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1. FOREWORDS

This document describes a method to design 3D aircraft model for FLY!.  There are certainly other various ways to design aircraft, however, this one works well for all aircrafts I have built until now.  Although illustrations are based on 3Dmax and Photoshop, this method would work with any others 3D tools that have similar capabilities (I am thinking of Truspace and Paintshop among them).

Modeling will be based on mesh editing, and common operators like extrude, Boolean operations and a few others.  No vector (NURB) operations will be used, so as to keep it simple.  

Although I will often describe some manipulation in a detailed fashion, it is expected that the reader has basic knowledge of those operations.  

· Mesh editing

· Creating basic object (cube, cylinder,)

· Selecting object, edge, vertices, faces

· Extrude

If not, it is suggested to search the WEB on the keyword ‘3Dmax”.  A lot of tutorials are available (www.3Dcafe.com)  and it is strongly recommended to practice 2 or 3 workshops to acquire this  basic knowledge.

One last word:  be kind enough to bear with my English, this is not my native language.

General considerations

FLY needs that the aircraft be separated in parts.  Some of them should be animated.  Here are some rules to take in consideration.

1.1 Rules to know

· A part corresponds to one object in 3Dmax and have a name.  

· The name given in 3Dmax is the same name that the Keyframe editor will use.

· This name will also be used in the various files in the WORLD directory. 

· Names are case sensitive.  ‘Body’ and ‘body’ are not the same.

· There is a limit of 100 parts in FLY.

· All parts must be linked together (child to parent relationship) and ‘body’ must be the root part.

· There are some naming convention for part.  Those conventions are interpreted by the FLY engine for rendering purpose (see naming conventions).

Naming conventions

Naming conventions were given by Rich in the forum.  Here is the original text:

To eliminate the need for a Fly model editor, Fly 2.0 establishes a ruleset of part names so that Fly can automatically identify parts from an .ACM file. 


You *must* name your parts in accordance with this list or Fly will be unable to find the part and associate it with the simulation (for example, a moving aileron.) The base part (the fuselage, or ultimate "parent" of all other parts) must have a part name of "body". Asterisk (*) means the part name must start with the chars shown, but can vary for the remainder of the name.

 
Fuselage= body
Geardoor= geard*
Aileron = aileron*
Elevator = elevator*
Rudder = rudder*
Flaps = flap*
Cockpit interior = glassi
Cockpit exterior = glasse
Rotor mast = rotormast*
Thrust reverser = thrustrev*
Air brake = airbrake*
Lights = light* 
The following parts will automatically be environment mapped by Fly -- any others should set the materialEnvironmentMap field to 1 for environment mapping. Parts must start with the following chars (they can contain more chars if necessary): 
body
geard*
aileron*
elevator*
rudder*
flap*
glasse
rotormast*
thrustrev*
airbrake* 
Parts beginning with the following names will automatically be considered transparent; all others must set the materialTransparenent field to 1. 
glass*
light* 
Texture formats are the same as for .SMF models, with the exception that you can have a maximum resolution of a single 1024x1024 .TIF texture. For aircraft, we strongly recommend you generate three level of detail models (high, medium, and low) that use 1024x1024, 256x256, and 128x128 textures respectively. This allows Fly! to greatly reduce the polygon and texture overhead of displaying multiple planes in the same visual frame by utilizing level of detail (LOD). 

Understanding animation

Well quite simple.  Animation is like a movie.  In 3Dmax, animation is based on Frame and a frame is simply like one image on a movie.  It shows the model and all its parts at a given time frame.

For Fly, all animations must be completed in 31 frames numbered F0 to F30.   The plugin will export those 31 frames in the KeyFrame editor, which in turn will build the internal representation for the FLY engine.

For your aircraft, each moving part should be animated in 3Dmax.  That’s what we are going to do in the next chapters.

AXIS POSITION

We go on with animation.  Animation is normally done when all parts of the aircraft are cut and textured.

Animation needs the following steps

· Naming the parts

· Setting the part axis

· Animation

We will start with a single surface, then look at gear animation for working example, as it is somewhat more complex (but not too much)  than other parts.

1.2 Setting axis

In FLY the following transformations are used to animate a part

· Translation

· Rotation

The scaling transformation is not used up to now.  A part will move according to its local axis which is distinct from the world axis.  We learn first to set the local system coordinate of a part.  

The origin of the system is called the PIVOT.  Setting the local system is done in two steps

· Positioning the PIVOT (origin)

· Orienting the axis
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The guideline to position the PIVOT is the transformation the part is going to execute.  A rotation or a translation is done around one axis.  A flap will rotate around the inner edge, so the origin should be set on this inner edge.

Here we go about setting the flap axis.

1. Enter the final name of the part

2. Observe that the original PIVOT is outside the part. This is because we cut the flap from the wing, so it inherited the wing PIVOT. 

3. Ensure that your at  object level (no sublevel selected)
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Activate the HIERARCHY TAB

2. Ensure the PIVOT TAB is selected

3. Click on AFFECT PIVOT Only

4. Center the PIVOT

5. Click on RESET TRANSFORM.  Don’t forget this step as it will latter influence the animation when part are linked together.

We stay with AFFECT PIVOT. LOCAL system axis are  displayed in full arrows.  WORD system coordinate is displayed in line arrows.  Initially they have the same orientation.

While in ‘AFFECT PIVOT’ mode, the main bar operators MOVE and ROTATE affect the PIVOT, not the object.  We won’t use ROTATION for the PIVOT, only the MOVE operator

We go to the top viewport (type T).

[image: image5.png]leg
pivot




1. Activate the MOVE operator

2. Lock Y direction

3. Move the PIVOT up to the inner edge of the flap.  You may move it slightly past this edge to avoid the flap entering the wing at rotation time.

The PIVOT origin is now set on the inner edge of the flap.

We then go to the front view port (typing K).  We rotate the local system so as to get the X axis (the rotation axis) fully parallel to the wing plane.
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1. Activate the ROTATION 

2. Select WORLD coordinates

3. Lock Y direction

4. Display the Coordinate BOX by right clicking on the ROTATE (1) button.

5. Use the Y offset to rotate the local system around Y until the X axis is OK.    Be very precise as any deviation will badly show in FLY.

6. If you know the exact angle from the aircraft specifications, then you may enter it directly in the Y WORLD entry.  From picture above, the angle is 5.5 °.

OK, we have defined the rotation axis correctly.  For some aircraft you may also have to rotate the local system about Z (top view) to follow the inner edge.

Unclick ‘AFFECT PIVOT’ before you ruin your effort and save your file.

Gear Example

We look into a complete gear apparatus before going on.
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Here is a landing gear with 7 different parts.

The next pictures show the PIVOT and axis orientation for each part
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The leg will rotate into the body, ensuring the gear retraction.  The crossbar will counter rotate to simulate a pull from the device.

For each component, the Pivot and local axis were aligned with the previous procedure, before going on further.

Then we will have the following hierarchy (child to parent relationship).  We learn latter how to do that.
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ANIMATION

1.3 Initial position

We learn how to animate a single part, before going to a more complex subject like landing gear.

We animate the aileron to illustrate initial position.

Remember that FLY use Frames for animation.  Frame 0 is the initial position. Frame 30 (for FLY) is the ending position.  Thus we have 31 slides to compose any part animation.  Most single part will be straightforward to animate.  With MAX, we only need to define the starting position and the ending position. It then computes everything in between.  

Only the gear and possibly complex flaps need a small scenario (some thinking before doing) to synchronize everything.

FLY works with a left to right scheme.  Meaning that initial position should be the left position (Frame 0).  So we first change both ailerons position to reflect this situation.  Both ailerons were built in neutral.  We now set them for a full left bank.   Don’t worry if you set a right bank.  There is way to invert the move in the file parameters in FLY!.

Here we set the ailerons for a left bank (30° is suppose to be the maximum displacement for our fictional aircraft).   The picture shows how to set the right aileron.  Select the aileron, then

1. Activate the ROTATE operator

2. Set LOCAL coordinate system

3. Lock the X axis

4. Display the coordinate box

5. Use the OFFSET LOCAL to rotate the part around X.  Type in 30°.  Ensure that both ailerons rotate by the same amount in each direction.  If you enter a wrong number, don’t correct from the box, but use EDIT-UNDO to go back to previous position.

Proceed to set the left aileron to the opposite direction (Up 30° around X)

Save your file when you are OK

Animation

OK, big screen.  Now we build the frames needed for animation.

Select the part to animate, here the left aileron

1. Click the ANIMATE button. It becomes red

2. Set the frame slide to the target frame. Here frame 30.

3. Click ROTATE operator

4. Ensure you are still with LOCAL coordinates

5. Display the coordinate Box

6. Enter the aileron displacement at target frame (here –60° as it is an offset from the initial position). It’s hard to work with world coordinates as you can observe that they contains some various values, so work with Offset LOCAL in the coordinate box.

7. Then you can play your animation by using the video like button in the lower bar.

8. The round dots are key animation. By right clicking on them, we can delete or tune the current animation.  For single part, only the DELETE option is useful when you want to cancel the current animation for a part.  Set the F0 frame and DELETE keys from right to left if you do.

Now, animate the right aileron, unclick ANIMATE, save and copy your file after each successful animation.   Observe that the neutral position for both ailerons is now exactly at Frame 15.  If not you did something wrong and have to restart this one.

Don’t forget to unclick ANIMATE if you want to go back in the build mode.  Otherwise, any change you make becomes part of the current animation.

1.4 SCENARIO

Before animating the landing gear, do yourself a favor and build on paper a small scenario with all 

parts involved.  Assuming we have an aircraft with the following characteristics

-The inner trap deploys

-The outer trap deploys

-The gear deploys

-The inner trap retracts

then takes 5 minutes and draw something like this on a piece of paper
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You then have a better overview of the timing for each part.  This also means that for inner trap, you will have to define 2 distinct animations

F0-F8 

The trap deploys

F9-F20  
No movement

F21-F30   The trap retracts

You do this by right clicking on frame 21 (with inner trap selected) and telling the system this is a starting point (again) for the (second) rotation.  Otherwise, MAX will try to extrapolate the movement during F9-F20.

You have to build such a scenario for flaps and slats if they are to move in coordination.

Landing gear

Now we go to landing gear to set the hierarchy between all pieces.

MAX allows to define a CHILD to PARENT relationship.  This relation has several consequences on animation.   To keep it simple, we just learn what is needed for FLY!.

1. In BUILD mode, if you move, rotate or scale a part, then by default, all children will move, rotate or scale accordingly.  This is why, we establish the link at the final stage, when all parts are built and positioned correctly.   So if you want to make some adjustment of a part, don’t forget to unlink all children if any, unless the consequence is intended.

2. In ANIMATION mode, when a part is moved or rotated, all children move or rotate accordingly. For instance, if you rotate the leg into the body, then the attached wheels will follow.  So we don’t need to describe the path of the wheel from the ground to the body.  Meaning, we only need to define local transformation to a part.

Taking back the sample gear above, we proceed in the following order:

1. Animate the ‘wheel1’ and ‘wheel2’ rotation on ground

2. Link the wheels to the ‘sups’ part

3. Animate the ‘sups’ part up and down

4. Link the ‘sups’ to the ‘leg’ part

5. Animate the ‘leg’ part for retraction into the body (a rotation)

6. Link the ‘leg’ to ‘body’

7. Animate the ‘spring2’ part (a rotation)

8. Link ‘spring2’ to ‘spring1’

9. Animate ‘spring1’ part (a rotation)

10. Link ‘spring1’ to ‘leg’

So we work from the lower child up to the body part, animating then linking and checking the animation each time.

Just a Note :  

While all parts may be animated from F0 to F30, the suspension movement (up and down) is defined with only the first 2 frames F0-F1.

How to link parts

There are several ways to link parts together.  The one indicated is not the shortest, but when working with a cluttered screen where all parts are visible, this is the safest.
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1- Activate the LINK operator

2- Select the CHILDREN part to link

3- Go to EDIT menu, EDIT BY NAME

4- Select the parent part

5- Click on LINK

That’s it.  The wheel is now a child of the Base (the example above has one more part that is linked to the Suspension part).   Note that we did hide all others parts for better operability.

You may also link the child by dragging and dropping the cursor to the parent part, but often, you will select a bad parent if they are too many parts on the screen.

END of BOOK 5
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