e structura
subsystem

of the robot is
responsible for
physical support.
It holds everything
In place, and is,

in effect, the
durable ““skeleton”
of the robot to
which all the other
subsystems are
attached.
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The Structure and Motion subsystems are

very tightly integrated to form the chassis

of the Squarehot.

The chassis assembly instructions refer to
components from both the Structure and
Motion sections.

Follow the steps in this section to build the

chassis.

squarehot assemhly

sgjuarebot chassis parts and assembly

0 Collect and identify the parts

from the list of materials helow:

materials gty
4 bearing flat 12 )
panel 1
§ chassis rail 4
é‘ chassis bumper 2
Z partially threaded beams, 2" 4
< keps nut 38
5 8-32 hex screw, %" 26
8-32 hex screw, 2" 20
N /
4 N
motor 2
2.75" removable tire 4
g 1.895" detachable hub 4
é‘ 36-tooth gear 4
z 60-tooth gear 2
= collar w/ threaded set screw 10
5 square bar, 2" 2
square bar, 3" 4
6-32 hex screw, ¥2" 4
N J
wvEx
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/slmﬂum—squamhni_ammhjy\

sguarebot chassis parts and assembly, continued

chassis rail x 4

2" partially threaded heam x 4 8-32 hex screw, ¥42" x 26 keps nut x 38

\ - ®

8-32 hex screw, ¥2" x 20

,,,,,,,,,,,,,,,,,,,, Inventor’s Guide 2°3



squarehot assemhly

squarehot chassis parts and assembly, continued

panel x 1

motor x 2

B &8 B B N
®» & ¢ 9

B &8 B B N
9 » & o o

B &8 B B N
9 & ¢ 9

B & B B N
9 & o 9

B &8 B BN
9» & o 9

B &8 B B N
9» & o 9

B &8 B B N
o O o 9

B & B B N
9 o o 9

B &8 B B N
9 & ¢ o

B &8 B B N
o O O o

B &8 B B N
9» & o o

B & B B 0N
9 » & o o

B &8 B B N
9» & & o

B &8 B BN
9» & o o

B &8 B B N
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sguarebot chassis parts and assembly, continued

36 tooth gear x 4 collar w/threaded set screw x 10

G

square har, 2" x 2

~

square bhar, 3" x 4

hearing flat x 12

VEX Inventor’s Guide 2:5



squarehot assemhly

squarehot chassis parts and assembly, continued

e Inner chassis rails
You will need two chassis rails, one for the right side and one for the left
side. Orient them as shown, so that the narrow face is pointing up and the
“open’’ sides are facing each other.

/!

= w—)

Add four bearing flats to the chassis rails (two per rail, on the
outward-facing sides). Be sure to position the bearing flats such that
the central hole of each bearing flat is aligned with the fourth hole
from the respective end of the chassis rail, as shown.

9)
g B
g
g &=
Q=75 Parts needed in this step:
SN
=l xa
= = ﬂg
0 %
.70
: g/ =7
g .6! o
= b
00
y
vEx
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squarehot assemhly

squarehot chassis parts and assembly, continued

Inner chassis rails, continued
Secure the bearing flats to the chassis rails using two %2" 8-32 screws
and two keps nuts per bearing flat, as shown.

S Tgfe.
.
- %% Parts needed in this step:

= ]/2"
x 8

Your completed inner chassis rails should look like this when you’re done:

wvE>¢ Inventor’s Guide 2



squarehot assemhly

squarehot chassis parts and assembly, continued

Outer chassis rails
Position two more chassis rails as shown, just as you did for the inner
chassis rails.

X 2
Connect two 2" partially threaded beams to each of the rails, using a
Ya" 8-32 screw for each beam. Position the rear beam on the fourth square hole
from the back end of the chassis rail, and the front beam on the fifth square
hole from the front end of the chassis rail.
(= =
[l
12 |0 o112
1o o1
10 |o 010
9 lo |ol9
; 8 |ol |o|s
7 o ol7
6 0| 0|6
5 o lo|s
; 4 ol |o|g4
@ & 3ol |ols
2 o ol 2
; 1o ol 1
, * gl
| ==

Parts needed in this step:

v B

2-8 Inventor’s Guide \’EX
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squarehot assemhly

squarehot chassis parts and assembly, continued

Outer chassis rails, continued

Add bearing flats to the inner faces of the two chassis rails.

The center hole of the bearing flat should be aligned with the eighth
hole from the front end of the chassis rail, in the middle row of holes.

00000 O0ob0bO0o0oB0 oo oo oo
00O 0O0O0O0DB 000 0B 006
00OO0OO0OO0OO0O0O0|0DB0 D0 0OD0OO0OO0aO0

12 3 4 5 6 7 8 9 10 1 12 13 14 15

(Parts needed in this step:

Secure each bearing flat with two 2" 8-32 screws and two keps nuts.

Parts needed in this step:

é 1/2“
x4

wvEx Inventor’s Guide 29
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squarehot assemhly

squarehot chassis parts and assembly, continued

Outer chassis rails, continued
Your outer chassis rails should now look like this:

Now add two bearing flats to the outer surface of each chassis
rail, so the center hole of each bearing flat is over the fourth
hole from the respective end of the chassis rail, as shown. These
are the same positions as the bearing flats you put on the inner
chassis rails earlier.

o }3.
==
_ad
el =5
T e L
Parts needed in this step:
I x4
.“ai“ig
ggjg_a
Gl
/
@

2°10 Inventor’s Guide A
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squarehot assemhly

squarehot chassis parts and assembly, continued

Outer chassis rails, continued
Again, secure the bearing flats to the chassis rails using two
two 2" 8-32 screws and two keps nuts per bearing flat.

&~
- @
@
.. @ -
R
.,__\“‘ .."“-@
o Parts needed in this step:
% ]/2"
x8
Your outer chassis rails should now look like this:
& o
@ o
o G
= 6
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squarehot assemhly

squarehot chassis parts and assembly, continued

9 Motor Subassembly
Before starting on the motor subassembly, make sure that the clutch
is installed in the motor, as shown.

Parts needed in this step:

liig,
-
_

Insert a 2" square beam into each clutch, making sure that they seat
firmly. The square bar will act as the motor’s drive shaft.

Parts needed in this step:

212 Inventor’s Guide

01/31/05



01/31/05

squarehot assemhly

squarehot chassis parts and assembly, continued

e Motor Subassembly, continued
Slide the pre-assembled inner chassis rails onto the square bar motor
shafts, so that the shafts go through the middle hole in the middle
row of each rail.

Install one bearing flat on the outward-facing side of each
chassis rail, with the front hole of the bearing flat sliding onto
the motor shaft as shown.

wvEx Inventor’s Guide 213

....................



squarehot assemhly

squarehot chassis parts and assembly, continued

e Motor Subassembhly, continued
Your assembly should now look like this:

Secure the bearing flat to the inner chassis rail and motor using two
12" 6-32 screws per motor. Note that these are the thinner screws,
not the usual 8-32 ones.

Parts needed in this step:

g "
x4

Your assembly should now look like this:

214 Inventor’s Guide Y :

01/31/05



01/31/05

squarehot assemhly

squarehot chassis parts and assembly, continued

Chassis Subassemhly
Insert a 3" square bar through the center hole of each unoccupied

bearing flat, as shown. Don’t push them all the way through. Push
the end of the bar about /8" through the rail.

vEx Inventor’s Guide 2-15



squarehot assemhly

squarehot chassis parts and assembly, continued

Chassis Subassembhly, continued

Slide metal collars (with threaded screws) onto each of the 2" and
3" square bars, mounting them flush with the surface of the bearing
flat against which they will sit. Be sure the square bars don’t get
pushed too far in while you put the collars on, or you will not have
enough bar sticking out to mount the wheels later.

Parts needed in this step:

Q ..

@€
©
@€

Once the collars and bars are in position, tighten the threaded screws
with the smaller 5/64" hex L wrench to keep the collars from
sliding out of place.

16 Inventor’s Guide vEx
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squarehot assemhly

squarehot chassis parts and assembly, continued

o Chassis Subassembly, continued
Slide a 60-tooth gear onto the drive axle of each motor, pushing it
flush against the collar that you added in the previous step.

vEx Inventor’s Guide 217



squarehot assemhly

squarehot chassis parts and assembly, continued

Chassis Subassembhly, continued
Slide a 36-tooth gear onto each of the remaining square bars,
pushing them flush against the collars.

218 Inventor’s Guide e
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squarehot assemhly

squarehot chassis parts and assembly, continued

Chassis Subassemhly, continued
Add another collar to the end of each 3" square bar, again pushing
them flush against the face of the gear before tightening the screws.

N

Parts needed in this step:

Q.-

Tighten the threaded screws with a 35/64" hex L wrench.

& &

vEx Inventor’s Guide 219



squarehot assemhly

squarehot chassis parts and assembly, continued

Chassis Subassembly, continued

Install the pre-assembled outer chassis rails onto the current
assembly. All three of the square bars sticking out of the inner rail
should go neatly through bearing flats on the outer rail.

y
y
Note: If you find that your gears are sliding on the axles, you
can insert the 0.182" and 0.318" plastic spacers included in the kit
to block them into place.
¥ E N

220 Inventor’s Guide R —
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/ﬂmﬂum—squamhnimmhu\

squarehot chassis parts and assembly, continued

QChassis Subassembly, continued
Place chassis bumpers on the front and rear of the chassis rails,
as shown.

wEx Inventor’s Guide
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squarehot assemhly

squarehot chassis parts and assembly, continued

Chassis Subassembly, continued
Secure the vertical faces of the chassis bumpers to the end of the

chassis rails using four %" 8-32 screws and keps nuts in the front,
and four in the back.

22 Inventor’s Guide
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squarehot assemhly

squarehot chassis parts and assembly, continued

Chassis Subassembly, continued

Secure the horizontal faces of the chassis bumpers to the top of the
chassis rails using ¥4" 8-32 screws and keps nuts, six in the front and
four in the back.

These holes remain open to allow
€§ other subsystems to use them as
P attachment points.

¥¥
W
5 ¥
¥
Parts needed in this step:
4 - ]/4"
g x 10 x 10
H
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squarehot assemhly

squarehot chassis parts and assembly, continued

Deck Subassembly
Place the large flat panel on the 2" partially threaded beams,
aligning each corner of the panel with one of the threaded beams.

Parts needed in this step:

x1

224 Inventor’s Guide "E"
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squarehot assemhly

squarehot chassis parts and assembly, continued

0 Deck Subassembly
Secure the panel to the threaded beams with four ¥2" 8-32 screws,

as shown.

Parts needed in this step:

D / n
LY
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squarehot assemhly

squarehot chassis parts and assembly, continued

Q Deck Subassembhly
Install the small green tires (2.75" Removable Tire and 1.895" Hub)
on the 3" square beams, as shown.

Parts needed in this step:

\\
@‘ X 2

Your Squarebot chassis is complete!

226 Inventor’s Guide VEX
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concepts to understand

Stahility: Center of Gravity Considerations
~

Center of Gravity

You can think of the robot’s
center of gravity as the “aver-
age position” of all the weight
on the robot. Because it is an
average of both weight and
position, heavier objects count
more than lighter ones in
determining where the center
of gravity is, and pieces that
are farther out count more
than pieces that are near the
middle.

Support Polygon

The support polygon is the
imaginary polygon formed by
connecting the points where
your robot touches the ground
(usually the wheels). It varies
by design, but there is always
one support polygon in any
stable configuration.

Stability

The rule for making a robot
stable is very simple: the
robot will be most stable
when the center of gravity is
centered over the polygon.
Your robot will encounter
much more complex situa-
tions than just standing still,
however, and you need to take
these into account when
making your design.

....................

/

Gravity

Center of

L .
4 )
Support
Polygon
Point of Contact
Between Wheel
and Ground
\_ Y.
4 I
Center of Gravity
is Over
Support Polygon
\_ Y.
Inventor’s Guide 27



concepts to understand, continued

Stahility: Center of Gravity Considerations, continued

EXAMPLE 1: Towerhot e
This robot was built very tall
so that it would be able to
reach a hanging goal for a
challenge. However, along the
way, it had to first climb

a ramp.

Weight Represents
the Bulk of a Gripper
or Similar Apparatus

Center of Gravity
is Higher due to
More Weight
Mounted High Up

—_

Notice that the robot’s center
of gravity is no longer over
the support polygon. This
robot would fall over as soon
as it started up the ramp.

Center of Gravity
is Not Directly Over
Support Polygon

2 - 28
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concepts to understand, continued

Stahility: Center of Gravity Considerations, continued

EXAMPLE 1: Towerhot,
continued

To fix this problem, you must
lower the robot’s center of
gravity so that it does not
move as far when the robot
is on an incline. In general,
it is always advantageous to
have your robot’s center of
gravity as close to the ground
as possible!

....................

4 _ I
Center of Gravity
is Lower hecause
Weight is Lower
\_ Y.
4 I
is Still Over
Support Polygon
\_ Y.
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concepts to understand, continued

Stahility: Center of Gravity Considerations, continued

EXAMPLE 2: Grahherhot
This robot is designed to pick
up a heavy object using the
gripper claw on the front,
and transport the object to
another location.

When the robot picks up the
object, it effectively adds it

to the robot’s structure. The
combined robot-ball structure
now has the new center of
gravity (shown below), which
is outside the support
polygon. The robot tips over
as a consequence.

~
Center of Gravity
is Directly Over
Support Polygon
(but not by much)
W

Heavy Weight Near
Front of Rohot Moves
Center of Gravity

Far Forward

Center of
Gravity is
No Longer

Over Support<m

71
Polygon
\ N -/

230
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concepts to understand, continued

Stahility: Center of Gravity Considerations, continued

EXAMPLE 2: Grahherbhot,
continued

There are many solutions to
this problem. Depending on
the specifics of the challenge,
some ot all of these modifica-
tions could work:

Moving the center of gravity back by moving the gripper farther
back on the robot

-

Weight Still Pulls \
Center of Gravity
Forward, hut Not
as Far as Before
Center of Gravity
Remains Over
Support Polygon
/4

Extending the support polygon by adding more

wheels farther out

Moving the center of gravity back by adding
counterweights on the back of the robot

-

Center of Gravity is
Over Newly Extended
Support Polygon

-

Additional Weight
Pulls Center of Gravity
Back Toward Center

ﬂkgj

Center of Gravity
Remains Over
Support Polygon

!

....................
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concepts to understand, continued

Fasteners

There are over a hundred
screws in your starter kit.
Use them! The most common
problems with robots that fall
apart or lose pieces easily is
not that individual parts come
apart or bend, but rather that
groups of parts are not joined
securely enough, and sepa-
rate from each other or move
around.

EXAMPLE 1:

Arm Extension

A robot needs to be able to
reach a goal that is high off
the ground. The goal is so
high that a single long piece
will not reach it. Two pieces
must be joined together to
reach the desired height.

Arm Rotates Too
Easily Around
This Point

Inventor’s Guide
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concepts to understand, continued

Sturdiness, continued

EXAMPLE 1, continued: e
Arm Extension,

continued

This attachment uses a single
screw to join the two bars. As
you can see, it has a problem
when weight is applied to

it: the extension bar rotates
around the screw. Also, if this
screw were to come loose or
fall out for any reason,

the entire arm would come
crashing down.

By using two screws, this
design removes the possibil-
ity of rotation around either
one of them. Additionally, the
design is much more resilient,
and can maintain its shape to
a limited extent even if one of
the two screws were to come
loose or fall out.

Two Screws
Eliminate
Rotation

~
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concepts to understand, continued

Sturdiness, continued

EXAMPLE 2:

Bracing

The extended bars are now
attached firmly to each other,
and the long arm is mounted
on your robot. However, the
long arm is liable to generate
huge stresses at its mounting
point because it is so long,
especially when the force is
applied near the end.

In order to keep the arm from
falling back down, you will
need to brace it. You could
use a second screw to hold

it, like you did with the arm
itself, but because the arm has
so much mechanical
advantage from its length

(it is effectively a lever),

that screw would actually be
in danger of deforming or
breaking. A better solution
would be to give the structure
support at a point closer to
the end, thus reducing the
mechanical advantage that
the arm has relative to the
supports.

Long Lever Arm
Causes Great Strain
on Mounting Point

~

Large Stress on
Weak Mounting
Point Causes
Structural Failure

Oo0oooooooaoao
0O00O0o0ooooao
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concepts to understand, continued

Sturdiness, continued

EXAMPLE 2:

Bracing the Bars,

continued

The arm is now more stable
and better able to withstand
stresses placed on it from both
its own weight, and any exter-
nal forces acting on it. It has
both decreased the mechani-
cal advantage from the long
lever arm, and spread the load
over two supports instead of
just one.

\
Shorter Lever Arm
Causes Less Strain
On Mounting Screw
There are Now
Two Supports
Bracing Arm
Provides Support
And Shortens — |
Lever Arm
W
Inventor’s Guide 2°35



concepts to understand, continued

Exposure and Vulnerabhility

There are certain parts of a
robot that are more fragile
than others. Always plan the
structural design to protect
these parts from unwanted
physical contact if possible.

The design in the example at
the right is asking for trouble.
The Vex Micro Controller is a
sensitive piece of electronic
equipment, and it can be a
poor design decision to put

it somewhere like this where

it could be damaged by a
simple physical impact. In
particular, this design leaves
the back of the Vex Micro
Controller exposed in such a
way that a passing robot or a
careless driver could smash the
entire rear connector panel,
potentially damaging the radio
control and power connections.
Also, the wires are a mess.
This is dangerous, because if
one of those wires were to snag
on another robot (or even on
the robot’s own wheels!), the
connector would be forcibly
removed from its port. Not only
would this disable the robot

on the field, but it could cause
permanent damage to the cable
or the ports on the Vex Micro
Controller.

Adjusting the position of the
controller so that it is not likely
to get hit by anything, and
cleaning up the wires (the kit
comes with wire ties) reduce
the chance of damage to the
sensitive electronic components
on the robot. As a bonus, it
looks a lot cleaner as well.

236

K

N

Micro Controller
Hanging Qutside
Rohot’s Bumper
is Vulnerahle to

Collisions

Wires will
Snag on
Ohstacles
or Other
Rohots

Wires Can Even
Get Caught in the
Rohot’s Own Tires

Micro Controller
is Now Protected
from Collisions

Tied Wires
are Less Prone
to Snagging
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subsystem interactions

How does the Structure Subsystem
interact with...

01/31/05

...the Motion Subsystem?

* The motion and structure subsystems are tightly
integrated in many robots designs, including the
Squarebot. The motion subsystem can’t be
constructed without certain structural
components (like the chassis rails) to provide
support and positional reference. By the same
token, the structure subsystem must be designed
largely to accommodate the motion components.

* On Squarebot, the structure and motion
subsystems are so interconnected that you cannot
build them separately. Hence, they are
constructed together in the Squarebot chassis
assembly instructions.

...the Power Subsystem?

* The structure subsystem generally provides a
safe, protected place to secure the battery.

* On the Squarebot, the structure subsystem
provides a mounting platform for the battery
holder, on the upper deck of the chassis (see
Power Subsystem building instructions).

...the Sensor Subsystem?

* The structure subsystem provides a mounting

and stabilization platform for sensors on the
robot. Often, sensors need to be held in a
specific position to function properly, and the
structural subsystem must be designed to
accommodate these needs.

* On the Squarebot, the structure subsystem

provides a mounting spot for the bumper switch
sensors, where they can detect collisions from the
front and rear.

...the Control Subsystem?

The structure subsystem will generally provide

a place to store the RF Receiver module on the
robot. In some cases, you will need to construct a
piece to hold the antenna wire in a safe place, or
to hold it up above the robot to extend its

signal range.

On Squarebot, the structure subsystem provides
an elevated deck for the RF receiver module and
antenna holder to be mounted for enhanced
reception.

... the Logic Subsystem?

The structure subsystem holds the Micro
Controller in place. Since the Micro Controller
is a very delicate and important part of the
robot, the structure subsystem will also need
to provide physical protection for the Micro
Controller by keeping it in a secure spot.

The structure subsystem does not plug into the
Micro Controller in any way; however, the
structure subsystem does need to provide
accommodation and protection for the wires
that run between the Micro Controller and
other pieces.

On the Squarebot, the structure subsystem
provides a mounting platform for the Micro
Controller module, and a place to tie wires
down.
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structure

W

component qty component gty

chassis humper 2 long har 4

fully threaded
heams (¥2")

fully threaded 8
heams (1")

(N I A B A B O I I e I e W
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structure subsystem inventory, continued

partially threaded 4 washer, steel
heams (2")

partially threaded 4 washer, delrin
heams (3")

pivot 2
0 lock nut (¥4')
0 -

0
plus gusset 2 screw 8-32 x ¥4'

0
N 0 5

Y
gusset 2

\
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structure subsystem inventory

bearing hlock

0.182" plastic
spacer

e

0.318" plastic
spacer

l

collar

5

threaded screw
for collar

lock plate

\‘—

16

20

20

16

16
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metal and hardware kit

Metal and Hardware: INSERT THESE PAGES
This kit contains additional structural elements that you can at the back of the
use to build bigger, better, stronger, and more complex robot Structure Chapter in your

Vex Inventor’s Guide.

designs. Or, since bigger isn’t always better... use the pieces
in this kit to make sure that you always have the most
efficient part for the job. All the parts included in this kit
were also included in the Starter Kit, so consult your
original Inventor’s Guide for building tips and examples on
how to use them.

screw, 8-32 x V4" x 70 chassis rail x 4 plate x 2 )
= (OO0 00
= OO OO
'O 0 0 O Ol
OO OO
10O 0 0 O Ol
el el el ot
screw, 8-32 X %/s" x 28 \DODODODOD}
i 000 o0 O
' PO GGG
o0 oo 0
e 6 o+ o
0000 0
OO OO
(OO0 000
SO GEG G
00000
OO OO
00000
6 o o o
00000
e ol e e
Do 0o o
e el el el
collar x 16 plus gusset x 2 [DODODODOD}
= 0D 0000
@ 0 ’> STCTOLS
(I B e B e I e I
J @ D Y G Gy Gy Sy
0
0.182" plastic 0
threaded screw spacer x 20
for collar x 16
hearing hlock x 6 washer, steel x 30
P
0.318" plastic =~ & )}
spacer x 20 n.in J
E:j hearing flat x 16 washer, delrin x 10
N Y.
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structure accessories

4 fully threaded heam (*2") x 10

g/

fully threaded heam (1") x 8

{

partially threaded heam (2") x 4

partially threaded heam (3") x 4

square har (2") x 4

~

square har (3") x 4

lock plate x 4

=

220

{a)

o

metal and hardware kit » 2

long angle bar x 4

square har (12") x 2

pivot x 2

gusset x 2

Limited 90-day Warranty

This product is warranted by Innovation
One against manufacturing defects in
material and workmanship under normal
use for ninety (90) days from the date of
purchase from authorized Innovation One
dealers. For complete warranty details and
exclusions, check with your dealer.

Innovation One, Inc.
350 North Henderson Street
Fort Worth, TX 76102

11/04
Printed in China
0105
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