Lesson 5: Building a basic Lego Brick

This tutorial explains how to build a basic Lego block using parametric design in NX. We
will use Lego units as in this picture below.

3.00 200—p! - le— LEGO Dimensions
L . 300
r O O]s |«
0.75 v ¢
e v (oo
¢L’ nil 1.00 075] ©
1000 ! 00
150 » & 4
2.00 1.00 407
1.30 i <»-3.00 $ (5V3—3 )
B0l O I3 b ogho 1508 =
. —13.50 v
A
2.00 _ _
All measurements in Lego Units (1.6 mm)

Start a new model and call it “basic lego.prt”

Setting up the parameters list

Before we do any modelling we will set up the parameters list first. When you choose a
lego block you always choose it with the number of lego-studs that are on top of it (and not
by the length for example). Also the length, width and height of the lego block are
parameters we need which we will link o the number of studs.

It's smart to make your basic lego block a block of 3x2 studs to begin with. That way we
can fest all the parameters we need:

Click the "tools"-ribbonmenu and select “expressions” or press cirl+E.
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Make the named expressions as follows

¥ Expressions X

Listed Expressions ﬁ
MNamed -
Show Groups Show Active Group Only
Show Locked Formula Expressions
Name = Formula Value Units Type Upt. Comment Checks
- Default Group
aantalX 3 3 mm  Num.. ¥
aantal¥ 2 2 mm  Num.. &
height 2 2 mm  Num.. «
length 15 15 mm  Num.. ¢
width 10 10 mm  Num.. ¥
Type Number - Length -
Name | mm -
Formula v X
Al mE =% 2N & p e

Apply Cancel

Later in this tutorial we will link the parameters together so that the length and width are
related to the number of studs.

Building the base

Start an extrude and click the XY-plane as the sketch-plane.

It's important that you constrain everything
- to the CSYS in the next steps. That way
block will only have the CSYS as a
reference.
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Draw a rectangle with its bottom-left
corner on the origin of the CSYS.
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Place two dimensions:

o r L eHorizontal dim = length
eVertical dim = width

We've set these parameter to 15 and 10 mm because we will build a 3x2 studs lego block.

Click finish and extrude. Set the value for the end limit to the “height” parameter.



@ Extrude O X

Section A
vseeaamew  E|My
Direction A
+ Specify Vector
Limits A
Start i@ Value v
Distance 0 mm -
End i@ Value v
Distance height mm v

|:| Open Profile Smart Volume

Boolean A

The first stud

Here it is important that the first stud is referenced to the CSYS again. So place it on top of
the first extrude but near to the origin of the CSYS.

Start extrude and select the top-plane of the block as the sketch-plane. Draw a circle near
the CSYS origin and place the following dimensions.

Click finish and extrude Tmm high. Don't forget fo unite the stud with the block!



Patterning the stud

Now we will use pattern feature to multiply the studs. Make sure you don‘t make any
mistakes in the directions. We will link the parameters “aantalX” to the pattern in X-
direction and “aantalY” to Y-direction.

Start pattern feauture and select the stud. Choose linear as the layout.

In direction 1 select the X-axis as the defining vector. Set the spacing to “count and pitch”
and the set the count to “aantalX” and the pitch to 5mm.

"

In direction 2 select the Y-axis as the defining vector. Set the spacing to “count and pitch
and the set the count to “aantalY” and the pitch to 5mm.

Feature to Pattern AN
+ Select Feature (1) %
Reference Point v
Pattern Definition A
Layout 3 Linear

Boundary Definition v Ditch Distance! 5 .

Direction 1 A

« Specify Vector Xt tﬁ? -

Spacing Count and Pitch -

Count aantalX -

Pitch Distance 5 mm -

[ ] Symmetric

Direction 2 A

Use Direction 2

« Specify Vector S 7 -
Spacing Count and Pitch -
Count aantalY -

Pitch Distance 5 mm v

D Symmetric



Press OK.

Shell

Shell the bottom with a thickness of Imm.

@ Shell O X
Type A
1 Remove Faces, then Shell -
Face to Pierce A
 Select Face (1) 5]
Thickness A
Thickness n mm -
Reverse Direction X

Alternate Thickness

Select Face (0) 5]
Thickness 0 5 mm -
Add New Set % zck
List A
Settings v
Preview v Thickness| 1 -

Apply Cancel

Adjusting the parameters so the length and width
change with the number of studs.

In this step we have to link the length to the number of studs in the X-direction and the
width fo the Y-direction. 1 stud takes up 5mm space. So the formula becomes: “number of
studs” *5.



Change your parameter list (ctrl+E) to the following:

Listed Expressions

|Named - H - ‘
Show Groups Show Active Group Only
Show Locked Formula Expressions
Name = Formula Value Units Type Upt. Comment Checks
- Default Group
é----aantal)( 3 3 mm  Num.. ¥
é----aantaIY 2 2 mm  Num.. &
- height 2 2 mm  Num.. ¢
- ~length “aantalX¥s 15 mm  Num.. «
- width aantalY*5 10 mm  Num.. ¥
Type | Number - |Length -
Name | ‘ mm -
Formula ”@ v X
] [m]& -fl= -]e -[2] W - S x

H Apply H Cancel ‘
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Now when you change the number of studs “AantalX” and “AantalY”. The block changes
with it.

Changing the color

Click the “view" ribbonmenu and select “edit object display”

@’ :@ PNG | (3 Face Edges o
o 4 EJ Facet Edges
Preferences Edit Object Export More

Display PNG~ %FacetSettings -



Select the lego block as the body and press OK. Now you can change the color of the part.
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Save your work!




Making a Part Family

Building smart models with relations in the expressions pays off when you make family
parts. For this Lego block we will make a part family list of different configurations.

For this basic lego block we will be able to change the number of studs in the two
directions, the height and we will be able to turn off the studs so we get a flat brick.

Start “part families” by clicking on the icon in the tools ribbon-menu.

Home  Assemblies Curve Analysis View Render Tools

= B v 2 [E[ T

Expressions Spreadsheet Part  Move Record Recording Fa
Families Object Settings As
Utilities - Movie - Reu:
@ Part Families 2| Expressions in the part family
Spreadsheet Columns A Set the available columns to “expressions” and
Available Columns Expressions - you get a list of all the parameters that are not
Name consumed by relations (constant values) Here

T

we will need the parameters AantalX, AantalY
and height to be used in the part family. Select
212 y them and click the “add columns butfon: ™ .
_ The chosen parameters appear in the second
Actions A )
— window.
Chosen Columns Remark: don’t delete the columns
Name Type DB_PART_NO and OS_PART_NAME. NX needs
DB_PART_NO & them to define these so you get a unique
OSPART NAME model afterwards.
aantalX
ekl In the settings menu set the Family Save
height . .
o ,  Directory fo the direcfory of your assembly. Al
models that are generated during the making of
Part Family Spreadsheet A the assembly are saved here!
Create Spreadsheet Q :
Settings A Now click “create spreadsheet” q

Importable Part Family Template
Family Save Directory

BANX\modellen\new parts\, >

Fe



NX now opens Excel and generates a spreadsheet that looks like this:

A B C D E |
|DB_PART_NO |0S_PART_NAME aantalX aantalY height
2 4 2

1
2
3
4
5
6
7

Now we can make a list of all the different variants we want our lego bricks to have. Make
sure that you give a unique name to every brick you place in the spreadsheet. A column
with all the same values is a redundant column because you can simply delete it and you
a constant parameter.

DB_PART_NO OS_PART_NAME aantalX aantalY height

1x1llow 1x1llow 1 1 2
2x1low 2x1low 2 1 2
2x2low 2x2low 2 2 2
3x1llow 3x1llow 3 1 2
3x2low 3x2low 3 2 2
3x3low 3x3low 3 3 2
4x2low 4x2low 4 2 2
1x1high 1x1high 1 1 6
2x1high 2x1high 2 1 6
2x2high 2x2high 2 2 6
3x1high 3x1high 3 1 6
3x2high 3x2high 3 2 6
3x3high 3x3high 3 3 6
4x2high 4x2high 4 2 6

Analyze the list to see what variants it has.

To returns to NX from Excel go to Add-ins (invoegtoepassingen). Here you have a couple of
choices:

PartFamily ~

Verify Part



e Verify part: checks the part

e Apply values: changes the current part to the one you selected in the row of the
spreadsheet (select the entire row!)

e Update parts: updates the parts

e Create parts: with a couple of rows selected: saves the variants to different models
in the save directory

e Save family: saves the spreadsheet and return to NX

Press save family.

Features in family tables

We also want to be able to select a lego brick with no studs. You can do this by setting the
available columns to “feafures”. Here we have to select both the extrude and the
pattern of the studs, otherwise you will get conflicts.

Select both the extrude and the pattern and add the columns to the chosen columns list as
before. Now click edit spreadsheet.

You return to excel with the two columns added with the value set to “YES”. If we don’t want
studs, we simply have o change the value to “NO”.

Here is the new list:

DB_PART_NO OS_PART_NAME aantalX aantalY height  Extrude(4) Pattern(5)

1x1llow 1x1llow 1 4 2 YES YES
2x1low 2x1low 2 1 2 YES YES
2x2low 2x2low 2 2 2 YES YES
3x1llow 3x1llow 3 1 2 YES YES
3x2low 3x2low 3 2 2 YES YES
3x3low 3x3low 3 3 2 YES YES
4x2low 4x2low 1 1 2 YES YES
1x1high 1x1high 2 4 6 YES YES
2x1high 2x1high 2 1 6 YES YES
2x2high 2x2high 2 2 6 YES YES
3x1high 3x1high 3 1 6 YES YES
3x2high 3x2high 3 2 6 YES YES
3x3high 3x3high 3 3 6 YES YES
4x2high 4x2high 4 2 6 YES YES
1x1flat 1x1flat 1 1 2 NO NO
2x1flat 2x1flat 2 1 2 NO NO
2x2flat 2x2flat 2 2 2 NO NO
3x1flat 3x1flat 3 1 2 NO NO
3x2flat 3x2flat 3 2 2 NO NO
3x3flat 3x3flat 3 3 2 NO NO
4x2flat 4x2flat 4 2 2 NO NO



Select an entire row in Excel and then click apply values in the add-ins menu.

NX changes to the selected brick.

Click OK to leave the part families menu

Save the part!

Building an assembly using family parts

Now we will start a new assembly.

MNew O X
Mechatronics Concept Designer Ship Structures Line Designer
Model Drawing Simulation Manufacturing Inspection
Templates A Preview A
Filters A
Units ‘ Millimeters - ‘
MName Type Units Relationship Owner
@ Model Maodeling Millime... Stand-alone CB\Hein... = B gm-m-om
= S nd-alone B\ Hei i Bp 1723-183-024
il Assembly Assemblies | Millime... |St3nd alone o B 1734-131.004
1= Shape Studio Shape Studio  Millime... Stand-alone NT AUT... M () 2211-273-011
& Sheet Metal Sheet Metal Millime... Stand-alone CB\Hein...
| Aero Sheet Met... Aerospace S.. Millime... Stand-alone NT AUT... Propert'les A
&l Routing Logical Routing Log.. Millime.. Stand-alone NT AUT...
} ) . Name: Assembly
] Routing Mecha.. Routing Me... Millime... Stand-alone NT AUT... ]
L3 Routing Electri_ | Routing Elec_| Millime_ | Stand-alone  |NTAUT_ || VP Assemblies
[ Blank Gateway Millime... Stand-alone none Units: Millimeters

New File Name

Last Modified: 02/29/2012 08:28

Description: NX Example, starts add
component

Name | assemblyl.prt

Folder | BANX\modellen\new parts\,

Part to reference

MName

A
2
2
A
| oK | Cancel |

When asked to add a part, load the lego brick family part you just made and click OK!




NX now gives you a list of possible bricks you can insert:

@ Choose Family Member X

Family Attributes

DB_PART_NO

aantalX

aantalY

height
Instance[0](4)/Extrude(4)
Rectangular_Array(5)

Criteria

Clear All Criteria
Valid Values Mot Valid Values

Matching Members

1xTlow I
2x1low
2x2low
3xllow
Ix2low
3x3low
D2low W

Part Name

Choose Template

Back Cancel

Insert a couple of different models to your assembly

When you save the assembly all the inserted parts are saved as models in the directory set
in the part family definition of the “mother brick”.






