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by Matthew Holewinski and John Pollard

Rube Goldberg, who lived from 1883 to 1970, was a pro-
lific cartoonist that received numerous awards.  However, 
he is best known for his “machines.”  According to Wikipe-
dia, these are “devices that are exceedingly complex and 
perform very simple tasks in very indirect and convoluted 
ways.”  The spirit of the Goldberg machines has inspired us 
to build one that molds and parades v. 6.0 features and also 
gives us an opportunity to demonstrate the new animation 
operations and to actually offer some tutorials about how 
they are applied.  

The complete machine is shown to the left and, when it runs, 
all its parts move at the same time.  The tutorials that follow 
deal with one part at a time.  They all consist of a modeling 
part and an animation part.  Even though the emphasis is 
intended to be on the animation, it cannot happen without 
the necessary model.  However, the models do not need to 
be exactly as we show them and if they deviate a bit they 
should still suffice for applying the animation to them.

Marble running through ramps
In this tutorial, a marble and a series of wooden ramps will be con-
structed.  These ramps catch the metal marble and redirect its mo-
tion in a zig zag pattern.  Last, the wooden ramps and the metal 
marble will be textured to add realism to their appearance.
 • Start by building a 2’ x 4” x 4” 

block for the wood ramp.
 • Drill a hole through the length 

of the block.  One way to do 
this is to build a solid cylinder 
and to apply a Boolean Differ-
ence to cut that cylinder out 
from the center of the block.

 • Next, use the two shown ob-
jects to difference and trim the 
original wood block.

You will next curve the top.  
 • Set topological level to Segment.  
 • In the Move Options 
   dialog, select: 
   Make Smooth and 
   Constrain To Boundaries.
 • With the Move tool, drag 

the front and rear segments 
vertically about 1”.  Notice 
that the edge of the hole in 
the face does not move.

While not absolutely neces-
sary, you may next round the 
edges of the wooden ramp.

The way you moved the marble, 
only affects two of the positions, 
most likely X and Z.  However, it 
all depends on how the ramps are 
positioned.  Repeating all three po-
sition tracks causes no harm even 
though one of them has no effect.

 • Close the Animation Editor 
palette and, from the Anima-
trion Time Line palette, play 
the animation.

Next you may want to set some 
rendering parameters, such as 
wood for the ramps and gold for 
the marble  Then, from the Dis-
play menu, select Generate 
Animation....

With the Move 
tool, make two more clone 
copies vertically.  Then copy reflect 
them, move them down, and use the 
Rotate tool to rotate one of them by 
about 15°, while the others follow 
as clones.  The result should be as 
shown to the right. 

You are now ready to 
animate a marble that will roll 
through the ramps.
 • Generate a sphere that has a 

radius of 1”.
 • Position it inside the top of 

the first ramp (1).
 • Activate the Keyframe tool 

and click on the sphere.
 • Make sure the AutoKey but-

ton is on in the Animation 
Time Line palette.

 • In that palette, set the current 
time to 1 second and move 
the marble at the end of the 
first ramp (2).

 • Set time to 1.5 seconds and 
move the marble to 3.

 • Set time to 2.5 seconds and 
move the marble to 4.

 • Set time to 3 seconds and 
move the marble to 5, which is 
at the top of the 3rd ramp.

One could continue to keyframe 
the marble rolling through the 
rest of the ramps.  However, 
there is a way to duplicate key-
frames that are repetitive. 

 • Open the Animation Editor 
palette and in its list, high-
light the Position X track of 
the marble.

 • On the left side, click on 
the After tab and from 
the Type 
menu select 
Repeat 
Normal.  
Also, turn 
on Match 
Beginning 
To End.

 • Repeat 
exactly the 
same for 
the Posi-
tion Y and 
Position Z 
tracks of the 
marble.
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A ball on a spring
form•Z animation includes the 
ability to animate parameters that 
control the shape of objects.  In 
this tutorial, a spring is made to 
squash and stretch by animating 
the parameters of the helix that 
forms the metal coil.
 • Working in Front view and 

scale 1’=1’, draw a 3” vertical 
line and, at a distance of about 
2”, draw a circle of 2/8” radius 
and resolution of 12 segments.  
This is shown to the right where 
each square of the grid is 1/2”.  

 • Invoke the Helix Options 
dialog and in it, set 

  Model Type to Facetted;  
Type to Solid/Surface He-
lix;  # of Cycles to 10;  

  Length = 1’-0”;  
  # Of Steps = 24,  Per Cycle;  
  Scale Path:  
  Width = 0.4, Length = 0.4;  
  Scale Source X = Y = 0.4; 

Cap Start and Cap End are on.
 • With the Helix tool active, click 

on the circle and the line.
A coil is generated as shown.

You will next animate the spring and a little ball jumping off it. 
 • In the Animation Time Line palette, current time should be 0.0.   
 • With the Keyframe tool ( ) active, click on the spring. 
 • Move the current time forward to 0.5 seconds.  
 • Make sure that Auto Keyframe is on in the Time Line palette.
 • With the Query Parameters tool ( ), click on the spring.  
 • When the Helix Edit dialog appears, change Length to 0’-6”.
 • Move the current time ahead to 1 second.
 • With the Query Parameters tool click on the spring again and in  
  the Helix Edit dialog, change Length to 1’-0”.  

At this point you may want to play the animation to preview the 
spring squashing down and expanding.
 • Change the current time to 0.0, generate a 1” radius sphere and 

position it on top of the spring.
 • With the Keyframe tool active, click on the sphere.
 • Move the current time to the second keyframe in the Animation 

Time Line palette by clicking the Next Keyframe button ( ).  
This will move the current time to 0.5 seconds.

 • Move the sphere down to match the position of the spring.
 • Click the Next Keyframe button again and move the sphere 

up until its back on top of the rebounded spring.
 • Move the current time ahead to 1.5 seconds and move the sphere 

up into the air at a desired position.
 • Change current time to 2.0 seconds and move the sphere back 

down to its original position.
 • In the Keyframe Options dialog, under Existing Tracks, select 

Key All Existing.   With the Keyframe tool, click on the spring.

Next, the motions of the spring and ball will be made to repeat.

 • From the Palettes menu, open the Animation Editor palette.
 • Highlighting the Length track of the spring, click the After tab, 

and from the Type menu select Repeat Normal.  
 • Do the same steps for Position Z of the ball.
Finally, you may want to manipulate the graph for Position Z of 
the ball to make it appear that it hangs up in the air at the apex of its 
flight.  You can do this by grabbing the leads of that keyframe and 
stretching them horizontally.  You can also adjust the height of the 
ball’s flight by dragging that same keyframe higher in the graph.
When all this is done, you can preview the animation or even render 
it by selecting the Generate Animation... command.

A melter

The melter is a round container 
with a hole.  It melts some mate-
rial which goes through the hole 
and becomes a ball.  The melter 
will be modeled as a skinned ob-
ject and the ball as a metaball.

 • Draw a path and copy rotate it 
another three times, for a total 
of 4, as shown.  Then draw 
3 source shapes, again as 
shown.

 • Use the Skin tool to skin the 
source shapes along the 
paths.

The resulting object should be 
roughly as shown.

Next, create the molten material using metaballs.
 • Activate the Metaballs tool and set
  Type to Ball.
 • Draw a metaball centered in the bottom
  opening of the melter and with roughly the
  same diameter as the opening.
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 • Draw a second metaball with the same center and
  about 2/3 the size of the first metaball.
 • While time is at 0, with the Keyframe tool,
  click on the smaller metaball.  
 • Next move time to 1, 2, and 3 seconds and at each
  of these intervals move the smaller metaball down
  and click on it with the Keyframe tool.  The
  distances should be roughly as shown. 
 • Select both metaballs while at 

their original positions, and apply 
the Group tool.  When a dialog 
appears, set the mesh density as 
appropriate for the scale you are 
working on. A mesh is wrapped over the two grouped 
objects, which at this stage appear as a single ball.

 • In the Animation Edit palette, highlight the Position Z 
track, then click on After and select Repeat Normal.

 • From the Animation Time Line pal-
ette, play the animation and watch 
the material dripping from the melter.  

Next, you may also render the anima-
tion by selecting Generate Anima-
tion..., as shown.
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A coin and a funnel
In this tutorial, you will animate a coin that rolls around and into a 
funnel.  One way of creating motion is to make an object follow a 
path.  For this exercise, you will need to model a little coin, a fun-
nel, and also a helical path that follows the shape of the funnel.

Next, the path for the line 
to travel along needs to be 
created.
 • Continuing to work in Front 

view, with Ortho snap on, draw 
a line that starts under the bot-
tom opening of the funnel and 
extends laterally out past the 
top edge of the funnel.

 • In the Helix Options dialog, 
set Model Type to Smooth, 
Type to Solid/Surface He-
lix,  # of Cycles to 10, and 
Length to something a little 
taller than the funnel height. 

 • With the Helix tool, click on the 
horizontal line and the Z axis.

This should create a shape 
similar to the exit of a parking 
garage, as shown.

 • Activate the Line of Intersec-
tion tool and in the tool options 
palete, set Status to Keep.

 • Click on the funnel and the 
screw-shaped object.  The 
screw-shaped object is no 
longer needed, so delete it.

 • Working in Front view, draw a 
cylinder of radius 1.5” and height 
0.5”, as shown to the right.

 • Draw also the shown profile 
line and revolve it about the 
Z axis, after setting Model 
Type to Smooth and turning 
on Construct As Nurbz in 
the Revolve Options dialog.

The result should be as shown.

You should now have a tornado-shaped line, 
as shown (where the other objects have been turned 
off temporarily).  You are now ready to proceed with the animation.  
But before you do, you need to make a little adjustment to the coin.

 • Zoom close to the coin and use the Transform Object Axes tool 
to move the origin of the coin to its lowest point. This adjustment 
will make the coin roll on exactly the surface of the funnel.  As it 
is now, with its origin at its center, half of the coin will be under 
the surface of the funnel and will not be visible.

 • In the Animate Along Path dialog, turn on Align To Path, 
set Tangent to -Y,  Secondary to -Z, and  Up to +X.  

  Also, turn on Create Bank Track.
 • With the Animate along Line tool 

click on the coin and the 
tornado line.

 • Click the Play button in 
the Animation Time Line 
palette. The coin follows 
the invisible tornado line 
and appears to roll around the 
inside of the funnel, ending up in its 
hole.  Note that we have rendered the 
funnel with a procedural texture, which 
you may also want to do.
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Parachuting marble 
This animation will be created using the Morf tool, which allows 
you to pick two objects and blend them together to create a new 
object.  This will allow us to simulate an opening partachute.

The first task is to create a marble that opens on its top.  The marble 
is small (1”), so we have to set up our work environment properly. 
 

 • From the Display menu, select Custom Display Scale and 
in the dialog that appears type 1’ = 1’.

 • In the Window Setup dialog, set X, Y, and Z Module to 1’ 
and # Divisions in all directions to 12.  In the Grid Snap Op-
tions dialog set snap module to 1/4”.

 • Make the ZX reference plane active and turn on grid snap.
 • In the Sphere Options dialog, select the 1-click sphere (first 

icon to the left), set the three radii to 1”, for Closure select the 
first option on the left, turn on Partial and set the Horizontal 
angles to 0° and 360° and the Vertical angles to -90° and 90°.

 • With the Sphere tool, click at the origin of the reference plane.
A sphere is generated as shown.
When animated, this sphere will 
open at its top to let a parachute 
come out of it.  
 • With time set to 0, with the Keyframe
  tool, click on the sphere.
 • In the Time Line palette, move time to 1 second.
 • With the Query Parameters tool, click on the sphere and when 

its dialog opens, set Horizontal angles to 60° and 300°, and 
Vertical angles to -80° and 80°.

 • Play the animation to see how the top of the marble opens.

Next, draw the lines to make the open parachute.
 • Working in Front view, use the B-Spline, Cubic 
  tool to draw one line, as shown above left.  Then move 
  it a bit away from the center of the sphere, slant it a bit, 
  and make three more rotated copies, as shown.
You are now ready to generate a nurbz surface.
 • With the Pick tool, select the four lines, in the Nurbz Options 

dialog set Surface Construction to By Boundary Curves, 
and with the Nurbz tool click in the project window.  The result 
should be as shown above right, which is the shape of the para-
chute when inflated.

You will next model the parachute in its 
packed state.
 • Using the B-Spline, Cubic tool, draw  
  lines as shown. 
 • In the Nurbs Options dialog, set  
  Surface Construction to By U/V  
  Curves, Number In Length (U)  
  and Depth (V) to 3.
 • With the Nurbz tool click on the lines in the order shown.
Before proceeding, for both states of the parachute, set the Display 
Resolution to the same number and convert the two objects to facetted.
 • With the Morph tool, click on the open parachute and on the 

packed.  When the dialog appears, set the Morph Percentage 
to 0%.

 • With time set to 0, with the Keyframe tool, click on the morph 
object.

 • In the Time Line palette move the time to 3 seconds.
 • With the Query Parameters tool click on the morph object and in 

the dialog change Morph Percentage to 100%.
Play the animation and observe how the parachute inflates.




