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Smart Small Solar car, Solar boat & Glider Workshop 1
Print the Future
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INNOVATION CENTRE

28/02

Before 28/02 Recruitment of team members and event
registration

After 28/02 Prepare the procurement list and assign
tasks to team members for collaboration

April Easter Holiday — Work Commences (I)

July to August Summer Holiday — Work Commences (ll)

15/08 Venue practice

31/10 Final
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* Introduction to Electric Vehicles
e Discussion on Current 3D Printing Technology
* Considerations in Chassis Design
* Power System for Small Vehicles
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Introduction to Electric Vehicles
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EV background

Ll 1
. 'e' N
I 1
AN
T 1
Smart Grid
S — A smarter grid will transmit information
I h between utilities and charging stations, helping

to create additional capacity, and enabling

Power Sources consumers to manage vehicle charging costs,

Electric vehicles will be powered by energy,

from traditional and renewable sources
like solar,wind.

ol

Commercial Charging Stations

Charging Stations will be available on
city streets, retail destinations and other
parking facilities.

Lightweight Materials
Automotive design have
made EVs more powerful
and efficient than ever

Better Batteries
Enable longer ranges with M 0
decreased charging times.

Reduced Emissions*
EVs can reduce CO2 emissions over 30%

*Spurce: EDTA (Electric Drive Transportation Association) given the current US grid mix.

INNOVATIO.

Infrastructure

GE provides infrastructure solutions,
like transformers, submeters, ond load
centers, that support the roll-out of
electric vehicles.

Home Charging Stations

While you con plug an EV into any standard
household 120V outlet, youll get a significantly
faster charge and optional internet connectivity
if you install o charger like GE's WattStation.

Financing Solutions

GE Capitol will provide solutions
for businesses to finance electric
vehicles for their fleets.

Up to 100 Miles On A Full Charge
A full charge with a Level 2 charger

like GE's Wattstations takes 4-8 hours
and can take a car for up to 100 miles.
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Pros and cons of EV o | |

Advantages

e Zero pollution: No exhaust emissions during operation, which is beneficial to
environmental protection

* High efficiency and energy saving
* Energy diversification
e Zero noise during operation

Disadvantages

 Heavy weight due to large batteries

* High initial cost

* Limited driving range

* Longcharging time

* Incomplete supporting facilities: lack of charging infrastructure
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Discussion on Current 3D Printing Technology
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3D PRINTING CHANGED

-

T\

-,

¥ THE WORLD

FROM SPACE AND AGRICULTURE TO FASHION AND MEDICINE, EXPLORE ALL OF
THE WAYS THAT 3D PRINTING IS SHAPING THE WORLD WE LIVE IN TODAY

ago, the idea of being able to print out any real,
physical object you could imagine - all safely at
home - was mostly considered the stuff of science fiction.
Though the earliest 3D printing technologies can be
traced back to 1986, when the first patent was issued
for an SLA apparatus invented by Charles Hull, it was
not until January 2009 that the first commercially
available consumer 3D printer, the BfB RapMan,
was put up for sale. The move was like the start
of an avalanche. Soon, projects like Z Corp's
Spectrum Z510, RepRap and MakerBot's
Cupcake CNC kit began to change
the world for good. 3D printers
could be bought to use in
anyone’s living room

I t's astounding to think that up until just a few years
\

or office. and the very idea of 3D printing became common
knowledge for the very first time. For many. it marked the
start of the next industrial revolution.

3D printing objects at home, however, is only the very tip
of the iceberg. Fast-forward to today and 3D printing has
been used to the develop the worldss first fully drivable
3D-printed car, made up of 212 layers, and has enabled
astronauts to quickly print much-needed tools on
the International Space Station. One day soon. it
could herald the start of a whole new way of
farming. making clothes or building homes.
We could even see the dawn of fully
functional 3D-printed human organs.
Let's take a look at the industries
and innovations shaped by
3D printing today.

[1] 12 Ways 3D printing changed the world(2021) 3D Make & Print. Imaglne Publishing Lrd

I
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3D print technology

The first 3D printer was released in
1987 by Chuck Hull of 3D Systems. It
used stereolithography (SLA)

technology. [2]

Classroom
3D Printing

3DP in Supply Chain

Consumer 3D Printing

30 Print

g é —
& 3DP in Aerospace Software
g 3D Printing for
8 3D Printing TR
% Service rototyping
z 3DPin Bureaus
S
s Automotive

3DP of Consumable

Personal Products 3DP Tooling.

Jigs and Fixtured
Innovation Peak of Inflated Trough of Slope of Enlightenment Plateau of
Trigger Expectations Disillusionment Productivity

Time

Fig.1 3D printing: beyond the hype [2]

[2] What is 3D printing? The definitive guide (2021) 3D Hub
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3D print technology
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3D print technology

Smart Small Solar Car

Mechanical parts Electrical parts

A 4

Testing, and fine-tune
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Design considerations Y

 Body dimensions

 Body shape
e Components and parts
 Operating principle
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3D print technology ®

Traditional 3D printing methods:

* Machines are usually relatively large

* High cost of equipment and materials
e Difficult to operate
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3D print technology ®

Current 3D printing methods:

* Smaller machine size
* Greatly reduced cost of materials and machines

* Easier to operate
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3D print technology @ O

 Working guidelines

 Types of printing materials
 Types of 3D printers
* 3D printing software
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Read 3D model
files (STL)

Slice the 3D
model
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3D print technology @ O

FOMYZB R FE Y Y (Fused Deposition Modeling)

©® ovsrTman

DO RA B

&
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3D print technology
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3D drawing software

e SolidWorks
* Fusion 360
e CATIA

soeHie 606 [ -
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3D drawing software

Feature

Surface Modeling

Large Assembly

Operating System

Collaboration Method

soPHIe 606 5
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Fusion 360 SolidWorks CATIA

Basic, suitable for
organic shapes

Excellent, suitable for  Top-tier (Class-A), for
most industrial productsaerospace and
automotive use

Performance drops
significantly after 500+
parts

Windows & macOS

Stable performance Smooth operation even
with thousands of parts with tens of thousands
of parts

Only for Windows Windows (Early support

Unix)

Native cloud storage, Traditional file storage, Powerful data
simultaneous multi-user requiring additional management, integrated
editing purchase of PDM/PLM with 3DEXPERIENCE

Y
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3D print software

e Cura

e Meshmixer

* Sculptris

‘((dm,

S S

 Bambu Studio o Tee—

)

sculptris
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3D printing materials ® ) ©
0-0-

*PETG (230-270°C) o woo I ...
*Good strength and toughness, excellent chemical resistance, food-safe grade, easier to print than
ABS. .

*PLA (180-200°C)

*Made from corn starch, biodegradable.

*ABS (220-240°C)

*Strong and durable, with odour emitted during printing.

*PVA (220-240°C)

*Water-soluble, used for printing support structures.

*TPU (230-250°C)

*Soft, flexible, and highly elastic; suitable for phone cases, springs, and other rubber-like parts.

Common plastic filament printing materials include:
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3D printing materials

2H 14min
32 gram
85mm tall

Sourhle

Pt Ertnpss
PHT 0T
A Cravindebsy
Heskdzrce

Hsd, i L

SMART C:TY

INNOVATIO CENTRE

ABS

=Aruspgth
Fit Entness
EHTY 0TS
[ TR Dbty
Hesetzrzy

Husl Hearit o

PLA

K2

FETG

Slnngih
Fait S g
TS 01N Q
[ T ot ey

Heakdmmce

Haeal Hesedance

ABS
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Properties :

Printing Notes /

Printing Precautions :

Heat Resistance /
Temperature
Resistance

Mechanical Strength :

Weather Resistance :

Odor:

PLA (X FLER)

Almost no warping

Low (~60°C), may deform inside a
car in summer

Hard and brittle, high tensile
strength but fragile

Poor, easily affected by moisture
and UV degradation

Sweet smell, low VOCs (Volatile
Organic Compounds)

soPiHIE 606 |k

SMART/C,( TY
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PETG (5142 Hs)
Stringing issues need adjustme

Medium (~80°C), suitable for
most functional parts

Good toughness, impact
resistance, chemical resistance

Excellent, waterproof and UV
resistant

Very low odor

/\

ABS (PIAHR- T —4- %Zﬁ?ﬁ)

Difficult, highly prone to warping;
requires enclosed chamber

High (~105°C), excellent thermal
stability

Good balance of rigidity and
toughness, wear-resistant

Fair; becomes brittle and fades
under long-term exposure

Pungent odor; releases toxic

styrene fumes s
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3D print technology

I} %5 : Research and Development (R&D)
o fJfE ¢ Product Prototyping

oFE ST 1F  Historical Heritage Preservation
*ZZ% T : Construction Engineering

«Hl3E2% . Manufacturing
)5 : Automotive

PHIS S60C ||i: -

SMART C:TY
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Strati — the world's first vehicle manufactured using 3D print

ing technology
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3D print technology

«  FTE[JZEE : Printing speed

«  NEEEJE : Inner wall thickness
«  4ANZJEZE] © Outer layer count
¥ (cross/line) : Support structure (cross/line)
o HETZEE : Infill density
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3D print technology

3 cua - o
File Edit View Settings Extensions Preferences Help

X

DeltaBot
Material: PLA v
Profile: High Quality * v
Print Setup [ Recommended
= Quality v
EEE— S
Loyer Height 01
Initiol Layer Height ] io.a n
Line Width [0a nm [y
Wall Line Width |04
Outer Wall Line Width X
o A oy T Inner Walks) Line Width {04
B Top/Bottom Line Width |04 ne
Infill Line Width (04
s Support Line Width |04
11 shell v
4 \ Wall Thickness [o8
3 Wall Line Count 2
4 N Outer Wall Wipe Distance {02
4 \ Top/Bottom Thickness |08 |
| | 22 infill v
i Infill Density (20 |
! 1 - J
\ ) 10l material v
y y Printing Temperature i [200
\.‘ ! Build Picte Temperature |60
Q 4 Diometer (175
y I
A 4 Flow [100
: b 4 4 Enable Retraction i v
4 ’ P @ speed ‘ ¥ |
- > Print Speed |50
: = Infill Speed i @o
= = _ Top/Bottom Speed il1s
=S o :
=S =" Travel Speed | 120 Y
— g e

D.01 Body(NEW) ¢* Ready to Save to Removable Drive
475x117.6x 284 mm

c U fCI . @ 05h 17min il 665m/~19g Save to Removable Drive | v
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3D print technology

@ curs

File Edit View Settings Extensions Preferences Help

DeltaBot
Material: [Pra v
Profile: High Quality * v
Print Setup Recommended
24 snen vy #
Wall Thickness 08 ¥
Wall Line Count 2
Outer Wall Wipe Distance 02
Top/Bottom Thickness 08
T S Infill v
3 § “ay Infill Density (20
111 material v
Printing Temperature i {200
Build Plate Temperature |60
181 Diometer 175
Flow 100
Enable Retraction v
(7) speed v
¥ Print Speed |50
\ Infill Speed i|s0
/ \ Top/Bottom Speed il1s
\ Travel Speed 120
¥ cooling v
Enable Print Cooling v
&\ Support Y
Enable Support ND|lv
R } Support Placement ") | Everywhere v
\ /= Build Plate Adhesion v
4 Build Plate Adhesion Type " [ Ratt v
A Raft Alr Gap 03
> Initial Layer Z Overlap 0.15
< Raft Top Layers 2
S LIS

= D.01.Body(NEW) ¢ Ready to Save to Removable Drive

e 475 x 1176 x 284 mm
@ 05h 17min |0l 665m/~19g Save to Removable Drive | v




o &

“TIVE / Engineering
I

3D print technology

soPiHIe S60C

SMART/C,(.TR




o &

- =l -
TIVE g SoPE §§0C [0

SMART

IIIIIIIII

(7
*'0 o

Body size and shape Material weight and
strength

* Area
e PVC

* PLA

 wood
‘ * Paper

e Car shape
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Design consideration N N

o  HEBKSTHIEAR : Body size and shape

- FbRI (EEE) : Material (weight)

« W RSIMESF (34w /4 ) - Wheel
size and number (3 wheels / 4 wheels)

. EMEEEHE (1 fF / 4LGTE) ¢ Chassis

structure (one-piece / assembly)
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Powertrain * () O

BEERE (1 & k) ¢ Chassis
TR (38 / 4 ) © Wheel Em““’%.< ﬁ% /[ & fF) * Chassis Q
o ) e (B wliesls f d wihsel] structure (single-piece / assembly)

WEEHlis K ~T © Determine wheel size
(R & #EZEE(E - Ensure load rating
IEEfEEME - Improve stability
HWEFX (NigrHEBREAEET)

Speed requirement (smaller wheels help
increase speed)

HEGEE & © Wheel weight
YRR EFERIER A @ Fuel consumption and

cost
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1. Powertrain system design
2. Circuit connection and welding assembly
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Circuit design * N

* Battery

e Solar panel

e DC-DC boost converter

* Capacitor

e ESP32 control board
 Motor driver

 Power and steering motor
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Solar energy B S

Global Horizontal Irradiation South And Southeast Asia

L BEliNG® /7 fhabwe

SEOUL

25.0

8§ 5

-4#-KSC Direct Radiation (09-13) KP Global Radiation (09-13)

S —4— KP Direct Radiation (09-13) ——KP Global Radiation Normal (81-10)

15.0

10.0

Mean Daily Solar Radiation (MJ/m?)

5.0
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
sollargis
Monthly average daily solar radiation recorded at King's Averags anual sum (1998.2011)
Park and Kau Sa| Chau’ Hong Kong’ from 2009 to 2013 <1000 1200 1400 1600 1800 2000 2200> kWhim2 SolarGIS © 2012 GeoModel Solar s.r..

Solar radiation recorded in Asian and
Southeast Asian countries



PRI 4

““I1VE / Engineering
)

Solar panel working principle

’ photons

electron flow

E s &
| ST

; hole flow 4

soeHie 606 [ -

http://www.electricaltechnology.org

N-Type Semiconductor

PN - Junction

P-Type Semiconductor

Basic Operating Principle of a Solar Cell

SMART

INNOVATIO

Load

: :J >'l

Sunlight

Electron

Flow
\ v T T &
LY
N-Type P-T
10090 ; silicon | silicon
/
\ PN-Junction
“"Hole™

Flow
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Powertrain

‘ M Motor,
otor . and servo
drive motor




PR 4
o5 1 1 A S o a—
IVE Egggmeermg e b [= SG@C

SMART

INNOVATIO O

o O

Circuit components

Battery (NCR18650PF)
* Powers the electronic components on the vehicle

Panasonic Lithium lon

NCR18650PF

Features & Benefits Specifications Dimensions
* High energy and power Rated capacityl*) Min. 2700mAh Max. 18.5 mm
[ density P ) T 1
. * Long, stable, high power Capacity! 2"'"’ i;zgm:: E
« High safety performance i Tve. e ]
* Ideal for power assisted Nominal voltage 36V *Withtube  (+)
bicycles; 2. wayiradios, Charging CC-CV, Std. 1375mA, 4.20V, 4.0 hrs T
medical devices and -
O O O robotics. Weight (max.) 480¢g §
[ Temperature Charge*: 010 +45°C a2
Discharge:  -20t0 +60°C S
Storage: -20 t0 +50°C s
>. Energy density Volumetric: 577 Wh/l
* At temperatures below 10°C, 2 i
charge at a 0.25C rate. Gravimetric: 207 Wh/kg [E]
At 20°C PAL25° C MEnergy y based on i For Reference Only

* Do not use if the battery is swollen

Charge:  CC-CV 05 max) 4.20V, 100mA cuteoff at 25°C
I Charge: GOV OSC ma) 420V, 10mA el o 25°C ] Omtharse: C 1, 2 ot 55
50 5000 3000
s 000 b \
vouTast =
sS40 =
35 EE I~
] 5E E 130
H o § g g
0 cwon fimo
25 | capamy 1000
520
20 o
o 50 100 150 200 °
TIME (minutes) . » e s, - b -
cvete count
Discharge Characteristics (by temperature) Discharge Ch istics (by rate of disch )

Charge:  CC-CV 0.5€ (max) 4.20V, 100mA cut-off at 26°C

s Discharge: CC 1€, 2.5V cut-off at each temperature Discharge: CC, 2.5V cut-off at 25°C

Charge:  CC-CV 0.5€ {max]) 4.20V, 100mA cut-off 3t 25°C
=

a0

s s
& ]
g g
g g0 |

s 2s |

20 20

o 50 1000 1500 208 500 o s 100 1500 2000 50 3000
DISCHARGE CAPACITY (mah} 'DISCHARGE CAPACITY (mAh)
—0C 0 25 ——dSC —o2¢ —1c —2¢

The data in this document s for descriptive purposes only and is not intended to make or imply any guarantee or warranty.

Jun. 2016 | Copyright® 2016 All Rights Reserved.
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DC-DC Converter

* Itis a power conversion circuit
that converts DC power into DC
power of different voltages.

A DC-DC converter allows the
circuit voltage to be maintained
within a certain range.
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DC-DC converter working principle

e Acircuit that converts low voltage to high voltage.

Discontinuous Conduction Mode (DCM) Continuous Conduction Mode (CCM)
circuit circuit
L1 D1 N D1 _
* N YT - N MicroUSE plmsmaviimasocnny
| R g >
l | +
QS V SW1 i @, X SW1 ——Ci
2, =,
© s 2
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Motor

A DC motor is a motor driven
by direct current. Most
commonly, it rotates using the
force generated by a magnetic
field.

* Almost all DC motors have a
similar mechanism, which
periodically changes the
direction of the current in the
motor, either
electromechanically or
electronically.
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ESP32 Module

S e e

GPI02
apios [
PI08/SD1

GPIO10/5D3 G
18 21
GPIOT1/SDCMD GPIOISD0

GPIOG/SDCLK 122

Ultrasonic sensor

soPiHIe S60C

KEEP OUT

8INPO I4IM
objeIH
Sze-ds3

SMART
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Solar panel \/ DC-DC Converter

Motor, Servo motor, motor drive
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2 .

+ - 4.5V-36V
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3.3V-5.5V

3.3V-5.5V

4.8V-6V
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Competition track TR ()

« Based on the Hidden Valley Raceway, the Q
qualifying track for the Bridgestone World
Solar Challenge.

» The track is approximately 4,500
millimeters long and 2,000 millimeters

wide.
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Auto parking D

40cm

30cm 30em

-

e The solar-powered remote-controlled car must first complete one full lap of the track before performing the parking
maneuver.

* The parking space is marked with a rectangular box;

* the car is considered successfully parked only if it is fully inside the box (must not cross the lines, and no part of the
body may protrude).

* After completing the lap, you may reposition the solar-powered RC car to the designated position [P].
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Thank you



