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1. Preface

This guide is written for intermediate user of Autodesk Inventor, but the steps should be easy to
follow if you know the basics of the inventor. For the tutorial, VEX tank tread and sprockets were used,
but the method can be used for any other chain or tread application. The ultimate objective of this guide
is to show you and teach some advanced way of patterning components or features, and using adaptive

drawing/part to create modifiable tread assembly. If you have any problem, question, or suggestion, feel

free to contact me.

skim449@illinois.edu



2. Prepare the Link

A. Open the link
(VEX-LINK-BASE for example)

B. Create two axis through the link

C. Create plane: through two lines (Work Plane 1)

Plane




D. Create 2D Sketch on the Work Plane 1
i. Click ‘Start 2D Sketch’

ii. Click Work Plane 1 on the Model Tree

iii. Click ‘Project Geometry’ and ‘Construction’

Z e
= =L [
Project TJ_

f%ﬁ Show Format

Geometry

iv. Click two axis and two surface on the top

V. Right-click & hold the mouse, click Ok. (or esc)

vi.  Create a point and two dimensions Point

vii. Create reference dimension
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E Show Format

Format =

viii.  Set the point in the middle (Click the reference dimension and divide it by 2)

EditDimension:dl  [52] | EditDimension:d0  [52]
d2/2 b d3f2 b

ix.  Goto ‘Parameters’ . (Manage — Parameters)

.Parame‘tﬁs
Parameter Name Unit/Typ | Equation MNominal Yalu | Tol. Model Value | Key ﬁ Comment
' b| = {Model Parameters I
BEErT in d43/2d 0193000 |[C  [oassee | [
R in dz2/2u 2042 | o2z B |0
| =/{Reference Para...
| a2 in 0.441in 440945 (O [osemess OO0
ol in [0.386in o3ss000 |O  [o3sso00 | [T
' [1i:{user Parameters I
E = 1 o ’.ii
EarEAce. : ;
1 e e e Ak Th e .0 A e >0
= ‘iew Environments  BIM
i (Cadammerc v | vpoore | (Lopwssummed. ] et Sk
¢ Feature ) T tanedte e (+HACl=)
LA Insert iFeature




X. Rename the distance between the axis (reference parameter d3, for example) to

‘LinkLength’
- d2 in 0.441in 0.440945 ()
L. LinkLength in 0,386 in 0338000 ()
Jl}qpr Parameters
xi.  Click ‘Export Parameter’
"lus ni wU.TTLIn W, TUITS "‘\_r'l L¥ Py g LV By 0 A
~|LinkLength in 0.386 in 0.336000 |} 0. 386000 p)
ser Parameters Nt
Xii. Click Done
Xiii. Double click the reference dimension and check the name

Xiv. Finish Sketch

E. Create Work Point at the sketch point, rename the point to ‘Center’

<> Point -

'ﬁ WU HRlsL
Work Planel
] sketch1

<@ Center

(78 Frd nf Bart




o

Turn off the visibility of everything except the model

.
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G. Save and close the link

3. Create the Assembly File and Save

=
: bas e
| Create a file from the list of templates. s I =
! [Z5 open » vy~ .
H Save »

: Drawing

t g Save As bes

i ; @ Part

| e Export b
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§ Presentation
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§ @ print 3
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Exit Autodesk Inventor Professianal
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4. Place the sprockets
Itis arbitrary: it depend on the design of the tread.

i.  Align all the sprocket in the same plane. (If necessary, make the work plane on the
sprocket part file)

ii.  Ground one of the sprocket



5. Create Path File
A. Click Create

8}

Create ‘

B. Name the component and choose the template
(Choose .ipt, standard inventor part extension, for the template)

Mew Component Mame Template

0001-PATH-D1 | Standard.ipt -

C. Choose ‘Reference’ for the BOM structure

Note: This part file will be used as a reference to make the tread, therefore it
should not be included in the BOM list.

Default BOM Structure

[E Reference v] [ virtual Component




D. Click Ok

E. Click anywhere on the screen to place and create part

F. Save

6. Import Dimension from Link

A. Go to Parameters

Parameters |E|
Parameter Mame UnitfTyp | Equation Mominal Valui | Tol. Model Value | Key ;Comment
b Mode! Parameters
I & User Parameters
Add Mumeric |v Update Purge Unused Reset Tolerance << Less
7 Tlmmedte e +AJO]=)
x

B. Click ‘Link’
[ Link | [¥] immediate Update

C. Change file of type to inventor files, and open the link file

(VEX-LINK-BASE for example)
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Link Parameters E

Status:
D@ Parameters

L:JDQ Model Parameters
X do
X @ d1
..... 1@ User Parameters
5[ Reference Parameters
X d2
1’@ LinkLength
..... 1@ External Parameters

Show All Parameters

| ook |[ Cancel l

y

D. Click and derive the dimension ‘LinkLength’, click Done

Link Parameters @

Status:
Dla Parameters

- Model Parameters
X do
X @dt

[Ty User Parameters

N = |l Reference Parameters
N

xX@ada
120

[T External Parameters

Show All Parameters

oK H Cancel




Parameters

B

Parameter MName Unit/Typ | Equation Maminal Valu

Tal.

Model Value | Key F,E Comment

3 ;-1 Model Parameters

= User Parameters

24 E:\TANKTREAD . ..

“|LinkLength in 0.336in 0.386000

oss000 | [T

Reset Tolerance

7. Draw the Path
A. Click ‘Start 2D Sketch’

B. Click the plane that is coplanar with sprockets

C. Click ‘Project Geometry’ and enable ‘Construction’

[ e =
& -
Project

% Show Format

Geometry

Format -

D. Create the construction line to find center of the sprockets
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E. Create the construction point to find the center of the sprocket teeth

Notice: Adaptive is enabled for the Path file.
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F. Disable the construction

G. Draw the Path

(Make sure to have tangent constrain between arc (or circle) and lines.)
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H. Create reference dimension of the path
N
&

% Show Format

Format =

Note: While dimensioning, you can change the type of dimension (ex. aligned, arc length) by right-click.

[.  Finish the sketch
J. Open Parameters

Parameter Name Unit/Typ | Eguation Neminal Valw | Tol, Model Value | Key E Comment

| ~iModel Parameters

[flE= Reference Para...

] d1 in 1.822in 18224% | |18224%6 | [
] d2 in 6.891in 6.891344 | |6891344 [ ||
i d3 in 4.744in 4744225 | (4745 |0 |0
[ d4 in 1,540 1564 O |ussies O[T
[ ds in 6.404in 640485 | |ea04s O [T
s e in 8.7991n 8.798069 | |s.798%e8 || |
- [Oser Parameters )
| =B TANKTREAD ...

| ukength [in 0.386n 0.388000 () |o.3ss000 | |

[ Add Numeric |v]i Update |’ Purge Unused l Reset Tolerance
7 e dte peiate +]|A[O]=]
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K. Add Numeric User Parameters for ‘Circumference’

Add Mumeric

Add Text

Add Numeric

Add TruefFalse

- i

pdate [ Purge Unused

Update

ET——

+AlC]=]

Parameters | 2|
Parameter Name Unit/Typ | Equation MNominal Yalu | Tol. Model Value |Key | | Comment
Model Parameters
|| Reference Para...
e d1 in 1.82%in 18224236 | |12z [T O
{dz2 in £.891in 6.891344 () |ess134s [0 T
d3 in 4.744in 474225 (O [47sazes DT
|d4 in 1.544in 1544164 | |Ls#ed (O [T
ds in 5,404 in 6404485 [ |ed0448s | [T
lde in 8.7991n 8708962 (v  |&7wmwes | (T
_—_,| User Parameters
| Circumference |in di+d2+d3+d4+d5+d6 05613 (v (30208613 (T T
| Elunkength in 0.386n lozseooo | |o3ssono [T [T
Update I Reset Tolerance << Less

L. Click Done

8. Create Point Pattern
A. Add point on the path

il

Plane

-

T
<@ Point -
], ucs

Waorl: Features

B. Pattern the work point

i.  Click Rectangular Pattern

16



- E:E Rectangular E
- Q:? Circular L—k
Bla Mirror b;

Pattern E E:E Rectangular

ii. Click Work Point on the model tree for Features

Rectangular Path?/ E
= [ | Features

& |A | soid

Direction 1 Direction 2

¢ 0N M+ OM

wee |5 ' 2 (15 .

¢ -
<> [1oin N < [on . I—@EDDNATH{JM
I I [T Wiew:
Spading Spadng ] origin
k] sketch1
« Ce=lB) | &

. @ End of Part

iii. Select Direction 1 (Click and click the path sketch)

VR‘ectan‘._;ola;Pa"nah '
@ Features
[
Direction 1 Direction 2

0N M OF
0o 5 5

of
» 3|2

B | soid

< 10in % [ion »

Spacing

Notice the green arrow for the direction. You can flip the direction with

iv.  Change ‘Spacing’ to ‘Curve Length’
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|

[[‘.ur'u'e Length v]

v.  Type ‘Circumference/LinkLength’ for spacing

Rectangular Pattern @

) Features
& |k |sod

Direction 1 Direction 2

o B oA

#9% gllinkLength * E 2 b
% m2En | < [ion ]

x

EW
P A s

Dv_e(ﬁml Eﬁ_t(liw\?
BleE =& &l
Sl O B

o s (6:891)
DESEN | © e i

Cunelewth _ v]  [sosec

) O - P

vi.  Open detail settings

o ) o [

Direction 1 Direction 2
Start B | start
Compute Orientation
Optimized (@ Identical
(@ Identical () Direction 1

) Adjust Direction2



vii.  Change the starting point of the direction 1 to the work point
. Start . .
(Click ™ and click Work Point on the Model Tree)
Direction 1 lgl Sketchi
Start % iork Point 1
S @ End of Part
viii.  Change Compute to ‘Adjust’, and change Orientation to ‘Direction1’
[Curue Length v] |Spacing v|
[ o ][ concd ]
Direction 1 Direction 2
Start B start
Compute Orientati
Optimized @ Igéntical
(@ Identical () Direction1
) Adjust Direction2

@ [B] e
2| IR |sad

Déixcica 1

Deccscan 2

a8 0¥ Rl
** s/ Unidength » iz

e O 5w

Cuvelengh.  x  Sreog

iX.

e

Click Ok
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X. Open the Parameters

Parameter Mame Unit/Typ | Equation Mominal Valu | Tol, el Yalue | Key ' Comment
~i{Madel Parameters
ul Circumference f LinkLength 53.373498 |@) |69.373498
in 53261 soze2is | [sem2s O [T
in 8.855in 8.855137 | |s.ssmsz |0 (O
in 6.411in a.410880 | |e.4was0 [T |7
in 1.2091in 1209331 | [w209331 (O (O
in 2.320in 2320000 (O |232000 | (O
d in 1.057in 1.056608 (T 1oses0s | |7
Tk j| Lser Parameters
= I Circumference |in d5 +d1+d4 +d3 +dé +d2 26778170 |} 2. 7m0 | [T
| - /[E\TANKTREAD ...
| ifunkength  |in 0.386n 038000 () |o.38s000 | |

[ updste |
[¥] Immediate Updats

Reset Tolerance

+AlO]=]

Xi. Change the tolerance of d10(number of link) to less E

lodel Parameters /

{10 ul Circumference [ LinkLength 69.373438\ |— Jes.37348 T [T

eference Para... ) ——

ETaq — £ 076 im L LT [ & a%eTa i
Xii. Click Done
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C. Return to the top assembly

«O

Return

Return

9. Constrain the Path
i.  Click the plane with the points, and turn on the visibility.

f g l_u VEA-DFRIULNG | TID-JUL L
3 () 0001-PATH-O1:1
-t_T- View:
= B’ Crigin
¥Z Plane
%Z Plane

G —

¥ Axi Selection

'DZA)G' U_ﬁ Undo Isolate
o Cent [27 New Sketch

B0 smm#
L& Work Poir = Show Relationships

() vExAmnkpa;  Measure >

Create Note

v Auto-Resize
&), FindinWindow  End

I

1~ [ VEX-SPROCKET-HS-12:1
B 68 ard Party
— 'r_T. View:
B [ Origin
YZ Plane
%Z Plane
m? Repeat Constraint
X Ax .
S; :x Bﬁ‘ Undo Isolate
X
- cont 127 New Sketch
L § Flush:1
P @ VEX-SPROCKE S Show Relationships
Measur
- (fJvexsPROCK  — € g
+aonni-pat CreateNote

iii. Constrain using Flush
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Assembly | Motion | Transitional | Constraint Set |

Selections

Eealdma i o

Offget: Solution
0.000in W

\:F v & T
Constrain oK Apply )

iv.  Turn off the visibility

10. Place the Link

A. Click place, select the chain/tread link, and place on the screen

B. Expand the model tree for Path and Link
ﬂ—]—{}@ 000 1-PATH-01:1

[T View:

32l sketch1
<@ Work Point1
8 Flush:4

= () VEX-LINK-BASE: 1

4= work Axis1
4] work Axis2
Wark Plane1
|| Sketch1

& Center




C. Using Constrain, mate the ‘Center’ from the Link to “Work Point” on the Path

SEECTONS

EIEIENE YN

[¥[%

Dffset: Solution

0,000 in L2 Py =] =r=tTT P SRETTT |
el I * Center |- - Work Point1

v &' [FAT _

D. Turn the visibility of the sketch of path

I () VEX-SPROCKET-HS-30: 1

() 0001-PATH-01:1

[= _['_T- View:

B EI Crigin

- 2B <y RepeatUndo
—-@‘Work%.w P

— 5 Flush .2
_JMEEE Edit Sketch

o @\«'EX—LINK= ' Dimension Visibility

»

B @ade

—_['_T-\l"lew: Properties...
[ D Origir e

- Elwork Export Sketch As...

= Q Work%
B [work  Expand All Children
¥ |Skete  Collapse All Children

E. Create tangent constraint between Work Plane of the link and the arc path

Place Constraint

Assembly | Mation | Transitional | Constraint Set |

s sa

Selections

YY)

Offset: Salution

1 60

0.000in F

B 8=

¥ &

OK
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F () VEX-LINK-BASE: 1
[689 3rd Party
-t_T- View:
D Crigin
e work Asds1
) Work Axis2
[ Sketch1

& Center

P Mate:1

F. Turn off the visibility of the path sketch
G. Constrain (flush) the vertical plane of the link with the plane of the path
" Piace Constramt ]

Assembly | Motion | Transitional | Constraint Set |

Selections

Ealama Biry o

Offsat: Solution

0.000 in i %

W&o’ EAd

o (o] [ v (o)




1) VEXAINK-BASE: 1
65 3rd Party
-t_T- View:

—7 Origin

— [CH ¥Z Plane
— [CH ¥Z Plane
— [
— 1% Asds

— [21¥ Asis

— [z Axis

— <2 Center Point
— ) Work Axis1

() 0001-PATH-D1: 1
-t_T- View:

— [ Qrigin

— [EH ¥Z Plane

— [CH %Z Plane

—

— []x Axis

b 2 — [y axis

il L 17 Avie

If this constraint gives an error, it means sprocket, path, or link are not aligned.

H. Change the model tree from ‘Assembly View’ to ‘Modeling View’

? || {:I' Azzembly View lT i li

Meodeling View

IT Assemnbly View

[. Create Link Pattern around the path
i Click Pattern

25



Pattern Component @

Feature Pattern Select

gﬂ Pattern

E|E Mirrar

ok || cancel

Pattern =

ii. Click the link for the Component

Component

7

Click the rectangular pattern in the Path for ‘Feature Pattern Select

E—J—E‘;@ 0001-PATH-01:1

[Em= View:
DDrigin

2l sketch1

<@ Work Paint1

-0 Sy = Di=ite
- = ctangular Pattern

@ End of Part

Feature Pattern Select

Note: If you don’t see the patter, make sure you change the model tree to ‘Modeling View.’ (step 10.H)

iv. Click Ok
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11.

v.  Turn the visibility off for the Path

5 VEX-SPROCKETHS-12:1
{) VEX-SPROCKET H5-18:1
{) VEX-SPROCKET H5-30: 1
(P o001-PATHO1:1

E: Component Pattern 1:1

Capability and limitation of this method

. Capability

1) Easy to change the location of the sprocket

g +ﬂ Free Move

For testing, try to move the non-grounded sprocket usin . By

E_.
pressing update (Manage — Update), the path and tread will be recreated around the
sprocket at new location.

27



4)

>

This is because of the Path is ‘adaptive,” and the pattern is completely depend
on the path file. The adaptive drawing is referencing the location of the sprocket, which
is why moving the sprocket will regenerate the path drawing.

This feature is useful when the length/shape of the tread is not yet defined, but
still want to construct a CAD file that can be adapted to any design.

Reduced amount of computation

In the Autodesk Inventor, the main reason of slowing down the computer is
because of constrain. Every single constrain is calculated in the matrix to find the
location and orientation of each part. In this case, or any other chain/tread example, if
each link of chain or tread takes 3 constrain to be fixed at some location, the amount of
computation increases exponentially. This method only constrain one link to the point,
and all other parts are copied by the pattern, which reduces the amount of calculation
significantly.

Presentation

Visually, it creates almost perfect linkage around the path. The limitation usually
comes when the curvature of arc is too large.

No limit on the number of sprocket

Limitation

1)

No Constrain

Since all the chains are held without constrain, any mechanical and static/stress
analysis are impossible to do in the software. Also, technically parts are not held
together.

No Animation

Practically, there is no easy way of making tread moving animation in the
inventor in this way. It is possible to make a fake animation, or make it seems to be

28



12.

moving around the path, which is not included in this guide, but it is impossible to make
the tread to actually move around the path. (If you really want to make one, try to move
the starting point around the path)

Some Tip
Don’t include any other component in the tread assembly, and only keep
sprockets, path, and link on the assembly.

a. Include shaft, motor, support, or any other parts in the parent assembly
file, and use this tread assembly as a sub-assembly from the parent
assembly.

Turn the additivity of the path off when it is not in use: it takes more computation
to calculate adaptive part or features.
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