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What is Superway?




Climate change and traffic congestion must be resolved

Community Greenhouse Gas (GHG) Emission for San
Jose, Plan PEIR Estimates (2020-2040)
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https://www.sanjoseca.gov/home/showdocument?id=22093

SPARTAN Superway utilizes renewable energy and relieves
traffic congestion

SUPERWAY Source: sites.google.com MBIOdy
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https://sites.google.com/a/sjsu.edu/spartan-superway/partners

SPARTAN Superway utilizes renewable energy and relieves
traffic congestion
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https://transweb.sjsu.edu/sites/default/files/1227-automated-transit-networks.pdf

Goal of Wayside Power




Today’s rails use costly and inefficient wayside power
systems that span the entirety of guideways

CRETET Melody



The third rail power system and pick-up mechanism are key
components for propulsion
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The third rail power system and pick-up mechanism are key
components for propulsion
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The third rail power system and pick-up mechanism are key
components for propulsion
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The third rail power system and pick-up mechanism are key
components for propulsion
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The third rail power system and pick-up mechanism are key
components for propulsion

Full Scale Specifications

Track length
Velocity of pod car

Current output of third rail

Supply voltage

Current collector shoe force

Shoe Spring Constant




Literature Review




Patent research inspired our state-of-the-art design
o
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Patent research inspired our state-of-the-art design
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Patent research inspired our state-of-the-art design

Electrified Third Raill

Safety Shields
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Patent research inspired our state-of-the-art designs

g;’g? SPARTAN HEBENTHAL Pub. No.: US 2013/0213754 A1 Pub. Date: Aug. 22, 2013 Shane
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Patent research inspired our state-of-the-art designs

Springs

Carbon Brush
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https://docs.google.com/file/d/1mJ2LwuW0bcz24VcWvlqSkBB1ZZHxhBHz/preview



https://docs.google.com/file/d/1ShjxMPWtzhpkD4cBP0sIyw93D4M1sp2b/preview

Patent research inspired our state-of-the-art design
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Patent research inspired our state-of-the-art design
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Patent research inspired our state-of-the-art design
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Patent research inspired our state-of-the-art design
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Sliding wear behavior is crucial to our electrical design
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Voltage drop increases as current density increases

Apparent contact pressure: 2.5 N/em’

Sliding vclocity: 5 m/s

Elcctrical current density (A/cmz)

;G‘ SPARTAN | (Zhao, et al,, 2020) Waylon



Voltage drop decreases as contact pressure increases

Electrical current density: 5 Alem’

Sliding velocity: 5 m/s
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Apparent contact pressure (N/cmz)
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This is our overall electrical schematic

SPARTAN
SUPERWAY
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Taking a closer look at the 2D schematic

Voltage
Sensor |

S1 Energy Storage
System

Current -
Waysid e Qsor
Part

Number Item Name Description

Current Sensor |before motor

in parallel with +
Voltage Sensor [& - side of shoe

Collects and Distributes
Current
Bus Bar cables 2 Sensor Data

Voltage
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Analysis and Testing




Solidworks animation to demonstrate how the test bogie run
on the wooden rail

ST Reynaldo


https://docs.google.com/file/d/15wNdF5qTkC-vQ0GwERFSQuhJTWFmUJ-_/preview

Solidworks animation to demonstrate how the contact
between the shoe and the rail
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https://docs.google.com/file/d/1EBK8cCNKLOJcfnz7KMpGK5rbMf51D14E/preview

Stress analysis simulation of the parts and assembly to
prove the concept

Wooden Rail
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Stress analysis simulation of the parts and assembly to
prove the concept

von Mises (N/m#2)
6.527e+05
5.583e+05

e o Max von Mises

stress :
S (06527 MPa

. 4.352e+05
-x:o-rro - \lin von Mises

l 3.265e+05 PN
| 27216405 0.2716 kPa
. 2.177e+05

_ 1.634e+05

1.090e+05
5.464e+04
2.716e+02
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Stress analysis simulation of the parts and assembly to
prove the concept
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URES [mm])

5.208e-01

4.774e-01

- 4.340e-01

- 3.906e-01

- 3472e-01

_ 3.038e-01

2.604e-01

‘ . 2.170e-01

_ 1.736e-01

_ 1.302e-01

8.651e-02
4,340e-02

1.000e-30

Max displacement:
0.5208 mm

Reynaldo



Stress analysis simulation of the parts and assembly to
prove the concept

FOS
2.000e+02
1.834e+02
1.665e+02
_ 1.503e+02

_ 1.337e+02

Min Factor of

L 00ses02 Safety (FOS):
. B.3%2e+ 31

- 1.171e+02

. 6.733e+01
- 5.075e+01

_ 3417e+01

l 1.758e+01
1.000e+00
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Stress analysis simulation of the parts and assembly to
prove the concept
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Stress analysis simulation of the parts and assembly to
prove the concept

wvon Mises (N/m#2)

3.635e+07
l 3.377e+07
_ 3.070e+07

. 2.763e+07 . 5.701e-05

. 6.335e-05

. 2456e+07 . 5.068e-05

_ 2.14%9e+07

_ 1.535e+07
_ 1.228e+07 o ha | 2.534e-05

_ 9.211e+06 & _ 1.900e-05

6.141e+06 ; . N 1.267e-05
« e -
1.000e-33

i

1.33%+00

= Max von Mises stress: Max Displacement:
{ § ey 36.85 MPa 0.076 mm Reynaldo




Stress analysis simulation of the parts and assembly to
prove the concept

Min Factor of
Safety (FOS):
5.6
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The team successfully completed and tested a tabletop setup
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The chart below reports the voltage and current at each
segment of the thlrd rall power dlstrlbutlon system.
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Conclusions and Findings




Rigorous design and revision work led the team to
successfully achieving the desired design specifications

Evolution of Design
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Beginning and completing design work earlier would
significantly improve the wayside power project
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Future Superway engineers should improve the current
wayside power design and build the physical project
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The wayside power system will reduce the economic cost,
environmental cost, and geographical restrictions of city
transportation
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The Wayside Power & Distribution is the
economically and environmentally friendly
power solution for the SPARTAN Superway

Alex
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Stress analysis simulation of the parts and assembly to
prove the concept
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Stress analysis simulation of the parts and assembly to
prove the concept

URES (m)

von Mises [N/m*2) 5.446e-07

l 4.992e-07

_ 4.538e-07

6.650e+04

l 6.278e+04

. 5.907e+04 _ 4084e-07

- 5.535e+04 _ 3.631e-07
- 5.164e+04
. 3.177e-07
_ 4.792e+04
2.723e-07
4421e+04
. 2.26%9e-07
. 4.049:+04
. 1.815e-07
_ 3.678e+04
_ 1.361e-07
. 3.306e+04

2.935e+04
2.564e+04
2.192e+04

9.076e-06
4.538e-08

1.000e-33

—P Yield strength: 1,.206e+08
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Stress analysis simulation of the parts and assembly to
prove the concept
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Stress analysis simulation of the parts and assembly to
prove the concept
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Spatial Envelope
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Design Trial and Error
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Variance in Shoe Pressure

7 Ib/in Springs

+/- 1/16 inch tolerance in
vertical assembly

gives a +/- 0.44 Ib/in
variance

!! SPARTAN
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Recommended Range of Spring Pressures
Industrial D.C. Applications  4-G P.S.|

WRIM & Sync. Rings

High Speed Turbine Rings,
Soft Graphite Grades

Metal Graphite Brushes -55PS TOTAL
MECHANICAL
FHP Brushes

Traction Brushes

ELECTRICAL

For brushes with top and bottam angles greater
I 25 danrane

IDEAL RANGE SPRING PRESSURE

Spring (P.S.1.)



