament
e

hod

ey

1 st s W

ST NTE SR

s
p
S )

NOL

nVariate

DISTRO A RELEASE - (AFRL-2026-1738) 08 APR 2026

Distribution Statement A (IAW DoDI 5230.24)

This presentation contains unclas
that have »ved for publ
Prepublication and Security Revi

e with

Approved for public release: distribution is unlimited.

arch efforts

Iting fi
DoDI 523

Official Use On

ial is provid

the presentation. A

the

Variate

whatsoever (other than th

nformati

nc

ly /P

e relating t

n contained

fficial L a

confidentiality) with
n the presentation

roprietary and

shal
mann

the material t
y available in an
al obligation
pect t

any of the mater

s subject to further modif

Confidential

kept private

er. Untila

ither part y
contained in

on. ©

SBIR DATA RIGHTS

Contract No
Contractor Name
Contractor Addr
Expiration of SBIR Data Protection Period

The Govern
disclose
during the p
Tec! I D

ecl
FA239424CB031

nVariate, Inc
34th Street #619, Austin

1 hown abov

TX 78705 S

paragrap

ss

April 4, 2044

Program cla

ment's rights to u

reproduc
> markel

e
with

(b)(5) of

tricted
comm

hnical data or c
as provide:

erio
ata

paragrap
Small B
fied

ercia

den

e
b)

ment purp

nVariate [

with

ereof marked s legend must also repro



TDP Modernization for As-Built Data: as-req model

1. Part Number:
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Characteristic Accountability

Inspection / Test Results

5. Char.No.: | 6. 7. Ch 8. 9. Results: | 10. Designed/ | 11. Nonconformance | 12. Additional Dsta / Comments:
Location: Designator: Qualified HNumber:
Tooling:
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CAD

Geoemtry
Topology

Tolerances

Generalized CAx model Architecture

Product and

IR, SN

CAl

Features

Characteristics

Measurement Results

“characteristic”

a quantifiable or
qualifiable measure

« ” measure
metadata Manufacturin g contextualization
description Information
classifiable
(PMI) “feature” contextualization of
spatial component
_______ spatial
contextualization
“Spaﬁal” Geometric “topology” “geometry”
description Model
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by Characteristic Verification Report — Extended - ] x
Print Export  Sync Update Traceability 4 Previous Home Next p
Characteristic Verification Report — Extended
Sheet| 1| |of| 2
Part Number: Part Name: Serial Number: Report 1D:
NiA 611949_LEG.PRT dcBafbfé-Seec-481d-9751-2ebT228cchBa 184453d8-cd93-44eb-0c18-e3cdedabdibl
Characteristics Traceability Verification Results
G I’Y Feature Feature Feature Characteristic Characteristic NC
1o Reference: Designator: Requirement: \Ds: Measurement Item MNominal Item Mominal Result: Value: DIiQuT: . MNotes:
52 Number:
IDs: 1Ds: IDs: 1D: 1D:

1 - - |Flatness|0.005] 57 54 10 100 FAIL 0.138837963916667  |SimpleTactileP... -

2 - - |Profile of a Surface|0.0T]A|B| 24 21 93 97 PASS 0.00194502812421628 SimpleTactileP... -

3 - - |Position| @0.005|4] 30 27 92 91 PASS 0.162950068268481  |SimpleTactileP... -

3 - - |Pasition| @0.005|4] 36 33 93 91 PASS 0.168774744535063  |SimpleTactileP... -

3 - - |Pasition| @0.005|4] 42 39 94 91 PASS 0.16553889530741 SimpleTactileP... -

3 - - |Pasition| @0.005]4] 43 45 95 91 PASS 0.16946558580366 SimpleTactileP... -

3 - - |Position| @0.005]4] 63 60 104 103 FAIL 0.0933092572481316 |SimpleTactileP... -

3 - - |Position| @0.005]4] 69 66 104 103 FAIL 0.0331564688880051 |SimpleTactileP... -

3 - - |Position| @0.005|4] T3 72 104 103 FAIL 0.0933092572481316 |SimpleTactileP... -

3 - - |Position| @0.003|4] a1 78 104 103 FAIL 0.0329422346637533 |SimpleTactileP...-

3 - - |Position| @0.005A| 30 27 107 106 FAIL 0.0257383449888582 | SimpleTactileP... -

3 - - |Position| @0.005|A| 36 33 107 106 FAIL 0.0257883374017326 |SimpleTactileP... -

3 - - |Position| @0.005|4 42 39 107 106 FAIL 0.02578833740362%6 |SimpleTactileP... -

3 - - |Position| @0.005|4] 43 45 107 106 FAIL 0.0257883449888582 SimpleTactileP... -

Verified By: Date:

2025-03-31

Showing page 1 of 2 (17 total characteristics) Cloze
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Part Name:
511949 leg

Serial Number:
SN-001

Requirement:

Feature
Measurement
1Ds:

Feature
Nominal
1Ds:

Characteristic
Item
10

Characteristic
Nominal
10

Result:

|Profile of a Surface|0.030|A...

LT

16cdced1-9bca-52f7-9535-0990cfeb 7755
43462854-62c8-5aea-8857-8f0d5075c09d
4d872564-a2 fE-3:[|E-::2E-TE5EE§§'—1EE'|'|
54a97996-2f3b-5548-8110-02e07d 10885
8563bd5f-ffed-5d88-aa57-8430d5a2cbad
Eclfifcf]-?'lac-i?ci-h:’hi-f%: 533bbd9

S9d7ob1f4-c246-5f00-acaf-1945dfeb18a%

bb211501-5%9e3-583a-9d33-37562c9829de
c0b3365d-1769-55f%-a77f-a1b86co09fbd

c38c53a0-8fee-5ff1-a286-e3f441661 1de
d38d7dfc-fbb4-5881-bc2d-ThVch3blebdd

eldabbb-dlb3-5a25-9aba-3868fa5%%e2bd
ed157ec3-bel8-53075-972f-2dald6372485

fb02dcbe-37c4-5d8b-8b87-7e57dcb945c3

87

110

109
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TDP Modernization for As-Built Data: as-req model

¥ Requirements Verification Results = ] g% Requirements Verification Results - u]
Standard: ASMEY14_41_2019v0.1.0 Total: 4 requirements Standard: ASMEY14_41_2019v0.1.0 Total: 4 requirements
All i Status Al w Status
. FAL | Pass |
DataSetidentifierFormat PASS IdentifierForm PASS
1D: RequiredProductDefintionElements.
) N ID: DataSetidentifierFormat
DataSetldentifierSafeCharacters Title: RequiredProductDefintionElements. DataSetldentifierSafeCharacters
Title: DataSetidentifierFormat
Constraints RequiredProductDefinitionElements
X has(CRDModel.cage code) Consiraint failed
RequiredManagementData RequiredManagementData
d anag o has(CADModel dataset_title) < R Consts
v has(CADModel dataset_identifier) J has(CADModel.dataset identifier)
X has{CADHodel spproval name] Constraint fa  contains(CADModel dataset_identifier,” "]=—false
X  has(CADModel . approval date) Constraint failed
X  has(CADModel.approval signature) Constraint failed
X has(CADModel.contract_number) Constraint failed Source References
R e Reference Section Statement No.
+ has(CADModel.originator_date)
- W14.41-2018 2
Source References
Reference Section Statement No.
¥14.41-2019 27 Details
Expected:
Details
Actual:
Expected:
P Source Entity: ASME_Y14_41_2019_Part
Source Entity: ASME_Y14_41_2019_Part Entity ID:
Entity ID: Entity Type:
Entity Type:
4 requirements Close 4 requirements Close
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TDP Modernization for As-Built Data: realization

AF233-D016 TITLE: Technical Data Package (TDP) Modernization for As-Built Data

OBJECTIVE: The topic seeks to develop a software platform that facilitates the delivery of Technical Data Packages
(TDPs) with the necessary Product Manufacturing Information (PMI), including inspection and machine controller
data, using neutral data exchange standards to provide a complete as-built assembly model. The envisioned
platform will provide ffaeeability throughout the manufacturing process (from design through final inspection), while
maintaining a linked single fit-for-purpose . The underlying
models are expected to be agnostic of commercial computer-aided engineering platforms; i.e., the models should
leverage open data formats.

» develop a software platform

« TDPs with PMI

» as-inspected and as-manufactured data
* neutral standards
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TDP Modernization for As-Built Data: realization
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TDP Modernization for As-Built Data: realization
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TDP Modernization for As-Built Data: open issues
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TDP Modernization for As-Built Data: open issues

« Standards Development Organizations (SDOs): model-based hesitancy.
— solution: SDO model-based standards monetarization or SDO extinction?
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TDP Modernization for As-Built Data: open issues

« Standards Development Organizations (SDOs): model-based hesitancy.
— solution: SDO model-based standards monetarization or SDO extinction?
« Standards modeling from documents: fransl/ation or transformation?
— solution: CAx-IF for requirements alignment to MBD standards (MBSE-IF?).
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TDP Modernization for As-Built Data: open issues

« Standards Development Organizations (SDOs): model-based hesitancy.
— solution: SDO model-based standards monetarization or SDO extinction?
« Standards modeling from documents: fransl/ation or transformation?
— solution: CAx-IF for requirements alignment to MBD standards (MBSE-IF?).
« CAM as-instructed data: remains a frusirating void in the CAx standards aflas.
— solution: CAM vendors follow the CAIl path (i.e., QIF) and do something as a group.
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TDP Modernization for As-Built Data: open issues

« Standards Development Organizations (SDOs): model-based hesitancy.
— solution: SDO model-based standards monetarization or SDO extinction?

« Standards modeling from documents: fransl/ation or transformation?

— solution: CAx-IF for requirements alignment to MBD standards (MBSE-IF?).
« CAM as-instructed data: remains a frusirating void in the CAx standards atlas.

— solution: CAM vendors follow the CAIl path (i.e., QIF) and do something as a group.
« CAx model registration: exiremely burdensome; extremely, preventable.

— solution: CAx-IF requirement of 4 x 4 transformation matrix T(x) = Ax.
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TDP Modernization for As-Built Data: open issues

« Standards Development Organizations (SDOs): model-based hesitancy.
— solution: SDO model-based standards monetarization or SDO extinction?

« Standards modeling from documents: fransl/ation or transformation?
— solution: CAx-IF for requirements alignment to MBD standards (MBSE-IF?).
« CAM as-instructed data: remains a frusirating void in the CAx standards atlas.

— solution: CAM vendors follow the CAIl path (i.e., QIF) and do something as a group.

« CAx model registration: exiremely burdensome; extremely, preventable.
— solution: CAx-IF requirement of 4 x 4 transformation matrix T(x) = Ax.

« QIF standardization: wel/come to the wild west of data exchange.
— solution: CAx-IF QIF recommended practices for vendor adoption.

DISTRO A RELEASE - (AFRL-2026-173 Official Use Only / Proprietary and Confidential SBIR DATA RIGHTS
D T s e kept private Contract N CB031

" nVariate [}k




TDP Modernization for As-Built Data: open issues

« Standards Development Organizations (SDOs): model-based hesitancy.
— solution: SDO model-based standards monetarization or SDO extinction?

« Standards modeling from documents: fransl/ation or transformation?
— solution: CAx-IF for requirements alignment to MBD standards (MBSE-IF?).
« CAM as-instructed data: remains a frusirating void in the CAx standards atlas.

— solution: CAM vendors follow the CAIl path (i.e., QIF) and do something as a group.

« CAx model registration: exiremely burdensome; extremely, preventable.
— solution: CAx-IF requirement of 4 x 4 transformation matrix T(x) = Ax.

« QIF standardization: wel/come to the wild west of data exchange.
— solution: CAx-IF QIF recommended practices for vendor adoption.

« MTConnect data capture: high rate of machine data collection? don’t even ask...
— solution: allocate portion of Al budget to as-executed data collection.
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Questions? Comments?

Contact:
benurick@nvariate.com

dankeller@nvariate.com
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