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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.

CUTTING WINDSHIELD

1.1 Overview

In book 1, we learned to shape the fuselage according to background views.   We start this book by learning how to cut the windshield.

Whether your aircraft is small or an airliner, you probably want to cut the windshield.  For small aircraft, you will have to model the interior and view it through transparent windshield.  For big aircraft, the bitmap picture of the windshield gives poor results due to the limited resolution of the texture file.  For a clean view, the best way is again to cut the windshield and make it a separated object.  Rendering engine in FlyII is doing better with separated parts, than with textures.

The general process uses a boolean CUT operator. Here is an overview  of the process

· Define external boxes with the shape of the windshield

· Apply the cut operator

· Detach the windows

1.2 Defining the winshield shape

Pay attention to this step as the quality of the final result is strongly dependant of it.

We create one box object for each pane of the windshield. Optionnally, when the windshield has more than one front panes, we mirror it for the other window(s).   Central pane are done separately.

Create the shape box  either

· in the front view for a front pane

· in the right (left) view for a lateral window

When the pane is kind of askew, we choose the view where the pane is more exposed. 

The shape box starts as a primitive box, made EDITABLE MESH.  Then we extrude all additional faces according to the shape of the pane
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Here is a side view of the 3 boxex.  Boxes 1 is extruded on the right to have the good slope and shape.

Box 2 is just skewed to the left.
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Here is the front view 

And a perspective view of the boxes corresponding to the windshield panes.
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Observe the perspective view and see how the boxes define a  clean shape in 4.  Render from different sides until all boxes cut a clean shape corresponding to the windshield.  Spend enough time in this step.

 Notice that we don’t define the other front box.  We will use the mirror function latter to do it.

1.3 HIDDING PART

Just before applying Boolean operator, we learn how to hide some part so the screen won’t be too cluttered.
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Activate the HIDE TAB

2. Select the part to hide

3. Click on HIDE SELECTED

Latter you will go back to this TAB to unhide all or some parts of the scene.

There are several options for hiding objects (unselected, by hit, etc) Get used to them.

There are also several ways to unhide parts. One of the most useful is BY NAME.

For our operation, we left only the body and one of the box.

1.4 Boolean CUT

Boolean operators use 2 operands. We use body as the first and one box as the second. Notice that the second operand is lost after a boolean operation. So it is time to make a save and a copy of your file just in case.
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Select the body part (do this before activating the boolean operator, as the selected part becomes the first operand)

2. Open the PRIMITIVE TAB

3. Select COMPOUND OBJECTS

4. Click on BOOLEAN

The Boolean parameter screen is displayed
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1. Check the CUT operator and the REFINE option

2. Click on PICK OPERAND B.  Ensure that the MOVE option is set.

3. Click on the box (not  on the body)

4. The shape of the box is cut into the fuselage on both sides.

Next we learn how to clean the boolean function as it often left extra vertices that can crash the FLY rendering engine

NOTE:  Boolean operation can be cancelled any time via the EDIT-UNDO menu.

1.5 Cleaning Boolean result

First thing, we go back to the operator TAB and make the result an EDITABLE MESH.
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1. Click the operator TAB

2. Click the EDIT button and select EDITABLE MESH

3. Activate the VERTEX level

4. The new vertex generated by the boolean function are displayed in Red focus.

Next we are just going to zoom on some of this new set, just to see if extra  vertices are generated.
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1. Here we got an extra vertex .  Extra vertices are generated due to rounding in computing intersection.  The number of extra vertices depend often of the shape complexity.

2. Here we only got one in the corner, but you will often see 3 or more vertices on some corner.

Whatever, we learn how to mend the mesh and get rid of those extra vertices.
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1. Ensure that the new set is still selected . It is selected after a boolean operator, when activating the VERTEX level.   Otherwise, select those vertices manually (hold the left-CTR key to add to a selection and ALT to remove from the current selection)

2. Enter a tolerance into the WELD operator window.  Use 1 or 2 CM or 1 inch in US metric.

3. Click on the WELD operator.

All vertices that are clustered around this tolerance are welded together and only one is surviving.

This is the first way to clean vertices that are very close.
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Next we see how to remove a vertex that is in the middle of an edge.

0. Activate the MOVE operator and select WORLD coordinate

1. Select the extra vertex. Observe that plane ZY is the one we want to move the vertex in, so as to merge it with the lower right corner vertex. Other time, it could be any other axis or plane.

2. Lock that YZ plane

3. Put the cursor in the YZ corner.  Carefully drag the selected vertex until it coincides with the forward corner vertex.  You may do this in 2 steps, using different axis or planes.
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Once the 2 vertices coincides, select them.  Don’t click the vertex, drag around a square with the cursor.

2. Ensure that the info reads ‘2 vertices selected’

3. Then click the WELD operator

4. The info must read ‘Vertex  nnn Selected’

MERGING VERTICES IS A VERY USEFULL OPERATION AND YOU SHOULD MASTER IT FOR YOUR BENEFIT.

When rendering, small visual defects are often due to vertices that are too close.  Merging them corrects the problem.

Back to the windshield, render your work and search for any defect.  Clean the CUT until it render correctly.  Body surface should stay smooth and the cut should not be visible.

What you do for one side, don’t forget to do it for the other.  I know, it is not fun.  Don’t tell me, keep working.

Detaching the pane
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Now that the boolean cut in the body is good enough, we separate the pane from the body. 

1. Select FACE level

2. Select all faces for the pane.  Hold left-CTRL to add to the selection.  Hold ALT to remove from the selection.  Use IGNORE BACKFACING option as it help.  Work in perspective for a better visual control.

3. Click DETACH

4. Set a name for this new part (a temporary one)

5. Click OK

The detached part become a new object.  You may assign a smooth group, a new color and render for control
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Watch that there is visual defect from different point of view.

Then go back to HIDE TAB, unhide the next box and start to cut the next pane.

Mirroring a part

We are going to mirror the front box, so we can cut the second front pane.
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Select the part to mirror

2. Click the MIRROR

3. Select X axis (lateral) 

4. Select the COPY option

5. Click OK
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A new part is generated with a default name.  Don’t touch anything, we must first move the new part to its position.
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1. Click the MOVE operator

2. Right click on it again, so the coordinate box is displayed

3. Just change the sign of X to the opposite. Type  ENTER

As we centered the body to the world origin, it is easy to position a mirrored part

Attaching piece

Last step for the windshield.  We gather all individual panes and make one object named windshield with the ATTACH operator.
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All panes are cut as individual object.  Hide all parts except the panes. Then

1. Select one pane

2. Give it a name

3. Activate the ATTACH operator

4. Click on next pane. 

5. Click on each pane to attach it to the root part

7. 
De activate the ATTACH operator

[image: image19.png]e MAXScript Help

. SpaceWaps  Modfirs  Modsing

FRendering

Val~ JE x v ZW;&\H

Main Taolbar

@ g

l2

7l3le @|T
|E—

Wisfiame: ' Object Colr

€ Mateial Color
- Shaded: C Dbject Cobr
& Mateial Cobor
- Hidehy Category
T~ Shapes e
/ 6 O - —
R '1: Cameras
% Cxr Helpers
CR T Carce I Space Warps
©z @z I Patick Systems
Ofset [T 2] =
 Clone Selection: Hide Selected
ot Hice Unselected
cem -4 e by e
 instance Hice by Hi
© Reference
Urtice Al
% Minor K Linis Urtice by Name.

T W



Here is the final result after assigning a color to the new windshield object and unhiding all objects.
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TIME TO SAVE AND COPY YOUR FILE

Tail design

We add a tail to the body to illustrate some few points.  

We start with a flat polygon named NGON and give it the shape of the top profile of the tail.  Then we use EXTRUDE , WELD and other familiar operators.

1.6 Starting polygon
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Set the top viewport

1. Click on the PRIMITIVE TAB

2. Click on 2D primitive button

3. Select the NGON operator

4. Set 7 in NUMBER OF SIDES

5. Click on screen and drag up until you get a polygon with a reasonable size.

Then go back to the OPERATOR TAB and make this NGON an EDITABLE MESH so we can work with it.

Next we rotate it so as to get a forward edge for the future tail
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1. Activate ROTATION operator.  Right click again on it to get the coordinate box

2. Set WORLD coordinate

3. Enter –90°

4. You should have the NGON positioned as the picture show.

THE NEXT STEP IS IMPORTANT

You will have to do it each time you rotate a primitive object after its creation.  This operation will reset the object axis to the WORLD coordinate.
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Activate the HIERARCHY TAB

2. Select PIVOT subset.  PIVOT is the name of the local center of the object. It will take it full importance for animation.

3. Click on AFFECT PIVOT ONLY.  The main BAR operators (MOVE and ROTATE) act now on the PIVOT and not on the object.

4. The local coordinate system for the selected object is displayed ( full arrows)

5. Click on RESET TRANSFORMATION lower down.  The local system is now aligned with the WORLD coordinate system.

GO back to the OPERATOR TAB.
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1. Set VERTEX level and  select all NGON vertices 

2. Use the NON UNIFORM SCALE operator (main top bar) and drag along the X axis to give it a thin shape like the picture shows.

Initial shape and position

Next, we position the NGON over the body.   We work at object level to move the whole polygon over the body.  To center it perfectly

1. Activate the MOVE operator

2. Right click over it to get the coordinate box

3. Enter 0 in the WORLD X axis (left column).
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Then display the top background view and adjust pair of vertices until they match the tail placement.

a) forward edge of the tail a body junction

b) Place those vertices where the rudder starts

c) Rudder tip

Then Display the side background view and 

Adjust the NGON position so as it is immerged into the body, near the top. 

You may have to switch several times between top and side view, to correctly adjust the initial position.  Don’t go ahead before everything seems properly placed and scaled.
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Tail extrusion

Assuming that the background view shows a tail as the blue line, we illustrate the first two steps of the EXTRUSION process.  Remember that the EXTRUDE operator works at FACE level. 

The first extrusion stops when the tail emerges from the body.  We stop the second extrusion where point A is located in the upper direction.  Before pursuing the extrusion process, we merge vertices ‘a’ with vertices ‘b’. 
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Work at vertex level.  Use MOVE operator and NON UNIFORME SCALE on vertices ‘a’ until they coincide with ‘b’ vertices.  Then select pair and WELD them.  All this should now be easy and familiar. 

We continue and complete the extrusion process until the whole tail view is enclosed into the tail mesh.
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Next we illustrate how to curve the rear part of the mesh to match the tail shape of this fictional aircraft.  

Guess what, here comes again the FDD2 operator (book 1), working at VERTEX level.
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Here is an intermediate step showing how to curve the last 3 vertices (4 are selected) by selecting the top corner of the GISMO and moving them.   Remember that the side background view is your guide during this process. 
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Looking closer on top, we see 3 aligned vertices that we are going to merge. The rudder tail must have a fine tip on the top.

Select the 3 vertices and use the NU SCALE operator to make them coincide. Then WELD them.

Final shaping
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We  end the tail design by displaying the front background view and using the FDD2 operator again.

Using the NU SCALE operator, it is easy to give the tail its final shape.

Name this part.

Render and check everything from all angles.  Make last small adjustments then

TIME TO SAVE and COPY YOUR FILE.
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END OF BOOK 2
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