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[animated gears]

Introduction

· In this tutorial you will create a series of animated interlocking gears of various sizes, which you will then deform using the Space Warp modifier. Each gear has a a hole in the middle and a number of teeth around the edge. 

 >> play the movie : gears_teaser.mov
· The objective of this tutorial is introduce you simple editing tools to modify a spline (Shape), turn it into a 3d model, animate it and finally add a simple modification to the model.

· The steps involved in the tutorial are: 

· Create a circle polygon

· Create a smaller circle polygon for the hole

· Create a tooth polygon

· Align it to the circle

· Create 10 teeth

· Attach 12 polygons together to form 1 polygon (2 circles and 10 teeth)

· Bevel the polygon into a 3d object > gear

· Animate the gear rotating 360˚ over 100 frames

· Edit the animation so that it rotates at a constant linear speed

· Edit the animation so that it continues to play for 500 frames

· Repeat all the previous steps to create a smaller gear, but turning in the opposite direction

· Duplicate the gears to create a more complex animation

· Link all the gears to a Dummy object, so the animation can be rotated in any direction

· Apply a Spacewarp FFD (Free Form Deformation)

· Render the Animation 

Features covered in this tutorial

In this tutorial you will learn:

· Copying Polygon

· Edit Polygon
· Corner 

· Alignment Tool

· Editing Pivot Point

· Array

· Attach Polygon

· Boolean Polygon

· Bevel

· Keyframe

· Curve Editor

· Set Tangents

· Parameter Curve Out-Of-Range Types

· Dummy Object

· Hierarchy

· Space Warp Modifier
Create the Shape

[1] Reset MAX.

File > Reset

[2] Create Circle Shape in TOP viewport.

Create Panel > Splines > Circle > Radius 100
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[3] Create a second smaller circle for the hole.
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 Shift+Scale > Click and Drag on the X or Y axis

[image: image5.png]



Note : Make sure the Clone Option is Copy. Do not change the default name Circle02

[4] Now Scale Circle02 to exactly 50%.
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 Right Click Scale button > X, Y, Z  > 50%
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[5] Create a Rectangle Shape.

Create Panel > [image: image8.png]


 Splines > [image: image9.png]Rectangle



 Rectangle > Width & Height > 100

[6] Modify the Rectangle to make a tapered tooth shape by adjusting 2 vertices.

Modifier Panel > Modifier Drop Down > Edit Spline 

Vertex Mode ON

Select the 2 right-hand vertex > Scale Y axis
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[5] The Segments of the tooth will be slightly curved because the vertices have Bezier tangent handles. Straighten the Segments by applying Corner tangent handles.

Select all 4 vertices > Right-Click > Select Corner
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Vertex Mode OFF

[6] Align the tooth to the Y centre of the Circle01 (larger circle)

Select tooth > Alignment > Select Circle01 > Y axis > Center to Center
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Adjust the tooth horizontally [image: image13.png]


 (X axis) so that it overlaps Circle01 as displayed in diagram below.

[7] You need to create 10 copies of the tooth and rotate them around the center of Circle01. First you need to move the Pivot point of the tooth to the center of Circle01.

Select the tooth > Hierarchy > Affect Pivot Only

Alignment > Select Circle01 > check X & Y > Center
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Affect Pivot Only > OFF

[8] Now create an Array of 10 teeth around Circle01.

Select tooth > Tools > Array
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Move the dialogue box so you can see what you’re doing in the TOP viewport. Click PREVIEW.

Set ARRAY DIMENTIONALS to 10 (10 teeth)

Set INCREMENTAL : Z : ROTATE to 36  (360˚/10 teeth = 36˚)
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[9] Attach the 10 teeth and Circle02 to Circle01 to make 1 shape.

Select Circle01 > Modifier Panel > Edit Spline > Attach

[10] Now Boolean each of the teeth splines to the larger circle spline. 

Edit Spline > Segment Mode

Select the larger circle

Edit Modifier Panel > Boolean > Select each of the 10 teeth
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The result will look like this..
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Bevel the Shape

[1] Now Extrude the Shape into a 3d Object. However, to create a more appealing model you use Bevel (not extrude). This will allow you create angled edges around the object.

Select Circle01 > Modifier Panel > Bevel

[2] Complete the Bevel Settings as displayed in the diagram below.
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Animating the Gear

[1] Now you’re ready to animate the gear…    …You will animate it turning 360˚ over 100 frames.


Angle Snap > ON


Auto Key > ON


Time Slider > slide to frame 100


Rotation > 360˚ Z axis


Auto Key > OFF
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[2] Play your animation. Notice that the gear automatically has a slow-in and slow-out. This means the animation begins in a static position and accelerates. It then decelerates to a total stop at the end. As our intention is to create 100 frames of animation that can be looped so the gear turns continuously, this is not correct.

[3] Right-Click on the gear and open the curve editor. This allows you edit how objects translate over time between keys. 
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[4] Take a good look at the Curve Edit. It is very powerful..    …it can make the difference between objects that simply translate between keyframes and objects that truly have character, intention and weight.

Notice that the 2 keyframes are indicated at each end of the blue curve by a small grey box. Also notice the line is blue..!! Remember that you rotated the gear around the Z axis..

X Axis = Red : Y Axis = Yellow : Z Axis = Blue
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[5] Change the curve to be a linear straight line, so the gear rotates constantly at the same speed.


Select both Keyframes > Set Tangent > Linear 
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[6] Set the Animation Length to 500 frames.


Time Configuration > Frame Count > 500
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[7] Play the animation and notice that the gears stop rotating after 100 frames. Loop the animation with a Linear setting.


Curve Editor > Param Curve Out-of-Range Types > Click Linear IN and OUT button
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[8] Play your animation. The gear will now loop for 500 Frames.

Creating a Second Gear

[1] Use all of the previous steps with the follow alterations :

· Large circle polygon radius 50\

· Small circle polygon radius 25 (hole)

· The tooth should be the same size as the 1st gear, so that the 2 gears fit together, however there should be only 6 teeth in the array and an Incremental Rotation values of 72˚ (360˚/6 teeth = 72˚).
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[2] Bevel the smaller gear and position it as displayed in the diagram below, with the teeth touching.
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[3] Animate the smaller gear turning clockwise around the Z axis -720˚ over 100 frames.

Explanation : The large gear has 10 teeth. The small gear has teeth that are spaced 72˚ apart. Therefore 1 full rotation of the large gear  = 10 * 72˚ 

= 720˚
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[4] Duplicate the gears to create a complex model.

Warning : Make sure you check your animation to see if the gears are turning in the correct direction relative to each other...   

Modifying the Gears

[1] You can now modify the gears individually to make your model even more interesting.


Select a gear > Modifier Panel > Bevel > Adjust the Height Value for Level 2
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[2] Adjust the gears to be at different heights relative to each other.

Attaching the Model to a Dummy Object

[1] Currently, all the gears are laying flat on the floor. If you try to rotate them to stand-up, all the rotation angles will go weird..!! To over-come this problem, you need to create a Dummy object (A simple box that does not appear in the final rendered animation), link all the gears to the Dummy object and then Rotate the Dummy object. 


Create Panel > Helpers > Dummy

Note : Position the Dummy object in the middle of the Gears. Don’t make the Dummy too small – remember, it will not show in the final animation and you’ll need to select and rotate it later.
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[2] Link all the Gears to the Dummy object. This will make the Dummy object the parent object of the model.


Select Objects List > Select all Gears

Note : Remember NOT to select the Dummy Object. You can’t link an object to itself..!!
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[3] Now all the Gears are selected, link them to the Dummy object.


Link > Click on the selected Gears and drag the link lines to the Dummy Object
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[4] Rotate the Dummy object so the model is standing vertically. Hide the Dummy object.


Display > Check Helpers
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Deforming the Model 

[1] Just to make the animation more interesting, add a simple SPACEWARP Modifier.


Create Panel > Spacewarp > Geometric/Deformable > FFD(Box)

Note : FFD means Free Form Deformation. This is like putting the model in a box and then being able to push and pull the box around and deform the content. Remember to draw in the top view. 

Adjust the position of the FFD(Box) to include the entire model.
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 [2] Use the Select Object list again to select only the gears. Link the gears to the FFD(box).

Space Warp Link > Click on the selected Gears and drag the link lines to the FFD(box)

[3] The gears are now under the influence of the FFD(box). Use the FFD(box) Control Points to push and pull the model around and deform it. 


Select the FFD(box) > Modifier Panel > Control Points > use move and rotation to adjust

Note : You do not need to adjust the Control Points radically. Be careful NOT to cross the Control Points over each  other. 
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[4] Check your animation.. …make sure the gears are still making contact with each other. 

[5] Render you animation as a QuickTime Movie.


Render > Active Time Segment 


Output Size > 320 * 240


Save File > Checkbox > ON 


Save File Type > MOV QuickTime > Compression > Sorenson Video 3 > Quality > High
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