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= /\ﬁ Reflector
Angled mirrors focus light
at distance

Dual-wing Heliostat
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Dual-wing Heliostat

Reflector
Angled mirrors focus light
at distance

Actuation

Tracks sun 350° along both axes
Azimuth axis — DC Gear Motor
Altitude axis — Servo/Stepper
Hybrid Motor
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Dual-wing Heliostat

Controls
Module-specific microprocessor
allows optimization across solar field

= ﬁ Reflector

Angled mirrors focus light
at distance

Actuation

Tracks sun 350° along both axes
Azimuth axis — DC Gear Motor
Altitude axis — Servo/Stepper
Hybrid Motor
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Dual-wing Heliostat

Controls = ﬁ Reflector

e Angled mirrors focus light
Module-specific microprocessor at distance
allows optimization across solar field :

Actuation

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

Base

Cost-efficient
Easily-assembled
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Product Motivations

Efficiency
Cost-effective

Efficient Light/heat delivery

= Control optimization

» Angled reflectors to focus light

Easily scaled-up
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Reflector
Angled mirrors focus light
at distance
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Reflector
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Reflector
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Reflector I
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Mounting
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Mounting
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C1: Uses 4-16 heliostats

C4: Reflecting surface must be conventially

M4: Operates at temperatures between

washable — reflectivity
C5: Operates under ambient weather | Sr e
conditions in Las Vegas =" 35°F - 125°F

C7: Capitalizes on innovations enabled joints
by small size <

Delivers 1 MW power to central tower
after losses

A1: 4-16 heliostats per module

WA WP B ST

: Reliability, minimize number of

M10: Minimal number of parts

Fl: (Cl) Uses 4 heliostats

) Installation cost will not exceed

/ F4: (C4) Snap fits on reflector mount for
(; easy removal

F5: (C5) Operates under ambient weather
conditions in Las Vegas

F7: (C7) Uses less than 20 unique parts

F8: (C8) Reflectors angled inward for
focusing effects
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Reflector angle calculations

6 :
Lo N 4 ref 0 = 90° — 20,

7
\/\ %
s,

d
Oref = 180° — 2 tan™? (%)

Href = f(drec)

> e ) .
..... / Results:
; Qref(60 m) - 0.810
! N ay v
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Reflector snap fit

H=8 mm
| FH3 3Eewt?
0 =e= ——y F =
3E] 12H3
e=lmm — e Mc FHt 3Eet
~ o= = =
\ I ~ 21  2H?

— T +«— t=2mm
o =13.3 MPa
Width w out of page
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Reflector mount

Al—Mou =0.63m 1
N Fyina = Epair(ZA)Vz

A

Vinax = 82 mph Fyina = 10374 N

A @ < Fyinayc

o= 0.25m(r,* + ;%)

y =0.62m o0 =456 MPa < oy,,. = 24 MPa

A

v ereflector =90°

H for max wind force
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Actuation
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m = - ) | ) /N 1}
/ F3: (C3) OTS parts used wherever
‘ possible, source as many different

\N
/

C2: Installation costs to not exceed
C3: Individual parts must be < in cost to £ M4:  Operates at temperatures between [ %
closest OTS part o 35°H - 125°F /

C5: Operates under ambient weather i - (
conditionsin[oas Negas " M6: Reliability, minimize number of
joints

F5: (C5) Operates under ambient weather
conditions in Las Vegas

C7: Capitalizes on innovations enabled i M12: Optical losses < 40%
by small size - — s
o 3 Rl \1 | 3: Azimuth angle range :180°
11: Mitigate optical losses bidirectionally
C12: Capable of tracking sun throughout day SEREEE M14: Altitude angle angle range : 90° g Noo
B bidirectionally NN —
g AT 1 2: (C12) Actuates 360° altitudinally and
azimuthally.

C13: Factor of safety in mechanical design>2 ¥
' - MI5: Mechanical factor of safety N >2

* F13: (C13) Factors of safety on any parts
experiencing bending moment exceed 2
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Altitude actuation

e
Closed-loop Stepper Servo Hybrid motor
27V/6.0A
16.2 W delivered power
57 RPM
4.5 N-m torque

I/
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Azimuth actuation

Worm Gear DC motor
12V /25.0A

300 W delivered power
65 RPM

11 N-m torque
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Power delivered

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

P=16.2W 65% efficiency P=10.93 W

T=45Nm — T=37.6 N'm

w =57 RPM w = 16 deg/s max
(217 deg/s)

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

P =300 W 60% efficiency P=195W
I'=11Nm > T =235.44 N'm
w =65 RPM w = 47 deg/s max

(390 deg/s)
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Structural concerns

o
Bending Factor of Safety, n =

O-b Uy,PVC = 24‘ MPa JE
I =—(D* - d*) Wy = 94N |
64 _
[ =832x%x10"7 m* Xm = 0.3m
M = Wme
My
O'b = I
21
= Wax, D TVPVE
n= > 1

D =150 mm
d =140 mm
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Structural concerns

. Oy pvc
Shearing Factor of Safety, n = o — 24 MPa -
max y.pve _L
I 2y
Tmax :
4V Dd V=Wy;=94N
e S\ DT dE) 4T e g
4

A=377x10"3m2 =~

34 pd \ '
"=av\! Toryaz) oveve

n= > 1

OD =150 mm
ID = 140 mm
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Thermal expansion

Length Variation Due to Pillar height: L = 1.5 m =4.92 ft
Table 1 Temperature Change
120 Max. Variation: § = 0.045 in/ft
110
& 100 VA Max. Extension: 6L = 0.22 in = 5.58 mm
£ o0 4
qé) 80 /
(48]
§ ;g // Eneoprene = 4.2 MPa A=2X 10_5 m2
5 s / F=100N L =0.646m
g 40 P
E’ 30 /
[¢b] .
= 20 R Functional stretch of neoprene:
0 6 =—=76.9mm
0 0.01 0.02 0.03 0.04 0.05 AE

Length Variation, in/ft of Pipe
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Controls
Worm Gear

DC Motor

Motor Drivers
Hybrid
Stepper Motor

12V Adapter

12V Adapter
T—
—
Y
b QY. 3
—_—
P,
o -— s fin
'ﬁ . 11
wl el :
L A " ja
| e ? —
} : ’ .
P Sl
o !
= Reioie

Microcontroller
Board
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ers | MW power to central tower / Optical losses < 40%
after losses

M 13: Azimuth angle range :180°
Mitigate optical losses bidirectionally

M14: Altitude angle angle range : 90°

2‘ ‘apable ‘.i‘-..l..' roug T 4
C12: Capable of tracking sun throughout day bidirectionally

C16: Redirects light to tower 100 m tall

M18: Reflected light accuracy

Controls
Subsystem

[F8b: (C11) Control technique allows
ptimization across entire field
F11: (Cl11) Controls communicates with

central tower

F12: (C12) Actuates 360° altitudinally and
azimuthally.

F16: (C16) Controller has lag time on order
of milliseconds
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Controls governing equations

Goal: Sun Tracking Error < 0.5 degrees

_E(s) 1
E®; ™ 9,(s) ~ 1+C(s)P(s)

<0.5

Goal: Sun Tracking Error < 0.5 degrees

H = E(s) = ! < 10%
Bor T o,(s) 1+C(s)P(s)
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Thermal concerns

K=130 W/mK

n  Rn 1 A =0.00010973 mA2
A VAVAVAVE S L =0.05334 m
V=5V
1=0.5 A
. T. -T i
Qmax — ( max amb ent) T_amb — 47 °C

Rip

L N
Rip = P Qmax =P = (Vl)max

Tmax= Tampient T (Vl)maxRth

T, 0x= 56.35°C
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Base

Door

Actuation
Interface

~
o

Under soil
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C2: Installation costs to not exceed $100/m?

C3: Individual parts must be < in cost to

closest OTS part

C6: 20-year operational lifetime

C7: Capitalizes on innovations enabled
by small size

C13: Factor of safety in mechanical design > 2

C17: Heliostats must not shade eachother

C18: Module area to reflective area must

be minimized

M2: Costs must be minimized

MS: Operational Lifetime > 20 years.

M®6: Reliability, minimize number of
joints

M10: Minimal number of parts

M15: Mechanical factor of safety N >2
M1 1: Minimal we

M?7: Size, Minimal structural surface
area

Base
Subsystem

F2: (C2) Installation cost will not exceed
$100/m?
F3: (C3) OTS parts used wherever

possible, source as many different
arts from same supplier

F6: (C6) 20-year operational lifetime
F7: (C7) Uses less than 20 unique parts

F13: (C13) Factors of safety on any parts
experiencing bending moment exceed 2

R F17: (C17) Highest weight contribution is

from the base

F18: (C18) Non-reflective area remains
beneath reflectors
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Soil force

Psand = 1442 kg/m3

kg F, .  =1037.4N Fsana =03
Psang = 1442 —% | ) wind ™ ' A, =2mLD = 04172 m?
K = 0.3 h
sand Fsana = PsanaKsanda 5" 108.2 N
Fsand
Pegng = 22224 = 2296 Pa
Ground Level s Ar
T PsandD
= = 3444 p
D = 0.15m 0"'5“"; 2t @
d=014m h=05m n=-2"_6968 » 2
t=0.005m Oh,sand
N
~ —_—y
L=05m L=05m
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Cost analysis

Category Prototype

OTS parts

Modified OTS parts
Raw materials
Manufacturing labor
Assembly labor
Energy consumption
TOTAL

$236.48
$34.19
$48.20
$0.00
$0.00
$0.45
$319.32

$98.29
$8.23
$10.23
$4.32
$5.66
$0.45
$127.18
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Summary

Angled reflectors
focus light

) transmission
Cost-effective

Controls optimization

Scalability

é Simple design

utilizing snap fits

Complete PVC
system is lightweight
and durable

Factors of Safety > 2
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Conclusion
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