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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 
creates a magnetic field

• Applying the same magnetic field to 
the coil creates an electric current

BACKGROUND

[1]
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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

Item Number Deliverable Description

1 Dynamic Braking System

2 Automatic Gearing System

3 Bicycle Frame Design

4 Thermoelectric Generator
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PROJECT 

MANAGEMENT:
CLAUDIO

PROJECT 
ORGANIZATION
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REQUIREMENTS

Level Number Title Requirement Source
Method of 
verification

1 Regeneration >5% Energy Recovery
Average Market 

Regeneration
Algorithm

2 Maximum Power 750 Watts
California Standard 

Regulations
Distributer

3 Maximum Speed 20mph
California Standard 

Regulations
Algorithm

4 Controller Throttle-Assisted
California Standard 

Regulations
Planning
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Average Power Output And Torque Required

• Assume:

• 177 lb. weight of bicycle accelerates from rest to 12.5 mph in 8 seconds.

• Average power output to accelerate the bicycle 

Initial speed = 0 
𝑚

𝑠
and     Final speed = 12.5mph = 5.588

𝑚

𝑠

• Total weight = 77.11kg

• Newton's second law: 𝐹𝑎 = 𝑚𝑎 = 𝑚
𝑣−𝑢

𝑡

11

𝐹𝑎 =77.11 Kg
5.588 𝑚

𝑠
− 0 𝑚

𝑠

8 𝑠
= 77.11 Kg *

5.588 𝑚

𝑠

8 𝑠
= 77.11 Kg * 0.69475

𝑚

s2
= 53.57 N
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Friction And Air Resistance Forces
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Rolling resistance And Air Resistance Forces 

Rolling resistance of the bicycle

𝐹𝑅 = 𝜇𝑓𝑊 = 𝜇𝑓𝑚𝑔

𝐹𝑅 = 0.008 × 77.11 𝑘𝑔 × 9.81
𝑚

𝑠2
=  6.05N

Resistance offered by air

𝐹𝐴 =
1

2
𝐶𝑑𝜌𝐴𝑣

2

𝐹𝐴 =
1

2
× 1.1 × 1.2

𝑘𝑔

𝑚3
× 0.51𝑚2 × 5.588

𝑚

𝑠

2

= 10.51𝑁

The total forces required to accelerate the bicycle is

𝐹𝑡𝑜𝑡 = 𝐹𝑎 + 𝐹𝑅 + 𝐹𝐴
𝐹𝑡𝑜𝑡 = 53.57 N + 6.05 N + 10.51𝑁 = 70.13N
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Average Power Output And Torque 

Power (p)  =  F * v

𝑃 = 70.13N ∗ 5.588
𝑚

𝑠
=  391.88W

Torque needed at the center of the wheel to reach required speed from rest

𝜏 = 𝐹 × 𝑑

𝜏 =  37.95N + 6.05N  + 10.51𝑁 * (14 in * 0.0254
𝑚

𝑖𝑛
)

𝜏 = 70.13 𝑁 ×
29

2
𝑖𝑛𝑐ℎ × 0.0254 𝑚 = 25.83 𝑁𝑚
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DYNAMIC BRAKING SYSTEM:
TEAM
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DYNAMIC BRAKING SYSTEM

Motor is used as driver and generator

Hall Sensor

• Measures RPM by change in magnetic field

• 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 [2]
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ENERGY: DYNAMIC BRAKING SYSTEM

Energy Produced From Stopping

𝐸 = 𝜂
1

2
𝑚𝑣2

• Assume:

• Mass = m = 100kg

• Velocity = V ≈ 9 m/s (20 mph)

• Efficiency = Ƞ = 90%

Time Needed to Stop

• Theoretical Li-ion Battery:

• 48V

• Charge 5a

𝐸 ≈ 3.6 𝐾𝐽

[3]
5𝑎 ∙ 48𝑉 = 240

𝐽

𝑠
3.6 𝐾𝐽

240
𝐽
𝑠

= 15s
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CAPACITOR: DYNAMIC BRAKING SYSTEM

Super Capacitor

• Quickly charges and discharges

• Holds a high amount of energy

Energy Stored in a Capacitor:

𝐸 =
1

2
𝐶(𝑉𝑜𝑙𝑡𝑠)2

Energy Produced by Stopping:

𝐸 = 𝜂
1

2
𝑚𝑣2

Equality of Energies:

𝐶 =
𝑚𝑣2𝜂

(𝑉𝑜𝑙𝑡𝑠)2

[4]

[5]
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COMPONENT SELECTION: DYNAMIC BRAKING SYSTEM

Maximum Voltage

• Higher battery charge rate

• Higher torque from motor

• Lower Capacitance Minimum

Motor Selection:

• 48 V

• 750 W

• Hall Sensor

• VESC controlled [6]

19
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BATTERY SELECTION: DYNAMIC BREAKING SYSTEM

• Powers 750 W motor

• 48 V system

• Capacity

• 750 𝑊 ∗
1

2
ℎ𝑜𝑢𝑟 = 375 𝑊ℎ

•
375𝑊ℎ

48𝑉
= 7.81 𝐴ℎ

• Includes Battery Management System (BMS)

• To control current from capacitors

Specifications:
• 48 V
• 10Ah
• Lithium-ion 

Battery
• BMS 
• Waterproof

[7]
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CAPACITOR SELECTION: DYNAMIC BREAKING SYSTEM

• 48 V system

• Minimum 3 Farads

• Capacitors in Parallel

• Voltage is equivalent

• 𝐶𝑒𝑞 = σ𝐶𝑛

• Capacitors in Series

• 𝑉𝑒𝑞 = σ𝑉𝑛

•
1

𝐶𝑒𝑞
= σ

1

𝐶𝑛

Specifications:
• 2.7 V
• 100F
• Carbon Aerogel

[8]
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MATLAB CODE

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

• Based on:

• Equations previously discussed

• Known values

• Distributer options

• Outputs:

• Proper battery size

• Number of capacitors needed

• Wiring Array

• Total Capacitance of the bank

22



C A L  S T A T E  L A  |    C o l l e g e  o f  E n g i n e e r i n g ,  C o m p u t e r  S c i e n c e  a n d  T e c h n o l o g y

DATA AQUISITION

• Real Bicycle Data
• STRAVA app

• Displayed as a dynamic graph:
• Distance
• Time
• Elevation
• Percent Grade
• Velocity

• Using “Inspect Element”
• Data is found
• Moved to Excel spread sheet
• MATLAB can access that spreadsheet

[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

𝐸𝑛𝑒𝑟𝑔𝑦𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 = −
1

2
𝑚∆𝑣2 −𝑚𝑔∆ℎ

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

24



C A L  S T A T E  L A  |    C o l l e g e  o f  E n g i n e e r i n g ,  C o m p u t e r  S c i e n c e  a n d  T e c h n o l o g y

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] 

• Assist going up hill

o Any percent grade greater than 9% 

– “Moderate Slope” [11]

• 𝐸𝑛𝑒𝑟𝑔𝑦𝑈𝑠𝑒𝑑 =
1

2
𝑚∆𝑣2 +𝑚𝑔∆ℎ − 75∆𝑡

Kinetic Energy     Potential Energy     Energy Produced by Rider

• Energy cannot exceed the energy of the motor for either case

• 750 W
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• Quick negative 

changes in velocity 

coincide with peaks 

in energy generated

• Gradual slopes in 

velocity change 

show similar patterns
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• Fast drops in altitude 

coincide with peaks in 

energy generated

• Using brakes to 

maintain/slow speed 

downhills
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• Energy used coincides 

with positive changes in 

velocity

• Motor is used to assist 

from a stop or slow 

speed

ENERGY USED
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• Peaks in energy used 

coincide with 

moderately steep hills

• Motor is used to assist 

rider going uphill
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COMPARISON
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COMPARISON

Ride Energy Generated (J) Energy used(J) Efficiency of Ride

1 46,530.51 250,862.84 18.55%

2 60,325.51 170,791.88 35.32%

3 40,392.93 135,630.21 29.78%

4 15,450.99 11,815.58 130.77%

5 85,405.26 459,581.98 18.58%

 -

 50,000
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 200,000
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En
er

gy
 (
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Comparison of Energies

Energy Generated (J)

Energy Used (J)
Ride

Total Energy In 
Battery (J)

Energy Generated 
Percent of Total 

Battery

Energy Used 
Percent of Total 

Battery

1

1,728,000 

2.69% 14.52%

2 3.49% 9.88%

3 2.34% 7.85%

4 0.89% 0.68%

5 4.94% 26.60%
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COMPARISON

Ride
Energy Generated 

Per Mile (J/mi)
Energy Used Per 

Mile (J/mi)

1 4,308.50 23,228.67 

2 5,752.87 16,287.36 

3 3,142.19 10,550.76 

4 2,818.82 2,155.59 

5 5,224.70 28,115.09 

Average 4,249.41 16,067.49 

Average 
Efficiency
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ELECTRICAL SCHEMATIC: DYNAMIC BRAKING SYSTEM

Charging current flow

Discharging current flow
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AUTOMATIC GEARING 

SYSTEM:
EDWARD, ENOCH AND SIN TSAN

AUTOMATIC 
GEARING SYSTEM 
INTRODUCTION

ELECTRICAL 
SCHEMATIC

CADENCE 
SENSOR

SHIFTING 
SYSTEM

SHIFTING SPEEDS
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AUTOMATIC GEARING SYSTEM

• Arduino based system

• Independent battery

• Varies gear sizes dependent on speed of system

• Derailleur cable controlled by servo

Cadence Sensor

• Measures speed of rotating wheel

High Torque Servo

• Motor able to actuate in degrees

• Metal gears are more resistant to slippage

• Higher torque output than average hobby servos

Servo

[12]
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ELECTRICAL SCHEMATIC: 

AUTOMATIC GEARING 

SYSTEM

Display Screen

Battery 
Charger 
Module

B+ B-

O
u

t+ 
O

u
t-

In- In+

Thermal Electric
Generators

10KΩ
Potentiometer

High Torque 
Servo

Cadence 
Sensor

Shift Gear 
Down

Automatic 
Gearing 
On/Off

Shift Gear 
Up

Battery

Power from 
Main Battery

DC/DC Converter
(48V Step Down)

[13]
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AUTOMATIC GEARING SYSTEM: CADENCE 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

• Returns revolutions per minute (RPM)

• 𝑆𝑝𝑒𝑒𝑑 (𝑀𝑃𝐻) =
𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑠

𝑚𝑖𝑛
(
𝑊ℎ𝑒𝑒𝑙 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 ∗ 𝜋 ∗60

63360
)

Magnet Magnet

Hall Effect Sensor
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• Each gear is designated a degree on the 
servo

• Two modes

• Manual Shift

o Takes input from buttons to 
change gears

• Automatic Shift

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

o Pauses the system to shift

o Includes Manual Shift

AUTOMATIC GEARING SYSTEM

38
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AUTOMATIC GEARING SYSTEM

𝐺𝑅 =
# 𝑜𝑓 𝑇𝑒𝑒𝑡ℎ 𝑔𝑒𝑎𝑟𝑠

# 𝑜𝑓 𝑇𝑒𝑒𝑡ℎ𝑚𝑜𝑡𝑜𝑟

𝜏𝑠𝑡𝑎𝑙𝑙𝑔𝑒𝑎𝑟 =
𝜏𝑠𝑡𝑎𝑙𝑙𝑚𝑜𝑡𝑜𝑟

𝐺𝑅

𝜔𝑛𝑜 𝑙𝑜𝑎𝑑𝑔𝑒𝑎𝑟 = 𝜔𝑛𝑜 𝑙𝑜𝑎𝑑𝑚𝑜𝑡𝑜𝑟
∗ 𝐺𝑅

𝜏 = 𝜏𝑠𝑡𝑎𝑙𝑙𝑔𝑒𝑎𝑟 −
𝜔 ∗ 𝜏𝑠𝑡𝑎𝑙𝑙𝑔𝑒𝑎𝑟
𝜔𝑛𝑜 𝑙𝑜𝑎𝑑𝑔𝑒𝑎𝑟

𝑃 = (𝜏𝑠𝑡𝑎𝑙𝑙𝑔𝑒𝑎𝑟∗ 𝜔) −
𝜔2 ∗ 𝜏𝑠𝑡𝑎𝑙𝑙𝑔𝑒𝑎𝑟

𝜔𝑔𝑒𝑎𝑟

[14]

[14]

[14]

[14] [14]
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AUTOMATIC GEARING SYSTEM

• Shifting point = intersecting point

• Reduce shift shock

• Limit to 6th gear

• California Standard Regulation 

(<20mph)

• 𝜔𝑚𝑜𝑡𝑜𝑟 = 1358 𝑟𝑝𝑚 =
21.92𝑀𝑃𝐻

2.96 MPH

4.19 MPH

6.38 MPH

9.76 MPH
14.30 MPH

21.92 MPH

40



C A L  S T A T E  L A  |    C o l l e g e  o f  E n g i n e e r i n g ,  C o m p u t e r  S c i e n c e  a n d  T e c h n o l o g y

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 

ELECTRIC 
GENERATORS

COMPONENT 
SELECTION

ASSEMBLY
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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.
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• I = -αSdT

α= local conductivity

S = Seebeck coefficient

Dt=temperature gradient

THERMOELECTRIC

[16]

[11]
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HEAT SINK
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BICYCLE DESIGN:
CLAUDIO

SUSPENSION 
SYSTEM

DESIGN
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Full Suspension

- Better handling

- Ride smoother

- Handle variety of terrain

SUSPENSION SYSTEM
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DESIGN

48

1. Battery
2. Capacitor Bank
3. High Torque Servo
4. Arduino Case
5. Derailleur
6. Magnets
7. Cadence Sensor
8. Heat Sink
9. Freewheel
10. Motor
11. Adjustable Seat

1
11

7

9

3

10

4

2

8

5

6
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SUMMARY:

EDWARD

CONCLUSION
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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
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