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BACKGROUND

What is Kinetic Energy Recover?

« Brakes create a loss of kinetic energy
In a system

* Friction
 Deceleration other than friction

« Energy can be saved and
stored

Dynamic Braking:

* As electrons flow through a coil it aalsy GENERATOR
creates a magnetic field 1]

« Applying the same magnetic field to
the coll creates an electric current
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SCOPE & PROBLEM

Scope

« The objective of this project is to design a kinetic energy recovery system for a
bicycle which recover’s energy through braking.

Problem
« Generating energy at a rate faster than the battery can charge
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DELIVERABLES
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Deliverable Description

Dynamic Braking System

Automatic Gearing System

Bicycle Frame Design

Thermoelectric Generator
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PROJECT ORGANIZATION

Kinetic Energy
Recovery Bicycle

Advisor:
Everardo
Hernandez

Other Electrical

Dynamic Automatic Bicycle Frame Generation

Braking System Gearing System Design Systems

Sin Tsan
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TECHNICAL ANALYSIS:

CLAUDIO, ENOCH AND TALAL

FORCES
REQUIRED TO
MOVE
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REQUIREMENTS

Method of
verification

Level Number Requirement

Average Market

: o :

1 Regeneration >5% Energy Recovery Ao Algorithm

2 Maximum Power 750 Watts California Sjcandard Distributer
Regulations

3 Maximum Speed 20mph CEeIl) SEeET Algorithm

Regulations

4 Controller Throttle-Assisted California Sjcandard Planning
Regulations
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Average Power Output And Torqgue Required

Assume:

« 177 Ib. weight of bicycle accelerates from rest to 12.5 mph in 8 seconds.

Average power output to accelerate the bicycle

Initial speed = 0=  and Final speed = 12.5mph = 5.588 =
S S

Total weight = 77.11kg

 Newton's second law: F, = ma = m%
5588 m_0 ™ 5.588 ™ "
E, =77.11 Kg S = 77.11 Kg* = = 77.11 Kg *0.69475 5=53.57 N
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Friction And Air Resistance Forces

F, = ma,
Fy — Fyp — Ff = may
Applied- Air Resistance — Friction = (mass of bike + rider) * (acceleration required to move)
m
ax e 2-6_2
S

Fy = Fgp + Fr + may

Friction
Fr = uFy
u = friction coef fient (0.002 — 0.004)

Air Resistance

Capv?A  (kg\ m_, m
BT (7113) (?) B k—s—2 =
Cq = drag coef ficient (1.1 for upright comuter)

om
v = velocity (—)
S

...
p= densz,ty(;gg-

A = frontal area (m?)
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Rolling resistance And Air Resistance Forces

Rolling resistance of the bicycle
Fr=pusW = prmg
Fp = 0.008 x 77.11 kg X 9.815% = 6.05N

Resistance offered by air

1 2
Fp = ECdpAv
1 kg , my\?
Fp =-XxX11X12—X0.51m" X (5.588—) = 10.51N
2 m S

The total forces required to accelerate the bicycle is
FtOt :Fa+FR+FA
Fi,s =53.57 N +6.05 N+ 10.51N =70.13N
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Average Power Output And Torgue

Power(p) = F*v
P = 70.13N 5.588% = 391.88W

Torque needed at the center of the wheel to reach required speed from rest
T=F X d

7= 3795N+ 6.05N + 10.51N * (14 in* 0.0254 %)

T =7013 N X % inch X 0.0254 m = 25.83 Nm
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DYNAMIC BRAKING SYSTEM:
TEAM

0 00

PROBLEM INTRODUCTION
STATEMENT TO CAPACITOR

BACKGROUND

COMPONENT ELECTRICAL
SELECTION SCHEMATIC
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DYNAMIC BRAKING SYSTEM

Motor is used as driver and generator

Hall Sensor
 Measures RPM by change in magnetic field
e Senses the direction of current in a wire

Vedder Electronic Speed Controller (VESC)
« Electronic speed controller regulates the speed of motor

* Programmable
 Max/min speed
« Maximum charge current
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Energy Produced From Stopping
1
E = n-—mv?
n > mv
 Assume:
« Mass =m = 100kg

Velocity =V =9 m/s (20 mph) E =3.6 K]

Efficiency =N = 90%
Time Needed to Stop

« Theoretical Li-ion Battery:

« 48V ]
. Charge 5a 5a - 48V = 240;
3.6 K]
—] = 15s
240

S
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ENERGY: DYNAMIC BRAKING SYSTEM

Kinetic energy

Potential energy

3]

Kinetic energy
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CAPACITOR: DYNAMIC BRAKING SYSTEM

Super Capacitor

* Quickly charges and discharges

 Holds a high amount of energy E = lC(Volts)z
2

Energy Stored in a Capacitor:

Energy Produced by Stopping:

E = n=mv?*

+ SR b4 2
Mg ool Equality of Energies:

i I_V Electrode Material

> Separator/Electrolyte

C - mv?n
— (Volts)?

[5]
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l COMPONENT SELECTION: DYNAMIC BRAKING SYSTEM

Maximum Voltage

« Higher battery charge rate

« Higher torque from motor

« Lower Capacitance Minimum

Motor Selection:

e 48V

e 750W

« Hall Sensor
 VESC controlled

“‘H CAL STATE LA College of Engineering, Computer Science and Technology
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BATTERY SELECTION: DYNAMIC BREAKING SYSTEM

« Powers 750 W motor
« 48V system

« Capacity
e 7S0W * Lfhour = 375 Wh Specifications:
2 « 48V
PR _ 781 Ah * 10Ah
idd * Lithium-ion
Battery
e BMS

 Includes Battery Management System (BMS)

_ * Waterproof
« To control current from capacitors

[7]
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CAPACITOR SELECTION: DYNAMIC BREAKING SYSTEM

« 48V system
 Minimum 3 Farads

« Capacitors in Parallel

« Voltage is equivalent Specifications:

>
o

¢ Cop = X Cp 5 « 2.7V
_ _ _ 2 « 100F
« Capacitors In Series " « Carbon Aerogel
* Veq — ZVn Lo
eq n
e
ol

[8]

-
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MATLAB CODE

« To find the best capacitors for the task MATLAB code was written to help out

* Based on. your weight (1lb): 200
« Equations previously discussed battery info
battery voltage: 48
« Known values .
rated current 1in: 5
* Distributer options power of the motor(W): 750

time needed to stop at rated current = 15.105306 seconds

* OUtpUtS: battery capacity needed for 1/2 hr: 7.81
° Proper battery sjize capacitancy needed = 3.146939 Farad
) Capacitor info
« Number of capacitors needed capacitor's voltage: 2.7
. Wmng Array capacitor's capacitance(F): 100

. amount of capacitors needed = 18
 Total Capacitance of the bank parallel = 1
series = 18

capacitor bank: 48.60 wolts, 5.56 Farad>>
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DATA AQUISITION

* Real Bicycle Data
* STRAVA app

* Displayed as a dynamic graph:
* Distance

* Time )

* Elevation Speed

* Percent Grade fxyLH "
i Wy Vit

* Velocity

e Using “Inspect Element”
e Datais found
* Moved to Excel spread sheet
 MATLAB can access that spreadsheet

“‘H CAL STATE LA College of Engineering, Computer Science and Technology

Reload

Save as...
Print...

Cast...

s, Create QR code for this page

Translate to English

View page source

Inspect

5.6 mi
1:06:20
180 ft
6.0%

12.1

9]
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ENERGY ALGORITHM

* Energy generated:
* Only when the velocity is decreasing from one point to another

« Takes into consideration the change in elevation

1
Energyceneratea = —SmAv® — mgAh

| 2 |

Kinetic Energy  Potential Energy
« Decrease in velocity or altitude means positive energy gain toward the KERS
« Does not count the times when the bike slows going uphill
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ENERGY ALGORITHM

« Energy Used
* Only when the velocity is increasing from one point to another

* Only when speeds are lower than 10 MPH
o Assist from stop or speed below 10 MPH
« Assumes rider is pedaling
o Average person puts out 75 W on average [10]
e Assist going up hill
o Any percent grade greater than 9%
— “Moderate Slope” [11]

o Energyyseq = %msz + mgAh — 75At

Kinetic Energy Potential Energy Energy Produced by Rider

* Energy cannot exceed the energy of the motor for either case
e /50W
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ENERGY GENERATED

* Quick negative
changes in velocity

coincide with peaks :

In energy generated %10
 Gradual slopes in : 'r

velocity change :

o

1000

show similar patterns

LAH CAL STATE LA College of Engineering, Computer Science and Technology

2000

3000 4000

Time (s)

—— \/elocity == Energy Generated

Velocity and Energy Genergated V. Time

5000

6000

900

800

700

600

500

400

300

N

00

=

00

o

Energy (J)

26



ENERGY GENERATED

* Fast drops in altitude
coincide with peaks in
energy generated

* Using brakes to
maintain/slow speed
downhills

ml_l CAL STATE LA College of Engineering, Computer Science and Technology
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ENERGY USED

Energy used coincides
with positive changes in
velocity

Motor Is used to assist
from a stop or slow
speed
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ENERGY USED

e Peaks in energy used Altitude and Energy Used V. Time
coincide with
moderately steep hills

+ Motor is used to assist ¢ | ( |
rider going uphill . l |
0 - 2000 300f)l'ime (s) . - -
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COMPARISON

Energy Used and Generated V. Time
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“ Energy Generated (J) Energy used(J) Efficiency of Ride

18.55%

v B W N BB

CAL STATE LA

46,530.51

60,325.51

40,392.93

15,450.99

85,405.26

Total Energy In

Battery (J)

1,728,000

College of Engineering, Computer Science and Technology

COMPARISON

250,862.84
170,791.88
135,630.21

11,815.58

459,581.98

Energy Generated
Percent of Total
Battery
2.69%
3.49%
2.34%
0.89%
4.94%

35.32%
29.78%
130.77%

18.58%

Energy Used
Percent of Total

Battery

14.52%
9.88%
7.85%
0.68%

26.60%

Energy (J)
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Energy Generated| Energy Used Per
Per Mile (J/mi) Mile (J/mi)

A WO N B

5

Average

Average
Efficiency

CAL STATE LA

COMPARISON

4,308.50
5,752.87
3,142.19
2,818.82
5,224.70
4,249.41

College of Engineering, Computer Science and Technology

23,228.67
16,287.36
10,550.76
2,155.59
28,115.09
16,067.49

26%

Average Energy Generated/Used Per Mile

B Average Energy
Generated Per Mile

Average Energy Used Per
Mile

Average



ELECTRICAL SCHEMATIC: DYNAMIC BRAKING SYSTEM
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AUTOMATIC GEARING

SYSTEM:
EDWARD, ENOCH AND SIN TSAN

AUTOMATIC
GEARING SYSTEM
INTRODUCTION

ELECTRICAL CADENCE
SCHEMATIC SENSOR
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AUTOMATIC GEARING SYSTEM

« Arduino based system
* Independent battery /O>

« \Varies gear sizes dependent on speed of system

 Derailleur cable controlled by servo High/Low

@ / adjusters

Cadence Sensor
» Measures speed of rotating wheel Cable/

housing / -----

High Torque Servo Adjuster : (™) : Cable

. barrel % | 7| attachment
* Motor able to actuate in degrees 1 I soint
« Metal gears are more resistant to slippage

« Higher torque output than average hobby servos : @ : [12]
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r—r '11‘
ELECTRICAL SCHEMATIC: High Torque
~
AUTOMATIC GEARING ] e
, @
SYSTEM ge!
Powerfrom | O OXINONE |((—wrrarirrrros
Main Battery
I
| [ e 4-;
DC/DC Converter :
(48V Step Down) "
I
M eSS B ' y :
.................................. ) I = - I
e . T SIS T s T I i s —————
Battery A e S L S Lt
I
Charger DIIIIIII L — ...,..............--J::::::::?::::::::I;‘"" ]
Module 3P Iresss 10KQ) 5EE}EEEEEEEEE;_i_E_;_E_E_ﬁ_E_E_;_}EEEEEEEEIE Cadence
T Potentiometer| ..l ..... r ................ l Sensor
Battery ‘ I ........ hree] sevceefllecess asrrrr srvee =l
_______ 1 1 |
r | |
| : |
Thermal Electric ! JY— 1
Shift Gear utomatic Shift Gear
Down Gearing Up
On/Off [13]
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AUTOMATIC GEARING SYSTEM: CADENCE SENSOR

Hall Effect Sensor
« Uses Hall Sensor

« Non Latching
o Measures changes in magnetic state
o Magnets on rear wheel
* High Sensitivity
o Able to measure high speeds
« Measures in half revolutions Magnet Magnet
* Returns revolutions per minute (RPM)

Rotations Wheel Diameter = T x60
 Speed (MPH) = — ( )
min 63360

]"'\“ CAL STATE LA College of Engineering, Computer Science and Technology



AUTOMATIC GEARING SYSTEM

« [Each gear is designated a degree on the
servo

« Two modes
« Manual Shift

o Takes input from buttons to
change gears

e Automatic Shift

o Shifts each gear when itis in
the range of a specified speed

o Pauses the system to shift
o Includes Manual Shift

LAH CAL STATE LA College of Engineering, Computer Science and Technology
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#of Teeth geqrs
GR =
#of Teeth pptor
Tstallmotor
Ustallgeqr — GR [14]

Wnoloadgeqr — Pno loadmotor * GR [14]

@ * Tstallgear
T = Tstallgeqr — w [14]
no loadgear

2
W™ * Tstallgear

P = (Tstallgear* w) — o [14]
gear

mll CAL STATE LA College of Engineering, Computer Science and Technology

AUTOMATIC GEARING SYSTEM
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AUTOMATIC GEARING SYSTEM

 Shifting point = intersecting point

 Reduce shift shock

« Limit to 6 gear

""‘“ CAL STATE LA

« California Standard Regulation
(<20mph)

* Wmotor = 1358 rpm =
21.92MPH

College of Engineering, Computer Science and Technology
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AUTOMATIC GEARING SYSTEM

Speeding up from 0 to 20MPH
« Power max all time
« High efficiency
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THERMAL ELECTRIC
GENERATOR:
CLAUDIO

INTRODUCTION
TO THERMAL COMPONENT
ELECTRIC SELECTION
GENERATORS




HOW IT WORKS

Thermoelectric generators work by using
a temperature difference between plates
to convert into electrical energy.

Place along casing in along with heat
sink in order to create a larger
temperature difference.

ml_l CAL STATE LA College of Engineering, Computer Science and Technology

CERAMIC
SUBSTRATE " ™.

v .
P N

. P-TYPE
NEGATIVE (-) CONDUCTOR SEMICONDUCTOR
TABS PELLETS
N-TYPE 1
: SEMICONDUCTOR [ 5]
POSITIVE(+) B T
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THERMOELECTRIC

o | = -aSdT [16]

a= local conductivity
S = Seebeck coefficient

Current (ma)

Dt=temperature gradient
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Electricity Produced from TEG

Current [mma)

100

Vaoltage (V)
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HEAT SINK

Q = hA(Ts — To)

0=62W/ . (0.0505m2)(80°C - 27°C)

0 = 165W

.

(T — Tw)

~ 165W
~62W/ ,,  (75°C—27°C)

As

As

A, = 0.055m?2

College of Engineering, Computer Science and Technology
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BICYCLE DES
CLAUDIO




I! SUSPENSION SYSTEM

Full Suspension
- Better handling
- Ride smoother
- Handle variety of terrain

ml_l CAL STATE LA College of Engineering, Computer Science and Technology
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DESIGN
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. Battery

. Capacitor Bank

. High Torque Servo
. Arduino Case

. Derailleur

. Magnets

. Cadence Sensor
. Heat Sink

. Freewheel

10. Motor

11. Adjustable Seat

OO0 ~NOOULULLD WDN B
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SUMMARY:
EDWARD



CONCLUSION

* Fixed the problem of the limited charging current
« Using a supercapacitor bank
- Battery Management System
« 26% Energy Recovery on average

« Created an Automated Gearing System
* Most comfortable ride possible with no extra work
* More efficient system
« Maximum speed of 20 MPH

» Bicycle Designed on SolidWorks

CAL STATE LA College of Engineering, Computer Science and Technology
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