Creating a LEGO Brick

While TinkerCAD is an excellent program for learning about 3D modeling, it lacks many of the
features needed to make precise, interlocking shapes. However, it will import Scalable Vector
Graphics (.svg) files created in other programs like InkScape. This means sketches can be
measured and aligned precisely in InkScape, saved as .svg files, and then used to create matching
three-dimensional shapes in TinkerCAD. This lesson demonstrates how this workflow can be
used to create a 2 x 4 LEGO brick.

Snapping in InkScape

Snapping is InkScape’s precision alignment feature: objects you draw or drag are pulled to
nearby targets, like points on other objects, so that positions land exactly. This makes snapping
essential for drawing and aligning shapes with precision.

When a dragged object or the mouse pointer moves to a snappable position, InkScape flashes an
“x” at the snap point and shows text explaining what will snap together. Releasing the mouse
completes the snap.

To enable snapping, click the arrow in the top right of the InkScape window, then click the
“Enable snapping” checkbox (Figure 1).

Figure 1. Enable Snapping

Once snapping has been enabled, turn on the “Alignment” function (Figure 2).
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Next, click “Advanced mode” and select all checkboxes under “Bounding boxes” (Figure 3).

¥ Enable snapping

¥ Bounding boxes
¥ Edges

¢ Corners

¥ Edge midpoints
¥ Centers

Figure 3. Bounding Box Selection
Finally, click the arrow in the top left of the window to close the snapping menu.
Designing for 3D Printing

As discussed in Chapter 4, drawing with vectors produces lines on a computer screen, but these
lines are really paths. Paths are sets of instructions that tell a machine where to go. A Scalable
Vector Graphic (.svg) file stores these instructions.

On screen, a path can be given properties such as width and color. These properties control only
how the path appears. When you export an .svg file to physical hardware like a die cutter or a 3D
printer, the device ignores appearance entirely. It reads the instructions and follows the path.

Because the device follows only the path, a 3D printer creates its own line width as it prints. The
width comes from the nozzle, not from your drawing.

The extruded material is centered on the path. A nozzle with a 0.4mm diameter deposits roughly
0.2mm of material on either side of the line it traces. Your drawing defines the center of the
printed line; the nozzle defines its thickness. This has practical consequences for anything that
must fit together:

e Outside dimensions grow. A circle drawn at exactly Smm prints slightly larger, because
half the extrusion width extends beyond the path on all sides. With a 0.4mm nozzle, that
circle measures closer to 5.4mm.

e Holes shrink. A Smm hole prints slightly smaller, because material moves inward from
the drawn edge. A peg designed at Smm will not fit a hole designed at Smm.

Printed material always spreads from the path toward both sides, so outer edges expand and inner
edges close in.

Initial Calculations

This lesson will use the dimensions and formulas provided in the Brick Dimensions document to
create the brick sketches.



On paper, a 1 x 1 LEGO brick occupies an 8mm x 8mm square. But if bricks were made exactly
that size, they would press against their neighbors and be difficult to fit together. To create
clearance, each brick is made 0.1mm smaller on every side—a total of 0.2mm off its length and
0.2mm off its width.

This 0.2mm is subtracted once per brick, no matter how many studs long it is, because the gap is
only needed where two bricks meet.

Additionally, the printer’s extruded material width must be accounted for. Most hobbyist and
educational printers use a .4mm nozzle by default, so material pushes outward .2mm on each
side of the brick. To compensate, the brick is reduced by an additional .4mm in each direction.

Using this information, the length of any side of a brick can be calculated using the formula:
length = 8 x (number of studs) — .6

This means that the 2 x 4 brick for this lesson should have a footprint of 15.4mm x 31.4mm.

The walls on LEGO bricks are 1.6mm thick. Subtracting twice that (or 3.2) from the length and
width values gives the dimensions of the inside of the brick, 12.2mm x 28.2mm.

Drawing the Bricks

Begin by drawing the rectangles for the inner and outer walls of the brick using the Rectangle
tool from the Tool/ Menu on the left side of the window (Figure 4).
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Figure 4. The Rectangle Tool

After selecting the tool, click and drag the mouse across the workspace to create a rectangle.
With the rectangle selected, use the Tool Options Menu to set exact measurements for the
rectangle. Be sure to check the units of measurement in the rightmost field on the 7ool Options
Menu. In the example below, the rectangle has been set to the outer dimensions of the brick.
(Figure 5).
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Figure 5. Setting Rectangle Dimensions



With the two rectangles completed, the next step is drawing the studs. LEGO studs measure
4.8mm in diameter. Accounting for the width of a .4mm nozzle, the circles used to sketch them
must be 4.4mm in diameter.

Create a circle using the Ellipse/Arc Tool from the Tool Menu (Figure 6.)
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Figure 6. The Ellipse/Arc Tool

When setting the circle’s dimensions, note that InkScape uses radius values (Rx and Ry), not
diameter. To make a 4.4mm-diameter circle, use a radius of 2.2mm (Figure 7).
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Figure 7. Setting Circle Dimensions
Drawing the Studs

Before creating additional circles, you need a way to space them accurately. LEGO studs are

spaced 8mm apart, center to center. To achieve this spacing, create a square that is 8mm by 8mm.

The studs on LEGO bricks measure 4.8mm in diameter. With a .4mm nozzle, this means the final

diameter of the circle is 4.4mm.

Click the edge of the circle and drag it toward one corner of the square. As the circle’s center

nears alignment, red dots appear showing the distance between the circle’s center and the corner

of the square. When the center aligns with the corner, the circle snaps into place and an “x”
appears where the two shapes meet (Figure 8).




Figure 8. Aligning Shapes

Repeat this process for each corner of the square. Once all four circles are in place, drag the
square in the direction of the next studs and center the corners in the next circles (Figure 9.)

Figure 9. Realigning the Square

Continue adding circles and shifting the reference square until there are two parallel columns of
four circles. Once this is done, delete the square.

Select all eight circles, and click on Group from the Objects menu (Figure 10). Once the circles
have been grouped, they can be moved together without breaking their alignment.
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Figure 10. Grouping Objects

Drawing the Clutch



The underside of each LEGO brick contains protrusions called clutches that help grip the studs
of the block below it. Like the studs, the clutches sit 8mm apart, center to center, but are offset to
fall between the studs. For a brick more than two studs wide, the clutches measure 6.5mm.
Adjusted for the .4mm nozzle, the circle used to sketch the clutch should have a diameter of
6.1mm. On actual LEGO bricks, the clutch is made using a hollow cylinder. Since 3D-printed
parts are not as strong as molded LEGO bricks, the clutch on a 3D-printed brick is designed as a
solid cylinder.

Using an 8mm rectangle for spacing, create and align three 6.1mm circles in a row using the
same technique shown for creating studs (Figure 11).

Figure 11. Aligned Clutch Circles

Once the clutch circles are grouped, align them inside the smaller of the two rectangles, then
group them together (Figure 12). This combined sketch will be used to cut the empty space on
the underside of the brick.



Figure 12. Clutch Circles inside Brick

There should now be three sketch components: 1) the grouped studs; 2) the brick perimeter; and
3) the brick interior.

Exporting Sketches

Each sketch must be exported individually as a .svg file. To do this, copy and paste each
component into a new InkScape document. Then, use Save As under the File menu to save each
component as a separate file (Figure 13).
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Figure 13. Saving .svg Files

Importing Sketches to TinkerCAD

To import a sketch into TinkerCAD, click on the /mport button in the top right corner of the
window (Figure 14).
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Figure 14. The Import Button

After selecting the file, an import options menu appears. In most cases, use the default settings,
then click Import to finish loading the file.

Repeat this process for all three .svg files.
Resizing the Shapes

When .svg files are imported into TinkerCAD, they are automatically converted to 3D shapes
and given height. To create a properly sized LEGO brick, these default heights must be adjusted.

Adjust the height of the shapes by selecting them, clicking on the vertical height adjustment
node, and entering the desired height. For example, the brick body in the image below has been
set to 9.6mm, the height of a basic LEGO brick (Figure 15).
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Figure 15. Adjusting Shape Height
The studs need to sit 1.7mm higher than the brick, so the stud height should be set to 11.3mm.

Normal LEGO bricks are mostly hollow to use less material. However, removing support
material from a fully hollow 3D-printed brick can be difficult. Set the height of the brick interior
to 2.5mm. This will provide enough height to fit over the studs of other bricks without creating
needlessly deep hollow spaces. With the brick interior selected, be sure to change its type to Hole
under the Shape Settings (Figure 16).
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Figure 16. Changing Shape Type

Combining Shapes

With all three shapes selected, click the Align button in the top toolbar (Figure 17).
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Figure 17. The Align Tool

Since the shapes all imported on the same plane, their vertical alignment does not need to be

changed. Using the three dots that appear along the length and width of the shapes, click the
center dot to center the shapes on top of each other (Figure 18).
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Figure 18. Centering Shapes

With all three shapes still selected, click the Union Group tool in the toolbar to merge the shapes

(Figure 19). The studs will be attached to the top of the brick, and the hole will cut a void into
the bottom.
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Figure 19. The Union Group Tool

Exporting the Brick

TinkerCAD assigns each new project a random name. Click on the name field in the top left
corner of the window and rename the project “2x4 Brick”. This will make it easy to identify on
your projects tab.

Select the brick and click the Export button in the top right corner of the window. Select .STL as
the file type, and the brick will save automatically to your downloads folder. It is now ready to be
imported into the 3D printer software.
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