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Hedgehog Concept

= Qur goal was the creation of a simple design that can show the
aesthetics of the payload while being accurate in all engineering
decisions.

Accuracy

Aesthetics Simplicity
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Full Scale Key Product Specifications

= Safely hold & and secure the fully integrated Astro Cruciform, with the full telescope complement and associated payload
hardware. Estimated total weight is ~8,000 Ibs. A minimum 3.0 Factor of Safety.

= Support rotation of the integrated payload from the horizontal, vertical, or intermediate position to accommodate both
integration activates and exhibition display.

= Concepts Shall include possible use of the stand for transportation of the payload from the USRRC to the Smithsonian’s
National Air & Space Museum.

= Support Tilting of Astro so that the internal payload will be visible to exhibit visitors.

= Total cost of the full-scale ADS shall not exceed $25k (note: turntable is customer provided, not part of total cost).
= Museum max height: 300 Inches or 25 Feet.

= |n addition to Vertical & Horizontal, fixed angles for static tilt positions (15/30/45 deg from horizontal).

= Capability to secure the Integrated Payload Cruciform independent of the tilt mechanism used (e.g. lock pins) (Note:
tilt operations will only be performed occasionally as required by the ARP team).

= ADS conforms to multiples weights & CGs to reflect various Astro Cruciform configuration.

= Two fault tolerant requirement for any potential loss of tilt angle during static display
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1/5 Scale Key Product Specifications

= Adimensionally accurate 1/5 scaled model of the Astro Integrated Cruciform
Payload.

= Ascaled model of the ASTRO Integrated Cruciform Display Stand(ADS) to
hold the Astro payload 1/5 scale model and rotate it from vertical to horizontal.

= Afunctional turntable sized to rotate the 1/5 scale model ADS and Astro
payload 360 degrees.

= An intuitive control panel for visitors as young as 5 years old.

= The scaled ASD and turntable shall utilize full-scale electrical and mechanical
components where applicable.
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Render of Full Scale Model
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Render of 1/5 Scale Model
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Built Prototype
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Key Features

= Forklift Stable
= Configurable Cg’'s and Tipping

= Museum Height Requirements M E ‘ H

rea e MOTION
g DYNAMICS

= Turn Table
= Electrical Diagrams

il
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Forklift Stable
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Configurable CG’s and Tipping

HUT

CG,

1555 44.4
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Weight | CG, X (in) CG, Y (in) CG, Z (in)
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46.2 1 0.4

Composite Astro []okk
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-31.1

,CG,

Configuration Weight (Ibs)
Composite 6601
Composite-HUT-UIT 4230
Composite-HUT-UIT-IRS 3597
Assumed Mass for Maximum 8000

Load

X Wiz
X W

Composite Astro System 6601

Composite-HUT-UIT 4230
Composite-HUT-UIT-IRS 3597

Assumed Mass for Maximum Load 8000
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Museum Height Requirements

179.62

A NNe
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Linear Actuators

= Designed to pitch the payload to a desired orientation
= Two Thomas Electrak XD Actuators (Model B250)
= Each capable of 25,000 N (5620.22 |bs) loads

- Torgue required :113,600 |bs-In
- Torque capable: 138,950 lbs-In

\
-
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Linear Actuators - Math

Torquepayjoaqa = (9605 Ibs) * (14.2 in.)

COM-Payload Tpayload= 136,391 lbs-in
(dist = 14.2”; F = 8000 Ibs)

Torqueactyator = (4710.182 1bs) * (14.75 in. )*(2)

Linear Actuator _
T = 138,950 Ibs-in
(dist = 14.75”; F = 5620.22 Ibs) Actuator

A TActuator > TPayload

Pivot Location
Payload . .
Configuration Weight [Ibs] Torque [lbs-in]
57.291"
Full Payload 9,605 136,391
CAS + HUT + UIT 8,972 134,116
' CAS + HUT 8,156 121,599
CAS 6,601 100,491

— UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF ENGINEERING 15 —



Locking Pins

= Designed to assist with keeping payload in desired orientation by
mitigating stress on other components

= 6"-J2” center part; points out for ease of insert; cap and pin hole to
be secured into place
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Locking Pins - Math

A
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-h=6"=0.1524 m

Torque of 7,700 N-m acting on the -5y =210 MPa
shaft which goes into the pin -No r;ormal stress
-n=

1 3 1 3
J = Lo+ Ly = = b3h +— A%

S

’ 2 2 2 y
o = |ot+o0,0,+0;+ 314, =—
\/x Ty oY Yon

b = 0.045233 m = 1.78" = 2"

Co:fa;\g,:xor:ion Weight [kg] Torque [N-m]
Full Payload 4,357 7,700
CAS + HUT + UIT 4,069 7,570
CAS + HUT 3,699 6,864
CAS 2,994 5,672




Turntable

= Designed to be low-profile
and discrete so as not to
distract from the display.

* Powered using a
compliant rubber wheel

attached to a 12V motor. -
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Electrical Schematic — Controller

= Separate Bluetooth Controller

= Powered with a replaceable battery

= Button and Potentiometer states
are transmitted to the receiver
Bluetooth module on the stand

= States are put into a string and are
transmitted through the Arduino
Serial connection
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Bhn

Motor Power

Arduino
(Input 7-12V, Output 20 mA per Pin)
}% D13 D12
18 3v3 D11
To| AREF D10
70 AD D9
53] A1 D8
1Az D7
%_% A3 D6
53] Ad D5
= AS D4
%_% A6 D3
57 A7 D2
5g] +5V GND
RESET RESET
S5 GND DO/RX
—== VIN D1/T%
9V Battery
A |
N+

10K Ohims
E 1l — 1
12
11
L0 Motor Direction
o Lo 10K Ohms
5 P T
7
0
S
rl
3
D
1
Linear Actuator
—'[:I Potentiometer
D-60K Ohms
1K Ohms 1K Ohms
1 1
| I | | S
~fen
VCC (5V)

41GND

3|lrx  BLUETOOTH HC-05

2

RX (5V, 30mA)
1] !
1K Ohms STATE
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Electrical Schematic — Display

= Motor controller for each
liInear actuator

= Power supplied from the
12V outlet

= Receives String from
Bluetooth module and uses
It to set motor states

= Controls Linear Actuator
position with a bang-bang
controller
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Perf Board Schematic - Controller

wry R = Main items that are
| e oo .
4 attached are resistors,
voltage divider
b $ET b ot o = Buttons/Potentiometers are
L e o sl o attached to the perf board
J o000l through wires as they are
) Cj O glued to the controller
Z Z z o 0 OMFe Z
OOOOOOOO? —E"Egctm

(5V, 30mA)
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Perf Board Schematic - Display

BLUETOOTH
HC-05
=
EosEEl
‘_-.||_-, mlﬂ_{ R ARDUING PIN
o 4o 4 O 0O
e I VI )] O 0O
L_EN MOTOR 3 4 N S| VI - & O O
ONEEGTEE /I (RGN OTE S TS|
R_EN MOTOR. 3 0O Se———— ]
oo 4§ O O 0 {
VEC MOTOR 2 £ o 9 O O O|F|C
L O 9P O O oL 10
5V POSITION MOTOR 2 d od oo od o
L O 9P o O o9 O
L_EN MOTOR DRIVER 2 d o d o o 0 0
oo 4§ O O 0 f'ﬁ {
R_EN MOTOR DRIVER 2 d o d oo oo
O 0O P O O O S
VCC MOTOR DRIVER 2 d od oo o0 0O e GOD POSITION MOTOR 2
I O I o o e =
5V POSITION MOTOR 1 hd oo o0 0 00 0 e GOD POSITION MOTOR 1

L O O O o o0 0

L_EN MOTOR DRIVER 1 hd oo o0 0 00 0 e GND MOTOR DRIVER 3
L O O O o o0 0

R_EN MOTOR DRIVER 1 hd oo o0 0 00 0 e GND MOTOR DRIVER 2
_ L O O O o o0 0

WEC MOTOR DRIVER 1 o o o o 0 900 0 GND MOTOR DRIVER 1
L O O O o o0 0

5V ARDUINO PIN & o O o o 90 O —— GND ARDUINO FIN

= Connects the 5V output pin
of the Arduino:

= VCC, R_EN, and L_EN pins
on the motor driver module

= 5V motor wire of the
position feedback circuit on
the motor.

= Bluetooth device
= Connects the GND pin of
the Arduino:

= Motor Driver 1, 2 and 3
= Bluetooth Device GND
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Voltage and Current specs for Full and 1/5 Scale Linear Actuators

BTS7960
Motor Driver

Voltage and
max allowed
current

1/5 scale Linear actuator

LACT6P-12V-20 Light-Duty
Linear Actuator with Feedback

www.pololu.com

Full-scale Linear Actuator

Electrak® XD Linear Actuators

6 - 27V

12V

24V

43 A

3.2A

30 A
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Design Highlights

= Horizontal Locking Mechanism

= Bluetooth Controller
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~orklift Transportable Base
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Horizontal Locking Mechanism
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Bluetooth Controller

= Utilizing HC-05 Bluetooth Module

= Remotely connect the controller and
the motors/actuators on the turntable

= Removes need for another wired
connection

= Aesthetically pleasing

= Easlly replaced and accessible for
maintenance

= Connection up to 100 meters away
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Locking Mechanism

= Full Scale Locking Mechanism
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Forklift Transportable Base Plate
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Design Evolution

= Changes in full-scale model
= Changes were made due to

customer needs, safety, and
simplicity
= Changes in 1/5" — scale model M OT I O N
= Changes were made to increase
manufacturability in lab and to DYNAMICS

represent the functions of the full-
scale model

P
A
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Evolution of Full-Scale Model

= Moved support beams so that linear actuators were not going through
them and changed thickness

= Changed how the shaft works and its dimensions
= Added locking mechanism
= Changed the size of the baseplate
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Support Beams - Full-Scale Evolution

* Increased manufacturability, added to ease of maintenance, and kept
simple by removing hole where actuator goes through

= Changed the thickness of the support beam to meet a factor of safety
of 3
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Support Beams - Math

y

Location of
concern for the
support beams
(lower outside
edge)
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-b=0.3098 m
-h=0.1651m

- Only normal stress
in x-direction

-n=3

-F=42,696 /2 N

- M = 55,308 /2 N-m
-Sy =210 MPa

F Mc
Ox normal — K Ox,bending = E
Cross-Section area of beam A=Ay —A,=hb—(h- Zt) (b—29
T 1t Ly=lyw—lyo= —(hb3) - —((h 26)(b — 2t)3)
) h-2t | . . ~ s,
A bt ‘ o = Jax + 0,0y + 0y + 375, = P
- i - Y Ox = Oxpending — Oxnormal
b t =0.0023871m
t =0.094"“ = 0.125" =1/8"
Pafyload. Weight [kg] | Force[N] *2 | Moment [N-m] * 2
Configuration
Full Payload 4,357 42,696 55,308
CAS + HUT + UIT 4,069 39,876 51,663
CAS + HUT 3,699 36,249 46,964
CAS 2,994 29,338 38,010




Shaft - Full-Scale Evolution

* Increased diameter to meet factor of safety of 3

= Welded into transverse beams
= Attached to support beams via bearings

= Attachment changes allow for use of locking pin
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Shaft - Math

2

2\

1
< A%U;Sm

Locations 1 and 2 are
areas of concern for

vVQ
Toy = —;
YX o It

Q=A% V=F

Mc

Oy bending = I_
XX

o = \/a,? + 0,0y + ) + 375,

At point 1, only normal force in
the y-direction from bending
occurs

Oy,1 = Oy bending (M) T Oy bending (F)
Mc N (F*0.1778m)c

(0] =
y.1
Iyx Iyx

failure r =0.092019 m = 3.62"
Paryload. Weight [kg] | Force[N] *2 | Moment [N-m] * 2
Configuration
Full Payload 4,357 42,696 55,308
CAS + HUT + UIT 4,069 39,876 51,663
CAS + HUT 3,699 36,249 46,964
CAS 2,994 29,338 38,010

_ md* -n=3
64 -F=42,696 /2 N
— 772 -M =55,308 /2 N-m
-Sy =210 MPa
Sy
n

At point 2, normal force in the y-
direction from bending and shear
in yx-plane occurs

r =0.079545 m = 3.13"

r =3.75"
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Locking Mechanism - Full-Scale Evolution

= \Was not used previously
= Added extra layer of security for payload orientation

= Helps keep payload in desired angle

= Relieves stress from actuators while stationary
= Meets customer needs

= Meets factor of safety of 3
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Evolution of 1/5t — Scale Model

= Changed everything to utilize nominal sized parts and ensure
manufacturability
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Notable Changes - Scaled Model Evolution

Locking Mechanism Linear Actuator Connection Support Beams

Full-Scale

1/5th-scale
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Electrical Diagrams — Notable Changes

= Moved motor and linear
actuators to the same
circuit with motor controller

- I I
Use Of dedlcated Contro er Arduino
In 2 20 mA pel
- = D12 i—i Button 1 ( 15 P )

4 D113 12 58 17013 D123 Motor Powor 10K Ohms
= pio 2 a3 pi1 2 2 .ony
19 12 18l AREF p1o 2 —

Da9 1 12
20) Da [LL 55| A0 D9 e
2y o7 [0 Button 2 21]AL )
22 Ds 2 1 A2 D75 Motor Direction

-2 9 10K Ohms

23 D5 B_—I 5543 D6~ 1—2 |
24 Dalz 22Aa D5 - I
25 B A5 D4
b D3 AB p3f-
26| o2l 2847 D2
27 e B 27 ND
28 3 by -
28} esetr- | | || 2Ereser Rres ET
29) 2 -
& DO/RX [ i
= oy~ i

Motor
z é =
2 lﬁ } MOSFET
—]

1K Ohms 1K Ohrms
I~ 1
| S—
e
Svee (sv)
GND
g x BLUETOOTH HC-05
21RX (5V, 30mA)
1K Ohms STATE
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Electrical Diagrams — Notable Changes

= Potentiometer moved to the controller, utilization of multiple motor
controllers to avoid use of more Arduinos

* Proper power supplied by the wall outlet

[o] o]
PoEzs
377
‘ e - Al
o g P . ‘+
e ™ ke
I i Y
[o] | o] '
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Full Scale Exploded CAD View
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1/5 Scale Exploded CAD View
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Full Scale Exploded CAD View
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1/5 Scale Exploded CAD View
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Cost Table Summary

= 1/5 Scale Cost Breakdown
o OTS Parts - $795.40
o Manufacturing - $368.62
o Assembly - $44.51
o Total — $1,208.53

= Full Scale Cost Breakdown
o OTS Parts - $7,844.24
o Manufacturing - $15,038.04
o Total - $22,882.28
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Why us?
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