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125 mm

87 mm

50 mm

Deployed

Stowed

Surrey Procyon Star Tracker Baffle1: 0.55 kg

CU Star Tracker Baffle: 0.26 kg

165 mm

125 mm
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Deploy baffle

Excess light attenuated

Star pattern detected and 
attitude determinedAttitude changed

Project Scope

Y

X

Y

X

Smallsat deployment

Star tracker saturated 
by sun
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V

Power sent to 
motor

Stowed Baffle

Power screw 
rotates and deploys
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Light Incident 
Angle: 0°

Pass Band 
Requirement: >10°

Stop Band 
Requirement: <30°

Sensor

100% of light 
hits sensor

95% of light 
hits sensor

0.01% of light 
hits sensor
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Functional Requirements Tier 1 Tier 2

FR1: Baffle shall be deployable Manual deployment Electronic deployment with wired 
connection

FR2: Baffle shall conform to 
stowed volume constraint

175 mm x 175 mm x 50 mm 125 mm x 125 mm x 50 mm

FR3: Baffle shall adhere to mass 
constraint

< 500 grams < 300 grams

FR4: Baffle shall attenuate light 
to 99.9%

At 40° light incidence angle At 30° light incidence angle
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Deployed Stowed
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87
m

m Vane

Deployed Stowed

1 mm
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Aeroglaze Z306



Motor Mount Baseplate

Bearing Shaft

Baffle Structure

Linear Bearing

Threaded Rod

Vanes

COTS

Custom 
Manufactured

Motor

Manufactured in 
House
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CPE Importance
Deployment 
(FR1-FR3)

• Cannot attenuate light if not deployed
• More efficient stowage

Light Attenuation 
(FR4)

• Cannot see light from stars if saturated 
by stray light

Testing 
(FR1&FR4)

• Verifies and validates properties of the 
baffle



Precision Microdrives
DC Motor

Power Screw
τMOTOR

3-Tiered Baffle

FLIFT

Battery 
Powered 

Laser

Photo-
transistor*

NPN 
Transistor*

5V to 
Base

Narrow 527 nm 
Laser Beam

LabVIEW 
Station

NI USB-
6009 DAQ

3V to 
Motor 

Windings

14-Bit 
Digital 
Voltage

Hamamatsu 
Photodiode

Current-to-
Voltage  
Op-Amp

Light

Light

Photo-
current

5400 K Sunlight-
Equivalent LED 

Bulb

Analog 
Voltage

DC Power 
Supply 

Connections*

Kill Switch 
Assembly

Light Generation and Detection

Baffle Deployment Assembly

Data 
Collection
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1 kW 
Resistor
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Base Plate
Calibration 
Plate

Rope

4900 mm

268 m
m

15
0 

m
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Component CDR Mass with AIAA 
Standard Percent Mass 
Growth Allowance (g)

CDR Mass 
(g)

Measured 
Mass (g)

Baffle tiers + vanes + 
bearing + spacer + coating 
+ adhesive

264.5 228.36 220.9

Motor 10.61 10.3 14.5
Linear bearing shaft 2.83 2.75 3.8
Steel screw 21.97 21.33 21.6
Motor mount 3.34 2.9 0.7
Total 303.26 265.64 261.5
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•FR3: Baffle shall adhere to mass constraints
• DR 3.1: Mass less than 300g



49.9 mm
88.1 mm

125.8 mm

FR2: Stowed Volume Requirement (mm) Actual (mm)
Height 50 49.9
Width 125 88.1

Diagonal 177 125.8

Volume Budget
125 mm125 mm

177 mm

•FR2: Baffle shall fit within volume constraints
• DR 2.1: Fit within 125x125x50mm box
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Requirement Metric

FR1: Baffle shall be deployable Yes or no

DR1.2: Full deployment ground testing 
shall be conducted

Test 1: 86 mm
Test 2: 88mm

• Validate customer requirement

• Ensure baffle deploys to necessary height for optical performance (>86mm)

• Ensure baffle doesn’t over deploy and damage it (<88mm) 

Purpose and 
Objectives

Design 
Description

Testing Overview 
and Results

Systems 
Engineering

Project 
Management 23



Precision Microdrives
DC Motor

Power Screw
τMOTOR

3-Tiered Baffle

FLIFT

Battery 
Powered 

Laser

Photo-
transistor*

NPN 
Transistor*

5V to 
Base

Narrow 527 nm 
Laser Beam

3V to 
Motor 

WindingsDC Power 
Supply 

Connections*

Kill Switch 
Assembly

Baffle Deployment Assembly

How: Where:

• Trudy’s lab
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Test 
Number

Laser 
Height

Laser 
interrupted?

Achieved baffle 
deployment height

Deployment stop method

1 86 mm Yes >86 mm Phototransistor circuit break

2 88 mm No <88 mm Mechanical thread stop, manual voltage 
shut off
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PCB Support

“Beam of Light”

Phototransistor

PC Board

Laser 
Pointer

Laser Pointer Support

Purpose and 
Objectives

Design 
Description

Testing Overview 
and Results

Systems 
Engineering

Project 
Management 26



PCB Support

“Beam of Light”

Phototransistor

PC Board

Laser Pointer

Laser Pointer Support
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Test Motor Side Height Bearing Side Height Laser Height

1 87.249 mm 82.067 mm 86 mm

2 87.732 mm 81.585 mm 88 mm
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Metric Requirement Met

FR1: Baffle shall be deployable Partially Met

DR1.1: Deployable using 28V Yes

DR1.2: Full deployment ground testing shall be conducted Yes

29



82.1 mm87.3 mm

5.2 mm

Tilting caused by space between 
de-threaded rod and motor casing threads
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Current Design Fully Threaded Rod
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Requirement Angle Incident Relative 
Power

Percentage of Light 
Hitting the Sensor

DR4.3: Pass-band > 10o 0.95 95%

FR4: Stop-band < 30o 0.0001 0.01%

• Validate customer requirement

• Designed to simulate dark space and apparent size of the 
Sun

• Characterize light attenuation properties of the baffle
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LabVIEW 
Station

NI USB-
6009 DAQ

14-Bit 
Digital 
Voltage

Hamamatsu 
Photodiode

Current-
to-Voltage  
Op-Amp

Light

Photo-
current

5400 K Sunlight-
Equivalent LED 

Bulb

Analog 
Voltage

Light Generation 
and Detection

Data 
Collection

Where:
• CNL clean room
• 19ft felt tunnel

How:
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Calibration Plate

Baffle

3D baffle support

Baseplate

Rotary Table

Baffle leveling plate

Light bulb inside PVC

280 m
m

14
0 

m
m

Sensor

14
0 

m
m

Hole emulating 
apparent size of 
sun

PVC pipe
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• Insert the Laser level into the 
trough

• Turn on the laser level
• Rotate the baffle/negative/rotary 

table to line up in longitudinal 
zones

• Turn laser 90 o

• Turn leveling bolts to line up in 
the lateral zone
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Tolerance:
Distance ± 0.2 m
Changes resulting obscuration angle by 0.40°



Two different tests:
• Symmetric
• Asymmetric

• Middle tier offset by 2 mm

Symmetric Baffle

Asymmetric Baffle
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• Take voltage reading at 0o

• Take voltage readings from -30o to 30o by 4o incriments
• Increase resolution to 0.1o as needed

• Calculate power from known resistance and measured 
voltages

• Calculate relative power at all angles
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Prel = "
"#
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Zemax Ray Tracing Model Actual Test Setup

4.9 m

Light Source

Top Down View

0o

90o

θ

θ Rotary Table
D

istance = 4.9 m

Source

Baffle

49
 m

m

Stray Light Rays

44 mm

30
.2

5 
m

m

18 mm

Optical Ray Tracing layout
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Testing Range Pre-Obscuration - Model Pre-Obscuration Obscuration - Model Obscuration

0° < θ < 30° 11.1° 8.5° ±	0.4° 20.8° 20.0° ± 	0.4°

Requirements
Pass Band:  Angle > 10°
Stop Band:  Angle < 30°

Angles (degrees)
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Testing Range Pre-Obscuration - Model Pre-Obscuration Obscuration - Model Obscuration

0° < θ < 30° 11.1° 8.5° ± 	0.4° 20.8° 20.0° ±	0.4°

-30° < θ < 0° -11.1° -1.0±	0.4°° -20.8° -21.4° ±	0.4°
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Description

Testing Overview 
and Results
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Recommendations
• Examine thermal 

contributions of 
electronic components

• Time investigation for 
repeated test

Requirements
Pass Band:  Angle > 10°
Stop Band:  Angle < 30°

Angles (degrees)
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Testing Range Pre-Obscuration - Model Pre-Obscuration Obscuration - Model Obscuration

0° < θ < 30° 11.1° 8.5° ± 	0.4° 20.8° 20.0° ±	0.4°

-30° < θ < 0° -11.1° -1.0±	0.4°° -20.8° -21.4° ±	0.4°

Requirements
Pass Band:  Angle > 10°
Stop Band:  Angle < 30°

Angles (degrees)

Purpose and 
Objectives

Design 
Description

Testing Overview 
and Results

Systems 
Engineering

Project 
Management

R
el

at
iv

e 
Po

w
er

 (l
og

 sc
al

e)

Recommendations
• Examine thermal 

contributions of 
electronic components

• Time investigation for 
repeated test



Testing Range Pre-Obscuration - Model Pre-Obscuration Obscuration - Model Obscuration

0° < θ < 30° 10.9° 6.2° ±	0.4° 22.3° 21.1° ± 	0.4°

-30° < θ < 0° -8.8° -5.8° ±	0.4° -19.7° -20.9° ±	0.4°

Requirements
Pass Band:  Angle > 10°
Stop Band:  Angle < 30°
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• Recommendations
• More precise coating 

application
• Placement of 

photodiode

Angles (degrees)
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Steep Side Shallow Side



Negative Test Range Pre-Obscuration - Model Pre-Obscuration Obscuration - Model Obscuration

A 0° < 𝜃 < 30° 11.1° -8.7° ±	0.4° 20.8° 20.0° ±	0.4° *

A -30° < 𝜃 < 0° -11.1° -7.5° ±	0.4° -20.8° -20.7° ±	0.4° *

B 0° < 𝜃 < 30° 10.9° 6.2° ±	0.4° 22.3° 21.1° ±	0.4°

B -30° < 𝜃 < 0° -8.8° -5.8° ±	0.4° -19.7° -20.9° ±	0.4°

C 0° < 𝜃 < 30° 11.1° 8.5° ±	0.4° 20.8° 22.3° ±	0.4°

C -30° < 𝜃 < 0° -11.1° -1.0° ±	0.4° -20.8° -19.7° ±	0.4°

D 0° < 𝜃 < 30° 10.9° 8.9° ±	0.4° 22.3° 21.0° ±	0.4° *

D -30° < 𝜃 < 0° -8.8° -1.2° ±	0.4° -19.7° -21.3° ±	0.4°

* = Never Reached Stop Band

Symmetric Baffle
Asymmetric Baffle

Over All Baffle Behavior

Pre-Obscuration Angle |-1.0°| ≤ 𝜃	 ≤ |8.9°|

Obscuration Angle |-19.7°| ≤ 𝜃	 ≤ |22.3°|
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Testing Overview 
and Results
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Metric Requirement Met

FR4: Baffle shall attenuate light Partially Met

DR4.1: Ground testing shall be done
to determine light obscuration 

Yes

DR4.2: 99.9% light attenuation at 
30°

Yes

DR4.3: Baffle shall have a Pre-
Obscuration angle of  >10⁰

No
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Functional Requirements Tier 1 Tier 2
FR1: Baffle shall be 

deployable
Manual deployment Electronic deployment with 

wired connection

• DR1.1: Deployable using 28V 
• DR1.2: Full deployment ground testing shall be conducted
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Functional Requirements Tier 1 Tier 2

FR2: Baffle shall conform to 
stowed volume constraint

175 mm x 175 mm x 50 mm 125 mm x 125 mm x 50 mm

• DR 2.1: Fit within 125x125x50 mm box
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Functional Requirements Tier 1 Tier 2

FR3: Baffle shall adhere to 
mass constraint

< 500 grams < 300 grams
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Functional Requirements Tier 1 Tier 2

FR4: Baffle shall attenuate 
light to 99.9%

At 40° light incidence angle At 30° light incidence angle
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Concept of 
Operations

(PPD &CDD)

Detailed 
Design (CDR)

Subsystem 
Verification 

(TRR)

System 
Verification

Project 
Validation 

(SFR)

System 
Requirements 

(PDR)

Implementation: 
Component Fabrication 

(MSR)

Systems Engineering Approach
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Unacceptable

Acceptable with 
mitigation

Acceptable

Severity
Likelihood 

1 2 3 4 5

5 (Very High)
4 Baffle deflection Using dark room Exceeding radial 

force limit
3 Exposure to bright 

light
Exposure to 
Aeroglaze, shop 
availability

2 Inaccurate 
machining

1 (Very Low) Exceeding budget 
limitations
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Unacceptable

Acceptable with 
mitigation

Acceptable

Severity
Likelihood 

1 2 3 4 5

5 (Very High)

4 Using dark 
room

3 Baffle
deflection

Shop
availability

2 Inaccurate
machining

1 (Very Low) Exceeding
radial force 
limit

Purpose and 
Objectives

Design 
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Testing Overview 
and Results
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Risk Mitigation Result
RP1: Baffle 
deflection

Linear bearing, motor mount piece re-
design, more secure motor hold and no 
binding

Tilt during deployment, MATLAB 
model predicts adding 0.5° to pre-
obscuration and 1° to obscuration

RP2: Shop
availability

New shop staff member hired, early 
morning start times, sent vanes out of 
house

Three week schedule slip, used testing 
and manufacturing margin, on time 
project completion

RP3: Exceeding 
radial force limit

Motor testing of radial loading, careful 
handling of motor

Successful deployment testing, no motor 
jam

RP4: Using dark 
room

Left lights on except during testing, 
visually marked fishing line, minimized 
movement during tests

Successful light attenuation testing with 
no accidents

RP5: Inaccurate
machining

Remade top piece, step measuring Baffle components, sensor and filter fit 
properly
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Difficulties:
• Communication
• Keeping progress high when project 

is at a low
• Schedule slip
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0
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1000

1500
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CDR Projection Final Budget
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Item Hours Rate Total
Work Hours 4272.2 $31.25 per hour $133,506.25
Overhead Cost 200% $267,013.50
Project Supplies $5000 $5000
Clean Room Access 31 $54 per hour $1674
Standard Zemax Subscription $4900 $4900
Total $412,093.75
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Design 
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Testing Overview 
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Systems 
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CDR Projection Final Budget Difference
Manufacturing 1002 413.3 588.7
Electronics 430 200.53 229.47
Optics 982 1006.94 -24.94
Mechanical 213 269.32 -56.32
Testing 0 910.31 -910.31
Other 0 844.66 -844.66
Margin 2373 1354.94 1018.06

5000 5000 0



Obscuration ZoneObscuration Zone
Pre-
Obscuration 
Zone

Pre-
Obscuration 
Zone



(working on drawing these in powerpoint)



Θ 

Θ

124.2mm  

q = tan-1 5.2
124.2
æ 
è 
ç 

ö 
ø 
÷ 

q = 2.4o
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Θ 

X 

X 

8.1 mm

 

X = 8.1* tan(2.4o)
X = 0.34mm
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Current Design Wider Non-threaded
Rod Section
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• Motor	side	deploys	to	the	optimal	height	range
• Bearing	side	fails	to	fully	deploy

• Corresponds	to	widening	the	pre-obscuration	angle	on	the	bearing	side	
by	0.555	degrees.

● Expected imperfect deployment, but expected our requirements to still 
be met

● Difference in height from motor side to bearing side corresponds to tilt 
of 0.555 degrees

77



• Will be testing light attenuation 
with respect to pointing angle

• Used to validate light attenuation 
requirements

• Can compare to Zemax data

4.9 m

Light Source

0o

90o

θ

θ Rotary Table
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Pre-Obscuration Angle 11.1°

Obscuration Angle 20.8°



Hamamatsu Photodiode [5]

12.54 +/- 0.2 mm

Prel = "
"#



• Purpose
• Ensure baffle deploys to necessary height for optical performance 

(>86mm)
• Ensure baffle doesn’t over deploy and damage it (<88mm) 

81



“There are plenty of cube-sat like star trackers, but 
many of them don’t have the performance or 
flexibility to accommodate a lot of missions, and 
traditional fixed baffles take up too much space.”

- Scott Taylor, Customer, Systems Engineer
Surrey Satellite Technologies

[6]
82



~ Half the mass, one third the size, but all the performance 
~
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Base	Plate
Calibration	Plate

Rope

268	m
m15

0	
m
m

Rope	Tolerance
Length:	+- 200mm	
Changes	FOV	by	<0.01°

Requirements
Apparent	sun	diameter	=	0.05°
Error:	<2%



• Current

• Numerical model

• Prototype deployable baffle

• Deployment test suite

• Light attenuation test suite

• By end of project (May 2017)

• Experimental results

• Verification and validation with Zemax data

• Follow-on Steps

• Space worthy materials

• Thermal testing

• Vibration testing

85





87 mm86 mm

2 mm

Bottom of laser pointer at 
minimum deployment 

height!

Laser Pointer Laser



• Light attenuation testing will verify both requirements

• Will be testing baffle symmetry and asymmetry

Requirement Percent Light Attenuated Angle (Degrees)

Pass-Band 5% >10°

Stop-Band 99.9% <30°
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Steep	
Side

Shallow	
Side

Pre-
Obscuration	

Angle
8.8 10.9

Obscuration	
Angle 19.7 22.3



Vanes
Top Section
H = 49mm
D = 86mm

Bottom Section
H = 18mm
D = 38mm

Middle Section
H = 30mm
D = 62mm



Light	Source

Laser	Beam

20
	m
m𝜃*

4900	mm

20	m
m

𝜃* = tan/0
20
4900

𝜃* = 0.23°

𝜃 = 𝜃* +	𝜃8
𝜃 = 0.23° + 0.17°

𝜃 = 0.40°

𝜃8
88.25	mm

0.254	m
m

𝜃8 = tan/0
0.254
88.25

𝜃8 = 0.17°

21	mm

20	mm


