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Introduction

These tutorials do not assume any prior experience with Maya dynamics.  However, they do assume a
basic fluency with the Maya interface.  Only basic skills are needed, such as selecting, moving, scaling,
and rotating objects, creating polygon and NURBS primitive objects, familiarity with the Outline,
Channels Box, and Attribute Editor, and alt-clicking to pan, zoom, and rotate the viewports.

Words in Arial Typeface refer to specific keywords that are present in the actual Maya interface that you
can look for when trying to follow an instruction in the tutorial.  Words in underlined type are conceptual
ideas, but are also names of types of objects that are used within Maya.

Part I of this tutorial section provides an overview on how the Maya Dynamics system is designed and
some general techniques for using it in your scenes.  Parts II, III, IV and V provide step-by-step tutorials
on specific applications of dynamics.  Each of those scenes has an accompanying Maya Binary file to use
while doing the tutorial.  However, the concepts in the tutorials can be applied to any relevant scene file
of your choosing.

These tutorials do not deal with two other important aspects of dynamics, Particle Systems and Effects.
However, particles are used briefly in Parts IV and V.  We explain enough about particles in these
sections for you to understand their role and how to manipulate them in those contexts, but seek a
Particles tutorial for a conceptual understanding of Particles, as well as some more sophisticated
applications of that vastly powerful part of Maya Dynamics.

Enjoy!
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Part I: Dynamics Basics

Why Use Maya Dynamics?

Some of the main reasons include:
• Modeling naturalistic motion that is difficult to achieve with keyframing
• Modeling complicated motion involving many elements
• Automating repetitive motion or motion that is not primary to the scene

For example:
• Modeling nails falling on a table
• Simulating glass shattering
• Animating the motion of the antenna of a moving car
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The Big Picture

Dynamics objects are either Rigid Bodies or Soft Bodies, which interact with each other under the
influence of Fields, which affect their motion.  Additionally, more complex motion can be simulated by
restricting the motion of these bodies, using either Springs or Constraints.

Types of Bodies

There are two types of objects in Maya Dynamics:

• Rigid Bodies are solid objects that do not deform, and are used for most straightforward  
applications of dynamics.
Rigid bodies come in two forms:
• Active Rigid Bodies are influenced by forces in your scene as well as interactions with

other rigid bodies.  However, they cannot be user-controlled in any significant way, other
than their initial placement.

• Passive Rigid Bodies can influence active rigid bodies, but they themselves are not
influenced by other bodies or forces in your scene.  They can also have user-controlled
motion, such as through key frames.

For example, if you were simulating a ball falling onto the street, the ball would be an active rigid
body and the street a passive rigid body.  The ball will have its motion determined by a
gravitational force, as well as by its collision with the street.  The street, however, should not
move at all when the ball collides with it, nor should it feel the influence of gravity, so it should
be made a passive rigid body.  However, it is crucial to remember to make the street into a rigid
body, since otherwise the ball will fall right through it.

• Soft Bodies can be thought of as deformable skin, and will change shape when influenced by
forces or collisions.  When you create a soft body, you can think of what Maya does as turning
the original shape into a set of particles, whose positions are then affected by fields and
constraints. Then at each frame Maya determines the current shape of the object by “connecting
the dots,” constructing what the shape should look like from the relative orientations of all the
particles.

You must convert geometry into dynamics objects before they can be used with dynamics.  Geometry
that is not converted to these objects will be ignored by the dynamics engine. Dynamics objects can be
created from NURBS or Polygon objects.
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Creating and Working With Rigid Bodies

Important: You should only use simple objects as rigid bodies in order to keep calculation times reasonable.  Otherwise,
dynamics calculation times are either frustratingly high or will make Maya crash.  If the objects you are modeling are
complicated, use a technique of approximating those shapes with simple geometry which will be used in the dynamics
simulation.  Then, parent your complicated geometry to the simple shapes.  See Part III for a detailed example.

Activate the Dynamics menu set in the Maya interface.

Select an object or group of objects, and go to the Soft/Rigid Bodies menu, choose either Create Active
Rigid Body or Create Passive Rigid Body, and click the square to the right to bring up the creation dialog
box.  (Both active and passive bodies bring up the same dialog box, with the only difference being that
the Active box is only checked if you chose Create Active Rigid Body.)  Modify the settings to best match
the object you are modeling and click Create.

Once created, Active Rigid Bodies cannot be keyframed, though Passive Rigid bodies can.  Your primary
means of controlling Active Rigid Bodies are through Fields, Constraints, and Springs.  However, should
you need greater control over your Active Rigid Bodies, you can keyframe their Active attribute.  These
means you can turn their Active status off for a period of time, keyframe their motion during this period,
and then make them Active once again when you want them to respond to dynamics.
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Creating and Working With Soft Bodies

Select an object and go to the Soft/Rigid Bodies menu (again making sure that the Dynamics menu set
is active), and click the square next to Create Soft Body.  Under Creation Method, you can choose
whether to make the selected object a soft body, or instead make a duplicate of the object and make
either the original or duplicate object soft.  If you make a duplicate, you can choose whether or not to
make the non-soft object a Goal.  A soft body will be influenced to take the shape of its goal object, and
you can set how strongly the soft body tries to achieve its goal shape by adjusting its Goal Weight in the
Attribute Editor or Channels box.  The Weight setting in the Soft Options box determines how easy or
difficult it is to deform the soft body from its goal shape..  When you are satisfied with the settings, click
Create.

Applying Fields

Applying fields to Soft and Rigid Bodies is a simple task.  Simply select the body or bodies you want to
be affected by the field, go into the Field menu, and choose your desired field.  This creates a single node
for that field, which you can edit later.  This is convenient, since editing the single field node will change
the way the field acts on each of the objects bound to it.  You can apply as many fields as you want to
each object.

Applying Constraints

Constraints can only be applied to Rigid Bodies.  To apply a constraint, again simply select the body or
bodies you want, go to the Soft/Rigid Bodies menu, and choose the box next to Create Constraint.
Once in the Constraint Options window, there will be a dropdown menu called Constraint Type.  There
are four main types of constraints that are commonly used:

• Nail - A nail constraint sets a point in space about which your rigid body can rotate.  The
length from this pivot point to your object remains fixed.  You would use a nail
constraint if you wanted to set the pivot point of a pendulum.

• Pin - You must have two bodies selected in order to make a pin constraint.  Essentially
creates a rigid rod connecting the two objects, with a joint in the middle of it.  If you
were making a mobile, you could connect the dangling objects to the base of the mobile
by using pin constraints.
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• Hinge - Creates an axis through your object about which the object can rotate.  That axis
remains fixed in space.  That is, if you had a cube with a hinge constraint running
through its center, even you had a gravity field applied to the cube, it will not fall, since
it is held in place by the hinge.

• Spring - A spring constraint is similar to a nail constraint, except that the distance from
the pivot point to your object can stretch and contract.  You can adjust the stiffness,
damping, and rest length of a spring constraint.

By default, all constraints act on the center of mass of your object, but you can manually change the
center of mass of any body, and therefore change the point at which the constraints act.

Applying Springs

Springs are slightly similar to spring constraints, but are much more versatile and powerful.  Springs can
be attached to the sub-components of almost any object.  For example, individual particles of soft
bodies, poly vertices, NURBS control vertices, and so on.  The sub-components do not need to be part
of a soft or rigid body.  This means that you could, for example, create springs between the particles of
a soft body cloth and the vertices of a poly cube that is not a dynamics object.  This is especially handy
when you want to create springs to constrain a dynamics object to another object that you have
keyframe-animated.



-7-

Part II: Using Rigid Bodies to Simulate a Bowling
Scene

This tutorial is a simple introduction to applying dynamics to existing geometry in your scene in order
to easily produce realistic animation.

Setting Up the Geometry

The included scene is ready to have dynamics applied to it and doesn’t require any additional geometry.
It consists of 10 bowling pins arranged in the usual triangle, placed on a thin plane.  The pins are
approached by a steep, curved ramp which the ball will roll down to gain momentum.  This is probably
the simplest setup for a bowling scene, but feel free to create your own geometry or expand on this
scene.

Making Rigid Bodies

We need to convert all the geometry in our scene into rigid bodies.  We want the ball and the pins to be
active rigid bodies, since we’d like them to collide with each other and respond to a gravitational force.
We want the plane and the ramp to be passive rigid bodies, since we need them to act as solid ground
for the ball and pins, but they need to remain fixed in place when they are collided with.

Select all the bowling pins, using the marquee tool or the outline, and go to the Soft/Rigid Bodies
menu, and choose the box next to Create Active Rigid Body.  When the Rigid Options window
comes up, choose Edit, Reset Settings to reset to the default settings, and then just choose Create.
We’ll adjust the settings later if need to after we watch the animation.
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Now select the ball and again make it an active rigid body just as we did with the pins.  Lastly, select the
ramp and the plane, and go to the Soft/Rigid Bodies menu, and click the box next to Create Passive
Rigid Body.  Once again, choose Edit, Reset Settings and then click Create.

Applying Gravity

Adding forces to a scene is an easy step.  Select all the pins and the ball, and go to the Fields menu, and
choose the box next to Gravity.  Once again, reset the settings and click create.  The default settings
should be sufficient for our gravity field.
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Making Adjustments

The scene is now completely rigged and is ready to be played back.  We now
just need to adjust the dynamics settings to get realistic-looking motion.  Go
ahead and play back the animation and watch closely as the ball strikes the
pins.  The pins fall, but the ball gets stopped completely, not at all what we’d
expect in real bowling.  But when we accepted the default settings when we
made the ball a rigid body, we left its mass the same as the masses of the pins.
We need to make the ball more massive so it’ll strike the pins with greater
momentum.  Select the ball and bring up the channels box.  Look for the field
that says Mass and bump up its value to around 50.  Play back the animation
again and notice that the collision is much more realistic.  The pins go flying,
and the ball goes pretty much straight through.  But the ball bounces quite a
bit, so go ahead and turn down its Bounciness to around 0.1.

The collision now looks pretty realistic.  Feel free to play around with the
other attributes to get the look you really like.  Then, make sure to playblast
your scene (Window, Playblast*) to see how things look in real time.  Often,
the playback speed in Maya is very different from real time, since Maya has to
calculate the dynamics on the fly, which can slow down the playback speed,
though with very simple dynamics scenes, the playback can actually be faster
than real time.

*If you are using Windows XP, make sure that your display settings are set to Windows Classic mode.  Otherwise, Maya
will crash when you try to playblast.  You can adjust this setting by right-clicking on the desktop and choosing
Properties.  Then click the Appearance tab, click the drop-down menu under Windows and buttons and
choose Windows Classic Style.
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Part III: Approximating Complex Shapes with
Simple Shapes for Dynamics

Maya dynamics is very effective with simple geometry.  However, very rarely will your scene only require
you to use dynamics with spheres and cubes and the like.  Not to worry though–there is a simple
technique that allows you to use nearly any geometry in a dynamics simulation.

The basic idea is to create simple geometry that approximates the shape of the geometry that you actually
want to use.  You will then use the simple geometry in the dynamics simulation, and then have the
complex geometry inherit the transformations of the simple geometry.

Setting Up the Scene:

For this example, we’re going to simulate a piece of corporate art crashing to the ground.  And to make
it satisfying, we’re going to use a simple model of the infamous Enron corporate logo.  However, feel
free to use any geometry that you’d like.

The included scene file includes just the corporate sculpture.
Create a plane to use as the ground, scale  it to be large enough for
the sculpture to fall onto, and then move it a reasonable distance
below the sculpture.

Approximating the Sculpture

For our purposes, we can approximate the reasonably complex sculpture with a simple polygon cube,
since we just need it to fall to the ground.  Go ahead and create a poly cube.  Then move and scale the
cube so that it approximates the shape of the sculpture.   It’s helpful to do this in wireframe mode and
in the orthographic views.
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Freezing Transformations

Because both the cube and the sculpture have been transformed
(moved and scaled) from their original states, when we later on try to
constrain the sculpture to the cube, Maya will try to compensate for the
transformations that have already occurred.  We don’t want this to
happen, since we’ve manually moved and scaled the cube to be just how
we want it.  Select the cube, and choose Modify, Freeze
Transformations.  Then select the Sculpture group and freeze
transformations again.  Now, Maya will treat both shapes as if they have
not yet been transformed, and therefore won’t make any erroneous
compensations.

Rigging the Scene for Dynamics

Now we just need create rigid bodies and fields.  Select the cube and choose Soft/Rigid Bodies,
Create Active Rigid Body.  Then select the plane and choose Soft/Rigid Bodies, Create Passive
Rigid Body.  Then select the cube again and choose Fields, Gravity.  Go ahead and play the scene to
make sure the cube falls onto the ground, but not through it.

Setting the Sculpture to Inherit Transformations

Choose Window, General Editors, Connection Editor to open
up the Connection Editor, which is used for connecting nodes of
different objects.  

Using the outliner, select the cube and then click Reload Left in the
connections editor.  Then select the Sculpture group and click
Reload Right.  In the Connection Editor, clicking the name of a
node on the left side and then the name of a node on the right means
that the node on the right will use as input the information from the
node on the left.  You’ll notice that when you click the name of a
node on the left, some of the nodes on the right turn grey, indicating
they are unable to use that node as input.  We just need to connect the
Translate and Rotate nodes of the objects together.  So, click on
Translate in the left window, and then Translate in the right
window.  The word Translate should now be in italics in both
windows, indicating that the nodes are connected.  Now do the same
thing for the Rotate nodes.

Now, play back the animation and the sculpture should move with the cube.  Don’t be concerned if
playback is very slow.
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Making Adjustments

The bulk of the scene is done.  We’ve rigged our geometry for dynamics and set the sculpture to inherit
its transformations from the cube.  All that’s left is tweaking the animation until it’s to our liking.

The playback with the sculpture constrained to the cube was to slow, so go back into the Connection
Editor and disconnect the Translate and Rotate nodes, by once again clicking Translate in the left
window, and then Translate in the right window, and the same process for Rotate.  Now we’ll just
make adjustments to the cube, and then when we’re satisfied we can reconnect the sculpture.

The way the sculpture falls is pretty boring, and not realistic at all.  We want it to seem like this corporate
statue weighs an enormous amount.  So, let’s give the rigid body some more mass, and rotate the cube
a bit so it’s fall is more exciting.

Select the cube and open up the Channels Box..  Increase its mass to about
500, and decrease its bounciness to about 0.2.  Play back the animation and
see if you like it.  Keep in mind that the animation may be playing faster or
slower than real time.  We’ll playblast in a second to see how the animation
really looks.

Now, rotate the cube a bit so that it’s bottom face is no longer parallel with the ground.  Experiment with
different values to try to get the cube to fall onto one edge, and then just barely topple over onto the
ground.  This will help give the impression that the sculpture weighs a lot.  Move your perspective fairly
close to the ground and zoom in pretty tightly, which help give an impression of size.

Now, we’ll want to make a playblast to see how this really looks in real time.
Choose Window, Playblast, and click the box to bring up the settings
window.  Decide what resolution you’d like, and whether or not you want to
save the playblast to a file.  Then click Playblast, wait for Maya to do the
work, and watch your scene.

NOTE: If you are using Windows XP, make sure that your display settings are set to
Windows Classic mode.  Otherwise, Maya will crash when you try to playblast.  You can
adjust this setting by right-clicking on the desktop and choosing Properties.  Then click
the Appearance tab, click the drop-down menu under Windows and buttons
and choose Windows Classic Style.

When you are satisfied with how the animation looks, just go back and follow the steps on the previous
page to once again set the sculpture to inherit transformations from the cube.
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Hiding the Cube

Obviously, when you render, you only want to see the sculpture, not the cube.  So, just select the cube
and choose Display, Hide, Hide Selection, and the cube will be hidden from all the viewports, as well
as when you render.  To get the cube back later on if you wanted to make adjustments, just select the
cube in the Outliner, and choose Display, Show, Show Selection.

Baking

When you are completely satisfied with your scene and don’t want to make any more dynamics changes,
you should do a Bake.  Baking translates the motion of your objects into keyframes, instead of calculating
it on the fly using a dynamics simulation.  It’s important to Bake once you’re satisfied, because things you
do with dynamics later in your scene may inadvertently affect what you’ve previously done.  However,
if your animation is Baked, it is now keyframe-animated, and will not be affected by dynamics at all.

Select the Sculpture group and choose Edit, Keys, Bake Simulation, and click the box to bring up the
settings window.

You can use the default options, but the value to pay attention to is Sample by.  This determines after
how many frames Maya will make a keyframe.  A smaller value means a more precise sample of
dynamically simulated animation, but many more keyframes.  A larger value will give a less precise
sample, but far less keyframes, which would make it easier to edit the animation later should you want
to do that.  You should choose this value based on the specific animation in your scene, determining how
precise a sample you really need.  For this scene, sampling every 5-10 frames is perfectly adequate.
However, in scenes where objects are moving fast, you may want to sample more often, otherwise you
may find that objects that were meant to collide don’t actually collide, or similar problems.

Now that your animation is baked, you can continue to work on other parts of the scene without
worrying about affecting that animation.
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Part IV: Using Springs to Create a Hand-held
Camera Rig

This is a simple method for using springs to created a camera rig that gives an effective hand-held look.
However, this particular method only allows for control over the camera's translation.  Creating a rig that
allows for translation and rotation can be accomplished using similar methods, but is more complex.
This method is adapted from the Gnomon Dynamics XI tutorial.

Setting Up the Scene:

Create your own backdrop, or use the included landscape scene.

Create a polygon cube and scale it so that it is large enough to easily contain a camera.  Work in
wireframe mode so that you can see inside of the cube.

You can create a camera by going to the Create menu, choose Cameras, and then just Camera.  This
creates a camera with just one node that you can control, which is sufficient for this project since we’re
only concerned with the translation of the camera.

Go to the Particles menu and choose the Particle Tool.  Click once anywhere in the scene to create
a particle.  Then select the move tool and go to Modify, Center Pivot to place the pivot in the center
of the particle.
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Next, we'll change how the particle displays so it's easier to see.  Open the
Channels Box and look for the field that says Particle Render Type.  Click
the dropdown menu and choose Spheres. 

Now use the orthographic views to move the particle into the center of your
cube.

Attaching Springs

Now we're going to attach springs between the particle and the vertices of the cube.
We need to change our selection mode to easily be able to select polygon vertices
and particles.  Click the button that activates Select by Component Type mode,
and then right-click the square that is two icons to the right.  When you hold down
the right mouse button, a menu comes up showing you the different types of points
that can be selected.  Check or uncheck the boxes until only Poly Vertices and
Particles are checked.

Marquee drag around the cube and the particle once, and they will turn blue to indicate that their
components are now able to be selected.  Marquee drag around both the cube and the particle a second
time, and now the particle and the poly vertices will turn yellow to indicate that they are selected.
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Go to the Soft/Rigid Bodies Menu, and click the box next to Create Springs.   Use the default
settings, but choose All for the Creation Method, and check the box next to Set Exclusive.  Using
Set Exclusive means that springs will only be created between the particle and the vertices, but not
between vertices and other vertices.

Click the Select by Object Type button to return to the familiar selection mode.

Now, select the cube and use keyframes to animate some movement of the cube
around the scene.  Play the animation and you should see that the particle
roughly follows the motion of the cube, but that it bobs back and forth.  We’ll
adjust the spring and particle settings so that it doesn’t bob so much.

Adjusting the Springs and Particle

Select just the particle and open the channels box.  Look for the field that says
Conserve and notice that its current value is 1.  Conserve is a value between 0
and 1 and represents how much momentum is conserved by a particle.
Changing the Conserve usually has very pronounced effects, and adjusting it by
even a few hundredths can be significant.  Let’s set the Conserve to 0.95. Play
back the animation and notice that the particle’s motion is now less dramatic.
However, we’d like it to more closely follow the motion of the cube, which we’ll
achieve through adjusting the spring settings.
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Select just the spring node, either in the workspace or in the outliner (it’s often
easier to select springs using the outliner).  Again, go to the Channels Box, and
look for the fields Stiffness and Damping.  Play around with increasing both
values until you get motion that you like.  Stiffness controls how strongly the
spring pulls, and can have an extensive range of values, from small decimals to
big integers.  Damping controls how much energy is lost by the spring, and can
take on an extensive range of values, but most commonly will have values of
small decimals or small integers.  Choose any values that you like, or try a
stiffness of 10 and damping of 0.5, which work well for this example.

Constraining the Camera to the Particle

Manually move the camera to where the particle is, and then orient the camera so it points towards the
landscape.  With the camera selected, right-click in the perspective view, and then hold spacebar to bring
up the marking menu.  Choose Panels, Look Through Selected to look through the camera and
make sure that you have a good view of the landscape (if you aren’t in wireframe mode, press 4 on the
keyboard to get into wireframe mode so that you can see through the cube).  If you want to return to the
perspective view, bring the marking menu back up and choose Panels, Perspective, persp.

Now we’ll constrain the camera to the particle by using the Connection Editor to make one of the
particle’s nodes give its information to the translation node of the camera.  Go to Window, General
Editors, Connection Editor.  
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Select the particle, and then click Reload Left in the Connection Editor.  The left half the editor should
refresh with a list of nodes.  Then select the camera and click Reload Right in the Connection Editor
and the right half should refresh.  Clicking the name of a node in the left half of the connection editor
chooses a node that you’d like to output information from.  Clicking the name of a node in the right half
chooses a node to receive as input information from the node in the left half.  Once a node in the left
half is clicked, some nodes in the right half may turn grey, indicating that they are not available to receive
information from that output node.  Any node still in black print is available to receive input.  Nodes in
italics indicate that those nodes are already connected.  We’re going to connect the Center node of the
particle to the Translate node of the camera, so click the word Center in the left half and then the
word Translate in the right half.

Now, when you play the animation, the camera should move in sync with the particle.  Thus, it will
mimic the rough, jiggly, more naturalistic motion of the particle.  Feel free to look through the camera
again to see what kind of motion you’re getting.  Then, you can go back and make adjustments to the
spring and the particle as you see fit.  It is highly recommended to playblast at this point, since the
playback speed may not be at all indicative of real time, which is essential for seeing how natural the
camera’s motion really looks. 
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Hiding the Cube and Particle

Lastly, we need to hide the cube and the particle so that we can see the landscape instead of the inside
of the cube or particle when we render or playblast.  Select the particle, open up the Channels Box and
go back to the field called Particle Render Type, and change it to Points.  We’ll have to make a
transparent shader for the cube.  Open up the Hypershade editor (Window, Rendering Editors,
Hypershade).  Right-click in the workspace under the Materials tab and choose Create, Materials,
Lambert.  Double-click on the Lambert material you just created to bring up the Attribute Editor.  Drag
the Transparency slider all the way to the right.  Select the cube and then right-click the Lambert
material in the Hypershade window and choose Assign Material to Selection.  Now you’ll be able to
look through the cube when in a shaded display mode.

That’s it!  Try playing around with constraining objects to particles for other applications of naturalistic
motion.


