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Reflector
Angled mirrors focus light 
at distance

Dual-wing Heliostat
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Reflector

Actuation
Tracks sun 350° along both axes
Azimuth axis – DC Gear Motor
Altitude axis – Servo/Stepper 

Hybrid Motor

Angled mirrors focus light 
at distance

Dual-wing Heliostat
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Reflector

Actuation

Controls
Module-specific microprocessor 
allows optimization across solar field

Tracks sun 350° along both axes
Azimuth axis – DC Gear Motor
Altitude axis – Servo/Stepper 

Hybrid Motor

Angled mirrors focus light 
at distance

Dual-wing Heliostat
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Reflector

Actuation

Controls

Base

Module-specific microprocessor 
allows optimization across solar field

Cost-efficient
Easily-assembled

Tracks sun 350° along both axes
Azimuth axis – DC Gear Motor
Altitude axis – Servo/Stepper 

Hybrid Motor

Angled mirrors focus light 
at distance

Dual-wing Heliostat
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 Efficiency 

 Cost-effective

 Efficient Light/heat delivery 
 Control optimization

 Angled reflectors to focus light

 Easily scaled-up

Product Motivations
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Reflector
Angled mirrors focus light 
at distance



Department of Mechanical & Aerospace Engineering

Reflector



Department of Mechanical & Aerospace Engineering

Reflector
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Reflector
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Reflector

angle toward center
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Mounting
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Mounting
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Mounting
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Reflector angle calculations
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Reflector snap fit

e = 1 mm

t = 2 mm

H = 8 mm

Width w out of page
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௠௔௫

𝐴ଵିெ௢௨ = 0.63 𝑚

௪௜௡ௗ ௔௜௥
ଶ

௪௜௡ௗ

௪௜௡ௗ

௢
ସ

௜
ସ

𝑦 = 0.62 𝑚 ௬ುೇ಴

𝜃௥௘௙௟௘௖௧௢௥ = 90°

for max wind force

Reflector mount 
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Actuation
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Altitude actuation

Closed-loop Stepper Servo Hybrid motor
2.7 V / 6.0 A
16.2 W delivered power
57 RPM 
4.5 N∙m torque
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Worm Gear DC motor
12 V / 25.0 A
300 W delivered power
65 RPM 
11 N∙m torque

Azimuth actuation
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Power delivered

P = 16.2 W 
T = 4.5 N∙m
ω = 57 RPM 

(217 deg/s)

65% efficiency

GOAL: turn 94 N weight about 0.4 m lever-arm

P = 10.53 W 
T = 37.6 N∙m
ω = 16 deg/s max

P = 300 W 
T = 11 N∙m
ω = 65 RPM 

(390 deg/s)

60% efficiency

GOAL: turn 80 kg structure with 0.3 m lever-arm

P = 195 W 
T = 235.44 N∙m
ω = 47 deg/s max
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Structural concerns
Bending Factor of Safety, 𝑛 =

𝜎௬,௉௏஼

𝜎௕

𝜎௕ =
𝑀𝑦

𝐼

𝐼 =
𝜋

64
𝐷ସ − 𝑑ସ

𝐼 = 8.32 × 10ି଻ 𝑚ସ 𝜎௕ 𝑥௠
𝑥௠ = 0.3 𝑚

𝑊ு = 94 𝑁

𝑀 = 𝑊ு𝑥௠

𝑛 =
2𝐼

𝑊ு𝑥௠𝐷
 𝜎௬,௉௏஼

𝜎௬,௉௏஼ = 24 𝑀𝑃𝑎

D = 150 mm
d = 140 mm

𝑦

𝑛 = 𝟗. 𝟒𝟒 ≫ 1
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Structural concerns
Shearing Factor of Safety, 𝑛 =

𝜎௬,௉௏஼

2𝜏௠௔௫

𝜏௠௔௫ =
4𝑉

3𝐴
1 +

𝐷𝑑

𝐷ଶ + 𝑑ଶ 𝑥௠
𝐴 =

𝜋

4
𝐷ଶ − 𝑑ଶ

𝐴 = 3.77 × 10ିଷ 𝑚ଶ

𝑉 = 𝑊ு = 94 𝑁

𝑛 =
3𝐴

8𝑉
1 +

𝐷𝑑

𝐷ଶ + 𝑑ଶ

ିଵ

𝜎௬,௉௏஼

𝜎௬,௉௏஼ = 24 𝑀𝑃𝑎

OD = 150 mm
ID  =  140 mm

𝑦

𝑛 = 𝟐𝟒𝟎 ≫ 1

𝜏௠௔௫
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Thermal expansion
Pillar height: = 1.5 m = 4.92 ft

Max. Variation:  0.045 in/ft 

Max. Extension: 0.22 in = 5.58 mm

𝐸௡௘௢௣௥௘௡௘ = 4.2 𝑀𝑃𝑎

Functional stretch of neoprene:  
ி௅

஺ா
76.9 mm

𝐹 = 100 𝑁

𝐴 = 2 × 10ିହ 𝑚ଶ

𝐿 = 0.646 𝑚
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Controls

Hybrid 
Stepper Motor

Worm Gear 
DC Motor

Motor Drivers

Microcontroller 
Board
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

ா஀೔

ா ௦

஀೔ ௦

ଵ

ଵା஼ ௦ ௉ ௦
< 0.5



୉஀ೝ
௥

Controls governing equations
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 ௠௔௫
೘்ೌೣି்ೌ೘್೔೐೙೟

ோ೟೓

 ௧௛
௅

௞஺ ௠௔௫ ௠௔௫

 ௠௔௫= ௔௠௕௜௘௡௧ ௠௔௫ ௧௛

 ௠௔௫= 56.35℃

Thermal concerns
K = 130 W/mK
A =0.00010973 m^2
L = 0.05334 m
V=5V
I=0.5 A
T_amb = 47 ℃
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Base
Door

Actuation 
Interface
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Soil force

௪௜௡ௗ

𝜌௦௔௡ௗ = 1442 kg/m3

𝐾௦௔௡ௗ = 0.3 

𝐹௦௔௡ௗ = 𝜌௦௔௡ௗ𝐾௦௔௡ௗ
௛

ଶ
= 108.2 N

𝑃௦௔௡ௗ =
ிೞೌ೙೏

஺ೝ
= 229.6 Pa

Ground Level

ℎ = 0.5 𝑚

L = 0.5 𝑚L = 0.5 𝑚

D = 0.15 𝑚
d = 0.14 𝑚
t = 0.005 𝑚

𝐴௥ = 2𝜋𝐿𝐷 = 0.4172 𝑚ଶ

௬,௉௏஼

௛,௦௔௡ௗ

𝜎௛,௦௔௡ௗ =
𝑃௦௔௡ௗ𝐷

2𝑡
= 3444 𝑃𝑎

𝜌௦௔௡ௗ = 1442 
𝑘𝑔

𝑚ଷ

𝐾௦௔௡ௗ = 0.3
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Category Prototype Production

OTS parts $236.48 $98.29

Modified OTS parts $34.19 $8.23

Raw materials $48.20 $10.23

Manufacturing labor $0.00 $4.32

Assembly labor $0.00 $5.66

Energy consumption $0.45 $0.45

TOTAL $319.32 $127.18

Cost analysis
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Summary Angled reflectors 
focus light 
transmission

Complete PVC 
system is lightweight 
and durable

Simple design 
utilizing snap fits

 Cost-effective

 Controls optimization

 Scalability

Factors of Safety > 2
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Conclusion
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