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INTRODUCTION




INTRODUCTION TO A LAVA LAMP

» Water
» Wax
» Heating source

» Density difference




COMPARING LAVA LAMPS

Flow time:
Brightness:

Interactivity:

Safety:

CLASSIC LAVA 1.0 LAVA 2.0

2 hours 25 minutes 10 minutes

25W incandescent 2 color LED’s 3 ultra-bright white

LED’s & 3 color LED

None 1 button, 1 lever: 5 2 buttons: 7 colors &
colors & variable 5 brightness levels
brightness

None Temperature control | Temperature control

+ cool globe




OBJECTIVES




OBJECTIVES

» OPERATION ¢ > 50°C within 10 minutes

» BRIGHTNESS ! » 3000 lux at 1 ft.

» INTERACTIVITY ———> 7 Colors, 5 Brightnesses

> SAFETY! > 45°C outside the globe




DESIGN
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PHYSICAL DESIGN

Liquid Container
(Glass)

Temperature

Sensor

Passive Coil

Active Coil

LED lights

PCB




LED CIRCUIT
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LED PCB




MCU CIRCUIT
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BLOCK DIAGRAM




BLOCK DIAGRAM

Input Control System Measurement System
L Temperature Data Light Control |—
piRe Bover Heat Temperature Data
@ | On-Unit Input Temperature Control
User MCU Temperature Sensor
Power System Energy System Glass
Liquid
P Data
DC Power P DC Power Light »—]
P AC
Light
AC/DC LED lights
1
AC Wall Outlet p Data
DC power p|DC power  EM Field » EM Field Heat
P AC
AC/DC Active Coil Passive Coil
& Inverter




MICROCONTROLLER UNIT (MCU)

Input Control System Measurement System

Temperature Data Light Control
PSR Heat Temperature Data
@ On-Unit Input Temperature Control
User MCU Temperature Sensor
Power System Energy System
P Data
DC Power
P AC
AC/DC
1)
AC Wall Outlet p Data
DC power
P AC
AC/DC




MCU INPUTS & OUTPUTS

PIN TYPE INPUTS

Button 1 Input

Button 2 Input

Lava Temperature Sensor Input

Heat Temperature Sensor Input

Red LED PWM Output OUTPUTS

Green LED PWM Output .

Blue LED PWM Output X 8 4 x1
White LED PWM Output ’

Heat Output Output




Lava Temp.
Sensor

MCU FLOW
CHART

Switch
mode?2

Heat Temp.

[analogRead (Temp. Sensor

Sensors Voltages)

Red LED

digitalwrite
(Heat Mosfet)

Case model (Colour)
Case mode2 (Brightness)

analogWrite (LED PWMs)

Blue LED



MCU CODE

HELLESLL A ALLAPLLAALEEL LA T LA LA RLLALLL S LLEALL AR LS L LI FALLAA LA LS PLL A LS

{i L
L Main Loop K
i B

LELE LA LT LALE A LT L AL LEAL L LA LE L IF LA LS LE O LEELLE L LT L L LE LA LT LE LA LS
void loop ()
{
//Tight
userInput(); //Read User Input (buttonl, button2)
calcLEDs () ; //Calculate LED PWM Signals
setLEDs () ; //set LED PWM Signals;
//Heat
tempInput(); //Read Temperature Sensors
calcHeat () ; //Calculate Heat PWM Signals
setHeat () ; //Set Heat PWM Signals




MCU REQUIREMENTS

M LED light control






https://docs.google.com/file/d/0B8okQdIgwoGaYnVYT2RFaEtMOUE/preview

MCU UNIT REQUIREMENTS

M Heat control

Temperature Temp. Sensor MCU heat

(°C) Voltage (V) output to
MOSFET (V)

<=50°C <=1.0 5




MCU REQUIREMENTS

o E

¥y 6.4,




TEMPERATURE SENSORS

Input

Control System

Measurement System

-

AC Wall Outlet

Temperature Data Light Control |

DC Power

Temperature Control

On-Unit Input

Heat Temperature Data

power EM Field

P EM Field Heat —

Active Colil
& Inverter

Passive Coil




TEMPERATURE SENSORS VERIFICATIONS
Voltagel|V] = 0.75 + (Temperature[°C] — 25) = 0.01

M Measurement once » TESTED
every 15 sec.

M Output readable by » 0.1to 1.75V
MCU (-40 to 125°C)

M Precision of +2°C » Equivalent to +0.02V




LED CIRCUIT

Input Control System

User

Power System
DC Power DC Power Light
P AC
AC/DC LED lights
(1)
AC Wall Outlet p Data
DC power p|DC power  EM Field » EM Field Heat
P AC
AC/DC Active Coil Passive Coil
& Inverter




LIGHTING REQUIREMENTS

1 foot away from

light source

2
%

7
&




LIGHTING REQUIREMENTS
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LIGHTING REQUIREMENTS

M Control illuminance at 5

increments




LIGHTING REQUIREMENTS

>

» Orange
» Yellow
» Green
» Blue

» Violet
» White




LIGHTING REQUIREMENTS
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LED AND MCU POWER CIRCUIT

Input Control System
L Temperature Data

— P DC Power

(2 ) P On-Unit Input

User

Power System

-

AC Wall Outlet L p{Data

DC power DC power EM Field » EM Field Heat

AC/DC Active Coil Passive Coil
& Inverter




LED AND MCU POWER REQUIREMENTS

Agilent Technologies MON MAY 01 08:31:44 2017
B 2o00v/ ] 2] 4% 00s 1000% | Aute? £ | -7.98V

MSupply 8.6V

DC to LED

circuit

N
AX = 99.60ns 1/AX = 10.040MHz AY(1) = 400 0NmV/

2y Mode I Source y Cursors X1: -49.60ns Y1: 8.60000V

Manual 1 Y?2 *x2: 50.00ns Y2: 9.00000V




LED AND MCU POWER REQUIREMENTS

3% Agilent Technologies MON MAY 01 08:35:49 2017

0 200v/ ] 4] 0.0s 10,008/ [ Auto? % 7,98V

MSupply 3.3V

DC to MCU

X = 99.60ns 1/AX = 10.040MHz AY(1) = 325 NNmV
Mode Source 2 Cursors X1: -49.60ns Y1: 3.22500V
Manual 1 Y2 Xx2:50.00ns Y2: 3.55000V




ADDITIONAL POWER REQUIREMENTS

M » LED circuit operates within 10A and 60W

All on 5.11A 12.734W
White 1.8A 5.7W
R/G/B 1.03A 2.55W
O/YIV 21A oW




INDUCTION POWER CIRCUIT

Input Control System

Temperaturg

User

Power System

Data
DC Power DC Power Light »—]

Light

P AC

AC/DC LED lights

-

AC Wall Outlet

p{ DC power EM Field P EM Field Heat

AC/DC Active Coil Passive Coil
& Inverter




INDUCTION POWER SUPPLY

» 115:24 turn transformer

» Full-bridge rectifier

» Filter capacitor Bridge t —
p @ Rectifier
» Equation for filter cap C l _——
value: .
C LT -—

T Waveform

— — C Charges C Discharges -~ With
AV Ripple __ o~ i“g“t.m DIF h:rq B a Eap;:ﬁcr
£ L N Rl Oy




INDUCTION POWER REQUIREMENTS

Agllent Technologles MON MAY 01 08:39:41 2017
I] 5. OOV/ 2] ] # 00s 10008 Aute? §f [ 347V

AX = 99.60ns 1/AX = 10.040MHz AY(1) = 687 hmV

Mode Source £y Cursors X1: -45.60ns Y] 34 5000V
Manual X2: 50.00ns Y2 35.1875V




INDUCTION

Input Control System H Measurement System

Temperature Data Light Control

-

AC Wall Outlet
DC power EM Field EM Field Heat

AC/DC Active Coil
& Inverter

Passive Coil




HAND-BUILT INDUCTION DRIVER

» Built as a ZVS driver 1
» Frequency determined by: f =
21TV LC

» Damaged MOSFETS prevented further testing




PRE-BUILT INDUCTION DRIVER

» Same basic design as hand built driver
» Built more robustly (capable of producing 1000W)
» Used to conduct induction tests




INDUCTION CIRCUIT T
VIV N
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INDUCTION REQUIREMENTS

n Heat water to 50°C within 10 minutes

¥/




INDUCTION REQUIREMENTS

A Make sure active coil does not exceed 44°C




INDUCTION REQUIREMENTS

3 Surface temperature of glass does not exceed 44°C




CONCLUSIONS

> 50°C within 10 minutes

> 3000 lux at 1ft

> 7 Colours, 5 Brightnesses

> 45°C outside the globe




FUTURE WORK

>

Integration of components into
one working unit:

m Power supplies

m PCBs

Better active coil to prevent
overheat

m Research in coils

Updated physical design




Thanks
Everybody!

Questions




