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CO2 Rail Car

Rear Rim Spokes 
A.  Sketch Hub.
Step 1.	 Click File Menu > New, click Part Metric and OK.

Step 2.	 Click Front Plane  in the Feature Manager and click Sketch 
 from the Content toolbar, Fig. 1.

Step 3.	 Click Rectangle  (S) on the Sketch toolbar.

Step 4.	 Draw a rectangle starting at the Origin , Fig. 2.

Step 5.	 Click Smart Dimension  (S) on the 
Sketch toolbar.

Step 6.	 Set the dimensions as shown in Fig. 2.

Step 7.	 Click Zoom to Fit  (F) on the View toolbar.

B.  Save as "REAR RIM SPOKES".
Step 1.	 Click File Menu > Save As.

Step 2.	 Key-in REAR RIM SPOKES for the filename and press ENTER.

C.  Sketch Rim.
Step 1.	 Click Line  (L) on the Sketch toolbar.

Step 2.	 Draw the lines above rectangle as shown in 
Fig. 3.  Use the inferencing line, the dotted 
line that appears when you draw to keep lines 
vertical or horizontal.

Step 3.	 Right click drawing and click Select from 
menu to unselect Line Tool.

Step 4.	 Ctrl click the right line of the rectangle 
and the right vertical line to select both.  
Release Ctrl key and click Make Collinear 

 from the Content menu, Fig. 4.
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Step 5.	 Click Smart Dimension  (S) 
on the Sketch toolbar.

Step 6.	 Add dimensions as shown in Fig. 5.

Step 7.	 Click Zoom to Fit  (F) on the 
View toolbar.

Step 8.	 Save. Use Ctrl-S.

Step 9.	 Click 3 Point Arc  (S) in the Arc 

flyout  on the Sketch toolbar.

Step 10.	Draw an arc between Position 1, Position 
2 and Position 3 in Fig. 6.  To draw the 
arc, first click Position 1, then Position 2.  
Swing the arc out to Position 3 and click.

Step 11.	Click Smart Dimension  (S) on 
the Sketch toolbar.

Step 12.	Dimension arc radius 7.5, Fig. 7.  
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Step 13.	Click Offset Enti-

ties  (S) on the 
Sketch toolbar.

Step 14.	In the Offset Entities 
Property Manager 
set: 

	 Distance   1
	 check Reverse,
	 Fig. 8 
	 click arc
The yellow offset should on right side of original arc, Fig. 9.  If it 
is not, uncheck Reverse.  Click OK .

Step 15.	Click Trim Entities  (S) on the Sketch toolbar.

Step 16.	In the Property Manger: 

	 select Trim to closest , Fig. 10
Trim lines and arcs as shown in Fig. 11.  Click ends of arc extend-
ing beyond lines and click both lines between arcs.  Results shown 
in Fig. 12.
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Step 17.	Click Sketch Fillet  (S) on the Sketch toolbar.

Step 18.	In the Property Manager set: 

	 Radius   .2, Fig. 13
	 click top endpoint of offset arc, 	 	
Fig. 14

		  click OK 

		  Radius   .4, Fig. 15
 
	 click other 3 arc endpoints,
	 Fig. 16
 
	 click OK  twice.

Step 19.	Click Smart Dimension  
(S) on the Sketch toolbar.

Step 20.	Add the dimensions as shown in 
Fig. 17.  Dimension the .3 first, then 
1.2.

Step 21.	Save.  Use Ctrl-S.
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D.  Revolved Boss/Base.
Step 1.	 Click Features  on the Command Man-

ager toolbar.

Step 2.	 Click Revolved Boss/Base  on the Features 
toolbar.

Step 3.	 In the Revolve Property Manger: 

	 for the Axis of Revolution  ,
	 click the bottom line of sketch,
	 Fig. 18.  
 
	 Your bottom line of sketch does 
	 not have to show in Property 
	 Manager as Line1. 
	 Click OK .

Step 4.	 Click Zoom to Fit  (F) on the View toolbar.

Step 5.	 Save. Use Ctrl-S.

E.  Spoke Cut Sketch.
Step 1.	 Click Right Plane  in the Feature Manager and click Sketch  

from the Content toolbar, Fig. 21.

Step 2.	 Click Normal To  on the Standard Views toolbar. (Ctrl-8)

Step 3.	 Click Centerline  (S) in the Line flyout  
on the Sketch toolbar.

Step 4.	 Draw a centerline from the Origin up and
beyond edge of rim, Fig. 22.
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Step 5.	 Click Centerpoint Arc  (S) in the Arc 

flyout  on the Sketch toolbar.

Step 6.	 Click centerline above origin to start the arc (not 
at midpoint) and move down to centerline.  Click 
to place the first end point, then move cursor 
clockwise.  Click to place the second end point, 
Fig. 23.

Step 7.	 Click Smart Dimension  (S) on the 
Sketch toolbar.

Step 8.	 Dimension arc radius 1.5, then add 5 dimension 
between arc centerpoint and Origin, Fig. 24.

Step 9.	 Click Line  (L) on the Sketch toolbar.

Step 10.	Draw a line at an angle as shown in Fig. 25.  
Start line at endpoint of arc and draw line to be-
yond of edge of rim.

Step 11.	Click Smart Dimension  (S) on the 
Sketch toolbar.

Step 12.	Dimension angle 20 degrees between line and 
centerline, Fig. 26.  

Step 13.	Right click drawing and click Select from 
menu to unselect Smart Dimension.

Step 14.	Ctrl click line and arc to select both.  Release 

Ctrl key and click Make Tangent  on the 
Content menu, Fig. 27.

Step 15.	Press Escape key to unselect line and arc.
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Step 16.	Click Convert Entities  (S) on the Sketch toolbar.

Step 17.	In the Convert Entities Property Manager: 
	 click inside edge of rim 	
	 flange (not fillet),
	 Fig. 29 
	 click OK .
	 This converts edge to 
		  a circle.

Step 18.	Click Trim Entities  
on the Sketch toolbar.

Step 19.	In the Property Manger: 

select Trim to closest ,
Fig. 30.
 
Trim line and converted 
circle as shown in Fig. 31.  
 
To trim, click top endpoint 
of line and outside of circle.  
Results shown in Fig. 32.

Step 20.	Click Sketch Fillet  (S) 
on the Sketch toolbar.

Step 21.	In the Property Manager set: 

	 Radius   1.1,
	 Fig. 33
 
	 click top endpoint of 		
	 trimmed line, Fig. 34

		  click OK  twice.
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Step 22.	Drag selection around the sketch to select all 
entities (line, arcs and dimensions), Fig. 35.  To 
drag selection, click above and to left of sketch 
and drag down and to right to drag around all.  
Include centerline in selection.

Step 23.	Click Mirror Entities  on the 
Sketch toolbar, Fig. 36.

F.  Extrude Cut Spoke.
Step 1.	 Click Features  on the Command 

Manager toolbar.

Step 2.	 Click Extruded Cut  on the Features 
toolbar.

Step 3.	 In the Cut-Extrude Property 
Manager set: 
under Direction 1
	 End Condition 			 
Through All, Fig. 37
check Direction2
	 End Condition  Blind 
	  and click OK .

G.  Fillet Face.

Step 1.	 Click Isometric  on 
the Standard Views toolbar. 
(Ctrl-7)

Step 2.	 Click Fillet  on the 
Features toolbar.

Step 3.	 In the Fillet Property Man-
ager:  
	 set Radius   .2
 
	 select Full preview
 
	 click inside face of 		
	 the spoke cut, Fig. 40.   
 
click OK , Fig. 41.
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H.  Circular Pattern Spoke Cut.
Step 1.	 Click View Menu > Temporary Axes. (Alt-V X)

Step 2.	 Ctrl click the Cut-Extrude1 and Fillet1 feature in the Feature Man-
ager to select both features, Fig. 42.

Step 3.	 Click Circular Pattern  in the Linear Pattern 

flyout  on the Features toolbar.  Be sure to click the flyout arrow 
 to select Circular Pattern.

Step 4.	 In the Circular Pattern Property Manager set: 
	 under Parameters,	  

	 Pattern Axis 
		  click Temp axis in drawing,
		  Fig. 44
		   

	 Number of Instances   5
 
	 check Equal spacing, Fig. 43

		  under Features to Pattern 
		  Extruded cut and fillet feature 
		  should be selected
	 uncheck Geometry pattern
	  click OK , Fig. 45.

Step 5.	 Save. Use Ctrl-S.

I.  Hole for Axle.
Step 1.	 Turn off Temporary Axes.  Click View Menu > Tempo-

rary Axes. (Alt-V X)

Step 2.	 Rotate view slightly to view inside of rim, hold down 
middle mouse button (wheel) and drag to rotate view, 
Fig. 46.

Step 3.	 Click inside face of hub and click Sketch  on 
the Content menu, Fig. 46.

Step 4.	 Click Normal To  on the Standard Views 
toolbar. (Ctrl-8)

Step 5.	 Click Circle  (S) on the Sketch toolbar.
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Step 6.	 Draw a circle for the hole starting at the Origin , Fig. 47.

Step 7.	 Click Smart Dimension  (S) on the Sketch 
toolbar.

Step 8.	 Dimension diameter 3.5 as shown in Fig. 47.

Step 9.	 Click Features  on the Command Manager 
toolbar.

Step 10.	Click Extruded Cut  on 
the Features toolbar.

Step 11.	 In the Property Manager set: 

		  Depth   10.5

		  click OK , Fig. 48
		  and Fig. 49.

Step 12.	Save. Use Ctrl-S.

J.  Sketch on Rim Flange for Bolt Holes.
Step 1.	 Click Isometric  on the Standard Views toolbar. 

(Ctrl-7)

Step 2.	 Click side face of rim flange and click Sketch  on the Content menu, Fig. 50.

Step 3.	 Click Normal To  on the Standard Views toolbar. (Ctrl-8)

Step 4.	 Press Escape key to unselect face.
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Step 5.	 Click Offset Entities  on the Sketch toolbar.

Step 6.	 In the Offset Entities Property Manager set: 

	 Distance   .77
	 Click inside edge of rim 	
		  flange, Fig. 52 
The yellow offset should 
outside edge, Fig. 52.  If it is 
not, click Reverse.  Click OK 

.

Step 7.	 Click Line  (L) on the 
Sketch toolbar.

Step 8.	 Draw a vertical line from Origin up to offset 
circle, Fig. 53.  Right click drawing and click 
End chain from menu to restart the line.

Step 9.	 Draw three more lines from Origin as shown in 
Fig. 54.  After each line, right click drawing and 
click End chain from menu to restart the line.

Step 10.	Click Smart Dimension  (S) on the 
Sketch toolbar.

Step 11.	Dimensions the angles as shown in Fig. 55.

Step 12.	Right click drawing and click Select from menu 
to unselect Smart Dimension.
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Step 13.	Click the middle line of the three and click Con-

struction Geometry  on the Content menu, 
Fig. 56.

Step 14.	Ctrl click the three lines to select all three.  Re-

lease Ctrl key and click Make Symmetric  
from the Content Menu, Fig. 57.

Step 15.	Click OK  in Property Manager to unselect 
lines.

Step 16.	Click Mirror Entities  on the 
Sketch toolbar.

Step 17.	In the Mirror Entities Property Manager: 
	 under Entities to mirror 
		  click the 2 lines on the 	
		  lower side, Fig. 59
	 under Mirror about
		  click in the box and 		
		  click top line, Fig. 59
		  and Fig. 60.
		  click OK .

Step 18.	Click Exit Sketch  on 
the Sketch toolbar.

K.  Sketch on Hub for Bolt Holes.
Step 1.	 Click the side face of hub and click Sketch  

on the Content menu, Fig. 61.

Fig. 56

Fig. 57

Fig. 59

Fig. 60

Mirror

Ctrl click 
three lines

Mirror 
about

Fig. 61

Side 
face 

of hub

Fig. 58



SolidWorks 12   REAR RIM SPOKES   CO2 RAIL CAR   Page 8-13

Step 2.	 Click Circle  (S) on the Sketch toolbar.

Step 3.	 Draw a circle starting at the Origin , Fig. 62.

Step 4.	 Click Smart Dimension  (S) on the 
Sketch toolbar.

Step 5.	 Dimension diameter 4.2 as shown in Fig. 62.

Step 6.	 Click Line  (L) on the Sketch toolbar.

Step 7.	 Draw two lines from Origin  out to the circle 
as shown in Fig. 63.  Right click drawing and 
click End chain from menu to restart the line.

Step 8.	 Click Smart Dimension  (S) on the 
Sketch toolbar.

Step 9.	 Dimensions the angles as shown in Fig. 64.

Step 10.	Click Mirror Entities  on the 
Sketch toolbar.

Step 11.	 In the Mirror Entities Property Manager: 
	 under Entities to mirror 
		  click the 15 degree
		  angled line, Fig. 65
	 under Mirror about
		  click in the box and
		  click 36 degree line,
		  Fig. 66 and Fig. 67.
	  
	 click OK 

Step 12.	Click Exit Sketch  on the Sketch toolbar.

Step 13.	Save. Use Ctrl-S.
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L.  Bolt Hole Wizard.

Step 1.	 Click Hole Wizard  on the Features toolbar.

Step 2.	 In the Property Manager on the Type tab set: 
	 under Hole Type 

		  select Hole , Fig. 68
	 under Standard: 
		  select ANSI Metric
	 under Type: 
		  Drill Sizes
	 under Size:
		  select .5
	 under End Condition:
		  Blind Depth Hole   .54
 
click Positions tab  at the top of the 
Property Manager 
 
click the 3D Sketch button, Fig. 69.
 
Click the 7 endpoint in the two sketch to place 
points, Fig. 70    Do not place point at endpoint 
of the middle line in the hub sketch.
 
Click OK .

Step 3.	 Save.  Use Ctrl-S.
Fig. 70

Fig. 69Fig. 68
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M.  Circular Pattern Bolt Holes.
Step 1.	 Click View Menu > Temporary Axes. (Alt-V X)

Step 2.	 Rotate view slightly to view Tem-
porary Axis, hold down middle 
mouse button (wheel) and drag to 
rotate view, Fig. 71.

Step 3.	 Ctrl click Hole Wizard feature 
at the bottom of the Feature Man-
ager and center axis in the draw-
ing.

Step 4.	 Click Circular Pattern 
 in the Lin-

ear Pattern flyout  on the 
Features toolbar.  Be sure to click 
the flyout arrow  to select 
Circular Pattern.

Step 5.	 In the Circular Pattern Property 
Manager set: 

	 Number of Instances   5
	 click OK , Fig. 73.

Step 6.	 Turn off Temporary Axes.  Click 
View Menu > Temporary Axes. 
(Alt-V X)

Step 7.	 Hide both Bolt Hole sketches.  
To hide, Ctrl click both sketches 
in the Feature Manager and click 

Hide  on the Content menu, 
Fig. 75.

Step 8.	 Save. Use Ctrl-S.
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N.  Fillet Edge and Face of Rim.

Step 1.	 Click Fillet  on the Features toolbar.

Step 2.	 In the Fillet Property Manager:  
 
	 select FilletXpert, Fig. 76.

	 Radius   .3
 
	 select Full preview
 
	 click edge of hub, Fig. 77

		  click inside cylindrical face
	 of rim, Fig. 77
click OK  , Fig. 78.

Step 3.	 Save. Use Ctrl-S.

O.  Split Line.
Step 1.	 Click Right Plane  in the Feature Manager and 

click Sketch  from the Content toolbar, Fig. 79.

Step 2.	 Click Normal To  on the Standard Views toolbar. (Ctrl-8)

Step 3.	 Click Offset Entities  on the Sketch toolbar.
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Step 4.	 In the Offset Entities Property Manager set: 
	 click Keep Visible , Fig. 80

	 Distance   .55
	 Add dimensions
	 check Reverse
	 uncheck Bi-directional
	 click face of spoke.
 
The yellow offset should be 
inside, Fig. 81.  If it is not, 
uncheck Reverse. 
	 Click OK .
 
Repeat for each spoke, click face of the another 
spoke and click OK  after clicking face,
Fig. 82.

	 Click OK twice  when done.

Step 5.	 Click Insert Menu > Curve > Split Line.

Step 6.	 In the Split Line Property Manager set: 
	 under Type of Split
		  select Projection
	 under Selections
		  current Sketch 
		  should be selected 
 
	 in the Faces to Split box 		
	 click split line face of 		
	 each spoke, Fig. 84

	 click OK .

Step 7.	 Save. Use Ctrl-S.
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P.  Appearance Color.
Step 1.	 Rotate view slightly as shown in Fig. 85, hold 

down middle mouse button (wheel) and drag 
to rotate view.

Step 2.	 Click a Split Line face, click Appearance 

Callout  on the Content toolbar and click 
Face 1 Split... , Fig. 85.

Step 3.	 In the Appearances Property Manager, Fig. 86
	 under Selected Geometry 
		  click the other four Split 	
		  Line faces, Fig. 87
	  
	 under Color 
		  click the Black swatch 
	
	 click OK .

Step 4.	 Save. Use Ctrl-S.

Q.  Material Chrome 
Stainless Steel.

Step 1.	 Right click Material  in the 
Feature Manager and click Edit 
Material, Fig. 89.

Step 2.	 Expand Steel in the material tree 
and select Chrome Stainless 
Steel.  Click Apply and Close.

Step 3.	 Save. Use Ctrl-S.
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