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Motivation ATA
—

Industrial Sieves and Screens,  Regular, repeating elements appear in structures in

Microfluidic Nozzles almost every Industry
MNP T sk AP Ths NX’s pattern operations provide tremendous power
‘ and flexibility for easily generating such patterns

However, not only are there several distinct pattern
commands, there is a multitude of settings that can
be used with each command

Spacecraft Isogrid Structures

* The right understanding of these
commands and their settings can
help the designer create patterns as
efficiently as possible, and perhaps
with more flexibility than you
realized!

TR T

Image courtesy www.wikipedia.org
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Understanding the Various Pattern =

VANE VAN

Commands in NX

L} Pattern Feature £} Pattern Face . L} Pattern Curve
Feature to Pattern A Face A (eometry to Pattern A Curve to Pattern A
* Select Feature (0} L%l * Select Face (0) NF | * Selact Ghject () -$— * Selact Curve (0) o
Reference Point v Reference Point v Reference Point v Pattern Definition A
Pattern Definition A Pattern Cefinition A Pattern Definition A Layout 1 Linear -
Layout i Linear A Layout {8 Linear hd Layout 18 Linear - Direction 1 A
Boundary Definition v Boundary Definition v Boundary Definition v * Select Linear Gbject (0)
Direction 1 A Direction 1 A Direction 1 A A
Reverse Direction X
* Specify vector ol b - * Specify Vector Gt * Specify Vector g 12 Spacing CountandPitch ¥
Spacing Count £ C d D H t H 2 hd
count ; omman escripton - : S
Pitch Distance 1 A

I synmen Pattern Copies entire features, can be used ...
Direction 2 Feature to alter Slze and Shape’ Slowest Pitch Exprassions

[ Use Direction 2

Pattern Increment pe rfo r m an Ce

Instance Points

" Pattern Copies objects, e.g., curves, edges,

Orientation

Pattern Settings G eom etry faces - bOd I es

Pattern Method

o =« Pattern Face Copies only faces and booleans,

Settngs excellent performance

Preyiew

Cancel

Pattern Copies curves only
Curve
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Tradeoffs Between Pattern

Flexibility and Efficiency
e eereee——

Generation Time (S)

Generation Time for a 1,000 Instance

Pattern
100 -
10 -
1 _
Pattern Pattern Pattern Pattern
Feature  Curve Geometry Face

EEEEEEEEEEEEEEEE

Pattern Feature
offers the most
flexibility, but at a
price

Pattern Face still
offers the right
capabilities for
most needs

Pattern curve
provides the least
sophistication for
altering pattern
spacing, size, etc.
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Techniques for Changing Pattern =

Spacing and Position TN i
—
1. List

« The space between each successive instance will cycle
through a user-supplied list of spacing values (and repeat
iIf the list is shorter than the number of instances)

2. Increments

 |nput an increment to be added to the spacing for each
successive instance in an arithmetic progression

3. Spreadsheets
« Full control over position of each and every instance

4. Clocking (delta and motion-based)
 Apply an offset to one or more pattern instances
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Spacing Changes - List Method INTL i
—
CI K ...and back
2.0 3.0 to 1.0
> >€ >
® ® O
® ® O
® ® O
v (2 s Input a list of spacing values. The space
= O between each successive instance will
- = cycle through the list (and repeat if the
list is shorter than the number of

Instances
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Spacing Changes — Increment =

VANE VAN

Method

{3} Pattern Face £} Pattern Increment

Face A Farameters A

 Select Face (1) Qd ObjECtPathem = 1 O 1 5 2 O 2 5

- Direction 2: Offs... 1.000000 p13

B Direction 1: Offs...

oo o
oo o

Reference Point A

Pattern Definition A
Layout 1548 Linear -

Boundary Definition

® O
® 0 O

Direction 1
;:9:3j::mcY - Count:d I:Iiﬁ T : : O O (D C)
Direction 1 A
C.ount ) ° = ~ Increment in -
Pitch Distance ! - ” Parameter Increment Mas
I symmetric Direction 1: OffsetDi.. [0.5  |p10] X
Direction 2 ]
. - Input an increment to be added to
I | [ - the spacing for each successive
CZuntg 10 - Parameter Increment Mas

e Instance in an arithmetic

r Symmetric
1 | i

- progression

Pattern Increment

Pattern Increment

Instance Points

" Use Spreadsheet

Orientation

Pattern Settings

Settings v
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Spacing Changes — Spreadsheet Method

{3} Pattern Face

Face

4 Select Face (1)
Reference Point
" Spedfy Point

Pattern Definition
Layout
Boundary Definition
Direction 1
+" Spedify Vector
Spading
Count
Pitch Distance
- Symmetric
Direction 2
|7 Use Direction 2
4 Spedfy Vector
Spadng
Count
Pitch Distance

- Symmetric
Pattern Increment

Pattern Increment

Instance Points

O X

A

A

G-

A

1853 Linear -
X[t te -
Count and Pitch -
5 -
1 in hd
X[t ta -
Count and Pitch -
10 -
1 in -

|z_'1 Waoarksheet in PatternDefinition - pattern_face.prt

A |

Direction 1 Offset

-4|wrun-l

4 >
;

(= RN B = L R R S T ]

I [T Use Spreadsheet

Orientation

Pattern Settings

-

[ =

B

Direction 2 Offset

[l =RE == =]

—

—
VANE VAN

ENGINEERING.INC.

Spreadsheets provide
full control over position
of each and every

Instance

® 6 0
® 0o o
® 6 0
® 6 o

O o
o
o
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Spacing Changes — Clocking =

Method AT

{3} Pattern Face

Face A
4 Select Face (1) Elj ! I ff t t
Reference Point A @ O @ .
Delete tt t
+ Spedify Point '%a+ __l_ - @ Clock pa ern InS anCeS
Pattern Definition A @ @ C/ @
Layout ]iii Linear -
Boundary Definition v o ——
' O 0 0 00 ® 0 0 o0 ([ )
+" Spedfy Vector ‘\{ .mt__ Tj__ - : : :
oo Eom- o000 o0
Count 5 - o
Pitch Distance 1 in hd o O (\1 /“‘) /)
[ Symmetric o : o l\._ -
Direction 2 ~
|7 Use Direction 2
4 Spedfy Vector ‘\'_ kaT Tl -
= 3 Clock O X Type
Spadng Count and Pitch -
Type A -
Count 10 -
Pitch Distance 1 in - URTNAE = S DA e Pattern Points M
|_ Symmetric a i
Pattern Points A 4" Select Instance Point (1) -q}-
Pattern Increment M 4" Select Instance Point (1) -q} O R
Instance Points A Clocking Delta
Clocking Delt A .
Select Instance Point (3) -q} ocking a Motion
Direction 1 ? n T & Specify Orientation Ii‘;
[T Use Spreadsheet g Direction 2 0 in -
™ Move Handles Only
Orientation v -
b
Pattern Settings v
Cancel
Settings v
Preview v

11 ATA Engineering trade secret, confidential ,and/or proprietary information. Any unauthorized release of this information is prohibited.
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Techniques for Changing Pattern =

Size and Shape AL i
—

1. Increments

*Apply an arithmetically increasing or
decreasing value to a shape
parameter

2. Spreadsheets

Full control over shape parameters of
each and every instance
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Pattern Shape Change — Increment Method ATA

ENGINEERING.INC.

£} Pattern Feature D ¥ {3 Pattern Increment (4
Feature to Pattern A FParameters A
 Select Feature (1) % Object Value Expre...

Reference Point v =B 200000GH 1T
- . 1000000 pi14

Pattern Definition A

Layout 1853 Linear - -1.000... p8

1.000000 p9
i... 0.500000 p4

Boundary Definition

Direction 1
... 0.250000

" Spedfy Vector ,\’. kct.. T:I__ T
Spading Count and Fitch - RS
Count 3 M
Pitch Distance 2 in M Direction 1 A
[T symmetric

IIncrement in vI

B Parameter Increment Mas
" Spedfy Vector b | T FIR

Spading Count and Fitch - 1| | LI
Count 10 -

Direction 2 A
Pitch Distance 2 in -

i Sketch must be made internal to extrude
operation — this has performance
reten oene Tz L consequences

Instance Points v -

s = x| o Only Pattern Feature allows for complete
: parameterization of underlying sketch

Pattern Settings

Pattern Method A geometry

Method Variational -

Reusable References

Preview v
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Tip — Use Simple Hole Command for

Flexible Creation of Hole Patterns AT e
—

D LH:U' - @F‘attern Feature j S Chamfer
P Unite -

£ Trim Body

Daturm Extrude Hole Edage Mare
Flane - - tE]] Shell Blend = “& Draft -

Feature

Generation Time for a 1,000 Instance
Pattern

300

Rather than using
Extrude with an internal
sketch, the Simple Hole
command offers an
efficient means of
generating patterns of
non-constant size External Internal  Simple Hole
« Limited to circles Sketch Sketch

N

o O

o O
T

o
o
T

Generation Time (s)
P =N
a1 al
o o

o
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The “Simple” Method of Pattern Feature =

Provides Significant Performance Gains oy > S
T ———————————————————————————————————————

{3} Pattern Feature O X 1]
—— A Generation Time for a 1,000 Instance The “Pattern
— & Pattern Method” setting is
PE_H:t»rn D»_Efiniticn - 140 Unlque tO Pattern
=120 Feature
g el Eaoo For most cases the
T E—| 5 ¥ Simple method
— g %07 provides all
¥ Use Direction 2 GC) 40 i d i d tt rn
o Speify Vector X1 - 8 20 eSIre pa e
b fomm X =m=m=m | functionality and
e Variational Simple operates

: significantly faster

r g}\ « Note that the Variational method is the default!
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Techniques for Effective Use of

Patterns on Complex Surfaces 1. o T
el e

For generally curved surfaces, it can \
be challenging to create patterns that |
follow the surface curvature, |
maintain the desired shape, and |
avoid self-intersection
Several techniques exist to help

facilitate pattern creation on surfaces
with complex topology
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Default Settings with Pattern Commands =

VANE VAN

Can Produce Undesirable Results

—

Pattern Feature with
Pattern Feature  gjmple Hole maintains
* with Extrude circularity, but instances -
causes circles to overlap
become ellipses m o 0 0 VOGN |
on highly curved 0coooonl |
regions POOYE) Oy |

. | T @ 0 0 Geg
Pattern lines | ®goieo 0 0 oo

F-N

SkEWEd / \-‘ 7 ("/‘. O aa

o &/

relative to o2l - ¥ W
. e v W - _,,-‘:\_M\""j
right edge ®oe 0 o
;' et "'\_,_x’ L _/ \/ L\, “ ‘\/—.\
| ! I \.,..\‘_ y
| »—-\,. -/F\J — N
.;’ i 7 F ‘\7/ ¥ \\f B \I
; . 1 = \.JJ
".‘*' \ 4\.,,./}-::_/ :;‘ N .
| . i R )
k
! _dl-*'
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Use the Layout Controls to Guide -
Pattern Propagation in a Direction INTL i

S— s * Rigid: Instance locations are calculated as rigid motion from the
: start location

Offset: Input feature’s location is projected along path normal
Translate: Path is translated to instance feature reference point

D
nnnnnnnnnnnnn _. [ ———
r dshi g  - [ / _'_'_-_'_____.__.——
ot [ Instance eventually ket~
. = drifts due to extreme -
S = Tr anS| at surface curvature
e ’ Use isoparametric curves
p ; to provide path for
pattern!
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Using Two Directions With “Along” Layout May

Be Worse Than Repeated Patterns in a Single <J-

Direction ST T

T —————————

£} Pattern Feature QX
Feature to Pattern A2
" Select Feature (1) %

Reference Point

Pattern Definition

Layout ), Along -
Direction 1 A
Path Method Offset -
 Select Path (1) Ve
Spacing Count and Pitch -
Count 10 -
Location %3 5% Arc Length -
% Pitch By 9 -
Direction 2 A

[¥! Use Direction 2

Direction by Curve -
Path Method Translate -
 SelectPath (1) X
Spacing Count and Pitch -
Count 10 -
Location %! %% Arc Length -
% Pitch By 2 -
Pattern Increment A
Pattern Increment
Instance Points i
I™ Use Spreadsheet E
Orientation A
Orientation Same as Input A

[¥! Follow Face
4 Select Face (1)
Project Direction Along Face Mormal

Pattern Settings ATA Engineering trade secret, confidential ,and/or proprietary information. Any unauthorized release of this information is prohibited.
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Isoparametric Curves and Point Sets Can Help <

Facilitate Rapid Creation of Repeated Patterns g2 .

Points can be used
as seed locations

ATA Engineering trade secret, confidential ,and/or proprietary information. Any unauthorized release of this information is prohibited.




Follow Face Option Provides Methods

for Control of Pattern Orientation
B

{3} Pattern Feature DX
Feature to Pattern A
" Select Feature (1) [.LI]j
Reference Point v

Pattern Definition
Layout {E88 Linear -
Boundary Definition
Direction 1
Direction 2
Pattern Increment

Instance Points
" Use Spreadsheet ﬁ
Orientation

Orientation Same as Input -

v Follow Face
4" Select Face (1)

Along Pattern Plane M +

Project Direction

Along Pattern Plane Normal

Pattern Settings

Along Vector
Pattern Method A

Method Variational -

Reusable References

Direction — Alonq
Pattern Plane
Normal

For arbitrarily curved '+ 1%
surfaces, Along Pattern [}

Plane normal typically (XY
provides undesirable (X Y
results °

L_(’

—

—
VANE VAN

ENGINEERING.INC.

Direction — Alonqg

Face Normal

- A

e 0 0 O Oa |
- st - y - 4 |
'S -~ & i
v g
@ ) @a
— i ‘J
( =~
W JCTY
— -
- B, .y
A y
b
A N 1 B ~
- W () o \»\
®a . r .
,\\7 - -
.

Circular shape is
maintained, but now
pattern lines drift into
each other
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NX Open Pattern Tool Created by ATA =

Provides Significant Performance Gains oy > S
—

50.00

45.00

40.00

35.00

30.00

25.00

20.00

Generation Time (min)

15.00

10.00

5.00

0.00

Predicts 100 hours for 10,000

instance pattern!

\

Native Command

\

@ ATA Code (Interactive)

l ATA Code (Batch)

y

500

1000 1500

Pattern Count

2000

2500

Keys to efficiency realized by
ATA tool

 History-free mode

0 The history tree provides excellent
capabilities for undoing or changing
parameters

o For very large operations, can be
faster to recreate from scratch in
history-free mode rather than
maintain feature history for
retroactive alteration of parameters

» Batch mode

0 Batch mode runs a set of NX
commands in a non-interactive
fashion (i.e., the part file must be
saved at the end of the commands
and then opened to see the result)

0 Bypassing the graphics window can
provide significant performance
gains

ATA Engineering trade secret, confidential ,and/or proprietary information. Any unauthorized release of this information is prohibited.




10,000 Instance Pattern with Shape Transition =
Created by ATA Tool in 10 Hours e

e Pattern consists of
10,000 shapes
transitioning from
circles to slots

« Generation time is
~10 hours

ase of this information is prohibited.




Conclusions and Takeaways I s
—

Carefully consider the needs of your use case to
choose Pattern Feature, Pattern Face, Pattern
Curve, or Pattern Geometry

 Implications for performance

Start off with the Simple Method

» Only use the Variational Method if using the Simple
Method doesn’t provide the right capabilities
For complex, curved surfaces, the Follow Face and
Along Layout techniques can help ensure
successful pattern generation

When using NX Open to automate very large
operations, consider using history-free and batch
mode

e secret, confidential ,and/or proprietary information. Any unauthorized release of this information is prohibited.
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Thank You! ANTA
el —

Questions?
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