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• Star trackers need to see dim light from distant stars 

 

• They compare what they see with on board star catalog to make spacecraft attitude 
adjustments 
 

• Nearby bodies emit/reflect stray light which hinders star trackers ability to see dim light 
 

• Baffles attenuate and eliminate stray light from nearby bodies 
 

• Lightweight deployable baffle for smallsats 
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•Develop a prototype deployable baffle for a star tracker to be used on a small satellite 
platform 

 

•Design and manufacture a deployable baffle to limit stray light into an optical sensor 

 

•Develop a test methodology and instrumentation suite to measure performance of the baffle 
for stray light elimination 

 

•Perform the tests for the deployment and stray light elimination of the baffle 
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Smallsat deployment 

Star tracker saturated  
by sun 

Deploy baffle 

Excess light attenuated 

Star pattern detected and 
attitude determined 

Attitude changed 

Project Scope 

Y 

X 

Y 
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V 

Power sent 
to motor 

Power Screw Rotates 
Baffle Deploys 
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0 degrees 
10 to 15 
degrees 

More than 
30 degrees 

Sensor 
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* In testing the sensor will not be displaced from the baffle 



Baffle Deployment Assembly 

Precision Microdrives 
DC Motor 

Power Screw 

τMOTOR 

3-Tiered Baffle 

FLIFT 

Kill Switch Assembly 

Battery 
Powered Laser 

Photo-
transistor 

NPN 
Transistor 

5V to 
Base 

Narrow 
Light 
Beam 

3V to 
Collector 

External Components 

Power 
Supply 

LabVIEW 
Station 

NI USB-
6009 DAQ 

3V to 
Motor 

Windings 

Light Generation and Detection 

14-Bit 
Digital 

Voltage 

30V 

Hamamatsu 
Photodiode 

Current-to-
Voltage  
Op-Amp 

Light 

Light 

Photo-
current 64 LED 

Source 

Analog 
Voltage 
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TIER 1 TIER 2 

DEPLOY BAFFLE 
(FR1) 

Manual 
Deployment 

Electronic 
deployment with 
a wired 
connection 

STOWED BAFFLE 
VOLUME (FR2) 

Constrained by: 
175 mm width 
175 mm length 
50 mm height 

Constrained by: 
125 mm width 
125 mm length 
50 mm height 

BAFFLE MASS (FR3) <500 grams <300 grams 

BAFFLE LIGHT 
EXCLUSION (FR4) 

40 degree light 
exclusion angle 

30 degree light 
exclusion angle 
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Tier 3 

Tier 2 

Tier 1 

Vane 3 Vane 2 

Vane 1 

Thread 
Relief 

Threaded 
Gear 
Motor 

Casing 

Motor 

Tier 3 

Tier 2 

Tier 1 

Vane 3 

Linear 
Bearing 

Steel Shaft 5/8-20 
Threaded Rod 

Precision 
Microdrive 212-117 

Vane 2 

Vane 1 
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21 mm 125 mm 118 mm 
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Vane 3 

Vane 2 

Vane1 
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Tier 3 

Tier 2 

Tier 1 

Linear 
Bearing 

Steel Shaft 5/8” 20 
Threaded Rod 

Precision 
Microdrive 212-117 
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CPE Project Integration 

Deployment (FR1-3) • Electrical Interface 
• Mechanical Integration 
• Manufacturing Baffle Challenges & Tolerances 
• Mass & Volume Budget 

Light Attenuation 
(FR4) 

• Manufacturing Vane Tolerances 
• Simulation Accuracy 

Testing (FR1&4) • Electrical Interface 
• Mechanical Integration 
• Manufacturing Testing Parts 
• Simulation Accuracy and Precision 
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Component Mass [g] Component Type Percent Mass Growth 
Allowance (AIAA Standard) 

Mass Including 
Allowance [g] 

Baffle Tiers 186.16 Structure 15% 214.08 

Vanes 31.00 Structure 15% 35.08 

Steel Screw 21.05 Structure 3% 21.68 

Motor 10.3 Existing Hardware 3% 10.61 

Adhesive 5.67 Applied material 50% 8.50 

Linear Bearing 5.19 Existing Hardware 3% 5.35 

Coating 2.20 Applied material 50% 3.31 

Bearing Attachment 0.9 Structure 15% 1.04 

Set screw 0.28 Existing Hardware 3% 0.29 

Total 263.86 299.94 
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Design Requirement 3.1 MET! 
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Design Requirement 2.1 MET! 
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Tier 3 

Tier 2 

Tier 1 
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FR = 19 N 

MG = 187 mN*m 
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• Expected radial force: 

• 19 N 
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Tier 1 
Tier2 

Tier 3 
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Adhesive 
Spacer 

Tier 3 



Project 
Overview 

Design 
Solution 

Critical 
Project 

Elements 

Design 
Requirements 

Verification 
and 

Validation 
Project Risks 

Project 
Planning 



Pass- and Stop-Bands 

Design the baffle for a star tracker with a 10o FOV half 
angle: 

Pass-band requirement: 
• Stray light attenuated no more than 5% at an incident 

half-angle of 10o 
Stop-band requirement: 
• Stray light attenuated no less than 99.9% at an 

incidence half-angle of 30o 

30o 

10o 
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Vanes 
Vanes are used to redirect stray light 

The problem The solution – vanes! 

Solved with knife edges 
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Vane Angle – The ‘Knife Edge’ 

Lens Aperture 

Vane 1 

Vane 2 

Vane 3 

How is vane angle computed? 

Vane Angle Tolerance 

1 52o +/- 2 o 

2 29 o +/- 2 o 

3 23 o +/- 2 o 

52o 

29o 

23o 
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Vane Angle Tolerance 

Vane 

Detector Aperture 

α + δ  

Design around this 
α   

α + 2δ  

Attenuation effects of making a shallower vane angle are negligible 

Vane angles are known to 
+/- 2o 
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D
etecto

r 

First Ray-trace! 

Second ray-trace! 

Third ray-trace! 

Fourth ray-trace! 

Light is not detected 

Light is detected 

Light is detected 

Light is detected 

Ray Tracing 

Optical Software: Zemax can simulate 10,000,000 rays in seconds  
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Ray Tracing layout LED Ray Tracing layout LED 
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Stray Light Rays 
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Design Requirement 4.3 MET! 



99% Deployed Baffle 
• 0.88 mm between 

baffle tier 1 and tier 2 

1 mm 

1 mm 

0.88 mm 

Tier 3 

Tier 2 

Tier 1 
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Light does not get through tiers 
and reach the detector 
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Coating 

Deployment 

Vanes 

Design Requirement 4.2 MET! 
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Zoomed Error Bars (Stop-Band) Pass-Band & Stop-Band Tolerances 

Pass Band & 
Error Bars 

Stop Band & 
Error Bars 
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Laser 
Phototransistor 

Min. Allowable 
Deployed Height: 

86 mm 

Minimum-Deployment 

Phototransistor stops 
conducting and current 
stops flowing to motor 

Maximum-Deployment 

Laser 

Phototransistor 

Max. Allowable 
Deployed Height: 

88 mm 

Laser is not interrupted 
and motor continues 

spinning due to 
mechanical thread stop 
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87 mm 86 mm 

2 mm 

Bottom of laser pointer 
at minimum deployment 

height! 

Laser Pointer Laser 
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89 mm 88 mm 

2 mm 

Bottom of laser pointer 
at maximum 

deployment height! 

Laser Pointer Laser 
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Laser Pointer Support 

Laser Pointer 

Laser Pointer 

Laser Pointer Support 

Phototransistor 

PC Board 

“Beam of Light” 

“Beam of Light” 

PCB Support 

PCB Support 

Design Requirement 1.2 MET! 
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4.7 m 

LED Array 

Top Down View 
 41 mm 

0o 

90o 

30o 

30o Rotary Table 
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LED Array 

Side View 

4.7 m 
Table 

Rotary Table 

Sensor 
Baffle 

LED support 

Laser 

Table 
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Design Requirement 4.1 MET! 
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41.3 +/- 0.48 mm 
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Baffle deflection Using dark room Exceeding radial 
force limit 

Exposure to bright 
light 

- Exposure to 
Aeroglaze 
 
- Shop availability 

Inaccurate 
machining 

Exceeding budget 
limitations 

Li
ke

lih
o

o
d

 

Severity 
Pre-Mitigation 

5
 

1 5 

= Very High Likelihood, Project Failure 
=  Medium Likelihood, Moderate Schedule Slip 
= Very Low likelihood, No effect 
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Severity 
Post-Mitigation 

5
 

1 5 

= Very High Likelihood, Project Failure 
=  Medium Likelihood, Moderate Schedule Slip 
= Very Low likelihood, No effect 
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Baffle deflection 
 

Using dark 
room 

Exposure to bright 
light 

Inaccurate 
machining 

Shop  

Exceeding budget 
limitations 

Exposure to 
Aeroglaze 
 

Exceeding 
radial force 
limit 
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Mechanical 
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Fall Class 
Deliverables 

Project Definition 
Document 

Conceptual 
Design Document 

Preliminary 
Design Review 

Critical Design 
Review 

Fall Final Report 

Fall 2016 
Feasibility Studies 

Zemax Stray Light 
Simulations 

Motor Test 
Results 

Spring Class 
Deliverables 

Manufacturing 
Status Review 

Test Readiness 
Review 

AIAA Report 

Spring Final 
Review 

Spring Design 
Symposium 

Spring Final 
Report 

Manufacturing 

Braces 

Baffle 

Vanes 

Baseplate 

Assembly 

Test Results 

Deployment 
Test Results 

Stray Light Test 
Results 

Complete Not Complete 

Project 
Overview 

Design 
Solution 

Critical 
Project 

Elements 

Design 
Requirements 

Verification 
and 

Validation 
Project Risks 

Project 
Planning 



Green –Manufacturing/Verification 
Dark blue – Testing/Verification 
Purple – Senior Design Document Work 
     - Critical Path 

Manufacturing 

Testing 

Senior Design 
Final Work 

Jan 2017 Feb 2017 Mar 2017 Apr 2017 

Manufacturing Prep 

Brace Manufacturing 

Baffle Manufacturing 
Vane Manufacturing 

Baseplate Manufacturing 

Manufacturing Margin 

Deployment Testing 
Stray Light Testing 

Result Compilation 

Final Presentation 

Finals 
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Dates Goal Specialized test equipment / 
facility 

Jan 23 - Feb 3 Brace Manufacturing and 
Verification 

Aero Shop 

Feb 6 - Feb 17 Baffle Manufacturing and 
Verification 

Aero Shop 
ACME tap 

Feb 20 – Feb 24 Vane Manufacturing and 
Verification 

Aero Shop 
 

Feb 27 – Mar 3 Baseplate Manufacturing and 
Verification 

Aero Shop 
 

Mar 6 – Mar 10 Coating Application and Verification Maaco Auto Painting 
Air Brush 

Mar 13 – Mar 16 Deployment Testing Dark Tunnel Under ECCE Wing 

Mar 17 – Mar 24 Stray Light Testing Dark Tunnel Under ECCE Wing 
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Manufacturing – $1,002 
Electronics –  $430 
Optics – $982 
Mechanical – $213 
 
Total – $2,627 
 
Margin - $2,373 

4.26% 
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4.3% 



Flight Readiness 

Additional tests required 
• Vibration testing 
• Thermal vacuum testing 
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Component Space Worthy? Why? 

Tier/vane material: Aluminum 
2024-T4 

No Corrosion 

Screw Material: Stainless Steel 304 Yes Limited Corrosion 

Adhesive No Operational Temperature 

Coating Yes Low Outgassing 

Motor No High Outgassing 

Linear Bearing No Lubricants Insufficient for Space 

Sensor No Not a Star Tracker Sensor 

Screw and Casing Mechanism No Cold Welding 
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Method:  Hang weights in increments until shaft 
stalls or motor current limit violated 
• Largest mass 2500 g (24.5N) 

• Datasheet limit was 4 N 
• Requirement: 18.7 N 

• No shaft stall or current violations observed 

DAQ 1W 

7W 

3.44V 
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Motor Length:  
27.3 mm 

Shaft Length:  
10 mm 

Total Length:  
37.3 mm 

Body Diameter:  
12 mm 



V 

Power sent 
to motor 

Laser 

Phototransistor 

Turn on trip laser 

Power Screw Rotates 
Baffle Deploys 

Light beam interrupted when 
baffle is fully deployed 

Phototransistor stops conducting 
and current stops flowing to 
motor windings 

Laser is at desired deployment height 





3 V 

330 W 

1000 W 

5 V 
Photo-

transistor 

NPN Transistor 

Jameco 22841 DPDT 
center-off switch 

Jameco 76523 
SPST switch 

IN4007 flyback diode  



Kill Switch Laser Pointer Optotronics Laser Pointer 
 
• 250 mW laser diode power 

 
• 4.99 mW average power output 

 
• 1.5 mm beam diameter 

 
• 1.2 mrad beam divergence 

• Tighter beam width per distance over 
competing products – increased kill 
switch circuit accuracy 

 
• 5.1 mm spot size at distance of 3 m 

 
• $29.95 + shipping 

 
 





Hamamatsu Si Photodiode S1337-21 

12.54 +/- 0.2 mm 



Hamamatsu Si Photodiode S1337-21 

Project 
Overview 

Design 
Solution 

Critical 
Project 

Elements 

Design 
Requirements 

Verification 
and 

Validation 
Project Risks 

Project 
Planning 





Filter Transmission Curve 

400 nm 700 nm 

Sensor is sensitive in visible spectrum 





Dimensions are in mm 



Red Amber 

Green Royal Blue 



𝑅 =  η
𝑞

ℎ𝑓
≈ η

λ(𝜇𝑚)

1.23985 𝜇𝑚∗
𝑊

𝐴

  

η = quantum efficiency 

q = electron charge 

h = Planck’s constant 

f = frequency of optical signal 

λ = wavelength of optical signal 





Light Detection Circuit 

• Single 18 x 18 mm 
Hamamatsu S1337-21 
Photodiode for light 
detection 
 

• LM741 Op-Amp for 
current-to-voltage 
amplification 
 

• NI USB-6009 DAQ 
connected to computer 
station running a 
LabVIEW voltage 
module for data 
collection 
 

A0 (+) 

LabVIEW 
Station 

1 MW 

1 MW 0.1 mF 
A0 (-) 

DAQ USB 

+15 V 

-15 V 



3 V 

330 W 

1000 W 

5 V 
Photo-

transistor 

NPN Transistor 

Jameco 22841 DPDT 
center-off switch 

Jameco 76523 
SPST switch 

IN4007 flyback diode  













Top Section 
Middle and Bottom Sections 







Preliminary Design Mass Budget 
[grams] 
AIAA Percentage mass growth allowance 

• 4-15% for mechanism/ structure 
• Tiers 
• Vanes 
• Steel screw 

• 1-3 % for existing hardware 
• Motor 
• Linear bearing 
• Set screw 

Spec sheet application uncertainty  
• Coating 
• Adhesive 

 
 

Total mass= 301.946 g 
• Tier 1 requirements mass < 300g 
• Tier 2 requirements mass < 500g 



Released Design Mass Budget 
[grams] 

AIAA Percentage mass growth allowance 
• 2-6% for mechanism/ structure 

• Tiers 
• Vanes 
• Steel screw 

• 1-3 % for existing hardware 
• Motor 
• Linear bearing 
• Set screw 

Spec sheet application uncertainty  
• Coating 
• Adhesive 

 
 

Total mass= 280.508 g 
• Tier 1 requirements mass < 300g 
• Tier 2 requirements mass < 500g 



Item: Price: 

Aeroglaze $374 

Aluminum 145mm $304 

Aluminum 44.45mm $17 

Resistors $12 

LED $374 

Photo Transistor $1 

2 DC Motors $50 

Photo Diode $608 

Rotary Table $284 

Air Brush $50 

Coating Application $10 

Transistor $1 
102 

Laser Pointer $30 

Linear Bearing $19 

Thread Tap $103 

Toggle Switch $2 

Linear Motion Shaft $20 

Option Board $50 

Aluminum Plate $23 

Loctite Epoxy Weld $4 

Fully Threaded Rod $13 

5 in Round Aluminum $90 

3.5 in Round Aluminum $134 

Margin $3264 



Motor Controller PCB Design 
Board Dimensions: 
  
 66.3 x 56.2 mm 

24.26 mm 



LED Array PCB Design 

Board Dimensions: 
  
 124.5 x 90.7 mm 

24.26 mm 



Light Detection PCB Design 
Board Dimensions: 
  
 71.5 x 64.0 mm 

24.26 mm 



Assumptions: 
-Beam mass = lifted mass 
-Beam length = Baffle Diameter 
-Fixed end, Force of Gravity placed on 

opposite end 
-5mm square beam cross section 
-Worst case scenario of deflection 















Twisting Baffle Problem – Optical Effects 

Narrow  
pass-band 

Widened pass-band 

If left unrestrained: 
• Geometric half-angle 

increases by 50% 
• Widened pass-band 

increases by 50%! 



Exceeding 
budget 
limitations, 
Exposure to 
bright light 

Insufficient 
data points in 
Zemax 

Exposure to 
aeroglaze,  
Using dark 
room 

Insufficient 
force to lift 
baffle, 
Exceeding 
radial force 
limit 
 

Severity 

L
i
k
e
li
h
o
o
d 



Risk Assessment - Mechanical and 
Electrical 

Risk Description Mitigation 

RP1: Motor failure Motor failure from exceeding 
radial force limit resulting in 
jammed gearbox 

Linear bearing placed opposite 
the motor to counterract radial 
force from the shaft.  

RP2: Insufficient Force Insufficient Force to lift baffle 
with power screw resulting in 
motor bindings burning up. 
Results in failure. 
 

Verify machining was done within 
required accuracy by testing the 
smoothness via torque testing. 
 

RP3: Baffle Deflection Shifted or Decreased exclusion 
angle due to baffle deflection 

Measure the shifting in tiers when 
the prototype is turned 90 
degrees  
 



Risk Assessment – Machining and 
Human Safety 
Risk Description Mitigation 

RP4: Tolerances 
 

Baffle, vanes, base plate, motor 
casing machined outside of 
calculated tolerances resulting in 
baffle not deploying properly due 
to binding 
 

Measure the dimensions of every 
manufactured part with calpers to 
ensure they are within required 
tolerances. 

RP5: Exposure to Bright Light Exposure to bright light causing 
temporary blindness or eye pain 

Determine bright light zone and 
wear protective glasses while 
staying clear of light zone 

RP6: Exposure to aeroglaze 
Material 

Exposure to aeroglaze material 
resulting in skin and respiratory 
inflammation 

We already know of the dangers 
of aeroglaze. Carefully and 
professionally apply  

RP7: Using a Dark Room Using a dark room resulting in 
personal injury from bumping into 
objects in the dark 

Determine tripping hazards. 
Identify location of sharp and 
sensitive objects in room. 



Risk Assessment – Budget and Software 

Risk Description Mitigation 

RP8: Insufficient data points Insufficient number of data points 
tested in Zemax simulation of 
light rays  

Check processed data to verify 
that enough data points have 
been tested to accurately model 
sunlight penetration  

RP9: Exceeding budget Exceeding budget limitations and 
being unable to acquire funds 
necessary to complete project 

Keep a master budget sheet, 
update it routinely, maintain 
positive fiscal planning practices 
and plan space for contingency 
costs 































r = 4877mm 

𝜙 = 0.5𝑜 

 3
0

m
m

 

 30mm 
r = 

𝑆

𝜙
 

r = 
42.43𝑚𝑚

0.0087𝑟𝑎𝑑
 

r = 4877mm 

Source 

Sensor 

Arc Length Formula 



d = 4877mm 

𝜃 = tan−1 𝑟

𝑑
 

𝜃 r = 9mm 

𝜃 = 0.11𝑜 

Source 

Sensor 

𝜃 = tan−1 9

4877
 



Incident 
Ray Specular Reflection (3.4%) 

Absorption (95%) 

Lambertian Diffuse Reflection-50 Rays (1.6%) 

𝜃 𝜃 

BSDF = 
𝜌

𝜋
 

BSDF = Bi-directional Scattering Distribution Function 

BSDF = 
0.05

𝜋
 

BSDF = 0.016 

Lambertian Scattering 

Coated Surface 
Total Reflection (5%) = 𝜌 



Incident Angle of 0° Incident Angle of 10° 

20,000 Rays 



Analytical Model 

Numerical Model 

Pre-Obscuration Angle = 11.5° 

Obscuration Angle = 21.1° 

Pre-Obscuration Angle = 10.0° 

Obscuration Angle = 19.4° 



Error – Aperture Radius 

Resolution of the CNC is 
0.05mm. 
 
Associated Error: 
All aperture radii vary +/- 
0.05mm 

Band Change in angle, 
degrees 

Pass-Band +/- 0.0280 

Stop-Band +/- 0.0280 



Error – Partial Deployment 

Assume +/- 2% of maximum 
deployment. 
 
Associated error: deployed 
baffle height varies 84.7 to 
88.25 mm. 

Band Change in angle, 
degrees 

Pass-Band +/- 0.1820 

Stop-Band +/- 0.3325 



Pass-Band 

Set the baffle’s half-angle equal to the field of view of the tracker. 

Tracker 

"On the Testing and Validation of Stray Light Attenuation for Microsatellite Star Tracker Baffles."  

FOV Half-angle Baffle Geometric Half Angle 



•

•



Vane Angle 

Why is it important? 

Vane 

Detector Aperture 

Diffuse reflection with 
no absorption 

Stray light is deflected away! 





FR1: Baffle shall be deployable Electronic deployment with 
wired connection 

FR2: Baffle shall fit within given stowed 
volume constraints 

125 mm length 
125 mm width 
50 mm height 

FR3: Baffle shall adhere to given mass 
constraints 

≤ 300 grams 

FR4: Testing shall be done to determine 
baffle performance at given light 
exclusion angle. 

30° light exclusion angle 



Begin with 
prototype 

in 
darkroom 

Set light to 
maximum 
exposure 

angle. 

Take flux 
measurement at 

maximum 
exposure angle. 

Increase 
incident 

angle. 

Increase 
incident 
angle. 

Increase 
incident 
angle. 

Send data 
to 

computer. 

Star tracker, 
pre- baffle 

deployment. 

Deploy 
baffle Send data 

to 
computer. 

Send data 
to 

computer. 
Send data 

to 
computer. 

Testing CONOPS 
144 

Angle 

L
ig

h
t S

een
 

100% 
99% 

97% 

1% 



Baffle 

Star Tracker Camera 

Light exclusion angle 30 

Light source 


