Create a model of the impeller with Solidworks

1

Overview
Before you build your model, make sure you have the overall dimensions of the impeller. The key
dimensions are
•
Maximum diameter. Leave clearance.
•
Maximum height. Leave clearance.
•
Height of the boss on the bottom of the impeller
•
Diameter of the hole for the motor – Don’t make it too large.
Refer to the Critical Features and Dimensions document on the ME 120 wiki.
The main steps to building the model are
1. Launch Solidworks and configure the drawing file
2. Sketch the base and extrude it to form a disk
3. Add the boss to the bottom of the disk
4. Cut hole for the motor shaft
5. Draw one impeller blade with splines on the top of the disk
6. Use rotational symmetry to replicate the impeller blade
7. Extrude the blades
8. Add filets to the blades
9. Export the completed model to an STL file.
It would be a good idea to follow along on the practice video for creating the pump lid.
https://youtu.be/JR0qosMx7BE
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Launch Solidworks and Configure the Drawing File
1.
2.

From the Start Menu, launch Solidworks (in Fall 2019, we are using Solidworks 2019)
Select “Part” when opening a new file

3.

Configure the drawing to use inches. This may not be necessary if the default configuration is
OK. Nonetheless, it’s good to check the document properties at the start.
• Selection Options from the top toolbar

• On the options panel, select the Document
Properties tab
• Click on Units in the left column, and make sure
that sure IPS (inch, pound second) is selected.
• Click OK to close the panel
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Sketch the base and extrude it to form a disk
We now begin a standard process of creating a part. The main steps are
1. Sketch a closed contour on a plane.
2. Add dimensions to the sketch features
3. Extrude the part into a 3D shape. A closed contour is required.
4. Modify the 3D part with additional extrusions to add material, or cut operations to remove
material.
5. As necessary, edit the underlying sketch or the extrusion process to adjust dimensions and
features.
Sketch the base of the impeller
1. Select the Sketch tab at the top of the window. Select the Circle tool and the circle-from-center
option.
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2.

Select a plane (we recommend the top plane), and orient the view from above.

4.

Click on the origin of the sketch plane and drag the
circle tool until the circle is about 1 inch in diameter.
Release the mouse when the circle is close to correct
size. Don’t worry, we’ll add dimensions in the next step.
NOTE: It’s important to start the circle at the center of

the sketch plane – the first mouse click should be at an
orange dot that identifies the origin of the local
coordinate system. By starting at the origin, you
constrain the center of the circle to be coincident with
the origin. This will make it easier to align other features
that need to be concentric with the base of the impeller.
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5.

Select the Smart Dimension tool. Click on the edge of the circle you just drew, and drag the
mouse to put the dimension in a convenient location.
The dimension tool should be associated with the diameter, not the radius of the circle.

6.

Enter the dimension of the base diameter in the Modify pop-up dialog box. (You should know this
dimension from your prep work.) Click the green check mark to accept the dimension you have
entered.

7.

Save the part: give it a meaningful name. We suggest a name that includes your name, e.g.
impeller_Joe_Jones.SLDPRT. The SLDPRT extension is applied automatically, and signifies a
three-dimensional part, as opposed to an assembly or a drawing.
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Extrude the base into a 3D shape
1. Select the Features tab and click on the Extruded Boss/Bass item. If you have pre-selected the
circle outline, the display will reorient and preview the extrusion. If not proceed to the next step..

2.

If the preview of the extrusion does not appear,
select the circle you created in the preceding
steps. The model reorients to show a 3D view
and a suggestion of the extrusion appears as a
yellow shadow above the circle

3.

In the dialog box on the left side of the screen, enter the
desired thickness and units of the base. (You should know
this dimension from your prep work.) Click on the green
check box accept the extrude dimension.

4.

Save the part.
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Notice that the extrusion appears as an object in the model tree. If you want to edit a feature or
sketch that is already created, you can select it from the part tree. For example, if you want to
modify the diameter of the base that you just extruded, click on the triangle to expand the
extruded part, and right-click on the Sketch1 to and edit it.
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Sketch the boss on the bottom of the base and extrude it to form a disk
The next step is to add material for the boss on the underside of the impeller. You will use the sketchand-extrude steps that created the base, with one variation. Now that the part exists, you will sketch on
the face of the part, not on an arbitrary plane (though that, too, is possible).
1. Reorient the drawing so that you view the model from below. Select the Sketch tab.

3.

Select circle-from-center, and click on the face of the base (the part you just created) to select the
sketch plane. You will draw a circle on the face of the part
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4.

Click and drag the circle from the center
CAUTION: It’s important that you start the
circle from the center point. That will anchor
the feature so that the boss you are creating
now is concentric with the base you created in
the previous steps.

5.

Select Smart Dimension and specify the correct size for the circle

6.
7.
8.
9.

Exit the smart dimension tool by clicking on its icon on the toolbar
Select the circle you just sketched
Select the Features tab and select Extrude/Boss
Enter the dimension of the extrusion for the boss. (You should know dimension this from your
prep work.) Click the green check box to accept the dimension.

When the boss is extruded from the base, it creates a continuous part because the sketch for the boss was
attached to the face of the base. In other words, you do not need to join the two extrusions together to
form a contiguous part. The preceding steps create a unified part.
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Drill the hole in the center of the base and boss
1.
2.

3.

4.
5.

Orient the part so that either the top side or the boss side of the base are normal to the screen.
We’re going to cut a hole completely through the part, so the orientation does not matter.
Sketch a circle centered on the face, and starting the mouse drag at origin. Use Smart Dimension
to specify the hole size. (You should know this dimension from your prep work. The dimension
show in the drawing to the right is not correct.)

Select the Features tab and click the Extruded
Cut item. If the circle you just sketched was
not selected when you clicked the Extruded
Cut item, select that circle now. Rotate the
model so that you can see the orientation of
the cut. Select Through All from the dialog
box on the left side of the interface.
Click the green checkmark when ready to
accept the cut parameters.
Rotate the part to inspect the hole.
Save the model.
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Sketch the impeller blade pattern and extrude the blades
The impeller blades are made with sketch-and-extrude procedure used above, but with new intermediate
steps in the process. The outline of the sketch is formed by combining two splines and parts of two
circles. In addition to introducing the spline shape, we also will need to use the trim feature to eliminate
unwanted parts of the circles. The process also uses the circular replication feature: we sketch a single
blade and then replicate it in a circular pattern around the center of the impeller.
1. Orient the model to view the impeller base from the top. Select the top face of the base as the
sketch plane. Sketch a circle that is coincident with the outer edge of the base. Because this circle
is coincident with another feature, we do not need to add a dimension. The coincidence constraint
fixes it size.

2

Sketch a second circle with a smaller diameter. Use the Smart Dimension feature to set the
diameter of this smaller circle equal to the diameter of the boss on the opposite side of the base.
Note that the dimension in the image (below right) is not correct.
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3.

The next step is to draw two spline curves that connect the inner and outer edges defined by the
circles that were just created. Click on the spline tool in the sketch command bar.

4.

Make three clicks to define the spline. The clicks create control points, also known as knots, to
allow changing the shape of the spline. The first click is on the inner circle. The second click is
somewhere roughly midway between the inner and outer circles. The third click is on the outer
circle. Press the escape key to stop the spline tool from adding more points. The three clicks are
depicted in the three images below.

5.

Repeat the preceding steps to create a second spline that is roughly parallel to the first spline. It’s
important that the starting and ending points for both splines are coincident with the inner and
outer circles. The image below left shows the completed second spline. Once the splines are
created, you can click and drag the control points to change the shape of the spline. If the starting
and ending points are correctly constrained, adjusting the position of those end points only allow
the control points to move along the constraining circular paths. The image below right shows
how the movement of and endpoint on the inner circle might appear.

Create a model of the impeller with Solidworks

6.

13

The next sequence of steps create a closed curve outline of an impeller blade. The inner and outer
circles are trimmed so that only small arcs that connect the two splines remain. Select the Trim
Entities icon from the Sketch toolbar.

The default trim option is Power Trim. The Trim to Closest option may work better, you will need
to experiment.
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7.

Select one of the trim options and click on a section of the outer circle that is not located between
the spline curves. (We recommend starting with Trim to Closest.) If successful, the trim operation
will remove all of the circle except the arc between the splines. Repeat the trim operation for the
inner circle.

Successful completion of the trim operations yields the outline of the impeller blade shown below

8.

We now replicate the blade in a circular pattern. Select the Circular Sketch Pattern from the
sketch toolbar.
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Choose the number of blades from the parameter dialog box on
the left of the screen. We recommend 3 or 4 blades, but the final
number is up to you. Click the green checkmark to accept your
final choice.

10. Use the Extruded Boss/Bass item from the Features toolbar to
turn the circular pattern of blades into three-dimensional
extensions from the impeller base.

11. Save the model
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Add filets
Fillets (sounds like “fill it”) are curved features that round exterior corners or fill interior corners. We
add both to remove the sharp edges and sharp interior corners of the impeller blades.
1. Select the Fillet icon from the Features toolbar.

2.

Click on one of the top edges of the blade. The default fillet size of 0.1 inch is too large. Try 0.02
inch, but experiment to get the shape you desire. Click the green checkmark to accept the fillet
radius and apply the fillet to the part. The image below left shows the selection of an edge to
apply the fillet. The image below right shows the result of applying fillets to the top and inner
edges of a blade.

3

Apply fillets to the outer edges and interior corners of the blades. The final result is shown below.

4.

Save your model.
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Export final part as STL
Your Solidworks model is now complete. To create a physical representation with a 3D printer, you
need to create the model in an alternative format called STL, which is an acronym for Standard Triangle
Language or Standard Tesselation Language.
1. Select Save As from the toolbar.

2.

Choose STL (*.stl) from the format menu

3.

Give your STL file a name that includes your name,
e.g. impeller_Joe_Jones.STL. Click “Yes” in the
dialog box to complete the file save operation.

4.

Upload your STL model to the D2L drop box for the
assignment.

That’s it! Congratulations on completing a printable 3D
model of your impeller. Continue to practice by building
models of your pump body and lid.

