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BACKGROUND

https://nguyenhieuhobby.wordpress.com/2012/11/26/mot-so-khai-niem-trong-thiet-ke-mach-in/

• Contemporary Fabrication
• LPISM
• Application
• Production

Presenter
Presentation Notes
Contemporary Fabrication
	- LPISM (talk about the lacquer)
	- Application (talk about the application used by free lancers and manufacturers)
	- Production (purpose of production)



Problem Statement 

https://www.shutterstock.com/search/toxic+symbol

https://www.youtube.com/watch?v=Ps8aPpW_PEA

Presenter
Presentation Notes
These chemicals can form hazard so we want to eliminate the interaction for chemicals



Process Summary 
1. Lacquer Application
2. Exposing System
3. Chemical Rinse Bays
4. Thermal Curing System
5. Building Frame
6. Controls
7. Power
8. PCB Results
9. Project Budget Analysis



Overall Design Functionality



Marketing Requirements Engineering Requirements Justification

1, 3, 4, 6 Solder mask is applied evenly (2.4-3 mils thick) Based on qualification and performance of 
permanent solder mask (IPC-SM-840C)

1, 3, 4, 6, 7 The system will bake the solder mask on the board at 275-350 oF for less 
than or equal to sixty minutes 

The oven needs to function at high temperatures 
in order to harden the solder mask enough

1,2, 3 The system will evenly expose the board to UV light (365nm – 400nm) For curing process the UV must be exposing 
evenly

1 The system will contain 375 cubic inches of sodium carbonate or potassium 
carbonate solution and deionized water to remove the unwanted solder 
mask and rinse the board

For precise etching technique to be fulfilled.

4, 7 The system will cost ≤$10k Materials of system must be quality of main 
frame manufacturers

1, 2, 3 The system will lay on desktop (4 feet high, 2 feet of depth, and 8 feet 
laterally)

Systems need to fit compactly in lab 
environment.

3, 6, 7 The system will operate at 120V 20A AC from wall outlet Safely connect to wall outlets in lab environment.

5, 6, 7
The system will have LED lights and auditory sound to communicate with 
users on systems process completion for next step process 

Alert users of machine’s functionality operation.

Marketing 
Requirements

1. Chemical containment and safety
2. Desktop size through a compact design

3. Automated design
4. Industry level quality
5. Intuitive user interface

6. High reliability
7. Maintainability



Lacquer Application System



http://www.devilbiss.com/Portals/2/Repository/SB-2-584-G.pdf

DeVilbiss Trans-Tech
Spray Gun
• Full automation 

capabilities
• More variables to 

manipulate to adjust 
spray output

Fab5



http://www.lesker.com/newweb/gas_liquid_management/jpg/photo/Pho
to-HD-VA_SE120A4SC410.jpg

12V Solenoid





Oven System

https://www.walmart.com/ip/Mainstays-4-Slice-Toaster-Oven-Black/53986434



P = V * I
P = 1000 W
V = 120 VAC

I = 8.33 A
(maximum current 

draw)
Need 18 gauge wire





UV Exposure System

• 72W for 8 Bulbs
• 365-400nm requirement
• Slight modification to accept board frame

http://widgetlove.com/media/catalog/product/cache/1/image/32c3d0b93e1123322b0ba6dc
090e7386/s/k/sku_h776801_1.jpg



UV Exposure



Disassembly



Molex Connector

• Easy to disconnect and 
remove the entire UV 
system.



UV Results



Chemical Bath and Rinse Bay



Solution

• The lacquer data sheet called for at least a 
1% sodium carbonate solution with a pH of 
10.6 or higher.

• We used a soda ash/ water mixture and pH 
testing strip to achieve these requirements.



Leak Test



Tank Fabrication

http://www.polyzone.com/media/catalog/product/cache/1/thumbnail/9df78eab33525d08d6e5fb8d27136e95/h/d/hdpe_sheet.jpg



Preliminary Design



Frame Assembly



http://ecx.images-
amazon.com/images/I/519k6gG55sL._SX342_.jpg

https://8020.net/shop/14061.htm
l

https://8020.net/shop/140
58.html

Frame Components



Miscellaneous Fabrication



Microcontroller
(Arduino Mega2560)

https://arduino-info.wikispaces.com/MegaQuickRef



Microcontroller Movement Control



Motor Control

https://www.circuitspecialists.com/cw230.html //www.instructables.com/id/Arduino-Modules-L298N-Dual-H-Bridge-Motor-Controll/

CW250 Driver L289N Module

• DC Power Input: 24V~36V
• DC Current: 0.9A~3.0A
• Logic: 5V (~20mA)

• DC Power Input: 5V~35V
• DC Current: up to 2A
• Logic: 5V (0~36V)

Fab5



Horizontal and Vertical Movement

http://openbuildspartstore.com/c-beam-linear-actuator-bundle/

• C-Beam 1000mm
• NEMA 23 stepper
• CW250 Driver



PCB Rotation
• NEMA 17 Stepper
• Motor Bracket
• Mounted to C-Beam 

Arm
http://www.soprolec.com/shop/161-large/stepper-motor-nema-17-022nm.jpg

http://www.omc-stepperonline.com/images/st-m1.jpg



Arduino Shield PCB
• Fits directly on top of Arduino Mega 

2560
• Allows phoenix connectors to be 

used
• Simplifies wiring
• Adds an alarm to the system





PCB Fabrication
• Milled in EE PCB Fabrication Lab
• Traces tinned to protect from 

oxidation
• Holes drilled for components



Soldering Components and Fitting



Power
Level 2

𝑃𝑃 = 𝐼𝐼 ∗ 𝑉𝑉

𝑃𝑃 = 20𝐴𝐴 ∗ 120𝑉𝑉

𝑃𝑃 = 2,400𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚



DC controlled relays

• Opto-22 120VAC 25A SSR
• Opto-22 60VDC 3A
• 3VDC 20mA minimum driving signal
• Mega2560 full control

http://www.amazon.com/Opto-22-Control-Optical-Isolation/dp/B0058UX2YS/ref=sr_1_6?srs=3445179011&ie=UTF8&qid=1461471509&sr=8-6&keywords=dc



12-to-24 Voltage Regulator

• Supply 24V for NEMA-23 stepper motors
• Over Voltage and Short Circuit Protection

http://ecx.images-amazon.com/images/I/51upUZBHB1L.jpg



300W Power Supply

10W Wirewound Resistor
http://www.musikding.de/bilder/produkte/gross/10k-Drahtwiderstand-10W.jpg

Time 12V Pole 5V Pole Resistor Temp

(F)

0 12.01 4.99 108

.25 12.00 5.00 114.8

.50 12.00 5.01 120.5

.75 12.01 5.01 127.9

1.0 12.00 5.01 128.1

1.25 12.00 5.00 132.1



Control Board



Final Process Specifications
Lacquer 

Application

•Left, right, and middle sprayed twice each
•Time: ~5 minutes

Oven Tack 
Dry

•Heat: ~350F
•Time: 10 minutes

Photomask 
Alignment

•Manual
•Time: wait for user to press Continue

UV Exposure

•4 bulbs on each side
•Time: 30 seconds

Chemical 
Bath

•Agitation up and down
•Time: 1.5 minutes

Water Rinse

•Sponges for removal of excess lacquer
•Time: ~30 seconds

Oven Curing

•Heat: 350F
•Time: 30 minutes



Results
• Milled and tinned board shown to left
• Solder mask coated board shown to right



Finished Prototype
• Coated in orange acrylic plexiglass
• Vent placed on top to remove fumes
• Self-contained 
• Removable front panel for maintenance
• Simple 2-button interface



Budget
• Original budget: $5000
• Final Expense Total: $2919.95
• Percentage of Budget Used: 58.4%



Performance Outcomes
Goal Measure of Success Weight % Score

Control of all subsystems Microprocessor fully controls all motors, actuators, spray, lights, and 
oven

0.5 80 40

Even exposure of board to UV 
light

All unwanted lacquer is removed in the chemical rinse and desired 
mask stays

0.05 95 4.75

Remain within size 
requirements

Hardware is entirely contained in a 4’ tall, 2’ deep, and 6-8’ long 
system

0.1 100 10

Solder mask applied evenly Measured thickness of board after application process should be 
2.4-3 mils thicker than before

0.1 70 7

Control heating elements Elements heat to desired temperature when microprocessor triggers 
solid-state relay contact to close

0.05 90 4.5

Contain all chemicals Lacquer, sodium carbonate, and water containers are sealed tight 
so as not to leak

0.1 95 9.5

Maintainability All parts are easily replaceable 0.1 80 8

Total 1.0 83.75
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