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Chapter 19
Assembly Modeling with the TETRIX® by Pitsco

Building System — Autodesk Inventor

Ohjectives
¢

Create and Use Subassemblies in
Assemblies

¢ Create an Assembly Using Parts from
the Tetrix® Set

¢ Understand and Perform Proper
Constraints in Assembly

¢ Adjust the Orientation of Grounded
Parts

¢ Adjust Components’ Orientations
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Introduction

In this chapter, we will create an assembly with parts from the LEGO® MINDSTORMS®
NXT and TETRIX® by Pitsco sets. The TETRIX® set contains many sturdy metal parts.
Pitsco designed the TETRIX® system for the FIRST Tech Challenge (FTC), which is a
robotic competition for high-school students. The TETRIX® kit is a prototyping platform
that challenges the FTC teams with problems faced by real-world robotics designers.
Made of heavy-duty aluminum, the structural pieces come in shapes that lend extra
strength to the system. Robot builders can attach the LEGO® MINDSTORMS® NXT Set,
sensors, and any other LEGO® Technic element to the TETRIX® system.

Through the years, many organizations have been established to provide additional
assistance to the competitions. Some of these organizations were established through the
help of the U.S. Education Grants; for example, the partnership between Tufts Center
for Engineering Educational Outreach and LEGO® MINDSTORMS® Education
which produces LEGO® engineering (http://www.legoengineering.com) was
established through a grant from the National Science Foundation. Many states in the
U.S. also have special programs to support the robotic competitions; in Oregon, there is
the Oregon Robotics and Outreach Program (http://www.ortop.org). Many helpful
resources, such as workshops, training curricula, tutorials, etc., are also available through
these organizations, many of which can be found at the official FTC website:
http://www.usfirst.org,

In this chapter, we will create the ST7 assembly model which uses parts from the
TETRIX® and LEGO® MINDSTORMS® NXT sets. This design was created by members
of LEGO® engineering. All of the required parts/subassemblies have been modeled in
Autodesk Inventor, and can be found on the companion CD. Unzip all of the
parts/subassemblies under a folder in the Parametric-Modeling-Exercises project
folder before starting in the next section.

The ST1 Assembly

(Design used with special permission from LEGO® engineering.)
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Modeling Strategy
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Starting Autodesk Inventor

1. Select the Autodesk Inventor option on the Start menu or select the
Autodesk Inventor icon on the desktop to start Autodesk Inventor. The
Autodesk Inventor main window will appear on the screen.

“I

CESEh=v Tools  Autode

= B %8 A

New | Open Projects Open Welcon 3 Select the English tab and in the Template list

2. Select the New File icon with a single click of the
left-mouse-button in the Launch toolbar as shown.

| Samples select Standard(in).iam (Standard Inventor
—I New (Ctrl+N) I —— Assembly Model template file).
x
@ ’_ ‘4L Te.m;rllagt“e:h W Part — Create 2D and 30 objects
| Metric
. . / Mold Design @ @

4. Click on the OK button in Sheet Standard

the New File dialog box to (ﬂ]e’ﬁi;'t (in).ipt

accept the selected

w Assembly — Assemble 2D and 3D compaonents

Hh B &

Mold |Standard| Weldment
Design (in).'ﬁ‘m (AMNSI).iam
(in).iam

settings.

E——
Inspect Tools Manaoe  View  Eny

| & customize @® | 5. [n the Ribbon toolbar, select the Tools tab.

) )
Application | Docupent | 6. Select the Document Settings command as

Options | Settlgs | b Add-Ins
Document Settings

shown.

Assemblyl Document Settings

7. Inthe Assemblyl Document Settings

dialog box, click on the Units tab as Standard Units | sketch | Modeling | Bilo
shown. ke
Length

8. Set the Length unit to millimeter as

shown. |W 7]
A

I
9. Click on the OK button to accept the s
selected settings

ldeares ~|

e The Standard Inventor Assembly Model template file contains predefined settings
including default 3D view orientation and default 2D drawing views setup. With
Autodesk Inventor, we are allowed to mix units within the same file.
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Creating a Subassembly

*» We are now ready to assemble the components together. We will start by assembling
a DC Motor, a Motor Mount a Hub and a Wheel into a Motor-Wheel
subassembly. A subassembly is a unit assembled separately but designed to fit with
other units in a manufactured product. Subassemblies are commonly used to help
manage complex designs and when the same configurations are used multiple times
in a design. Note that a subassembly behaves just the same as a part within an
assembly; i.e., a subassembly possesses only six degrees of freedom, just like a
regular part. Any moving parts within a subassembly become fully locked inside the

main assembly.

- Cj

" | Place Component (F)

Com| Specifies one or more files |

Errreel |

H 1. Switch to the Assembly panel, and select the Place
ERea— Component command by left-mouse-clicking the

icon.

2. Select Motor Mount Pack.ipt (switch to the
appropriate folder if necessary) in the list window.

Place Component

nt Center Files

2l
Lack in: I I tetrix j Q T M-
[[JHG Spacer.ipt %Motor—wheel.iam @NX‘I
[TL Eracket.ipt %Motor—wheelo.iam @NX‘I
[Legn Connector Z.ipt @NXT brick - Base1.ipt @NX'I
[{)Lego Connector Zo.ipt @NXT brick - Base.ipt %NX‘I
() Mator Hub Screw.ipt EIMST brick - Buttand..ipt iz
[} Makar Hub.ipt EMST brick - Buttanz.ipt e
[{Mator Mount Pack Scravs.ipt [IM=T brick - Bukton3.ipt I
Motor Mount Pack.ipt EMET brick - JackL.ipt En
[ [
File namne: IMDtDr Mount Pack.ipt j
Files of type: |Component Files [*ipt; ".iam] j

Project File: IF‘arametric-MDdeIing-Exercises.ipj j Projects. ., |

"Qun:k Launch—‘ "|Mates

Find ... | Options.. . | Qpen | Cancel |

4

3. Click on the Open button to retrieve the model.

e

\?m &ww)

ne View |

4. Right-mouse-click once to bring up the option menu
and select Place Grounded at Origin to place the
part.

5. Right-mouse-click once to bring up the option menu and
select OK to end the command.
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Placing the Next Component

» We will retrieve the DC Gearhead Motor part as the next component of the
assembly model.

o ||
n W _.h H 1. In the Assembly panel, select the Place Component
Assemble TN command by left-mouse-clicking the icon.

ol ‘*’g Free Moy
E— C’Q Free Rotg .. .
PlagasCraata 2. Select the DC Gearhead Motor design in the list
Place Component (F) window. Click on the Open button to retrieve the
Con| Specifies one or more fils model.

3. Place one copy of the DC Motor part toward the right side of the graphics
window, as shown in the figure.

4. Inside the graphics window, right-mouse-click once to bring up
the option menu and select OK to end the placement of the DC

Motor part.

|
Hodel = g e Inside the browser window, the retrieved parts are

T 5= - | i Assembly view - @ listed in their corresponding order. The pin icon in
[ Assembly1 front of the Motor Mount signifies the component
[z Representations is grounded and all six degrees of freedom are
] crigin restricted. The number behind the name is used to
5 Mokor Mounit Pack: 1 identify the number of copies of the same
) 0C Gearhead Motar: 1 component in the assembly model.
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Degrees of Freedom Display

e Each component in an assembly has six degrees of freedom (DOF), or ways in
which rigid 3D bodies can move: movement along the X-, Y-, and Z-axes
(translational freedom), plus rotation around the X-, Y-, and Z-axes (rotational
freedom). Translational DOFs allow the part to move in the direction of the specified
vector. Rotational DOFs allow the part to turn about the specified axis.

|
Translational DOF f——omou / Rotational DOF

» Seclect the Degrees of Freedom option in the
| 5 Degrees &f Freedom | View tab to display the DOF of the
unconstrained component.

Object _
Visibility &) iMate Gly

Degrees of |

e,

e In parametric modeling, the degrees of freedom symbol shows the remaining degrees
of freedom (both translational and rotational) for the components of the active
assembly. Note that each component has its own degrees of freedom, even if the same
part is placed multiple times within the same assembly. The assembly constraints are
also applied independently to each component. The set of degrees of freedom
symbols, as shown in the figure above, signifies each copy of the DC Motor is
unconstrained and should be constrained independently.




19-8 Tools for Design Using AutoCAD and Autodesk Inventor

Apply Assembly Constraints

Jesign U Model
%o|

loint Const&in

Inspect I

':Eﬁ‘ Show 1

Relationships «

&5 Hide All ‘

2. Inthe Place Constraint dialog box,
confirm the constraint 7Type is set to
the Mate constraint.

. In the Assembly panel, select the Constrain
command by left-mouse-clicking once on the icon.

Place Constraint |£|
Assembly | Motion | Transitional | Canstraint Set |

Type Selections

M EIRIPN W
Offset: Solution

0.000 mm

=

M &' CRF

[ ok

[ cancel || apoly

|

3. Select the inside cylindrical
surface of the Motor Mount, as
the first item for the Mate
Alignment command.

4. Click on the outside cylindrical
surface of the large cylinder of
the DC Motor part as shown.

5. Click on the Apply button to
accept the selection and apply the
Mate constraint.
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Assembly | Motion | Transitional | Constraint Set |

Type selections
6. In the Place Constraint dialog
E@@ ﬁ @ box, set tc;lceecoflis?r:ianltn Type to
Offset: Solution Flush.

0,000 in 3 %

&o' A
lFI|.Js|'1

[ oc J[ canedl J[ meeiy T2z

7. Select the back side vertical
surface of the base
component, the Motor
Mount part, as the first item
for the Mate Constrain
command.

8. Click on one of the ring
surfaces of the DC Motor
part as the second item to
apply the constraint.

9. Click on the Apply button
to accept the selection and
apply the Mate constraint.

=]l
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e Note the small arrow symbol showing one degree of freedom available; the DC
Motor can still rotate about the center axis. We will apply an additional constraint

to lock the parts.

x

Model ~ 2]

5 F_T. - | “p Assembly view - g

= @ IMokor Mount Pack: 1
[ origin
Elr_ ¥Z Plang
#Z Plane
#t Plang
[1% axis
[ axis
[17 axis
+ Center Point
— [_CI)J Mate:1
— 5 Flush:1

—

12. In the Model history

tree, select the YZ

Plane of the Motor
Mount Pack as the

first item for the
Mate constraint
command.

10. In the Model history tree, click on the [+] icon in front of

the Motor Mount Pack item to show the features list of
the part.

11. Click on the [*] icon in front of the Origin item of the
Motor Mount Pack to show the features list.

Model ~ [7]

¥ b= - | *n Assembly View =

[y Assembly1
Eﬂ Representations
[:_—I Qrigin

= @ Motor Mounk Pack: 1
f—]— E? Crigin

[Hz PRge
[[Hxz Pla df
#¥ Plane
[1x axis

[ ais

[z axis

2+ Center Point
— LO_’ Mate:1

— 5§ Flush:1

= @ DC Gearhead Mokor:1
B 7] origin

— LCT)_] Mate:1

— 5§ Flush:1

13. In the Model history tree, select the YZ Plane of the DC Motor as the second
item for the Mate constraint command.

[=r Corigin

— [LH &% Plane
— [ ]s axis
— [y axis
— [ 1z auis

— LG:.‘F Mate:l
— H Flush:1

J:F L 8 Flush:1

= E DiC Gearbead Makar: 1
— [z thne

— [ =z Fl df

— “2r Zenter Poink
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14. Click on the Apply button to accept the selection and apply the constraint.

15. Click on the Cancel button to exit the Constrain command.

Croats

@l Ci} ‘*’lj Free Moy
E— ©~ Free Rotd
Plagas o

7| Place Component (P

Com Specifies one or maore filg

17. Select the Motor Hub
design in the list window.
Click on the Open
button to retrieve the
model.

16. In the Assembly panel, select the Place Component
command by left-clicking the icon.

Place Component

Lok in: I@ tetriv
nt Center Files [ [JHG Spacer.ipt EiMUtUV'
L Bracket.ipk EiMc-tor—
.'I Lego Connector 2,ipk @NXT bri
.'I Lego Connector 20.ipk @NXT bri
.'I Mokor Hub Screws.ipt @NXT bri
Matar Pub.ipt (M i
[{IMator Mkt Pack Screw.ipt @NXT bri
[{)rMatar Maunt Pack.iot EImT b
1

File: name: IMDtDr Hub.ipt

Files of type: IComponenl Files [.ipt; *.iam)

Project: File: IParametric—Modeling—Exercises.ipj

Quick Launch iMates
o [ﬁ [@ E

Find ... Cptions. ..

18. Place one copy of
the Motor Hub
toward the left side
of the graphics
window, as shown
in the figure.

19. Inside the graphics
window, right-
mouse-click once to
bring up the option
menu and select
Done to end the
command.

loint Const&in

&% Hide Al ‘

Relaticnships =

20.

In the Assembly panel, select the Constrain
command by left-mouse-clicking once on the icon.
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Place Constraint &I
Assembly | Motion | Transitional | Constraint Set |

Type Selections

FIEEIRIEN @
Offset: Solution

0.000 mm

e R

|

v & R

| ok || canced || apoly

21. In the Place Constraint dialog box,
confirm the constraint 7ype is set to
the Mate constraint.

22. Select the Motor Shaft of
the DC Motor part as the
first item for the Mate
Alignment command.

23. Click on the inside
cylindrical surface
of the Motor Hub
part as the second part
selection to align the
two center axes.

Mate constraint.

24. Click on the Apply button to accept the selection and apply the



Assembly Modeling with the TETRIX® by Pitsco Building System — Autodesk Inventor  19-13

25. On your own, repeat the above steps and align the Motor Hub part to push
against the DC Motor as shown.

Corm

':"D Free Rotd

Croats

Place Component (P)

Specifies one or more fily

27.

28.

29.

Select the Motor Hub
Screw design in the list
window. Click on the
Open button to retrieve the
model.

Place a copy of the Motor
Hub Screw on the screen.

Inside the graphics window,
right-mouse-click once to
bring up the option menu
and select Done to end the
command.

Assemble REIISIN 26. In the Assembly panel, select the Place Component
[ﬁa Ci? * Free Moy command by left-mouse-clicking the icon.
Plagas

Place Component

& Lbrari Look ir: I =5 tetrix
ert Center Files ({IHS Spacer.ipt EiMD
()L Bracket.ipt Bgma
.'l Lego Connector 2.ipk @NX
.'I Lego Connector 2o.ipk @Nx
Mokor Hub Screw.ipt @ ks
. e
.'I Mator Maunt Pack Screw.ipt @Nx
.'l Motor Mount Pack.ipt @NX

File name: IMotnr Hub Screw.ipt

Files of type: |Cc-m|:u:nent Filez [*.ipt; ".iam]

Project File: IParametric—ModeIing—Exercise

Cuick Launch iMates
= {ﬂ [@ | A

Find ... Options. ..
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3D Model

=n

loint |Constrain

Ti

Inspect

I:F-g Show

30. In the Assembly panel, select the Constrain
command by left-mouse-clicking once on the icon.

B Show Sick ‘

& Hide Al

Relall Constrain (C)

31. On your own, align the
center axis of the Hub
Screw to the center axis
of the hole feature of the
Motor Hub part as shown.

Assembly | Motion | Transitional | Constraint Set |

32. In the Place Constraint dialog
box, set the constraint Type to
Tangent constraint.

Type Selections

Plama Bk o

Offset: Solution

-GN S

[ o< J[Lcmed J[ aeoi ] [22]

33. Select the Motor
Shaft of the DC
Motor part as the first
item for the Tangent
Alignment command.
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34. On your own, use the
ViewCube and rotate the
display as shown.

35. Click on the flat end surface of
the Hub Screw part as the
second part selection to align
the two center axes.

36. Click on the Apply
button to accept the
selection and apply the
Tangent constraint.

37. Click on the Cancel
button to exit the
Constrain command.

38. On your own, assemble a
copy of the Wheel.iam
subassembly as shown.
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39. Align the holes of the
Wheel to the Hub by
adjusting the Wheel
position, using drag and
drop, to as shown.

40. On your own, apply another Mate
constraint to align the center axes of
one of the small holes of the Wheel
to the Motor Hub as shown.

Azsemble EEETGTGY

Croate

-

Place Component (P}

[Dﬁ D 3 Free Moy 41, In the Assembly panel, select the Place Component
- E U Free Rotz command by left-clicking the icon.
d

Con| Specifies one or mare filg

42. On your own, place
two copies of the 6-
32x.3125 in SHC
Screw part and two
copies of the Motor
Mount Pack Screw
part on the screen.
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30 Model  Inspect T

g I:IZI 5 Show 43. In the Assembly panel, select the Constrain

command by left-mouse-clicking once on the icon.
Joint [Constrain

oy Hide Al

| Relat

Constrain (C)

44. On your own,
assemble the 6-
32x.3125 in SHC
Screw parts as
shown.

45. On your own, assemble
the Motor Mount Pack
Screw parts as shown.

“‘

Aszsemble

@l L) "I"D Free Move
=g [

':"D Free Rotate

2 46. Click on the Save icon and save the completed
subassembly as Motor-Wheel.iam.

Dlare  (Creats
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Starting the Main Assembly

emble MRORYY 1. Select the New File icon with a single click of the left-
| Mew (Ctrl+M) | mouse-button in the Quick Access toolbar as shown.

@ Free H
Place Create o

2. Select the English units set and in the Template list; select Standard(in).iam
(Standard Inventor Assembly Model template file).

4 ) Templates ) i
¥ Part —Create 2D and 3D objects

| English

 Metric
, Mold Design @ @

Sheet Standard
Metal  (in).ipt
(in).ipt

¥ Assembly — Assemble 2D and 3D components

b &

Mold |Standard| Weldment
Design {in).&m (AMSI).iam
{in).iam

3. Click on the OK button in the New File dialog box to accept the selected settings.
L
Inspect Tools Manage  View  Eny

| B customize @@ | 4. Inthe Ribbon toolbar, select the Tools tab.
-] -]

o— o—

&pplication | Docurnent & 5. Select the Document Settings command as
Options | Settiags él]:. rdd-Ins shown.

Document Settings

AssemblyZ Document Settings

6. In' the Assembly_Z Document Settings dialog box, standard  Units I Skekch | Modsiin
click on the Units tab as shown.
— Uniks
7. Set the Length Units to centimeter as shown. Length
8. Click on the OK button to accept the selected !g
settings. Angle
|degree v|

o The Standard Inventor Assembly Model template file contains predefined settings
including default 3D view orientation and default 2D drawing views setup. With
Autodesk Inventor, we are allowed to mix different Units within the same file.



Assembly Modeling with the TETRIX® by Pitsco Building System — Autodesk Inventor ~ 19-19

Accermnble 9. In the Assembly panel, select the Place Component

Simplify

command by left-mouse-clicking once on the icon.
C‘i} ‘*’lj Free Moy y 8
Pi E— o | ':"Ij Free Rotg
o 10. Select the 64mmx192mm plate part in the list
Place Component (F) . . .
B _ window. Click on the Open button to retrieve the
Con Specifies one or more fild model

Look in: I@ tetrix ;I e Ij = -

[ l6-32 Muk-w.ipt () E0mm tube.ipt 2z
[ [J6-32 x 1in Post.ipt f)s0T Gearz.ipt f)zee
—

[ [)&-32 = 2in Post.ipt @96mm channel.ipt @28&
[ {J&-32 = .5 in SHC Screw.ipt (1) 100mm Shaft.ipt (zze
[ [Je-32 x .3125 in SHC Screwipt [ ) 144mm Angle.ipt (0 e
[ 1) 32mm channel.ipt @ 145mm tube.ipt @ Acxh

Centet Files

({1407 Gear.ipt (1152 RPM Mator.ipt Byeat
B4rnrn x 192mm plate.ipt ﬂlsumm channel.ipt %Bat
] |
File: niame: |54mm # 192rmm plate.ipt LI
Files of type: IEomponent Files [™ipt; ".iam] LI

Project File: IParametric-ModeIing-Exercises.ipj LI Projects... |
Quick Launch iMates

(2o

2| [u B {@M

11. In the graphics area, place a copy of the part in the graphics window.

Find ... I Cptions. .. | Cpen | Cancel |
y

12. On your own, place two copies of the 760mm channel part in the graphics area
as shown.
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Adjusting the Orientation of a Grounded Part

e The orientation of the first component, the grounded part of an assembly, can be
adjusted and additional constraints can be applied.

lnda Isalate

1. Click once with the right-mouse-

@ G x 192mm p
@ 160mm channel: 1
@ 160mm channel: 2

button on the first component to show
the option list.

5 - | “ 5 fssemb Substitute
Assembly2 Component
Representations
[ origin Measure

Create Moke

2. Select Grounded to allow the part to
be adjusted. Note the grounded symbol

BT Skruckure
v visibility
iMate Glvph Yisibility

- O

Adapkive
F Enabled

1s removed in the Model tree.

Assembly2
Representations

m Crigin

@ 4 192 plake

@ 160rmm channel: 1

@ 160mm channel 2

3L Model

‘ol o
loint Cn:nnst&in

| Relationships

':Flu Show 3.

& Hide Al

M |

In the Assembly panel, select the Constrain
command by left-mouse-clicking once on the icon.

4. Inthe Place Constraint dialog
box, confirm the Mate
constraint is activated.

Hs Assembly?
Representations
[ Cwigin

— [CHYZ Plane

— [CH®Z Plane

— [CH =¥ Plane °
— [ ais

— [ awis

— []z awis
Center Point

Place Constraint [==]
Assembly |Moﬁon I Transitional | Constraint Setl

Type Selections

HEETLIEN ol
Offset: Solution

0.000 mm BT l::"j::=]

=3

&’ DA

5. Click on the [+] symbol in front of the Origin item.

Note that each assembly model also contains a set
of datum features, just like a regular part. These
datum features can be used to align the different
components of the design.



Assembly Modeling with the TETRIX® by Pitsco Building System — Autodesk Inventor

19-21

Model * | 2]

N ['-_T. - | "E:r Assembly view - g
5 Assembly2
Representations

6. Select the XZ Plane of the assembly datum
features as the 1 item for the Constrain

command.

= [ Origin
¥Z Plane
(U7 plane
[y Sgﬂr
[ ] Acis
e J} — < Center Paink
7. Select the XY Plane of the 64mmx192mm Ek"‘" O';"”
Plate part as the 2" item for the Constrain L vz Plane
command. — Oz Plane
— [ =y Plane
8. Click on the Apply button to accept the | %v Féf
selection and apply the Mate constraint. Note | ':l 2 fcic
the orientation of the plate has been adjusted. | ° Conter Point
ENCEr Faln
o A rn L L4

e 0 =

Assembly2

9. To make the Plate part grounded again,
access the option through the option list in the

Representations Campaonent 4
D Crigin
] Gdrinn x 192mm plak EEERUE '
B+ = Crigin Create MNoke
YZ Plane
%7 Plane BOM Structure 4
wyPlane v Wisihility
[ 1% pods iMake Glyph Visibility
[ adis
[z axis %
— Center Point v Enabled

Model history tree as shown.
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Adjusting the Orientation of Parts

m 1. Select the Free Rotate command by left-mouse-

Cd
O O

Joint Cons| 2

—h "5'@ Free Move

_J © Free Rotate
reate

Free Rotate (G)

clicking once on the icon.

On your own, use the left-mouse-button and rotate
the Channel Plates, roughly matching the
orientation in the figure below.

nt = |  Positio

3D Model  Inspect
CLII,D I:IZI iy Show 3. In the Assembly panel, select the Constrain
) : command by left-mouse-clicking once on the icon.
Joint |Constrain
& Hide All
Relatl Constrain (C) —
Place Constraint |£|
Assembly | Motion | Transitional | Constraint Set |
Type Selections
4. Inthe Place Constraint dialog mh

box, switch to the Mate
constraint.

Offset:
0.000 mm

v &o" [CEX

I

Solution

S| €

CI .(

Cancel

Apply
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5. Select the inside cylindrical
surface of the right small
hole of the top left hole
pattern of the flat Plate as
shown.

6. Seclect the inside
cylindrical surface
of the left small hole
of the Channel
plate on the left as
the 2" item for the
Constrain
command.

7. Click on the Apply button to accept the selection and apply the

Mate constraint.

8. Select the top
surface of the
Channel plate on
the left as the first
item to apply the
Constrain
command.




19-24 Tools for Design Using AutoCAD and Autodesk Inventor

9. Select the bottom surface of the flat Plate
part as the 2" item for the Constrain
command.

10. Click on the Apply button to accept the
selection and apply the Mate constraint.

11. On your own, repeat the above
steps and align the other holes
adjacent to the aligned holes of
the two parts as shown.

12. On your own, repeat the above
steps and align the Channel
plate on the right as shown.
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Assemble the DC Motor Controller

ﬂi

G Simplify

-

Pla

Com

C’ji' '*'Q Free Moy

'“':’Q Free Rotg

Craata

Place Component ()

Specifies one or more fils

In the Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

2. Select the DC Motor Controller assembly in the list

window. Click on the Open button to retrieve the
model.

Place Component

ik Center Files

2ixl
Look in: I 5 tetrin LI o ¥ = M-
-'I DiC gearhead motoro.ipt @dc_motor_power_lead_pS.ipt @HG
-'I de rokor controller pl.ipk @dc_motor_power_lead_p4.ipt @L Bt
[)dc motar contraller p2.ipt @dc_motor_power_lead_pS.ipt @Leg
DC Mokor Controller.iam @Dual Servo Bracket.ipk @Leg
[F30C Matar Piiver Lead 3.iam @Flat Bracket.ipt @Mot
i.'- dc_motor_power_cords.iam %Front—Mount.iam @Mot
— . .
() dc_motor_power_lead_pl.ipt %Front—wheel.lam @Mot
-.I do_motor_power_lead_pZ.ipt @HG Spacer Screw.ipk @Mot
1 i
File narme: IDC M otor Contraller.iam ;I
Files of type: IEomponent File= [*.ipt; ".iam] ;I

Project File: IParametric-Modeling—Exercises g LI Projects, .. |

ol |

Cuick Launch iMates ———
| (@]
. | ’7 @ | -0 Find ... I Opkions. .. I open I Cancel I

¥

3. Place a copy of the DC Motor Controller assembly to the right side of graphics

arca.

4. Inside the graphics window, right-mouse-click once to bring up the option menu
and select Done to end the Place Component command.
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30 Model  Inspect T

s P Show 5. In the Assembly panel, select the Constrain
[IZI ! command by left-mouse-clicking once on the icon.

Joint |Constrain

& Hide All

| Relatl onstrain (C)

6. On your own, align the DC Motor Controller to the top face of the flat Plate.

7. Also apply a Mate constraint to align two of the side holes of the DC Motor
Controller to the corresponding holes of the flat Plate part as shown.
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Assemble the Servo Controller

T e

Azzemble

Simplify

E‘ji' ‘*’O Free Moy

C’D Free Rotd

Croata

"| Place Com ponent (P)

Com Specifies one or more fil4

Place Component

In the Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Select the Servo Controller assembly in the list
window. Click on the Open button to retrieve the model.

@l“'

Cuick Launch

2l

Loaok in: I 5 tetrix j o T = @
On, OFf Switch Assembly 1.iam @Pivot Bearing Bracket p2.ipt @ser'
On, OFf Switch Assemnbly 2.iam @Pivot Bearing Bracket Screw.ipt @ser'
on, OFf Switch.iam Servo Controller Cord.iam @ser'
on, off_switch_p1.ipt Servo Controller.iam @ser'
on, off_switch_p2.ipt -.l servo patk p2.ipt @ser'
Peg 1-module.ipt @servo pack p3.ipt @ser'
Pivol Bearing Bracket Bearing.ipt %Servo Pack.iam @ser'
Pivolk Bearing Bracket pl.ipk %Servo ¥ Adapter.iam @ser'

2 1 0|

File name: ISewo Controller.iam j

Files of twpe: Il:omponent Files [*.ipt; .iam) ;I

Project File: IParametric—ModeIing—Exercises.ipj ;I Prajects. .. |

iMates
| ae
: ' ’V ® | b =] Find ... I Options... I Cpen | Cancel |

¥

3. On your own, place a copy of the Servo Controller and assemble it to the left
side of assembly as shown.
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4. In the Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Azzemble ERTGTN

Ci? ‘*’g Free Moy

. | “gFreeRoty 5 Place four copies of the 6-32x.375 in BHCS Screw
*| Place Component (P) part and four 6-32 Nut parts toward the top side of the
assembly.

Com Specifies one or more filg

6. On your own, assemble the Screws and Nuts in the aligned holes as shown.
(Hint: On the Nuts, align Work Plane3 to the bottom of the flat Plate.)
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Completing the Chassis

o

Simplify

1. Inthe Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Azzemble

E’j!' '*'Q Free Moy

(] J
| 0 Free Rotd

T 2. Select the Front-Mount assembly in the list window.
Place Component (P) Click on the Open button to retrieve the model.

Com Specifies one or more fild

Place Component el |
i Look in: | £ tetrix JE2 | I i i
{|u]g
BE Content Center Files OiZ gearhead motoro.ipt @dc_motor_power_lead_pS.ipt @HG
dc motor conkroller pl.ipt @dc_motor_power_lead_p‘!.ipt @L Bt
dc motor controller pz.ipt @dc_mntnr_pnwer_lead_ps.ipt @Leg
DiZ Mokor Controller.iam @Dual Servo Bracket.ipt @Leg
DiZ Mokar Powesr Lead 3.iam @Flat Eracket.ipt Mot
dc_mokor_power_cords.iam @Mot
de_mokor_power_|ead_pl.ipk %Front—w el iam @Mot
de_mokor_power_|ead_pZ.ipk @HG Spacer Screw.ipk @Mot
g [—] Bl
File name: IFront-Mount.iam ;I
Files af tppe: IComponent Files [*ipt; “.iam] ;I
Projeck File: IParametric—ModeIing—Exercises.ipj LI Projecks. .. I
Cuick Launch iMates
|
@I ’7 . I ) ’V ® | =0 Find ... | Options. .. | Cpen | Cancel I
V|

3. Place one copy of the assembly toward the left side of the graphics window.

4. On your own, repeat the same procedure to assemble the Front-Mount assembly
and two copies of 6-32x.375 in BHCS Screw as shown.
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Assemble the Front-Wheel Assembly

Accemble 1. Inthe Assembly panel, select the Place Component

Di Cj" i Free M command by left-mouse-clicking the icon.
T o rree Moy
Pladss L razte ctl Free Rota

Place Component (P)

Con| Specifies one or maore filg

2. Select the Front-Wheel assembly in the list window. Click on the Open button
to retrieve the model.

Place Component d |
Loak in: I@ tetrix LI QT -
ent Center Files DC gearhead motoro.ipk @dc_mntnr_pnwer_lead_pS.lpt @HG
dc motor controller pl.ipk @dcimotorjowerileadj‘t.ipt @L Et
de mokor controller p2.ipk @dc_motor_power_lead_pS.ipt @Leg
[C Mokor Conkroller.iam @Dual Servo Bracket.ipt @Leg
DC Mokor Power Lead 3.iam @Flat Bracket.ipt @Mul
de_makor_poveer_cords.iamm %Frnnt-Mnunt.lam @Mnt
de_motor_power_lead_pl.ipt Fr el.iam @Mot
"‘: de_motar_power_lead_p2.ipt HG macer Screw.ipk @Mot
"! e ‘ 1 »
.; Fill: name: IFront-W'heeI.iam LI
Files of type: ICompunenl Files [*.ipt; “.iam] LI
Project File:  [Parametric-Modeling-Exercises. ipj | Projects... |
Guick Launch iMates
ae
@' { - I ) | { @ | b = Find ... | Options. .. | Open | Cancel |
P

3. Place one copy of the assembly toward the left side of the graphics window.
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30 Model Inspect T

cJ I:IZI & Show 4. 1In the Assembly panel, select the Constrain

command by left-mouse-clicking once on the icon.
loint |Constrain
& Hide All

=

Place Constraint

Relat

Constrain (C)

Assembly |Motion I Transitional | Constraint Setl

Type Selections

5. In the Place Constraint dialog =)

box, confirm the constraint 7ype _
Offsst: Solution

is set to the Mate constraint. 0000 o — =
=3
6o’ AT

=i

() 6-32 Nut-wi:4 2 oK
= %Frunt-rﬂuunt:l
Representatiuns

6. In the Model history tree, select the XY Plane of

7 | Origin the Front-Mount assembly as the first item to
— vz Plane apply the Mate constraint
— [CU =7 Plane PPLy 1t
%y Plane 3:5-32 BHCS 375 6
- | H Fronk-Wheel: 1
| gj P.x%lr Representations
— 17 axic [ origin
— [CHYZ Plane
7. In the Model history tree, select the XY Plane — [} %2 Plare
of the Front-Wheel assembly as the second — [T v flane
item to apply the Mate constraint. — [ mod
— [y axis
8. Click on the Apply button to accept the — [1]7 ais
selection and apply the Mate constraint. — o Center Paink
G fe 4 Ofirnes Shoafrd
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9. Select the inside cylindrical
surface of one of the large hole
on the Front-Mount assembly
as the first item to constrain.

10. Select the cylindrical surface
of the shaft of the Front-
Wheel assembly as the
second item to constrain.

11. Click on the Apply button to
accept the selection and apply
the Mate constraint




Assembly Modeling with the TETRIX® by Pitsco Building System — Autodesk Inventor ~ 19-33

Assemble the Motor-Wheel Assembly

-

Simplify

1. Inthe Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Azzemble

E’j!' '*'G Free Moy

':b Free Rotd

Craate

Place Component (P)

Com Specifies one or more fild

2. Select the Motor-Wheel assembly in the list window. Click on the Open button
to retrieve the model.

Place Component =]
Lock in: I 12 betrix LI QT o
Center Files Hi Spacer.ipt o n

L Bracket.ipt
Lego Connectar 2.ipk @NXT brick - Basel.ipt @Nm
Lego Conneckor Zo.ipk @NXT brick - Base.ipt %NX'I
Maokor Hub Screw.ipk @NXT brick - Burkon1.ipk @Nm
Makar Hub,ipk EMT brick - Buttanz.ipt =z
Matar Maunt Pack Serew.ipt EIMET brick - Buttand.ipt s
Makar Maunt Pack.ipt T brick - Jackl ipt ez

g [— 0|

File: name: IMotorrW’heeI.iam LI

Files of type: ICumpunent Files [“.ipt; “.iam] LI

Project File:  [Parametric-Madeling-Exercises. ipj | Projects... |

Quick Launch iMates
| s

3. Place two copies of the assembly next to the design as shown.

Find ... | Options., .. I Open | Cancel |

A
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"5'@ Free Move

© Free Rotate
reate

tzemble

Cd
O O

Joint Cons|

nt = ‘ Positio

Free Rotate (G)

4. Select the Free Rotate command by left-mouse-
clicking once on the icon.

5. On your own, use the left-mouse-button and rotate the
two copies of the Motor-Wheel subassembly to the
orientations as shown.

6. On your own, apply the necessary constraints to align the Motor-Wheel
subassemblies to the two Channel plates as shown.
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Assernble TGN

7. In the Assembly panel, select the Place Component
Cj-‘ %7 Free Mo command by left-mouse-clicking the icon.

) §
P {7 Free Rotg g

Select the Battery-Pack assembly in the list window. Click

*| Place C t (P .
ce Component (7) on the Open button to retrieve the model.

Com Specifies one or more fil

Place Component x|

Lok ir: I I tetriz j (e N s
() 220mm tube.ipt @Beam 7-module. ipk @ DC
() za5mm Angle.ipt @Beam Angular-3x5.ipt @dc T
() z86mm Bar.ipt (er_pi.ipt Hder
(1) z58mm channel.ipt (eP_pz.ipt Faoc
[ file Hub Serew.ipt [er_pa.ipt o
() el Hubipt [(eP_p4.ipt Fydc_
Battery Pack.iam @BZ Bushing.ipk @dc_
@DC Gearhead Maotor.ipk @dg
[ Dl
File: name: IBattery Pack.iam LI
Files of tppe: ICumpUnenl Files [“ipt; ".iam] LI
Project. File: IParametric—MndeIing-Exercises.ipj LI Projects... |

Quick Launch iMates
=] {ﬁ { ®| 32

9. Place one copy of the Battery-Pack assembly next to the assembly.

Find ... | Options. .. | Open | Cancel |

10. On your own, apply the necessary constraints to align the Battery-Pack
subassembly to the center of the assembly as shown.




19-36 Tools for Design Using AutoCAD and Autodesk Inventor

11. In the Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Assemble TGN

il Cil‘ +G Free Moy

@‘ e J ) ) .

Dol | rreate | 0 FTEEROH 15 Qelect the Battery-Lock assembly in the list window.
"| Place Component (F) Click on the Open button to retrieve the model.

Coml . ,
Specifies ane or more fil] [ P 2| x|

Lack in: I@ tetri j Q i

(1) z20mm tube.ipt @Beam 7-module.ipt @DC
-y . .

(1) 288mm Angle.ipt @Beam Angular-3Fx5.ipk @dc T
[{)25mm Bar.ipt ter_pt.int Hder
({)za8mm channel.it Her_pz.ipt B0
[ 1) idle Hub Screws.ipt {1BP_p3.ipt Hyoc
(1) e Hub.ipt {er_p.ipt e

[FBattery Pack.iam {16z Bushing.ipt (Dete_
Battery-Lock.iam @DC Gearhead Motor.ipt @dc_
_ | i
File name: IBattery-Lock.iam j
Files of type: |Component Files [*.ipt; ".iam) j

Project File: IParametric-ModeIing-Exercises.ipj j Projects... |
Quick Launch iMates

ae

o h L bl»_ﬂ.

Find ... | Options. .. | Open | Cancel |

13. Place one copy of the Battery-Lock assembly next to the assembly.

14. On your own, apply the necessary constraints to align the Battery-Lock
subassembly to the center of the assembly as shown.
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15. In the Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Assemble  ERATL Tl

Cf '{"lj Free Moy

& i
| D Free Rot3

16. Select the Beam 7-Module part in the list window. Click

"| Place C t (P .
ce Component (F) on the Open button to retrieve the model.
Con Specifies one ar more fils

17. Place two copies of the Beam 7-Module assembly next to the assembly

Place Component

Loak in: I@ tetrix

220mm tube.ipk
Zaamm Angle.ipt

288mm Bar.ipt f)BP_pt.ipt Hdcr
288mm channel.ipt ter_pz.ipt DC
fxle Hub Screw.ipt f)BP_p3.ipt B0
aaxle Hub.ipt E)Br_pd.ipt Bydc_
Battery Pack.iam @BZ Bushing.ipt @dc_
Battery-Lock.iam @DC Gearhead Maotor,ipt @dc_

L _ i

File: narme: IBeam F-module.ipt j

File:s of type: I Component Files [*ipt; ".iam] j

Project File: IParametric-ModeIing—Exercises.ipj j Projects... |

Quick Launch iMates ——
@l ’7. | ’7 ® | a% Find ... | Options... | Open I Cancel |

18. On your own, apply the necessary constraints to align the copies of the Beam 7-
Module part to the assembly as shown.

A

TETETETS

i L LT
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Assemble the NXT Micro-controller

=

Simplify

1. Inthe Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Azzemble

Ci? 9 Free Moy
—— . “pFreeRotd 2. Select the NXT-Brick assembly in the list window. Click
on the Open button to retrieve the model.

7| Place Component (P)

Con Specifies one or more fil{ | p— Companem

Lok ir: I 15 tetrix IR [ s s e
[ s brick - Jackz.ipt %NXT Touch Sensar.iam %On,
.'I MET brick - screent ipt @Omni Wheel Screw.ipt %On,
I'I [T brick - Screenz.ipt @Omni ‘Wheel Spacer.ipt %On,
%Omni Wheel.iam @UH,
jotor - Jack.ipt @omni_wheeljl dpt @on,
P
[ 1) T touch sensor - Base.ipt @omnl_wheeljz.lpt @Peg
NXT touch sensar - Mose.ipk @omni_wheelj&ipt @ch
(T touch sensor -Tap.ipt ﬂomni_wheelj‘l.ipt @Pwt
L ]
File name: [T Brick.iam =l
Filez of type: IComponent Files [*.ipt; ".iam] j
Project File: IParametr\c-ModeIing-Exercwses.ipj j Projecks. .. |

Quick Launch iMates
. | | ® | a%| Find ... | Options... | Open | Cancel |

3. Place one copy of the assembly toward the right side of the graphics window.

4. On your own, also place two copies of Peg 1-Module near the assembly.
Assemble the parts as shown.

L T ¥
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Assemble the NXT Touch-Sensor

1. Inthe Assembly panel, select the Place Component
command by left-mouse-clicking the icon.

Azsemble

E’ji' “}'@ Free Moy

':b Free Rot3 2.

reats Select the NXT Touch Sensor assembly in the list
"| Place Component (F) window. Click on the Open button to retrieve the
Com Specifies one or more fild model.

Place Component

Loak in: I 1 tetnix
ent Center Files MKT brick - Jack2.ipt

MXT brick - screent .ipk .
NXT brick - Screenz.ipt @Omni Wheel Spacer.ipt %On,
MKT Brick.iam %Omni Wheel.iam on,
MxT motor - Jack.ipt @UmﬂiiwhEE‘Jl.iDt @UI‘I,
MXT touch sensor - Base.ipt @omni_whee\jzipt @Peg
MxT touch sensor - Nose.ipk ﬂomni_whee\j&ipt @Pivc
NXT touch sensor -Top.ipt @omni_whee\j‘?.ipt @Pivc

! — L]

File name: INXT Touch Sensoriam j

Files of type: ICompnnent Files [.ipt; *.iam) j

Project File: IParametric-Mnda\ing-Exercises‘ipj j Projects...

Quick Launch iMates
| (2]
@l ’7 . i ) ’7 @ | =0 Find ... | Options. .. | Open | Cancel |
Vi

3. Place one copy of the assembly toward the right side of the assembly.

4. On your own, also place four copies of the Peg 1-Module part and one copy of
the Beam 7-Module part into the current assembly as shown.
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30 Model  Inspect T

G ¥ 7 Show .
i 5. In the Assembly panel, select the Constrain
Joint |Constrain command by left-mouse-clicking once on the icon.
oy Hide Al
| Relall Constrain (C)

6. Assemble the Beam 7-Module to
the LEGO Connector 2 part as
shown.

7. Assemble the four Peg 1-Module parts
as shown.

8. Attach the Touch Sensor and
complete the STT assembly as shown.
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Conclusion

Design includes all activities involved from the original concept to the finished product.
Design is the process by which products are created and modified. For many years
designers sought ways to describe and analyze three-dimensional designs without
building physical models. With advancements in computer technology, the creation of
parametric models on computers offers a wide range of benefits. Parametric models are
easier to interpret and can be easily altered. Parametric models can be analyzed using
finite element analysis software, and simulation of real-life loads can be applied to the
models and the results graphically displayed.

Throughout this text, various modeling techniques have been presented. Mastering these
techniques will enable you to create intelligent and flexible solid models. The goal is to
make use of the tools provided by AutoCAD and Autodesk Inventor and to successfully
capture the DESIGN INTENT of the product. In many instances, only a single approach
to the modeling tasks was presented; you are encouraged to repeat all of the lessons and
develop different ways of thinking in accomplishing the same tasks. We have only
scratched the surface of AutoCAD’s and Autodesk Inventor’s functionality. The more
time you spend using these systems, the easier it will be to perform computer aided
modeling with AutoCAD and Autodesk Inventor.
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