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Opportunity:

Looking up at the night sky, observing the heavens, and pondering our miniscule existence has
been a human experience for millenia. People have always been drawn to the stars, and we
created SkyPal to make it easier than ever before. SkyPal offers 20-200x magnification and
easy-to-use potentiometer knobs to adjust both the yaw and pitch of the telescope, allowing the
user to home in on their celestial target.

High-level Strategy:

The process begins when the user defines a trajectory that they are interested in observing.
They have two options for how to communicate this to SkyPal. Option one: the user sets the
SkyPal manual mode and adjusts the pitch and yaw control axis knobs by hand. Option two: the
user sets SkyPal to computer mode and types in a trajectory obtained via visual confirmation or
GPS data calculation. Initially, we wanted to automate this second process by connecting to the
Internet, but left this feature out.

After SkyPal receives a command in either manual or computer mode, it positions and adjusts
the gimbal-mounted axes motors to the requested position. When the position is changed,
SkyPal will continue to follow new commands. If the control modes are swapped, or SkyPal is
rebooted to manual mode, it will move to the currently-set analog position. We also
outperformed the initial metrics of time to position of 30 seconds and precision of 1 degree.

Device With Integrated and Labeled Systems:



Function-critical Decisions, Calculations, and Specifications:
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Required Torque, Assuming the telescope center of
mass is 25 mm off
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Polulu #4831 gearmotor, 60% of stall torque = 18.6 kg cm, able to handle this load



Circuit and State Transition Diagrams:

The circuit diagram above represents the necessary circuitry to perform single-axis position
control, which is the basis for our project. A double-axis design was indeed developed and
tested, but we went with the single axis control for simplicity of demonstration and
representation. Notice that the H-bridge inputs and outputs are “doubled-up” to account for the
increased current demands of the motor.

Reflection:

Our telescope project concluded as planned, featuring a significant component constructed from
wood—a material not widely recognized for its stability and strength.
The lack of precision apparent at the end of our project was found to be a product of our
gearbox selection. In retrospect, the inclusion of a capstan transmission could have alleviated
this issue, but this consideration only emerged after the design and procurement of materials.
The final circuit could have also benefited from some tidying as we were still using jumper wires
on a single breadboard. Moving the manual controls to a secondary breadboard and replacing
jumper wires with shorter, fitted cut wires would have made the final wiring easier to read and
more aesthetically pleasing.The wiring could also benefit from being moved closer to the center
of one of the platforms, but a mounting and attachment system was never incorporated. Our
original concept of a star tracker was not reached but all of the mechanisms needed for this are
in place. A couple days and a couple headaches of software updates should be able to
accomplish this. Our project was overall a success in our eyes but is not without its faults.



Appendix A: CAD Drawings

Isometric View:

DOF1:



DOF2:

DOF2, Shaft Telescope Mount:



Appendix B: Bill of Materials

Item Name Description

Purchase
Justificatio
n

Serial
Number /

SKU
Price
(ea.)

Qua
ntity

Vendo
r

Link
to
Item

Telescope Koolpte Telescope,
70mm Aperture
400mm AZ Mount
Astronomical
Refracting
Telescope
(20x-200x) for Kids
& Adults, Portable
Travel Telescope
with Tripod Phone
Adapter, Remote
Control, Easy to
Use, Black

Centerpiece
for the
project

40070

$ 79.99 1

Amazo
n

LINK

Flexible Motor Coupling uxcell 4mm to
6.35mm aluminum
L25xD19

Connects
motors to
shafts

a20112600
ux0061 $ 12.64 1

Amazo
n

LINK

1/4" Bore Shaft Collars
Sets-Screw Style

Zeberoxyz 8pcs
1/4" Bore Shaft
Collars Sets-Screw
Style Zinc Plated
Solid Steel
Lock Collars with
1/2" Outer
Diameter and 5/16"
Width for Drive
shafts, The
Automotive
Industry etc.(1/4",
Zinc Plated)

Used to fix
motor shaft
in place

ZE128

$ 11.98 1

Amazo
n

LINK

Flanged Radial Ball
Bearing

QBBC FR4-ZZ 1/4"
x 5/8" x 0.196"
Flanged Radial Ball
Bearing 10pack

Constrains
shaft
rotation for
both drive
shafts

FR4-ZZ

$ 19.79 1

Amazo
n

LINK

Stainless Steel Ring
Shim

316 Stainless Steel
Ring Shim, 0.01"
Thick, 1/4"
ID, packs of 10

Used
between
the collars
and ball
bearings to
guarantee
fit

97022A37
2

$ 8.63 1

McMa
ster-C
arr

LINK

https://www.amazon.com/gp/product/B0C4KVQGCV/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/uxcell-Aluminum-Coupling-Flexible-Connector/dp/B09137356F/ref=sr_1_1?keywords=4mm+to+6.35mm+Aluminum+Alloy+Shaft+Coupling+Flexible+Coupler+Motor+Connector+Joint+L25xD19+Silver%2C5pcs&qid=1702506935&sr=8-1
https://www.amazon.com/Zeberoxyz-Sets-Screw-Diameter-Automotive-Industry/dp/B0B4JQ1RPG/ref=sr_1_1?crid=3MIV4WK7ECMB8&keywords=Zeberoxyz%2B8pcs%2B1%2F4%22%2BBore%2BShaft%2BCollars%2BSets-Screw%2BStyle%2BZinc%2BPlated%2BSolid%2BSteel%2BLock%2BCollars%2Bwith%2B1%2F2%22%2BOuter%2BDiameter%2Band%2B5%2F16%22%2BWidth%2Bfor%2BDrive%2Bshafts%2C%2BThe%2BAutomotive%2BIndustry%2Betc.(1%2F4%22%2C%2BZinc%2BPlated)&qid=1702507229&sprefix=zeberoxyz%2B8pcs%2B1%2F4%2Bbore%2Bshaft%2Bcollars%2Bsets-screw%2Bstyle%2Bzinc%2Bplated%2Bsolid%2Bsteel%2Block%2Bcollars%2Bwith%2B1%2F2%2Bouter%2Bdiameter%2Band%2B5%2F16%2Bwidth%2Bfor%2Bdrive%2Bshafts%2C%2Bthe%2Bautomotive%2Bindustry%2Betc.%2B1%2F4%2B%2C%2Bzinc%2Bplated%2B%2Caps%2C145&sr=8-1&th=1
https://www.amazon.com/FR4-ZZ-Flanged-Radial-Bearing-10pack/dp/B06X19Z696/ref=sr_1_1?crid=368HVPHO7YEMR&keywords=QBBC+FR4-ZZ+1%2F4%22+x+5%2F8%22+x+0.196%22+Flanged+Radial+Ball+Bearing+10pack&qid=1702507493&sprefix=qbbc+fr4-zz+1%2F4+x+5%2F8+x+0.196+flanged+radial+ball+bearing+10pack%2Caps%2C174&sr=8-1
https://www.mcmaster.com/97022A372/


Belleville Disc Spring Belleville Disc
Springs for Ball
Bearing Trade No.
R3, 0.319" ID,
packs of 10

Used
against ball
bearings to
limit motion

94065K26

$ 3.94 1

McMa
ster-C
arr

LINK

Flange Mounted Shaft
Support

Easy-Access
Flange-Mounted
Shaft Support for
1/4" Shaft
Diameter, 1117
Carbon Steel

Mount for
swiveling
telescope
base

1870K1

$ 45.24 1

McMa
ster-C
arr

LINK

Steel D-Profile Shaft D-Profile Rotary
Shaft, 1045 Carbon
Steel, 1/4"
Diameter, 12" Long

Main shaft
between
motors and
telescope

8632T139

$ 10.86 1

McMa
ster-C
arr

LINK

Female Hex Threaded
Standoff

Aluminum Female
Threaded Hex
Standoff, 6mm
Hex, 52mm Long,
M3 x 0.50 mm
Thread

Used
between
layers of
the base to
join and
space
levels

95947A08
7

$ 2.87 4

McMa
ster-C
arr

LINK

Male-Female Hex
Standoff (2")

Male-Female
Threaded Hex
Standoff, 18-8
Stainless Steel,
1/4" Hex, 2" Long,
8-32 to 8-32
Thread

Used
between
layers of
the base to
join and
space
levels

91075A45
9

$ 2.84 4

McMa
ster-C
arr

LINK

Male-Female Hex
Standoff (3")

Male-Female
Threaded Hex
Standoff, 18-8
Stainless Steel,
1/4" Hex, 3" Long,
8-32 to 8-32
Thread

Used
between
layers of
the base to
join and
space
levels

91075A01
2

$ 4.88 4

McMa
ster-C
arr

LINK

499:1 Gearmotor w/
Encoder

499:1 Metal
Gearmotor
25Dx73L mm LP
6V with 48 CPR
Encoder

High gear
ratio for
maximum
precision.
Motors
control our
degrees of
freedom

4831

$ 45.95 2

Pololu LINK

https://www.mcmaster.com/94065K26/
https://www.mcmaster.com/1870K1/
https://www.mcmaster.com/8632T139/
https://www.mcmaster.com/95947A087/
https://www.mcmaster.com/91075A459/
https://www.mcmaster.com/91075A012/
https://www.pololu.com/product/4831


Wall Power Adapter Wall Power
Adapter: 9VDC,
5A, 5.5×2.1mm
Barrel Jack,
Center-
Positive

Main power
supply for
motors

1465

$ 24.95 1

Pololu LINK

8-32 Nut, 10 Pack Fastener Mounts to
standoffs

91240A00
9 $ 4.78 $4.7

8

McMa
ster-C
arr

LINK

4-40, 11/16" long,
Phillips screw

Fastener Mounts for
motor
mount
bearing

91772A117

$ 4.94 $4.9
4

McMa
ster-C
arr

LINK

4-40 Nut, 100 Pack Fastener Mounts for
motor
mount
bearing

91841A00
5 $ 3.89 $3.8

9

McMa
ster-C
arr

LINK

M3 Screws, 100 pack Fastener Mounts to
motor

92005A118
$ 8.76 $8.7

6

McMa
ster-C
arr

LINK

8-32 Screws, 100 pack Fastener Mounts to
bottom
plate
standoffs

90272A19
2 $ 3.51 $3.5

1

McMa
ster-C
arr

LINK

6-32 SHCS, 100 pack Fastener Mounts to
flange
support

92196A15
3 $ 11.37 $11.

37

McMa
ster-C
arr

LINK

6-32 Washer, 100 pack Fastener Mounts to
flange
support

92141A00
8 $ 1.53 $1.5

3

McMa
ster-C
arr

LINK

6-32 Hexnut, 100 pack Fastener Mounts to
flange
support

91841A00
7 $ 4.81 $4.8

1

McMa
ster-C
arr

LINK

Lower Assembly Mid
Plate Bearing

Spacer for DOF1
shaft

Laser Cut
Plywood
0.25in

Custom

Lower Assembly Mid
Plate

Plate for mounting
shaft

Laser Cut
Plywood
0.25in

Custom

Motorplate 25D Plate for mounting
motor

Laser Cut
Plywood
0.125in

Custom

Lower Assembly Bottom Bottom plate for Laser Cut Custom

https://www.pololu.com/product/1465
https://www.mcmaster.com/91240A009
https://www.mcmaster.com/91772A117
https://www.mcmaster.com/91841A005
https://www.mcmaster.com/92005A118
https://www.mcmaster.com/90272A192
https://www.mcmaster.com/92196A153
https://www.mcmaster.com/92141A008
https://www.mcmaster.com/91841A007


Plate balancing Plywood
0.25in

Electronics Holder Holds Electronics Laser Cut
Plywood
0.125in

Custom

TurretMountSidePlateB
oxCut

Side plate of turret Laser Cut
Plywood
0.25in

Custom

TurretMountFrameFront Front plate of turret Laser Cut
Plywood
0.25in

Custom

TurretMountBottomPlat
esBoxCut

Bottom Plate of
turret

Laser Cut
Plywood
0.25in

Custom

MotorMountPlate Motor mounting
plate

Laser Cut
Plywood
0.125in

Custom

TeleHolder_REV7 Mounts shaft to
telescope

3D Printed Custom



Appendix C: Screenshots of Entire Code










